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ABSTRACT 

Infection with mucosotropic human papillomavirus (HPV) is necessary but not sufficient 

for development of cervical intraepithelial lesions and its ultimate stage cervical cancer. 

The majority of HPV infections are transient and only a minor proportion of infections 

persist and progress to more advanced stages of cervical dysplasia. This suggests that 

other factors are involved in the pathogenesis of cervical cancer. Previous studies have 

determined an increased risk of cervical cancer associated with high HPV viral load. 

Other host factors such as nutritional status may be associated with HPV infection 

persistence and higher risk of developing neoplasia. In this study, we have developed a 

real-time polymerase chain reaction assay to quantitate viral burden of eight HPV types 

most frequently found associated with cervical cancer. This methodology was used to 

study the association between viral load and risk of cervical dysplasia. Our results 

indicate a strong association of high HPV viral load with increased risk of low-grade and 

high-grade cervical intraepithelial neoplasia (OR=47.7, 95% CI=17.04-133.58; and 

OR=58.05, 95% CI= 18.43-182.89, respectively). Findings from this study suggest a 

linear increase of HPV viral load with cytological grade. In addition, we studied the 

association of HPV viral load with the concentration of circulating antioxidant nutrients 

and nutrients involved in DNA methylation previously associated with cervical 

carcinogenesis. Our viral load-nutrient study identified an inverse association of viral 

burden and circulating trans-lycopene (p, 0.0375), p-cryptoxanthin (p, 0.0494), trans-^-

carotene (p, 0.0105), and a possible protective association with cis-lycopene (p, 0.0544) 
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and lutein (p, 0.0977). A direct association with total viral load was observed for a-

carotene (p, 0.0038), a-tocopherol (p, 0.0207), y-tocopherol (p, 0.0288), and 5-tocopherol 

(p, 0.0446). Findings from this study suggest a role of circulating nutrients in HPV viral 

load. Overall, HPV viral load may be useful as a surrogate biomarker for HPV 

persistence. 
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CHAPTER 1 

INTRODUCTION 

Background and significance 

Cervical cancer is the third leading cause of death in women worldwide (Parkin DM, 

1999). The causal link between human papillomavirus (HPV) infection and cervical 

carcinogenesis is now compelling (Bosch FX, 2002; Bosch FX, 2003). While most HPV 

infections are transient (Wheeler CM, 1996; Moscicki AB, 1993), certain oncogenic 

(high-risk) HPV types have been associated with infection persistence and increased risk 

of developing advanced stages of cervical intraepithelial lesions (Munoz N, 2000). The 

continuous presence of high-risk HPV is necessary for the development, maintenance and 

progression of progressive cervical intraepithelial neoplasia (Ho GYF, 1998; Koutsky 

LA, 1992; Ho GYF, 1995; Remmink AJ, 1995; andNobenhuis MAE, 1999). 

In developed countries cervical screening programes have been successful in the 

prevention and control of HPV infection. In undeveloped countries, however, cervical 

cancer is a major public health problem and represents an elevated economic burden. 

Although the presence of HPV is necessary for cervical dysplasia, it is not sufficient and 

other host, viral, and environmental factors may be involved in HPV persistence. Known 

risk co-factors for cervical cancer among persistent HPV positive women are high parity, 

smoking, and long-term use of oral contraceptives. Some dietary factors have been 
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implicated as intervening factors in HPV persistence (Potischman N, 1996; Giuliano AR, 

1997; Giuliano AR, 2002; Sedjo RL, 2002a; Sedjo RL, 2002b; Sedjo RL, 2003; Castle 

PE, 2003). 

Because cervical cancer pose a health and economic burden if is not prevented on time, it 

is imperative that new biomarkers of HPV persistence such as HPV viral load be 

thoroughly investigated to understand the significance of molecular measurements along 

with routine papanicolaou (Pap) smears to develop successful screening programs 

available to areas of high-risk populations. The development of these new tests adapted 

into high-throughput format may be transferable to countries that currently do not have 

firmly established cytology programs. Validation of molecular markers and the 

identification of other risk factors required for persistence and progression (i.e. nutritional 

factors involved in viral-host interaction) are of paramount importance in cervical cancer 

prevention and control programs. 

Hypothesis and Specific Aims 

The central hypothesis for the present analyses was that increasing HPV viral load 

is significantly associated with increasing cervical abnormality and with low circulating 

levels of specific carotenoids, tocopherols, folate and vitamin B12. 
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To evaluate viral load as a useful marker of the risk for cervical dysplasia and the 

possible association with nutritional factors, data from a cross-sectional and a prospective 

study (the United States-Mexico Border Binational Study and the Young Women's Health 

Study, respectively) were used for the following specific aims: 

Specific Aim 1\ Develop and validate an absolute quantification assay based on 

Real-Time Polymerase Chain Reaction to determine viral load for eight oncogenic HPV 

types (16, 18, 31, 39, 45, 51, 52, and 58) (Manuscript 1). 

Specific Aim 2: Determine the relative risk for cervical premalignant lesions 

(squamous intraepithelial lesions and atypical squamous cells of undetermined 

significance) associated with oncogenic HPV viral load among a cohort of women 

(Manuscript 2). 

Specific Aim 3: Determine the association of oncogenic HPV viral load with 

plasma levels of carotenoids (a-, p-carotene, cw-p-carotene, lycopene, c«-lycopene, 

lutein, zeaxanthin, a-, p-cryptoxanthin), tocopherols (a-, 5-, y-tocopherol), vitamin B12, 

vitamin Be, and folate among a cohort of young women (Manuscript 3). 
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BACKGROUND AND LITERATURE REVIEW 

1. Cervical cancer and natural history of HPV infection 

Cervical cancer represents the second leading cause of cancer death in women 

worldwide. In undeveloped countries, cervical screening programs are not implemented 

as screening tools due to economical factors. In the United States, approximately 4500 

women die of cervical cancer each year and the cost of treatment of the affected patients 

is very high and sometimes unsuccessful depending on the disease stage at diagnosis 

(Mitchell MF, 1996). The mortality rate of untreated patients and the cost of treatment of 

cervical cancer patients pose a major problem for public health worldwide. 

A vast amount of information generated from epidemiological and laboratory studies 

over the past twenty years have identified infection with Human Papillomavirus (HPV) as 

the necessary cause of cervical cancer. However, infection with HPV is not sufficient for 

the development of neoplastic cervical intraepithelial lesions, which further progress to 

cervical carcinoma. These observations suggest that both genetic and epigenetic factors 

including dietary antioxidants and other nutrients may play an important role in HPV 

mediated carcinogenesis. 

HPV is a circularized double stranded DNA virus of ~8 Kb that is usually maintained as 

extra chromosomal elements upon primary infection of keratinocytes. The HPV genome 

contains open reading frames (ORFs) in one of the two DNA strands, which are classified 
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as early or late ORFs according to the time of expression during viral replication and 

morphogenesis (Meyers G, 1995). From the approximate 150 types of HPVs identified 

to date, 40 are classified as oncogenic due to their association with development of 

cervical malignancies. The oncogenic HPV type 16 is the most frequent type associated 

with cervical cancer (50% of cases) followed by HPV types 18 (10-12%), 45 (5%), and 

31 (4%). All these HPV types have marked tropism to stratified epithelial tissue and 

infect keratinocytes in the mucosa of different tracts (genitourinary, oral, aero-digestive, 

intestinal, and esophageal). 

The genitourinary infection with mucosotropic HPV types occurs through sexual 

intercourse. Local abrasion of the cervical epithelium may allow HPV virions to contact 

the basal layer within the columno-epithelial transformation zone and infect primary 

keratinocytes. The site of attachment at the membrane level has not been identified but a 

recent report suggests the alpha-6-integrin as a putative candidate for HPV entry in 

human keratinocytes (Evander M, 1997). Once an HPV infection is established, the HPV 

genome remains in an episomal form in the basal layer either in low replicative mode or 

in a silent stage until it is reactivated by yet poorly understood mechanisms (Schneider A, 

1992). Virion morphogenesis takes place concomitant with progressive keratinocyte 

differentiation so that high-level expression of "late" viral proteins and virion assembly 

occurs in the upper, more external layers of the stratus espinosum and granulosum of 

squamous epithelia. It appears that cellular differentiation factors also control the 

transcriptional activity of HPV ORFs (Iftner T, 1992). Persistent HPV infection leads to 
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koilocytosis, nuclear enlargement, dyskeratosis, and multinucleation, which may progress 

to squamous intraepithelial lesions or spontaneously regress to normal cytology. 

2. Mechanism of carcinogenesis mediated by HPV 

Carcinogenic HPV types have the ability to immortalize primary cervical cells and 

normal human foreskin keratinocytes in vitro and this effect is partially mediated by the 

expression of the early viral proteins E6 and E7 (Kaur P, 1989; Hawley-Nelson P, 1989). 

The roles of E6 and E7 oncoproteins in HPV carcinogenesis have been well characterized 

using in vitro studies (Dyson N, 1989; Wemess BA, 1990; Tommasino M, 1995). The 

HPV E6 oncoprotein is a polypeptide of approximately 150 amino acids with a molecular 

weight of ISkD. The tertiary structure of E6 consists of two zinc fingers formed by four 

metal-binding Cys-X-X-Cys motifs (Barbosa MS, 1989). One of the main activities of 

the E6 protein of oncogenic HPVs is to associate with the cellular protein p53. Upon the 

formation of E6-p53 complex, E6 recruits a cellular protein, E6AP, which induces p53 

degradation by ubiquitination (Scheffner M, 1990). Degradation of p53 is the major 

cause of chromosomal instability, which enhances mutations as a consequence of 

oncogenic HPV infection (Havre PA, 1995). The expression of E6 increases the 

integration of foreign DNA into chromosomal fragile sites, especially into histidine-rich 

coding regions (Kessis TD, 1996). 

The E6-mediated degradation of p53 prevents induction of apoptosis via a p5 3-dependent 

mechanism. However, apoptosis is also inhibited by E6 in a p53-independent mechanism 
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as observed in p53-null mice (Pan H, 1995). Recent studies found that E6 associates and 

degrades the src family tyrosine kinase Blk, and the calcium binding protein ERC55 that 

are important for cellular differentiation through an E6AP-mediated ubiquitination (Oda 

H, 1999; Chen JJ, 1995). E6 induces degradation of the pro-apoptotic proteins c-Myc 

and Bak (Gross-Mesilaty S, 1998; Thomas M, 1999), and the focal adhesion protein 

paxilin involved in integrin signaling and cell transformation (Tong X, 1997). Disruption 

of cell adhesion and signaling, via paxilin-degradation, may be important in later stages 

of tumor progression. The pleiotropic effects of E6, therefore, appear to be related to 

inhibition of the Gl/S checkpoint control and abrogation of apoptotic signals via p53-

dependent and p53-independent pathways. As a result, oncogenic HPV-infected cells 

expressing E6 enter in continuous cycles of mitotic division producing abnormal mitotic 

figures, which may lead to accumulation of genetic abnormalities that produces genomic 

instability (Figure 1). 

The E7 protein of HPV also has multiple activities that act synergistically with E6 during 

HPV-mediated cellular transformation. The E7 oncoprotein is a small polypeptide of 

approximately 100 amino acids containing a zinc-binding cysteine loop towards the C-

terminus, which allows E7 to form homodimers (Barbosa MS, 1989). The most 

important activity of E7 is the association to pRb and retinoblastoma-related proteins and 

their subsequent degradation by ubiquitination (Boyer SN, 1996). Degradation of pRb 

results in the release of E2F transcription factors and the subsequent expression of 

mitogen regulating genes overriding the cell cycle Gl/S checkpoint (Dyson N, 1989). 
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Figure 1. Inhibition of cell cycle control by HPV E6 oncoprotein. A. In uninfected 

cells, p53 would be up regulated in response to DNA damage leading to p21 activation 

and cell cycle arrest. Also, p53 activates the apoptotic pathway via Bax. B, In HPV-

infected cells, the HPV oncoprotein E6 binds p53, Bax, Bcl2, Paxilin, and other 

regulatory proteins via E6AP and proteasomal degradation, thereby abrogating cell cycle 

arrest. 
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During normal cell cycle events, pRb is hypophosphorylated during G1 and interacts with 

E2F, thus repressing E2F-mediated genes whose products are essential for cell cycle 

progression (Figure 2) (Cordon-Cardo C, 1995). E7 can interact with inhibitors of 

cyclin-cdk complexes such as p27'^'P' and and induce proteasomal 

degradation, thus hindering their inhibitory action in cellular proliferation. E7 can also 

bind to members of the API transcription factors such as c-Jun and c-Fos (Antinore MJ, 

1996) and the TATA box binding protein (Phillips AC, 1997). The API transcription 

factors play an important regulatory role in the differentiation of keratinocytes. The 

associations of E7 and c-Jun and other cellular proteins with key functions in the control 

of cell division result in the inhibition of cell differentiation and reactivation of cellular 

DNA synthesis, which is essential for efficient replication of HPV. In addition, 

uncontrolled DNA synthesis may contribute to the accumulation of genetic alterations 

required for tumor development and/or progression. Genomic instability may facilitate 

integration of viral DNA into host chromosomes within fragile sites and further enhance 

malignant progression. 

In addition to the role of E7 in DNA synthesis reactivation, E7 has pleiotropic effects in 

cellular metabolism, chromatin structure, and apoptotic signals. Protein E7 binds to M2 

pyruvate kinase and a-glucosidase and acts as an allosteric activator of these enzymes 

resulting in a metabolic profile characteristic of highly proliferating tumor cells 

(Zwerschke W, 2000). 
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E2F gene 
activation E2F gene 
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Figure 2. Deregulation of cell cycle mediated by HPV E7 oncoprotein. A. Under 

normal conditions the Gl/S transition in the cell cycle contains a major checkpoint 

regulated by the transcriptional repressor and tumor suppressor protein pRb. Non-

phosphorylated Rb is bound to E2F, a transcription factor required for the activation of 

genes encoding essential proteins for DNA synthesis and cell cycle progression. The 

phosphorylation of pRb by cellular kinases releases E2F for its transcriptional functions, 

and allows the cell to pass through the Gl/S checkpoint and starts DNA replication. B. 

Deregulation of pRb takes place by interaction between HPV E7 and pRb, overriding the 

Gl/S checkpoint, with the concomitant release of E2F and the activation of specific genes 

involved in cell cycle progression. 
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E7 affects chromatin structure and nuclear remodeling by modulating the activity of 

histone deacetylase. The acetylation of chromatin results in the up regulation of E2F-

dependent S-phase specific genes important in cell-cycle regulation (Brehm A, 1999). E7 

binds to insulin-like growth factor binding protein 3 (IGFBP-3) and abrogates its function 

as a suppressor of cell proliferation and induction of apoptosis (Mannhardt B, 2000). 

3. Co-factors in HPV infection 

As discussed above, although HPV infection is required for neoplastic development, its 

sole presence is not sufficient for cancer development to occur as only a minority of 

women infected with oncogenic HPV types manifests a persistent infection and only 

-10% of women with persistent infections progress to more advanced stages of cervical 

neoplasia (Ho GYF, 1998). These observations suggest that other factors are important 

in HPV associated cervical neoplasia and act at multiple levels and different stages 

during HPV infection and carcinogenesis. This is consistent with the Vogelstein model 

of multistep carcinogenesis (Volgestein B, 1993). Features of this process are depicted in 

Figure 3. 

Some factors affecting the incidence of cervical cancer are related to the probability of 

acquiring an infection such as multiple sexual partners, age at first intercourse and 

number and frequency of parturition (Bosch FX, 1992; Eluf-Neto J, 1994). Viral types 

and variants may confer an advantage in viral oncogenicity by increasing the affinity of 

interaction with cellular regulatory proteins (Franco EL, 1996; Villa LL, 2000). 
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Figure 3. A model for the relationship between co-factors and HPV infection in the 

multistep oncogenesis of cervical carcinoma. (Adapted from Zur Hausen H, 1999). 
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Several identified co-factors may be important in the host immune responses to viral 

infection such as human leukocyte antigen polymorphism as well as specific 

polymorphisms of regulatory proteins such as p53 that abrogate the effect of viral 

proteins (Storey A, 1998). 

Other co-factors reflect hormonal-regulated effects such as use of oral contraceptives, 

which may promote viral expression due to the growth-stimulating effect in epithelial 

tissue (Bosch FX, 1992; Vizcaino AP, 1998; de Villiers EM, 2002). Co-infection with 

other sexually transmitted diseases such as Chlamydia trachomatis, human T cell 

lymphotropic virus type I, herpes simplex virus type 2, and human immunodeficiency 

Virus have been implicated as co-factors in HPV persistence (Giuliano AR, 2001; de 

Sanjose S, 1994; Strickler HD, 1995; Sun XW, 1997; Ho GY, 1994; Peng H, 1991). The 

correlation of co-infection and HPV persistence is partly due to the effect on the immune 

system, but is also possibly a synergistic effect on viral gene expression. 

The role of environmental factors such as co-carcinogens in cigarette smoke has been 

inconclusive (Herrero R, 1989; Hildesheim A, 1993; Schiffman M, 1993; Szarewski A, 

1996). Nicotine and cotinine have been detected in the cervical mucous of smokers 

(Schiffman MH, 1987; McCann MF, 1992), which may promote a depression of local 

immunity and a shift in the redox microenvironment to a more oxidative state thus 

promoting viral gene expression. The oxidative effects of cigarette smoke on HPV 
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carcinogenesis may be enhanced during early stages of infection by decreasing the 

mechanisms associated with viral clearance (Giuliano AR, 2002). 

Several epidemiological studies have correlated the low serological levels of certain 

micronutrients including carotenoids, ascorbic acid, tocopherol and folate and the risk of 

cervical cancer (Giuliano AR, 1997; Goodman MT, 1998; Manju V, 2002; Sedjo RL, 

2002a, Sedjo RL, 2002b). The protective effect of these nutrients including folate, which 

is important for DNA methylation, can be related to the protection they exert against 

oxidative damage to cellular components such as proteins, lipids, and nucleic acids, and 

the regulation of gene expression by epigenetic mechanisms. 

4. Viral load as a biomarker of cervical dysplasia 

HPV DNA testing has been proposed as a supplementary diagnostic tool for cervical 

cytology as it may improve the efficacy of screening programs. Recent studies suggest 

that HPV viral load may be used as a molecular biomarker to improve prognostic value 

of HPV testing in the natural history of cervical intraepithelial neoplasia (CIN) (Cuzick 

J, 1994; Hart KW, 2001; Sun CA, 2001). Using a semi-quantitative assay for HPV-16 

DNA levels, several studies found a high correlation of high load titers and high-grade 

intra-epithelial lesions (Sun CA, 2002; Beskow AH, 2002). In a retrospective study, 

Joseffson et al. found that persistent infection with HPV 16 along with high viral load 

values is a major risk factor for the development of cervical cancer (Joseffson AM, 

2000). Ylitalo et al. observed a correlation of persistent high viral load values to the 
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progression of cervical dysplasia many years before cytological abnormalities were 

observed (Ylitalo N, 2000). Swan et al. investigated the effect of viral load from four 

different oncogenic types on the severity of HPV pathogenesis and found a dose-response 

relationship of viral load and degree of cervical dysplasia (Swan DA, 1999). This dose-

response relationship between viral load and degree of squamous intraepithelial neoplasia 

was also observed by a recent study by Schlecht et al. using viral burden as a surrogate of 

HPV persistence (Schlecht NF, 2003). Furthermore, HPV-16 viral load has been 

evaluated as a biomarker for HPV infection clearance (Van Duin M, 2002). Although 

much less is known about the differential effect of phylogenetical distinct HPV types in 

developing cervical lesions, this could be assessed in future studies with recently 

developed quantitation assays (Moberg M, 2003; Flores-Munguia R, 2003). 

At present the utility of DNA testing is controversial, however most of the evidence 

suggests that DNA testing, and HPV viral load in particular, could aid in the diagnosis of 

HPV positive women with borderline cytology that are usually misclassified as negative, 

with the consequent risk of developing cervical cancer (Castle PE, 2002c; Snidjers PJF, 

2003). Women with normal cytology and an increased high-risk HPV load have an 

increased risk of developing a high-grade SIL (Dalstein V, 2003). Another important 

application of the combinatorial use of DNA testing and cytology is the management for 

women treated with cervical intraepithelial neoplasia grade 3 (Almog B, 2003). Recent 

studies also support the predictive value of viral load for risk of infection persistence, and 

to identify low-grade lesions with sustained high viral load as more likely to progress to 
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high-grade lesions (Sun CA, 2002; Abba MC, 2003; Almog B, 2003; Guido R, 2003; 

Hernandez-Hernandez DM, 2003; Dalstein V, 2003). On the other hand, the reduction of 

viral load from cervical lesions may be indicative of infection clearance (van Duin M, 

2002; Schlecht NF, 2003). The clinical relevance of lowering the viral load may be 

indicative of an immune response that leads to the eradication of virus-infected-cells and 

ultimately regression of the lesion. 

Taken together, these studies provide an indication that determination of viral load along 

with cervical cytology may provide a mechanism to distinguish between clinically 

relevant infections and those that are unlikely to progress to a more advanced stages of 

cervical dysplasia. The controversies of the utility of viral load as a risk factor to predict 

progression to cervical cancer are associated with the methodology to determine viral 

titer. The use of a housekeeping gene as a denominator of viral load may lead to more 

consistent conclusions in future studies regarding viral load and risk of developing SIL. 

However, more studies are needed to establish the importance of sustained high viral load 

values in HPV persistence and progression (Lorincz AT, 2002). 

5. Dietary factors and HPV viral load 

Perhaps one of the most important aspects of environmental co-factors from a public 

health perspective is the role of dietary components in modifying the natural history of 

HPV infection. Dietary factors may play an important role at early stages of HPV 

infection to maintain persistence (Romney SL, 1997; Giuliano AR, 2000a; Sedjo RL, 
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2002a). In a prospective study, low levels of dietary lutein and vitamin E and low levels 

of circulating concentrations of lycopene appeared to increase the risk of oncogenic HPV 

persistence (Giuliano AR, 1997; Sedjo RL, 2002b). Low serum concentrations of 

antioxidant nutrients may shift the oxidant-antioxidant balance creating an oxidative 

state. Cellular oxidative stress is characterized by an imbalance in the redox potential 

where reactive oxygen species (ROS) represented by hydrogen peroxide, hydroxyl 

radicals and superoxide are able to cause irreversible damage to functional components of 

the cell either due to ROS overproduction or to diminished antioxidant levels. ROS have 

been implicated in the initiation and promotion of the multistep carcinogenesis process 

(Epe B, 2002), and can enhance HIV replication in vitro (Staal FJT, 1990). Furthermore, 

treatment with ascorbic acid in patients with HIV infection produces a significant 

reduction in viral load, presumably by the effects of ascorbic acid on reducing ROS and 

shifting the redox balance (Allard JP, 1998; Muller F, 2000). 

Previous in vitro studies of the effect of antioxidant nutrients on HPV gene regulation 

provided some insights on the effects of nutrients in HPV gene expression. All-trans-

retinoic acid (RA) treatment has been implicated in the reduction of the expression of the 

E6 and E7 genes in immortalized keratinocytes (Pirisi L, 1992). A study by Meyskens et 

al. showed that regression of cervical intraepithelial neoplasia II was enhanced by using a 

topically applied all-trans-retinoic acid treatment (Myeskens FL, 1994). Using in vitro 

assays, both retinoic acid and B-carotene have been found to inhibit cell proliferation of 

HPV (+) cell lines (Creek KE, 1994; Muto Y, 1995). Another study using HPV-16 
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immortalized human keratinocytes showed that treatment with the antioxidant 

pyrrolidine-dithiocarbamate selectively suppresses E6 and E7 gene expression (Rosl F, 

1997). Some viral infections are enhanced by imbalances in the antioxidant defense 

system including changes in levels of ascorbic acid, tocopherols, carotenoids, selenium, 

superoxide dismutase, and glutathione (Schwarz KB, 1996; Beck MA, 1998; Bowie AG, 

2000; Nencioni L, 2003; Beck, MA, 2003). The viral-mediated effects on intracellular 

redox state to induce proliferation and growth advantage observed in HIV viral 

replication may also be working in a similar fashion in other viral infections including T-

lymphotropic retrovirus type I, Epstein-Barr virus, and possibly in HPV infection. 

Mechanistically, the effect of antioxidant nutrients on HPV replication (viral load) and 

transcriptional control could be mediated through the activity of two transcription factors: 

the nuclear factor kappa B (NF-kB), and activator protein-1 (AP-1) (Palmer HJ, 1997; 

Muller JM, 1997, Zhou LZH, 2001). NF-kB has been found to be activated in response 

to oxidative stress in many cell types, and AP-1 can be directly activated by antioxidants 

(Cripe TP, 1990; Offord EA, 1990; Rosl F, 1997; Sun Y, 1996). AP-1 binding motifs are 

found in the 5' untranslated regulatory regions (UTRs) of many oncogenic HPV types 

and can be indirectly activated through ROS-signaling pathways (Dhar A, 2002). AP-1 is 

a transcription factor composed of either homo or heterodimers between members within 

the c-Jun (c-Jun, c-JunB, and c-JunD) and c-Fos (c-Fos, FosB, Fral, and Fra2) families 

(Angel P, 1991; Kerppola TK, 1995), and the affinity and regulatory properties of AP-1 

depend upon the composition of the multimeric complex. HPV-16 viral regulatory 
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region possess several AP-1 sites and AP-1 is a central transcription factor for efficient 

gene expression of HPVs (Cripe TP, 1990; Offord EA, 1990). In a recent study, Young 

et al. demonstrated that the HPV-16 protein E7 can activate or repress AP-1 transcription 

according to the cell cycle stage (Young MR, 2002). AP-1 is strongly induced by some 

antioxidants, for instance, in HeLa cells (HPV-18 (+) cell line) the DNA binding and 

transcriptional activities of AP-1 are induced following treatment with pyrrolidine 

dithiocarbamate (PDTC), butylated hydroxyanisole, and NAC (Meyer M., 1993; Meyer 

M, 1994; Munoz C, 1996). HPV-16 transfected keratinocytes treated with PDTC 

suppress viral transcription via reconstitution of the AP-1 transcription complex with 

components of c-jun (Rosl F, 1997). These studies suggest that manipulating the cellular 

reduction-oxidation state may be a novel therapeutic approach to control HPV 

pathogenesis. 

One signal transduction pathway in which low levels of antioxidant nutrients, and 

therefore a shift to an oxidative state, may exert their effects in HPV transcriptional 

regulation is through the NF-kB pathway (Bowie AG, 2000; Castle PE, 2003). NF-kB is 

a trimeric protein consisting of hetero- or homodimers of the p65 and p50 subunits and 

the IkB subunit inhibits NF-kB activity. In response to stimuli such as tumor necrosis 

factor-a, lymphotoxin, interleukin-1, lipopolysaccharide, protein kinase C activators, 

inhibitors of protein phosphatase, and under oxidative stress conditions, the inhibitory 

subunit IkB is phosphorylated and dissociates from NF-kB. IkB is degraded by 

ubiquitin-mediated proteolysis and the NF-kB translocates into the nucleus to bind to 
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DNA, resulting in transcriptional activation of various genes that produce cell adhesion 

molecules, cytokines, chemokines, and anti-apoptotic factors (Baeuerle A, 1994; Karim 

M, 2000). A schematic representation of how oxidant load may exert its effects on AP-1 

and NF-kB and HPV gene expression is shown in Figure 4. 

Several nutrients involved in DNA methylation such as vitamin B12, vitamin B6, folate 

and methionine may be cofactors in HPV carcinogenesis. Folate, vitamin B6 and vitamin 

B12 are involved in the remethylation pathway where methylenetetrahydrofolate is 

utilized as a methyl-donor group in methylation reactions to produce methionine from 

homocysteine. Vitamin B12 is a cofactor for methionine synthase and vitamin B6 is a 

cofactor for serine-hydroxymethyl transferase. S-adenosyl-methionine (SAM) is used as 

the main donor of methyl groups in the epigenetic modification of guanine in DNA and 

RNA (Picciano MF, 2000). Methylation of CpG islands is an important mechanism of 

gene silencing in eukaryotic cells. In vitro studies have demonstrated that methylation 

levels within the HPV UTR and ori sites can regulate viral transcriptional activity and 

replication (Rosl F, 1993). Furthermore, folate deficiency induces incorporation of 

uracyl instead of thymidine during DNA synthesis, thus favoring the formation of point 

mutations and chromosome brakes (Blount BC, 1997). Genomic instability caused by 

folate deficiency, along with a reduction in methylation of viral genes may increase the 

rate of HPV replication and therefore the viral titer within infected cervical cells. 
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Figure 4. Hypothetical mechanism involved in AP-l/NF-kB inhibition of HPV gene 

expression. 
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Epidemiological studies have not found a definitive correlation of nutrients involved in 

methylation metabolism and progression of cervical dysplasia. A prospective cohort 

study in young women suggests a role of nutrients involved in methylation pathways in 

the natural history of HPV (Sedjo RL, 2002a). In this study, circulating levels of vitamin 

B12 were inversely associated with HPV persistence in early stages of HPV infection. A 

case-control study using plasma homocysteine concentration suggests a correlation with 

elevated levels of homocysteine and risk of cervical dysplasia (Thompson SW, 2000). 

This observation has recently been evaluated in another case-control study where no 

association of folate, homocysteine, or vitamin B12 was found as markers of cervical 

dysplasia risk (Goodman MT, 2000). These conclusions, however, have to be taken with 

care since alcohol consumption and estrogen levels have been associated with a reduction 

in the concentration of plasma homocysteine and vitamin B12, irrespectively of the 

nutritional status (Morris MS, 2000; Brattstrom L, 1992). 

The mechanisms of action of nutrients (presumably by oxidant load and/or methylation) 

on HPV viral load and pathogenesis, although biologically plausible, are presently 

speculative in nature. Understanding the mechanistic effect of nutrients on HPV gene 

expression and replication (viral load), therefore, would have important implications for 

the development of clinical interventions and prevention strategies for HPV persistence. 
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6. Methods to Quantitate Viral Load 

Cytological analysis (Pap smear) has been the primary tool to diagnose abnormalities of 

the cervical epithelium. However, cytological analyses have a high percentage of false-

negative diagnosis because of erroneous sampling or erroneous laboratory methods 

(Solomon D, 2001). Furthermore, the cytological analysis is subjective and the 

proportion of women diagnosed with various degrees of atypia shows a strong variation 

between different laboratories (Nanda K, 2000). The limitations of cytological analysis 

have pressured the development of alternative screening methods in population studies in 

an effort to understand the natural history of HPV infection, with molecular diagnosis 

emerging as a promising diagnostic tool in cervical cancer prevention (Sherman ME, 

1994; Davies P, 2001). The molecular biology tools that are currently used to measure 

HPV DNA are the hybrid capture II DNA assay, the polymerase chain reaction using 

degenerate primers, and real-time quantitative assays using Taqman technology. 

i) Hybrid Capture II. 

The hybrid capture II (HCII) assay is a solution-based hybridization of RNA probes that 

are complementary to the genomic sequence of 13 high-risk oncogenic (16, 18, 31, 33, 

35, 39, 45, 51, 52, 56, 58, 59 and 68) and five low-risk (6, 11, 42, 43, and 44) HPV types. 

The high-risk or low-risk probe cocktail are mixed with denatured DNA (single stranded) 

from a biological sample and incubated under conditions that permit DNA-RNA hybrid 

molecules to form. The reaction is placed in a microtiter well plate coated with 

antibodies recognizing the conformational structure of RNA-DNA hybrids. After a 
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washing step, incubation with an alkaline phosphatase-labeled secondary antibody allows 

the formation of a "sandwich" reaction. The immobilized hybrids are detected by 

chemilluminescence using a dioxetane substrate, which reacts with the alkaline 

phosphatase enzyme to produce light. The emitted light is measured in a microplate 

luminometer and expressed in relative light units, which can be used to estimate the 

relative viral load content of the sample. 

The advantages of HCII are: suitability for automation in a 96-well plate format, does not 

require high degree of specialized training, is compatible with liquid cytology, is highly 

reliable, and does not produce cross-contamination. The disadvantages of using HCII to 

determine viral load are mainly the specificity of the reaction since various probes are 

used in the same cocktail giving a positive result when the DNA of any member (or a 

combination) is present above a certain threshold. Furthermore, to detect both high and 

low-risk types, it is necessary to run two separate reactions increasing the cost of the 

assay. Although the sensitivity is high, the limit of detection is approximate to a viral 

load of 20,000 HPV genome equivalents. Several studies have noted that the HCII assay 

cross-reacts with HPV types not represented in the probe mix (Peyton et al. 1998). The 

cross-reactivity could be "beneficial" in case of other oncogenic HPV types that are 

related to cervical cancer. However, it can potentially lead to misclassification if the 

high-risk probe reacts with low-risk HPV types (Castle PE, 2002a). Also, there is no 

standardization (i.e. relative viral load values are not expressed per unit of DNA). It is 
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possible to load varying amounts of DNA into wells when conducting the assay. 

Therefore, HC can only be considered a semi-quantitative assay at best. 

ii) Polymerase Chain Reaction 

Currently three PCR based systems are being used in the research setting: the GP5+/6+, 

PGMY09/11, and SPF-PCR. All three of these systems amplify a targeted region in the 

LI region of the HPV genome, with detection of the amplified products using either a 

microplate or a line-blot assay. The PGMY09/11 system amplifies a region of 

approximately 450bp, while the GP5+/6+ and SPF-PCR systems amplify a 150bp and 65 

bp, respectively. The classification of HPV types is based on sequence diversity in the 

LI region. 

The PGMY09/11 primer system was developed by Gravitt et al. (2000). This system 

consists of two non-degenerate pools of oligonuclotide primers designed to amplify a 450 

bp fragment. The pools were chosen using sequence alignment of all known genital HPV 

types and minimizing any mismatch among the aligned sequences. The forward primer 

pool PGMYll consists of five oligonucleotides, while the PGMY09 primer pool consists 

of 13. The GP5+/6+ system was developed by De Roda Husman et al (1995) targeting a 

highly conserved HPV DNA sequences within the LI region. The analytical sensitivity 

of this system is in the femtogram level for highly complementary HPV types when 

coupled with an enzyme immunoassay (EIA)-based detection system (Jacobs MV, 1997). 

Using the GP5+/6+-EIA system, Schneider and colleagues detected 14 carcinogenic HPV 
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types in cervical smears with varying degrees of cervical intraepithelial neoplasia. The 

SPF system developed by Kleter et al. (1998) targets a highly conserved region of the 

HPV LI region allowing the amplification of a broad spectrum of HPV types. The 

targeted region consists of a 65bp fragment, thus enhancing the sensitivity of the assay. 

For detection of the PCR product by the systems described above, a microplate 

hybridization assay or line-blot hybridization assays were developed. In microplate 

hybridization, the PCR amplification is done using primers labeled with a biotin 

molecule, which is incorporated during the amplification step of the polymerase reaction. 

The biotin-labeled amplicon is captured onto the walls of streptavidin-coated microplates. 

The immobilized amplicon is hybridized with digoxigenin (DIG)-labeled DNA probes 

that are HPV type specific. The addition of alkaline-phosphatase labeled anti-DIG 

antibodies allows the detection of the specific probe by color formation. Color 

development is then detected using a microplate reader above a pre-established threshold. 

Reversed-hybridization line-blot assays are based on the hybridization of the amplicon to 

specific DNA probes that have been immobilized on nitrocellulose or nylon membranes. 

Type discrimination is given by the immobilized probe on the membrane strips under 

stringent conditions to allow specific hybridization to occur. To detect hybridization, 

PCR amplification is also carried out with biotin-labeled primers, which are then detected 

with an alkaline-phosphatase labeled streptavidine conjugate. Afetr color development, 

the position of the hybridization bands is compared with standards. 
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Although some of the advantages of the PCR-methods are high specificity and sensitivity 

along with relatively inexpensive laboratory equipment, the risk of cross-contamination 

of samples leading to misclassification is the major disadvantage. The PCR methods are 

suitable to determine viral load, but are semi-quantitative in nature since the ultimate 

product concentration (including non-specific amplification) is indirectly detected. All 

PCR systems are subject to different levels of putative inaccuracies such as the presence 

of PCR inhibitors, PCR conditions and reagents, hybridization conditions, saturability of 

the hybridization reaction, antibody and enzymatic kinetics during the amplicon 

detection. These limitations have important implications for developing a reliable and 

accurate assay with minimal inter-laboratory variability (Castle PE, 2002b). 

iii) Real-time PCR 

Real-time PCR is a more recent addition in the molecular diagnosis of HPV infection 

(Joseffson A, 1999). This system is based on the 5' exonuclease activity of Taq DNA 

polymerase and the detection and quantitation of a fluorescent reporter. In this system, a 

specific oligonucleotide probe that contains a reporter fluorescence dye at the 5'-end and 

a quencher dye at the 3'-end is annealed to a targeted sequence located between the two 

primer binding sites. Cleavage of the probe by the 5'-3' exonuclease activity of Taq 

polymerase during strand elongation releases the reporter from the oligo probe, resulting 

in an increase in fluorescence emission intensity (Figure 5). The cycle at which the 

emission intensity of the sample rises above baseline is referred to as Ct (cycle threshold) 
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polymerase chain reaction (TaqMan) assay (Taken from Lie YS, 1998). 
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and is inversely proportional to the targeted sequence concentration (Heid CA, 1996). 

The higher the initial amount of target sequence, the sooner accumulated product is 

detected in the PCR process, and the lower the number of amplification cycles required to 

detect the rise in reporter emission above baseline. 

Real-time PCR has the advantage of being highly specific, reproducible, and capable of 

detecting HPV viral load up to eight orders of magnitude in a linear range (Tucker RA, 

2001). Furthermore, real-time PCR monitors the fluorescence emitted during the reaction 

as an indicator of amplicon production during each PCR cycle (in real time) as opposed 

to the endpoint detection by conventional quantitative PCR methods. The PCR reaction 

is conducted in a closed system, thus minimizing the risk of cross-contamination 

(Josefsson A, 1999). These qualities make real-time PCR attractive for use in 

epidemiological studies and as a potential diagnostic test. Several studies reported the 

predictive value of HPV viral burden determined by real-time PCR and the persistence of 

HPV infection (Joseffson A, 1999; Klussmann JP, 2001; Beskow AH, 2002; and van 

Duin M, 2002). 

In summary, although HPV is necessary for the development of cervical dysplasia, other 

factors are needed to increase the pathogenic risk of developing cervical cancer. 

Epidemiological evidence suggests nutritional factors may play a role in HPV 

carcinogenesis. Despite numerous studies addressing the association between nutrients 

and cervical neoplasia, the characteristics of viral-host interactions, including nutrients 
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and viral burden have not been elucidated. One mechanism of action of these nutritional 

factors could be by influencing HPV viral load and progression to squamous 

intraepithelial lesions. The optimization and validation of molecular biology tools are of 

paramount importance in developing reliable assays applied to population studies in an 

effort to understand the biologic plausibility of the epidemiologic associations of viral 

load and the risk of HPV persistence, clearance, and progression. The focus of this 

dissertation is to: 

1. Modify and validate a method to quantitate viral load of eight oncogenic HPV types 

(16, 18,31,39, 45, 51, 52, and 58). 

2. Assess the association between viral load and risk of developing varying degrees of 

squamous intraepithelial lesions. 

3. Assess the association between circulating nutrients and HPV viral load. 
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CHAPTER 2 

MATERIALS AND METHODS 

Section 1: Development of a quantitative assay to determine HPV viral load 

Primer and probe design. The sequences of the E6/E7 regions of HPV types 16 (nt 65-

857), 18 (nt 87-907), 31 (nt 39-856), 39 (nt 44-921), 45 (nt 75-906), 51 (nt 88-865), 52 

(nt 93-852) and 58 (nt 77-869) were obtained from Los Alamos HPV database 

(http://hpv-web.ianl.gov/stdgen/virus/hpv/). The regions were classified into three 

groups according to their E6 weighted parsimony phylogenetic tree: group 1, HPV types 

16 and 31; group 2, HPV types 52 and 58, and group 3, HPV types 18, 39, 45 and 51. 

The nucleotide sequence for each group was aligned to identify highly heterologous 

regions. The regions identified as highly heterologous among the HPV types on each 

group were targeted to design type-specific probes and primers by the software Primer 

Express® (Applied Biosystems, Foster City, CA). 

The designed primers and probes for the eight real-time PCR quantitation assays spanned 

a targeted region of approximately 150-200 bp and were selected according to the 

specifications in the software manual described above. Type specificity was determined 

by no-predicted cross-hybridization with other HPV types using the NCBI database 

BLAST search (http://www.ncbi.nlm.nih.gov/'). Primers and probes for HPV types 16 

and 18 were used as previously reported by Tucker et al (2001). Primers and probes 

http://hpv-web.ianl.gov/stdgen/virus/hpv/
http://www.ncbi.nlm.nih.gov/'
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were synthesized by Integrated DNA Technologies (Coralville, lA). Probes were labeled 

on the 5' end with the reporter dye 6-carboxy-fluorescein (FAM), and the 3' end was 

blocked with the non-fluorescent quencher Black Hole™ -1 (IDT, Coraville, lA). Probes 

and primers were resuspended in sterile HPLC grade water to form 200nM and 1 OOnM 

solutions, respectively, and stored at -20°C until used. 

Construction of external standards. Clones of HPV types 16, 18, 45 and 51 were 

constructed by cloning a fragment containing the targeted region for real-time PCR 

described in the section above. Cloning regions for HPV-16 consisted of nucleotides 

351-855, nucleotides 295-1064 for HPV-18, nucleotides 80-922 for HPV-45, and 

nucleotides 49-895 for HPV-51. Cloning primers were designed using Oligo software 

version 5.0 (Molecular Biology Insights, Inc., Cascade, CO). HPV-16 cloning primers 

consisted of forward primer (5'-TGTATGGAACAACATTAGAAC-3') and the reverse 

primer (5'-TCAGCCATGGTAGATTAT-3'). For HPV-18 cloning primers (F-primer 5'-

CATGCCATAAATGTATAGATT-3'; R-primer 5'-AAATGTTCCTTGTGTATCAAT-

3'); HPV-45 cloning primers (F-primer 5'-GATCCAAAGCAACGACCCTA-3'; R-

primer 5'-TCCTCTGCCGAGCTCTCTAC-3'); and HPV-51 cloning primers (F-primer 

5'-GAAAACGGTGCATATAAAAGTGC-3"; R-primer 5'-

CCTCTGTACCTTCACAGTCCATC-3'). These cloning primers were used to generate 

HPV type-specific amplicons using DNA from fifth passage CaSki and HeLa cell lines as 

template (for HPV-16 and -18, respectively). For HPV-45 and HPV-51 two clinical 

samples known to be positive for these types using Hybrid Capture II were used as 



44 

templates. The specificity of the amplification was evaluated by both agarose-gel 

electrophoresis and DNA sequence analysis. Amplified fragments from HPV-16 were 

cloned into the pCR2.1-T0P0® vector (Invitrogen, Carlsbad, CA) and the amplified 

fragments from HPV-18, HPV-45 and HPV-51 were cloned into the pGEM®-T easy 

vector (Promega, Madison, WI) according to the specifications of the manufacturers. To 

verify cloning effectiveness, isolated plasmids from 5 ml bacterial cultures were used as 

template in PCR reactions using both external (cloning) and internal primers, followed by 

digestion with the restriction enzyme EcoRI (Boehringer, Petersburg, VA) and analysis 

by conventional agarose gel electrophoresis. Clones for HPV types 31, 39, 52 and 58 

were kindly provided by Dr. Attila Lorincz, Digene Corp., Prof Gerard Orth, Institute 

Pasteur, Dr. Wayne D. Lancaster, Wayne State University, and Dr. Toshihiko Matsukura, 

National Institute of Health in Japan, respectively. All HPV clones were transformed 

into One Shot® Top-10 chemically competent cells (Invitrogen, Carlsbad, CA) and 

cultured overnight in a 3 ml LB broth containing 5 mM ampicillin and stored as glycerol 

stocks at -20°C until used. 

To amplify the HPV clones a 5 ml amp-LB media was inoculated and incubated 

overnight at 37 °C and the cultures were re-inoculated in 1 liter LB media containing 50 

l^ig/ml ampicillin and grown for 18 hr at 37°C. HPV plasmids were purified using the 

QIAGEN plasmid Maxi purification kit (QIAGEN, Valencia, CA) according to the 

manufacturer's instructions. The plasmids were further purified by ethanol/ammonium 

acetate precipitation, resuspended in TE buffer (5mM Tris-HCl, 5mM EDTA, pH 8.0) 
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and a third purification step was done using the QIAamp purification kit (QIAGEN, 

Valencia, CA). The relative plasmid DNA concentration was determined by fluorescence 

readings using the PicoGreen® dsDNA quantitation reagent (Molecular Probes, Eugene, 

OR) using placental human DNA to construct a standard curve. 

Limiting dilution. The approximate plasmid DNA concentration for each HPV type was 

determined by a modification of the PCR-based limiting dilution assay described 

elsewhere (18, 19) and used as reference material. Briefly, using a preliminary 

calculation of plasmid copy number based on PicoGreen® quantitation, ten replicates of a 

10-fold dilution series for the plasmid DNA were created (from 1 :10 to 1 :lxlO ). The 

last dilution of the 10-fold dilution series was used to create a 2-fold dilution series (from 

1:2 to 1:4096) covering a range from 2x10^ to 4.096xl0" copies/[xl. One ^il of each 

dilution from the 2-fold dilution series was added to a 10 |il PGR reaction and subjected 

to 50 PGR cycles using the ABI PRISM® 7900HT (Applied Biosystems, Foster City, 

GA). Annealing temperatures for each HPV type were used as determined by the primer 

titration study, and non-template controls were used in each case to establish the 

threshold. The proportion of negative end points (fluorescence values not significantly 

different at 5% level above background) served to estimate the concentration of the 

undiluted reference material by Poisson probability distribution using the computer 

program QUALITY VI. 1.4 described by Rodrigo, et al. (Rodrigo GL, 1997). 
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PGR optimization. To assess the optimal primer ratio and annealing temperature for 

each HPV type, a series of six primer ratios were tested covering a range from 50 to 900 

nM (300/50 mM, 300/300 mM, 600/900 mM, 900/50 mM, 900/600 mM, and 900/900 

mM) using a fixed amount of target template. Each primer ratio was run in triplicate in a 

I0|jl PGR reaction using the TaqMan® universal PGR master mix (Applied Biosystems, 

Foster City, GA). Each PGR in the 96-well plate covered a gradient of annealing 

temperatures from 52°G to 65°G and it was run for 45 cycles. The PGR reaction was 

transferred to a 384 well plate and the fluorescence signal was read for allelic 

discrimination using the ABI PRISM® 7900HT (Applied Biosystems, Foster Gity, GA). 

The primer ratio and annealing temperature were chosen according to the highest 

fluorescence signal normalized with a passive internal reference dye in the PGR reaction. 

Standard curves and controls. External standard curves were generated by serial 

dilutions of the controls quantified by limiting dilution. The known input concentrations 

of HPV DNA covered a range from one copy to 1x10^ copies. Each dilution was 

aliquoted in 20|xl volume and stored at -20° G until used. Human blood DNA (known to 

be HPV negative) was quantitated using the RNase-P real-time PGR assay (Applied 

Biosystems, Foster Gity, GA) and it was adjusted to a 0.65ng/|xl concentration to be 

used as background DNA for an equivalent of 100 cells per 10 p.1 PGR reaction. DNA 

from exfoliated cervical cells and cell lines were extracted using the QIAamp purification 

kit (QIAGEN, Valencia, GA) according to the instructions of the manufacturer. The 

DNA concentration of clinical samples and cell lines was determined using a Real-time 
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PGR quantification assay for the housekeeping gene RNase P. On the day of the assay, 

an aliquot of the standards was thawed and mixed with the rest of the components of the 

PGR reaction (HPV probe, PGR master mix, human blood DNA and buffer) to complete 

a 50)j,l reaction volume. Eight points for each standard curve covering a dynamic range 

0 7 from 10 to 10 were run in triplicate along with non-template controls to set the 

threshold value. DNA extracted from GaSki cells or HeLa cells was used as positive 

control for HPV-16 or HPV-18, respectively. Specific HPV clones were used as 

homologous and/or heterologous templates for HPV 16, 18, 31, 39, 45, 51, 52 and 58 

specific PGR reactions. 

Real-time PGR. All PGR reactions were performed in a 10^1 volume aliquot using the 

ABI PRISM® 7900HT (Applied Biosystems, Foster Gity, GA). Each individual reaction 

contained 5^1 2X TaqMan® universal PGR master mix with uracil-N-glycosylase 

(Applied Biosystems), l|al 200nM fiuorogenic probe, l|xl primer ratio, 0.65ng human 

blood DNA and up to 3|il HPV DNA or sterile HPLG-grade water in non-template 

controls. The amplification profile was initiated by 2 min incubation at 50°G, followed 

by 10 min incubation at 95°G for Polymerase activation, and two-step amplification of 15 

s at 95°G (DNA denaturation) and 60 s at 59.3°G for HPV 16, 18, 31, 39, 52 and 58 

(annealing and extension). The annealing temperature for HPV 45 and 51 was 54.1°G. 

All real-time PGR reactions were run for 45 cycles and data were collected at the end of 

each amplification step. All experiments were performed in triplicate including the 

positive controls and non-template controls. The passive reference dye (ROX) is 
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included in the reaction (present in the TaqMan universal PCR master mix). ROX does 

not participate in the 5' nuclease reaction but provides an internal reference for 

background fluorescence emission. This is used to normalize the reporter-dye signal for 

non-PCR-related fluorescence fluctuations occurring well-to-well (concentration or 

volume differences) or over time and different from the normalization for the amount of 

cDNA or efficiency of the PCR. 

Validation assay. The accuracy, efficacy and reliability of HPV DNA quantification by 

real-time PCR were evaluated using the National Committee for Clinical Laboratory 

Standards EPIO-T guidance: "preliminary evaluation of chemistry clinical methods" (20). 

In sum, four concentrations of HPV DNA (lO' copies/|a,l, 10^ copies/nl, 10"^ copies/|xl and 

10® copies/^il) for HPV types 16, 18, 31, 39, 45, 51, 52 and 58 were created by diluting 

the reference solution in TE buffer and analyzed in triplicate in eight independent assays 

to evaluate intra- and inter-assay variation. The initial concentration of the controls was 

evaluated against HPV type-specific standard curves and the controls were selected 

according to the approximate value of the calculated load. Selected controls were 

aliquoted in 20^,1 volumes and stored at -20°C until used. 

The specificity of the real-time PCR reaction was evaluated using Human blood DNA 

(~5ng) spiked with approximately 1x10® copies as an input copy number of HPV-16, 

HPV-18, HPV-31, HPV-39, HPV-45, HPV-51, HPV-52, or HPV-58 clones and used as 

heterologous DNA templates. Each sample was used as an unknown in type-specific 
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HPV quantitation assays. Four clinical samples obtained from exfoliated cervical cells 

with known high and low HPV-16 load as determined by Hybrid capture II in a previous 

study (Giuliano AR, 2001a) were run to verify accuracy of the assay; their DNA 

concentration was determined by the RNase-P assay. Approximately five ng of DNA 

extracted from CaSki and a HeLa cell line was used as positive controls for HPV-16 and 

HPV-18, respectively. 

Statistical Analysis. Repeatability or intra-assay variation (defined as the degree of 

agreement among individual test) was calculated by computing the relative standard 

deviation of three replicates per assay. Reproducibility was assessed by computing the 

coefficient of variation (%CV) among the mean values in eight independent assays. The 

efficiency of the standard curves was calculated based on the slope from eight 

independent experiments. 

Section 2: Viral load determination in exfoliated cervical cells and association with 

degree of dysplasia and circulating nutrient status 

Overview of studies used in the present dissertation work. 

Study I. The United States-Mexico Border HPV, Cervical Dysplasia and Chlamydia 

trachomatis Study. The US-Mexico Binational study was a cross-sectional study 

conducted in 1997-98 in the border region of two states, Arizona in the US and Sonora in 
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Mexico, recruiting women attending clinics for routine gynecologic evaluation. A 

detailed description of the study has been published previously (Giuliano AR, 2001b). 

Briefly, a total of eight sites were chosen for this study: three pairs of contiguous 

communities directly on the United States- Mexico border (Arizona, United States, and 

Sonora Mexico), and two metropolitan areas, Hermosillo, Sonora and Tucson, Arizona 

each ~100 km from the United States-border. Participants were women who self-referred 

to Community Health Centers, County Health Departments, and Planned Parenthood 

clinics in Arizona, US, and Public Health clinics in Sonora, Mexico for routine 

gynecological care. Women who were: age 15 or older; residents of the Arizona-Sonora 

border communities, or lived in the cities of Tucson, AZ or Hermosillo, Sonora; were 

nonpregnant or a minimum of 2 months postpartum; and had no history of hysterectomy 

were invited to participate in this study. During the visit, participants completed self-

administered questionnaires regarding socio-demographics, and assessed reproductive, 

sexual and medical histories. Overall, the study participation rate was 92.8%. 

Routine Pap smears were conducted along with the collection of cervical cells to 

determine the status of the cervical epithelium. After a Pap smear was obtained for 

routine clinical purposes, two additional samples of exfoliated cervical cells were 

obtained for the analysis of HPV DNA and for C. trachomatis. Clinical measurements of 

HPV infection were performed by both PCR and Hybrid Capture; and C. trachomatis 

status by Hybrid Capture and enzyme-linked immunoassay (EIA). Specimens for C. 

trachomatis analysis were collected from the cervical canal. A major focus of the study 
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was the development of a detailed cytological coding system and quality control system 

that was used by study pathologists to ensure the consistency of Pap smear diagnoses 

across countries. 

Cervical cells from the ectocervix and endocervix were collected for HPV analysis using 

the Cone Brush Cytosoft and were immediately suspended in 0.6 ml Digene Diagnostics 

Sample Transport Medium (Digene Corp, Gaithersburg, MD). After collection, samples 

were placed and maintained in 4°C until shipment, at which point they were transported 

on ice. Samples were then maintained at -70°C until analysis. A total of 2319 women 

provided cervical cell samples for HPV detection. Of these, 2246 were evaluated for 

PCR analysis. 

HPV analyses of exfoliated cervical samples were conducted using the polymerase chain 

reaction (PCR) as described by Gravitt et al. (Gravitt P, 2000). In brief, 50 jaI aliquots 

were digested with Sjxl lOmg/ml Proteinase K for 1 hr at 65°C, followed by 5M-

ammonium acetate and ethanol precipitation. The crude DNA pellet was dried and 

resuspended in 50 ^.1 10 mM Tris-HCl, at pH 7.5. The DNA extracts were stored at -

80°C until amplification. Specimens were tested for the presence of HPV by amplifying 

5|j,l of the DNA extracts with the PGMY09/11 LI consensus primer system and 

AmpWTaq Gold polymerase (Perkin-Elmer, Foster City, CA). Each amplification 

contained lOX PCR Buffer II, 25 mM MgCb, 200|j,l (each) dCTP, dGTP, and dATP, 

600)11 dUTP, 7.5 U of AmpliTa^ Gold polymerase, 50 |aM of PGMY09, 1 ^M of 



52 

PGMY09, 50 PGMYll, 50 ^M of B-PC04, 50 jiM of B-GH20, and 5^1 of the 

template. For eventual inclusion of uracyl-N-glycosidase to prevent product carryover, 

dTTP was replaced with dUTP. To determine specimen adequacy, the GH20/PC04 

human P-Globin target was co-amplified with HPV consensus primers. For every ten 

samples, a negative control (ddHaO) and a positive control (CaSki DNA) were run to 

control for possible contamination and accuracy. The samples were amplified using the 

Perkin-Elmer Gene Amp PGR System 9700. The following amplification profile was 

used: 95°C hot-start for 9 min, followed by 40 cycles of 95°C denaturation for 1 min, 

55°C annealing for 1 min, and 72°C extension for 1 min. After 40 cycles, 5 min 

incubation at 72°C was performed followed by a hold step at 4°C. 

HPV genotyping was conducted on all samples positive by PGR using the reversed line 

blot method described previously by (Gravitt PE, 1998). This detection method utilizes 

the HPV Ll consensus PGR products labeled with biotin to detect 38 HPV types. The 

HPV genotype strip contains 40 probe lines, detecting 38 individual HPV genotypes and 

two concentrations of the P-Globin control probe (Roche Diagnostics, Alameda, CA). 

The following types are detected: 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51-59, 61, 

62, 64, 66-73, 81-84, IS39, and CP6108. The PGR products labeled with biotin were 

denatured and added to the probe strip in a hybridization buffer. After strips were 

washed, streptavidin-horseradish peroxidase was added to facilitate detection of the 

various HPV types. After final wash, buffer was removed by vacuum aspiration, and 

strips were rinsed in O.IM sodium citrate buffer and tetramethylbenzidine in 
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dimethylformamide for 5 minutes on a rotating platform (70 rpm). Developed strips were 

interpreted with a labeled overlay, with lines indicating the position of each probe relative 

to the reference mark. Grouping of HPV types by oncogenicity was based on the 

classification adopted by Roche, whereby HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51, 

52, 55, 56, 58, 59, 68, 82, 83, and 73 are considered oncogenic; and HPV types 6, 11, 40, 

42, 53, 54, 57, 66, and 84 are considered nononcogenic. 

Study II. The Young Women's Health Study. The Young Women's Health Study was a 

prospective cohort study of healthy women who received routine gynecological care at a 

reproductive health clinic in Southern Arizona (Sedjo B; 2002a). This study was 

designed to determine the association between tobacco use and risk for persistent HPV 

infection. The present analysis addressed a secondary hypothesis that low circulating 

levels of specific carotenoids, tocopherols, folate and vitamin were significantly 

associated with higher HPV viral load values. Enrolled women were followed for 9-

months, with clinic visits at baseline, 3- and 9- months. Data were collected on cytology, 

HPV status, and risk factors (smoking, sexual behaviors, dietary intake) at each visit. 

The University of Arizona's Human Subjects Committee approved this study. Prior to 

study entry, all participants signed an informed consent form. 

From September 1996 to August 1999, 1950 healthy women were approached for study 

participation at a Southern Arizona Parenthood clinic. 1541 women met the eligibility 

criteria, and 1342 women were enrolled in the baseline phase of this study. The 
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eligibility criteria included women at age 18 to 35 years who were currently sexually 

active or seeking birth control, residents of Tucson, Arizona, had not received treatment 

for cervical intraepithelial neoplasia within the last 18 months, had not experienced an 

abnormal Pap smear in the last 18 months, had no history of chronic illness, were not 

currently pregnant and were more than 2 months post partum, were still having menstrual 

periods (i.e. no hysterectomy), and had no relocation plans over the next 12 months. At 

the baseline visit, participants completed self-administered questionnaires regarding 

socio-economic demographics, cigarette smoking and sexual behaviors. In addition, 

routine Pap smears were obtained along with the collection of exfoliated cervical cells for 

the detection of HPV infection. 

Enrollment into the follow-up phases of the study was based on the women's HPV and 

smoking status at baseline. All women with a detectable infection of any one of the 

thirteen oncogenic types detected by Hybrid Capture^*^ II (Digene Corp, Beltsville, MD), 

all women who were current cigarette smokers, and a random sample of both HPV-

negative and nonsmokers were invited to participate in the 3 month study visit. Eight 

hundred twenty-three (61%) women who completed the baseline visit were invited to 

participate in the follow up. Three hundred forty six women (42%) competed the 3-

month study visit and 206 (26%) women completed the 9-raonth visit. Participants were 

monetarily compensated ($50) for each of the follow up visits. As part of each follow up 

visit, cytology and HPV analyses were obtained at the gynecologic exams. Two short 
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follow-up questionnaires were administered to update the baseline information in terms 

of recent changes in cigarette smoking and sexual practices. 

Gynecological exams were conducted on all participants at baseline, 3 and 9 months. 

The study physician, using a cytobrush and wooden spatula, collected exfoliated cells 

from the squamous -columnar junction of each participant for cytology. After the cells 

were smeared on a slide, fixed, and stained, the slides were read by Path Net (Van Nuys, 

CA) using the Bethesda system for diagnosis (Anonymous, 1989). Pap smears were 

collected and exfoliated cervical cells collected from the ostium uteri, ectocervix and 

squamous columnar junction of each participant were suspended in 0.6 ml of sample 

transport media (Digene Corp., Beltsville, MD) and refrigerated for later HPV analysis. 

At the 3 and 9-month study visits, colcoscopy of the vulva, vagina and cervix was 

conducted with attention placed on identifying HPV related skin changes and cervical 

lesions characteristics of CIN among participants using standard colposcopy practice. 

The colcoscopic index was used (Reid R, 1984; Reid R, 1985). At the 3-month study 

visit, biopsies were collected on lesions suggestive of CIN 2 or greater by colposcopy to 

obtain histology and confirm diagnoses. At the 9-month study visit, biopsies were 

obtained to confirm diagnoses on any lesion or HPV related changes observed by 

colposcopy and were read by Path Net (Van Nuys, CA) using the Bethesda system for 

diagnosis (Anonymous, 1989). 
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In addition to detection of HPV using PCR methods, HPV status at the baseline and 

follow up visits was determined using Hybrid Capture™ II (Digene Corp, Beltsville, 

MD), high-risk probe (Probe B) to detect high-risk HPV types 16, 18, 1, 33, 35, 39, 45, 

51, 52, 56, 58, 59, and 60. This chemilluminescent detection method utilizes a signal 

amplified hybridization capture system within a microtiter plate. Positive samples were 

defined as a ratio of greater than 1 relative light unit (RLU) of sample divided by relative 

light units of positive control. Repeat testing was conducted on samples with equivocal 

readings (range 1 RLU to 2 RLU) with results of >1 RLU classified as positive. Samples 

with repeated values less than 1 RLU were analyzed a third time and classified based on 

the results of the two concordant results. 

Circulating nutrient analysis: Circulating nutrients were assessed in fasting blood samples 

collected at the 3- and 9-month visits. Two laboratory methods were used to assess the 

plasma nutrient levels of a participant. Craft Technologies, Inc. (Wilson, NC), using 

reverse phase high-pressure liquid chromatography (HPLC), conducted the analysis of 

plasma retinoids, carotenoids and tocopherols. The analysis of fasting plasma folate and 

vitamin B12 was conducted in Dr. Anna Giuliano's Laboratory at the Arizona Cancer 

Center using radioimmunosorbent assay (RIA) (Bio-Rad, Hercules, CA). Each of the 

laboratory procedures is described briefly below. 

Carotenoids and Tocopherols: The HPLC analysis of fasting plasma samples provided 

quantitative measure of circulating concentrations of retinol, 9 carotenoids (a-, |3-
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carotene, c/5-P-carotene, lutein, zeaxanthin, a-, B-cryptoxanthin, lycopene, c/5-lycopene), 

and 3 tocopherols (a-, 5- and y-tocopherol). The analysis is a modification of the 

procedure described by Craft (Craft NE, 1996) for reverse-phase HPLC. Briefly, 150 fxl 

aliquots of plasma were diluted with 150 )j,l HPLC-grade water. The samples were then 

deproteinated by vortexing each sample with 300 |j,l of ethanol containing tocopherol 

acetate as internal standard. The samples were extracted twice with 1 ml Hexane and the 

combined supernatant was evaporated under nitrogen. The residues were dissolved in 35 

|j.l of ethyl-acetate with vortex mixing, diluted with 100 |j,l of mobile phase and 

ultrasonicaliy agitated for 15 seconds prior to placement in the autosampler. A 15 )al 

volume was injected into the chromatographic system for analysis. 

The HPLC system consisted of a computer data system, an autosampler that maintains 

samples at 20°C; a Spherisorb 0DS2 column (3 jxm, 4.6 x 150 mm); a guard column 

containing the same stationary phase, a column heater at 30°C, a programmable 

UV/visible detector which measures carotenoids at 450 nm, retinol and retinyl palmitate 

at 325 nm, and tocol at 300 nm, and a fluorescence detector to monitor tocopherols at 296 

nm excitation and 340 nm emission. The separation was performed isocratically using a 

mobile phase of 83 parts acetonitrile; 13 parts dioxane: 4 parts methanol containing 100 

mM ammonium acetate: 0.1 parts triethylamine at a flow rate of 1.5 ml/min. 

Linear calibration curves were prepared consisting of five concentrations of analytes, 

which spanned the physiological levels of micronutrients in plasma. The calibrants 
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included lutein, zeaxanthin, P-cryptoxanthin, lycopene, a-carotene, p-carotene, retinol, 

retinyl palmitate, and 8-, y-, and a-tocopherols. Quantification was performed by internal 

standard calibration using peak area ratios. Samples from the National Institute of 

Standards and Technology were analyzed at the beginning of each set of samples. In-

house quality control samples were analyzed at the beginning, end, and at 24 sample 

intervals. The relative standard deviation of analytes in the QC samples ranged from 3-

10%. 

Folate and Vitamin Bn: The quantitative analysis of circulating plasma folate and 

vitamin B12 were conducted using the Quantaphase II B12 and Folate Radioassay (Bio-

Rad, Hercules, CA). The plasma samples were filtered using the serum filter columns 

(Image Molding, Denver, CO) prior to the RIA process. Briefly, 1 ml of radiolabeled 

vitamin Bn and folate combined with dithiothreitol (DTT) and cyanide were added to 

both the control standards and patients plasma samples. The samples were placed in 

boiling water for 30 minutes to inactivate the endogenous binding proteins and to convert 

the various forms of vitamin B12 to cyanocobalamin. After the mixtures were cooled, 100 

|j,l of Microbead Reagent, consisting of immobilized, affinity-purified porcine intrinsic 

factor and folate binding protein were added to each sample. The samples were 

incubated for 1 hour. After incubation, the samples were centrifuged and the supernatant 

discarded. The pellets, containing the bound vitamins, were measured with gamma 

counter. Quantitative determinations of the vitamins in the plasma were based on the 

standard curves. The percentage covariance ranged from 8-20%. 
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Preparation of cervical cells for real-time PCR analysis. Genomic DNA from 

exfoliated cervical cells identified as HPV (+) using the Hybrid Capture II (Young 

Women's Health Study) or by consensus primer PCR (U.S.-Mexico Binational Study) 

was extracted from exfoliated cervical cells using the QIAamp DNA Mini Kit (QIAGEN, 

Valencia, CA) according to the recommendations of the manufacturer. Briefly, 200 |j,l 

aliquot of transport media containing the resuspended exfoliated cervical cells obtained 

with a cytobrush was added to 20 fj.1 of lOmg/ml proteinase K and 200 |j,l lysis buffer. 

The suspension was thoroughly mixed and incubated at 56°C for 10 minutes. 230 jil 

absolute ethanol was added and the DNA was immobilized using a special glass-fiber 

matrix in a mini-column. DNA was first washed first with guanidine-ethanol (5M 

guanidinium-chloride ; 20 mM Tris-HCl, pH 6.6, 38% ethanol) and subsequently washed 

twice with NaCl-ethanol (20 mM NaCl, 2 mM Tris-HCl, pH 7.5, 88% ethanol). DNA 

was eluted from the mini-column using sterile HPCL-grade water prewarmed to 60°C. 

DNA was subsequently stored at -80°C until used. 

HPV Viral Load Assessment DNA samples were classified according to the HPV 

oncogenic type, or specially marked if multiple HPV types were detected. HPV viral 

load was determined based on HPV type-specific real-time PCR assays as described by 

FIores-Munguia et al. (Manuscript submitted). The PCR method is based on the Taqman 

assay where the 5'exonuclease activity of DNA polymerase is used to produce 

accumulated fluorescence at the end of the PCR reaction (Ylitalo N, 2000). Briefly, the 

E6/E7 regions of HPV types 16 (nt 65-857), 18 (nt 87-907), 31 (nt 39-856), 39 (nt 44-
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921), 45 (nt 75-906), 51 (nt 88-865), 52 (nt 93-852) and 58 (nt 77-869) were used to 

generate specific primers and fluorogenic probes according to the recommendations of 

the software Primer Express V2.0 (Applied Biosystems, Foster City, CA). Primers and 

probes were designed to be targeted and detected by real-time PCR using the ABI-

PRISM 7900HT fluorescence detection system (Applied Biosystems). The fluorogenic 

probes were labeled to the 5' end with the reporter dye 6-carboxy-fluorescein (FAM), and 

the 3' end will be blocked with the non-fluorescent quencher Black Hole™ -1. The 

primers and probes for HPV-16 and HPV-18 were taken from (Tucker RA, 2001). The 

nucleotide sequences of the selected HPV types (16, 18, 31, 39, 45, 51, 52, and 58) 

primers and probes sequences were forward HPV-16 primer 

5'-TTGCAGATCATCAAGAACACGTAGA-3'; reverse HPV-16 primer 

5'-CTTGTCCAGCTGGACCATCTATTT-3'; HPV16 probe 

5'-AATCATGCATGGAGATACACCTACATTGCATGA-3'. Forward HPV18 primer 

5'-CAACCGAGCACGACAGGAA-3'; reverse HPV18 primer 

5'-CTCGTCGGGCTGGTAAATGTT-3'; HPV18 probe 

5' -AATATTAAGTATGCATGGACCTAAGGCAACATTGCAA-3'. Forward HPV31 

primer 5'-ATTCCACAACATAGGAGGAAGGTG-3'; reverse HPV31 primer 

5'-CACTTGGGTTTCAGTACGAGGTCT-3'; HPV31 probe 

5'-ACAGGACGTTGCATAGCATGTTGGA-3'. Forward HPV39 primer 

5'-CAGGACAGTGTCGACGGTGCT-3'; reverse HPV39 primer 

5'-TGGGCTTTGGTCCACGCATAT-3'; HPV39 probe 5'-

ACGGGAGGACCGCAGACTAACACG-3'. Forward HPV45 primer 
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5'-GGACAGTACCGAGGGCAGTGTAA-3'; reverse HPV45 primer 

5'-TCCCTACGTCTGCGAAGTCTTTC-3'; HPV45 probe 

5'-CATGTTGTGACCAGGCACGGCA-3'. Forward HPV51 primer 

5'-AAAGCAAAAATTGGTGGACGA-3'; reverse HPV51 primer 

5'-TGCCAGCAATTAGCGCATT-3'; HPV51 probe 

5'-CATGAAATAGCGGGACGTTGGACG-3'. Forward HPV52 primer 

5'-GTGCATGAAATAAGGCTGCAGT-3'; reverse HPV52 primer 

5'-GTAGGCACATAATACACACGCCA-3'; HPV52 probe 

5'-TGTGCAGTGCAAAAAAGAGCTACAACG-3'. Forward HPV58 primer 

5'-CCACGGACATTGCATGATTTG-3'; reverse HPV58 primer 

5'-CTTTTTGCATTCAACGCATTTCA-3'; HPV58 probe 

5' -TGGAGACATCTGTGCATGAAATCGA A-3'. 

The standard curves for absolute quantification of HPV type specific target transcripts 

were generated as previously reported (Flores-Munguia R., 2003) using the cloned E6-E7 

region of HPV-16, HPV-18, HPV-45, and HPV 51 into plasmid vectors, or the complete 

HPV clone (for HPV-31, -39, HPV-52, and HPV-58). HPV standard curves covered a 

dynamic range of up to seven orders of magnitude. Real-time PGR reactions were 

performed in a lOfil volume using the ABI PRISM® 7900HT (Applied Biosystems, 

Foster City, CA). Each individual reaction contained 5^1 2X TaqMan® universal PGR 

master mix with uracil-N-glycosylase (Applied Biosystems), l(xl 200nM HPV type-

specific fluorogenic probe, l|xl HPV type-specific primer ratio, and up to 3|.il cDNA (or 5 
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ng of DNA from exfoliated cervical cells as unknov^n) or sterile HPLC-grade water in 

non-template controls. The amplification profile was initiated by 2 min incubation at 

50°C, followed by 10 min incubation at 95°C, and a two-step amplification of 15 s at 

95°C and 60 s at 59.3°C (HPV 16, 18, 31, 39, 52, and 58), or 54.PC (HPV 45, and 51) 

for 45 cycles. To normalize viral load values with cell equivalents in DNA from cervical 

cells, a real-time PCR assay to determine the housekeeping gene RNase P (Applied 

Biosystems) was performed in a separate reaction. Data were collected at the end of the 

amplification step. HPV type-specific standard curves were generated by plotting the 

threshold cycle (Ct) values against known concentrations of input HPV copy number. 

Human placental DNA (SIGMA, Hercules, CA) was used to generate the standard curve 

for RNase P. Viral load values were determined from the Ct values obtained from 

exfoliated cervical cell DNA using the standard curve correspondent to a specific HPV 

type. The calculated cell equivalent based on the RNase P standard curve was used to 

determine the viral titer per cell equivalent for each unknown sample as described by Van 

Duin et al. (Van Duin M, 2002). 

Statistical Analyses. For the binational border population, the percentile distribution of 

the HPV viral load for the eight most prevalent oncogenic HPV types was determined for 

individual types, for single and multiple types, and for cytological categories. Bivariate 

analyses using ANOVA were conducted from log-transformed total viral load values for 

selected demographic variables. Tertiles of viral load were calculated based on the total 

viral load for the women in this sample (n=173). Odds ratio for ASCUS/AGUS, LSIL, 
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and HSIL compared with women with normal cytology for tertiles of total viral load and 

for low and high (50"^ percentile) HPV 16 viral load were estimated, adjusting for risk 

factors for these outcomes as determined by polytomous logistic regression in this 

population of women. All statistical tests were performed with Stata Statistical Software: 

Release 7.0 (StataCorp. 2001. College Station, TX: Stata Corporation). 

For the Young Women's Health Study, nutrient intake levels were categorized into 

tertiles based on the distribution in the control group. The crude mean and median for the 

total measure of viral load and for HPV 16 viral load were determined for the tertiles of 

each circulating nutrient. As these data were highly skewed, means were tested and p-

values were estimated by analysis of variance from log-transformed values. Due to small 

numbers of HPV 16 positive women, adjusted means were calculated for total viral load 

only. These means were adjusted for age and smoking (ever vs. never), as well as body 

mass index (BMI) and total energy intake, two variables that could account for under-

and over-reporting of dietary intake. All statistical tests were performed with Stata 

Statistical Software: Release 7.0 (StataCorp. 2001. College Station, TX: Stata 

Corporation). 



64 

CHAPTER 3 

RESULTS AND DISCUSSION 

Section 1. PERFORMANCE ASSESSMENT OF EIGHT HIGH-THROUGHPUT 

PCR ASSAYS FOR VIRAL LOAD QUANTITATION OF ONCOGENIC HPV 

TYPES. 

Results 

The probe and primer sequences generated by the software Primer Express were chosen 

when no predicted cross-reactivity with homologous sequences was obtained from a 

search on the EMBL and Genebank databases. The nucleotide sequences of the selected 

HPV types (16, 18, 31, 39, 45, 51, 52, and 58) primers and probes sequences were: 

Forward HPV-16 primer 5'-TTGCAGATCATCAAGAACACGTAGA-3' 

Reverse HPV-16 primer 5'-CTTGTCCAGCTGGACCATCTATTT-3' 

HPV16 probe 5'-AATCATGCATGGAGATACACCTACATTGCATGA-3'. 

Forward HPVl 8 primer 5'-CAACCGAGCACGACAGGAA-3'. 

Reverse HPVl 8 primer 5'-CTCGTCGGGCTGGTAAATGTT-3'. 

HPV18 probe 5'-AATATTAAGTATGCATGGACCTAAGGCAACATTGCAA-3'. 

Forward HPV31 primer 5'-ATTCCACAACATAGGAGGAAGGTG-3'. 

Reverse HPV31 primer 5'-CACTTGGGTTTCAGTACGAGGTCT-3'. 

HPV31 probe 5'-ACAGGACGTTGCATAGCATGTTGGA-3'. 

Forward HPV39 primer 5'-CAGGACAGTGTCGACGGTGCT-3'. 
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Reverse HPV39 primer 5'-TGGGCTTTGGTCCACGCATAT-3'. 

HPV39 probe 5'-ACGGGAGGACCGCAGACTAACACG-3'. 

Forward HPV45 primer 5'-GGACAGTACCGAGGGCAGTGTAA-3' 

Reverse HPV45 primer 5'-TCCCTACGTCTGCGAAGTCTTTC-3'. 

HPV45 probe 5'-CATGTTGTGACCAGGCACGGCA-3'. 

Forward HPV51 primer 5'-AAAGCAAAAATTGGTGGACGA-3'. 

Reverse HPV51 primer 5'-TGCCAGCAATTAGCGCATT-3'. 

HPV51 probe 5'-CATGAAATAGCGGGACGTTGGACG-3'. 

Forward HPV52 primer 5'-GTGCATGAAATAAGGCTGCAGT-3'. 

Reverse HPV52 primer 5'-GTAGGCACATAATACACACGCCA-3'. 

HPV52 probe 5'-TGTGCAGTGCAAAAAAGAGCTACAACG-3'. 

Forward HPV58 primer 5'-CCACGGACATTGCATGATTTG-3'. 

Reverse HPV58 primer 5'-CTTTTTGCATTCAACGCATTTCA-3'. 

HPV58 probe 5'-TGGAGACATCTGTGCATGAAATCGAA-3'. 

Primers and probes were optimized for primer concentration and annealing-extension 

temperature and the conditions were chosen according to the maximum fluorescent signal 

generated after 45 PGR cycles. For subsequent experiments, the forward-reverse primer 

ratio used to generate standard curves for each HPV type corresponded to the annealing-

extension temperature of 59.3°C for HPV types 16, 18, 31, 39, 52 and 58; and the 

annealing temperature for HPV-45 and HPV-51 was 54.1°C. For HPV 16, the optimal 

forward/reverse primer ratio was 900/600 mM; for HPV 18, 900/600 mM; for HPV31, 
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600/900 mM; for HPV39, 600/900 mM; for HPV-45, 900/600 mM; for HPV-51, 

900/600 mM; for HPV52, 600/900 mM; and for HPV58, 300/300 mM. 

Validation of Reference Curves for HPV Quantitation 

(i) Linearity. The reference curves of all HPV types covered a dynamic range being able 

to discriminate from one up to 10^ copies in a linear fashion. The limit of detection for 

HPV-16 was determined to be somewhere between 1-10 copies based on the percentage 

of positive reactions at lO'' (54% of replicates positive). It was not possible to detect 

fluorescence at one copy level for HPV 52 in any of the 24 replicates suggesting the 

reference solution was diluted beyond this point. At ten copies per tube, however, all 24 

replicates for both HPV 16 and HPV 52 were positive and we determined this value to be 

the lowest detection limit for these HPVs reference curves. 

To evaluate the performance of the standard curves we compared the cycle threshold (Ct) 

for each point of the curve since this value should theoretically be invariable in replicate 

samples run under the same conditions. The reproducibility of the standard curves was 

very high as the variation coefficient for each point was less than 5% for all HPV 

standard curves. Measurements of linearity such as slope, Y intercept and linearity 

correlation coefficient (R^) for each type-specific reference curve did not vary 

significantly among the eight assays (inter-assay %CV < 2%). 

(ii) Intra- and Inter-assay variability. Different dilutions of the reference solutions 

were used as controls to assess the precision and reproducibility of the standard curves to 
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quantitate HPV viral load. Three replicates of the control samples containing either high 

(10^), medium (10'^ and 10^) or low (lO') copy number for each HPV type were run as 

unknowns in eight independent assays. The coefficient of variation was determined 

based on the values obtained from the replicates (intra-assay variation) and between the 

experiments (inter-assay variation). The intra-assay coefficient of variation for all HPV 

types ranged from 0.45% to 5.77%. The inter-assay coefficient of variation, however, 

increased proportionally with the dilution of the samples where the smallest variation was 

observed in the 10*^ controls and the highest variation was observed in the lO' controls 

(%CV = 3.91 and 19.71, respectively). 

To estimate the variability of measuring viral burden in biological samples we analyzed 

four DNA samples obtained from exfoliated cervical cells, as well as DNA from CaSki 

and HeLa cells known to contain HPV-16 and HPV-18, respectively. DNA concentration 

was determined by real-time PCR using a commercially available kit to quantitate RNase 

P. Approximately 3 ng of each DNA sample was subjected to real-time PCR for HPV-16 

and HPV-18. This analysis was conducted in triplicate in eight independent experiments. 

The results of the overall variability for the viral load measurement showed that the intra-

and inter-assay coefficients of variation were less than 5% and 18.92%, respectively. 

(iv) Accuracy. To assess assay accuracy we plotted, in a log-log scale, the theoretical 

input copy number of HPV controls at four levels of analyte concentration against the 

mean copy values of three replicates obtained from eight independent experiments. The 
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slopes created by plotting the observed and expected values for each specific HPV type 

had a deviation from the line of identity (slope = 1) within the 95% CI for all type-

specific HPV plots and ranged between 0.0121 and 0.0553. 

(v) Specificity of the quantitation assay. Assay specificity (the ability to discriminate 

among phylogenetically related HPV types) was evaluated using different HPV clones as 

heterologous templates in type-specific reactions that were quantitated against the 

correspondent HPV standard curve. All HPV reactions showed a high degree of type 

specificity with the exception of HPV-16, which showed cross-reactivity with HPV-18 

(100 copies detected after 45 cycles when an input copy number of 1x10^ was used). No 

variation in specificity was observed in a duplicate assay performed at a different time. 

Discussion 

Our objective was to design real-time quantitative assays to determine viral load in a high 

throughput format using a 10 |j,l volume reaction in the ABI PRISM 7900HT Sequence 

Detection System (Applied Biosystems). The performance evaluation of these assays 

was conducted following the protocol EPIO-P of the National Committee for Clinical 

laboratory Standards (NCCLS). For probe and primer design, we chose the E6-E7 region 

of the Human Papillomavirus genome since this region is highly conserved among the 

oncogenic HPV types and is intact in both the episomal and integrated forms of infectious 

HPV. 
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The selection of an appropriate material to be used as external control presents a 

particular challenge in developing a quantitative method for HPV since the viral genome 

can be present in either episomal or integrated forms at different stages during the history 

of an HPV infection. Tucker, RA et al. (Tucker RA, 2001) reported the design of a real

time fluorogenic assay targeting the E6-E7 region to quantitate HPV-16 and HPV-18 

viral load. However, this assay used a 50|xl volume reaction and the standard curve was 

created using PCR amplicons from the targeted regions diluted in buffer and using tRNA 

as carrier potentially leading to an overestimation of the sensitivity of the assay due to a 

less complex environment of the standard in comparison with DNA extracted from cells. 

A recent study using real-time PCR to determine HPV-16 viral load in cervical scrapes 

used a plasmid clone that contained the full-length HPV-16 DNA to create standard 

curves (Van Duin M, 2002). However, the standard curves contained only diluted 

plasmids and the authors did not mention the usage of carrier DNA, and therefore may 

introduce systematic error in the sensitivity of the assay. In our quantification assay, 

human blood DNA was spiked with plasmids harboring the targeted HPV region or the 

whole HPV clone to create standard curves. The addition of human cell equivalents was 

done to account for the natural complexity of the DNA extracted from exfoliated cervical 

cells since the ultimate goal for our HPV quantitation assay is to use it as a tool in 

population screening studies. We tested a range of input DNA and we observed that the 

dynamic range of the Standard Curve decreased with increasing concentrations of human 

DNA. A lot of DNA can be obtained from cervical swabs amd the samples need to be 
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diluted to the optimal range of input DNA concentration in order to have a more accurate 

reading of the viral load. 

Perhaps the single most important factor in quantitative assays is the accuracy of the 

reference solution used as an external standard. Several studies using real-time PCR for 

the determination of viral load reported different methods to quantitate their reference 

solutions such as UV absorption (Locatelli G, 2000), fluorescence (Tucker AR, 2001; 

Klussmann JP, 2001; Swan DC, 1997) or they simply failed to describe the method used. 

Without a doubt, assessing the exact amount of DNA to be used as reference presents a 

major challenge for absolute quantification particularly while generating the low-end 

region of the standard curve. Several reports have used limiting dilution to quantitate 

targeted analytes with high accuracy and precision (Sykes PJ, 1992; Morrison TB, 1999; 

Saha BK, 2001). Consequently, we used a modification of a novel and highly accurate 

determination of DNA concentration based upon the quantitation of low copy number of 

the analyte using the PCR-based limiting dilution assay described by Rodrigo et al 

(Rodrigo AG, 1997). Based on the concentration of the reference materials determined 

by limiting dilution, the dynamic range for all HPV standard curves cover a range of up 

to seven orders of magnitude. It is worth noticing, however, that the quantitation of 

reference materials using limiting dilution can introduce bias within the context of 

sensitivity since it assumes that one copy of the targeted analyte can be amplified by PCR 

and that enough signal is actually detected. This can create ambiguity in defining the 

lower limit of detection as observed in the HPV 16 and HPV52 standard curves where less 
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than 100% of replicates had no positive amplification during the PCR reaction at one 

copy per reaction. Another possibility in the reduction of sensitivity for the HPV16 and 

HPV52 standard curves can be related to the probe sequence itself and the efficiency to 

anneal when the targets are present in a diluted environment. In the case of the HPV-16 

standard curve, not all the standards at one copy showed a positive signal in the PCR 

amplification reaction reflecting a lack of sensitivity at this concentration. Also, the 

efficiency of the HPV-16, HPV-18, and HPV-52 standard curves were -1.8 which 

_i_2 reflects the need for the optimization of the PCR conditions, either Mg concentration, 

type of Taq polymerase, annealing temperature, and designing alternative sets of probes. 

The low efficiency observed on these standard curves is reflected in the high variability 

in the low-end of the standard curve as reflected in the more diluted controls (CV up to 

20%). For HPV-16 and -18, these results reflect the difficulties in translating a 

previously described method to a different format. 

The performance evaluation for the eight HPV quantitation assays showed an intra-assay 

variation for samples less than 6% and the inter-assay coefficient of variation less than 

20% illustrating the high reproducibility of the method. The inter-assay variability in 

similar validation protocols for real-time PCR assays has been reported to be up to 50% 

(Locatelli G, 2000; Saha BK, 2001; Broccolo F, 2002). The high inter-assay variability 

observed in clinical samples compared to controls is a reflection of the complexity and 

heterogeneity of DNA extracted from exfoliated cervical cells. The accuracy of the eight 

HPV quantitation assays was high as determined by the small deviation from the line of 
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identity. The increment in variation of the observed vs. expected relation is a common 

observation in PCR reactions since the HPV controls were obtained from bacteria and 

thus some variations in the PCR reaction may be due to the presence of inhibitors 

(Bickley J, 1999). Another possibility includes the variation during PCR preparation 

where bias can be introduced either by mechanical failure of measuring the correct 

volume in dilutions or by the stochastic process of targeting analytes in a more diluted 

environment where the homogeneity of sample plays a key role. In addition, the inherent 

variability in the PCR reaction per se is an important factor for the PCR performance (i.e. 

enzymatic efficiency, primer-probe annealing, and buffer variation). The robustness of 

the quantitation assay (the capacity of the method to remain unaffected by small 

variations in the main parameters) was tested by a multiplex assay to simultaneously 

quantitate HPV-16 and HPV-18 in the same reaction. The results, however, showed a 

marked decrease in sensitivity thus suggesting that increasing the complexity of the 

reaction can lead to competition for PCR components. The limitation of the present 

quantitation method is the need to determine a housekeeping gene as a measure of cell 

equivalent in a separate reaction, thus introducing variability with respect to viral load 

quantitation from the same sample. 

One of the advantages of using in-house standards is the ability to mimic the complexity 

of the biological sample being tested. In our assay, the intra- and inter-assay variation 

showed good reproducibility when DNA from exfoliated cells was used. It was 

important to evaluate this parameter since the quantitative protocol is intended to be used 
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in population-screening studies. Although the variability in our quantitative assay was 

low, the estimation of intra-laboratory reliability is hard to assess since each research 

laboratory creates its own reference material making the results from independent labs 

difficult to compare (Gravitt PE, personal communication). In addition, the stability of 

the in-house reference material can vary overtime even if kept at frozen temperatures, 

probably due to bacterial remnants during the purification process and the liability of 

DNA to degrade. It is, therefore, of great importance to develop a reference material with 

enough robustness in both precision and accuracy that introduces minor systematic error 

or bias due to batch-to-batch variation for intra-laboratory evaluation. 

Our assay showed high degree of specificity for seven out of the eight type-specific 

reactions. The cross-reactivity with HPV-18 observed in the HPV-16 reaction is in 

agreement with the results obtained by Tucker et al. (Tucker RA, 2001). This cross-

reactivity could be the result of non-specific primer and probe hybridization under the 

PCR conditions used. However, this represents only a small variation in the specificity of 

the HPV16 reaction since only 100 copies are quantitated after 45 PCR cycles with and 

input DNA of approximately 1x10^ copies per reaction. The output/input ratio of 0.001 

for HPV-16 indicates that the HPV-16 primers anneal with low efficiency to a similar yet 

unspecific region. Strategies to improve specificity include changing parameters in the 

PCR reaction such as the addition of DNA-stabilizing co-solvent to increase the melting 

temperature and use of conditions that are more stringent in the PCR reaction (Chevet E, 

1995). 
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Although the absolute quantitation assay to determine HPV viral load can potentially be 

transferred from the research lab to the analytical lab, the clinical significance of HPV 

viral load and the robustness of real-time PCR measures as primary screening tools in 

cervical cancer prevention and control remain to be determined. The real-time PCR 

assay developed in our laboratory is highly specific for eight oncogenic HPV types, 

highly reproducible in a wide dynamic range, performed in minimal reaction volume and 

suitable for high-throughput format. 

Section 2. ONCOGENIC HPV VIRAL LOAD AS A RISK FACTOR FOR 

CERVICAL INTRAEPITHELIAL NEOPLASIA. 

Results 

Of the 2246 women tested for HPV, 173 women were positive for one or more of the 

following oncogenic HPV types (16, 18, 31, 39, 45, 51, 52, or 58). Samples from these 

exfoliated cervical cells were analyzed using a real-time PCR quantitation assay. The 

lowest viral load value was observed with HPV45 infection with 0.01 copies/cell 

equivalent and the highest load was observed with HPV52 infection with 10^ copies/cell 

equivalent. Overall, the median viral load was 509.3 copies/cell equivalent. Viral load 

was higher for any single HPV type than samples with multiple infections. A significant 

difference (p=0.021) was observed between the viral load (median) in young women 
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(ages 15-27) compared to older women (ages 28-79). No significant associations with 

viral load and other known risk factors were observed. 

As the sample size was small for any specific HPV type infection, viral load values were 

grouped in single and multiple HPV infections, and were compared with cytologic 

diagnoses. Among the study participants with presence of one or more of the eight 

oncogenic HPV infections assessed here, abnormal Pap smears were detected in 33.5% of 

the women with 14.5% having atypical squamous cells of unknown significance/atypical 

glandular cells of unknown significance, 9.3% having low-grade squamous intraepithelial 

lesions (SIL) and 9.8% having high-grade SIL. Comparing the median values for HPV 

total viral load by cytologic diagnosis there was a significant positive association of 

increasing viral titer with severity of epithelial cytopathic changes (p=0.0064). 

Odds ratios were estimated by polytomous logistic regression adjusted for age, country, 

concomitant C. trachomatis, and Pap smear in the past three years to determine the 

association of the degree of cervical diskaryosis and viral load. Low, medium, and high 

total viral load values were independently associated with degree of cervical dysplasia 

(ASCUS/AGUS, low-grade and high-grade squamous intraepithelial lesions) with 

adjusted odds ratios of 2.59, 6.77, and 4.77 (p trend <0.0001) for ASCUS/AGUS. The 

adjusted odds ratios of low, medium, and high total viral load for low-grade SIL were 

7.72, 20.60, and 47.70 (statistically significant at the 95% confidence level and a p trend 

<0.0001). The adjusted odds ratios of low, medium, and high total viral load for high-
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grade SIL were 12.86, 41.28, and 58.05 (p-trend <0.0001). High levels of HPV16 (+) 

viral load were strongly associated with low-, and high-grade SIL (AOR = 25.90, and 

69.75, respectively, p-trend <0.0001) and ASCUS/AGUS (AOR = 4.54, p-trend = 0.01). 

Discussion 

Infection with oncogenic HPV types is the primary cause of cervical intraepithelial 

neoplasia. The risk of progression from low-grade to high-grade lesions seems to be 

greater in patients with persistent infection with oncogenic HPV types and high viral load 

values (Swan DC, 1999; Giuliano AR, 2001; Sherman ME, 2002; Schlecht NF, 2003). A 

previous study from our group determined that high viral load (quantitated by hybrid 

capture) was a factor independently associated with cytology outcomes (Giuliano AR, 

2003). Although informative, hybrid capture is only semi-quantitative and cannot 

discriminate among different oncogenic HPV types influencing viral load. To further 

study the association of HPV viral load and degree of cervical dysplasia, we evaluated 

the absolute HPV type-specific copy number using real-time PGR along with risk factors 

for HPV infection among women in the United States-Mexico border. 

Few studies have addressed the relationship of cervical infections with specific HPV 

types and degree of cytological abnormalities (Swan DC, 1999). Our results indicate that 

viral load values vary among different HPV types with the highest viral load values per 

cell equivalent observed for single HPV infections (HPV-16, -52, and -58). For multiple 

HPV infections, however, viral load values appear to be lower than single type infections. 
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In our study, no significant association between infection with multiple HPV types and 

cytology outcome was observed when comparing HPV viral load and cytologic 

diagnosis. It remains to be determined whether viral load of multiple HPV infections is 

indicative of a synergistic effect among HPV types and a higher risk of infection 

persistence. 

In this study, viral load values declined with age and were significantly associated with 

young age (15-27 years, p = 0.021). In agreement with a previous report from our group 

(Giuliano AR, 2003), no significant association between viral load and use of oral 

contraceptives and parity was observed in the present study. In terms of socio-

demographic variables, the highest viral load values were observed among Mexican 

participants compared to other ethnic groups. This is consistent with previous reports for 

the risk of HPV infection among Hispanic women (Giuliano AR, 1999). In addition, the 

host immune response may vary among ethnic groups due to genetic heterogeneity of 

immune HLA alleles (Hildesheim A, 2002). A recent study reported that Mexican 

women are more susceptible to develop CIN 2-3 with higher viral load values, and viral 

titer peaks in older compared to young women (Hernandez-Hernandez MD, 2003). The 

contrasting results in our study are in agreement with previous observations about 

heterogeneity in the prevalence and risk of infection persistence within different regions 

in Mexico (Hernandez M, 1997; Lazcano E, 2001). While the study by Hernandez-

Hernandez et al. was performed with residents of Mexico City, our study was focused 

among women living at the United States-Mexico border. 
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Previous studies have associated HPV viral load with cervical disease status (Sun CA, 

2001; Sun CA, 2002; Swan DC 1999; van Duin M, 2002; Peitsaro P, 2002; Ylitalo N, 

2000; Beskow AH, 2002). In this study we observed that total HPV viral load was 

significantly associated with higher degree of severity of the lesion (p=0.0064). 

Although the sample size in this study was small (n= 173) the large odds ratio observed 

for high viral load and low-grade (0R= 47.71, 95% CI = 17.04-133.58) and high-grade 

SIL (0R= 58.05, 95% CI = 18.43-182.89) suggest a strong positive association and 

indicates a linear relationship between viral load and cervical cytopathology. This is in 

agreement with the dose-response association suggested by case-control studies where 

high-grade SIL is associated with higher viral load and may be used as a predictor of 

cervical lesion clearance, (Sun CA, 2002; Ylitalo N, 2000; Schlecht NF, 2003; van Duin 

M, 2002). 

Although there seems to be a clear association between viral load and cytological 

outcome, recent studies suggest that viral load may not be a good predictor of cervical 

carcinoma (Lorincz AT, 2002; Bory JP, 2002). The difficulties in defining the 

significance of viral load as a prognostic tool to determine regression, progression or 

recurrence profile of HPV infection rely on several factors. The lack of homogeneity in 

viral load measurements and cytologic diagnosis make comparison among different 

studies difficult and no consensus can be reached regarding the utility of viral load 

(Pelehach L, 1997; Franco EL, 2003). Most of the studies reporting quantitation of viral 



79 

load have been performed using cross-sectional and case-control studies. In cross-

sectional studies, including ours, both the time at acquisition and the duration of HPV 

infection cannot be determined limiting the association of viral load with cervical lesion 

development. The association between viral load and subsequent development of low-

and high-grade SIL needs to be assessed in a large prospective study. 

The underlying mechanism of viral load and cervical dysplasia is obscure (Franco EL, 

2003). Whether increasing copy number is synonymous with increasing viral protein 

expression and virion production is largely unknown. Mechanistically, differences in 

viral load observed among cytological abnormalities may indicate that varying levels of 

viral replication are needed to disrupt the cellular homeostasis and induce biological 

changes that lead to cervical dyskaryosis. Difference in the mechanism by which 

oncogenic HPV types disrupt cellular functions and induce dysplasia is largely unknown. 

Given the phylogenetic differences and polymorphisms within the HPV genome, it is 

plausible that type-specific HPV oncoproteins differ in their affinity to their respective 

targeted cellular proteins. For instance, using an in vitro assay high-risk oncoprotein E6 

has been shown to bind to p53 more strongly compared to the low-risk oncoprotein E6 

(Crook T, 1994). A recent study suggests that specific characteristics of the productive 

cycle for HPV 16, i.e. a delay in the activation of late events, correlates with the severity 

of progression of cervical dysplasia (Middleton K, 2003). This observation was not 

applied to other oncogenic HPV indicating diverse mechanisms of oncogenicity among 

high-risk types. Important points to consider are the significance of viral titer in relation 
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to heterogeneity of viral replication in the stratified epithelia. Less well understood is the 

interplay of simultaneous infection with different HPV types, whether they co-infect the 

same region or isolated regions with varying levels of dyskaryosis and viral replication. 

Prospective studies are needed to determine the relative risk of cervical cancer associated 

with HPV viral load and its significance as predictor of persistence or lesion progression. 

In summary, our study suggests a dose-response trend of viral load and development of 

cervical intraepithelial lesions. HPV viral load was significantly higher among young 

women compared to older women, and no other risk factors were associated with 

increased viral load. The predictive value of viral load as a surrogate marker of HPV 

carcinogenesis needs to be determined in larger prospective studies to verify its clinical 

utility. 

Section 3. THE ASSOCIATION OF CIRCULATING NUTRIENTS WITH 

HUMAN PAPILLOMAVIRUS VIRAL LOAD 

Results 

We selected a sub-cohort of participants from the Young Women's Health Study 

(Giuliano AR, 2002b) positive for oncogenic HPV infection types 16, 18, 31, 39, 45, 51, 

52, and 58. At the baseline interview, the majority of women included in this study were 

unmarried. The mean age (±SD) was 23.7 (±4.4) years (range 18-34) and 90% were 

white. Quantitative values of type-specific HPV viral load were estimated using real
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time PCR. The lowest viral load value was observed with HPV 18 infection (0.001 

copies/ cell equivalent), and the highest viral load was observed with HPV 16 infection 

(2,948.2 copies/ cell equivalent). In general, single-type HPV infections showed higher 

viral load than multiple-type HPV infections. 

No significant associations were observed between HPV total or HPV-16 viral load and 

circulating concentrations of carotenoids (a- and P-carotene, a- and p-cryptoxanthin, 

lutein, zeaxanthin, trans- and cw-lycopene), retinol, folate, vitamin B12, and a-, y-, or 5-

tocopherol in a crude models. Data adjusted for age, BMI, smoking status, and total 

energy (Kcal) a significant positive association between total HPV viral load and a-

carotene (p = 0.0038), a-tocopherol (p = 0.0207), 8-tocopherol (p = 0.0288), and y-

tocopherol (p = 0.0446) was observed. A significant negative association between total 

viral load and /ro«5-lycopene (p = 0.0375), p-cryptoxhantin (p = 0.0494), trans-^-

carotene (p = 0.0105), and a marginally significant association for cw-lycopene (p = 

0.0544) and lutein (p = 0.0977) was observed in adjusted models. 

Discussion 

This study was conducted to investigate the association between circulating nutrients and 

oncogenic HPV viral load. Previous studies from our group observed significant 

associations with dietary and circulating nutrients with HPV persistence (Sedjo EIL, 

2002a; Sedjo RL, 2002b; Giuliano AR, 2002). To our knowledge, this is the first report 

assessing the relationship between antioxidant nutrients and oncogenic HPV viral load. 
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After adjusting for potential confounding variables our results suggest that circulating 

concentrations of certain antioxidant nutrients are associated with decreased viral load. 

The protective effect observed in this study for /rara-lycopene, P-cryptoxanthin, trans-^-

carotene, cw-lycopene, and lutein is in agreement with previous studies associating low 

serum P-carotene, P-cryptoxanthin, lutein, and cw-lycopene with HPV persistence (van 

Eenwick J, 1991; Beck MA, 1995; Giuliano AR, 1997; Sedjo RL, 2002b; Giuliano AR, 

2000). A hypothesized mechanism by which lycopene appears to reduce cancer 

incidence is through its role as lipid-soluble antioxidant. Low serum levels of lycopene 

may aid in the formation of reactive oxygen species increasing the cellular oxidative 

stress and cervical tissue damage. Reactive oxygen species appear to have a role in 

carcinogenesis through activation of specific signaling pathways, decreased immune 

function and increased viral replication (Beck MA, 1995; Meydani SN, 1995; Palmer HJ, 

1997). Using an in vitro system supplemented with an antioxidant compound, the 

expression of HPV16 oncogenic E6 and E7 was suppressed suggesting that manipulation 

of the oxidant-antioxidant load may be used as a therapeutic approach (Rosl F, 1997). 

However, nutrients are more likely to act in concert and special care should be taken 

when interpreting the role of a single nutrient, if any, in HPV replication. 

The mechanism by which carotenoids might influence viral load remains unclear. It is 

likely that some carotenoids function as provitamin A and can be directly metabolized to 

retinoic acid (Wang X, 1994). Retinoic acid is a potent regulator of cellular growth and 



83 

differentiation and may induce changes in gene expression and possibly viral replication 

(Agarwal C, 1991; Barscht D, 1992). In our study, no significant association of 

circulating cw-p-carotene, the carotenoid with highest provitamin A value, with viral load 

was observed. In contrast, we observed a significant inverse association of circulating 

/ram-P-carotene with HPV viral load. The contrasting effects between carotenoid 

isomers could be related to their molecular structure. Different biological activities for 

carotenoid isomers have been demonstrated using in vitro assays (Sies H, 1995). In 

addition, at least three isomers of (3-carotene in cis configuration are found in plasma and 

differences in carotenoid concentrations have been determined for different tissue types 

(Sies H, 1995). Thus, the metabolism and physiological effects of the different 

carotenoid nutrients in cellular homeostasis may differ significantly. Whether the c/5-p-

carotene isomer acts mainly as pro-vitamin A and the trans isomer acts as antioxidant 

affecting HPV viral load in different ways is subject for future research. The protective 

effect of circulating cw-lycopene, trans-h/co^mc, lutein and viral load may be related to 

their antioxidant effects since these carotenoids do not exhibit provitamin A activity 

(Clinton SK, 1998). As antioxidants, carotenoids are excellent singlet oxygen quenchers 

and may also quench other reactive species, shifting the oxidant-antioxidant balance, 

which may be one mechanism for their protective effect (Giuliano AR, 2000). In terms of 

nutrients involved in DNA methylation, no association between circulating folate, 

vitamin B12 and viral load was observed in our study in accordance with a recent report 

from Sedjo et al. (Sedjo RL, 2003). 
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Several studies that have assessed the association between dietary or circulating nutrients 

and HPV persistence have obtained inconsistent results (Sedjo RL, 2002a; Goodman MT, 

2001; Buckley DI, 1992; Kanetsky PA, 1998; Ziegler RG, 2002; Giuliano Ar, 2003). 

The concentrations of circulating nutrients in our study population were comparable with 

the value range defined by lARC for a Mediterranean diet in healthy individuals with no 

vitamin supplementation (Olmedilla B, 2001). Serum concentrations of dietary 

components determined for the majority of this sub-cohort fall within the normal range 

and did not represent a deficiency state. Using the data from this sub-cohort, it is not 

possible to assess the long-term effect of circulating nutrients in cervical epithelium since 

circulating nutrients are indicative of a recent consumption of fruit and vegetables and do 

not represent a continuous exposure of circulating nutrients in cervical tissue. The fact 

that the majority of participants were smokers may indicate a higher oxidant load in the 

cervical epithelium as reported previously (Prokopczyk B, 1997; Giuliano AR, 2002). 

However, in our study no significant associations were found when adjusting 

independently for smoking status. In addition, the level of cotinine in this population was 

not assessed and no inference can be made with respect to oxidative stress in cervical 

mucosa and HPV viral load. 

Several limitations of this study should be considered when interpreting these results. The 

small sample size (n = 39) weakens the power of this study to make any definitive 

conclusions regarding the association of oncogenic HPV viral load and nutrient status. 

Also, misclassification of circulating nutrients is possible due to the sensitivity of these 
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compounds to time of transportation, storage conditions, and analytical procedures 

(Siems WG, 1999). 

Nutritional interventions to control or prevent viral infections have shown inconsistent 

results and seem to be specific for the infectious agent. For instance, antioxidant 

supplementation with vitamin A, P-carotene, vitamin C, vitamin E, selenium and 

coenzyme QIO for a 12 week period in HIV (+) participants did not decrease viral load 

(Batterham M, 2001). In contrast, the relationship of nutritional status and viral virulence 

in Coxsackie virus infection showed that selenium and vitamin E deficiency had a 

marked effect in viral replication (Levander 0, 1997; Xie B, 2002). In our study, a-, y-, 

and 6-tocopherol were positively associated with increased viral load. Interestingly, a 

previous study using cervical tissue associated higher cervical concentrations of a- and y-

tocopherol and cervical cancer (Peng YM, 1998), and a case control study observed an 

increasing risk of cervical dysplasia and higher levels of serum a-, and y-tocopherol 

(Potischman N, 1994). Whether these phenomenon represent a direct effect on tissue 

microenvironment by tocopherols, or a combinatorial effect as a consequence of a 

disrupted cellular homeostasis due to viral factors and nutritional factors is not yet clear. 

Recent data suggest that tocopherols can bind to tocopherol-associated proteins and 

tocopherol-binding proteins and may function in the regulation of genes and cell signal 

transduction (Zimmer S, 2000; Zingg JM, 2000; Blatt DH, 2001; Porter TD, 2003; 

Villacorta L, 2003). A better understanding of the underlying mechanisms by which 
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micronutrients can affect HPV pathogenesis would be important and useful in the design 

of nutritional intervention programs for the prevention and control of cervical cancer. 

In conclusion, using a sub-cohort of study participants with HPV oncogenic infections we 

determined that certain circulating antioxidant nutrients are associated with lower HPV 

viral load. The overall analysis showed inconsistent trends with circulating nutrients and 

HPV viral load. It is unclear whether the protective effect observed in this study for 

trans-, and cw-lycopene is due to a reduced oxidative stress and viral replication since a-

carotene and the tocopherols, also antioxidants, are significantly associated with an 

increase in viral load. The influence of circulating nutrients in cervical epithelium, and in 

consequence in viral load, is uncertain. The biological significance of nutrients as a 

determinant of viral load cannot be inferred based on the small sample size on this study. 

Future prospective studies with multiple assessments of both viral load and circulating 

nutrients are needed to identify host and nutritional factors associated with viral 

replication. 
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SUMMARY AND FUTURE DIRECTIONS 

The unequivocal relationship of persistent oncogenic human papillomavirus infection and 

risk of cervical cancer is well documented (Bosch FX, 2002; Bosch FX, 2003). In 

developed countries the use of screening programs has proven to be useful in the 

prevention and control of cervical cancer. However, in developing countries cervical 

cancer is the second most common cause of death and represents an economic and social 

burden due to inefficient or non-existent screening programs. HPV testing is a promising 

tool to be applied along with cytological screening to understand the natural history of 

HPV infection and to monitor in a time-efficient manner the evolution of HPV infection 

and the effectiveness of treatment. 

Previous studies have addressed the association between high copy numbers of HPV with 

increased risk of cervical lesions with inconsistent results (Ylitalo N, 2000; Lorincz AT, 

2002). Part of the problem with these studies is methodological since different 

technologies have been used to quantitate viral copy number. This underlies the 

importance of developing robust assays with high reproducibility. In this study, absolute 

quantification assays based on 5'-exonuclease assay and real-time detection were 

developed for eight oncogenic HPV types, and their performance and reproducibility 

were assessed (Manuscript 1). The quantitation assays based on real-time PGR showed 

high degree of accuracy, specificity, reproducibility, and a dynamic range from one up to 

six or seven orders of magnitude. It is worth mentioning that like any in-house PGR-
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based methodology it is subject to variations due to PCR reagents, primer sequences, 

target DNA, detection method and instrumentation. Future epidemiological studies 

should rely on a commercial manufactured quality-controlled robust assay that shows 

high inter- and intra-laboratory reproducibility and reliability. 

In the study of viral load and degree of cervical dysplasia (Manuscript 2), higher viral 

load values were statistically significantly associated with higher degrees of cervical 

intraepithelial neoplasia. Our results are consistent with other cross-sectional 

epidemiologic studies demonstrating an association between increased viral load and the 

risk of cervical dysplasia (Schiffman M, 2000; Healey SM, 2001; Sherman ME, 2002). 

While the risk of dysplasia appears to increase with viral load, its clinical significance 

and predictive value for cancer progression from HPV infection is unclear. One 

limitation of our study is that we did not evaluate the association of HPV viral load and 

infection persistence. Both the time of acquisition and the duration of HPV infection 

cannot be precisely made using our cross-sectional study because the temporality cannot 

be determined. Thus, prospective studies are needed to evaluate the relative risk of 

cervical cancer associated with HPV viral load. In these studies, repeated or serial 

measurements of HPV viral load and cytological analysis may predict changes in viral 

factors and disease progression or regression (Wacholder S, 2003). Viral load is more 

likely to represent an active HPV replicative state, and whether an increase in viral copy 

number is indicative of higher number of infective virions, and thus increasing risk of 

reinfection, or disruption of cellular events leading to carcinogenesis is a subject for 
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future research. The clinical interpretation of HPV viral load normalized to a cell 

equivalent may be challenging since at present it cannot be determined if viral load 

measurements are the result of few highly infected cells or a large cell population with 

few virions each. Overall, the studies performed to date on viral load and cervical 

dysplasia, including our study, provide an indication that high viral load may distinguish 

clinically relevant HPV infections and can be used along with cytological analysis as a 

surrogate marker for HPV progression. 

Previous studies have addressed the association of dietary and circulating nutrients with 

HPV persistence (Sedjo RL, 2002a; Sedjo RL, 2002b; Sedjo RL, 2003). The purpose of 

this prospective study using a sub-cohort of oncogenic HPV infected participants was to 

investigate the relationship of circulating concentrations of specific nutrients to HPV 

viral load (Manuscript 3). Nutrients assessed in this study included antioxidants and 

specific nutrients involved either directly or indirectly in the DNA methylation pathway. 

Discrepancies between individual nutrients with respect to viral load were observed. 

Circulating trans- and cw-lycopene, and P-cryptoxanthin appear to be protective for HPV 

viral load. In contrast, circulating a-, and P-carotene, and a-, 5, and y-tocopherol appear 

to enhance viral load. Several considerations in this study should be noted. First, the 

sample size for this sub-cohort was very small; therefore, no strong conclusions can be 

made regarding the effect of nutrients in HPV viral load. Second, circulating nutrients 

are representative of recent consumption, absorption, metabolism and current nutrient 

stores. Third, nutrients do not function individually, but rather in concert with each other. 



90 

Finally, the multiple layers of complexity between HPV as a causal agent, nutritional 

status, and disease outcome are an important limitation of our study. 

Future studies are needed addressing co-factors (viral, host, environmental) affecting 

viral load status, as well as the patterns of viral load for different HPV types, and the 

time-dependent association of viral load and morphologic abnormalities. The lack of 

suitable in vitro systems to study the natural history of HPV infection has hampered our 

understanding of the underlying factors governing HPV replication and morphogenesis. 

Organotypic culture system seems a promising tool to study certain aspects of replication 

and control of HPV gene expression (Frattini MG, 1996; Ozbun MA, 1997; Ozbun MA, 

1998). However, important determinants of HPV pathogenesis that occur in vivo such as 

localized immunological effects, tissue microenvironment (paracrine, exocrine) and the 

role of host factors in HPV infection such as nutrients or the antioxidant system 

(Selenium enzymes) are not possible to determine in vitro at this point in time. Surrogate 

markers of HPV pathogenesis including proteins such as MCM, Ki-67, cyclin 

A, and cyclin E, immune-related genetic susceptibility, and methylation status of 

oncogenic viral genes, may prove to be useful as prognostic tools in future prospective 

studies to understand the different factors involved in cervical carcinogenesis. 
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PERFORMANCE ASSESSMENT OF EIGHT HIGH-THROUGHPUT PCR 

ASSAYS FOR VIRAL LOAD QUANTITATION OF ONCOGENIC HPV TYPES 

Roberto Flores-Munguia\ Erin Siegel*, Walter T. Klimecki^ and Anna R. Giuliano^ 

1 2 Arizona Cancer Center, Arizona Respiratory Center, The University of Arizona, 

Tucson, AZ, USA. 

ABSTRACT 

Infection with mucosotropic Human Papillomavirus (HPV) is the necessary cause of 

cervical intraepithelial neoplasia. Several epidemiological studies suggest that HPV viral 

load can be a risk factor of cervical dysplasia. The purpose of the present study was to 

evaluate a methodology to determine HPV viral load of eight oncogenic HPV types (16, 

18, 31, 39,45, 51, 52, and 58). The quantitation assay is based on a high-throughput real

time PCR. The E6-E7 region of HPV types 16, 18, 45 and 51 were used to amplify 

specific DNA sequences and cloned into a plasmid vector. The constructs for HPV 16, 

18, 45, and 51, and the whole genome for HPV types 31, 39, 52 and 58 were quantitated 

using a limiting dilution analysis and used to create standard curves. Type-specific HPV 

clones were used to determine specificity, linearity, and intra- and inter-assay variation. 

The sensitivity of our assay covered a dynamic range of up to seven orders of magnitude 

with a coefficient of intra-assay variation less than 6% and the inter-assay variation less 

than 20%. No cross reactivity was observed on any of the type-specific standard curves 

when phylogenetically close HPV types were used as templates. Our real-time PCR 
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methodologies are highly reproducible, sensitive, and specific over a seven-fold 

magnitude dynamic range. 

INTRODUCTION 

Among all types of Human Papillomavirus (-100 types) the ones classified as oncogenic 

types are of clinical significance due to their association with cervical neoplastic 

development and carcinoma. Although most HPV infections are transient, a number of 

host and viral factors may lead to a persistent infection thus increasing the risk of 

developing neoplasia (1). Understanding the natural history of oncogenic HPV infection 

and the predictive value of one or several HPV test, is, therefore, essential for the 

development of appropriate cervical cancer prevention and control programs. The 

limitations of cytological analysis have pressured the development of alternative 

screening methods in population studies, with molecular diagnosis emerging as a 

promising diagnostic tool in cervical cancer prevention (2). Quality assurance of these 

emerging technologies is paramount for large-scale clinical investigations (3). In 

population-based studies, questions of reliability, sensitivity, specificity, reproducibility 

and scalable capacity for automation are central in selecting assays to determine factors 

associated with cervical carcinogenesis. 

Prevalence studies conducted worldwide indicate that approximately 30% of women are 

infected with HPV. Therefore, the use of HPV testing as a primarily screening tool is not 

sufficient (4). Alternative measures that may have greater predicted value, such as HPV 
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viral load, are currently under investigation. Several studies have correlated HPV viral 

load and its prognostic significance in the evolution of cervical intra-epithelial neoplasia 

(5,6). The methodologies used to quantitate viral burden have varying levels of 

specificity and sensitivity and performance evaluation is frequently not comprehensive. 

Hybrid Capture has been a common technique used to determine HPV viral load, but 

does not have the capacity to differentiate specific types of HPV (7, 8). PCR-based 

methods using densitometric analysis have frequently been used to determine HPV viral 

burden and its association with cervical lesion development (9-11). However, the 

estimation of viral load using semi-quantitative PCR may be inaccurate due to the 

inherent efficiency of the detection system as well as the presence of inhibitors in the 

sample (12). 

Real-time PCR is a more recent addition in the molecular diagnosis of HPV infection 

(13). Real-time PCR has the advantage of being highly specific, reproducible, and 

capable of detecting HPV viral load up to eight orders of magnitude in a linear range 

(14). These qualities make real-time PCR attractive for use in epidemiological studies 

and as a potential diagnostic test. Several studies reported the predictive value of HPV 

viral burden determined by real-time PCR and the persistence of HPV infection (13, 15-

17). These studies, however, only focused on the quantitation of viral load for HPV type 

16. 
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To our knowledge, there has been no systematic evaluation of real-time PCR to 

determine viral load for oncogenic HPV types based on standardized criteria of quality 

control assurance. Here, we present a quality control evaluation to assess the sensitivity, 

specificity, and reproducibility (intra- and inter-assay variability) of viral load 

quantitation using the ABI Prism 7900 Sequence Detection System for eight oncogenic 

HPV types (16, 18, 31, 39, 45, 51, 52 and 58). The analytical performance was based on 

the National Committee for Clinical Laboratory Standards (NCCLS) guideline EPIO-T, 

using a lOjil volume reaction in a high-throughput format (384-well system for the 

processing of large number of samples). 

MATERIALS AND METHODS 

Primer and probe design 

The E6/E7 regions of HPV types 16 (nt 65-857), 18 (nt 87-907), 31 (nt 39-856), 39 (nt 

44-921), 45 (nt 75-906), 51 (nt 88-865), 52 (nt 93-852) and 58 (nt 77-869) were obtained 

from Los Alamos HPV database (http://hpv-web. lanl. gov/stdgen/virus/hpv/). The 

nucleotide sequence for each type was aligned to identify highly heterologous regions 

and used to design type-specific probes and primers by the software Primer Express® 

(Applied Biosystems, Foster City, CA). Primers and probes spanning a targeted region 

<200bp were selected according to the specifications in the software manual. Type 

specificity was determined by no-predicted cross-hybridization with other HPV types 

using the NCBI database BLAST search. Primers and probes for HPV types 16 and 18 

were selected as previously reported (14). The sequences and nucleotide location of the 

http://hpv-web
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selected primers and probes are shown in Table 1. Primers and probes were synthesized 

by Integrated DNA Technologies (Coralville, lA). Probes were labeled to the 5' end with 

the reporter dye 6-carboxy-fluorescein (FAM), and the 3' end was blocked with the non-

fluorescent quencher Black Hole™ -1 (IDT, Coraville, lA). Probes and primers were 

resuspended in sterile HPLC grade water to form a 200nM and lOOnM solution, 

respectively, stored in 20nl volume aliquots at -20°C until used. 

Construction of external standards 

Clones for HPV types 16, 18, 45 and 51 were constructed by cloning a fragment 

containing the targeted region for Real Time PCR described above. Cloning regions for 

HPV 16 consisted of nucleotides 351-855, nucleotides 295-1064 for HPV 18, 

nucleotides 80-922 for HPV45, and nucleotides 49-895 for HPV5I. Cloning primers 

were designed using Oligo software version 5.0 (Molecular Biology Insights, Inc., 

Cascade, CO). HPV-16 (F-primer 5'-TGTATGGAACAACATTAGAAC-3'; R-primer 

5'-TCAGCCATGGTAGATTAT-3'), HPV-18 (F-primer 5'-

CATGCCATAAATGTATAGATT-3'; R-primer 5'-AAATGTTCCTTGTGTATCAAT-

3'), HPV-45 (F-primer 5'-GATCCAAAGCAACGACCCTA-3'; R-primer 5'-

TCCTCTGCCGAGCTCTCTAC-3') and HPV-51 cloning primers (F-primer 5'-

GAAAACGGTGCATATAAAAGTGC-3"; R-primer 5'-

CCTCTGTACCTTCACAGTCCATC-3') were used to generate HPV type-specific 

amplicons using DNA from CaSki and HeLa cell lines for HPV-16 and -18, respectively, 

and clinical samples for HPV-45 and HPV-51. The specificity of the amplification was 

evaluated by agarose-gel electrophoresis and by sequence analysis. Amplified fragments 
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from HPV-16 were cloned into the pCR2.1-T0P0® vector (Invitrogen, Carlsbad, CA) 

and the amplified fragments from HPV-18, HPV-45 and HPV-51 were cloned into the 

pGEM®-T easy vector (Promega, Madison, WI) according to the specifications of the 

manufacturers. To verify cloning effectiveness, isolated plasmids from 5ml bacterial 

cultures were used as template in PCR reactions using both external (cloning) and 

internal primers, and by digestion with the restriction enzyme EcoRI (Boehringer, 

Petersburg, VA) and conventional agarose gels. Clones for HPV types 31, 39, 52 and 58 

were kindly provided by Dr. Attila Lorincz, Digene Corp., Prof. Gerard Orth, Institute 

Pasteur, Dr. Wayne D. Lancaster, Wayne State University, and Dr. Toshihiko Matsukura, 

National Institute of Health in Japan, respectively. All HPV clones were transformed 

into One Shot® Top-10 chemically competent cells (Invitrogen, Carlsbad, CA) and stored 

as glycerol stocks at -20°C until used. HPV clones were amplified by culturing 5 ml 

amp-LB media overnight at 37 °C and re-inoculated in 1 Lt LB media containing 5mM 

ampicillin and grown overnight at 37°C. HPV plasmids were purified using the 

QIAGEN plasmid Maxi purification kit (QIAGEN, Valencia, CA) according to the 

manufacturer instructions. The relative plasmid DNA concentration was determined by 

fluorescence using the PicoGreen® dsDNA quantitation reagent (Molecular Probes, 

Eugene, OR). 

Limiting dilution 

The approximate plasmid DNA concentration for each HPV type was determined by a 

modification of the PCR-based limiting dilution assay described elsewhere (18, 19) and 
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used as reference material. Briefly, using a preliminary calculation of plasmid copy 

number based on PicoGreen® quantitation, ten replicates of a 10-fold dilution series for 

the plasmid DNA were created (from 1 :10 to 1 ;lxlO^). The last dilution of the 10-fold 

dilution series was used to create a 2-fold dilution series (from 1:2 to 1:4096) covering a 

range from 2x10^ to 4.096xl0" copies/nl. One |il of each dilution from the 2-fold 

dilution series was added to a 10 |xl PCR reaction and subjected to 50 PCR cycles using 

the ABI PRISM® 7900HT (Applied Biosystems, Foster City, CA). Annealing 

temperatures for each HPV type were used as determined by the primer titration study, 

and non-template controls were used in each case to establish the threshold. The 

proportion of negative end points (fluorescence values not significantly different at 5% 

level above background) served to estimate the concentration of the undiluted reference 

material by Poisson probability distribution using the computer program QUALITY 

VI. 1.4 described by Rodrigo, et al. (18). 

PCR optimization 

To assess the optimal primer ratio and annealing temperature for each HPV type, a series 

of six primer ratios were tested covering a range of 50 to 900 mM. Each primer ratio was 

run in triplicate in a lOfil PCR reaction using the TaqMan® universal PCR master mix 

(Applied Biosystems, Foster City, CA). Each PCR was run for 45 cycles covering a 

gradient of annealing temperature from 52°C to 65°C. The PCR reaction was transferred 

to a 384 well plate and the fluorescence signal was read using the ABI PRISM 7900HT 

(Applied Biosystems, Foster City, CA). The primer ratio and annealing temperature were 
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chosen according to the highest fluorescence signal normalized with a passive internal 

reference dye in the PCR reaction. 

Standard curves and controls 

External standard curves were generated by serial dilutions of known input 

concentrations of HPV DNA covering a range from 1 copy to IxlO' copies/lOjil reaction. 

Each dilution was aliquoted in 20fxl volume and stored at -20° C until used. Human 

blood DNA (known to be HPV negative) was used as background DNA for an equivalent 

of 100 cells per PCR reaction. DNA from human blood, exfoliated cervical cells, and 

cell lines were extracted using the QIAamp purification kit (QIAGEN, Valencia, CA) 

according to the instructions of the manufacturer. DNA concentration was determined 

using a Real-time PCR quantification assay for the housekeeping gene RNase P (Applied 

Biosystems, Foster City, CA). Eight points for each standard curve covering a dynamic 

range from lO'^ to 10^ were run in triplicate along with non-template controls to set the 

threshold value. DNA extracted from CaSki cells or HeLa cells was used as positive 

control for HPV-16 or HPV-18, respectively. Specific HPV clones were used as 

homologous templates for HPV-31, -39, -45, -51, -52 and -58. 

Real-time PCR 

All PCR reactions were performed in a 10|xl volume using the ABI PRISM® 7900HT 

(Applied Biosystems, Foster City, CA). Each individual reaction contained 5^1 2X 

TaqMan® universal PCR master mix with uracil-N-glycosylase (Applied Biosystems), 
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l|al 200nM fluorogenic probe, l|il primer ratio, 0.65ng human blood DNA and up to 3^il 

HPV DNA or sterile HPLC-grade water in non-template controls. The amplification 

profile was initiated by 2 min incubation at 50°C, followed by 10 min incubation at 95°C, 

and a two step amplification of 15 s at 95°C and 60 s at 59.3°C or 54.1°C for 45 cycles. 

Data were collected at the end of the amplification step. All experiments were performed 

in triplicate including the positive controls and non-template controls. 

Validation assay 

The accuracy, efficacy and reliability of HPV DNA quantification by real-time PCR 

were evaluated using the National Committee for Clinical Laboratory Standards EPIO-T 

guidance: "preliminary evaluation of chemistry clinical methods" (20). In sum, four 

concentrations of HPV DNA (lO' copies/|j.l, 10^ copies/^1, lO'^ copies/^l and 10^ 

copies/|il) for HPV types 16, 18, 31, 39, 45, 51, 52 and 58 were created by diluting the 

reference solution in TE buffer and analyzed in triplicate in eight independent assays to 

evaluate intra- and inter-assay variation. Specificity was evaluated using Human blood 

DNA (~5ng) spiked with clones for HPV-16, HPV-18, HPV-31, HPV-39, HPV-45, HPV-

51, HPV-52, or HPV-58 as heterologous DNA templates at an input copy number of 

1x10^ copies/PCR reaction. Each sample was used as unknown in type-specific HPV 

quantitation assays. Four clinical samples obtained from exfoliated cervical cells with 

known high and low HPV-16 copy numbers were run to verify accuracy of the assay and 

their DNA concentration was determined by the RNase-P assay. DNA extracted from 
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CaSki and HeLa cell lines was used as positive controls for HPV-16 and HPV-18, 

respectively. 

Statistical Analysis 

Repeatability or intra-assay variation (defined as the degree of agreement among 

individual test) was calculated by computing the relative standard deviation of three 

replicates per assay. Reproducibility was assessed by computing the coefficient of 

variation (%CV) among the mean values in eight independent assays. The efficiency of 

the standard curves was calculated based on the slope from eight independent 

experiments. 

RESULTS 

Experimental design of a TaqMan assay for HPV load quantitation 

The probe and primer sequences generated by the software Primer Express were chosen 

when no predicted cross-reactivity with homologous sequences were obtained from a 

search on the EMBL and Genebank databases (table 1). Primers and probes were 

optimized for primer concentration and annealing-extension temperature and the 

conditions were chosen according to the maximum fluorescent signal generated after 45 

PCR cycles. For subsequent experiments, the forward-reverse primer ratio used to 

generate standard curves for each HPV type corresponded to the annealing-extension 

temperature of 59.3°C for HPV types 16, 18, 31, 39, 52 and 58; and the annealing 
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temperature for HPV-45 and HPV-51 was 54.1°C. For HPV 16, the optimal 

forward/reverse primer ratio was 900/600 mM; for HPV 18, 900/600 mM; for HPV31, 

600/900 mM; for HPV39, 600/900 mM; for HPV-45, 900/600 mM; for HPV-51, 

900/600 mM; for HPV52, 600/900 mM; and for HPV58, 300/300 mM. 

Validation of Reference Curves for HPV Quantitation 

(i) Linearity. The reference curves of all HPV types covered a dynamic range being able 

to discriminate from one up to lO' copies in a linear fashion as indicated in table 2. The 

limit of detection for HPV-16 was determined to be somewhere between 1-10 copies 

based on the percentage of positive reactions at 10° (54% of replicates positive). It was 

not possible to detect fluorescence at one copy level for HPV 52 in any of the 24 

replicates suggesting the reference solution was diluted beyond this point. At ten copies 

per tube, however, all 24 replicates for both HPV 16 and HPV 52 were positive and we 

determined this value to be the lowest detection limit for these HPV reference curves. 

To evaluate the performance of the standard curves we compared the cycle threshold (Ct) 

for each point of the curve since this value should theoretically be invariable in replicate 

samples run under the same conditions. As shown in table 2, the reproducibility of the 

standard curves was high as the variation coefficient for each point was less than 5% for 

all HPV standard curves. Measurements of linearity such as slope, Y intercept and 

linearity correlation coefficient (R^) for each type-specific reference curve did not 

significantly vary among the eight assays (inter-assay %CV < 2%). 
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(ii) Intra- and Inter-assay variability. Different dilutions of the reference solutions 

were used as controls to assess the precision and reproducibility of the standard curves to 

quantitate HPV viral load. Three replicates of the control samples containing either high 

(10^), medium (lO"* and 10^) or low (10^) copy number for each HPV type were run as 

unknowns in eight independent assays. The coefficient of variation was determined 

based on the values obtained from the replicates (intra-assay variation) and between the 

experiments (inter-assay variation). The performance results are summarized in Table 3. 

As observed in this table, the intra-assay coefficient of variation for all HPV types ranged 

from 0.45% to 5.77%. The inter-assay coefficient of variation, however, increased 

proportionally with the dilution of the samples where the smallest variation was observed 

in the 10^ controls and the highest variation was observed in the lO' controls (%CV = 

3.91 and 19.71, respectively). 

To estimate the variability of measuring viral burden in biological samples we analyzed 

four DNA samples obtained from exfoliated cervical cells, as well as DNA from CaSki 

and HeLa cells known to contain HPV-16 and HPV-18, respectively. DNA concentration 

was determined by real-time PCR using a commercially available kit to quantitate RNase 

P. Approximately 3 ng of each DNA sample was subjected to real-time PCR for HPV-16 

and HPV-18. This analysis was conducted in triplicate and conducted in eight 

independent experiments. The results of the overall variability for the viral load 

measurement are shown in Table 3. As indicated in this table, the intra- and inter-assay 

coefficients of variation were less than 5% and 18.92%, respectively. 
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(iv) Accuracy. To assess assay accuracy we plotted, in a log-log scale, the theoretical 

input copy number of HPV controls at four levels of analyte concentration against the 

mean copy values of three replicates obtained from eight independent experiments. The 

slopes created by plotting the observed and expected values for each specific HPV type 

are shown in figure 1. The deviation from the line of identity (slope = 1) was within the 

94% CI for all type-specific HPV plots and ranged between 0.0121 and 0.0553. 

(v) Specificity of the quantitation assay. Assay specificity (the ability to discriminate 

among phylogenetically related HPV types) was evaluated using different HPV clones as 

heterologous templates in type-specific reactions that were quantitated against the 

correspondent HPV standard curve. As observed in figure 2, all HPV reactions showed a 

high degree of type specificity with the exception of HPV-16, which showed cross-

reactivity with HPV-18 when an input copy number of 1x10^ was used (100 copies 

detected after 45 cycles). No variation in specificity was observed in a duplicate assay 

performed at a different time (data not shown). 

DISCUSSION 

Our objective was to design real-time quantitative assays to determine viral load in a high 

throughput format using a 10 jxl volume reaction in the ABI PRISM 7900HT Sequence 

Detection System (Applied Biosystems). The performance evaluation of these assays 

was conducted following the protocol EPIO-P of the National Committee for Clinical 

laboratory Standards (NCCLS). For probe and primer design, we chose the E6-E7 region 
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of the HPV genome since this region is highly conserved among the oncogenic HPV 

types and is intact in both the episomal and integrated forms of infectious HPV. 

The selection of an appropriate material to be used as external control presents a 

particular challenge in developing a quantitative method for HPV since the viral genome 

can be present in either episomal or integrated forms at different stages during the history 

of an HPV infection. Tucker, RA et al. (14) reported the design of a real-time 

fluorogenic assay targeting the E6-E7 region to quantitate HPV-16 and HPV-18 viral 

load. However, this assay used a 50|xl volume reaction and the standard curve was 

created using PCR amplicons from the targeted regions diluted in buffer and using tRNA 

as carrier potentially leading to an overestimation of the sensitivity of the assay due to a 

less complex environment of the standard in comparison with DNA extracted from cells. 

A recent study using real-time PCR to determine HPV-16 viral load in cervical scrapes 

used a plasmid clone that contained the full-length HPV-16 DNA to create standard 

curves (17). However, the standard curves contained only diluted plasmids and the 

authors did not mention the usage of carrier DNA, and therefore may introduce 

systematic error in the sensitivity of the assay. In our quantification assay, human blood 

DNA was spiked with plasmids harboring the targeted HPV region or the whole HPV 

clone to create standard curves. The addition of human cell equivalents was conducted to 

account for the natural complexity of the DNA extracted from exfoliated cervical cells 

since the ultimate goal for our HPV quantitation assay is to use it as a tool in population 

screening studies. We tested a range of input DNA and we observed that the dynamic 
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range of the Standard Curve decreased with increasing concentrations of human DNA 

(data not shown). Although a large quantity of DNA can be obtained from cervical 

swabs, the samples have to be diluted to the optimal range of input DNA concentration in 

order to have a more accurate reading of viral load. 

Perhaps the single most important factor in quantitative assays is the accuracy of the 

reference solution used as an external standard. Several studies using real-time PCR for 

the determination of viral load reported different methods to quantitate their reference 

solutions such as UV absorption (21), fluorescence (14, 15, 22) or they simply failed to 

describe the method used. Without a doubt, assessing the exact amount of DNA to be 

used as reference presents a major challenge for absolute quantification particularly while 

generating the low-end region of the standard curve. Several reports have used limiting 

dilution to quantitate targeted analytes with high accuracy and precision (23-25). 

Consequently, we used a modification of a novel and highly accurate determination of 

DNA concentration based upon the quantitation of low copy number of the analyte using 

the PCR-based limiting dilution assay described by Rodrigo et al (18). Based on the 

concentration of the reference materials determined by limiting dilution, the dynamic 

range for all HPV standard curves cover a ranged of up to seven orders of magnitude 

(Table 2). It is worth notice, however, that the quantitation of reference materials using 

limiting dilution can introduce bias within the context of sensitivity since it assumes that 

one copy of the targeted analyte can be amplified by PCR and that enough signal is 

actually detected. This can create ambiguity in defining the lower limit of detection as 

observed in the HPV16 and HPV52 standard curves where less than 100% of replicates 
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showed no positive amplification during the PCR reaction at one copy per reaction (Table 

2). Another possibility explaining the reduction of sensitivity of the HPV 16 and HPV 52 

standard curves may be related to the probe sequence itself and the efficiency to anneal 

when the targets are present in a diluted environment. In the case of the HPV-16 

standard curve, not all of the lO" standards showed a positive signal in the PCR 

amplification reaction reflecting a lack of sensitivity at this concentration. Also, the 

efficiency of the HPV-16, HPV-18, and HPV-52 standard curves were -1.8 which 

reflects the need for optimization of the PCR conditions, either Mg^^ concentration, type 

of Taq polymerase, annealing temperature, or designing alternative sets of probes. The 

low efficiency observed of these standard curves are reflected in the high variability in 

the low-end of the standard curve (Figure 1). For HPV-16 and -18, these results reflect 

the difficulties in translating a previously described method to a different format. 

The performance evaluation of the eight HPV quantitation assays showed an intra-assay 

variation of less than 6% and an inter-assay coefficient of variation less than 20% 

illustrating the high reproducibility of the method (Table 3). The inter-assay variability in 

similar validation protocols for real-time PCR assays has been reported to be up to 50% 

(21, 25, 26). The high inter-assay variability observed in clinical samples compared to 

controls is a reflection of the complexity and heterogeneity of DNA extracted from 

exfoliated cervical cells. The accuracy of the eight HPV quantitation assays was high as 

determined by the small deviation from the line of identity as depicted in Figure 1. The 

increment in variation of the observed vs. expected relation is a common observation in 

PCR reactions since the HPV controls were obtained from bacteria and thus some 
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variations in the PCR reaction may be due to the presence of inhibitors (12). Another 

possibility includes the variation during PCR preparation where bias can be introduced 

either by mechanical failure of measuring the correct volume in dilutions or by the 

stochastic process of targeting analytes in a more diluted environment where the 

homogeneity of sample plays a key role. In addition, the inherent variability in the PCR 

reaction per se is an important factor for the PCR performance (i.e. enzymatic efficiency, 

primer-probe annealing, and buffer variation). The robustness of the quantitation assay 

(the capacity of the method to remain unaffected by small variations in the main 

parameters) was tested by a multiplex assay to simultaneously quantitate HPV-16 and 

HPV-18 in the same reaction. The results, however, showed a marked decrease in 

sensitivity thus suggesting that increasing the complexity of the reaction can lead to 

competition for PCR components (data not shown). The limitation of the present 

quantitation method is the need to determine a housekeeping gene as a measure of cell 

equivalent in a separate reaction, thus introducing variability with respect to viral load 

quantitation from the same sample. 

One of the advantages of using in-house standards is the ability to mimic the complexity 

of the biological sample being tested. In our assay, the intra- and inter-assay variation 

showed good reproducibility when DNA from exfoliated cells was used. It was 

important to evaluate this parameter since the quantitative protocol is intended to be used 

in population-based screening studies. Although the variability in our quantitative assay 

was low, the estimation of inter-laboratory reliability is hard to assess since each research 

laboratory creates its own reference material making the results from independent labs 
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difficult to compare (Gravitt PE, personal communication). In addition, the stability of 

the in-house reference material can vary overtime even if kept at frozen temperatures, 

probably due to bacterial remnants during the purification process and the liability of 

DNA to degrade. It is, therefore, of great importance to develop a reference material with 

enough robustness in both precision and accuracy that introduces minor systematic error 

or bias due to batch-to-batch variation for inter-laboratory evaluation. 

Our assay showed high degree of specificity for seven out of the eight type-specific 

reactions. The cross-reactivity with HPV-18 observed in the HPV-16 reaction is in 

agreement with the results obtained by Tucker et al. (14). This cross-reactivity could be 

the result of non-specific primer and probe hybridization under the PCR conditions used. 

However, this represents only a small variation in the specificity of the HPV16 reaction 

since only 100 copies are quantitated after 45 PCR cycles with an input DNA of 

approximately 1x10^ copies per reaction. The output/input ratio of 0.001 for HPV-16 

indicates that the HPV-16 primers anneal with low efficiency to a similar yet unspecific 

region. Strategies to improve specificity include changing parameters in the PCR 

reaction such as the addition of DNA-stabilizing co-solvent to increase the melting 

temperature and use of conditions that are more stringent in the PCR reaction (27). 

To our knowledge, this is the first time that an absolute quantitation assay to determine 

HPV viral load has been evaluated using quality assessment protocols for its potential to 

be transferred from the research lab to the analytical lab. However, the clinical 

significance of HPV viral load and the robustness of real-time PCR measures as primary 
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screening tools in cervical cancer prevention and control remain to be determined. The 

real-time PCR assay developed in our laboratory is highly specific for eight oncogenic 

HPV types, highly reproducible in a wide dynamic range, performed in minimal reaction 

volume, and suitable for high-throughput format. 
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Table 1. Primers and dual-labeled fluorogenic probes used in the TaqMan assay 

Name Oligonucleotide Sequence^ Labels'' 

HPV16:520U25-primer* TTGCAGATCATCAAGAACACGTAGA 

HPV16:671L24-primer* CTTGTCCAGCTGGACCATCTATTT 

HPV16:558U33-probe* AATCATGCATGGAGATACACCTACATTGCATGA FAM-BHl 

HPV18:530U19-primer* CAACCGAGCACGACAGGAA 

HPV18:729L21-primer* CTCGTCGGGCTGGTAAATGTT 

HPV18:580U37-probe* AATATTAAGTATGCATGGACCTAAGGCAACATTGCAA TET-BHl 

HPV31:449F-primer ATTCCACAACATAGGAGGAAGGTG 

HPV31:524R-primer CACTTGGGTTTCAGTACGAGGTCT 

HPV31:474T-probe ACAGGACGTTGCATAGCATGTTGGA FAM-BHl 

HPV39:470F-primer CAGGACAGTGTCGACGGTGCT 

HPV39:570R-primer TGGGCTTTGGTCCACGCATAT 

HPV39:501T-probe ACGGGAGGACCGCAGACTAACACG FAM-BHl 

HPV45:425F-primer GGACAGTACCGAGGGCAGTGTAA 

HPV45:495R-primer TCCCTACGTCTGCGAAGTCTTTC 

HPV45:450T-probe CATGTTGTGACCAGGCACGGCA FAM-BHl 

HPV51:358F-primer AAAGCAAAAATTGGTGGACGA 

HPV51:438R-primer TGCCAGCAATTAGCGCATT 

HPV51:392-probe CATGAAATAGCGGGACGTTGGACG FAM-BHl 

HPV52 :78F-primer GTGCATGAAATAAGGCTGCAGT 

HPV52 ;213R-primer GTAGGCACATAATACACACGCCA 

HPV52:101T-probe TGTGCAGTGCAAAAAAGAGCTACAACG FAM-BHl 

HPV58:64F-primer CCACGGACATTGCATGATTTG 

HPV58 :144R-primer CTTTTTGCATTCAACGCATTTCA 

HPV58 ;95T-probe TGGAGACATCTGTGCATGAAATCGAA FAM-BHl 

" Sequences are given from 5'^ 3'. 

'' Fluorochrome is at 5', non-fluorescent quencher Black Hole-1® is at 3' 

* Sequences taken from (14). 



Table 2. Reproducibility of HPV-16, -18, -31, -39, -45, -51, -52 and -58 standard curves. 

HPV16 HPV18 HPV31 HPV39 HPV45 HPV51 

Linearity Range 
(# Copies) 10-1x10^ 1 - 1x10^ 1 - 1x10^ 1-1x10^ 1-1x10^ 1- IxlO' 

Slope (n=8) 

Efficiency (n=8) 
Y-Intercept (n=8) 
Value of fit (R^) 
(n=8) 

MeaniSD %CV 

-3.76±0.112 2.98 

1.84±0.035 1.91 

43.59±0.724 1.66 

0.993±0.004 0.42 

MeaniSD %CV 

-3.69±0.065 1.76 

1.87±0.020 1.09 

40.46±0.782 1.93 

0.994±0.003 0.28 

Mean±SD %CV 

-3.39±0.057 1.67 

1.98±0.018 0.93 

38.09±0.376 0.99 

0.995±0.005 0.53 

Mean±SD %CV 

-3.45±0.067 1.94 

1.95±0.026 1.31 

39.03±0.632 1.62 

0.995±0.002 0.23 

Mean±SD %CV 

-3.16±0.308 0.98 

1.98±0.018 0.93 

39.38±0.24 0.62 

0.995±0.001 0.08 

Mean±SD %CV 

-3.27±0.069 2.10 

2.03±0.031 1.52 

37.36±0.28 0.76 

0.993±0.002 0.10 
St Curve (n=24) 

10° 
10' 
10^ 
10' 
10" 
10' 
10' 
10' 

Ct ± SD %CV 

Nd 
39.43±0.841 2.13 
36.28±0.953 2.64 
31.75±1.066 3.36 
27.63±1.053 3.81 
23.66±0.949 4.01 
20.65±0.846 4.09 
17.27±0.657 3.81 

Ct±SD %CV 

38.97±0.857 2.20 
35.30±0.875 2.47 
31.73±0.849 2.68 
27.52±0.820 2.98 
23.59±0.694 2.94 
19.69±0.481 2.44 
17.41 ±0.460 2.64 

Ct ± SD %CV 

36.37±0.313 0.86 
34.85±0.580 1.66 
31.59±0.408 1.29 
28.00±0.313 1.12 
24.71±0.405 1.64 
21.27±0.316 1.49 
17.64±0.374 2.12 
14.91±0.335 2.25 

Ct ± SD %CV 

38.96±0.653 1.68 
35.41±0.677 1.91 
31.84±0.450 1.41 
28.22±0.408 1.45 
25.09±0.366 1.46 
21.38±0.427 1.99 
17.67±0.351 1.98 
14.73±0.330 2.24 

Ct±SD %CV 

37.64±0.366 0.97 
32.51 ±0.525 1.62 
29.45±0.288 0.98 
25.86±0.271 1.05 
22.55±0.156 0.69 
19.57±0.265 1.35 
17.43±0.203 1.17 
13.76±0.139 1.01 

Ct ± SD %CV 

35.89±0.486 1.36 
32.05±0.346 1.08 
28.39±0.414 1.46 
25.26±0.372 1.48 
22.04±0.361 1.63 
19.96±0.451 2.26 
17.18±0.232 1.35 
14.94±0.276 1.85 



Table 2. Reproducibility of HPV-16, -18, -31, -39, -45, -51, -52 and -58 standard curves {Continuation) 

HPV 52 HPV 58 
Linearity Range 

(# Copies) 10- 1x10^ 1- 1x10^ 

Slope (n=8) 

Efficiency (n=8) 
Y-Intercept (n=8) 
Value of fit (R^) 
(n=8) 

MeaniSD %CV 

-3.72±0.057 1.53 

1.86±0.018 0.97 

40.27±0.694 1.72 

0.995±0.003 0.30 

MeaniSD %CV 

-3.46±0.082 2.38 

1.98±0.018 0.93 

40.75±0.665 1.63 

0.994±0.003 0.29 
St Curve (n=24) 

10° 
10' 
10^ 
10' 
10" 
10^ 
10^ 
10' 

Ct ± SD %CV 

Nd 
35.40±0.735 2.07 
31.89±0.672 2.11 
28.12±0.517 1.83 
23.89±0.666 2.79 
20.23±0.563 2.78 
16.94±0.445 2.63 

CtiSD %CV 

38.92±0.418 1.07 
35.80±0.806 2.25 
32.42±0.692 2.13 
28.62±0.496 1.73 
24.95±0.602 2.41 
21.43±0.482 2.25 
17.91±0.377 2.11 
15.23±0.342 2.25 

Standard curves for eight high-risk HPV types were constructed with control plasmids that either contained the E6-E7 region 

cloned in a vector (HPV-16,-18, -45, and -51) or harbored the whole HPV genome (HPV-31, -39, -52, and -58). The control 

plasmids were diluted in TE buffer containing human blood DNA equivalent of a 100 cells (0.65ng) to cover a linear range of 

seven orders of magnitude (from 10° to 10^ per sample). Each cvirve was run in triplicate in eight independent assays. 
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Table 3. Intra- and Inter-Assay Variation of HPV-16, -18, -31, -39, -45, -51, -52 and -58 
Quantification by Real-time PCR. 

Sample Intra-assay variation (assays 1-8) 
a 

Quantity Range %C V Range 

Inter-assay variation 

Quantity Mean'' %CV 

HPV16 10® 
HPV16 10" 
HPV16 10' 
HPV16 10' 

Clinical Sample 1 
Clinical Sample 2 
Clinical Sample 3 
Clinical Sample 4 

CaSki 

(5027903 - 6214029) 
(18454-26481) 

(256-415) 
(30 - 50) 

(2.25-3.35) 
(2640-4213) 
( 1.07- 1.96) 
(0.073-0.119) 
(2320 - 3025) 

(0.85-3.08) 
(0.75 -3.76) 
(0.91-4.61 ) 
( 1.96-4.40) 
(0.72-4.29) 
(0.45-3.82) 
( 1.09-4.43) 
(1.89-4.91) 
( 1.56-4.33 ) 

5288299 10.27 
22276 11.81 

324 16.43 
37 19.71 

2.64 14.63 
3489 13.02 
1.57 16.84 

0.094 18.92 
2729 8.68 

HPV18 10' 
HPV18 lO'' 
HPV18 10' 
HPV18 10' 

HeLa 

(809525-1014517) 
( 32831 -47795 ) 

(200 - 326) 
(32 - 54 ) 

( 158-230 ) 

(0.85-2.22) 
( 1.01-2.99) 
( 0.66 - 2.22 ) 
( 1.05 - 3.95 ) 
( 0.97 - 3.92 ) 

947017 6.97 
41788 11.15 

270 16.83 
42 17.39 

175 14.30 
HPV31 10® 
HPV31 10" 
HPV31 10' 
HPV31 10' 

(2231407-2599950) 
(20104-24975) 

( 126- 178) 
( 12-19) 

( 1.37-3.59) 
( 1.22-3.14) 
(0.58 -3.82 ) 
( 1.45-4.48) 

2463187 4.58 
21355 7.42 

153 12.86 
14 14.53 

HPV39 10® 
HPV39 10" 
HPV39 10' 
HPV39 10' 

(7996214-9057376) 
(66156-82400) 

(250-346) 
(22 - 39) 

(0.74-2.74) 
( 1.10-2.08) 
( 1.08-3.28 ) 
(2.05-4.67) 

8499714 3.91 
73513 7.43 

304 13.40 
32 16.86 

HPV45 10® 
HPV45 10" 
HPV45 10' 
HPV45 10' 

(4252977- 5118239) 
( 57995 - 77422 ) 

( 562-853 ) 
( 52 - 82 ) 

(0.86-3.51 ) 
(2.12-4.83 ) 
( 2.75 - 4.98 ) 
( 3.40 - 5.44 ) 

4660059 6.92 
67129 10.49 

665 14.33 
66 16.32 

HPV51 10® 
HPV51 10" 
HPV51 10' 
HPV51 10' 

(623008-738661 ) 
( 11540- 15910) 

( 855- 1235 ) 
( 54-82 ) 

(0.47- 3.96) 
(2.29-4.58) 
( 1.43-5.09) 
( 2.78 - 5.77 ) 

686336 6.77 
13447 11.56 

984 13.43 
63 14.27 

HPV52 10® 
HPV52 10" 
HPV52 10' 
HPV52 10' 

(3262783 -4160203 ) 
( 19151 -25694) 

( 160 - 266 ) 
( 24 - 41 ) 

( 1.83 - 3.86) 
( 1.42 - 4.72) 
(0.87-3.54) 
(1.59-4.71 ) 

3735372 7.21 
22695 10.52 

208 14.81 
30 17.28 

HPV58 10® 
HPV58 10" 
HPV58 10' 
HPV58 lO' 

(4131939-4829752) 
(22696 - 30833 ) 

(214-296) 
(23 - 37 ) 

( 1.09-3.60) 
( 1.45-4.22) 
( 1.05-4.62) 
( 2.25 - 5.28 ) 

4437483 5.17 
26394 11.22 

250 15.00 
30 16.38 

a) Average viral load values and the coefficient of variation range (intra-assay variation) were 

calculated based on the mean and standard deviation of three replicate run on the same 

assay. 
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b) Average viral load mean values for eight independent assays. The correspondent coefficient 

of variation (inter-assay variation) was calculated based on the individual mean and 

standard deviation of eight independent assays (n= 3x8). 

The DNA reference solution for HPV typesl6,18,31, 39,45,51, 52 and 58 were diluted in TE buffer to 

obtain four concentrations (lO' copies/nl, 10^ copies/jil, lO" copies/nl and 10^ copies/(il). Each dilution 

was used as control and run in triplicate in eight independent assays. Clinical samples 1-4 are the 

biological samples obtained from exfoliated cervical cells. The viral load values of the biological samples 

are given in copy number per cell equivalent as calculated by RNase-P. 



Figure 1. Accuracy of HPV quantitation 
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Figure 1. Accuracy of HPV quantitation (Continuation) 
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Experimentally determined viral load values (Y-axis) for HPV-16 (panel A), HPV-18 (panel B), HPV-31 (panel C), HPV-39 

(panel D), HPV-45 (panel E) , HPV-51 (panel F), HPV-52 (panel G), and HPV-58 (panel H) were plotted against the expected 

input copy number (X-axis) in a log-log scale. Each point represents the mean value with the standard error for triplicate 

determinations of eight independent assays (n = 3 x 8). Accuracy was determined using the slope value of the tendency line 

(allowed error window, m = 1.0 ± 0.05). 



Figure 2. Specificity Assay 
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Figure 2. Specificity Assay {Continuation) 
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Abstract 

The precursor lesion from which invasive cervical cancer develops is cervical 

intraepithelial neoplasia (CIN). The probability of progression of pre-neoplastic lesions 

(squamous intraepithelial lesions, SIL) to cancer is dependent on the severity of the 

lesion. Since the majority of cervical lesions regress to normalcy after 1 or 2 years, it 

indicates that both epigenetic and genetic co-factors play a role in HPV-associated 

carcinogenesis including co-factors directly related to HPV infection such as viral load. 

The purpose of this study was to determine the association between quantitative 

assessment of oncogenic HPV types viral load, and abnormal cytology among women 

residing along the Unites States-Mexico border. A cross-sectional study of 2319 women 

was conducted between 1997 and 1998. 178 HPV (+) samples were used to determine 

viral load of oncogenic HPV types (16, 18, 31, 39, 45, 51, 52, and 58) using quantitative 

real-time PGR. Overall, HPV 16, 52 and 58 showed the highest load. Single type 

infection showed increased viral load compared to multiple type infection. Viral load 



124 

declined with age, with a peak among women 15-27 years old and was statistically 

significantly different from women 28-79 years (p=0.021). No significant association was 

observed with other known HPV risk factors. Viral load was independently associated 

with degree of cervical dysplasia. An adjusted odds ratio of 4.74, CI (1.98-11.30) for the 

association between total viral load and ASCUS/AGUS was observed. Increased risk of 

low-grade SIL was observed with higher viral load (AOR = 47.7, CI (17.04-133.58), for 

high total viral load; and AOR= 25.9, CI (4.50-149) for HPV16 high viral load). 

Likewise, increased risk of high-grade SIL with higher viral loads was observed (AOR = 

58.05, CI (18.43-182.89), for high total viral load, and AOR = 69.75, CI (17.89-272.03), 

for HPV 16 high viral load). Results from this study suggest a dose-response increase in 

LSIL and HSIL risk with increasing oncogenic HPV viral load. 

Introduction 

Cervical intraepithelial neoplasia is the precursor lesion for the development of cervical 

cancer and is caused primarily by infection of the stratified epithelium by human 

papillomavirus. Cervical cancer, however, does not occur without the persistent presence 

of HPV in the squamo-columnar junction (1). Since the majority of HPV infected 

women regress to normal cytology after a period of 12 months since presumed first 

infection, it is thought that the remaining of the cases persist due to environmental, host 

and viral cofactors that have a pleiotropic effect on viral replication, immune system and 

tissue microenvironment (2-10). 
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Recent studies suggest that HPV viral load may be used as a molecular biomarker in the 

natural history of cervical intraepithelial neoplasia (CIN). Using a semi-quantitative 

measure of HPV-16 DNA levels several observational studies have found a high 

correlation between high viral load and high-grade intra-epithelial lesions (11-14). In a 

retrospective study Josefsson et al. found that persistent infection with HPV 16 along 

with high viral load values was a major risk factor for the development of cervical cancer 

(15). Ylitalo et al. observed a correlation of persistent high viral load values to the 

progression of cervical dysplasia many years before cytological abnormalities were 

observed (16). Swan et al. investigated the effect of viral load from four different 

oncogenic types on the severity of HPV pathogenesis and found a dose-response 

relationship of viral load and degree of cervical dysplasia (17). This dose-response 

relationship between viral load and degree of squamous intraepithelial neoplasia was also 

observed by a recent study by Schlecht et al. using viral burden as a surrogate of HPV 

persistence (18). Furthermore, HPV-16 viral load has been evaluated as a biomarker for 

HPV infection clearance (19). 

Since viral load could serve as a molecular biomarker of HPV pathogenesis, we 

investigated whether HPV viral burden can be associated with cervical cytology as a 

prognostic indicator of extent of cervical intraepithelial neoplasia. 
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Materials and Methods 

Study Design. The United States-Mexico Border HPV, Cervical Dysplasia, and 

Chlamydia trachomatis Study was a cross-sectional study conducted in 1997-98 in the 

border region of two states, Arizona in the US and Sonora in Mexico, recruiting women 

attending clinics for routine gynecologic evaluation. A detailed description of the study 

has been published previously (20). Briefly, a total of eight sites were chosen for this 

study: three pairs of contiguous communities directly on the United States- Mexico 

border (Arizona, United States, and Sonora Mexico), and two metropolitan areas, 

Hermosillo, Sonora and Tucson, Arizona each -100 km from the United States-border. 

Participants were women who self-referred to Community Health Centers, County Health 

Departments, and Planned Parenthood clinics in Arizona, US, and Public Health clinics 

in Sonora, Mexico for routine gynecological care. Women who were age 15 or older; 

were residents of the Arizona-Sonora border communities, or lived in the cities of 

Tucson, AZ or Hermosillo, Sonora; were nonpregnant or a minimum of 2 months 

postpartum; and had no history of hysterectomy were invited to participate in this study. 

During the visit, participants completed self-administered questionnaires regarding socio-

demographics, and assessed reproductive, sexual, and medical histories. Overall, the 

study participation rate was 92.8%. 

Routine Pap smears were conducted along with the collection of cervical cells to 

determine the status of the cervical epithelium. After a Pap smear was obtained for 

routine clinical purposes, two additional samples of exfoliated cervical cells were 
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obtained for the analysis of HPV DNA and for C. trachomatis. Clinical measurements of 

HPV infection were performed by both PCR and Hybrid Capture; and C. trachomatis 

status by Hybrid Capture and enzyme-linked immunoassay (EIA). Specimens for C. 

trachomatis analysis were collected from the endocervical os or the cervical canal. A 

major focus of the study was the development of a detailed cytological coding system and 

quality control system that was used by study pathologists to ensure the consistency of 

Pap smear diagnoses across countries (20). 

Cervical cells were collected for HPV analysis from the ectocervix and endocervix using 

the Cone Brush Cytosoft and were immediately suspended in 0.6 ml Digene Diagnostics 

Sample Transport Medium (Digene Corp, Gaithersburg, MD). After collection, samples 

were placed and maintained in 4°C until shipment for a maximum of two weeks, at 

which point they were transported on ice. Samples were maintained at -70°C until 

analysis. A total of 2319 women provided cervical cell samples for HPV detection, and 

of these, 2246 were evaluated by PCR. 

HPV Detection. HPV analyses of exfoliated cervical samples were conducted using 

polymerase chain reaction (PCR) as described by Gravitt et al. (21). In brief, 50 ^1 

aliquots were digested with 5^1 Proteinase K for 1 hr at 65°C, followed by 5M 

ammonium acetate and ethanol precipitation. The crude DNA pellet was dried and 

resuspended in 50 |j.l 10 mM Tris-HCl, at pH 7.5. the DNA extracts were stored at -80°C 

until amplification. Specimens were tested for the presence of HPV by amplifying 5|.il of 
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the DNA extracts with the PGMY09/11 LI consensus primer system and AmpliTa^ Gold 

polymerase (Perkin-Elmer, Foster City, CA). Each amplification contained lOX PGR 

Buffer II, 25 mM MgCb, 200^1 (each) dCTP, dGTP, and dATP, 600^1 dUTP, 7.5 U of 

Amplira^ Gold polymerase, 50 |xM of PGMY09, 1 iiM of PGMY09, 50 nM PGMYl 1, 

50 |iM of B-PC04, 50 jxM of B-GH20, and 5|il of the template. For eventual inclusion of 

uracyl-N-glycosidase to prevent product carryover, dTTP was replaced with dUTP. To 

determine specimen adequacy, the GH20/PC04 human P-Globin target was co-amplified 

with HPV consensus primers. For every ten samples a negative control (ddH20) and a 

positive control (CaSki DNA) were run to control for possible contamination and 

accuracy. The samples were amplified using the Perkin-Elmer GeneAmp PGR System 

9700. The following amplification profile was used: 95°C hot-start for 9 min, followed 

by 40 cycles of 95°C denaturation for 1 min, 55°C annealing for 1 min, and 72°C 

extension for 1 min. After 40 cycles, a 5 min incubation at 72°C was performed followed 

by a hold step at 4°C. 

HPV Genotyping. HPV genotyping was conducted using the reversed line blot method 

previously described (22), on all samples positive by PGR. This detection method 

utilizes the HPV LI consensus PGR products labeled with biotin to detect 27 HPV types. 

The HPV genotype strip contains 40 probe lines, detecting 27 individual HPV genotypes 

and two concentrations of the P-Globin control probe (Roche Diagnostics, Alameda, GA). 

The following types are detected: 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51-59, 61, 

62, 64, 66-73, 81-84, IS39, and GP6108. The PGR products labeled with biotin were 
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denatured and added to the probe strip in a hybridization buffer. After strips were 

washed, streptavidin-horseradish peroxidase was added to facilitate detection of the 

various HPV types. After final wash, buffer was removed by vacuum aspiration, and 

strips were rinsed in O.IM sodium citrate buffer and tetramethylbenzidine in 

dimethylormamide for 5 minutes on a rotating platform (70 rpm). Developed strips were 

interpreted with a labeled overlay, with lines indicating the position of each probe relative 

to the reference mark. Grouping of HPV types by oncogenicity was based on the 

classification adopted by Roche, whereby HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51, 

52, 55, 56, 58, 59, 68, 82, 83, and 73 are considered oncogenic; and HPV types 6, 11, 40, 

42, 53, 54, 57, 66, and 84 are considered non-oncogenic. The most prevalent oncogenic 

HPV types in the Unites States were 16, 39, 52, 56, 18, and 45, whereas HPV types 16, 

59, 31, 18, 45 and 52 were most prevalent in Mexico (5). 

Preparation of cervical cells DNA for real-time PGR analysis. Genomic DNA from 

exfoliated cervical cells identified as HPV (+) by consensus primer PGR (described 

above) was extracted from exfoliated cervical cells using the QIAamp DNA Mini Kit 

(QIAGEN, Valencia, CA) according to the recommendations of the manufacturer. 

Briefly, 200 (xl aliquot of transport media containing the resuspended exfoliated cervical 

cells obtained with a cytobrush was added to 20 jil proteinase K and 200 |xl lysis buffer. 

The suspension was thoroughly mixed and incubated at 56°C for 10 minutes. 230 |j,l 

absolute ethanol was added and the DNA was immobilized using a special glass-fiber 

matrix in a mini-column. DNA was washed first with guanidine-ethanol (5M 
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guanidinium-chloride ; 20 mM Tric-HCl, pH 6.6, 38% ethanol) and subsequently washed 

twice with NaCl-ethanol (20 mM NaCl, 2 mM Tris-HCl, pH 7.5, 88% ethanol). DNA 

was eluted from the mini-column using sterile HPCL-grade water prewarmed to 60°C. 

DNA was subsequently stored at -80°C until used. 

HPV Viral Load Assessment DNA samples were classified according to the HPV 

oncogenic type, or specifically marked if multiple HPV types were detected. HPV viral 

load was determined based on HPV type-specific real-time PCR assays as described by 

Flores-Munguia et al. (23). The PCR method is based on the Taqman assay where the 

5'exonuclease activity of DNA polymearse is used to produce accumulated fluorescence 

at the end of the PCR reaction (16). Briefly, the E6/E7 regions of HPV types 16 (nt 65-

857), 18 (nt 87-907), 31 (nt 39-856), 39 (nt 44-921), 45 (nt 75-906), 51 (nt 88-865), 52 

(nt 93-852) and 58 (nt 77-869) were used to generate specific primers and fiuorogenic 

probes according to the recommendations of the software Primer Express V2.0 (Applied 

Biosystems, Foster City, CA). Primers and probes were designed to be targeted and 

detected by real-time PCR using the ABI-PRISM 7900HT fluorescence detection system 

(Applied Biosystems). The fluorogenic probes were labeled to the 5' end with the 

reporter dye 6-carboxy-fluorescein (FAM), and the 3' end was blocked with the non-

fluorescent quencher Black Hole™ -1. The primers and probes for HPV-16 and HPV-18 

were obtained from (24). The nucleotide sequences of the selected HPV types (16, 18, 

31, 39, 45, 51, 52, and 58) primers and probes sequences were forward HPV-16 primer 

5'-TTGCAGATCATCAAGAACACGTAGA-3'; reverse HPV-16 primer 5'-
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CTTGTCCAGCTGGACCATCTATTT-3'; HPV16 probe 5'-

AATCATGCATGGAGATACACCTACATTGCATGA-3'. Forward HPV18 primer 5'-

CAACCGAGCACGACAGGAA-3'; reverse HPV18 primer 5'-CTCGTCGGGCTGGTAAATGTT-

3'; HPV18 probe 5'-AATATTAAGTATGCATGGACCTAAGGCAACATTGCAA-3'. Forward 

HPV31 primer 5'-ATTCCACAACATAGGAGGAAGGTG-3'; reverse HPV31 primer 5'-

CACTTGGGTTTCAGTACGAGGTCT-3'; HPV31 probe 5'-

ACAGGACGTTGCATAGCATGTTGGA-3'. Forward HPV39 primer 5'-

CAGGACAGTGTCGACGGTGCT-3'; reverse HPV39 primer 5'-

TGGGCTTTGGTCCACGCATAT-3'; HPV39 probe 5'-ACGGGAGGACCGCAGACTAACACG-3'. 

Forward HPV45 primer 5'-GGACAGTACCGAGGGCAGTGTAA-3'; reverse HPV45 primer 

5'-TCCCTACGTCTGCGAAGTCTTTC-3'; HPV45 probe 5'-CATGTTGTGACCAGGCACGGCA-

3'. Forward FIPV51 primer 5'-AAAGCAAAAATTGGTGGACGA-3'; reverse HPV51 primer 

5'-TGCCAGCAATTAGCGCATT-3'; HPV51 probe 5'-CATGAAATAGCGGGACGTTGGACG-3'. 

Forward HPV52 primer 5'-GTGCATGAAATAAGGCTGCAGT-3'; reverse HPV52 primer 5'-

GTAGGCACATAATACACACGCCA-3'; HPV52 probe 5'-

TGTGCAGTGCAAAAAAGAGCTACAACG-3'. Forward HPV58 primer 5'-

CCACGGACATTGCATGATTTG-3'; reverse HPV58 primer 5'-

CTTTTTGCATTCAACGCATTTCA-3'; HPV58 probe 5'-

TGGAGACATCTGTGC ATGAAATCGAA-3 '. 

The standard curves for absolute quantification of HPV type specific target transcripts 

were generated as previously reported (23) using the cloned E6-E7 region of HPV-16, 
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HPV-18, HPV-45, and HPV 51 into plasmid vectors, or the complete HPV clone (for 

HPV-31,-39, HPV-52, and HPV-58). HPV standard curves covered a dynamic range of 

up to seven orders of magnitude. Real-time PCR reactions were performed in a 10^1 

volume using the ABI PRISM® 7900HT (Applied Biosystems, Foster City, CA). Each 

individual reaction contained 5|j,l 2X TaqMan® Universal PCR master mix with uracil-N-

glycosylase (Applied Biosystems), 1 |il 200nM HPV type-specific fluorogenic probe, 1 |il 

HPV type-specific primer ratio, and up to 3|j,l cDNA (or 5 ng of DNA from exfoliated 

cervical cells as unknown) or sterile HPLC-grade water in non-template controls. The 

amplification profile was initiated by 2 min incubation at 50°C, followed by 10 min 

incubation at 95°C, and a two-step amplification of 15 s at 95°C and 60 s at 59.3°C (HPV 

16, 18, 31, 39, 52, and 58), or 54.1°C (HPV 45, and 51) for 45 cycles. To normalize viral 

load values with cell equivalents in DNA from cervical cells, a real-time PCR assay to 

determine the housekeeping gene RNase P (Applied Biosystems) was performed in a 

separate reaction. Data were collected at the end of the amplification step. HPV type-

specific standard curves were generated by plotting the threshold cycle (Ct) values 

against known concentrations of input HPV copy number. Human placental DNA 

(SIGMA, St. Louis, MO) was used to generate the standard curve for RNase P. Viral load 

values were determined from the Ct values obtained from exfoliated cervical cell DNA 

using the standard curve correspondent to a specific HPV type. The calculated cell 

equivalent based on the RNase P standard curve was used to determine the viral copy 

number per cell equivalent for each unknown sample as described by Van Duin et al. 

(19). 
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Statistical Analyses. The percentile distribution of the HPV viral load for the eight most 

prevalent oncogenic HPV types in this binational border population was determined for 

individual types, for single and multiple types, and for cytological categories. Bivariate 

analysis using ANOVA were conducted from log-transformed total viral load values for 

selected demographic variables. Tertiles of viral load were calculated based on the total 

viral load for the women with normal cytology for tertiles of total viral load and for low 

and high (50 percentile) HPV 16 viral load were estimated, adjusting for risk factors for 

these outcomes as determined by polytomous logistic regression in this population of 

women. All statistical tests were performed with Stata Statistical Software: Release 7.0 

(StataCorp. 2001. College Station, TX: Stata Corporation). 

Results 

Of the 2246 women tested for HPV, 173 women were positive for one or more of the 

following oncogenic HPV types (16, 18, 31, 39, 45, 51, 52, or 58). Samples from these 

exfoliated cervical cells were analyzed using a real-time PCR quantitation assay. The 

lowest viral load value was observed with HPV45 infection with 0.01 copies/cell 

equivalent and the highest load was observed with HPV52 infection with 10^ copies/cell 

equivalent. Overall, the median viral load was 509.3 copies/cell equivalent. Viral load 

was higher for any single HPV type than samples with multiple infections (Table 1). 
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The frequency distribution of selected risk factors and their association with HPV viral 

load (any type) is shown in Table 2. A significant difference (p=0.021) was observed 

between the viral load (median) in young women (ages 15-27) compared to older women 

(ages 28-79). No significant associations with viral load and other known risk factors 

were observed. 

As the sample size was small for any specific HPV type infection, viral load values were 

grouped in single and multiple HPV infections, and were compared with cytologic 

diagnoses (Table 3). Among the study participants with presence of one or more of the 

eight oncogenic HPV infections assessed here, abnormal Pap smears were detected in 

33.5% of the women with 14.5% having atypical squamous cells of unknown 

significance/atypical glandular cells of unknown significance, 9.3% having low-grade 

squamous intraepithelial lesions (SIL) and 9.8% having high-grade SIL. Comparing the 

median values for HPV total viral load by cytologic diagnosis there was a significant 

positive association of increasing viral titer with severity of epithelial cytopathic changes 

(p=0.0064). 

Odds ratios were estimated by polytomous logistic regression adjusted for age, country, 

concomitant C. trachomatis, and Pap smear in the past three years to determine the 

association of the degree of cervical diskaryosis and viral load (Table 4). Low, medium, 

and high total viral load values were independently associated with degree of cervical 

dysplasia (ASCUS/AGUS, low-grade and high-grade squamous intraepithelial lesions) 
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with adjusted odds ratios of 2.59, 6.77, and 4.77 (p trend <0.0001) for ASCUS/AGUS. 

The adjusted odds ratios of low, medium, and high total viral load for low-grade SIL 

were 7.72, 20.60, and 47.70 (statistically significant at the 95% confidence level and a p 

trend <0.0001). The adjusted odds ratios of low, medium, and high total viral load for 

high-grade SIL were 12.86, 41.28, and 58.05 (p-trend <0.0001). High levels of HPV16 

(+) viral load were strongly associated with low-, and high-grade SIL (AOR = 25.90, and 

69.75, respectively, p-trend <0.0001) and ASCUS/AGUS (AOR = 4.54, p-trend = 0.01). 

Discussion 

Infection with oncogenic HPV types is the primary cause of cervical intraepithelial 

neoplasia. The risk of progression from low-grade to high-grade lesions seems to be 

greater in patients with persistent infection with oncogenic HPV types and high viral load 

values (5, 17, 18, 25). A previous study from our group determined that high viral load 

(quantitated by hybrid capture) was a factor independently associated with cytology 

outcomes (26). Although informative, hybrid capture is only semi-quantitative and 

cannot discriminate among different oncogenic HPV types influencing viral load. To 

further study the association of HPV viral load and degree of cervical dysplasia, we 

evaluated the absolute HPV type-specific copy number using real-time PGR along with 

risk factors for HPV infection among women in the United States-Mexico border. 

Few studies have addressed the relationship of cervical infections with specific HPV 

types and degree of cytological abnormalities (17). Our results indicate that viral load 
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values vary among different HPV types with the highest viral load values per cell 

equivalent observed for single HPV infections (HPV-16, -52, and -58). For multiple 

HPV infections, however, viral load values appear to be lower than single type infections. 

In our study, no significant association between infection with multiple HPV types and 

cytology outcome was observed when comparing HPV viral load and cytologic 

diagnosis. It remains to be determined whether viral load of multiple HPV infections is 

indicative of a synergistic effect among HPV types and a higher risk of infection 

persistence. 

In this study, viral load values declined with age and were significantly associated with 

young age (15-27 years, p = 0.021). In agreement with a previous report from our group 

(26), no significant association between viral load and use of oral contraceptives and 

parity was observed in the present study. In terms of socio-demographic variables, the 

highest viral load values were observed among Mexican participants compared to other 

ethnic groups. This is consistent with previous reports for the risk of HPV infection 

among Hispanic women (29). In addition, the host immune response may vary among 

ethnic groups due to genetic heterogeneity of immune HLA alleles (30). A recent study 

reported that Mexican women are more susceptible to develop CIN 2-3 with higher viral 

load values, and viral titer peaks in older compared to young women (31). The 

contrasting results in our study are in agreement with previous observations about 

heterogeneity in the prevalence and risk of infection persistence within different regions 

in Mexico (32, 33). While the study by Hernandez-Hernandez et al. (31) was performed 
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with residents of Mexico City, our study was focused among women living at the United 

States-Mexico border. 

Previous studies have associated HPV viral load with cervical disease status (12- 19). In 

this study we observed that total HPV viral load was significantly associated with higher 

degree of severity of the lesion (p=0.0064). Although the sample size in this study was 

small (n= 173) the large odds ratio observed for high viral load and low-grade (0R= 

47.71, 95% CI == 17.04-133.58) and high-grade SIL (OR- 58.05, 95% CI = 18.43-182.89) 

suggest a strong positive association and indicates a linear relationship between viral load 

and cervical cytopathology. This is in agreement with the dose-response association 

suggested by case-control studies where high-grade SIL is associated with higher viral 

load and may be used as a predictor of cervical lesion clearance, (12, 16, 18, 19). 

Although there seems to be a clear association between viral load and cytological 

outcome, recent studies suggest that viral load may not be a good predictor of cervical 

carcinoma (34, 35). The difficulties in defining the significance of viral load as a 

prognostic tool to determine regression, progression or recurrence profile of HPV 

infection rely on several factors. The lack of homogeneity in viral load measurements and 

cytologic diagnosis make comparison among different studies difficult and no consensus 

can be reached regarding the utility of viral load (36, 38). Most of the studies reporting 

quantitation of viral load have been performed using cross-sectional and case-control 

studies. In cross-sectional studies, including ours, both the time at acquisition and the 



138 

duration of HPV infection cannot be determined limiting the association of viral load 

with cervical lesion development. The association between viral load and subsequent 

development of low- and high-grade SIL needs to be assessed in a large prospective 

study. 

The underlying mechanism of viral load and cervical dysplasia is obscure (38). Whether 

increasing copy number is synonymous with increasing viral protein expression and 

virion production is largely unknown. Mechanistically, differences in viral load observed 

among cytological abnormalities may indicate that varying levels of viral replication are 

needed to disrupt the cellular homeostasis and induce biological changes that lead to 

cervical dyskaryosis. Difference in the mechanism by which oncogenic HPV types 

disrupt cellular functions and induce dysplasia is largely unknown. Given the 

phylogenetic differences and polymorphisms within the HPV genome, it is plausible that 

type-specific HPV oncoproteins differ in their affinity to their respective targeted cellular 

proteins. For instance, using an in vitro assay high-risk oncoprotein E6 has been shown to 

bind to p53 more strongly compared to the low-risk oncoprotein E6 (27). A recent study 

suggests that specific characteristics of the productive cycle for HPV 16, i.e. a delay in 

the activation of late events, correlates with the severity of progression of cervical 

dysplasia (28). This observation was not applied to other oncogenic HPV indicating 

diverse mechanisms of oncogenicity among high-risk types. Important points to consider 

are the significance of viral titer in relation to heterogeneity of viral replication in the 

stratified epithelia. Less well understood is the interplay of simultaneous infection with 
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different HPV types, whether they co-infect the same region or isolated regions with 

varying levels of dyskaryosis and viral replication. Prospective studies are needed to 

determine the relative risk of cervical cancer associated with HPV viral load and its 

significance as predictor of persistence or lesion progression. 

In summary, our study suggests a dose-response trend of viral load and development of 

cervical intraepithelial lesions. HPV viral load was significantly higher among young 

women compared to older women, and no other risk factors were associated with 

increased viral load. The predictive value of viral load as a surrogate marker of HPV 

carcinogenesis needs to be determined in larger prospective studies to verify its clinical 

utility. 
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Table 1. Type-specific HPV viral load (copy No/Cell Eq.) 

n Mln 25% ILE Median 75% ILE Max 

HPV 16 47 0.80 1.1 33.5 427.4 9107.2 

HPV 18 14 0.40 2.0 9.9 105.5 4405.0 

HPV 31 18 0.60 3.0 44.8 509.3 2997.0 

HPV 39 30 1.30 5.5 32.3 284.2 4345.8 

HPV 45 17 0.01 1.0 3.6 53.6 2757.6 

HPV 51 17 0.02 8.0 32.3 1244.6 6512.7 

HPV 52 29 0.10 11.3 104.3 1003.9 154347.0 

HPV 58 20 2.60 131.9 759.5 1997.5 8827.2 

Single Type 

Any 155 0.02 7.1 71.6 655.6 154347.0 

HPV 16 41 0.80 15.4 38.0 183.5 9107.2 

Multiple Types 

HPV16 +Others 6 5.80 20.3 52.0 124.0 429.0 

NotHPV16(+) 12 0.30 6.1 77.4 229.2 650.4 

All Types 18 0.30 9.0 55.9 156.7 650.4 

Total Overall 173 0.02 8.0 66.6 509.3 154347.0 
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Table 2. HPV Viral Load Distributed by Selected Demographics 

n Mean St Dev Min Median Max P1 

Age 
15-27 
28-79 

87 
86 

2933.0 
473.0 

16764.4 
1219.2 

0.1 
0.0 

124.0 
36.0 

154347.0 
6512.7 0.0210 

Marital Status 
Mar/Cohab 
S/D/S/W 

86 
80 

783.1 
2848.4 

2979.6 
17286.6 

0.0 
0.1 

75.7 
63.4 

26066.3 
154347.0 0.2208 

Ethnicity 
Mexican 

Mex-Amer 
82 
61 

1171.1 
2894.0 

3554.4 
19724.0 

0.0 
0.5 

75.5 
53.6 

26066.3 
154347.0 

White, NH 
Other 

23 
5 

687.1 
393.6 

1178.7 
422.6 

2.5 
0.4 

59.0 
283.8 

4405.0 
966.4 0.8443 

Residence 
Mexico 

US 
91 
82 

2195.8 
1171.1 

16155.3 
3554.4 

0.3 
0.0 

53.6 
75.5 

154347.0 
26066.3 0.6401 

Smoking History 
Never 
Past 

102 
20 

2577.3 
686.1 

15512.9 
1230.4 

0.1 
0.5 

73.3 
102.6 

154347.0 
4345.8 

Current 44 423.0 895.2 0.0 48.9 4648.3 0.5810 
Parity 

0 
(1-2) 

43 
78 

874.2 
2983.3 

2125.9 
17648.2 

0.1 
0.1 

78.8 
101.2 

12953.3 
154347.0 

(3-4) 
(5-13) 

42 
10 

585.3 
97.0 

1913.8 
138.5 

0.4 
0.0 

42.4 
44.1 

9107.2 
429.8 0.4867 

OC History 
Never 
Past 

46 
72 

4255.0 
730.6 

22744.8 
1651.7 

0.8 
0.1 

102.5 
62.6 

154347.0 
8827.2 

Current 42 1081.2 4039.3 0.0 37.4 26066.3 0.2823 
Current Condom Use 
No 
Yes 

77 
22 

3007.3 
1159.6 

17780.0 
2740.0 

0.0 
1.6 

103.0 
342.3 

154347.0 
12953.3 0.4082 

Inyectable Contraceptives 
Never 
Past 

113 
30 

938.1 
5691.9 

2955.6 
28113.0 

0.0 
0.6 

80.9 
19.2 

26066.3 
154347.0 

Current 28 679.5 1735.5 0.1 79.8 8827.2 0.4705 
Total Male Sexual Partners 

1 
(2-3) 

46 
63 

1394.9 
3227.8 

4149.3 
19440.5 

1.6 
0.0 

146.4 
59.0 

26066.3 
154347.0 

(4-9) 
10+ 

27 
26 

556.0 
485.9 

842.6 
1769.9 

0.4 
0.1 

141.6 
44.0 

2935.8 
9107.2 0.3470 

No. of New partners in the 
Last 3 Months 

None 144 1856.9 13038.7 0.1 72.4 154347.0 

1 
(2-60) 

15 
11 

1655.4 
274.3 

3839.1 
446.0 

0.8 
0.0 

40.6 
78.8 

12953.3 
1473.4 0.9026 

STD History 
Never 99 2481.6 15771.8 0.0 120.5 154347.0 

Ever 57 511.3 1368.4 0.4 26.8 910.2 0.0892 
Concurrent C. trachomatis 
Negative 141 1925.6 13194.2 0.0 77.9 154347.0 

Postive 31 714.6 2223.8 0.1 29.3 9107.2 0.1494 
Pap Smear in Past 3 Years 

No 60 1081.1 3760.7 0.1 63.4 26066.3 

Yes 113 2044.6 14542.8 0.0 71.5 154347.0 0.3770 

1 F test for differences In mean log transformed viral load among groups 



Table 3. HPV Viral Load by Cytologic Diagnosis 

Normal 

n Mean Median Range 

ASCUS/AGUS 

n Mean Median Range 
LSIL 

n Mean Median Range 
HSIL 

n Mean Median Range 
P* 

Single Type a 
HPV 16 

Other (No HPV16) 

Multiple Types b 

27 194.7 33.5 0.8-1767.3 
75 2766.2 48.5 0.1-154347.0 

13 127.4 43.8 0.3-650.4 

5 134.2 44.3 17.0-293.0 
19 495.0 105.5 0.4-3186.8 

1 156.7 156.7 156.7-156.7 

4 2287.7 19.5 4.37-9107.2 
10 4179.6 1102.8 9.25-26066.3 

2 245.0 245.0 60.1-429.8 

5 91.2 88.6 38.0-148.9 
10 1920.8 961.7 8.0-8827.2 

2 66.5 66.5 9.0-124.7 

0.6380 
0.0124 

0.6843 

Total 115 1864.2 40.6 4.4-26066.3 25 409.3 105.5 0.4-3186.8 16 3214.8 537.5 4.4-26066.3 17 1164.5 124.0 8.0-8827.1 0.0064 

* P trend denotes statistical significance (viral load significantly increases with severity of Pap cytology diagnosis) 

a One type and one type only of oncogenic HPV detected with PCR 
b More than one oncogenic HPV type in a single sample was detected with PCR 
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Table 4. Odds Ratios (95% CI) for ASCUS/AGUS, LSIL, and HSIL by HPV Viral Load 

Normal ASCUS/AGUS* LSIL* HSIL* 
n OR** 95% 01 n OR** 95% CI n OR** 95% 01 

Total Viral Load "* 
HPV negative 1675 78 1.00 15 1.00 11 1.00 
Low (0.02-19.3) 46 6 2.59 (1.06-6.34) 3 7.72 (1.96-30.34) 3 12.86 (3.27-50.60) 
Med (19.4-289.9) 35 12 6.77 (3.29-13.93) 4 20.56 (5.85-72.26) 7 41.28 (13.90-122.63) 
High (290-154347) 34 17 4.74 (1.98-11.30) 9 47.71 (17.04-133.58) 7 58.05 (18.43-182.89) 
p-trend 0.000 0.000 0.000 

HPV16 Viral Load 
Negative 1675 78 1.00 15 1.00 11 1.00 
Low (0.8-33.5) 17 2 2.54 (0.56-11.49) 4 49.01 (11.99-200.31) 1 12.96 (1.33-126.06) 
High (33.6-9107.2) 13 3 4.54 (1.22-16.91) 2 25.90 (4.50-149.00) 5 69.75 (17.89-272.03) 
p-trend 0.010 0.000 0.000 

* OR: Odds ratio (95%CI) estimated from polytomous logistic regression model adjusted for age, country, 
concomitant C. trachomatis, and Pap smear in the past three years 

** The comparison group is women with normal cytology 

*** Based on tertiles of total viral load 

**** Based on median of viral load for HPV16(+) participants 
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Abstract 

Oncogenic human papillomavirus (HPV) infection is the necessary cause of cervical 

cancer and its intermediate precursor cervical intraepithelial neoplasia. However, HPV 

alone may not be sufficient to cause cervical cancer, suggesting that other host and 

environmental factors act in conjunction with HPV, influencing the risk of infection 

persistence and progression. Results from previous studies have suggested that higher 

dietary consumption and circulating levels of certain micronutrients may be protective 

against infection persistence and risk of cervical neoplasia. This study evaluated for the 

first time the role of circulating antioxidant nutrients and nutrients involved in DNA 

methylation with oncogenic HPV viral load determined by real-time PGR. P-values were 

estimated by analysis of variance from log-transformed values to determine the 

association of circulating nutrients and viral burden. Significant inverse association of 

viral load with trans-lycopem (p, 0.0375), P-cryptoxanthin (p, 0.049), and marginally 

significant with c«-lycopene and lutein was observed. Of interest, positive association 
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between viral load and circulating a-carotene (p, 0.0038), and tocopherols was observed. 

These data suggest a possible role of micronutrients in viral burden. These associations 

need to be address in larger prospective studies. 

Introduction 

Human Papillomavirus (HPV) is directly implicated in the etiology of cervical 

intraepithelial neoplasia and its later stages as cervical carcinoma. Several factors have 

been identified of risk in the progression of premalignant cervical lesions to more 

advance stages of carcinoma in situ. Of these, oral contraceptives, number of sexual 

partners, frequency of parturition, and immunological status and type of oncogenic HPV 

are the most frequently associated (1-9). Recently, HPV viral load has been proposed 

along with cytological analysis as a surrogate marker of risk of cervical lesions (10-17). 

The role of environmental factors such as dietary nutrients and smoking in viral 

persistence has been inconclusive (18-22). Several epidemiological studies have 

correlated the low serological levels of certain micronutrients including carotenoids, 

ascorbic acid, tocopherol and folate and the risk of cervical cancer (23-27). It has been 

suggested that dietary factors may play an important role at early stages of HPV infection 

to maintain persistence (26, 28, 29). In a prospective study, low levels of dietary lutein 

and vitamin E and low levels of circulating concentrations of lycopene appeared to 

increase the risk of oncogenic HPV persistence (23, 27). Low serum concentrations of 

antioxidant nutrients may shift the oxidant-antioxidant balance creating an oxidative state 
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in cervical epithelium that promotes HPV replication. HPV viral replication enhanced by 

an increase in oxidant load may be biologically plausible. For example, reactive oxygen 

species have been implicated in HIV replication in vitro (30). Treatment with ascorbic 

acid in patients with HIV infection produces a significant reduction in viral load, 

presumably by the effects of ascorbic acid on shifting the redox balance (31, 32). 

The association between nutrients involved in methylation pathways including folate, 

vitamin B6, methionine, and vitamin B12 and HPV carcinogenesis is inconsistent. In one 

prospective cohort study among young women circulating levels of vitamin B12 were 

inversely associated with HPV persistence in early stages of HPV infection (26). Results 

from a case-control study examining plasma homocysteine concentration as a marker of 

folic acid status suggest an association between elevated levels of homocysteine and risk 

of cervical dysplasia (33). A recent case-control study, however, observed no association 

between the risk of cervical dysplasia and circulating folate, homocysteine, or vitamin 

B12 concentrations (34). Whether deficiencies of nutrients involved in one-carbon 

metabolism are related to an aberrant DNA methylation pattern and the regulation of 

HPV replication and gene expression is subject of discussion. To date no evaluation of 

dietary nutrients and HPV viral load has been conducted. 

In the present study we studied for the first time the association between circulating 

antioxidant nutrients, nutrients involved in DNA methylation, and HPV viral load among 

a sub-cohort of women participating in the Young Women's Health Study (35). 
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Materials and Methods 

Study Design. The Young Women's Health Study was a prospective cohort study of 

healthy women who received routine gynecological care at a reproductive health clinic in 

Southern Arizona from September 1996 to August 1999 (35). This study was designed to 

investigate the natural history of HPV infections among women aged 18-35 years. 

Enrolled women were followed for 9-months, with clinic visits at baseline, 3- and 9-

months from August 1997 to June 2000. Data were collected on cytology, HPV status, 

and risk factors (smoking, sexual behaviors, dietary intake) at each visit. 

Study Population. From September 1996 to August 1999, 1950 healthy women were 

approached for study participation at a Southern Arizona Parenthood clinic. 1541 women 

met the eligibility criteria, and 1342 women were enrolled in the baseline phase of this 

study. The eligibility criteria included ages 18 to 35 years who were currently sexually 

active or seeking birth control, residents of Tucson, Arizona, had not received treatment 

for cervical intraepithelial neoplasia within the last 18 months, had not experienced an 

abnormal Pap smear in the last 18 months, had no history of chronic illness, not currently 

pregnant and were more than 2 months post partum, were still having menstrual periods 

(i.e. no hysterectomy), and had no relocation plans over the next 12 months. At the 

baseline visit, participants competed self-administered questionnaires regarding socio

economic demographics, cigarette smoking and sexual behaviors. In addition, routine 
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Pap smears were obtained along with the collection of exfoliated cervical cells for the 

detection of HPV infection 

Enrollment into the follow-up phases of the study was based on the women's HPV and 

smoking status at baseline. All women with a detectable infection of any one of the 

thirteen oncogenic types detected by Hybrid Capture™ II (Digene Corp, Beltsville, MD), 

all women who were current cigarette smokers, and a random sample of both HPV-

negative and nonsmokers were invited to participate in the 3 month study visit. Eight 

hundred twenty three (61%) women who completed the baseline visit were invited to 

participate in the follow up. Three hundred forty six women (42%) competed the 3-

month study visit and 206 (26%) women completed the 9-month visit. Participants were 

monetarily compensated ($50) for each of the follow up visits. As part of each follow up 

visit, cytology and HPV analyses were obtained at the gynecologic exams. Two short 

follow-up questionnaires were administered to update the baseline information in terms 

of recent changes in cigarette smoking and sexual practices. 

Gynecological Examination. Gynecological exams were conducted on all participants at 

baseline, 3 and 9 months. The study Physician, using a cytobrush and wooden spatula, 

collected exfoliated cells from the squamous -columnar junction of each participant for 

cytology. After the cells were smeared on a slide, fixed, and stained, the slides were read 

by Path Net (Van Nuyes, CA) using the Bethesda system for diagnosis (36). Pap smears 

were collected and exfoliated cervical cells collected from the oz, ectocervix and 
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squamous columnar junction of each participant were suspended in 0.6 ml of sample 

transport media (Digene Corp., Beltsville, MD) and refrigerated for later HPV analysis. 

At the 3 and 9-month study visits, colcoscopy of the vulva, vagina and cervix was 

conducted with attention placed on identifying HPV related skin changes and cervical 

lesions characteristics of CIN among participants using standard colposcopy practice. 

The colcoscopic index was used (Reid R, 184; Reid R, 1985). At the 3-month study visit, 

biopsies were collected on lesions suggestive of CIN 2 or greater by colposcopy to obtain 

histology and confirm diagnoses. At the 9-month study visit, biopsies were obtained to 

confirm diagnoses on any lesion or HPV related changes observed by colposcopy and 

were read by Path Net (Van Nuyes, CA) using the Bethesda system for diagnosis (36). 

HPV analysis. Initially HPV status at the baseline and follow up visits was determined 

using Hybrid Capture™ II (Digene Corp, Beltsville, MD), high-risk probe (Probe B) to 

detect high-risk HPV types 16, 18, 1, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 60. This 

chemilluminescent detection method utilizes a signal amplified hybridization capture 

system within a microtiter plate. Positive samples were defined as a ratio of greater than 

1 relative light unit (RLU) of sample divided by relative light units of positive control. 

Repeat testing was conducted on samples with equivocal readings (range 1 RLU to 2 

RLU) with results of >1 RLU classified as positive. Results from the HCII system were 

used to select participants for the follow-up phases of the initial cohort study. 
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Subsequently, all samples (3 time points) were tested for the presence of HPV, using the 

PGMY09/11 LI consensus primer system (Roche), and typed using the reverse-line blot 

method described by Gravitt et al. (67). In brief, 50 |a.l aliquots were digested with 5|xl 

Proteinase K for 1 hr at 65°C, followed by 5M ammonium acetate and ethanol 

precipitation. The crude DNA pellet was dried and resuspended in 50 )a.l 10 mM Tris-

HCl, at pH 7.5. The DNA extracts were stored at -80°C until amplification. Specimens 

were tested for the presence of HPV by amplifying 5|a.l of the DNA extracts with the 

PGMY09/11 LI consensus primer system and Amplira^ Gold polymerase (Perkin-

Elmer, Foster City, CA). Each amplification contained lOX PGR Buffer II, 25 mM 

MgCl2, 200|al (each) dCTP, dGTP, and dATP, 600^1 dUTP, 7.5 U of Am^WTaq Gold 

polymerase, 50 iiM of PGMY09, 1 ^M of PGMY09, 50 |xM PGMYll, 50 |liM of B-

PC04, 50 of B-GH20, and 5|a1 of the template. For eventual inclusion of uracyl-N-

glycosidase to prevent product carryover, dTTP was replaced with dUTP. To determine 

specimen adequacy, the GH20/PC04 human P-Globin target was co-amplified with HPV 

consensus primers. For every ten samples a negative control (ddHiO) and a positive 

control (CaSki DNA) were run to control for possible contamination and accuracy. The 

samples were amplified using the Perkin-Elmer GeneAmp PGR System 9700. The 

following amplification profile was used: 95°C hot-start for 9 min, followed by 40 cycles 

of 95°C denaturation for 1 min, 55°C annealing for 1 min, and 72°C extension for 1 min. 

After 40 cycles, 5 min incubation at 72°C was performed followed by a hold step at 4°C. 

The most prevalent oncogenic HPV types associated with persistent infections in this 

cohort of young women were 16, 18, 31, 39, 45, 51, 52 and 59 (32). 
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Preparation of cervical cells for real-time PCR analysis 

Genomic DNA was extracted from exfoliated cervical cells for the most prevalent 

oncogenic HPV infection as determined by Hybrid Capture II using the QIAamp DNA 

Mini Kit (QIAGEN, Valencia, CA) according to the recommendations of the 

manufacturer. Briefly, 200 }xl aliquot of transport media containing the resuspended 

exfoliated cervical cells obtained with a cytobrush was added to 20 )al proteinase K and 

200 III lysis buffer. The suspension was thoroughly mixed and incubated at 56°C for 10 

minutes. 230 ^1 absolute ethanol was added and the DNA was immobilized using a 

special glass-fiber matrix in a mini-column. DNA was first washed first with guanidine-

ethanol (5M guanidinium-chloride ; 20 mM Tris-HCl, pH 6.6, 38% ethanol) and 

subsequently washed twice with NaCl-ethanol (20 mM NaCl, 2 mM Tris-HCl, pH 7.5, 

88% ethanol). DNA was eluted from the mini-column using sterile HPCL-grade water 

prewarmed to 60°C. DNA was subsequently stored at -80°C until used. 

HPV Viral Load Assessment 

DNA samples were classified according to the HPV oncogenic type, or specially marked 

if multiple HPV types were detected. HPV viral load was determined based on HPV 

type-specific real-time PCR assays as described by Flores-Munguia et al. (38). The PCR 

method is based on the Taqman assay where the 5'-exonuclease activity of DNA 

polymerase is used to produce accumulated fluorescence at the end of the PCR reaction 

(36). Briefly, the E6/E7 regions of HPV types 16 (nt 65-857), 18 (nt 87-907), 31 (nt 39-
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856), 39 (nt 44-921), 45 (nt 75-906), 51 (nt 88-865), 52 (nt 93-852) and 58 (nt 77-869) 

were used to generate specific primers and fluorogenic probes according to the 

recommendations of the software Primer Express V2.0 (Applied Biosystems, Foster City, 

CA). Primers and probes were designed to be targeted and detected by real-time PCR 

using the ABl-PRISM 7900HT fluorescence detection system (Applied Biosystems). 

The fluorogenic probes were labeled to the 5' end with the reporter dye 6-carboxy-

fluorescein (FAM), and the 3' end will be blocked with the non-fluorescent quencher 

Black Hole™ -1. The primers and probes for HPV-16 and HPV-18 were taken from 

(39). The nucleotide sequences of the selected HPV types (16, 18, 31, 39, 45, 51, 52, and 

58) primers and probes sequences were forward HPV-16 primer 5'-

TTGCAGATCATCAAGAACACGTAGA-3'; reverse HPV-16 primer 5'-

CTTGTCCAGCTGGACCATCTATTT-3'; HPV16 probe 5'-

AATCATGCATGGAGATACACCTACATTGCATGA-3'. Forward HPV 18 primer 5'-

CAACCGAGCACGACAGGAA-3'; reverse HPV18 primer 5'-

CTCGTCGGGCTGGTAAATGTT-3'; HPV 18 probe 5'-

AATATTAAGTATGCATGGACCTAAGGCAACATTGCAA-3'. Forward HPV31 

primer 5'-ATTCCACAACATAGGAGGAAGGTG-3'; reverse HPV31 primer 5'-

CACTTGGGTTTCAGTACGAGGTCT-3'; HPV31 probe 5'-

ACAGGACGTTGCATAGCATGTTGGA-3'. Forward HPV39 primer 5'-

CAGGACAGTGTCGACGGTGCT-3'; reverse HPV39 primer 5'-

TGGGCTTTGGTCCACGCATAT-3'; HPV39 probe 5'-

ACGGGAGGACCGCAGACTAACACG-3'. Forward HPV45 primer 5'-
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GGACAGTACCGAGGGCAGTGTAA-3'; reverse HPV45 primer 5'-

TCCCTACGTCTGCGAAGTCTTTC-3'; HPV45 probe 5'-

CATGTTGTGACCAGGCACGGCA-3'. Forward HPV51 primer 5'-

AAAGCAAAAATTGGTGGACGA-3'; reverse HPV51 primer 5'-

TGCCAGCAATTAGCGCATT-3'; HPV51 probe 5'-

CATGAAATAGCGGGACGTTGGACG-3'. Forward HPV52 primer 5'-

GTGCATGAAATAAGGCTGCAGT-3'; reverse HPV52 primer 5'-

GTAGGCACATAATACACACGCCA-3'; HPV52 probe 5'-

TGTGCAGTGCAAAAAAGAGCTACAACG-3'. Forward HPV58 primer 5'-

CCACGGACATTGCATGATTTG-3'; reverse HPV58 primer 5'-

CTTTTTGCATTCAACGCATTTCA-3'; HPV58 probe 5'-

TGGAGAC ATCTGTGCATGAAATCGAA-3'. 

The standard curves for absolute quantification of HPV type specific target transcripts 

were generated as previously reported (38) using the cloned E6-E7 region of HPV-16, 

HPV-18, HPV-45, and HPV 51 into plasmid vectors, or the complete HPV clone (for 

HPV-31,-39, HPV-52, and HPV-58). HPV standard curves covered a dynamic range of 

up to seven orders of magnitude. Real-time PGR reactions were performed in a 10^1 

volume using the ABl PRISM® 7900HT (Applied Biosystems, Foster City, CA). Each 

individual reaction contained 5^1 2X TaqMan® Universal PGR master mix with uracil-N-

glycosylase (Applied Biosystems), 1^1 200nM HPV type-specific fiuorogenic probe, l|il 

HPV type-specific primer ratio, and up to 3^1 cDNA (or 5 ng of DNA from exfoliated 
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cervical cells as unknown) or sterile HPLC-grade water in non-template controls. The 

amplification profile was initiated by 2 min incubation at 50°C, followed by 10 min 

incubation at 95°C, and a two-step amplification of 15 s at 95°C and 60 s at 59.3°C (HPV 

16,18, 31, 39, 52, and 58), or 54.1°C (HPV 45, and 51) for 45 cycles. To normalize viral 

load values with cell equivalents in DNA from cervical cells, a real-time PGR assay to 

determine the housekeeping gene RNase P (Applied Biosystems) was performed in a 

separate reaction. Data was collected at the end of the amplification step. HPV type-

specific standard curves were generated by plotting the threshold cycle (Ct) values 

against known concentrations of input HPV copy number. Human placental DNA 

(SIGMA, Hercules, CA) was used to generate the standard curve for RNase P. Viral load 

values were determined from the Ct values obtained from exfoliated cervical cell DNA 

using the standard curve correspondent to a specific HPV type. The calculated cell 

equivalent based on the RNase P standard curve was used to determine the viral titer per 

cell equivalent for each unknown sample as described by Van Duin et al. (11). 

Circulating Nutrient Analysis. Circulating folate and vitamin B12, and carotenoids were 

measured in fasting blood samples collected from each participant at the 3- and 9-month 

visits. Two laboratory methods were used to assess the plasma nutrient levels of a 

participant. Craft Technologies, Inc. (Wilson, NC), using reverse phase high-pressure 

liquid chromatography (HPLC), conducted the analysis of plasma retinoids, carotenoids 

and tocopherols. The analysis of fasting plasma folate and vitamin B12 was determined 

by radioimmunosorbent assay (RIA) (Bio-Rad, Hercules, CA). 
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Carotenoids and Tocopherols: The HPLC analysis of fasting plasma samples provided 

quantitative measure of circulating concentrations of retinol, 9 carotenoids (a-, P-

carotene, cw-p-carotene, lutein, zeaxanthin, a-, B-cryptoxanthin, lycopene, c«-lycopene), 

and 3 tocopherols (a-, 5- and y-tocopherol). The analysis is a modification of the 

procedure described by Craft (34) for reverse-phase HPLC. Briefly, 150 |xl aliquots of 

plasma were diluted with 150 [xl HPLC-grade water. The samples were then 

deproteinated by vortexing each sample with 300 |xl of ethanol containing tocol as 

internal standard. The samples were extracted twice with 1 ml Hexane and the combined 

supernatant was evaporated under nitrogen. The residues were dissolved in 35 (a1 of 

ethyl-acetate with vortex mixing, diluted with 100 |xl of mobile phase and ultrasonically 

agitated for 15 seconds prior to placement in the autosampler. A 15|a.l volume was 

injected into the chromatographic system for analysis. The HPLC system consisted of a 

computer data system, an autosampler that maintains samples at 20°C; a Spherisorb 

0DS2 column (3 |.im, 4.6 x 150 mm); a guard column containing the same stationary 

phase, a column heater at 30°C, a programmable UV/visible detector which measures 

carotenoids at 450 nm, retinol and retinyl palmitate at 325 nm, and tocol at 300 nm, and a 

fluorescence detector to monitor tocopherols at 296 nm excitation and 340 nm emission. 

The separation was performed isocratically using a mobile phase of 83 parts acetonitrile: 

13 parts dioxane: 4 parts methanol containing 100 mM ammonium acetate: 0.1 parts 

triethylamine at a flow rate of 1.5 ml/min. 
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Linear calibration curves were prepared consisting of five concentrations of analytes, 

which spanned the physiological levels of micronutrients in plasma. The calibrants 

included lutein, zeaxanthin, p-cryptoxanthin, lycopene, a-carotene, P-carotene, retinol, 

retinyl palmitate, and 6-, y-, and a-tocopherols. Quantification was performed by internal 

standard calibration using peak area ratios. Samples from the National Institute of 

Standards and Technology were analyzed at the beginning of each set of samples. In-

house quality control samples were analyzed at the beginning, end, and at 24 sample 

intervals. The relative standard deviation of analytes in the QC samples ranged from 3-

10%. 

Folate and Vitamin B^: The quantitative analyses of circulating plasma folate and 

vitamin were conducted using the Quantaphase II B|2 and Folate Radioassay (Bio-

Rad, Hercules, CA). The plasma samples were filtered using the serum filter columns 

(Image Molding, Denver, CO) prior to the RIA process. Briefly, 1 ml of radiolabeled 

vitamin B12 and folate combined with dithiothreitol (DTT) and cyanide were added to 

both the control standards and patients plasma samples. The samples were placed in 

boiling water for 30 minutes to inactivate the endogenous binding proteins and to convert 

the various forms of vitamin B12 to cyanocobalamin. After the mixtures were cooled, 100 

10.1 of Microbead Reagent, consisting of immobilized, affinity-purified porcine intrinsic 

factor and folate binding protein were added to each sample. The samples were 

incubated for 1 hour. After incubation, the samples were centrifuged and the supernatant 

discarded. The pellets, containing the bound vitamins, were measured with gamma 



counter. Quantitative determinations of the vitamins in the plasma were based on the 

standard curves. The percentage covariance ranged from 8-20%. 

Statistical Analysis 

Nutrient intake levels were categorized into tertiles based on the distribution in the 

control group of women from the Young Women's Health Study. The crude mean and 

median for the total measure of viral load and for HPV 16 viral load were determined for 

the tertiles of each nutrient. As these data were highly skewed, means were tested and p-

values were estimated by analysis of variance from log-transformed values. Due to small 

numbers of HPV 16 positive women, adjusted means were calculated for total viral load 

only. These means were adjusted for age and smoking (ever vs. never), as well as body 

mass index (BMI) and total energy intake, two variables that could account for under-

and over-reporting of dietary intake. All statistical tests were performed with Stata 

Statistical Software: Release 7.0 (StataCorp. 2001. College Station, TX: Stata 

Corporation). 

Results 

We selected a sub-cohort of participants from the Young Women Health Study (35) 

positive for oncogenic HPV infection (types 16, 18, 31, 39, 45, 51, 52). The 

demographics and cervical neoplasia risk factor characteristics of participants with HPV 

infection are represented in Table 1. At the baseline interview, the majority of the 
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women included in this study were unmarried, the mean age (±SD) was 23.7 (±4.1) years 

(range 18-34), and 87% were white. 

Quantitative values of type-specific HPV viral load are presented in Table 2. The lowest 

viral load value was observed with HPV18 infection (0.001 copies/ cell equivalent), and 

the highest viral load was observed with HPV16 infection (2,948.189 copies/ cell 

equivalent). In general, single-type HPV infections showed higher viral load than 

multiple-type HPV infections. Unadjusted and multivariate adjusted associations 

between circulating nutrients levels and oncogenic HPV viral load are reported in Table 

3. No associations were observed between HPV total or HPV-16 viral load and 

circulating concentrations of circulating carotenoids (a- and (3-carotene, a- and p-

cryptoxanthin, lutein, zeaxanthin, trans- and cw-lycopene), retinol, folate, vitamin B12, 

and a-, y-, or S-tocopherol in crude models. Data adjusted for age, BMI, smoking status, 

and total energy (Kcal) showed a significant positive association between total HPV viral 

load and a-carotene (p = 0.0038), a-tocopherol (p = 0.0207), 8-tocopherol (p == 0.0288), 

and y-tocopherol (p = 0.0446). A significant negative association between total viral load 

and trans-lycopene (p = 0.0375), p-cryptoxanthin (p = 0.0494), ?ra«5-P-carotene (p = 

0.0105), and a marginally significant association for c«-lycopene (p = 0.0544) and lutein 

(p = 0.0977) was observed in adjusted circulating nutrients. 
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Discussion 

This study was conducted to investigate the association between circulating nutrients on 

oncogenic HPV viral load. Previous studies from our group observed significant 

associations with dietary and circulating nutrients with HPV persistence (26, 27, 35). To 

our knowledge, this is the first report assessing the relationship between antioxidant 

nutrients and oncogenic HPV viral load. After adjusting for potential confounding 

variables our results suggests that circulating concentrations of certain antioxidant 

nutrients are associated with increased viral load. 

The protective effect observed in this study for ^rani'-lycopene, P-cryptoxanthin, trans-f>-

carotene, cw-lycopene, and lutein is in agreement with previous studies associating low 

serum p-carotene, P-cryptoxanthin, lutein, and cw-lycopene with HPV persistence (23, 

27, 29, 40, 41). A hypothesized mechanism by which lycopene appears to reduce cancer 

incidence is through its role as lipid-soluble antioxidant. Low serum levels of lycopene 

may aid in the formation of reactive oxygen species increasing the cellular oxidative 

stress and cervical tissue damage. Reactive oxygen species appear to have a role in 

carcinogenesis through activation of specific signaling pathways, decreased immune 

function, and increased viral replication (42-44). Using an in vitro system supplemented 

with an antioxidant compound, the expression of HPV 16 oncogenic E6 and E7 was 

suppressed suggesting that manipulation of the oxidant-antioxidant load may be used as a 

therapeutic approach (45). However, nutrients are more likely to act in concert and 
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special care should be taken when interpreting the role of a single nutrient, if any, in HPV 

replication. 

The mechanism by which carotenoids might influence viral load remains unclear. Is 

likely that some carotenoids function as provitamin A and be directly metabolized to 

retinoic acid (46). Retinoic acid is potent regulator of cellular growth and differentiation 

and may induce changes in gene expression and possibly viral replication (47, 48). In our 

study, no significant association of circulating cw-p-carotene, the carotenoid with highest 

provitamin A value, with viral load was observed. In contrast, we observed a significant 

inverse association of circulating /rora-p-carotene with HPV viral load. The contrasting 

effects between carotenoid isomers could be related to their molecular structure. Different 

biological reactivities for carotenoid isomers have been demonstrated using in vitro 

assays (49). In addition, at least three isomers of P-carotene in cis configuration are found 

in plasma and differences in carotenoid concentrations have been determined for different 

tissue types (49). Thus, the metabolism and physiological effects of the different 

carotenoid nutrients in cellular homeostasis may differ significantly. Whether the cw-P-

carotene isomer acts mainly as pro-vitamin A and the trans isomer acts as antioxidant 

affecting HPV viral load in different ways is subject for future research. The protective 

effect of circulating cw-lycopene, ;ra«5-lycopene, lutein and viral load may be related to 

their antioxidant effects since these carotenoids do not exhibit provitamin A activity (50). 

As antioxidants, carotenoids are excellent singlet oxygen quenchers, and may also 

quench other reactive species, shifting the oxidant-antioxidant balance, which may be one 
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mechanism for their protective effect (51). In terms of nutrients involved in DNA 

methylation, no association between circulating folate, vitamin B12, and viral load was 

observed in our study in accordance with a recent report from Sedjo et al. (52). 

Several studies studying the association between dietary or circulating nutrients and HPV 

persistence have obtained inconsistent results (26, 53-57). Circulating nutrients are better 

biomarkers of cellular effects as reported in numerous studies (27, 52, 58-63). The 

concentrations of circulating nutrients in our study population were comparable with the 

value range defined by lARC for a Mediterranean diet in healthy individuals with no 

vitamin supplementation (64). Serum concentrations of dietary components determined 

for the majority of this sub-cohort fall within the normal range and did not represent a 

deficiency state. Using the data from this sub-cohort, it is not possible to assess the long-

term effect of circulating nutrients in cervical epithelium since circulating nutrients are 

indicative of a recent consumption of fruit and vegetables and do not represent a 

continuous exposure of circulating nutrients in cervical tissue. The fact that the majority 

of participants were current smokers may indicate a higher oxidant load in the cervical 

epithelium as reported previously (65, 66). However, in our study no significant 

associations were found when adjusting independently from smoking status. In addition, 

the level of cotinine in this population was not assessed and no inference can be done 

respect to oxidative stress in cervical mucosa and HPV viral load. 
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Several limitations of this study should be considered when interpreting these results. The 

small sample size (n = 39) weakens the power of this study to make any affirmative 

conclusions regarding the association of oncogenic HPV viral load and nutrient status. 

Also, misreporting of circulating nutrients is possible due to the sensitivity of these 

compounds to time of transportation, storage conditions, and analytical procedures (67). 

Nutritional interventions to control or prevent viral infections have showed inconsistent 

results and seem to be specific for the infectious agent. For instance, antioxidant 

supplementation with vitamin A, p-carotene, vitamin C, vitamin E, selenium and 

coenzyme QIO for a 12 week period in HIV (+) participants did not decrease viral load 

(68). In contrast, the relationship of nutritional status and viral virulence in Coxsackie 

virus infection showed that selenium and vitamin E deficiency had a marked effect in 

viral replication (69, 70). In our study, a-, y-, and 8-tocopherol were positively 

associated with increased viral load. A previous study using cervical tissue associated 

higher cervical concentrations of a- and y-tocopherol and cervical cancer (71). Whether 

this phenomena represents a direct effect on tissue microenvironment by tocopherols, or a 

combinatorial effect as a consequence of a disrupted cellular homeostasis due to viral 

factors and nutritional factors is not yet clear. Recent data suggest that tocopherols can 

bind to tocopherol-associated proteins and tocopherol-binding proteins and that may 

function as tocopherol regulatory proteins involved in the regulation of genes and cell 

signal transduction (72-76). A better understanding of the underlying mechanisms by 



167 

which micronutrients can affect HPV pathogenesis would be invaluable to design 

nutritional intervention programs for the prevention and control of cervical cancer. 

In conclusion, using a sub-cohort of study participants with HPV oncogenic infections we 

determined that certain circulating antioxidant nutrients are associated with increase HPV 

viral load. The overall analysis showed inconsistent trends with circulating nutrients and 

HPV viral load. It is unclear whether the protective effect observed in this study for 

trans-, and c/5-lycopene is due to a reduced oxidative stress and viral replication since a-

carotene and the tocopherols, also antioxidants, are significantly associated with an 

increase in viral load. The influence of circulating nutrients in cervical epithelium, and in 

consequence in viral load, is uncertain. The biological significance of nutrients as a 

determinant of viral load cannot be inferred based on the small sample size on this study. 

Future prospective studies with multiple assessments of both viral load and circulating 

nutrients will provide support to identify host factors associated with viral replication. 



Table 1. Demographics and risk factors of study participants 

n (%) 
Age 

<20 13 33.3 
21-29 21 53.9 
>30 5 12.8 

Marital Status 
Single 24 61.5 

Married 2 5.1 
Cohab. 9 23.1 

Divorced/Separated 4 10.3 

BMI 
< 21.46 23 59.0 

21.46-23.40 5 12.8 
> 23.40 11 28.2 

Smoking History 
Never 15 38.5 
Ever 24 61.5 

Race/Etlinicity 
Wliite NH 35 89.7 
Hispanic 3 7.7 

Other 1 2.6 

Lifetime No. of 
Sexual Partners 

1-4 13 33.4 
5-8 12 30.8 
>9 14 35.9 
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Table 2. Type specific HPV viral load (copy No/cell Equivalent) 

n Min Median Max 

HPV 16 17 0.550 61.980 2948.189 
HPV 18 3 0.001 0.002 0.013 
HPV 31 2 191.133 637.341 1083.550 
HPV 39 7 2.980 123.310 1833.200 
HPV 45 2 130.000 200.615 271.230 
HPV 51 5 0.189 256.633 996.940 
HPV 52 6 3.740 56.830 1649.610 

Single type 

HPV 16 15 1.680 85.602 2948.190 
Not 16 22 0.001 120.145 1833.201 

Multiple Types 
HPV16 +others 2 4.285 131.384 258.483 

Total 39 0.001 116.977 2948.189 
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Table 4. Distribution of HPV viral load (copy No/ cell equivalent) by tertiles of circulating nutrients 

Nutrient Total Viral Load (ns39) HPV16 (+) Viral Load (ns17) 
Adjusted 

n Mean * Median p ** Mean *** p" n Mean' Median p ** 

a-Carotene (^M) 
Low(<0.045) 

Med (0.045-0.066) 
High (>0.066) 

18 
12 
9 

215.6 
195.1 
968.0 

101.3 
48.1 

509.1 0.0917 

29.5 
17.7 

588.7 0.0038 

8 
4 
5 

108.3 
214.4 
999.2 

25.9 
36.4 

509.1 0.1338 

Cis-p-Carotene ()iM) 
Low (<0.030) 

Med (0.030-0.048) 
High (>0.045) 

13 
13 
13 

433.8 
371.1 
343.8 

85.8 
123.3 

85.6 0.8738 

37.9 
45.2 
73.7 0.1095 

7 
3 
7 

542.3 
239.9 
314.8 

16.9 
126.9 

85.6 0.7039 

Trans-p-Carotene (>tM) 
Low (<0.181) 

Med (0.181-0.326) 
High (>0.325) 

11 
21 
7 

405.3 
385.3 
340.4 

130.0 
34.9 

191.1 0.2578 

365.0 
16.0 
68.6 0.0105 

3 
11 
3 

197.8 
379.2 
651.7 

1.9 
34.9 

509.1 0.1943 

a-Cryptoxanthin (jiM) 
Low (<0.038) 

Med (0.038-0.050) 
High (>0.050) 

10 
15 
14 

646.2 
257.9 
328.7 

200.6 
62.0 

113.5 0.7266 

89.9 
39.6 
42.7 0.1023 

4 
7 
6 

1231.0 
45.3 

246.4 

957.5 
16.9 
88.0 0.4170 

p-Crypoxanthin (^M) 
Low (<0.114) 

Med (0.114-0.1.1443) 
High (>1.143) 

17 
8 
14 

438.5 
460.2 
271.2 

117.0 

80.9 
113.5 0.4788 

63.3 
152.2 

20.1 0.0494 

8 
5 
4 

562.0 
311.7 
166.4 

73.8 
34.9 
77.3 0.9003 

Lutein (^M) 
Low (<0.152) 

Med (0.152-0.194) 
High (>0.194) 

13 
8 
18 

625.6 
260.1 
262.1 

126.9 
123.5 

73.8 0.8718 

73.5 
71.2 
32.7 0.0977 

7 
2 
8 

752.2 
255.4 
141.6 

126.9 
255,4 
48.4 0.8248 

Zeaxanthin (ixM) 
Low (<0.050) 

Med (0.050-0.060) 
High (>0.060) 

15 
5 

19 

473.6 
240.3 
348.8 

117.0 
62.0 

126.9 0.9488 

46.6 
46.8 
54.4 0.1221 

7 
3 
7 

780.3 
23.6 

169.6 

509.1 
8.4 

85.6 0.2550 

Trans-Lycopene (^M) 
Low (<0.375) 

Med (0.375-0.490) 
High (>0.490) 

17 
9 

13 

624.0 
247.9 
161.0 

205.5 
130.0 
27.9 0.3556 

81.2 
18.5 
27.8 0.0375 

6 
2 
9 

806.7 
39.5 

200.0 

550.0 
39.5 
34.9 0.6057 

Cis-Lycopene (^M) 
Low(<0.357) 

Med (0.357-0.468) 
High (>0.468) 

16 
12 
11 

652.1 
321.4 

58.4 

331.3 
126.7 
19.0 0.3789 

121.0 
26.8 
27.7 0.0544 

5 
5 
7 

866.2 
411.6 
47.2 

591.0 
85.6 
13.3 0.2859 

Retinol (mM) 
Low (<1.675) 

Med (1.675-1.992) 
High (>1.992) 

13 
8 
18 

419.4 
233.7 
422.8 

130.0 
60.3 

101.3 0.7665 

82.5 
14.5 
60.8 0.0622 

6 
3 
8 

425.9 
17.9 

513.8 

285.5 
16.9 

106.3 0.5039 

Folate (|ig/ml) 
Low (<6.48) 

Med (6.48-8.80) 
High (>8.80) 

9 
11 
21 

430.2 
261.2 
401.5 

205.5 
34.2 
85.6 0.8576 

49.3 
48.0 
48.0 0.2746 

3 
2 

13 

242.9 
254.8 
421.8 

126.9 
254.8 
34.9 0.7779 

Vitamin B12 (^g/ml) 
Low (<357.7) 

Med (357.7-493.2) 
High (>493.2) 

16 
14 
12 

434.7 
191.6 
472.4 

125.1 
48.4 

234.4 0.1556 

91.8 
15.7 
82.8 0.0940 

8 
5 
5 

541.4 
39.5 

438.6 

134,1 
34.9 
16.9 0.7151 

a-Tocopherol (mM) 
Low (<18.8) 

Med (18.8-22.0) 
High (>22.0) 

16 
11 
12 

305.9 
411.6 
459.3 

23.5 
299.2 
123.3 0.2763 

19.0 
42.4 

213.6 0.0207 

6 
5 
6 

508.6 
239.2 
412.0 

15.1 
85.6 

134.1 0.6518 

y-Tocopherol (mM) 
Low(<3.3) 

Med (3.3-5.0) 
High (>5.0) 

14 
12 
13 

167.0 
569.9 
442.8 

85.6 
31.4 

126.7 0.4530 

14.6 
133.5 

77.2 0.0288 

9 
6 
2 

173.1 
761.7 
295.7 

13.3 
325.1 
295.7 0.0658 

6-Tocopherol (^M) 
Low (<0.144) 

Med (0.144-0.258) 
High (>0.258) 

11 
14 
14 

132.6 
531.2 
431.3 

22.4 
205.5 
166.2 0.3789 

29.6 
24.0 

158.5 0.0446 

7 
6 
4 

35.5 
884.7 
290.6 

10.8 
462.1 
285.5 0.0851 

• Crude mean 
P-values calculated by ANOVA by Log-transfonned viral load 

"* Means are presented as unstranformed values but were calculated from Log-transfonned values and adjusted for age, 
BMI, smoking (never vs ever), and total energy (Kcal) 
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