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ABSTRACT 

Although an oncogenic human papillomavirus (HPV) infection has been 

established as the necessary cause of cervical cancer, most HPV infections are 

transient and rarely progress to significant cervical lesions. Current research has 

focused on identifying factors associated with viral persistence and clearance. 

Low nutritional status might influence a woman's risk of having a persistent HPV 

infection and progression of that infection to cervical dysplasia, or at higher levels 

increase the probability of clearing infections. 

The overall goal of this research was to determine the associations 

between serum carotenoid, tocopherol, and retinoic acid levels and cervical 

carcinogenesis among the Ludwig-McGill Cohort Study. A sub-cohort of 846 

women, all of whom had HPV results available from four consecutive study visits 

in the first year of follow-up, had serum samples analyzed for circulating 

nutrients. We determined the variability of circulating retinoic acid levels over the 

four months in a sample of 502 women and identified lifestyle, demographic and 

nutritional factors that were associated with these levels. The relative abundance 

of retinoic acid isomers was similar for each visit and the within person-variability 

of total retinoic acid and individual isomers was low. 

Using multivariate logistic regression models that serum nutrient levels 

(retinol, p-carotene, and p-cryptoxanthin), age, race, oral contraceptive use, total 

number of pregnancies, and season of initial blood draw were significantly 

associated with endogenous retinoic acid isomer levels. Among the 407 HPV 
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positive women, endogenous levels of aW-trans retinoic acid were positively 

associated with an increased probability of clearing oncogenic and nononcogenic 

type-specific HPV infections. Furthermore, among the carotenoids and 

tocopherols examined, we found that higher circulating zeaxanthin 

concentrations were associated with increased probability of clearing type-

specific oncogenic HPV infections. Inverse associations were found between 

serum tocopherol levels (a-, 6- and y-tocopherol) and type-specific nononcogenic 

HPV persistence. 

Overall, the findings of this study suggest that women with the highest 

levels of serum aW-trans retinoic acid, zeaxanthin, and tocopherol are at a 

decreased risk for a persistent, type-specific HPV infection of long duration. As 

both classes of nutrients are modifiable by diet, alterations in diet may be a safe 

approach to cervical cancer prevention. 
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CHAPTER 1 

INTRODUCTION 

EXPLANATION OF THE PROBLEM 

Section 1: Background and Significance 

Cervical cancer continues to remain a major public health problem as it is 

the second leading cause of cancer for women worldwide (1). Infection with 

human papillomavirus (HPV) has been identified as the primary cause of cervical 

cancer (2). Prospective studies have demonstrated that women with persistent 

HPV infections are at a significantly greater risk of developing pre-cancerous 

cervical lesions, or squamous epithelial lesions (SIL), compared with women who 

are only transiently infected or those not infected at all (3-6). 

Implementation of routine "papanicolaou" (Pap) smear screening 

programs in developed countries has tremendously decreased the rates of 

invasive cervical cancer over the past two decades (2). Unfortunately, cervical 

cancer rates remain high in developing counties, such as Mexico and Brazil, 

which do not have population wide screening programs (1). To decrease health 

care costs and patient burden worldwide, alternative approaches to prevent 

cervical lesion development are needed. Currently, there is a tremendous effort 

being put forth to develop and fully test a vaccine targeting HPV. While 

preliminary results suggest high efficacy (7), it will be many years before any 

vaccine is widely available to unscreened populations. Continued research is 
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needed to identify modifiable factors tliat could reduce a woman's risk of cervical 

disease. 

Although oncogenic HPV infections have been established as the 

necessary cause of cervical cancer, most HPV infections are transient and rarely 

progress to significant cervical lesions (8). The factors that are associated with 

oncogenic HPV persistence and progression to high-grade SIL are unknown. 

Potential cofactors, including a lack of antioxidant nutrients (e.g., carotenoids and 

tocopherols) and retinoic acid, may modulate an oncogenic HPV infection from a 

transient infection to one that persists and progresses to cancer. Epidemiological 

evidence suggests that adequate nutrient levels may prevent HPV persistence 

and progression to cervical dysplasia (9); however, further studies are needed to 

adequately test the hypothesis that circulating concentrations of antioxidant 

nutrients are associated with persistent HPV infection and the development of 

SIL. 

Section 2: Hypothesis and Specific Aims 

The purpose of this research is to assess the associations between serum 

carotenoid, tocopherol, and retinoic acid status and cervical carcinogenesis, 

using prospectively collected HPV data and multiple measures of serum 

nutrients, among a cohort of high-risk study participants in the Ludwig-McGill 

Cohort Study (Sao Paulo, Brazil). The central hypotheses for the present study 

are that high serum concentrations of certain carotenoids, tocopherols, and 



18 

retinoic acid will be significantly associated with 1) lower cervical HPV viral load, 

2) decreased risl< of HPV infection persistence and 3) increased li[<elihood of 

HPV clearance among a sub-cohort of wonnen participating in the Ludwig-McGill 

Cohort study. The following specific aims address these hypotheses; 

Specific Aim 1: To determine the variability of serum retinoic acid (specifically 

total retinoic acid, 13-c/s retinoic acid, 9-c/s retinoic acid and aW-trans retinoic 

acid) over a four-month period and to identify nutrient, demographic and 

lifestyle factors associated with circulating concentrations of retinoic acid 

among a sample of 502 women (Manuscript 1). 

Specific Aim 2: To determine the relative risk for type-specific HPV clearance 

and viral load associated with circulating concentrations of retinoic acid (i.e. 

total retinoic acid, 13-c/s retinoic acid, 9-c/s retinoic acid and aW-trans retinoic 

acid) among 407 HPV positive women (Manuscript 2). 

Specific Aim 3: To determine the relative risl< for type-specific HPV 

persistence and clearance associated with circulating concentrations of 

carotenoids (i.e. retinol, a-carotene, trans- and c/s-p-carotene, lutein, 

zeaxanthin, a- and p-cryptoxanthin, trans- and c/s-lycopene) and tocopherols 

(i.e. a-, 5-, y-tocopherol) among 407 HPV positive women (Manuscript 3). 
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BACKGROUND AND LITERATURE REVIEW 

Section 1: Overview of Cervical Cancer Worldwide 

Cervical cancer continues to remain a major public health problem as it is 

the second leading cause of cancer for women worldwide (1). In 2000, the 

number of cervical cancer cases was estimated to be over 470,000 worldwide 

with over 230,000 estimated deaths (2). Rates of cervical cancer differ greatly 

between developed and under-developed countries. For example, age-

standardized incidence rates of cervical cancer were reported in 2000 as 

7.0/100,000 women and 30.9/100,000 women in the United States (U.S.) and 

South America, respectively (2). Rates of invasive cervical cancer in the United 

States and developed counties are lower as a result of the implementation of 

effective routine "Papanicolaou" (Pap) smear screening programs (2), which 

currently are not available in developing counties due to high costs. 

Pap smear screening identifies cervical cancer and the pre-cursor cervical 

lesion. Progression from normal to invasive cervical cancer is thought to occur 

through increasing grades of dysplasia {10) (Figure 1.1, page 20) and the 

probability of progression is related to the severity of the lesion. The primary 

mechanism for identification of cervical lesions is through Pap smear screening 

and cervical cytology diagnosis. In the U.S., cervical cytology is based on the 

Bethesda System, which identifies two grades of squamous intraepithelial lesions 

(SIL), low and high-grade {11). Prior to the establishment of the Bethesda 

system within the United States, cervical histology staging was the primary 
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Figure 1.1: Progression from HPV Infection to Cervical Cancer 
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Most HPV infections are transient with only a small number of infections persisting. These 
persistent HPV infections are associated with increased risk of developing pre-cancerous 
lesions. If left untreated, these lesions will progress to invasive cervical cancer. 
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mechanism for diagnosis of cervical abnormality. Histology continues to be 

utilized to classify cervical intraepithelial neoplasia (CIN) of biopsy tissues. 

Within the Bethesda classification system, low-grade SIL (LSIL) represents very 

mild-to-mild dysplasia (CIN I) and these lesions have a high rate of spontaneous 

regression (-60%) and a low rate of progression to carcinoma. In contrast, 

approximately 38% of high grade SIL (HSIL), moderate to severe dysplasia, will 

spontaneously regress, while 16-36% will progress to invasive cervical cancer 

(12). HSIL cytology diagnosis includes both CIN II and CIN III lesions defined by 

histology {11). Therefore, as CIN classifications are embedded within the 

Bethesda system, the terminology can be used interchangeably understanding 

that LSIL (CIN I) and HSIL (CIN II and CIN III) are part of the current US cervical 

cytology classification system {11). 

SIL detected through Pap smear screening is effectively treated to prevent 

development of cancer. While there is a risk of cancer development with SIL, 

these lesions have a high rate of spontaneous regression with only high-grade 

lesions progressing to cancer (2). In theory, cytological screening should prevent 

all cases of cervical cancer. However, due to the logistics of repetitive screening 

of a large at-risk population, the financial burden of screening and its failure to be 

comprehensively applied to populations at-risk, cytological screening has not 

eliminated cervical cancer {13). 

To decrease health care costs and patient burden, strategies that can 

prevent cervical dysplasia are needed. One approach is the development of an 
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HPV vaccine. Investigators recently reported efficacy of an HPV 16 specific 

vaccine of 100% {7). However, even with these encouraging early HPV vaccine 

trials, a primary prevention vaccine is decades away from being available to 

unscreened populations. In addition, current vaccines only target four HPV types 

(HPV 16, 18, 6, and 11) and it is unclear to what extent this vaccine will protect 

against other HPV types. Until a vaccine is fully tested and approved, other 

approaches to cemcal dysplasia and cancer risk reduction are needed. These 

approaches include identifying relevant risk factors, such as nutritional factors, 

and modifying these factors to decrease overall cervical dysplasia risk. 

Section 2: Causal Link between HPV and Cervical Cancer 

The causal role of HPV infections in the development of cervical cancer 

has been internationally accepted and proposed as the first identified "necessary" 

cause of human cancer {14). As a "necessary" cause, cervical cancer cannot 

develop in the absence of an HPV infection. Bosch et al. {14), in a systematic 

review of current evidence, demonstrated that an oncogenic HPV infection 

continues to meet all the criteria for causality. In brief, anogenital tract cancers 

and precursor lesions have been strongly linked to infection with HPV among 

both men and women {15). The International Agency for Research on Cancer 

(lARC) muticenter case control study provides the strongest evidence with HPV 

DNA present in over 99% of all cervical cancers and the risk associated with the 

presence of HPV DNA over 100 fold higher compared to control women {16). In 
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addition, HPV is present in 85-100% of HSIL {17). These strong associations 

have been consistently reported in studies conducted worldwide, with different 

analytical methods for HPV testing and different study designs {14). Only a few 

specific HPV types cause cervical cancer out of over 100 different HPV types 

identified. These "oncogenic" types have specific biological activities that are 

associated with the development of cancer, whereas other types do not have 

these properties or only manifest them to a weaker extent and are unable to 

cause cancer {18). 

2.1 Carcinogenic Meclianisms of IHPV 

Papillomaviruses are DNA viruses with virion particles that are small (<55 

nm in diameter), non-enveloped, and icosahedral in shape. The papillomavirus 

family is comprised of over 100 HPV types, which appear to specifically infect 

epithelial tissues (e.g. skin, cervix, oral cavity, pharyngeal). There are 30-40 

HPV types that are mucosatropic and infect the anogenital tract; however, 

different individual HPV types result in different cervical lesions {19). The 

association between HPV infection and cervical cancer has been linked to at 

least 13 HPV types found in the genital tract {19,20), classified as "oncogenic" 

HPV types. Of these oncogenic HPV types, 16 and 18 are strongly associated 

with HSIL, carcinoma in situ (CIS), and cervical cancer, all of which are cervical 

lesions unlikely to spontaneously regress {12). HPV types 31, 33, 35, 39, 45, 51, 

52, and 58 are associated with an intermediate risk for progression to cervical 
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cancer. Finally, HPV types 6,11, 42, 43, and 44 are primarily associated with 

benign cervical lesions with high spontaneous regression rates (-60%), such as 

condyloma and LSIL. The HPV types associated with benign lesions are 

considered "non-oncogenic" and have not been linked to cervical cancer 

{19,21,22). 

2.2 Viral Protein Activities 

The papillomavirus genome is circular double-stranded DNA approximately 

8 kilo-bases in size (8,000 nucleotides) depending on the individual type (See 

Figure 1.2, page 25). The HPV genome can be broken down into early and late 

open reading frames (ORFs) according to the timing of gene expression within 

the viral lifecycle. Of the eight early genes, El encodes for a DNA helicase, 

allowing the viral genome to unwind during DNA replication. E2 functions as 

both a transcriptional transactivator and transcriptional repressor of E6 and E7, 

depending if the full length or a truncated protein is produced. Loss of E2, which 

frequently occurs at viral integration, results in unrestricted transcription of E6 

and E7 viral proteins. E4 is involved in deregulation of host cell mitogenic 

signaling pathway and allows for release of virus-like particles. E5 is a 

hydrophobic protein associated with cell membranes (e.g. golgi apparatus, 

endoplasmic reticulum and cellular membrane) and disrupts the activity of 

membrane proteins, such as epidermal growth factor receptor (EGFR) and major 

histocompatibility (MHC) molecules (18,23). E6 and E7 encoded, by oncogenic 
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HPV types, are considered viral oncoproteins and their functions are discussed 

below. The functions of E3 and E8 are unknown. The late genes, L1 and L2, are 

involved in virion production, specifically for the major and minor caspid protein of 

viral particle. The viral genome also has one known transcriptional regulatory 

region, between the 3' end of L1 and the 5' end of E6, which contains the 

transcriptional enhancer region and the E6 promoter (24). 

Of the HPV proteins, continued expression of E6 and E7 oncoproteins is 

required for cervical cancer development. Our understanding of HPV induced 

carcinogenesis is a direct result of identifying some of the specific viral 

oncoprotein functions within host cells. The initially identified functions are the 

binding of E6 and E7 to tumor suppressor proteins p53 and retinoblastoma 

protein (Rb), respectively, which are classic targets of DNA tumor viruses. 

Recently, the activities of E6 and E7 have been expanded resulting from 

continued identification of cellular proteins found to bind HPV E6 and E7, many 

of which have not yet been fully characterized. The multitude of activities for 

each oncoprotein is remarkable considering their size, (-150 and 100 amino 

acids, respectively). 

A critical step in the establishment of an HPV infection is the reactivation 

of DNA synthesis that has been inactivated in differentiating squamous epithelial 

cells (25) (See Section 2.3). The E7 viral oncoprotein is responsible for the 

initiation and maintenance of continued DNA synthesis in terminally differentiated 

cells by interaction with several proteins involved in cell cycle progression. The 
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binding of E7 to the Rb family of proteins (Rb, p107 and p130) results in 

phosphorylation of these proteins, enhancement of their degradation and the 

release of the E2F transcription factors {18). The released E2F transcription 

factor is constitutively activated and induces expression of genes required from 

progression for G2 to S phase (DNA synthesis) of the cell cycle. Additional cell 

cycle proteins are targeted by E7, including cyclins (cyciin A and E) and cyclin-

dependent l<inase inhibitors (CDKI p21 and p27). High levels of CDKI p21 and 

p27 in differentiated cells prevent activation of S-phase genes by inhibiting cyciin 

dependent (kinases (e.g. CDK-2). Inhibition of CDKI p21 and p27 by E7 further 

enhances HPV infected cells to enter S-phase. HPV-induced progression 

through the cell cycle in terminally differentiated cells is utilized by both 

oncogenic and nononcogenic HPV types, although the strength of E7 binding is 

reduced for nononcogenic types (26). E7 has been found to interact with other 

cellular proteins, although many interactions have not been fully characterized. 

Known Rb-independent activities of E7 include 1) interaction with histone 

deacetylation pathway, 2) interaction with components of AP-1 transcription 

factors, and 3) modulation of M2 pyruvate l<inase activity (78). 

The uncontrolled cell cycle progression induced by E7 has been shown to 

induce p53 dependent apoptosis (78). In a coordinated effort to continue HPV 

replication, viral oncoprotein E6 interferes with p53 induced apoptosis and cell 

cycle arrest for DNA repair (27). E6 cannot interact with p53 alone and requires 

interaction with E6-associated protein (E6-AP) (28), which is an ubiquitin-protein 
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ligase responsible for targeting proteins for degradation, in this case p53. 

Interaction of E6 with E6-AP is a distinct characteristic of oncogenic HPV types, 

as non-oncogenic HPV types do not bind E6-AP and, therefore, p53 is not 

degraded. The E6 induced p53 degradation inhibits the normal cellular response 

to DNA damage (G1/S cell cycle arrest and initiation of DNA repair) leading to 

the accumulation of DNA mutations and chromosomal instability {18). E6 p53-

independent activities have also been reported, including 1) E6-AP mediated 

degradation of proapoptotic protein, Bak; 2) activation of telomerase; and 3) 

reduction of E6-AP mediated degradation of tyrosine kinase BIk (18). 

2.3 HPV Viral Lifecycle 

2.3.1 Productive "Acute" HPV Infection 

To establish an infection, it is likely that HPV infects epithelial stem cells 

{25,26) or transit-amplifying cells (26) located in the lower layers of the stratified 

epithelium. Entry is thought to occur through a minor wound or contact of the 

virus with sites that provide easy access to epithelial stem cells, such as the 

squamous columnar junction in the transformation zone of the uterine cervix (25). 

This model of initial HPV infection is somewhat misleading as most studies on 

the primary target cells for HPV have been conducted in tissue culture systems 

(26). HPV utilizes host cellular DNA replication machinery to produce 

approximately 50-100 episomal viral genomes in the nucleus of stem cells, which 

are passed on to daughter cells during mitosis. During an "acute" HPV infection. 
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there is very little HPV gene expression occurring in the epithelial stem cells. It is 

only as infected daughter cells differentiate in the suprabasal layers of the 

epithelium that the virus begins the productive stage of the infection. This stage 

is characterized by a high level of viral gene expression, multiplication of the viral 

genome, synthesis of early and late gene products, encapsulation of the HPV 

genome, and release of virion particles with exfoliating cells. Viral replicating 

cells display typical cytopathic changes characteristic of low-grade SIL lesions 

such as koilocytosis {10). Although a high number of viral genomes are present, 

this productive viral infection is still regulated by either viral proteins (e.g. E2) or 

cellular proteins (e.g. cellular interferon factor (GIF) or DNA methylation) and 

does not represent a viral infection at risk of progressing to cancer (25). 

2.3.2 "Carcinogenic" HPV Infection 

Within host cells, the response to an "acute" HPV infection is to control 

expression of viral oncogenes. The loss of controlled viral expression within 

epithelial stem cells is considered the rate-limiting event that leads to the 

carcinogenic HPV infection (25), which is characterized by aberrant expression of 

E6 and E7 within epithelial stem cells and throughout the layers of the epithelium, 

regardless of differentiation status. There is evidence that loss of both host and 

viral factors are potentially responsible for aberrant HPV oncogene expression 

{18). Through the properties of oncogenic HPV type E6 and E7 proteins, their 

aberrant expression maintains host genome replication, and cell cycle 
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progression, tliereby permitting tlie accumulation of additional DNA damage until 

specific clones gain a selective growth advantage and develop into a HSIL. HPV 

infections that result in HSIL are not productive viral infections because there is 

an absence of late gene expression, which results in no virion production (29). 

The severe morphological changes that occur as a result of a "carcinogenic" HPV 

induced HSIL include changes in overall DNA content (anueploidy), altered 

chromatin texture, nuclear membrane changes, large nuclei and increased cell 

size. 

Currently cytological and histological methods cannot distinguish an 

"acute" oncogenic HPV infection from the early stage of a "carcinogenic" 

oncogenic HPV infection. The additional detection of HPV DNA in exfoliated 

cervical cells or cervical lesions (e.g. LSIL) does not provide an adequate 

distinction either. There are several measures of viral activity, in addition to the 

detection of HPV DNA and cytological abnormalities, which are currently being 

investigated as biomarkers that will distinguish these two types of HPV infections, 

("acute" vs. "carcinogenic") including: 1) the continued presence of oncogenic 

HPV infection, 2) elevated viral load, 3) increased viral oncogene expression 

throughout the epithelium, 4) presence of integrated virus in LSIL and 5) DNA 

methylation pattern within viral regulatory regions. Among these biomarkers, 

type-specific HPV persistence and HPV viral load have been successfully 

implemented within epidemiological studies. 
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Section 3; Epidemiology of Persistent HPV Infection and Viral Load 

3.1 Introduction to HPV Persistence 

Results from several prospective cohort studies of the natural history of 

HPV infection provide strong evidence that the detection of an oncogenic HPV 

infection precedes development of a preneoplastic lesions (3-6,30-33). However, 

HPV infections are relatively common sexually transmitted infections, especially 

among young women. The majority of these infections are transient (3,8,34-38). 

The continued presence of an HPV infection has been suggested as a strong 

biomarker of cervical cancer risk. This section will review the evidence supporting 

use of persistent HPV infection as a biomarker of SIL and cervical cancer risk. 

This will be followed by an overview of factors that need to be considered when 

utilizing HPV persistence as an intermediate biomarker of cervical cancer risk, 

such as the definition of HPV persistence, the reported rates of HPV persistence, 

and factors associated with persistence. 

3.2 Evidence of Increased Risk with Persistent Infection 

HPV persistence increases risk of cervical dysplasia: Prospective studies 

have demonstrated that women with persistent HPV infections are at a 

significantly greater risk of developing SIL compared with women who are only 

transiently infected or those not infected at all (3-6,30-33). Among women with 

normal cytology or LSIL at enrollment, those with two consecutively positive HPV 

results are significantly more likely to develop HSIL compared to HPV negative 
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women {3,5,32,39). These associations are further strengthened when HPV 

status is assessed at more than two visits, such that the longer a women remains 

HPV positive the higher her risl< of HSIL development {5,40,41). Results 

reported from the Ludwig-McGill Cohort Study indicate that women who are 

persistently HPV positive are four times more likely to have a persistent lesion of 

the cervix (5). Utilizing the most optimal definition of HPV persistence, that is 

persistence of incident infection. Woodman et al. {42) clearly demonstrate that a 

majority of HPV infections are transient, HPV infection precedes cervical disease, 

women with incident oncogenic HPV infections are at increased risk of 

developing HSIL, and type-specific persistent HPV infection precedes 

development of dysplasia (42). 

Several groups have utilized a more population-based approach to 

examine the association of persistent HPV infection and SIL risk. These studies 

typically identify women who test positive for HPV at a routine screening visit as 

part of an established screening program. HPV positive women are then 

passively followed until the development of a cervical lesion. A population based 

follow-up study using national registries in Denmark reported that women (ages 

20-29) with type-specific persistent infection were at highly increased risk of SIL 

development (e.g. OR >100) (43). In the United States, a nested case-control 

study of incident SIL among Kaiser Permanente patients reported an increased 

risk of SIL when HPV was detected on average two-years prior to the detection 
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of the lesion, and that 75% of those that developed HSIL had a type-specific 

persistent HPV infection {44). 

HPV persistence increases risk for Invasive cervical cancer: Countries 

with socialized medical programs such as Sweden, the Netherlands and 

Germany, are able to link cases of cervical cancer with archived cervical 

specimens obtained within population-based cervical cancer screening 

programs. Nested case-control studies within this setting are an ethical way to 

study associations of HPV persistence with cervical cancer as an outcome. With 

these designs, HPV DNA has been detected in cervical specimens years before 

development of cervical cancer {38,45,46). Furthermore, the same HPV type 

was detected in 35% of women with cervical cancer prior to the diagnosis, 

whereas none of the controls have the same HPV type infection detected at both 

visits {45). Risk of cancer increases for women whose HPV positive test 

occurred less than six years prior to cancer diagnosis {45). These results 

provide further evidence that persistent HPV infections precede the development 

of cervical cancer. Therefore, HPV persistence with the same type is considered 

a critical intermediate step in the progression to cancer and can be utilized as an 

intermediate biomarker of cervical cancer risk. 

3.3 Utilization of HPV Persistence as Intermediate Biomarker 

Definition of HPV persistence: One important aspect for an intermediate 

biomarker is a clear, consistent definition. Typically, for practical reasons, type-
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specific HPV persistence is defined as the detection of the same HPV type two or 

more times over a certain period (47). Currently, there is no consensus as to 

how long a time period is required for the definition of an HPV persistent infection 

{47)] however, it has been suggested that it be at least one year or longer (48). 

There is also no consensus on the time interval between HPV tests within that 

period of time defining HPV persistence. In prospective epidemiological studies 

on the natural history of HPV, a majority of the studies utilize intervals between 

HPV tests of either four or six months, or a combination of the two. There are 

several benefits of conducting HPV testing every four months, all of which reduce 

misclassification of the HPV outcome variable. Studies that utilize the four-month 

interval are less likely to miss infection with a relatively short duration, as it is not 

biologically feasible for the virus to clear and establish a new infection within four 

months. HPV testing every four months also provides a better estimate of the 

time at which an HPV infection is acquired. However, since the median duration 

of oncogenic infections ranges from 7-10 months {49,50), a four month interval 

will overestimate persistent infections. 

However, the benefits of HPV testing every four months do not outweigh 

the significant costs of conducting numerous clinical visits and laboratory 

analyses. Therefore, cost effectiveness analyses recommend HPV testing every 

six months {51). The addition of HPV variant analyses may help distinguish 

between persistent infection and new infection. Mayrand et al. {52) utilized 

variant analysis of HPV 16 positive samples taken six months apart and reported 
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that 8% of what have been labeled as persistent HPV16 infections were actually 

new infections with different variants and .therefore, misclassified. 

There is a lack of consistency in the literature of reporting type-specific 

infections. The main reason for not reporting type-specific persistence is the lack 

of detailed HPV typing data (53). Although continued positivity for different 

oncogenic HPV types puts a woman at risk for cervical lesions (5), there is added 

biological significance for identification of the same HPV type. Furthermore, a 

distinction needs to be made between oncogenic HPV infections and 

nononcogenic infections as there are known differences in cervical cancer risk 

{16). 

Several approaches are being utilized to better define HPV persistence. 

One approach is to use data collected over multiple visits in a given time period 

and to generate a categorical variable (persistent vs. transient). This approach is 

mainly dependent on the interval at which the longitudinal data will be 

categorized (e.g. persistence over a 12 month period or 24 month period), 

however it is also dependent on the time-interval between measurements. 

Inclusion in the definition of the requirement that type-specific HPV infections 

occur on consecutive visits enhances the definition. Another approach is to 

examine visit pairs, such that two consecutive visits define one persistent event 

{40). The final approach utilizes the longitudinal nature of prospective studies 

and estimates the duration of HPV infection and the probability of clearing that 

infection. 
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Frequency of HPV persistence: Just as tliere are clear differences in the 

definition of HPV persistence in the literature, there are also differences in the 

prevalence of persistent infection {5,43,54-58). Methodological factors that can 

influence prevalence of persistence include time between study visits, HPV 

detection methods utilized, ability to report type-specific rates, and population 

screened (e.g. normal cytology vs. abnormal, adolescent vs. adults). Of the 

studies that only assessed persistence at two visits, the prevalence ranged from 

4.3% (34) to 31.1% (35). Type-specific persistence tends to be lower for types 

other than HPV 16 (5,42). HPV natural history studies that incorporated more 

than two assessments have further confirmed these results (6,59). 

Prospective studies also provide information of the duration of an HPV 

infection. The Ludwig-McGill Cohort study reported median duration of oncogenic 

infections of 8.9 months and nononcogenic infections at 7.0 months (49). These 

data are supported by data collected within the U.S., with the median duration of 

oncogenic infection of approximately 7-9 months and nononcogenic infection of 

4-6 months (3 ,39,50). Utilizing slightly different analytical methods, Molano et al. 

(60) reported a median duration of 6 months. Two incident cohorts in Canada 

(59) and United Kingdom (42) reported a similar median duration of any 

infections at approximately 13 months, although different durations for type 

specific infections. Several studies have reported that an HPV infection is 

maintained longer than LSIL (42,61). Among women with both HPV and LSIL at 

baseline, clearance of LSIL occurred on average 173 days before loss of HPV 



37 

infection (61). HPV 16 infections appear to have longer durations (range 10-14 

months) (39,49,50), which corresponds to reported increased prevalence of HPV 

16 persistence. 

3.4 Increased Risk of SIL with High Viral Load 

Recent data have suggested that HPV viral load is related to progression 

of HPV infection to HSIL (62), and to persistence of these pre-malignant lesions 

(25). HPV viral load has been assessed utilizing several different assays, either 

semi-quantitative methods of Hybrid Capture II hybridization signal (63) or low-

stringency Polymerase Chain Reaction (PCR) (64), or quantitative measures 

utilizing real time PCR (65). Overall, results from all methods of viral load 

assessment have consistently found that high viral load is a significant risk factor 

for progression to SIL (66-68). 

Schlecht and colleagues (67) found a dose-response relationship between 

viral load and degree of SIL, utilizing the LS-PCR methodology within the 

Ludwig-McGill Cohort Study. Several independent reports, utilizing different 

methods, confirmed that women with normal cytology and high viral load have a 

high probability of progressing to SIL (69-74). Decreases in viral load have also 

been suggested as a marker for HPV clearance (67,74,75). Women with low 

viral load were more likely to clear HPV infections compared to women with high 

viral load infections (74). 



38 

As viral load appears to be a biomarker of risk for SIL progression, similar 

to tliat of HPV persistence, is it important to identify factors associated with HPV 

viral load. However, there are few reports of factors associated with HPV viral 

load. As with HPV persistence, host immunity plays a key role in controlling 

HPV viral load, as identified in associations found with host HLA class variants 

{7Q) and among HIV positive women {77). Recently, Flores-Munguia et al. (65) 

reported that some serum antioxidant levels are inversely associated with 

oncogenic HPV viral load using real time PGR assay. Viral titer is also shown to 

be decreased with 13-c/s retinoic acid treatment using Hybrid Capture II (78). 

These studies support the potential of nutritional factors influencing viral load; 

however, larger studies need to be conducted. 

3.6 Summary 

The relationship between an HPV infection and development of cervical 

dysplasia and carcinoma is not as straightforward as it may appear from the 

causal evidence. While it is true that the ultimate endpoint of cervical cancer 

requires the presence of HPV infection, cervical dysplasia or carcinoma will not 

develop in the majority of women infected with oncogenic HPV. It is the 

identification of women at most risk for development of cancer that is the goal of 

cancer prevention. As discussed above, several factors related to the natural 

history of the viral infection are being considered as biomarkers of risk for 

progression to cancer. Future studies need to narrow that focus to clearly 
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identify tliese persistent HPV infections that have the highest potential for 

progression. These studies require a consistently defined measure of HPV 

persistence that better corresponds to the biology of HPV infection. 

Section 4; Epidemiological Evidence Supporting Nutrients and Cervical 
Cancer 

4.1 Results from Observational Nutritional Epidemiology 

Although oncogenic HPV infections have been established as the 

necessary cause of cervical cancer, most HPV infections are transient and rarely 

progress to significant cervical lesions (8). The factors that are associated with 

oncogenic HPV persistence and progression to HSIL are un[<nown. This current 

research is focused on identifying factors that could potentially alter the lifecycle 

of HPV during an infection and, therefore, are associated with viral persistence 

and clearance. Cofactors, such as antioxidant nutrients (e.g., carotenoids and 

tocopherols) and retinoic acid may modulate an oncogenic HPV infection from a 

transient infection to one that persists and progresses to cancer. 

Antioxidant Nutrients. Cervical Dysplasia and Cancer: Early case-control 

studies provided encouraging results for an inverse association between 

antioxidant nutrients, either dietary intake and serum levels, and cervical 

dysplasia, both carcinoma in situ and cervical cancer (9). Of the recent studies 

that have adequately controlled for HPV status (79-84), several report inverse 

associations between serum p-carotene and risk of SIL (79,80,83) or invasive 
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cervical cancer (83). Investigating early cervical disease, Goodman et al. (85) 

found a significant inverse associations between two serum antioxidants 

(cryptoxanthin and tocopherol) and detection of atypical squamous cells of 

undetermined significance (ASCUS) during cytological screening. Among recent 

studies investigating dietary intake and SIL controlling for HPV, one case-control 

study (86) reported inverse associations with foods containing vitamin C, p-

carotene, and folic acid, whereas another case-control study among African 

American women (87) and a nested case-control study found no dietary 

associations with SIL {86,88). Another case-control study reported cervical 

cancer patients were more likely to have lower consumption of vitamin E and 

vegetables compared to control patients (89). 

These significant inverse associations have extended from p-carotene to 

other carotenoids and cervical dysplasia, including serum lycopene {81,83), a-

carotene {81,84), a-cryptoxanthin (79), p-cryptoxanthin and lutein/zeaxanthin 

(84) and SIL. Additional studies suggest that higher serum lycopene (87) 

concentrations were associated with lower risk for SIL. Among the studies that 

assessed tocopherol concentrations {57,79-81,83,90), significant inverse 

associations {57,79,80,83) are observed with risk for SIL or CIN, with a study 

suggesting an inverse association, although not statistically significant (90). In 

addition, independent of HPV status, a-tocopherol is significantly inversely 

associated with grade of SIL or CIN (57). 
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A prospective study observed an inverse association between serum 

retlnol level and rate of progression to cervical cancer among women with 

dysplasia {91). In a population based nested case-control study out of Finland 

and Sweden, serum levels of retinol were not independent risk factors for cervical 

cancer, however there was a significant interaction suggesting increased risk of 

cancer among women with low retinol status and HPV seropositivity (92). After 

adjusting for HPV, an inverse association of serum retinol has been observed 

with CIN I (90,93), but was not confirmed by others (79,81). Among HIV positive 

women, retinol deficiency was significantly associated with increase risk of SIL, 

after adjustment for HPV (94). Foods with high retinol content were inversely 

associated with carcinoma in situ, but not invasive cancer after adjusting for HPV 

status (95). 

Antioxidant Nutrients and HPV Persistence. Clearance and Viral load To 

date, there is a limited number of reports that have examined the association 

between serum concentrations or dietary intake of carotenoids and tocopherols 

and the natural history of HPV infection, specifically HPV persistence (57,96,97), 

HPV clearance (98) and viral load (65). Adjusted mean concentrations of serum 

p-carotene, p-cryptoxanthin, lutein, and a- and y-tocopherol were on average 

24% (p<0.05) lower among women persistently positive for intermediate and high 

risk type HPV infection compared with women who were intermittently positive or 

persistently negative (57). In a small prospective study among women attending 

a family planning clinic for routine care, Sedjo et al. (96) observed significant 
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inverse associations between dietary intake of lutein, vitamin E, vegetables and 

serum lycopene levels and HPV persistence (96). In this population of young 

women, higher levels of vegetable consumption and dietary lutein intake were 

associated with over a 50% decreased risk of HPV persistence (96). Preliminary 

findings from a multi-ethnic cohort in Hawaii reported inverse association with 

oncogenic type-specific HPV persistence and change in serum p-carotene and a-

tocopherol over a 4-month period (99). Giuliano et al. {97) examined whether 

dietary intake of carotenoids was associated with HPV persistence over a 12-

month time span within the Ludwig-McGill Cohort Study. Risk of type-specific 

persistent HPV infection was lower among women reporting intake in the upper 

two-quartile levels of p-cryptoxanthin, lutein/zeaxanthin and the upper quartile of 

vitamin C. Consumption of papaya one or more times per week was inversely 

associated with persistent HPV infection (97). 

A few studies have assessed the association between serum antioxidant 

nutrients and HPV persistence within the context of a p-carotene clinical trial 

{37,82). These trials reported no association among level of serum retinol, p-

carotene, vitamin C and HPV persistence for either the control or supplemented 

groups {37,82). However, these women were enrolled with pre-existing lesions, 

50% LSIL (CIN I) and 49% HSIL (GIN ll/lll) (37), therefore representing events 

late in the disease process, in contrast to the analyses of HPV persistence 

among women with normal or ASCIIS cytology at baseline. 
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Only one study has examined time to clearance of HPV infections in 

relation to serum nutrient levels. The likelihood of clearing an oncogenic HPV 

Infection was significantly higher with Increasing levels of frans-lycopene (p for 

trend, 0.025) and c/s-lycopene (p for trend, 0.010) among the 84 women with at 

least one oncogenic infection at baseline (98). Within this same cohort study, 

Flores-Munguia et al. (65) found inverse associations of serum nutrients {trans-

and c/s-lycopene, p-cryptoxanthin) and oncogenic HPV viral load determined by 

real time-PCR. Interestingly, a-carotene and tocopherols (a-, 5-, or y-) were 

positively associated with viral load. These results suggest a possible role of 

micronutrients in viral burden, which needs to be further characterized in larger 

prospective studies. 

4.2 Limitations of Nutritional Epidemiological Studies 

Since the mid-1980s, numerous observational epidemiological studies 

have examined the association between cervical cancer risk and nutritional 

status, with nutritional status assessed as either dietary intake or serological 

measures of nutrients {100,101). Unfortunately, a majority of these earlier 

studies of had methodological issues in the assessment of nutritional exposures, 

with only a few assessing the spectrum of carotenoids {102-104). Studies 

published before 1993 were unable to examine the full range of carotenoids that 

may be biologically active in serum, due to lacking analytic methods, specifically 

High-Pressure Liquid chromatography (HPLC) for separating and quantifying the 
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major carotenoids and their geometric isomers in serum, and due to inadequate 

nutrient databases for carotenoid content of the dietary intake other than p-

carotene (105). Furthermore, a majority of these studies investigating cervical 

cancer were conducted before a reliable test for HPV status was available. It is 

now recognized that HPV status, a causal factor for cervical cancer, must be 

controlled for in the analyses {9,106) and the maintenance of this infection over 

time needs to be assessed {47). In this regard, another limitation of reported 

nutritional-cervical cancer studies has been the use of retrospective study 

designs, which were unable to examine where in the carcinogenesis continuum 

nutrients were active. Few studies controlled for potential confounders when 

evaluating cervical cancer risk associated with nutrients {100). Therefore, much 

of the literature reporting associations between nutrient status and cervical 

dysplasia or invasive cancer before 1996 had methodological issues and was 

excluded from this discussion. 

4.3 Results from Nutrient-based Clinical trials 

B-Carotene: A Phase II study of p-carotene (30 mg/day) supplementation 

among women with CIN I and II reported response rates over 60% at months 3 

and 6, with lower response at month 12 (30%); however, no controls were 

included to compare these responses to natural regression rates {107). Romney 

et al. (37) conducted a randomized double-blind trial to evaluate the efficacy of 

oral p-carotene (30 mg/day) for nine months in the regression of predominately 
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LSIL (CIN I) or HSIL (CIN II) lesions. They found no significant differences in 

CIN regression rates when comparing the p-carotene group and placebo (37). 

An additional study reported no benefit of oral p-carotene supplementation for 

regression of HSIL (CIN II and III) over a two-year period (108). As with other 

studies of SIL regression, these studies were likely underpowered to detect 

significant treatment effects above the already high rate of SIL regression 

(108,109). 

Retinoids: Through potent activity as transcriptional regulators, retinoids 

(natural and synthetic derivatives of vitamin A) have been shown to be cancer 

chemotherapeutic and chemopreventive [see (110-112) for reviews]. 

Epidemiological evidence and the success of early phase l/ll trials (113-117) of 

topical aW-trans retinoic acid in the regression of cervical dysplasia raised 

enthusiasm for potential potent chemopreventive effects of retinoids. One 

limitation of these early studies was the lacl< of a placebo group for accurate 

comparisons, especially due to the high rate of spontaneous regression of 

cervical lesions (109,118). Meyskens et al. (119) reported a statistically 

significant histological regression rate of 47% of patients with HSIL (CIN II) 

randomized to the aW-trans retinoic acid group (applied via collagen sponge and 

cervical cap) compared to 27% regression in the placebo group. However, no 

differences were seen for patients with HSIL (CIN III) (25% aW-trans RA vs. 31% 

placebo) (119). 
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These results have not been replicated with chemopreventive or 

chemotherapeutic treatment of other retinoids. A randomized double blind 

clinical thai of oral 9-c/s RA (aliretinoin) in regression of HSIL (CIN II and III) 

reported no differences in SIL regression rates between placebo, low-dose or 

high-dose (N per group 35-40) over a 12 week period {118). Among a small 

sample of women, oral 13-c/s retinoic acid over a 6-month period was ineffective 

at preventing recurrence of SIL following colpoconization {120). Among HIV 

positive adolescent women with LSIL, treatment with 13-c/s retinoic acid did not 

result in improvement to normal cervix, nor did it decrease risl< of progression to 

HSIL {121). In addition to naturally occurring retinoids, chemoprevention trials 

have been conducted using retinoic acid derivatives. One promising synthetic 

oral retinoid, N-(4-hydroxyphenyl)retinamide (4-HPR), decreased cell proliferation 

and induced apoptosis independent of retinoic acid receptors in laboratory 

models {122,123). Folien et al. {124) reported interim analysis of 39 patients 

enrolled in a double-blind randomized placebo controlled clinical trial of 4-HPR 

oral dose (200 mg/day) for 12 months in women with HSIL (CIN II and III). At 

both six and twelve months, the placebo group had a significantly higher 

regression rate compared to the 4-HPR treatment group, resulting in termination 

of the trial prior to completion of enrollment (120 patients) {124). Pilot studies of 

Retinamide II conducted in China have suggested high regression rates using 

topical treatment (suppositories) in women with all grades of cervical dysplasia; 
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however, final results from the ongoing randomized clinical trial in this population 

are not available (125). 

Retinoids {aW-trans retinoic acid, 9-c/s retinoic acid, 13-c/s retinoic acid, or 4-

HPR) alone or in combination with inflammatory agents (Interferon-a or -y) were 

not effective in the treatment of advanced cervical cancer (126) or recurrent 

cancer {127-129). 

Although retinoid chemoprevention was effective in regression of HSIL 

(CIN II) lesions, there are toxicities associated with therapy such as varying 

degrees of teratogenicity and mucocutaneous cytotoxicity (110,130). These 

toxicities mal<e long-term chemoprevention among healthy populations with 

naturally occurring retinoic acid unfeasible. An alternative retinoid 

chemoprevention approach is to develop a method for increasing endogenous 

concentrations of retinoic acid. Such an approach was demonstrated to be 

feasible by Sedjo et al. {131) who reported the modulation of endogenous 

retinoic acid following chemopreventive doses of retinyl paimitate. One focus of 

this dissertation is to examine if the variability of endogenous retinoic acid is 

associated with variability of dietary intake, implying that diet may modulate 

levels of retinoic acid safely. 
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SECTION 5: Biological Activity and Anticarcinogenic Mechanisms of 
Antioxidant Nutrients (Carotenoids, Tocopherols and Retinoic Acid) 

5.1 Antioxidant Nutrients: Carotenoids and Tocopherols 

5.1.1 Biological Activity 

Carotenoids, tocopherols and retinoic acid are biologically active and 

Important In maintaining healthy cells through various mechanisms. Both 

carotenoids and tocopherols are lipid soluble nutrients with potent antioxidant 

activities. The antioxidant potential of the carotenoids, in order of potency, is 

lycopene>p-carotene=p-cryptoxanthln>lutein>a-carotene {132). As antioxidants, 

these nutrients are part of an antioxidant defense system utilized by cells to 

control levels of potentially damaging bi-products of normal metabolism, such as 

reactive oxygen species (ROS) {133). The vitamin E family (a-,6- and y-

tocopherol) are chain-breaking antioxidants that Intercept lipid peroxyl radicals 

and terminate lipid peroxidation chain reactions. Vitamin C Is not only a free-

radical scavenger, but also contributes to the regeneration of tocopherols. 

Carotenoids quench singlet oxygen and free radicals through their polyene 

structure {134). 

Dietary antioxidants, considered as free-radical scavengers, act to control 

the levels of ROS within cells to allow normal cellular processes Involving ROS to 

continue without Inducing damage. ROS, including superoxide, hydrogen 

peroxide and hydroxy! radicals, are generated as by-products of reactions 

occurring within cells, such as electron transport chain, hemoglobin autoxidation, 
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and Fenton reactions oxidizing metals. Alternatively, ROS are actively produced 

and utilized by activated immune cells as a host defense against infections. In 

addition, ROS appear to have a central role in cell signaling by transcription 

factors, cell proliferation, and apoptosis {133,135). The cellular response to 

increases in oxidant load is the activation of redox-sensitive transcription factors 

(Nuclear Factor-KB (NF-KB), Activator Protien-1 (AP-1) and p53) (136). NF-KB is 

responsible for rapid transcription of defense genes, involved in inflammatory, 

immune and acute phase responses {136). Continued presence of high oxidant 

load results in the induction of apoptosis. 

The oxidant-antioxidant balance is particularly critical for the immune 

system, which relies on the production of ROS for host defenses but is also 

sensitive to oxidative damage {137). ROS can lead to lipid peroxidation, which 

alters cell membrane integrity and disrupts cell-cell communication via reduction 

or alteration of membrane-bound receptors. This receptor disruption results in 

intracellular signaling alterations and decreases in immune cell function 

{134,138). Immune dysfunction, including decreases in natural killer cell activity 

and T-cell proliferation, has been observed with high oxidant:antioxidant ratios 

{139). 

As potent antioxidants, carotenoids and tocopherols may strengthen host 

cellular and humoral immunity {138). Higher serum p-carotene levels are related 

to increases in delayed-type hypersensitivity (DHT) responses, the number of 

natural killer cells and cell surface molecules involved in antigen presentation 
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(137). Influence of serum lycopene and lutein on immune function appears to be 

lower than that of p-carotene {140), however definitive studies have not 

confirmed these observations (137). Vitamin E is vital in maintaining the integrity 

of immune cell membranes and vitamin E deficiencies have been shown to 

decrease B-cell antibody production and T-cell proliferation (134). These 

decreases in immune functions with antioxidant deficiency, specifically T-cell 

activity, provide a host environment that is susceptible to the establishment and 

persistence of viral infections {141). 

5.1.2 Role of Antioxidant Nutrients in HPV Infection and Cervical Cancer 

As indicated above, antioxidant nutrients are required for maintaining 

health. Elevated levels have been suggested to guard against cervical cancer 

development and influence HPV infection. The exact biological mechanism by 

which these nutrients prevent cervical cancer remains unclear. Indirect evidence 

indicates that during conditions that support oxidative stress, such as decreased 

intake of antioxidant nutrients or presence of infections, there is a shift in the 

antioxidant-oxidant balance in favor of high oxidant load. This high oxidant load 

has been associated with cancer, increased viral activity and decreased immune 

function. Taken together, the combined presence of HPV infection and 

decreases in antioxidant nutrients may provide a cellular environment that 

facilitates HPV persistence and progression to cancer (9,142). 
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Biological associations of oxidant load, antioxidants and viral activity: 

Oxidative stress lias been implicated in tlie pathogenesis of several viral 

infections, Including HIV, influenza, and cytomegalovirus (CMV) {133). Viruses 

induce oxidative stress not only as the immune system initiates a defense 

against the virus, but also through specific viral protein activities {143). This viral 

induced oxidative stress results in activation of redox-sensitive transcription 

factors that are utilized by viruses to support expression of viral genes and 

subsequent replication of viral genomes {144). In addition, high oxidant load 

environments have been shown to influence the virulence of viruses through 

genomic changes {145). 

In vitro, oxidative stress increases the replication of HIV {146-148) through 

the ROS mediated activation of NF-KB, a nuclear transcriptional factor that is 

obligatory for HIV replication {148). In vitro studies have consistently 

demonstrated that NK-KB activation is inhibited by antioxidants such as a-

tocopherol {149), a-lypoic acid {150), N-acetylcysteine, and pyrrolidine-

dithiocarbamate (PDTC) {149) in HIV infected cells. A recent clinical trial 

reported a decrease in HIV viral titer among HIV patients supplemented with a-

tocopherol (800 mg/day) compared to non-supplemented HIV patients {151). 

Another virus, CMV, triggered intracellular increases in ROS in vitro, with 

increases in NF-KB activity. This increase led to NF-KB dependent viral 

transcription, and subsequent viral replication, and was abrogated in the 



presence of antioxidants {152). Using animal models, Peterhans et at. {147) 

demonstrated that influenza viral infection was associated with oxidative stress, 

and that the resulting ROS increased viral titer {147) and viral infectivity of the 

virus {153). Administration of antioxidants to animals infected with the influenza 

virus protected them from the lethal effects of influenza {154). In addition, in vitro 

treatment with PDTC antioxidant inhibited influenza viral synthesis and apoptosis 

{155). Hepatitis B protein X induces mitochondrial oxidative stress leading to 

increased activation of two transcription factors (NF-KB and STAT-3) in vitro, 

which could be inhibited by treatment with N-acetylcysteine and PDTC {143). 

The findings reported for several viruses, that antioxidant nutrients play a 

role in down-regulating viral replication and expression, are particularly relevant 

to cervical carcinogenesis, where viral replication (viral load) and transcriptional 

activity (expression of HPV 16 E6 and E7 proteins) are critical events. There is 

evidence to suggest that reactive oxygen species, and their down regulation by 

antioxidants, may work in a similar manner in HPV infection. Specifically, the 

effect of antioxidant nutrients on HPV infection can be mediated through the 

activation of redox-sensitive transcription factors, NF-KB and AP-1 {135,156). 

AP-1 is a complex of proteins within the c-Jun (c-Jun, c-JunB and c-JunD) and c-

Fos (c-Fos, FosB, Fra1 and Fra2) protein families. The specific composition of 

proteins that form the AP-1 complex, either as homo- or heterodimers, 

determines the specific activity and binding sites {157). AP-1 has been shown to 

be a key regulator of HPV transcriptional activity {158,159), and its activity is 



altered by HPV E7 in a cell-cycle dependent manner (160). Antioxidant 

treatment of HPV-16 immortalized human keratinocytes (HKc) with PDTC altered 

the composition and reduced the activity of the transcriptional AP-1 complex 

{161) Although not directly shown, the presence of NF-KB binding sites in the 

HPV upstream regulatory region and evidence of HPV responsiveness to NF-KB 

activity, suggests that HPV viral replication and expression should be enhanced 

by the activation of this ROS sensitive transcription factor. Activation of NF-KB 

occurs in response to cytokines released during an inflammatory response, such 

as interleukin-1 (IL1) and tumor necrosis factor (TNF-a). In summary, the indirect 

evidence indicates that during conditions that support oxidative stress, such as 

decreases of antioxidants nutrients and/or the presence of a viral infection, there 

is a shift in the antioxidant-oxidant balance in favor of high oxidant load. This 

high oxidant load has been associated with increased risk of cancer, Increased 

viral activity and decreased immune function. Taken together, the combined 

presence of an HPV infection and decreased serum antioxidant nutrients may 

provide an environment that facilitates HPV persistence and progression to 

cervical cancer. 

Reactive Oxvaen Species. Antioxidants and Immunitv: The innate 

immune response towards viral infections includes secretion of interferon (INF-y) 

and activation of natural killer cells (9), which is compromised when dietary 

antioxidants are limiting {137). By preventing oxidant-induced down-regulation of 
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cellular immunity, higher concentrations of carotenoids and tocopherols may 

decrease risk for persistent HPV infection and lesion progression by modulating 

T-cell immunity. Recent data indicate that T-cell immunity, and natural killer cell 

activity in particular, is important to the loss of HPV infection and SIL regression 

{162). In addition, the importance of acquired immunity (e.g. antibody producing 

B-cells) has recently been established with the successful prevention of HPV-16 

infection persistence following vaccination with HPV-16 specific virus-like 

particles (7). 

5.2 Retinoic Acid 

5.2.1 Retinoic Acid IVIetaboiism 

Diet provides retinol (preformed Vitamin A) in the form of retinol ester from 

animal products (liver, eggs, milk, cheese and butter) or as pro-vitamin A 

carotenoids (e.g. p-carotene, a-carotene, and p-cryptoxanthin) {163-165). Figure 

2.3 (page 55) provides an overview of the metabolism of retinol to retinoic acid. 

Following absorption, retinol is transferred and stored as esters in the liver. As 

needed, retinol esters are mobilized from liver stores, transported to specific 

tissues and are reversibly converted from retinol into retinal. This oxidation to 

retinal is presumed to be the rate-limiting step in retinoic acid biosynthesis, and 

potentially involves members of up to three isoenzyme families (medium-chain 

alcohol dehydrogenases (ADH), short-chain retinol dehydrogenase (RDH), and 

cytochrome P450 (CYPp450) 1A and '\B){165,166). Retinal is then irreversibly 
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Figure 1.3: Metabolism of Retinol (Vitamin A) to Retinoic Acid 
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Retinol (preformed Vitamin A) is reversibly converted to retinal (rate-limiting step) by medium-
chain alcohol dehydrogenases. Retinal is irreversibly converted to aW-trans retinoic acid via 
aldehyde dehydrogenases, which can isomerize to13-c/s retinoic acid or 9-c/s retinoic acid. 
Retinoic acid is catabolized to polar metabolites by CYPp450RA1 or CYP26 enzymes and 
excreted. 
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converted to aW-trans retinoic acid via members of the aldehyde dehydrogenase 

family {166). AW-trans retinoic acid can isomerize to13-c/s retinoic acid and 9-c/s 

retinoic acid; however it is not clear when the majority of the isomerization occurs 

during metabolism. It has been shown that the conformation of retinol may 

influence the specific ADH or RDH utilized in metabolism, and that a majority of 

those identified appear to be selective for aW-trans retinoic acid {166). 9-cis 

retinoic acid has also been shown to be derived directly from dietary 9-c/s p 

carotene {167) or 9-c/s retinol {168). Recent in vitro studies using animal and 

human tissues have demonstrated a dose-response conversion of p-carotene to 

retinoic acid {167,169,170). In addition to isomerization, retinoic acid is efficiently 

catabolized to polar metabolites with little to no biological activity by 

CYPp450RA1 or CYP26 enzymes and excreted {165,166). 

5.2.2 Biological Activity of Retinoic Acid 

Retinoic acid is required for many biological processes including vision, 

development and reproduction {163-165). Retinoic acid manifests this activity by 

binding to nuclear retinoid receptors, members of the steroid hormone receptor 

superfamily {171), and altering transcriptional activity {110,165). To date, two 

receptors have been identified, retinoic acid receptor (RAR) and retinoid X 

receptor (RXR) {110). RAR binds to aW-trans and 9-c/s retinoic acid with equal 

affinity, whereas RXR preferentially binds 9-c/s retinoic acid {172). Each receptor 

has at least three subtypes (a, p, and y) and within these subtypes there are 
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many different isoforms (173). Due to the different receptor isoforms retinoid 

receptors can interact with a diverse number of receptors forming homodimers 

and heterodimers not only with retinoid receptors but with other steroid hormone 

nuclear receptors as well, such as vitamin D receptors and the estrogen receptor 

{174). 

Retinoic acid regulation of epithelial cells: In vitro, retinoic acid has been 

shown to regulate differentiation of normal human ectocervical epithelial cells 

{175). Low levels of aW-trans retinoic acid (1-10 nM) stimulated growth of normal 

human keratinocytes in culture, however high levels (I^M) inhibited growth {176). 

The reactivity of cells to retinoic acid is dependent on the presence of cellular 

retinoic acid binding protein (CRABP) and the retinoic acid receptors (RAR/RXR). 

Using immunohistochemistry, Hillemanns et al. demonstrated that CRABP was 

predominantly present in the basal layer of the normal squamous cervical 

epithelium biopsy tissue, and the levels of CRABP decreased in more superficial, 

differentiated cell layers {177). Retinoid receptors are also present in normal 

ectocervical epithelium. In mouse models, RAR and RXR transcripts were found 

to be differentially expressed In the two types of cervical cells, stratified 

squamous and simple columnar epithelium. RARa-1 and -2 and RXRa and (3 

transcripts were identified in both regions of the cervix, whereas RARp-2 and -3 

were only found in columnar epithelium. In the stratified squamous epithelium, 

RXRa and (3 was preferentially localized to basal ceils and RARs were expressed 



in basal and suprabasal layers {178). Similar patterns of expression of RARa, 

RARy, RXRa and RXRp were also demonstrated in vitro with a LSIL cell line and 

SiHa cells derived from a high grade cervical tumor {179). High levels of RARp 

mRNA have been observed in normal cervical cell lines {180) and absent in a 

dyspiastic and carcinoma cell lines {179,180). The differential expression of 

RARp may be relevant in cervical cancer progression, as RARp is lost in many 

types of cancers and has been associated with retinoic acid-resistance of tumors 

{181). RARp is induced by aW-trans retinoic acid and thought to be responsible 

for in vitro retinoic acid-induced growth inhibition {181). 

RARs and RXRs have a multitude of targets and interact with many 

different nuclear receptors to elicit differentiation and growth inhibition in a cell 

specific manner. Of relevance to cervical cancer and HPV infection, retinoic acid 

treatment in vitro induces synthesis and secretion of growth inhibitors (TGF-p), 

and growth factor binding proteins (e.g. insulin-like growth factor binding proteins 

(IGFBP) and epidermal growth factor binding proteins (EGFBP). Normal 

ectocervical cells increase secretion of TGF-p and cell proliferation is inhibited in 

response to retinoic acid treatment; however, normal endocervical cells secrete 

TGF-p and are not inhibited {182). Thus, the heterogeneity of retinoic acid-

induced response appears to have cell-type specific activities. In addition, 

following treatment with p-carotene, there was an increase in TGF-p in CIN 

biopsies {183). 
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5.2.3 Role of Retinoic Acid in HPV Infection and Cervical Cancer 

Retinoic acid is essential for differentiation of cervical epithelial cells; 

however this activity is dependent on the presence of retinoic acid binding protein 

and, most importantly, the expression of retinoic acid nuclear receptors, which 

are the biologically active receptors of retinoic acid. Retinoic acid has been 

demonstrated to inhibit growth and promote differentiation of HPV infected cells 

and to have a direct influence on HPV oncogene expression in vitro. In addition, 

along the multi-step progression to cervical cancer, it appears that HPV infected 

cells lose responsiveness to retinoic acid through various mechanisms. 

Altogether, these data suggest retinoic acid may only be effective early in 

cervical carcinogenesis, such as by modulating HPV persistence, clearance and 

viral load. 

Retinoic acid induces growth inhibition in HPV infected epithelial cells: 

Treatment with retinoic acid differentially inhibits growth of HPV-16 immortalized 

cervical epithelial cells (ECE-16) {175,184) and low-passage human foreskin 

keratinocytes (HKc/HPV16) (185-187) compared to normal HKc cells treated with 

retinoids in the absence of an HPV infection. Cervical epithelial cells transfected 

with HPV 16 (ECE-16) or HPV 18 (ECE-18) and CIN derived cells also 

demonstrate growth inhibition when treated with aW-trans retinoic acid, however 

not to the extent seen in HKc/HPV16 cells. Retinoic acid induced growth 

inhibition in vitro is associated with increases in the synthesis and secretion of 

TGF-p, a growth inhibitor (176) and decreases in HPV induced epidermal growth 
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factor receptor (EGFR) synthesis {188) and insulin-lil^e growtii factor binding 

proteins (IGFBP) (189,190). It has been demonstrated that these alterations are 

specifically induced by aW-trans retinoic acid/RAR interactions and not 9-c/s 

retinoic acid/RXR (190,191). 

As epithelial cells immortalized with HPV-16 acquire more tumorgenic 

characteristics, they become resistant to retinoic acid induced growth inhibition 

(176,192). An in vitro system that utilizes continuous passage of HPV-16 

infected human foreskin l<eratinocytes (HKc/HPV16) helps to provide insights into 

retinoic acid resistance. HKc/HPV16 cells grown for many passages obtain 

further tumorgenic characteristics at well-characterized points (176). In this 

model system, HKc/HPV16 cells are initially (e.g. for a low number of passages) 

more sensitive than normal HKc to growth and differentiation control by aW-trans 

retinoic acid (176,185-187), whereas high-passage cells are less sensitive, with 

only a 20% inhibition of growth with 1mM aW-trans retinoic acid (176). In this 

system, differences between low passage and high passage sensitivity to retinoic 

acid is associated with cellular loss of sensitivity to retinoic acid-induced TGBp (a 

growth inhibitory factor), and not to alteration in RAR or RXR signaling. 

However, RARp, whose induction has been shown to be lost during progression 

to cervical cancer (181), has not been examined. Others have reported loss of 

growth inhibition in cervical carcinoma cell lines (189), with loss of an induction of 

insulin-like growth factor binding protein. In several in vitro model systems, cells 

in the late stages of HPV-16 induced transformation acquire resistance to retinoic 
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acid induced differentiation througli several different meclianisms, including loss 

of growtli iniiibition {176), continued growtli stimulation {188-190), and loss of 

retinoid receptor expression {193). 

Retinoic acid induces differentiation in HPV infected epitlielial cells: 

Retinoic acid is essential for terminal differentiation of cervical epithelial cells by 

decreasing cellular proliferation and DNA replication. Research examining the 

activity of retinoic acid on HPV infected epithelial cells, in vitro, measures 

marl<ers of cellular growth and cellular differentiation. Organotypic graft cultures 

of HPV-16-immortalized human endocervical cells are powerful in vitro models of 

cervical cell differentiation {194). Expression levels of cytokeratin genes are also 

a marker of epithelial cell differentiation. In addition to inhibiting cellular 

proliferation, retinoic acid HPV-16 immortalized cervical epithelial cells 

{175,182,184) are more sensitive to the differentiation, as measured by 

alterations in cytokeratin gene expression demonstrated cells, induced by 

retinoids compared to normal cells treated with retinoids in the absence of an 

HPV infection {175,184). Using an organotypic graft culture of HPV-16-

immortalized human endocervical cells, retinoic acid prevents expression of 

cytokeratin differentiation markers of carcinoma in situ and decreases E7 mRNA 

{195). Further down the carcinogenic pathway, the organotypic graft culture 

model demonstrates that HPV-16 tumorgenic cells are resistant to retinoic acid 

treatment by maintaining characteristics of carcinoma in situ {192). However, 

Sarma et al. {192) did not investigate possible mechanisms of resistance, such 
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as loss of retinoid nuclear receptors, retinoic acid binding protein or clianges in 

sensitivity to infiibitory molecules. 

Retinoic acid influences viral activity: In vitro, physiological concentrations 

of retinoic acid inhibited the expression of HPV 16 E6 and E7 expression in the 

low passage HKc/HPV16 cells {185-187) and in CaSki cells {196). Retinoic acid 

also inhibited late passage HPV-16 mediated immortalization of HKc/HPV16 

cells. Decreased levels of viral oncoproteins resulting in increases in p53 and cell 

cycle arrest in G1 were observed in CaSki cells treated with 1 nM-10 i^M (10"® -

10'® M) of aW-trans or 9-c/s retinoic acid {196). Other in vitro models 

demonstrated retinoic acid-induced growth suppression in epithelial cervical cells 

(ECE-16) and CaSki cells without changes in HPV 16 E6 and E7 level {184,197). 

Both a\\-trans and 9-c/s retinoic acid inhibited HPV E6 and E7 expression, 

however aW-trans retinoic acid was more potent requiring smaller concentrations 

to observe significant inhibition {196). In addition, retinoic acid treatment resulted 

in transcriptional repression of HPV 18 with a concomitant down regulation of 

HPV mRNA levels {193). Retinoic acid may indirectly reduce HPV mRNA levels 

through influences on AP-1 activity {198) or TGFp expression {199). Retinoic 

acid is a negative regulator of AP-1 {198), the predominate transcription factor 

utilized by HPV for expression of E6 and R7 {158,159). Alternatively, retinoic 

acid may reduce HPV mRNA levels through increased expression of TGFp, 

which has been demonstrated to reduce E6 and E7 expression in vitro {199). 
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Section 6: Summary of Antioxidant Nutrients, Retinoic Acid and HPV 
Infection 

Although oncogenic HPV infections have been established as the 

necessary cause of cervical cancer, most HPV infections are transient and rarely 

progress to significant cervical lesions (8). The factors that are associated with 

oncogenic HPV persistence and progression to HSIL are unknown. This current 

research is focused on identifying factors that can potentially alter the lifecycle of 

HPV during an infection and, therefore, are associated with viral persistence and 

clearance. Cofactors, such as antioxidant nutrients (e.g., carotenoids and 

tocopherols) and retinoic acid may modulate an oncogenic HPV infection from a 

transient infection to one that persists and progresses to cancer. 

Mechanistically, during conditions that support oxidative stress, such as 

low antioxidant nutrients and/or the presence of a viral infection, there is a shift in 

the antioxidant-oxidant balance in favor of high oxidant load. The combined 

presence of an HPV infection and decreased serum antioxidant nutrients has 

been proposed to provide an environment that facilitates HPV persistence and 

progression to cervical cancer {9,142). In support of this mechanistic research, 

epidemiological evidence suggests that antioxidant nutrients may reduce the risk 

of an HPV persistent infection. Recently published studies {57,96,98) have 

examined the association between antioxidant nutrient status (dietary intake and 

serum level) and persistent HPV infection among women in the United States. In 

a small prospective study among women attending a family planning clinic for 
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routine care, Sedjo et al. {96) observed significant inverse associations between 

dietary Intake of lutein, vitamin E, and vegetables and serum lycopene levels and 

HPV persistence. These studies have had small sample sizes and did not to 

assess type-specific HPV persistence (96) and clearance (98). In addition, 

studies have included only one measure of serum carotenoids and tocopherols 

which may not have adequately classified nutrient status due to high-within 

person variability of these measures {200). 

In addition to antioxidant activity, pro-vitamin A carotenoids (p-carotene, a-

carotene, a- and (3-cryptoxanthin, and zeaxanthin) are precursors of retinoic acid, 

a potent regulator of epithelial cell differentiation {112). Retinoic acid has been 

extensively studied in vitro {112,165) and utilized in chemoprevention trials {110)] 

however, assessment of endogenous levels has only recently become available 

due to advances in HPLC methodology. Recent improvements in HPLC 

methodologies have facilitated the measurement of endogenous retinoic acid 

within the context of epidemiological studies. The key improvements include an 

improved separation of three retinoic acid isomers and implementation of high 

throughput methods. 

The current study, using refined methodology for measuring circulating 

retinoic acid levels, sought to assess the variability of retinoic acid and the factors 

associated with endogenous retinoic acid levels. This information is essential to 

the design of future epidemiological studies focused on assessing retinoic acid-

disease associations and intervention studies aimed at modulating retinoic acid 
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levels. As the activity of HPV in cervical cells is tightly associated with epithelial 

cell differentiation (25), we hypothesized that factors regulating epithelial cell 

differentiation (e.g. retinoic acid) may be associated with duration of an HPV 

infection and viral burden. 

The current study sought to address the association of serum antioxidant 

nutrients (retinoic acid, carotenoids and tocopherols) and type-specific HPV 

persistence, clearance and viral load over a 12-month period. Data were from 

Brazilian women participating in a prospective study examining the natural 

history of HPV infection (Ludwig-McGill Cohort Study) (Specific Aims 2 and 3). 

Prior to addressing associations between serum retinoic acid and HPV 

clearance, we determined the variability and factors associated with retinoic acid 

levels among a sub-sample of 502 women (Specific aim 1). 
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CHAPTER 2 

PRESENT STUDY 

METHODS 

Section 1: Overview of the Study 

This research utilizes data collected from the NIH R01 grant "Antioxidant 

Nutrients among a Brazilian Population" (P.I Dr. Anna Giuliano), which is nested 

within the Ludwig-McGill Cohort study in Sao Paulo, Brazil (P.I. Drs. Eduardo 

Franco and Luisa Villa). The overall goal of this grant was to determine the 

association between serum nutrient status (carotenoids, tocopherols and retinoic 

acid) and cervical carcinogenesis among a cohort of women. A sub-cohort of 

846 women was selected for this study. Archived serum samples were available 

from all four study visits that were scheduled to occur in the first year of the 

cohort. These samples were analyzed for serum carotenoids and tocopherols by 

Craft Technologies Inc. (Wilson, NC). Additional HPLC analyses were conducted 

on serum from the first two study visits (Baseline and visit 2) to determine retinoic 

acid levels. HPV laboratory data, specifically HPV typing and viral load, were 

available for all four consecutive visits spanning the first 12-month period from 

the parent study. Additional questionnaire data were available, including: 

demographic, cervical cancer risk factor history, and dietary data. All data were 

merged and analyzed to address the specific aims of this research. I sought to 

1) determine the variability and identify factors associated with circulating 
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concentrations of retinoic acid; 2) estimate tlie relative risk for type-specific 

persistent HPV infection and viral load associated with circulating concentrations 

of retinoic acid, 3) estimate the relative risk for type-specific persistent HPV 

infection associated with circulating concentrations of carotenoids and 

tocopherols. The methods, results, and conclusions of this study are presented 

in the manuscripts appended to this dissertation. The following chapter includes 

a detailed description of the study methods and a summary of the important 

findings presented in the manuscripts and any additional analyses conducted 

that were not included in the manuscripts. 

Section 2; Study Population 

The Ludwig-McGill Cohort Study is an epidemiological cohort investigation 

of a systematic sample of women attending a comprehensive maternal and child 

health maintenance program catering to low-income families in the city of Sao 

Paulo, Brazil. The clinic setting where participants are accrued is part of a 

network of health care institutions maintained by the municipal health 

department. Study design and methods of the Ludwig-McGill Cohort Study have 

been reported in detail (201). A summary of Ludwig-IVIcGill Cohort study design 

and data, which were utilized for this research, is presented in Table 1 (Page 70). 
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Table 1: Study Design and Data Utilized from the Ludwig-McGill Cohort 
Study 

Participant Visits 

Months Years 

Entry 4 8 12 1.5 2 2.5 3 3.5 4 4.5 5 

Circulating Nutrient Data: 

Carotenoids & Tocopherols U UU U 

Retinoic Acid U U 

Laboratory Data: 

HPV testing & typing U 

Viral Load U 

Molecular Variants 

Cytology Rev. X 

Questionnaire Data: 

Diet 

Risk Factors: 

Smoking, Sex Beh. 

Full Socio-dem. 

U U U  X X X X X X X X  

U U U  X X X X X X X X  

XX (As needed) 

X X X  X X X X X X X X  

U 

U X X X X X 

u 

X 

X 

X=Data Collected in Parent Study 

U=Data Utilized For this Study 

Subject Recruitment and Eliqibilltv for Ludwiq-McGill Cohort Study: 

Women were selected at random from the daily lists of outpatients in the 

medicine, gynecology, and family planning clinics. The nurse interviewer 

approached each patient to determine eligibility and to explain the general 

purpose and nature of the study. The criteria for study eligibility included: (1) age 

between 18 and 60 years, (2) permanent residence in Sao Paulo (city), (3) not 

currently pregnant nor intending to become pregnant in the next 12 months, (4) 

an intact uterus and not referred for hysterectomy, (5) no vaginal medication use 

in the 2 days prior to clinic visit, and (6) not treated for cervical disease by 
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electrocoagulation, cryotherapy, or conization (prevailing methods of treatment) 

in the 6 months prior to clinic visit. In addition to these criteria, women were 

considered ineligible if they were not willing to comply with all scheduled visits, 

over the next 2 years, or if they were unwilling to provide informed consent. Ail 

participants signed an informed consent form. 

Study Sample: The study sample was a sub-cohort from the Ludwig-

McGill Cohort Study for this investigation (See Figure 2.1; Page 72). A sub-

cohort of 1,392 women, representing those entering the study during the first 2 

years who had long term follow-up and complete HPV data within the first year, 

was identified. Of these 1,392 women, there were 433 HPV positive women at 

any one visit during the first study year and 959 women who were consistently 

negative during the first year. The HPV positive women identified were over 70% 

of the HPV positive women in the entire cohort at each visit within the first year of 

follow-up (Table 2, below) 

Table 2. Distribution of HPV Positive Women at Each Study 
Visit during First Year of Follow-up: Parent vs. Sub-Cohort 

Total HPV Positive HPV Positive in Sub- „ u 
. „ i u ..4 u Positive within Sub-in Parent cohort cohort . . 

cohort 

HPV Positivity N N % 

Visit 1 305 223 73.11 
Visit 2 307 228 74.27 
Visit 3 304 219 72.04 
Visit 4 287 209 72.82 
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Figure 2.1: Sub-Cohort Selection from Ludwig-McGill Cohort Study 

2,528 Cohort 
Participants Criteria: 

i 
1,392 

women 

/ \ 

Women entering during 
the first 2-years 
Long-term follow-up 
4 serum samples available 
in the first year 

433 HPV Positive 
Women 

959 HPV Negative 
Women 

433 HPV Positive 
Women 

Freauencv matching: 
• Date of enrollment 
• Age 

413 HPV 
Negative Women 

407 HPV Pos 
(Cases) 

412 HPV Negative 
(Controls) 

\ / 
819 Sub-Cohort 

Participants 

Exclude 
27 women with SIL 
at Baseline 



women with HPV infection in the two groups we find no statistically significant 

differences between the two groups except for income (Appendix D: Table 1). 

Among HPV negative women, the only variable that differed between groups was 

age, which was expected since the originally funded study selected HPV 

negative women matched on age to HPV positive women (Appendix D: Table 2). 

Section 3: Cohort Study Data Collection 

Participant visits: Participants were followed over at least a five-year 

period, every four months in year 1 and twice yearly thereafter, for a total of 12 

visits. The visit schedule was baseline (0 months), 4, 8, 12, 18, 24, 30, 36, 42, 

48, 54, and 60 months. Over the course of this observational study, not all 

women returned at the designated time points for follow-up, which led to 

variability of time between study visits. On average, women identified for this 

present study returned for their month 12 visit 13.4 + 3.4 months (Range 11 - 50 

months) following enrollment. During most of these visits participants were 

interviewed using a structured questionnaire specific for the current visit and had 

cervical specimens taken for Pap cytology and HPV testing. A 10 ml blood 

sample was also drawn by venipuncture in vacutainer tubes without coagulant. 

Questionnaires and blood specimens were not taken at 18, 30, 42, and 54 

months, although HPV typing and PAP cytology was completed. 
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Study Questionnaires: Seven different color-coded questionnaires were 

used in this study corresponding to each of the first year visits and subsequent 

annual follow-up returns. Data from the first four visits were used in this 

investigation. Questionnaire 1 was administered at enrollment and was the most 

detailed with 107 questions. Questionnaires 2, 3, and 4 were used for the 

returns at 4, 8, and 12 months, respectively. The contents of these 

questionnaires are summarized below. 

Questionnaire 1 contained questions on sociodemographic characteristics, 

tobacco and alcohol consumption, menstrual, sexually transmitted diseased 

(STD), and gynecologic, sexual, contraceptive, and anal and oral intercourse 

history. Questionnaire 2 reassessed a selection of socio-demographic variables, 

as well as sexual history. In addition, this questionnaire assessed sexual activity, 

menstrual patterns, and gynecologic symptoms since the last interview, as well 

as frequency of consumption of selected food items and vitamin supplements. 

Questionnaire 3 repeated selected socio-demographic questions, assesses 

sexual and contraceptive practices, menstrual patterns, gynecologic symptoms, 

and tobacco use since the last interview. Questionnaire 4 repeated all questions 

in questionnaire 3 and had a section on pregnancy history, sexual practices 

during pregnancy and post-partum, and contraceptive patterns. 

Diet Questionnaire: Information on the frequency of consumption of 

selected food items and the consumption of vitamin and mineral supplements 
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was obtained at the second visit (month 4). Participants were asked to recall the 

usual frequency of consumption of the following 15 food items over the past five 

years: oranges, lemons, carrots, pumpkin, papaya, cauliflower, spinach, broccoli, 

lettuce, other vegetables, eggs, milk and yogurt, cheese, butter, and liver. These 

foods were included because there were known to contribute substantially to 

variation in carotenoid and tocopherol intake among Brazilian women living in 

Sao Paulo; however, they cannot be considered a complete index of carotenoid 

and tocopherol intake. Food consumption frequency categories were as follows: 

never, less than 1/month, 2-3 times/month, 1-3 times per week, 4-6 times/week, 

and >1/day. Use of supplemental vitamin C, E, vitamin B complex, multiple 

vitamin preparations, and other vitamins was assessed. Participants responded 

as to whether they never consumed these supplements, occasionally consume 

supplements (<30 days), or frequently consume supplements (>30 days). 

Although these data cannot be used to calculate the exact dietary intake of 

carotenoids and tocopherols, they were utilized to estimate the relative intake of 

specific carotenoids. 

Nutrient Intake Estimation: Nutrient values were calculated from the 

participants' reported dietary intake using the USDA's Continuing Survey of Food 

Intake of Individuals (CSFII-86) and Nationwide Food Consumption Survey 

(MFCS 87-88), unless Brazil specific nutrient values were available. When 

available, food carotenoid values (e.g., p-carotene, lutein-zeaxanthin, and p-

cryptoxanthin) were derived from published values for foods consumed in Sao 
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Paulo, Brazil (202). Dietary intake calculations used age-specific portion sizes for 

women as previously described (203). 

Cervical Cell Specimens: An accelon biosampler was used to collect a 

sample of ectocervical and endocervical cells at each of the visits. After the 

smear was placed onto a glass slide and fixed in 95% ethanol, the cytobrush 

containing exfoliated cells was immersed in a tube containing Tris-EDTA buffer 

pH 7.4, swirled to release the adhered cells and l<ept at 4° C at the clinic for at 

most five days. Once brought to the laboratory at the Ludwig Institute, the tubes 

containing cell suspensions were frozen until being tested. 

The Pap smears were fixed in absolute ethanol, stained, read locally in 

Brazil for an initial diagnosis, then shipped to McGill University where they were 

coded and sent to the Jewish General Hospital, Montreal, Canada. The Montreal 

cytopathology reports were based on the Bethesda System for Cytological 

Diagnoses {11). Women presenting with HSIL or worse were notified and 

treated. Women presenting with LSIL or changes consistent with HPV infection 

on cytology were not recalled for colposcopy and were not treated. Since HSIL 

was an endpoint both for the parent study and this study, treatment of these 

lesions did not impact the design or analysis of the study. 
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Section 4: Laboratory Methods 

4.1 Human Papillomavirus Analyses 

Polymerase Chain Reaction (PGR) Detection of HPV DNA: Cervical 

specimen DNA were extracted and purified following standard techniques at the 

Ludwig Institute for Cancer Research in Sao Paulo. In brief, cells were digested 

with 100|Lig/ml proteinase K for 3 hours at 55 ° C, followed by organic extraction 

and ethanol precipitation. Specimens were tested for the presence of HPV DNA 

by a previously described polymerase chain reaction (PGR) protocol amplifying a 

highly conserved 450 bp segment in the L1 viral gene (flanked by primers 

MY09/11) (22,36). Typing of the amplified products was performed by 

hybridization with individual oligonucleotide probes specific for all 27 HPV genital 

types whose nucleotide sequences for probes within the MY09/11 fragment have 

been published in the literature. Twenty-seven of these have received a 

taxonomic entry as HPV types: 6/11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51-59, 

66, 68, 73, 82, 83 and 84 (36). The PGR amplification products were further 

tested by restriction fragment length polymorphism (RFLP) analysis of the LI 

fragment (204) to resolve dubious results from the dot blot hybridization and to 

distinguish among HPVs that could not be typed by dot blot hybridization with the 

specific probes (e.g. HPV CP6108, 81). Amplified products that hybridize with 

the generic probe, but not with any of the type-specific probes, and that 

additionally do not produce a recognizable band pattern in the RFLP analysis 

were considered positive for HPV of unknown types. In all, combined use of 
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specific probing and RFLP analysis effectively increased the number of genital 

HPV types detected in the study to 40. 

HPV PGR Quality Control: Several measures taken to prevent inter-

specimen contamination of samples and reagents were as follows; physical 

isolation of sample processing and reaction areas, use of autoclaved solutions, 

prealiquoted and pre-mixed reagents, use of highly diluted positive controls, use 

of disposable gloves, and use of positive displacement pipettes, aerosol-free tips, 

and "splash-free" tubes. In addition, as standard practice, several negative 

controls (DNA from C33, an HPV-negative cervical carcinoma derived cell line) 

were interspersed among test samples as sentinels for possible contamination. 

HPV tvpe grouping: The prevalence of any one of the measured HPV 

types in this population was relatively low (Appendix D: Table 3) (49). Therefore 

all statistical analyses evaluated type-specific grouped infections; oncogenic HPV 

types (with and without HPV16) and non-oncogenic HPV types. Table 3 

(Appendix D) presents the type-specific HPV pattern data for oncogenic and 

nononcogenic HPV infections, stratified by incident or prevalent infections. 

Using the expanded classification system of Bauer et al. {20) HPV types were 

grouped as follows: oncogenic infections included HPV types 16, 18, 31, 33, 35, 

39, 45, 51, 52, 56, 58, and 68. All other HPV types were considered non

oncogenic. At any given time point the prevalence of multiple infections was 

approximately 2.0% in this cohort (205) (Appendix D: Table 4), limiting our ability 

to independently examine associations for women with multiple infections. 
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Measurement of Viral Load: All cervical specimens found to be positive 

witli the main PGR protocol (MY09/11) were retested by quantitative, low-

stringency PGR to measure viral burden in exfoliated cervical cells. This 

technique was developed and validated by Dr. Villa's group (64) at the Sao Paulo 

Branch of the Ludwig Institute. General primers that detect a broad spectrum of 

HPVs were used (206). This modified system employed low stringency 

conditions to co-amplify the specific HPV DNA fragment along with sequences 

from the human genome present in the starting PGR mixture. Standards 

consisting of mixtures containing varying amounts of reference HPV 16 plasmid 

added to constant background of normal human DNA were included in duplicate 

in every assay. In addition, control samples consisting of DNA from two cervical 

carcinoma cell lines with known quantities of HPV copies were included in 

duplicate in every assay. 

The silver-stained gel bands corresponding to the HPV and to the 

constant human genome fragments were quantified by densitometry (64). The 

logarithm of the ratio between these two bands was directly proportional to the 

logarithm of the amount of HPV DNA in the individual samples. Proper 

quantification was obtained by linear interpolation in a standard curve 

constructed with the results from control mixtures. A computer program that 

automated the calculation of raw densitometric readings had been developed by 

Dr. Franco to simplify processing of large batches of HPV positive samples. 

Viral load output was number of HPV copies per cell. 



Viral Load Data: As indicated above, viral load data were obtained utilizing 

a low-stringency PGR method with general HPV primers, which identify a broad 

spectrum of HPV types (HPV types 1a, 6, 8, 11, 13, 16, 18, 30, 31, 32 and 33) 

(8); therefore the viral load data represented a combined measure for any HPV 

type present in the specimen identifiable by the GP5/6 primers. A viral load 

measure was considered to be low if HPV results were obtained by PGR 

(MY09/11) but LS-PGR was below the detectable limit. High viral load was 

detected by PGR and quantified by LS-PGR. 

4.2 Serum Nutrient Analyses 

Sample Processing and Storage. All non-fasting blood samples (-10 mi) 

were collected by venipuncture into vacutainers by a trained nurse at the time of 

the clinic visit. The samples were centrifuged within 6-8 hours of collection. 

Aliquots (1 ml) of serum were stored in 1.8 ml Nunc cryovials at -20°G in a non-

frost free freezer until shipped for analyses. 

Retrieval and Shipment of Serum Samples: The participant identification 

numbers and strata identifiers were provided from McGiil University, the main 

data-coordinating center for the parent study. We selected the appropriate 

identification numbers to be analyzed for each batch and entered them into the 

tracking form. Gareful attention was paid to ensure that each shipment and 

analysis batch included all four samples for each woman and all women within a 

matching stratum. The tracking form was then emailed to Ludwig to initiate 
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sample retrieval. Serum samples were shipped on dry-ice from Brazil to Craft 

Technologies, Inc in North Carolina, totaling 11 shipments over a two and half 

year period. After the samples arrived, the integrity of each sample was verified 

and sample labels were checked. Of the 3,384 serum samples scheduled for 

shipment, 3,341 were available for nutrient analyses and we obtained carotenoid 

and tocopherol serum results for 3,332 samples (Appendix D: Table 5). 

High-Pressure Liquid Chromatography for Carotenoid and Tocopherols: 

Serum retinol, carotenoids and tocopherols were measured in serum samples 

taken at baseline, months 4, 8, and 12. HPLC analysis was performed for the 

identification of retinol, nine carotenoids (a- , trans-^-, and c/s-p-carotene, lutien, 

zeaxanthin, a- and (3-cryptoxanthin, cis- and trans-lycopene) and three 

tocopherols (a-, 6- and y-tocopherol) using modified procedures described by 

Nomura et at. (207) by Craft Technologies Inc. (Wilson, NC). Briefly, after 

thawing stored serum samples, 150 \xL aliquots of serum were diluted with 150 

|iL of water and deproteinated by vortexing with 300 |j.L of ethanol containing 

tocol as an internal standard and butylated hydroxytoluene (BHT) as an 

antioxidant. The samples were extracted twice with 1 mL of hexane and the 

combined supernatant was evaporated under nitrogen. The residue was 

dissolved with vortexing in 35 f^L of ethyl acetate, diluted with 100 ^L of mobile 

phase, and ultrasonically agitated for 15 s prior to placement in the autosampler. 

A 15 laL volume was injected. 
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The HPLC system consisted of a computer data system, solvent 

degasser, an autosampler maintaining samples at 20°C, a Spherisorb 0DS2 

column (3 ^im, 4.0 x 250 mm with titanium frits), a guard column containing the 

same stationary phase, a column heater at 31 °C, a programmable UV/visible 

detector to measure retinol at 325 nm and carotenoids at 450 nm; tocol and 

tocopherols at 296 nm excitation/340 nm emission. The separation was 

performed isocratically using a mobile phase of 80% acetonitrile: 15% dioxane: 

5% methanol/lPA containing 150 mM ammonium acetate; 0.1% triethylamine at a 

flow rate of 1.2 mL/min. 

Linear calibration curves were prepared consisting of multiple 

concentrations of analytes which span the physiological levels of micronutrients 

in serum. The calibrants include lutein, zeaxanthin, p-cryptoxanthin, lycopene, a-

carotene, (3-carotene, retinol, retinyl palmitate, and 5-, y-, and a-tocopherols. 

Serum quantitation was performed by internal standard calibration using peak 

area ratios. Retinol quantitation was by external standard calibration. In-house 

quality control (QC) samples were analyzed at the beginning, end, and at 24 

sample intervals. The relative standard deviation of analytes in the QC samples 

usually ranged from 3-10%. 

This HPLC system's limit of quantification (LOQ) was 0.004 |j,g/ml for the 

carotenoids and 0.15 i^g/mL for the tocopherols. Of the total 3,332 samples 

analyzed over four clinical visits, the following number of samples (percent) were 



below the LOQ and assigned a value half way between zero and the lower limits 

of detection: retinol 3 (0.1%), lutein 16 (0.5%), zeaxanthin 50 (1.5%), a-

cryptoxanthin 1082 (32%), p-cryptoxanthin 330 (10%), transAycopene 793 

(24%), c/s-lycopene 701 (21%), a -carotene 811 (24%), frans-p-carotene 504 

(15%), c/s-p-carotene 1037 (31%), a-tocopherols 46 (1.5%), 5-tocopherol 776 

(23%) and y-tocopherol 57 (2%). The distribution of samples below the LOQ by 

visit is presented in Table 6 (Appendix D). Experience indicated that the benefits 

of replicate analysis did not justify the effort and expense necessary to perform 

them. Typically less than 1% of samples yielded significantly different results 

upon replication within the same batch if appropriate checks were in place. It 

was more efficient to identify necessary repeats by examining the consistency of 

the internal standard area, monitoring QC samples, and examining the individual 

chromatographic profiles. If measurement of reproducibility was the objective of 

replicates, then QC samples could be used for that purpose. 

The recovery of analytes using this method has been determined by both 

exogenous spil<es of standards and exhaustive extraction. In both cases, 

recovery of all analytes is greater than 90%. Because 100% of the hexane 

extract cannot be removed from the aqueous phase, a small amount of analyte is 

not recovered. However, the use of an internal standard accounts for this loss. 

On-column losses have also been determined by the Flow Injection approach in 

which standards are injected through the column and peak area is measured. 
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then standards are injected after the column has been replaced by a meter 

length of 0.020" Teflon tubing. The ratio of "peak area with column" to "peak 

area without column" reflects on-column losses due to oxidation, precipitation, 

and non-specific binding. With the indicated mobile phase modifiers, recovery of 

all analytes is greater than 94%. 

Serum Retinoic Acid HPLC Analytical Procedures: Retinoic acid analyses 

were conducted on serum samples from the first two visits (months 0 and 4) by 

Craft Technologies Inc (Wilson, NC). The 9-c/s- and all-^^a/^s-retinoic acid were 

purchased from Sigma Chemical Co. (St. Louis, MO) and 13-c/s-retinoic acid was 

obtained from ICN Biomedicals (Aurora, OH). The following reagents were used 

for sample preparation and analysis; butylated hydroxytoluene (BHT), hexane, 

ethanol, methanol, acetonitrile, hydrochloric acid, sodium hydroxide, and acetic 

acid. All solvents were HPLC grade or equivalent and were used without further 

treatment. 

Sample extraction and preparation was performed using a modification of 

the method reported by Miyagi et al. {208). After thawing 500 f4,L aliquots of 

serum, samples were deproteinated with 500 pL of acetonitrile/methanol (19:1) 

containing 0.01% BHT and made alkaline with 100 |JL of 2N sodium hydroxide. 

Samples were extracted by vortex-mixing 45 s with 1.5 mL of hexane containing 

0.025% BHT as an antioxidant. The organic phase was discarded. Samples were 

acidified with 200 [JL of 2N hydrochloric acid (HCI) and extracted 3x with 1.5 mL 

of hexane with BHT. The combined supernatant was evaporated under nitrogen. 
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The residue was dissolved by vortex-mixing with 120 |IL of mobile phase 

consisting of 75% acetonitrile, 5% methanol, and 20% of 1% acetic acid. The 

injection volume was 90 |JL. 

The HPLC separation was performed using a modified method reported 

by Dimitrova et al. (209). HPLC analysis was performed using a 

ThermoSeparation Products liquid chromatograph with the following 

components: P4000 solvent delivery system, vacuum degasser, AS3000 

autosampler. Spectra FOCUS scanning UV-visible detector, and PC1000 

computer-controlled data system (Fremont, CA). On the autosampler, samples 

were refrigerated at 10° C and the column was maintained at 30° C. Retinoic 

acid isomers were monitored at 350nm. The analytical column was a Spherisorb 

0DS2 (3|am, 4.0x250mm) with Javelin guard column containing Keystone 0DS2, 

3)am (Keystone Scientific, Inc., Bellefonte, PA). The mobile phase had a flow rate 

of 1 mL/min. 

Linear calibration curves were prepared consisting of three concentrations 

of retinoic acid isomers that spanned the physiological levels in serum. 

Quantification was performed by external standard calibration using peak area 

ratios. In-house quality control (QC) samples were analyzed at the beginning 

and end of each sample queue. The relative standard deviation of analytes in 

the QC samples ranged from 10-15%. This system had a limit of detection 

(LOD) of O.lng/mL and limit of quantification (LOQ) of 0.3ng/mL (5 pmol/L). 
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Samples below the LOQ were assigned a value half way between zero and the 

lower limits of detection: these accounted for 56 (3%) all-frans-retinoic acid, 70 

(4%) 13-c/s-retinoic acid, and 254 (15%) 9-c/s-retinoic acid samples of the 1,658 

samples analyzed. The distribution of samples below the LOQ by visit is 

presented in Table 6 (Appendix D). 

Total serum cholesterol: Carotenoids and tocopherols are fat-soluble 

nutrients, of which uptake, transport and storage is associated with lipids {210). 

Therefore, the level of serum lipid, as measured by cholesterol, may influence 

the level of circulating carotenoids and tocopherols. To account for this effect, 

total serum cholesterol was assessed at visit 3 to enable adjustment for this 

potential confounding variable. Total cholesterol was determined by coupled 

enzymatic, colorimetric assay (Sigma kit #401-25P) by Craft Technologies, Inc. 

(Wilson, NC). 

Section 5: Data Analyses 

5.1 Nutrient Variables 

Retinoic Acid Nutrient variables: Retinoic acid was measured from serum 

obtained during the first the two clinical visits (visit 1 and 2). Data from individual 

visits as well as the mean of two retinoic acids measures per individual were 

included. The study aim (specific aim 1) was to determine factors independently 

associated with elevated levels of retinoic acid, total and isomer specific. 

Therefore, we categorized women as having high values if their endogenous 
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retinoic acid level fell within the upper tertile of the overall distribution and women 

as having low-to-medium levels if their level was below the upper tertile. There 

was a difference in chromatographic results across HPLC batches (Appendix D: 

Table 7 and Figure 1), which were statistically controlled for by including a 

variable for HPLC batch in all analyses. The retinoic acid category was the same 

for all samples in two batches that resulted in removal of these data during 

statistical modeling (N=49 and N=107, respectively). As a result, a smaller 

number of women were included for these logistic regression models (N: 13-c/s 

retinoic acid = 451, 9-c/s retinoic acid = 393, and aW-trans retinoic acid = 501). 

For specific aim 2, tertiles of each retinoic acid isomer were calculated on the 

basis of the overall nutrient distribution at each visit, creating time-dependent 

variables. Serum retinoic acid levels were assumed to be constant following the 

month 4 visit. 

Carotenoid and Tocopherol Nutrient variables (Specific aim 1 and 3): 

Preliminary studies within the study sample indicated that serum carotenoids and 

tocopherol values had high within-person variability (Appendix D: Table 8). 

Therefore, to accurately classify a woman's serum nutrient status and reduce this 

variability, we calculated the mean of serum carotenoids and tocopherols values 

at the four time-points for each woman. Using this mean value, we categorized 

the continuous variable into tertiles based on the distribution of the HPV positive 

women. To address specific aim 1, trans-(3 carotene and c/s-p-carotene were 

combined for a measure of total serum p-carotene. 
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5.2 HPV Outcome Variables 

We examined associations with type-specific HPV persistence using 

three different approaches; a case-control approach, a prospective approach 

examining persistent events over time, and a prospective approach examining 

duration of infection (Figure 2.1, page 90). All outcome variables were classified 

as oncogenic infections (HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 

and 68) or non-oncogenic infections (all other 27 HPV types considered) (20). 

Women infected with single or multiple oncogenic types and women infected with 

both oncogenic and non-oncogenic types were categorized as having an 

oncogenic infection. Only women infected with a single or multiple non-

oncogenic types were categorized as having a non-oncogenic infection. 

In the case-control approach, HPV status was based on the four HPV 

evaluations conducted at enrollment and in the first year of follow-up. Two groups 

of women were identified: those who tested HPV positive in only one of the four 

assessments or non-consecutively positive for the same type (transient group), 

and those who tested positive for the same HPV type at two or more consecutive 

visits in the first year of the study (persistent group). To test the hypothesis that 

serum nutrient status was associated with persistent HPV infection, women with 
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Figure 2.2: Hypothetical Example of Different HPV Outcome Variables 
Considered in Examining the Associations between Serum Nutrients and 
HPV Persistence and Clearance 

Month 0 

Visit ^ 
4 

2 

8 

3 

12 

4 

A. Case-
Control y" 

Transient 

Persistent 

B. Longitudinal 
HPV Events 

Persist. Transient n/a 

C. HPV 
Clearance 

Clear 

n/a 
Clear 

n/a 

(A). HPV persistence which collapses longitudinal data into a dichotomous "case-control" 
definition. Transient infection (control) is defined as only one out of four visits positive or 
nonconsecutive visits positive. Persistent infection (case) is defined as two or more 
consecutively positive tests for the same HPV type. (B). Approach first described by Ho et al 
(16) utilizing HPV persistence as a repeated event of visit pairs. Women who are HPV 
positive at a particular measurement are considered persistent if their subsequent 
measurement is also positive for the same HPV type and transient if their subsequent visit 
was negative (i.e., if they have cleared the virus) or a different HPV type. (C). Time-
dependent cohort analysis for repeated HPV data, with first negative visit being defined as an 
HPV clearance event. Women with both prevalent and incident infections are included. 
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transient infections formed tlie control group and women witli persistent 

infections formed the case group. For this analysis, 230 women had oncogenic 

HPV infection and 177 women had nononcogenic infection. Of the 230 women 

with oncogenic infections, 143 had transient infection (controls) and 87 had type-

specific persistent HPV infection (cases). Among the women with nononcogenic 

infections, there were 61 persistent infections (cases) and 116 transient 

infections (controls). 

Our second approach, examining HPV persistence, utilized type-specific 

persistent events, similar to that used by Ho et al. (32) (Specific Aim 3). Women 

who were HPV positive at a particular measurement were considered persistent 

if their subsequent measurement was also positive for the same HPV type and 

transient if their subsequent visit was negative (i.e., if they have cleared the virus) 

or of a different HPV type. Using HPV measures at 0, 4, 8, and 12 months, we 

assessed a woman's persistence status over four clinical visits with a maximum 

of three persistence events possible. Analyses were conducted at the level of 

individual pairs rather than the individual woman. Of the 407 HPV positive 

women, 344 women contributed to these analyses with 263 persistent events (+, 

+) and 277 transient events (+,-). 

The third approach was to examine the duration of HPV infections 

(Specific aims 2 and 3). This analysis was based on 407 women who were 

either HPV positive at baseline or developed an incident infection during follow-
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up. Time to HPV clearance was defined as the number of months to first 

negative HPV test occurring after previously positive HPV test(s) or until the last 

visit (month 12) if the participant remained positive throughout the study period. 

The scheduled visits within this cohort study were based on months following 

enrollment. However, not all women attended visits at the specific month 

anticipated. This led to variability in the time between study visits and a total 

follow-up period for the first four scheduled study visits of 50 months. 

The grouping of type-specific clearance by oncogenicity differed from that 

of the previous two outcome variables. For this analysis, women were 

considered to have cleared an oncogenic infection, as defined above, if she was 

no longer positive for the specific type grouping that was originally detected, even 

if the cervical specimen was positive for a different viral type within the same 

group or within the nononcogenic grouping. 

HPV viral load was included for Specific Aim 2. A viral load measure was 

defined to be low if HPV results were obtained by PGR (MY09/11) but LS-PCR 

was below the detectable limit. High viral load was detected by PGR and 

quantified by LS-PGR. To clarify the time at which serum nutrients were 

associated with viral load, we conducted separate analyses with increasing time 

interval (n) between exposure (serum retinoic acid level) and outcome 

assessment (viral load). The time intervals considered were 0 months 

(simultaneous assessment), 4, 8 or 12 months. In this strategy, women could 
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contribute multiple time windows in eacli series of analyses (e.g. enrollment to 

four months and four months to eight months). Women were only included in 

these analyses if they were HPV positive at the time of exposure (retinoic acid) 

assessment with normal/ASCUS cytology, however they could have lost their 

HPV infection at time viral load assessed. 

5.3 Statistical Analysis 

Retinoic Acid Variability and Associated Factors (Specific Aim 1): Retinoic 

acid concentrations were right skewed; therefore we utilized nonparametric 

statistical methods for most analyses. Differences between month 0 (visit 1) and 

month 4 (visit 2) were assessed using a Wilcoxon Rank Sum test. Correlations 

between paired nutrient values were examined by calculating Spearman 

correlation coefficients. To assess the between- and within-woman variability of 

retinoic acid, we estimated a linear mixed effects model using logarithmically 

transformed nutrient values. Only samples that were above the detectable limit 

of the assay were included in this analysis. The mixed models analyses were 

performed using PROC MIXED in SAS version 9.0, Gary, North Carolina {211). 

We determined if there was a difference in the rank distribution of total 

retinoic acid and each isomer by lifestyle and demographic characteristics using 

the Wilcoxon rank-sum test (2 categories) or Kruskal-Wallis test (3 or more 

categories) without regard to the ordering. For factors that were ordered, a 
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nonparametric test for trend, which is an extension of the Wilcoxon rank-sum test 

{212), was used to test whether there was a significant trend across ordered 

groups. Spearman correlations were calculated between total retinoic acid and 

each isomer, serum retinol and serum p-carotene for each visit, adjusting for 

laboratory batch analysis. 

Multiple logistic regression was performed to estimate odds ratio, the 

magnitude of the independent association with retinoic acid levels and 95% 

confidence interval (CI) were constructed around the odds ratios. Modeling 

began by using backwards-stepwise logistic regression models to identify the 

lifestyle and demographics factors that were independently associated with total 

retinoic acid or individual isomers using a probability of removal set at 0.1. 

Factors that were considered in the first set of models were race (white vs. non-

white), oral contraceptive (OC) use, total number of pregnancies, smoking status, 

alcohol consumption, season of enrollment, education and income. Age, in 

intervals of five years, was included in all final models regardless of significance 

level. A stabilization of the Brazilian economy occurred in July 1994, nine 

months following initial enrollment in the study, which most likely effected 

women's socio-economic status and spending patterns. We found this socio

economic phenomenon to be associated with differences in serum carotenoids 

and controlled for this variable by including an indicator variable (enrollment 

before July 1994 or after) into the final multivariate models. The retinoic acid 

category was the same for all samples in two batches, which resulted in removal 



of these data during statistical modeling (N=49 and N=107, respectively). To 

assess tlie influence of these two batches on our modeling, we repeated the 

logistic regression analyses removing all samples from the specified batches and 

found no differences in our conclusions (data not shown). 

Using the variables from these prior analyses, as the base model, we 

examined whether serum retinol and carotenoids (pro-vitamin A: p-carotene, a-

carotene, and p-cryptoxanthin, others: lutein and lycopene) were independently 

associated with retinoic acid levels using multivariate logistic regression. In 

addition, we examined if retinoic acid levels were associated with increased 

vitamin A and pro-vitamin A carotenoid intake and consumption of select foods. 

Statistical Modeling of Serum Nutrients and HPV Outcomes.' In the case-

control approach (Specific Aim 3), logistic regression was performed to estimate 

the association (odds ratio) and 95% confidence interval (CI) of each serum 

nutrient with HPV persistence and transient HPV infection. 

Since multiple HPV measurements (HPV persistent events or viral load) 

within a woman were correlated, a generalized estimating equation (GEE) model 

approach for time-dependent longitudinal data was used for analysis {213,214) 

(Specific Aims 2 and 3). The GEE model adjusts for the serial correlation within 

subjects due to the longitudinal nature of the viral load data by modeling the 

covariance structure within subjects. As the dependent variable was the 

presence or absence of high viral load the logit link function was used. The 



independence working correlation structure with a robust variance estimator to 

account for within-subject correlation, was selected as the best-fitted covariance 

pattern, using the Quasilikelihood Information Criterion (QIC) (274). Since viral 

load may depend on the time since the previous measurement, a time variable 

was included as a design factor (independent variable) in all GEE models. 

The relationship between serum nutrients (retinoic acid, carotenoids and 

tocopherols) and time to clearance of type-specific HPV infection was also 

assessed (Specific aims 2 and 3). Probability of maintaining an HPV infection 

present at baseline or an incident infection during follow-up was examined by 

estimating the Kaplan Meier survivor function. Missing values during follow-up 

were treated as censored observations unless there was a subsequent result at a 

later visit. Multivariate Cox proportional hazards modeling was conducted to 

obtain the adjusted hazard ratios (AHR) and 95% confidence intervals (95% CI). 

Adjustment for Confoundinq: For all multivariate models (Specific Aims 2 

and 3), we considered several variables that could potentially confound the 

associations including those previously associated with persistence of HPV 

infection (215) and serum carotenoids and tocopherols. Only those factors that 

altered the risk estimate by >10% were retained in the final multivariate model. 

Tests for trend were calculated by including the categorical nutrient variables (i.e. 

tertiles) as an ordinal variable in the multivariate models. All statistical tests were 

conducted as two-sided. 
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RESULTS AND DISCUSSION 

Section 1: Temporal Variation and Identification of Factors Associated with 
Endogenous Retinoic Acid Isomers in Serum from Brazilian Women 

1.1 Results 

Overall, total retinoic acid concentrations ranged from 0.81 ng/mL to 8.90 

ng/mL (2.70 nmoi/L - 29.6 nmol/L) at visit 1 and 0.44 ng/mL to 9.91 ng/mL (1.46 

nmol/L- 32.98 nmol/L) at visit 2, with no statically significant difference by visits. 

Median baseline endogenous concentrations among the 502 women were 1.30 

ng/mL (range 0.15-4.90), 1.10 ng/mL (range 0.15 - 3.23) and 0.76 ng/mL (range 

0.15-3.17) for 13-c/s retinoic acid, 9-c/s retinoic acid and aW-trans retinoic acid, 

respectively. The relative abundance of the three retinoic acid isomers was 

similar for each visit, with 13-c/s-retinoic acid having the highest concentrations, 

followed by 9-c/s-retinoic acid and all-frans-retinoic acid. Median serum retinol 

levels were significantly lower at visit 2 compared to visit 1. However, when 

assessed over four available visits, no significant difference in retinol across 

visits was observed (p=0.08). 

The correlation matrix between total retinoic acid, the three retinoic acid 

isomers, retinol, and p-carotene is presented in Table 9 (Appendix D), adjusted 

for laboratory analysis batch. Among the individual retinoic acid isomers, 

correlations were highest between 13-c/s retinoic acid and 9-c/s retinoic acid 

(spearman rho=0.65, p< 0.0001). All-trans retinoic acid levels were correlated 
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poorly with 13-c/s retinoic acid and 9-c/s retinoic acid (spearman rho =0.11; p-

value<0.05, and spearman rho=0.07; p-value= 0.12, respectively). Significant, 

yet weak, correlations were observed between total retinoic acid and serum 

retinol (spearman rho=0.20, p<0.0001) and serum p-carotene (rho=0.24, 

p=0.0001). 

Total endogenous retinoic acid level over a four-month time period was 

highly correlated (Spearman rho=0.67), as were the three isomers, with 9-c/s 

retinoic acid having the highest correlation (Spearman rho=0.79). The within 

person-variability of total retinoic acid and individual isomers was low, with the 

between- to within-variance ratios ranging from 1.05 to 3.09. 

Amount of total retinoic acid and its isomers increased with age (p for 

trend < 0.001, all-frans-retinoic acid p for trend < 0.05), increasing number of 

pregnancies (p for trend < 0.001, aW-trans retinoic acid p for trend < 0.05), and 

increasing level of serum retinol (p for trend < 0.001). Median 13-c/s retinoic acid 

and 9-c/s retinoic acid levels increased with increasing income (p for trend < 

0.001), while aW-trans- retinoic acid decreased with increasing income (p for 

trend=0.02). For all factors examined, results were similar when retinoic acid 

concentrations were evaluated for visits 1 and 2 separately, rather than as the 

mean (data not shown). Median total retinoic acid and two isomers (13-c/s 

retinoic acid and 9-c/s retinoic acid) differed by cigarette smoking status (never, 

current or former). Median aW-trans retinoic acid was higher among white women 

compared to non-white women. 



In the multivariate modeling of lifestyle and demographic factors 

independently associated with retinoic acid levels, age (measured in 5-year 

Intervals) was positively associated with total retinoic acid and 9-c/s retinoic acid 

levels (Adjusted OR: 1.34, 95% CI 1.11 - 1.62 and Adjusted OR: 1.62, 95% CI 

1.34 - 1.95, respectively). Season of blood draw was significantly associated 

with 13-c/s retinoic acid and aW-trans retinoic acid (Spring vs. Fall; Adjusted 

OR=0.36, 95% CI 0.15-0.85 and Adjusted OR=0.29, 95% CI 0.12 - 0.72, 

respectively). 

There were strong, positive associations among all retinoids and serum 

retinol, p-carotene and p-cryptoxanthin. Retinoic acid isomer levels were not 

associated with serum lutein or lycopene. Increased intake of vitamin A was 

significantly positively associated with 13-c/s retinoic acid (adjusted OR=2.65, 

95% CI 1.48 - 4.73) and 9-c/s retinoic acid (adjusted OR=1.85, 95% CI 1.04 -

3.27) and marginally associated with total retinoic acid (Adjusted OR=1.74, 95% 

CI 0.98 - 3.08). Increased intake of p-carotene was positively associated with 

13-c/s retinoic acid (Adjusted OR=1.78, 95% CI 1.01-3.12). 

Increased consumption of liver, pumpkin, and oranges was significantly 

positively associated with retinoic acid levels (total, 13-c/s or 9-c/s retinoic acid) 

and may be the contributing sources for the positive associations shown with 

vitamin A and p-carotene intake and serum retinoic acid levels (Appendix D: 

Table 10). In our study population of Brazilian women, we found that 
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consumption of pumpl<in at least one time per week was associated witli higher 

total serum retinoic acid and 13-cis retinoic acid (AOR=2.56, 95% CI 1.26-5.22 

and AOR=2.62, 95% CI 1.33-5.18, respectively). In addition, consumption of 

liver more than once per week was marginally associated with higher 9-c/s 

retinoic acid levels (AOR 1.90, 95% CI 0.97 - 3.7). 

1.2 Discussion 

Total serum retinoic acid and three individual retinoic acid isomers (13-c/s, 

9-cis, and aW-trans retinoic acid) were characterized in a large sample of women. 

The relative abundance of the three retinoic acid isomers was similar for each 

visit, with 13-c/s retinoic acid having the highest concentration, followed by 9-c/s 

retinoic acid and all-frans-retinoic acid. Overall, we observed a wide range of 

values for this population (total retinoic acid 0.71 - 7.79 ng/mL), which may 

reflect the heterogeneity of this sample of low-income Brazilian women. While 

the between-person variability was high, we observed low within-person 

variability of two measures of serum retinoic acid obtained approximately four 

months apart. 

Furthermore, various socio-demographic factors were related to retinoic 

acid level. Age, race, oral contraceptive use, total number of pregnancies, and 

season of initial blood draw were significantly associated with endogenous 

retinoic acid concentrations; while factors significantly contributing to retinoic acid 

levels differed for each isomer. Ail endogenous retinoic acid isomers assessed 
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in this study were positively associated with serum retinol, p-carotene, and p-

cryptoxanthin levels. Associations were confirmed by observing significant 

associations with pre-formed vitamin A intake and increased consumption of pro

vitamin A containing foods. These associations differed slightly for each retinoic 

acid isomer suggesting the possibility of independent mechanisms for modulating 

specific isomer level. Additional laboratory research and population studies 

would be required to define the mechanisms leading to retinoic acid 

isomerization and factors that modify this process. At the present time, it would 

appear that the measurement of multiple isomers of retinoic acid within 

epidemiological studies provide added information compared to analyses that 

only assess total endogenous retinoic acid level. 

The observed concentrations of 13-c/s retinoic acid in these women were 

similar to previously published reports (216-219). Soderlund et al. {216) reported 

an average 13-c/s retinoic acid concentration of 1.35 ng/mL (range 1.26 - 1.5 

ng/mL) in a small sample of Northern European women (mean age 36 years). 

Others reported higher values (220-222) of 13-c/s retinoic acid which might 

reflect differences in study participants (e.g. diet, age, sex, or presence of benign 

disease) or laboratory methods. Sedjo et al. (131) assessed baseline levels of 

retinoic acid concentrations in a chemoprevention trial and found a relative 

abundance of each isomer similar to what we observed in this study (13-c/s 

retinoic acid > 9-c/s retinoic acid > aW-trans retinoic acid). 
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The variability of retinoic acid measures obtained approximately four 

months apart was examined. Levels of serum retinoic acid isomers were 

relatively stable within women, with ratios of between- to within-person variability 

all above 1.0. This stability was similar to the results published by Tang et al. 

{223) demonstrating no change in 13-c/s retinoic acid and aW-trans retinoic acid 

over a three month period in healthy controls (n=13). Soderlund et al (216) 

reported within-person coefficients of variability, 13.4% for 13-c/s retinoic acid 

and 13.6% for aW-trans retinoic acid, which were not influenced by period of 

menstrual cycle. Furthermore, their ratios of between- to within-person variability 

for 13-c/s retinoic acid and aW-trans retinoic acid (1.57 and 1.17, respectively), 

were similar to the current study {216). Yamakoshi et al. {220) also found low 

between-day variances in serum retinoic acid isomers, aW-trans retinoic acid 

(CV=11%) and 13-c/s retinoic acid (CV=8.4%) in six healthy subjects. 

Altogether, these results would suggest that a single retinoic acid measurement 

might be sufficient to accurately classify a woman's retinoic acid level. 

Soderlund et al. {216) reported individuals' seasonal variation for 13-c/s 

retinoic acid, with lower mean values during winter and spring (November-March) 

compared to summer months. However these differences were small and were 

interpreted as being of little biological significance. In these Brazilian women, we 

found lower median values of 13-c/s retinoic acid in summer, and in the 

multivariate analyses, women were significantly more likely to have lower 13-c/s 

retinoic acid levels in spring and summer compared to fall. In contrast to 



Sbderlund et al. (216), we found significant seasonal differences in aW-trans 

retinoic acid, with women more likely to have lower levels in the winter and spring 

compared to fall. It might be that these seasonal differences might be due to 

differences in dietary intake; however we did not formally test this question. 

Future research in this area would need to be conducted. 

In this study, serum retinoic acid levels were positively associated with 

serum retinol and p-carotene levels. Our data were consistent with a previous 

study in patients with inflammation, which reported lower levels of serum retinol 

occurring together with low serum levels of retinoic acid {219). p-Carotene 

supplementation (30 mg/day) was demonstrated to increase serum levels of all-

trans-reimolc acid after three months in patients with colon polyps (increase from 

2.32 ± 0.26 to 3.00 ± 0.41 ng/ml); however, no increase in 13-c/s retinoic acid, 

total retinoic acid or retinol with supplementation was observed (223). Our results 

were also supported by a recent finding that supplementation with retiny! 

palmitate substantially increased endogenous retinoic acid levels, with aW-trans 

retinoic acid having the highest percent increase over time, followed by 13-c/s 

retinoic acid {131). 

In this study, we reported serum levels of 9-c/s retinoic acid ranging from 

below detection (0.3 ng/mL) up to 3.8 ng/ml and contributing a relatively high 

proportion of total retinoic acid. The most likely explanations for the elevated 

mean 9-c/s retinoic acid level are as follows; 1) incomplete resolution of 9-c/s 
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retinoic acid from components in the matrix or other isomers, e.g. 9,13-dicis 

retinoic acid; 2) isomerization to 9-c/s retinoic acid during long term storage at -

20°C; and/or 3) unidentified dietary or environmental factors leading to elevated 

levels. Currently, we do not have a standard for 9,^3-dicis retinoic acid to 

compare the retention time to determine if there was co-elution to address the 

first possible explanation. We have not seen significant isomerization when 

spiked samples were carried through our extraction and do not believe that 

artifacts were created during the extraction process. However, since the serum 

samples utilized in this study were not stored under ideal conditions at -80°C, the 

second explanation is a possibility. 

Lanvers et al. {224) reports no degradation of aW-trans retinoic acid or 13-

cis retinoic acid in plasma during storage for 3 months at -20°C, whereas others 

have reported that long-term storage may result in degradation of 13-c/s retinoic 

acid (218). To address this possible explanation, we examined mean levels of 

retinoic acid among women enrolled two years apart and found that the mean 

retinoic acid levels were similar or elevated among samples taken during the first 

year of enrollment compared to those taken during the third year (Appendix D; 

Table 11). Therefore, our retinoic acid concentrations do not appear to be 

affected by serum storage conditions. In addition, we have comparable overall 

levels of total retinoic acid to other studies {216-219), and we have compared our 

study to one whose samples were stored ideally {131) and there are no 

significant differences. 
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As with all observational studies, this study does have limitations that 

need to be recognized. First, similar to other biological markers, the values of 

retinoic acid presented in this report may not reflect the absolute value of 

endogenous retinoic acid due to losses that may have occurred during storage or 

in the extraction process. However, the relative levels of each isomer should not 

have changed; therefore the associations found in this study are assumed valid 

with the magnitude of the associations potentially being lower than the true 

association due to methodological errors. Second, as this study included 

Brazilian women only, our results cannot be generalized to men. We do believe 

that the results presented here may be of relevance to other female populations, 

as we have no reason to believe that this relatively disease free sample of 

women are different than other groups of women. 

The issue of multiple comparisons arises when analyzing nutritional data 

from large epidemiological studies in that a large number of statistical models are 

required. For the present study, we did not adjust the significance level but 

chose to evaluate each serum nutrient as individual associations. By using this 

approach, there is a chance that single spurious associations will be found based 

on the nature of statistical probabilities. Therefore, the issue of multiple 

comparisons needs to be considered when interpreting results. Conclusions 

should be made in light of consistency with other information and external to the 

study (225). The present study examined nutritional factors associated with 

serum retinoic acid utilizing three nutritional measures (i.e. serum nutrient levels. 
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derived nutrient intake levels, and reported consumption of specific foods). 

These three measures were utilized to examine the consistency of associations 

found with serum retinoic acid. Based on these three approaches, serum retinol, 

p-carotene and p-cryptoxanthin were consistently associated with serum retinoic 

acid levels. This consistency provides support that our results for this particular 

nutrient may not be a spurious association found by chance. 

The Ludwig-McGill Cohort offered a unique opportunity to assess the 

association between endogenous retinoic acid levels and lifestyle, demographic 

and nutritional factors in a sample of over 500 women. There were multiple 

serum samples available for measurement of retinoic acid allowing for the first 

assessment of retinoic acid variability over time. Serum retinol and carotenoids 

were assessed at four time points, which reduced the inherent variability of these 

measures and, thereby, reduced misclassification of serum nutrient level. 

Nutrient intake was estimated using Brazil specific carotenoid food content to 

increase accuracy in estimating carotenoid intake (97). 

Supplemental retinoic acid has been prescribed to patient populations to 

regress pre-neoplastic lesions {110). However, when retinoic acid is taken orally 

there are significant associated toxicities {130). These toxicities have decreased 

its utilization in some populations, specifically among reproductive age women. 

By identifying lifestyle and dietary factors that are associated with increased 

endogenous levels of retinoic acid, there is potential that modification of these 

factors will increase levels of retinoic acid, leading to prevention of pre-neoplastic 
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lesions without the toxicity of supplemental treatment. These modifications could 

be potentially beneficial to women of reproductive age, especially women at risl< 

for cervical cancer, for whom retinoic acid has been effective at regressing 

cervical dysplasia (119). Future studies would need to investigate whether 

increased levels of endogenous retinoic acid were associated with a decreased 

risl< of pre-neoplastic cervical lesions. 
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Section 2: Type-Specific HPV Clearance and Viral Load Associated with 
Endogenous Retinoic Acid Isomers in Brazilian Women: The Ludwig-
McGill Cohort Study 

2.1 Results 

Characteristics of study sample. The 407 women included in these 

analyses attended ail four follow-up visits. Among these women, 167 tested 

positive for the same HPV type at two or more consecutive visits and 240 tested 

positive only once or at nonconsecutive visits. The median age for this group of 

women was 31 years, which was not different from the median age of all HPV 

positive women enrolled in the cohort. Most participants were white (61%), 

married or in a common law marriage (70%), and not well educated, with 55% of 

the sample only have attended elementary school or less. At least 80% of these 

women reported more than two pregnancies and 57% reported using oral 

contraceptives for less than six years. A majority of these women were ever 

smokers (53%), with 36% reporting current smoking. Fifty six percent of 

participants reported age of first sexual intercourse under age 18 and 25% had 

more than four lifetime sexual partners. The relative abundance of retinoic acid 

isomers in this sample was highest for 13-c/s retinoic acid (1.32 + 0.61 ng/mL), 

followed by 9-c/s retinoic acid (1.05 + 0.57 ng/mL) and aW-trans retinoic acid 

(0.83+0.38 ng/mL). 

The probability of clearing both oncogenic and nononcogenic HPV 

infections was positively associated with serum levels of aW-trans retinoic acid. 

Specifically, women were 1.82 times more likely to clear an oncogenic HPV 
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infection if their serum aW-trans retinoic acid levels were in the middle tertile 

compared to women with the lowest levels. The probability of clearing an 

nononcogenic HPV infections was also positively associated with serum aW-trans 

retinoic acid levels (Medium: Adjusted Hazards Ratio (AHR) =1.67, 95% CI 1.09-

2.57; High: AHR=1.46, 95% CI 0.93-2.28). Higher concentrations of aW-trans 

retinoic acid were associated with a shorter duration of non-oncogenic and 

oncogenic HPV infections (p=0.01 and p=0.05, respectively). 

Over the course of this observational study, not all women returned at the 

designated time points for follow-up, which led variability in time between study 

visits. On average, women identified for this present study returned for their 

month 12 visit 13.4 + 3.4 months (Range 11-50 months) following enrollment. 

The median duration of a nononcogenic HPV infection was 12.3, 12.1, and 9.8 

months for the lowest, middle and highest tertile of aW-trans retinoic acid, 

respectively. Serum aW-trans retinoic acid levels in the middle tertile were 

associated with a shorter duration of oncogenic HPV infections compared to the 

lowest tertile (median time to clearance: 12.1 months vs. 12.9 months, 

respectively) but this did not appear to be sustained for the highest tertile 

(median time to clearance 12.4 months). 

We examined not only concurrent viral load and retinoic acid 

measurements, but also the association between serum retinoic acid levels and 

subsequent viral load measurements at 4, 8 and 12 months. We observed 
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marginally significant positive associations with high viral load and serum retinoic 

acid in the highest tertile {aW-trans retinoic acid: Adjusted OR: 1.79, 95% CI 0.93 

- 3.45) measured at the same visit compared to the lowest tertile. Circulating 13-

c/s retinoic acid level measured four months prior was Inversely associated with 

high viral load (middle tertile vs. lowest; Adjusted odds ratios (OR): 0.34, 95% CI 

0.13-0.85). 

2.2 Discussion 

This was the first study to examine associations of circulating levels of 

retinoic acid and clearance of type-specific HPV infections. In this study, higher 

endogenous aW-trans retinoic acid concentrations were associated with an 

Increased probability of clearing both oncogenic and non-oncogenic HPV 

infections. Women with mid to high levels of serum aW-trans retinoic acid had 

shorter durations of infection. We found that serum 13-c/s retinoic acid, but not 

aW-trans retinoic acid, was inversely associated with high viral load at the 

subsequent visit four months later. 

The mechanism by which aW-trans retinoic acid may increase the 

likelihood of clearing an HPV infection Is unknown; however there is indirect 

evidence for a protective effect of retinoids in cervical carcinogenesis. This 

indirect evidence stems from epidemiological research involving the precursors 

of retinoic acid (vitamin A and pro-vitamin A carotenoids), which we have 

previously shown to be highly associated with serum retinoic acid levels In the 
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study sample. Inverse associations have been observed for vitamin A and pro

vitamin A carotenoids (dietary intake and circulating levels) and risk of cervical 

dysplasia {79,80,83,226) and invasive cervical cancer {83,227). Prospective 

studies have also demonstrated decreased risk of persistent HPV infection with 

higher dietary intake of pro-vitamin A carotenoids, lutein {96,97), p-cryptoxanthin 

(97) and vegetables (96). 

Retinoids (natural and synthetic derivatives of vitamin A) have been 

shown to be cancer chemotherapeutic and chemopreventive [see {110-112) for 

reviews]. In a placebo controlled chemoprevention trial among women with 

cervical intraepithelial lesions (CIN), Meyskens et al. {119) reported a histological 

regression rate of 47% among patients with a CIN II lesion randomized to aii-

trans retinoic acid treatment group compared to a 27% regression rate in the 

placebo group. However, no differences were seen for patients with CIN III (25% 

aW-trans retinoic acid vs. 31% placebo) {119). Chemoprevention trials with other 

retinoic acid isomers (9-c/s and 13-c/s retinoic acid) {118,120,124) and synthetic 

retinoids {118,120) have not shown an increase lesion regression compared to 

spontaneous regression rates of those in the placebo group. 

The factors underlying the differential results obtained from cervical 

chemoprevention trials with retinoids and observational studies are not known. 

There are at least two possible explanations for these differences. First, there 

may be differences in the biological activity of each retinoic acid isomer or 

synthetic derivatives when applied to the cervix compared to those found in 
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circulation. Alternatively the differences could be attributed to differences in study 

designs (i.e. different outcome measures, misclassification of lesion grade upon 

entry, different dosages and treatment periods). Of interest, in this current study, 

we find that higher levels of endogenous aW-trans retinoic acid, not 13-c/s or 9-c/s 

retinoic acids, are associated with an increased probability of clearing HPV 

infections. The protective effect observed in this study combined with those of 

chemoprevention trials suggests chemopreventive activity for both endogenous 

and exogenous aW-trans retinoic acid. To further explore this hypothesis our 

future studies will examine if endogenous aW-trans retinoic acid is associated with 

cervical lesion development. 

Retinoic acid is essential for terminal differentiation of cervical epithelial 

cells by decreasing cellular proliferation and DNA replication. Retinoic acid 

differentially inhibits growth of HPV-16 immortalized cervical epithelial cells 

{175,184)  and low-passage human foreskin keratinocytes (HKc/HPV16) {185-

187) compared to normal HKc cells in the absence of an HPV infection. In 

addition to decreasing cellular proliferation in the low passage HKc/HPV16 cells, 

physiological concentrations of retinoic acid inhibited the expression of HPV 16 

E6 and E7 {185-187). Retinoic acid may indirectly reduce HPV mRNA levels 

through influences on AP-1 activity {198) or TGFp expression {199). Retinoic 

acid induced growth suppression, however, appears to be lost in late stages of 

HPV-16 induced transformation of HKc {176) and cervical carcinoma cells lines. 

In several in vitro model systems, cells in the late stages of HPV-16 induced 
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transformation acquire resistance to retinoic acid induced differentiation througli 

several different mechanisms, including loss of growth inhibition {176), continued 

growth stimulation {188-190) ,  and loss of retinoid receptor expression {193) .  

This retinoic acid resistance is consistent with observations that retinoic acid 

therapy does not reduce recurrence rates of invasive cervical cancer {127-129)  

nor does it increase regression of high-grade cervical lesions {119). Altogether, 

these data suggest retinoic acid may only be effective early in cervical 

carcinogenesis, such as by modulating HPV clearance and viral load. Our 

results suggest a role of all-trans retinoic acid in the clearance of HPV infections, 

however further research needs to be conducted to more fully understand the 

mechanism of clearance. 

We observed from the present study that higher aW-trans retinoic acid 

levels are associated with increased probability of clearing both nononcogenic 

and oncogenic HPV infections; however, the association is strongest for the 

nononcogenic types. There are several potential explanations for the stronger 

associations between aW-trans retinoic acid levels and clearance of 

nononcogenic HPV types compared to oncogenic types. First, one of the 

biological differences between oncogenic and nononcogenic HPV types is the 

strength of the interaction of viral oncogene E6 with E6-AP, and the resulting p53 

degradation. Nononcogenic HPV types do not associate with E6-AP or bins at a 

much weaker level; therefore, p53 activity remains intact during nononcogenic 

infections. The ability of aW-trans retinoic acid to induce HPV clearance may 
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require the presence of p53 inducible pathways. Of interest are the findings by 

Meyskens et at. that aW-trans retinoic acid treatment increased regression of CIN 

II lesions but not CIN III. The presence of HPV was not determined: however, 

one could use known frequency of HPV in cervical lesions to predict that CIN III 

lesions were more likely to be positive for oncogenic HPV types. The lower 

grade CIN II lesions were probably a combination of oncogenic and 

nononcogenic types. Synthesizing the results from the current study with those 

from the chemopreventive trial, one could postulate that lesions, which 

significantly regressed, were positive for nononcogenic HPV types. This is the 

first study to suggest such differences by HPV oncogenicity. Alternatively, 

women with nononcogenic type HPV infections could have had a co-infection 

with oncogenic types. Therefore, we were unable to rule out the influence of co-

infection between oncogenic and nononcogenic and aW-trans retinoic acid level. 

Finally, aW-trans retinoic acid could equally induce clearance of both oncogenic 

and nononcogenic HPV types. However, this study did not have a large enough 

sample size to examine the associations limited to single infections. Further 

research is needed to understand this phenomenon of differential activity of all-

trans retinoic acid by oncogenic potential. 

As with any observational study, this study has limitations that need to be 

addressed. Our definition of HPV clearance included both prevalent and incident 

HPV infections. By including prevalent infections, our estimate of duration of 

infection under represents the true duration. It is impossible to know exactly how 
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long a woman has been infected when she is found positive at enrollment. In 

general, women who are HPV positive upon enrollment are more likely to have a 

persistent infection. The Ludwig-McGill Cohort study did not have enough 

incident HPV infections to utilize incident HPV persistence as our outcome. Of 

all the HPV infections detected in the first year, 39% were detected at enrollment 

and only 22% of the incident infections persisted. We have also assessed HPV 

clearance over a relatively short period of time and are limited to scheduled clinic 

visits. Similar to other biological markers, the values of retinoic acid presented in 

this report may not reflect the absolute value of endogenous retinoic acid due to 

losses that may have occurred during storage or in the extraction process. 

However, the relative levels of each isomer are assumed to be relatively stable. 

Therefore the associations found in this study are valid with the magnitude of the 

associations potentially being lower than the true association due to 

methodological errors. 

Despite these limitations, the Ludwig-McGill Cohort'Study offers a unique 

opportunity to assess the association between endogenous retinoic acid levels 

and HPV clearance. This is a large well-characterized cohort with multiple 

measurements of type-specific HPV infection in a 12-month period. This is the 

first large population based study to assess endogenous levels of three retinoic 

acid isomers in multiple serum samples from the same individual. 

Our results suggest that circulating retinoic acid may confer protection by 

decreasing the duration of both oncogenic and nononcogenic HPV infections. 
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Collectively, this work and in vitro studies support the hypothesis that retinoic 

acids are active during the initial stages of HPV-associated carcinogenesis. 

Previously, we have demonstrated that serum retinoic acid levels are significantly 

associated with circulating and dietary levels of vitamin A and pro-vitamin A 

precursors. Recently, Sedjo et al. {131) reported that endogenous retinoic acid is 

responsive to oral chemopreventive doses of retinyl palmitate (Vitamin A). 

Collectively, these studies demonstrate that circulating retinoic acid isomers may 

be modifiable by diet and vitamin A supplementation. Modulating endogenous 

aW-trans retinoic acid may be a safe method for decreasing duration of HPV 

infections and early cervical lesions. 
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Section 3: Associations Between Serum Carotenoids and Tocopherols and 
Type-Specific HPV Persistence and Clearance: The Ludwig-McGill 
Cohort Study 

3.1 Results 

These analyses included 407 women participating in the Ludwig-McGill 

Cohort Study who were enrolled within the first two years of enrollment (1993-

1996). The median age for these women was 31 years, which was not different 

from the median age of all HPV positive women enrolled in the cohort. Most 

participants were white (61%), married or in a common law marriage (70%), and 

not well educated, with 55% of the sample having only attended elementary 

school or less. At least 80% of these women reported more than two 

pregnancies, and 57% had used oral contraceptives for less than six years. A 

majority of these women were ever smokers (53%), with 36% reporting current 

smoking. Fifty-six percent of participants reported age of first sexual intercourse 

under 18 years and 25% had more than four lifetime sexual partners. 

Circulating nutrient concentrations of retinol, carotenoids and tocopherols 

among HPV positive participants by persistent HPV outcomes were presented. 

The most abundant circulating carotenoid among the 407 HPV positive women 

was p-cryptoxanthin (mean, 0.040 |ag/mL), followed by lutein (mean, 0.037 

l^g/mL), cis-lycopene (mean, 0.026 |ag/mL), trans p-carotene (mean, 0.024 

ng/mL), trans-lycopene (mean, 0.017 iig/mL), zeaxanthin (mean, 0.016 p-g/mL), 

a-carotene (mean, 0.011 pg/mL), c/s-p-carotene (mean, 0.007 lag/mL), and a-
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cryptoxanthin (mean, 0.006 ng/mL). C/s-p-carotene and a-cryptoxanthin were 

low in this Brazilian study sample with at least 25% of the serum samples having 

levels below the limit of quantification. The most abundant tocopherol was a-

tocopherol (mean, 5.14 fxg/mL), followed by y-tocopherol and 5-tocopherol 

(mean, 1.58 |ag/mL. and 0.083 i^g/mL, respectively). Mean serum nutrients were 

also presented by HPV persistence for both the case-control definition (135 

transiently infected (controls) and 165 persistently infected (cases) and the 

longitudinal HPV events (transient group (+,-) N=277 and persistent group (+,+) 

N=259). 

Case-control analysis of type-specific HPV persistence: For these 

analyses, we included 230 women with an oncogenic HPV infection detected at 

some time in the study period and 177 women with a diagnosed nononcogenic 

infection. Of the 230 women with oncogenic infections, 143 had transient 

infection (controls) and 87 had type-specific persistent HPV infection (cases). 

Among the women with nononcogenic infections, there were 61 persistent 

infections (cases) and 116 transient infections (controls). Higher circulating 

levels of tocopherols (a-, 6-, and y-tocopherol) were inversely associated with 

nononcogenic HPV persistent infection (p for trend, 0.14, 0.04 and 0.05, 

respectively), but not oncogenic infection. No statistically significant associations 

were observed between serum retinol, lutein, zeaxanthin, a-cryptoxanthin, p-

cryptoxanthin, a-carotene, trans- and c/s-p carotene and oncogenic or 
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nononcogenic HPV persistence in this study population. Serum lycopene (c/s-

and transAycopene) was positively associated with type-specific oncogenic HPV 

persistence (p for trend 0.03 and 0.03, respectively). 

Longitudinal analvsis of type-specific HPV persistent events: To fully 

utilize the longitudinal nature of these data, we examined type-specific HPV 

persistent events. Of the 407 HPV positive women included in this study, a total 

of 1,628 visits occurred in the first year of follow-up. These 1,628 visits formed 

1,221 pairs of observations with l<nown HPV status at visits t and t+1. The 

distribution of HPVt, t+i pairs was 277 with (+,-), 263 with (+,+) and 681 with (-,-) 

or (-,+). The 540 pairs in the (+,-) and (+,+) categories contributed by 344 

women and were included in these analyses. Similar to what we observed with 

the case-control analysis, serum tocopherol levels were inversely associated with 

persistent HPV events. Circulating levels of a- and 6-tocopherol in the middle or 

upper tertiles, respectively were marginally inversely associated with type-

specific nononcogenic persistent HPV events (Adjusted Odds Ratio (0R)= 0.49, 

95% CI 0.23-1.00 and Adjusted OR=0.48, 95% CI 0.21-1.06, respectively) 

compared to levels in the lowest tertile. Using this analytical approach, serum (3-

carotene was marginally inversely associated with non-oncogenic persistent 

events (p for trend=0.07). 

Tvpe-specific HPV clearance; The probability of clearing a type-specific 

oncogenic HPV infection was positively associated with serum levels of 

zeaxanthin. Specifically, women were 1.59 times more likely to clear an 
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oncogenic HPV infection if their serum zeaxanthin levels were in the highest 

fertile compared to women with the lowest serum levels. The probability of 

clearing nononcogenic HPV infections was not associated with serum zeaxanthin 

levels, or other serum carotenoid and tocopherol levels. There was a marginally 

significant increase in probability of clearing type-specific oncogenic HPV 

infection with higher lutein (Medium: Adjusted Hazards Ratio (HR)=1.54, 95% CI 

0.96-2.49) and a-cryptoxanthin levels (Medium: Adjusted HR=1.52, 95% CI 0.96 

- 2.41). There was a marginally significant trend for increased probability of 

clearing nononcogenic HPV infection by increasing serum retinol level (p for 

trend=0.08). Higher concentrations of circulating zeaxanthin were associated 

with a shorter duration of type-specific oncogenic HPV infections (p-values = 

0.05). The median duration of an oncogenic HPV infection was 13.1, 12.1, and 

12.1 months for the lowest, middle and highest tertiles of serum zeaxanthin, 

respectively. It is important to note that over the course of this observational 

study, not all women returned at the designated time points for follow-up, which 

led to variability in time between study visits and longer than 12 months of follow-

up in the first year. On average, women identified for this present study returned 

for their month 12 visit 13.4 + 3.4 months (Range 11-50 months) following 

enrollment. 
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3.2 Discussion 

There is a consensus among the scientific community that HPV is a cause 

of cervical cancer and that other factors that increase a woman's risk of 

developing cervical cancer need to be understood within the context of the 

natural history of HPV infection. To date, most studies examining dietary factors 

have not been designed to prospectively evaluate nutrients, as most were 

retrospective studies with either HSIL (CIN II or III) or cancer as the case groups 

{101). In our earlier studies, we evaluated the role of antioxidants, both dietary 

intake and serum levels, and risk of persistent HPV infections {57,96) or HPV 

clearance (98) among women in the U.S. However, we were not able to assess 

associations with type-specific infections, since we did not have detailed HPV 

typing to clearly separate oncogenic from non-oncogenic types, and were limited 

to a relatively short period of follow-up. We also examined the association of 

dietary intake and type-specific HPV persistence in this sample of Brazilian 

women (97). 

Results of the present study among Brazilian women were consistent with 

our previous dietary findings in this same Brazilian sample (97) and among 

women in the U.S. {57,96), where we demonstrated an inverse association with 

iutein/zeaxanthin consumption and HPV persistence. In addition, inverse 

associations seen in the earlier studies were consistent for dietary vitamin E 

intake {57,96) and serum tocopherols (99) and HPV persistence. Preliminary 

findings from a multi-ethnic cohort in Hawaii also reported inverse associations 
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with oncogenic type-specific HPV persistence and change in serum p-carotene 

and a-tocopheroi over a 4-month period (99). Contrary to the earlier findings in 

U.S. women of inverse associations with HPV persistence (96) and clearance 

(98), we find in the present study of Brazilian women a positive association with 

serum lycopene and type-specific oncogenic HPV persistence and no 

association with HPV clearance. A few prior reports have assessed the 

association between serum antioxidant nutrients and HPV persistence within the 

context of a p-carotene clinical trial (37,82). These trials reported no association 

between serum retinol, p-carotene, vitamin C and HPV persistence in the control 

or supplemented groups (37,82). However, these women had pre-existing 

lesions (50% LSIL (CIN I) and 49 % HSIL (CIN II and III)) at enrollment (37) ,  

therefore representing relatively late events in disease process. In contrast, 

women enrolled in the current study had normal or ASCUS cytology at baseline. 

In this study we evaluated the nutrient-HPV persistence associations 

utilizing three different analytical approaches, including a case-control definition, 

longitudinal analysis of persistence events, and time dependent clearance 

analyses. To understand the implications of these results, it is important to 

consider the assumptions of each approach and the validity of the HPV outcome 

variable utilized in each of the different analyses. Utilizing a case-control 

approach, our HPV outcome variable collapsed the longitudinal nature of the 

HPV data into two groups: persistent group (two or more consecutive visits 
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positive for tine same HPV type) and transient group (defined as one of four 

positive tests or nonconsecutive positive tests of the same type). Among women 

with persistent infection, a woman with four consecutively positive tests 

contributes equally to the model as a woman with two positive tests. This logistic 

regression analysis assumes that an HPV infection lasting four months (i.e. only 

2 positive) has the same risk as one that lasts 12 months (i.e. 4 positive visits). 

Although the utilization of logistic regression is straightforward and easy to 

interpret, this underlying assumption may not be biologically plausible as it has 

been demonstrated that risk of cervical disease increases with duration of 

infection (5). Utilizing this crude definition of HPV persistence, higher circulating 

levels of tocopherols (a-, 6-, and y-tocopherol) were inversely associated with 

nononcogenic HPV persistent infection (p for trend, 0.14, 0.04 and 0.05, 

respectively). 

The logistic regression case control analysis differs from our second 

approach, which defined HPV persistence as multiple visit pairs and utilizes 

generalized estimating equations for longitudinal analyses. In this approach, a 

woman with four consecutively positive visits would contribute three persistence 

events, compared to a woman with only two consecutively positive events 

contributing only one event. Therefore, each woman had the potential to 

contribute up to three events increasing the overall proportion of persistent 

events. By increasing the number of persistent events, this analysis has more 

power to detect differences by serum antioxidant level, however the persistent 
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event spans approximately a four-month period. This approach of defining 

persistent events in four-month intervals may not be biologically relevant, as it is 

difficult to determine if an HPV infections lasting four months is truly persistent. 

Therefore, HPV events defined as persistent based on four month intervals may 

be misclassified and result in attenuation of the risk estimates to the null. 

Utilizing this approach, we found that circulating levels of a- and 5-tocopherol in 

the middle or upper tertiles, respectively were marginally inversely associated 

with type-specific nononcogenic persistent HPV events (Adjusted Odds Ratio 

(0R)= 0.49, 95% CI 0.23-1.00 and Adjusted OR=0.48, 95% CI 0.21-1.06, 

respectively) compared to levels in the lowest fertile. This attenuation is evident 

in the loss of statistical significance in the GEE modeling compared to the logistic 

regression analysis. 

Although time was included in these generalized estimating equations 

models as a covariate, the statistical analysis is based on the logit-link function 

comparing proportion of events and, therefore, the consecutive nature of 

persistent events is not taken into consideration. Further Cox proportional 

hazard modeling was performed to utilize the consecutive nature of the HPV 

infections by estimating the duration of infection from baseline or incident 

infection. With Cox proportional hazard modeling, the concern about 

misclassification of the HPV persistent outcome variable is minimal compared to 

the logistic regression and GEE modeling. Cox proportional hazard modeling is 

dependent on the clinic visit schedule; therefore, exact timing of clearance is 
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unknown (60) and these nnodels also assume that the hazard ratio is constant 

over time. This assumption has been considered a limitation of applying these 

models to the natural history of HPV infection as risk increased with duration of 

infections (99). However, this approach estimating HPV clearance is currently 

the most accurate model with which to examine HPV persistence. Using this 

approach, we found that the probability of clearing a type-specific oncogenic HPV 

infection was positively associated with serum levels of zeaxanthin. These 

results differ from the previous approaches utilized in this current study, which 

did not find associations with zeaxanthin and oncogenic HPV infections. 

Oncogenic HPV infections are more likely to be detected over a long period of 

time (i.e. 12 months), and circulating zeaxanthin appears to reduce the duration 

of infection (Median duration: 13.1, 12.1, and 12.1 months for the lowest, middle 

and highest tertiies of serum zeaxanthin). The median duration is much larger 

than the estimated four-month interval utilized in the GEE analysis, which may 

explain the lack of association between oncogenic HPV events and zeaxanthin 

level. 

The mechanism by which carotenoids and tocopherols might influence the 

natural history of HPV infections remains uncertain. However, the potent 

antioxidant activity of these nutrients may be one mechanism that confers 

chemopreventive activity. As antioxidants, these nutrients maintain the correct 

oxidant-antioxidant balance within cells {133) by quenching excess reactive 

oxygen species (ROS). Although required for normal cellular processes at low 
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levels, excess ROS can cause a multitude of problems, specifically damage to 

both cellular DNA and membranes (133) and decreases in immune cell activity 

{137). Redox-sensitive transcription factors, AP-1 and NF-KB, are activated 

during conditions of oxidative stress and can potentially lead to alterations in 

numerous gene expression levels, such as genes involved in cell growth and 

apoptosis {135) .  

It has been demonstrated that the activity of some viruses is enhanced 

under conditions of low antioxidants {146,228-231). This enhanced viral activity 

may be due to the activation of redox-sensitive transcription factors, AP-1 and 

NF-KB, which are utilized by several viruses, such as human immunodeficiency 

virus (HIV), cytomegalovirus (CMV), hepatitis-B virus (HBV) and HPV 

{143,144,148,152,158,159) to support expression of viral genes and subsequent 

replication of viral genomes. In vitro studies have consistently demonstrated 

that NK-KB activation is inhibited by antioxidants such as a-tocopherol {149) ,  a-

lypoic acid {150), N-acetylcysteine, and pyrrolidine-dithiocarbamate (PDTC) 

{149). The presence of NF-KB binding sites in the HPV upstream regulatory 

region {24) and evidence that HPV activity is altered by NF-KB activity, suggests 

the potential for NF-KB to alter HPV viral replication and expression (232). A 

recent clinical trial reported a decrease in HIV viral titer among HIV patients 

supplemented with a-tocopherol (800 mg/day) compared to non-supplemented 

HIV patients {151). Antioxidant treatment of HPV-16 immortalized human 
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keratinocytes (HKc) with PDTC altered the composition and reduced the activity 

of the transcriptional AP-1 complex {161), the key transcription factor for HPV 

oncogenes {158,159). Although not directly shown, it has been postulated that 

the combined stress of decreased antioxidant levels and viral Infection may allow 

for a typically transient viral infection to persist over time (9,142) .  

In addition to their antioxidant activities, it is possible that the observed 

effects of zeaxanthin and possibly lutein and a-cryptoxanthin are due to their pro

vitamin A activity. We have recently demonstrated an increased probability of 

type-specific oncogenic and nononcogenic HPV clearance with elevated serum 

aW-trans retinoic acid levels (Manuscript 2). In this present study, we observed a 

marginal increase in the probability of clearing a type-specific nononcogenic HPV 

infection with increased serum retinol. However, few studies have found an 

association between vitamin A consumption and cervical neoplasia risk (9). 

Our study among Brazilian woman is the first to demonstrate differences 

in associations with specific nutrients and type-specific oncogenic versus 

nononcogenic HPV persistence and clearance. Goodman and colleagues (99) 

reported associations with serum antioxidants and type-specific oncogenic HPV 

persistent events, utilizing a similar definition of HPV persistence events. Using 

generalized logistic models (i.e. GEE logit-link function), they reported a 44% 

reduction in risk of HPV persistence for women in the highest tertile of plasma p-

carotene (positive change between measures) and 57% reduction in risk among 

women with higher a-tocopherol (99). In this current study serum zeaxanthin 
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levels are found to be associated witli oncogenic HPV clearance, and not 

clearance on nononcogenic types. 

Both oncogenic and nononcogenic HPV types have the ability to infect 

cervical epithelial cells and initiate a productive viral infection. Differences in 

oncogenic and nononcogenic type infections are evident in the strength with 

which the viral proteins bind to cellular proteins to induce DNA synthesis and cell 

cycle progression. The continued presence of oncogenic HPV infection is 

thought to be a result of functional losses within cervical cells that control viral 

expression. It may be that the protective effect of zeaxanthin becomes evident 

only after cellular control of oncogenic HPV infections is lost. Antioxidants could 

be protective at lower levels early in HPV infection for both nononcogenic and 

oncogenic type infections; however, the associations go undetected until later in 

the HPV infectious cycle. Another potential target for zeaxanthin is the immune 

system, as higher antioxidant levels may contribute to increased clearance of 

HPV infected cells. This mechanism requires further examination. 

As with any observational study, there were limitations with this study that 

need to be addressed. We assessed HPV persistence and clearance over a 

relatively short period of time. Our definition of HPV persistence and clearance 

included both prevalent and incident HPV infections. By including prevalent 

infections our estimate of duration of infection would not represent the true 

duration because it was impossible to know exactly how long a woman has been 

infected by the time she was found positive at enrollment. In general, women 
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found to be HPV positive upon enrollment were more likely to have a persistent 

infection. Unfortunately the Ludwig-McGill Cohort study did not have sufficient 

incident HPV infections to utilize incident HPV persistence as our outcome. Of 

all the HPV infections detected in the first year, 39% were detected at enrollment 

and only 22% of the incident infections persisted. HPV clearance was defined as 

the time to the first negative test. Moscicki and colleagues (233) suggested that 

misclassification might result from using only one time point to determine 

clearance. However, we utilized PGR based methods, which are highly sensitive 

and detect low levels of HPV DNA, to assess HPV status. These methods are 

less likely to result in false negative results compared to other methods (234) .  

Similar to other biological markers, the values of serum nutrients presented in 

this report might not reflect the absolute value due to losses that might have 

occurred during storage or in the extraction process. However, the relative levels 

of each isomer should not have changed; therefore the associations found in this 

study would be valid with the magnitude of the associations potentially being 

lower than the true association due to methodological errors. 

The issue of multiple comparisons arises when analyzing nutritional data 

from large epidemiological studies in that a large number of statistical models are 

required. For the present study, we did not adjust the significance level but 

chose to evaluate each serum nutrient as individual associations. By using this 

approach, there is a chance that single spurious associations will be found based 

on the nature of statistical probabilities. Therefore, the issue of multiple 
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comparisons needs to be considered when interpreting results. Conclusions 

should be made in light of consistency with other information and external to the 

study (225). The findings of an association of serum zeaxanthin levels with HPV 

clearance consistent with two previously reported studies (96,97). This 

consistency provides support that our results for this particular nutrient may not 

be a spurious association found by chance. 

This study had many strengths, including the assessment of serum 

carotenoids and tocopherols at four different time points allowing for an accurate 

assessment of a woman's nutrient status. The study was nested within a large 

prospective cohort study that measured HPV at four clinical visits within the first 

year of follow-up and assessed over 40 HPV types that allowed type-specific 

HPV infections to be detected. 

Overall, results from the current study suggest that higher serum 

antioxidant nutrients may lead to shorter duration of HPV infections. We found 

differences in specific nutrient associations between oncogenic and 

nononcogenic type HPV infections. The consistent associations found for both 

serum and dietary antioxidants are promising. This research indicates that 

antioxidant nutrients, modifiable factors, are associated with viral persistence and 

clearance and suggest that a diet high in antioxidants may confer protection. 

Future research efforts will examine if serum antioxidant nutrients confer 

protection against cervical lesion development. 
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SUMMARY AND FUTURE DIRECTIONS 

Cervical cancer continues to remain a major public liealth problem as it is 

tine second leading cause of cancer for women worldwide (1). Infection with 

liuman papillomavirus (HPV) has been identified as the primary cause of cervical 

cancer (2). Prospective studies have demonstrated that women with persistent 

HPV infections are at a significantly greater risk of developing pre-cancerous 

cervical lesions, squamous epithelial lesion (SIL), compared with women who are 

only transiently infected or those not infected (3-6). 

Although oncogenic HPV infections have been established as the 

necessary cause of cervical cancer, most HPV infections are transient and rarely 

progress to significant cervical lesions (8). The factors that are associated with 

oncogenic HPV persistence and progression to HSIL are unknown. Cofactors, 

such as antioxidant nutrients (e.g., carotenoids and tocopherols) and retinoic acid 

may modulate an oncogenic HPV infection from a transient infection to one that 

persists and progresses to cancer. 

Epidemiologic data suggested that carotenoids and tocopherols decrease 

the risk of persistent HPV infections; however, few studies evaluated these 

associations and those that did have study limitations. In a small prospective 

study among women attending a family planning clinic for routine care, Sedjo et  

al. (96) reported significant inverse associations between dietary intake of lutein, 

vitamin E, vegetables and serum lycopene levels and HPV persistence (96). 

This cohort had a small sample size and was unable to assess type-specific HPV 
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persistence (96) and clearance (98). In addition, there was only one measure of 

serum carotenoids and tocopherols which might not have adequately classified a 

woman's nutrient status due to the known high-within person variability of these 

measures (200). Therefore, the present study with Its large sample size, multiple 

HPV measurements, and long follow-up period was needed to adequately test 

the hypothesis that circulating concentrations of antioxidant nutrients were 

associated with persistent HPV infection and the development of SIL (Specific 

Aims 2 and 3). 

Overall, the findings of this study suggest that women with the highest 

levels of serum all-trans retinoic acid and tocopherol are at a decreased risk for a 

persistent type-specific HPV infection. Women with higher circulating zeaxanthin 

levels are more likely to clear oncogenic HPV infections. From these results and 

those in the literature, different study populations and different statistical 

approaches suggest different associations for specific antioxidants (9). For these 

antioxidant nutrients with similar proposed mechanisms of action, differences in 

associations for individual nutrients may depend of the study sample being 

investigated, nutritional status at enrollment, lifestyle factors, and availability and 

consumption of foods containing specific nutrients. In this study of Brazilian 

women, women consume an abundant amount of tropical fruits, such as papayas 

and oranges (97). In a previous study within this population that examined 

dietary intake and risk of HPV persistence (9), a nutrient database that 

determined the food carotenoid content specific for the nutritional content from 
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foods in Sao Paulo, Brazil (202) were utilized. This Brazilian specific nutrient 

content may have contributed to the consistency of our findings for both dietary 

intake and serum nutrients and HPV persistence and clearance. This study 

within Brazilian women was ideal for the examination of associations with 

nutritional status, specifically antioxidants, as few women were tal<ing 

supplements (97), and when supplements were taken they rarely contained 

carotenoids. Unlike homogeneous populations often studied within the U.S. 

(235), there was a wide range of serum levels in this population. The mean 

serum levels were lower than those seen in a study of U.S. women (96), however 

the overall range of nutrients values was comparable. Future studies are needed 

in a similar population of women from other developing countries to confirm the 

results of the present study. 

The definitions of HPV persistence, clearance and viral load assessed in 

these analyses need to be discussed. HPV data were available from four visits 

within a one-year period, which allowed adequate assessment of HPV 

persistence by oncogenic type within a one-year period. It has been suggested 

that a persistent HPV infection should be detectable for at least one full year. 

Compared to this "gold standard" definition, we defined HPV persistence over a 

relatively short time period of four-months. Within this large cohort study, there 

were 18 occurrences of the same oncogenic HPV type detected at all four visits 

for a woman and 18 occurrences of type-specific nononcogenic infection. 

Therefore, we lacked statistical power to define our persistence outcome based 
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on women consistently positive for at least 12-months. By restricting the 

definition of HPV persistence to 12-months of positivity, women may be more 

accurately classified as having a persistent type-specific HPV infection, which 

would reduce misclassification. However, it would require analysis of the entire 

Ludwig-McGill Cohort study over the entire follow-up period to adequately 

address differences in risk factors for women who maintain a type-specific HPV 

infection for at least one year compared to those who do not. 

This is the first study to examine association of serum nutrients and HPV 

persistence and clearance for both oncogenic and nononcogenic types 

separately. This assessment also allowed an examination of multiple definitions 

of HPV persistence. However, the rich source of data provided by the Ludwig-

McGili Cohort study did not have enough incident HPV infections to utilize 

incident HPV persistence as our outcome. Of all the HPV infections detected in 

the first year, 39% were detected at enrollment and only 22% of the incident 

Infections persisted. Other aspects of this complex HPV data that need to be 

further addressed include analysis of individual HPV types or groups based on 

phylogenic classification and analysis of the number of multiple HPV infections 

present at each visit. Future analyses within this study population will determine 

if serum carotenoids, tocopherols and retinoic acid are association with time to 

SIL development and examination of HPV results for 36-months of follow-up. 

As this is the first population-based study assessing serum retinoic acid 

level, we determined the variability of circulating retinoic acid levels over a four-
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months period and lifestyle, demographic and nutritional factors might that 

explain such variability (Specific Aim 1). Within the sample of 502 women, the 

relative abundance of retinoic acid isomers was similar at each visit and the 

within person-variability of total retinoic acid and individual isomers was low. 

Using multivariate logistic regression models (upper fertile vs. low/middle tertiles 

of serum retinoic acid), we found that serum retinol, p-carotene, and p-

cryptoxanthin levels, age, race, oral contraceptive use, total number of 

pregnancies, and season of initial blood draw were significantly associated with 

endogenous retinoic acid isomer levels. 

This is the first study to fully characterize serum levels. However, it remains 

unclear how representative these serum levels are to tissue specific levels. 

Previous worl< examined the tissue levels following chemopreventive treatment 

(236), however these studies occurred prior to newly refined HPLC 

methodologies. The ultimate goal of this research is for serum retinoic acid 

levels to serve as a biomarker of overall retinoic acid status or tissue-specific 

status. Several studies need to be undertal<en to determine the utility of serum 

retinoic acid as such a surrogate biomarker. One recommended study is a 

Phase II chemoprevention trial be conducted to determine if modulation of diet 

with increased intake of vitamin A or pro-vitamin A carotenoids will increase 

serum levels of retinoic acid. Other studies are needed to determine the 

correlation between serum retinoic acid levels and retinoic acid levels in the 

cervix or retinoic acid receptor mRNA levels. In these studies, since we are 
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interested in the effect of retinoic acid on HPV activity, the study population 

should include both women with HPV infections and those without infection. If 

the results from this proposed biomarker trial demonstrates that retinoic acid is 

an adequate biomarker, further large trials would then need to be conducted to 

examine the efficacy of serum retinoic acid level in the prevention of incident and 

persistent HPV infection. 

The issue of multiple comparisons arises when analyzing nutritional data 

from large epidemiological studies in that a large number of statistical models are 

required. For the present study, we did not adjust the significance level but 

chose to evaluate each serum nutrient as individual associations. By using this 

approach, there is a chance that single spurious associations will be found based 

on the nature of statistical probabilities. Therefore, the issue of multiple 

comparisons needs to be considered when interpreting results. Conclusions 

should be made in light of consistency with other information and external to the 

study (225). The present study examined nutritional factors associated with 

serum retinoic acid utilizing three nutritional measures (i.e. serum nutrient levels, 

derived nutrient intake levels, and reported consumption of specific foods). 

These three measures were utilized to examine the consistency of associations 

found with serum retinoic acid. Bases on these three approaches, serum retinol, 

p-carotene and p-cryptoxanthin were consistently associated with serum retinoic 

acid levels. The findings of an association of serum zeaxanthin levels with HPV 

clearance are consistent with two previously reported studies. This consistency 
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provides support tfiat our results for this particular nutrient may not be a spurious 

association found by chance. Results from the present study need to be 

confirmed in other study population to rule out spurious significance due to 

multiple comparisons alone. 



138 

REFERENCES 

(•/) Parkin DM, Bray Fl, Devesa SS. Cancer burden in the year 2000. The 
global picture. Eur J Cancer 2001:37 SuppI 8:S4-66. 

(2) Bosch FX, de Sanjose S. Chapter 1: Human papillomavirus and cervical 
cancer-burden and assessment of causality. J Natl Cancer Inst Monogr 
2003:3-13. 

(3) Ho GY, Bierman R, Beardsley L, Chang CJ, Burk RD. Natural history of 
cervicovaginal papillomavirus infection in young women. N Engl J Med 
1998:338:423-8. 

(4) Nobbenhuis MA, Walboomers JM, Helmerhorst TJ, Rozendaal L, 
Remmink AJ, Risse EK, et al. Relation of human papillomavirus status to 
cervical lesions and consequences for cervical-cancer screening: a 
prospective study. Lancet 1999;354:20-5. 

(5) Schlecht NF, Kulaga S, Robitaille J, Ferreira S, Santos M, Miyamura RA, 
et al. Persistent human papillomavirus infection as a predictor of cervical 
intraepithelial neoplasia. Jama 2001:286:3106-14. 

(6) Schlecht NF, Piatt RW, Duarte-Franco E, Costa MC, Sobrinho JP, Prado 
JC, et al. Human papillomavirus infection and time to progression and 
regression of cervical intraepithelial neoplasia. J Natl Cancer Inst 
2003:95:1336-43. 

(7) Koutsky LA, Ault KA, Wheeler CM, Brown DR, Barr E, Alvarez FB, et al. A 
controlled trial of a human papillomavirus type 16 vaccine. N Engl J Med 
2002:347:1645-51. 

(8) Hinchliffe SA, van Velzen D, Korporaal H, Kok PL, Boon ME. Transience 
of cervical HPV infection in sexually active, young women with normal 
cervicovaginal cytology. Br J Cancer 1995:72:943-5. 

(9 )  Castle PE, Giuliano AR. Chapter 4: Genital tract infections, cervical 
inflammation, and antioxidant nutrients-assessing their roles as human 



139 

papillomavirus cofactors. J Natl Cancer Inst Monogr 2003:29-34. 

(10) The revised Bethesda System for reporting cervical/vaginal cytologic 
diagnoses: report of the 1991 Bethesda workshop. J Reprod Med 
1992;37:383-6. 

{11) Solomon D, Davey D, Kurman R, Moriarty A, O'Connor D, Prey M, et al. 
The 2001 Bethesda System: terminology for reporting results of cervical 
cytology. Jama 2002;287:2114-9. 

{12) Mitchell MF, Tortolero-Luna G, Wright T, Sarkar A, Richards-Kortum R, 
Hong WK, et al. Cervical human papillomavirus infection and 
intraepithelial neoplasia: a review. J Natl Cancer Inst Monogr 1996:17-25. 

{13) Hewitt M, Devesa S, Breen N. Papanicolaou test use among reproductive-
age women at high risk for cervical cancer: analyses of the 1995 National 
Survey of Family Growth. Am J Public Health 2002;92:666-9. 

{14) Bosch FX, Lorincz A, Munoz N, Meijer CJ, Shah KV. The causal relation 
between human papillomavirus and cervical cancer. J Clin Pathol 
2002:55:244-65. 

{15) Palefsky JM, Holly EA, Ralston ML, Arthur SP, Jay N, Berry JM, et al. Anal 
squamous intraepithelial lesions in HIV-positive and HIV-negative 
homosexual and bisexual men: prevalence and risk factors. J Acquir 
Immune Defic Syndr Hum Retrovirol 1998;17:320-6. 

{16) Walboomers JM, Jacobs MV, Manos MM, Bosch FX, Kummer JA, Shah 
KV, et al. Human papillomavirus is a necessary cause of invasive cervical 
cancer worldwide. J Pathol 1999:189:12-9. 

{17) Schiffman MH. New epidemiology of human papillomavirus infection and 
cervical neoplasia. J Natl Cancer Inst 1995:87:1345-7. 

{18) zur Hausen H. Papillomaviruses causing cancer: evasion from host-cell 
control in early events in carcinogenesis. J Natl Cancer Inst 2000:92:690-



140 

8. 

{19) Palefsky JM, Holly EA. Molecular virology and epidemiology of human 
papillomavirus and cervical cancer. Cancer Epidemiol Biomarkers Prev 
1995;4:415-28. 

(20) Bauer HM, Hildesheim A, Schiffman MH, Glass AG, Rush BB, Scott DR, 
et al. Determinants of genital human papillomavirus infection in low-risk 
women in Portland, Oregon. Sex Transm Dis 1993:20:274-8. 

(21) Franco EL. Epidemiology of anogenital warts and cancer. Obstet Gynecol 
Clin North Am 1996:23:597-623. 

(22) Bauer HM, Ting Y, Greer CE, Chambers JC, Tashiro CJ, Chimera J, et al. 
Genital human papillomavirus infection in female university students as 
determined by a PCR-based method. Jama 1991:265:472-7. 

(23) O'Brien PM, Saveria Campo M. Evasion of host immunity directed by 
papillomavirus-encoded proteins. Virus Res 2002;88:103-17. 

(24) RosI F, Schwarz E. Regulation of E6 and E7 oncogenic transcription. In 
Tommasino M, editor. Papillomavirus in Human Cancer: Role of E6 and 
E7 Oncoproteins. Austin, Texas: Landes Bioscience and Chapmena & 
Hall; 1997. p. 25-70. 

(25) von Knebel Doeberitz M. New markers for cervical dysplasia to visualise 
the genomic chaos created by aberrant oncogenic papillomavirus 
infections. Eur J Cancer 2002;38:2229-42. 

(26) Stubenrauch F, Laimins LA. Human papillomavirus life cycle: active and 
latent phases. Semin Cancer Biol 1999;9:379-86. 

(27) Street D, Delgado G. The role of p53 and HPV in cervical cancer. Gynecol 
Oncol 1995:58:287-8. 



141 

(28) Huibregtse JM, Beaudenon SL. Mechanism of HPV E6 proteins in cellular 
transformation. Semin Cancer Biol 1996:7:317-26. 

(29) Stanley M. Chapter 17: Genital human papillomavirus infections-current 
and prospective therapies. J Natl Cancer Inst Monogr 2003:117-24. 

(30) Cuzick J, Terry G, Ho L, Hollingworth T, Anderson M. Type-specific 
human papillomavirus DNA in abnormal smears as a predictor of high-
grade cervical intraepithelial neoplasia. Br J Cancer 1994:69:167-71. 

(31) Koutsky LA, Holmes KK, Critchlow CW, Stevens CE, Paavonen J, 
Beckmann AM, et al. A cohort study of the risk of cervical intraepithelial 
neoplasia grade 2 or 3 in relation to papillomavirus infection. N Engl J Med 
1992:327:1272-8. 

(32) Ho GY, Burk RD, Klein S, Kadish AS, Chang CJ, Palan P, et al. Persistent 
genital human papillomavirus infection as a risk factor for persistent 
cervical dysplasia. J Natl Cancer Inst 1995:87:1365-71. 

(33) Remmink AJ, Walboomers JM, Helmerhorst TJ, Voorhorst FJ, Rozendaal 
L, Risse EK, et al. The presence of persistent high-risk HPV genotypes in 
dysplastic cervical lesions is associated with progressive disease: natural 
history up to 36 months. Int J Cancer 1995:61:306-11. 

(34) Evander M, Ediund K, Gustafsson A, Jonsson M, Karlsson R, Rylander E, 
et al. Human papillomavirus infection is transient in young women: a 
population-based cohort study. J Infect Dis 1995:171:1026-30. 

(35) Brisson J, Bairati I, Morin C, Fortier M, Bouchard C, Christen A, et al. 
Determinants of persistent detection of human papillomavirus DNA in the 
uterine cervix. J Infect Dis 1996:173:794-9. 

(36) Hildesheim A, Schiffman MH, Gravitt PE, Glass AG, Greer CE, Zhang T, 
et al. Persistence of type-specific human papillomavirus infection among 
cytologically normal women. J Infect Dis 1994:169:235-40. 



142 

(37) Romney SL, Ho GY, Palan PR, Basu J, Kadish AS, Klein S, et al. Effects 
of beta-carotene and other factors on outcome of cervical dysplasia and 
human papillomavirus infection. Gynecol Oncol 1997;65:483-92. 

(38) de Villiers EM, Wagner D, Schneider A, Wesch H, Munz F, Miklaw H, et 
al. Human papillomavirus DNA in women without and with cytological 
abnormalities: results of a 5-year follow-up study. Gynecol Oncol 
1992;44:33-9. 

(39) Moscicki AB, Hills N, Shiboski S, Powell K, Jay N, Hanson E, et al. Risks 
for incident human papillomavirus infection and low-grade squamous 
intraepithelial lesion development in young females. Jama 2001;285:2995-
3002. 

(40) Ho GY, Palan PR, Basu J, Romney SL, Kadish AS, Mikhail M, et al. Viral 
characteristics of human papillomavirus infection and antioxidant levels as 
risk factors for cervical dysplasia. Int J Cancer 1998;78:594-9. 

(41) Schlecht NF, Piatt RW, Negassa A, Duarte-Franco E, Rohan TE, 
Ferenczy A, et al. Modeling the time dependence of the association 
between human papillomavirus infection and cervical cancer precursor 
lesions. Am J Epidemiol 2003;158:878-86. 

(42) Woodman CB, Collins S, Winter H, Bailey A, Ellis J, Prior P, et al. Natural 
history of cervical human papillomavirus infection in young women: a 
longitudinal cohort study. Lancet 2001;357:1831-6. 

(43) Kjaer SK, van den Brule AJ, Paull G, Svare El, Sherman ME, Thomsen 
BL, et al. Type specific persistence of high risk human papillomavirus 
(HPV) as indicator of high grade cervical squamous intraepithelial lesions 
in young women: population based prospective follow up study. Bmj 
2002;325:572. 

(44) Liaw KL, Glass AG, Manos MM, Greer CE, Scott DR, Sherman M, et al. 
Detection of human papillomavirus DNA in cytologically normal women 
and subsequent cervical squamous intraepithelial lesions. J Natl Cancer 
Inst 1999;91:954-60. 



143 

{45) Wallin KL, Wiklund F, Angstrom T, Bergman F, Stendahl U, Wadell G, et 
al. Type-specific persistence of human papillomavirus DNA before the 
development of invasive cervical cancer. N Engl J Med 1999:341:1633-8. 

(46) Zielinski GD, Snijders PJ, Rozendaal L, Voorhorst FJ, van der Linden HC, 
Runsink AP, et al. HPV presence precedes abnormal cytology in women 
developing cervical cancer and signals false negative smears. Br J Cancer 
2001:85:398-404. 

(47) Schiffman M, Kjaer SK. Chapter 2: Natural history of anogenital human 
papillomavirus infection and neoplasia. J Natl Cancer Inst Monogr 
2003:14-9. 

(48) Einstein MaBR. Persistent Human Papillomavirus Intection: Definitiona 
and Clinical Implications. Papillomavirus Report 2001:12:119-23. 

(49) Franco EL, Villa LL, Sobrinho JP, Prado JM, Rousseau MC, Desy M, et al. 
Epidemiology of acquisition and clearance of cervical human 
papillomavirus infection in women from a high-risk area for cervical 
cancer. J Infect Dis 1999:180:1415-23. 

(50) Giuliano AR, Harris R, Sedjo RL, Baldwin S, Roe D, Papenfuss MR, et al. 
Incidence, prevalence, and clearance of type-specific human 
papillomavirus Infections: The Young Women's Health Study. J Infect DIs 
2002:186:462-9. 

(57) Goldle SJ, Kuhn L, Denny L, Pollack A, Wright TC. Policy analysis of 
cervical cancer screening strategies In low-resource settings: clinical 
benefits and cost-effectiveness. Jama 2001:285:3107-15. 

(52) Mayrand MH, Coutlee F, Hanklns C, Lapolnte N, Forest P, de 
Ladurantaye M, et al. Detection of human papillomavirus type 16 DNA in 
consecutive genital samples does not always represent persistent 
infection as determined by molecular variant analysis. J Clin Microbiol 
2000:38:3388-93. 

(53) Peyton CL, Schiffman M, Lorlncz AT, Hunt WC, Mielzynska I, BrattI C, et 



144 

al. Comparison of PCR- and hybrid capture-based human papillomavirus 
detection systems using multiple cervical specimen collection strategies. J 
Clin Microbiol 1998;36:3248-54. 

(54) Moscickl AB, Palefsky JM, Gonzales J, Smith G, Schoolnik GK. 
Colposcopic and histologic findings and human papillomavirus (HPV) DNA 
test variability in young women positive for HPV DNA. J Infect Dis 
1992:166:951-7. 

(55) Wheeler CM, Greer CE, Becker TM, Hunt WC, Anderson SM, Manos MM. 
Short-term fluctuations in the detection of cervical human papillomavirus 
DNA. Obstet Gynecol 1996:88:261-8. 

(56) Moscicki AB, Palefsky J, Smith G, Siboshski S, Schoolnik G. Variability of 
human papillomavirus DNA testing in a longitudinal cohort of young 
women. Obstet Gynecol 1993:82:578-85. 

(57) Giuliano AR, Papenfuss M, Nour M, Canfield LM, Schneider A, Hatch K. 
Antioxidant nutrients: associations with persistent human papillomavirus 
infection. Cancer Epidemiol Biomarkers Prev 1997:6:917-23. 

(58) ter Harmsel B, Smedts F, Kuijpers J, van Muyden R, Oosterhuis W, Quint 
W. Relationship between human papillomavirus type 16 in the cervix and 
intraepithelial neoplasia. Obstet Gynecol 1999:93:46-50. 

(59) Richardson H, Kelsall G, Tellier P, Voyer H, Abrahamowicz M, Ferenczy 
A, et al. The natural history of type-specific human papillomavirus 
infections in female university students. Cancer Epidemiol Biomarkers 
Prev 2003:12:485-90. 

(60) Molano M, Van den Brule A, Plummer M, Weiderpass E, Posso H, Arslan 
A, et al. Determinants of clearance of human papillomavirus infections in 
Colombian women with normal cytology: a population-based, 5-year 
follow-up study. Am J Epidemiol 2003:158:486-94. 

(61) Schiffman M, Wheeler CM, Castle PE. Human papillomavirus DNA 
remains detectable longer than related cervical cytologic abnormalities. J 



145 

Infect Dis 2002;186:1169-72. 

(62) Castle PE, Hillier SL, Rabe LK, Hildesheim A, Herrero R, Bratti MC, et al. 
An association of cervical inflammation with high-grade cervical neoplasia 
in women infected with oncogenic human papillomavirus (HPV). Cancer 
Epidemiol Biomarkers Prev 2001;10:1021-7. 

(63) Lorincz AT, Castle PE, Sherman ME, Scott DR, Glass AG, Wacholder S, 
et al. Viral load of human papillomavirus and risk of CIN3 or cervical 
cancer. Lancet 2002;360:228-9. 

(64) Caballero OL, Villa LL, Simpson AJ. Low stringency-PCR (LS-PCR) allows 
entirely internally standardized DNA quantitation. Nucleic Acids Res 
1995;23:192-3. 

(65) Flores-Munguia R. The effect of nutritional status and other lifestyle 
factors on human papillomavirus viral load. Graduate Interdisciplinary 
Program in Nutritional Sciences. Tucson: University of Arizona; 2003. p. 
223. 

(66) Giuliano AR, Papenfuss M, De Gaiaz EM, Feng J, Abrahamsen M, 
Denman C, et al. Risk factors for squamous intraepithelial lesions (SIL) of 
the cervix among women residing at the US-Mexico border. Int J Cancer 
2004;109:112-8. 

(67) Schlecht NF, Trevisan A, Duarte-Franco E, Rohan TE, Ferenczy A, Villa 
LL, et al. Viral load as a predictor of the risk of cervical intraepithelial 
neoplasia. Int J Cancer 2003;103:519-24. 

(68) Josefsson AM, Magnusson PK, Ylitalo N, Sorensen P, Qwarforth-Tubbin 
P, Andersen PK, et al. Viral load of human papilloma virus 16 as a 
determinant for development of cervical carcinoma in situ: a nested case-
control study. Lancet 2000;355:2189-93. 

(69) Sun CA, Liu JF, Wu DM, Nieh S, Yu CP, Chu TV. Viral load of high-risk 
human papillomavirus in cervical squamous intraepithelial lesions. Int J 
Gynaecol Obstet 2002;76:41-7. 



146 

(70) Abba MC, Mouron SA, Gomez MA, Dulout FN, Golijow CD. Association of 
liuman papillomavirus viral load with HPV16 and high-grade intraepithelial 
lesion. Int J Gynecol Cancer 2003:13:154-8. 

{71) Almog B, Gamzu R, Bornstein J, Levin I, Fainaru O, Niv J, et al. Clinical 
and economic benefit of HPV-load testing in follow-up and management of 
women postcone biopsy for CIN2-3. Br J Cancer 2003;89:109-12. 

(72) Guido R, Schiffman M, Solomon D, Burke L. Postcolposcopy management 
strategies for women referred with low-grade squamous intraepithelial 
lesions or human papillomavirus DNA-positive atypical squamous cells of 
undetermined significance: a two-year prospective study. Am J Obstet 
Gynecol 2003:188:1401-5. 

(73) Hernandez-Hernandez DM, Ornelas-Bernal L, Guido-Jimenez M, Apresa-
Garcia T, Alvarado-Cabrero I, Saicedo-Vargas M, et al. Association 
between high-risk human papillomavirus DNA load and precursor lesions 
of cervical cancer in Mexican women. Gynecol Oncol 2003;90:310-7. 

(74) Dalstein V, Riethmuller D, Pretet JL, Le Bail Carval K, Sautiere JL, 
Carbillet JP, et al. Persistence and load of high-risk HPV are predictors for 
development of high-grade cervical lesions: a longitudinal French cohort 
study. Int J Cancer 2003:106:396-403. 

(75) van Duin M, Snijders PJ, Schrijnemakers HF, Voorhorst FJ, Rozendaal L, 
Nobbenhuis MA, et al. Human papillomavirus 16 load in normal and 
abnormal cervical scrapes: an indicator of CIN ll/lll and viral clearance. Int 
J Cancer 2002:98:590-5. 

(76) Beskow AH, Gyllensten UB. Host genetic control of HPV 16 titer in 
carcinoma in situ of the cervix uteri. Int J Cancer 2002:101:526-31. 

(77) Levi JE, Fink MC, Canto CL, Carretiero N, Matsubara R, Linhares I, et al. 
Human papillomavirus prevalence, viral load and cervical intraepithelial 
neoplasia in HIV-infected women. Braz J Infect Dis 2002:6:129-35. 

(78) Ahn WS, Lee JM, Namkoong SE, Lee HY, Kim SJ. Effect of retinoic acid 



147 

on HPV titration and colposcopic changes in Korean patients with 
dysplasia of the uterine cervix. J Cell Biochem Supp11997:28-29:133-9. 

(79) Goodman MT, Kiviat N, McDuffie K, Hankin JH, Hernandez B, Wilkens 
LR, et al. The association of plasma micronutrients with the risk of cervical 
dysplasia in Hawaii. Cancer Epidemiol Biomarkers Prev 1998;7:537-44. 

(80) Kwasniewska A, Tukendorf A, Semczuk M. Content of beta-carotene in 
blood serum of human papillomavirus infected women with cervical 
dysplasias. Arch Immunol Ther Exp (Warsz) 1996;44:309-13. 

(81) Nagata C, Shimizu H, Yoshikawa H, Noda K, Nozawa S, Yajima A, et al. 
Serum carotenolds and vitamins and risk of cervical dysplasia from a 
case-control study in Japan. Br J Cancer 1999;81:1234-7. 

(82) Palan PR, Chang CJ, Mikhail MS, Ho GY, Basu J, Romney SL. Plasma 
concentrations of micronutrients during a nine-month clinical trial of beta-
carotene in women with precursor cervical cancer lesions. Nutr Cancer 
1998;30:46-52. 

(83) Palan PR, Mikhail MS, Goldberg GL, Basu J, Runowicz CD, Romney SL. 
Plasma levels of beta-carotene, lycopene, canthaxanthin, retinol, and 
alpha- and tau-tocopherol in cervical intraepithelial neoplasia and cancer. 
Clin Cancer Res 1996;2:181-5. 

(84) Schiff MA, Patterson RE, Baumgartner RN, Masuk M, van Asselt-King L, 
Wheeler CM, et al. Serum carotenoids and risk of cervical intraepithelial 
neoplasia in Southwestern American Indian women. Cancer Epidemiol 
Biomarkers Prev 2001;10:1219-22. 

(85) Goodman MT, McDuffie K, Hernandez B, Hankin JH, Wilkens LR, Franke 
AA, et al. The Association of Plasma Micronutrients with the Risk of 
Cervical Atypical Squamous Cells of Undetermined Significance (ASCUS). 
Asian Pac J Cancer Prev 2000; 1:227-35. 

(86) Wideroff L, Potischman N, Glass AG, Greer CE, Manos MM, Scott DR, et 
al. A nested case-control study of dietary factors and the risk of incident 



148 

cytological abnormalities of the cervix. Nutr Cancer 1998:30:130-6. 

(87) Kanetsky PA, Gammon MD, Mandelblatt J, Zhang ZF, Ramsey E, 
Dnistrian A, et al. Dietary intake and blood levels of lycopene: association 
with cervical dysplasia among non-Hispanic, black women. Nutr Cancer 
1998:31:31-40. 

(88) Kjeilberg L, Hallmans G, Ahren AM, Johansson R, Bergman F, Wadell G, 
et al. Smoking, diet, pregnancy and oral contraceptive use as risk factors 
for cervical intra-epithelial neoplasia in relation to human papillomavirus 
infection. Br J Cancer 2000;82:1332-8. 

(89) Atalah E, Urteaga C, Rebolledo A, Villegas RA, Medina E, Csendes A. 
[Diet, smoking and reproductive history as risk factor for cervical cancer]. 
Rev Med Chil 2001:129:597-603. 

(90) Yeo AS, Schiff MA, Montoya G, Masuk M, van Asselt-King L, Becker TM. 
Serum micronutrients and cervical dysplasia in Southwestern American 
Indian women. Nutr Cancer 2000:38:141-50. 

(91) Nagata C, Shimizu H, Higashiiwai H, Sugahara N, Morita N, Komatsu S, 
et al. Serum retinol level and risk of subsequent cervical cancer in cases 
with cervical dysplasia. Cancer Invest 1999:17:253-8. 

(92) Lehtinen M, Luostarinen T, Youngman LD, Anttila T, Diilner J, Hakulinen 
T, et al. Low levels of serum vitamins A and E in blood and subsequent 
risk for cervical cancer: interaction with HPV seropositivity. Nutr Cancer 
1999:34:229-34. 

(93) Shimizu H, Nagata C, Komatsu S, Morita N, Higashiiwai H, Sugahara N, 
et al. Decreased serum retinol levels in women with cervical dysplasia. Br 
J Cancer 1996;73:1600-4. 

(94) French AL, Kirstein LM, Massad LS, Semba RD, Minkoff H, Landesman S, 
et al. Association of vitamin A deficiency with cervical squamous 
intraepithelial lesions in human immunodeficiency virus-infected women. J 
Infect Dis 2000:182:1084-9. 



149 

(95) Shannon J, Thomas DB, Ray RM, Kestin M, Koetsawang A, Koetsawang 
S, et al. Dietary risk factors for invasive and in-situ cervical carcinomas in 
Bangl<ok, Thailand. Cancer Causes Control 2002:13:691-9. 

(96) Sedjo RL, Roe DJ, Abrahamsen M, Harris RB, Craft N, Baldwin S, et al. 
Vitamin A, carotenoids, and risk of persistent oncogenic human 
papillomavirus infection. Cancer Epidemiol Biomarkers Prev 2002;11:876-
84. 

(97) Giuliano AR, Siegel EM, Roe DJ, Ferreira S, Luiza Baggio M, Galan L, et 
al. Dietary Intake and Risk of Persistent Human Papillomavirus (HPV) 
Infection: The Ludwig-McGIII HPV Natural History Study. J Infect Dis 
2003:188:1508-16. 

(98) Sedjo RL, Papenfuss MR, Craft NE, Giuliano AR. Effect of plasma 
micronutrients on clearance of oncogenic human papillomavirus (HPV) 
infection (United States). Cancer Causes Control 2003:14:319-26. 

(99) Goodman M, Cheung, L, Hernandez, B, McDuffie, K , Wilkens, L. Serum 
micronutrient concentrations and cervical human papillomavirus 
persistence. 21st International Papillomavirus Conference. Mexico City: 
2004. 

{100) Giuliano AR. The role of nutrients in the prevention of cervical dysplasia 
and cancer. Nutrition 2000:16:570-3. 

{101) Giuliano AR, Gapstur S. Can cervical dysplasia and cancer be prevented 
with nutrients? Nutr Rev 1998:56:9-16. 

{102) Potischman N, Herrero R, Brinton LA, Reeves WC, Stacewicz-
Sapuntzakis M, Jones CJ, et al. A case-control study of nutrient status and 
invasive cervical cancer. II. Serologic indicators. Am J Epidemiol 
1991:134:1347-55. 

{103) VanEenwyk J, Davis FG, Bowen PE. Dietary and serum carotenoids and 
cervical intraepithelial neoplasia. Int J Cancer 1991:48:34-8. 



150 

{104) Batieha AM, Armenian HK, Norkus EP, Morris JS, Spate VE, Comstock 
GW. Serum micronutrients and tlie subsequent risk of cervical cancer in a 
population-based nested case-control study. Cancer Epidemiol 
Biomarkers Prev 1993:2:335-9. 

(105) Mangels AR, Holden JM, Beeclier GR, Forman MR, Lanza E. Carotenoid 
content of fruits and vegetables: an evaluation of analytic data. J Am Diet 
Assoc 1993:93:284-96. 

{106) Castellsague X, Munoz N. Chapter 3: Cofactors in human papillomavirus 
carcinogenesis-role of parity, oral contraceptives, and tobacco smoking. J 
Natl Cancer Inst Monogr 2003:20-8. 

{107) Manetta A, Schubbert T, Chapman J, Schell MJ, Peng YM, Liao SY, et al. 
beta-Carotene treatment of cervical intraepithelial neoplasia: a phase II 
study. Cancer Epidemiol Biomarkers Prev 1996;5:929-32. 

{108) Keefe KA, Schell MJ, Brewer C, McHale M, Brewster W, Chapman JA, et 
al. A randomized, double blind, Phase III trial using oral beta-carotene 
supplementation for women with high-grade cervical intraepithelial 
neoplasia. Cancer Epidemiol Biomarkers Prev 2001:10:1029-35. 

{109) Pollen M, Meyskens PL, Jr., Atkinson EN, Schottenfeld D. Why most 
randomized phase II cervical cancer chemoprevention trials are 
uninformative: lessons for the future. J Natl Cancer Inst 2001:93:1293-6. 

{110) Sun SY, Lotan R. Retinoids and their receptors in cancer development 
and chemoprevention. Crit Rev Oncol Hematol 2002:41:41-55. 

{Ill) Lippman SM, Lotan R. Advances in the development of retinoids as 
chemopreventive agents. J Nutr 2000:130:479S-82S. 

{112) Niles RM. Recent advances in the use of vitamin A (retinoids) in the 
prevention and treatment of cancer. Nutrition 2000:16:1084-9. 

{113) Surwit EA, Graham V, Droegemueiler W, Alberts D, Chvapil M, Dorr RT, 



151 

et al. Evaluation of topically applied trans-retinoic acid in the treatment of 
cervical intraepithelial lesions. Am J Obstet Gynecol 1982;143:821-3. 

{114) Meyskens FL, Jr., Graham V, Chvapil M, Dorr RT, Alberts DS, Surwit EA. 
A phase I trial of beta-all-trans-retinoic acid delivered via a collagen 
sponge and a cervical cap for mild or moderate intraepithelial cervical 
neoplasia. J Natl Cancer Inst 1983:71:921-5. 

{115) Romney SL, Dwyer A, Slagle S, Duttagupta C, Palan PR, Basu J, et al. 
Chemoprevention of cervix cancer: Phase l-ll: A feasibility study involving 
the topical vaginal administration of retinyi acetate gel. Gynecol Oncol 
1985;20:109-19. 

{116) Graham V, Surwit ES, Weiner S, Meyskens FL, Jr. Phase II trial of beta-
all-trans-retinoic acid for cervical intraepithelial neoplasia delivered via a 
collagen sponge and cervical cap. West J Med 1986;145:192-5. 

{117) Weiner SA, Surwit EA, Graham VE, Meyskens FL, Jr. A phase I trial of 
topically applied trans-retinoic acid in cervical dysplasia-clinical efficacy. 
Invest New Drugs 1986;4:241-4. 

{118) Alvarez RD, Conner MG, Weiss H, Klug PM, Niwas S, Manne U, et al. The 
efficacy of 9-cis-retinoic acid (aliretinoin) as a chemopreventive agent for 
cervical dysplasia: results of a randomized double-blind clinical trial. 
Cancer Epidemiol Biomarkers Prev 2003;12:114-9. 

{119) Meyskens FL, Jr., Surwit E, Moon TE, Childers JM, Davis JR, Dorr RT, et 
al. Enhancement of regression of cervical intraepithelial neoplasia II 
(moderate dysplasia) with topically applied all-trans-retinoic acid: a 
randomized trial. J Natl Cancer Inst 1994;86:539-43. 

{120) Kim SH, Park TK, Kwon JY. 13-cis-retinoic acid for chemoprevention after 
colpoconization for cervical intraepithelial neoplasia. Int J Gynaecol Obstet 
2003;81:217-8. 

{121) Robinson WR, Andersen J, Darragh TM, Kendall MA, Clark R, Maiman M. 
Isotretinoin for low-grade cervical dysplasia in human immunodeficiency 



152 

virus-infected women. Obstet Gynecol 2002:99:777-84. 

{122) Oridate N, Lotan D, Mitchell MF, Hong WK, Lotan R. Inhibition of 
proliferation and induction of apoptosis in cervical carcinoma cells by 
retinoids: implications for chemoprevention. J Cell Biochem SuppI 
1995;23:80-6. 

(123) Sun SY, Li W, Yue P, Lippman SM, Hong WK, Lotan R. Mediation of N-(4-
hydoxyphenyl)retinamide-induced apoptosis in human cancer cells by 
different mechanisms. Cancer Res 1999:59:2493-8. 

{124) Follen M, Atkinson EN, Schottenfeid D, Malpica A, West L, Lippman S, et 
al. A randomized clinical trial of 4-hydroxyphenylretinamide for high-grade 
squamous intraepithelial lesions of the cervix. Clin Cancer Res 
2001:7:3356-65. 

{125) RuidI C, Aihua D, Peiyu B, Zhongru G, Huazao L, Shifeng S, et al. 
Chemoprevention of cancer of uterine cervix: a study on chemoprevention 
of retinamide II from cervical precancerous lesions. J Cell Biochem SuppI 
1997:28-29:140-3. 

{126) Wadler S, Schwartz EL, Anderson P, Runowicz CD, Chuang L, Del Priore 
G, et al. Preliminary phase II clinical and pharmacokinetic study of 9-cis 
retinoic acid in advanced cervical cancer. New York Gynecologic 
Oncology Group. Cancer J Sci Am 1999:5:165-70. 

{127) Look KY, Blessing JA, Nelson BE, Johnson GA, Fowler WC, Jr., Reid GC. 
A phase II trial of isotretinoin and alpha interferon in patients with recurrent 
squamous cell carcinoma of the cervix: a Gynecologic Oncology Group 
study. Am J Clin Oncol 1998:21:591-4. 

{128) Weiss GR, Liu PY, Alberts DS, Peng YM, Fisher E, Xu MJ, et al. 13-cis-
retinoic acid or all-trans-retinoic acid plus interferon-alpha in recurrent 
cervical cancer: a Southwest Oncology Group phase II randomized trial. 
Gynecol Oncol 1998:71:386-90. 

{129) Wadler S, Schwartz EL, Haynes H, Rameau R, Quish A, Mandeli J, et al. 



153 

All-trans retinoic acid and lnterferon-alpha-2a in patients with metastatic or 
recurrent carcinoma of the uterine cervix: clinical and pharmacokinetic 
studies. New York Gynecologic Oncology Group. Cancer 1997:79:1574-
80. 

(130) Zusi FC, Lorenzi MV, Vivat-Hannah V. Selective retinoids and rexinoids in 
cancer therapy and chemoprevention. Drug Discov Today 2002;7:1165-
74. 

(131) Sedjo RL, Ranger-Moore, J., Foote, J., Craft N.E., Alberts, D.S., Giuliano, 
A.R. Circulating Endogenous Retinoic Acid Concentrations among 
participants enrolled in a randomized placebo-controlled clinical trial of 
retinyl palmitate. Submitted to CEPB 2003. 

{132) Miller NJ, Sampson J, Candeias LP, Bramley PM, Rice-Evans CA. 
Antioxidant activities of carotenes and xanthophylls. FEBS Lett 
1996;384:240-2. 

(133) Evans P, Halliwell B. Micronutrients: oxidant/antioxidant status. Br J Nutr 
2001:85 SuppI 2:S67-74. 

{134) Hughes DA. Effects of dietary antioxidants on the immune function of 
middle-aged adults. Proc Nutr Soc 1999:58:79-84. 

{135) Palmer HJ, Paulson KE. Reactive oxygen species and antioxidants in 
signal transduction and gene expression. Nutr Rev 1997:55:353-61. 

(736) Muller JM, Rupee RA, Baeuerle PA. Study of gene regulation by NF-
kappa B and AP-1 in response to reactive oxygen intermediates. Methods 
1997:11:301-12. 

{137) Hughes DA. Dietary carotenoids and human immune function. Nutrition 
2001:17:823-7. 

{138) Meydani SN, Wu D, Santos MS, Hayek MG. Antioxidants and immune 
response in aged persons: overview of present evidence. Am J Clin Nutr 



154 

1995;62:1462S-76S. 

(139) Anderson R, Theron AJ. Physiological potential of ascorbate, beta-
carotene and alpha-tocopherol individually and in combination in the 
prevention of tissue damage, carcinogenesis and immune dysfunction 
mediated by phagocyte-derived reactive oxidants. World Rev Nutr Diet 
1990;62:27-58. 

{140) Hughes DA, Wright AJ, Finglas PM, Polley AC, Bailey AL, Astley SB, et al. 
Effects of lycopene and lutein supplementation on the expression of 
functionally associated surface molecules on blood monocytes from 
healthy male nonsmokers. J Infect Dis 2000;182 SuppI 1:S11-5. 

{141) Beck MA. Antioxidants and viral infections: host immune response and 
viral pathogenicity. J Am Coll Nutr 2001 ;20:384S-8S; discussion 96S-97S. 

{142) Giuliano A. Cervical carcinogenesis: the role of co-factors and generation 
of reactive oxygen species. Salud Publica Mex 2003:45 SuppI 3:S354-60. 

{143) Waris G, Huh KW, Siddiqui A. Mitochondrially associated hepatitis B virus 
X protein constitutively activates transcription factors STAT-3 and NF-
kappa B via oxidative stress. Mol Cell Biol 2001;21:7721-30. 

{144) Perl A, Banki K. Genetic and metabolic control of the mitochondrial 
transmembrane potential and reactive oxygen intermediate production in 
HIV disease. Antioxid Redox Signal 2000;2:551-73. 

{145) Beck MA, Kolbeck PC, Shi Q, Rohr LH, Morris VC, Levander OA. 
Increased virulence of a human enterovirus (coxsackievirus B3) in 
selenium-deficient mice. J Infect Dis 1994;170:351-7. 

{146) Schwarz KB. Oxidative stress during viral infection: a review. Free Radic 
Biol Med 1996;21:641-9. 

{147) Peterhans E. Oxidants and antioxidants in viral diseases: disease 
mechanisms and metabolic regulation. J Nutr 1997;127:962S-5S. 



155 

{148) Pace GW, Leaf CD. The role of oxidative stress in HIV disease. Free 
Radic Biol Med 1995:19:523-8. 

{149) Packer L, Suzuki YJ. Vitamin E and alpha-lipoate: role in antioxidant 
recycling and activation of the NF-kappa B transcription factor. Mo! 
Aspects Med 1993;14:229-39. 

{150) Suzuki YJ, Aggarwal BB, Packer L. Alpha-lipoic acid is a potent inhibitor of 
NF-kappa B activation in human T cells. Biochem Biophys Res Commun 
1992:189:1709-15. 

{151) Spada C, Treitinger A, Reis M, Masokawa lY, Verdi JC, Luiz MC, et al. An 
evaluation of antiretroviral therapy associated with alpha-tocopherol 
supplementation in HIV-infected patients. Clin Chem Lab Med 
2002:40:456-9. 

{152) Speir E. Cytomegalovirus gene regulation by reactive oxygen species. 
Agents in atherosclerosis. Ann N Y Acad Sci 2000:899:363-74. 

{153) Hennet T, Peterhans E, Stocker R. Alterations in antioxidant defences in 
lung and liver of mice infected with influenza A virus. J Gen Virol 1992:73 ( 
Pt 1):39-46. 

{154) Oda T, Akaike T, Hamamoto T, Suzuki F, Hirano T, Maeda H. Oxygen 
radicals in influenza-induced pathogenesis and treatment with pyran 
polymer-conjugated SOD. Science 1989:244:974-6. 

{155) Uchide N, Ohyama K, Bessho T, Yuan B, Yamakawa T. Effect of 
antioxidants on apoptosis induced by influenza virus infection: inhibition of 
viral gene replication and transcription with pyrrolidine dithiocarbamate. 
Antiviral Res 2002:56:207-17. 

{156) Zhou LZ, Johnson AP, Rando TA. NF kappa B and AP-1 mediate 
transcriptional responses to oxidative stress in skeletal muscle cells. Free 
Radic Biol Med 2001:31:1405-16. 



156 

{157) Kerppola T, Curran T. Transcription. Zen and the art of Fos and Jun. 
Nature 1995:373:199-200. 

{158) Cripe TP, Alderborn A, Anderson RD, Parl<l<inen S, Bergnaan P, Haugen 
TH, et al. Transcriptional activation of the human papillomavirus-16 P97 
promoter by an 88-nucleotide enhancer containing distinct cell-dependent 
and AP-1-responsive modules. New Biol 1990:2:450-63. 

{159) Offord EA, Beard P. A member of the activator protein 1 family found in 
keratinocytes but not in fibroblasts required for transcription from a human 
papillomavirus type 18 promoter. J Virol 1990;64:4792-8. 

{160) Young MR, Farrell L, Lambert P, Awasthi P, Colburn NH. Protection 
against human papillomavirus type 16-E7 oncogene-induced 
tumorigenesis by in vivo expression of dominant-negative c-jun. Mol 
Carcinog 2002:34:72-7. 

{161) RosI F, Das BC, Lengert M, Geletneky K, zur Hausen H. Antioxidant-
induced changes of the AP-1 transcription complex are paralleled by a 
selective suppression of human papillomavirus transcription. J Virol 
1997:71:362-70. 

{162) Khare S, Tang SC, Pater M, Pater A. Cofactors with HPV infections and 
oncogenesis. In Lacey A, editor. Papillomavirus Reviews Current 
Research on Papillomaviruses. London: Leeds University Press: 1996. 

{163) Institute of Medicine FaNB. Dietary Reference Intakes: Vitamin A, Vitamin 
K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, Manganese, 
Molybdenum, Nickel, Silicon, Vanadium, and Zinc. Washington, DC: 
National Academy Press: 2001. 

{164) Ross AC. Vitamin A and Retinoids. In Shils ME OJ, Shike M, Ross AC, 
editor. Modern Nutrition in Health and Disease. 9th ed. Baltimore: Williams 
&Wilkins: 1999. 

{165) Napoli JL. Interactions of retinoid binding proteins and enzymes in retinoid 
metabolism. Biochim Biophys Acta 1999:1440:139-62. 



157 

{166) Ross AC, Zolfaghari R, Weisz J. Vitamin A: recent advances in the 
biotransformation, transport, and metabolism of retinoids. Curr Opin 
Gastroenterol 2001:17:184-92. 

{167) Wang XD, Krinsky Nl, Benotti PN, Russell RM. Biosynthesis of 9-cis-
retinoic acid from 9-cis-beta-carotene in human intestinal mucosa in vitro. 
Arch Biochem Biophys 1994;313:150-5. 

{168) Wolf G. The oxidation of 9-cis-retinol: a possible synthesis pathway for 9-
cis-retinoic acid. Nutr Rev 2000:58:354-6. 

{169) Wang XD, Russell RM, Liu C, Stickel F, Smith DE, Krinsky Nl. Beta-
oxidation in rabbit liver in vitro and in the perfused ferret liver contributes 
to retinoic acid biosynthesis from beta-apocarotenoic acids. J Biol Chem 
1996:271:26490-8. 

{170) Hebuterne X, Wang XD, Johnson EJ, Krinsky Nl, Russell RM. Intestinal 
absorption and metabolism of 9-cis-beta-carotene in vivo: biosynthesis of 
9-cis-retinoic acid. J Lipid Res 1995:36:1264-73. 

{171) Mangelsdorf DJ, Thummel C, Beato M, Herrlich P, Schutz G, Umesono K, 
et al. The nuclear receptor superfamily: the second decade. Ceil 
1995:83:835-9. 

{172) Heyman RA, Mangelsdorf DJ, Dyck JA, Stein RB, Eichele G, Evans RM, 
et al. 9-cis retinoic acid is a high affinity ligand for the retinoid X receptor. 
Cell 1992:68:397-406. 

{173) Chambon P. A decade of molecular biology of retinoic acid receptors. 
Faseb J 1996:10:940-54. 

{174) Blumberg B, Evans RM. Orphan nuclear receptors-new ligands and new 
possibilities. Genes Dev 1998:12:3149-55. 

{175) Agarwal C, Rorke EA, Irwin JC, Eckert RL. Immortalization by human 
papillomavirus type 16 alters retinoid regulation of human ectocervical 



158 

epithelial cell differentiation. Cancer Res 1991:51:3982-9. 

{176) Borger DR, Mi Y, Geslani G, Zyzak LL, Batova A, Engin TS, et al. Retinoic 
acid resistance at late stages of human papillomavirus type 16-mediated 
transformation of human keratinocytes arises despite intact retinoid 
signaling and is due to a loss of sensitivity to transforming growth factor-
beta. Virology 2000:270:397-407. 

{177) Hillemanns P, Tannous-Khuri L, Koulos JP, Talmage D, Wright TC, Jr. 
Localization of cellular retinoid-binding proteins in human cervical 
intraepithelial neoplasia and invasive carcinoma. Am J Pathol 
1992;141:973-80. 

{178) Darwiche N, Celli G, De Luca LM. Specificity of retinoid receptor gene 
expression in mouse cervical epithelia. Endocrinology 1994:134:2018-25. 

{179) Benbrook DM, Lu S, Flanagan C, Shen-Gunther J, Angros LH, Lightfoot 
SA. Biological assay for activity and molecular mechanism of retinoids in 
cervical tumor cells. Gynecol Oncol 1997:66:114-21. 

(780) Geisen C, Denk C, Gremm B, Baust C, Karger A, Bollag W, et al. High-
level expression of the retinoic acid receptor beta gene in normal cells of 
the uterine cervix is regulated by the retinoic acid receptor alpha and is 
abnormally down-regulated in cervical carcinoma cells. Cancer Res 
1997:57:1460-7. 

{181) Xu XC, Mitchell MF, Silva E, Jetten A, Lotan R. Decreased expression of 
retinoic acid receptors, transforming growth factor beta, involucrin, and 
cornifin in cervical intraepithelial neoplasia. Clin Cancer Res 1999:5:1503-
8. 

{182) Behbakht K, DeGeest K, Turyk ME, Wilbanks GD. All-trans-retinoic acid 
inhibits the proliferation of cell lines derived from human cervical 
neoplasia. Gynecol Oncol 1996:61:31-9. 

{183) Comerci JT, Jr., Runowicz CD, Fields AL, Romney SL, Palan PR, Kadish 
AS, et al. Induction of transforming growth factor beta-1 in cervical 



159 

intraepithelial neoplasia in vivo after treatment with beta-carotene. Clin 
Cancer Res 1997:3:157-60. 

{184) Eckert RL, Agarwal C, Hembree JR, Choo CK, Sizemore N, Andreatta-van 
Leyen S, et al. Human cervical cancer. Retinoids, interferon and human 
papillomavirus. Adv Exp Med Biol 1995;375:31-44. 

{185) Pirisi L, Batova A, Jenkins GR, Hodam JR, Creek KE. Increased 
sensitivity of human keratinocytes immortalized by human papillomavirus 
type 16 DNA to growth control by retinoids. Cancer Res 1992:52:187-93. 

{186) Khan MA, Jenkins GR, Tolleson WH, Creek KE, Pirisi L. Retinoic acid 
inhibition of human papillomavirus type 16-mediated transformation of 
human keratinocytes. Cancer Res 1993:53:905-9. 

{187) Creek KE, Jenkins GR, Khan MA, Batova A, Hodam JR, Tolleson WH, et 
al. Retinoic acid suppresses human papillomavirus type 16 (HPV16)-
mediated transformation of human keratinocytes and inhibits the 
expression of the HPV16 oncogenes. Adv Exp Med Biol 1994:354:19-35. 

{188) Sizemore N, Choo CK, Eckert RL, Rorke EA. Transcriptional regulation of 
the EGF receptor promoter by HPV16 and retinoic acid in human 
ectocervical epithelial cells. Exp Cell Res 1998:244:349-56. 

{189) Higo H, Duan C, Clemmons DR, Herman B. Retinoic acid inhibits cell 
growth in HPV negative cervical carcinoma cells by induction of insulin-like 
growth factor binding protein-5 (IGFBP-5) secretion. Biochem Biophys 
Res Commun 1997:239:706-9. 

{190) Hembree JR, Agarwal C, Beard RL, Chandraratna RA, Eckert R. Retinoid 
X receptor-specific retinoids inhibit the ability of retinoic acid receptor-
specific retinoids to increase the level of insulin-like growth factor binding 
protein-3 in human ectocervical epithelial cells. Cancer Res 1996:56:1794-
9. 

{191) Sah JF, Eckert RL, Chandraratna RA, Rorke EA. Retinoids suppress 
epidermal growth factor-associated cell proliferation by inhibiting 



160 

epidermal growth factor receptor-dependent ERK1/2 activation. J Biol 
Chem 2002;277:9728-35. 

{192) Sarma D, Yang X, Jin G, Shindoli M, Pater MM, Pater A. Resistance to 
retinoic acid and altered cytokeratin expression of human papillomavirus 
type 16-immortalized endocervical cells after tumorigenesis. Int J Cancer 
1996:65:345-50. 

(193) Bartsch D, Boye B, Baust C, zur Hausen H, Schwarz E. Retinoic acid-
mediated repression of human papillomavirus 18 transcription and 
different ligand regulation of the retinoic acid receptor beta gene in non-
tumorigenic and tumorigenic HeLa hybrid cells. Embo J 1992:11:2283-91. 

{194) Jechlinger M, Grunert S, Beug H. Mechanisms in epithelial plasticity and 
metastasis: insights from 3D cultures and expression profiling. J Mammary 
Gland Biol Neoplasia 2002:7:415-32. 

{195) Shindoh M, Sun Q, Pater A, Pater MM. Prevention of carcinoma in situ of 
human papillomavirus type 16-immortalized human endocervical cells by 
retinoic acid in organotypic raft culture. Obstet Gynecol 1995;85:721-8. 

{196) Narayanan BA, Holladay EB, Nixon DW, Mauro CT. The effect of all-trans 
and 9-cis retinoic acid on the steady state level of HPV16 E6/E7 mRNA 
and cell cycle in cervical carcinoma cells. Life Sci 1998:63:565-73. 

{197) Agarwal C, Hembree JR, Rorke EA, Eckert RL. Interferon and retinoic acid 
suppress the growth of human papillomavirus type 16 immortalized 
cervical epithelial cells, but only interferon suppresses the level of the 
human papillomavirus transforming oncogenes. Cancer Res 
1994;54:2108-12. 

{198) Schule R, Rangarajan P, Yang N, Kliewer S, Ransone LJ, Bolado J, et al. 
Retinoic acid is a negative regulator of AP-1-responsive genes. Proc Natl 
Acad Sci U S A 1991;88:6092-6. 

{199) Woodworth CD, Notario V, DiPaolo JA. Transforming growth factors beta 
1 and 2 transcriptionally regulate human papillomavirus (HPV) type 16 



161 

early gene expression in HPV-immortalizeci human genital epitlielial cells. 
J Virol 1990:64:4767-75. 

{200)  Cooney RV, Franke AA, Hankin JH, Custer LJ, Wilkens LR, Harwood PJ, 
et al. Seasonal variations in plasma micronutrients and antioxidants. 
Cancer Epidemiol Biomarkers Prev 1995:4:207-15. 

{201)  Franco E, Villa L, Rolian T, Ferenczy A, Petzl-Erler M, Matiasiiewski G. 
Design and metiiods of the Ludwig-McGill longitudinal study of the natural 
history of human papillomavirus infection and cervical neoplasia in Brazil. 
Ludwig-McGill Study Group. Rev Panam Salud Publica 1999:6:223-33. 

(202) Rodriguez-Amaya DB. Latin American food sources of carotenoids. Arch 
Latinoam Nutr 1999:49:74S-84S. 

(203) Thomson CA, Giuliano A, Rock CL, Ritenbaugh CK, Flatt SW, Faerber S, 
et al. Measuring dietary change in a diet intervention trial: comparing food 
frequency questionnaire and dietary recalls. Am J Epidemiol 
2003:157:754-62. 

(204) Bernard HU, Chan SY, Delius H. Evolution of papillomaviruses. Curr Top 
Microbiol Immunol 1994:186:33-54. 

(205) Rousseau MC, Pereira JS, Prado JC, Villa LL, Rohan TE, Franco EL. 
Cervical coinfection with human papillomavirus (HPV) types as a predictor 
of acquisition and persistence of HPV infection. J Infect Dis 
2001:184:1508-17. 

(206) van den Brule AJ, Snijders PJ, Gordijn RL, Bleker OP, Meijer CJ, 
Walboomers JM. General primer-mediated polymerase chain reaction 
permits the detection of sequenced and still unsequenced human 
papillomavirus genotypes in cervical scrapes and carcinomas. Int J 
Cancer 1990:45:644-9. 

(207) Nomura AM, Stemmermann GN, Lee J, Craft NE. Serum micronutrients 
and prostate cancer in Japanese Americans in Hawaii. Cancer Epidemiol 
Biomarkers Prev 1997:6:487-91. 



162 

(208) Miyagi M, Yokoyama H, Shiraishi H, Matsumoto M, Ishii H. Simultaneous 
quantification of retinol, retinal, and retinoic acid isomers by high-
performance liquid chromatography with a simple gradiation. J 
Chromatogr B Biomed Sci AppI 2001:757:365-8. 

(209) Dimitrova B, Poyre M, Guiso G, Badiali A, Caccia S. Isocratic reversed-
phase liquid chromatography of aii-trans-retinoic acid and its major 
metabolites in new potential supplementary test systems for 
developmental toxicology. J Chromatogr B Biomed AppI 1996;681:153-60. 

{210) Britton G. Structure and properties of carotenoids in relation to function. 
Faseb J 1995:9:1551-8. 

{211) Littell RM, GA Stroup, WW Wolfinger, RD. SAS Systems for Mixed 
Models. Gary, NC: 1996. 

{212) Cuzicl< J. A Wilcoxon-type test for trend. Stat Med 1985:4:87-90. 

{213) Diggle PJ LK-Y, Zeger SL. Analysis of Longitudinal Data. 1 ed. Oxford: 
Oxford Press: 1994. 

{214) Hardin J, Hilbe, JM. Generalized estimating equations. Boca Raton, PL: 
Chapman & Hall/CRC: 2003. 

{215) Rousseau MC, Franco EL, Villa LL, Sobrinho JP, Termini L, Prado JM, et 
al. A cumulative case-control study of risk factor profiles for oncogenic and 
nononcogenic cervical human papillomavirus infections. Cancer Epidemiol 
Biomarkers Prev 2000:9:469-76. 

{216) Soderlund MB, Sjoberg A, Svard G, Fex G, Nilsson-Ehle P. Biological 
variation of retinoids in man. Scand J Clin Lab Invest 2002:62:511-9. 

{217) Berggren Soderlund M, Fex G, Nilsson-Ehle P. Decreasing serum 
concentrations of all-trans, 13-cis retinoic acids and retinol during fasting 
and caloric restriction. J Intern Med 2003:253:375-80. 



163 

{218) Wyss R, Bucheli F. Determination of endogenous levels of 13-cis-retinoic 
acid (isotretinoin), all-trans-retinolc acid (tretinoin) and their 4-oxo 
metabolites in human and animal plasma by high-performance liquid 
chromatography with automated column switching and ultraviolet 
detection. J Chromatogr B Biomed Sci AppI 1997:700:31-47. 

{219) Fex GA, Larsson, K., Nilsson-Ehle, I. Serum concentration of aW-trans and 
13-c/s retinoic acid and retinol are closely correlated. J Nutr Biochem 
1996;7:162-5. 

(220) YamakoshI Y, Fukasawa H, Yamauchi T, WakI H, KadowakI T, Shudo K, 
et al. Determination of endogenous levels of retinoic acid Isomers In type II 
diabetes mellitus patients. Possible correlation with HbAlc values. Biol 
Pharm Bull 2002;25:1268-71. 

{221) Copper MP, Klaassen I, Teerlink T, Snow GB, Braakhuls BJ. Plasma 
retinoid levels in head and neck cancer patients: a comparison with 
healthy controls and the effect of retinyl palmitate treatment. Oral Oncol 
1999:35:40-4. 

(222) Yeum KJ, Ahn SH, Rupp de Paiva SA, Lee-Kim YC, Krinsky Nl, Russell 
RM. Correlation between carotenoid concentrations in serum and normal 
breast adipose tissue of women with benign breast tumor or breast 
cancer. J Nutr 1998:128:1920-6. 

(223) Tang G, Shiau A, Russell RM, Mobarhan S. Serum retinoic acid levels in 
patients with resected benign and malignant colonic neoplasias on beta-
carotene supplementation. Nutr Cancer 1995:23:291-8. 

{224) Lanvers C, Hempel G, Blaschke G, Boos J. Simultaneous determination of 
all-trans-, 13-cis- and 9-cls-retinoic acid, their 4-oxo metabolites and all-
trans-retinol in human plasma by high-performance liquid 
chromatography. J Chromatogr B Biomed AppI 1996;685:233-40. 

(225) WillettW. Nutritional Epidemiology. Vol 30. Second ed. New York: Oxford 
University Press; 1998. 



164 

(226)  Brock KE, Berry G, Mock PA, MacLennan R, Truswell AS, Brinton LA. 
Nutrients in diet and plasma and risk of in situ cervical cancer. J Natl 
Cancer Inst 1988;80:580-5. 

(227) Potischman N, Hoover RN, Brinton LA, Swanson CA, Herrero R, Tenorio 
F, et al. The relations between cervical cancer and serological markers of 
nutritional status. Nutr Cancer 1994;21:193-201. 

(228)  Beck MA. The influence of antioxidant nutrients on viral infection. Nutr Rev 
1998;56:S140-6. 

(229)  Bowie AG, O'Neill LA. Vitamin C inhibits NF-kappa B activation by TNF via 
the activation of p38 mitogen-activated protein kinase. J Immunol 
2000;165:7180-8. 

(230)  Nencioni L, luvara A, Aquilano K, Cirioio MR, Cozzolino F, Rotilio G, et al. 
Influenza A virus replication is dependent on an antioxidant pathway that 
involves GSH and Bcl-2. Faseb J 2003;17:758-60. 

(231)  Beck MA, Levander OA, Handy J. Selenium deficiency and viral infection. 
J Nutr 2003;133:1463S-7S. 

(232) Nees M, Geoghegan JM, Hyman T, Frank S, Miller L, Woodworth CD. 
Papillomavirus type 16 oncogenes downregulate expression of interferon-
responsive genes and upregulate proliferation-associated and NF-
kappaB-responsive genes in cervical keratinocytes. J Virol 2001;75:4283-
96. 

(233)  Moscicki AB, Shiboski S, Broering J, Powell K, Clayton L, Jay N, et al. The 
natural history of human papillomavirus infection as measured by 
repeated DNA testing in adolescent and young women. J Pediatr 
1998;132:277-84. 

(234)  Gravitt PE, Peyton CL, Alessi TO, Wheeler CM, Coutlee F, Hildesheim A, 
et al. Improved amplification of genital human papillomaviruses. J Clin 
Microbiol 2000;38:357-61. 



165 

(235) Vainio H, Rautalahti M. An international evaluation of the cancer 
preventive potential of carotenoids. Cancer Epidemiol Biomarkers Prev 
1998;7:725-8. 

(236) Mitchell MF, Hittelman WK, Lotan R, Nishioka K, Tortolero-Luna G, 
Richards-Kortum R, et al. Chemoprevention trials and surrogate end point 
biomarkers in the cervix. Cancer 1995;76:1956-77. 



APPENDIX A 

MANUSCRIPT 1 



167 

Temporal variation and identification of factors associated with endogenous retinoic 

acid isomers in serum from Brazilian women' 

Erin M. Siegel, Neal E. Craft, Denise J. Roe, Eliane Duarte-Franco, Luisa L. Villa, 
Eduardo L. Franco, and Anna R. Giuliano^ 

Cancer Prevention and Control Program, University of Arizona Cancer Center and 

Epidemiology and Biostatistics Division, Mel and Enid Zuckerman Arizona College 

of Public Health, Tucson, Arizona (EMS, DJR, ARG); Craft Technologies, Inc., 

Wilson, North Carolina (NEC); Ludwig Institute for Cancer Research, Sao Paulo, 

Brazil (LLV); Department of Oncology, McGill University, Montreal, Quebec 

Canada (EDF, ELF); and Department of Epidemiology and Biostatistics, McGill 

University, Montreal, Quebec Canada (ELF) 

Running Title: Variability and Factors Associated with Serum Retinoic Acid 

Word Count=4616 

Target Journal: Cancer Epidemiology, Biomarkers and Prevention 

KEYWORDS: retinoic acid, isomers, serum, variability, associations 



168 

CONDENSED ABSTRACT 

Retinoids (natural and sjoithetic derivatives of vitamin A) have cancer chemotherapeutic 

and chemopreventive activities. Here we assess the variability of circulating retinoic acid 

(RA) levels and the lifestyle, demographic and nutritional factors that explain such 

variability. Total RA concentration and the concentrations of RA isomers {d\\-trans, 13-

cis, and 9-cis RA) were measured by high-pressure liquid chromatography (HPLC) in 

serum samples obtained 4 months apart from 502 women participating in the Ludwig-

McGill Cohort, Sao Paulo, Brazil. The relative abundance of the three RA isomers was 

13-cw-RA having the highest concentrations, followed by 9-cw-RA and dM-trans-KA. 

The within person-variability of total RA and individual isomers was low. Using 

multivariate logistic regression models (upper tertile vs. low/middle tertiles of serum 

RA), we found that age, race, oral contraceptive use, total number of pregnancies, and 

season of initial blood draw were significantly associated with at least one endogenous 

retinoic acid isomer level. All endogenous RA isomers were positively associated with 

serum retinol, p-carotene and P-cryptoxanthin levels. These results have implications for 

the design of future epidemiological studies focused on assessing RA-disease association 

and intervention studies aimed at modulating RA levels. 
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ABSTRACT 

Objective: Retinoids (natural and synthetic derivatives of vitamin A) have cancer 

chemotherapeutic and chemopreventive activities. Retinoic acid (RA) treatment has been 

associated with significant regression of preneoplastic lesions. However, serious toxicity 

associated with some therapies has made long-term chemoprevention in healthy 

populations unfeasible. Recently serum RA has been shown to increase in response to 

oral retinol (vitamin A) supplementation. Here we assess the variability of circulating 

RA levels and the lifestyle, demographic and nutritional factors that explain such 

variability. Method: Total RA concentration and the concentrations of RA isomers (all-

trans, 13-cw, and 9-cis RA) were measured by high-pressure liquid chromatography 

(HPLC) in serum samples obtained 4 months apart from 502 women participating in the 

Ludwig-McGill Cohort, Sao Paulo, Brazil. Results: The relative abundance of the three 

RA isomers was similar for each visit (baseline and month 4), with 13-cw-RA having the 

highest concentrations, followed by 9-cw-RA and dXl-trans-RA. The within person-

variability of total RA and individual isomers was low. Using multivariate logistic 

regression models (upper tertile vs. low/middle tertiles of serum RA), we found that age, 

race, oral contraceptive use, total number of pregnancies, and season of initial blood draw 

were significantly associated with at least one endogenous retinoic acid isomer level. All 

endogenous RA isomers were positively associated with serum retinol, p-carotene and P-

cryptoxanthin levels. Conclusion: These results have implications for the design of 

future epidemiological studies focused on assessing RA-disease association and 

intervention studies aimed at modulating RA levels. 
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INTRODUCTION 

Retinoic acid (RA) is required for many biological processes including vision, 

development and reproduction (1-3). Retinoic acid mediates these activities by binding 

to nuclear retinoid receptors, members of the steroid hormone receptor superfamily (4), 

and altering transcriptional activity (1,5). To date, two families of receptors have been 

identified, retinoic acid receptor (RAR) and retinoid X receptor (RXR) (5). RAR binds 

diW-trans and 9-cis RA with equal affinity, whereas RXR preferentially binds 9-cis RA 

(6). Each receptor family has at least three subtypes (a, P, and y) and within these 

subtypes there are many different isoforms (7). Due to the different receptor isoforms 

retinoid receptors can interact with a diverse number of receptors forming homodimers 

and heterodimers not only with retinoid receptors but with other steroid hormone nuclear 

receptors as well, such as vitamin D receptors and the estrogen receptor (8). 

Through this potent activity as transcriptional regulators, retinoids (natural and 

synthetic derivatives of vitamin A) have been shown to be cancer chemotherapeutic and 

chemopreventive [see also (5, 9, 10) for reviews]. RA treatment {diW-trans RA) has been 

associated with significant regression of several preneoplastic lesions, including oral 

leukoplakia (11), cervical dysplasia (12) and actinic keratoses (5). Although retinoid 

chemoprevention is effective, there are toxicities associated with therapy such as varying 

degrees of teratogenicity and mucocutaneous cytotoxicity (5, 13). These toxicities make 

long-term chemoprevention among healthy populations with naturally occurring retinoic 

acid unfeasible. 13-cw RA (isotretinoin) and 4HPR (N-(4-hydroxyphenyl) retinamide, 

Fenretinide) have shown to have lower toxicities, but it remains unclear if these drugs are 
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able to induce retinoid receptor mediated changes. An alternative retinoid 

chemoprevention approach was to develop a method for increasing endogenous 

concentrations of RA. Such an approach was demonstrated to be feasible by Sedjo et. al. 

(14) who reported the modulation of endogenous RA following chemopreventive doses 

of retinyl palmitate. The focus of this paper is to examine if the variability of 

endogenous RA is associated with variability of dietary intake, implying that diet may 

modulate levels of RA safely. 

Prior to developing research and programs to modulate endogenous RA levels, a 

reliable method for measuring endogenous RA levels is required and an understanding of 

the factors that influence endogenous RA levels is needed. For over a decade, various 

methodologies have been reported for the detection of RA in serum (15-25). Recent 

improvements in high-pressure liquid chromatography (HPLC) methodologies have 

facilitated the measurement of endogenous RA within the context of epidemiological 

studies. The key improvements include an improved separation of three RA isomers and 

implementation of high throughput methods. Using refined methodology for measuring 

circulating RA levels, it is now possible to assess the variability of RA and the factors 

associated with endogenous RA levels. This information is essential to the design of 

fiiture epidemiological studies focused on assessing RA-disease associations and 

intervention studies aimed at modulating RA levels. 

Using blood samples collected four months apart in an ongoing prospective study, 

the Ludwig-McGill Cohort in Sao Paulo, Brazil, we investigated the variability of serum 

RA concentrations and its three major isomers {dX\-trans, IZ-cis, and 9-cis RA) over a 



172 

four-month period. We also examined whether certain lifestyle, demographic and 

nutritional factors are associated with the variability in such measurements. 

MATERIALS AND METHODS 

We utilized blood samples previously collected and stored as part of the Ludwig-

McGill cohort study of the natural history of human papillomavirus (HPV) infection and 

cervical neoplasia (26). Briefly, from 1993 to 1997, the Ludwig-McGill Cohort enrolled 

a systematic sample of 2,528 women attending a comprehensive maternal and child 

health maintenance program catering to low income families in the city of Sao Paulo, 

Brazil. The clinic setting where participants were being accrued is part of a network of 

primary, secondary, and tertiary health care institutions maintained by the municipal 

health department. Cohort participants were examined every four months in the first year 

and twice yearly, thereafter, for a total of five years. At each study visit, participants 

were interviewed based on a structured questionnaire specific for the current visit (26). 

The mean age at enrollment was 31 years (median age 33 years) (26). The institutional 

review boards and ethical committees of all institutions with which the authors are 

affiliated approved these protocols. Each study participant signed an approved informed 

consent document. 

Studv Sample: Of the 2,528 women in the cohort, we identified a sub-cohort of 

women (n=l,392), representing mostly those entering the study during the first two years 

(1993-1995) and who had provided long-term follow-up. We then selected the 846 

women who provided data and serum for all four visits within the first year. Of these 
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women, 810 had sufficient serum for RA analysis at visits 1 (month 0) and 2 (month 4). 

We then limited the study sample to those women that were HPV negative and had 

normal cervical cytology (n=502). 

Diet questiormaire: Information on the frequency of consumption of selected food 

items and the consumption of vitamin and mineral supplements was obtained at the 

second visit (month 4). Participants were asked to recall the usual frequency of 

consumption, during the past 5 years, of the following 15 food items: oranges, lemons, 

carrots, pumpkin, papaya, cauliflower, spinach, broccoli, lettuce, other vegetables, eggs, 

milk and yogurt, cheese, butter, and liver. These foods contributed substantially to 

variation in intake of carotenoids and tocopherols, among Brazilian women living in Sao 

Paulo. The food consumption-frequency categories were as follows: never, <1 

time/month, 2-3 times/month, 1-3 times/week, 4-6 times/week, and >1 time/day. Women 

in this study did not report a substantial consumption of vitamin and mineral supplements 

(27). 

Nutrient Intake Values: Diet provides retinol (preformed Vitamin A) in the form 

of retinol ester from animal products (liver, eggs, milk, cheese and butter) or as pro

vitamin A carotenoids (e.g. (3-carotene, a-carotene, and P-cryptoxanthin) (1-3). Through 

a series of controlled metabolic reactions, retinol and pro-vitamin A carotenoids are 

converted to retinoic acid, in vivo. Therefore, nutrient intake of vitamin A and carotenoid 

rich foods are the focus of this report. The determination of nutrient values for this 

population have been reported previously (27). In brief, nutrient values were calculated 

from the participants' reported dietary intake by use of the United States Drug 
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Administration's Continuing Survey of Food Intake of Individuals (CSFII-86) and 

Nationwide Food Consumption Survey (NFCS 87-88), unless Brazil-specific nutrient 

values were available. When available, food carotenoid values (e.g., P-carotene, 

lutein/zeaxanthin, and p-cryptoxanthin) were derived from published values for foods 

consumed in Sao Paulo, Brazil (28). Dietary-intake calculations used age-specific portion 

sizes for women, as described elsewhere (29). From these databases, nutrient values were 

obtained for vitamin A, carotenoids (a- and P-carotene, P-cryptoxanthin, and 

lutein/zeaxanthin), and vitamin C. 

Since the questionnaire used in this study was short, we examined the association 

between consumption of certain fruits and vegetables and corresponding serum 

concentrations of carotenoids. Serum concentrations of certain carotenoids were 

correlated with consumption of citrus fruits and carrots (27) in a group of 100 women. In 

addition, we evaluated the crude and energy-adjusted (30) associations between intake of 

carotenoids and semm concentrations of carotenoids and found stronger associations 

when the energy-adjusted intake values for carotenoids were used (data not shown). The 

primary purpose of energy-adjustment of nutrient values was to adjust for the tendency of 

individuals to consistently under- or over-report intake values when a frequency checklist 

is used (30). Therefore, all dietary intake analyses used energy-adjusted nutrient values. 

Sample Processing and Storage. All non-fasting blood samples (-10 ml) were 

collected by venipuncture into green top vacutainers by a trained nurse at the time of the 

clinic visit. The samples were centrifuged within 6-8 hours of collection. Aliquots (1 

ml) of serum were stored in 1.8 ml Nunc cryovials at -20°C in a non-frost free freezer 
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until shipped for analyses. Serum from the first two clinical visits (months 0 and 4) was 

utilized to measure retinoic acid. To address the known variability of serum carotenoids 

(31), we determined serum retinol and carotenoids in four serum samples obtained within 

the first year (months 0, 4, 8, and 12). 

Total serum cholesterol: Carotenoids and tocopherols are fat-soluble nutrients, of 

which uptake, transport and storage is associated with lipids (32). Therefore, the level of 

serum lipid, as measured by cholesterol, may influence the level of circulating 

carotenoids and tocopherols. To account for this effect, total serum cholesterol was 

assessed at the Visit 3 to enable adjustment for this potential confounding variable. Total 

cholesterol was determined by coupled enzymatic, colorimetric assay (Sigma kit #401-

25P) by Craft Technologies Inc (Wilson, NC). 

Serum Retinoic Acid HPLC Analvtical Procedures: Retinoic acid analyses were 

conducted on serum samples from the first two visits (months 0 and 4). The 9-cis- and 

all -trans-RA were purchased from Sigma Chemical Co. (St. Louis, MO) and IS-cw-RA 

was obtained from ICN Biomedicals (Aurora, OH). The following reagents were used 

for sample preparation and analysis: butylated hydroxytoluene (BHT), hexane, ethanol, 

methanol, acetonitrile, hydrochloric acid, sodium hydroxide, and acetic acid. All solvents 

were HPLC grade or equivalent and were used without fiirther treatment. 

Sample extraction and preparation was performed using a modification of the 

method reported by Miyagi et al. (15). After thawing 500 \xh aliquots of serum, samples 

were deproteinated with 500 i^L of acetonitrile/methanol (19:1) containing 0.01% BHT 

and made alkaline with 100 |JL of 2N sodium hydroxide. Samples were extracted by 
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vortex-mixing 45 s with 1.5 mL of hexane containing 0.025% BHT as an antioxidant. 

The organic phase was discarded. Samples were acidified with 200 i^L of 2N 

hydrochloric acid (HCl) and extracted 3x with 1.5 mL of hexane with BHT. The 

combined supernatant was evaporated under nitrogen. The residue was dissolved by 

vortex-mixing with 120 |j,L of mobile phase consisting of 75% acetonitrile, 5% methanol, 

and 20% of 1% acetic acid. The injection volume was 90 |j,L. 

The HPLC separation was performed using a modified method reported by 

Dimitrova et al. (16). HPLC analysis was performed using a ThermoSeparation Products 

liquid chromatograph with the following components: P4000 solvent delivery system, 

vacuum degasser, AS3000 autosampler, Spectra FOCUS scanning UV-visible detector, 

and PC 1000 computer-controlled data system (Fremont, CA). On the autosampler, 

samples were refrigerated at 10° C and the column was maintained at 30° C. RA isomers 

were monitored at 350nm. The analytical column was a Spherisorb 0DS2 (3|j,m, 

4.0x250mm) with Javelin guard column containing Keystone 0DS2, 3|j,m (Keystone 

Scientific, Inc., Bellefonte, PA). The mobile phase had a flow rate of 1 mL/min. 

Linear calibration curves were prepared consisting of three concentrations of 

retinoic acid isomers that spanned the physiological levels in serum. Quantification was 

performed by external standard calibration using peak area ratios. In-house quality 

control (QC) samples were analyzed at the beginning and end of each sample queue. The 

relative standard deviation of analytes in the QC samples ranged from 10-15%. This 

system had a limit of detection (LOD) of O.lng/mL and limit of quantification (LOQ) of 

0.3ng/mL (5 pmol/L). Samples below the LOQ were assigned a value half way between 
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zero and the lower limits of detection: these accounted for 10 (1%) dX\-trans-RA, 20 (2%) 

13-cw-RA, and 85 (8.5%) 9-cw-RA samples of the 1004 samples analyzed. 

Serum Retinol and Carotenoids HPLC Analytical Procedures: Archival serum from 

all four visits within the first year (months 0, 4, 8, and 12) on study were analyzed to 

detect retinol and carotenoids in serum using a modification of the procedures described 

by Nomura et al. (33). The percent coefficient of variation was 8% or less for retinol and 

all carotenoids measured. This HPLC system's LOQ was 0.004 ^ig/ml for the 

carotenoids. Of the total 2,008 samples analyzed over four clinical visits, the following 

number of samples (percent) were below the LOQ and assigned a value half way between 

zero and the lower limits of detection: retinol 2 (<0.1 %), a-cryptoxanthin 654 (33%), P-

cryptoxanthin 187 (9%), a-carotene 514 (26%), ^ran^y-P-carotene 296 (15%), cw-P-

carotene 621 (30%), lutein 10 (0.5%), and lycopene 425 (21%). Due to many samples 

being below the detectable limit for a-cryptoxanthin and a-carotene, these results will 

not be utilized in the analyses. Trans-^ carotene and cw-P-carotene were combined for a 

measure of total serum p-carotene. 

Statistical Analysis: Since retinoic acid concentrations were right skewed, we 

utilized nonparametric statistical methods for most analyses. Differences between month 

0 (visit 1) and month 4 (visit 2) were assessed using a Wilcoxon Rank Sum test and 

correlation between paired nutrient values was examined by calculating Spearman 

correlation coefficient. To assess the between- and within-woman variability of RA, we 

estimated a linear mixed effects model using logarithmically transformed nutrient values. 

Only samples that were above the detectable limit of the assay were included in this 
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analysis. The mixed models analyses were performed using PROC MIXED in SAS 

version 9.0, Gary, North Carolina (34). 

As the differences in RA concentrations were low between visits (Table 1), we 

calculated the mean of two retinoic acids measures per individual. We determined if 

there was a difference in the rank distribution of total RA and each isomer by lifestyle 

and demographic characteristics using the Wilcoxon rank-sum test (2 categories) or 

Kruskal-Wallis test (3 or more categories) without regard to the ordering. For factors that 

were ordered, a nonparametric test for trend, which is an extension of the Wilcoxon rank-

sum test (35), was used to test whether there was a significant trend across ordered 

groups. Spearman correlations were calculated between total RA and each isomer, serum 

retinol and serum P-carotene for each visit, adjusting for laboratory batch analysis. 

Multiple logistic regression was performed to estimate the magnitude of 

associations (odds ratio) and 95% confidence interval (CI) with RA levels and various 

socio-demographic and lifestyle factors. The study aim was to determine factors 

independently associated with elevated levels of RA, total and isomer specific. 

Therefore, we categorized women as having high values if their endogenous RA level fell 

within the upper tertile of the overall distribution and women as having low-to-medium 

levels if their level was below the upper tertile. Modeling began by using backwards-

stepwise logistic regression models to identify the lifestyle and demographics factors that 

were independently associated with total retinoic acid or individual isomers with a 

probability of removal set at 0.1. Factors that were considered in the first set of models 

were race (white vs. non-white), oral contraceptive (OC) use, total number of 
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pregnancies, smoking status, alcohol consumption, season of enrollment, education and 

income. Age, in intervals of five years, was included in all final models regardless of 

significance level. A stabilization of the Brazilian economy occurred in July 1994, nine 

months following initial enrollment in the study, which most likely effected women's 

social economic status and spending patterns. We found this to be associated with 

differences in serum carotenoids and controlled for this confounding variable by 

inputting an indicator variable (enrollment before July 1994 or after) into the final 

multivariate models. Finally, a difference in chromatographic results across HPLC run 

batches was observed. This was controlled statistically by including a variable for HPLC 

batch in all analyses. However, since the RA category was the same for all samples in 

two batches these data were dropped during statistical modeling (N=49 and N=107, 

respectively). As a result, a smaller number of women was included in these logistic 

regression models (N: 13-cw RA = 451, 9-cis RA = 393, and ?i\\-trans RA = 501). To 

assess the influence of these two batches on our modeling, we repeated the logistic 

regression analyses removing all samples from the specified batches and found no 

differences in our conclusions (data not shown). 

Using the above as a base model, we examined whether serum retinol and 

carotenoids (pro-vitamin A: P-carotene, a-carotene, and p-cryptoxanthin, others: lutein 

and lycopene) were independently associated with RA levels using multivariate logistic 

regression. In addition, we examined if RA levels were associated with increased 

vitamin A and pro-vitamin A carotenoid intake and consumption of select foods. To test 

for linear trends, we treated all nutrient variables as continuous in the multivariate logistic 



180 

regression models. Statistical significance was set at the 0.05 level and all analyses were 

two-sided. Univariate and logistic regression analyses were performed in Stata 7.0 

(College Station, TX) and mixed models analyses and adjusted spearman correlations 

were performed in SAS 9.0 (Gary, NC (36)). 

RESULTS 

The mean, median, and range of the concentrations of endogenous RA, retinol 

and P-carotene at each visit are presented in Table 1. Overall, total RA concentrations 

ranged from 0.81 ng/mL to 8.90 ng/mL (2.70 nmol/L - 29.6 nmol/L) at visit 1 and 0.44 

ng/mL to 9.91 ng/mL (1.46 nmol/L- 32.98 nmol/L) at visit 2 and did not differ by visit. 

Median endogenous concentrations at visit 1 for the 502 women were 1.30 ng/mL (range 

0.15-4.90), 1.10 ng/mL (range 0.15 - 3.23) and 0.76 ng/mL (range 0.15 - 3.17) for 13-cw 

RA, 9-cis RA and 2i\\-trans RA, respectively. The relative abundance of the three retinoic 

acid isomers was similar for each visit, with 13-c/5-RA having the highest concentrations, 

followed by 9-cis-RA and dW-trans-KA. Median serum retinol levels were significantly 

lower at visit 2 compared to visit 1. However, when assessed over four available visits, 

no significant difference in retinol across visits was observed (p=0.08) (data not shown). 

Spearman correlation coefficients for total RA, RA isomers, retinol and |3-

carotene between visits 1 and 2 are shown in Table 2. Total endogenous RA level over a 

four-month time period was highly correlated (Spearman rho=0.67), as were the three 

isomers, with 9-cis RA having the highest correlation (Spearman rho=0.79). The within 
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person-variability of total RA and individual isomers was low, with the between- to 

within-variance ratios ranging from 1.05 for 3.09 (Table 2). 

We also examined the association between RA isomer concentrations and lifestyle 

and demographic factors using the mean concentration of visits 1 and 2 for each woman 

(Table 3). Total RA and each of the RA isomers increased with age (p for trend < 0.001, 

diW-trans-RA p for trend < 0.05), increasing number of pregnancies (p for trend < 0.001, 

dX\-trans-RA p for trend < 0.05), and increasing level of serum retinol (p for trend < 

0.001). Median 13-cw-RA and 9-cis-RA levels increased with increasing income (p for 

trend < 0.001), while d\\-trans- RA decreased with increasing income (p for trend=0.02). 

For all factors examined, results were similar when RA concentrations were evaluated for 

visits 1 and 2 separately, rather than as the mean (data not shown). Median total RA and 

two isomers (13-cw-RA and 9-cis-RA) differed by cigarette smoking status (never, 

current or former). Median a\\-trans-RA was higher among white women compared to 

non-white women. 

Table 4 presents results of multivariate modeling of lifestyle and demographic factors 

independently associated with RA levels. Age, measured in 5-year intervals, was 

positively associated with total RA and 9-cis RA levels (Adjusted OR: 1.34, 95% CI 1.11 

- 1.62 and Adjusted OR: 1.62, 95% CI 1.34 - 1.95, respectively). Season of blood draw 

was significantly associated with \3>-cis RA and a\\-trans RA (Spring vs. Fall: Adjusted 

OR=0.36, 95% CI 0.15-0.85 and Adjusted OR=0.29, 95% CI 0.12 - 0.72, respectively). 

Table 5 presents independent associations between nutritional factors and serum RA. 

There were strong, positive associations among all retinoids and serum retinol, p-
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carotene and P-cryptoxanthin. RA isomer levels were not associated with serum lutein or 

lycopene. The associations between intake of specific nutrients and circulating 

concentrations of RA isomers are also reported in Table 5. Increased intake of vitamin A 

was significantly positively associated with 13-cw RA (adjusted OR==2.65, 95% CI 1.48 -

4.73) and 9-cis RA (adjusted OR=1.85, 95% CI 1.04 - 3.27) and marginally associated 

with total RA (Adjusted OR==1.74, 95% CI 0.98 - 3.08). Increased intake of P-carotene 

was positively associated with 13-cis RA (Adjusted OR=1.78, 95% CI 1.01-3.12). 

Increased consumption of liver, pumpkin, and oranges was significantly positively 

associated with RA levels (Total, 13-cis or 9-cis RA) and may be the contributing sources 

for the positive associations shown with vitamin A and P-carotene intake and serum RA 

levels (data not shown). 
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DISCUSSION 

We characterized total serum RA and three individual RA isomers (IS-cw, 9-cis, 

and dXX-trans RA) in a large sample of women and determined factors associated with 

these levels. The relative abundance of the three RA isomers was similar for each visit, 

with IS-cw-RA having the highest concentrations, followed by 9-cz5'-RA and 2i\\-trans-

RA. Overall, we observed a wide range of values for this population (total RA 0.71 -

7.79 ng/mL), which may reflect the heterogeneity of this sample of low-income Brazilian 

women. While the between-person variability was high, we observed low within-person 

variability of two measures of serum RA obtained approximately four months apart. 

Furthermore, various socio-demographic factors were related to retinoic acid 

level. Age, race, oral contraceptive use, total number of pregnancies, and season of 

initial blood draw were significantly associated with endogenous RA concentrations; 

however, factors significantly contributing to RA levels differed for each isomer. All 

endogenous RA isomers assessed in this study were positively associated with serum 

retinol, P-carotene, and |3-cryptoxanthin levels. Associations were confirmed by 

observing significant associations with pre-formed vitamin A intake and increased 

consumption of pro-vitamin A containing foods. These associations differed slightly for 

each RA isomer suggesting the possibility of independent mechanisms for modulating 

specific isomer level. Additional laboratory research and population studies are required 

to define the mechanisms leading to RA isomerization and factors that modify this 

process. At the present time, it would appear that the measurement of multiple isomers 
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of retinoic acid within epidemiological studies provide added information compared to 

analyses that only assess total endogenous retinoic acid level. 

The observed concentrations of \1-cis RA in these women were similar to 

previously published reports (17-20). Soderlund et al (17) reported an average 13-cw RA 

concentration of 1.35 ng/mL (range 1.26 - 1.5 ng/mL) in a small sample of Northern 

European women (mean age 36 years). Others reported higher values (21-23) of l3-cis 

RA which might reflect differences in study participants (e.g. diet, age, sex, or presence 

of benign disease) or laboratory methods. Sedjo et al. (14) assessed baseline levels of 

RA concentrations in a chemoprevention trial and found a relative abundance of each 

isomer similar to what we observed in this study (l3-cis RA > 9-cis RA > aW-trans RA). 

The variability of retinoic acid measures obtained approximately four months 

apart was examined. Levels of serum RA isomers were relatively stable within women, 

with ratios of between- to within-person variability all above 1.0. This stability was 

similar to the results published by Tang et al. (24) demonstrating no change in l3-cis RA 

and aW-tmns RA over a three month period in 13 healthy controls. Overall, Soderlund et 

al (17) reported within-person coefficients of variability of 13.4% for l3-cis RA and 

13.6% for all-trans RA, which were not influenced by period of menstrual cycle among 

17 women. The ratios of between- to within-person variability for l3-cis RA and all-

trans RA (1.57 and 1.17, respectively), were similar to those reported in this study (17). 

Yamakoshi et al (21) also found low between-day variances in serum RA isomers, all-

trans RA (CV=11% ) and 13-m RA (CV=8.4%) in six healthy subjects. Altogether, 
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these results would suggest that a single retinoic acid measurement might be sufficient to 

accurately classify a woman's retinoic acid level. 

Soderlund et al. (17) have reported seasonal variation for l3-cis RA, with lower 

mean values during winter and spring (November-March) compared to summer months; 

however these differences were small and were interpreted as being of little biological 

significance. In these Brazilian women, we found lower median values of \3-cis RA in 

summer and, in the multivariate analyses, women were significantly more likely to have 

lower X'i-cis RA levels in spring and summer compared to fall. In contrast to Soderlund 

et al (17), we found significant seasonal differences in ^\\-trans RA, with women more 

likely to have lower levels in the winter and spring, compared to fall. It might be that 

these seasonal differences might be due to differences in dietary intake, however we did 

not formally test this question. Future research in this area would need to be conducted. 

In this study, serum RA levels were positively associated with serum retinol and 

P-carotene levels. Our data were consistent with a previous study in patients with 

inflammation, which reported lower levels of serum retinol occurring together with low 

serum levels of RA (20). P-Carotene supplementation (30 mg/day) was demonstrated to 

increase serum levels of dXl-trans-KA after three months in patients with colon polyps 

(increase from 2.32 ± 0.26 to 3.00 ± 0.41 ng/ml); however, no increase in XZ-cis RA, total 

RA or retinol with supplementation were observed (24). Our results are further supported 

by a recent finding that supplementation with retinyl palmitate substantially increased 

endogenous RA levels, with dW-trans RA having the highest percent increase over time, 

followed by \l>-cis RA (14). 
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In this study, we are reporting serum levels of 9-cis RA ranging from below 

detection (0.3 ng/mL) up to 3.8 ng/ml and contributing to relatively high proportion of 

total RA. The most likely explanations for the elevated 9-cis RA levels include: 1) 

incomplete resolution of 9-cis retinoic acid from components in the matrix or other 

isomers, e.g. 9,\l)-dicis retinoic acid; 2) isomerization to 9-cis retinoic acid during long 

term storage at -20°C; and/or 3) unidentified dietary or environmental factors leading to 

elevated levels. Currently, we do not have a standard for 9,13-dicis retinoic acid to 

compare the retention time to determine if there was co-elution to address the first 

possible explanation. We have not seen significant isomerization when spiked samples 

were carried through our extraction and do not believe that artifacts were created during 

the extraction process. However, since the serum samples utilized in this study were not 

stored under ideal conditions at -80°C, the second explanation is a possibility. 

Lanvers et al. (25) report no degradation of d\\-trans RA or Ih-cis RA in plasma 

after 3 months storage at -20°C, whereas others have reported degradation of I3-cw-RA 

with long-term storage (19). To address this issue, we compared mean levels of RA in 

women among women enrolled two years apart and found that the mean RA levels were 

similar or elevated among samples obtained during the first year of enrollment compared 

to those obtained during the third year (data not shown). Therefore, our RA 

concentrations do not appear to be affected by serum storage conditions. In addition, we 

have comparable overall levels of total RA to other studies (17-20), and we have 

compared our study to one whose samples were stored ideally (14) and there were no 
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significant differences (data not shown). Further research in this area needs to be 

conducted to clarify these results. 

As with all observational studies, this study does have limitations that need to be 

recognized. Similar to other biological markers, the values of RA presented in this 

report may not reflect the absolute value of endogenous RA due to losses that may have 

occurred during storage or in the extraction process. However, the relative levels of each 

isomer should not have changed; therefore the associations found in this study are 

assumed valid. The magnitude of the associations will potentially be lower than the true 

association due to any methodological errors. Another potential limitation is that this 

study included Brazilian women only. Our results cannot be generalized to men but since 

we have no reason to believe that this relatively disease free sample of women is different 

from other groups of women, the results presented here may be of relevance to other 

female populations. 

The issue of multiple comparisons arises when analyzing nutritional data from 

large epidemiological studies in that a large number of statistical models are required. 

For the present study, we did not adjust the significance level but chose to evaluate each 

serum nutrient as individual associations. By using this approach, there is a chance that 

single spurious associations will be found based on the nature of statistical probabilities. 

Therefore, the issue of multiple comparisons needs to be considered when interpreting 

results. Conclusions should be made in light of consistency with other information and 

external to the study (37). The present study examined nutritional factors associated with 

serum retinoic acid utilizing three nutritional measures (i.e. serum nutrient levels, derived 
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nutrient intake levels, and reported consumption of specific foods). These three measures 

were utilized to examine the consistency of associations found with serum retinoic acid. 

Based on these three approaches, serum retinol, P-carotene and P-cryptoxanthin were 

consistently associated with serum retinoic acid levels. This consistency provides 

support that our results for this particular nutrient may not be a spurious association 

found by chance. 

The Ludwig-McGill Cohort offers a unique opportunity to assess the association 

between endogenous RA levels and lifestyle, demographic and nutritional factors in a 

sample of over 500 women. There are multiple serum samples available for 

measurement of RA allowing for the first assessment of RA variability over time, hi 

addition, serum retinol and carotenoids are available from four time points, a design that 

reduces the inherent variability of these measures and misclassification of serum nutrient 

level. Nutrient intake is estimated using Brazil specific carotenoid food content to 

increase accuracy in estimating carotenoid intake (27). 

Previous studies have administered RA to patient populations for possible 

regression of preneoplastic lesions. However, when RA is given orally, significant 

toxicities have been reported. These toxicities have decreased utilization of RA in some 

populations, specifically among reproductive age women. Through identification of 

factors that are associated with increased endogenous levels of RA, there is potential that 

modification of these factors will increase levels of RA, and this leads to prevention of 

pre-neoplastic lesions without the toxicity of supplemental treatment. This potential 

modification would be potentially beneficial to women of reproductive age, especially 
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women at risk for cervical cancer, for whom retinoic acid has been effective at regressing 

cervical dysplasia (12). Futures studies need to investigate whether increased levels of 

endogenous RA are associated with a decreased risk of pre-neoplastic cervical lesions. 
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Table 1: Endogenous Levels of Retinoic Acid, Retinol and p-Carotene in Brazilian Women^ 

Visit 1 Visit 2 
Mean + SD Median Range Mean + SD Median Range P-value'' 

Total Retinoic Acid (ng/mL) 3.21 
+ 

1.23 3.07 0.81 8.90 3.19 + 1.33 3.12 0.44 9.91 0.958 
C/s-isomer 

13-c/s F?A (ng/mL) 1.35 + 0.74 1.21 0.15 5.60 1.30 + 0.74 1.25 0.15 7.00 0.604 
9-cis RA (ng/mL) 1.02 + 0.58 1.06 0.15 3.90 1.05 + 0.59 1.08 0.15 3.83 0.445 

AII-frans-/somer (ng/mL) 0.83 + 0.39 0.76 0.15 3.50 0.83 + 0.45 0.76 0.15 5.14 0.810 

Retinol (|ig/mL) 0.465 + 0.169 0.437 0.007 2.083 0.446 + 0.172 0.416 0.075 1.998 0.012 

Total p-Carotene (ng/mL) 0.044 + 0.079 0.020 0.004 0.650 0.032 + 0.039 0.021 0.004 0.609 0.762 
a. N=502 

b. P-values testing the null hypothesis that the difference between visit 1 and visit 2 is zero using the Wilcoxon Rank Sum test 



Table 2: Spearman Correlation Coefficents, Between and WIthin-person Variances, 
Between-to-Within Ratio of Serum Retinoids 

Between-
Spearman person Within-person 

Correlation^ N'' Variance"^ Variance B/W Ratio 

Total Retinoic Acid (ng/mL) 0.67 502 0.122 0.068 1.796 

c/s-isomer 

13-c/s RA (ng/mL) 0.57 480 0.139 0.132 1.053 

9-c/s RA (ng/mL) 0.79 424 0.165 0.053 3.092 
AW-trans- isomer (ng/mL) 0.56 485 0.100 0.086 1.161 

a: All P<0.001 
b; Random Effects models were restricted to data above limit of quatitation, N varies by nutrient. Spearman 
Correlation coefficent incudes 502 women 
c: Log transformed nutrient values used in Random Effects analysis. 
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Table 3: Serum Total Retinoic Acid and Retinoic Acid isomer Concentrations in Women 

Stratified by Lifestyle and Demographic Characteristics^ 

Median Concentration (ng/mL) 

Age 
< 20 yrs 

20-29 yrs 
30-39 yrs 

> 40 yrs 

Ethnicity 
White 
Non-white 

N Total RA 13-c/s-RA 9-c/s RA All-frans RA 

p-trend^ 

21 

198 
176 
106 

328 
173 

2.75 
2.84 
3.46 
3.39 

< 0.001 

3.19 
3.07 

1.22 

1.11 

1.45 
1.32 

< 0.001 

1.30 
1.28 

1.04 
0.91 
1.22 

1.21 
< 0.001 

1.12 
1.07 

0.61 

0.74 
0.78 
0.79 

0.04 

0.79 ' 
0.71 

Cigarette Smoicing 
Never 
Current 
Former 

277 
147 
77 

3.09 ' 
3.20 
3.24 

1.22 ' 

1.33 
1.33 

1.09 ' 
1.13 
1.11 

0.74 
0.79 
0.76 

Alcohol 
Never 
^ 1 glass/week 
> 1 glass/week 

174 
262 

66 

3.20 
3.10 
3.25 

1.37 
1.25 
1.33 

1.10 

1.07 
1.22 

0.74 
0.79 
0.74 

Years Consuming Alcohol 
Never 174 3.20 
<5 years 113 3.18 
6-10 years 84 2.88 
11-15 year 38 3.25 
>15 yrs 73 3.36 

p-trend 0.78 

1.37 
1.35 
1.06 

1.25 
1.41 

0.81 

1.10 

1.10 

1.00 
1.14 
1.20 

0.80 

0.74 
0.70 
0.85 
0.90 
0.78 

0.06 

Oral contraceptive use 
Never 
< 6 years 
^ 6 years 

78 
276 
147 

p-trend 

3.16 
3.06 
3.40 

0.10 

1.41 
1.20 
1.39 

0.53 

1.07 
1.06 
1.20 

0.18 

0.73 
0.74 
0.80 

0.07 

Total # of Pregnancies 
0-1 

2-3 
> 4 

Education 
Illiterate 

< Elementary 
Elementary 

< High School 
S High School 

p-trend 

87 
214 
199 

35 
77 
283 
43 
63 

p-trend 

2.87 
3.02 
3.47 

<0.001 

3.19 
3.24 
3.10 
3.11 
3.26 

0.76 

1.11 
1.20 
1.41 

< 0.001 

1.33 
1.30 
1.29 
1.35 
1.38 

0.94 

1.01 
1.06 
1.18 

< 0.001 

1.23 
1.08 
1.10 
1.07 
1.13 

0.28 

0.72 
0.73 
0.80 

0.05 

0.74 
0.76 
0.75 
0.70 
0.84 

0.61 
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Table 3 - Continued 

Income (US$) 
<250 126 2.81 1.05 1.00 0.82 
250-450 123 3.13 1.20 1.07 0.75 
451-725 118 3.19 1.33 1.15 0.79 
>725 118 3.30 1.41 1.17 0.69 

p-trend <0.001 <0.001 <0.001 0.02 

Total # Household members 
1-3 108 3.15 1.25 1.10 0.87 
4 148 3.10 1.30 1.07 0.73 
5 119 3.28 1.30 1.13 0.73 
>6 126 3.11 1.32 1.10 0.73 

p-trend 0.99 0.34 0.96 0.04 

Season (visit 1)f 
Fall 198 3.20 " 1.38" 1.10" 0.82 
Winter 95 3.19 1.21 1.20 0.72 
Spring 99 3.10 1.31 1.05 0.62 
Sunnmer 110 2.55 0.85 0.81 0.83 

Total Serum Cholesterol (mg/dL) 
44- 134 126 2.83 1.19 0.99 0.73 

135- 160 118 3.28 1.38 1.11 0.73 
161 - 188 127 3.13 1.25 1.13 0.73 
189-386 129 3.37 1.34 1.20 0.84 

p-trend < 0.001 0.01 < 0.001 0.08 

Tertiles of Serum Retinol® 
Low (0.165-0.392 ng/ml) 165 2.88 1.19 1.00 0.71 
Medium (0.393 - 0.478 ng/ml) 177 3.19 1.33 1.12 0.73 
High (0.479- 1.550 ng/ml) 160 3.46 1.40 1.22 0.88 

p-trend <0.001 <0.001 <0.001 <0.001 

Tertiles of Serum (3 Carotene® 
Low (0.004-0.017 ng/ml) 165 2.98 1.27 1.05 0.67 
Medium (0.018-0.031 ng/ml) 159 3.22 1.32 1.15 0.82 
High (0.032 - 0.287 ng/ml) 178 3.33 1.30 1.17 0.83 

p-trend 0^6 0^9 0^27 < 0.001 

a: Mean retinoic acid concentration at visits 1 and 2 per Individual. 
b-d: Differences in retinoic acid concentration using Wilcoxon ranl<-sum test (2 categories) or the Krusl<al-Waliis test 
(3 or more categories): b) p-value < 0.001; c) p< 0.01; d) p< 0.05 
e: Nonparametric test for linear trend across ordered groups 
f: For Season of blood sampling, only visit 1 concentrations are shown. 
g: Tertiles distribution of mean of 4 measurements per women within 12 months 



Table 4: Associations of Total Retinoic Acid and Retinoic Acid Isomers with Lifestyle and 
Demographic Factors among Brazilian Women 

Total RA (n=451)' 13-cis RA (n=451)^ 

Low -
Med RA 
(N=281) 

High RA 
(N=170) 

Crude 

OR'' 
Adjusted OR"^ (95% 

CI) 

Low-Med 
RA 

(N=282) 
High RA 
(N=169) 

Crude 

OR" 
Adjusted OR'^ (95% 

CI) 

Age, Syr (Mean ± 
SD) 29 ± 8.3 35 + 8.5 1.42 1.34 (1.11 -1.62) 30 ± 8.6 33 ± 8.5 1.07 1.05 (0.89- 1.23) 

Race 
White 180 111 1.00 177 114 1.00 
Not-White 101 59 0.98 105 55 0.81 

Season (visit 1) 
Fall 105 77 1.00 97 80 1.00 1.00 Referent 
Winter 61 34 1.03 61 34 0.67 0.68 (0.32- 1.44) 
Spring 60 32 0.58 65 27 0.34 0.36 (0.15-0.85) 
Summer 55 18 0.65 60 23 0.42 0.45 (0.22 - 0.92) 

OC Use 
Never 41 31 1.00 1.00 Referent 43 29 1.00 
< 6 yrs 172 74 0.50 0.47 (0.24-0.91) 162 84 0.64 
> 6 yrs 68 65 1.17 0.89 (0.43-1.83) 77 56 0.93 

Total # ofPregnancie s 
0-1 61 16 1.00 1.00 Referent 55 22 1.00 
2-3 125 66 2.26 1.90 (0.91 - 3.97) 127 64 1.31 
>4 95 88 3.48 2.42 (1.13-5.18) 100 83 1.75 

a: Outpoint between low-medium RA level and High: Total RA 3.65 ng/nl; 13-cis RA 1.53 ng/nl; 9-cis RA 1.30 ng/^il; all-
trans RA 0.92 ng/(il 
b: Crude models are adjusted for laboratory analysis batch 

c: Adjusted simultaneously for all variables in the table for each specific RA isomer, laboratory analysis batch and economy 

K) 
o 
o 



Table 4 - Continued 

9-cis RA (n=393)' all-trans RA (N=501)^ 

Low-Med 
RA 

(N=233) 
High RA 
{N=160) 

Crude 

OR" 
Adjusted OR'^ (95% 

CI) 

Low-Med 
RA 

(N=334) 
High RA 
(N=168) 

Crude 

OR" 
Adjusted OR'^ (95% 

CI) 

29 ± 8.5 34 ± 8.3 1.57 1.62 (1.34- 1.95) 31 ± 8.6 32 ± 8.6 1.00 0.95 (0.81 -1.12) 

140 115 1.00 1.00 Referent 211 117 1.00 
93 45 0.58 0.63 (0.39- 1.02) 123 50 0.65 

89 65 1.00 112 86 1.00 1.00 Referent 
43 39 1.18 74 21 0.43 0.44 (0.21 -0.91) 
60 32 0.64 82 17 0.35 0.29 (0.12 - 0.72) 
42 24 0.74 66 44 0.66 0.86 (0.47- 1.58) 

38 27 1.00 55 23 1.00 
135 76 0.72 187 89 1.17 
60 57 1.31 92 55 1.43 

47 22 1.00 64 23 1.00 1.00 Referent 
100 61 1.28 147 67 1.16 1.19 (0.61 - 2.33) 
86 77 1.84 123 76 1.67 1.89 (0.93 - 3.85) 



Table 5: Association of Total Retinoic Acid and Retinoic Acid Isomers and Nutritional Factors 

A. Circulating Nutrients: 

Serum Retinol 

Low (0.165-0.392 n g/mL) 

Medium (0.393 - 0.478 n g/mL) 

High (0.479- 1.550^1 g/mL) 

p-trend 

Serum p Carotene 

Low (0.165-0.392 ^ g/mL) 

Medium (0.393 - 0.478 ^ g/mL) 

High (0.479- 1.550 g/mL) 

p-trend 

Serum P Cryptoxanthin 

Low (0.002-0.012 g/mL) 

Medium (0.013 - 0.029 [i g/mL) 

High (0.03 - 1.47^1 g/mL) 

p-trend 

Serum Lutien 

Low (0.009 - 0.027 \i g/mL) 

Medium (0.028 - 0.040 ^ g/mL) 

High (0.041-0.219 ^ g/mL) 

p-trend 

Serum Lycopene 

Low (0.002 - 0.0093 ng/mL) 

Medium (0.0094 - 0.018 ng/mL) 

High (0.0181 -0.1203 ^ig/mL) 

p-trend 

9-cis RA (ng/mL) (n=393^ A\\-trans RA (ng/mL1 rN=501) 

Low- High Crude Adjusted'^ Low - High Crude Adjusted'' Low - High Crude Adjusted^ Low - High Crude Adjusted'' 

Med RA OR' OR (95% CI) Med RA OR" OR (95% CI) Med RA OR' OR (95% CI) Med RA OR' OR (95% CI) 

103 37 1.00 1.00 95 45 1.00 1.00 83 31 1.00 1.00 119 45 1.00 1.00 

98 66 2.30 2.18 (1.20-3.95) 104 60 1.27 1.34 (0.76-2.36) 80 63 2.73 2.55 (1.43-4.54) 122 55 1.54 1.65 (0.93 - 2.95) 

78 68 3.38 3.32 (1.74-6.32) 83 63 2.04 2.30 (1.26-4.19) 69 66 4.21 3.84 (2.08-7.09) 92 67 3.34 4.04 (2.16-7.54) 

0.001 0.006 0.001 0.001 

93 51 1.00 1.00 93 51 1.00 1.00 101 40 1.00 1.00 110 40 1.00 1.00 

97 46 1.07 0.99 (0.53-1.84) 95 48 0.89 0.84 (0.45-1.56) 74 46 1.50 1.31 (0.72-2.38) 97 57 1.83 1.82 (0.98-3.39) 

62 68 4.23 4.58 (2.12-9.89) 69 61 3.04 3.17 (1.48-6.77) 36 67 4.98 4.86 (2.22-10.63) 100 60 2.08 3.04 (1.42-6.55) 

0.001 0.008 0.001 0.004 

116 44 1.00 1.00 107 53 1.00 1.00 111 40 1.00 1.00 124 44 1.00 1.00 

90 61 2.14 1.97 (1.09-3.56) 95 56 1.21 1.20 (0.68-2.14) 81 51 1.56 1.22 (0.69-2.16) 107 59 1.63 1.82 (1.03-3.23) 

73 66 4.19 3.76 (1.89-7.48) 80 59 2.04 2.24 (1.14-4.42) 40 69 4.32 3.21 (1.65-6.26) 102 64 1.82 2.39 (1.23-4.64) 

0.001 0.022 0,001 0.000 

109 46 1.00 1.00 102 53 1.00 1.00 92 45 1.00 1.00 119 49 1.00 1.00 

90 63 1.45 1.38 (0.78-2.45) 89 63 1.38 1.21 (0.69-2.11) 78 56 1.27 1.07 (0.61 -1.89) 109 58 1.1 1.18 (0.68-2.07) 

80 63 2.22 2.12 (1.17-3.83) 91 52 1.41 1.35 (0.76-2.41) 62 59 1.85 1.55 (0.86-2.79) 105 60 1.23 1.57 (0.89-2.76) 

0.013 0.36 0.147 0.720 

109 52 1.00 1.00 108 53 I.QO 1.00 104 45 1.00 1.00 120 52 1.00 1.00 

92 60 1.29 1.15 (0.65-2.04) 93 59 1.05 1.06 (0.60-1.87) 82 54 1.44 1.37 (0.78-2.42) 102 60 1.35 1.31 (0.75-2.27) 

78 59 1.72 1.56 (0.77-3.16) 81 56 1.53 1.55 (0.77-3.11) 46 61 2.00 1.70 (0.83-3.49) 111 55 0.93 1.15 (0.59-2.25) 

0.230 0.253 0.129 0.580 

K) 
O to 



Table 5 - Continued 

B. Energy Adjusted Nutrient Intake Value: 

Vitamin A (RE) 

Low 109 41 1.00 1.00 110 40 1.00 1.00 - 97 40 1.00 1.00 - 122 46.00 1.00 1.00 -

Medium 86 65 1.99 1.90 (1.07-3.38) 89 62 2.45 2.33 (1.31 -4.17) 71 58 1.78 1.70 (0.96- 3.02) 105 62.00 1.18 1.17 (0.68- 2.02) 

High 86 65 1.90 1.74 (0.98-3.08) 84 67 2.75 2.65(1.48 - 4.73) 66 62 2.00 1.85 (1.04- 3.27) 107 60.00 1.07 1.04 (0.60- 1.81) 

p-trend 0.063 0.001 0.03Q 0.917 

a-carotene (ug/mg) 

Low 91 57 1.00 1.00 96 52 1.00 1.00 - 80 52 1.00 1.00 - 111 57 1.00 1.00 -

Medium 95 58 0.95 0.89 (0.51-1.57) 100 53 1.02 0.97 (0.56 -1.69) 75 56 1.13 0.94 (0.54 - 1.66) 106 61 1.23 1.19 (0.70- 2.03) 

High 95 56 0.80 0.70 (0.40-1.24) 87 64 1.25 1.25 (0.72 -2.17) 79 52 0.89 0.78 (0.44 - 1.38) 117 50 1.10 0.72 (0.42 - 1.25) 

P'trend 0.227 0.419 0.391 0.245 

^-carotene (ug/mg) 

Low 95 54 1.00 1.00 101 48 1.00 1.00 - 77 58 1.00 1.00 - 119 49 1.00 1.00 -

Medium 91 59 1.26 1.21 (0.68-2.13) 93 57 1.56 1.57 (0.88 - 2.78) 77 51 0.86 0.73 (0.41 - 1.29) 107 60 1.12 1.23 (0.71 - 2.13) 

High 95 58 1.11 1.07 (0.61-1.90) 89 64 1.90 1.78 (1.01 -3.12) 80 51 0.84 0.71 (0.41 - 1.26) 108 59 0.72 1.08 (0.63- 1.85) 

p-trend 0.826 0.049 0.252 0.820 

fi-cryptoxanthin (ug/mg) 

Low 98 51 1.00 1.00 94 55 1.00 1.00 - 76 53 1.00 1.00 - 118 50 1.00 1.00 -

Medium 94 58 1.11 1.02 (0.57-1.81) 100 51 0.97 0.97 (0.55 -1.70) 76 58 1.13 0.96 (0.55 -1.69) 112 55 1.10 1.08 (0.63- 1.87) 

High 89 63 1.49 1.39 (0.79-2.48) 89 63 1.41 1.39 (0.80 -2.41) 82 50 0.91 0.73 (0.41 -1.31) 104 63 1.56 1.60 (0.93 - 2.77) 

p-trend 0.249 0.232 0.291 0.088 

Lutien (ug/mg) 

Low 97 52 1.00 1.00 94 55 1.00 1.00 - 75 54 1.00 1.00 - 119 49 1.00 1.00 -

Medium 97 55 1.06 1.00 (0.56-1.78) 104 48 0.92 0.93 (0.53 -1.63) 78 54 1.04 0.89 (0.51 - 1.57) 109 58 1.22 1.17 (0.68- 2.01) 

High 87 64 1.51 1.44 (0.81-2.54) 85 66 1.56 1.57 (0.90 -2.72) 81 52 0.95 0.80 (0.45- 1.41) 106 61 1.57 1.63 (0.94 - 2.83) 

p-trend 0.206 0.101 0.434 0.080 

a Crude model adjusted for analysis batch 

b Logistic regression model adjusted simultaneously for variable in the table 5 for total RA and each isomer, laboratory analysis batch and economy. Cholesterol is included in model for serum retinol and P -carotene 

to 
o 
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ABSTACT: 

Background: Although oncogenic HPV infections have been established 

as the necessary cause of cervical cancer, most HPV infections are transient and 

rarely progress to significant cervical lesions. Current research is focused on 

identifying factors associated with viral persistence and clearance. The purpose 

of this study is to determine the association of circulating retinoic acid (RA), a 

potent regulator of epithelial cell differentiation and growth, and early events in 

cervical carcinogenesis, specifically HPV clearance and viral load. Methods: 

Using blood samples archived from 407 women participating in the Ludwig-

McGiil Cohort in Sao Paulo, Brazil, we investigated the association between 

concentrations of three RA isomers {aW-trans, 13-c/s- and 9-c/s-RA) and time to 

type-specific HPV clearance within a 12-month period. RA levels were 

determined at months 0 and 4 by high-pressure liquid chromatography (HPLC). 

Probability of clearing a type-specific HPV infection was estimated using Cox 

proportional hazard models. Results: Endogenous levels of aW-trans RA were 

positively associated with an increased probability of clearing a type-specific HPV 

infection. Women with aW-trans RA in the highest fertile had a shorter duration of 

type-specific HPV infection. Reduction of HPV viral load was associated with 13-

c/s retinoic acid levels take four months prior to viral load measure. Conclusions: 

Higher endogenous retinoic acid concentrations may increase the probability of 

clearing both oncogenic and nononcogenic HPV infection thereby decreasing risk 

of cervical disease in high-risk women. 
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INTRODUCTION 

Human papillomavirus (HPV) infection lias been shown to cause virtually 

all cases of cervical cancer, the second leading cancer among women worldwide 

(1). Prospective studies have shown that women with persistent HPV infections 

are more likely to develop cervical lesions compared to women with transient 

HPV infections (2). Although oncogenic HPV infections have been established 

as the necessary cause of cervical cancer, most HPV infections are transient and 

rarely progress to significant cervical lesions (3). Current research is focused on 

identifying factors that could potentially alter the lifecycle of HPV during an 

infection and, therefore, are associated with viral persistence and clearance. 

Activity of HPV in cervical cells is tightly associated with epithelial cell 

differentiation (4) and factors that regulate differentiation may be related to the 

maintenance of an HPV infection. We sought to determine if the duration and 

viral burden of cervical HPV infections are associated with endogenous levels of 

retinoic acid (RA), a potent regulator of epithelial cell differentiation and growth 

(5) .  

Retinoic acid is the biologically active form of vitamin A, which is obtained 

from the diet as retinol esters or as pro-vitamin A carotenoids (6). There is 

evidence that vitamin A and pro-vitamin A carotenoids are associated with 

decreased risk of cervical neoplasia (7); however, the most compelling results 

have been reported from chemoprevention trials (8). Several clinical trials with 

retinoic acid or retinoic acid derivatives have been conducted to examine the 



209 

ability of this compound to induce regression of cervical dysplasia (8-12). 

Meyskens et al. (8) reported a histological regression rate of 47% of patients with 

CIN II randomized to the topical aW-trans retinoic acid group compared to 27% 

regression in the placebo group. The protective activity of retinoic acid treatment 

is not sustained for high-grade lesion regression (e.g. CIN III) (8) or in reduction 

of cancer recurrence (13-15). This differential activity of retinoic acid between 

early and late stages of cervical disease suggests that retinoic acid may be most 

active during early stages of cervical carcinogenesis (16), at which point HPV is 

establishing itself as a persistent infection. This hypothesis is supported by in 

vitro observations during early passage of HPV infected foreskin keratinocyte 

(HKc): there is a reduction in HPV associated cellular proliferation and HPV 

oncogenic expression with retinoic acid treatment, followed by retinoic acid 

resistance in late-passage HPV-16 immortalized HKc (16). 

The purpose of this study was to determine the association of circulating 

retinoic acid and early events in cervical carcinogenesis, specifically HPV 

clearance and viral load among women participation in the Ludwig-McGill Cohort 

study in Sao Paulo, Brazil. We measured endogenous levels of RA and three 

isomers (13-c/s RA, 9-c/s RA, and aW-trans RA) at the baseline and month four 

visit and assessed association with type specific oncogenic and nononcogenic 

HPV clearance over a 12-month period. 
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METHODS 

The Ludwig-McGill Cohort Study is an epidemiologic cohort investigation 

focused on the natural history of HPV infections among women attending a 

comprehensive maternal and child health maintenance program catering to low-

income families, in Sao Paulo, Brazil between 1993 to 1997 (17). The clinic 

setting where participants were accrued is part of a network of primary, 

secondary, and tertiary health care institutions maintained by the municipal 

health department. Cohort participants were examined every four months in the 

first year, and twice yearly thereafter for a total of five years. Over the course of 

this observational study, not all women returned at the designated time points for 

follow-up, which led variability in time between study visits. On average, women 

identified for this present study returned for their month 12 visit 13.4 + 3.4 months 

(Range 11 - 50 months) following enrollment. At each study visit, participants 

were interviewed based on a structured questionnaire specific for the current visit 

(17). The institutional review boards and ethical committees of all institutions, 

with which the authors were affiliated, approved these protocols. Each study 

participant signed an approved informed consent document. 

Study Sample: Of the 2,528 women in the cohort, we identified a sub-

cohort of women (n=1,392), representing mostly those entering the study during 

the first two years (1993-1995) and who provided long-term follow-up. From this 

sub-cohort (n=1,392), we selected women who had complete HPV data and 

serum available from all four visits within the first year (n=846), of which 818 had 
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normal/ASCUS cytology at enrollment and complete serum RA analysis at 

baseline and month 4. Of these 819 women, 407 tested positive for HPV at least 

once out of the first four visits, and 412 women were HPV negative at all four 

visits. To study the association between HPV clearance and serum retinoic acid 

levels, only the 407 women who tested positive for HPV in any one of the four 

evaluations were included in this analysis. 

Cervical cell specimens. At each of the visits, an accelon biosampler 

was used to collect a sample of ectocervical and endocervical cells. After the 

smear was prepared on a glass slide and fixed in 95% ethanol, the sampler 

containing exfoliated cells was immersed in a tube containing Tris-EDTA buffer 

(pH 7.4), was swirled to release the adhered cells, and was maintained at the 

clinic for, at most, 5 days at 4°C. Once they were brought to the laboratory at the 

Ludwig Institute, the tubes containing cell suspensions were frozen until testing. 

IHPV DNA detection methods-polvmerase chain reaction (PCR) 

methods. All HPV analyses were performed at the Ludwig Institute for Cancer 

Research, Sao Paulo, Brazil. Cervical-specimen DNA was extracted and purified 

in accordance with standard techniques. In brief, cells were digested with 100 

ng/mL proteinase K for 3 hours at 55°C, followed by organic extraction and 

ethanol precipitation. Specimens were tested for the presence of HPV DNA by a 

previously described PCR protocol amplifying a highly conserved 450-bp 

segment in the LI viral gene (flan[<ed by primers MY09/11) (18, 19). Typing of the 
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amplified products was performed by iiybridization with individual oligonucleotide 

probes specific for all 27 HPV genital types wliose nucleotide sequences for 

probes within the MY09/11 fragment have been published elsewhere (19), 

namely types 6/11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51-59, 66, 68, 73, 82, 

83, and 84 . The PGR amplification products were further tested by restriction 

fragment-length polymorphism (RFLP) analysis of the LI fragment (20), to resolve 

dubious results from the dot-blot hybridization and to distinguish among HPVs 

that could not be typed by dot-blot hybridization with the specific probes. This 

allowed us to extend the detection range to >40 genital HPV types, including HPV 

types 32, 34, 44, 62, 64, 67, 69-72, GP6108, and IS39. Amplified products that 

hybridized with the generic probe but not with any of the type-specific probes and 

that also did not produce a recognizable band pattern in the RFLP analysis were 

considered to be positive for HPV of unl<nown types. Using the expanded 

classification system of Bauer et al. (21), HPV types are grouped as follows; 

oncogenic infections (HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 

and 68) and non-oncogenic infections (all other 27 HPV types considered). 

Measurement of Viral Load: All cervical specimens found to be positive 

with the main PGR protocol (MY09/11) were retested by quantitative, low-

stringency PGR (LS-PGR) to measure viral burden in exfoliated cervical ceils. 

General primers that detect a broad spectrum of HPVs were used (22). This 

modified system employed low stringency conditions to co-amplify the specific 

HPV DNA fragment along with sequences from the human genome present in 
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the starting PGR mixture. Standards consisting of mixtures containing varying 

amounts of reference HPV 16 plasmid added to constant background of normal 

human DNA were included in duplicate In every assay. In addition, control 

samples consisting of DNA from two cervical carcinoma cell lines with known 

quantities of HPV copies were included in duplicate In every assay. The silver-

stained gel bands corresponding to the HPV and to the constant human genome 

fragments were quantified by densitometry (23). The logarithm of the ratio 

between these two bands was directly proportional to the logarithm of the amount 

of HPV DNA In the Individual samples. Proper quantification was obtained by 

linear interpolation in a standard curve constructed with the results from control 

mixtures. Viral load output was number of HPV copies per cell. 

Serum Sample Processing and Storage. All non-fasting blood samples 

(-10 ml) were collected by venipuncture Into vacutalners by a trained nurse at 

the time of the clinic visit. The samples were centrlfuged within 6-8 hours of 

collection. Allquots (1 ml) of serum were stored in 1.8 ml Nunc cryovials at -

20°C In a non-frost free freezer until shipped for analyses. 

High-pressure liguid chromatography (HPLC) analysis of serum retinoic 

acid: Retinoic acid analyses were conducted for serum samples from the first 

two visits (months 0 and 4) using a modification of a method initially reported 

Horst et al. (24). The relative standard deviation of analytes in the QC samples 

ranged from 10-15%. Samples below the detectable limit of the assay (0.3 ng/ml 

or 5 pmol/L) were assigned a value half way between zero and the lower limits of 
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detection, which consisted of 31 (4%) aW-trans-RA, 38 (5%) 13-c/s-RA, and 120 

(15%) 9-c/s-RA samples of the 814 samples analyzed. 

Statistical Analysis: Tertiles of each RA isomer were calculated on the 

basis of the overall nutrient distribution at each visit, creating time-dependent 

variables. Serum RA levels were assumed to be constant following the month 4 

visit. There was a difference in chromatographic results across HPLC batches, 

which was statistically controlled for by including a variable for HPLC batch in all 

analyses. 

The relationship between the serum retinoic acid and time to clearance of 

type-specific HPV infection was assessed. This analysis was based on 407 

women who were HPV positive at baseline and those who developed an incident 

infection during follow-up. Time to HPV clearance was defined as the number of 

months to first negative HPV test occurring after previously positive HPV test(s) 

or until the last visit (month 12) if the participant remained positive throughout the 

study period. Type-specific clearance was grouped by oncogenicity, with women 

considered to have cleared an oncogenic infection if she was no longer positive 

for the specific type grouping that was originally detected, even if the cervical 

specimen was positive for a different viral type within the same group or within 

the nononcogenic grouping. Probability of maintaining an HPV infection present 

at baseline or an incident infection during follow-up was examined by estimating 

the Kaplan Meier survivor function. Missing values during follow-up were treated 

as censored observations unless there was a subsequent result at a later visit. 
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Multivariate Cox proportional hazards modeling was conducted to obtain the 

adjusted hazard ratios (AHR) and 95% confidence interval (95% CI). Several 

variables that could potentially confound the associations were considered; 

including those previously associated with persistence of HPV infection (25) and 

serum retinoic acid levels. Only those factors that altered the risk estimate by 

>10% were retained in the final multivariate model (income, education, age, 

marital status, race and age at first intercourse). Tests for trends were performed 

by treating all categorical nutrient variables as continuous, in the multivariate 

models 

We examined the association of serum retinoic acid and HPV viral load at 

each visit. A viral load measure was considered to be low if HPV results were 

obtained by PCR (MY09/11) but LS-PCR was below the detectable limit. High 

viral load was detected by PCR and quantified by LS-PCR. To identify the time 

at which serum retinoic acid was associated with viral load, we conducted 

separate analyses with increasing time interval (n) between exposure (serum 

retinoic acid level) and outcome assessment (viral load). The time intervals 

considered were 0 months (simultaneous assessment), 4, 8 or 12 months. In 

this strategy, women could contribute multiple time windows in each series of 

analyses (e.g. enrollment to four months and four months to eight months). 

Women were only included in these analyses if they were HPV positive at the 

time of exposure (retinoic acid) assessment with normal/ASCUS cytology, 

however they could have lost their HPV infection at time of viral load. Since 
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multiple viral load measurements within a woman were correlated, a generalized 

estimating equation (GEE) model approach for time-dependent longitudinal data 

was used for analysis (26, 27). The GEE model adjusts for the serial correlation 

within subjects due to the longitudinal nature of the viral load data by modeling 

the covariance structure within subjects. As the dependent variable was the 

presence or absence of high viral load the logit link function was used. The 

independence working correlation structure with a robust variance estimator was 

selected as the best-fitted covariance pattern, using the Quasilikeiihood 

Information Criterion (QIC) (27). Since viral load may depend on the time since 

the previous measurement, a time variable was included as a design factor 

(independent variable) in all GEE models. All statistical tests performed were 2-

sided. Statistical analyses were performed by use of Intercooled STATA (Version 

7.0; Stata). 

RESULTS 

Characteristics of study sample. The 407 women in these analyses 

attended all four follow-up visits. Among these women, 167 tested positive for the 

same HPV type at two or more consecutive visits and 240 tested positive only 

once or at nonconsecutive visits. Table 1 presents the demographic 

characteristics of this study sample. The median age for this group of women 

was 31 years, which was not different from the median age of all HPV positive 

women enrolled in the cohort. Most participants were white (61%), married or in 
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a common law marriage (70%), and not well educated, with 55% of the sample 

only have attended elementary school or less. At least 80% of these women 

reported more than two pregnancies and 57% reported using oral contraceptives 

for less than six years. A majority of these women were ever smokers (53%), 

with 36% reporting current smoking. Fifty six percent of participants reported age 

of first sexual intercourse under age 18 and 25% had more than four lifetime 

sexual partners. The relative abundance of retinoic isomers in this sample was 

highest for 13-c/s retinoic acid (1.32 + 0.61 ng/mL), followed by 9-c/s retinoic acid 

(1.05 + 0.57 ng/mL) and all-trans retinoic acid (0.83+0.38 ng/mL) (Table 2). 

Table 3 presents the risk of type-specific HPV clearance by circulating 

retinoic acid levels, stratified by oncogenic and nononcogenic type infections. 

The probability of clearing both oncogenic and nononcogenic HPV infections was 

positively associated with serum levels of aW-trans retinoic acid. Specifically, 

women were 1.82 times more likely to clear an oncogenic HPV infection if their 

serum aW-trans retinoic acid levels were in the middle tertile compared to women 

with the lowest levels. The probability of clearing nononcogenic HPV infections 

was also positively associated with serum retinoic acid levels (Medium: 

AHR=1.67, 95% CI 1.09-2.57; High; AHR=1.46, 95% CI 0.93-2.28). The 

cumulative probability of clearing a type-specific oncogenic or nononcogenic 

infection by aW-trans retinoic acid levels adjusted for laboratory analysis batch is 

presented in Figure 1. Higher concentrations of aW-trans retinoic acid were 

associated with a shorter duration of non-oncogenic and oncogenic HPV 
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infections (p=0.01 and p=0.05, respectively). The median duration of a 

nononcogenic HPV infection was 12.3, 12.1, and 9.8 months for the lowest, 

middle and highest tertile of aW-trans retinoic acid, respectively. Serum aW-trans 

retinoic acid level in the middle tertile were associated with shorter duration of 

oncogenic HPV infections compared to the lowest level (median time to 

clearance: 12.1 months vs 12.9 months, respectively) but this did not appear to 

be sustained for the highest level (median time to clearance 12.4 months). Over 

the course of this observational study, not all women returned at the designated 

time points for follow-up, which led variability in time between study visits. On 

average, women identified for this present study returned for their month 12 visit 

13.4 + 3.4 months (Range 11 - 50 months) following enrollment. 

Table 4 presents the association of HPV viral load and serum retinoic acid 

levels. We examined not only concurrent viral load and retinoic acid measure (0 

months apart), but the association between serum retinoic acid levels and 

subsequent viral load measures at 4, 8 or 12 months. We observed marginally 

significant positive associations with high viral load and serum retinoic acid in the 

highest tertile, {aW-trans RA: Adjusted OR: 1.79, 95% CI 0.93 - 3.45) measured 

at the same visit compare to the lowest tertile. Circulating 13-c/s RA level 

measured four months prior was inversely associated with high viral load (middle 

tertile vs lowest: Adjusted Odds ratios; 0.34, 95% CI 0.13-0.85). 
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DISCUSSION 

This is the first study to examine associations of circulating levels of 

retinoic acid and clearance of type-specific HPV infections. In this study, higher 

endogenous aW-trans retinoic acid concentrations were associated with increased 

probability of clearing both oncogenic and non-oncogenic HPV infections. 

Women with mid to high levels of serum aW-trans retinoic acid had shorter 

durations of infection. We found that serum 13-c/s retinoic acid, but not aW-trans 

retinoic acid, was inversely associated with high viral load at the subsequent four 

month visit. 

The mechanism by which aW-trans retinoic acid may increase the 

likelihood of clearing an HPV infection is unknown; however there is indirect 

evidence for a protective effect of retinoids in cervical carcinogenesis. This 

indirect evidence stems from epidemiological research involving the precursors 

of retinoic acid (vitamin A and pro-vitamin A carotenoids). We previously have 

shown these precursors to be highly associated with serum retinoic acid levels in 

this study sample. Inverse association have also been observed for vitamin A 

and pro-vitamin A carotenoids (dietary intake and circulating levels) and risk of 

cervical dysplasia (28-31) and invasive cervical cancer (30, 32). Prospective 

studies have demonstrated decreased risk of persistent HPV infection with higher 

dietary intake of pro-vitamin A carotenoids lutein (33, 34), |3-cryptoxanthin (33) 

and vegetables (34). 
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Retinoids (natural and synthetic derivatives of vitamin A) have been 

shown to be both cancer chemotherapeutic and chemopreventive [see (5, 35, 36) 

for reviews]. In a placebo controlled chemoprevention trial among women with 

cervical intraepithelial lesions (CIN), Meysl<ens et al. (8) report a histological 

regression rate of 47% among patients with CIN II lesion randomized to the all-

trans retinoic acid treatment group compared to 27% regression rate in the 

placebo group. However, no differences are seen for patients with CIN III (25% 

aW-trans RA vs. 31% placebo) (8). Chemoprevention trials with other retinoic 

acid isomers (9-c/s and 13-c/s retinoic acid) (11, 12, 37) and synthetic retinoids 

(11, 37) have not shown an increase of lesion regression compared to 

spontaneous regression rates in the placebo group. 

The factors underlying the differential results obtained from cervical 

chemoprevention trials with retinoids and observational studies are not known. 

There are at least two possible explanations for these differences. First, there 

may be differences in the biological activity of each retinoic acid isomer or 

synthetic derivatives when applied to the cervix compared to those found in 

circulation. Alternatively the differences could be attributed to differences in study 

designs (i.e. different outcome measures, misclassification of lesion grade upon 

entry, different dosages and treatment periods). Of interest, in this current study, 

we find that higher levels of endogenous aW-trans retinoic acid, not 13-c/s or 9-c/s 

retinoic acids, are associated with an increased probability of clearing HPV 

infections. The protective effect observed in this study combined with those of 
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chemoprevention trials suggests chemopreventive activity for both endogenous 

and exogenous aW-trans retinoic acid. To further explore this hypothesis our 

future studies will examine if endogenous aW-trans retinoic acid is associated with 

cervical lesion development. 

Retinoic acid is essential for terminal differentiation of cervical epithelial 

cells by decreasing cellular proliferation and DNA replication. Retinoic acid 

differentially inhibits growth of HPV-16 immortalized cervical epithelial cells (38, 

39) and low-passage human foreskin keratinocytes (HKc/HPV16) (40-42) 

compared to normal HKc cells in the absence of an HPV infection. In addition to 

decreasing cellular proliferation in the low passage HKc/HPV16 cells, 

physiological concentrations of retinoic acid inhibits the expression of HPV 16 E6 

and E7 (40-42). Retinoic acid may indirectly reduce HPV mRNA levels through 

influences on Activator protien-1 (AP-1) activity (43) or TGFp expression (44). 

The retinoic acid induces growth suppression; however, this suppression 

appears to be lost in late stages of HPV-16 induced transformation of HKc (16) 

and cervical carcinoma cells lines. In several in vitro model systems, cells in the 

late stages of HPV-16 induced transformation acquire resistance to retinoic acid 

induced differentiation through several different mechanisms, including loss of 

growth inhibition (16), continued growth stimulation (45-47), and loss of retinoid 

receptor expression (48). This retinoic acid resistance is consistent with 

observations that retinoic acid therapy does not reduce recurrence rates of 

invasive cervical cancer (13-15) nor does it increase regression of high-grade 
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cervical lesions (8). Altogether, these data suggest retinoic acid may only be 

effective early in cervical carcinogenesis, such as by modulating HPV clearance 

and viral load. 

We observed in the present study that higher aW-trans retinoic acid levels 

are associated with increased probability of clearing both nononcogenic and 

oncogenic HPV infections; however, the association is strongest for the 

nononcogenic types. There are several potential explanations for the stronger 

associations between aW-trans retinoic acid levels and clearance of 

nononcogenic HPV types compared to oncogenic types. First, one of the 

biological differences between oncogenic and nononcogenic HPV types is the 

strength of the interaction of viral oncogene E6 with E6-AP, and the resulting p53 

degradation. Nononcogenic HPV types do not associate with E6-AP or bins at a 

much weaker level; therefore, p53 activity remains intact during nononcogenic 

infections. The ability of aW-trans retinoic acid to induce HPV clearance may 

require the presence of p53 inducible pathways. Of interest are the findings by 

Meyskens et al. that aW-trans retinoic acid treatment increased regression of GIN 

II lesions but not CIN III. The presence of HPV was not determined; however, 

one could use known frequency of HPV in cervical lesions to predict that CIN III 

lesions were more likely to be positive for oncogenic HPV types. The lower 

grade CIN II lesions were probably a combination of oncogenic and 

nononcogenic types. Synthesizing the results from the current study with the 

chemopreventive trial, one could propose that the lesions that significantly 
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regressed were positive for nononcogenic HPV types. This is the first study to 

suggest such differences by HPV oncogenicity. Alternatively, women with 

nononcogenic type HPV infections could have had a co-infection with oncogenic 

types. Therefore, we were unable to rule out the influence of co-infection 

between oncogenic and nononcogenic and aW-trans retinoic acid level. Finally, 

aW-trans retinoic acid could equally induce clearance of both oncogenic and 

nononcogenic HPV types. However, this study did not have a large enough 

sample size to examine the associations limited to single infections. Further 

research is needed to understand this phenomenon of differential activity of all-

trans retinoic acid by oncogenic potential. 

As with any observational study, this study has limitations. Our definition 

of HPV clearance includes both prevalent and incident HPV infections. By 

including prevalent infections in the definition, the estimate of duration of infection 

does not represent the true duration. It is impossible to know exactly how long a 

woman has been infected by the time she is found positive at enrollment. In 

general, women who are HPV positive upon enrollment are more likely to have a 

persistent infection. The Ludwig-McGill cohort study did not have enough incident 

HPV infections to utilize incident HPV persistence as our outcome. Of all the 

HPV infections detected in the first year, 39% were detected at enrollment and 

only 22% of the incident infections persisted. In this study, we assess HPV 

clearance over a relatively short period of time and have been limited to 

screening only at scheduled clinic visits. Similar to other biological markers, the 
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values of RA presented In this report may not reflect the absolute value of 

endogenous RA due to losses that may have occurred during storage or in the 

extraction process. However, the relative levels of each isomer should be stable; 

therefore the associations found in this study are assumed valid, with the 

magnitude of the associations potentially being lower than the true association. 

The issue of multiple comparisons arises when analyzing nutritional data 

from large epidemiological studies in that a large number of statistical models are 

required. For the present study, we did not adjust the significance level but 

chose to evaluate each serum nutrient as individual associations. By using this 

approach, there is a chance that single spurious associations will be found based 

on the nature of statistical probabilities. Therefore, the issue of multiple 

comparisons needs to be considered when interpreting results. Conclusions 

should be made in light of consistency with other information and external to the 

study (49). 

Despite these limitations, the Ludwig-McGili Cohort Study offers a unique 

opportunity to assess the association between endogenous retinoic acid levels 

and HPV clearance. This is a large well-characterized cohort with multiple 

measurements of type-specific HPV infection in a 12-month period. This is the 

first large population based study to assess endogenous levels of three retinoic 

acid isomers in multiple serum samples from the same individual. 

Our results suggest that circulating retinoic acid may confer protection by 

decreasing the duration of both oncogenic and nononcogenic HPV infections. 



Collectively, tliis work and in vitro studies support the hypothesis that retinoic 

acids are active during the initial stages of HPV-associated carcinogenesis. 

Previously, we have demonstrated that serum retinoic acid levels are significantly 

associated with circulating and dietary levels of vitamin A and pro-vitamin A 

precursors. Recently, Sedjo et al. (50) reported that endogenous retinoic acid is 

responsive to oral chemopreventive doses of retinyl palmitate (Vitamin A). 

Collectively, these studies demonstrate that circulating retinoic acid isomers may 

be modifiable by diet and vitamin A supplementation. Modulating endogenous 

aW-trans retinoic acid may be a safe method for decreasing duration of HPV 

infections and early cervical lesions. 

ACKNOWLEDGMENTS 

We are indebted to Maria L. Baggio and Lenice Gaian for management of 

the patients and specimen collections and to Silvaneide Ferreira for data entry, 

sample retrieval and shipment and laboratory analysis. We appreciated the 

thoughtful comments on this manuscript by Drs. Denise Roe, Robin Harris, Elena 

Martinez and Jesse Martinez. 



226 

REFERENCES 

1. Parkin, D. M., Bray, F. I., and Devesa, S. S. Cancer burden in the year 2000. The 
global picture. Eur J Cancer, 37 Suppl 8: S4-66, 2001. 

2. Schlecht, N. F., Kulaga, S., Robitaille, J., Ferreira, S., Santos, M., Miyamura, R. 
A., Duarte-Franco, E., Rohan, T. E., Ferenczy, A., Villa, L. L., and Franco, E. L. 
Persistent human papillomavirus infection as a predictor of cervical intraepithelial 
neoplasia. Jama, 286: 3106-14, 2001. 

3. Hinchliffe, S. A., van Velzen, D., Korporaal, H., Kok, P. L., and Boon, M. E. 
Transience of cervical HPV infection in sexually active, young women with normal 
cervicovaginal cytology. Br J Cancer, 72: 943-5, 1995. 

4. von Knebel Doeberitz, M. New markers for cervical dysplasia to visualise the 
genomic chaos created by aberrant oncogenic papillomavirus infections. Eur J Cancer, 
38: 2229-42, 2002. 

5. Niles, R. M. Recent advances in the use of vitamin A (retinoids) in the prevention 
and treatment of cancer. Nutrition, 16: 1084-9, 2000. 

6. Ross, A. C., Zolfaghari, R., and Weisz, J. Vitamin A: recent advances in the 
biotransformation, transport, and metabolism of retinoids. Curr Opin Gastroenterol, 17: 
184-192, 2001. 

7. Giuliano, A. R. The role of nutrients in the prevention of cervical dysplasia and 
cancer. Nutrition, 16: 570-3., 2000. 

8. Meyskens, F. L., Jr., Surwit, E., Moon, T. E., Childers, J. M., Davis, J. R., Dorr, 
R. T., Johnson, C. S., and Alberts, D. S. Enhancement of regression of cervical 
intraepithelial neoplasia II (moderate dysplasia) with topically applied all-trans-retinoic 
acid: a randomized trial. J Natl Cancer Inst, 86: 539-43, 1994. 

9. Weiner, S. A., Surwit, E. A., Graham, V. E., and Meyskens, F. L., Jr. A phase I 
trial of topically applied trans-retinoic acid in cervical dysplasia-clinical efficacy. Invest 
New Drugs, 4: 241-4, 1986. 

10. Graham, V., Surwit, E. S., Weiner, S., and Meyskens, F. L., Jr. Phase II trial of 
beta-all-trans-retinoic acid for cervical intraepithelial neoplasia delivered via a collagen 
sponge and cervical cap. West J Med, 145: 192-5, 1986. 

11. Alvarez, R. D., Conner, M. G., Weiss, H., Klug, P. M., Niwas, S., Manne, U., 
Bacus, J., Kagan, V., Sexton, K. C., Grubbs, C. J., Eltoum, I. E., and Grizzle, W. E. The 
efficacy of 9-cis-retinoic acid (aliretinoin) as a chemopreventive agent for cervical 



227 

dysplasia: results of a randomized double-blind clinical trial. Cancer Epidemiol 
Biomarkers Prev, 12: 114-9, 2003. 

12. Pollen, M., Atkinson, E. N., Schottenfeld, D., Malpica, A., West, L., Lippman, S., 
Zou, C., Hittelman, W. N., Lotan, R., and Hong, W. K. A randomized clinical trial of 4-
hydroxyphenylretinamide for high-grade squamous intraepithelial lesions of the cervix. 
Clin Cancer Res, 7: 3356-65, 2001. 

13. Look, K. Y., Blessing, J. A., Nelson, B. E., Johnson, G. A., Fowler, W. C., Jr., 
and Reid, G. C. A phase II trial of isotretinoin and alpha interferon in patients with 
recurrent squamous cell carcinoma of the cervix: a Gynecologic Oncology Group study. 
Am J Clin Oncol, 21: 591-4, 1998. 

14. Weiss, G. R., Liu, P. Y., Alberts, D. S., Peng, Y. M., Fisher, E., Xu, M. J., 
Scudder, S. A., Baker, L. H., Jr., Moore, D. F., and Lippman, S. M. 13-cis-retinoic acid 
or all-trans-retinoic acid plus interferon-alpha in recurrent cervical cancer: a Southwest 
Oncology Group phase II randomized trial. Gynecol Oncol, 71: 386-90, 1998. 

15. Wadler, S., Schwartz, E. L., Haynes, H., Rameau, R., Quish, A., Mandeli, J., 
Gallagher, R., Hallam, S., Fields, A., Goldberg, G., McGill, F., Jennings, S., Wallach, R. 
C., and Runowicz, C. D. All-trans retinoic acid and interferon-alpha-2a in patients with 
metastatic or recurrent carcinoma of the uterine cervix: clinical and pharmacokinetic 
studies. New York Gynecologic Oncology Group. Cancer, 79: 1574-80, 1997. 

16. Borger, D. R., Mi, Y., Geslani, G., Zyzak, L. L., Batova, A., Engin, T. S., Pirisi, 
L., and Creek, K. E. Retinoic acid resistance at late stages of human papillomavirus type 
16-mediated transformation of human keratinocytes arises despite intact retinoid 
signaling and is due to a loss of sensitivity to transforming growth factor-beta. Virology, 
270: 397-407, 2000. 

17. Franco, E., Villa, L., Rohan, T., Ferenczy, A., Petzl-Erler, M., and Matlashewski, 
G. Design and methods of the Ludwig-McGill longitudinal study of the natural history of 
human papillomavirus infection and cervical neoplasia in Brazil. Ludwig-McGill Study 
Group. Rev Panam Salud Publica, 6: 223-33, 1999. 

18. Bauer, H. M., Ting, Y., Greer, C. E., Chambers, J. C., Tashiro, C. J., Chimera, J., 
Reingold, A., and Manos, M. M. Genital human papillomavirus infection in female 
university students as determined by a PCR-based method. Jama, 265: 472-7., 1991. 

19. Hildesheim, A., Schiffman, M. H., Gravitt, P. E., Glass, A. G., Greer, C. E., 
Zhang, T., Scott, D. R., Rush, B. B., Lawler, P., Sherman, M. E., and et al. Persistence of 
type-specific human papillomavirus infection among cytologically normal women. J 
Infect Dis, 169: 235-40., 1994. 



228 

20. Bernard, H. U., Chan, S. Y., and Delius, H. Evolution of papillomaviruses. Curr 
Top Microbiol Immunol, 186: 33-54, 1994. 

21. Bauer, H. M., Hildesheim, A., Schiffman, M. H., Glass, A. G., Rush, B. B., Scott, 
D. R., Cadell, D. M., Kurman, R. J., and Manos, M. M. Determinants of genital human 
papillomavirus infection in low-risk women in Portland, Oregon. Sex Transm Dis, 20: 
274-8., 1993. 

22. van den Brule, A. J., Snijders, P. J., Gordijn, R. L., Bleker, O. P., Meijer, C. J., 
and Walboomers, J. M. General primer-mediated polymerase chain reaction permits the 
detection of sequenced and still unsequenced human papillomavirus genotypes in cervical 
scrapes and carcinomas. Int J Cancer, 45: 644-9, 1990. 

23. Caballero, O. L., Villa, L. L., and Simpson, A. J. Low stringency-PCR (LS-PCR) 
allows entirely internally standardized DNA quantitation. Nucleic Acids Res, 23: 192-3, 
1995. 

24. Horst, R. L., Reinhardt, T. A., Goff, J. P., Nonnecke, B. J., Gambhir, V. K., 
Fiorella, P. D., and Napoli, J. L. Identification of 9-cis,13-cis-retinoic acid as a major 
circulating retinoid in plasma. Biochemistry, 34: 1203-9, 1995. 

25. Rousseau, M. C., Franco, E. L., Villa, L. L., Sobrinho, J. P., Termini, L., Prado, J. 
M., and Rohan, T. E. A cumulative case-control study of risk factor profiles for 
oncogenic and nononcogenic cervical human papillomavirus infections. Cancer 
Epidemiol Biomarkers Prev, 9: 469-76, 2000. 

26. Diggle PJ, L. K.-Y., Zeger SL. Analysis of Longitudinal Data. Oxford: Oxford 
Press, 1994. 

27. Hardin JW, H. J. Generalized Estimating Equations. Boca Raton, FL: Chapman & 
Hall/CRC, 2003. 

28. Goodman, M. T., Kiviat, N., McDuffie, K., Hankin, J. H., Hernandez, B., 
Wilkens, L. R., Franke, A., Kuypers, J., Kolonel, L. N., Nakamura, J., Ing, G., Branch, 
B., Bertram, C. C., Kamemoto, L., Sharma, S., and Killeen, J. The association of plasma 
micronutrients with the risk of cervical dysplasia in Hawaii. Cancer Epidemiol 
Biomarkers Prev, 7: 537-44, 1998. 

29. Brock, K. E., Berry, G., Mock, P. A., MacLennan, R., Truswell, A. S., and 
Brinton, L. A. Nutrients in diet and plasma and risk of in situ cervical cancer. J Natl 
Cancer Inst, 80: 580-5, 1988. 

30. Palan, P. R., Mikhail, M. S., Goldberg, G. L., Basu, J., Runowicz, C. D., and 
Romney, S. L. Plasma levels of beta-carotene, lycopene, canthaxanthin, retinol, and 



229 

alpha- and tau-tocopherol in cervical intraepithelial neoplasia and cancer. Clin Cancer 
Res, 2; 181-5, 1996. 

31. Kwasniewska, A., Tukendorf, A., and Semczuk, M. Content of beta-carotene in 
blood serum of human papillomavirus infected women with cervical dysplasias. Arch 
Immunol Ther Exp (Warsz), 44: 309-13, 1996. 

32. Potischman, N., Hoover, R. N., Brinton, L. A., Swanson, C. A., Herrero, R., 
Tenorio, F., de Britton, R. C., Gaitan, E., and Reeves, W. C. The relations between 
cervical cancer and serological markers of nutritional status. Nutr Cancer, 21: 193-201, 
1994. 

33. Giuliano, A. R., Siegel, E. M., Roe, D. J., Ferreira, S., Luiza Baggio, M., Galan, 
L., Duarte-Franco, E., Villa, L. L., Rohan, T. E., Marshall, J. R., and Franco, E. L. 
Dietary Intake and Risk of Persistent Human Papillomavirus (HPV) Infection: The 
Ludwig-McGill HPV Natural History Study. J Infect Dis, 188: 1508-16, 2003. 

34. Sedjo, R. L., Roe, D. J., Abrahamsen, M., Harris, R. B., Craft, N., Baldwin, S., 
and Giuliano, A. R. Vitamin A, carotenoids, and risk of persistent oncogenic human 
papillomavirus infection. Cancer Epidemiol Biomarkers Prev, 11: 876-884., 2002. 

35. Sun, S. Y., and Lotan, R. Retinoids and their receptors in cancer development and 
chemoprevention. Crit Rev Oncol Hematol, 41: 41-55, 2002. 

36. Lippman, S. M., and Lotan, R. Advances in the development of retinoids as 
chemopreventive agents. J Nutr, 130: 479S-482S, 2000. 

37. Kim, S. H., Park, T. K., and Kwon, J. Y. 13-cis-retinoic acid for chemoprevention 
after colpoconization for cervical intraepithelial neoplasia. Int J Gynaecol Obstet, 81: 
217-8, 2003. 

38. Eckert, R. L., Agarwal, C., Hembree, J. R., Choo, C. K., Sizemore, N., Andreatta-
van Leyen, S., and Rorke, E. A. Human cervical cancer. Retinoids, interferon and human 
papillomavirus. Adv Exp Med Biol, 375: 31-44, 1995. 

39. Agarwal, C., Rorke, E. A., Irwin, J. C., and Eckert, R. L. Immortalization by 
human papillomavirus tj^e 16 alters retinoid regulation of human ectocervical epithelial 
cell differentiation. Cancer Res, 51: 3982-9, 1991. 

40. Pirisi, L., Batova, A., Jenkins, G. R., Hodam, J. R., and Creek, K. E. Increased 
sensitivity of human keratinocytes immortalized by human papillomavirus type 16 DNA 
to growth control by retinoids. Cancer Res, 52: 187-93, 1992. 



230 

41. Khan, M. A., Jenkins, G. R., Tolleson, W. H., Creek, K. E., and Pirisi, L. Retinoic 
acid inhibition of human papillomavirus type 16-mediated transformation of human 
keratinocytes. Cancer Res, 53: 905-9,1993. 

42. Creek, K. E., Jenkins, G. R., Khan, M. A., Batova, A., Hodam, J. R., Tolleson, W. 
H., and Pirisi, L. Retinoic acid suppresses human papillomavirus type 16 (HPV16)-
mediated transformation of human keratinocj^es and inhibits the expression of the 
HPV16 oncogenes. Adv Exp Med Biol, 354: 19-35, 1994. 

43. Schule, R., Rangarajan, P., Yang, N., Kliewer, S., Ransone, L. J., Bolado, J., 
Verma, I. M., and Evans, R. M. Retinoic acid is a negative regulator of AP-1-responsive 
genes. Proc Natl Acad Sci USA, 88: 6092-6, 1991. 

44. Woodworth, C. D., Notario, V., and DiPaolo, J. A. Transforming growth factors 
beta 1 and 2 transcriptionally regulate human papillomavirus (HPV) type 16 early gene 
expression in HPV-immortalized human genital epithelial cells. J Virol, 64: 4767-75, 
1990. 

45. Sizemore, N., Choo, C. K., Eckert, R. L., and Rorke, E. A. Transcriptional 
regulation of the EGF receptor promoter by HP VI6 and retinoic acid in human 
ectocervical epithelial cells. Exp Cell Res, 244: 349-56, 1998. 

46. Higo, H., Duan, C., Clemmons, D. R., and Herman, B. Retinoic acid inhibits cell 
growth in HPV negative cervical carcinoma cells by induction of insulin-like growth 
factor binding protein-5 (IGFBP-5) secretion. Biochem Biophys Res Commun, 239: 706-
9, 1997. 

47. Hembree, J. R., Agarwal, C., Beard, R. L., Chandraratna, R. A., and Eckert, R. 
Retinoid X receptor-specific retinoids inhibit the ability of retinoic acid receptor-specific 
retinoids to increase the level of insulin-like growth factor binding protein-3 in human 
ectocervical epithelial cells. Cancer Res, 56: 1794-9, 1996. 

48. Bartsch, D., Boye, B., Baust, C., zur Hausen, H., and Schwarz, E. Retinoic acid-
mediated repression of human papillomavirus 18 transcription and different ligand 
regulation of the retinoic acid receptor beta gene in non-tumorigenic and tumorigenic 
HeLa hybrid cells. Embo J, 11: 2283-91, 1992. 

49. Willett, W. Nutritional Epidemiology. Monographs in Epidemiology and 
Biostatistics. New York: Oxford University Press, 1998. 

50. Sedjo, R. L., Ranger-Moore, J., Foote, J., Craft N.E., Alberts, D.S., Giuliano, A.R. 
Circulating Endogenous Retinoic Acid Concentrations among participants enrolled in a 
randomized placebo-controlled clinical trial of retinyl palmitate. Submitted to CEPB, 
2003. 



231 

FIGURE LEGENDS 

Figure 1: Probability of type specific HPV clearance by tertiie of aW-trans retinoic 

acid concentrations for oncogenic HPV Infections (A) and nononcogenic HPV 

infections (B) 
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Table 1: Demographic Characteristics of HPV Positive Women 
Enrolled in the Ludwig-McGill Cohort Study (N=407) 

N ^ 
Age 
Mean + SD, yrs 31.5 8.9 

Ethnicity 
White 246 60.6 
Non-white 160 39.4 

Cigarette Smol<ing 
Never 190 46.8 
Current 149 36.7 
Former 67 16.5 

Oral contraceptive use 
Never 66 16.3 
< 6 years 231 56.9 
>6 years 109 26.9 

Total # of Pregnancies 
0-1 78 19.4 
2-3 169 42.0 
4-5 115 28.6 
> 6  40 10.0 

Age @ first intercourse 

^15 121 29.8 
16-17 106 26.1 
>18 179 44.1 

Lifetime # sexual partners 

0- 1 147 36.2 
2-3 157 38.7 
^4 102 25.1 

Total # sex partners past 5 yrs 

0-1 266 65.5 
^2 140 34.5 
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Table 1-Continued 

Total # sexual partners past year 

0-1 362 90.3 
^2 39 9.7 

Marital Status 
Single 77 19.0 
Married 154 37.9 
Widowed / Divorced 46 11.3 
Common Law 129 31.8 

Education 
Illiterate 22 5.4 

< Elementary 64 15.8 
Elementary 223 54.9 

<HighScliool 50 12.3 
> High School 47 11.6 

Income (US$) 
<250 103 26.1 
250-450 98 24.9 
451-725 90 22.8 
>725 103 26.1 
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Table 2: Circulating Retinoic Acid Concentrations Among HPV Positive 
Women 

Mean SD Median Min^ Max 

Total Retinoic Acid (ng/mL) 3.21 1.15 3.15 0.56 7.69 

c/s-isomer 

13-c/sRA (ng/mL) 1.32 0.61 1.34 0.15 3.91 

9-c/s RA (ng/mL) 1.05 0.57 1.10 0.15 3.20 

AW-trans-isomer (ng/mL) 0.83 0.38 0.77 0.15 3.17 
1. Limit of quantification (LOQ) was 0.30 ng/mL, values below LOQ were given value of 0.15 
ng/mL 



Table 3: Association Between Type-specific Oncogenic and Nononcogenic HPV Clearance and Serum 
Retinoic Acid Concentrations 

Oncogenic HPV Non-Oncogenic HPV 
No. Cleared / Crude Adjusted^ No. Cleared / Crude Adjusted^ 

Nutrients (ng/mL) women-months HR HR (95% CI) women-months' HR HR (95% CI) 

Total Retinoic Acid 
Low (< 2.65) 40/704.13 1.00 1.00 Referent 59/721.77 1.00 1.00 Referent 
Medium (2.66 - 3.65) 49/714.23 1.11 1.25 (0.70 - 2.24) 47 / 872.37 0.71 0.62 (0.36 - 1.05) 
High (> 3.65) 38 / 676.53 0.92 1.05 (0.54 - 2.04) 55 / 782.70 0.97 0.91 (0.53 -1.58) 

13-cis RA 
Low(< 1.02) 45 / 764.07 1.00 1.00 Referent 58 / 696.27 1.00 1.00 Referent 
Medium (1.03 - 1.52) 39 / 585.47 1.13 1.07 (0.62 -1.87) 45/731.07 0.67 0.64 (0.38-1.07) 
High (> 1.53) 43 / 745.37 0.93 0.96 (0.52- 1.76) 58 / 949.50 0.78 0.77 (0.44 -1.34) 

9-cis RA 
Low (< 0.89) 47 / 809.30 1.00 1.00 Referent 61 / 838.47 1.00 1.00 Referent 
Medium (0.90 - 1.29) 35 / 575.33 1.10 1.20 (0.67-2.14) 48/700.13 1.21 1.16 (0.67-2.01) 
High (> 1.30) 45/710.27 1.28 1.28 (0.69 - 2.34) 52 / 838.32 1.15 1.17 (0.67 - 2.05) 

all-trans RA 
Low (< 0.64) 42 / 776.27 1.00 1.00 Referent 55 / 990.63 1.00 1.00 Referent 
Medium (0.65 - 0.93) 48 / 583.53 1.54 1.82 (1.14-2.91) 48/605.10 1.66 1.67 (1.09-2.57) 
High (> 0.94) 37/735.10 1.00 1.18 (0.68 - 2.06) 58/781.10 1.34 1.46 (0.93 - 2.28) 

' Numbers do not correspond to the crude measures since the Cox proportional hazard model accounts for the change in the RA over 
time while the numbers provided assume the HR does not vary over time. 

^Oncogenic models adjusted for laboratory analysis batch, income, education, race and age 

^Nononcogenic models adjusted for laboratory analysis batch, income, education, age, marital status, and age at first intercourse 
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Table 4: Association of Serum Retinoic Acid Concentration and Viral Load According to IVIonths Between 

IVIeasures^ 

Total Retinoic Acid 13-cis Retinoic Acid 

Time interval Viral Load^ Adjusted'' Viral Load Adjusted'' 
(n) between RA Low High Crude Low High Crude 

and VL^ RA Level (N) (N) OR OR 95% CI (N) (N) OR OR 95% CI 

0 Low 78 47 1.00 1.00 Referent 78 52 1.00 1.00 Referent 
Medium 90 38 1.23 1.30 (0.56 - 3.02) 84 30 0.79 0.78 (0.35-1.75) 

High 77 39 1.78 2.10 (0.87-5.10) 84 42 1.10 1.20 (0.54 - 2.67) 

4 Low 96 31 1.00 1.00 Referent 85 34 1.00 1.00 Referent 
Medium 99 31 0.80 0.82 (0.31 -2.15) 83 26 0.63 0.34 (0.13-0.85) 

High 90 31 0.89 1.02 (0.40 - 2.65) 97 33 0.73 0.54 (0.21-1.34) 

8 Low 105 23 1.00 1.00 Referent 101 27 1.00 1.00 Referent 
Medium 106 27 1.38 1.00 (0.36 - 2.83) 97 24 0.81 0.59 (0.23- 1.50) 

High 87 32 2.06 1.73 (0.51 - 5.86) 98 31 1.02 0.72 (0.24-2.14) 

12 Low 78 15 1.00 1.00 Referent 87 13 1.00 1.00 Referent 
High 81 17 0.98 0.89 (0,25-3.18) 72 19 2.35 1.53 (0.28 - 8.36) 

* RA, retinoic acid;VL, viral load; HPV, human papillomavirus; OR, odds ratio; CI, confidence interval 

1. Results obtained from a time-dependent generalized estimating equation approach with a logit link for binary outcomes 

2. Separate analyses conducted with increasing time interval (n) between exposure (serum retinoic acid level) and outcome assessment (viral load). 
The time intervals considered were 0 months (simultaneous assessment), 4, 8 or 12 months. 

3. Total number of observations are not the same due to missing data 

4. All models adjusted for time, age, oncogenicity, and oral contraceptive use. Additional confounders for each time intervals: (n=0) lifetime 
number of partners and number in household; (n=4/8) smoking, number of pregnancies, income; (n=12) martial status. 

5. 12-month interval only utilized baseline RA measure, therefore RA is dichotomized at median 
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Table 4 - Continued 

9-cis Retinoic Acid all-trans Retinoic Acid 

Viral Load Adjusted'* Viral Load Adjusted'* 

Low High Crude Low High Crude 
(N) (N) OR OR 95% CI (N) (N) OR OR 95% CI 

85 49 1.00 1.00 Referent 92 44 1.00 1.00 Referent 
75 36 1.57 1.92 (0.80 - 4.58) 78 28 1.04 0.81 (0.43- 1.52) 
86 39 1.20 1.97 (0.76-5.14) 76 52 1.79 1.79 (0.93 - 3.45) 

101 35 1.00 1.00 Referent 100 37 1.00 1.00 Referent 
90 24 0.58 0.81 (0.30-2.17) 88 20 0.65 0.67 (0.27- 1.67) 
94 34 0.80 1.11 (0.37 - 3.38) 97 36 1.09 1.66 (0.76 - 3.64) 

105 30 1.00 1.00 Referent 105 35 1.00 1.00 Referent 
97 19 0.51 0.60 (0.20 - 1.77) 90 15 0.51 0.53 (0.22-1.27) 
94 33 0.88 0.84 (0.26 - 2.70) 101 32 0.96 1.02 (0.39 - 2.67) 

83 19 1.00 1.00 Referent 98 19 1.00 1.00 Referent 
76 13 0.58 0.21 (0.04 - 1.02) 91 13 0.48 0.39 (0.11 -1.46) 
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ABSTRACT 

Although oncogenic HPV infections have been established as the necessary cause 

of cervical cancer, most HPV infections are transient and rarely progress to significant 

cervical lesions. Current research is focused on identifying factors that can potentially 

alter the lifecycle of HPV and therefore modulate viral persistence and clearance, such as 

nutritional status. This current study evaluates the association between serum antioxidant 

nutrients (carotenoids and tocopherols) and type-specific HPV persistence and clearance 

over a 12-month period among 407 Brazilian women participating in a prospective study 

examining the natural history of HPV infection (Ludwig-McGill Cohort Study). We 

measured circulating antioxidants (carotenoids and tocopherol) at four different clinical 

visits for each woman to accurately classify their nutrient status. In addition, we utilized 

several statistical approaches to examine the association between carotenoids and 

tocopherols and the natural history of HPV infections. In a case-control analysis, higher 

circulating levels of tocopherols (a-, 6-, and y-tocopherol) were inversely associated with 

nononcogenic HPV persistent infection (p for trend, 0.14, 0.04 and 0.05, respectively). 

Similarly, in prospective GEE models, circulating levels of a- and 5-tocopherol in the 

middle or upper tertiles were marginally inversely associated with type-specific 

nononcogenic persistent HPV events (Adjusted Odds Ratio (AOR) = 0.49, 95% CI 0.23-

1.00 and AOR=0.48, 95% CI 0.21-1.06, respectively) compared to levels in the lowest 

tertile. The probability of clearing a type-specific oncogenic HPV infection was 

positively associated with serum levels of zeaxanthin (p for trend= 0.05). Higher 

concentrations of circulating zeaxanthin were associated with a shorter duration of type-
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specific oncogenic HPV infections (p=0.05). This research suggests that antioxidant 

nutrients are modifiable factors that are associated with viral persistence and clearance, 

and that diets high in antioxidant may confer protection. 

INTRODUCTION 

Human papillomavirus (HPV) infection has been shown to be the cause of 

cervical cancer, the second leading cancer among women worldwide'. Prospective 

studies have shown that women with persistent HPV infections are more likely to 

develop cervical lesions compared to women with transient HPV infections^. Although 

oncogenic HPV infections have been established as the necessary cause of cervical 

cancer, most HPV infections are transient and rarely progress to significant cervical 

lesions^. Current research is focused on identifying factors that could potentially alter the 

lifecycle of HPV and, therefore, modulate viral persistence and clearance. Nutritional 

status may be an important co-factor affecting both HPV persistence and progression of 

persistent HPV infections to CIN"^' 

Although the association between nutrient status and cervical carcinogenesis has 

been extensively investigated^, several important questions remain. First, do nutrients act 

as co-factors in HPV-related carcinogenesis and where in this continuum are different 

classes of nutrients active? Epidemiological evidence suggests that antioxidant nutrients 

may reduce the risk of persistent HPV infection. In a small prospective study among 

women attending a family planning clinic for routine care, we observed significant 

inverse associations between dietary intake of lutein, vitamin E, vegetables and serum 
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lycopene levels and HPV persistence^. This study did not assess type-specific HPV 

7 Q 
persistence or clearance . hi addition, serum carotenoids and tocopherols were assessed 

only once, which may not have adequately classified a woman's nutrient status due 

within-person variability of these measures^. 

This current study was conducted to further evaluate the association between 

serum antioxidant nutrients (carotenoids and tocopherols) and type-specific HPV 

persistence and clearance over a 12-month period among Brazilian women participating 

in a prospective study examining the natural history of HPV infection (Ludwig-McGill 

Cohort Study). We measured circulating carotenoids and tocopherol at four different 

clinical visits for each woman to accurately classify their nutrient status. In addition, we 

utilized several analytic approaches to examine the association between carotenoids and 

tocopherols and HPV persistence and clearance (i.e. case-control and longitudinal 

events). 

METHODS 

The Ludwig-McGill Cohort Study is an epidemiological cohort investigation of 

women attending a comprehensive maternal and child health maintenance program 

catering to low-income families, in Sao Paulo, Brazil between 1993 to 1997*''. The clinic 

setting where participants were accrued is part of a network of primary, secondary, and 

tertiary health care institutions maintained by the municipal health department. Cohort 

participants were examined every four months in the first year, and twice yearly 

thereafter for a total of five years. At each study visit, participants were interviewed 

based on a structured questionnaire specific for the current visit"^. The institutional 
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review boards and ethical committees of all institutions with which the authors are 

affiliated approved these protocols. Each study participant signed an approved informed 

consent document. 

Study Sample-. Of the 2,528 women in the cohort, we identified a sub-cohort of 

women (n=l,392), representing mostly those entering the study during the first two years 

(1993-1995) and who had long-term follow-up. From this sub-cohort, we selected 

women who had complete HPV data and serum available from all four visits within the 

first year (n=846). Among the 846 women, 819 had normal or ASCUS cytology at 

baseline. Of these 819 women, 407 tested positive for HPV at least once during the first 

four visits and 412 women were HPV negative at all four visits. To study the association 

between HPV persistence and serum carotenoids and tocopherol levels, only the 407 

women who tested positive for HPV at any one of the four visits were included in this 

analysis. 

Cervical cell specimens. At each of the visits, an accelon biosampler was used 

to collect a sample of ectocervical and endocervical cells. After the smear was prepared 

on a glass slide and fixed in 95% ethanol, the sampler containing exfoliated cells was 

immersed in a tube containing Tris-EDTA buffer (pH 7.4), was swirled to release the 

adhered cells, and was maintained at the clinic for, at most, 5 days at 4°C. Once they were 

brought to the laboratory at the Ludwig Institute, the tubes containing cell suspensions 

were frozen until testing. 
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HPV DNA detection methods-polymerase chain reaction (PCR) methods. All 

HPV analyses were performed at the Ludwig Institute for Cancer Research, Sao Paulo, 

Brazil. Cervical-specimen DNA was extracted and purified in accordance with standard 

techniques. In brief, cells were digested with 100 jo-g/mL proteinase K for 3 hours at 55°C, 

followed by organic extraction and ethanol precipitation. Specimens were tested for the 

presence of HPV DNA by a previously described PCR protocol amplifying a highly 

11 19 
conserved 450-bp segment in the LI viral gene (flanked by primers MY09/11) ' . 

Typing of the amplified products was performed by hybridization with individual 

oligonucleotide probes specific for all 27 HPV genital types, whose nucleotide sequences 

for probes within the MY09/11 fragment have been published elsewhere namely types 

6/11, 16, 18, 26, 31, 33,35, 39, 40, 42,45, 51-59, 66, 68,73, 82, 83, and 84 . The PCR 

amplification products were further tested by restriction fragment-length polymorphism 

(RFLP) analysis of the LI fragment^^, to resolve dubious results from the dot-blot 

hybridization and to distinguish among HPVs that could not be typed by dot-blot 

hybridization with the specific probes. This allowed us to extend the detection range to 

>40 genital HPV types, including HPV types 32, 34, 44, 62, 64, 67, 69-72, CP6108, and 

IS39. Amplified products that hybridized with the generic probe but not with any of the 

type-specific probes and that also did not produce a recognizable band pattern in the 

RFLP analysis were considered to be positive for HPV of unknown types. 

Serum Sample Processing and Storase. All non-fasting blood samples (~10 ml) 

were collected by venipuncture into vacutainers by a trained nurse at the time of the 

clinic visit. The samples were centrifuged within 6-8 hours of collection. Aliquots (1 
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ml) of serum were stored in 1.8 ml Nunc cryovials at -20°C in a non-frost free freezer 

until shipped for analyses. 

Serum Retinol and Carotenoids HPLC Analytical Procedures. Archival serum 

from all four visits within the first year (months 0, 4, 8, and 12) on study were analyzed 

to detect retinol, carotenoids and tocopherols in serum using a modification of the 

procedures described by Nomura et The percent coefficient of variation was 8% or 

less for retinol, carotenoids and tocopherols measured. This HPLC system's limit of 

quantification (LOQ) was 0.004 |J,g/ml for the carotenoids and 0.015 |j,g/mL for 

tocopherols. Of the total 3,332 samples analyzed over four clinical visits, the following 

number of samples (percent) were below the LOQ and assigned a value half way between 

zero and the lower limits of detection: retinol 3 (0.1%), lutein 16 (0.5%), zeaxanthin 50 

(1.5%), a-cryptoxanthin 1082 (32%), P-cryptoxanthin 330 (10%), ^mn^-lycopene 793 

(24%), cw-lycopene 701 (21%), a -carotene 811 (24%)), ^ran^-P-carotene 504 (15%), cis-

P-carotene 1037 (31%), a-tocopherols 46 (1.5%), 6-tocopherol 776 (23%)) and y-

tocopherol 57 (2%). Some serum nutrients, specifically a-carotene, a-cryptoxanthin, cis-

P-carotene, had a large number of samples that were below the LOQ. Therefore when 

categorized into tertiles, as discussed in the Statistical Analysis section below, the lowest 

tertile is comprised entirely of those samples that were below the limit of quantification 

(e.g. 33% of the samples below detection and considered the lowest group). 

Total serum cholesterol: Carotenoids and tocopherols are fat-soluble nutrients, of 

which uptake, transport and storage is associated with lipids'^. Therefore, the level of 

serum lipid, as measured by cholesterol, may influence the level of circulating 
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carotenoids and tocopherols. To account for this effect, total serum cholesterol was 

assessed at visit 3 to enable adjustment for this potential confounding variable. Total 

cholesterol was determined by coupled enzymatic, colorimetric assay (Sigma kit #401-

25P) by Craft Technologies Inc (Wilson, NC). 

STATISTICAL ANALYSIS 

Nutrient variables: Preliminary studies within the study sample suggested a high 

within-person variability for serum carotenoids and tocopherol values (data not shown). 

Therefore, to accurately classify a woman's serum nutrient status and reduce this 

variability, we calculated the mean of serum carotenoids and tocopherols values at the 

four time-points for each woman. Using this mean value, we categorized the continuous 

variable into tertiles based on the distribution of each nutrient among HPV positive 

women. 

HPV Outcome Variables: We examined associations with type-specific HPV 

persistence using three different approaches; a case-control approach, a prospective 

approach examining persistent events over time and a prospective approach examining 

duration of infection (Figure 1). All outcome variables were grouped as oncogenic 

infections (HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68) or non-

oncogenic infections (all other 27 HPV types considered)'^. Women infected with single 

or multiple oncogenic types and women infected with both oncogenic and non-oncogenic 

types were categorized as having an oncogenic infection. Only women infected with a 
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single or multiple non-oncogenic types were categorized as having a non-oncogenic 

infection. 

In the case-control approach, HPV status was based on the four HPV evaluations 

conducted at enrollment and in the first year of follow-up. Two groups of women were 

identified: those who tested HPV positive in only one of the four assessments or were 

non-consecutively positive for the same type (transient group), and those who tested 

positive for the same HPV type at two or more consecutive visits in the first year of the 

study (persistent group). To test the hypothesis that serum nutrient status was associated 

with persistent HPV infection, women with transient infections formed the control group 

and women with persistent infections formed the case group. For this analysis, 230 

women had an oncogenic HPV infection and 177 women had nononcogenic infections. 

Of the 230 women with oncogenic infections, 143 were classified as transient infections 

(controls) and 87 had type-specific persistent HPV infections (cases). Among the women 

with nononcogenic infections, there were 61 persistent infections (cases) and 116 

transient infections (controls). 

The second approach examining HPV persistence defined type-specific persistent 

events similar to those used by Ho et al}^. Women who were HPV positive at a specific 

visit were considered persistent if their subsequent assessment was also positive for the 

same HPV type and transient if the subsequent visit was negative (i.e., if they have 

cleared the virus) or a different HPV type infection. Using HPV assessments at 0, 4, 8, 

and 12 months, we defined persistence status over four clinical visits with a maximum 

total of three persistence events possible per woman. Analyses were conducted at the 
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level of individual pairs rather than the individual woman. Of the 407 HPV positive 

women, 344 women contributed to these analyses with 263 persistent events (+, +) and 

277 transient events (+,-). 

The third approach was to examine the duration of HPV infections. This analysis 

was based on 407 women who were HPV positive at baseline or those who developed an 

incident infection during follow-up. Time to HPV clearance was defined as the number 

of months to first negative HPV test occurring after previously positive HPV test(s) or 

until the last visit (month 12) if the participant remained positive throughout the study 

period. The scheduled visits within this cohort study were based on months following 

enrollment. However, not all women attended visits at the specific month anticipated. 

This led to variability in the time between study visits and a total follow-up period for the 

first four scheduled study visits of 50 months. The grouping of type-specific clearance 

by oncogenicity differed fi^om that of the previous two outcome variables. For this 

analysis, a woman was considered to have cleared an oncogenic infection if she was no 

longer positive for the specific oncogenic type grouping originally detected, even if the 

cervical specimen was positive for a different oncogenic viral type or within the 

nononcogenic grouping. 

Statistical Modeling: In the case-control approach, logistic regression was 

performed to estimate the association (odds ratio) and 95% confidence interval (CI) of 

each serum nutrient with HPV persistent and transient HPV infection. In the prospective 

approach of HPV persistent events, the multiple HPV measures over time within a 

woman were correlated. Therefore, a generalized estimating equation (GEE) model 



252 

approach for time-dependent longitudinal data was employed'^' The GEE adjusts for 

the serial correlation within subjects due to the longitudinal nature of the data by 

modeling the covariance structure within subjects. The dependent variable was the 

presence or absence of persistent infection; therefore the logit link function was used. 

The independent working correlation structure with a robust variance estimator to 

account for within-subject correlation was selected as the best-fitted covariance pattern, 

using the Quasilikelihood Information Criterion (QIC)^^. Since HPV persistence may 

depend on the time since the previous measurement, a time variable was included as a 

design factor (independent variable) in all GEE models. 

The relationship between serum carotenoids and tocopherols and time to 

clearance of type-specific HPV infection was also assessed. Probability of maintaining 

an HPV infection present at baseline or an incident infection during follow-up was 

examined by estimating the Kaplan Meier survivor function. Missing values during 

follow-up were treated as censored observations unless there was a subsequent result at a 

later visit. Multivariate Cox proportional hazards modeling was conducted to obtain the 

adjusted hazard ratios (AHR) and 95% confidence interval (95% CI). 

Adjustment for Confoundins: For all multivariate models, we considered several 

variables that could potentially confound the associations; including those previously 

associated with persistence of HPV infection^® and serum carotenoids and tocopherols. 

Only those factors that altered the risk estimate by >10% were retained in the final 

multivariate model. Tests for trend were performed by treating all categorical nutrient 

variables as continuous in the multivariate models. All statistical tests performed were 



253 

two-sided. Statistical analyses were performed by use of Intercooled STATA (version 7.0; 

Stata). 

RESULTS: 

These analyses include 407 women participating in the Ludwig-McGill cohort 

study, mainly women enrolled within the first two years of enrollment (1993-1996). The 

median age for these women was 31 years, which was not different from the median age 

of all HPV positive women enrolled in the cohort. Most participants were white (61%), 

married or in a common law marriage (70%), and not well educated, with 55% of the 

sample having only attended elementary school or less. At least 80% of these women 

reported more than two pregnancies, and 57% had used oral contraceptives for less than 

six years. A majority of these women were ever smokers (53%), with 36% reporting 

current smoking. Fifty-six percent of participants reported age of first sexual intercourse 

under 18 years and 25% had more than four lifetime sexual partners. 

Circulating nutrient concentrations of retinol, carotenoids and tocopherols among 

HPV positive participants by persistent HPV outcomes are presented in Table 1. The 

most abundant circulating carotenoid was |3-cryptoxanthin (mean, 0.040 j^g/mL), 

followed by lutein (mean, 0.037 )ag/mL), cis-lycopene (mean, 0.026 |ag/mL), trans (3-

carotene (mean, 0.024 ng/mL), trans-lycopene (mean, 0.017 )u,g/mL), zeaxanthin (mean, 

0.016 i^g/mL), a-carotene (mean, 0.011 |j,g/mL), cw-P-carotene (mean, 0.007 |j,g/mL), 

and a-cryptoxanthin (mean, 0.006 |j,g/mL). Cw-j3-carotene and a-cryptoxanthin were 

low in this Brazilian study sample with at least 25% of the serum samples having levels 
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below the limit of quantification. The most abundant tocopherol was a-tocopherol 

(mean, 5.14 |ag/mL), followed by y-tocopherol and 6-tocopherol (mean, 1.58 |ig/mL and 

0.083 p,g/mL, respectively). Mean serum nutrients are also presented in Table 1 by HPV 

persistence for both the case-control definition (135 transiently infected (controls) and 

165 persistently infected (cases) and the longitudinal HPV events (transient group (+,-) 

N=277 and persistent group (+,+) N=259). 

Case-control analysis of type-specific HPV persistence: For these analyses, we 

included 230 women with an oncogenic HPV infection and 177 women with 

nononcogenic infection. Of the 230 women with oncogenic infections, 143 had transient 

infection (controls) and 87 had type-specific persistent HPV infection (cases). Among 

the women with nononcogenic infections, there were 61 persistent infections (cases) and 

116 transient infections (controls). The unadjusted and multivariate adjusted associations 

between individual serum carotenoids and tocopherols and type-specific HPV infections 

that persisted are reported in Table 2. No statistically significant associations were 

observed between serum retinol, lutein, zeaxanthin, a-cryptoxanthin, P-cryptoxanthin, a-

carotene, trans- and cz5-(3 carotene and oncogenic or nononcogenic HPV persistence in 

this study population. Serum lycopene {cis- and /ran^-lycopene) was positively 

associated with type-specific oncogenic HPV persistence (p for trend 0.03 and 0.03, 

respectively). Higher circulating levels of tocopherols (a-, 5-, and y-tocopherol) were 

inversely associated with nononcogenic HPV persistent infection (p for trend, 0.14, 0.04 

and 0.05, respectively), but not oncogenic infection. 
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Lonsitudinal analysis of type-specific HPV persistent events'. To fully utilize the 

longitudinal nature of these data, we examined type-specific HPV persistent events 

(Figure 1). Of the 407 HPV positive women included in this study, a total of 1,628 visits 

occurred in the first year of follow-up. These 1,628 visits formed 1,221 pairs of 

observations with known HPV status at visits t and t+1. The distribution of HPVt, t+i 

pairs was 277 with (+,-), 263 with (+,+) and 681 with (-,-) or (-,+). The 540 pairs in the 

(+,-) and (+,+) categories were contributed by 344 women and included in these analyses. 

The associations between type-specific persistent HPV events and serum carotenoids and 

tocopherols are presented in Table 3. Similar to what we observed with the case-control 

analysis, serum tocopherol levels were inversely associated with persistent HPV events. 

Circulating levels of a- and 5-tocopherol in the middle or upper tertiles, respectively 

were marginally inversely associated with type-specific nononcogenic persistent HPV 

events (Adjusted Odds Ratio (0R)== 0.49, 95% CI 0.23-1.00 and Adjusted OR=0.48, 95% 

CI 0.21-1.06, respectively) compared to levels in the lowest tertile. Using this analytical 

approach, serum p-carotene was marginally inversely associated with non-oncogenic 

persistent events (p for trend=0.07). 

Type-specific HPV clearance: Table 4 presents the risk of type-specific HPV 

clearance by circulating carotenoid and tocopherol levels, stratified by oncogenic and 

nononcogenic type infections. The probability of clearing a type-specific oncogenic HPV 

infection was positively associated with serum levels of zeaxanthin. Specifically, women 

were 1.59 times more likely to clear an oncogenic HPV infection if their serum 

zeaxanthin levels were in the highest tertile compared to women with the lowest serum 
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levels. The probability of clearing nononcogenic HPV infections was not associated with 

serum zeaxanthin levels, or other serum carotenoid and tocopherol levels. There was a 

marginally significant increase in probability of clearing type-specific oncogenic HPV 

infection with higher lutein (Medium: Adjusted Hazard Ration (HR)=1.54, 95% CI 0.96-

2.49) and a-cryptoxanthin levels (Medium: Adjusted HR=1.52, 95% CI 0.96 - 2.41). 

There was a marginally significant trend for increased probability of clearing 

nononcogenic HPV infection by increasing serum retinol level (p for trend=0.08). The 

cumulative probability of clearing a type-specific oncogenic or nononcogenic infection 

by zeaxanthin levels is presented in Figure 2. Higher concentrations of circulating 

zeaxanthin were associated with a shorter duration of type-specific oncogenic HPV 

infections (p=0.05). The median duration of an oncogenic HPV infection was 13.1, 12.1, 

and 12.1 months for the lowest, middle and highest tertile of serum zeaxanthin, 

respectively. These results extend past 12-months of follow-up due to the variability in 

time between study visits. On average, women identified for this present study returned 

for their month 12 visit 13.4 ± 3.4 months (Range 11 - 50 months) following enrollment. 

DISCUSSION 

There is a consensus among the scientific community that HPV is a cause of 

cervical cancer and that other factors that increase a woman's risk of developing cervical 

cancer need to be understood within the context of the natural history of HPV infection. 

To date, most studies examining dietary factors have not been designed to prospectively 

evaluate nutrients, as most were retrospective studies with either HSIL (CIN II or III) or 
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cancer as the case groups^. In our earlier studies, we evaluated the role of antioxidants, 

both dietary intake and serum levels, and risk of persistent HPV infections ^ or HPV 

o 
clearance among women in the U.S.. However, we were not able to assess associations 

with type-specific infections, since we did not have detailed HPV typing to clearly 

separate oncogenic from non-oncogenic types, and were limited to a relatively short 

period of follow-up. We also examined the association of dietary intake and type-specific 

HPV persistence in this sample of Brazilian women^^ 

Results of the present study among Brazilian women were consistent with our 

previous dietary findings in this same Brazilian sample^' and among women in the U.S."^' 

n 
, where we demonstrated an inverse association with lutein/zeaxanthin consumption and 

HPV persistence. In addition, inverse associations seen in the earlier studies were 

consistent for dietary vitamin E intake"^' ^ and serum tocopherols^^ and HPV persistence. 

Preliminary findings from a multi-ethnic cohort in Hawaii also reported inverse 

associations with oncogenic type-specific HPV persistence and change in serum p-

carotene and a-tocopherol over a 4-month period^^. Contrary to the earlier findings in 

U.S. women of inverse associations with HPV persistence^ and clearance^, we find in the 

present study of Brazilian women a positive association with serum lycopene and type-

specific oncogenic HPV persistence and no association with HPV clearance. A few prior 

reports have assessed the association between serum antioxidant nutrients and HPV 

persistence within the context of a P-carotene clinical triaP^' These trials reported no 

association between serum retinol, P-carotene, vitamin C and HPV persistence in the 

control or supplemented groups^^' However, these women had pre-existing lesions 
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(50% LSIL (CIN I) and 49 % HSIL (CIN II and III)) at enrollment^^ therefore 

representing relatively late events in disease process. In contrast, women enrolled in the 

current study had normal or ASCUS cytology at baseline. 

In this study we evaluated the nutrient-HPV persistence associations utilizing 

three different analytical approaches, including a case-control definition, longitudinal 

analysis of persistence events, and time dependent clearance analyses. To understand the 

implications of these results, it is important to consider the assumptions of each approach 

and the validity of the HPV outcome variable utilized in each of the different analyses. 

Utilizing a case-control approach, our HPV outcome variable collapsed the longitudinal 

nature of the HPV data into two groups: persistent group (two or more consecutive visits 

positive for the same HPV type) and transient group (defined as one of four positive tests 

or nonconsecutive positive tests of the same type). Among women with persistent 

infection, a woman with four consecutively positive tests contributes equally to the model 

as a woman with two positive tests. This logistic regression analysis assumes that an 

HPV infection lasting four months (i.e. only 2 positive) has the same risk as one that lasts 

12 months (i.e. 4 positive visits). Although the utilization of logistic regression is 

straightforward and easy to interpret, this underlying assumption may not be biologically 

plausible as it has been demonstrated that risk of cervical disease increases with duration 

•  9  . . .  .  .  .  of infection . Utilizing this crude definition of HPV persistence, higher circulating levels 

of tocopherols (a-, 5-, and y-tocopherol) were inversely associated with nononcogenic 

HPV persistent infection (p for trend, 0.14, 0.04 and 0.05, respectively). 
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The logistic regression case control analysis differs from our second approach, 

which defined HPV persistence as multiple visit pairs and utilizes generalized estimating 

equations for longitudinal analyses. In this approach, a woman with four consecutively 

positive visits would contribute three persistence events, compared to a woman with only 

two consecutively positive events contributing only one event. Therefore, each woman 

had the potential to contribute up to three events increasing the overall proportion of 

persistent events. By increasing the number of persistent events, this analysis has more 

power to detect differences by serum antioxidant level, however the persistent event 

spans approximately a four-month period. This approach of defining persistent events in 

four-month intervals may not be biologically relevant, as it is difficult to determine if an 

HPV infections lasting four months is truly persistent. Therefore, HPV events defined as 

persistent based on four month intervals may be misclassified and result in attenuation of 

the risk estimates to the null. Utilizing this approach, we found that circulating levels of 

a- and 5-tocopherol in the middle or upper tertiles, respectively were marginally 

inversely associated with type-specific nononcogenic persistent HPV events (Adjusted 

Odds Ratio (0R)= 0.49, 95% CI 0.23-1.00 and Adjusted OR=0.48, 95% CI 0.21-1.06, 

respectively) compared to levels in the lowest tertile. This attenuation is evident in the 

loss of statistical significance in the GEE modeling compared to the logistic regression 

analysis. 

Although time was included in these generalized estimating equations models as a 

covariate, the statistical analysis is based on the logit-link function comparing proportion 

of events and, therefore, the consecutive nature of persistent events is not taken into 
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consideration. Further Cox proportional hazard modeling was performed to utilize the 

consecutive nature of the HPV infections by estimating the duration of infection from 

baseline or incident infection. With Cox proportional hazard modeling, the concern 

about misclassification of the HPV persistent outcome variable is minimal compared to 

the logistic regression and GEE modeling. Cox proportional hazard modeling is 

dependent on the clinic visit schedule; therefore, exact timing of clearance is unknown^^ 

and these models also assume that the hazard ratio is constant over time. This 

assumption has been considered a limitation of applying these models to the natural 

history of HPV infection as risk increased with duration of infections . However, this 

approach estimating HPV clearance is currently the most accurate model with which to 

examine HPV persistence. Using this approach, we found that the probability of clearing 

a type-specific oncogenic HPV infection was positively associated with serum levels of 

zeaxanthin. These results differ from the previous approaches utilized in this current 

study, which did not find associations with zeaxanthin and oncogenic HPV infections. 

Oncogenic HPV infections are more likely to be detected over a long period of time (i.e. 

12 months), and circulating zeaxanthin appears to reduce the duration of infection 

(Median duration: 13.1, 12.1, and 12.1 months for the lowest, middle and highest tertiles 

of serum zeaxanthin). The median duration is much larger than the estimated four-month 

interval utilized in the GEE analysis, which may explain the lack of association between 

oncogenic HPV events and zeaxanthin level. 

The mechanism by which carotenoids and tocopherols might influence the natural 

history of HPV infections remains uncertain. However, the potent antioxidant activity of 
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these nutrients may be one mechanism that confers chemopreventive activity. As 

antioxidants, these nutrients maintain the correct oxidant-antioxidant balance within 

cells by quenching excess reactive oxygen species (ROS). Although required for 

normal cellular processes at low levels, excess ROS can cause a multitude of problems, 

specifically damage to both cellular DNA and membranes^^ and decreases in immune cell 

activity^^. Redox-sensitive transcription factors, Activator Protein (AP)-l and Nuclear 

Factor (NF)-KB, are activated during conditions of oxidative stress and can potentially 

lead to alterations in numerous gene expression levels, such as genes involved in cell 

growth and apoptosis . 

It has been demonstrated that the activity of some viruses is enhanced under 

9Q 
conditions of low antioxidants " . This enhanced viral activity may be due to the 

activation of redox-sensitive transcription factors, AP-1 and NF-KB, which are utilized by 

several viruses, such as human immunodeficiency virus (HIV), cytomegalovirus (CMV), 

hepatitis-B virus (HBV) and to support expression of viral genes and 

subsequent replication of viral genomes. In vitro studies have consistently demonstrated 

that NK-KB activation is inhibited by antioxidants such as a-tocopherol"^", a-lypoic 

acid"", N-acetylcysteine, and pyrrolidine-dithiocarbamate (PDTC)''^. The presence of 

NF-KB binding sites in the HPV upstream regulatory region"^^ and evidence that HPV 

activity is altered by NF-KB activity, suggests the potential for NF-KB to alter HPV viral 

replication and expression"^^. A recent clinical trial reported a decrease in HIV viral titer 

among HIV patients supplemented with a-tocopherol (800 mg/day) compared to non-

supplemented HIV patients"^"^. Antioxidant treatment of HPV-16 immortalized human 
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keratinocytes (HKc) with PDTC altered the composition and reduced the activity of the 

45 37 38 transcriptional AP-1 complex , the key transcription factor for HPV oncogenes ' . 

Although not directly shown, it has been postulated that the combined stress of decreased 

antioxidant levels and viral infection may allow for a typically transient viral infection to 

persist over time^' 

In addition to their antioxidant activities, it is possible that the observed effects of 

zeaxanthin and possibly lutein and a-cryptoxanthin are due to their pro-vitamin A 

activity. We have recently demonstrated an increased probability of type-specific 

oncogenic and nononcogenic HPV clearance with elevated serum d\\-trans retinoic acid 

levels''^. In this present study, we observed a marginal increase in the probability of 

clearing a type-specific nononcogenic HPV infection with increased serum retinol. 

However, few studies have found an association between vitamin A consumption and 

cervical neoplasia risk^. 

Our study among Brazilian woman is the first to demonstrate differences in 

associations with specific nutrients and type-specific oncogenic versus nononcogenic 

HPV persistence and clearance. Goodman and colleagues^^ reported associations with 

serum antioxidants and type-specific oncogenic HPV persistent events, utilizing a similar 

definition of HPV persistence events. Using generalized logistic models (i.e. GEE logit-

link fiinction), they reported a 44% reduction in risk of HPV persistence for women in the 

highest tertile of plasma p-carotene (positive change between measures) and 57% 

reduction in risk among women with higher a-tocopherol . In this current study serum 
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zeaxanthin levels are found to be associated with oncogenic HPV clearance, and not 

clearance on nononcogenic types. 

Both oncogenic and nononcogenic HPV types have the ability to infect cervical 

epithelial cells and initiate a productive viral infection. Differences in oncogenic and 

nononcogenic tj^pe infections are evident in the strength with which the viral proteins 

bind to cellular proteins to induce DNA synthesis and cell cycle progression'^^. The 

continued presence of oncogenic HPV infection is thought to be a result of fiinctional 

losses within cervical cells that control viral expression''^. It may be that the protective 

effect of zeaxanthin becomes evident only after cellular control of oncogenic HPV 

infections is lost. Antioxidants could be protective at lower levels early in HPV infection 

for both nononcogenic and oncogenic type infections; however, the associations go 

undetected until later in the HPV infectious cycle. Another potential target for 

zeaxanthin is the immune system, as higher antioxidant levels may contribute to 

increased clearance of HPV infected cells. This mechanism requires further examination. 

As with any observational study, there were limitations with this study that need 

to be addressed. We assessed HPV persistence and clearance over a relatively short 

period of time. Our definition of HPV persistence and clearance included both prevalent 

and incident HPV infections. By including prevalent infections our estimate of duration 

of infection would not represent the true duration because it was impossible to know 

exactly how long a woman has been infected by the time she was found positive at 

enrollment. In general, women found to be HPV positive upon enrollment were more 

likely to have a persistent infection. Unfortunately the Ludwig-McGill Cohort study did 
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not have sufficient incident HPV infections to utilize incident HPV persistence as our 

outcome. Of all the HPV infections detected in the first year, 39% were detected at 

enrollment and only 22% of the incident infections persisted. HPV clearance was defined 

as the time to the first negative test. Moscicki and colleagues^" suggested that 

misclassification might result from using only one time point to determine clearance. 

However, we utilized PCR based methods, which are highly sensitive and detect low 

levels of HPV DNA, to assess HPV status. These methods are less likely to result in 

false negative results compared to other methods^'. Similar to other biological markers, 

the values of serum nutrients presented in this report might not reflect the absolute value 

due to losses that might have occurred during storage or in the extraction process. 

However, the relative levels of each isomer should not have changed; therefore the 

associations found in this study would be valid with the magnitude of the associations 

potentially being lower than the true association due to methodological errors. 

The issue of multiple comparisons arises when analyzing nutritional data from 

large epidemiological studies in that a large number of statistical models are required. 

For the present study, we did not adjust the significance level but chose to evaluate each 

serum nutrient as individual associations. By using this approach, there is a chance that 

single spurious associations will be found based on the nature of statistical probabilities. 

Therefore, the issue of multiple comparisons needs to be considered when interpreting 

results. Conclusions should be made in light of consistency with other information and 

external to the study^^. The findings of an association of serum zeaxanthin levels with 

HPV clearance consistent with two previously reported studies^' This consistency 
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provides support that our results for this particular nutrient may not be a spurious 

association found by chance. 

This study had several strengths, including the assessment of serum carotenoids 

and tocopherols at four different time points allowing for an accurate assessment of a 

woman's nutrient status. The study was nested within a large prospective cohort study 

that measured HPV at four clinical visits within the first year of follow-up and assessed 

over 40 HPV types that allowed type-specific HPV infections to be detected. 

Overall, results from the current study suggest that higher serum antioxidant 

nutrients may lead to shorter duration of HPV infections. We found differences in 

specific nutrient associations between oncogenic and nononcogenic type HPV infections. 

The consistent associations found for both serum and dietary antioxidants are promising. 

This research indicates that antioxidant nutrients, modifiable factors, are associated with 

viral persistence and clearance and suggest that a diet high in antioxidants may confer 

protection. Future research efforts will examine if serum antioxidant nutrients confer 

protection against cervical lesion development. 
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FIGURE LEGENDS 

Figure 1: Graphic representation of the different approaches utilized to examine HPV 

persistence. All approaches imply the same HPV type at each positive visit (+). (A). 

HPV persistence which collapses longitudinal data into a dichotomous "case-control" 

definition. Transient infection (control) is defined as only one out of four visits positive 

or nonconsecutive visits positive. Persistent infection (case) is defined as two or more 

consecutively positive tests for the same HPV type. (B). Approach first described by Ho 

1 7 
et al. utilizing HPV persistence as a repeated event of visit pairs. Women who are HPV 

positive at a particular measurement are considered persistent if their subsequent 

measurement is also positive for the same HPV type and transient if their subsequent visit 

was negative (i.e., if they have cleared the virus) or a different HPV type. (C). Time-

dependent cohort analysis for repeated HPV data, with first negative visit being defined 

as an HPV clearance event. Women with both prevalent and incident infections are 

included. 

Figure 2: Probability of type specific HPV clearance by tertile of zeaxanthin 

concentrations for oncogenic HPV infections (A) and nononcogenic HPV infections (B) 
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Figure 1. Hypothetical Examples of Different HPV Outcome Variables Considered in 

Examining the Associations between Serum Nutrients and HPV Persistence and 

Clearance 

Month 0 4 8 12 

Time 12 3 4 

A. Case-Control 
HPVt + 

' J 

Outcome Transient 
HPVt + 

Outcome Persistent 

B. Longitudinal Events 
HPVt + 

I 
+ 

1 I 1 { 1 

HPV(t,t+i) (+>+) (+ , - )  

Outcome Pers. Trans. n/a 

C. Clearance 

HPVt + + + 

Outcome Clearance 
Event 

HPVt - + -

Outcome n/a Enter Clearance , 
Follow-up Event ^ 



Table 1: Mean (SD) of Serum Carotenoids and Tocopherols Among HPV Positive Woman and Stratified by HPV 
Persistence 

HPV Positive HPV Persistence 

Case-Control Analysis Longitudinal Events 

Transient Persistent +?+ 
(N=407) (N=135) (N=165) (N=277) (N=259) 

Nutrients (/jg/mL) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Retinol 0.458 0.142 0.460 0.153 0.456 0.124 0.452 0.143 0.455 0.125 

Lutein 0.037 0.043 0.035 0.020 0.040 0.062 0.035 0.019 0.044 0.084 
Zeaxanthin 0.016 0.007 0.015 0.007 0.016 0.007 0.015 0.006 0.016 0.007 
a Cryptoxanthin 0.006 0.006 0.006 0.004 0.006 0.008 0.006 0.004 0.007 0.010 
P Cryptoxanthin 0.040 0.171 0.035 0.143 0.049 0.205 0.033 0.133 0.063 0.257 
trans-Lycopene 0.017 0.015 0.016 0.015 0.018 0.016 0.018 0.016 0.017 0.015 
cis-Lycopene 0.026 0.018 0.025 0.018 0.027 0.017 0.026 0.018 0.026 0.017 
a Carotene 0.011 0.009 0.011 0.009 0.012 0.009 0.011 0.009 0.012 0.010 
trans-P Carotene 0.024 0.027 0.024 0.027 0.025 0.028 0.025 0.028 0.025 0.029 
cis-P Carotene 0.007 0.005 0.007 0.004 0.007 0.006 0.007 0.005 0.007 0.006 

a Tocopherol 5.135 1.959 5.113 1.973 5.167 1.943 5.060 1.813 5.111 1.848 
5 Tocopherol 0.083 0.034 0.083 0.036 0.082 0.032 0.082 0.036 0.082 0.031 
y Tocopherol 1.578 0.577 1.578 0.563 1.578 0.598 1.579 0.557 1.549 0.593 

K) 
-J o^ 
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Table 2: Odd Ratio estimates for the associations between nononcogenic and oncogenic HPV 

persistence and serum antioxidant nutrient level: Case-Control Analysis' 
Non Oncogenic HPV Types Oncogenic HPV Types 

Trans. Pers. Crude Adjusted^ Trans. Pers. Crude Adjusted' 

(Nf (N) OR OR 95% CI (N) (N) OR OR 95% CI 

Carotenoids (|a,g/mL) 
Retinol 

<0.380 40 19 1.00 1.00 Referent 47 26 1.00 1.00 Referent 

0.381 -0.453 41 21 1.08 0.89 (0.39 - 2.00) 45 29 1.16 1.23 (0.61 - 2.50) 
0.434- 1.900 35 20 1.20 0.89 (0.36-2.19) 51 31 1.10 1.11 (0.54 - 2.27) 

p-trend 0.80 0.79 
Lutein 

<0.0292 38 16 1.00 1.00 Referent 48 30 1.00 1.00 Referent 
0.0293-0.0415 38 23 1.44 1.58 (0.68 - 3.66) 49 23 0.75 0.65 (0.31 - 1.35) 

0.042-0.807 40 21 1.25 1.27 (0.53 - 3.05) 42 33 1.15 1.06 (0.53-2.14) 
p-trend 0.61 0.86 

Zeaxanthin 
<0.0125 37 17 1.00 1.00 Referent 49 29 1.00 1.00 Referent 

0.0126-0.0202 40 17 0.93 1.00 (0.42 - 2.40) 48 25 0.88 0.89 (0.44- 1.83) 
0.0203-0.054 39 26 1.45 1.56 (0.67-3.61) 46 32 1.18 1.12 (0.56 - 2.25) 

p-trend 0.28 0.75 
a Cryptoxanthin 

<0.005 39 26 1.00 1.00 Referent 53 34 1.00 1.00 Referent 
0.006-0.0075 36 16 0.67 0.65 (0.28- 1.48) 47 23 0.76 0.75 (0.37- 1.52) 
0.0076-0.088 41 18 0.66 0.62 (0.28- 1.37) 43 29 1.05 0.87 (0.42 - 1.80) 

p-trend 0.22 0.69 
P Cryptoxanthin 

<0.0207 38 19 1.00 1.00 Referent 52 33 1.00 1.00 Referent 
0.0208-0.0395 39 18 0.92 0.99 (0.43 - 2.32) 44 17 0.61 0.62 (0.29- 1.34) 

0.040-2.20 39 23 1.18 0.93 (0.40-2.16) 47 36 1.21 1.04 (0.51 - 2.09) 
p-trend 0.86 0.95 

trans-Lycopene 
<0.013 31 21 1.00 1.00 Referent 58 22 1.00 1.00 Referent 

0.0135-0.0271 41 20 0.72 0.65 (0.28- 1.49) 42 28 1.76 1.85 (0.88 - 3.88) 
0.0272-0.120 44 19 0.64 0.64 (0.27- 1.53) 43 36 2.21 2.33 (1.09-5.02) 

p-trend 0.32 0.03 
cis-Lycopene 

<0.0210 34 17 1.00 1.00 Referent 52 23 1.00 1.00 Referent 
0.0211-0.0397 42 29 1.38 1.23 (0.53 - 2.83) 45 22 1.11 1.31 (0.61 - 2.84) 
0.0398-0.1633 40 14 0.70 0.59 (0.22- 1.56) 46 41 2.02 2.21 (1.05-4.62) 

p-trend 0.27 0.03 
a Carotene 

<0.0087 43 19 1.00 1.00 Referent 44 27 1.00 1.00 Referent 
0.0088-0.016 30 23 1.74 1.66 (0.70 - 3.95) 55 23 0.68 0.75 (0.36- 1.55) 
0.0165-0.065 43 18 0.95 0.97 (0.42 - 2.28) 44 36 1.33 1.31 (0.63 - 2.72) 

p-trend 0.87 0.44 
trans-P Carotene 

<0.0184 37 23 1.00 1.00 Referent 50 28 1.00 1.00 Referent 

0.0185-0.036 35 20 0.92 0.99 (0.43 - 2.27) 52 25 0.86 1.01 (0.49 - 2.07) 
0.037-0.238 44 17 0.62 0.65 (0.28- 1.53) 41 33 1.44 1.35 (0.64 - 2.82) 

p-trend 0.33 0.42 
cis-P Carotene 

<0.005 42 20 1.00 1.00 Referent 53 30 1.00 1.00 Referent 
0.006-0.008 39 26 1.40 1.10 (0.50 - 2.45) 43 25 1.03 0.88 (0.43- 1.78) 
0.008-0.165 35 14 0.84 0.74 (0.30- 1.82) 47 31 1.17 1.02 (0.51 - 2.03) 

p-trend 0.55 0.97 
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Table 2 - Continued 

Tocopherols (^ig/mL) 
a Tocopherol 

<4.27 32 23 1.00 1.00 Referent 57 27 1.00 1.00 Referent 

4.28-6.03 48 14 0.41 0.20 (0.08 - 0.54) 35 27 1.63 1.89 (0.90 - 3.95) 
6.04-17.81 36 23 0.89 0.43 (0.16-1.15) 51 32 1.32 1.31 (0.63 - 2.73) 

p-trend 0.14 0.45 
5 Tocopherol 

<1.36 37 23 1.00 1.00 Referent 53 28 1.00 1.00 Referent 

1.37-1.77 37 22 0.96 0.75 (0.34- 1.69) 45 28 1.18 1.06 (0.52-2.16) 
1.78-4.85 42 15 0.57 0.39 (0.16-0.95) 45 30 1.26 1.44 (0.71 - 2.92) 

p-trend 0.04 0.31 
y Tocopherol 

<1.36 33 20 1.00 1.00 Referent 53 25 1.00 1.00 Referent 

1.37-1.77 42 20 0.79 0.54 (0.23- 1.27) 46 32 1.47 1.72 (0.85 - 3.47) 
1.78-4.85 41 20 0.80 0.39 (0.15-1.00) 44 29 1.40 1.68 (0.81 - 3.47) 

p-trend 0.05 0.158 

* HPV, human papillomavirus; Trans, Transient HPV group; Pers., Persistent HPV group; OR, odds ratio; CI, confidence 

interval 
1. Results obtained from logistic regression with binary outcome of transient or persistent HPV infection ( Figure 1) 

2. Total number of observations did not add up to 135 among transient and 165 among persistent due to missing data 

3. Adjusted for serum cholesterol, age, race, number of sexual partners (1 year), income and number in household 
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Table 3: Odd Ratio estimates for the associations between nononcogenic and oncogenic HPV 

events and serum antioxidant nutrient level: GEE Analysis' 

Non Oncogenic HPV Types Oncogenic HPV Types 
+,+ Crude Adjusted +,- +,+ Crude Adjusted 

(Nf (N) OR OR 95% CI (N) (N) OR OR 95% CI 

'arotenoids (|ag/mL) 

Retinol 
<0.380 43 38 1.00 1.00 Referent 51 47 1.00 1.00 Referent 

0.381 -0.453 50 34 0.77 0.58 (0.29- 1.14) 46 50 1.18 1.43 (0.77-2.65) 
0.434- 1.900 35 37 1.20 1.07 (0.50-2.30) 52 53 1.11 1.22 (0.65-2.30) 

p-trend 0.95 0.53 
Lutein 

<0.0292 41 33 1.00 1.00 Referent 49 55 1.00 1.00 Referent 
0.0293-0.0415 44 35 0.99 1.01 (0.50-2.01) 48 39 0.72 0.84 (0.42- 1.65) 

0.042-0.807 42 41 1.18 0.95 (0.44 - 2.04) 52 56 0.96 1.03 (0.55- 1.93) 
p-trend 0.90 0.89 

Zeaxanthin 
<0.0125 43 31 1.00 1.00 Referent 45 55 1.00 1.00 Referent 

0.0126-0.0202 43 28 0.90 0.97 (0.47 - 2.02) 48 43 0.73 0.77 (0.40- 1.50) 
0.0203-0.054 42 50 1.65 1.47 (0.72-3.01) 56 52 0.76 0.81 (0.44- 1.46) 

p-trend 0.29 0.49 
a Cryptoxanthin 

<0.005 45 47 1.00 1.00 Referent 50 62 1.00 1.00 Referent 
0.006-0.0075 39 27 0.66 0.80 (0.40- 1.61) 50 42 0.68 0.69 (0.36- 1.33) 
0.0076-0.088 44 35 0.76 0.68 (0.33- 1.41) 49 46 0.76 0.81 (0.45- 1.49) 

p-trend 0.29 0.51 
P Cryptoxanthin 

<0.0207 40 36 1.00 1.00 Referent 51 56 1.00 1.00 Referent 
0.0208-0.0395 49 28 0.63 0.70 (0.34- 1.44) 45 33 0.67 0.74 (0.37- 1.49) 

0.040-2.20 39 45 1.28 1.11 (0.52-2.36) 53 61 1.05 1.11 (0.61 -2.01) 
p-trend 0.80 0.73 

trans-Lycopene 
<0.013 38 38 1.00 1.00 Referent 51 43 1.00 1.00 Referent 

0,0135-0.0271 42 36 0.86 0.73 (0.37- 1.46) 39 50 1.52 2.07 (1.03-4.15) 
0.0272-0.120 48 35 0.73 0.53 (0.26- 1.09) 59 57 1.15 1.29 (0.71 -2.37) 

p-trend 0.09 0.47 
cis-Lycopene 

<0.0210 40 29 1.00 1.00 Referent 47 43 1.00 1.00 Referent 
0.0211-0.0397 50 52 1.43 1.27 (0.63-2.58) 40 44 1.20 1.50 (0.73-3.07) 
0.0398-0.1633 38 28 1.02 0.66 (0.28- 1.55) 62 63 1.11 1.29 (0.68-2.43) 

p-trend 0.33 0.47 
a Carotene 

<0.0087 49 35 1.00 1.00 Referent 47 50 1.00 1.00 Referent 
0.0088-0.016 33 43 1.82 1.66 (0.82-3.37) 46 40 0.82 0.81 (0.41 -1.57) 
0.0165-0.065 46 31 0.94 0.79 (0.37- 1.67) 56 60 1.01 1.04 (0.56- 1.93) 

p-trend 0.51 0.85 
trans-p Carotene 

<0.0184 46 41 1.00 1.00 Referent 51 50 1.00 1.00 Referent 
0.0185-0.036 37 41 1.24 1.42 (0.70-2.88) 45 47 1.07 1.13 (0.60-2.15) 
0.037-0.238 45 27 0.67 0.50 (0.25- 1.02) 53 53 1.02 1.03 (0.57- 1.86) 

p-trend 0.07 0.93 
ds-p Carotene 

<0.005 48 33 1.00 1.00 Referent 55 52 1.00 1.00 Referent 
0.006-0.008 47 53 1.64 1.55 (0.79-3.04) 48 41 0.90 0.88 (0.47- 1.67) 
0.008-0.165 33 23 1.01 0.75 (0.34- 1.66) 46 57 1.31 1.33 (0.72-2.46) 

p-trend 0.59 0.70 
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Table 3 - Continued 

Tocopherols (|ag/mL) 
a Tocopherol 

<4.27 43 39 1.00 1.00 Referent 56 51 1.00 1.00 Referent 
4.28-6.03 47 28 0.66 0.49 (0.23- 1.00) 38 49 1.42 1.40 (0.71 - 2.73) 

6.04-17.81 38 42 1.22 0.96 (0.43 - 2.14) 55 50 1.00 1.05 (0.56- 1.97) 
p-trend 0.93 0.82 

5 Tocopherol 
<1.36 42 39 1.00 1.00 Referent 56 46 1.00 1.00 Referent 

1.37-1.77 44 41 1.00 0.88 (0.44- 1.79) 45 54 1.46 1.53 (0.82 - 2.87) 
1.78-4.85 42 29 0.74 0.48 (0.21 -1.06) 48 50 1.27 1.40 (0.75 - 2.60) 

p-trend 0.07 0.29 
y Tocopherol 

<1.36 37 34 1.00 1.00 Referent 51 44 1.00 1.00 Referent 
1.37-1.77 50 37 0.81 0.65 (0.31 -1.33) 52 60 1.34 1.36 (0.72 - 2.56) 
1.78-4.85 41 38 1.01 0.56 (0.25- 1.24) 46 46 1.16 1.22 (0.63 - 2.39) 

p-trend 0.16 0.57 
* HPV, human papillomavirus; OR, odds ratio; CI, confidence interval 

1. Results obtained from a time-dependent generalized estimating equation approach with a logit link for binary 

outcomes 
2. HPV results of two consecutive visits were grouped as a pair, see Figure 1 

3. Total number of observations did not add up to 259 among (+,+) and 277 among (+, -) due to missing data 
4. Adjusted for serum cholesterol, time, age, race, total number of pregnancies, lifetime number of sexual partners and 

marital status. 

5. Adjusted for serum cholesterol, time, age, smoking and lifetime number of sexual partners 
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Table 4: Hazard ratios for the association between nononcogenic and oncogenic HPV clearance 

and serum antioxidant nutrient level 
Non Oncogenic HPV Types Oncogenic HPV Types 

No Cleared / Crude Adjusted No Cleared / Crude Adjusted 
Woman- HR HR 95% CI Woman- HR HR 95% CI 

Carotenoids ((j,g/mL) 
Retinol 

<0.380 52 / 792.6 1.00 1.00 Referent 77 / 774.6 1.00 1.00 Referent 
0.381 -0.453 52 / 829.6 1.03 1.19 (0.80-1.79) 75/691.4 1.00 1.04 (0.67-1.58) 
0.434- 1.900 56 / 709.0 1.26 1.45 (0.96-2.19) 76 / 637.4 1.07 1.09 (0.69-1.71) 

p-trend 0.08 0.71 
Lutein 

<0.0292 60 / 747.3 1.00 1.00 Referent 40/755.1 1.00 1.00 Referent 
0.0293-0.0415 47 / 753.5 0.79 0.79 (0.54-1.17) 39 / 602.8 1.36 1.54 (0.96-2.49) 

0.042-0.807 53 / 830.2 0.88 0.93 (0.63-1.36) 49 / 745.6 1.32 1.32 (0.85-2.60) 
p-trend 0.69 0.24 

Zeaxanthin 

<0.0125 61 / 784.3 1.00 1.00 Referent 35 / 737.4 1.00 1.00 Referent 
0.0126-0.0202 51/716.3 0.94 1.02 (0.69-1.49) 44 / 678.2 1.54 1.44 (0.92-2.26) 

0.0203-0.054 48 / 830.6 0.81 0.86 (0.57-1.27) 49/687.9 1.53 1.59 (1.01-2.52) 
p-trend 0.46 0.05 

a Cryptoxanthin 

<0.005 54 / 869.9 1.00 1.00 Referent 43/810.6 1.00 1.00 Referent 
0.006-0.0075 57/755.1 1.27 1.29 (0.87- 1.89) 41 / 600.0 1.39 1.52 (0.96-2.41) 
0.0076-0.088 49 / 706.1 1.30 1.34 (0.89 - 2.02) 44 / 692.9 1.25 1.44 (0.92 - 2.26) 

p-trend 0.15 0.11 
P Cryptoxanthin 

<0.0207 54/791.6 1.00 1.00 Referent 40/673.6 1.00 1.00 Referent 
0.0208-0.0395 54 / 778.3 1.11 1.18 (0.80-1.74) 41 / 744.4 1.05 1.21 (0.76-1.93) 

0.040-2.20 52/761.2 1.10 1.12 (0.75-1.67) 47 / 685.4 1.22 1.39 (0.88-2.19) 
p-trend 0.57 0.15 

trans-Lycopene 
<0.013 56 / 876.0 1.00 1.00 Referent 41 / 716.8 1.00 1.00 Referent 

0.0135-0.0271 48/691.0 1.10 1.10 (0.74-1.63) 38 / 629.2 1.05 1.04 (0.65-1.66) 
0.0272-0.120 56/764.1 1.29 1.22 (0.81-1.82) 49 / 757.5 1.13 1.26 (0.81-1.96) 

p-trend 0.34 0.29 
cis-Lycopene 

<0.0210 52 / 794.3 1.00 1.00 Referent 41 / 698.4 1.00 1.00 Referent 
0.0211-0.0397 55/758.1 1.12 1.07 (0.72-1.60) 41 / 664.1 1.04 1.08 (0.68-1.72) 
0.0398-0.1633 53 / 778.6 1.62 1.13 (0.74-1.72) 46 / 740.9 1.08 1.22 (0.77-1.93) 

p-trend 0.57 0.39 
a Carotene 

<0.0087 59 / 795.4 1.00 1.00 Referent 41 / 683.5 1.00 1.00 Referent 
0.0088-0.016 48/814.8 0.84 0.81 (0.55-1.20) 42 / 686.4 0.96 1.15 (0.72-1.82) 
0.0165-0.065 53 / 720.9 0.14 1.01 (0.69-1.49) 45/733.6 1.04 1.29 (0.81-2.04) 

p-trend 0.98 0.28 
trans-p Carotene 

<0.0184 58/819.4 1.00 1.00 Referent 41 / 726.0 1.00 1.00 Referent 
0.0185-0.036 50 / 789.3 0.86 0.83 (0.56-1.22) 39 / 643.7 1.08 1.09 (0.69-1.71) 

0.037-0.238 52 / 722.4 1.06 1.03 (0.69-1.53) 48 / 733.8 1.15 1.33 (0.86-2.08) 
p-trend 0.94 0.20 

cis-p Carotene 

<0.005 56 / 777.9 1.00 1.00 Referent 46 / 735.7 1.00 1.00 Referent 
0.006-0.008 49 / 840.4 0.78 0.76 (0.51 -1.12) 40/631.8 0.96 0.92 (0.59- 1.42) 
0.008-0.165 55/712.8 1.14 1.09 (0.74-1.61) 42 / 736.0 0.91 0.97 (0.62- 1.52) 

p-trend 0.70 0.89 
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Table 4 - Continued 

Tocopherols (|j,g/mL): 
a Tocopherol 

<4.27 57 / 782.7 1.00 1.00 Referent 46 / 696.8 1.00 1.00 Referent 
4.28-6.03 52 / 768.0 0.92 1.03 (0.68-1.54) 41 / 665.9 1.00 1.05 (0.66-1.66) 

6.04-17.81 51 / 780.4 0.91 1.02 (0.67-1.58) 41 / 740.8 0.84 0.93 (0.58-1.51) 
p-trend 0.91 0.77 

5 Tocopherol 
<1.36 54/768.1 1.00 1.00 Referent 47/718.2 1.00 1.00 Referent 

1.37-1.77 60 / 826.9 1.1 1.12 (0.77-1.63) 40/686.6 0.92 0.91 (0.59-1.47) 
1.78-4,85 46/736.1 0.85 0.91 (0.61-1.37) 41 / 698.7 0.88 0.78 (0.50-1.22) 

p-trend 0.69 0.27 
Y Tocopherol 

<1.36 54/757.1 1.00 1.00 Referent 46 / 667.0 1.00 1.00 Referent 
1.37-1.77 60 / 798.4 1.12 1.09 (0.75-1.60) 46/739.8 0.98 0.97 (0.63-1.50) 
1.78-4.85 46 / 775.6 1.25 0.9 (0.59-1.38) 36/696.6 0.75 0.69 (0.43-1.12) 

p-trend 0.96 0.14 
* HPV, human papillomaviras; HR, hazard ratio; CI, confidence interval 

1. Adjusted for serum cholesterol,age, number sexual patners (5 years), and income 

2. Adjusted for serum cholesterol, age, race, number sexual patners (5 years), education, total number of prengncies 
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Table 1: Comparison of Baseline Demographic and Lifestyle factors among 

HPV positive women: Parent Cohort vs. Sub-cohort 

Parent cohort® Subcohort 

N % N % P-value'' 
HPV Status 

Ever Positive*^ 191 433 100 -

Age (mean + SD) 30 9 31 9 0.214 

Ethnicity 

White 111 58.1 268 61.9 0.373 

Non-white 80 41.9 165 38.1 

Education 

< Elementary 31 16.2 89 20.6 0.18 

Elementary 126 66.0 245 56.6 

High School 30 15.7 86 19.9 

> High School 4 2.1 13 3.0 

Marital Status 

Single 33 17.4 81 18.7 0.54 

Married 69 36.3 164 37.9 

Widow 6 3.2 8 1.9 

Divorced 12 6.3 39 9.0 
Common Law 70 36.8 141 32.6 

Number living in household 

1-2 10 5.3 31 7.2 0.709 

3 34 17.9 68 15.8 
4 51 26.8 103 24.0 

5 41 21.6 84 19.5 

6 24 12.6 61 14.2 
>7 30 15.8 83 19.3 

Monthly Income (US$) 
<250 31 16.3 108 25.7 0.01 
251 - 450 44 23.2 107 25.4 
451 - 725 43 22.6 96 22.8 
>725 72 37.9 110 26.1 

a Parent cohort restricted to women with similar follow-up as subcohort, n=1028 
b p-value for difference in observed vs expected Chi2 statisitic 

c Women with a HPV positive test at any visit during the first 12 months 



Table 1 Continued: Parent cohort Subcohort 

N % N % P-value'' 

Cigarette Smoking 

Never 79 41.4 197 45.5 0.211 
Current 69 36.1 164 37.9 
Former 43 22.5 72 16.6 

Age @ first intercourse 31 16.2 93 21.5 0.231 
<15 37 19.4 92 21.3 
16-17 65 34.0 117 27.0 

18-19 58 30.4 131 30.3 
20-50 

Lifetime # sexual partners 

0 - 1  65 34.0 154 35.6 0.934 

C
O

 
1 

<N 

76 39.8 168 38.8 
> 4 50 26.2 111 25.6 

Total # sex partners past 5 

yrs 

0-1 128 67.0 283 65.4 0.687 
>2 63 33.0 150 34.6 

Total # sexual partners past 

year 

0-1 177 93.2 386 90.2 0.231 
>2 13 6.8 42 9.8 

Oral contraceptive use 

Never 30 15.7 71 16.4 0.629 
<6 years 116 60.7 246 56.8 
^ 6 years 45 23.6 116 26.8 

Total # of Pregnancies 

0-1 38 19.9 83 19.4 0.974 
2-3 76 39.8 177 41.3 
4-6 58 30.4 124 28.9 
>7 19 10.0 45 10.5 

Age of Menarche 

0-11 48 25.3 101 23.3 0.602 
12-19 142 74.7 332 76.7 

a Parent cohort restricted to women with similar follow-up as subcohort, n=1028 
b p-value for difference in observed vs expected Chi2 statisitic 

c Women with a HPV positive test at any visit during the first 12 months 
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Table 2: Comparison of Baseline Demographic and Lifestyle factors 
among HPV Negative Women: Parent Cohort vs. Sub-cohort 

Parent cohort® Subcohort 

N % N % P-value'' 
HPV Status 

Never HPV positive*^ 829 412 -

Age (mean ± SD) 35 8 32 9 0.001 

Ethnicity 

White 553 66.7 271 65.8 0.744 

Non-white 276 33.3 141 34.2 

Education 

< Elementary 187 22.6 93 22.6 0.515 

Elementary 501 60.6 237 57.5 

High School 121 14.6 69 16.8 

> High School 18 2.2 13 3.2 

Marital Status 

Single 51 6.2 20 4.9 0.121 

Married 462 55.7 235 57.0 

Widow 20 2.4 5 1.2 

Divorced 46 5.6 13 3.2 

Common Law 250 30.2 139 33.7 

Number living in household 

1-2 32 3.9 20 4.9 0.497 

3 170 20.5 73 17.7 

4 239 28.9 132 32.0 

5 169 20.4 92 22.3 

6 105 12.7 47 11.4 
>7 113 13.7 48 11.7 

Monthly Income (US$) 
<250 194 23.7 103 25.8 0.244 
251 - 450 208 25.4 103 25.8 

451 - 725 178 21.8 98 24.6 
>725 238 29.1 95 23.8 

a Parent cohort restricted to women with similar follow-up as subcohort, n=1028 

b p-value for difference in observed vs expected Chi2 statisitic 

c Based on the first 12 months on study 



Table 2 - Continued 

Parent cohort® Subcohort 

N % N % P-value'' 

Cigarette Smol<ing 

Never 404 48.7 232 56.3 0.042 

Current 274 33.1 117 28.4 

Former 151 18.2 63 15.3 

Age @ first intercourse 
<15 266 32.1 103 25.0 0.069 

16-17 165 19.9 97 23.5 

18-19 193 23.3 101 24.5 

20-50 205 24.7 111 26.9 

Lifetime # sexual partners 

0 - 1  410 49.5 205 49.9 0.269 
2 - 3  257 31.0 140 34.1 
>4 162 19.5 66 16.1 

Total # sex partners past 5 

yrs 

0-1 698 84.3 346 84.2 0.958 
>2 130 15.7 65 15.8 

Total # sexual partners past 

year 

0-1 809 98.2 399 97.6 0.467 

>2 15 1.8 10 2.4 

Oral contraceptive use 

Never 116 14.0 64 15.5 0.43 
<6 years 447 53.9 230 55.8 

s 6 years 266 32.1 118 28.6 

Total # of Pregnancies 

0-1 117 14.2 67 16.3 0.372 
2-3 367 44.4 188 45.9 

4-6 253 30.6 122 29.8 
>7 89 10.8 33 8.1 

Age of Menarche 

0-11 173 21.0 96 23.4 0.327 
12-19 652 79.0 314 76.6 

a Parent cohort restricted to women with similar follow-up as subcohort, n=1028 

b p-value for difference in observed vs expected Chi2 statisitic 

c Based on the first 12 months on study 



Table 3a. Patterns of Oncogenic Type-Specific HPV Infections, Stratified by Incident or Prevalent Infections 
(n=818) 

Incident HPV infection Prevalent HPV infection 

Transient^ Persistent^ Transient^ Persistent 2 

2 NC 2 

HPV Type HPV- HPV + 1 + + 2 + 3 + 1 + 2 NC + 2 + 3 NC +! Total 3 + 4 + 

16 763 55 28 0 2 6 6 0 2 0 1 2 5 6 
18 803 15 4 0 2 0 6 0 0 0 j 0 2 1 
31 789 29 13 0 4 0 2 0 2 1 ! 3 5 2 
33 805 13 1 0 6 0 3 0 2 1 1 3 0 0 
35 805 13 6 2 1 1 1 0 2 0 j 2 0 0 
39 813 5 3 0 1 1 0 0 0 0 • 0 0 0 
45 802 16 6 0 1 0 6 1 1 0 I 1 0 1 
51 777 41 22 1 3 2 7 0 4 0 1 4 0 2 

52 793 25 9 1 5 0 6 0 2 0 j 2 1 1 
56 805 13 6 0 2 2 2 0 0 1 ! 1 0 0 
58 792 26 10 0 3 0 3 1 4 0 1 4 2 3 
59 802 16 5 0 2 0 7 0 0 1 j 1 0 1 
68 804 14 8 0 0 0 5 0 0 0 • 0 0 1 

Total 281 121 4 32 12 54 2 19 4 • 23 15 18 

^ Transient HPV infection defined as only one visit postive for specific type (1 +) or two non-consecutive visits positive (2 NC+) 

^ Persistent HPV infections defined as two (2+ or 3 NC+) or more (3+ or 4+) consecutively positive results for the same HPV type 

to 
oo VD 



Table 3b. Patterns of Nononcogenic Type-Specific HPV Infections, Stratified by Incident or Prevalent Infections 
(n=818) 

Incident HPV infection Prevalent HPV infection 

Transient^ Persistent^ Transient^ Persistent^ 
2 NC 2 

HPV Tvpe HPV- HPV + 1 + + 2 + 3 + 1 + 2 N C  +  2 + 3 NC +; Total 3 + 4 + 

6/11 794 24 10 0 2 0 8 0 1 1 : 2 1 1 
26 814 4 2 0 0 0 2 0 0 0 1 0 0 0 
32 817 1 1 0 0 0 0 0 0 0 i 0 0 0 
34 816 2 0 0 0 0 2 0 0 0 • 0 0 0 
40 806 12 4 0 3 0 2 1 0 0 1 0 0 2 
42 817 1 1 0 0 0 0 0 0 0 i 0 0 0 
44 814 4 2 0 0 0 2 0 0 0 : 0 0 0 
53 762 56 27 0 7 2 10 0 6 2 . 8 1 1 
54 803 15 8 1 2 0 2 0 0 0 1 0 0 2 
55 804 14 10 0 0 1 2 0 0 0 I 0 1 0 
57 818 0 0 0 0 0 0 0 0 0 1 0 0 0 
61 793 25 5 0 5 1 6 1 2 0 1 2 1 4 
62 808 10 6 0 3 0 1 0 0 0 1 0 0 0 
64 818 0 0 0 0 0 0 0 0 0 : 0 0 0 
66 806 12 4 1 1 0 2 0 1 1 ! 2 1 1 
67 816 2 1 0 0 1 0 0 0 0 1 0 0 0 
69 817 1 1 0 0 0 0 0 0 0 i 0 0 0 
70 801 17 5 0 1 0 5 1 3 0 ! 3 0 2 
71 812 6 4 0 0 1 1 0 0 0 1 0 0 0 
72 810 8 1 0 2 0 0 1 2 1 1 3 1 0 
73 805 13 8 0 2 0 3 0 0 0 : 0 0 0 
81 804 14 6 0 0 1 1 0 2 2 ! 4 2 0 
82 814 4 3 0 1 0 0 0 0 0 1 0 0 0 
83 808 10 8 0 0 0 0 0 0 0 I 0 0 2 
84 796 22 10 0 1 1 4 1 2 0 1 2 1 2 
is39 813 5 3 0 0 0 2 0 0 0 1 0 0 0 

C6108 816 2 2 0 0 0 0 0 0 0 i ° 0 0 
Unl<nown 28 20 1 0 0 5 0 1 0 • 1 0 1 

Total 284 152 3 30 8 60 5 20 7 I 27 9 18 

^ Transient HPV infection defined as only one visit postive for specific type (1 +) or two non-consecutive visits positive (2 NC+) 
^ Persistent HPV infections defined as two (2+ or 3 NC+) or more ( 3+ or 4+) consecutively positive results for the same HPV type 
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Table 4: Summary and Distribution of HPV Co-Infections 

Transient Infection Persistent Infection 
(N) (N) 

Infection Summary 
Number of Single Infection 

Oncogenic 100 69 
Nononcogenic 98 79 

Total 198 148 

Number of Co-infections 
2 56 15 
3 16 4 
4 3 0 
5 1 0 

Total 76 19 

Distrubution of Co-Infections 
Oncogenic Only 

2 9 7 
3 2 2 
4 0 0 

Non oncogenic Only 
2 15 1 
3 3 0 
4 0 0 

Oncogenic: Nononcogenic 
1 : 1  3 2  7  
1 : 2  5  0  
1 : 3  0  0  
1 : 4  1  0  
2 : 1  6  2  
2 : 2  2  0  
3 : 1  1  0  

3 : 2  0  0  
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Table 5. Summary of Missing Serum Nutrient Analyses, N=3,384 
Total 

Visit 1 Visit 2 Visit 3 Visit 4 Missing 

Carotenoids and Tocopherols 

Sample not available (n/s)® 12 11 9 15 47 

Vial Empty upon arrival {e/vf 1 0 0 0 1 
No sample Remaining Following 
RA analyses (i/s) 2 2 0 0 4 

Total Missing 15 13 9 15 52 

Retinoic Acid 

Sample not available (n/s) 12 11 23 

Vial Empty upon arrival (e/v) 1 0 1 

No sample Remaining Following 
CT/TP analyses (i/s) 4 6 10 

Total Missing 17 17 34 

a:Duplicate samples sent to replace missing visit: 

Missing Visit 1: Duplicate V-2 (ID=916) 
Missing Visit 1: Duplicate V-3 (ID=3338) 
Missing Visit 2: Duplicate V-4 (ID=2432) 
Missing Visit 3: Duplicate V-4 (ID=2440) 
Missing Visit 4: Duplicate V-2 (ID=1957) 

b: ID = 412 



Table 6. Frequency (%) of Serum Nutrient Samples Below the Limit of 

Quantification^ by Visit 

Visit 1 Visit 2 Visit 3 Visit 4 Total 
N % N % N % N % N % 

Carotenoids (ng/mL) 
Lutein 7 1% 1 0% 3 0% 5 1% 16 0.5% 
Zeaxanthin 11 1% 12 1% 14 2% 13 2% 50 1.5% 
a-Cryptoxanthin 264 32% 280 34% 287 34% 251 30% 1082 32.5% 
p-Cryptoxanthin 83 10% 88 11% 76 9% 83 10% 330 9.9% 
frans-Lycopene 194 23% 212 25% 198 24% 189 23% 793 23.8% 
cis-Lycopene 170 20% 184 22% 169 20% 178 21% 701 21.0% 
a-Carotene 205 25% 204 24% 198 24% 204 25% 811 24.3% 
trans-p-Carotene 140 17% 122 15% 111 13% 131 16% 504 15.1% 
cis-p-Carotene 264 32% 257 31% 264 32% 252 30% 1037 31.1% 

Tocopherols (iig/mL) 
a-Tocopherol 13 2% 11 1% 7 1% 15 2% 46 1.4% 
5-Tocopherol 190 23% 193 23% 200 24% 193 23% 776 23.3% 
y-Tocopherol 14 2% 14 2% 14 2% 15 2% 57 1.7% 

Retinoids 
Retinol (fxg/mL) 1 0% 0 0% 1 0% 1 0% 3 0.1% 
13-c/s RA (ng/ml) 24 3% 46 6% - - 70 4.2% 
9-c/s RA (ng/ml) 130 16% 124 15% - - 254 15.3% 
aW-trans RA (ng/ml) 22 3% 34 4% - - 56 3.4% 

Limit of Quantification: Carotenoids=0.004 iig/mL; Tocoplierols = 0.015 ng/mL; Retinoic Acid = 0.03 ng/mL 

NJ vo 
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Figure 1. Distribution of Retinoic Acid Concentrations by HPLC Batcli 
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Table 7: Mean (SD) Retinoic Acid Concentrations by HPLC Laboratory Batch number^ 

Total Retinoic Acid 13-c/"s Retinoic Acid 9-c/s Retinoic Acid all-frans Retinoic Acid 
(ng/mL) (ng/mL) (ng/mL) (ng/mL) 

Laboratory 
Batch N Mean SD Mean SD Mean SD Mean SD 

1 122 3.921 1.205 1.549 0.758 1.512 0.613 0.853 0.305 
2 158 1.779 0.699 0.588 0.387 0.217 0.118 0.938 0.541 
3 190 1.961 0.862 0.622 0.468 0.220 0.136 1.093 0.443 
4 168 3.783 0.953 1.622 0.509 1.381 0.388 0.780 0.329 
5 136 3.644 0.972 1.560 0.450 1.419 0.405 0.660 0.318 
6 152 3.638 0.879 1.680 0.496 1.332 0.350 0.621 0.271 
7 152 3.109 0.943 1.221 0.528 1.181 0.437 0.705 0.273 
8 138 2.949 0.950 1.295 0.724 0.977 0.278 0.676 0.266 
9 152 3.058 1.129 1.348 0.801 1.012 0.316 0.695 0.370 
10 180 3.704 1.004 1.504 0.636 1.256 0.409 0.944 0.423 
11 72 4.820 1.448 2.105 0.853 1.468 0.508 1.246 0.512 

Total 1620 3.194 1.268 1.316 0.727 1.042 0.588 0.828 0.415 

Oneway ANOVA, p-value < 0.001 for total retinoic acid and all isomers areAII retinoic acid, by batch 

<ys 
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Table 8: Partial correlation coefficients, between and within-person variances, 
between/within ratio, and number of measurements for 80% reliability for serum 
carotenoids and tocopherols 

Partial Between- Within- Between / Number for 

Correlation' woman woman Within 80% 

Variance^ Variance^ Ratio Reliability^ 

Retinol 
***  

0.60 0.0422 0.0279 1.51 3 

Lutein 0.61 0.1316 0.0802 1.64 3 

Zeaxanthin ***  

0.59 0.1476 0.1023 1.44 3 

cis-Zeaxanthin 0.58 0.1726 0.1146 1.51 3 

a-Cryptoxanthin 0.52 0.1499 0.1409 1.06 4 

P-Cryptoxanthin 0.71 0.5975 0.2562 2.33 2 

Lycopene 3|e9|C 
0.42 0.2595 0.3051 0.85 5 

cis-Lycopene Q  4 g  * * *  0.2881 0.3089 0.93 5 
a-Carotene 

9|C3):9|C 
0.66 0.3485 0.1767 1.97 2 

P-Carotene 0.72 0.5376 0.2064 2.6 2 

cis-P-Carotene 0.35* 0.0809 0.1491 0.54 8 

a-Tocopherol 0.59 0.0396 0.0261 1.51 3 

y-Tocopherol 
** 

0.43 0.0547 0.0711 0.77 6 

' Taken from Roe D, Siegel EM, Franco E, Papenfiiss M, Marshall JR, Craft N, Villa L, Giuliano AR. 
Multiple measures of serum carotenoids in the Brazilian HPV Natural History Cohort: Implications 
for cohort analysis 

^ Partial Pearson's correlation coefficient adjusted for the time period in which the first measurement 
occurred. 

^ Linear mixed effects model was used to estimate the between- versus within-woman variability, 
adjusted for period. 

Number of replicates required to insure 80% reliability 

*p < 0.05, *» p < 0.01 , *** p < 0.001 
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Table 9; Correlation matrix for total retinoic acid, retinoic acid isomers, 
retinol and p-carotene in seum samples take 4-months apart 

Spearman Correlation Coefflcent (time1, time2) 
Total Retinoic 13-c/s RA n  • o a  / / M\-trans-iso 

Acid (ng/mL) (ng/mL) (ng/mL) 

Total Retinoic 
Acid (ng/mL) 

13-c/s RA 0.87 ,0.87 
(ng/mL) 

<.0001 , <.0001 

9-c/s RA 0.77 ,0.83 0.54 ,0.63 
(ng/mL) 

<.0001 , <.0001 <.0001 , <.0001 

AW-trans-

isomer 
0.36 ,0.43 0.10 ,0.17 0.06 ,0.13 

(ng/mL) <.0001 ,<.0001 0.0245 ,0.0001 0.1734 , 0.0027 

Retinol 0.21 ,0.17 0.13 ,0.11 0.18 ,0.18 0.14,0.14 
(ng/mL) 

<.0001 ,0.0001 0.004 ,0.0132 <.0001 , <.0001 0.0014,0.0017 

Total p-
Carotene 

0.19 ,0.22 0.12 ,0.15 0.16 ,0.22 0.17,0.19 

(ng/mL) <.0001 ,<.0001 0.0057 , 0.0009 0.0002 , <.0001 0.0002, <.0001 
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Table 10: Association between consumption of specific food and Serum Retinoic Acid levels 

Total Retinoic Acid (ng/mL) 13-ci.s Retinoic Acid (ng/rtiL) 

(N=451) (N=451) 

Low High 
N N 

Crude" 
OR 

Adjusted*" 
OR (95% CI) 

Low High 
N N 

Crude" 
OR 

Adjusted"^ 
OR (95% CI) 

Liver 
Never or < 1 time/year 70 29 1.00 1.00 Referent 64 35 1.00 1.00 Referent 
2 1 time/year, < 1 time/mo. 57 26 0.88 0.72 (0.33- 1.56) 59 24 0.63 0.60 (0.28- 1.28) 
1-3 times/month 103 74 1.72 1.67 (0.90-3.11) 110 67 1.24 1.19 (0.65-2.16) 
> 1 time/week 50 42 1.74 1.59 (0.78 - 3.26) 49 43 1,59 1.63 (0.81 - 3.26) 

p for trend 0.042 0.065 

Orange 
Never or < 1 time/month 29 14 1.00 1.00 Referent 25 18 1.00 1.00 Referent 
1-3 times/month 57 26 1.34 1.57 (0.59-4.14) 54 29 1.01 1.05 (0.42 - 2.60) 
1-3 times/week 117 71 1.61 1.86 (0.78 - 4.48) 121 67 1.00 1.05 (0.46 - 2.39) 
s 4 time/week 78 60 2.49 2.64 (1.07-6.48) 83 55 1.32 1.29 (0.55-3.01) 

p for trend 0.022 0.475 

Lemon 
Never or < 1 time/year 26 17 1.00 1.00 Referent 25 18 1.00 1.00 Referent 
> 1 time/year, < 1 time/mo. 65 37 0.89 0.86 (0.34-2.19) 68 34 0.82 0.82 (0.33 - 2.02) 
1-3 times/month 72 39 0.94 1.02 (0.40 - 2.56) 66 45 1.26 1.40 (0.58 - 3.37) 
2 1 time/week 118 78 0.94 0.82 (0.35- 1.96) 124 72 0.88 0.92 (0.40 - 2.09) 

p for trend 0.701 0.935 

Carrot 
Never or < 1 time/month 48 24 1.00 1.00 Referent 45 27 1.00 1.00 Referent 
1-3 times/month 54 42 1.22 1.07 (0.49 - 2.30) 62 34 0.76 0.77 (0.36- 1.63) 
1 -3 times/week 135 75 0.92 0.78 (0.39- 1.56) 139 71 0.75 0.77 (0.40 - 1.48) 
2 4 time/week 44 30 0.98 0.79 (0.34-1.81) 37 37 1.50 1.42 (0.65-3.11) 

p for trend 0.346 0.490 

Pumpkin 
Never or < 1 time/year 77 31 1.00 1.00 Referent 76 32 1.00 1.00 Referent 
> 1 time/year, < 1 tIme/mo. 92 54 1.44 1.24 (0.65 - 2.36) 92 54 1.15 1.16 (0.62-2.18) 
1-3 times/month 63 40 1,86 1.61 (0.81 - 3.20) 65 38 1.66 1,68 (0,86 - 3.29) 
& 1 time/week 49 45 2.61 2.42 (1.18-4.96) 50 44 2.46 2.51 (1.27-4.97) 

p for trend 0.011 0.004 

a Crude adjusted for Laboratory Batch 

b Adjusted for Laboratory Batch, age (5 years), total number of pregnancies, OC use and economy 

c Adjusted for Laboratory batch, age (5 years), season and economy 
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Table 10 - Continued 

Total Retinoic Acid (ng/mL) 13-cw Retinoic Acid (ng/mL) 

(N=451) (N=451) 

Low High 
N N 

Crude^ 
OR 

Adjusted'' 
OR (95% CI) 

Low High 
N N 

Crude'' 
OR 

Adjusted'' 
OR (95% CI) 

Papaya 
Never or < 1 time/year 33 17 1.00 1.00 Referent 30 20 1.00 1.00 Referent 
a 1 time/year, < 1 time/mo. 49 27 1.05 0.86 (0.34-2.13) 49 27 0.85 0.84 (0.34-2.08) 
1-3 times/month 70 34 0.69 0.56 (0.23- 1.34) 73 31 0.61 0.63 (0.27-1.51) 
1-3 times/week 93 63 1.26 1.08 (0.48 - 2.44) 96 60 1.06 1.05 (0.46 - 2.35) 
£ 4 time/week 36 30 1.49 1.31 (0.51 - 3.34) 35 31 1.53 1.59 (0.64 - 3.98) 

p for trend 0.273 0.156 

Spinach 
Never or < 1 time/year 162 85 1.00 1.00 Referent 160 87 1.00 1.00 Referent 
> 1 time/year, < 1 time/mo. 40 34 1.40 1.37 (0.73 - 2.58) 41 33 1.26 1.12 (0.61 - 2.06) 
1-3 times/month 53 31 0.91 0.81 (0.43- 1.53) 53 31 0.86 0.80 (0.43- 1.48) 
a 1 time/week 26 21 1.26 1.32 (0.62 - 2.82) 29 18 0.82 0.76 (0.36- 1.62) 

p for trend 0.821 0.379 

Collard Greens 
Never or < 1 time/year 43 24 1.00 1.00 Referent 43 24 1.00 1.00 Referent 
a 1 time/year, < 1 time/mo. 68 37 0.70 0,74 (0.34-1.58) 67 38 0.79 0.87 (0.41 -1.83) 
1-3 times/month 75 64 1.46 1.68 (0.81 - 3.49) 82 57 1.21 1.38 (0.68-2.81) 
> 1 time/w/eek 95 46 0.71 0.81 (0.39- 1.69) 91 50 0.91 0.93 (0.46- 1.87) 

p for trend 0.930 0.900 

Broccoli 
Never or < 1 time/year 122 71 1.00 1.00 Referent 121 72 1.00 1.00 Referent 
> 1 time/year, < 1 time/mo. 49 35 1.02 1.04 (0.54 - 2.00) 57 27 0.68 0.67 (0.36- 1.27) 
1-3 times/month 67 42 0.89 0.79 (0.43- 1.43) 65 44 1.05 1.01 (0.57-1.79) 
11 time/week 43 23 0.84 0.77 (0.38-1.56) 40 26 0.92 0.86 (0.44- 1.70) 

p for trend 0.344 0.812 

a Crude adjusted for Laboratory Batch 

b Adjusted for Laboratory Batch, age (5 years), total number of pregnancies, OC use and economy 
c Adjusted for Laboratory batch, age (5 years), season and economy 
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Table 10 - Continued 

9-cis Retinoic Acid (ng/mL) All-trans Retinoic Acid (ng/mL) 

(N=393) (N=502) 

Low High 
N N 

Crude'' 
OR 

Adjusted'' 
OR (95% CI) 

Low High 
N N 

Crude^ 
OR 

Adjusted*^ 
OR (95% CI) 

Liver 
Never or < 1 time/year 59 29 1.00 1.00 Referent 84 28 1.00 1.00 Referent 
2 1 time/year, < 1 tIme/mo. 46 27 1.00 0.76 (0.36-1.61) 59 29 1.32 1.10 (0.53 - 2.30) 
1-3 times/month 92 62 1.20 1.09 (0.59 - 2.02) 130 71 1.47 1.34 (0.74 - 2.44) 
> 1 time/v»/eek 36 42 1.90 1.73 (0.85 - 3.52) 61 39 1.63 1.50 (0.75-2.99) 

p for trend 0.096 0197 

Orange 
Never or < 1 time/month 20 17 1.00 1.00 Referent 33 14 1.00 1.00 Referent 
1-3 times/month 51 23 0.50 0.58 (0.23-1.48) 65 28 1.65 1.99 (0.79 - 5.02) 
1-3 times/week 98 68 0.78 0.89 (0.39 - 2.04) 139 68 1.51 1.63 (0.71-3.71) 
s 4 time/week 65 52 1.03 1.00 (0.43-2.31) 97 58 1.65 1.68 (0.73 - 3.89) 

p for trend 0.441 0.541 

Lemon 
Never or < 1 time/year 22 18 1.00 1.00 Referent 32 14 1.00 1.00 Referent 
2 1 time/year, < 1 time/mo. 50 37 0.75 0.59 (0.24-1.45) 73 37 0.86 0.92 (0.38 - 2.24) 
1-3 times/month 61 36 0.66 0.64 (0.26 - 1.54) 85 42 0.93 1.04 (0.43 - 2.48) 
> 1 time/week 101 69 0.65 0.55 (0.24-1.25) 144 75 0.89 0.90 (0.39 - 2.04) 

p for trend 0.265 0.823 

Carrot 
Never or < 1 time/month 44 20 1.00 1.00 Referent 54 27 1.00 1.00 Referent 
1-3 times/month 47 39 1.59 1.54 (0.71 - 3.33) 70 37 0.79 0.83 (0.40-1.71) 
1-3 times/week 107 72 1.28 1.13 (0.56 - 2.29) 151 77 0.81 0.90 (0.47-1.71) 
a 4 time/week 36 29 1.49 1.31 (0.57-3.01) 59 27 0.60 0.60 (0.28- 1.29) 

p for trend 0.878 0.285 

Pumpkin 
Never or < 1 time/year 58 39 1.00 1.00 Referent 84 33 1.00 1.00 Referent 
a 1 time/year, < 1 time/mo. 73 52 0.87 0.71 (0.38- 1.32) 107 55 1.20 1.03 (0.56-1.91) 
1-3 times/month 59 32 0.75 0.56 (0.28- 1.09) 81 39 1.09 1.09 (0.57 - 2.08) 
a 1 time/week 44 36 1.09 0.86 (0.43 - 1.74) 62 40 1.39 1.44 (0.74 - 2.80) 

p for trend 0.485 0.283 

a Crude adjusted for Laboratory Batch 

d Adjusted for Laboratory batch, age (5 years), race, and economy 

e Adjusted for Laboratory batch, age (5 years), season, total number of pregnancies, and economy 
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Table 10 - Continued 

9-cis Retinoic Acid (ng/mL) KW-trans Retinoic Acid (ng/mL) 

(N=393) (N=502) 

Low High Crude" Adjusted'' Low High Crude" Adjusted'^ 
N N OR OR (95% CI) N N OR OR (95% CI) 

Papaya 
Never or < 1 time/year 23 18 1.00 1.00 Referent 36 19 1.00 1.00 Referent 
2 1 time/year, < 1 time/mo. 40 26 0.82 0.53 (0.21 -1.33) 58 25 0.77 0.78 (0.32- 1.90) 
1-3 times/month 57 37 0.82 0.63 (0.27- 1.48) 79 38 0.77 0.76 (0.33- 1.73) 
1-3 times/week 76 57 0.90 0.62 (0.27- 1.40) 118 57 0.81 0.82 (0.37- 1.80) 
& 4 time/week 38 22 0.79 0.48 (0.19-1.25) 43 29 1.31 1.51 (0.61 - 3.70) 

p for trend 0.312 0..373 

Spinach 
Never or < 1 time/year 128 85 1.00 1.00 Referent 178 101 1.00 1.00 Referent 
£ 1 time/year, < 1 time/mo. 42 26 0.83 0.70 (0.37- 1.33) 56 26 0.85 0.87 (0.46- 1.64) 
1-3 times/month 41 30 0.91 0.63 (0.33-1.19) 67 24 0.47 0.50 (0.27 - 0.94) 
£ 1 time/week 23 19 1.04 0.86 (0.41 -1.83) 33 17 0.94 1.03 (0.49-2.15) 

p for trend 0.295 0.258 

Collard Greens 
Never or < 1 time/year 37 25 1.00 1.00 Referent 60 18 1.00 1.00 Referent 
s 1 time/year, < 1 time/mo. 56 34 0.63 0.65 (0.30- 1.39) 76 40 1.41 1.49 (0.70-3.18) 
1-3 times/month 66 57 0.98 0.89 (0.43- 1.86) 93 57 1.94 2.28 (1.09-4.76) 
s 1 time/week 75 44 0.67 0.65 (0.31 -1.34) 105 53 1.30 1.35 (0.66 - 2.77) 

p for trend 0.435 0.472 

Broccoli 
Never or < 1 time/year 96 70 1.00 1.00 Referent 143 72 1.00 1.00 Referent 
s 1 time/year, < 1 time/mo. 44 28 0.79 0.73 (0.38-1.41) 59 34 0.94 0.94 (0.52- 1.72) 
1-3 times/month 53 43 1.07 0.87 (0.48- 1.58) 89 30 0.55 0.56 (0.31 -1.00) 
> 1 time/w/eek 41 19 0.69 0.55 (0.27-1.12) 43 32 1.82 1.76 (0.91 - 3.38) 

p for trend 0.156 0.734 

a Crude adjusted for Laboratory Batch 

d Adjusted for Laboratory batch, age (5 years), race, and economy 
e Adjusted for Laboratory batch, age (5 years), season, total number of pregnancies, and economy 



Table 11: Comparison of Serum Retinoic Acid Values by Visit Date^ 

July-August 1994 (N=29) July-August 1995 (N=24) 

Mean ± S D  Median Range Mean + SD Median Range P-value^ 

Total Retinoic Acid (ng/mL) 3.81 i 0.84 3.81 2.12 - 5.31 3.00 + 0.69 2.85 2.03 - 4.26 0.050 
C/s -isomer 

13-c/s RA (ng/mL) 1.71 + 0.50 1.61 0.76 - 2.57 1.18 + 0.40 1.13 0.69 - 2.48 0.009 
9-c/s RA (ng/mL) 1.37 + 0.27 1.40 0.76 - 1.84 1.07 + 0.33 1.02 0.50 - 1.67 0.029 

AW-trans-isomer (ng/mL) 0.71 + 0.29 0.67 0.28 - 1.36 0.74 + 0.23 0.67 0.33 - 1.18 0.270 

Retinol (ng/mL) 0.44 ± 0.06 0.43 0.29 - 0.54 0.45 + 0.09 0.45 0.28 - 0.65 0.100 
Total p-Carotene (ng/mL) 0.05 ± 0.03 0.04 0.02 - 0.13 0.03 + 0.01 0.03 0.02 - 0.06 0.570 

May-June 1995 (N=35) May-June 1996 (N=46) 

Mean + SD Median Range Mean + SD Median Range P-value^ 

Total Retinoic Acid (ng/mL) 3.51 - 0.68 3.26 2.56 - 5.15 3.75 + 1.08 3.77 1.96 - 6.66 0.640 
C;s-isomer 

13-c/s RA (ng/mL) 1.52 + 0.34 1.49 0.90 - 2.43 1.65 + 0.64 1.57 0.79 - 3.23 0.962 
9-c/s RA (ng/mL) 1.32 + 0.37 1.25 0.74 - 2,46 1.16 + 0.30 1.18 0.60 - 2.00 0.057 

M-trans-isomer (ng/mL) 0.68 + 0.18 0.66 0.41 - 1.11 0.93 + 0.33 0.96 0.41 - 1.80 0.002 

Retinol (ng/mL) 0.44 ± 0.13 0.45 0.24 - 0.95 0.46 + 0.12 0.44 0.27 - 0.93 0.960 
Total p-Carotene (ng/mL) 0.03 ± 0.02 0.03 0.01 - 0.06 0.02 + 0.01 0.02 0.01 - 0.05 0.001 
1. Analysis does not Include Batched 2 and 3 
2: P-values testing differences in Median Rank between periods (Ranksum) 

OJ 
O 
UJ 


