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ABSTRACT 

A population based case-control study was designed to test the 

hypothesis that cases of squamous cell carcinoma (SCC) had lower 

concentration of cis linoleic acid (LA) in their red blood cell membranes and 

it would remain a predictor of SCC after adjusting for other risk factors. 

The probability of LA as a potential biomarker for SCC was investigated 

because it is the precursor of arachidonic acid (AA), a secondary messenger 

for proteins involved in cell growth and proliferation. Ras oncogene 

perpetually activates the two phospholipases A-2 and C, causing release of 

AA from the membrane phospholipids. 

Cases who had confirmed pathological diagnosis of SCC between 

December 1991-0ctober 1994 were identified and consecutively sampled 

from the Arizona Skin Cancer Registry. Controls were recruited from the 

same geographic area using a random digit dialing technique. Subjects, 

limited to White-Anglo European descendent, were frequency matched by 

their age (± 5 years). Participants were screened for use of steroids, 

prescribed non-steroid anti-inflammatory drugs and history of chronic illness. 

Data on sun exposure habits, medication usage, lifestyle habits, and family 

history of SCC were collected during a personal interview. Red blood cell 

membranes were used as the medium for assessing the concentration of cis 

linoleic acid because donation of blood was well accepted by the 

13 



participants. Tissue availability, and the low cost of operation were the 

other factors to utilize red blood cell membranes. The composition of fatty 

acids in the red blood cell membranes was analyzed using gas-liquid 

chromatography techniques. 

Statistical analysis revealed that concentration of LA was significantly 

lower in the red blood cell membranes of the cases than the controls. 

However, cases had higher concentration of linolenic and trans linoleic acids. 

The concentration of 17 other fatty acids were equal, indicating that the 

general dietary pattern of cases and controls were similar. 

Use of logistic regression statistics showed that LA remained a 

significant independent risk factor for SCC (OR = 2.95, 95% CI = 1.38-5.97) 

after adjusting for other risk factors. Based on this preliminary research, it is 

cautiously suggested that LA could be used as a potential biomarker of SCC. 
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ABBREVIATIONS_ 

The following abbreviations have been used repeatedly throughout this 

dissertation. 

AA 
AK 
APC 
BCC 
BP 
cAMP 
CD1- DR+ 
DAG 
DHA 
DMBA 

EPA 
Go- G, 
GDP 
GTP 
HETE 
HUFA 

IL-1 
IP3 
Kg 
LA 
LC 
M(m) 
MHC 
NK 
NMSC 
NSAIDS 
PGE-2 
PGF2a 
PKC 
PLA2 
PLC 

arachidonic acid (20:4 n-6) 
actinic keratosis 
antigen presenting cell 
basal cell carcinoma 
benzo[a]pyrene 

cyclic adenosine monophosphate 
membrane marker of T- suppressor lymphocyte 
diacylglyceride 
docosahexenoic acid (22: 6 n-3) 
dimethy-benzo[a]-anthracene / a tumor initiator commonly 
used to initiate skin tumors in laboratory animals. 
eicosapentoenoic acid (20:5 n-3) 
gap 1, the phase of cell cycle prior to DNA synthesis. 
guanosine diphosphate 
guanosine triphosphate 
1 2-Hydroxyeicosatetraenoic acid 
highly unsaturated fatty acids: arachidonic acid, 
eicosapentoenic acid and docosotetraoenic acid and 
docosohexaenoic acid. 
interleukine 1 
inositol triphosphate 
kilogram 
linoleic acid (18:2 n-6 ) 
langerhans cell 
meter 
major histocompatibility complex 
natural killer cells 
non-melanoma cancer of the skin 
non-steroid anti inflammatory drugs 
prostaglandin E-2 
prostaglandin F2a 
protein kinase C 
phospholipase A2 
phospholipase C 
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PI 
PIP2 
PMN 
PUFA 
RBC 
sn-1/ sn-2 

SCC 
SES 
Th 
Ts 
TPA 

UV-B 

phosphatidylinositol 
phosphatidylinositol -4,5- bisphosphate 
polymorphonuclear cell 
polyunsaturated fatty acids 
red blood cells 
position 1 and 2 on the backbone of phospholipids. Palmitic 
acid (16:0) and arachidonic acid (20:4 n-6) usually occupy the 
positions 1 and 2 respectively. 
squamous cell carcinoma of the skin 
socioeconomic status 
T- helper lymphocyte 
T- suppressor lymphocyte 
phorbal ester/ phorbal ester, a commonly used tumor promoter 
in laboratory studies. 
ultraviolet rays in B range 
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GLOSSARY 

Actinic Keratosis 

Biomarker 

A premalignant benign lesion which can remit, remain stable or 
progress to squamous cell carcinoma. Cells from an actinic 
keratosis lesion, demonstrate aneuploidy, a marker for 
malignancy (Kwa, R., et aI., 1992) 

Biological parameters that can be measured in human 
tissues such as blood or serological components such as red 
blood cells. These parameters are usually surrogate markers 
for the target tissue that could accurately reflect the 
physiological changes in that tissue. Biological markers are 
divided into categories of susceptibility, internal dose, biological 
effective dose and biological response (Perara, F. and 
Weinstein, B., 1982). 

Biological response 

In situ lesion 

A marker that is the result of changes in the target tissue 
which are the steps in pathophysiology of the target tissue. 
For example, prostate serum antigen, is a biological response 
caused by the changes in the prostate as the consequence of 
pathophysiology of prostate cancer (Hulka, B., 1991). 

A localized malignant lesion; in the case of squamous cell 
carcinoma of the skin, an in situ lesion is localized to the 
epidermis layer of the skin (Mossa, A., et aI., 1986). 

Invasive lesion 
A malignant lesion that has locally spread and yet has not 
penetrated through the basal membrane. For squamous cell 
carcinoma of the skin, an invasive lesion has penetrated 
through the vascular region of the skin, endoderm is and dermis 
(Mossa, A., et aI., 1986). 
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N-3 fatty acids 

These are the family of fatty acids with linolenic acid (18:3 n-3) 
as their precursor. The term n-3 identifies the location of the 
last double bond from the methyl end of the fatty acid chain. 
The fatty acids in this family are the precursor for prosta
glandins and eicosanoids in the series 3 (Mayes, P., 
1983). 

N-6 fatty acids 

Risk factor 

These are the family of fatty acids with linoleic acid (1 8: 2 n-6) 
as their precursor. The term n-6 defines the location of the last 
double bond from the methyl end of the fatty acid chain. These 
fatty acids are the most biochemically active fatty acid series 
and are the precursor for eicosanoids in the 2 series such as 
prostaglandin E-2 (Mayes, P., 1983). 

An aspect of environmental, host or genetic characteristic 
that are known to be associated with a health related condition 
based on epidemiological observations. Removal of a risk factor 
is usually associated with a decrease in probability of 
developing the related health condition (Last, J., 1988). 

Squamous cell carcinoma of the skin 
A malignant skin cancer that arises from the stratum spinosum 
of the epidermis layer of the skin. Activation ras oncogene is 
an obligatory step in initiation of the tumor cells. Metastatic 
rate of squamous cell carcinoma of the skin is less than 20 
percent. About 85 percent of the metastasized lesions reach 
the regional nodes and only 1 5 percent to distant visceral. The 
five year survival rate for metastasized lesions to the regional 
nodes is about 26 percent (Schwartz, R., 1988). 
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INTRODUCTION 

1. BACKGROUND 

Establishing biological response markers (biomarkers) for cancer of any 

kind could provide means for early detection prior to manifestation of clinical 

signs and symptoms. Use of biomarkers as a tool for early detection could 

reduce cancer mortality and could minimize the economic cost of health care 

(Helzlsouer, K. 1994). Biomarkers are the result of changes in the target 

tissue(s) which are the steps in pathophysiology of the target tissue(s). For 

example, prostate serum antigen, is a biological response caused by the 

changes in the prostate as the consequence of pathophysiology of prostate 

cancer (Hulka, B., 1991). A biomarker could be measured in human tissues 

such as blood, or serological components such as red blood cells, and should 

3ccurately reflect the physiological changes in the target tissue(s)(Perara, F. 

and Weinstein, B., 1982). 

Squamous cell carcinoma of the skin arises from the epithelial cells of the 

stratum spinosum of the epidermis layer of the skin. Metastatic rate of 

squamous cell carcinoma of the skin is less than 20 percent. About 85 

percent of the metastasized lesions reach the regional nodes and only 15 

percent to distant visceral. The five year survival rate for metastasized 

lesions to the regional nodes is about 26 percent (Schwartz, R., 1988). 
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Squamous cell carcinoma of the skin was chosen as the model in this 

study because the multicarcinogenecity of this tumor is relatively well 

understood. One other advantage of studying see was that ultraviolet light 

is a complete carcinogen (Rauth, M., 1987). Consequently, the potential 

modification of the relative concentration of cis linoleic or arachidonic acid 

by a tumor promoter was not a concern in this study. Furthermore, medical 

treatment and public education campaign minimized the potential 

confounding effect of treatment and/or dietary modification on cis linoleic 

(18:2n-6) acid. 

The multistage carcinogenicity of see has been well studied in the 

mouse skin model. The development of fully malignant lesions in the mouse 

model involves three distinct stages: initiation, promotion and progression 

(Figure 1). Initiation and promotion stages lead to development of 

premalignant lesions, papillomas. The third stage, progression, involves 

advancement of papillomas to fully malignant lesions (Bowden,T., et aI., 

1994). The development of tumor cells at each stage is accompanied by a 

variety of genetic, biochemical, and cytological changes in a cell system and 

possibly in the host. Activation of ras oncogene at the initiation step and 

increased activity of PKe at the promotion stage have been reported in the 
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FIGURE 1: MULTISTAGE CARCINOGENICITY OF SQUAMOUS CELL CARCINOMA THE SKIN IN MOUSE AND HUMAN, A 

COMPARISON. 
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mouse skin model (Bowden, T., et ai., 1994)(Harris, C., et aI., 1992). A 

similar model appears likely for humans. Activity of ras oncogene has been 

associated with SCC lesions in humans (Pierceall, W., et al., 1991). The 

premalignant lesions, actinic keratosis, in humans are analogous to papilloma 

lesions of the mouse skin model. These premalignant lesions have the 

tendency to metastasize and become malignant (Kwa, R., et aI., 1992) 

(Figure 1). One other advantage of studying SCC as the model for 

biomarker is that ultraviolet light is a complete carcinogen (Rauth, M., 

1987). Sun as a tumor initiator, activates ras oncogene. As a promoter, 

sun provides an environment in the host system conducive for survival and 

growth of tumor cells. An important aspect of a complete carcinogen is that 

the requirement for a second agent as a tumor promoter, is not necessary. 

Consequently, the potential modification of the relative concentration of cis 

linoleic or arachidonic acid by a tumor promoter was not a concern in this 

study. 

The decreased likelihood for the potential effect modification or 

confounding of chemotherapy and/or radiotherapy on the variables of 

interest, cis linoleic and arachidonic acids, was consider as other attractive 

features of SCC as the model for investigation. Changes in appetite, 

decrease in food intake and change of food preference are common side 
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effects of chemotherapy and radiotherapy (Bunk, M.J., et aI., 1988). 

However, surgical excision is the prevailing type of treatment for see at the 

in situ stage (Presto, D., and Stern, R., 1992), and the sole treatment for 

this cancer among the participants in this study. Treatment was not likely 

to have a substantial effect in this study. Also, since the public campaign 

and education on skin cancer prevention has been focused on sun protective 

behaviors rather than on dietary changes, the possibility of changes in 

pattern of dietary intake as a consequence of skin cancer was minimized for 

the participants in this study. We did not investigate the dietary intake of 

the cases and controls in this study. We were, however, able to indirectly 

compare the of dietary intake of linoleic acid between the cases and controls 

using the fatty acid composition of red blood cell membranes. 

One of the most important features of a biomarker is the physiological 

association of the marker with the disease. The role of cis linoleic (18:2n-6) 

acid as a potential biomarker for squamous cell carcinoma of the skin was 

investigated because it is an essential fatty acid and the obligatory precursor 

or arachidonic (20:4n-6) acid (Figure 2). Arachidonic acid acts as a 

secondary messenger for proteins that are involved in regulation of cell 

growth and proliferation. Activation of ras oncogene is an obligatory event 

in initiation of squamous cell carcinoma cells. Ras oncogene perpetually 
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activates the two enzymes, phospholipase A2 and phospholipase e, causing 

release of arachidonic (20:4n-6) acid from the second position of the 

membrane phospholipids. Arachidonic acid and its oxygenated metabolites 

can also activate protein kinase e alone or in synergism withdiacylglyceride. 

Arachidonic (20:4n-6) acid is a precursor for eicosanoids such as 

prostaglandin E-2 (PG E-2). Excess synthesis of prostaglandin E-2 

suppresses the immune system via increasing the activity of T-suppressor 

cells. Synthesis of prostaglandin E-2 in tumor cells exceeds the rate of 

synthesis in the normal cells. This elevated synthesis is believed to be 

necessary for proliferation of tumor cells. Also, activity of 5' - nucleotidase, 

a membrane bound enzyme involved in inhibition of immune and 

inflammatory responses and synthesis of DNA and RNA is elevated in sec 

cells. Cis linoleic (18:2n-6) and arachidonic (20:4n-6) acids have been 

reported to further the activity of this membrane bound protein. 

After sun exposure, advanced age is the second greatest risk for 

development of sec. Immune senescence, decline in the capacity of DNA 

repair, and prolongation of duration of exposure to ultraviolet lights may 

partially explain the increased incidence of sec as a function of aging. The 

physiological changes associated with the aging process include increased 

synthesis of prostaglandin E-2 and the lower threshold response to prostaglandin 
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FIGURE 2: CIS LINOLEIC ACID (18:2 N-6) AN OBLIGATORY PRECURSOR OF ARACHIDONIC ACID (20:4 N-6). 
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E-2 by lymphocytes. Ultraviolet exposure exacerbates synthesis of 

prostaglandin E-2 specifically by the keratinocytes in the epidermal layer of 

the skin. Arachidonic (20:4n-6) acid, as the precursor of prostaglandin E-2 

manifests its physiological association with SCC via suppression of the 

immune system. 

Quantity and quality of dietary fat may influence the incidence of SCC. 

Results from animal studies indicate that high concentration of dietary 

linoleic (18:2n-6) increases the incidence of ultraviolet-induced SCC tumors. 

Whereas, dimethyl-benzolal-anthracene initiated and phorbal ester promoted 

SCC tumors are not responsive to the level of cis linoleic (18:2n-6) in the 

diet. The difference in the outcome of the two approaches could be 

explained by the fact that phorbal ester is a strong promoter of protein 

kinase-C (PKC), the protein involved in cell growth. Phorbal ester mimics 

diacylglyceride and tightly binds to PKC. Consequently, it bypasses the 

intermediate steps that lead to the release of arachidonic (20:4n-6) acid from 

the membrane phospholipids. Another potential effect of dietary fat for the 

development of SCC may be through increased availability of cis linoleic 

(18:2n-6) acid which ultimately elevates arachidonic (20:4n-6) concentration 

for metabolism of prostaglandin E-2. 
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Red blood cell membranes rather than serum were chosen as the media 

for monitoring the disease marker because the low concentration of 

cholesterol and triglyceride in red blood cell membranes minimized the steps 

in laboratory preparation of samples. Red blood cells are very interactive 

with their environment; any change in the lipid composition of serum due to 

dietary or physiological changes ultimately is reflected in the fatty acid 

composition of red blood cells. Use of red blood cells as a screening tool 

imposes minimal discomfort and is well accepted by the general public. 

Also, tissue availability, and minimal cost of operation were the other factors 

that prompted us to utilize red blood cell membranes. The estimated cost, 

excluding the labor for preparation and analysis each blood sample, was 

about $25.00 per sample. 

2. SPECIFIC OBJECTIVES 

The primary hypotheses of the present study were stated as the result of 

the previous observational skin cancer study. The previous population based 

case-control skin cancer study conducted in Southeast Arizona under the 

supervision of Dr. Thomas Moon (Moon, T., 1992). The primary purpose of 

the first population based skin cancer study was to investigate the 

association between the longterm dietary intake of fat and the prevalence of 

see among residents of Southeastern Arizona. Initially, we hypothesized 
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that the cases would have higher concentration of cis linoleic acid (18:2n-6) 

in their subcutaneous adipocytes. Composition of subcutaneous adipose 

was assessed as the biomarker for the longterm intake of dietary fat. The 

general dietary intake of the study participants was assessed using the 

Arizona Food Frequency Questionnaire. The mean of cis linoleic (18:2n-6) 

acid was lower in subcutaneous adipose tissue of cases (16.90 ± 3.90) 

than the controls (17.60 ± 3.50){P = 0.0047). However, concentration of 

the other 11 fatty acids assessed in the subcutaneous adipose of cases and 

control were similar. Also, analysis of dietary data revealed no difference 

between the diet of cases and controls (Moon, T., 1992). The observed 

lower concentration of cis linoleic acid (18:2n-6) in the subcutaneous 

adipocytes of the cases was the opposite of the stated hypothesis. We 

speculated that the lower concentration of cis linoleic (18:2n-6) was a 

physiological response to squamous cell carcinoma of the skin. If our 

speculation were correct, then a similar trend in the concentration of cis 

linoleic (18: 2n-6) acid should have been observed in other tissues. A new 

hypothesis was proposed and a preliminary case-control study was designed 

and implemented to test the hypothesis. 

3. HYPOTHESES 

The two main hypotheses of this study were that the relative 
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concentrations of cis linoleic (18:2n-6) and arachidonic (20:4n-6) acids were 

lower in the red blood cell membrane of cases when compared with 

population controls. Furthermore, this lower concentrations of these two 

fatty acids would remain significant risk factors for SCC after adjusting for 

the other known and potential risk factors of SCC. 

Secondary hypotheses were: 1- Dietary intake of fat and carbohydrates, 

indicated by the relative concentration of different fatty acids in the red 

blood cell membranes, were similar between cases and controls. 2- Relative 

distribution of cis linoleic (18:2n-6) and arachidonic f20:4n-6) acid in the 

lymphocyte membranes of cases was higher than the controls. However, 

the relative concentration of these two fatty acids were similar in the 

polymorphonuclear cell membranes of cases and controls. 

4. STUDY DESIGN AND METHODOLOGY 

A population based case-control study was designed and implemented to 

test the proposed hypotheses. Cases who had pathologically confirmed 

diagnosis of SCC between December 1991 and October 1994 were 

identified and consecutively sampled from the Arizona Skin Cancer Registry. 

This process involved taking every patient who met the eligibility criteria 

during the specified time interval until the total number of recruited subjects 
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were met. The population based controls were recruited from the same 

geographic area using a random digit dialing technique. Subjects, limited to 

White-Anglo European descendent, were frequency matched by their age 

( ± 5 years) to minimize the potential confounding effect of age and ethnic 

variations. Study participants through telephone interviews were screened 

for use of steroids, prescribed non-steroid anti-inflammatory drugs and 

chronic illness such as diabetes and cardiovascular diseases. Data regarding 

sun exposure habits, use of medications, lifestyle habits, and family history 

of NMSC were collected during a personal interview. Each study participant 

donated a 1 5 cc fasting blood sample. Fatty acids composition of red blood 

cell membranes, lymphocytes, and polymorphonuclear cells were analyzed 

using gas-liquid chromatography techniques. 

5. TIME SERIES STUDY 

A second sub-study was designed to investigate the changes in the 

concentration of cis linoleic (18:2n-6l and arachidonic acids as a function of 

time. The hypothesis for this study was that short-term inter and intra 

group variations in the relative concentration of cis linoleic (18:2n-6) and 

arachidonic (20:4n-6) acids were minimal and similar between cases and 

controls. A total of 20 cases and 20 controls were recruited to participate 

in this study. Each study participant donated four 15 cc of blood samples 
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within a period of month, one week apart. Repeated measure of analysis of 

variance for both cis linoleic and arachidonic acids revealed that within 

perscn and between group variation did not reach a !twel of significance. 

This preliminary case-control study was a sub-study of the current multi

departmental case-control skin cancer investigation funded by the National 

Cancer Institute since 1992. Dr. David Alberts, is the principal investigator 

for the skin cancer project. Drs. Thomas Moon and Cheryl Ritenbaugh, the 

two co-principal investigators for the Skin Cancer Project have overseen the 

epidemiology and nutritional component of the skin cancer project. 

The cases and controls who participated in this preliminary study were 

participants of the skin cancer investigation. One of the staff of the 

Southeastern Arizona Health Study project was responsible for identifying 

the potential cases from the Arizona skin cancer registry. Recruitment of 

the population based controls through the random digit telephone dialing 

was an effort of several individuals including the author of this dissertation. 

The in-person interviews were performed by two trained staff members of 

the Southeastern Arizona Health Study Project. The author of this 

dessertation was responsible for all the laboratory investigation and analysis 

of this project. The laboratory investigation included establishing the two 

31 



(lipid and gas-chromatography) assays, researching and purchasing 

laboratory equipments such as the Perkin-Elmer gas-liquid chromatograph 

insturment, electronic gas detector, and centrifuge insturment. As a part of 

laboratory investigation, the author of this dessertation was also responsible 

for establishing the quality control standards for the processing the blood 

samples, and analyzing the fatty acid composition of red blood cell 

membranes. Also, her responsibilities included micellaneous laboratoy 

purchases and insturment repair pertinant of this specific study. The 

collected laboratory data, were entered into the data bank by the author of 

the dissertation who also was responsible for editing and correcting any 

potential mistake during the data entry. The data management and 

statistical analysis for this study, was performed by the author under the 

guidance and supervision of Drs. Dennise Roe and Robin Harris. 

A comprihensive review of literature on etiology of SCC are provided in 

Chapters one through five of this dissertation. In chapter " a review of the 

epidemiology, risk factors, and health economic consequence of SCC is 

provided. Chapters 2, 3 and 4 are devoted to a description of the cancer 

biology of SCC, and the physiological link between arachidonic acid and the 

SCC. Changes in the immune system as a function of thE) aging process and 

the role of arachidonic acid in this process are also described in chapter 3. 
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In chapter 4, the role of dietary fat as a potential tumor promoter is 

discussed. Also, effects of these two fatty acids on the immune system are 

briefly described. Use of erythrocytes as a biomarker of dietary fat is 

described in chapter 5. Chapters 6 and 7, describe the hypotheses and the 

study design and methodology resepectively. Results are presented in 

chapter 8. Finally, in chapter 9, the findings of this study are discussed and 

suggestions are offered for future research. 
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CHAPTER 1 

EPIDEMIOLOGY OF SQUAMOUS CARCINOMA OF THE SKIN 

1.1 DEMOGRAPHIC AND SECULAR TREND 

Non-melanoma skin cancer (NMSC), including squamous cell carcinoma 

(SeC) and basal cell carcinoma of the skin (BCC)' has an estimated annual 

incidence of 600,000 cases and is the most common malignancy in the 

United States (American Cancer Society, 1 991 ). The incidence of non

melanoma skin cancer has reached an epidemic level in recent years. 

Changes in environmental factors, lifestyle behaviors, and the aging 

population has probably led to the current epidemic. Increased awareness 

by health care providers of the cost of SCC has raised the level of SCC as a 

public health concern. A review of the epidemiology of non-melanoma skin 

cancer, risk factors, and the cost of treatment of this cancer will be provided 

in this chapter. 

All cancers, except NMSC, appear to be increasing at the rate of one 

percent annually. In comparison, the average annual incidence rate for 

NMSC has been estimated to be increasing at the rate of 3-6 percent 

depending on the geographic location (Scotto, J., et aI., 1983): The age 

adjusted rate for non-melanoma skin cancer (NMSC) approximates to 232.6 

per 100,000 (American Cancer Society, 1991). This estimated rate is 
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comparable to the age adjusted rate of 347 per 100,000 for all cancers 

combined excluding NMSe (Scotto, J., et aI., 1983). The risk of a 

subsequent NMSe among patients with prior skin cancer has been 

calculated to be 35 percent within three years and 50 percent within 5 years 

of the initial diagnosis of a malignant lesion (Karagas, M., and Baro'n, 

J.,1992). Until recently all NMSe were grouped together and reported 

under the NMSe category. However, due to the increase in the incidence of 

both Bee and see and their economic impact, efforts have been made to 

document each cancer separately. Twenty percent of all NMSe in the 

United States are see (Scotto, J., et aI., 1983). In Southeast Arizona, see 

composes 40 percent of all NMSe (Moon, T., 1994). Depending on the 

region of the country, the age adjusted (U.S. population 1980) incidence 

rate of sec for men has been reported to be between 63.1 and 106.1 per 

100,000. While, the age adjusted incidence rate of see for women is 

between 22.5 and 29.8 per 100,000 (Silverberg, E., et ai, 1990). 

The incidence of see in the United States has been estimated to have 

increased during the past decades. Glass and his colleagues (Glass, A., and 

Hoover, R., 1989) examined the incidence of see from the Kaiser

Permanente population-based registry between 1960 to 1986. During this 

27 year period, the incidence of new see lesions increased 3.1 and 2.6 fold 
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among women and men, respectively. The increases in incidence rates were 

primarily observed in the head and neck areas for both genders. The 

reported age-adjusted rates for see using the Kaiser-Permanente registry 

was 1.5-2.5 times higher than the age-adjusted rates from the Surveillance, 

Epidemiology and End Results registry program for the same geographic area 

(Seattle, Washington). Two factors could explain this discrepancy. Firstly, 

increased awareness of physicians and patients to all skin lesions may have 

led to more diagnosis and consequently a higher incidence rate among the 

Kaiser-Permanente patients population. In Kaiser-Permanente, all suspicious 

lesions are routinely biopsied and pathologically reviewed (Sherman, M., 

1994). Secondly, the incidence of see may be higher among the employed 

middle income segment of the population (a typical profile of HMO 

participants)(Glass, A., and Hoover, R., 1989). 

Residents of Southeast Arizona are estimated to experience three to 

seven times greater incidence of NMSe than the rest of the country. The 

incidence of NMSe was 104 per 100,000 in 1960. The incidence of NMSe 

increased to 420 per 100,000 in 1970 and 637 per 100,000 in 1980 

(Figure 1.1). For see only, both genders experienced a gradual increase in 

the incidence rate of see between 1969 and 1985 (Schreiber, M., et aI., 

1 982). This rate of increase was lower for females. The incidence rates of 
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see for anglo-american men and women of Southeast Arizona are provided 

in figure 1.1. The incidence of see reported to be 191and 121per 100,000 

in 1969 for men and women respectively. By 1985, the incidence rate of 

see increased to 494 per 100,000 for men and 204 per 100,000 for 

women. Between 1985 and 1988, the incidence of see decreased for both 

genders. The four year (1985-1988) average age adjusted incidence rate for 

anglo-men was 458 per 100,000 and 171 per 100,000 population for 

women. 

FIGURE 1.1: INCIDENCE OF ALL NON-MELANOMA SKIN CANCER AND SQUAMOUS CELL 
CARCINOMA AMONG ANGLO-AMERICANS IN SOUTHEAST ARIZONA BETWEEN 1960 
AND 1985. 

CI 
CI 
CI 

CI 
CI 
~ 

0: 
UJ 
Q, 

UJ 
u :z: 
UJ 
c .. 
u :z: 

700 

600 

500 

400 

300 

200 

100 
~, .. " 

,~ 

," 
.-

NMSC, ARIZONA ! . 
"... ...~ ,P:. .' 

I .. " ..... , 

,.. ""'Ii ""y( "~I 

". .' . :0' SCC, MALES 

SCC, FEMALES 

--------~ --
O~~~~~-L~~~~~~-L~~~~~~~~~~ 

1960 1965 1970 

MOON. T., ET AL., 1990 

1975 

YEAR 

37 

1980 1985 



Age and gender specific incidence data from Southeast Arizona, shown in 

Table 1.1, suggest that Anglo-American men ages 75 years and older have 

the highest incidence of see. Men in the age category of 75 and older 

experienced an average annual incidence of 4137 per 100,000; while, the 

average annual incidence for men between ages of 65 and 74 was almost 

two fold lower. During the same time period, the average annual incidence 

rate of see for women ages of 75 years and older was 1545 per 100,000, 

and 891 per 100,000 for women in the age group of 65 to 74 years. 

TABLE 1.1: AGE SPECIFIC INCIDENCE OF SQUAMOUS CELL CARCINOMA OF THE SKIN. 
AVERAGE ANNUAL AGE-SPECIFIC INCIDENCE OF SQUAMOUS CELL CARCINOMA PER 
100,000 ANGLO-AMERICANS IN SOUTHEAST ARlZONA, 1985-1988. 

AGE MALES FEMALES 

< 15 0 0 

15-24 2 5 

25-34 15 16 

35-44 100 55 

45-54 373 164 

55-64 1053 453 

65-74 2438 891 

> 75 4137 1545 

MOON, T.E., ET AL., 1990. 
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Men older than 74 years experienced a 376 fold increase in the incidence of 

SCC compared to men between ages of 25-34 years. In contrast women 

older than 74 experienced a 96 fold increase in the incidence of SCC 

compared to 25-34 year old counterparts (Moon, T., et ai, 1990). 

A combination of several factors has led to the current epidemic of SCC 

and other NMSC (Figure 1.2.). Increased use of health care by patients 

along with better diagnosis and reporting by physicians can lead to a rise in 

the incidence of SCC. The United States incidence data are based principally 

on the diagnosis recorded by physicians and as physicians become more 

educated about skin cancers, there is better screening and diagnosis of this 

malignancy (Greenberg, E., 1982). Changes of knowledge and attitudes 

toward a specific disease can also lead to increased in use of medical 

systems (Green, L., et aI., 1989). The sun awareness campaigns, launched 

by the American Cancer Society and local cancer screening and prevention, 

programs have demonstrated changes in the knowledge and attitude of the 

general public toward skin cancer (Berwick, M., et aI., 1992). These 

utilization and diagnostic factors can only, however, account for a portion of 

the observed increase. Other factors, such as increased voluntary exposure 

to sun, decreased ozone layer, and an aging population, also contribute to 

the increased in the incidence of SCC (Green, L., et aI., 1989). 
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FIGURE 1.2: FACTORS LEADING TO THE RECENT INCREASE IN THE INCIDENCE OF NON-MELANOMA SKIN CANCER. 
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1.2. RISK FACTORS 

In 1775, Sir Perceival Pott first documented that see among chimney 

sweepers was associated with repeated exposure to chimney soot over a 

period of many years. Sir Perceival Pott's discovery not only had practical 

implication for cancer prevention, but also began a chain of inquiries into 

causes of see (Potter, M., 1 963). About 200 years later, many etiologic 

factors associated with see have been considered (Table 1.2.1). 

TABLE 1.2.1: RISK FACTORS ASSOCIATED WITH SQUAMOUS CELL CARCINOMA OF THE 
SKIN. 

ENVIRONMENTAL 
CHARACTERISTICS 

SUN LIGHT 

HYDROCARBONS 

X-RAY 

DIET 

ARSENIC 

INFECTIOUS AGENT 

HOST GENETIC 
CHARACTERISTICS CHARACTERISTICS 

BURN SCARS XERODERMA PIGMENTOSUM 

CHRONIC ULCERS SKIN PIGMENTATION 

AGING L YMPHOPOLIFERATIVE 
DISORDER 

EPIDERMODYSPLASIA 

IMMUNOSUPPRESSIVE DRUGS 

SELENIUM 

KWA. R.. ET AL.. 1992. 
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1.2.a. SUN EXPOSURE 

The collective epidemiologic evidence suggests that sun exposure is the 

major risk factor for see. Firstly, see appears primarily on the sun exposed 

areas of the skin. Results from the Second National Survey on non

melanoma skin cancer indicate that 74.8 and 60.1 percent of sec occur on 

the head and neck areas respectively. Women experience 5.7 percent of 

sec on the lower extremities compared to 1.3 percent of see among men. 

Presumably, the higher rate of see on lower extremities among women can 

be attributed to clothing style (Scotto, J. et ai, 1983)(Pearl, D., and Scott, 

E., 1986). Secondly, see is predominantly a malignancy of light-skinned 

individuals who sun burn easily (Silverberg, E., 1990). Thirdly, a positive 

correlation exists between the level of outdoor activity and prevalence of 

skin cancer among the light-skinned population (Urbach, F., et ai, 1972). 

Fourthly, the incidence of see is inversely associated with the geographical 

latitude (Scotto, J., et ai, 1983)(Fears, T. and Scotto, J., 1983). Table 

1.2.2. depicts the incidence of NMSe in different geographical areas. 

Although the incidence for see and Bee are not distinguished separately, 

the table shows that an inverse relationship between the incidence of NMSe 

and geographical latitude. The incidence of NMSe among the White 

population in residing in Townsville, Australia (19° S) is 383 per 100,000 

population; while Australians living in Brisbane at 26() S latitude, experience 
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TABLE 1.2.2: INCIDENCE OF NON-MELANOMA SKIN CANCER BY GEOGRAPHIC 
LOCATION IN AUSTRAILIA AND NEW ZEALAND. 

GEOGRAPHIC LOCATION 

TOWNSVILLE' , 
AUSTRALIA 

BRISBANE', 
AUSTRALIA 

NEW ZEALAND 2 

LATITUDE 

26° S 

38-43° N 

1- MCDONALD, E.J., AND BUBENDORF, 1969. 
2- EASTCOTT, D., 1963. 

INCIDENCE OF NMSC 
PER 1 00.000 POPULATION 

383 

206 

151 

an annual incidence rate of 206 per 100,000 population. The annual 

incidence rate of NMSC drops to 151 for the white population of New 

Zealand who are residing at 38-43° N geographic latitude. The solar 

radiation spectrum, especially the ultraviolet rays in the 8 range (UV-8), 

increases as geographical latitude decreases. It has been estimated that for 

every percent increase in UV-8 radiation the incidence of SCC increases 

between 2-4 percent (Watson,R., 1986)(Fears, T., and Scotto, J., 1983). 

Collectively, the relationship between ultraviolet exposure and SCC is a 

function of geographical latitude, sun exposure due to daily out-door 
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activities, skin type, clothing style and age. 

1.2.0. AGING 

Aging is strongly correlated with many cancers, especially those of 

epithelial cell origin such as see of the skin. Two theories, stochastic 

theory and the programmatic theory have been developed in an attempt to 

explain this association. The stochastic theory, proposed by Sir Richard 

Doll, suggests that aging and cancer are the direct results of an 

accumulation of the environmental insults. In 1971, Sir Richard Doll 

reported that "it is unlikely that age per se is a principal factor in 

determining the frequency with which the disease occurs .... the progressive 

increase in incidence with age that is characteristic of many common tumors 

can be explained as the effect of continuous and prolonged exposure to a 

carcinogenic agent" (Dix, D., 1989). Four years later, Peto and colleagues 

(Peto, R., et aI., 1975), using a mouse model, showed that the latency 

period between exposure to the carcinogen and the development of skin 

cancer was the same for young and old mice. The results from this 

experiment supported Doll's theory. Peto and colleagues concluded that 

susceptibility to cancer remains constant throughout life and that increasing 

cancer incidence with age could be explained by the cumulative effect of 

carcinogens. 
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The stochastic theory has come under criticism by many scientists. 

Firstly, the high dose of carcinogen used by Peto and colleagues to induce 

skin cancer in mice may have annulled any potentially confounding 

physiologic effect of age (Miller, R. A., 1991). Secondly, life span would be 

increased by only one year, if all cancers were eliminated at birth versus at 

age 65 (Hayflick, L., 1978). 

Daily exposure to carcinogEtnS increases the risk of cancer. Environmental 

carcinogens are considered the major causes of cancer (Ames, B., 1979). 

Carcinogens that escape the numerous defense mechanisms can damage 

DNA and proteins in cells (Hill, R., 1990). Ames estimated that for a person 

a total of 104 oxidative products of all types hit each DNA per cell per day 

(Ames, B. and Shingenada, M., 1992). Cathcart and colleagues (Cathcart, 

R., et a!., 1984), showed that a human on the average excretes about 32 

nmole of thymine glycol and thymidine glycol per day. These two glycols 

are the byproducts of repair of oxidized DNA rather than from alternative 

sources, such as diet or gut flora. Aging may not itself increase the 

incidence of cancer; however, aging increases the probability of cancer by 

virtue of the prolongation of duration of exposure to carcinogens. 

The second theory, the programmatic or phYSiological theory, states that 
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the increase in cancer incidence with age is due to a decline or change in the 

host's cellular and defense mechanisms. Reduced capacity for DNA repair 

may be one factor responsible for the increased incidence of cancer among 

the older population. Hart et al. (Hart, R., and Setlow, R., 1976), showed 

that human cells at the late passages display a decreased capacity for 

ultraviolet induced DNA damage repair synthesis. Lambart and colleagues 

(Lambart, B., et aI., 1979), assessed DNA repair synthesis capacity among 

58 healthy individuals between 13 to 94 years of age. Individuals between 

the ages of 60 and 94 years, showed a lower rate of DNA repair than 

individuals younger than 60 years. The average DNA repair capacity 

decreased about 30 percent as the age of individuals increased from 20 to 

90 years. Busbee and colleagues (Busbee, D., et al., 1987), also were able 

to show that ultraviolet light induced unscheduled DNA repair in human 

peripheral blood declined with age. They attributed this decline to lower 

activity of DNA polymerase, the enzyme responsible for recognition and 

excision of DNA lesions. Reduced capacity for DNA repair may be one of 

the many factors responsible for the high correlation between aging and skin 

cancer. 

1.2.c. OTHER RISK FACTORS 

Genetic disorders, immunosuppressive drugs and lack of skin pigmentation 
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are the other major risk factors for see. The higher incidence rate of see 

among individuals suffering from xeroderma-pigmentosum is well established 

(Archer, M.e., 1987). This human autosomal recessive disorder is 

characterized by a deficiency in excision repair of DNA containing thymidine 

dimers. Individuals suffering from this genetic disorder do not have the 

ability to excise DNA lesions caused by sun ultraviolet rays. 

A higher incidence and recurrence rate of see among immunosuppressed 

patients has also been reported. Gupta et al. (Gupta, A., et aI., 1986)' 

assessed the relative risk of developing see and Bee among 523 renal 

transplant patients, who received baseline immunotherapy of azathioprine 

and prednisone. The comparison group was the white population of 

ehicago. The annual age adjusted incidence rate for see was 30.00 and 

11.0 per 100,000 for the control men and women respectively. The risk for 

developing see was 18.4 times greater for the immunosuppressed patients. 

A positive correlation has been reported between latitude of residential 

habitat and increased relative risk for see among immunosuppressed 

individuals. Renal transplant recipients living in Queensland, Australia were 

reported to have an almost 100 fold greater relative risk for developing see 

than their British counterparts (Liddington, M., et aI., 1989). This positive 
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correlation again confirms the importance of exposure to ultraviolet light in 

the etiology of see; also, the higher incidence rate as well as the elevated 

recurrence rate among immunosuppressed individuals suggest a potential 

role for the systemic immune system in development of see. 

Skin pigmentation is a protection against the harmful effects of ultraviolet 

lights. Melanin pigments which are synthesized by the melanocytes in the 

epidermis of the skin, absorb energy emitted by ultraviolet rays, minimizing 

damage to the rapidly growing cells of stratum spinosum and stratum basale 

of the epidermal layer of the skin (Stern, R., 1991). The number of 

melanocytes are similar among individuals with different racial background. 

However, the production of melanin pigments by melanocytes differs 

between different races (Stern, R., 1991). Ability to tan, which is the 

ability to synthesize of melanin pigments in response to ultraviolet rays 

exposure, minimizes the risk of developing non-melanoma skin cancer 

(Stern, R., 1991). 

1.3. TREATMENT COST OF SQUAMOUS CARCINOMA OF SKIN 

The relative importance and seriousness of see cannot be fully 

appreciated until the amount of dollars spent to "cure" the malady is 

elucidated. The national annual cost of treatment for see and other NMSe 
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has been estimated at 500 million dollars (Presto, D., and Stern, R., 1992). 

Total costs for sec relates to the aging population of the United States and 

the increased incidence of sec among this section of the population. Other 

factors that are important in cost estimation for sec are choice of 

treatment, the number of follow up visits and where the treatment takes 

place. 

sec is primarily a disease of middle aged and elderly Anglo-americans. 

Since 1950, the United States population has experienced 107.4 percent 

increase in the number of persons over the age of 65 years. In 1990, there 

were 34.3 million people aged 65 years and over and it is predicted that by 

the middle of the next century the population of Americans 65 years and 

older will climb to 78.9 millions (Anonymous, 1993). 

sec, except in cases of metastasis, is primarily treated in out-patient 

health care facilities and malignancies treated in these settings are not 

required to be reported to cancer registries. Consequently, the incidence 

data for sec is not as accurate as for other malignancies. This inaccuracy 

is reflected in the estimated annual financial expenditure on treatment of 

sec, which is based on the total number of newly diagnosed casesand 

follow -up visits for sec. Treatment choice is another factor that influences 
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treatment costs. Physician's choice of treatment usually includes a 

consideration of the size and location of the tumor, the associated 

symptoms, age and general health status of the patient. Surgical excision of 

a tumor, with simple repair and a pathological confirmation, is the most 

common form of treatment for sec, while Moh's surgery is the second most 

common treatment (Presto, D., and Stern, R., 1992). Moh's Surgery, is a 

specialized surgical excision which was first described by Edward F. 

Mohs in 1940. In this procedure, accurate histologic tumor-free margins are 

obtained during the micro-surgery process (Miller, P., et aI., 1992). 

The average age adjusted treatment costs of NMSC for the eight regions 

surveyed by the National Institute of Health are provided in Table 1.3.1" 

New Orleans, and New Mexico and Utah had the highest average age 

adjusted treatment costs. Treatment cost is a function of the number of 

NMSC diagnosed in that region, the accuracy of reported incidence data, 

and the prevailing charges accepted by Medicare. The listed annual average 

age adjusted treatment cost demonstrates that NMSC could be a financially 

and expensive disease. The economical impact as well as the high incidence 

rate of this malignancy demonstrate its importance as a public health 

problem. 
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TABLE 1.3.1.: ESTIMATED AVERAGE AGE ADJUSTED TREATMENT COST OF NON-MELANOMA SKIN 
CANCER PER 100,000 ANGLO-AMERICANS 1.2.3. 

GEOGRAPHIC LOCATION INCIDENCE RATE4 TREATMENT COSTS 

SEATTLE 28.1 11,233.00 

MINNEAPOLlS- 21.8 8,594.00 
ST. PAUL 

DETROIT 19.2 7,641.00 

UTAH 80.9 31,605.00 

SAN FRANCISCO- 34.1 15,059.00 
OAKLAND 

ATLANTA 84.8 33,287.00 

NEW MEXICO 67.8 26,859.00 

NEW ORLEANS 91.0 38,142.00 

1-SCOTTO, J., ET AL., 1983. 
2-COST OF TREATMENT WAS ESTIMATED FROM THE PREVAILING CHARGES ACCEPTED BY 
MEDICARE, MEDICARE DIRECTORY OF PREVAILING CHARGES, DHHS, 1990, AND FROM FEE 
SCHEDULE FOR PHYSICIAN SERVICES, FED.REGIST1991. 
3- 1970 U.S. POPULATION. 
4- INCIDENCE PER 100,000.00 POPULATION. 
5- AVERAGE TREATMENT COST PER CASE IN DOLLARS. 
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1.4. SUMMARY 

The incidence of NMSe appears to be increasing at about 3-6 percent per 

year. see comprises 20-40 percent of all NMSe, depending on the region 

of the country. Increased use of health care by patients and better diagnosis 

and reporting by physicians have contributed to the reported increase in the 

incidence of see. Sun exposure, and aging are the most important risk 

factors. The annual health economic impact of see and the other NMSe 

has been estimated to be about 500 million dollars. The treatment cost and 

the high incidence rate has made see a public health problem. 
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CHAPTER TWO 

SUN: A CARCINOGEN 

2.1. SUN INDUCES DNA DAMAGE 

Laboratory investigations further support the epidemiologic observations 

that sun exposure is the major risk factor for SCC. These investigations also 

expand our knowledge about the carcinogenicity of sun exposure and the 

biology of sun induced tumors. Repeated exposure to sun causes the 

activation of ras oncogene. Ras protein, transcribed from ras gene, is a 

membrane bound protein which is involved in signal transduction. A normal 

ras-protein remains in the inactive configuration until it receives signal from 

the outside environment of a cell. Upon receiving signals and activation, 

the ras protein in turn activates other membrane bound proteins such as 

phospholipase A2 and C. Activation of these two membrane bound 

enzymes lead to release of arachidonic acid from membrane phospholipids 

and synthesis of diacylglyceride and inositol-triphosphate. Diacylglyceride 

and arachidonic acid in turn activate protein kinase C. This protein has a 

pivotal role in regulation of cell growth and proliferation. Under the normal 

conditions, ras protein immediately becomes inactivated. However, a ras

protein transcribed from a ras oncogene, remains perpetually in the active 

configuration and activates other membrane bound proteins perpetually, 

leading to continuous synthesis of arachidonic acid, diacylglyceride and 
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inositol-triphosphate from membrane phospholipids. In this chapter, a 

review of the literature on the activation of ras oncogene and suppression of 

the immune system as a consequence of ultraviolet rays exposure is 

presented. 

Initiation and, perhaps, promotion of see are directly correlated to the 

dosage of ultraviolet rays; however, proliferation of see is independent of 

the ultraviolet dose. Gruijl et al. (Gruijl, F., et aI., 1983), using an albino 

mouse model, showed that tumor initiation was directly a function of 

ultraviolet rays dose exposure. Whereas, growth and proliferation were 

independent of the level of ultraviolet light exposure. In their study, 223 

albino mice were exposed to ranging levels of ultraviolet light for 12 hours a 

day for a period of 188 to 670 days depending on the daily dose. The 

results indicated that the induction period was shorter among those animals 

receiving a higher daily doses of ultraviolet light. However, after animals 

developed see, tumor growth rate of tumor showed no linear relationship 

with the level of ultraviolet light. Their conclusion, that the initiation of see 

is ultraviolet dose dependent, is also supported by the findings that 

ultraviolet rays cause cellular damage at the DNA level. Dipyrimidine lesions, 

purine photoproducts, and monofunctional (6-4) photoproducts are DNA 

lesions caused by exposure to ultraviolet light (Tannock, I., 1987). Effici-3nt 
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removal of these DNA lesions by cellular repair mechanisms appears to be a 

critical step in prevention of tumor formation. However, when the rate of 

DNA lesion formation exceeds the rate of repair, aberrations such as point 

mutations at the DNA level, chromosomal deletions and translocation in the 

cell genetic blue print would result (Ananthaswamy, H., 1990). Activation 

of at least one gene (ras proto-oncogenes) and inhibition of one tumor 

suppressor gene (P53) have been attributed to the formation of pyrimidine 

dimer lesions (Pierceall, W., et aI., 1991)(Land, H., 1983). The collected 

observations suggest a direct link between exposure to ultraviolet rays, DNA 

damage, genetic changes and initiation of sec; however, combinations of 

other factors lead to promotion and tumor cell proliferation. 

2.2. RAS ONCOGENE ACTIVATION BY ULTRAVIOLET RAYS 

The current scientific observations have lead to the proposal that activation 

of ras-oncogene is necessary for the initiation of sec. Balmain and 

colleagues first documented the activity of the ras oncogene in benign skin 

papillomas, using a mouse model (Balmain, A., et aI., 1987). In their study, 

tumors were initiated on the dorsal skin of mice using dimethyl benz

anthracene rather than ultraviolet light. However, reports from later studies 

demonstrated the activity of Ha-ras in ultraviolet-induced papilloma of the 

skin in mice (Pierceall, W., et aI., 1992)(Hussain, Z., 1990). 
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The ras family of oncogenes is made up of three members Ha-ras, Ki-ras, 

and N-ras, coding for three protein products (P21) of 21,000 dalton mass 

and sharing 70-80 percent homology (8arbacid, M., 1987)(80s, J., 1988). 

The ras proteins are localized in the inner side of the plasma membrane via 

acylation of Cysteine186 by palmitic acid (16:0). Genetic studies have 

revealed that the acylation is essential for the activity of the ras protein 

(p21 )(8arbacid, M., 1989). The biochemical and biological properties of ras 

proteins have led to the proposal that ras proteins regulate cell growth and 

proliferation through transducing signals from the outside to the nucleus of 

the cell (Imler, J., et aI., 1988)(8arbacid, M., 1987). The ras proteins exist 

in equilibrium between an active and inactive state. Most of the ras proteins 

in a given cell would exist in their inactive state, which is characterized by a 

conformation that allows binding of guanosine diphosphate (GOP). Normal 

proteins will remain in their inactive state until they receive signals from 

membrane receptors. The stimuli activate the ras proteins by exchanging 

GOP for guanosine triphosphate (GTP) and conformational change of the ras 

protein. Upon completion of the interaction between the ras protein and the 

receiver, the communication is immediately deactivated. The ras protein 

'intrinsic GTPase' hydrolyses GTP to GOP and the ras protein resumes its 

inactive conformation. The ras oncogene, due to the loss of its' intrinsic 

GTPase' activity, remains perpetually active (Figure 2.2.1 )(8arbacid, M., 
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1987) (Wasylyk, C., et aI., 1987). 

Ras gene mutation and amplification have been documented in the sun

exposed areas of human skin. In a clinical study at the M.D. Anderson 

Cancer Center, tumor lesions were excised from seven patients. Control or 

normal skin using skin punch biopsy from the patients. DNAs from SCC 

lesions contained activated Ha-ras oncogenes which were able to induce 

morphologic and tumorigenic transformation when introduced into NIH 3T3 

cell by DNA-mediated gene transfer technique (Ananthaswamy, H., et ai, 

1988). Piercell et aI., (Pierceall, W., et al. 1991), also examined the DNA 

from sun exposed SCC lesions and normal skin from 41 caucasian patients 

using dot blot hybridization technique. Specific synthetic oligonucleotide 

probes designed to detect single mutations were employed to identify any 

specific mutation of the ras gene. They concluded that 46 percent of the 

SCC tumors contained specific mutation at the second position of Ha-ras 

codon 12 and the lesion from one patient contained specific mutations at 

the third position of Ki-ras gene. In addition, lesions from three patients 

contained amplified N-ras oncogene. The authors did not offer any reason 

for the amplification of N-ras oncogene. The amplified N-ras oncogene may 

have been a consequence of metastatic stage of the tumor lesions. The 

above observations suggest that activation of the ras oncogene is also 
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activated in human see lesions. Extrapolating from the animal studies, 

activation of ras oncogene in human occurs at the initiation stage of the 

multicarcinogenecity of squamous cell carcinoma of the skin. 

FIGURE 2.2.1.: COMPARISON OF ACTIVITY OF RAS PROTO-ONCOGENE WITH RAS 
ONCOGENE. 
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EFFECTOR = A SIGNAL RECEIVING PROTEIN SUCH AS PHOSPHOLIPASE A2 AND C. 
GDP = GUANOSINE DIPHOSPHATE. 
GTP = GUANOSINE TRIPHOSPHATE. 

BARBACID. M .• 1987. 
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2.3. FATTY ACID COMPOSITION OF CELL MEMBRANES MAY SUSTAIN 

ACTIVITY OF PROTEIN KINASE C 

Active ras-protein interacts with protein kinase C (PKC) via activation of 

the membrane phospholipase A2 and phospholipase C. PKC discovered in 

1977, is an ubiquitous enzyme in many tissues. In its inactive form, PKC, is 

located in the cytosol of the cell. Upon activation, the enzyme is trans

located to the cell membrane. Multiple species of this enzyme have been 

identified in human and other mammalian tissues and organs. All the 

species have two conserved regions, C1 and C2. The C1 region contains a 

tandem repeat of a cysteine rich sequence, resembling the consensus of the 

so-called "Zinc-Finger". The "Zinc-Finger" is found in many metallo-proteins 

and DNA-binding proteins which are related to DNA transcriptional regulation 

of the cell. The two regions, also contain the regulatory domains which bind 

to diacylglyceride, phospholipids, arachidonic acid and its metabolites. 

Under physiological conditions, the activation of PKC is transient since the 

half life of diacylglyceride is very short; within a minute of its formation, 

diacylglyceride is either further metabolized by lipases, yielding to the release 

of arachidonic acid or recycled into the inositol phosphate biosynthesis cycle 

(Nishizuka, Y., 1986)(Nishizuka, Y., 1989)(Nishizuka, Y., 1984). 

The stabilization of the ras protein in its active form alters phospholipid 
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metabolism of cell membranes. Ras oncogene modifies the activity of the 

two cell membrane phospholipid enzymes, phospholipase C and A 2 • 

Phospholipase C act on inositolphosphate by hydrolyzing the phosphodiester 

bond linking the phosphorylated inositol unit to the acylated glycerol moiety. 

Phosphotidyl-inositol-4,5-bisphosphate (PIP2) is the immediate by product of 

phospholipase C hydrolysis. PIP2 is further metabolized to 

inositoltriphospate (lP3 ) and diacylglyceride. The endogenous diglycerides 

that can activate PKC contain a saturated fatty acid (usually palmitic acid, 

16:0) at position 1 (sn-1) and an unsaturated fatty acid (most often 

arachidonic acid) in the second position (sn-2)(Figure 2.3.1.)(Nishizuka, Y., 

1984)(Stryer, L, 1988)(Rando, R., 1988). 

Fleishman et al. (Fleishman, L. et aI., 1986), quantitatively measured the 

level of intermediate products of phosphatidylinositol (PI) in NIH 3T3 and 

NRK cells transformed by N,Ki, and Ha ras oncogenes. The ras transformed 

cells had significantly lower level of PIP2 and higher levels of diacylglycerol. 

The higher ratio of inositol bisphosphate and inositol triphosphate to the 

precursor PI P 2 and the elevated concentration of diacylglyceride to PI P 2 in 

the transformed cells suggested the possibility that ras oncogene had an 

effect on the phospholipase C step in PI metabolism. The ras protein (P21) 
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FIGURE 2.3.1.: ACTIVATION OF PHOSPHOLIPASE A-2 AND PHOSPHOLIPASE C AND RELEASE OF ARACHIDONIC ACID FROM 
MEMBRANE PHOSPHOLIPIDS. 
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PLAl = PHOSPHOLIPASE A2, RAS = RAS PROTEIN, PLC = PHOSPHOLIPASE C, PGE-2 = PROSTAGLANDIN E-2, 
AA = ARACHIDONIC ACID, DG = DIACYLGL YCERIDE, CA· . = CALCIUM, PKC = PROTEIN KINASE C, 
PIP2 = PHOSPHOINOSITOLBISPHOSPHATE, PS = PHOSPHATILSERINE, IP3 = INOSITOL TRIPHOSPHATE. 

NISHIZUKI, Y., 1984. 
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has also been documented to amplify the action of various growth factors 

such as bombasin and bradykinin which in turn stimulate PI metabolism and 

production of diacylglyceride (Wakelam, M., et ai., 1986). The ability of 

diacylglyceride to activate PKC is well documented, although the cellular of 

concentration required for this stimulation has not been estimated. Mitogen 

stimulation of cells arrested at Go-G, of the cell cycle yields a transient 30 to 

150 percent elevation in diacylglyceride proliferation of ras-transformed 

cells. Wakelam et al. (Wakelam, M.O., et ai., 1986), reported that elevated 

PI turnover and increased production of inositol triphosphate and 

diacylglyceride directly corresponded with the incorporation of 3H-thymidine 

into the DNA of serum starved cells. DNA incorporation of 3H-thymidine is 

an indication of DNA replication and cell proliferation. The ras oncogene 

also changes activity of phospholipase A2 which hydrolyses arachidonic acid 

from the sn-2 position of cell membrane phospholipids. In an in vitro study, 

in which ras proteins were microinjected into the REF52 rat fibroblast cell 

line, the ras transferred cells had one to one-and-a-half times higher levels of 

Iysophosophatidylcholamine and Iysophosphatidylethanolamine than the 

control cells (8ar-Sagi, D., and Feramisco, J.R., 1986). 

Lysophosphatidylcholamine and Iysophosphotidylethanolamines are the 

products of phospholipase A2 activity. Release of arachidonic (20:4n-6) acid 
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via the activity of phospholipase A2 is the major source of arachidonic 

(20:4n-6) acid for biosynthesis of cyclo-oxygenase and lipoxygenase 

products (Stryer, L., 1988). Arachidonic acid and its lipoxygenase 

metabolites can act alone or synergistically with diacylglyceride to further 

activate PKC. Hansen and colleagues (Hansen, et al., 1989), using an in 

vitro model demonstrated that Lipoxin A , a lipoxygenase by product of 

arachidonic (20:4n-6) acid, activate PKC. The kinetic activity of the enzyme 

with Lipoxin A was equal to that of arachidonic (20:4n-6). However, the 

concentration of lipoxin A was 30 folds lower than that of arachidonic 

(20:4n-6) acid. The authors proposed a plausible role for the oxygenated 

products of arachidonic (20:4n-6) acid in perpetuating the activity of PKC in 

vivo. About five years later, the Japanese investigators reported that 

arachidonic (20:4 n-6) acid and other cis-unsaturated fatty acids such as 

oleic (18: 1 n-9) acid, linoleic (18:2n-6) and linolenic (18:3n-3) acids greatly 

enhance diacylglyceride activation of PKC in vitro (Shinomura,T., et aI., 

1991). The physiologic significance of this synergism has not yet been 

understood; however, the hypothesis that this synergism sustains the 

activity of PKC even after the level of calcium reaches that of the 

intracellular basal level is plausible. 
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2.4. SUN EXPOSURE INDUCES SUPPRESSOR T-CELLS 

Research on the immunological consequences of ultraviolet exposure can 

be traced back to the year 1939, when Rusch and Bauman reported that 

mice recipients of ultraviolet induced tumors rejected the tumor transplants 

(Kripke, M., 1991). About 30 years later, Graffi and colleagues reported the 

same phenomenon (Kripke, M., 1991). In 1974, Margaret Kripke attributed 

this difficulty to the animal immune system (Kripke, M.,1974). In her 

classic study, male and female C3Hf/sm mice were exposed to ultraviolet 

light for 60, 30, 20, and 6 seconds three times a week. A second group of 

mice were treated with 50 pi of 0.2, 0.05 or 0.1 percent benzo[a]pyrene 

(BP) twice a week. The neoplasms which arose on the back of the animals 

were classified pathologically as either spindle cell tumors or SCC. Primary 

tumors were removed from anesthetized donors, and fragments were 

implanted subcutaneously into groups of normal and immunosuppressed 

syngeneic mice. The tumors induced by ultraviolet light were rejected in 

normal recipients; whereas, they grew progressively in the immuno

suppressed groups. Interestingly, the primary tumors induced by benz-o

pyrene were not rejected in either normal or immunosuppressed animals. 

This experiment suggested that the immune system had a significant role in 

permitting the ultraviolet induced tumors to grow in these animals. In the 

next study, she "immunized" a group of mice by transplanting fragments of 
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ultraviolet induced spindle cell tumors subcutaneously. The control group 

received fragments of skin from the original donor. Both groups were 

irradiated with ultraviolet light 4-8 weeks after immunization, and challenged 

24 hours later with fragments of the ultraviolet induced tumors. The 

"immunized" animals were highly resistant to the challenge implants. 

Whereas, the control group failed to reject the challenge implants. Based on 

these results, it was concluded that ultraviolet induced tumors are highly 

antigenic, and are recognized and eliminated by the immune system of 

healthy animals. Ultraviolet exposure leads to aberrations of the immune 

system, which leads to tolerance of ultraviolet induced tumors (Kripke, M., 

and Fischer, S., 1976). 

The second pertinent question was whether ultraviolet induced failure of 

tumor rejection was a local (restricted to the site of tumor development) or a 

systemic phenomenon. In 1976, Kripke and Fischer launched a study to 

investigate the above question (Kripke, M., and Fischer, M., 1976). Inbred 

male and female C3H/Sn mice were ultraviolet irradiated for 60 seconds 

three times per week. The primary ultraviolet induced tumors arose on the 

back (site of irradiation) of the animals, and were histologically classified as 

either SCC or spindle cell tumors. The tumors were surgically removed and 

immediately transferred to the ventral (non-irradiated) site of the hosts. All 
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of the transplanted tumors grew progressively at the ventral side of the 

animal. They concluded that exposure of animals to ultraviolet light 

compromised the systemic immune function, interfering with tumor 

rejection. They next asked whether the animals inability to reject the tumor 

was restricted to its own tumor or extended to ultraviolet induced skin 

tumors from other animals. They discovered that the ultraviolet exposed 

animals were unable to reject other ultraviolet induced tumors. Finally, they 

asked how early in the course of ultraviolet exposure did animals lose their 

ability to reject ultraviolet induced tumors. They showed that only two 

weeks after of ultraviolet treatment animals lost their ability to reject 

ultraviolet induced tumors. Their conclusion was that the ultraviolet 

exposed animals experienced a change in their systemic immune function 

which disabled them to reject tumor cells and that this alteration preceded 

much earlier than the appearance of the primary tumors. A search began to 

find a possible mechanism for this alteration with several hypotheses 

proposed. 

Prior to an explanation of the proposed mechanism of ultraviolet induced 

alteration of the immune system, it is essential to briefly explain the role of 

skin as a compartment of the systemic immune system. The immune 

system is composed of a network of secondary lymphoid organs (spleen, 
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lymph nodes and mucosal associated tissues), circulation cells (T-cells, B

cell, polymorphonuclear cells (PMN) and null cells such as natural killer cells), 

and "immunological compartments". Skin is considered to be an 

immunological compartment because of its specific antigen-presenting cells 

(langerhans cells), recirculating lymphocytes, keratinocytes that synthesize 

interleukine-1 (IL-1), and an integrating set of draining lymph nodes. 

Langerhans cells (LC) are rich in class 2 major histocompatibility complex, 

which is necessary for the presentation of antigens to T-cells in lymph 

nodes. Langerhans cells, upon exposure to antigens, e.g. ultraviolet induced 

tumor cells, partially digest the antigens and then migrate via the efferent 

lymphatic path into the regional lymph nodes. Lymph nodes provide an 

environment in which lymphocytes can interact with each other and with 

langerhans cells. In lymph nodes, langerhans cells present antigens to T

Helper (Th) cells. Langerhans cells also synthesize interleukine-1 which 

stimulates proliferation of Th cells. Proliferation of Th cells then leads to 

synthesis of interleukine-2, which is necessary for activation of antigen 

specific sub-population of T cells. Other immune responses such as 

antibody production (activation of B-cells) and cell mediated immune 

response (i.e. delayed type hypersensitivity and contact hypersensitivity), are 

initiated through activation of these cells. Once Th cells are activated and 

proliferate, the immune response is disseminated throughout the body via 
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circulation of lymphocytes from one lymphoid organ to another by means of 

blood and lymphatic system circulation. This step is necessary for effective 

presentation of antigen to immune cells. Antibody production and cell 

mediated immune response are kept under tight regulation by T-suppressor 

(Ts) cells. Cessation of antibody production, inhibition of the cell mediated 

immunity response and prevention of autoimmune reactions are the normal 

activities of Ts cells. The exact mechanism of activation of Ts cells is not 

well understood; however, it has been proposed that in skin, Ts cells get 

activated by langerhans cells and exert their suppressive effect by release of 

antigen specific Ts factors (Roitt, I., et ai, 1985)(Kripke, M., and Applegate, 

L.,1991). 

With this background, several hypotheses have been proposed to explain 

ultraviolet induced suppression of the immune system. One hypothesis is 

direct ultraviolet irradiation of lymphocytes through circulation within 

capillaries of the skin (Parrish, J., 1983). The plausibility of this hypothesis 

has been refuted, due to the fact that ultraviolet rays in 8 range is 

effectively absorbed within the stratum corneum of the skin epidermis. A 

second hypothesis is the Increased synthesis of suppressive mediators such 

as prostaglandin-E2 by keratinocytes (Hanson, D.L., 1989)(Hawk, J.L., et 

aI., 1983)(DeLeo, V., et aI., 1985)(Black, A., et a!., 1978). A third 
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hypothesis is that induction of Ts cell activator langerhans cells. Ultraviolet 

exposure leads to appearance of CD1-DR + langerhans cells which fail to 

activate T-helper cells and preferentially activate T-suppressor cells 

(8aadsgaard, 0., 1991). A final hypothesis is that conversion of trans 

urocanic acid to cis urocanic acid in the stratum corneum of skin epidermis. 

Trans urocanic acid is a photoreceptor within the stratum corneum of the 

skin. Exposure to ultraviolet light leads to conversion of the trans to the cis 

isomer of this photoreceptor. 

It is proposed that cis-urocanic acid, via interaction with the fibroblast cells 

of the skin, induces synthesis of a so called "systemic factor" _ The 

"systemic factor" then alters the cell membrane markers of langerhans cells 

to CD1-DR+ which leads to activation of T-suppressor cells (Noonan, F. and 

DeFabo, E., 1992). It is likely that the above proposed mechanisms are not 

mutually exclusive and that interaction between them yields to the 

suppressive effect of ultraviolet radiation. Irrespective of the mechanism, 

suppression of the systemic immune system is due to elevated level of T

suppressor cells, and consequently development of tolerance toward 

ultraviolet induced antigenic tumor cells. 

The majority of research has been conducted in animals, primarily mice; 
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therefore, whether the above conclusions are relevant to humans will require 

further investigation. However, several lines of evidence indicate that the 

immune system is important in human skin cancer. Firstly, when human 

subjects were exposed to ultraviolet light at a dosage high enough to cause 

minimal erythema, epidermal langerhans cells exhibited morphological 

changes and were unable to activate T-helper cells immediately after 

exposure. However, both morphological and functional changes were 

reversible 24 to 72 hours after completion of the exposure (Cooper, K. D., et 

aI., 1985)(Aberer, W., et aI., 1981). Secondly, it is known from the work 

of Hersey and his group that the ratio of T-suppressor to T-helper cells 

increases after exposure to sunlight in healthy individuals (Hersey, P., et aI., 

1983). In their age and sex matched study, 15 subjects were instructed to 

sunbathe with minimal clothing for a total of 12 days one hour each day (30 

minutes each side of their body). Controls, 8 females and 5 males, were 

instructed to avoid sun exposure. The total T cell population of sun 

exposed subjects dropped slightly after completion of the study. The ratio 

of T-suppressor cell to T-helper cells in this group increased significantly 

after completion of the study. This change was not observed among the 

controls. Also, the activity of natural killer cells against melanoma cells 

was also decreased among the sun exposed subjects. The authors 

concluded that sunbathing may favor increased activity of T-suppressor cells 
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which may limit immune response against ultraviolet induced tumor cells. 

The ratio of T-suppressor/ T-helper cells has been reported to be higher 

among patients with see, who are otherwise healthy. In a clinical study, 

this relationship was investigated among patients with confirmed diagnosis 

of see. Seven of the patients with multiple tumor lesions had excessive 

chronic exposure to ultraviolet radiation by virtue of their place of residence, 

outdoor occupation and sunbathing habits; the other 8 patients had received 

multiple high energy ionizing radiation for treatment purposes and had 

developed multiple tumor lesions at the site of radiation. The ultraviolet 

exposed group had significantly higher ratio of T-suppressor/ T-helper cells 

than the other group. Ultraviolet tolerance of peripheral lymphocytes from 

the patients was positively correlated with the ratio of T- suppressor/ T

helper cells. The authors concluded that chronic exposure to sunlight may 

elicit emergence of T-suppressor cells and perhaps tolerance to ultraviolet 

induced tumor cells (Frentz, G., et al., 1988). In a similar study, May et al. 

(Moy, R., L., et ai., 1986), reported a significant decrease in the ratio of T

helper lymphocyte to T-suppressor lymphocytes among 99 patients with 

see, who were otherwise healthy, in comparison to the control group. 

They also reported a significant correlation between the size of the see 

lesions and the decreased ratio of T-helper / T-suppressor cells. 
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2.5. SUMMARY 

This chapter provided a review of the role of sun as a risk factor for 

development of SCC. Briefly, chronic exposure to sun can activate the ras 

oncogene, which is an obligatory event in the initiation of the SCC of skin . 

. The ras oncogene increases the activity of phospholipase C and 

phospholipase A2, leading to hydrolysis of cell membrane phospholipids. 

Hydrolysis of the membrane phospholipids eventually yields to biosynthesis 

of inositoltriphosphate, diacylglyceride and release of arachidonic (20:4n-6) 

acid. Inositol-triphosphate activates the release of calcium from the 

intracellular calcium reservoir. Free calcium activate the cytosolic PKC by 

binding to it. The enzyme is then translocated to the cell membrane. Once 

in the cell membrane, diacylglyceride, arachidonic (20:4n-6) and its 

oxygenated metabolites can either alone or synergistically sustain the 

activity of the enzyme. Activity of PKC has been shown to lead to cell 

proliferation and perhaps tumor promotion. 

In this chapter the effect of ultraviolet exposure on the immune system 

was also reviewed. Briefly, ultraviolet induced skin tumors are highly 

antigenic in mice. In an immunocompetent host, these tumors are 

recognized by epidermal langerhans cells of skin and are presented to T

helper cells for processing of these antigenic tumor cells. Chronic ultraviolet 
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exposure leads to appearance of CD1-DR + langerhans cells which fail to 

activate T-helper cells and preferentially activate T-suppressor cells. 

Consequently, an immunologic tolerance toward ultraviolet induced tumor 

cells is developed. In humans most of the evidence regarding the role of the 

immune system in the onset of ultraviolet induced SCC is elicited from 

epidemiological data from immunosuppressed individuals. 

Immunosuppressed patients have significantly higher incidence rate of 

ultraviolet induced SCC in comparison to the general population. 
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CHAPTER 3 

AGING AND THE IMMUNE SYSTEM 

3.1. SENESCENT DYSREGULATION OF THE IMMUNE SYSTEM 

Advanced age is the greatest risk factor for many cancers, particularly 

those of epithelial cell origins. Prolonged exposure to the environmental 

carcinogen in conjunction with the decline of the immune surveillance 

system, may partially explain the correlation between aging and the 

increased incidence of cancer. In this chapter attempts have been focused 

to briefly explain the changes in the immune system as a function of aging 

and how these changes are associated with the bioavailability of arachidonic 

acid. 

Aging of the immune system is a time dependent phenomenon that begins 

with the involution of the thymus at the time of puberty and it is completed 

by the fifth decade of life. By the age of 50 years, the total mass of the 

thymus diminishes to about 10 percent of its maximum mass. Serum levels 

of thymic hormones gradually diminish and by age 60, serum concentrations 

of these hormones drop below the detection level. In Table 3.1 .1, an outline 

of the age dependent changes of immunological parameters is provided. The 

reader is referred to the review article" An Overview of Immune Aging" 

(Kay, M., 1979). 
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TABLE 3.1.1. : ALTERATION OF THE IMMUNE PARAMETERS DUE TO THE AGING 
PROCESS. 

MORPHOLOGICAL CHANGES: 

THYMUS INVOLUTION: BY AGE 50 THYMUS IS REDUCED TO 10% OF 
ITS ORIGINAL MASS. 

CELLULAR IMMUNITY: 

DECREASED CUTANEOUS DELAYED HYPERSENSITIVITY. 
DECREASED IN T-CELLS RESPONSE. 
DECREASED INTERLEUKINE-2 SYNTHESIS. 
DECREASED INTERLEUKINE-2 RECEPTORS. 
INCREASED T-SUPPRESSOR / T-HELPER CELLS. 
DECREASED IN B-CELL RESPONSE. 
INCREASED IN T AND B CELLS SENSITIVITY TO PROSTAGLANDIN E-2. 

1- SAUDER, D.N., 1986. 
2- BEN-YEHUDA, A., AND WEKSLER, M., 1992. 

Thymus derived cells (T-cells) are the major immunological parameters that 

are affected by the aging process. Cutaneous delayed hypersensitivity, a 

classic in vivo assay of T-cell function, has been shown to decline drastically 

with age (8en-Yehuda, A., and Weksler, M., 1992). Decline in the number 

as well as the function of langerhans (antigen presenting cell in skin 

epidermis) cells could partially explain this observation. Langerhans cells 

(LC), which make up three to four percent of skin epidermal cells decrease in 

number, as a function of age. This decline is exacerbated by prolonged 

exposure to ultraviolet light (Cerimele, D., et aI., 1990). Gilchrest and 
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colleagues (Gilchrest, B., et al., 1982), compared the effect of ultraviolet 

exposure on langerhans in a group of volunteers ages 22-26 years with a 

second group ages 62-86 years. The total number of langerhans cells was 

significantly higher in the non-exposed skin of the younger volunteers than 

the older group. After ultraviolet exposure, the younger volunteers 

developed erythema within 24 hours; while it took 72 hours for the older 

group to develop erythema. Erythema is a manifestation of functional 

cutaneous hypersensitivity. Thiers et al. (Theirs, B., et aI., 1984), assessed 

the effect of aging and natural sun exposure on langerhans cells in two 

groups of subjects. The study participants were anglo-american men 

between the ages of 21-24 years, or 65 and older. With no signs of acute 

sun exposure. Skin samples were removed from the arm and buttock areas 

of the subjects. Cases had significantly lower number of langerhans cells 

compared to the controls. Sun exposed skin samples for both groups 

showed a decline in the number of langerhans cells when compared with the 

respective unexposed skin samples. This decline did not reach a level of 

significance among the control group. However, among the cases this 

difference was significant. Furthermore, a change in langerhans morphology 

in the sun exposed skin samples was observed among cases. The age 

dependent decline of T-cell function as measured by cutaneous 

hypersensitivity test, can partially be explained by quantitative and 
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qualitative decline of langerhans cells. 

T-cell stimulation and proliferation, in response to antigens, also diminishes 

as a function of the aging process. Following presentation of antigens to T

helper cells, interleukine-1 is synthesized by T-helper cells in order to 

promote non-specific multiplication and activation of other T-cells. This, in 

turn, leads to synthesis and production of interleukine-2 which further 

activates and maintains long term growth of T-cells (Saunder, D., 1986) 

(Roitt, I., et aI., 1985). Age related decline of stimulation and proliferation 

of T-cells has been associated with the decline in synthesis and response to 

interleukine-2 (Ben-Yehuda, A., and Weksler, M., 1992). Thoman and 

Weigle (Thoman, M., and Weigle, W., 1981), using a mouse model, were 

able to show that T-helper cells from aged animals were defective in 

synthesis of interleukine-2 and that the efficiency of interleukine-2 binding 

receptors of T-cells also was reduced. In humans, interleukine-2 production 

by T-cells appear relatively constant through life; however, interleukine-2 

receptor function, either at binding sites or at the level of transducing the 

signals to the nucleus, is impaired (Nagel, J., et aI., 1989). Whether it is 

inadequate synthesis or defective receptors, the final outcome is the decline 

in stimulation and proliferation of T-cells. Consequently, the proper immune 

response such as activation of B-cells and stimulation of humoral immunity 
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to the antigen, is either delayed or not manifested at all. A high ratio of T

suppressor/ T-helper cells further suppresses immune responses in the aged 

population. Depaoli and his colleagues (Depaoli, P., et aI., 1988), assessed 

the ratio of T-suppressor/ T-helper cells in three groups of subjects, ages 3-

10, 20-35 and 60-75 years. The ratio of T-suppressor/ T-helper cells among 

the oldest group of subjects increased by 80 percent relative to subjects in 

the youngest group. T-suppressor cells appeared to keep humoral and cell 

mediated immune response under tight control in order to prevent 

autoimmune reactions. However, a constant elevated level of T-suppressorl 

T-helper cells would contribute to suppression of immune responses in 

otherwise healthy individuals (Ben-Yehuda, A., and Weksler, M., 1991). 

Suppression of the immune system among healthy older adults could 

partially be explained by increased production and sensitivity to 

prostaglandin E-2 (PGE-2). Goodwin and Messner reported that healthy 

older individuals experience both an increase in production and sensitivity to 

PGE-2 (Goodwin, J., and Messner, R., 1979). The concentration of PGE-2 

required to cause a 50 percent inhibition in lymphocyte mitogenesis 

response to phytohemagglutinin in a 70 year old individual is approximately 

half the amount required for the same person in the third decade of life 

(Kinsella, J. and Lokesh, B., 1990). Due to the age dependency of cancer, 
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it is believed that by the time cells manifest as cancer cells the immune 

system is experiencing senescent dysregulation. Consequently, cancer cells 

would be able to escape elimination by the immune system and the clinical 

expression of cancer could occur. 

Fatty acid composition of cell membranes changes as a function of age. 

The enzyme bo-6 desaturase is the first and rate-limiting enzyme in the 

conversion of linoleic (18:2 n-6) to arachidonic (20:4 n-6) acid. The activity 

of this enzyme has been shown to drop as a function of aging among 

laboratory animals (Hrelia, S., et aI., 1989). It has been proposed that the 

drop in the activity of the enzyme bo-6 desaturase changes the fatty acid 

composition of cells. Prisco and colleagues (Prisco, D., et aI., 1991), 

demonstrated that the fatty acid composition of membrane of red blood cells 

changes as a function of age. Healthy subjects between the ages of 20 to 

69 years, who were living in the same region and had similar dietary habits, 

were recruited. Analysis of the fatty acid composition of the membrane of 

red blood cells revealed a significant increase in the relative concentrations 

of 16:0 and 18:0 in the phosphatidylcholine and phosphatidylethanolamine 

as a function of age. A significant drop in the relative concentration of 

linoleic acid was observed in phosphatidylcholine, phosphatidylethanolamine 

and phosphotidylinositol. An elevation in the total cholesterol and 
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phospholipid concentrations as a function of age was also reported. 

However, the ratio of cholesterol to phospholipid did not change as a 

function of age. The lack of change in the ratio of cholesterol to 

phospholipid could be due to the "compensatory mechanism" that are 

present in cell membranes to minimize changes in membrane fluidity 

(Beynen, A., et aI., 1984). 

3.2. SUMMARY 

The immune system undergoes a series of physiological changes as a 

function of the aging process. Decreased lymphocyte stimulation and 

decreased synthesis of interleukines are some of the changes that are 

specific to the immune system itself. Other changes, that are not specific to 

the immune system but ultimately impact its function are changes in fatty 

acid composition of the membrane of cells and elevation in the biosynthesis 

and sensitivity to PGE-2 changes. The outcome of these changes is the 

decline in the immune system performance, which could be further 

compromised by repeated exposure to sun. Ultimately, the probability of 

antigens escaping the body surveillance system increases as a function of 

aging. 
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CHAPTER 4 

DIETARY FAT AND SKIN CANCER 

4.1. DIETARY FAT, A POTENTIAL TUMOR PROMOTER 

It has been more than half of a century that scientists have endeavored to 

answer the question of whether there is an association between dietary fat 

and NMSC. In 1930, Watson and Mellanby showed that mice on high 

butter fat diet when exposed to tar had a higher incidence of tumors than 

the control group (Black, H., 1987). About a decade later, Tannenbaum 

confirmed their findings; however, he reported that the difference between 

the experimental group and the control group was not as significant as 

previously reported (Tannenbaum, A., 1944). Historically, the role of dietary 

fat in skin cancer was investigated because of fat solubility of carcinogens 

such as tar. In more recent years, scientists have investigated the role of 

dietary fat in skin cancer because it is itself a potential tumor promoter. 

Dietary fat can modulate the immune system performance and the activity of 

cell membrane bound proteins. In this chapter, laboratory and epidemiologic 

investigations on the role of dietary fat and skin cancer is reviewed. Also, 

the of biology of dietary fat on the activity of membrane bound enzymes and 

the immune system is presented. 

Results on the effect of dietary fat on skin papilloma and SCC are varied. 
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In 1980, Fischer and colleagues reported that arachidonic (20:4n-6) acid 

metabolites increased the initiation efficacy of dimethyl-ben[al-anthracene 

(DMBA) in mice. They applied arachidonic (20:4n-6) four hours prior to the 

application of DMBA to the skin of mice. The tumor yield was 

approximately 50 percent higher among the arachidonic (20:4n-6) acid 

treated group ttlan the control group (Fischer, S., et aI., 1980). In an 

experiment with female SENCAR mice, Birt et al. (Birt, D., et al. 1989), 

reported that the group of mice on high corn fat diet manifested higher 

incidence of DMBA induced skin papillomas and-SCC. The diets were 

isocaloric and formulated to maintain the same amount of micronutrient and 

fiber per kilocalories. The authors concluded that the difference on the 

incidence of skin papillomas and SCC was due to the effect of fat rather 

than calories per se. However, in a study of the effect of dietary corn oil on 

SCC incidence (number of mice bearing tumors) and yield (average number 

of tumors per mouse) of SCC, Ley ton and colleagues (Ley ton, J., et aI., 

1991), reported a protective effect of a high corn oil intake. A group of 

female SENCAR mice were treated with DMBA, after three weeks of the 

standard diet. Mice were randomly assigned to different dietary levels of 

linoleic (18:2n-6) acid as provided by corn oil. Animals in all groups 

demonstrated a steady weight gain, and no significant difference in the 

weight of animals among different groups was observed throughout the 
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study period. Food consumption, calculated as Kcal/mouse/day, was similar 

among the groups. At 15 weeks post initiation, the group fed 1.0 percent 

linoleic (18:2n-6) acid, demonstrated almost twice the yield and incidence of 

tumor as compared with mice in the 15.0 percent linoleic (18:2n-6) acid 

diet. The investigators reported a linear trend with the tumor incidence as 

dietary linoleic (18:2n-6) increased from one percent to 7.9 percent; 

however, the incidence of tumors plateaued among those mice fed dietary 

linoleic (18:2n-6) acid of 9.9, 12.5 and 15.0 percent respectively. The 

authors concluded that high intake of linoleic (18:2n-6) could be preventive 

rather than promotive of skin cancer. A threshold concentration of linoleic 

(18:2n-6) may be required to stimulate promotion and progression of SCC 

and beyond that threshold the tumor promotion and progression is 

independent of availability of linoleic (18:2n-6) acid. A similar dietary linoleic 

(18:2n-6) acid threshold has been proposed for mammary tumors (lp, C., 

1987). At higher levels of intake, linoleic (18:2n-6) acid inhibits the activity 

of the enzyme b.-6 desaturase, by either precursor or product inhibition 

(Kinsella, J., et a!., 1990). For skin cancer, the inhibitory amount seems to 

exceed the threshold level for linoleic (18:2n-6) acid to exert its effect on 

promotion and progression; consequently, the concept of protective effect of 

linoleic (18:2n-6) acid proposed by Ley ton and colleagues is questionable. 

The apparent discrepancy among laboratories could well be the result of 
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experimental design or perhaps interpretation of scientific observation. 

Composition of dietary fat may contribute to promotion and progression of 

skin carcinoma. In laboratory models, skin tumors are initiated with DMBA 

and ·promoted by phorbol ester. Application of phorbal ester leads to 

hyperplasia, inflammation, and erythema. Hyperplasia and cell proliferation 

are the results of direct activation of protein kinase C by phorbal ester, 

arachidonic (20:4n-6) acid and by arachidonic (20:4n-6) acid metabolites 

(Nishizuka, Y., 1984). Inflammation and erythema have been attributed to 

induction of prostaglandin E-2 (PGE-2) synthesis, a metabolite of arachidonic 

(20:4n-6) acid. Consequently, it seems consistent to speculate that lower 

dietary intake of linoleic (18:2n-6) acid and arachidonic (20:4n-6) acid 

precursors of PGE-2, to be protective. Locniskar and colleagues (Locniskar, 

M., et al., 1983) launched a study to investigate this hypothesis. Female 

SENCAR mice were divided into five dietary groups. Except for fat 

composition, diets were similar in micronutrient, fiber and calorie content. 

The high corn oil diet provided 10 grams of linoleic (18:2n-6) acid per 100 

grams of chow. The remaining four dietary groups, supplied 1.5 grams of 

linoleic acid per 100 grams of chow. Menhaden oil and coconut oil were 

added to provide a total of 10 grams of fat per 100 grams of chow. 

Menhaden oil contains high level eicosapentoenic acid (20: 5n-3) and 
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docosohexaenoic acid (22:6n-3). These two fatty acids competitively inhibit 

oxygenation of arachidonic (20:4n-6) acid at the cyclooxygenase level. 

Animals were treated with DMBA and phorbal ester to initiate and promote 

tumor cells. The authors reported that the incidence or tumors or the 

latency period were similar between the animals on menhaden oil and the 

corn oil diets. However, the level of PGE-2 in the epidermal cells was higher 

for the group of mice on high corn oil diet. One possible explanation for the 

lack of protection of menhaden oil could be due to the vehicle used to 

promote skin tumors. In this study tumors were initiated by application of 

DMBA and promoted by phorbal ester. Phorbal ester is structurally similar to 

diacylglyceride; however, it has a higher affinity for protein kinase C 

(Nishizuka, Y., 1 986). Application of phorbal ester as a promoter bypasses 

the steps required for activation of membrane bound enzymes, 

phospholipase A2 and phospholipase C. In contrast, ultraviolet light is a 

complete carcinogen. Initiation of tumors by ultraviolet light leads to 

activation of ras oncogene which causes perpetual activity of the two 

enzymes phospholipase A2 and C. Activity of these enzymes leads to 

metabolism of diacylglyceride as well as arachidonic acid. Thus, the potency 

of the promoter used in this study may well have annulled any protective 

effect of menhaden oil. 
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Black and colleagues (Black, H., et aI., 1992), investigated the effect of 

high corn oil, low corn oil, and menhaden oil on the latency and incidence 

SCC on mice skin. Ultraviolet light was applied to initiate and promote the 

tumor cells. Animals on the high corn oil diet had shorter latency period and 

higher tumor incidence than the low corn oil and menhaden oil groups. The 

incidence and latency period for the animals on the low corn oil diet was 

similar to the animals on the menhaden oil diet. Interestingly, following 

initiation, numbers of tumors among the animals in the low corn oil diet was 

increased after switching to a high corn diet. An opposite effect was 

reported when high corn oil animals were switched to a low corn oil diet. 

The investigators concluded that dietary corn oil produces its principal effect 

during promotion and progression stages. When the diet of animals in the 

menhaden oil group was switched to high corn oil an exacerbation of tumor 

incidence was noted; however, the reverse of this phenomenon was not 

observed. The authors speculated that tumor promotion had progressed 

beyond the point where dietary intervention could have been protective. 

Ethics, logistics and expenses of studies similar to the laboratory animal 

investigations on human subjects make them prohibitive. Consequently, 

human studies on the effect of dietary fat on skin cancer are few and those 

that are available are observational. Chronic sun exposure and sun induced 
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erythema are risk factors for see. In 1978 Black and colleagues (Black, A., 

et aI., 1978)' reported that concentration of PGE-2 was elevated at the site 

of ultraviolet induced erythema among a group of healthy volunteers. Oral 

and topical administration of indomethacin yielded partial reduction of 

erythema despite the fact that the levels of PGE-2 and PGF2a were reduced 

to the level of control values. The authors concluded that cyclo-oxygenase 

metabolite of arachidonic acid are partially responsible for ultraviolet 

induced erythema. In a case report, AI-Saleem and colleagues (AI-Saleem, 

et aI., 1980), reported that nine patients with clinical manifestation and 

pathological confirmation of see were treated with either indomethacin 

and/or prednisone. Five patients had complete regression of the lesions after 

three to six weeks of treatment. Lesions on the facial areas of three other 

patients had regressed between 25 to 70 percent. After eight weeks of 

treatment, only one patients had not responded to the treatment. Since 

both indomethacin and prednisone inhibit metabolism of arachidonic (20:4 

n-6) acid at the level of oxidation by cyclo-oxygenase the authors speculated 

that inhibition of arachidonic (20:4n-6) acid metabolism may be beneficial in 

treatment and perhaps prevention of see. The same patients were 

followed for 14 years; recurrence of original tumors varied according to the 

size and degree of invasiveness of lesions. However, there was evidence 

that the incidence rate was lowered for new lesions among those who 
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continued to take low dose of indomethacin (AI-Saleem, 1993). The authors 

suggested that nonsteroid anti-inflammatory drugs may be beneficial in 

prevention of sec. Thun and his colleagues disagree (Thun, M., et aI., 

1993). In a retrospective case-control study of 13466 men and 10785 

women, they assessed the protective effect of over counter anti

inflammatory drugs against NMSe. All the participants reported a history of 

NMSe, frequency and duration over-the-counter non-steroid 

anti-inflammatory drugs. The investigators found a more prevalent history of 

skin cancer among those who took either Aspirin, Bufferin or Anacin, 16 -

times or more per month for at least one year. However, the relative risk of 

skin cancer did not increase as intake of over-the-counter drugs was 

prolonged beyond one year. The potency of medication as well as health 

effect bias may explain the discrepancy between the two reports. It is quite 

possible that those who were diagnosed with skin cancer of any kind had 

become more aware of their physical well being and may have taken over

the-counter drugs for other reason such as prevention of coronary heart 

diseases. Indomethacin, and prednisone similar to aspirin inhibit the 

oxidation of arachidonic (20:4n-6) cyclo-oxygenase pathway. However, the 

potency of these medications are not comparable. Selective intake of aspirin 

or the other over-the-counter medications after diagnosis of skin cancer 

could partially explain Thun's findings. Studied reported so far, offer 
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contradictory conclusions that inhibition of metabolism of arachidonic (20:4 

n-6) may be protective against NMSC. 

Kune and colleagues (Kune, G., et aI., 1992), launched a population based 

case-control study to investigate the effect of diet on SCC and other NMSC. 

Cases and controls were age and gender matched and all had histologically 

confirmed SCC or other NMSC. A statistically significant inverse 

relationship was reported between the risk of SCC and other NMSC and 

consumption of fish and deep green vegetables. No explanation for the 

possible protective effect of these food items was offered. The relative 

availability of n-3 fatty acids (supplied in fish and deep green vegetables) 

may partially explain the inverse association between the intake of fish and 

NMSC. In a population based case-control study conducted in Southeast 

Arizona, Moon et al. (Moon, T. et ai, 1992), using subcutaneous adipocytes 

as an indirect marker of dietary fat intake, investigated the association 

between the dietary fatty acids and risk of SCC. Composition of 

subcutaneous fatty acids have been shown to be a valid indicator of long 

term dietary fat intake (Van-Staveren, W., et aI., 1986)(Berry, E., et aI., 

1986). Fatty acid composition of 190 patients with confirmed diagnosis of 

SCC were compared with those of 227 controls. Significant positive 

association was observed between tissue total saturated fatty acid and SCC. 
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The significance of this association did not change when the effect of age, 

gender, and skin response to prolonged sun exposure were included in the 

analysis. The estimated risk of SCC when comparing the highest to lowest 

qaurtile of subcutaneous saturated fatty acid was about 2.8 (95% CI 1.3-

6.4). Interestingly, the estimated risk of SCC when comparing the highest 

to lowest quartile of subcutaneous linoleic acid and arachidonic acid were 

0.42 and 0.38 respectively (Moon, et aI., 1991 )(Moon, et aI., 1992). The 

complexity of the process of metabolism and cellular utilization of linoleic 

(18:2n-6), arachidonic (20: 4n-6) and other fatty acids does not permit us to 

simply conclude that the higher concentration of these two fatty acids in the 

adipose tissue of controls reflects a protective effect. The above 

observations have led to the conclusion that linoleic (18:2n-6) and 

arachidonic (20:4n-6) acids playa role in SCC; however, the exact 

biochemical and physiological mechanisms of these two fatty acids in SCC 

and other NMSC are not completely understood. 

4.2. CEll MEMBRANE LIPID COMPOSITION AND ACTIVITIES OF 

MEMBRANE BOUND PROTEINS 

Cell membrane not only encapsulates the cellular organelle to form a unit 

of life, but also is involved in cellular functions. Cell membrane is a bilayer 

lipid entity in which proteins either are adsorbed or traverse through it. The 
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lipid composition of a cell membrane is a function of cell cycle, host 

physiological state (age and diseases) and the environmental factors. For 

humans and other homothermous animals, diet is the sole environmental 

factor that influence the cell membrane composition. This relationship is the 

consequence of the essential nature of dietary linoleic acid (18:2n-6) and 

linolenic acid (18:3n-3) as well as the result of de novo synthesis and 

turnover of membrane phospholipids and fatty acids. Fatty acids are 

incorporated into cell membranes by either binding to phospholipids at 

positions of sn-l or sn-2. As many as 40 different fatty acids may be 

incorporated into these two locations (Clandin, M., et ai, 1991 )(Kinsells, J., 

1990). Three possible mechanisms have been proposed to explain how 

fatty acids affect the function of membrane bound proteins. First, the 

chemical structure and physical properties of membrane fatty acids directly 

affect the structure and/or mobility of membrane associated proteins. 

Changes in the conformation of insulin receptors, as a function of membrane 

unsaturation index is an example of this type of modification. Secondly, 

membrane proteins may be modified post-translationally by covalent binding 

of fatty acid(s) or complex lipids. Thirdly, fatty acids can be substrates for 

activation of proteins and/or synthesis of bioactive metabolites such as 

eicosanoids and lipid peroxides (Murphy, M., 1990). Activation of protein 

kinase C by diacylglyceride, arachidonic (20:n-6) acid and its lipoxygenase 
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metabolites, which was described in the first chapter, is an example of the 

third type of fatty acid modulation of membrane proteins. 

Within a nutritionally adequate diet, changes in the composition and 

proportion of dietary fat influence the balance and fatty acid composition of 

cell membranes. These changes ultimately impact the function of membrane 

bound proteins. Choe et al. (Choe, M., et ai., 1992), demonstrated that 

activity of PKC was positively correlated with the availability of dietary fat 

provided in the form of corn oil. The animals on high fat diet had 

significantly higher level of diacylglyceride, and linoleic (18:2n-6) acid in the 

membrane phospholipids of skin epidermal cells. However, the level of 

arachidonic (20:4n-6) was lowered in phospholipids and this level was 

significantly lower for phosphatidylinositol and phosphatidylcholine. Spector 

and York (Spector, A., and Yorek, M., 1985), demonstrated that human 

skin fibroblast cells do not accumulate arachidonic (20:4n-6) when they are 

cultured in linoleic (18:2n-6) rich media. The level of arachidonic (20:4n-6) 

acid in cell membranes actually dropped. The drop in arachidonic (20:4n-6) 

acid content of cell membrane has been shown to be a function of partial 

inhibition of enzyme Ll-6 desaturase and displacement of some of 

arachidonic (20:4n-6) with linoleic (18:2n-6) . A similar phenomenon may 

explain Choe's observation. 
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The number of membrane bound proteins that are influenced by fatty acid 

composition of membrane is extensive and it is increasing as our knowledge 

about cell membrane physiology expands. Explanation of the effect of cell 

membrane fatty acids on the activities of these proteins is beyond this 

review. However, a brief explanation on the effect of fatty acids on 5'

nucleotidase, a membrane bound protein is presented. The protein was 

discovered by Reis and his laboratory in 1934 (Sunderman, F., 1990). It is a 

glycoprotein which is anchored to the lipid moiety of cell membrane via 

phosphatidylinositol. It is present in practically all tissues but not all cell 

types. The enzyme primarily acts to convert extracellular nucleotides, such 

as 5'-adenosine monophosphate, to adenosine. Adenosine readily 

permeates through cell membranes where it can induce a variety of 

physiological reactions such as inhibition of immune and inflammatory 

responses. Adenosine is also a substrate for synthesis of nucleic acids 

(DNA and RNA) I!nder conditions where intracellular de novo synthesis of 

nucleotides is limited (Sunderman, F.W., 1990)(Zimmermann, H., 1992). 

Activity of 5'-nucleotidase has been reported to be elevated in several 

types of carcinoma including those of skin. Kier (Keir, A., 1990)' using a 

mouse model, demonstrated that the activity of 5'-nucleotidase in plasma 

membrane of tumor cells with metastasis to lungs was almost four times 
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higher than the local skin tumors. Also, the unsaturated index in metastatic 

tumor cells was about 30 percent higher when compared to local ones. 

Furthermore, cell membrane phospholipids of metastatic cells were enriched 

in longer chain fatty acids relative to the local tumor cells. The author 

suggested that increased membrane fluidity, due to the higher unsaturation 

index in the membrane of metastatic cells, could be a reason for the 

elevated activity of 5'-nucleotidase. In support of Kier's conclusion, 

Momchilova et al. (Momchilova, A., et aI., 1985)' reported that activity of 

5'-nucleotidase in liver and cardiac membranes of rats fed diets enriched 

with unsaturated n-6 fatty acids was significantly elevated when compared 

with rats fed hydrogenated n-6 fatty acids. However, Zuniga and colleagues 

(Zuniga, M., et aI., 1989)' reported no significant difference in the activity of 

5'-nucleotidase in plasma membrane of liver cells of rats fed coconut versus 

corn oil. The significant difference in the activity of 5'-nucleotidase was 

observed only between the corn oil and menhaden oil fed groups. The 

activity of the enzyme was 1.6 to 1.8 times higher in plasma membrane of 

liver cells of rats fed n-3 unsaturated fatty acids (menhaden oil). The 

unsaturation indices of plasma membranes of liver cells from the two groups 

were similar. 

The elevated activity of 5'-nucleotidase in tumor cells is due to the 
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elevated membrane fluidity. Conceivably, increased membrane fluidity 

allows the enzyme more conformational freedom which requires lower 

activation energy of reaction. Zuniga and colleagues (Zuniga, M., et aI., 

1989)' demonstrated that the activation energy of reaction for 5 -

nucleotidase was higher in the membranes of liver cells of animals fed n-3 

unsaturated fatty acids. The authors proposed that higher activity of 5-

nucleotidase in membranes of rats fed menhaden oil was due to a fatty acid

specific effect on the conformation of the enzyme rather than due to 

increased membrane fluidity. The discrepancy between the results from 

different laboratories may reflect the differences in fat content of diets, and 

perhaps different approaches to answer the same question. Regardless of 

the current dispute on the mechanism of 5 -nucleotidase activity, the 

consensus is that the enzyme is activated in tumor cells and its activity may 

be modified by dietary fat which reflect itself in fatty acid composition of 

membrane of cells. 

4.3. DIETARY FAT MAY MODULATE THE IMMUNE SYSTEM RESPONSES 

About two decade ago, research on the relationship between dietary fat 

and the immune system began to flourish. Rodent models were used to 

investigate the effect of dietary fat on the immune system. Results of 

animals studies were conclusive that animals on high polyunsaturated fatty 
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acids had lower skin transplant rejection rate. This phenomenon was 

attributed to impaired functions of T lymphocytes (Santiago-Delpin, et aI., 

1977)(Mertin, J., et al., 1976). Further studies confirmed that both quality 

(saturated versus unsaturated fat) and quantity of dietary fat were important 

in suppression of the immune system. Locniskar and colleagues (Locniskar, 

M., et al., 1983) assessed the effects of composition of dietary fat on the 

immune responses of Sprague-Dawely rats. Animals were fed either 5 

percent mixed diets (controls), 24 percent partially saturated fat (Crisco), 24 

percent polyunsaturated fat (corn oil) or 24 percent saturated fat (beef 

tallow) diets for 2.5 month. The corn oil diet group showed depressed T 

and B lymphocyte proliferation to several mitogens; whereas, proliferation of 

lymphocytes among the beef tallow and Crisco diet groups were not 

significantly different from the control group. The authors concluded that 

both quantity and quality of dietary fat influence the immune system. 

Understanding the underlying mechanism of dietary fat on the immune 

system was the next logical step to pursue. 

Dietary fat, especially polyunsaturated fatty acids, exert potent and 

pervasive effects on several aspects of specific and nonspecific functions of 

the immune system (Table 4.3.1.). The requirement of linoleic acid in 

maintaining the integrity of skin (nonspecific immune system) has been well 
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documented since mid 1950's. Dietary fat is also a carrier for fat soluble 

vitamins, such as A and E. The effect of these two vitamins on the integrity 

of the immune system currently is under extensive investigation particularly 

by the groups at the Tuft Center for Aging (Meydani, 5., 1988). Effects of 

dietary fat on the immune system is complex, with answers only gradually 

being unraveled. 

All cells of the immune system arise from the pluripotent stem cells via 

two main lines of differentiation, lymphoid lineage and myeloid lineage. 

Lymphocytes (T-cells and B-cells) originate from the lymphoid lineage. T

cells are further subdivided into T-helpers, T-suppressors and T-cytotoxics. 

T-helper (Th) cells boost interaction with B-cells and other subsets of T-cells. 

In contrast, T-suppressor (Ts) cells negatively controls the B-cells and other 

T-cell populations. In healthy individuals the activity of T-helper and T

suppressor cells are kept in balance in order to provide an efficient way to 

combat foreign bodies while preventing self destruction. The third class of 

B-cells are involved in humoral immunity. These cells synthesize 

immunoglobins (antibodies) which are inserted into their surface membrane. 

T-cells are called T-cytotoxics (Tc). They are able to lyse antigens by direct 

contact without requiring antibodies. T-cells do not synthesize 

immunoglobins and the term, cell mediated immunity is referred to as T-cell 
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immune reaction. 

TABLE 4.3.1. : DIETARY FAT AND THE IMMUNE SYSTEM 

NON-SPECIFIC FUNCTION 

MAINTAIN INTEGRITY OF THE SKIN. 
MAINTAIN INTEGRITY OF THE MUCOSAL MEMBRANE. 
CELL MEMBRANE FLUIDITY. 
RECEPTOR ACTIVITY. 
CARRIER FOR FAT SOLUBLE VITAMINS. 

SPECIFIC FUNCTION 

PROSTAGLANDINS. 
LEUKOTRIENES. 
PLATELET ACTIVATING FACTOR. 
CAPPING OF LYMPHOCYTES. 

KINSELLA, J., AND LOCKESH, B., 1990. 

8-cells are involved in humoral immunity. These cells synthesize 

immunoglobins (antibodies) which are inserted into their surface membrane. 

These antibodies are antigen specific receptors; binding of antigens to 

these receptors yields activation of antigens and enables the phagocytes to 

engulf them. The last group of lymphocytes are the natural killer cells (NK). 

The lineage of these cells are under debate. These cells non-specifically kill 
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tumor and viral infected cells. They also playa role in regulating the immune 

responses (Roitt, I., et aI., 1991). 

Polymorphonuclear cells (PMN) are derived from the myeloid lineage at a 

rate of 80 millions per minute in the bone marrow. These cells are classified 

into neutrophils, basophil, and eosinophils, based on their staining reactions 

to histological dyes. These cells play an important role in inflammation. 

However, their predominant role is phagocytosis. 

Macrophages are the second group of phagocytic cells that are capable of 

digesting foreign bodies lodged within tissues. Macrophages are classified 

into two groups, the 'professional' macrophages and antigen presenting 

cells. Macrophages playa crucial role in cell mediated immunity through 

responses initiated by antigen presenting cells and by 'professional' 

macrophages in the effector phase such as tumoricidal activities. Antigen 

present cells present antigens to T-helper cells and T-cytotoxic via major 

histocompatibility complex class II receptors. Class II major 

histocompatibility complex is involved directly in signal transduction in B

lymphocytes and the level of MHC-II may be important in activation of T

lymphocytes and immunoglobulin production by B-Iymphocytes. The binding 

between antigen presenting and T-cells leads to synthesizes of interleukine-1 
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by antigen presenting which then stimulates proliferation of T-cells and 

synthesis of interleukine-2 by the T-cells. Synthesis of interleukine-2 is 

essential for activity of B-cells and natural killer cells. Tumor necrosis factor 

is another peptide that is synthesized by macrophages. Historically, this 

peptide has been associated with cytotoxic and tumor regression; however, 

it has many other functions similar to those of interleukine-1, and sometimes 

acts in synergy with interleukine-2 (Roitt, I., et aI., 1991 )(Bier, 0., 1982). 

Response of an effective immune system to an antigen is complex and 

mandates extensive interaction and cooperation of many of the immune 

system components. 

Ecosanoids are the regulatory compounds that are synthesized by all the 

cells of the immune system, in particularly the macrophages. Lymphocytes 

can generate very small quantities of prostaglandins, since the enzyme 

responsible for conversion of arachidonic (20:4n-6) acid to prostaglandins, 

cyclo-oxygenase, is quiescent. Macrophages are the principal source of 

PGE-2 that affects cells of the immune system. However, arachidonic 

(20:4n-6) acid concentration in the membranes of macrophages is limited. 

The main source of arachidonic (20:4n-6) acid for macrophages is supplied 

from lymphocytes membranes. The membrane of lymphocytes contain 

approximately 20 percent arachidonic (20:4n-6) acid. Upon stimulation, 
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arachidonic (20:4n-6) acid is released from the sn-2 position of cell 

membrane phospholipids, such as phosphatidylcholine and 

phosphatidylethanolamine by action of phospholipase-A2. Associated 

macrophages convert arachidonic (20:4n-6) acid to PGE-2 by action of 

cyclo-oxygenase and to some extent to leukotriene B-4, C-4 and E-4 through 

the 5-lipoxygenase pathway (Kinsella, J., and Lokesh, B., 1990). The role 

of PGE-2 in immunoregulation is complex and is a function of concentration 

of PGE-2 synthesized by cells of the immune system, duration of contact of 

the cells with PGE-2, and the state of cell differentiation. At low 

physiological concentration, (1 x1 0.9 M), PGE-2 seem to deliver activating 

signals. Stimulation of immature T-Iymphocytes to differentiate into 

maturation is one example of PGE-2 as activator. Also, it appears that 

thymic hormones require PGE-2 in order to exert their stimulatory effects on 

target cells (Goodwin, H, and Ceuppens, J., 1983)(Phipps, R., et aI., 1991). 

The inhibitory effect of PGE-2 is a negative feedback mechanism to prevent 

over activation and over proliferation of the lymphocytes. For example, 

interleukine-1 stimulates synthesis of PGE-2 which, in return, PGE-2 inhibit 

further synthesis of IL-1 (Meydani, S., 1992)(Kinsella, J., and Lokesh, B., 

1990). 

Inhibitory effect of PGE-2 has been observed on T-cells, B-cells, natural 
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killer cells and macrophages. T-cells have the highest PGE-2 receptors 

which make them most susceptible to the inhibitory effect. Prostaglandins 

modulate synthesis of cyclic adenosine monophosphate (cAMP) which then 

suppresses interleukine-2 production by T-helper cells. Interleukine-2 is 

essential for activation and proliferation of cytotoxic T-cells, B-cells and 

natural killer cells (Goodwin, J, and Ceuppens, J., 1983)(Meydani, S., 

1992). PGE-2 inhibits synthesis and immunoglobulin (antibodies) production 

by B-Iymphocytes and B-Iymphocyte activation. Upon stimulation, B

lymphocytes undergo an activation process, which includes enlargement, up 

regulation of MHC-II, proliferation and finally differentiation into 

immunoglobulin secreting cells. Ropper and Phipps (Rapper, R., and Phipps, 

R., 1992) using an in vitro model demonstrated that PGE series (E-1 and E-

2), suppress B lymphocytes by inhibiting B-cells enlargement in a dose 

dependent fashion. Concentrations of 10-6 to 10-a M significantly inhibited 

B-cells enlargement. At concentration of 10-5 M, the viability of cells slightly 

declined. They were also able to demonstrate that PGE-2 also inhibited 

expression of MHC-II in B-Iymphocytes. The authors concluded that PGE-2 

down-regulates the immune responses at several levels. PGE-2 exerts its 

negative inhibitory effects on natural killer cells by stimulating these cells to 

differentiate into large granular and nonlytic cells and by mediating changes 

on the membrane receptors (Linnemeyer, P., and Pollack, S., 1993). The 
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inhibitory effect of PGE-2 is part of the tight regulation of the immune 

system from activation and perhaps self destruction. However, chronic 

over-production of PGE-2 may suppress the immune system. 

Chronic inflammation and irritation has long been recognized as a risk 

factor for cancer of epithelial origins. Prostaglandin E-2 involvement in 

inflammation is demonstrated by their generation in a variety of 

inflammatory conditions and amelioration of inflammation by drugs that 

inhibit synthesis of arachidonic (20:4n-6) acid to PGE-2 (Sardesai, V., 

1992). Leukotrine B-4 (LT B-4), a lipoxygenase byproduct of arachidonic 

(20:4n-6) acid is a potent lymphocyte chemotaxin and inflammatory 

response. Stimulation of polymorphonuclear cells and macrophages in 

response to inflammation leads to activation of a respiratory burst in which a 

variety of oxygen intermediates and oxygenated metabolites of arachidonic 

(20:4n-6) acids are released into the extracellular environment. This process 

can cause damage to the DNA of neighboring cells. Schater et al. (Shacter, 

E., et aI., 1988), demonstrated that DNA damage by polymorphonuclear 

cells is induced rapidly and remains high for an extended period of time. 

Elevated levels of PG E-2 at the site of sun induced erythema have been well 

recognized and documented. Thus, it is possible that cancer inducing agents 

such as ultraviolet rays in B range, may work in part by initiating 

103 



inflammation and causing infiltration of polymorphonuclear cells and 

macrophages to the site of damaged tissue (Lewis, J., and Adams, D., 

1987). Reducing the availability of arachidonic (20:4n-6) acid the precursor 

for PGE-2 and leukotriene 8-4, may be one way to ameliorate the respiratory 

burst of polymorphonuclear cells and macrophages and possibly diminishing 

the risk of DNA damage. Results from studies with human subjects were 

given dietary supplementation of menhaden oil (n-3 fatty acid), indicate a 

significant reduction of inflammation (Lee, T., et aI., 1985). This was 

attributed to lower cell membrane concentration of arachidonic (20:4n-6) 

acid and increased synthesis of leukotriene 8-5, a lipoxygenase metabolite of 

eicosopentaeonic acid (20: 5n-3). Leukotriene 8-5 is less active in 

chemotaxin and inflammatory responses. 

Cis linoleic (18:2n-6) acid and other polyunsaturated fatty acids inhibit the 

capping process in 8 and T cells. This is a procedure in which surface 

antibody receptors aggregate when coated with antigens. The formed cap is 

then internalized, leaving the cell membrane free of antibody receptors; the 

process is reversible under normal physiological conditions. In vitro 

experiments with cis unsaturated fatty acids, particularly linoleic (18:2n-6) 

acid, has shown that these fatty acids inhibit the capping process. Cis poly 

unsaturated fatty acids are partitioned into the membrane, disturbing lipid-
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protein interaction and causing release of calcium into the internal 

environment of the cell. Release of calcium affects several biochemical 

pathways, leading to inhibition of the capping process. Experiments with 

saturated fatty acids and trans unsaturated fatty acids have shown no 

inhibitory effects of these fatty acids on the capping process (Traill, K., and 

Wick, G., 1984)(K!ausner, R., et aI., 1980). The quantity of poly 

unsaturated fatty acids required for inhibition of the capping process in vivo 

has not been determined. 

4.4. SUMMARY 

In this chapter, a review of the literature was provided to justify the view 

that dietary fat may be a risk factor for SCC. Observations from laboratory 

studies indicate that, depending on the type and dose of tumor initiator and 

promotor, both quality and quantity of dietary fat can influence the incidence 

of SCC. Results from human studies imply that arachidonic acid is 

associated with the incidence of SCC. Animal studies have shown that 

composition of dietary fatty acid influence the fatty acid constitution of all 

membranes of cells. Fatty acids can modify the structure and/or mobility of 

membrane associated proteins. They can also be substrate for synthesis of 

bioactive compounds such as lipoxin and other arachidonic acid metabolites 

that activate membrane bound proteins such as PKC. 
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The effect of dietary fat on the immune system was reviewed. PGE-2 

inhibits many of the immune responses for the purpose of regulation. 

However, chronic over production of PGE-2 may lead to suppression of the 

immune system and failure of recognition of antigens. This phenomenon 

may be exacerbated by aging when the sensitivity to PGE-2 increases. 

Carcinogens, such as ultraviolet rays, induce inflammation and increase local 

concentration of PGE-2 and leukotriene 8-4. These two compounds are 

necessary for chemotaxin of polymorphonuclear cells and macrophages to 

the site of damaged tissue. Antigens are removed via respiratory burst of 

oxygen intermediates and oxygenated metabolites of arachidonic acid. 

These compounds can cause DNA damage. Finally, linoleic and arachidonic 

acids have been shown to inhibit the capping process in lymphocytes. This 

process is required for removal of antigens from the extracellular 

environment. Dietary n-3 fatty acids, regulate synthesis of n-6 derived 

eicosanoids by competitive inhibition at the level of cyclooxygenase. 
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CHAPTER 5 

DIETARY BIOMARKER 

5.1 CELL MEMBRANE FATTY ACID COMPOSITION, A REFLECTION OF 

DIETARY FAT 

The scientific quest to assess the composition of dietary fat intake through 

a reliable and specific biomarker has focused on the membrane of 

erythrocytes. The lipid composition of the membrane of erythrocytes is a 

function of host physiological state (age, disease and exercise) and 

environmental factors. For humans and other homothermous animals, diet is 

the sole environmental factor that influence the cell membrane composition. 

This relationship is the consequence of the essential nature of dietary linoleic 

acid (18:2n-6) and linolenic acid (18:3n-3), as well as the result of de novo 

synthesis and turnover of membrane phospholipids and fatty acids. Fatty 

acids are incorporated into cell membranes by binding to phospholipids at 

positions of sn-1 or sn-2. Within a nutritionally adequate diet, changes in 

the composition and proportion of dietary fat influence the proportion and 

composition of fatty acids in cell membranes (Clandin, M., et ai, 1991) 

(Kinsells, J., 1990). 

Lipid composition of the erythrocyte membrane, as a prototype of dietary 

intake, has been studied extensively. Erythrocytes are readily available, 
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easily isolated, and have relatively quiescent metabolic activities. About 

three decades ago, Horwitt and colleagues (Horwitt, M., et ai., 1959), first 

reported that fatty acid composition of red blood cell membranes is a 

function of dietary fat. Angelico et al. (Angelico, F., et ai., 1980), 

investigated the fatty acid composition of red blood cells among 140 free 

living Italian men. Dietary fat intake was assessed using the 24 hour diet 

recall method. Palmitic (16:0), oleic (18:1), stearic (18:0), linoleic (18:2) 

and arachidonic acid (20:4) were the main fatty acids in the membrane of 

red blood cells obtained from the study participants. The authors reported 

that the lower relative concentration of linoleic acid among the study 

participants was a reflection of their dietary habit. A similar study was 

conducted among 50 Canadian students. The results of this study indicated 

relatively high concentration of docosohexeonic acid in the membrane of red 

blood cells which was suggested to be a function of high fish intake among 

the Canadians (Manku, M., et ai., 1983). 

Dougherty et al. (Dougherty, R., et ai., 1987), investigated the long term 

influence of dietary fat in different population groups on the fatty acid 

composition of red blood cells. American, Finnish, and Italian men were 

recruited to participate in the study. All participants were healthy and 

consumed less than 100 grams of alcohol and one pack of cigarettes per 
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day. Dietary intakes were collected by seven day food records and home 

surveys of food preparation performed by trained dietitians on random day 

basis. Also, duplicate portions of all food consumed during one random day 

were collected. Dietary analysis showed that the Italian men consumed the 

least amount of total fat, saturated fatty acid, and linoleic acid. The Finns 

consumed the highest amount of saturated fat and the least amount of oleic 

acid (18:1), with the diet of American men containing the highest amount 

of linoleic acid. Analysis of fatty acid composition of membrane of red blood 

cells indicated that the relative concentrations of the two fatty acids, 16:0 

and 18:0, were highest among Finns followed by Americans. Italians 

followed by Americans had the highest level of oleic (1 8: 1). The relative 

concentrations of linoleic and arachidonic acids were highest in the 

membrane of red blood cells of Americans. Finns had the highest serum 

cholesterol and the two fatty acids 16:0 and 18:0 as a reflection of their 

high consumption of dairy products. The authors concluded that fatty acid 

composition of red blood cell membranes provided a valid and a practical 

indicator of long term dietary habit. 

Maximal changes in the fatty acid composition of membrane of red blood 

cells occurs after 6 weeks of dietary intervention. In 1963, Farquhar and 

Ahrens (Farquhar, J., and Ahrens, E., 1963) reported that the determination 
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of red blood cell fatty acid composition is a useful index of adherence in 

feeding studies. They reported that maximal changes occur about four 

weeks post dietary intervention. Brown and colleagues (Brown, A., et aI., 

1991) evaluated the duration of changes in fatty acid composition of red 

blood cell membranes among 20 healthy men. The subjects were divided 

into three groups and consumed the experimental diets as their evening meal 

for six weeks periods. The control diet was free of any fish or menhaden 

oil. The experimental diets were either fish alone or fish and menhaden oil 

supplemented (O.99 g of eicosapentaenoic acid, and 0.99 grams of 

docosahexaenoic acid) per day. A six week wash-out period was allowed 

between each diet. The relative concentrations of eicosapentaenoic acid 

and docsapentaenoic acid reached their peak six weeks after dietary 

supplementation and then began to decline. By the eighteenth week post 

intervention, the two fatty acids reached the baseline level. Fatty acid 

composition of red blood cell membranes reflect the lipid composition of 

serum. Increased consumption of eicosapentaenoic and docosahexaenoic 

acids may have elevated the serum concentration of these two fatty acids. 

Also, by six weeks, 50 percent of the red blood cell pool has turned over. 

The maximum changes observed after six weeks of dietary intervention 

could simply reflect the elevated serum concentration of eicosapentaenoic 

and docosahexaenoic acids and a pool of red blood cells with 50 percent 
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having undergone under erythropoiesis when dietary intake of 

eicosapentaenoic and docosahexaenoic acids were high. 

Composition of the red blood cell membrane is affected by age and 

physiological condition. The changes in the composition of cell membrane 

fatty acids as a function of age was discussed earlier in this review (Chapter 

3). Physiologic conditions such as fasting have been reported to modify the 

membrane fatty acid composition. Lerque, et al. (Lerque, B., et aI., 1991), 

demonstrated that the net entry of oleic acid (18: 1) into membrane 

phospholipids of red blood cells in fasting rats was significantly lower than 

for the fed group. This drop was most noticeable in membrane 

phosphatidylcholine. The authors concluded that short term and nearly 

physiological changes such as over night fasting modifies lipid composition 

and phospholipid acylation rates in circulation red blood cells. 

Chronic diseases, such as diabetes mellitus can also modify fatty acid 

composition of red blood cell membranes. Thebenin and colleagues 

(Thebenin, J., et aI., 1988), investigated the effect of diabetes mellitus on 

the fatty acid composition of membrane red blood cells in laboratory 

animals. Red blood cells were collected from sterptozocin-induced diabetes 

and control adult male Sprague-Dawley rats. Analysis of membrane fatty 
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acid composition yielded a significant decrease in the relative concentration 

of palmitic acid (16:0), oleic acid (18: 1 n-9), and arachidonic acid in diabetic 

rats relative to the control rats. The drop in the relative concentration of 

these fatty acids was mostly observed in phosphatidylcholine. Clinical 

studies with humans have shown that linoleic acid concentration in the 

membrane of red blood cells of those who suffer from diabetes is normal or 

slightly above normal; however, the concentrations of linoleic acid 

metabolites are consistently below normal (Hoorobin, D., 1993). 

5.2 SUMMARY 

Fatty acid composition of red blood cells has been used extensively as a 

biomarker for long term dietary fat intake. Other factors such as age, 

fasting, and some chronic diseases influence the fatty acid composition of 

red blood cell membranes. 
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,CHAPTER 6 

GENERATION OF HYPOTHESIS 

6.1. THE FIRST POPULATION BASED CASE-CONTROL SKIN CANCER 

STUDY IN SOUTHEAST ARIZONA 

The primary hypothesis of this study was generated as a result of our first 

population based case-control skin cancer study. The previous population 

based case-control skin cancer research was conducted in Southeast Arizona 

under the supervision of Dr. Thomas Moon, the principle investigator (Moon, 

T., 1992). The author of this dissertation was responsible for analysis of 

the biological samples and the quality control steps in the laboratory. 

In this chapter, a summary of the previous study is offered for the purpose 

of establishing the background on how the hypotheses for the present 

study were generated. For further information about the first population 

based skin cancer study conducted in Southeast Arizona, the reader is 

suggested to contact Dr. Thomas Moon at the Department of Family and 

Community Medicine, College of Medicine, the University of Arizona in 

Tucson. The preliminary results of this study were also presented at the 

First International Conference Series Research in Human Cancer, Nutrition 

and Cancer in Atlanta, Georgia, April, 1991 and at the American Society of 

Preventive Oncology, Bethesda, Maryland, 1992. 
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The main objective of the first population based skin cancer study was to 

assess the association between the long-term dietary intake of fat in 

particular cis linoleic (18:2n-6) and arachidonic (20:4n-6) acids and the 

prevalence of melanoma and non-melanoma skin cancer including SCC 

among residents of Southeastern Arizona. 

Cases were identified and recruited from the Arizona Skin Cancer Registry. 

The population based controls were recruited from the same geographic area 

using the random digit dialing technique (Waksberg,J., 1978)). An in

person interview was conducted with each study participants and data on . 

sociodemographic variables, residency in Arizona, lifestyle habits, medication 

usage, family history of skin cancer were collected from the study 

participants. Each study participant self-reported his/her general dietary 

pattern by answering the standard Arizona Food Frequency Questionnaire. 

Subcutaneous adipose tissue samples were collected from a total of 2500 

participants. Composition of subcutaneous adipose tissue was assessed as 

an indirect marker of long-term dietary intake of fat and carbohydrates. 

Composition of subcutaneous fatty acids have been shown to be a valid 

indicator of long-term dietary fat intake (Van-Staveren, W., et aI., 

1986)(Berry, E., et aI., 1986). 
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Approximately, 0.5 ml of subcutaneous adipose samples were collected 

from a total of 2500 study participants. Of those collected subcutaneous 

adipose samples, 190 samples were obtained from cases of SCC. Samples 

were obtained by manually aspirating subcutaneous adipose tissue using a 

20 CC syringe and a 16.5 gauge needle. 

The collected subcutaneous adipose samples were randomly 

methylesterified for the gas-liquid chromatography assay. Fatty acid 

analysis of the esterified samples were analyzed using an isothermic gas

chromatography instrument (Shimadzu Inc.). The instrument was equipped 

with a Supleco SP-2330 capillary column (30 m x 0.5 mm) and the carrier 

gas flow rate was measured at 0.5 ml per minute. Fatty acids were 

identified using the authentic standard 68-A (Nu-Check Prep. Inc.). 

Results of the study was unexpected. Initially, we had hypothesized that 

cases had higher relative distribution of cis linoleic (18:2n-6) in their 

subcutaneous adipose and the higher concentration of subcutaneiys cis 

linoleic (18:2n-6) acid would remain a significant and independent risk factor 

for SCC. The statistical analysis of data, however, showed that the mean of 

cis linoleic (18:2n-6) acid was lower in subcutaneous adipose tissue of cases 

(16.90±3.90) than the controls (17.60±3.50)(P= 0.0047). However, 
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concentrations of the other 11 fatty acids assessed in the subcutaneous 

adipose of cases and control were similar. The estimated risk of SCC when 

comparing the highest to lowest quartile of subcutaneous cis linoleic 

(18:2n-6) acid were 0.38(95% CI=0.18-0.81). Analysis of dietary data 

revealed no statistical significant difference between dietary fat and 

carbohydrate intake of cases and controls (Moon, T., 1992). The 

complexity of the process of metabolism and cellular utilization of cis linoleic 

(18:2n-6) and arachidonic (20:4n-6) acids did not permit us to simply 

conclude that the higher concentration of cis linoleic acid among controls 

would reflect a protective effect. 

The above observations and further library research led us to the 

hypothesis that the lower concentration of cis linoleic acid among the cases 

could be a consequence of the physiological responses among the cases. If 

our speculation were correct, then a similar trend in the concentration of cis 

linoleic (18:2n-6) acid should have been observed in other tissues. A new 

hypothesis was proposed and a preliminary case-control study was designed 

and implemented to test the hypothesis. 

6.2. HYPOTHESES 

The two main hypotheses of the preliminary study were that the relative 
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concentrations of cis linoleic (18: 2n-6) and arachidonic (20:4n-6) acids were 

lower in the red blood cell membrane of cases when compared with 

population controls. Furthermore, this lower concentrations of these two 

fatty acids would remain significant risk factors tor see after adjusting for 

the other known and potential risk factors of see. 

Secondary hypotheses were: 1- Dietary intake of fat and carbohydrates, 

indicated by the relative concentration of different fatty acids in the red 

blood cell membranes, were similar between cases and controls. 2- Relative 

distribution of cis linoleic (18:2n-6) and arachidonic (20:4n-6) acid in the 

lymphocyte membranes of cases was higher than the controls. However, 

the relative concentration of these two fatty acids were similar in the 

polymorphonuclear cell membranes of cases and controls. 

A case-control study was designed and implemented to test the proposed 

hypotheses. The design of the preliminary study and the steps required in 

implementing the study are explained in the following chapter. 
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CHAPTER 7 

STUDY DESIGN AND METHODOLOGY 

7.1. OVERVIEW 

A preliminary case-control study was designed to test the hypotheses 

generated as a result of the first population based case-controls skin cancer 

study. The case-control study design was justified based on time 

constraints, financial resources and the long latency between the initiation of 

tumor cells and clinical manifestation of SCC. Cases were identified and 

recruited from the Arizona Skin Cancer Registry; the population based 

controls were recruited from the same geographic area using a random digit 

dialing technique. Sociodemographic, sun exposure, medication usage, 

family history of SCC, lifestyle and residential history data were collected in 

an in-person interview by trained interviewers. Fasting blood samples were 

collected during a clinic visit. The collected blood samples were randomly 

processed and the fatty acid composition of blood samples were analyzed 

using gas-liquid chromatography technique. 

7.2. POTENTIAL BIASES AND DESIGN ISSUES 

Bias is the major weakness of the case-control study approach. Two 

sources of bias, subject selection and retrospective data collection, were 

anticipated in this study. Several steps were taken to minimize their effects. 
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Firstly, Cases were identified and recruited from the Arizona Skin Cancer 

registry. The Arizona Skin Cancer Registry was established in 1985 (Moon, 

T., 1994) for the purpose of accurately documenting the incidence and 

prevalence of skin cancer of all types in Southeastern part of the state of 

Arizona. Practicing dermatologists in Southeast Arizona report the new 

cases of skin cancer to the Arizona Skin Cancer registry (Cartmel, B., 1992). 

The Skin cancer registry covers 24 institutions and about 83 practicing 

dermatologists in Southeast Arizona (Appendix A). Subjects recruited from 

disease registries most often represent the general population of patients in 

the area of the registry (Newman, T. et aI., 1988). The population based 

controls were recruited from the same geographic area and socioeconomic 

subdivision. Selection of the population based controls from the same 

geographic area and political and socioeconomic subdivisions minimized the 

selection bias and the potential confounding effect of socioeconomic 

variables on the risk of being a case. 

Bias in data collection is the second major weakness of a case-control 

study. In a case-control study data are collected retrospectively. Recall bias 

and interviewer bias in collecting data are the two most important sources of 

errors. Several steps were taken to minimize these sources of bias. The 

two interviewers administered the inperson interview from a standard 
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questionnaire. Flash cards, and scales were used during the interview to 

provide a standard method of scaling. The interviewers were trained by the 

previous study manager, Paula Goff. Ms. Goff was the study manager for 

the Southeastern Arizona Health Project between 1988 and 1991 (Laurie, 

M., 1994). The two interviewers were comfortable to establish friendly 

rapport with the study participants, to recite questions verbatim and clarify 

any ambiguous response. Each interview was administered at the home of 

the interviewee or at the Southeastern Arizona Health Project office. 

Interviewer tried to minimize the sources of distraction. For example, prior 

to several interviews, one of the interviewer had to requested to turn the 

television set off, before starting the interview. Despite the attempts to 

standardize the interview format and to minimize the sources of errors, 

collection of behaviorally related information are always susceptible to 

imperfect memory, and recall bias. 

A concern was addressed regarding the potential bias in the availability of 

the results for cases and controls that may have been caused by the loss of 

these samples. Despite all efforts to conduct the laboratory method under 

the optimum conditions, 27 of the red blood samples were contaminated. 

The results from gas-liquid chromatography analysis revealed that the 

relative concentration of 18: 1 n-9 for 27 samples was between 40-70 
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percent. The maximum reported concentration of this fatty acid in the 

literature and the relative concentration of this fatty acid obtained from 

analysis of the other samples is about 20 percent. Oleic (18:1 n-9) acid was 

used in large quantities in the lipid metabolism laboratory until May 1993. 

Contamination may have been caused by remaining of residuals of this fatty 

acids in the glass ware. To address the potential bias in the availability of 

the results, the association between availability (yes/no) versus case and 

control status was tested. Results were available for 79 percent of the 

cases and 76 percent of the controls; this difference was not statistically 

significant (P = 0.428). 

7.3. STUDY DESIGN 

A preliminary population based case-control study was designed to test the 

proposed hypotheses. The case-control study design was justified based on 

time constraints, financial resources, and the long latency between the 

initiation of tumor cells and clinical manifestation of SCC. The case-control 

approach enabled the research staff to collect data within a reasonable time 

frame and financial cost. The long latency period between the time of tumor 

cell initiation and clinical manifestation of the disease, made the case-control 

design a realistic and practical approach to test the proposed hypotheses. 

Cases were identified and recruited from the Arizona Skin Cancer registry. 
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The population based controls were recruited from the same geographic area 

and socioeconomic subdivision. 

7.3.a. SAMPLE SIZE 

The total number of subjects for this project was estimated based on the 

one sided alternative hypothesis and the difference in the mean value of cis 

linoleic (18:2n-6) acid. In Table 7.3.1., the total number of the study 

participants for two levels of statistical significance level ( a ) and two levels 

of power ( p ) are provided. The statistical package PPSS (Mcgee, D., 1992) 

was used to estimate the total number of subjects for this study. 

In calculating the sample size estimate, the difference in the mean of cis 

linoleic (18:2n-6) acid in the subcutaneous adipocytes from the previous 

case-control skin cancer study was used to estimate the potential magnitude 

of the association between the relative concentration of cis linoleic (1 8: 2n-6) 

acid in the red blood cell membranes. Since the primary hypothesis of this 

study, the relative concentration of cis linoleic acid (18:2n-6) would be 

lower among the cases, was a one sided hypothesis. The sample size 

requirements were calculated on the basis of a one sided hypothesis. Two 

levels of significance (a= 0.05 and a= 0.10) and two levels of power 

(P=0.80 and P=0.90) were used to calculate the sample size. At the 
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TABLE 7.3.1. : THE ESTIMATED SAMPLE SIZE. 

. 

SIGNIFICANCE 

0.05 

0.10 

POWER 

0.80 (0.90) 

0.80 (0.90) 

NO. OF CASES 

408 (532) 

280 (384) 

TOTAL N 

816 (1064) 

560 (768) 

significance level of a= 0.05 and power of f3= 0.80 the total number of 

subjects required would be 816 subjects. Due to time constraints, and 

limitation of financial and human resources, the total sample size for this 

study was limited to 200 subjects, equally divided between cases and 

controls 

7.3.b. OBJECTIVES FOR STUDY IMPLEMENTATION 

A series of detailed objectives were established for each step in the design 

of the study. Table 7.3.2. lists the steps required for subjects recruitment 

and interview. 
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TABLE 7.3.2. : THE LIST OF OBJECTIVES FOR SUBJECT RECRUITMENT AND ONE-ON
ONE INTERVIEW. 

OBJECTIVES 

1- SUBJECT RECRUITMENT 
A: TO IDENTIFY AND RECRUIT 100 ELIGIBLE INDIVIDUALS FROM THE ARIZONA 
SKIN CANCER REGISTRY. 

B: TO IDENTIFY AND RECRUIT 100 ELIGIBLE CONTROLS FROM THE GREATER 
TUCSON AND GREEN VALLEY AREA. 

11- DATA COLLECTION 
A: TO CONDUCT AN IN-PERSON INTERVIEW WITH EACH PARTICIPANT. 

1- TO COLLECT DATA ON SOCIOECONOMIC VARIABLES. 
2- TO COLLECT DATA ON DEMOGRAPHIC VARIABLES. 
3- TO COLLECT DATA ON HISTORICAL AND CURRENT LIFE STYLE HABITS 
a: RESIDENTIAL HISTORY. 
b: SMOKING HABITS. 
c: DRINKING HABITS. 
d: OUTDOOR RECREATIONAL ACTIVITY. 
e: OUTDOOR OCCUPATIONAL ACTIVITY. 
f: CURRENT USE OF SKIN PRODUCT CONTAINING SPF. 
g: HISTORICAL USE OF SKIN PRODUCT CONTAINING SPF. 

4- TO COLLECT DATA ON SKIN CHARACTERISTICS 
a: NUMBER OF PALPABLE MOLES AND FRECKLES. 
b: SKIN RESPONSE TO PROLONG SUN EXPOSURE. 
c: HAIR AND EYE COLOR. 

5- TO COLLECT ANTHROPOMETRIC DATA 
a: SELF REPORTED HEIGHT. 
b: SELF REPORTED WEIGHT. 

6- TO COLLECT DATA ON MEDICAL HISTORY 
a: FAMILY HISTORY OF NMSC. 
b: OVER-THE-COUNTER AND PRESCRIPTION MEDICATION, VITAMINS, ETC. 

A second set of objectives were established to list the required steps for 

blood sample collection and laboratory preparation (Table 7.3.3.). 
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TABLE 7.3.3. : THE LIST OF OBJECTIVES FOR BLOOD SAMPLE COLLECTION AND 
ANALYSIS. 

OBJECTIVES 

1- SAMPLE COLLECTION 
A: TO COLLECT A 15 CC FASTING BLOOD SAMPLE FROM ALL THE STUDY 

PARTICIPANTS. 
B: TO COLLECT FOUR BLOOD SAMPLES FROM 40 STUDY PARTICIPANTS ONCE PER 

WEEK WITHIN A MONTH PERIOD. 

11- FA TTY ACID ASSAY 
A: TO PREPARE BLOOD SAMPLES FOR THE ASSAY BLINDLY AND RANDOMLY. 
B: TO SEPARATE LYMPHOCYTES, POLYMORPHONUCLEARS AND RED BLOOD CELLS. 
C: TO EXTRACT AND ESTERIFY FATTY ACIDS FROM CELL MEMBRANE OF 

LYMPHOCYTES, POLYMORPHONUCLEAR CELLS AND RED BLOOD CELLS. 

111- GAS-LIQUID CHROMATOGRAPHY ASSAY 
A: TO ESTABLISH A RELIABLE GAS-LIQUID CHROMATOGRAPHY ASSAY. 
B: TO ANALYZE THE RELATIVE CONCENTRATION OF 21 DIFFERENT FATTY ACIDS IN 

EXTRACTED FROM LYMPHOCYTE, POLYMORPHONUCLEAR CELLS AND RED 
BLOOD CELLS. 

7.3.c. SUBJECT RECRUITMENT 

INCLUSION CRITERIA 

General inclusion criteria are listed in Table 7.3.4 .. These requirements 

were established to conduct the study efficiently in a relatively short period 

of time. Subjects were residents of the greater Tucson, or Green Valley, 

Arizona for at least six months of the calendar year before the telephone 

interview. The residency limitation was required to minimize the probability 

of recruiting tourists or seasonal tourists "snow birds". Also, the residency 
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TABLE 7.3.4: GENERAL INCLUSION REQUIREMENTS. 

REQUIREMENTS 

1- RESIDENT OF GREATER TUCSON OR GREEN VALLEY FOR AT LEAST SIX MONTHS OF 
LAST CALENDAR YEAR 

2- WHITE OR ANGLO-AMERICAN ETHNIC ORIGIN. 

3- BETWEEN 60-80 YEARS OF AGE AS TO THE DAY OF RECRUITMENT. 

requirement increased the likelihood that the study participants were seeking 

medical care from Tucson and Green Valley health care providers. The 

second inclusion criterium focused on the ethnicity of the study participants. 

Subjects had to be Anglo-american of European descent (A list of the 

country of origins are provided in Appendix A). Ethnicity limitation 

minimized the potential confounding effect of variation of skin pigmentation, 

hair and eye color and other genetic effects on susceptibility to skin cancer. 

Finally, subjects were between 60 and 80 years of age as of the recruitment 

date. The selected age group of the study participants was justified based 

on the high frequency of squamous cell carcinoma of skin in this age 

category. The previous case-control skin cancer study found that 80 

percent of the study participants were between 60 and 80 years of age 

(Cartmel, B., 1992). Also, selection of this restrictive age group minimized 
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the potential confounding effect of secular trend such as the market 

availability of SPF containing skin care products. 

GENERAL EXCLUSION CRITERIA 

The purpose of the exclusion criteria was to minimize the potential 

confounding of the listed variables and to improve the quality of data. The 

list of exclusion criteria is provided in Table 7.3.5 .. Persons with a history 

of chronic diseases such as diabetes were excluded from the study because 

of the changes in metabolism of fat which may interfere with the 

concentration of the two variables, cis linoleic acid (18:2n-6) and 

arachidonic acid (20:4n-6). Use of aspirin alone on a daily basis was 

considered acceptable; however, some of prescription drugs were not 

acceptable since they inhibited metabolism of arachidonic acid. Lists of 

prescription drugs and over-the-counter drugs which were recommended for 

exclusion are provided in Appendix A. 

CASE ELIGIBILITY 

In addition to the general eligibility criteria, cases had to meet the following 

requirements: 1- Active see lesion (s) within six months prior to the initial 

study contact. 2- No concomitant diagnosis of basal cell carcinoma 
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TABLE 7.3.5. : GENERAL EXCLUSION CRITERIA. 

SUBJECTS WITH A POSITIVE HISTORY OF FINDING OF THESE CRITERIA WERE 
EXCLUDED FROM THE STUDY. 

1- FREE OF ANY SYSTEMIC ALLERGIES THAT REQUIRED PRESCRIPTION SUCH AS 
SEVERE ASTHMA, SEVERE SKIN RASHES, HIVES OR INFLAMMATIOW. 

2- FREE OF SKIN ULCER OR LARGE BURN. 

3- FREE OF SYSTEMIC INFECTION FOR TWO WEEKS PRIOR TO THE INITIAL INTERVIEW. 

4- FREE OF INTERNAL CANCER FOR THE PAST FIVE YEARS. 

5- FREE FROM STEROID MEDICATION FOR TREATMENT OF GOUT. LUPUS, SEVERE 
ARTHRITIS. 

or other skin cancer; however, premalignant lesions such as actinic keratosis 

were acceptable. 3- All squamous cell carcinoma of the skin lesions were at 

the in situ stage. And finally, all lesions were pathologically confirmed as 

SCC, by one of the participating pathologist of Skin Cancer Registry. 

CONTROL ELIGIBILITY 

Controls met the general eligibility criteria previously described. In 

addition, they could not have prior or present history of skin cancer or pre-

malignant lesions, such as actinic keratosis. During the telephone 

recruitment, controls were quired about any history of skin lesions, skin 

biopsies or skin diseases that had been classified as skin cancer or 
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premalignant skin lesions. Controls were also examined at the time of blood 

donation by the staff members of the Southeastern Arizona Project who had 

been trained by one of the prinicipal investigator for any potential skin 

malignancies. 

CASE IDENTIFICATION AND RECRUITMENT 

Cases who had pathologically confirmed diagnosis of SCC during the 

period of December 1991 through October 1994 were identified and 

consecutively sampled from the Arizona Skin Cancer Registry. 

Consecutively sampling of cases involved taking every patient who met the 

eligibility criteria during the specified time interval until the total number of 

required subjects was met. Upon identification and sampling, a letter was 

mailed to their physicians. The purpose of this letter was to obtain 

permission to contact their patients to participate in the study (a copy of the 

form letter is provided in the appendix B). After obtaining the physicians' 

approval, each case was contacted by mail (a copy of the introductory mail 

is provided in the Appendix B) and then by a follow-up telephone call. 

About five percent of the cases were not contacted based on the physicians' 

concern. During the telephone interview, the interviewer assessed the 

eligibility (a copy of the telephone interview is provided in the Appendix B). 
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If a case did not have a telephone or if the phone number was unlisted, then 

an introductory letter and a copy of the telephone interview, along with a 

stamped and self addressed envelope, was mailed to the potential study 

participant. If a case was eligible and agreed to participate in the study, a 

home interview was scheduled at a convenient time and location. 

CONTROLS ELIGIBILITY, IDENTIFICATION AND RECRUITMENT 

Population based controls, were selected based on similar age range (± 5 

years) to participate in the study. Controls were selected using a random

digit dialing technique. The process included matching of the first three 

digits of the telephone number of the cases and randomly selecting the last 

four digits (Waksberg,J., 1978). Thereby, the cases and controls should 

roughly match for socioeconomic status (Newman, T., et al. 1988). 

Controls were selected in the following manner: 1- Telephone numbers of 

the cases were identified. 2- The last four digits of their telephone numbers 

were replaced with the four random determined digits. 3- If the dialed 

number was a business phone, the number was excluded and step 2 was 

repeated. 4- If there was no answer, the number was re-dialed on the 

following day at a different time of the day. Attempts for contacting the 

selected number were made at different times of a day (morning, afternoon, 

or evening) during a period of a week and a week- end. A total of 12 
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attempts were made before discarding the number. 

Upon determination of a residential telephone number, a trained 

interviewer, called the selected number. After a brief introduction, the 

interviewer inquired about the age and gender of household members. If age 

and gender category matched the cases, and if the interviewee did meet the 

other eligibility criteria then the complete phone interview was conducted. 

Otherwise, the interviewer re-initiated the process of control selection from 

the second step, I'eplacing the last four digits of the case's telephone 

number with the four digit numbers from a random number table. If after 

completion of the phone interview, the interviewee was still eligible and 

agreed to participate in the study, a home interview was scheduled at a 

convenient time and location. A confirmation letter was mailed to each 

interviewee after the completion of the telephone interview. If the 

interviewee was eligible but reluctant to participate in the study, a brief 

introductory letter was mailed and the potential interviewee was re

telephoned about four days later. 

7.4. IN-PERSON INTERVIEW 

An in-person interview was scheduled at a time and a place convenient to 

the eligible study participants. The location of the interview was generally 
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the study participant's home. The day before the interview, the appointee 

was called to confirm the interview time. Prior to-the period of question and 

answer period, the interviewer fully explained the purpose of the study, and 

the potential benefits and risks that might be involved with the study. A 

written consent form (Appendix B) was obtained from each study 

participant. After obtaining the study consent, the interviewer began a 

structured interview by asking by asking a series of open and close ended 

questions. The home interview was conducted on one-on-one basis. Visual 

cues, such as response cards and rating scales, were used during the 

process of interview to facilitate and increase the accuracy of the responses. 

The interview instrument was designed to obtain self reported information 

about a) skin characteristics, b) skin response to short and long term 

exposure to sun, c) use and habit of sun protective products, d) family 

history of skin cancer, d) medical history, e) past and present outdoor 

activities, f) tobacco and alcohol consumption, g) anthropometric 

characteristics, h) demographic information, i) residential history, j) current 

medication, including any over counter drugs use, h) vitamin, and mineral 

supplements. The total estimated time for each home interview was 

approximately two to two and half hours per study participant. A copy of 

the home interview can be found in the appendix B. 
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7.5. CLINIC VISIT 

After completion of the home interview, an appointment time was set for a 

clinic visit. The day prior to the visit, each subject was called to reminded 

them of the appointment and to fast for at least 12 hours. At the clinic, a 

certified phlebotomist drew two 15 cc blood sample from each subject. The 

first blood sample, was identified by a code number and immediately sent to 

the laboratory for further preparation. The second, blood sample was sent 

to a commercial laboratory for assessment of blood lipid profile (total 

cholesterol, high density lipoprotein (HOL), low density lipoprotein (LDL), and 

triglycerides). Also, during the clinic visit, one of the staff member of the 

Southeastern Arizona Project, who was trained by M. Schrieber, M.D., 

examined the skin of each study participants for any sign and symptoms of 

skin cancer lesions. Subject recieved a copies of their lipid profiles and 

thank-you notes for their participation in the study. 

7.6. LABORATORY METHODS 

7.6.a. SEPARATION OF ERYTHROCYTES, lYMPHOCYTES AND POLYMORPHONUCLEAR 

CEllS 

The method of Ferrante and Thong was used to separate lymphocytes 

(lymphs), polymorphonuclears (PMN) and erythrocytes (RBC)(Ferrante,A., 

and Thong,Y., 1978). Briefly, 7 ml of fresh human blood was layered on 
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Hypaque-Ficoll solution (density = 1 .114 gm/ml) in 14 ml polypropolyne 

conical tubes. Samples were centrifuged at 200 g for 30 minutes at room 

temperature. Following the separation, each cell population was pi petted 

and transferred to a separate tube (Figure 7.6.1.). Cells were washed with 

0.9% saline solution. RBC contamination in lymph and PMN cells were 

lysed with hypotonic saline solution. Samples were frozen at -20°C until the 

time of extraction. 

7.6.b. EXTRACTION AND ESTERIFICATION 

Fatty acid content of the membrane of RBC's were extracted using the 

methods of Rose and Oklander with slight modification (Rose, H., and 

Oklander, M" 1965). Briefly, one ml of packed RBC were lysed with equal 

volume of dH20; after 15 minutes of incubation at room temperature, 18 ml 

of Folch containing 0.005 percent (gm/ml) BHT (antioxidant) was used to 

extract the lipid content of the cells. Wilile samples were vortexed, 18 ml of 

Folch was added gradually. Samples were incubated for one hour at room 

temperature and occasionally were vortexed. Samples were centrifuged at 

300g for about 15 minutes at 4 0 C. Extracts were washed twice with an 

equal volume of the theoretical upper phase solution (50 KCI (0.74%) : 47 

methanol: 3 chloroform). Washing with the theoretical solution minimized 

heme contamination and removed some of methanol (MeOH) from the Folch 
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extract. Removal of MeOH expedited the process of evaporation under N2 

gas. RBC's were subject to a second folch extraction with 9 ml of Folch. 

Samples were evaporated to dryness under N2. Lipid extracts of the 

samples were saponified by adding 500 pi of 0.5 N NaOH in MeOH and 

heating the samples at BO°C for 30 minutes. 

During our preliminary analysis, we learned that saponification of fatty 

acids increased the fatty acids total recovery, as indicated by the total area 

in a chromatography result. Following the saponification process, it was 

essential to convert the acidic groups in free fatty acids into methylesters. 

The methylesters of fatty acids were obtained by reaction with boron 

trifluoride (12%). One ml of BF3 was added to each sample and the 

samples were then heated to 100°C for one hour. Esterification of the 

acidic group of fat molecules improved their recovery from the capillary 

column, their stability at elevated temperature and the peak shape of the 

analyses. Following esterification, one ml of 3N HCI acid was added to each 

sample in order to neutralize any excess NaOH. Esterified fat molecules 

were extracted from the aqueous solution with equal volume of hexane. 

This process was repeated three times for the assurance of complete 

extraction of esterified fats. The samples were flushed with N2 gas and 

stored at -20° C until the time of gas chromatography (GC) analysis 
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FIGURE 7.6.1.: SEPARATION OF THE THREE CELL POPULATION IN A BLOOD SAMPLE. 
FR 1 = LYMPHOCYTE POPULATION, FR2 = POLYMORPHONUCLEAR CELL POPULATION, 

FR 3 = RED BLOOD CELL POPULATION. 
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(Kurkis, A., and Myher, J., 1987)(Patton, G., and Robins, S., 1990) 

(Sheppard, A., and Iverson, J., 1978). 

Lymphocytes and polymorphonuclear cells were extracted following the 

method of Gotterfried with a slight modification (Gotterfried, E., 1967). One 

volume of cell suspension was added to 7 volumes of MeOH containing BHT 

(5 mg/100 ml). Cells were stirred for 15 minutes at room temperature after 

which 14 ml of chloroform was added to the cell suspension. The stirring 

continued for an additiona-I hour. Cells were centrifuged at 300g at 4° C for 

15 minutes. Upon completion of centrifugation, the bottom layer was 

pipetted out and cells were subjected to a second extraction. Folch extracts 

were washed with 0.2 volume of theoretical upper phase layer and 

evaporated under N2 gas to dryness. Samples were subjected to 

saponification and esterification as previously described. 

7.6.c. PREPARATION OF SAMPLES FOR INJECTION 

Hexane dissolved samples were evaporated to dryness under N2 gas. 

Samples were redissolved in 500 pi hexane. An aliquot of 100 pi of each 

sample was removed and transferred to weighing dishes. Samples were 

weighed and the total amount of fatty acids in the remaining 400 pi was 

calculated. Based on the quantity of the fatty acids in each sample, the final 
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volume of hexane was adjusted such that the total amount of sample 

injected into the GC was between 1 mg/ml and 0.50 mg/mL The samples 

were then transferred to 200 pi GC vials and placed in the injection tray of 

the auto-injector of instrument. 

7.S.d. ESTABLISHING GAS-LIQUID CHROMATOGRAPHY ASSAY 

One of the major goals for this project was to estimate the relative 

concentration of four positional isomers (n-7,n-9,n-G, and n-3) as well as cis 

and trans isomers of fatty acids with equal carbon chain length. The choice 

of a highly polar capillary column with high resolution power, was crucial to 

prevent analytical errors in identifying and quantifying the fatty acids esters. 

A column resolution power is directly related to the length of the column and 

inversely related to the internal diameter and the thickness of the stationary 

phase of the column. A highly polar stationary phase separates the fatty 

acid esters primarily by carbon chain length and secondarily by the number 

of double bonds. Also, effective separation of fatty acids with long carbon 

chains (20 carbons or longer) mandates a higher maximum allowable oven 

temperature (Alexander, L., and Justice, J., 1985){Jennings, W., 1980). 

The above requirements were met by installing Supelco Sp-2380 

(100m by 0.25 mm column with stationary thickness of 0.25 pm) column 

(Supelco Bulletin 855, 1990). 
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7.6.e. CALIBRATION OF GAS CHROMATOGRAPHY INSTRUMENT 

The carrier gas, helium (He) head pressure was set at 35 psi, equalling to 

flow rate of 0.463 ml/min. The formula below was utilized to convert the 

carrier gas linear velocity to the flow rate of ml volume per minute unit of 

time: GAS FLOW RATE = (D x D)/4 x 0.6 xV x3.1412 

Where 0 = diameter of the column in mm, and V = linear gas velocity in 
cm/sec. 

Monitor attenuation sensitivity was set at the mid pOint, attenuation of 8. 

Flame ionization detector and injection port temperature both were set at 

250' F. The initial oven temperature (T1) and rate of temperature change 

(R) were set at 1000 C and 4' C per minute respectively. After reaching 200 0 

C (T2), the oven was programmed to remain at T2 for 2 minutes. Oven 

temperature climbed at a rate of rate of 0.5' C per minute (R2) until it 

reached 209' C (T3). Temperature was maintained at T3 for 2 minutes 

prior to climbing to 250 0 C (T4) at the rate of 10 C per minute (R3). Oven 

temperature was maintained at T4 for 5 minutes. The total time allocated 

for a complete run cycle was calculated to be 93 minutes. The pattern of 

temperature change during the 93 minutes interval is presented in Figure 

7.6.2 .. 

The reliability of the method was checked by separation of the 24 fatty 
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acid peaks in the standard (STD.24) and by comparison of the area percent 

for each fatty acid with the standard obtained from the NU-Check Prep. 

company. Also, the result obtained was compared with the readings 

obtained from the other GC available in the laboratory. 
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Figure 7.6.2.: PATTERN OF TEMPERATURE CHANGE DURING ONE CYCLE. 93 MINUTES. 
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7.6. f . IDENTIFICATION OF FATTY ACIDS 

This process was initiated by injecting each fatty acid into the instrument 

one at-a-time. This way, the absolute elution time for each fatty acid was 

recorded. Then, the standard was spiked with each fatty acid one at a time 

and the relative elution time of each elevated fatty acid was noted. 

Comparison of the absolute and relative retention time in conjunction with 

comparison of the obtained area percent to that of the values of the 

company, guided us to accurate identification of each fatty acid. It was 

rather crucial to establish the minimum amount of sample that could be 

detected by the flame ionization detector (FID) accurately. An experiment 

was designed to assess four different concentrations (O.125, 0.25, 0.5, and 

1 mg/ml) of the authentic standard 6SA. The instrument was programmed 

so that the volumes of 1/2, 1, 2, and 3 pi's of each concentration was 

injected one at-a-time. At the level of 0.25mg/ml and the injected volume of 

0.5 pi the relative concentration of each fatty acid was assessed accurately. 

However, assessment of the relative concentration of fatty acids at the level 

of 0.5 mg/ml and volume of 0.5 pi was not accurate (Table 7.6.1). The 

reliable and repeatable results were obtained when the concentration of the 

standard was either 0.25, 0.5 or 1 mg/ml and the injected volumes were 10r 

2 pi's. At the concentration of 0.125 mg/ml reliable and repeatable results 

were obtained only when the injection volume was 2 pI. When we increased 
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the volume of the sample to 3 pi, the amount of fatty acids with shorter 

chain length (eluted first) were over estimated; while, the longer fatty acids 

were underestimated. We attributed these results to the phenomenon of 

column over load. Consequently, we decided to limit the maximum volume 

of injection to 2 pI. It was necessary to establish the FlO response to 

different concentration of STO.24. The composition and relative 

concentration of the fatty acid component of STO.24 was carefully arranged 

to resemble the composition of our biological samples. Seven different 

concentrations (0.125, 0.25, 0.5, 1.0, 2.5, 5.0, and 10 mg/ml) of the 

standard were prepared and the samples were injected at the volumes of 1 

and 2 pi's. FlO assessment of the relative concentration of the fatty acid 

component of the STO.24 at concentrations of 0.25, 0.5, 1, 2.5, 5.0, and 

10 mg/ml and volumes of 1 and 2 pi's were comparable to the values of the 

company (Table 7.6.2). The relative concentration of fatty acids at 0.125 

mg/ml concentration and volume of 2 pi was assessed accurately. However, 

we decided to set the minimum of 0.5 mg/ml as the threshold concentration 

for our biological samples. 

The maximum time required prior to the change of standard was assessed. 

The instrument was programmed to process a sample of STO.24 (5 mg/ml) 

for 28 continuous runs. Figures 7.6.3 through 7.6.5 portray the fluctuation 
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of each fatty acid component of the STD.24. The drop in concentration of 

fatty acid observed at time 10 is due to addition of two fatty acids 18:n-9 

trans and 20:5n-3 to the standard. Table 7.6.3. shows the changes in the 

relative composition of fatty acids after 16 hours (10 runs). Based on the 

established convention, we decided to change the standard when the 

relative concentration of fatty acids dropped below 5 percent of the 

company's values (Peng, E., 1992). After 16 hours, we observed almost 16 

percent drop in concentration of 20:2n-9, 20:3n-9 and 22:6n-3, and 23 

percent elevation in 22:3n-9 fatty acids. The observed elevation of 22:3n-9 

could be due to co-elution of this fatty acid with perhaps fatty acid oxidants. 

Thus, we decided to change the standard on a daily basis. 
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TABLE 7.6.1: FLAME IONIZATION DETECTOR AND STANDARD 68-A. FLAME IONIZATION DETECTOR RESPONSE TO 
DIFFERENT CONCENTRATION AND VOLUMES (ML) OF STANDARD 68A. 

FATIY ACIDS 112 ML 1 ML 2 ML RELATIVE 
CONCENTRATION 

lCOMPANY) 

0.125 0.25 0.5 1.0 0.125 0.25 0.5 1.0 0.125 0.25 0.5 1.0 

16:1 36 10.0 20.9 9.7 11.12 9.71 8.02 9.41 9.91 9.64 9.47 9.90 10.00 

16;1N7 54 5.44 24.9 5.9 8.19 5.92 5.39 5.32 6.04 5.38 5.73 5.40 6.00 

18;0 4.85 10.7 4.83 5.86 4.83 4.36 4.75 4.65 4.80 4.64 5.02 5.00 

18;1 5.14 34.5 5.04 5.85 5.04 3.77 4.94 4.83 4.94 5.03 5.08 5.00 

18;2 5.53 5.00 5.59 5.00 4.65 4.96 5.04 4.90 4.87 4.97 5.00 

18:3 5.40 6.08 5.71 5.02 5.44 4.91 5.00 5.04 5.23 5.18 5.00 

20;0 5.08 4.93 5.45 4.93 6.08 5.11 4.48 4.86 5.27 5.01 5.00 

20:1 5.60 4.83 5.67 4.84 3.76 4.50 4.91 4.75 4.48 4.71 5.00 

20:2 5.34 4.90 5.64 4.90 5.40 4.89 4.90 5.02 5.06 4.97 5.00 

20:3 n·6 5.50 4.99 5.36 4.99 5.29 5.32 4.50 5.20 5.37 5.33 5.00 

20:3 n·3 5.50 4.67 5.31 4.67 4.90 5.02 5.93 4.96 5.00 4.99 5.00 

20:4 4.97 4.86 5.36 4.86 5.54 5.33 4.04 4.27 4.97 4.96 5.00 

24:1 5.63 4.84 5.98 4.84 5.01 4.27 5.92 4.96 5.33 5.06 5.00 

22:6 0 4.94 4.22 5.35 4.22 5.35 4.57 4.00 4.27 4.08 4.37 5.00 
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TABLE 7.6.2: FLAME IONIZATION DETECTOR AND STANDARD 24. FLAME IONIZATION DETECTOR RESPONSE TO DIFFERENT 
CONCENTRATION (MG/MLl AND VOLUMES (MLl OF STANDARD STD.24. 

FArry ACIDS 

16:0 

16:1 N-7 

18:00 

18:1 N-9 T 

18:1 N-7 CIS 

18:1 N-9 CIS 

18:2N-GT 

18:2 N-6 CIS 

20:0 

18:3 N·6 

18:3 N-3 

18:4 N-3 

20:2 N-9 

20:3 N·9 

20:3 N-G 

20:4 N-G 

20:5 N-3 

24:1 N-9 

22:3 N-9 

22:4 N-6 

22:6 N-3 

0.25 

8.75 

2.56 

10.35 

4.36 

6.49 

4.74 

2.74 

7.45 

8.75 

=.56 

10.35 

0.44 

1.91 

2.87 

2.67 

8.30 

1.08 

3.98 

1.73 

3.71 

4.24 

0.5 

8.79 

2.58 

10.31 

4.30 

6.37 

4.76 

2.75 

7.50 

2.93 

0.94 

3.07 

0.44 

1.9~ 

2.86 

2.67 

8.35 

0.99 

3.85 

1.79 

3.65 

4.16 

1.0 

8.65 

2.53 

10.17 

4.82 

6.46 

4.70 

2.67 

7.34 

3.36 

1.11 

2.90 

0.38 

1.88 

2.79 

2.61 

8.35 

0.94 

3.65 

2.03 

3.60 

4.03 

lML 

2.5 

8.85 

2.60 

10.25 

5.04 

6.46 

4.76 

2.68 

7.36 

2.99 

1.07 

2.68 

0.39 

1.90 

2.79 

2.61 

8.22 

0.93 

3.63 

2.03 

3.60 

4.03 

5.0 

8.80 

2.58 

10.38 

4.22 

6.34 

4.78 

2.74 

7.49 

3.05 

1.03 

2.83 

0.41 

1.91 

2.86 

2.65 

8.45 

0.96 

3.95 

1.76 

3.65 

4.18 

10.0 

9.04 

2.61 

12.14 

3.99 

5.87 

5.54 

2.52 

6.76 

3.75 

0.86 

2.46 

0.37 

1.62 

2.46 

2.28 

7.07 

0.83 

3.83 

1.19 

3.10 

3.51 

0.125 

9.51 

2.61 

12.14 

3.S9 

5.87 

5.54 

2.52 

6.76 

3.75 

0.86 

2.46 

0.37 

1.62 

2.46 

2.28 

7.06 

0.83 

3.83 

1.19 

3.10 

3.51 

0.25 

9.58 

2.85 

10.20 

4.21 

6.45 

4.56 

2.73 

7.45 

2.79 

0.92 

2.80 

0.42 

1.82 

2.74 

2.54 

7.81 

1.05 

4.15 

1.61 

3.61 

4.18 
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0.5 

9.44 

2.80 

10.04 

4.37 

6.28 

4.51 

2.65 

7.73 

3.10 

1.11 

2.76 

0.39 

1.79 

2.68 

2.51 

7.75 

0.95 

4.10 

1.57 

3.49 

4.02 

2 ML 

1.0 

9.13 

2.68 

10.20 

4.72 

6.58 

4.72 

2.74 

7.48 

2.92 

1.00 

2.73 

0.39 

1.89 

2.80 

2.62 

8.52 

0.93 

3.72 

2.11 

3.66 

3.40 

2.5 

8.90 

2.61 

10.00 

6.66 

6.28 

4.58 

2.72 

7.26 

2.85 

1.30 

2.68 

0.40 

1.85 

2.74 

2.55 

8.19 

1.02 

3.75 

1.84 

3.50 

3.99 

5.0 

8.85 

2.61 

10.08 

6.47 

6.31 

4.62 

2.70 

7.29 

2.85 

1.25 

2.68 

0.38 

1.84 

2.75 

2.58 

8.39 

0.92 

3.67 

1.90 

3.54 

3.98 

10.0 

8.98 

2.64 

10.31 

4.65 

6.57 

4.73 

2.72 

7.46 

2.91 

0.98 

2.75 

0.39 

1.89 

2.82 

2.63 

8.50 

0.96 

3.82 

1.92 

3.63 

4.00 

RELATIVE 
CONCENTRATION 

(COMPANY) 

9.50 

3.00 

10.00 

5.00 

6.50 

4.00 

3.00 

7.50 

3.00 

1.00 

3.00 

0.50 

2.00 

3.00 

3.00 

9.00 

1.00 

4.00 

2.00 

4.00 

4.00 



FIGURE 7.6.3: CHANGES IN THE COMPOSITION OF EIGHT FATTY ACIDS IN THE STANDARD.24. STABILITY OF EACH FATTY 
ACID WAS ASSESSED AS A FUNCTION OF TIME. THE DROP IN THE CONCENTRATION OF EACH FAITY ACID AT TIME 10 
REFLECTS THE ADDITION OF THE TWO FATTY ACIDS. TRANS 18:N-9 AND 20:N-3. 
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FIGURE 7.6.4: CHANGES IN THE COMPOSITION OF EIGHT FATTY ACIDS IN THE STANDARD.24 (CONTINUED). STABILITY OF 
EACH FATTY ACID WAS ASSESSED AS A FUNCTION OF TIME. THE DROP IN THE CONCENTRATION OF FATTY ACIDS AT 
TIME 10 REFLECTS THE ADDITION OF THE TWO FATTY ACIDS, TRANS 18:N-9 AND 20:N-3. 
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FIGURE 7.6.5.: CHANGES IN THE COMPOSITION OF FIVE FATTY ACIDS IN THE STANDARD.24. STABILITY OF EACH FATTY 
ACID WAS ASSESSED AS A FUNCTION OF TIME. THE DROP IN THE CONCENTRATION OF FATTY ACIDS AT TIME 10 
REFLECTS THE ADDITION OF THE TWO FATTY ACIDS, TRANS 18:N-9 AND 20:N-3. 
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TABLE 7.6.3.: CHANGES IN THE RELATIVE CONCENTRATION OF STD.24 AFTER 16 
HOURS 1.2.3. 

iii 

FATTY ACID COMPANY LAB %DEVIATION 

16:0 10 10.287 2.87 

16:1 N-9 3 2.930 2.33 

18:0 10 11.036 0.33 

18:1 N-7 CIS 7 7.393 5.600 

18:1 N-9 CIS 5 4.822 3.56 

18:2 N-6 TRANS 3 3.172 5.70 

18:2 N-6 CIS 8 7.979 0.26 

20:0 3 2.977 0.77 

18:3 N-3 3 2.904 3.20 

20:2 N-9 2 2.316 15.8 

20:3 N-9 3 2.851 4.97 

20:3 N-6 3 2.555 14.8 

20:4 N-6 10 9.665 3.36 

24:1 N-9 4 3.798 5.05 

22:3 N-9 2 2.463 23.10 

22:4 N-6 4 3.803 4.92 

22:6 N-3 5 4.206 15.88 

1- THE VALUES PRESENTED HERE ARE THE MEAN VALUES FOR 10 RUNS. 2- THE SUM 
THE RELATIVE CONCENTRATION OF THE FATTY ACIDS ADDS TO 85%. THE REMAINING 
15% ARE THE TOTAL PERCENT CONCENTRATION OF 17:0, 19:0 AND 23:0 FATTY 
ACIDS. THESE THREE FATTY ACIDS ARE NOT LISTED SINCE THEY ARE NOT 
BIOLOGICALLY AVAILABLE. 3- THE RELATIVE PERCENT CONCENTRATION OF THE FA TTY 
ACIDS VARIES SLIGHTLY FROM THOSE OF TABLE 2. THE SHIFT IN THE PERCENT 
DISTRIBUTIONS IS DUE TO ADDITION OF 4 FATTY ACIDS,3-8:3 N-6, 18:4 N-3, 18:1 N-9 
TRANS, AND 20:5 N-3. 
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7.6.g. DATA PROCESSING PROGRAM 

The relative concentration of different fatty acids in each sample was 

assessed using the relative percent method. Proper identification of each 

fatty acid required establishing a retention time frame window for each fatty 

acid peak. First, it was necessary to establish a component tolerance for 

each fatty acid peak. Component tolerance is an absolute amount of time in 

minute used to create the peak matching window around each peak. This 

step was accomplished by calculating the mean of retention times from 28 

runs for each fatty acid and identifying the maximum deviation from the 

mean (Table 7.6.4.). These values were entered into the method section of 

data processing program 1020, a gas-liquid chromatography data processing 

program (Perkin-Elmer, Manual For Gas Chromatography, 1992). Variation 

in the retention time for each fatty acid was expected since small changes 

such as fluctuation of carrier gas flow, speed of injection and impurity of 

biological samples, are inevitable. To minimize the possibility of error in 

fatty acid identification, we chose the two fatty acids, palmitic (16:0) and 

arachidonic (20:4 n-6) acids as the reference points. The retention time of 

each fatty acid was modified with respect to the retention time of these two 

fatty acids. The following two formulae were used to calculate the modified 

retention times and its corresponding peak matching window: 
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RT2 (ACT) - R TIIACTJ 
1- MODIFIED RTi = X [RTi (EXP) - RT21EXP) } + RTIIACTJ 

RT21EXP) - RTlIEXP) 

Where RTi IEXP) = expected retention time of component i; 
RT21ACT2) = actual retention time of reference 2 (20:4, arachidonic acid); 

RTIIACT} = actual retention time of reference 1 (16:0, palmitic acid); 
RTIIEXP) = expected retention time of reference 1 (16:0, palmitic acid); 

RT21EXP) = expected retention time of reference 2 (20:4, arachidonic acid) 
(Perkin-Elmer, 1992). 

2- PMW1 = MOD RTIIEXP) ± [MOD RTIIEXP)X COMP% TOL J + COMP TOL 1 

Where PMW1 = peak matching window for component 1; 
MODRTIIExp) = modified expected retention time for component 1; 
COMP% TOL. = percent of retention time for component 1; 
COMP TOL. = maximum deviation from the mean retention time for 
component 1 (Perkin-Elmer, 1992). 
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TABLE 7.6.4. : MEAN RETENTION TIME OF 24 FATTY ACIDS IN THE STANDARD.24. THE 
AN RETENTION TIME IS THE AVERAGE OF 28 RUNS AND THE MAXIMUM DEVIATION IS 
THE LARGEST DEVIATION FROM THE MEAN OF THE RUNS. UNIT OF TIME IS IN 
MINUTES. 

FATTY ACID MEAN RETENTION TIME MAXIMUM DEVIATION FROM 

16:0 35.402 0.210 

16: 1 n-7 37.413 0.204 

17:0 38.063 0.220 

18:0 40.999 0.244 

1 8: 1 n-9 trans 42.271 0.197 

19:0 42.945 0.245 

18: 1 n-7 trans 43.247 0.263 

18: 1 n-9 cis 44.030 0.280 

18:2 n-6 trans 44.557 0.259 

18:2 n-6 cis 46.197 0.326 

20:0 47.445 0.305 

18:3 n-6 48.711 0.370 

18:3 n-3 50.449 0.288 

20:2 n-9 53.849 0.434 

18:4 n-3 55.587 0.668 

20:3 n-6 59.004 0.346 

20:4 n-6 59.820 0.330 

23:0 60.240 0.363 

20:5 n-3 65.321 0.322 

24: 'I n-9 68.028 0.453 

22:3 n-9 68.379 0.340 

22:4 n-6 69.884 0.426 

22:6 n-3 78.284 0.384 
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7.7. DESCRIPTION OF VARIABLES SELECTED FOR RISK FACTOR 

ASSESSMENT 

During the in-person interview, detailed information for age, years of 

residency in Arizona, physical characteristics, such as weight, height, and 

tannibility were collected. Also, data on life style habits such as amount and 

types of alcoholic beverages consumed, use of NSAIDS, SPF usage, and 

physical activities were obtained from each interviewee. These information 

were used to create variables suitable for the statistical analysis. Appendix 

C provides detailed information of collection procedure for each variable and 

categorization of the sociodemographic, medical histories, lifestyle habits, 

physical characteristics variables used In the statistical analysis. 

7.8. DATA MANAGEMENT 

The data collected from the home interviews were reviewed by the 

interviewer and changed from the primary form to a code form. The 

transcribed interview forms were reviewed by a second person prior to 

shipment to an independent firm for keypunching. Double entry was 

performed by the firm as one step in quality control and checking for data 

entry errors. Data were entered into the Arizona Cancer Center mainframe 

and stored in usable formats for personal computers. The statistical 

package, SAS, was used for data editing, reduction and analysis (SAS 
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User's Guide, Version 5, 1985). Data were reviewed for completeness and 

consistency using descriptive statistics. Any out-of-range value was 

checked with the original forms and corrected (Rothman, K., 1986)(Feigel, 

D., et aI., 1988). 

7.9. QUALITY CONTROL 

An unheralded and yet important aspect of any research study is the 

approach to assuring the quality and the consistency of data collection. 

Several steps were taken to assure the highest data quality with the 

available resources. The inperson interviews were administered from a 

standard format by one trained interviewer who was quite familiar with the 

format and language of the questionnaire. The questionnaire used in this 

study has been previously administered in the first population case-control 

study. The instrument was field tested and several times revised prior to the 

actual use for the study (Cartmel, 8., 1992). Detailed operational manuals 

were provided for coding and data entry. Accuracy of the home interview 

was hand edited by a second member of the research staff. If any of the 

data were missing, the interviewer immediately called the interviewee and 

gathered data on the missing questions. The data entry package was 

programmed to flag any out-of-range values (Lurie, M., 1994). 
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During the recruitment process of the community based controls several 

problems were identified; the requirements for recruitment of the controls 

using the random frequency age and gender matched technique were not 

fully met. To minimize the potential confounding effect of age and gender, 

these two variables were included in the statistical models and the effects of 

these two variables on the variable of interest, cis linoleic acid (18:2n-6), 

were examined. 

Blood samples were prepared and analyzed without knowledge of case

control status. All the blood samples were identified by a specified number 

in the clinic by the phlebotomist. The first step in the laboratory was 

gradient centrifugation of the blood samples to separate lymphocytes, 

polymorphonuclear and red blood cells. Possible cross contamination of the 

two cell populations was assessed by cell sorting, a random 15 percent of 

the samples. An example of the cell sorting analysis performed in the flow 

cytometer laboratory is shown in Figure 7.9.1 and the summary of cell 

sorting analysis is shown in Table 7.9.1 .. The minimum number of 

lymphocytes found was 68 percent in sample AZ094; 24 percent of the 

cells found in this sample were classified as debris, a collective term for any 

bacterial and dead cell contamination. The maximum lymphocyte count was 

99 percent (sample AZ122). The purity of polymorphonuclear cells (PMN) 
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was assessed by checking whether any lymphocyte cells could be detected 

in the PMN population. Lymphocyte cells were detected in only one sample, 

AZ 174. 

In the laboratory, samples were prepared randomly for gas-liquid 

chromatography assay. After the three cell populations were separated in a 

blood sample, they were washed with physiological concentration of saline 

solution and they were kept in a pool of blood samples at _200 C until the 

completion of subject recruitment and collection of the blood samples. 

Samples were randomly taken from the pool of samples and were processed 

for gas-liquid chromatography analysis. 

Duplicate of samples were prepared to assess the variation within and 

between groups that may have been caused due to laboratory techniques. 

Thirty subjects were randomly selected and asked to donate two 1 5 cc 

blood samples. Both samples were prepared and processed for the gas

liquid chromatography. Statistical analysis using paired T-test yielded no 

significant difference between any of the mean fatty acids in the two sets. 

The correlation between palmitic (16:0) acid, stearic (18:0) acid, vaccininc 

(18:1 n-7) acid, cis linoleic (18:2n-6) acid, eicosatrienoic (20:3n-9) acid, 

arachidonic (20:4n-6) acid, eicosapentoenoic (20:5n-3), docosatetreneoic 
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(22:4n-6) and docosahexaenoic (22:6n-3) acid in the two sets was 

statistically significant (P=0.01)(Table 7.9.2.). 

Another step in the quality control process, was manual reinjection of 

those samples with small recovered area. The total recovery area was 

smaller than the established minimum recovery area for some of the 

samples, despite controlling for the total fat concentration of each sample. 

The variation was due to the total volume of each sample picked up by the 

autosampler. The variation in total recovery leads to inaccurate assessment 

of the relative concentration of fatty acids within a sample. The problem 

was resolved by manual reinjection of those samples (about 30 samples) 

with total recovery area smaller than 15,000,000 units. 

Instrument precision and validity were assessed using the authentic 

standard on a regular interval (Nu-Check, Prep). A 2111 aliquot of the 

authentic standard was processed through the instrument every 9 and 1/2 

hours (6 samples). Figures 7.9.2. and 7.9.3. are two examples of the 

problems that were encountered during the regular assessments. In Figure 

7.9.2., the appearance of 'ghost peaks' in the standard is presented. The 

source of these peaks were traced back to contaminated hexane. Figure 

7.9.3. illustrates an example of the inappropriate elution of fatty acids in 
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the standard. The two fatty acids 16:0 and 18: 1 n-7 are broken down into 

smaller 'components'. Erosion of the inner matrix of a column leads to this 

type of problem. The problem was resolved by removing a loop, total of 30 

cm, from the injection side of the column, and reversing the direction of the 

carrier gas flow. Also, the instrument was cleaned and routine maintenance 

was performed on regular intervals. 

159 



FIGURE 7.9.1.: AN EXAMPLE OF THE RESULTS FROM THE FLOW CYTOMETER 
LABORATORY. 
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TABLE 7.9.1.: PURITY OF LYMPHOCYTE AND POLYMORPHONUCLEAR CELLS. 

ID LYMPHOCYTE POPULATION POLYMORPHONUCLEAR 

AZ057 78% LYMPH 22% DEBRIS NO LYMPHOCYTE GATE 

AZ056 98"1. LYMPH 2% DEBRIS NO LYMPHOCYTE GATE 

AZ047 97% LYMPH 3% DEBRIS NO LYMPHOCYTE GATE 

AZ141 93% LYMPH 7% DEBRIS NO LYMPHOCYTE GATE 

AZ146 85% LYMPH 15% DEBRIS NO LYMPHOCYTE GATE 

AZ224 98% LYMPH 2% DEBRIS NO LYMPHOCYTE GATE 

AZ22J 76 %LYMPH 23% DEBRIS NO LYMPHOCYTE GATE 

AZ210 88% LYMPH 12% DEBRIS NO LYMPHOCYTE GATE 

AZ184 98% LYMPH 2% DEBRIS NO LYMPHOCYTE GATE 

AZ152 96% LYMPH 4% DEBRIS NO LYMPHOCYTE GATE 

AZ160 93% LYMPH 7% DEBRIS NO LYMPHOCYTE GATE 

AZ003 91% LYMPH 9% DEBRIS NO LYMPHOCYTE GATE 

AZ005 95% LYMPH 5% DEBRIS NO LYMPHOCYTE GATE 

AZ022 95% LYMPH 5% DEBRIS NO LYMPHOCYTE GATE 

AZ091 91% LYMPH 9% DEBRIS NO LYMPHOCYTE GATE 

AZ139 96% LYMPH 4% DEBRIS NO LYMPHOCYTE GATE 

AZ122 99% LYMPH 1% DEBRIS NO LYMPHOCYTE GATE 

AZ117 93% LYMPH 7% DEBRIS NO LYMPHOCYTE GATE 

AZ116 95% LYMPH 5% DEBRIS NO LYMPHOCYTE GATE 

AZ115 98% LYMPH 2% DEBRIS NO LYMPHOCYTE GATE 

AZ104 96% LYMPH 2% DEBRIS NO LYMPHOCYTE GATE 

AZ094 68% LYMPH 26% DEBRIS NO LYMPHOCYTE GATE 

AZ178 94% LYMPH 6% DEBRIS NO LYMPHOCYTE GATE 

AZ174 98% LYMPH 4% DEBRIS NO LYMPHOCYTE GATE 

AZ092 95% LYMPH 5% DEBRIS NO LYMPHOCYTE GATE 

AZ087 38% LYMPH 12% DEBRIS NO LYMPHOCYTE GATE 

AZ107 90% LYMPH 10% DEBRIS NO LYMPHOCYTE GATE 

AZ100 86% LYMPH 14'10 DEBRIS NO LYMPHOCYTE GATE 

AZ020 9J% LYMPH 7% DEBRIS NO LYMPHOCYTE GATE 

AZ111 98% LYMPH 2% DEBRIS NO LYMPHOCYTE GATE 
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TABLE 7.9.2.: RESULTS FROM DUPLICATE ANALYSIS: A TOTAL OF 30 SAMPLES WERE 
PREPARED IN DUPLICATES FROM THE INITIAL STAGE OF BLOOD PREPARATION. 

FATTY SET ONE SET TWO R++ 

ACID 
MEAN STD DEV MEAN STD DEV 

16:0 17.25 5.67 16.96 5.38 0.9014+ 

18:0 11.12 4.01 11.03 4.36 0.8975+ 

18:n-7 11.44 4.07 11.18 3.84 0.8867* 

18:2n-6 8.19 2.67 8.26 2.06 0.8424+ 

18:3n-3 0.61 0.47 0.60· 0.44 0.8292+ 

20:3n-9 1.90 0.96 1.92 1.04 0.8984+ 

20:4n-6 10.62 3.31 10.75 3.34 0.8900+ 

20:n-3 1.07 0.73 1.11 0.88 0.9053+ 

22:4n-6 2.65 1.02 2.65 0.97 0.8947* 

22:6n-3 2.12 1.05 2.22 1.07 0.9361 + 

+ = P<0.01 
+ + = CORRELATION 
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FIGURE 7.9.2.: THE APPEARANCE OF 'GHOST PEAK' IN THE AUTHENTIC STANDARD. 
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FIGURE 7.9.3.: INAPPROPRIATE ELUTION OF FATTY ACIDS. INAPPROPRIATE ELUTION 
OF FATTY ACIDS IN THE AUTHENTIC STANDARD. THE TWO FATTY ACIDS, 16:0 AND 
1 8:n-7 WERE BROKEN INTO SMALLER PEAKS. 
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7.10. STATiSTICAL ANALYSIS 

The first step in the analysis process was to provide descriptive statistics. 

Data on socioeconomic, physical and skin characteristics were categorized 

and the distribution of the frequency of cases and controls for each category 

was compared using a Chi square statistic (Schlesseman, J., 1982). 

Differences in the distribution of continuous variables, such as the relative 

distribution of different fatty acids, between cases and controls were 

compared using a two sample unequal two, or one sided, Student T-Test, 

depending the relevant hypothesis. The distribution of these variables did 

not always fully meet the assumption of normality. However, the T statistic 

is robust enough to detect differences in the distribution of variables while 

accommodating the skewness (leaverton, P., 1991). 

As a measure of the strength of the association, crude odds ratios were 

estimated. Univariate logistic regression analysis was employed to estimate 

the coefficient, p. The crude odds ratio was estimated from the following 

formula: OR = fill 

Where, OR = estimated odds ratio, p= estimated regression coefficient and 

fj" = difference from the reference categorey. 

The 95 % confidence interval was estimated from the following formula: 
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95 % CI = [ e P- zl-al2 sel PI, e P+ zl-al2 sel PI ] 

Where, f3 = estimated regression coefficient, and se{f3) = standard error of 

the estimated regression coefficient (Rosner, B., 1990). 

Multiple logistic regression analysis was performed to explore the 

magnitude effect of cis-linoleic acid as a risk factor for SCC while controlling 

for the other variables. Both saturated models and step-down analysis were 

used (Hosmer, D, and Lemeshow, 5., 1989). 

Establishing an appropriate logistic model mandated addressing two 

questions. First, what variables should be included in the model? Variables 

were selected based on their potential biological mechanism and insight into 

potential sources of confounding. The variables age, linoleic acid (18:2n-6), 

number of years in Arizona, total body surface area, total fatty acids in the 

n-6 series, total fatty acids in the n-3 series, ratio of n6/n3, total number of 

moles and freckles and ultraviolet light exposure for the duration of 

residency in Arizona were included in the model as continuous variables. 

The variables, use of over-the-counter, non-steroid anti-inflammatory 

drugs, use of sun protective products, family history of squamous cell 
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carcinoma of the skin were included in the model as dichotomous (yes/no) 

variables. The variable gender was included in the model as a dichotomous 

one, with coding "1" and "0" for males and females respectively. Finally, 

the variable tannibility, was entered into the model as a dummy variable. 

Case-control status was coded as "0 = control" and "1 =cases". The list of 

variables that were entered into the logistic model and how these variables 

were entered in the model are presented in Table 7.10.1. 

The appropriate distribution of each continuous variable was the second 

question that needed to be addressed. Because of their wide variability, the 

total number of palpable moles and freckles, and the total kilojoules of 

ultraviolet light exposure underwent log(10) transformation. Linearity of the 

relationship between the observed values for the continuous variables and 

the risk of being a case was assumed. Also, the median value of each 

quartile was plotted against the observed probability of being a case. The 

plots suggested that a binary distribution with the breakpoint at the median 

was appropriate. Sample plots of the median values and observed 

probability of being a case are presented in the Appendix D. The median 

values for the control group was used as the threshold for exposure and the 

continous variables were dichotomized at this level. However, for cis linoleic 
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TABLE 7.10.1.: VARIABLES INCLUDED IN THE LOGISTIC REGRESSION MODEL AS 
POTENTIAL CONFOUNDERS. 

CONTINUOUS 

LINOLEIC ACID 
RATIO N6/N3 
TOTAL FAT IN THE N-3 SERIES 
TOTAL FAT IN THE N-6 SERIES 
TOTAL NUMBERS OF MOLES AND FRECKLES 
AGE 
NUMBER OF YEARS OF RESIDENCY IN ARIZONA 
BODY SURFACE AREA 
UV EXPOSURE ADJUSTED FOR YEARS OF RESIDENCY IN 
ARIZONA 

DICHOTOMOUS 

USE OF SUN PROTECTIVE 
PRODUCTS 

FAMILY HISTORY OF SCC 
GENDER 
USE OF NSAIDS 

RESPONSE 

YES/NO 

YES/NO 
MALE=1, FEMALE=O 
YES/NO 

DUMMY VARIABLE TANl TAN2 TAN3 

NO TAN 
MILD TAN 
MODERATE TAN 
DEEP TAN 

-

0 
1 
0 
0 

- -

0 0 
0 0 
1 0 
0 

. 

-

acid, the natural break point, 7.9 mg% (which was very close around the 

median value of the controls, 8.4 mg%) was chosen as the exposure level. 

The median values for each variable are provided in Appendix D. The 

reference groups for these variables were the lower value of the distribution. 
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Furthermore, the binary distribution, rather than quartile distribution, was 

can be justified based on the sample size. The binary distribution of cis 

linoleic (18:2n-6) acid yielded a larger sample size for the reference group 

(90) with a more reasonable range for the relative concentration of cis 

linoleic (18:2n-6) acid. 

As an initial step in the model development, it was necessary to estimate 

regression coefficient separately for each variable. The result of the 

univariate logistic regression model is presented in Appendix D. The 

loglikelihood ratio test, permitted us to examine the association of the 

variables that we initially thought may be assoiciated with the risk of sec. 

The loglikelihood ratio test, examines the null hypothesis that the coefficient 

is zero, implying that the variable is not associated with the risk of being a 

case (Hosmer, D., and Lemeshow, S., 1989)(Schlesselman, J., 1982). The 

variables years of residency in Arizona, gender, use of SPF, tannibility, 

ultraviolet exposure, total number of palpable moles and freckles, age, and 

linoleic acid demonstrated strong association with the probability of being a 

case. The remaining variables, ratio of fatty acids in the n-6 series to the n-

3 series, body surface area, family history of sec, were included in the 

saturated model because of the convention that if P value from the likelihood 

ratio test is less than 0.25, the variable should be included in the model 
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(Hosmer, D., and Lemeshow, S., 1989). 

The .next step was to estimate the parameters of a saturated model and 

assess the magnitude of change for each variable as a potential measure of 

counfounding. Also, it was necessary to assess the inter-correlation among 

the variables. Strong association between the independent variables leads 

to large standard errors of their coefficients and consequently, imprecise 

estimates (Hosmer, D., and Lemeshow, S., 1989). Constructing a Pearson 

correlation matrix showed that highly correlated variables, total fatty acids in 

the n-6 series and linoleic (18:2n-6) acid (R = O. 54, P = 0.0001), fat ratio and 

total fatty acids in the n-6 series (R = 0.41, P = 0.0001), and fat ratio and 

total fatty acids in the n-3 series (R = -.072, P = 0.0001). The variables, 

total fatty acids and total fatty acids in the n-3 series were deleted from the 

model since their biological importance were expressed by including the 

variable fat ration (the ratio of total fatty acids in the n-6 sereis to the total 

fatty acids in the n-3 series). The two variables, years of residency in 

Arizona and log( 10) ultraviolet exposure were also moederately correlated 

(r = O. 56, P = 0.0001). Years of residency in Arizona was included in the 

multivariate model because it reflects more of the involuntary exposure to 

ultraviolet light; where as, the total ultraviolet exposure is more a reflection 

of the voluntary exposure. Based on these univariate and correlation 
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analyses a saturated multivariate logistic regression model was fit. The first 

saturated model was fit with continuous variables and the second model 

with the dichotomized variables. Comparison of the two models indicated 

that the results from the two models were practically identical, indicating 

that the dichotomization of the variables did not induce significant change to 

the model. Finally, the saturated model with the dichotomized variables was 

re-analyzed using a step-down approach. The result of these analyses are 

presented in the Chaper 8. 

Some of the cases had a previous history of SCC. In response to the 

concern that these cases may some how be different from the rest, cases 

were stratified based on the key variable (previous history and the 

distribution of the variables, age, years of residency in Arizona, relative 

concentration of cis linoleic acid, ratio of n-6/ n-3 fatty acids, total number 

of moles and freckles, total body surface area and the relative concentration 

of arachidonic (20:4n-6) acid) and distribution of these variables between 

the two groups were compared using the standard Student T-test. Also, the 

correlation between the total number of previous SCC lesions and the 

relative concentration of cis linoleic acid were also estimated using Pearson 

corrleation approach. Finally, use of multiple regression analysis permitted 

us to investigate the relationship between each of the independent variable 
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and the dependent variable (cis linoleic acid, 18:2n-6) (Rosner, B., 1990). 

The variables age, number of previous lesions (SCC, AK and BCC), voluntary 

exposure to sun, duration of residency in Arizona, cis linoleic (18:2n-6) and 

body surface are were entered in to the model as continuous variables. The 

remaining variables were entered as dummy variables with values of "0" or 

"1" . 
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7.11. TIME SERIES SUB-STUDY 

A second sub-study was designed to investigate the changes in the 

concentration of cis linoleic (18:2n-6) and arachidonic acids as a function of 

time. One of the objectives of this study was to investigate the within 

person variation in the level of cis linoleic and arachidonic acids over a period 

of one month. In this study, the relative concentration of cis-linoleic acid 

(response) was measured five times (experimental factor). Repeated 

measure of analysis of variance was used to investigate the association 

between time and the leve! of cis linoleic acid as well as the within and 

between group differences (SAS, User's Guide Statistics, 1985). Finally, 

the mean values o'f cis linoleic and arachidonic acids in the membrane of 

lymphocytes and polymorphonuclear were compared using Student T-Test. 

7.11.a. SUBJECT RECRUITMENT AND STATISTICAL ANALYSIS FOR TIME SERIES SUB

STUDY 

Judgemental sampling was used to recruit and enroll subjects for this 

sub-study. Subjects were recruited based on their apparent commitment to 

the study. The interviewer identified those individuals with the highest 

potential of adherence by their level of cooperation during the inperson 

interview. Those subjects who agreed to participate were scheduled for 

appropriate clinic visits. 
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S.1. RECRUITMENT 

CHAPTER 8 

RESULTS 

A total of 4,363 telephone calls were made in order to recruit 222 

individuals who were eligible and interested in participating in the study 

(Table 8.1.). Of the 4,363 calls that made, 372 calls were made to recruit 

cases and the remaining 3,991 calls were made to recruit the population 

based controls. Among the cases, 48 (12.9 %) individuals immediately 

refused to cooperate. In contrast, 335 (8.4%) of the community based 

controls immediately declined our request for participation. Of the total 

numbers dialed, 499 were business numberss, and 744 were non-working 

numbers. A total of 26 cases (7%) and 98 (2.5%) controls completed the 

telephone interview; but, they refused the in-person interview. 

Among the 372 indidividuals that were identified from the skin cancer 

registary, 271were interested to participate in the study (Table 8.1.). Of 

these individuals, 109 (40.2%) were eligible and intersted to participate in 

the study. A total of 58 (21.4%) were not eligilble because they did not 

meet the age criterium, and 59 (22%) were not included in the study 

because the pathology reports were too old. The remaining, 45 individuals 
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were not included in the study because of other criteria such as residency, 

internal cancer or other chronic diseases. 

A total of 2,147 population based controls were interested to participate in 

the study (Table 8.1.1.). Of these individuals, only 113 (5.3%) met the 

eligibility criteria. Age, was the main reason for disqualification. A total of 

1,797 individuals did not meet the age requirement. Ethnicity (86, 4%) and 

chronic diseases (79, 3.7%) were the second and third reasons for not 

meeting the study requirements. The remaining 77 individuals that were 

interested to participate in the study, were not eligible because of gender, 

internal cancer, residency and participation in the other studies. 
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TABLE 8.1.1.: SUMMARY OF RECRUITMENT. 

RESPONSE NO. OF CALLS NO. OF CALLS 
(CONTROLS) (CASES) 

NON-COOPERATIVE 335 4 
(IMMEDIATELY HUNG-UP) 

BUSINESS NUMBER 495 4 

REFUSED HOME INTERVIEW 98 26 

NON-WORKING NUMBER 751 21 

MOVED AFTER TELEPHONE 
INTERVIEW 

DECEASED AFTER TELEPHONE 0 
INTERVIEW 

INTERESTED BUT NOT ELIGIBLE 

AGE 1797 58 

ETHNICITY 86 0 

GENDER 20 4 

CHD' /DIABETES/GOUT 79 14 

PATHOLOGY DATE TOO OLD 0 59 

OTHER STUDIES 6 

INTERNAL CANCER 47 16 

NOT PIMA COUNTY RESIDENT 4 5 

INTERESTED AND ELIGIBLE 113 109 

1- CORONARY HEART DISEASES. 
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8.2. DESCRIPTION OF TI-IE STUDY PARTICIPANTS 

8.2. a. SOCIODEMOGRAPHIC VARAIBLES 

Comparison of the sociodemographic characteristics of the cases and 

controls revealed few differences between the two groups. The 

socioeconomic and demographic variables are presented in Table 8.2.1. 

Females composed 37.8 percent of cases and 54.3 percent of controls; 

while, 45.7 percent of cases and 62.2 percent of controls were males. The 

age of study participants was limited between 60 and 80 years. Cases and 

controls had mean age of 71 and 73 years respectively. This difference was 

statistically significant (P =0.049). The annual mean and median income per 

household for both groups were about $ 25,000. About 52.6 percent of 

cases and 61.7 percent of controls had high school and some college 

training. College graduate was the second most frequent category 

education category for cases (21 %) and controls (19.3%). Finally, 77.3 

percent of cases and 66.0 percent of controls were either married or were in 

a marriage type relationship. Loss of a spouse, due to death or dissolution 

of marriage, were the other two most frequent categories. Cases, in general 

were residents of Arizona longer than the controls. The mean years of 

residency in Arizona for cases was 24{ ± 15.7) years; whereas, the controls 

had a mean residency of 16{ ± 14.4) years in Arizona. The difference in 

number of years in Arizona was significant at P =0.001. 
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TABLE 8.2.1.: SOCIOECONOMIC CHARACTERISTICS OF THE STUDY PARTICIPANTS". 

VARIABLE 

GENDER 
MALES 
FEMALES 

AGE 
60-64 
65-69 
70-74 
75-80 

INCOME 
< 14,999.99 
15-24,999.99 
25-49,999.99 
> 50,000.00 

EDUCATION 
< HIGH SCHOOL 
HIGH SCHOOL & SOME 

COLLEGE 
COLLEGE GRADUATE 
POST GRADUATE 
EDUCATION 

MARITAL STATUS 
MARRIED 
DIVORCED 
WIDOWED 

YEARS OF RESIDENCY IN AZ" 
1-4 
5-9 
10-14 
15-30 
> 30 

CASES(109) 

62.2% (n =68) 
37.8% (n=41) 

17.3% (n=19) 
23.5% (n=25) 
29.6% (n = 32) 
29.6% (n = 33) 

17.8% (n=19) 
16.7% (n=18) 
50.9% (n = 56) 
14.8% (n=16) 

16.0% (n=17) 
52.7% (n=58) 

23.0% (n = 25) 
18.5% (n=9) 

77.3% (n=84) 
8.4% (n=9) 
14.0% (n=16) 

10.3% (n=ll) 
13.8% (n=15) 
24.1 % (n = 26) 
17.7% (n=20) 
36.2% (n = 37) 

CONTROLS (113) 

54.3% (n=61) 
45.7% (n = 52) 

19.0% (n=21) 
35.3% (n = 39) 
25.7% (n=29) 
20.0% (n = 24) 

16.5% (n=19) 
18.9% (n=21) 
51.6% (n = 58) 
15.7% (n=15) 

8.0% (n=9) 
61.7% (n=70) 

19.3% (n=22) 
10.5% (n=12) 

66.0% (n = 75) 
5.6% (n=6) 
20.3% (n = 32) 

28.0% (n = 32) 
17.5% (n = 20) 
23.4% (n = 26) 
11.5% (n=13) 
18.5% (n = 22) 

.. = DUE TO ROUNDING, THE TOTAL PERCENT MAY EXCEED 100 . 

.... = THE MEAN DIFFERENCE OF YEARS IN ARIZONA WAS STATISTICALLY SIGNIFICANT 
ATP=O.OOl. 
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8.2.b. PHYSICAL CHARACTERISTICS 

Comparison of self-reported physical and anthropometric characteristics 

revealed that controls were taller than the cases; however, cases were in 

general heavier than the controls (Table 8.2.2.). The mean and standard 

deviation of height for cases was 67.60 ± 3.6 inches (1 69 ± 9 cm); 

compared to 66.71 ±3.5 inches (166.8 ± 8.75 cm) for controls. This 

difference was statistically significant (P = 0.046). Cases in general were 

heavier than the controls; however, the difference in the weight did not 

reach a level of significance (P = 0.48). No statistical significant differences 

in body mass index was detected (P = 0.39), while the difference in total 

body surface between cases and controls was marginally significant 

(P = 0.08). None of these preliminary analyses were adjusted for age and 

gender of the participants. 

Data on eye and hair colors were also collected during the in-person 

interview (Table 8.2.2.). About 35% of controls classified their eye color as 

blue or green. In comparison, approximately 40 percent of cases reported 

their eye color as blue or green. The number of controls (28.0%) who 

reported their eye color as brown was higher than the cases (17.7%). 

About 53 percent of cases and 61 .7 percent of the controls classified their 

hair color as brown. Blond hair color was the second most hair color grouping 
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TABLE 8.2.2.: PHYSICAL CHARACTERISTICS OF THE STUDY PARTICIPANTS. 

VARIABLES CASES (109) CONTROLS (113) 

WEIGHT (Kg) 
40-59.99 21.4% (11=23) 41.5% (11=47) 
60.0-70.99 35.4% (11=39) 24.7% (11=28) 
71.0-78.99 26.1 % (11=28) 19.5% (11=22) 
79.0- 124.4 17.7% (11=19) 14.0% (11= 16) 

HEIGHT (Cm) 
145-164.99 28.8% (11=31) 40.9% (11=46) 
165-175.99 53.7% (11=59) 40.3% (11=46) 
176-190.00 18.5% (11=19) 18.5% (11=21) 

BODY MASS INDEX (Kg/m2) 
15.00-21.99 26.7% (11=29) 26.3% (11=30) 
22.00-23.99 28.8% (11=31) 35.0% (11=39) 
24.00-25.99 26.7% (11=29) 17.5% (11=20) 
26.00-39.99 21.6% (11=20) 19.5% (11=24) 

TOTAL BODY SURFACE AREA (mi) 
1.25-1.59 29.5% (11=32) 21.4% (11=24) 
1.60-1.76 27.6% (11=30) 22.5% (11=25) 
1.77-1.94 24.8% (11=27) 28.6% (11=32) 
1.95-2.50 18.1 % (11=20) 27.6% (11=29) 

EYE COLOR 
BLUE 43.6% (11=47) 35.0% (11=40) 
GREEN 39.9% (11=43) 36.0% (11=41) 
BROWN 17.7% (11= 19) 28.0% (11=32) 

HAIR COLOR 
BLOND 27.9% (11=30) 30.8% (11=35) 
RED ILl % (11= 12) 2.7% (11=3) 
BROWN 53.0% (11=58) 61.7% (11=70) 
BLACK 8.4% (11=9) 4.5% (11=)8 

used by the study participants to describe their hair color. 
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S.2.c. SKIN CHARACTERISTICS 

Skin characteristics and the potential heritability of SCC were 

investigated for their possible association with SCC (Table 8.2.3.). About 

84.7 percent of the controls described themselves as having the ability to 

develop either a moderate or a deep tan in response to the question "how 

does your skin after repeated exposure to sun. In comparison, 70.4 percent 

of the cases expressed that they were able to tan moderately or deeply after 

repeated exposure to sun. The remaining 29.6 percent of the cases and 

25.5 percent of the controls classified themselves as burn easily or poor 

tannability due to the tendency to peel. Cases had a higher number of 

moles and freckles than controls. The mean number of moles and freckles 

for cases and controls were 10 (± 16) and 6 (± 9) respectively (P = 0.03). 

Finally, the number of cases who reported having family history of SCC was 

twice the number of controls who had family history of SCC. The Xj2 test 

revealed a marginal association (P = 0.07) between family history of SCC and 

case/control status. 
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TABLE 8.2.3: SKIN CHARACTERISTICS AMONG CASES AND CONTROLS. 

lit 

VARIABLE 
NUMBER OF MOLES' 
&FRECKLES 

0-5 
6-10 
11-15 
16-19 
20-50 
>50 

SKIN RESPONSE TO SUN AFTER 
PROLONGED EXPOSURE 

ONLY FRECKLED/ NO TAN 
MILD TAN AND PEEL 
MODERATE TAN 
DEEP TAN 

FAMILY HISTORY OF SCC 

YES 
NO 

.. = SIGNIFICANT AT P=0.031. 

S.2.d. LIFESTYLE HABITS 

CASES(109) 

55.1 % (n=60) 
17.3% (n=19) 
8.6% (n=9) 
2.0% (n=2) 
11.2% (n = 12) 
3.1 % (n=7) 

6.1 % (n=7) 
23.5% (n == 26) 
53.1% (n=58) 
17.3% (n=18) 

18.0% (n = 20) 
82% (n =89) 

CONTROLS (113) 

64.8% (n = 73) 
19% (n=21) 
8.6% (n=10) 
4.8% (n=5) 
1.9% (n=2) 
1.0% (n=2) 

1.0% (n = 1) 
14.3% (n=16) 
45.7% (n = 52) 
39.0% (n = 44) 

9.0% (n=10) 
91.0% (n=112) 

Cases and controls followed similar lifestyle behaviors (Table 8.2.4). Life-

style pattern was assessed by asking several questions regarding smoking, 

drinking, outdoor activities, use of sun protective products, and intake of 

over counter NSAIDS. In response to the question "have you ever 

smoked?" almost 50 percent of cases and 44 percent of controls responded 

182 



TABLE8.2.4. : COMPARISON OF LIFESTYLE PATTERN BETWEEN CASES AND CONTROLS. 

VARIABLE 

HAVE YOU EVER SMOKED? 
YES 
NO 

AVE. NO. OF CIGARETTES 
PER DAY 

AVE. NO. OF YEARS 
SMOKED FILTERED CIGARETTES 

AVE. NO. OF YEARS 
SMOKED UNFILTERED CIGARETTES 

ARE YOU CURRENTLY SMOKING? 
NO 
YES 

CASES (109) CONTORLS (113) 

49.5% (n = 54) 44.0% (n = 50) 
50.0% (n = 55) 56.0% (n=63) 

18 20 

25 26 

17 16 

78.9% (n=86) 83.4% (n=94) 
19.1% (n=23) 15.6% (n=19) 

DO CURRENTLY YOU DRINK ANY ALCOHOLIC 
BEVERAGES? 
NO 23.9% (n=20) 29.9% (n=34) 
YES 76.1% (n=79) 70.1% (n=79) 

GRAMS OF ALCOHOL CONSUMED/ WEEK· 
0-399 
400-999 
1,000-2,499 
2,500-4,500 

DO YOU USE ANY PRODUCT WITH SPF··? 
YES 
NO 

ARE CURRENTLY TAKING NSAIDS? 
YES 
NO 

-

21.7% (n =24) 
22.6% (n = 25) 
39.0% (n =42) 
17.0% (n = 18) 

88.4% (n =96) 
11.6% (n=13) 

47.3% (n=52) 
52.7% (n = 57) 

11.7% (n=14) 
25.9% (n = 29) 
42.8% (n=49) 
16.2% (n=17) 

68.2% (n = 74) 
31.8% (n=39) 

33.1 % (n = 37) 
66.9% (n = 76) 

.. = CALCULATED BASED ON 1 GLASS OF WINE =4 FLUID OZ., I CAN OF BEER = 12 
FLUID OZ., 1 JIGGER = 1 1/2 OZ., AND 24 GRAMS OF ALCOHOL PER FLUID OZ 
AFTER ADJUSTING FOR ALCOHOL CONCENTRATION . 
.... = SUN PROTECTIVE FACTOR 
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positively. Despite the lower percentage of smokers among the controls, 

duration and number of cigarettes smoked per day was moderately higher 

for controls. This difference did not reach statistical significance 

(P = 0.12). Duration of smoking was broken down into the number of years 

the participants smoked filtered and unfiltered cigarettes. The mean number 

of years of smoking filtered cigarettes was 26 among the control group 

compare to 25 years for cases (P = 0.83). The mean number of years of 

smoking unfiltered cigarettes were 17 years among the controls and 16 

years for cases (P = 0.41). There was no difference between cases and 

controsl in their current smoking behaviors. About 80 percent of cases and 

83 percent of controls classified themselves as currently nonsmokers. 

General life time alcohol consumption pattern was included during the in

person interview. Subjects were asked if they ever drank any alcoholic 

beverages. If the response was affirmative, then they were further asked 

about type, frequency and quantity of consumption of alcohol per day. 

About 24 percent of cases and 30 percent of controls classified themselves 

as abstainers. The percent distribution of cases (76%) and controls (70%) 

in the drinker category was similar (P = 0.11). Comparison of the total 

grams of alcohol consumed per week between the two groups did not reveal 

any significant difference (P = 0.79). 
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Data on current sun screen usage and intake of NSAIDS were also 

collected during the home interview (Table 8.2.5.). Forty seven percent of 

cases as compared with 33 percent of controls reported current use (during 

the past 10 years) of sun screen (P = O. 0.005). Interestingly, only 1.4 

percent of the cases and one percent of controls reported use of skin care 

products containing sun screen or sun block prior to age of 50 (P = 0.28). 

More cases used over-the-counter NSAIDS. Twenty three percent of cases, 

compared with 17 percent of controls reported that they were taking them 

on a daily basis (P=0.050). The major type of NSAIDS used was Bayer 

aspirin followed by Baby Bayer aspirin. 

8.2.e. ULTRAVIOLET LIGHT EXPOSURE 

Cases in general spent more time outdoors (Table8.2.6.); Over 51 percent 

of cases spent more than 500 hours outdoors compared to 40 percen of the 

controls. The mean (± SD) amount of ultraviolet rays exposure for cases 

was 24.42( ± 5.27) kilojoules/m2 ; whereas, the controls had a mean 

exposure of 23.53( ± 5.61) kilojoules/m2. This difference was statistically 

significant (P = 0.002). 
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TABLE 8.2.6: ANNUAL SUN EXPOSURE IN KJ/M2
' • 

VARIABLE CASES(109) CONTROLS(113) 

RECREATIONAL OUTDOOR HOURS IN A TYPICAL YEAR 

0.00-99 
100-299 
300-499 
> 500 

JOB OUTDOOR IN ARIZONA 

YES 
NO 

ANNUAL UV EXPOSURE (KJ/M2 )** 

0.00-23.99 
24.00-24.99 
25.00-25.99 
26.00-29.99 

• = KILO JOULES PER METER SQUARED . 
... LOG(10) DISTRIBUTION. 

13.2% (n = 14) 
19.7% (n=22) 
18.7% (n=20) 
51.4% (n=53) 

23.9% (n = 27) 
19.5% (n = 22) 
14.2% (n=16) 
39.9% (n =48) 

47.3% (n=52) 40.9% (n=46) 
56.1% (n=57) 56.5% (n=67) 

19.6% (n=22) 
22.7% (n =25) 
14.4% (n=16) 
43.3% (n=46) 

33.3% (n = 38) 
19.6% (n =22) 
24.5% (n =28) 
22.5% (n = 25) 

8_3. DEMOGRAPHIC VARIABLES AND THE RISK OF SCC: UNIVARIATE 

LOGISTIC REGRESSION ANALYSIS 

The association between the risk of see and sociodemographic, physical 

and skin characteristics and life-style were investigated (Tables 8.3.1.-

8.3. 3). Univariate logistic regression was used to estimate the crude odds 

ratios for these variables and the risk of see. Residency in Arizona was 

statistically associated with the risk of being a case. Those in the upper 
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TABLE 8.3.1.: ESTIMATED CRUDE ODDS RATIOS FOR THE SOCIODEMOGRAPHIC 
VARIABLES. 

VARIABLE 

YEARS IN AZ LOWER 50% UPPER 50% 
NO. OF CASES 31 71 
NO. OF CONTROLS 51 50 
6Fi 1 2.34 
95% CI 1.32-4.15 

INCOME <14.999.99 15-24.999.99 25-49.999.99 >50,000.00 
NO. OF CASES 16 18 55 19 
NO. OF CONTROLS 24 25 36 16 
6R 1.03 1.02 1.28 1 
95% CI 0.64-1.69 0.63-1.67 0.55-1.63 

EDUCATION < 12 YRS. 12 ~ 16< 16 YRS. > 16 YRS. 
NO. OF CASES 13 50 25 20 
NO. OF CONTORLS 9 70 22 12 
DR 0.86 2.33 1.47 1 
95% CI 0.36-1.15 1.19-2.74 1.05-2.89 

GENDER MALES FEMALES 
NO. OF CASES 61 40 
NO. OF CONTROLS 48 57 
6R 1.96 1 
95% CI 1.12-3.42 

AGE > 69 YEARS < 69 YEARS 
NO. OF CASES 63 39 
NO. OF CONTROLS 46 55 
OR 1.93 1 
95% CI 1.10-3.40 
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50 percentile of residency years had almost twice the risk of being a case 

compared to those in the first quartile (6R=2.34, 95% CI= 1.32-4.15). 

The risk of being a case increased for those of subjects who were in the 

lowest education (6'R= 0.78, 95% CI=0.63-.96) category. Gender was 

strongly associated with the risk of SCC (P= 0.029). The risk of being a 

case was almost twice for men than women (OR = 1.96, 95% CI = 1.12-

3.42). Age was another significant predictor for the risk of being a case. 

Those study participants who were older than 69 years (median age of the 

. ....-... 
controls) had about two fold greater risk of being a case (OR = 1.93, 95% 

CI = 1.10-3.40). 

Among the variables that described the physical characteristics of the 

study participants body surface and hair color were associated with the risk 

of being a case (Table 8.3.2). The estimated crude odds ratio for the total 

body surface increased by two fold for those in the upper 50 percentile of 

--body surface distribution (OR = 2. 1 2, 95 % CI = 1.20-3.74). Color of eyes 

was not associated with the risk of being a case; where as, the color of hair 

showed statistical association (OR = 2.75, 95% CI = 1.12-3.42) with the 

risk of SCC. 

Among the variables that described skin and life-style characteristics 
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TABLE 8.3.2.: ESTIMATED CRUDE ODDS RATIOS FOR THE PHYSICAL 
CHARACTERISTICS. 

VARIABLE 

BODY SURFACE UPPER 50% LOWER 50% 
NO. OF CASES 68 34 
NO. OF CONTROLS 49 52 
6R 2.12 1 
95% CI 1.20-3.74 

COLOR OF EYE" LIGHT DARK 
NO. OF CASES 90 18 
NO. OF CONTROLS 81 33 
OR 1.03 1 
95% CI 0.53-1.78 

COLOR OF HAIR"" LIGHT DARK 
NO. OF CASES 61 48 
NO. OF CONTROLS 36 78 ..-.. 
OR 2.75 1 
95% C! 1.12-3.42 

.. = GREEN AND BLUE EYE COLORS WERE GROUPED TOGETHER AS LIGHT EYE COLOR. 
DARK EYE COLOR CONSISTED OF BROWN AND BLACK COLOR . 

.... = LIGHT BLONDE, DARK BLONDE, RED HAIR COLOR WERE GROUPED AS LIGHT HAIR. 
DARK COLOR CONSISTED OF BROWN AND BLACK HAIR COLOR. 
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ability to tan minimized the risk of being a case (Table 8.3.3.). The 

estimated odds ratio decreased to 0.08 ( 95% CI = 0.01-0.80, P = 0.001) 

for those with the ability to tan deeply compared with those who burnt 

easily. The risk of being a case increased with the total number of moles. 

The odds ratio for those in the highest quartile was almost twice as the 

reference group c6R = 1.69, 95%CI = 0.61-4.70, P = 0.005). Finally, family 

history of SCC was not a significant predictor for risk of being a case (OR = 

1.90,95% CI=0.73-4.99, P=0.187). 

The association between life-style characteristics and the risk of being a 

case was also investigated (Table 8.3.3.). The estimated odds ratio of see 
./'--

decreased (OR= 0.37, 95% CI= 0.18-0.75) for those who reported regular 

use of skin care products containing SPF compared with those who did not 

use SPF. The decrease in the risk of SCC for those who were taking over-

the-counter NSAIDS on a daily basis was marginally significant 

........... 
(OR = 0.64, 95% CI =0.89-2.74). Voluntary ultraviolet light exposure was 

marginally associated with the risk of SCC. Those who were in the upper 

50 percentile of ultraviolet exposure had almost 1.6 times greater risk of 

./--
being a case than those in the first quartile (OR = 1.56, 95% CI = 0.0.89-

1.06). 
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TABLE 8.3.3.: ESTIMATED CRUDE ODDS RATIOS FOR SKIN AND LIFE-STYLE 
CHARACTERISTICS. __ 
VARIABLE 

TANNIBILITY BURN EASILY MILD TAN MODERATE TAN 
NO. OF CASES 6 24 58 
NO. OF CONTROLS 3 16 53 
6R 1 0.31 0.20 
95% CI 0.03-2.84 0.02-1.75 

MOLES UPPER 50% LOWER 50% 
NO. OF CASES 67 35 
NO. OF CONTROLS 45 56 
OR 2.38 1 
95% CI 1.35-4.20 

FAMIL Y HISTORY YES NO 
NO. OF CASES 19 89 
NO. OF CONTROLS 10 101 
OR 1.90 1 
95% CI 0.73-4.99 

SPF* YES NO 
NO. OF CASES 95 13 
NO. OF CONTROLS 78 36 
-OR 0.37 1 
95% CI 0.18-0.75 

NSAIDS YES NO 
NO. OF CASES 51 57 
NO. OF CONTROLS 38 76 --"OR 0.64 1 
95% CI 0.89-2.74 

UV EXPOSURE UPPER 50% LOWER 50% 
NO. OF CASES 61 40 
NO. OF CONTROLS 48 49 
r-
OR 1.56 1 
95% CI 0.89-1.06 

.. = SKIN CARE PRODUCTS CONTAINING SUN PROTECTIVE FACTOR. 
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DEEP TAN 
20 
42 
0.08 
0.01-0.80 



8.4. CIS, TRANS LINOLEIC AND ARACHIDONIC ACIDS AND THE RISK OF 

SQUAMOUS CELL CARCINOMA OF THE SKIN: UNIVARIATE ANALYSIS 

The mean and median values for cis linoleic (18:2n-S) and arachidonic 

(20:4 n-S) acids and the ratio of fatty acids in the n-S to the n-3 series are 

presented in Table 8.4.1.. Cases had a lower concentration of cis linoleic 

acid (18:2n-S cis) quantified in terms of mg% than the controls (P=0.005). 

The mean value for the cases was 7.7S mg%; while, the controls had a 

mean of value of 8.49 mg%. The concentration of trans linoleic acid was 

higher in the red blood cell membrane of the cases. The difference in the 

concentration of trans linoleic acid wa~ marginally significant 

(P = 0.09). Cases and controls had similar concentration of arachidonic 

(20:4n-S). The mean concentration of arachidonic (20:4n-S) acid for cases 

and controls were 9.91 mg% and 9.95 mg% respectively. This difference 

was not statistically significant. The difference in the mean value for the 

ratio of fatty acids in the n-S series to the fatty acids in the n-3 series was 

statistically significant (P = 0.025). 

The crude odds ratio was estimated based on the binary distribution. For 

linoleic acid, the refence group was the group below the natural break point, 

7.9 mg%(Table 8.4.2.). The estimated crude odds ratio increased for those 

subjects whose cis linoleic acid concentration was below 7.9 mg%. 
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TABLE 8.4.1.: MEAN AND MEDIAN CONCENTRATION OF CIS AND TRANS LINOLEIC, ARACHIDONIC ACIDS AND 
THE RATIO OF N-6 TO N-3 FATTY ACIDS. 

FATTY ACIDS CASES(n = 881 CONTROLS (n = 86) 

MEAN (± SDI MEDIAN (RANGEl MEAN (± SDI MEDIAN (RANGEl 

18:2 n-6 cis * 7.76 (1.74) 7.79 (2.88-11.621 8.48 (1.591 8.48 (4.78-14.431 

18:2 n-6 trans* * 0.52 (0.561 0.32 (0.00-2.701 0.38 (0.551 0.21 10.00-3.301 

20:4 n-6 9.91 (3.591 10.23 (1.81-23.491 9.95 (3.12) 10.46 (2.40-17.111 

RATIO N-6! N-3*** 4.10 (1.371 3.98 (1.45-8.401 4.59 (1.561 4.31 (2.13-10.141 

* = SIGNIFICANT AT P=0.005. 
** = TRANS LINOLEIC ACID; MARGINALLY SIGNIFICANT AT 0.09. 
** = SIGNIFICANT AT P=0.025. RATIO N6!N3= RATIO OF FATTY ACIDS IN THE N-6 SERIES (18:2 N-6+ 
18:3 N-6 + 20:4 N-6 + 22:4 N-61 TO FATTY ACIDS IN THE N-3 SERIES (18:3 N-3 + 18:4 N-3 + 20:5 N-3 + 22:61 
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TABLE 8.4.2: CRUDE ODDS RATIO BASED ON BINARY DISTRIBUTION OF CIS AND 
TRANS LINOLEIC AND ARACHIDONIC ACIDS. 

18:2 N-S CIS' 
NO. OF CASES 
NO. OF CONTROLS 
r-. 
OR 
95% CI 

18:2 N-S TRANS 
NO. OF CASES 
NO. OF CONTROLS 
OR 
95% CI 

20:4 N-S 
NO. OF CASES 
rj.Q. OF CONTROLS 
OR 
95% CI 

RATIO N-S/N-3 
NO. OF CASES 
NO. OF CONTROLS 
OR 
95% CI 

UPPER 50% 
40 
57 
0.42 
0.23-0.78 

UPPER 50% 
30 
43 
1.93 
1.05-3.56 

38 
43 
0.759 
0.418-1.376 

30 
39 
0.62 
0.34-1.15 

LOWER 50% 
48 
29 
1 

LOWER 50% 
58 
43 
1 

50 
43 
1 

56 
47 
1 

.. CONTROLS HAD A MEDIAN VALUE OF 8.48 MG%; THE VALUE OF 8.00 MG% WAS 
CHOSEN AS THE EXPOSURE LEVEL BECAUSE OF THE OBSERVED NATURAL BREAK 
POINT. 
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increased by almost two fold (OR=0.42, 95% CI= 0.23-0.78). The 

estimated crude risk of being a case increased by 93 percent for those 

subjects whose concentration of trans linoleic acid in their cell membranes 

fell in the upper 50 percentile (OR = 1.93, 95% CI = 1.05-3.56). The 

estimated crude odds ratio for arachidonic acid remained at unity. 

8.5. MULTIVARIATE ANALYSIS 

Use of logistic regression analysis permitted us to model the probability of 

being a case based on the relative concentration of cis linoleic acid after 

adjusting for other risk factors for sec. As an initial step in model 

development, it was necessary to estimate the logistic regression coefficient 

separately for each variable. These results are presented in Appendix D. 

The likelihood ratio test, showed that the variables years of residency in 

Arizona, gender, use of SPF, tannibility, voluntary ultraviolet exposure, total 

number of palpable moles and freckles, age, and linoleic (18:2n-6) acid 

demonstrated strong association with the probability of being a case. The 

remaining variables, ratio of fatty acids, in the n-6 series to fatty acids in the 

n-3 sereis, total fatty acids in the n-3 series, body surface area, and family 

history of SCC, were include in the saturated model because of the 

convention that if the P value from the likelihood ratio test is less than 0.25, 
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the variable should be included in the model (Hosmer, D.W., and Lemeshow, 

5., 1989). Furthermore, these variable have potential physiological 

association with the risk of SCC. 

The next step was to estimate the parameters of a saturated model and 

assess the magnitude of change for each variable as a potential measure of 

confounding. It was necessary to assess the inter-correlation among the 

variables. Strong association between the independent variables leads to 

large standard errors of their coefficients and consequently, imprecise 

estimates (Hosmer, D., and Lemeshow, 5., 1989). Constructing a Pearson 

correlation matrix showed that highly correlated variables total fatty acids in 

the n-6 series and linoleic acid (18:2 n-6 cis )(R= 0.54, P=0.0001), fat 

ratio and total fatty acids in the n-6 series (R = 0.41, P = 0.0001), and fat 

ratio and total fatty acids in the n-3 series (R = - 0.72, P = 0.0001). The 

variables, total fatty acids in the n-6 series and total fatty acids in the n-3 

series were deleted from the model since their biological importance is 

expressed by including the variable fat ratio (the ratio of total fatty acids in 

the n-6 series to total fatty acids in the n-3 series). The two variables, years 

of residency in Arizona and ultraviolet exposure, were also moderately 

correlated (R=0.56, P=0.0001). Years of residency in Arizona was 

included in the multivariate model because it reflects more of the involuntary 
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exposure to ultraviolet light; whereas, the total ultraviolet exposure is more 

a reflection of the voluntary exposure. Based on these univariate and 

correlation analyses, a saturated multivariate logistic regression model was 

fit. The first saturated model shown in Table 8.5.1. was fit with continuous 

variables and the second model with the dichotomized variables Table 

8.5.2 .. This approach provided the assurance that significance was not 

artificially induced by simply dichotomizing the continuous variables. Both 

tables show the values for the estimated coefficients, standard error of the 

coefficient, and the ratio of the coefficientl standard errors, y. The Xi 2 test 

statistic from the likelihood ratio test for the saturated model with 13 

degrees of freedom was 187.067 (P = 0.0001). Results from the second 

model with dichotomized values were practically similar, indicating that 

categorization of the continuous variables did not induce significant changes 

to the model with continuous variables (Table 8.5.2.). The saturated 

multivariate model was re-analyzed using a step-down approach, with 0.05 

as the significance level for remaining in the model. This approach resulted 

in the final model in estimating the risk of being a case. Results from the 

model are shown in Table 8.5.3 .. 
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TABLE 8.5.1.: SATURATED LOGISTIC MODEL USING CONTINUOUS 
VARIABLES. 

VARIABLE rr SeIPl" 
... 

y 

18:2N-6 CIS' -0.1861 0.1297 1.435 

18:2N-6 TRANS2 0.5265 0.3822 1.378 

RATI0 3 -0.2350 0.1589 1.479 

LOG (10) MOLES 0.2147 0.1823 1.178 

AGE 0.0434 0.0361 1.202 

YRS. IN AZ 0.5053 0.2260 2.236 

SURFACE 0.1338 1.5580 0.086 

UV EXPOSURE4 -0.108 0.3990 0.186 

SPF5 -1.3868 0.4943 2.806 

FAMILY HISTORY 1.3924 0.6517 2.137 

GENDER 1.3307 0.6337 2.100 

NSAIDS 0.5085 0.3992 1.274 

TAN1 6 -2.6052 1.3718 1.900 - -

TAN2 7 -3.0682 1.3445 2.280 

TAN3 8 -3.1255 1.3467 2.320 - -

III 

• '8= ESTIMATED COEFFICIENT . 
•• SE (B) = STANDARD ERROR OF THE COEFFICIENT. 
**. r = RATIO OF COEFFICIENT / STANDARD ERROR. 
1- CIS LINOLEIC ACID; 2- TRANS LINOLEIC ACID; 3- RATIO OF 
FATTY ACIDS IN THE N-6 SERIS TO THE FATTY ACIDS IN THE N-3 SERIES. 
4- MEAN ANNUAL VOLUNTARY ULTRAVIOLET LIGHT EXPOSURE. 
5- SKIN CARE PRODUCTS CONTAINING SUN PROTECTION FACTOR. 
6- MILD TANNING ABILlTY.7- MODERATE TANNING ABILITY. 8- DEEP 
TANNINIG ABILITY. 
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TABLE 8.5.2.: SATURATED LOGISTIC MODEL WITH DICHOTOMIZED VARIABLES . 

VARIABLE Ii' Se (PI" 

CIS 18:2N-6' -0.9593 0.3968 

TRANS 18:2N-62 0.8419 0.3989 

RATI03 -0.3658 0.3862 

MOLES 0.3633 0.4016 

AGE 0.4494 0.3944 

SURFACE4 0.3185 0.7138 

UV EXPOSURE5 -0.3185 0.4477 

YEARS IN AZ 0.8734 0.4479 

SPF4 -1.4368 0.4970 

FAMILY 1.3747 0.6210 
HISTORY 

GENDER 1.343 0.6051 

NSAIDS6 0.3413 0.3872 

TANl 7 -2.8422 1.4485 

TAN2 8 -3.2069 1.4153 

.. (8 = ESTIMATED COEFFICIENT . 

.... SE (8) = STANDARD ERROR OF THE COEFFICIENT . 

...... r = RATIO OF COEFFICIENT / STANDARD ERROR. 

• ... 
y 

2.418 

0.9170 

1.313 

0.9046 

1.139 

0.446 

0.711 

1.960 

2.891 

2.214 

1.875 

0.8815 

1.962 

2.266 

1- CIS LINOLEIC ACID; 2- TRANS LINOLEIC ACID; 3- RATIO OF FATTY ACIDS 
IN THE N-6 SERIS TO THE FA1TY ACIDS IN THE N-3 SERIES. 
4- MEAN ANNUAL VOLUNTARY ULTRAVIOLET LIGHT EXPOSURE. 
5- SKIN CARE PRODUCTS CONTAINING SUN PROTECTION FACTOR. 
6- MILD TANNING ABILITY. 
7- MODERATE TANNING ABILITY. 
8- DEEP TANNINIG ABILITY. 
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Of the variables that were available to the fianl model, six remained 

signficant (cis linoleic acid, gender, use of SPF, tannibility, family history of 

SCC, and years of residency in Arizona) and independently related to SCC 

(Table 8.5.3). Those individuals whose cis linoleic acid concentration was 

higher than 7.9 mg% (the exposure level) were more likely to be a control 

(OR= 0.33, 95% CI 0.16-0.69, P=0.003) compared with those whose 

membrane cis linoleic acid concentration was below than 7.9 mg%. Males 

had about a four fold greater risk of being a case than females (OR = 4.61, 

95% CI = 2.07-1 0.30). Family history was another important predicator for 

SCC; those with a positive family history (parents, sisters, and brothers) of 

SCC had about a three fold greater risk for being a case (OR = 3.44, 95% CI 

1.06-3.26). The ability to tan deeply decreased tile risk of being a case. 

The risk of being a case declined by almost 14 fold (OR = 0.07 , 95 % CI 

0.008-1.036) for those who reported mild ability to tan in comparison to the 

reference group, (no tanning due to burning and skin peeling off); while, the 

odds ratio of being a case declined to 0.046 (95% CI =0.004-0.54) and 

0.031 ( 95% CI =0.003-0.38) for those who reported moderate and deep 

tannibility after repeated exposure to sun. Use of skin products containing 

SPF decreased the risk of being a case. The risk of being a case among 

those who reported use of skin products containing SPF on a regular basis 

was 0.25 times (95% CI = 0.097-0.65) the risk of those who did not use it. 
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TABLE 8.5.3.: ESTIMATE OF CRUDE AND ADJUSTED ODDS RATIO FOR VARIABLES PREDICTIVE OF RISK OF BEING 
A CASE OF SQUAMOUS CELL CARCINOMA OF THE SKIN. 

VARIABLE CASES(N) CONTROLS(N) CRUDE ADJUSTED 95% CI P 
OR OR 

GENDER 
MALES 61 48 1.96 4.61 2.07-10.30 0.002 
FEMALES 40 57 1.00 1.00 

FAMILY HISTORY 
YES 19 10 1.90 3.44 1.06-3.26 0.040 
NO 89 101 1.00 

TANNIBILITY 
NO TAN! BURN 6 3 1.00 1.00 
MILD TAN 24 16 0.31 0.073 0.006-0.87 0.038 
MODERATE TAN 58 53 0.20 0.046 0.004-0.54 0.140 
DEEP TAN 20 42 0.08 0.031 0.003-0.38 0.007 

USE OF SPF' 
YES 95 78 0.37 0.25 0.16-0.69 0.004 
NO 13 36 1.00 1.00 

CIS 18:2N-6 
< 7.9 mg% 40 57 0.42 0.33 0.16-0.69 0.003 
> 7.9 mg% 48 29 1.00 1.00 

YEARS IN AZ 
< 16 YEARS 71 50 2.34 2.25 0.93-4.70 0.030 
> 16 YEARS 31 51 1.00 1.00 

1- SPF= SKIN CARE PRODUCTS CONTAINING SUN PROTECTIVE FACTOR. 
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The variable, years of residency in Arizona were marginally significant 

predictors for see. Duration of residency in Arizona was dichotomized at 

the median point (16 years). Those who were classified above the 50th 

percentile (17-78 years) of residency in Arizona were twice as likely to be 

cases (OR= 2.25,95% el= 0.97-4.70, P=0.30) compared with those who 

were classified below the 50th percentile. 

Standardized odds ratios are shown for the final model in Table 8.5.4 .. 

The parameter, y , provides a standardized odds ratio to evaluate the effect 

of each variable measured in different units in the logistic model (Selvin, S., 

1991). The results from the above analysis reveals that gender makes the 

strongest contribution to the risk of see ( y= 3.13, P =0.0018); the 

variables moderate ( y=2.46, P=0.0185) and deep tannibility ( y=2.71, 

P =0.0072), use of SPF (y= 2.87, P =0.0087) and the relative concentration 

of cis linoleic acid (y=2.95, P=0.005) are relatively equal predictors for the 

risk of see. Finally, years of residency in Arizona, mild tanning ability and 

family history of see are the least contributors to the risk of see among 

this population for the variables that were included in the model. 
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TABLE 8.5.4: ESTIMATED STANDARD ODDS RATIO FOR VARIABLES PREDICATIVE OF 
SQUAMOUS CELL CARCINOMA OF THE SKIN. 

VARIABLE 11 Se (PI"' 
,., 

Y 

GENDER 1.2311 0.3934 3.73 

FAMILY HISTORY 1.1421 0.5813 2.05 

MILD TAN -2.3920 1.2383 2.07 

MODERATE TAN -2.8526 1.2110 2.46 

DEEP TAN -3.3167 1.2347 2.71 

USE OF SPF' -1.2529 0.4778 2.87 

LINOLEIC ACID -1.0565 0.3741 2:95 

YEARS IN AZ 0.6694 0.3587 2.17 

* '8= ESTIMATED COEFFICIENT. 
** SE (B) = STANDARD ERROR OF THE COEFFICIENT. 
*** r = RATIO OF COEFFICIENT / STANDARD ERROR. 

P 

0.002 

0.049 

0.053 

0.019 

0.007 

0.001 

0.005 

0.062 

1- SPF= SKIN CARE PRODUCTS CONTAINING SUN PROTECTIVE FACTOR. 

8.6. DISTRIBUTION OF SATURATED AND MONOUNSATURATED FATTY 

ACIDS AND THE RISK OF SQUAMOUS CELL CARCINOMA OF THE SKIN 

Concentrations of three different saturated fatty acids, palmitic (16:0), 

stearic (18:0) and eicosanoic (20:0), and five monounsaturated fatty acids, 

16: 1 n-7, 18: 1 n-7 cis, 18: 1 n-9 cis, 18: 1 n-9 trans and 24: 1 n-9 were 

compared between cases and controls. Table 8.6.1. presents the mean and 

median values for these fatty acids. The value for each of the fatty acid 
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was not statistically significant between cases and controls. 

The estimated crude odds ratios for saturated and monounsatured fatty 

acids are presented in Table 8.6.2 .. The lower 50 percentile concentration 

was the reference group when estimating the crude odds ratios for the 

saturated and monounsaturated fatty acids. The crude odds ratio for 

palmitic (16:0) and eicosanoic (20:0) remained at unity for these fatty acids. 

Those in the upper 50 percentile of stearic acid (18:0) concentration had 50 

percent increase in the risk of being a case relative to those in the lower 

half; however, the estimated risk of being a case based on the relative 

concentration of stearic acid (18:0) was not statistically significant 

(95% CI = 0.55-8.32). The estimated crude odds ratio for those in the 

upper 50 percentile of trans 18: 1 n-9 increased by 83 percent; however, the 

risk of being a case was not significant (OR 1.83, 95% CI = 1.00-3.34). 

The estimated odds ratio for the remainign monounsaturated fatty acids, 

16:1n-7, 18:1n-7, 18:1n-9 cis, and 24:1n-7 remained also at unity. 
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TABLE 8.6.1.: MEAN AND MEDIAN VALUES FOR SATURATED AND MONOUNSATURATED FATTY ACIDS. 

FATTY ACIDS CASES(n = 88) 
MEAN (± SD) MEDIAN (RANGE) 

SATURATED FATTY ACIDS 

16:0 
18:0 
20:0 

18.21 (2.90) 18.33 (10.53-26.55) 
12.74 (3.02) 12.64 (6.49-28.74) 
0.42 (0.35) 0.37 (0.00-2.25) 

MONOUNSATURATED 
16:1 n-7 0.67 (0.44) 
18: 1 n-9 trans 1.45 (0.57) 
18:1 n-9 cis 0.69 (0.58) 
18: 1 n-7 cis 10.86 (2.29) 
24:1 n-9 2.20 (0.95) 

+ = VALUES ARE IN MG%. 

0.54 (0.00-2.78) 
1.36 (0.32-4.13) 
0.60 (0.00-2.30) 
10.81 (4.46-16.22) 
2.18 (0.22-4.88) 
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CONTROLS(n = 86) 
MEAN (± SD) MEDIAN (RANGE) 

18.29 (3.04) 
12.83 (3.27) 
0.41 (0.30) 

0.64 (0.47) 
1.49 (1.23) 
0.71 (0.55) 
10.96 (2.65) 
2.14 (0.89) 

18.27 (8.32-26.45) 
12.10 (5.19-28.61) 
0.36 (0.00-2.45) 

0.52 (0.10-2.97) 
1.25 (0.51-11.19) 
0.64 (0.00-2.74) 
10.50 (4.90-17.71) 
2.01 (0.13-4.99) 



TABLE 8.6.2: ESTIMATED CRUDE ODDS RATIOS FOR SATURATED AND MONOUNSATUARED FATTY ACIDS. 

FATTY ACID CASES IN) CONTROLS IN) 6R- 95% CI 

16:0 
LOWER 50% 43 41 1 
UPPER 50% 45 45 1.12 0.62-2.04 
18:0 
LOWER 50% 36 44 
UPPER 50% 52 42 1.51 0.83-2.76 
20:0 
LOWER 50% 45 46 
UPPER 50% 43 40 1.10 0.61-1.99 
16:1N-7 
LOWER 50% 43 45 
UPPER 50% 45 41 1.05 0.58-1.90 
18:1N-7 CIS 
LOWER 50% 41 44 
UPPER 50% 47 42 1.20 0.66-2.18 
18:1N-9 CIS 
LOWER 50% 48 43 
UPPER 50% 40 43 0.83 0.46-1.51 
18: 1 N-9 TRANS 
LOWER 50% 34 54 
UPPER 50% 46 40 1.83 1.00-3.34 
24:1N-9 
LOWER 50% 39 49 
UPPER 50% 43 43 1.29 0.71-2.35 

* = CRUDE ODDS RATIO ESTIMATION BY UNIVARIATE LOGISTIC REGRESSION WITH LOWER 50% AS THE 
REFRENCE GROUP. 

206 



8.7. DISTRIBUTION OF POLYUNSATURATED FATTY ACIDS AND THE RISK 

OF SQUAMOUS CELL CARCINOMA OF THE SKIN. 

In addition ot cis and trans linoleic (18:2n-6) and arachidonic (20:4n-6) 

acids, concentration of nine other polyunsaturated fatty acids were assessed 

in the red blood cell membranes. The mean and median values of these 

fatty acids are presented in Table 8.7.1. Cases had significantly higher level 

of linolenic acid (18:3n-3}(P = 0.023) in their red blood cell membrans when 

compared to the controls. Concentration of the remaining polyunsaturated 

fatty acids were similarly distributed between cases and controls. 

The estimated crude odds ratios based on the binary distribution are 

presented in Table 8.7.2 .. The median values of the control group was 

chosen as the threshold for exposure. The lower 50 percentile distribution 

was chosen as the refrence group. 

The risk of being a case for the remaining polyunsaturated fatty acids was 

not statistically significant (Table 8.7 .2.). The risk of being a case for those 

subjects who were classified in the upper 50% for fattty acids 

18:3n-6, and 22:4n-6 were 10 to 20 percent higher than those who were in 

the refrence group. The risk of being a case based on the concentration of 

these fatty acids was not statistically significant, 95% confidence 
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intervalsfor these fatty acids included unity. The risk of being a case 

increased between 84 to 200 percent for those subjects whose membrane 

fatty acids concnetration of 18:3n-3 and 18:4n-3 were in the upper 50 

percentile concentration. The estimated 95% confidence interval included 

unity; consequently, the estimated crude odds ratio for these two fatty acids 

were not statistically significant. The estimated risk of being a case based 

on concentration of 22:6n-3, 20:2n-9, 20:3n-9, and 20:3n-6 fatty acid 

remained at unity. As demonstrated in Table 8.7.2., none of these fatty 

acids were associated with the risk of being a case. 
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TABLE 8.7.1.: MEAN AND MEDIAN VALUES OF NINE POLYUNSATURATED FATTY ACIDS"' 

FATTY ACIDS CASES CONTROLS 
MEAN (± SOl MEDIAN (RANGEl MEAN (± SOl MEDIAN (RANGEl 

18:3 n-6 0.72 (0.931 0.37 (0.00-4.701 0.69 10.911 0.33 (0.00-5.191 

18:3 n-3+ 0.51 (0.641 0.34 (0.00-4.901 0.34 (0.241 0.30 (0.00-1.701 

18:4 n-3 0.28 (0.26) 0.23 10.00-1.38) 0.23 (0.30) 0.16 10.00-2.08) 

20:2 n-9 0.47 (0.39) 0.34 (0.00-2.10) 0.43 (0.28) 0.34 (0.00-1.51) 

20:3 n-9 1.59 (0.61) 1.48 (0.21-4.41) 1.75 (1.08) 1.55 (0.25-9.18) 

20:3 n-6 0.38 (0.69) 0.19 (0.00-5.32) 0.25 (0.38) 0.18 (0.00-2.53) 

20:5 n-3 2.53 (1.22) 2.18 (0.49-6.78) 2.35 (1.35) 2.24 (0.27-8.54) 

22:4 n-6 2.79 (1.45) 2.63 (1.25-7.72) 2.51 (0.87) 2.55 (0.24-4.35) 

22:6 n-3 2.20 (1.04) 2.13 (0.08-4.79) 2.22 (1.07) 2.11 (0.12-4.86) 

+ = VALUES IN MG%. 
+ .... = LINOLENIC ACID, SIGNIFICANT AT P=0.023. 
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TABLE 8.7.2.: ESTIMATED CRUDE ODDS RATIOS FOR POLYUNSATURATED FATTY 
ACIDS. 

FATTY ACID CASES (N) CONTROLS (N) 
/'-. 
OR· 95% CI 

18:3N-6 
LOWER 50% 42 43 1 
UPPER 50% 45 43 1.10 0.60-1.99 
18:3N-3 
LOWER 50% 31 43 1 
UPPER 50% 57 43 1.84 1.00-3.38 
18:4N-3 
LOWER 50% 28 43 1 
UPPER 50% 60 43 2.14 1.06-3.96 
20:2N-9 
LOWER 50% 43 43 1 
UPPER 50% 45 43 1.05 0.58-1.90 
20:3N-9 
LOWER 50% 43 43 1 
UPPER 50% 45 43 0.96 0.53-1.73 
20:3N-6 
LOWER 50% 43 43 1 
UPPER 50% 45 43 1.05 0.58-1.90 
20:5N-3 
LOWER 50% 44 43 
UPPER 50% 44 43 0.55-1.81 
22:4N-6 
LOWER 50% 40 43 1 
UPPER 50% 48 43 1.20 0.66-2.18 
22:6N-3 
LOWER 50% 44 43 
UPPER 50% 44 43 0.55-1.81 

-
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8.8. PREVIOUS HISTORY OF see 

The number of previous lesions were recorded by reviewing the pathology 

reports and self-reports during the in-person interview. Thirty six percent of 

cases had previous see lesions (Table 8.8.1.). Among those with prior 

history of see, forty nine percent reported 1-2 previous see lesion; 28 

percent reported 3-4 lesions and the remaining 23 percent reported 5-9 

previous lesions. Eighteen cases had previous Bee lesions and 

TABLE 8.8.1. NUMBER OF PREVIOUS LESIONS. 

FREQUENCY OF CASES 

NO. OF LESIONS BCC* SCC** 

1-2 15 19 
3-4 02 11 
5-6 1 04 
7-9 0 05 

.. BCC = BASAL CELL CARCINOMA 

.... scc = SQUAMOUS CELL CARCINOMA 

...... AK = ACTINIC KERATOSIS. 

nine cases had history of actinic kerotosis. 

AK*** 

8 
0 
1 
0 

Two questions were raised during data analysis: First" Are those cases 

with previous history of see different from the rest time diagnosed cases?" 

In response to this question, cases were stratified based on previous history 
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and the distribution of the variables, age, years of residency in Arizona, 

relative concentration of cis linoleic acid, ratio of n-6/ n-3 fatty acids, and 

total body surface area were compared (Table 8.8.2.). No significant 

difference between the variables were identified. Years of residency in 

Arizona was marginally significant (P = 0.067). 

The potential effect modification of the previous lesions on the 

concentration of cis linoleic (18: 2n-6) acid was the second question that 

needed to addressed. To answer this question, first, we examined the 

simple correlation between the total number of previous see lesions and the 

relative concentration of cis linoleic acid among the cases. The relative 

concentration of cis linoleic acid and the total number of see lesions were 

negatively correlated (R = -0.07957, P = 0.483); however, this correlation 

was not statistically significant. Second, use of multiple regression analysis 

permitted us to investigate the relationship between each of the independent 

variable and the dependent variable (cis linoleic acid, 18:2n-6)(Rosner, B., 

1990). The variables age, number of previous lesions (See, AK and Bee), 

voluntary exposure to sun, duration of residency in Arizona, cis linoleic 

(1 8: 2n-6) and body surface are were entered in to the model as continuous 

variables. The remaining variables were entered as dummy variables with 

values of "0" or "1 ". The results of this analysis yielded that the relative 
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distribution of cis linoleic acid was a function of age (P = 0.036), and 

independent of the other variables (Table 8.8.3.) . 

TABLE 8.8.2.: COMPARISON OF VARIABLES PREDICTIVE OF SQUAMOUS CELL 
CARCINOMA 

VARIABLE 

18:2 N-6 CIS 

YEARS IN AZ 

ANNUAL UV EXPOSURE* 

AGE 

RA TIO N-6/N-3 *. 

BODY SURFACE··· 

USE OF NSAIDS"·· 
YES 
NO 

FAMILY HISTORY 
YES 
NO 

PREVIOUS see 

MEAN ( ± SD) 

7.59 (1.73) 

27.19 (16.45) 

24.79 (3.81) 

73.78 (5.48) 

3.94 (1.24) 

1.77 (0.20) 

33% 
67% 

10% 
90% 

FIRST TIME see 

MEAN ( ± SD) 

7.78 (1.82) 

22.19 (16.02) 

24.17 (6.57) 

72.26 (5.61) 

4.21 (1.45) 

1.79 (0.18) 

20% 
80% 

5% 
95% 

.. MEAN ANNUAL ULTRAVIOLET LIGHT EXPOSURE IN LOG (10) SCALE . 

... RATIO N6/N3= RATIO OF FATTY ACIDS IN THE N-6 SERIES (18:2 N-6+ 18:3 
N-6 + 20:3 N-6 + 20:4 N-6 + 22:4 N-6) TO THE FATTY ACIDS IN THE N-3 
SERIES (18:3 N-3 + 18:4 N-3 + 20:5 N-3 + 22:6 N-3). 
*** TOTAL BODY SURFACE AREA 11'1 M2. **** NSAIDS = OVER-THE-COUNTER NON
STEROID ANTI-INFLAMMATORY DRUGS. 
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TABLE 8.8.3: VARIABLES PREDICTIVE OF THE DISTRIBUTION OF CIS LINOLEIC ACID. 

VARIABLE 

GENDER 
USE OF SPF' 
MILD TAN 
MODERATE TAN 
DEEP TAN 
YEARS IN ARIZONA 
MOLES & FRECKLES 
UV EXPOSURE 
FAMILY HISTORY 
AGE 
BODY SURFACE 
NSAIDS 
PREVIOUS LESIONS 

- 0.111 
- 0.031 
- 0.285 
- 0.660 

0.359 
- 0.076 

- 0.006 
- 0.013 

0.126 
- 0.063 

1.005 
- 0.095 
- 0.068 

SEIP'" 

0.428 
0.344 
0.751 
0.722 
0.736 
0.166 
0.131 
0.026 
0.447 
0.026 
1.015 
0.274 
0.061 

P 

0.797 
0.928 
0.380 
0.362 
0.626 
0.648 
0.963 
0.622 
0.779 
0.036 
0.324 
0.730 
0.260 

* = P= COEFEICIENT, ** = Sel,B) = STANDARD ERROR OF COEFFICIENT. 
1-SKIN CARE PRODUCTS CONTAINING SUN PROTECTIVE FACTORS. 

8.9. LYMPHOCYTES AND POLYMORPHONUCLEAR CElLS 

One of the objectives of this research was to assess the relative 

concentration of cis linoleic acid and arachidonic acid in two different types 

of white blood cells, lymphocytes, and polymorphonuclear cells and to 

determine how these fatty acids varied by case-controls status. Laboratory 

analysis of this segment of the project was limited by two unexpected 

obstacles. The first problem was the quantity of fatty acids extracted from 

these cells was smaller than had been anticipated and proved to be a limiting 

factor. The quantity of fatty acid extracted is a function of the total number 
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of cells in the blood samples. Co-elution of fatty acids peaks, which was a 

consequence of inadequate recovered fatty acids, was the second problem. 

Data collected from 30 samples were not reliable and could not be used in 

the statistical analysis. Reanalysis of these samples was not possible 

because the total of fatty acids recovered from each cell population was 

barely enough to be processed only once through the instrument. In 

addition another, 27 samples were lost during laboratory process. The mean 

(± SO), and median (range) for the relative distribution of cis linoleic and 

arachidonic acids for 64 cases and 77 controls are provided in Table 8.9.1. 

Cases and controls had similar concentration of cis linoleic and arachidonic 

acids in the membranes of their Iymophocytes and polymorphonuclears. 

TABLE 8.9.1.: MEAN AND MEDIAN VALUES FOR CIS LINOLEIC AND ARACHIDONIC 
ACIDS IN LYMPHOCYTES AND POLYMORPHONUCLEAR CELLS. 

18:2 N-6 CIS 20:4 N-6 

MEAN (± SD) MEDIAN (RANGE) MEAN( ± SD) MEDIAN (RANGe 

LYMPHOCYTES 

CASES 10.03 (± 6.48) 7.75 (0.70-27.54) 9.78( ± 5.46) 8.82(0.15-23.57) 
(N=64) 
CONTROLS 11.19 (± 7.19) 10.45 (0.81- 36.95) 10.93(±6.14) 8.89(0.49-25.99) 
(N=77) 

POL YMORPHONUClEARS 

CASES 10.01(± 7.32) 8.80 (0.56-29.79) 6.14(±5.70) 3.87(0.16-23.85) 
(N=64) 
CONTROLS 6.74 (± 6.45) 5.01 (0.71- 27.54) 6.73(±6.45) 5.01(0.0045.90) 
(N=77) 
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8.10. TIME SERIES SUB-STUDY 

One of the secondary objectives of this research was to assess the within 

person and between group variation in the relative concentration of cis 

linoleic and arachidonic acids over a period of one month. A total of 20 

cases and 20 controls were recruited to donate blood five times, baseline 

and four consecutive times, within a period of one month. The mean and 

median values for each time is provided in Table 8.10.1.. Repeated 

measure of analysis of variance for both cis linoleic and arachidonic acids 

revealed that within person and between group variation did not reach a 

level of significance (Table 8.10.2.). 
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TABLE 8.10.1.: TIME DEPENDENT VARIATION IN CIS LINOLEIC AND ARACHIDONIC ACIDS MEANS (± SDI. 
AND MEDIANS VALUES FOR FOUR REPEATED MEASUREMENT. 

TIME 

T1 MEAN (SO)' 
T2 MEAN (SD)2 
T3 MEAN (SD)3 
T4 MEAN (SD)4 

T1 MEDIAN 
(RANGE) 

T2 MEDIAN 
(RANGE) 

T3 MEDIAN 
(RANGE) 

T4 MEDIAN 
(RANGE) 

1- Tl = TIME 1. 
2- T2 = TIME 2. 
3- T3 = TIME 3. 
4- T4 = TIME 4. 

18:2N-6 20:4N-6 

CASES CONTROLS CASES CONTROLS 

7.5 (1.7) 8.87 (1.3) 10.2 (4.1) 13.3 (4.3) 
7.9 (1.9) 8.13(1.5) 11.4 (3.9) 12.2 (2.3 
8.0 (1.8) 8.9 (1.4) 11.6 (3.2) 13.6(1.8) 
7.8 (1.4) 8.3 (1.6) 11.2 (2.8) 13.1 (3.1) 

7.8 9.1 10.8 12.9 
(5.3-10.5) (4.5-10.5) (6.5-12.1) (8.2-14.5) 

8.3 8.6 12.1 12.6 
(6.3-11.3) (7.1-12.2) (6.6-14.2) (9.5-12.9) 

8.5 8.9 11.6 13.2 
(4.5-9.4) (6.8-12.5) (8.8-13.9) (6.7-14.1) 

7.7 7.9 12.2 12.9 
(5.5-11.1) (5.4-9.9) (9.2-14.2) (8.2-14.4) 
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TABLE 8.10.2.: REPEATED MEASUREMENTS OF CIS LINOLEIC AND ARACHIDONIC ACIDS. 

CIS LINOLEIC ACID 

SOURCE DF* SS** MS*** F P 
TIME 4 1.106 0.277 1.18 0.1313 
SUBJECT WITHIN GROUP 4 1.000 0.250 1.97 0.1127 
BETWEEN GROUPS 1 0.091 0.091 0.18 0.6738 
ERROR 24 11.97 0.499 

ARACHIDONC ACID 

SOURCE DF* SS** MS*** F P 
TIME 4 0.1071 0.027 0.62 0.6466 
SUBJECT WITHIN GROUP 4 0.1468 0.037 0.85 0.4968 
BETWEEN GROUPS 1 0.289 0.289 2.45 0.1304 
ERROR 24 2.824 0.118 
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9.1. POTENTIAL BIAS 

CHAPTER 9 

DISCUSSION 

In this study subject recruitment and enrollment were restricted to Anglo

Americans between ages 60 and 80 years. Age and ethnic specification 

improved the internal validity of the study at the expense of its external 

validity. SCC is mostly a disease of older adults with minimal skin 

pigmentation. Incidence and prevalence of SCC and other non-melanoma 

skin cancer is highest among Anglo-Americans between ages of 60-80 years 

(Cartmel, B., 1992)(Scotto, J., et ai, 1984). By focusing this preliminary 

study on a population stratum with the highest incidence and prevalence of 

the disease, the probability of detecting an association between the odds 

ratio of SCC and the relative concentration of cis linoleic (18:2n-6) was 

increased. By limiting age and ethinicity of the study participants the 

potential confounding effects of ethnicity and age were minimized and the 

accuracy of interpretation of the collected data was maximized. 

9.2. CIS LINOLEIC ACID REMAINED A SIGNIFICANT PREDICTOR OF SCC 

The primary hypothesis of this study was that cases had lower 

concentration of cis linoleic and arachidonic acids than the controls and that 

these two fatty acids would remain significant predictors for the risk of 
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being a case after controlling for the other SCC risk factors. Analysis of 

data revealed that concentration of cis linoleic acid (18:2n-6) was 

significantly lower among cases and the low concentration of cis linoleic 

acid was strongly and independently related to risk of being a case. The 

lower distribution of cis linoleic (18:2n-6) acid in red blood cell membranes 

of cases could be the result of an increased conversion rate of cis linoleic 

acid to its metabolite, arachidonic acid, in the liver. Phospholipid 

constituents of red blood cell membranes constantly undergo remodelling via 

exchange with plasma lipids. The fatty acid component of these 

phospholipids can easily be changed depending on the availability of the 

substrate fatty acid. The lower distribution of cis linoleic acid among the 

cases could simply be the consequence of lower availability of this fatty acid 

in plasma. The potential mechanism for the decreased availability of cis 

linoleic acid is explained in the following paragraph. 

The epidermal layer of skin displays a highly active metaboli8m of 

arachidonic acid to its oxygenated by products mainly 12-HETE, PGE-2 and 

PGD-2 (Ruzicka, T., and Printz, M., 1984). Interestingly, these cells are not 

able to metabolize arachidonic acid from its precursor cis linoleic acid. Cis 

linoleic acid is converted to arachidonic acid in the liver and is transported to 

the skin where it is taken up by the epidermal cells {Chapkin, R., and Ziboh, 
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V., 19984). Until the very recent time, the general assumption was that 

fatty acids traverse cell membranes via passive diffusion. However, about 

20 years ago, the discovery of fatty acid binding proteins revealed that 

fatty acids are transported through the cell membrane by binding to fatty 

acid binding proteins; uptake of fatty acids by fatty acid binding proteins is 

a saturable process which is a function of the concentration of fatty acid 

and the number of fatty acid binding proteins in the membrane (Potter, B., et 

aI., 1989). Over-expression of mRNA for fatty acid binding proteins in both 

benign papilloma and SCC relative to normal epidermal cells of skin in animal 

models have been reported (Kreig, P., et aI., 1993). Also, the current 

scientific data suggest that fatty acid binding proteins have adapted to a 

specific function based on the metabolic need of the cell type that it is 

expressed in (Glatz, J.F., and Van der Vusse, G.J., 1990). Tumor cells 

obtain their fatty acids primarily from the circulating fatty acids (Kinsella, 

J.E., 1990). Synthesis of eicosanoids is a function of the fatty acid 

composition of membrane phospholipids. Conditions that elevate the 

concentration of arachidonic acid significantly enhance the quantity of 

eicosanoids generated by tumor cells. Increased synthesis of PGE-2 relative 

to normal epidermal cells has been documented in SCC lesions removed 

from human subjects (Vanderveen, E., et aI., 1986). Furthermore, 

arachidonic (20:4n-6) acid and its metabolites are involved in cell growth 
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and proliferation via sustaining activity of PKC. Thus, it is possible that 

overexpression of fatty acid binding proteins on SCC tumor cell is the 

response to meet the higher metabolic demand for this fatty acid by the 

tumor cells. Also, it is possible that the elevated demand for arachidonic 

acid by tumor cells may aggravate the rate of elongation and desaturation of 

cis linoleic acid to its arachidonic acid among cases. The word possible is 

stressed since the empirical data regarding the proposed mechanisms are in 

the early stage of development. If the exogenous source of cis linoleic 

(18:2n-6) acid remains constant, a decrease in the body pool of this fatty 

acid might be the end result. In our previous study, we assessed both 

dietary intake of fat and the distribution of subcutaneous (storage fat) cis 

linoleic and arachidonic acids. We observed lower concentrations of these 

two fatty acids among the cases, while the dietary intake fat between cases 

and controls was similar (Moon, T., et al. unpublished data, 1992). 

Selective release of cis linoleic (18:2n-6) and arachidonic (20:4n-6) acids 

from the storage fat may have caused the lower level of these two fatty 

acids in subcutaneous adipocytes. 

A hyperbolic relationship between dietary cis· linoleic(18:2n-6) acid and 

arachidonic (20:4 n-6) acid level in normal tissues has been demonstrated 

(Land, W./ 1991). This relationship could be imply that only a small amount 
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of dietary linoleic (18:2n-6) acid (0.2% of total calorie intake) is required in 

order for the tissue level of arachidonic (20:4n-6) acid to be maintained at 

the maximum level under normal condition. However, it has been suggested 

that a higher level of cis linoleic (18:2n-6) acid is required before the 

maximum level of arachidonic (20:4n-6) acid is maintained in tumorous 

tissues (Land, W., 1992). It is possible that the lower level of cis linoleic 

(18:2n-6) in subcutaneous adipocytes, and red blood cells membranes are 

the consequence of the increase demand by the tumor cells for arachidonic 

(20:4n-6) acid. 

9.3. ARACHIDONIC ACID WAS NOT A SIGNIFICANT PREDICTOR OF SCC 

A lower concentration of arachidonic (20:4n-6) acid had been hypothesized 

in this study for see cases. However, we found that cases and controls 

had similar concentrations of arachidonic acids and the estimated odds ratio 

remaining at unity. The reasons for this observation could be three fold. 

Firstly, the increased physiological demand for arachidonic acid by tumor 

cells may have kept the concentration of arachidonic acid within a 

physiological range by increasing conversion of cis linoleic acid to 

arachidonic acid (discussed earlier in this chapter). Secondly, the number of 

cases who reported regular intake of over-the-counter NSAIDS was higher 

than for controls. Over-the-counter NSAIDS contain either salicylate acid or 
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ibuprofen. These two compounds inhibit synthesis of PGE-2 by inhibiting 

the enzyme, cyclooxygenase, and possibly higher concentration of 

arachidonic acid in cell membranes. However, this reasoning is rather 

unlikely since i~e intake of NSAIDS did not itself remain a significant 

predictor for the risk of being a case. Finally, since arachidonic acid 

performs several crucial roles such as a secondary messenger in signal 

transduction and regulation of cell growth and proliferation in many of cell 

physiological functions (Dennis, E., et aI., 1991)' it is possible that body 

maintains arachidonic acid concentration within a biological range. This 

situation could be analogous to calcium. Similar to arachidonic acid, calcium 

is a secondary messenger in signal transduction and is involved the 

regulation of cell growth. It is a well accepted fact that a human body has 

extensive biochemical regulatory mechanisms to maintain calcium 

homeostasis in serum. Deficiency of calcium manifests itself in the form of 

bone resorption and bone loss long before any clinical signs of it could be 

detected in the serum (Amaud, C. and Sanchez, S,., 1990). Analogous to 

calcium, physiological mechanisms that maintain the blood concentration of 

arachidonic acid within a physiological range may exist. 

The ratio of fatty acids in the n-6 series to the n-3 series has been 

suggested to be a better indicator of the bioavailability of arachidonic acid 
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(Simopoulous, A., 1991). The lower ratio of the total fatty acids in the n-6 

series to the n-3 series among the cases was a simple reflection of their 

lower relative distribution of cis linoleic acid. When the ratio of highly 

unsaturated fatty acids in the two series was compared, cases had higher 

ratio of n-6 to n-3 fatty acids (data not shown), although this difference did 

not reach statistical significance. Metabolism of the two essential fatty 

acids, cis linoleic (18:2n-6) and linolenic (18:3n-3) acids to their respective 

highly unsaturated fatty acids requires inhibitory competition for the same 

enzyme, b-6 desaturase, in the liver. High dietary intake of cis linoleic acid 

could inhibit metabolism of highly unsaturated fatty acids in the n-3 series 

from their precursor, linolenic (18:3 n-3) acid. 

For many years, scientists perceived fatty acids and lipids as a source of 

energy; however, since the early 1980's, research has focused on other 

roles for fatty acids in cell physiology, such as signal transduction and 

secondary messenger. With advancement of technology and understanding 

of cell membrane and cancer biology, more information about the role of 

arachidonic acid in the regulation of cell growth and proliferation will unfold. 

Meanwhile, a model can be proposed to explain the interrelationship 

between the intake of cis linoleic acid and the membrane level of arachidonic 

acid (Figure 9.3.1.). Future well designed and controlled animal and 
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epidemiological studies should clarify the "black box" between the 

biochemical relationship between intake of cis linoleic acid and increased 

uptake of arachidonic acid by tumor cells of skin. This hypothetical model 

proposes that dietary intake of cis linoleic acid remains unchanged; 

meanwhile, the physiological need for arachidonic acid by tumor cells is 

elevated. Fatty acid binding proteins in membrane of tumor cells, in response 

to elevated demand for arachidonic acid, are overexpressed. This over

expression leads to the increased uptake of this fatty acid from the 

circulating lipoprotein and albumins. The body responds by accelerating the 

rate of desaturation and elongation of cis linoleic acid to arachidonic acid 

and by mobilizing the stored arachidonic and cis linoleic acid through 

lipolysis of triglycerides in adipocytes. The net result is maintaining the 

relative concentration of arachidonic acid within an acceptable biological 

range while the relative concentration of cis linoleic acid drops below the 

observed value among those individuals with no history of squamous 

carcinoma of the skin. Although the level of cis linoleic acid may drop below 

the average level Tor those with no history of sec. These levels may not be 

low enough to cause manifestation of clinical signs and symptoms of cis 

linoleic acid. It is stressed that this is a proposed model; future animal and 

epidemiological studies should unravel the portions of this story. 
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FIGURE 9.3.1.: THE HYPOTHETICAL INTERRELATIONSHIP BETWEEN THE BODY POOL OF CIS LINOLEIC ACID AND 
SYNTHESIS OF ARACHIDONIC ACID IN TUMOR CELLS. THE PROPOSED MECHANISM IN MAINTAINING THE RELATIVE 
CONCENTRATION OF ARACHIDONIC ACID IN CELL MEMBRANES. 
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9.4. FATTY ACID COMPOSITION OF RED BLOOD CELL MEMBRANES, A 

REFLECTION OF DIETARY INTAKE OF FAT AND CARBOHYDRATES 

Lack of dietary data was one limitation of this study; however, based on 

the fatty acid composition of the red blood cell membranes we could 

conclude that the dietary carbohydrate and saturated fat of the two groups 

were similar; yet intake of dietary linoleic acid was higher. Lipid composition 

of red blood cell membranes has been extensively studied as a biomarker for 

dietary intake of carbohydrates and fats. One of the hypotheses of this 

study was that the relative distribution of saturated (16:0, 18:0 and 20:0) 

fatty acids and monounsaturated fatty acids (18:1 n-9 cis, 18:1 n-9 trans, 

18: 1 n-7 and 24: 1 n-9) were similar between cases and controls. In this 

study we found no significant difference between the relative concentration 

of saturated and monounsaturated fatty acids in the red blood cell 

membranes of cases and controls. The two fatty acids, palmitic (16:0) and 

stearic acid (18:0) were equally distributed in the red blood cell membranes 

of cases and controls. These two fatty acids are either endogenously 

metabolized or consumed in diet. Excess intake of carbohydrates are 

converted to palmitic acid (16:0); this fatty acid could further become 

elongated to mostly stearic acid (18:0) and in very small amount to 

eicosanoic (20:0) acid. Exogenous intake of these fats come from lard, 

beef, butter, and chicken fat (Mayes, P., 1983). Dougherty et al. 
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(Dougherty, R., et aI., 1987), reported a significant difference between the 

relative concentration of palmitic (16:0) and stearic (18:0)' among Italians, 

Finns and Americans. They attributed this difference to their dietary intake 

pattern of fats and carbohydrates. The difference between the relative 

composition of these fatty acids is well expected among international 

populations with different dietary intake of fat and carbohydrates. Findings 

of this study lends support to the underlying diets of cases and controls not 

being significantly different. 

Endogenous desaturation of stearic acid (18:0) results in metabolism of 

oleic acid (18: 1 n-9 cis). No difference in the concentration of this fatty acid 

was observed in the red blood cell membranes of cases and controls. 

Though this fatty acid can also be supplied through diet, no conclusion 

about the source of this fatty acid could be made. The two isomers of oleic 

acid, elaidic (18:1 n-9 trans) and vaccinic (18:1 n-7 cis) acids, are solely 

supplied through diet. Elaidic acid (18: 1 n-9 trans), the stereoisomer of oleic 

acid (18: 1 n-9 cis), is formed as the result of food processing, such as the 

hydrogenation of vegetable oils. The relative concentration of this fatty acid 

in the red blood cell membranes is a good indicator of dietary intake of meat 

and dairy products. Vaccinic acid (18: 1 n-7 cis) is a positional isomer of 

oleic acid (18: 1 n-9 cis) and it is only supplied through dietary sources such 
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as beef and butter fat. The similarities in the mean, median and range of 

these two fatty acids in the red blood cell membranes of cases and controls 

were another indication that the dietary intakes between cases and controls 

were similar. 

In our previous population based case-control skin cancer study which was 

conducted in Southeast Arizona, the Arizona Food Frequency questionnaire 

was used to assess the dietary intake of the study participants. Preliminary 

analysis of this study, likewise, showed no significant difference between 

the quantity and type of intake of fat and carbohydrates between cases and 

controls (Moon, T., et aI., unpublished data, 1992). 

Higher concentrations of trans linoleic (18:2n-6 trans) and linolenic (18: 3n-

3) acids were observed among cases. Dietary intake of cis linoleic (18:2n-6) 

and linolenic (18:3n-3) acids are required since these two fatty acids are not 

synthesized in the body. Corn and soy bean oil are the major sources of 

these two fatty acids in the American diet (Dupont, J., 1990). Cis linoleic 

acid is converted to its stereoisomer, trans linoleic acid, during food 

processing, such as hydrogenation of vegetable oil. Trans fatty acids 

structurally mimic saturated fatty acids and do not participate in biochemical 

interactions. Cases had higher concentration of trans linoleic and linolenic 
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acids than the controls. The higher concentrations of these two fatty acids 

reflect higher dietary intake of corn and soy bean oil and their hydrogenated 

products such as shortening and margerines among the cases. The high 

intake of cis linoleic acid in the form of corn and soybean oil, may have 

increased the risk of squamous cell carcinoma of the skin among the cases. 

Black and colleagues (Black, H., et aI., 1994), in an dietary intervention 

study, reported that the incidence of actinic keratosis was lower among the 

group of participants who were on 20 percent dietary fat was significantly 

lower than the control group. Although the assessment of dietary intake of 

cis linoleic acid and the risk of squamous cell carcinoma of the skin was not 

investigated in this study, it is possible, that cases had higher intake of corn 

and soybean oil and their products and a higher risk of squamous cell 

carcinoma of the skin. 

Concentrations of highly unsaturated fatty acids such as eicosapentoenoic 

(20:5n-3) and docosahexaenoic acid (22:6n-3), the metabolites of 18:3n-3, 

were similar between the two groups. Concentrations of 22:6n-3 and 

20: 5n-3 have been reported to be a reflection of dietary intake of fish, deep 

green vegetable, corn and canola oil (Manku, M., et aI., 1983). Lack of 

dietary data prohibits us from making any assumptions about intake of deep 

green vegetables and fish among the study participants. However, few of 
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the cases reported supplementary intake of cod liver oil (a rich source of 

20: 5n3 and 22:6n-3) on a daily-basis. Removal of these cases from the 

analysis revealed no significant difference in the relative concentration of 

these two fatty acids between cases and controls. 

Since the early part of this century, intake of polyunsaturated fat, 

corresponding with an increase in consumption of corn and soy bean oil, has 

increased among Americans, while, the consumption of saturated fats has 

decreased. Corn and soy bean oil are the primary source for cis linoleic acid 

in American diet (Stephen, A., and Wald, N., 1990). It is unlikely that a 

group of 60 to 80 year old Americans, with established cultural and dietary 

habits would decrease their dietary intake of oil and fat with respect to only 

one fatty acid, cis linoleic acid. 

The argument that the individuals who participated in this study may have 

changed their dietary habits following sec diagnosis needs to be evaluated. 

Assessing dietary intake is the concrete way to support the hypothesis that 

the dietary intake of the two groups in this study was generally similar. The 

public generally associates sec and other non-melanoma skin cancer as the 

consequence of sun exposure rather than dietary fat. Much of the public 

campaign against skin cancer has focused on sun protection habits rather 
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than diet. Any changes in life style pattern among the cases would have 

been expected in the area of sun protection rather than dietary habits. 

Current use of SPF containing sun screen products was higher among the 

cases than the controls. Other investigators have also reported that 

perceived susceptibility, general attitude and knowledge about skin cancer 

were associated with sun protective behaviors (Berwick, M., et aI., 1992). 

Although we did not directly question the subjects' susceptibility perception, 

knowledge, and attitudes toward sec, responses to questions such as 

family history of sec, and current use of sunscreens, suggested that cases 

were more aware of the risk of sec. 

9.5. OTHER RISK FACTORS FOR SCC 

Income distribution, level of education attainment, and martial status were 

used to assess similarity between the socioeconomic status of cases and 

controls. Socioeconomic homogeneity of the participants was important to 

minimize its potential confounding effect on the risk of being a case. 

Poledank and colleagues (Poledank, et aI., 1986) reported that the incidence 

of melanoma was a function of socioeconomic status. Although melanoma 

is a different type of skin cancer, exposure to sun is the major risk factor for 

both sec and melanorna. Similarly, Glass and Hoover (Glass, A., and 

Hoover, R., 1989), in their study of sec of the skin among the Kaiser

Permanente members in Seattle, Washington, inferred that incidence of sec 
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was a function of socioeconomic status. Association of socioeconomic 

status with see and other skin cancer could be a reflection occupation or 

perhaps the availability of financial and physical resources to purchase 

preventive measures. In this study we did not find a protective effect of 

higher income. Two reasons may explain our finding. Both cases and 

controls were recruited from the general population sources. The 

recruitment strategies were likely to yield a roughly match for the level of 

socioeconomic status. The relatively small sample size may also explain part 

6f the difference between our findings and the previous studies. 

One indirect impact of socioeconomic status is one's knowledge and 

attitudes toward perception of risk and preventive behaviors. Berwick et al. 

(Berwick, M., et aI., 1992), reported that education was positively correlated 

with the use of SPF containing skin products. Those individuals with higher 

level of education were more aware of the hazards of sun exposure and 

more familiar with the concept of sun protection factor in skin products. In 

this study, the association with the level of education and use of SPF was 

not investigated; however, we found that the study participants with 12 

years of education had almost twice the risk of cancer relative with those 

who had post graduate education. The risk of see for those with 4 years of 

college education was 50 percent higher than those with more than 16 

234 



years of education. Decreased risk of sec with the level of education could 

be a reflection of jobs held by' those who have higher level of education or a 

consequence of being more aware of the hazards of sun exposure and self 

protection from unnecessary exposure or a combination of the two factors. 

Physical characteristics such as eye color and hair color, freckles and 

tannability, have all been previously associated with an increased risk of 

sec. Urbach and colleagues were among the first to describe an 

association between the risk of sec and eye color and hair color as well as 

an association between number of freckles and moles and sec (Urbach, F., 

et ai, 1974). In the current study, the participants' ethnicity were limited to 

those of anglo-american of European origin, in order to minimize the 

potential confounding effect of variation in complexion, eye color or hair 

color on the risk of being a case. Despite the restriction on ethnicity, the 

frequency of blue or green eyes and the number of moles and freckles were 

higher among the cases. Cases were also more likely to classify themselves 

as easily burned or having minimal ability to tan. Recall bias and 

susceptibility perception may partially explain our observation. The 

correlation between eye color, and tannibility or between number of moles 

and freckles and tannability was not significant. Analysis of our data 

revealed that the number of moles and freckles was a better predictor of the 
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risk of being a case than eye or hair color. A similar result was reported 

earlier by Urbach and his colleagues (Urbach, F., et ai, 1974). Although, 

others have reported that number of moles and freckles could be more of a 

reflection of the aging process and perhaps the consequence of 

environmental insults (Engel, A., et aI., 1988). Eye color, hair color and 

number of moles and freckles may either reflect lack of melanin 

pigmentation, or phenotypic characteristics of other genetic predispositions 

for susceptibility to SCC. 

Self-reported life style habits were assessed by comparing cases and 

controls for their cigarette smoking habits, alcohol consumption, use of 

vitamins and anti-oxidants, use of NSAIDS, pattern of outdoor activities, and 

use of sun protective agents. There were no differences between cases and 

controls in their cigarette or alcohol history. The relatively narrow age range 

of the study participants (60-80 years old) minimized the spectrum of 

possible social changes in cultural behavior and activities. Cases in this 

study were generally more physically active, as assessed by the number of 

self-reported hours spent in the outdoors. They also reported more frequent 

current use of SPF containing skin products and over-counter NSAIDS. 

Aspirin was the most common type of NSAIDS. The aspirin used for the 

prevention of coronary heart diseases rather than for prevention of skin 
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cancer. Use of sun screen products and NSAIDS could be a reflection of the 

health conscious bias among the cases. While the relative homogenous 

population of this study, would minimize the potential of confounding effect 

of socioeconomic, genetic, and lifestyle behaviors there were still substantial 

differences between cases and controls. 

9.6. RISK FACTORS PREDICTIVE OF SCC 

The risk of being a case was higher among males than females. Our 

finding is supported by previous studies which reported higher prevalence of 

SCC among males (Chuang, Y., et aI., 1990)(Glass, A., and Hoover, R., 

1989). The higher risk among males could be attributed to factors such as 

outdoor activities, outdoor jobs, non-use of SPF, and perhaps the style of 

clothing. In our analysis (data not shown) stratified by gender, outdoor jobs 

were held by males only; also males spent more hours outdoors than 

females (data not shown). Among the study participants, females seemed 

to be more conscious about use of skin products containing SPF than males. 

Females are generally more complaint with respect to preventive health 

practices than males (Jensen, J., et aI., 1992)(Berwick, M., et aI., 1992). 

The observed higher use of skin products containing SPF among females 

could be explained by this characteristic, and perhaps by the influence of the 

recent advertisements which focus on the use of SPF to reduce premature 
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aging. Appropriate clothing style can also minimize skin exposure to sun. In 

this study, however, we did not inquire about use of hat, sun glasses, or 

umbrellas as a means of sun protection. 

Use of skin care products containing SPF has been repeatedly reported to 

reduce the risk of skin cancer of any kind. In this study, we also found that 

use of SPF reduced the risk of being a case. The protective effect of SPF 

observed in this study and other large scale epidemiological studies reflects 

the higher long-term use of SPF containing skin products among the cases. 

Skin care products with SPF absorb ultraviolet rays in B and A ranges and 

consequently, minimize ultraviolet damage to the rapidly growing cells of 

stratum germinativum of the epidermal layer of skin (Young, A., 1991). In a 

sense, SPF functions similarly to melanin, an endogenously synthesized skin 

pigment. 

Tannibility was another factor that reduced the risk of see among the 

participants in this study. Those who reported developing a deep tan after 

repeated exposure to the sun had less risk of being a case when compared 

with those who said that they develop only moderate or mild tans. Our 

finding concords with previous reports that the ability to develop a deep tan 

minimizes the risk of developing skin cancer (Urbach, F., et aI., 1974). 
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Melanin, which is synthesized by melanocyte as a response to ultraviolet 

light, absorbs energy emitted by ultraviolet rays in A and 8 range and to 

some extend in the e range, and consequently minimizes damage to rapidly 

growing cells of stratum germinativum of the epidermal layer of skin (Stern, 

R.,1991). 

Involuntary sun exposure was assessed by inquiring about the duration of 

residency in Arizona. We limited involuntary sun exposure to years of 

residency in Arizona because of the difficulty in assessment of childhood sun 

exposure. Estimation of the life long average cloud cover days, and the 

mean annual solar radiation for each place of residence for each study 

participant would have been rather inhibitory. Furthermore, based on the 

assessment of the study interviewer, study participants had difficulty in 

recalling the type and duration of various outdoor activities for time periods 

early in their lives or else described their current physical activity as their 

typical activity pattern throughout their lives (Lurie, M., 1994). Duration of 

residency in Arizona was a significant predictor for the risk of see with 

cases in living longer in Arizona than the controls. Also, cases reported less 

lifetime use of sun protection prior to their diagnosis of see. It is important 

to recognize that the population of adults who participated in this study 

were between 60 and 80 years of age. Use of sun protective skin products 
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or sun awareness behavior is a rather new trend in Americans' lives; 

furthermore, preventive practices were not common when this group of 

population were in their childhood or young adulthood. Other factors such 

as perceived acclimatization to the sun may partially explain the reason for 

the increased risk associated with the duration of residency in Arizona. 

9.7. PREVIOUS HISTORY OF SCC AND CIS LINOLEIC ACID 

During the phase of data analysis, we recognized that about 40 percent of 

the cases had previous sec, AK or Bee lesions. Two concerns were raised. 

First, whether those cases with a prior history of see lesions were different 

from those who were diagnosed for the first time. Analysis indicated that 

those cases with previous lesions were some what older and had a longer 

duration of residency in Arizona. However, neither of these differences 

reached statistical significance. The second concern was whether the 

relative concentration of cis linoleic acid was a function of the number of 

previous tumor lesions. Analysis revealed that the relative distribution of 

cis linoleic acid was a function of age rather total number of lesions. Our 

finding is supported by previous studies which reported that the relative 

concentration of cis linoleic acid decreases among healthy adults as a 

function of age (Prisco, D., 1991). Also, physiological changes in the 

immune system caused by the natural aging process yield a higher level of 
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PGE-2 synthesis (Goodwin, J. and Ceuppens, J., 1983). Since red blood 

cell membranes are quite interactive with the serum lipid milieu, the drop in 

the relative concentration of red blood cell membranes may be a reflection of 

the lower availability of cis linoleic acid in the serum of older people. 

Analysis of our data, however, revealed a negative correlation 

between the total number of tumor lesions and the concentration of cis 

linoleic acid; and age was positively correlated with the total number of the 

previous SCC lesions. The finding that the concentration of cis linoleic acid 

was a function of age, could be part of the normal physiological changes of 

aging, as well as the higher number of tumor lesions among the older study 

participants. 

9.B. VARIATION OF CIS LINOLEIC AND ARACHIDONIC ACIDS OVER TIME 

Within and between group variation of cis linoleic and arachidonic acids as 

a function of time were investigated in this study. Analysis of data revealed 

no major fluctuation within case status group. Also between group 

variation was not statistically significant. The lack of variation in the relative 

concentration of the two fatty acids could be explained by the short 

duration of follow up (one month). Previous reports regarding within and 

between group variation in the fatty acid composition of red blood cell 

membranes involved a prolonged feeding period. The maximum changes in 
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the relative distribution of red blood cell fatty acids were observed after 6 

weeks of feeding, which corresponds to 40 percent turnover in the pool of 

red blood cells (the life span of a red blood cell is about 16 weeks or 120 

days)(Brown, a., et aI., 1991). In our study, the subjects were following 

their typical diet; and we assessed changes in the relative distribution of cis 

linoleic and arachidonic acids once a week. About five percent of the red 

blood cell pool would be expected to turn over every week. The changes (if 

any) in the relative distribution of cis linoleic and arachidonic acid were most 

likely below the level that could be detected by our technique. Our findings 

concord with those of Revees and colleagues (Revees, V., et aI., 1984). In 

a year long self-selected dietary intake follow up study Reeves and 

colleagues reported no significant change in the plasma fatty acid 

concentration intake. 

Small sample size could also have affected our ability to detect the 

difference. The changes in the relative composition of cis linoleic and 

arachidonic acids were assessed only in 20 cases and 20 controls. A larger 

sample size will increase the power of detection especially when the 

expected change is very small. Finally, because of our concern about 

internal validity, we recruited subjects who were most likety to be compliant 

and interested. Consequently, the effect of volunteer bias may have 
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annulled any difference that could have been detected between the two 

groups. Cases and controls who volunteered for this may have been more 

similar with respect to their dietary intake, physical activities than to 

members of their own group. Generalization of our finding with respect to 

variation as a function of time mandates caution. 

9.9. CIS LINOLEIC AND ARACHIDONIC ACIDS IN MEMBRANES OF 

LYMPHOCYTES AND POL YMORPHONUCLEARS CELLS 

The relative concentration of cis linoleic and arachidonic acids as a 

potential source of PGE-2 was assessed in membrane of lymphocytes and 

polymorphonuclear cells. Initially, we hypothesized that the relative 

distribution of arachidonic acid was higher in the membrane of lymphocytes 

obtained from the cases. This hypothesis was based on the knowledge that 

arachidonic acid is released from the membrane of lymphocytes in response 

to stimulation (Kinsella. J., and Lockesh, B., 1990). Also, iymphocytes are 

the immune cells that are mainly responsible for the removal of antigenic 

tumor cells; whereas, polymorphonuclear cells are the defense line in 

response to inflammatory stimulation (Riot, I., et aI., 1991). Our data 

revealed no significant difference between the relative concentration of cis 

linoleic and arachidonic acids in the membranes of lymphocytes and 

polymorphonuclear cells between cases and controls. One of the major 
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limitation for laboratory data collection for this segment of the project was 

our inability to quantify the amount of fat extracted from the membrane of 

these cells. A relatively small number of white blood cells was the limiting 

factor in this process. Accurate assessment of the relative concentration of 

fatty acid in any tissue mandate standardization of the total amount of the 

sample processed through the gas-liquid chromatography. The percent 

distribution of fatty acids in each sample is a function of the quantity of 

samples processed through the instrument. Since we could not quantify the 

amount of extracted fatty acid from each subject's white blood cell 

population the observed variation in the data could be a function of the 

quantity of sample and/or the difference between the two groups. 
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CONCLUSION AND fUTURE DIRECTION 

The purpose of this preliminary study was to assess the feasibility of 

establishing a biomarker for SCC. In this study we investigated the role of 

cis linoleic as a potential marker of biological response to SCC. Cases in this 

study had a lower concentration of cis linoleic acid than the controls; 

however, the level of arachidonic acid was similar between the two groups. 

The level of cis linoleic acid remained a significant predicator for risk of SCC 

even after adjusting for other known risk factors. Based on our findings, cis 

linoleic !18:2n-6) acid could be a potential biomarker of susceptibility to 

squamous cell carcinoma of the skin. 

A hypothetical model was suggested to explain the finding of this study. 

Perpetual activity of ras oncogene increases the physiological demand for 

arachidonic acid. Fatty acid binding proteins are overexpressed in the 

membrane of tumors leading to increased uptake of arachidonic acid by 

tumor cells. The body maintains the concentration of arachidonic acid 

within a biological range. Thus, the elevated demand for arachidonic acid 

increases the metabolic rate of linoleic acid to arachidonic acid. When 

dietary intake of linoleic acid remains at a constant level, its concentration in 

the red blood cell membrane, subcutaneous adipose and serum level drops at 
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the expense of keeping the level of arachidonic acid within the biological 

range. While much remains unknown about tumor proliferation and 

metastasis, the association between the cis linoleic acid concentration in 

red blood cell membranes is most appropriately classified as a "black box". 

It is relevant to recall to remember that a high level of serum cholesterol and 

elevated body fat were established biomarkers of susceptibility to 

cardiovascular diseases long before we had any knowledge about the roles 

and mechanisms of high density and low density cholesterol and genetic 

predisposition to cardiovascular diseases. 

Future studies could answer many questions. Well designed and 

implemented animal studies could answer whether the kinetics of the 

enzyme b.-6 desaturase differs between normal and see bearing animals. 

Also studies on the rate of uptake of arachidonic acid, production of PGE-2, 

and activity of protein kinase e in see versus the normal epithelial cells 

could expand our understanding about the biochemical metabolism and 

uptake of arachidonic acids. 

Lack of dietary data was a limitation of this study. Future epidemiological 

studies should clarify the association between the dietary intake and 

membrane concentration of cis linoleic acid and the risk of being a see 
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case. Follow up studies should permit us to investigate the longterm 

changes in the relative distribution of cis linoleic acid with incidence of new 

lesions and perhaps other cancers with epithelial cells of origin. Also, 

studies that focus on the association between the concentration of cis 

linoleic acid and the stage of tumor advancement such as in situ versus 

invasive lesions could further our understanding of the possible mechanism 

of cis linoleic acid as a biomarker for tumors with epithelial cells of origin. 

The association between the relative concentration of cis linoleic acid and 

the incidence of premalignant lesions should further clarify the potential role 

of this fatty acid as a biomarker for squamous cell carcinoma of the skin. 
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Associated Derms 

Comstock / Remmers 

Davis Monthan Airbase 

EI Dorado Hospital 

Fleiger-Lemcke Office 

Flores Office (Sierra Vista) 

Friedman-Goldberg 

Ft. Huachuca Hospita 

REGISTRY SITES 

Gray Wastek (Tucson Medical Associatio) 

Group Health Medical Association 

Holly Cross Hospital (Nogales) 

Hoshaw-Miller Office 

Jacoby-Rather Office 

Kino Community Hospital 

Northwest Hospital 

St. Joseph's Hospital 

St. Mary's Hospital 

Thomas-Davis Clinic 

Tucson General Hospital 

Tucson Medical Center 

University Medical Center 

VA Hospital 

Weyer Office (Sierra Vista) 

Whiteley-Myers / Levine 



LIST OF COURNTRY OF ORIGINS, SUBJECTS WERE NOT ELLlGIBLE IF THEIR COUNTRY 
OF ORIGINS WERE IN THE FOLLOWING LIST. 

AFGHANISTAN 
ALGERIA 
ANGOLA 
ARGENTINA 
BELEIZE 
BENIN 
BERMUDA 
BHUTAN 
BOLIVIA 
BOTSWANA 
BRAZIL 
BRUNEL 
BURMA 
BURUNDI 
CABINDA 
CAMERON 
CENTRAL AFRICA 
CHAD 
CHILE 
CHINA 
COLUMBIA 
CONGO 
COSTA RICA 
CUBA 
DOMINICAN-REPUBLIC 
ECUADOR 
EGYPT 
EL SALVADOR 
ETHIOPIA 
FIJI 
GABON 
GUINEA 
GAMBIA 
GHANA 
GRENADA 
GUAM 
GUATEMALA 
HAITI 
HONDURAS 

HONG KONG 
INDIA 
INDONESIA 
IRAN 
IRAQ 
ISRAEL 
IVORY COST 
JAMAICA 
JAPAN 
JORDAN 
KAMPUCHEA 
KENYA 
KOREA 
KUWAIT 
LAOS 
LEBANON 
LIBERIA 
MADAGASCAR 
MALAWIA 
MALASIA 
MALI 
MALTA 
MAURITANIA 
MEXICO 
MOROCCOO 
MOZAMBIQUE 
NAMBIA 
NEPAL 
MONGOLIA 
NEW CALDONIA 
NEW GUINEA 
NICARAGUA 
NIGER 
NIGERIA 
OMAN 
PAKISTAN 
PALESTINE 
PANAMA 
PARAGUAY 

PERU 
PHILIPPINES 
PUERTO RICO 
QATAR 
RHODESIA 
RUSSIA 
RWANDA 
SANTO DOMINGO 
SAUDI ARABIA 
SENEGAL 
SIERRA LEONE 
SINGAPORE 
SOMALIA 
SOUTH AFRICA 
SIR LANKA 
SUDAN 
SUMATRA 
SURINAM 
SWAZILAND 
SYRIA 
TAHITI 
TAIWAN 
TANZANIA 
THAILAND 
TIBET 
TRINIDAD 
TUNISIA 
TURKEY 
UGANDA 
UNITED ARAB 
UPPER VOLTA 
URUGUAY 
VENEZUELA 
VITNAM 
VIRGIN ISLAND 
WESTERN-SAHARA 
YEMEN 
ZAIRE 
ZAMBIA 
ZIMBABWE 



SUBJECTS WERE NOT ELIGIBLE IF THEY WERE TAKING ANY OF THE FOLLOWING 
MEDICATIONS. 

CORTISOL 

Hydrocortisone, Cortef, Hydrocortone, Cortef-fluid, Hydrocortisone
phosphate, Solu-corter Acetate. 

PREDNISONE 
Deltasone, Paracort, Meticorten, Panasol-S, Prednicin-M. 

PREDNISOLONE 
Delta-Cortef, Metcorelone-Acetate, Hydeltrasol, Meticortelone, Hydelta
T.B.A. 

CORTICOSTERONE 
Doca-Acetate, Percorten-Acetate 

PARAMETHOSONE 
Haldrone 

BETAMETHOSONE 
Valsone 

DEXAMETHASONE 

Decadron, Gamamacorten, deccadron-L.A., 

PROXICAM 
Feldane 

INDOMETHACIN 
Indameth, Indocin, Indocin SR, Levothyroxine, Sodiumlevothoid, Synthroid 

CYCLOSPORNE 
Sandimmune 



USE OF THE FOLLOWING OVER-THE-COUNTER DRUGS WERE PERMITTED. 

SALICYLATE ACID 
Aspirin, Bayer 8-hours, Cospirin, Ecotrin, Alka-Seltzer, Bufferin, Maprin-IB, 
Buffex, Weprin-Buffered. 

IBUPROFEN 
Motrin, Pamprin-B, Rufen, Advil, Haltran, Ibuprin, Mediprin, Midol, Nuprin, 
Trender 

ACETAMINOPHEN 
A'cenol, Acephen, Aceta, Amphenol, Anacin-3, Apap, APF Arthritis Pain 
Formula, Sansin, Bromo Seltzer, Conacetol, DAPA, Dolanex, Meda Tab, 
Halenol, Myapap, Pandol, Vabrin, Tylenol Extra Strength 

NAPROXEN 
Anaprox, Anapros-DS, Naprosyn 

FENOPREFEN 
Nalfon 



APPENDIX B 

268 



Southeastern Arizona Health Study 
The University of Arizona 
College of Medicine 
2501 E. Lee Street 
Tucson, Arizona 85716 
(602) 321-7444, Ext. 32 

We have written to ask for your help by granting us an interview 
for a scientific study of skin cancer, conducted by the Arizona 
Cancer Center and the National Cancer Institute in Washington, D.C. 

The purpose of this study is to identify the causes of skin cancer 
and its relationship to sunlight. 

Your physician knows that we are contacting you, and your 
participation in our study is completely voluntary. We would like 
to ask you questions about your background, dietary patterns, 
medical history, exercise, exposure to sunlight and other 
information related to your general health. 

The information you provide will be kept confidential. Your name 
has been used for the purpose of contacting you and will not be 
released to anyone for any reason. 

In order for the study to be meaningful, it is important that we 
have the cooperation of everyone selected. We hope you will 
participate, since each person's experience adds critical 
information about why some individuals develop skin cancer. 

Within the next few days, one of our interviewers will call you 
about participating in this study. The information provided will 
increase our understanding of ways to prevent cancer and your 
cooperation will be very much appreciated. 

If you have questions, please contact Mary Lurie at 321-7444, 
Extension 32. 

Thank you very much for your consideration. 

Sincerely yours, 

steve Rodney 
Project Coordinator 
Southeastern Arizona Health Study 



Southeastern Arizona Health Study 
The University of Arizona 
College of Medicine 
2501 E. Lee Street 
Tucson, Arizona 85716 
(602) 321-7444, Ext. 32 

Dear Dr. Goody, 

As of this date, thp- Southeast Arizona Skin Cancer Registry 
contains over 60,000 records of skin cancer patients living in 
Pima, Cochise, and Santa Cruz counties. Begun in 1985, the 
Registry is being continued through support of the Arizona Disease 
Control Research Commission. 

Using the Registry data and with the cooperation of area 
physicians, we conducted an initial skin cancer study from 1987 to 
1991. Approximately 2000 skin cancer patients and controls 
participated in this study without a single problem relating to our 
method of contact or any of our procedures. 

Recognizing the important resource provided by the Registry and 
relying on the continued cooperation of area physicians, the 
National Cancer Institute has provided additional grant funds for 
further skin cancer epidemiology studies. These studies will 
evaluate the primary and secondary etiologic/preventive factors for 
skin cancer in Southeastern Arizona, and will acknowledge the 
contribution made by community physicians. 

These studies will be conducted under the previous title: 
SOUTHEASTERN ARIZONA HEALTH STUDY, and will be supervised by Dr. 
Thomas Moon of the Arizona Cancer Center. These studies will 
select persons ltd th a newly diagnosed skin cancer (melanoma and 
non-melanoma) plus randomly matched controls from throughout the 
target area. Patients will again be identified in cooperation with 
their physicians and invited to participate in an interview on 
known and suspected factors for skin cancer, plus additional 
biochemical and dietary evaluations. The following procedure is 
planned for patient recruitment: 

a. The patient is identified and selected from Registry within 
1-3 months of diagnosis. 

b. A list of potential subjects will be sent to you for 
approval to contact. At that time, you may exclude 
patients from the study. Addresses and phone numbers 
not supplied by your office staff can be obtained from 
your records by Dr. Moon's researchers. 

c. A letter is then sent to the patient explai.ning our study 
and our intention to call them by phone in the near future. 

d. The patient will be contacted by phone only once. If he or 
she does not want to participate, no fUrther contact will 
be made. 



Southeastern Arizona Health Study 
The University of Arizona 
College of Medicine 
2501 E. Lee Street 
Tucson, Arizona 85716 
(602) 321-7444, Ext. 32 

e. Patient and physician confidentiality will continue to be 
strictly maintained. 

The interview will be done one time with the possibility that we 
may contact them again to confirm answers for validity testing. 
No treatments for skin cancer or diagnostic tools will be used. 
Your contribution is your permission to contact your patients. 

We have enclosed a copy of what we will send to your patients. 
Please look over this material and then fill out and sign the third 
page of this letter and return it in the enclosed stamped envelope. 
If your response is positive, we will pick up addresses/phone 
numbers at the convenience of your office staff. Please feel free 
to call us for any further information that you feel you need to 
participate in this study. You may call either Dr. Moon at 626-
4010, or Barbara Van Leeuwen at 626-4126. 

The key to the success of these skin cancer epidemiology studies is 
the ability to obtain a random population based sample for skin 
cancer and control patients. Thank you for making this possible 
with your continued cooperation and assistance. 

sincerely yours, 

Azadeh stark 



TELEPHONE RECRUITMENT FORM 

SUBJECT NAME 
Selection version Number 
Number dialed 

OPEN CONTROL [ ] 
MELANOMA CONTROL [ ] 

Preferred age range: 30 and over or to MELANOMA CASE [ ] 
Preferred sex [ ] Male [] Female 
RESPONSE CODE: 

NON-MELANOMA CASE [ ] 
MULTIPLE NON-MELANOMA CASE[ ] 

======================================================================== 

INTRODUCTION: 
Hello, my name is 

CASE SELECTION PROCEDURE: 
I work for the Arizona Cancer Center and the National Cancer Institute. 
Is at home? [] Yes [] No 

(Name of case) 
IF NO .•. What is the best time to call back? 

IF YES ... May I please speak to him/her? 

A few days ago you were sent a letter stating that I would be calling 
you. Did you receive the letter? [] Yes [] No 
If you have a few moments I'd like to ask you a few questions. 

CONTROL SELECTION PROCEDURE: 
I work for the University of Arizona College of Medicine. I've called 
to ask a few question for a HEALTH STUDY focusing on skin disorders of 
people living in Southeastern Arizona. This interview will only take a 
few minutes. 
In order for the results to represent all the people of our state, I 
need to ask you two short questions. 

Q-1 How many people between the ages of and live in this 
household including yourself? 
Q-2 Of the _____ just indicated, how many are male? 

INTERVIEWER: CONSULT TRODAHL/CARTER RANDOM SELECTION CHART FOR SELECTION 

IF NO ONE SATISFIES CRITERIA ••. Thank subject for his time and select 
next control. 

According to the method used by the University, I need to interview the 
in your household between the ages of ____ and 

May I speak with that person? [] Yes [] No [ ] Not available 
IF YES. .. WHEN CORRECT PERSON ANSWERS REPEAT INTRO AND BEGIN INTERVIEW 

IF NO ... Thank subject for his time and select next control. 

IF NOT AVAILABLE OR A CONVENIENT TIME ... 

When would be a convenient time to call back? 

May I have his/her name so I will know who to ask for? 
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'0. Is this your permanent residence? [] Yes [] No 
, NOT •.. Do you live in Pima, Santa Cruz or Cochise Counties? [ ] Yes [ ] No 

(RESIDENCE CRITERIA: AZ DRIVER'S LICENSE, 6 MOS./YR RESIDENCE IN AZ, 
VOTER REGISTRATION. IF NONE APPLY THEN ARE NOT CONSIDERED RESIDENTS.) 

IF NO ••. Thank subject for his/her time and select next control. 

11. What is your date of birth? ______ I / ______ _ 
mo day year 

12. Where were you born? 
city state country 

13. INTERVIEWER: RECORD AGE 

14. INTERVIEWER: RECORD SEX [ ] MALE [ ] FEMALE 

=========================================================================== 
***INTERVIEWER NOTE*** 

IF SUBJECT IS CONTROL, CHECK AGE/SEX STRATA TO SEE IF SUBJECT IS ELIGIBLE. 
IF NOT .•. Thank subject for his time and select next control. 

=========================================================================== 
15. How do you describe yourself in relation to your race and ethnic 

background? 
1. White (Not of Hispanic Origin): Persons having origins in Europe. 
2. White (Not of Hispanic Origin): Persons having origins in Africa or 

the Middle East. 
3. Mexican American, Spanish American, Latin American. 
4. Mexican, South or Central American: Persons born in these regions. 
5. American Indian, Native American, or Native Alaskan. 
6. Black or African American (Not of Latin American Origin). 

] 7. Other (specify) 
]-1. Unknown. 

16. Of what ancestry are/were your: 

a. Parents: 
Mother 

Father 

b. Maternal GrandEarents: 
Maternal Grandmother 

Maternal Grandfather 

c. Paternal GrandEarents: 
Paternal Grandmother 

Paternal Grandfather 

-~RIFY NUMBER DIALED. YOUR PHONE NUMBER IS: [ ]YES [ ]NO 
,'lTERVIEWER: IF THIS NUMBER IS NOT THE ONE YOU MEANT TO DIAL, DO NOT 

SCHEDULE INTERVIEW.) 

November, 1992 SEAHS2 



SUBJECT IUII·IE 

SOUTIIEASTERN ARIZONA IIEALTII STUDY 
PIIOUE LOG SIIEET 

REGISTRY SITE CODE 

INTERVIEWER INITIALS 
CASE/CONTROL TYPE 

RESPONSE CODE 

PIIYSICIAN CODE 
Preferred sex -'1""-·1-- ----Preferred age range 18 to 80 or to 

Control Contact Log page number ___ _ 

Number to be dialed 

CALL # 
OAY OF 
WEEK 

DATE 

T I1·IE 

liITTfAf 
-. -if f -If 

Til F 
SII SI) 

NI/P'" 
RESPOfISE -1-2 

3 '1 
5 (j 

PfIIHICI- T YES-
PATIOfl NO 

Response Codes:l 

1 
r·'-r 11 

Til F 
SA SU 

: 
Af1/PH 

1 2 
3 '1 
5 6 
YES 

tiD 
-~ 

2 3 
f.I T H H T \-I 
Til F Til F 
SA SU SA SU 

: : 
Af.1/ Pf~ Af.1/ PH 

1 2 1 2 
3 4 3 4 
5 6 5 6 
YES r---yts 

flO tiD - . . 
(2) Answer-Business 

Horning 
Afternoon 
Evening 

September 25, 1989 

l'/eekday ll.,eekend -
1 2 1 2 ----- ----

----------
---------

F 
[)ate Letter 1·lai led -------

(Circle or fill in appropriate answer) 

'1 5 6 7 8 9 10 
1·1 r H f·1 r i·/ f·1 T H f.I T H ~I T H 1·1 T H f1 T W 
Til F Til F TIl F Til F Til F Til F TIl F 
SA SU SA SU SA SU SA SU SA SU SA SU SA SU 

: : : : : : 
Af.1/ PH MIl Pf·1 Af·1/PI·1 Af.1/ PH Af.l/PH Af.1/ PI·I 

1 2 1 2 1 2 1 2 1 2 1 2 
3 4 3 I} 3 4 3 4 3 4 3 4 
5 6 5 6 5 6 5 6 5 6 5 6 
YES YES YES YES YES YES 

NO flO NO NO rIO NO - r .. .. 
(4) No answer (6) Other-specify 

(Check appropriate box when call is made.) 

Include (2) weekday and (2) weekend calls. 
Include (2) weekday and (2) weekend calls. 
Include (2) weekday and (2) weekend calls. 

: 
At1/PH 

1 2 
3 4 
5 6 
YES 

flO 

11 ! 

f·1 T \-I 
TIl F 
SA SU 

: 
Af.1/ PI~ 

1 2 
3 4 
5 6 
YES 

flO 



SOUTHEASTERN ARIZONA HEALTH STUDY INTERVIEW 

STARTING TIME OF INTERVIEW: ______ _ 

INTERVIEWER: ________________________ __ 

INTERVIEW LOCATION: Subject's home 
SEAHS office 

AM DATE: ________________ _ 

PM 

CASE CODE: ____ __ CONTROL CODE: ____ _ 

Subject's workplace 
Other: ____________ __ 

NAME: ______ . ____________________________________ __ ID NUMBER: __________ __ 

HOME ADDRESS: ____________ ~--~----------------------~------------~~------~-
street city state zip 

============================================================================= 

INTRODUCTION TO THE STUDY 

"Our study began several years ago. Since that time we have interviewed 
over 2000 people living in Southeastern Arizona. They were divided into two 
groups: those having some type of skin disorder and those having NO skin 
disorder. From the data already collected, we are able to observe certain 
differences between these two groups that will help us to identify various 
causes of skin cancer, precautions that can be taken to prevent its 
occurence, and persons who may be more susceptible than others. 

We have also uncovered certain aspects of skin cancer that we need to 
look at more closely and, for that reason, we are continuing our research. 
This questionnaire is designed to focus on those particular points. As your 
participation is voluntary, please feel free to interrupt with any questions 
you might have. Of course, all information is STRICTLY CONFIDENTIAL, and 
will be reported only in terms of groups." 

"Do you have any questions before we start?" 

============================================================================ 

1. What is your full name? 
First Middle Last 

2 . Wha t is your date 0 f birth ? _______ ----'/"--________ ....:/~ ________ _ 

3. Where were you born? 
----------~----------------------~~----------------~-----city state country 

4. [] 1. Female [] 2. Male 

"We will be using these cards which are pre-numbered to assist us with 
our computer entry. The card number is in the upper right-hand corner. 
Using cards 1 and 2 for the next two questions:" 
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5. How do you describe yourself in relation to your race and ethnic 
background? 

1. 
2. 

White (Not of Hispanic Origin): Persons having origins in Europe. 
White (Not of Hispanic Origin): Persons having origins in Africa or 

the Middle East. 
] 3. Mexican American, Spanish American, Latin American. 
] 4. 
] 5. 

Mexican, South or Central American:.Persons born in these regions. 
American Indian, Native American, or Native Alaskan. 

] 6. Black or African-American (Not of Latin American Origin). 
] 7. 
] -1. 

Other (specify) 
Unknown. 

6. Of what ancestry are/were your: 
a. Parents: 

Mother 

Father 

b. Maternal Grandparents: 
Grandmother 

Grandfather 

c. Paternal Grandparents: 
Grandmother 

Grandfather 

ETHNICITY CODES 

"Please turn to Card 3 which is our freckle chart. We consider freckles to 
be any flat brown spots, such as those caused by sun exposure or those which 
appear on your skin later in life." 

7. Looking at the diagrams, which do you think best describes your freckling 
patterns for the following periods of time: 

Currently 

Ages 18 to 50 

Before age 18 

Face Arms Back 
l=None (0) 
2=Slight « 25) 
3=Moderate (26-50) 
4=Moderate (51-75) 
5=Moderate (76-100) 
6=Heavy (over 100) 

"Card 4 is our mole chart. Moles are described as raised spots, either tan, 
brown or skin colored, that do not come and go with sun exposure. How many 
moles have you had on your body for the following periods of time? Please 
include any that have been removed. 

Page 2 



MOLES: 
1 2 3 4 5 

o 1-25 26-50 51-100 >100 

1. Currently 

2. Ages 18 to 50 

3. Before age 18 

"I would now like to count the number of moles and large freckles that you 
have on your arms." 

9. Total # of Non
Palpable >5mm 

Left: 

Right: ________ __ 

Total # 
of Palpable 

#5mm or 
Less 

#5mm or 
Greater 

10. Do you now have or have you ever had any freckles or moles anywhere on your 
body that are larger than the eraser on the end of my pencil: 

ABDOMEN ARMS BACK CHEST HEAD LEGS 

NO. BY SITEI~ ______ ~ ____ _J ______ _L ______ L_ ____ ~ ____ ~ 
Total Number of Large Freckles/Moles: ____ _ 

SUNBURNS AND TANS 

"Now I'd like to know how your skin reacts to the sun. Think of sunburn as 
redness or pain. Consider what would happen if you used no sunscreen and 
wore no protective clothing. Looking now at the responses on Q.11, Card 5: 

11. If your untanned skin was exposed to the summer sun for the first time, for 
30 to 45 minutes, would you: 

1. Always burn easily with a painful burn and blistering followed by 
peeling; tan little or none. 

2. Usually burn with a painful burn (no blistering), followed by some 
peeling; tan lightly. 

3. Burn moderately followed by some degree of tanning or freckling. 
4. Burn minimally and tan easily. 
5. Rarely or never burn and tan easily. 
-1. Don't know. 

12. After repeated and prolonged sun exposure, how would your skin react? 

]1. 
] 2. 
] 3. 
] 4. 
] -1. 

No suntan at all, possible freckling. 
Only mildly tanned, possible additional freckling. 
Moderately tanned. 
Very brown and deeply tanned. 
Don't know. 

Page 3 



13. Do you keep a "tan line" all year round? In other words, is there a 
difference in your arm color above and below your shirt/blouse sleeve? 

[ ] 1. Yes [ ] 2. No [ ] -1. Don't know 

14. Have you ever had any severe sunburns with blistering or with pain lasting 
for at least two days followed by peeling? 

[ ] 1. Yes [ ] 2. No [ ] -1. Don't know 

(IF YES) "Please tell me at what age or ages and on which parts of your 
body these severe sunburns occurred. 

AGE 
ABDOMEN ARMS 
NB B NB B 

BACK 
N-B--B 

CHEST 
NB B 

HEAD 
N-B--B 

LEGS 
NB B 

Total 
Times 
Burned 

0-17 

18-29 

30+ 

The last 
5 years 

NB: NON-BLISTERING BURNS B: BLISTERING BURNS 

"Now I'd like to ask about tanning products you may have used. Sunscreens 
are used to protect the skin and may be identified by a sun protection factor 
(SPF) printed on the label." . 

15. Have you ever used any of the following kinds of products? 

[ ] 1. Yes [ ] 2. No -1. Don't know 

FREQUENCY CODES: (1) ALWAYS (2) USUALLY (3) SOMETIMES (4) RARELY (5) NEVER 
(every day) (when go out) (out for long) (think of it) 

TIME PERIOD USED SUNTAN LOTION SUNSCREEN SELF-TANNING 
FREQ. YRS. FREQ. YRS. SPF FREQ. YRS. 

DURING THE PAST YEAR 

DURING THE PAST TEN YEARS 

PRIOR TO THE PAST TEN YEARS 

BEFORE THE AGE OF 18 

16. At what age did you begin using sunscreen? 
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17. Have you ever used a sunlamp, sunbed, or tanning booth? 

1. Sunlamp (bulb) 
Years Used to 

1. Yes 2. No -1. DK 

2. Sunbed/Tanning Booth (tube) ] 1. Yes ] 2. No [ ] -1. DK 
Years Used to 

IF USED: 
A. What is the greatest number of times used in 

1. Never 
2. Once or twice 
3. 3-5 times 
4. 6-12 times 
5. 13-24 times 
6. More than 24 times 

-1. Don't know 

SUNLAlvIP 
[ ] 
[ ] 
[ ] 
[ ] 
[ ] 
[ ] 
[ ] 

anyone year? 
SUNBED 

TANNING BOOTH 
[ ] 
[ ] 
[ ] 
[ ] 
[ ] 
[ ] 
[ ] 

B. What are the average number of minutes you spent under it in anyone 
session? SUNBED 

SUNLAMP TANNING BOOTH 
1. Never used [ ] [ ] 
2. Less than 5 minutes [ ] [ ] 
3. 5-10 minutes [ ] [ ] 
4. 11-20-minutes [ ] [ ] 
5. 21-30 minutes [ ] [ ] 
6. Over 30 minutes [ ] [ ] 

-1. Don't know [ ] [ ] 

OCCUPATION: 
18. What is your present occupation, or what was your most recent occupation? 

Occupation: Code: __ _ 

a. Was the job done outdoors during the day? ] 1. Yes ] 2. No 
IF YES: 

How many days per year were spent outdoors? 

How many hours per day were spent outdoors? 

b. During what years did/have you worked at this? from ---- to 

19. Is this the occupation that you have worked at the longest in your 
lifetime? [ ] 1. Yes [ ] 2. No 
IF NO: 
At what occupation did you work the longest? 

Occupation: Code: 

a. Was the job done outdoors during the day? 1. Yes ] 2. No 
IF YES: 
How many days per year were spent outdoors? 

How many hours per day were spent outdoors? 

b. During what years did you work at this job? from to 
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RESIDENCES: 

"Please tell me all the places you have lived for three months or more. I 
do not need address changes within a city, but rather major moves you have 
made from one place to another. Also any vacation spots that you have gone 
to regularly for a number of years. We will start with your present address 
and work backwards. 

VACATION VACATION 
RES RESIDENCE LOCATION Between what Specific Total # 

# (City and State} months and years Months Months 

l. I to I 

2. I to I 

3. I to I 

4. I to I 

5. I to I 

6. I to I 

7. I to I 

8. I to I 

9. I to I 

10. I to I 

ll. I to I 

12. I to I 

13. I to I 

14. I to I 

15. I to I 

16. I to I 

17. I to I 

18. I to I 

19. I to I 

20. I to I 
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EXPOSURES: 

"Please look at Card 6 through Card 14. I would like to know if you have, 
at any time in your life, been exposed to anything you see on those lists 
for a period of four hours at a time once a week for a month or longer, 
or for four hours at a time every day for a week." 

20. If you meet these requirements, please tell me at which of your occupations 
or residences the exposure occurred: 

EXPOSURE TYPE 
OCCUPATION 

CODE RESIDENCE 
YEARS 

FROM TO EXPOSURE # 

21. "Please look at card #15 and tell me which outdoor activities you have done 
or are now doing regularly?" 

AVERAGE HOURS PER WEEK 
ACTIVITY HONTH # HRS/WEEK AGE STARTED AGE STOPPED 

22. Have you deliberately changed your outdoor activity pattern as you became 
more aware of the effects of the sun? [ ] 1. Yes [] 2. No 

If YES ... How? 1. Clothing 3. Sunscreen use 
2. Time spent outside 4. Other __________________ _ 
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23. Did you spend more than four weeks in one season away from your Arizona 
residence during the last 12 months? [ ] 1. Yes [ ] 2. No 
(INTERVIEWER-RECORD LOCATION IN TABLE BELOW) 

"I will now be asking you questions about your exposure to the sun. I am only 
concerned with the time you spend outside between 9 a.m. and 4 p.m. when the 
sun is the strongest. Please include the time you spend going to the mailbox, 
going to and from your car, or hanging the laundry. These are smalll amounts 
of time that you may not think of as being out in the sun." 

IN TOvlN OUT OF TOWN 

WHAT WERE YOUR EXPOSURE TIMES FOR AVG # RES AVG # RES LOCATION # WKS 
THE FOLLOWING SEASONS AND DAYS? HRS/DAY # HRS/DAY # AWAY 

SU¥~ER MONTHS:MAY,JUNE,JULY,AUG / / / / / / / / / / / / / / / 

WEEKDAYS: MON-FRI 9AM-4PM 

WEEKENDS: SAT-SUN 9AM-4PM 

FALL MONTHS: SEPT, OCT, NOV / / / / / / / / / / / / / / / 

WEEKDAYS: MON-FRI 9AM-4PM 

WEEKENDS: SAT-SUN 9AM-4PM 

WINTER MONTHS: DEC, JAN, FEB / / / / / / / / / / / / / / / 

WEEKDAYS: MON-FRI 9AM-4PM 

WEEKENDS: SAT-SUN 9AM-4PM 

SPRING MONTHS: MARCH AND APRIL / / / / / / / / / / / / / / / 

WEEKDAYS: MON-FRI 9AM-4PM 

WEEKENDS: SAT-SUN 9AM-4PM 

"The next portion of the interview is concerned with family history. " 

24. Are either of your parents deceased? 
Mother: [ ] l. Yes [ 2. No -l. OK 
Father: [ ] l. Yes [ 2. No -l. OK 

IF YES: 
Did either of them die of cancer? 

Mother: [ ] l. Yes 2. No -l. DK 
Father: [ ] l. Yes 2. No -l. OK 
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2S. To the best of your knowledge, did your mother or father have any of the 
following conditions? 

Mother Father Mother Father 

Condition Y N DK Y N DK Condition Y N DK Y N DK 

Psoriasis Vitiligo 

Eczema Mult.Moles 

Keratoacanthoma Skin Cancer 
TYPE: 

Dysplastic nevi 
Internal Cancer 

Actinic keratosis TYPE: 

26. How many full brothers and sisters do you have; please include those living 
and deceased? Sisters Brothers 

27. To the best of your knowledge have any of your sisters had any of the 
following: [ ] 1. YES [ ] 2. NO [ ] -2. not applicable 

Sister1 Sister2 Sister3 Sister4 SisterS Sister6 

Condition Yes No Yes No Yes No Yes No Yes No Yes No 

Skin Cancer 
IF YES - type: 

Internal Cancer 
IF YES - type: 

28. To the best of your knowledge have any of your brothers had any of the 
following: [] 1. YES [ ] 2. NO [ ] -2. not applicable 

Brother1 Brother2 Brother3 Brother4 BrotherS Brother6 

Condition Yes No Yes No Yes No Yes No Yes No Yes No 

Skin Cancer 
IF YES - type: 

Internal Cancer 
IF YES - type: 
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"Now I'd like to ask you some questions about your health, both current and in 
the past." 

29. Have you smoked at least 100 cigarettes, pipes or cigars in your life? 
[ ] 1. Yes ] 2. No 

(If NO, skip to Question 34) 

30. How old were you when first started smoking? Age 

31. Do you currently smoke cigarettes, pipes, or cigars? [] 1. Yes [] 2. No 
(If YES, skip to Question 33) 

32. How long has it been since you last smoked regularly? 

] 1. Days ] 2. Weeks ] 3. Months ] 4. Years 

33. On average, how many cigarettes, cigars, or pipes do/did you smoke per day? 

1. # cigarettes 2. # pipes 3. # cigars 

a. Do/Did you smoke filter or non-filter cigarettes? 

] 1. Filter ] 2. Non-filter 3. Both Year switched 

b. Have you ever chewed tobacco? ] 1. Yes 2. No 

34. Does anyone else in your household smoke cigarettes, cigars, or a 
pipe inside the house? [] 1. Yes [] 2. No 

35. During the past year, how often did you drink beer? 

(Times per) 
] 1. Daily 
] 3. Week 

] 2. Never 
] 4. Month ] 5. Year 

36. On the days you drank beer, how many cans or bottles did you drink? 

37. During the past year, how often did you drink wine? 

(Times per) 
] 1. Daily [ 
] 3. Week [ 

] 2. Never 
] 4. Month ] 5. Year 

38. On the days you drank wine, how many glasses did you drink? 

a. Were they ] 1. small 2. medium 3. large? 

39. During the past year, how often did you drink liquor? 

# years 

(Times per) 
1. Daily 
3. Week 

] 2. Never 
] 4. Month 5. Year 

40. On the days you drank liquor, how many drinks did you have? 

a. Were they ] 1. small ] 2. medium ] 3. large? 
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41. Can you tell me what medications you are currently taking or have taken in 
the past year? Please include any prescription and over-the-counter 
medications in that list. This includes any aspirin or aspirin-type 
products such as tylenol, ibuprofen, etc. (EASIER IF SHOWN THE BOTTLES) 
We are also interested in any type of prescription skin medication, 
including Retin-A. 

[ ] "I am not taking any medication." 

Health Problems Medication name Dates of Intake Frequency Dosage 

42. In the past year, have you taken any vitamins or minerals? 
[ ] 1. Yes (IF YES, COMPLETE CHART) [] 2. No 

YES NO DK IF YES: I 
Vitamin/Mineral Intake Total Current Current 
Supplement Name: past yr. Years Dosage Frequency 

Vitamin A 

Vitamin C 

Vitamin E 

Beta-carotene 

Selenium 

Multivitamin 

(Brand Name) 

Fish/Cod Liver/ 
Mineral Oil 

Calcium 

Iron 

Vit.B / B Complex 

Others - specify 
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43. Have you ever taken any of the following vitamins on a regular basis? 

vitamin 
Name Y N YS YST 

Vitamin A 

Vitamin E 

Vitamin C 

DOSE DC DI DD 
Date of 

Change 

-

YS= Year Started 
YST= Year Stopped 
DC= Dose Change 

Yes=1, No=2 
DI= Dose Increase 
DD= Dose Decrease 

44. Have you ever been told by your doctor that you have had any of the 
following conditions? 

Condition Age Treatment Treatment What was your 
Y N Diagnosed Start Date Stop Date treatment? 

Heart attack 

Angina 

High blood pressure 

Stroke 

Thyroid condition 

Diabetes 

Tuberculosis 

Chronic bronchitis 
or emphysema 

Internal cancer 

IF YES - site: 

Rectal/Colon polyps 

Osteoarthritis 

Rheumatoid arthritis 

Liver disorder 

High cholesterol 

Asthma 
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45. Have your ever been treated for ant of the following skin conditions? 

Condition Age Treatment Treatment Type of 
Y N Diagnosed Start Date Stop Date Treatment 

Psoriasis 

Eczema 

Burns leaving 
scars 

Acne 

Dysplastic 
Nevi 

Vitiligo 

Actinic keratosis 

Keratoacanthoma 

Rash aggravated 
by sun exposure 

46. Have you ever had a skin biopsy or 
involves cutting out a small piece 

had a mole removed? This procedure 
of skin and sending it to a laboratory 

to be analyzed. [] 1. Yes [ ] 2. No [] -1. DK 
IF YES: 
a. How may biopsies have you had done? 

BIOPSY BIOPSY RESULTS- BODY LEFT/ 
NUMBER DATE CANCER TYPE SITE RIGHT PHYSICIAN DR. LOCATION 

1-

2. 

3. 

4. 

5. 

6. 

7. 
I 

8. 
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47. Have you ever been treated with X-rays or ultra-violet light for a skin 
disorder or for any other condition? [] 1. Yes [] 2. No [] -1. DK 

IF YES: 

X-RAY TREATMENT Y=1,N=2 # OF TIMES AREA 

1. Acne 
2. Psoriasis 
3. Fungal infections 
4. Scars 
5. Birthmarks 
6. Warts 
7. Eczema 
8. Other: 

UV LIGHT TREATMENT 

1. Psoriasis 
2. Eczema 
3. Acne 
4. Fungal infections 
5. Pruritis 
6. Other: 

"Now I'd like to ask you some questions to complete our demographics." 

48. What color are your eyes? 

] 1. Blue 
] 2. Green/Hazel/Grey 
] 3. Light brown 
] 4. Dark brown/Black 
] 5. Other -

49. What was your natural hair color at age 18? 

[ ] 1. Light blonde 
[ ] 2. Dark blonde 
[ ] 3. Red 
[ ] 4. Auburn/Reddish-Brown 
[ ] 5. Light brown 
[ ] 6. Medium brown 
[ ] 7. Dark brown 
[ ] 8. Black 
[ ] 9. Other -

50. What is your current height? inches 

51. What has been your average weight over the last 5 years? 
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52. What is. your current marital status? 

1. Now married or in a marriage-type relationship 
2. Divorced 
3. Separated from a marriage or no longer in marriage-type 

relationship 
[ ] 4. Widowed 
[ ] 5. Single, never married or in a marriage-type relationship 
[ ] 6. Declined to answer 

53. What is the highest grade of school that you have finished and received 
credit for? 

1. Elementary (8 years or less) 
2. Some High School (9-11 years) 
3. Finished High School (12 years) 
4. Some College of Technical School (13-15 years) 
5. Finished College Bachelors Program (16+ years) 
6. Graduate School (17+ years) 
7. Professional School (specify __________________ _ 

] 8. Declined to answer 
]-1. Unknown 

54. Please look at Card 16. On it you will find a list of income catagories, 
each identified with a number. Can you tell me which catagory contains 
the best approximation of the combined income before taxes, received by 
you and other members of your family living in this household? 

1 - Less than $10,000 ] 
2 - $10,000 to $25,000 ] 
3 - $25,000 to $50,000 ] 
4 - $50,000 to $75,000 ] 
5 - More than $75,000 ] 
6 - Refused to answer ] 

-1 - Not Known ] 

55. How many persons are supported by this income for living expenses? 

"It may be important that we stay in touch with you during this study. The 
following names and addresses will help us find you if we lose contact." 

YOUR REGULAR PHYSICIAN (Other than your dermatologist) 

Name: 

Address: 
Street State Zip 

Telephone: 

Page 15 



RECORD TWO RELATIVES AND/OR FRIENDS IN ARIZONA 

1. Narne: ________________________________________ ___ 

Address: __________________________________ ~~--------~~~----------~~-------
Street City State Zip 

Telephone: ____________________________________ _ 

2. Narne: __________________________________________ ___ 

Address:=-________________________________ ~~--------~~~----------~~-------
Street City State Zip 

Telephone: _____________________________________ _ 

YOUR SOCIAL SECURITY NUMBER IS: __________________________________________ __ 

What is the best day(s) and times(s) to call you if we have any questions? 

day(s) 

telephone number 

Interviewer's Signature 

Hour Min 

Agree to do: 

Dietary Recall 

Shave Biopsy 

Fat Biopsy 

YES 

YES 

YES 

___ AM 

NO 

NO 

NO 

______ PM 

Page 16 
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Summary of Research 
Procedures and Demands 
Date: 03/01/93 

SUBJECT'S CONSENT 

Title: Epidemiology of Cutaneous 
Cancer: Study Arm Under SEAHS
Fatty Acids in Blood 

Page 1 

Number 
A86.69 

I .\M BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE THAT I AM INFORMED 
OF THE NATURE OF THIS RESEARCH STUDY AND OF HOW I WI~L PARTICIPATE IN IT, IF 
I CONSENT TO DO SO. SIGNING THIS FORM WILL INDICATE THAT I HAVE BEEN SO 
INFORMED AND THAT I GIVE MY CONSENT. FEDERAL REGULATIONS REQUIRE WRITTEN 
INFORMED CONSENT PRIOR TO PARTICIPATION IN THIS RESEARCH STUDY SO THAT I CAN 
KNOW THE NATURE AND THE RISKS OF MY PARTICIPATION AND CAN DECIDE TO 
P.~TICIPATE OR NOT PARTICIPATE IN A FREE AND INFORMED MANNER. 

I am being invited to voluntarily participate in a research study to identify 
factors which contribute to the development of skin cancers. I have been 
asked to participate in this study either because I have had skin cancer or 
to serve as a control for this investigation. If I have been asked to serve 
as a cont::::ol, I have been selected because of factors such as my age, 
environment, and lifestyle characteristics. There will be 1500 subjects 
enrolled in this study. 

The purpose of this study is to assess the relationship between certain fatty 
acids in my blood cells arid skin cancer. This study will "be conducted at the 
Southeastern Arizona Health Study Clinic at 2504 E. Elm St::::eet, Tucson, 
Arizona. 

If I agree to participate I understand I will undergo a blood test where 
approximately two tablespoons of blood will be taken after an overnight fast 
for the measurement of various fatty acids in my blood and for my blood 
chemistrI. I have been informed that I may have bleeding or bruising at the 
site where my blood is taken. 

If I agree to participate I will undergo a dermatologic exam. During the 
exam I will be checked for any suspicious skin lesions or skin cancer by a 
dermatologist. I should experience little or no pain from these skin exams. 

I have been advised that these studies will provide no direct benefit to me, 
but that information which will be learned may increase knowledge about what 
factors contribute to the development of skin cancer. 

CONFIDENTIALITY: Medical information about me and my progress in this study 
will remain confidential. Should the results of this study be reported or 
published, no individual patient's names will be used. In accordance with 
the requirements of the Food and Drug Administration (FDA), occasionally 
medical records of selected patients may be reviewed by medical monitors of 
sponsoring agencies whose duty is to oversee this research to verify its 
accuracy. 

I understand that adverse reactions are possible in any research program 
despite the use of high standards of care and could occur through no fault of 
mine or the investigator involved. Reactions which can be foreseen have been 
described in this consent form. However, unforeseeable harm may also occur 
and may require care. I understand that money for research-related side 
'ffects or harm or for wages or time lost is not available. However, 

.lecessary emergency medical care will be provided without cost. I can obtain 
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VARIABLES ENTERED IN THE LOGISTIC REGRESSION MODEL. THE COLUMN CATERHORIES DESCRIBE HOW EACH VARAIBLE 
WAS ENTERED IN THE LOGISTIC MODEL AND THE COLUMN REMARKS DESCRIBE HOW INFORMATION ABOUT EACH 
VARIABLE WAS COLLECTED. 

VARIABLE 

LINOLEIC ACID 
TOTAL FAT IN THE N-3 SERIES 
TOTAL FAT IN THE N-6 SERIES 
RATIO N6/N3 

TOTAL NUMBERS OF 
MOLES AND FRECKLES 

AGE 

NUMBER OF YEARS OF 
RESIDENCY IN ARIZONA 

HEIGHT 

WEIGHT 

BODY SURFACE AREA 

CATEGORIES 

CONTINOUS 
CONTINOUS 
CONTINOUS 

CONTIOUNS 
(SELF-REPORT) 

CONTINOUS 
(SELF-REPORT) 

CONTINOUS 
(SELF-REPORT) 

CONTINUOUS2 

(SELF-REPORT IN INCHES) 

REMARKS 

ASSESSED IN MEMBRANE OF RED BLOOD CELLS 
ASSESSED IN MEMBRANE OF RED BLOOD CELLS 
ASSESSED IN MEMBRANE OF RED BLOOD CELLS 

HOW MANY PALPABLE MOLES AND FRECKLES DO YOU 
HAVE? 

HOW OLD ARE YOU AS OF TODAY?' 
WHAT IS YOUR BIRTHDATE? 

HOW LONG HAVE LIVED IN ARIZONA? 
WHEN DID YOU FIRST MOVED TO ARIZONA? 

HOW TALL ARE YOU? 

CONTINUOUS3 HOW MUCH DO YOU WEIGHT? 
(SELF-REPORT IN POUNDS) YOUR TYPICAL ADULTHOOD WEIGHT? 

CONTINUOUS ASSESSED FROM SELF REPORTED HEIGHT AND WEIGH USING 
THE FORMULA S = 71.48 WO.425 LO.725 • 4 



BODY MASS INDEX CONTINUOUS ASSESS FROM SELF REPORTED HEIGHT AND WEIGHT USING THE 
FORMULA, BMI = W/HTSQUARED.5 

UV EXPOSURE ADJUSTED FOR6 CONTINOUS PROVIDE DETAILS OF YOUR OUT DOOR ACTIVITES? 
NUMBER OF HOURS SPENT OUTDOOR PER DAY 
NUMBER OF MONTHS SPENT OUTDOOR PER YEAR 
WHAT MONTHS? 

YEARS OF RESIDENCY IN ARIZONA 

USE OF SUN PROTECTIVE 

FAMILY HISTORY OF SCC 

GENDER 

USE OF NSAIDS 

NO TAN 
TAN 
MIODERATE TAN 
DEEP TAN 

YES/N0 7 

YES/N0 7 

MALE/FEMALE8 

TYPE OF OUT-DOOR ACTIVITIES? 
I.E. WALKING, GARDENING, ETC. 

DO YOU CURRENTLY USE ANY SUN PROTECTIVE 
PRODUCTS? 
HOW LONG HAVE USED SUN PROTECTIVE 
PROCDUCTS? 
WHEN DID YOU START USING SUN PROTECTIVE 
PRODUCTS? 

DO YOU HAVE ANY IMMEDIATE FAMILY WHO HAS 
BEEN DIAGNOSED WITH SQUMAOUS CELL 
CARCINOMA OF THE SKIN? 

YES/N0 7 ARE YOU CURRENTLY TAKING ANY NSAIDS? 
WHAT KIND? 
HOW MANY TIMES PER DAY? 
HOW MANY MILLIGRAMS? 

DUMMY VARIABLE HOW DOES YOUR SKIN RESPOND AFTER PROLONG MILD 
EXPOSURE TO SUN? 



GRAMS OF ALCOHOL CONTINUOUS 

1- DATE OF IN-PERSON INTERVIEW. 

DO YOUR DRINK ANY ALCOHOLIC BEVERAGES? 
WHAT KIND? BEER, LlQUOUR OR WINE? 
HOW MANY DAYS PER WEEK? 
HOW MANY DRINK EACH TIME YOU DRINK?9 

2- SELF REPORTED HEIGHT IN INCHES WAS CONVERTED TO METER ( ONE INCH =0.025 METERS). 

3- SELF REPORTED WEIGHT IN POUND WAS CONVERTED TO KILOGRAMS (ONE KILOGRAMS = 2.25 POUNDS). 

4- KINNEY, J., 1989. 

5- FORBES, G., 1994. 

6- ULTRAVIOLET EXPOSURE WAS CALCULATE IN KILOJOULES PER METER SQUARED OF BODY SURFACE AREA. THE 
AVERAGE SOLAR ENERGY IN KILOJOULES PER MONTH PER METER SQUARED AREA WAS OBTAINED FROM THE NATIONAL 
WEATHER SERVICE STATION, DEPARTMENT OF ENERGY (KNAPP, J.E., 1990). 

7- THE VALUE FOR YES WAS ENTERED AS ONE AND THE VALUE FOR NO WAS ENTERED AS ZERO. 

8- THE VALUE FOR MALES WERE ENTERED AS ONE AND THE VALUE FOR NO WAS ENTERED AS ZERO. 

9- THE GRAMS OF ALCOHOL CONSUMED WAS CALCULATED BY MULTIPLYING THE FREQUENCY OF CONSUMPTION OF A 
CERTAIN TYPE OF ALCOHOL PER WEEK. THE TOTAL FULID OUNCE OF ALCOHOL WAS CALCULATED BASED ON THE TYPE 
OF DRINK AND THEN MULTIPLIED BY 24 GRAMS OF ALCOHOL PER FLUID OUNCE AFTER ADJUSTING FOR THE TOTAL 
PERCENT OF ALCOHOL BY VOLUME. THE ALCOHOL CONCENTRATION IN BEER, WINE, AND UQUOUR ARE 6, 18, AND 25 
PERCEN BY VOLUME RESPECTIVELY. 
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LIST OF MEDIAr~ VALUES OF DIFFERENT CONTINUOUS VARIABLES 
FOR CONTROLS. 

VARIABLE 

CIS LINOLEIC ACID 

BODY SURFACE AREA 

RATIO N-6/N-3' 

ULTRAVIOLET EXPOSURE2 

MOLES3 

YEARS OF RESIDENCY IN AZ4 

AGE 

MEDIAN (RANGE) 

8.48 (4.78-14.43) 

1.69 (1.39-2.26) 

4.34 (2.13-10.14) 

24.80 (0.00-29.02) 

1.10 (0.00-4.10) 

2.56 (4.06-0.1) 

69 (60-79) 

1- RATIO OF FATTY ACIDS OM T JE N-6 SERIES TO THE N-3 SERIES. 
2- MEAN ANNUAL VOLUNTARY ULTRAVIOLET EXPOSURE IN LOG (10) 
DISTRIBUTION. 
3- TOTAL NUMBER OF PALPABLE MOLES IN LOG (10) DISTRIBUTION. 
4- IN LOG (10) DISTRIBUTION. 



LOGISTIC REGRESSION MODEL DEVELOPMENT 

As an initial step in model development, it was necessary to estimate 

the logistic regression coefficient separately for each variable. These results 

are presented in the table below. The first column represent the estimated 

coefficient, p, for the model that contains only the variable; the estimated 

standard error of the coefficient is presented in the second column. The 

estimated odds ratio, 4', and 95% confidence interval are listed in the third 

and fourth columns respectively. In column 5 and 6, the values for the log

likelihood and likelihood ratio test, G, are presented. The likelihood ratio test 

examines the null hypothesis that the coefficient is 7.ero, implying that the 

variable is not associated with the risk of being a case (Hosmer, D.W., and 

Lemeshow, S., 1989) (Schlesselman, J., 1982). 



RESUL TS FROM THE UNIVARIATE LOGISTIC MODEL 

VARIABLE p SE (PI 'V 95% CI LIKELIHOOD G 

LINOLEIC ACID - 0.2323 0.0963 0.79 0.66-0.96 233.323 6.223 

RATIO' - 0.394 0.3056 0.67 0.37-1.23 238.151 1.672 

FAT N-3~ 0.4413 0.3060 1.55 0.85-2.83 239.731 2.092 

FAT N-6~ -0.0695 0.3042 0.93 0.51 -1.69 239.771 0.052 

LOG MOLES' 0.0383 0.0166 1.04 1.00-1.07 245.976 7.710 

AGE 0.063 0.0271 1.06 1.01-1.12 248.131 5.556 

YRS IN AZ 0.0327 0.0103 1.03 1.02-1.06 242.813 10.87 

SURFACE' 0.9934 0.7599 2.70 0.61-11.9 256.034 1.730 

LOGEXP06 0.3051 0.1017 1.36 1 .11-1 .66 232.774 9.822 

SPF' -0.9225 0.3781 0.40 0.19 -0.83 251.463 6.302 

FAMILy B 0.6431 0.4938 1.90 0.73-4.99 255.999 1.766 

GENDER 0.6482 0.2982 1.91 1.07- 3.42 252.980 4.785 

NSAIDS9 0.555 0.3019 1.74 0.96-3.14 254.347 3.404 

TANl '0 -1.1856 1.0801 0.31 0.03-2.84 242.137 15.63 

TAN2 " -1.5976 1.1000 0.20 0.02-1.75 

TAN3 ,~ -2.6027 1.211 0.08 0.01-0.80 

1- RATIO = RATIO OF FATTY ACIDS IN THE N-6 SERIES TO THE N-3 SERIES. 
2- FAT N-3= 18:3 N-3+ 18:4N-3+20:5 N-3+ 22:6 N-3. 
3- FAT N-6 = 18:2 N-6 + 18:3 N-6 + 20:3 N-6 + 20:4 N-6 + 22:4 N-6. 
4- LOGMOLES= TOTAL NUMBER OF PALPABLE MOLES IN LOG (10) SCALE). 
5- SURFACE= TOTAL BODY SURFACE AREA IN METER2 
6- EXPO= MEAN ANNUAL ULTRAVIOLE LIGHT EXPOSURE IN LOG (10 SCALE). 
7- SPF= SKIN CARE PRODUCTS CONTAINING SUN PROTECTION FACTOR. 
8- FAMILY = FAMILY HISTORY OF SCC. 
9- NSAIDS = OVER-THE-COUNTER NON-STEROID ANTI-INFLAMMATORY DRUGS. 
10- TANl = MILD TANNING ABILITY. 
11- TAN2 = MODERATE TANNING ABILITY. 
12- TAN3 = DEEP TANNING ABILITY. 

p 

0.016 

0.196 

0.1481 

0.8192 

0.0055 

0.0184 

0.0001 

0.1884 

0.0017 

0.0121 

0.1873 

0.0287 

0.0645 

0.0014 

• 



GRAPH OF OBSERVED PROBABILITY OF BEING A CASE AND QUARTILE DISTRIBUTION OF CIS LINOLEIC ACID. 
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