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Abstract

Several HPV co-factors have been proposed, some more or
less consistently associated with cervical dysplasia and cancer
risk. More research, using prospective cohort designs, is need-
ed to further describe where in carcinogenesis these factors
are working and to assess the biological mechanism of these
factors. In addition, further research is needed to define the
role of various hormonal contraceptive formulations in
promoting cervical carcinogenesis. While many interesting
scientific questions remain to be answered, results from the
numerous epidemiological studies conducted to date indicate
that cervical dysplasia and cancer may be reduced if the
oxidant antioxidant ratio is shifted to more of and antioxidant
profile. In addition to cervical cancer screening, a reduction
in cervical cancer incidence may be accomplished by reducing
tobacco use, increasing nutritional status, and utilizing barrier
contraception to prevent infection with other sexually
acquired infections. This paper is available too at: http://
www.insp.mx/salud/index.html
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Resumen

Diversos co-factores de riesgo han sido asociados consis-
tentemente con displasia cervical y cancer invasor. Es nece-
sario un mayor numero de investigaciones que utilicen
disefios de cohorte prospectivos para describir el proceso
de carcinogénesis y el mecanismo bioldgico de cada uno de
estos factores. Adicionalmente, futuras investigaciones se-
ran necesarias para definir el papel de los anticonceptivos
hormonales en la promocion de la carcinogénesis cervical.
Mientras que muchas preguntas cientificas interesantes per-
manecen sin ser respondidas, resultados de numerosos es-
tudios epidemioldgicos que se desarrollan actualmente,
indican que la displasia cervical y cancer podran ser reduci-
dos si la tasa de oxidantes-antioxidantes es cambiada a mas
de un perfil antioxidante. Ademas de la deteccion oportuna
de cancer cervical, puede lograrse una reduccion de la inci-
dencia de esta enfermedad disminuyendo el consumo de
tabaco, incrementando el estatus nutricional, y utilizando
métodos contraceptivos de barrera para prevenir otras
infecciones de transmision sexual. Este articulo también esta
disponible en: http://www.insp.mx/salud/index.html
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Co-factors in cervical cancer

nternationally, invasive cervical cancer accounts for

9.8% of all cancers.? In 1996, approximately 525 000
new cases of cervical cancer were diagnosed. It is the
second most common cancer among women living
in less developed countries. In the United States, ap-
proximately 12 900 new cases of invasive cervical
cancer were diagnosed, and 4 400 women died of this
cancer in 2001.3 Nationally, morbidity and mortality
rates vary widely among different racial and ethnic
groups. For example, rates of invasive cervical cancer
in the US vary from a low of 7.2/100 000 among Ame-
rican Indian/Alaska Native women, to 13.1 among
African American, and 15.0 among Hispanic women
respectively.*

The precursor lesion from which invasive cervi-
cal cancer develops is cervical intraepithelial neopla-
sia (CIN). Progression from normal to invasive cervical
cancer is thought to occur through increasing grades
of cervical dysplasia. The probability of progression
of pre-neoplastic lesions to cancer is dependent on the
severity of the lesion. CIN I represents very-mild to
mild dysplasia. These lesions have a high rate of spon-
taneous regression (~60%) and a low rate of progres-
sion to carcinoma. In contrast, approximately 38% of
CIN I and CIN III, moderate to severe dysplasia, will
spontaneously regress, while 16-36% will progress to
invasive cervical cancer.” CIN I-I1], effectively detect-
ed using the Pap smear, can be treated to prevent the
development of invasive cervical cancer. In more eco-
nomically developed countries, Pap smear screening
programs have contributed to a large decline in the
incidence of invasive cervical cancer. In theory cyto-
logic screening should prevent all cases of cervical can-
cer. However, due to the logistics of repetitive screening
of the large at-risk population, the financial burden of
screening, and its failure to be comprehensively ap-
plied to populations at-risk, cytologic screening has not
eliminated cervical cancer.

Although cervical cancer can be prevented thro-
ugh routine participation in Pap smear screening pro-
grams, there are tremendous costs associated with the
need for diagnostic follow-up and treatment when
abnormalities are found on the Pap smear. Because re-
porting for CIN is not mandatory, the incidence of CIN
in the United States is unknown. However, it is esti-
mated that of the 50 million Pap smears performed
annually in the US, 2.8% to 5.0% or 1.42-2.5 million,
will be abnormal (e.g., mild, moderate, and severe dys-
plasia).*” Although amenable to treatment, CIN adds
a significant economic burden to the health care sys-
tem. Based on the estimated rate of abnormal Pap
smears, Morrow and Cozen’ calculate that the US an-
nual costs of repeat Pap screening exceeds $150 mil-
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lion, and that the costs of colposcopy, biopsy, and treat-
ment add $600 million annually.

To decrease health care costs and patient burden,
strategies that could prevent cervical dysplasia are
needed. One approach is the development of an HPV
vaccine. Until a primary prevention vaccine is widely
available and disseminated, other approaches to cer-
vical dysplasia and cancer risk reduction are needed.
These approaches include identifying relevant modi-
fiable risk factors, such as those that may contribute to
HPV cervical carcinogenesis (e.g., nutritional factors,
inflammation, smoking, infection with other sexually
acquired infections, hormonal contraceptive use), and
modifying these factors to decrease overall cervical
dysplasia risk. Case control studies have been very
useful in identifying the most important HPV co-
factors. Now more information is needed to determine
where in cervical carcinogenesis these factors are active
and how they affect the natural history of HPV
infections. Until recently these questions could not be
adequately answered. However, as large prospective
studies mature answers to these questions will be
forthcoming.

HPV and cervical carcinogenesis

A diverse and expanding body of evidence indicates
that infection with the sexually acquired human papil-
lomavirus (HPV) is the primary risk factor for cervical
cancer and plays a central role in cervical carcinogene-
sis.® The arguments made for this causal association
are that 85-100% of cervical cancer specimens and CIN
II-1IT have presence of HPV DNA, and the association
between HPV infection and cervical cancer is specific
to a limited number of oncogenic HPV types found in
the genital tract.? Strong and consistent associations
between HPV infection and cervical cancer have been
published from epidemiological studies conducted in
the US and worldwide. Prospective studies of HPV
infection indicate that women with persistent oncogen-
ic type HPV infections are at a significantly greater risk
of developing CIN compared with women who are
only transiently infected.!%!! Women who are persist-
ently HPV positive are four times more likely to have
a persistent lesion of the cervix.!? Finally, recent data
have suggested that HPV viral load is related to pro-
gression of HPV infection to CIN II-IIL, '3 and to per-
sistence of these pre-malignant lesions.!?

Different HPV types are related to different cervi-
cal lesion grades.”* HPV types 16 and 18 are strongly
associated with CIN II-I1I, carcinoma in situ (CIS), and
cervical cancer, cervical lesions unlikely to spontane-
ously regress. They are, therefore, considered “high risk
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type” or oncogenic HPV. HPV types 31, 33, 35, 39, 45,
51,52, and 58 are associated with an intermediate risk
for progression to cervical cancer. Finally, HPV types
6,11, 42,43, and 44 are primarily associated with ben-
ign cervical lesions, such as condyloma and CIN I. Since
these lesions have a low rate of progression and a high
rate of spontaneous regression, the HPV types as-
sociated with these lesions are considered “low risk
type” or non-oncogenic HPV infections.”!

While a woman’s risk for cervical cancer is signif-
icantly higher if she has HPV infection, HPV infection
alone may be insufficient to cause cervical cancer.
Among a cohort of women attending a sexually trans-
mitted disease clinic in Seattle, approximately 28% of
women who were infected with HPV developed CIN.1
Although HPV infection is highly associated with cer-
vical lesions, HPV co-factors, such as parity, nutritional
factors, inflammation, smoking, infection with other
sexually acquired infections, hormonal contraceptive
use, may modulate the progression of HPV infection
to CIN.'>8 For a full review of the role of parity, oral
contraceptive use, and tobacco smoking see Munoz et
al.8 For a full review of the role of other sexually ac-
quired infections, antioxidant nutrient status, and in-
flammation see Castle et al.'? Each co-factor represents
different environmental exposures that may work
through a common biological mechanism. For exam-
ple, in case-control and cohort studies, inverse asso-
ciations between serum carotenoids and a-tocopherol,
potent antioxidant nutrients, and risk for CIN and can-
cer have been observed.? Similarly, inflammation and
cigarette smoking, contributors to high oxidant load,
have been positively associated with CIN and cancer
risk in case-control analyses.!*? Recently smoking has
been shown to decrease the probability of clearing an
oncogenic infection.?! Infection with other sexually
acquired infections may act independently of HPV to
promote cervical carcinogenesis or may act by induc-
ing an inflammatory response, alter the redox poten-
tial of the cell and thereby increase HPV carcinogenesis.
Unfortunately few prospective analyses of the as-
sociation between the contributors of oxidant load
status (e.g., antioxidant nutrient status, iron status,
smoking, and inflammation) and HPV persistence and
CIN risk have been conducted.!>152

Association between oxidant load and
cervical carcinogenesis

As persistent HPV infection is considered a necessary
step in cervical carcinogenesisis researchers have fo-
cused attention on understanding the factors that af-
fect the natural history of these infections. For decades
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researchers have examined whether tobacco use, nu-
tritional status, oral contraceptives, and infections other
than HPV are related to invasive cervical cancer.!#"
Although many papers have been published, the old-
er literature is unfortunately limited by inadequate
assessment of the cause of cervical cancer, HPV infec-
tion. Currently two approaches have been used to as-
sess co-factors, that is, the factors that influence
progression of HPV infections to clinically significant
lesions. The first approach examines the factors as-
sociated with HPV persistence utilizing a prospective
design with multiple measures of type-specific HPV
infection over time. In the second approach analyses
of data from case control studies are either limited to
those women who have detectable cervical HPV DNA,
or HPV infection is controlled for in the analyses.!s
Using these two approaches cigarette smoking,?' co-
infection with Chlamydia trachomatis,®* and cervical
inflammation'? factors associated with increasing
oxidant load have been shown to be independently
associated with either HPV persistence or CIN II/III
and cancer. Research from our group has demonstrat-
ed that antioxidant nutrients (compounds which re-
duce oxidant load) are associated with decreased risk
of HPV persistence among US Hispanics,” an ethni-
cally diverse cohort of US women,® and high-risk Bra-
zilian women.

In addition to the extensively studied HPV co-fac-
tors such as smoking which increase oxidant load, there
are other factors that are now under investigation that
contribute to oxidant load and may have a significant
role in carcinogenesis. Several studies have document-
ed that iron serves as a nutrient for cancer cell prolife-
ration and causes oxidative DNA damage through its
interaction with oxygen and hydrogen peroxide.??
Iron is present in cells in various forms, bound to
either low molecular weight species, or as an integral
part of proteins which are segregated in the various
cell compartments. Due to its ability to interact with
0, and H,0,, iron is believed to be the active metal
species responsible for generating reactive oxygen spe-
cies through Fenton or Haber-Weiss or iron auto-oxi-
dation reactions.?’-*® In particular, low molecular
weight (LMW) iron, the biologically active form of iron
that contributes to oxidation reactions, is thought to
be the iron metabolite that influences the intracellular
concentration of reactive oxygen species. The labile iron
pool of cells constitutes a cytosolic fraction of low
molecular weight (LMW) chelators bound iron or bio-
available iron, which can be characterized as iron (a)
exchangeable and chelatable; (b) easily bioavailable for
uptake by ferritin, heme, transferrin, or chelators; (c)
metabolically and catalytically reactive for oxidant
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formation and likely responsible for iron toxicity; (d)
possibly having regulatory properties which may af-
fect iron responsive element-binding protein activity
per se.>*2 Recently iron status has been examined as a
contributor to carcinogenesis,***® and has been as-
sociated with increased risk of cancer in several epide-
miological studies.?%3

Factors which increase reactive oxygen species,
such as smoking, inflammation, bioavailable iron,
and reduced antioxidant activity may adversely affect
the natural history of HPV infections by increasing the
oxidant:antioxidant balance and directly influence
transcriptional activity. As such these co-factors may
share a common mechanism.

Biological plausibility: Association
between oxidant load and cervical
carcinogenesis

Oxidative stress is implicated in the pathogenesis of
aging and many chronic diseases. Two general mecha-
nisms contribute to an increase in oxidant load, either
excessive generation of reactive oxygen species or in-
adequate antioxidant defenses. The association be-
tween oxidant load and carcinogenesis has been well
studied.”* Early research indicated that reactive oxy-
gen species oxidize cellular proteins and DNA that
could lead to lethal mutations, and down regulation
of the host immune system. More recent research indi-
cates that the role of reactive oxygen species is much
greater than just one of damaging cellular proteins and
DNA. Reactive oxygen species appear to have a cen-
tral role in cell signaling by activating AP-1 and NF-
kB (transcription factors), cell proliferation, and
apoptosis.*! In addition, host antioxidant status may
affect the virulence of viruses by directly influencing
viral evolution.* These more recent findings are par-
ticularly relevant to cervical carcinogenesis where vi-
ral replication (viral load), transcriptional activity
(expression of HPV 16 E6 and E7 proteins), cell proli-
feration, and apoptosis are pivotal events in cervical
carcinogenesis.

Reactive oxygen species appear to have a dual role,
one of regulating metabolic activity of cells, and the
other in the phagocytic defense mechanism. Using
animal and in vitro models, researchers have demon-
strated that reactive oxygen species increase the viral
titer®® and the infectivity of the influenza virus.* Ad-
ministration of antioxidants to animals infected with
the influenza virus protected them from the lethal ef-
fects of influenza.®> In vitro, increases in the cellular
oxidant load have been shown to increase the replica-
tion of HIV.#346 This effect is thought to be due to the
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fact that reactive oxygen species activate NF-kB, a nu-
clear transcriptional factor that is obligatory for HIV
replication.* In vitro studies have consistently demon-
strated inhibition of NF-kB activation by antioxidants
such as N-acetylcysteine, pyrrolidine-dithiocarbamate
(PDTC), and the nutrient antioxidant vitamin E (a-to-
copherol).#

The examples from HIV and influenza virus indi-
cate a role for antioxidants, in the down-regulation of
viral replication and expression. Evidence is accumu-
lating to suggest that reactive oxygen species, and their
down regulation by antioxidants may work in a simi-
lar manner in HPV infection. Activation of the trans-
criptional factor AP-1, a central transcription factor for
the expression of the oncoproteins E6 and E7 of the
oncogenic type HPVs,*# has been shown to be inhi-
bited by antioxidants in in vitro assays. Using an HPV-
16 immortalized human keratinocyte culture Rosl and
colleagues™ demonstrated that the antioxidant PDTC
selectively suppressed AP-1 induced HPV-16 gene
expression.” Similarly, activation of NF-kB occurs in
response to cytokines such as interleukin-1 (IL1) and
tumor necrosis factor (TNF), cytokines released dur-
ing an inflammatory response. In addition, NF-kB can
be activated by pro-apoptotic stimuli and necrotic sti-
muli such as oxygen free-radicals and UV light.! Rosl*”
and others® have suggested that manipulation of the
redox potential may be a novel therapeutic approach
to interfere with the expression of oncogenic HPVs and
other viral induced tumors.

In addition to the effects of oxidants on target cells
and cell signaling, the oxidant-antioxidant balance
is an important determinant of the immune cell func-
tion, affecting maintenance of immune cell membrane
lipids, controlling signal transduction in these cells, as
well as gene expression of immune cells.”® Immune
dysfunction, including decreases in natural killer cell
activity and T-cell proliferation, has been observed with
high oxidant:antioxidant ratios.> By preventing oxi-
dant-induced down-regulation of cellular immunity,
higher concentrations of carotenoids and tocopherols
may decrease risk for persistent HPV infection and le-
sion progression by modulating T-cell immunity. Re-
cent data indicate that T-cell immunity, and natural
killer cell activity in particular, is important to the loss
of HPV infection and CIN regression.”

Biological markers of oxidant load
The concentration of reactive oxygen species cannot
be measured directly. However, the products of reac-

tive oxygen species, that is oxidative damage, can be
measured and serve as biomarkers of oxidant load.
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Several biomarkers have been identified that provide
a measure of oxidative damage to biomolecules. These
include amino oxidation products, as well as chemical
modifications of protein following carbohydrate or li-
pid oxidation, such as malondialdehyde (see for full
review Onorato and colleagues®). Elevated plasma
levels of malondialdehyde have been reported in many
diseases and it is widely used as an index of overall
peroxidation. The test for malondialdehyde is based
on the reaction of dialdehydes with thiobarbituric acid
to form a pink-colored complex. Malondialdehyde is
the primary oxidation product of lipids to react with
TBA and it forms a product with a higher absorbancy
than other oxidation products. These colored adducts
are separated by HPLC and measured at 532nm or by
fluorescence. Although this is an indirect measure of
free radical damage, it has been used as a tool to as-
sess oxidative stress.%

While there are many compounds that may serve
as biological markers of oxidative stress and load,
most are of limited utility in epidemiological studies
in that they require complex handling and processing,
and use of sophisticated analytical techniques. Rapid,
more sensitive measures of oxidant load have recently
been developed. These newer methods utilizing ELI-
SA assays require small sample volume, can be con-
ducted in routinely stored specimens such as serum,
with high throughput in 96 well plate formats.

With interest in the development of reliable mark-
ers of oxidant load for use in epidemiological studies,
Frenkel and colleagues identified an autoantibody
(aAb) to a product of thymidine oxidation (HmdU).
Titer levels of anti-HmdU aAb were subsequently
shown to be significantly higher among individuals
with various inflammatory diseases such as SLE, im-
mune complex diseases, psoriasis, and cancer.”* In
addition, Frenkel and colleagues demonstrated that
alleviation of dermatological inflammatory disease
with antioxidant therapy was associated with signi-
ficant decreases in anti-HmdU aAb levels. Correspond-
ingly, induction of a pro-inflammatory state with UVB
irradiation resulted in a rise in anti-HmdU aAb levels.%
Extending this work to cancer, Frenkel and colleagues
have shown that anti-HmdU aAb levels are associated
with breast and colon cancers,® as well as other types
of cancer.®! In a prospective study, baseline serum anti-
HmdU aAb levels of women who developed breast and
colon cancers 0.5-6 years post-enrollment had signifi-
cantly higher baseline anti-HmdU aAb titers than age
matched controls.*

Anti-HmdU aAb levels are measured using a high
through-put ELISA assay, requiring only 100_1 serum.
Work previously conducted by Frenkel has demon-
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strated that titer levels can be reliably measured in
stored serum samples and that there is low intra-indi-
vidual variability in titer levels among women over a
six-year period,%%2 making it ideal for use in large ep-
idemiological studies.

Conclusions

HPV infection although necessary, appears insufficient
to cause cervical cancer. Several HPV co-factors have
been proposed, some more or less consistently as-
sociated with cervical dysplasia and cancer risk. More
research, using prospective cohort designs, is needed to
further describe where in carcinogenesis these factors
are working and to assess the biological mechanism of
these factors. In addition, further research is needed to
define the role of various hormonal contraceptive for-
mulations in promoting cervical carcinogenesis. While
many interesting scientific questions remain to be an-
swered, results from the numerous epidemiological
studies conducted to date indicate that cervical dyspla-
sia and cancer may be reduced if the oxidant antioxi-
dant ratio is shifted to more of an antioxidant profile. In
addition to cervical cancer screening, a reduction in
cervical cancer incidence may be accomplished by re-
ducing tobacco use, increasing nutritional status, and
utilizing barrier contraception to prevent infection with
other sexually acquired infections.
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