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Fig. 1 Representatives of flow cytometric analysis of immune cells isolated from cervical intraepithelial neoplasia lesions. Bold lines delimit
cervical CD4+CD25+Foxp3+ Tregs (a) and PD1+ CD4+ T cells (b). The indicated percentages represent percentage of total CD4+ T cells.

two groups using Wilcoxon rank sum testing
(Table II). None of these possible confounders corre-
lated wwith CD25+Foxp3+ Tregs and PD-1+ T cells
results in CIN lesions, indicating that the tolerogenic
T cells residing in the cervical mucosa were not
influenced by smoking, hormonal status, or infecting
HPV subtypes.

Next, we compared populations of CD25+Foxp3+
Tregs and PD-1+ T cells residing in the CIN lesions of
regressors (n = 12) and non-regressors (n = 12) to
determine whether there was an association
between the frequency of cervical tolerogenic T-cell
subsets and spontaneous regression of CIN. Twelve
patients had spontaneous regression of their CIN
lesions, and these women had a median follow-up
duration of 16.5 (8-33) months. The non-regression
group <onsisted of twelve women with persistent

cytological abnormalities who were matched to the
spontaneous regressor cohort by follow-up time. No
significant differences were seen in the detection
rates of high-risk HPV (58.3% vs 83.3%, P = 0.37),
percent of CIN 2 at the enrollment (33.3% vs
58.3%, P = 0.4), and the median ages (33 years old
vs 36, P=0.44) of patients in the regression and
non-regression groups. Among regressors, cervical
CD25+Foxp3+ Tregs comprised a median of 7.3%
(IQR: 6.3-11.4) of cervical CD4+ cells; the rate
among non-regressors was 13.9% (IQR: 11.6-16.9).
The frequency of cervical CD25+Foxp3+ Tregs in
regressors was significantly lower than that in non-
regressors (P = 0.0012) (Table II and Fig. 2). Simi-
larly, cervical PD1+ CD4+ cells comprised a median
of 20.8% (IQR: 15.8-31.9) of cervical CD4+ cells
among regressors whereas a median of 35.1% (IQR:
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Fig. 2 Association of cervical Tregs with the natural course of
cervical intraepithelial neoplasia, Among regressors, cervical Tregs
comprised a median of 7.33% [Interquartile ranges (IQR): 6.38-11.4,
n = 12] of CD4+ cervical T cells; the rate among non-regressors was
13.9% (IQR: 11.6-16.9, n = 12); P = 0.0012.
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Fig. 3 Association of cervical PD-1+ CD4+ T cells with the natural
course of cervical intraepithelial neoplasia. Among regressors, cervical
PD1+ cells comprised a median of 20.8% [Interquartile ranges (IQR):
15.8-31.9, n = 12} of CD4+ cervical T cells; the rate among non-
regressors was 35.1% (IQR: 30.2-42.6, n = 12); P = 0.0179.

30.2-42.6) among non-regressors. Again, the fre-
quency of cervical PD-1+ CD4+ cells in regressors
was significantly lower than that in non-regressors
(P =0.017) (Table II and Fig. 3).

Discussion

Although many studies have been reported about
the positive association between tolerogenic lympho-
cytes and poor prognosis in many cancers, there are
limited data on similar associations in women with
HPV-related cervical precursor lesions. Our results
show that the prevalence of CD25+ Foxp3+ Tregs
and of PD1+ CD4+ T cells residing in cervical precur-
sor lesions inversely correlates with spontaneous
regression of CIN.

American Journal of Reproductive Immunology 69 (2013) 134-141
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The peripheral population of Foxp3+ Tregs
includes nTregs and iTregs. iTregs play essential roles
in mucosal tolerance, in the control ol severe
chronic allergic inflammation, and in the prevention
of organism clearance and tumor immunosurveil-
lance, while nTregs have roles in preventing autoim-
munity and exaggerated immune responses.'’ We
would predict that the majority of cervical CD25
+Foxp3+ Tregs assessed in this study are iTregs
although definitive isolation ol iTregs is hampered
by the lack of suitable surface markers that distin-
guish iTreg and nTreg cell populations.

In this study, cervical Treg prevalence negatively
correlated with regression of CIN (Fig. 2) but did not
correlate with CIN grade (data not shown). Support-
ing our data, scveral previous studies have shown a
positive correlation between Treg prevalence in
peripheral blood and high grade of CIN.'”?® Of
course, cervical iTregs and circulating Tregs may dif-
fer in their TCR repertoire. iTregs are known to dil-
ferentiate [rom mature naive CD4+ cells through the
effects of TGF-B and RA secreted by mucosa-associ-
ated DCs.'” In our data, the proportion of CD25
+Foxp3+ Tregs among total cervical CD4+ cells (a
median of 11%) was twofold higher than previously
reported peripheral blood levels (approximately 5%).
This suggests that iTregs may be generated continu-
ously, probably in an antigen-depending manner,
and accumulate in chronically HPV-infected tissues
and CIN lesions. Others have reported that Foxp3
mRNA levels in cervical samples that included exfo-
liated epithelial cells and cervical lymphocytes are
higher among high-grade squamous intraepithelial
lesion (HSIL) patients when compared with low-
grade squamous intraepithelial lesion  (LSIL)
patients.*” However, it is unknown whether Foxp3
mRNA levels in these cervical samples parallel the
number of Tregs because cervical lymphocytes were
not specifically isolated in this study.

Although the persistence of HPV infection was not
followed in the present study, Molling et al.*®
reported that CD4+CD25hi Treg frequency correlates
with persistence of HPV type 16. Tregs may inhibit
the HPV clearance by immune cells such as invariant
natural killer T cells.

TGE-B is critical to the induction and maintenance
of Foxp3+ Tregs, with particular importance in the
induction of iTregs from naive T cells and in the
conversion of effector T cells to iTregs. Several stud-
ies have demonstrated that the expression of TGF-B
and RA receptors in cervical specimens is lower in
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CIN lesions when compared with normal epithe-
lium.?®?° In these studies, there was no correlation
between TGF-B mRNA levels and either CIN grade
or CIN natural course. TGF-B-induced iTreg fre-
quency may be a more direct predictor of CIN pro-
gression than TGF-B. In fact, measurement of
tolerogenic T-cell frequency in CIN lesions has the
potential to prove useful in determining individual-
ized screening and treatment paradigms.

Whether sex hormones modulate the prevalence
and function of Tregs remains controversial. Arruvito
et al. reported that the proportion of Foxp3+ cells
within the peripheral blood CD4+ T-cell population
increases during the late follicular phase when com-
pared with the luteal phase.?’ The expansion of
Tregs during the follicular phase was highly corre-
lated wwith serum estradiol (E2) levels.>® In contrast,
Weinberg et al. reported recently that there are no
significant correlations between changes in serum
E2 levels and the prevalence of any circulating Treg
subtypes or between changes in serum progesterone
levels and the proportion of CD8+ Foxp3+ Tregs in
peripheral blood samples.?! The effect of smoking on
the generation of tolerogenic T cells is also contro-
versial. *>>* Note that all of the above studies assess
peripheral circulating rather than local cervical
Tregs. Our data on the latter cells revealed no corre-
lations between cervical Treg prevalence and either
menstrual phase or smoking.

In this study, we focused on PD-1+ CD4+ T cells
as well as Foxp3+ Tregs as engagement of PD-1 by
its ligannds on T cells is critical to the differentiation
of naive T cell into Foxp3+ iTregs. Furthermore,
Tregs anid the PD-1/PD-L pathway are integral in ter-
minating immune responses and augmenting the
suppression of anti-tumor T-cell responses. In short,
the PD -1 pathway controls the development, main-
tenance, and function of iTregs at mucosal sites.
Here, wve show that PD-1+ T cells are more fre-
quently’ found among cervical T cells than among
PBMCs and that the prevalence of PD1+ T cells in
CIN lesions (likely reflecting cervical iTregs) corre-
lates inversely with spontaneous regression of CIN.
Assessmient for other tolerogenic T-cell subsets (e.g.,
Foxp3-IL10+ Trl, Foxp3-TGF-B+ Th3) in this study,
while potentially informative, was limited by the
number of cervical lymphocytes that could be iso-
lated froom a single cytobrush sample.

In summary, even the study population is small
and the results are limited, our flow cytometric anal-
yses demnonstrate for the first time that a prevalence
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of CD4+ CD25+ Foxp3+ Tregs infiltrating into CIN
lesions significantly correlates with regression of CIN
regardless of HPV subtype. Conversely, a high preva-
lence of lesional cervical Tregs may be responsible
for CIN persistence as well as HPV infections and
might function as a useful predictive biomarker for
progression of CIN.
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Abstract

Background It has been suggested that micronutrients
such as alpha-tocopherol, retinol, lutein, cryptoxanthin,
lycopene. and alpha- and beta-carotene may help in the
prevention of cervical cancer. Our aim was to investigate
whether serum concentrations and/or dietary intake of
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micronutrients influence the regression or progression of
low-grade cervical abnormalities.

Methods In a prospective cohort study of 391 patients
with cervical intraepithelial neoplasia (CIN) grade 1-2
lesions, we measured serum micronutrient concentrations
in addition to a self-administered questionnaire about die-
tary intake. We evaluated the hazard ratio (HR) adjusted
for CIN grade, human papillomavirus genotype, total
energy intake and smoking status.
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Results In non-smoking regression subjects, regression
was significantly associated with serum levels of zeaxan-
thin/lutein (HR 1.25, 0.78-2.01, p = 0.024). This benefit
was abolished in current smokers. Regression was inhibited
by high serum levels of alpha-tocopherol in smokers
(p = 0.042). In progression subjects, a significant protec-
tive effect against progression to CIN3 was observed in
individuals with a medium level of serum beta-carotene
[HR 0.28, 95 % confidence interval (CI) 0.11-0.71,
= 0.007), although any protective effect from a higher
level of serum beta-carotene was weaker or abolished (HR
0.52, 95 % CI 0.24-1.13, p = 0.098). Increasing beta-
carotene intake did not show a protective effect (HR 2.30,
95 % CI 0.97-5.42, p = 0.058).
Conclusions Measurements of serum levels of carote-
noids suggest that regression is modulated by smoking
status. Maintaining a medium serum level of beta-carotene
has a protective effect for progression; however, carotene
intake is not correlated with serum levels of carotenoids.

Keywords Human papillomavirus - Cervical
intraepithelial neoplasia - Low-grade squamous
intraepithelial lesion - Micronutrients - Carotenoids

Introduction

Persistent infection with human papillomavirus (HPV) may
potentially lead to the development of cervical cancer.
Most women are exposed to at least one type of genital
HPV in their lifetime [1]. HPV infections often cause
cervical intraepithelial neoplasia 1 (CIN1) [2]. Only a
subset of individuals with CIN1 progress to CIN3 or
invasive cervical cancer, suggesting that environmental
cofactors are related to cervical carcinogenesis [3-5].
Numerous environmental candidates such as oral contra-
ceptives, parity, smoking status, micronutrient status,
nutrient intake, Chlamydia trachomatis infection and her-
pes simplex virus type 2 infection have been investigated
as potential cofactors related to progression of CIN.

Much attention has been given to the role of dietary
factors and serum micronutrients in the etiology of cervical
cancer and CIN. Carotenoids and tocopherols are lipid-
soluble micronutrients with potent antioxidant activities
and modulatory effects on immunity. Recent publications
have reported that the association of carotenoids and toc-
opherols with reduced risk has not been observed consis-
tently [6-10]; however, these inconsistent results may be
due to the study designs. Furthermore, the majority of
case—control studies of the associations between micro-
nutrients and outcome of CIN were conducted to assess
either dietary intake or circulating micronutrients only
[7-9, 11].

@_ Springer

Foods are composites of several biologically active
dietary components. Micronutrients in foods, as well as
other possible anti-carcinogenic compounds such as
detoxification enzymes, may have synergistic effects and
interact with one another [11-13]. A recent multi-center
cohort study reported an association between dietary intake
of micronutrients and outcome of CIN. However, this study
reported no information about circulating micronutrients
[6]. Conversely, some prospective cohort studies reported
an association between circulating micronutrient levels and
outcome of CIN but no information about dietary intake
{14, 15]. Both dietary intake and circulating serum con-
centrations of micronutrients are important in assessing the
role of micronutrients in cervical carcinogenesis. We pre-
viously conducted a case—control study including 156 pairs
of women with CIN1-3 and matched controls with normal
cytology and found an inverse relationship between serum
levels of alpha-carotene, lycopene and zeaxanthin/lutein
and the risk of CIN development [16]. Because retrospec-
tive analysis of previous study findings provides only
limited information, we report here the results of a pro-
spective study that was conducted in an attempt to confirm
these findings.

Materials and methods
Study design

We used follow-up data from the Japan HPV and Cervical
Cancer Study, a prospective non-intervention cohort study
conducted to identify determinants of low-grade squamous
intraepithelial lesion (LSIL)/CIN regression and progres-
sion. Among a total of 570 study subjects with low-grade
cervical abnormalities (cytological LSIL and histological
CIN1/2) recruited from nine hospitals between 1998 and
2004, 391 women with data concerning serum micro-
nutrients and complete entry questionnaires were enrolled
in the present study. Details of the design, methods and
primary results have been provided elsewhere [17, 18].
Participants entered the study only after voluntarily giving
signed, informed consent. The subjects were routinely
followed at 3- to 4-month intervals and received cytology
and colposcopy examinations at each visit. To avoid
interference of the biopsy procedure on the natural course
of the disease, cervical biopsy was performed only when
women had HSIL smears and major colposcopic changes
that were suggestive of progression to CIN3 or worse.
Progression was defined as histological CIN3 lesions or
worse, diagnosed on central pathology review. We defined
regression as at least two consecutive negative smears and
normal colposcopy. Women were regarded as having per-
sistent lesions when they did not have either regression or
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progression over the period of follow-up. At enrollment,
study subjects were tested for cervical HPV-DNA and
circulating serum micronutrients. Information about
smoking and dietary intake was obtained from a self-
administered questionnaire. Participants were not obliged
to answer the questionnaire and their participation was
unrelated to their clinical evaluation, treatment or follow-
up evaluation. The simplified diet history questionnaire
used in the current study had been developed and validated
previously [19]. Originally, a prototype diet history ques-
tionnaire including 169 traditional Japanese foods and
dishes was developed. To alleviate the participants’ bur-
den, our simplified diet history questionnaire was devel-
oped to employ a stepwise regression method to select
from the 169 diet history questionnaire items. This sim-
plified questionnaire was composed of 14 categories: (1)
dishes of meat and vegetables; (2) meat (without dishes
including vegetables); (3) fish; (4) cereals; (5) eggs and
soybean products; (6) vegetables; (7) seaweed; (8) juice;
(9) fruits: (10) milk and dairy products; (11) desserts and
snacks; (12) pickles; (13) seasoning; and (14) alcoholic
beverages. Supplement use was not assessed in this study
because of a lack of complete information regarding
availability. Because it was impossible to distinguish
between intake of alpha- and beta-carotene from the
questionnaire, total carotene intake was described. Ques-
tions on smoking habits included status (never, former or
current smoker) and intensity (number of cigarettes
smoked per day).

Circulating micronutrients

Blood was collected in foil-wrapped glass tubes without
heparin. Serum was separated by centrifugation at
1,000x g for 10 min and stored in the dark at —70 °C prior
to sample preparation. Serum levels of retinol, alpha-
tocopherol and various carotenoids were determined by a
high-pressure liquid chromatography method described
previously [21].

Statistical analysis

The association between smoking status and nutrient intake
was analy’zed by one-way analysis of variance. The asso-
ciation between smoking status and serum micronutrients
was analyzed by analysis of covariance. The data were
adjusted for age, body mass index (BMI) and alcohol
intake frequency. For regression or progression, time to
event was measured from the date of the index visit to the
date of the visit at which cytological transition to normal or
CIN3 was first detected. To estimate the association
between the CIN outcomes and circulating serum micro-
nutrients, serum micronutrient tertiles were examined.

Hazard ratios (HRs) and 95 % confidence intervals (CIs)
for each tertile with reference to the lowest tertile were
calculated using a proportional hazard model. For nutrient
intake, identical estimation was conducted. The Brinkman
Index (BI) was calculated by multiplying the average
number of cigarettes smoked per day by the smoking years.
We detected HPV-DNA in exfoliated cervical cells by a
PCR-based methodology described previously [20]. HPV
DNA was amplified by PCR using consensus-primers
(L1C1/L1C2 4+ L1C2M) for the HPV L1 region. HPV
genotypes were identified by a restriction fragment-length
polymorphism (RFLP) PCR method that has been shown to
identify at least 26 genotypes of genital HPV [18]. HRs
were adjusted for potential confounders, including CIN
grade, HPV genotype, age, total energy intake and smoking
status. Statistical analyses were performed using Stata
statistical software, release 11.1 (Stata Corporation; Col-
lege Station, TX, USA).

Results

Of the 570 women enrolled in the parent study, 391 met the
eligibility requirements of the current study for tests of
serum micronutrients and completion of entry question-
naires. Of these, 329 and 62 women were diagnosed as
CIN1 and CIN2, respectively. The mean age of the women
was 36.3 years (median 36.0, range 19-54). Of the 391
women, regression, persistence and progression occurred in
218, 135 and 38, respectively.

Influence of smoking status on circulating levels
and intake of micronutrients

At enrollment, 190 women had never smoked, while 142
women were current smokers (BI >100). Data from three
women were lost and the remaining 56 women were past
smokers. We found a 22 and 10 % decrease in carotene and
vitamin E intake in current smokers compared with non-
smokers, respectively (Table 1). Among the three groups,
there was a significant difference in the intake of fiber,
calcium, carotenes, vitamin A, vitamin C and vitamin E. As
shown in Table 2, current smokers had significantly lower
serum levels of alpha-carotene, beta-carotene and crypto-
xanthin compared with non-smokers. Smokers had mar-
ginally lower levels of lycopene. Retinol, zeaxanthin/lutein
and alpha-tocopherol were not related to smoking status.

The effects of serum micronutrients and nutrient intake
in regression subjects

Significantly more inhibition of regression was observed in
women in the middle tertiles of serum alpha-tocopherol
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Table 1 Relationship between estimated daily nutrient intake and tobacco smoking status

Nutrient intake per day Non smokers (N = 190) Past smokers (N = 56) Current smokers (N = 142) p value
Mean SD Mean SD Mean SD

Total energy intake (kcal) 2,220.1 576.1 2,221.6 679.7 2,149.1 574.9 0.520
Protein intake (g) 85.2 262 85.2 31.0 79.4 27.3 0.127
Fat intake (g) 60.2 21.9 62.9 27.2 59.0 22.6 0.566
Carbohydrate intake (g) 329.5 78.3 3252 85.6 315.2 74.6 0.255
Fiber intake (g) 5.3 1.9 52 2.0 4.6 1.8 0.004
Calcium intake (ing) 740.8 292.2 738.3 337.6 620.9 274.2 0.001
Retinol intake (ug) 284.6 219.1 302.4 176.9 331.2 624.7 0.597
Carotene intake (jg) 4,943.5 2,439.7 4,856.3 2,532.1 3,860.8 2,083.5 0.000
Vitamin A intake (IU) 3,430.6 1,587.5 34243 1,546.9 2,954.2 2,197.4 0.049
Vitamin C intake (mg) 134.0 65.6 1333 65.9 113.4 56.4 0.008
Vitamin D intake (IU) 76.4 48.8 69.3 40.6 66.9 53.7 0.213
Vitamin E intake (mg) 8.4 2.8 8.3 3.2 1.5 2.7 0.021
Salt intake (g) 13.5 4.1 137 4.8 12.8 4.5 0.291
Cholesterol intake (mg) 3237 122.6 3229 160.2 304.7 137.5 0412
Analysis of variance was used to examine the differences in the mean values of factors among groups
SD standard deviation
Table 2 Relationship between serum micronutrients and tobacco smoking status

Non-smoker (N = 190) Past smoker (N = 56) Current smoker (N = 142) P value

Adjusted 95 % CI Adjusted mean 95 % CI Adjusted 95 % CI

mean mean
Serum retinol (ug/dL) 59.23 56.42-62.04 59.70 54.59-64.81 60.88 57.24-64.51 0.695
Serum c-carotene (pg/dL) 9.70 8.58-10.82 747 5.43-9.51 7.23 5.78-8.68 0.003
Serum f-carotene (pg/dL) 58.05 50.77-65.33 46.61 33.36-59.85 41.02 31.60-50.44 0.003
Serum zeaxanthin/lutein (ng/dL) 54.93 50.77-59.09 54.06 46.50-61.62 49.88 44.50-55.26 0.205
Serum cryptoxanthin (pg/dL) 31.19 25.61-36.76 23.61 13.46-33.76 21.27 14.05-28.49 0.03
Serum lycopene (pg/dL) 30.00 26.76-33.22 34.68 28.80-40.55 27.23 23.04-31.41 0.06
Serum a-tocopherol (pg/dL) 881.68 817.51-945.84  953.15 836.40-1,069.91  873.56 790.50-956.63  0.414

Analysis of covariance was used to examine the differences in the mean concentrations of the serum levels of micronutrients that are related to
the effect of the smoking status. The data were adjusted for age (20-29, 30-39, or 40-54 years), BMI and alcohol intake frequency (0, 1-6,

7/week)

(HR 0.68, 95 % CI 0.49-0.95) as compared with women in
the lower tertiles, but the linear trend was not statistically
significant (p = 0.882). From the questionnaire, high-load
intake of retinol significantly inhibited the regression
(adjusted model: HR 0.59, 95 % CI 0.40-0.89) but the
linear trend was not significant (Table 3).

Because serum levels of most carotenoids were low and
carotene intake was small in smokers, the regression group
was sub-analyzed stratifying by smoking status (never or
current smokers) as shown in Tables 4 and 5. In non-
smokers (Table 4), regression was observed in women in
the upper tertiles of serum zeaxanthin/lutein (HR 1.25,
95 % CI 0.78-2.01) as compared with women in the lower
and middle tertiles, and the linear trend was statistically

@ Springer

significant (p = 0.024). In current smokers, this was
statistically abolished as shown in Table 5. In current
smokers, a significant inhibition of regression was observed
in women in the middle tertiles for serum alpha-tocopherol
(HR 0.53, 95 % C10.27-0.94) as compared with women in
the lower tertiles, and the linear trend was significant
(p = 0.042) in the adjusted model (Table 5).

Effect of serum micronutrients and nutrient intake
in progression subjects

In Table 6, a significant inverse relationship was observed
in subjects with a medium level of serum beta-carotene
(HR 0.28, 95 % CI 0.11-0.71, p = 0.007), although these
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Table 3 HR of regression from entire CIN1/2 according to the serum micronutrients and nutrient intake questionnaire

n Person-months  Events Cumulative Hazard ratio for regression (95 % CI)
2-year
rat):a 95 % CI) Unadjusted p value  Adjusted model  p value

Serum retinol p for trend 0.812

Low (<535.2) 128 1,715.6 74 62.5 (53.6-714) 1 1

Medium (55.2-67.9) 132 1,689.8 71 63.2 (54.4-72.0) 1.06 (0.77-1.46) 0.709 1.19 (0.86-1.65) 0.301

High (>67.9) 131 1,763.5 67 57.8 (48.6-67.4) 0.87 (0.62-1.21) 0.399 0.87 (0.62-1.22) 0423
Serum ¢-carotene p for trend 0.472

Low (<5. 1) 127 1,654.9 71 60.9 (51.9-70.0) 1.00 1.00

Medium (5.1-9.7) 133 1,750.0 68 57.3 (48.2-66.8) 091 (0.65-1.27) 0.574 1.00 (0.71-1.41) 0.984

High (>9.7) 131 1,764.0 79 65.2 (56.5-73.9) 1.04 (0.75-1.43) 0.828 1.26 (0.89-1.80) 0.19
Serum fS-carotene p for trend 0.095

Low (<28.3) 129 1,679.7 66 56.7 (47.7-66.2) 1.00 1.00

Medium ((28.3-57.6) 131 1,755.9 75 62.7 (53.8-71.6) 1.10 (0.79-1.53) 0.581 1.17 (0.83-1.66) 0.364

High (>57.6) 131 11,7333 77 64.0 (55.2-72.9) 1.12 (0.80-1.56) 0.511 1.34 (0.93-1.93) 0.115
Serum zeaxanthin/lutein p for trend 0.235

Low (<42.9) 130 1,645.9 76 62.7 (53.8-71.6) 1.00 1.00

Medium (42.9-57.3) 130 1,803.1 70 58.1 (49.2-67.2) 0.85 (0.62-1.18) 0.341 0.97 (0.69-1.36) 0.868

High (>57.3) 131 1,719.9 72 63.5 (54.2-72.7)  0.89 (0.65-1.23) 0.488 1.05 (0.75-1.48) 0.768
Serum cryp toxanthin p for trend 0.215

Low (<11.2) 129  1,659.5 74 63.9 (54.8-73.0) 1.00 1.00

Medium (11.2-22.1) 130 1,754.7 67 56.8 (47.8-66.2) 0.87 (0.62-1.21) 0.406 0.91 (0.65-1.28) 0.592

High (>22.1) 132 1,754.7 77 63.1 (54.3-71.9) 099 (0.72-1.37) 0.974 1.07 (0.76-1.51) 0.694
Serum lycopene p for trend 0.638

Low (<19.8) 129 1,7137 69 58.6 (49.7-67.9) 1.00 1.00

Medium ( 19.8-35.8) 131 1,780.3 79 66.3 (57.4-75.0) 1.07 (0.78-1.48) 0.67 1.07 (0.76-1.49)  0.705

High (>335.8) 131 1,674.9 70 58.5 (49.4-67.8) 1.02 (0.73-1.42) 0914 1.08 (0.77-1.52) 0.662
Serum a-to<opherol p for trend 0.882

Low (<753.0) 128  1,535.8 82 67.3 (58.7-75.6) 1.00 1.00

Medium (753.0-983.9) 132 1,896.8 66 54.7 (45.9-64.0) 0.66 (0.48-0.91) 0.011 0.68 (0.49-0.95) 0.025

High (>983.9) 131  1,736.3 70 62.8 (53.2-72.3) 0.74 (0.54-1.01) 0.062 0.78 (0.56-1.09) 0.142
Retinol intake p for trend 0.322

Low (<190.2) 130 1,555.8 74 62.8 (53.6-72.0) 1.00 1.00

Medium (190.2-313.1) 130 1,755.6 74 63.3 (54.0-72.0) 0.89 (0.65-1.23) 0.484 0.76 (0.54-1.07) 0.12

High (>313.1) 131 1,8575 70 57.8 (49.0-66.9) 0.80 (0.57-1.10) 0.172 0.59 (0.40-0.89) 0.011
Carotene intake p for trend 0.325

Low (<3,281.4) 130 1,639.3 70 59.8 (50.6-69.1) 1.00 1.00

Medium ( 3,281.4-5,042.8) 131 1,812.8 72 61.6 (52.5-64.7) 0.92 (0.66-1.28) 0.637 0.90 (0.63-1.28) 0.557

High (>5.042.8) 130 1,716.8 76 62.2 (53.5-71.0) 1.03 (0.74-1.42) 0.869 0.97 (0.65-1.46) 0.89
Vitamin A intake p for trend 0.546

Low (<2,398.8) 130 1,601.8 70 61.5 (62.5-74.6) 1.00 1.00

Medium (2,398.8-3,466.7) 131 1,834.7 72 59.7 (51.7-64.7)  0.90 (0.65-1.25) 0.541 0.91 (0.64-1.29) 0.599

High (>3.466.7) 130 1,7324 76 62.6 (53.9-71.4) 1.01 (0.73-1.40) 0.948 0.93 (0.61-1.42) 0.727
Vitamin E intake p for trend 0.147

Low (<6.7) 130 1,610.2 68 57.4 (48.3-66.7) 1.00 1.00

Medium (6.7-8.7) 130 1,897.1 71 59.4 (50.5-68.5) 0.90 (0.64-1.25) 0.521 0.95 (0.66-1.39) 0.807

High (>8.7) 131 1,661.6 79 65.9 (57.1-74.6) 1.11 (0.80-1.54) 0.519 0.88 (0.54-1.43) 0.601

Cox’s proportional hazard model showing the hazard ratio for regression in a cumulative 24-month period. The adjusted model was calculated by
CIN grade ( initial biopsy results; CIN1 or CIN2), HPV genotypes (HPV16/18/31/33/35/42/52/59, other high-risk types, low-risk types, or HPV
negative) [1 7, 18], age, total calorie intake and smoking status (Brinkman index >100). The units of micronutrients are expressed as pg/dL
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Table 4 HR of regression from non-smoking CIN1/2 according to the serum micronutrients and nutrient intake questionnaire

n  Person-months Events Cumulative 2-year Hazard ratio for regression (95 % CI)
rate (95 % CI) - -
Unadjusted p value  Adjusted model  p value

Serum retinol p for trend 0.292

Low (<55.2) 62 809.8 39 67.0 (54.5-79.0) 1 1

Medium (55.2-67.9) 70 9223 41 62.8 (50.9-74.6) 0.93 (0.60-1.44) 0.75 1.03 (0.65-1.63) 0.908

High (>67.9) 58 743.4 39 71.4 (58.7-83.1) 1.08 (0.69-1.68) 0.742 1.21 (0.74-1.98) 0.448
Serum o-carotene p for trend 0.883

Low (<5.1) 46 560.7 28 64.4 (50.1-78.5) 1.00 1.00

Medium (5.1-9.7) 62 789.7 38 66.1 (53.3-78.4) 0.97 (0.60-1.59y 0918 1.22 (0.73-2.05) 0.449

High (>9.7) 82 1,125 53 68.7 (57.9-79.0) 0.93 (0.59-1.47) 0.76 1.26 (0.75-2.11) 0.384
Serum f-carotene p for trend 0.206

Low (<28.3) 45 583.9 26 60.1 (45.8-74.7) 1.00 1.00

Medium (28.3-57.6) 61 780.1 41 75.7 (62.7-86.9) 1.16 (0.71-1.90)  0.557 1.20 (0.71-2.03)  0.488

High (>57.6) 84 1,111.5 52 65.5 (54.8-76.0) 1.03 (0.64-1.65) 0.91 1.23 (0.73-2.07)  0.439
Serum zeaxanthin/lutein p for trend 0.024

Low (<42.9) 56 729.3 34 64.8 (51.4-717.8) 1.00 1.00

Medium (42.9-57.3) 61 817.3 38 66.7 (54.2-78.9) 1.00 (0.63-1.59) 1 1.12 (0.69-1.84)  0.642

High (>57.3) 73 928.9 47 68.6 (57.1-79.5) 1.05 (0.68-1.64) 0.813 1.25 (0.78-2.01)  0.352
Serum cryptoxanthin p for trend 0.129

Low (<11.2) 47 650.1 28 64.7 (50.0-79.1) 1.00 1.00

Medium (11.2-22.1) 61 740.7 38 68.2 (55.3-80.4) 1.23 (0.75-2.00) 0.414 1.24 (0.74-2.08) 0.412

High (>22.1) 82 11,0847 53 67.5 (56.8-77.8) 1.16 (0.73-1.83) 0.536 1.35 (0.82-2.22)  0.231
Serum lycopene p for trend 0.269

Low (<19.8) 63 805.3 37 63.2 (50.7-75.7) 1.00 1.00

Medium (19.8-35.8) 63 827.7 43 73.8 (61.5-84.8) 1.11 (0.71-1.72)  0.651 1.17 (0.73-1.87)  0.51

High (>35.8) 64 842.5 39 64.3 (52.0-76.4) 1.00 (0.63-1.55) 0.962 1.28 (0.79-2.07) 0.316
Serum a-tocopherol p for trend 0.176

Low (<753.0) 60 731.7 39 67.1 (54.7-79.0) 1.00 1.00

Medium (753.0-983.9) 63 8299 40 67.5 (55.2-79.2) 091 (0.59-1.42) 0.676  0.96 (0.60-1.53) 0.866

High (>983.9) 67 913.9 40 66.5 (53.9-78.6) 0.81 (0.52-1.26) 0.344 0.96 (0.60-1.54) 0.859
Retinol intake p for trend 0.892

Low (<190.2) 62 760.7 36 63.5 (50.5-76.4) 1.00 1.00

Medium (190.2-313.1) 63 840.7 41 70.4 (57.9-82.0) 1.04 (0.67-1.63) 0.854 0.90 (0.53-1.54) 0.704

High (>313.1) 65 874.1 42 66.3 (54.5-77.7) 1.02 (0.65-1.59) 0.94 0.86 (0.48-1.53) 0.61
Carotene intake p for trend 0.131

Low (<3,281.4) 47 606.4 29 67.7 (52.7-81.9) 1.00 1.00

Medium (3,281.4-5,042.8) 71 959.6 40 62.1 (50.0-74.2) 0.88 (0.55-1.43) 0.615 0.89 (0.51-1.56) 0.676

High (>5,042.8) 72 909.5 50 70.8 (59.8-81.0) 1.16 (0.74-1.84) 0515 1.08 (0.60-1.94) 0.804
Vitamin A intake p for trend 0.134

Low (<2,398.8) 50 676.0 28 63.5 (48.8-78.2) 1.00 1.00

Medium (2,398.8-3,466.7) 69  934.1 41 63.8 (51.7-75.8)  1.08 (0.67-1.75) 0.755 1.14 (0.65-1.99)  0.654

High (>3,466.7) 71 8654 50 723 (61.3-82.4)  1.42 (0.89-2.25) 0.14 1.47 (0.79-2.73)  0.218
Vitamin E intake p for trend 0.163

Low (<6.7) 51 631.5 29 61.3 (47.4-75.5) 1.00 1.00

Medium (6.7-8.7) 62 884.3 39 66.0 (53.6-78.1) 0.98 (0.61-1.58) 0.932 1.38 (0.70-2.71)  0.354

High (>8.7) 77 959.7 51 70.3 (59.3-80.6) 1.16 (0.74-1.83) 0.519 1.44 (0.67-3.12) 0.352

Cox’s proportional hazard model showing the hazard ratio for regression in a cumulative 24-month period in non-smokers. The adjusted model
was identical to the model used in Table 3. The units of micronutrients are expressed as pg/dL
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Table 5 HR of regression from current smoking CIN1/2 according to the serum micronutrients and nutrient intake questionnaire

n Person-months  Events Cumulative Hazard ratio for regression (95 % CI)
2-year
raze 95 % CI) Unadjusted p value  Adjusted model  p value

Serum retinol p for trend 0.43

Low (<53.2) 47  614.0 27 64.0 (49.2-78.6) 1 1

Medium (55.2-67.9) 38 4176 24 70.5 (53.4-85.7) 1.29 (0.74-2.23) 0369 1.54 (0.87-2.76) 0.141

High (>67.9) 57 780.5 21 42.9 (30.1-58.3)  0.60 (0.34-1.06) 0.08 0.54 (0.29-1.00) 0.05
Serum «-carotene p for trend 0.898

Low (<5.1) 59 751.9 33 62.5 (49.2-75.8) 1.00 1.00

Medium (5.1-9.7) 53 689.6 22 49.9 (35.3-66.7) 0.72 (0.42-1.24) 0.24 0.85 (0.48-1.53) 0.595

High (>9.7) 30 370.6 17 61.8 (43.6-80.2) 1.04 (0.58-1.87) 0.886 1.23 (0.63-2.39) 0.537
Serum fS-carotene p for trend 0.667

Low (<28.3) 63 788.0 31 58.1 (44.6-72.2) 1.00 1.00

Medium (28.3-57.6) 53 700.2 27 54.5 (41.1-69.1)  1.02 (0.61-1.71) 0.94 1.07 (0.62-1.86)  0.808

High (>57.6) 26 3239 14 66.6 (44.5-87.0) 1.06 (0.56-2.00) 0.854 1.04 (0.51-2.14) 0915
Serum zea xanthin/lutein p for trend 0.373

Low (<42.9) 54 640.8 32 63.6 (50.0-77.0) 1.00 1.00

Medium (42.9-57.3) 52 669.4 26 54.1 (40.4-69.0) 0.79 (0.47-1.33) 0.372 0.88 (0.51-1.52) 0.645

High (>57.3) 36 501.9 14 57.6 (37.9-78.8) 0.55 (0.29-1.02) 0.059 0.76 (0.37-1.53) 0435
Serum cryptoxanthin p for trend 0.866

Low (<1 1.2) 62 7273 36 67.4 (53.9-80.2) 1.00 1.00

Medium (11.2-22.1) 47 6443 20 48.4 (33.9-65.2) 0.63 (0.36-1.09)  0.098 0.72 (0.39-1.31) 0.279

High (>22.1) 33 4405 16 53.9 (36.6-73.1) 0.73 (0.40-1.31) 0.286 0.85 (0.44-1.64) 0.63
Serum lycopene p for trend 0.517

Low (<19.8) 43 5438 21 553 (39.9-71.9) 1.00 1.00

Medium (19.8-35.8) 55 761.7 29 60.8 (46.7-75.1)  0.96 (0.55-1.69) 0.896 0.79 (0.42-1.48) 0.457

High (>35.8) 44 506.6 22 54.4 (39.2-70.9)  1.08 (0.59-1.96) 0.802 0.77 (0.38-1.54) 0.456
Serum a-tocopherol p for trend 0.042

Low (<733.0) 53 5942 34 68.8 (55.5-81.4) 1.00 1.00

Medium (753.0-983.9) 49 7182 19 43.5 (30.1-59.7)  0.47 (0.27-0.83)  0.009 0.53 (0.27-0.94) 0.03

High (>983.9) 40 499.7 19 66.7 (46.0-86.0) 0.64 (0.36-1.11) 0.114 0.76 (0.42-1.40) 0.383
Retinol intake p for trend 0.58

Low (<180.2) 50 573.8 29 62.3 (48.3-76.4)  1.00 1.00

Medium ({190.2-313.1) 51 6739 25 56.5 (42.1-71.9) 0.74 (0.43-1.26) 0.263 0.76 (0.42-1.37) 0.36

High (>3 13.1) 41 5644 18 52.3 (36.2-70.6)  0.63 (0.35-1.13) 0.124 0.57 (0.29-1.13)  0.106
Carotene intake p for trend 0.182

Low (<3.281.4) 64 730.7 34 59.8 (46.9-73.1) 1.00 1.00

Medium ((3,281.4-5,042.8) 43 632.0 22 58.7 (42.7-75.4) 0.72 (0.42-1.24) 0.238 0.71 (0.39-1.31) 0.272

High (>5.042.8) 35 4494 16 529 (35.8-72.2)  0.73 (0.41-1.33)  0.309 0.55 (0.25-1.18) 0.122
Vitamin A intake p for trend 0.268

Low (<2,398.8) 65 723.6 36 61.9 (49.1-749) 1.00 1.00

Medium (2,398.8-3,466.7) 43 6425 19 49.1 (34.4-66.2) 0.59 (0.34-1.03) 0.064 0.58 (0.31-1.07) 0.081

High (>3.466.7) 34 4460 17 60.6 (42.2-79.4) 0.74 (0.42-1.32) 0.307 0.60 (0.28-1.32) 0.208
Vitamin E intake p for trend 0.567

Low (<6.7) 61 684.0 32 56.7 (44.1-70.1)  1.00 1.00

Medium (6.7-8.7) 45  720.6 19 49.0 (34.4-66.0) 0.56 (0.32-0.99) 0.047 0.51 (0.25-1.05) 0.066

High (>8.7) 36 4075 21 67.3 (49.6-83.8) 1.02 (0.59-1.77) 0.947 0.56 (0.23-1.38) 0.211

Cox’s propertional hazard model showing the hazard ratio for regression in a cumulative 24-month period in current smokers only. The adjusted

model was identical to the model used in Table 3. The units of micronutrients are expressed as pg/dL
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Table 6 HR of progression from entire CIN1/2 according to the serum micronutrients and nutrient intake questionnaire

n Person-months  Events Cumulative Hazard ratio for progression (95 % CI)
S-year
ratye (95 % CI) Unadjusted p value  Adjusted model  p value

Serum retinol p for trend 0.372

Low (<55.2) 128 4,588.2 7 8.7 (3.6-20.1) 1.00 1.00

Medium (55.2-67.9) 132 5,048.8 17 17.1 (10.8-26.6)  2.25 (0.93-5.44) 0.071 2.35 (0.95-5.77)  0.063

High (>67.9) 131 5,210.1 14 14.3 (8.5-23.7) 1.82 (0.73-4.51)  0.198 2.23 (0.88-5.60)  0.089
Serum a-carotene p for trend 0.669

Low (<5.1) 127 4,506.6 13 15.4 (8.7-26.2)  1.00 1.00

Medium (5.1-9.7) 133 49555 17 16.0 (10.0-25.0) 1.21 (0.59-2.49) 0.609 1.08 (0.51-2.31) 0.835

High (>9.7) 131 53850 8 9.6 (4.7-19.0)  0.52 (0.22-1.27)  0.153 0.46 (0.18-1.15)  0.098
Serum f-carotene p for trend 0.337

Low (<28.3) 129 4,245.0 18 21.8 (13.6-33.9) 1.00 1.00

Medium (28.3-57.6) 131 5,208.1 7 7.0 (3.2-14.7) 0.32 (0.13-0.77)  0.011 0.28 (0.11-0.71)  0.007

High (>57.6) 131 5,394.0 13 13.2 (7.7-22.3)  0.58 (0.28-1.19) 0.14 0.52 (0.24-1.13)  0.098
Serum zeaxanthin/lutein p for trend 0.772

Low (<42.9) 130 46114 11 12.1 (6.7-21.4) 1.00 1.00

Medium (42.9-57.3) 130 52915 17 17.9 (11.2-28.0) 137 (0.64-2.94) 0415 1.58 (0.71-3.53)  0.266

High (>57.3) 131 4,944.2 10 94 (5.1-17.1)  0.87 (0.37-2.06) 0.756 0.95 (0.39-2.32)  0.908
Serum cryptoxanthin p for trend 0.618

Low (<11.2) 129 4,591.6 12 12.2 (6.9-20.9) 1.00 1.00

Medium (11.2-22.1) 130 4,906.2 16 17.1 (10.6-27.0)  1.26 (0.60~-2.67) 0.544 1.37 (0.61-3.06)  0.445

High (>22.1) 132 53493 10 10.5 (5.5-19.7)  0.73 (0.32-1.69)  0.465 0.71 (0.29-1.72)  0.450
Serum lycopene p for trend 0.286

Low (<19.8) 129 4,827.0 15 17.5 (10.5-28.3)  1.00 1.00

Medium (19.8-35.8) 131 4,954.6 11 10.0 (5.6-17.6)  0.71 (0.33-1.55) 0.395 0.61 (0.27-1.36) 0.223

High (>35.8) 131 5,065.5 12 13.1 (7.3-22.9)  0.76 (0.36~1.63) 048 0.73 (0.33-1.59) 0.428
Serum o-tocopherol p for trend 0.788

Low (<753.0) 128 5,143.1 11 12.0 (6.6-21.2) 1.00 1.00

Medium (753.0-983.9) 132 5,052.6 11 13.3 (7.4-23.3) 1.01 (0.44-2.33) 0.983 0.91 (0.39-2.10) 0.820

High (>983.9) 131 4,651.4 16 15.7 (9.3-25.8) 1.60 (0.74-3.45) 0.232 1.87 (0.84-4.19) 0.126
Retinol intake p for trend 0.666

Low (<190.2) 130 4,778.5 14 14.7 (8.6-24.4) 1.00 1.00

Medium (190.2-313.1) 130 4,985.2 15 16.7 (9.8-27.7)  1.02 (0.49-2.12) 0.948 1.08 (0.51-2.32) 0.834

High (>313.1) 131 5,083.4 9 9.5 (4.9-17.7)  0.60 (0.26-1.40) 0.239 0.62 (0.23-1.68) 0.346
Carotene intake p for trend 0.331

Low (<3,281.4) 130 4,578.9 9 10.8 (5.2-21.6)  1.00 1.00

Medium (3,281.4-5,042.8) 131 4,789.0 16 17.6 (11.4-26.7) 2.02 (0.91-4.46) 0.083 2.30 (0.97-5.42) 0.058

High (>5,042.8) 130 54792 10 11.6 (6.2-21.0)  0.94 (0.38-2.33) 0.901 1.19 (0.41-3.44) 0.746
Vitamin A intake p for trend 0.493

Low (<2,398.8) 130  4,510.5 11 12.2 (6.3-22.9)  1.00 1.00

Medium (2,398.8-3,466.7) 131 4,921.0 16 15.1 (9.4-23.9)  1.33 (0.62-2.87) 0.463 1.32 (0.59-2.97)  0.500

High (>3,466.7) 130 5,415.6 11 12.6 (3.8-22.2)  0.84 (0.36~1.95) 0.689 0.92 (0.33-2.54) 0.873
Vitamin E intake p for trend 0.834

Low (<6.7) 130 4,431.0 12 13.8 (7.5-24.7)  1.00 1.00

Medium (6.7-8.7) 130 5,128.1 15 14.1 (8.6-22.6)  1.08 (0.51-2.31) 0.842 1.06 (0.44-2.56) 0.892

High (>8.7) 131 5,288.0 11 12.5 (6.8-22.1)  0.78 (0.34-1.77)  0.55 1.00 (0.30-3.38) 0.998

Cox’s proportional hazard model showing the hazard ratio for progression over a cumulative 60-month period. The adjusted model was identical
to the model used in Table 3. The units of micronutrients are expressed as pg/dL
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effects were weaker or not found with a higher level of
serum beta-carotene (HR 0.52, 95 % CI 0.24-1.13,
p = 0.098). In contrast, a high carotene intake did not
show an inverse relationship, but rather a non-significant
increase in progression (HR 2.30, 95 % CI 0.97-5.42,
p = 0.058). There was no significant association between
other serum micronutrients and risk for CIN progression.

Discussion

The role of environmental factors, including micronutrients
and tobacco smoking, in cervical carcinogenesis has been
discussed. Smoking status in particular interfered with
serum levels and intake of carotenoids as shown in
Tables 1 and 2. In smokers, food intake is intrinsically
lower than in non-smokers [22]. From the questionnaires,
the intake per day of all micronutrients, except retinol and
tocophercl, was lower in current smokers than in non-
smokers, suggesting an unbalanced diet resulting from
either smoking or other lifestyle behaviors (Table 1).
Serum levels of alpha-carotene, beta-carotene and crypto-
xanthin were inversely correlated with smoking status, but
alpha-tocopherol was not correlated with smoking status
after adjusting for age, BMI and frequency of alcohol
intake (Table 2). These data were consistent with a previ-
ous report in which smoking was shown to affect serum
beta-carotene levels but to have no effect on alpha-
tocopherol levels [23]. Though alpha-tocopherol and beta-
carotene are well known as antioxidants, the antioxidant
effect of alpha-tocopherol is not due to a reaction with
oxygen. In contrast, beta-carotene does react with oxygen.
This suggests that there is a difference in the mechanisms
of antioxidant reaction [24].

In regression subjects, we expected to find a protective
effect from high serum levels or intake of carotenoids;
however, neither of these had protective effects. We
assume that smoking status modulates dietary intake or
serum levels of micronutrients. Therefore, we investigated
the association between dietary intake or serum levels of
micronutrients and CIN regression, taking into account
smoking status (Tables 3, 4, 5). In non-smoking regression
subjects, regression was significantly related to the serum
levels of zeaxanthin/lutein. This relationship was not found
in current smokers. In a similar example, an isoflavone has
a protective effect for lung cancer, but the effect is abol-
ished by smoking [25]. It was reported that zeaxanthin/
lutein may be a useful marker of intake of leafy vegetables,
spinach, green peas, broccoli and seaweed [26]. Zeaxan-
thin/lutein is chemically more hydrophilic than other
carotenoids such as alpha- and beta-carotene, lycopene and
beta-cryptoxanthin. The mechanisms of a potential pro-
tection against carcinogenesis may include: induction of

apoptosis, inhibition of angiogenesis, enhancement of gap
junction intercellular communication, induction of cell
differentiation, prevention of oxidative damage, and
modulation of the immune system. Serum levels of lutein
have been inversely associated with cytochrome CYP1A2
activity, a hepatic enzyme responsible for the metabolic
activity of a number of putative human carcinogens [27].
High serum levels of alpha-tocopherol tend to have an
inhibitory effect on regression in smokers (Table 4).
There is a similar effect in that supplemental vitamin E,
presumably causing a high concentration of alpha-tocoph-
erol, is associated with an increased risk of lung cancer,
which was confined to current smokers [28]. Alpha-
tocopherol is considered to be an antioxidant, but it might
act as a pro-oxidant [24].

Though a weak and non-significant protective effect of
dietary intake or low serum concentration of beta-carotene
has been observed previously [10, 15, 29, 30], we found
that a medium serum level of beta-carotene showed a
significant protective effect on CIN progression, whereas
this protective effect at higher serum levels of beta-caro-
tene was weaker or abolished (Table 6). These data appear
to be consistent with in-vitro experiments reporting that
very high concentrations of beta-carotene decreased anti-
oxidant and/or induced pro-oxidant effects [31, 32]. Based
on epidemiological studies that have shown an association
between a low intake of carotenes and human cancers [33],
an intervention study was conducted for the prevention of
lung cancer [34]. However, it was paradoxically reported
that high serum levels of beta-carotene induced by oral
supplements promoted lung cancer in male heavy smokers
aged 50-69 years. In CIN, oral beta-carotene supplemen-
tation did not enhance CIN regression in a randomized,
double-blind phase III trial [35]. One explanation for these
failures may be that oral supplements induced extremely
high serum levels of beta-carotene. Taken together, these
data suggest that medium serum levels of beta-carotene
may interfere with CIN progression or cancer development.

There was a discrepancy between the results of dietary
intake and serum levels of beta-carotene. Endogenous
metabolic processes may influence the serum concentra-
tions of micronutrients. In fact, inconsistent results of the
serum levels and dietary intake of alpha-tocopherol in
patients with prostate cancer, and contradictory results of
retinol in patients with cervical cancer, have been reported
previously [14, 36, 37]. Additionally, there is limited die-
tary intake information obtained from questionnaires
because of inherent recall bias. We examined the residual
confounding factors, including passive smoking, the num-
ber of sexual partners, and serum Chlamydia IgG antibody,
in addition to the adjusted model. Despite confounding by
other risk factors included for adjustments, the analyses did
not change the conclusion.
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To our knowledge, this is the first large-scale prospec-
tive cohort study for CIN outcome to report an association
between serum levels of antioxidant micronutrients adjus-
ted for potential confounders including CIN grade, HPV
genotype, age, total energy intake and smoking. To make
our comparisons, we investigated not only serum levels but
also dietary intake of micronutrients, despite the fact that
food-intake questionnaires contain limited information. It
is known that the accuracy of recalling past dietary intake
is influenced by current dietary habits [38]. There are
inconsistent results between previous case~control and
cohort studies. However, our discrepant results did not
reach the conclusion that women with CIN received a
benefit from consuming a beta-carotene-rich diet. How-
ever, not smoking and maintaining high serum levels of
zeaxanthin/lutein, presumably by intake of leafy vegeta-
bles, spinach, green peas, broccoli, and seaweed, are
advantageous for the prevention of cervical cancer.

This study has some potential limitations. We included
only CIN patients with an available serum sample for
measurement of serum nutrients [18]. The majority of CIN
patients already had persistent HPV infection at enrollment
in the present study. If these nutrients play an important
role in preventing persistent HPV infection, we cannot
determine that role in this cohort study. The food intake
contains not only the micronutrients being investigated but
also other nutrients and mixtures. The incident number of
progression cases was small and it was difficult to analyze
by smoking status. A large-scale cohort study with a longer
period of observation is required to clarify the association
between serum levels or dietary intake of micronutrients
and the risk of developing cervical cancer.
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High-risk human papillomavirus correlates with
recurrence after laser ablation for treatment of patients
with cervical intraepithelial neoplasia 3: A long-term
follow-up retrospective study
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Abstract

Aim: The purpose of our study was to evaluate the efficacy of laser ablation as a conservative treatment for
cervical intraepithelial neoplasia 3 (CIN3) and assess whether the human papillomavirus (HPV) test is useful
to predict recurrence after treatment.

Materials and Methods: A total of 134 patients who received laser ablation for treatment of CIN3 were
enrolled in this study. During the follow-up period, patients were followed with cytological and colposcopic
evaluations. Recurrence of CIN3 was regarded as the primary end-point. HPV genotype was tested before and
after treatment. Post-treatment cumulative recurrence rates were estimated and comparisons by both patient
age and HPV genotype were performed.

Results: Overall cumulative recurrence rate of CIN3 in the first year after treatment was 22.6% for all patients.
No significant correlation was shown between patient age and recurrence. Patients infected by specific geno-
types (16, 18, 31, 33, 52, and 58) frequently failed to clear the infection after treatment. The 1-year recurrence-
free survival in those positive after treatment for eight high-risk genotypes (16, 18, 31, 33, 35, 45, 52, and 58) was
significantly lower (66.7%), compared to that in those positive for other high-risk types (78.6%). The
recurrence-free survival of those who remained HPV-positive after treatment was significantly lower than
those who turned negative.

Conclusion: Laser ablation should be performed prudently with appropriate patient counseling about recur-
rence rate. Considering its minimal invasiveness, laser ablation is effective, especially for young patients who
are negative for eight high-risk genotypes. With regard to HPV testing, although genotyping has significant
value for predicting recurrence, screening for all genotypes warrants further evaluation.

Key words: cervical intraepithelial neoplasia 3, human papillomavirus testing, laser ablation, recurrence,
treatment efficacy.

Introduction (CIN) and has succeeded in producing marked

declines in cervical carcinoma incidence and mortality
The spread of systematic screening programs has in the developed countries where screening pro-
detected more cervical intraepithelial neoplasia grams and treatment for pre-invasive lesions are
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widespread. Many women who receive treatment
for high-grade CIN are of reproductive age with a
mean age of approximately 30 years old.! Therefore,
the treatment should not only be effective but also
have minimum adverse effects on future fertility
and obstetrical outcomes. Cold-knife conization, laser
conization, loop electrosurgical excisional proce-
dure (LEEP), cryotherapy, and laser ablation are all
conservative methods used to treat high-grade CIN
by remowving or destroying the transformation zone
containing abnormal epithelial cells and thereby
preserving cervical function. According to data from
the Japant Society of Obstetrics and Gynecology
(JSOG), censervative conization methods were chosen
for only 33% of women with carcinoma in situ
(CIS) in 1990, for which hysterectomy had been the
treatment standard, rising as high as 79.3% in
2009. These data robustly represent the increasing
demand for conservative CIN treatments at the
present tiine.

Many studies have demonstrated that these
methods show similarly low morbidity and are
equally successful at preventing invasive cervical
cancer.”® Of these conservative methods, characteris-
tics of laser ablation have been well reported due to
its fertility-sparing advantage. Laser ablation is
usually performed under local anesthesia as an out-
patient procedure whereas conization procedures
need general anesthesia and inpatient care. Regarding
pregnancy’ outcomes, excisional treatment procedures,
including cold-knife conization, laser conization, and
LEEP, are associated with increased risk of adverse
obstetric morbidity. In contrast, ablative procedures,
including cryotherapy and laser ablation, are free of
any of these untoward outcomes.>® However, resected
specimens from excisional procedures allow for
precise histological diagnosis, including presence of
unexpecteed microinvasive diseases, while ablative
methods, by destroying cervical tissue, preclude this
investigation and require additional pre-treatment
biopsy. This ability to combine diagnosis with treat-
ment in a single procedure remains an advantage of
excisional treatments.

Women with high-grade CIN frequently undergo
excisional treatments because, while more invasive,
they are mmore definitive than ablative therapies. As
such, there are few reports available regarding the
efficacy of ablative treatments, such as laser ablation
for high-grade CIN. Moreover, most studies compar-
ing efficacy between treatments show both the rate of
recurrence and residual disease, which is the failure
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rate; since these study populations often include a
variety of CIN1 to CIN3 patients, and definitions for
recurrence/residual disease depend on treatments,
failure rates also vary markedly between studies. Both
randomized and non-randomized studies demon-
strate a failure rate of 5-30% for laser ablation and
5-16% for LEEP in a 6-month follow-up period;
however, in 2002, Dey etal. demonstrated that the
cumulative risk of cytological abnormality reported
as moderate dysplasia or worse is higher after laser
ablation than LEEP’ A recent long-term follow-up
study found cryotherapy was associated with the
highest rate of recurrence compared with conization,
LEEP, and laser ablation.”® In total, the treatment effi-
cacy against CIN has been still inconsistent compar-
ing laser ablation against other excisional methods,
such as conization and LEEP, and there is little infor-
mation for the safety and efficacy of laser ablation for
high-grade lesion.

In this study, we propose that laser ablation is a
useful modality for the treatment of CIN in terms of
obstetrics outcomes, even for high-grade lesions, if
satisfactory colposcopy and consecutive cytology after
treatment are available. In addition, we aimed to
perform a descriptive investigation of the recurrence of
high-grade CIN after laser ablation. Furthermore, the
International Agency for Research on Cancer (IARC)
announced in 2003 that among the over 100 HPV geno-
types, 13 types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 68, 73, and 82) should be considered carcinogenic,
thus defined as ‘high-risk types’."* Since then, HPV
testing has been proposed as part of the follow-up of
patients treated for high-grade CIN due to its very high
sensitivity and negative predictive value for detecting
residual/recurrent disease,”” suggesting that it may
be a good indicator of disease clearance. Indeed, a
growing body of evidence has demonstrated that HPV
testing together with cytology is useful in monitoring
women treated for high-grade CIN.”® To further
clarify this in the setting of ablative therapy, we
focused on the correlation between high-grade CIN
recurrence rates and HPV genotype before and after
laser ablation.

Methods

Patients

Following Japanese standard treatment protocols, in
our study, those patients whose cervical biopsy dem-
onstrated CIN3 (excluding CIS) and whose histology,
cytology, and colposcopy were in concordance, were
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treated with laser ablation between 2004 and 2010 at
the Tokyo University Hospital. Patients were followed
up with cytology and colposcopy 3 months after laser
ablation, and those who showed residual disease were
excluded from this study. Patients with negative cytol-
ogy and normal colposcopic findings 3 months after
treatment were included in this retrospective study. A
total of 144 patients (mean age, 36.9 years; range, 25-71
years) met these criteria and were included in this ret-
rospective study. Patients were followed up for at least
5 years with cytological and colposcopic evaluations
conducted at intervals of 3-4 months. No residual
lesion was confirmed by satisfactory colposcopic find-
ings with negative cytology on the ecto-endocervix
together. The recurrence of CIN3 was regarded as the
primary end-point. Referring to the previous publica-
tions,”" date of recurrence was defined as the mid-
point between the date of the examination when
abnormal cytology or histology (such as moderate-
severe dysplasia, atypical squamous cells that cannot
exclude HSIL [ASC-H], or high-grade squamous
intraepithelial lesion [HSIL]) was first detected with
satisfactory colposcopy, and the most recent preceding
examination in which the colposcopic evaluations and
smear (ecto-endocervix) were normal.

In total, 83 patients (median age, 36 years) were
further examined for the efficacy of laser ablation by
HPV genotypes, identified by polymerase chain reac-
tion (PCR)-based HPV DNA testing before and after
ablation, comparing the post-treatment persistent
infection and recurrence-free survival (RFS) rates. HPV
genotyping was performed in each patient. Regarding
the natural history of CIN in Japan, a recent prospec-
tive cohort study by Matsumoto et al.** showed that the
cumulative progression rate for CIN3 within 5 years
was 20.5% for eight types of high-risk HPV (16, 18, 31,
33, 35, 45, 52, and 58), which was significantly higher
than the 6.0% observed for five other high-risk types
(39, 51, 56, 59, and 68), demonstrating that differences
in progression exists even in the 13 HPV types defined
by IARC as high-risk. In our study, therefore, we clas-
sified the study population according to this report and
focused on the eight ‘higher-risk’ types. Informed
consent was obtained in all cases. The median
follow-up period was 17 months, with a minimum of at
least 6 months. Recurrence was defined as emergence
of CIN3 in complete responders.

PCR-based HPV DNA testing

DNA was extracted from cervical smear samples by
using the QTAGEN DNeasy Blood & Tissue Kits. PCR-
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based HPV DNA testing was performed using the
PGMY-CHUYV assay. Briefly, standard PCR was con-
ducted using the PGMY09/11 L1 consensus primer
sets and HLA-dQ primer sets. Reverse blotting hybrid-
ization was subsequently performed as described
previously."

Laser ablation

Outpatient carbon dioxide laser procedures were
carried out under colposcopic guidance, taking about
10 min, without anesthesia or premedication. Water in
the tissue absorbs the laser energy, which destroys
tissue by vaporization. To be effective, the lesion is
typically ablated to a depth of 5 mm on the ectocervix
and 8-9 mm around the endocervix. After ablation, the
epithelium regenerates in 2-3 weeks. All cases were
performed by gynecologic oncologists using CO2
laser, MEDILASER-30S (Model mel-30S, Mochida)
with a power density of 8-12W in continuous mode.

Statistics

Date of recurrence was defined as the mid-point
between the date of the examination when abnormal
cytology was first detected and the most recent preced-
ing examination in which the smear was normal. The
log-rank test was used to assess differences in cumu-
lative risk between study groups; tests of significance
were carried out at the 5% two-sided level.

Results

We initially identified 144 patients with CIN3 who
received laser ablation at Tokyo University Hospital
between 2004 and 2010, and showed both negative
cytology and normal colposcopic findings 3 months
after treatment. Ten patients were excluded because of
incomplete data. A total of 134 cases of CIN3 (median
age, 37 years; range, 27-71 years, excluding CIS) were
monitored every 3-4 months during the follow-up
period (6-95 months; median, 38 months). Seven
(5.2%) were censored at 1 year, 19 (14.2%) at 2 years,
and 105 (78.4%) at 5 years after treatment. The recur-
rence of CIN3 was regarded as the primary end-point.
All the patients were evaluated with satisfactory col-
poscopy and histological examination of transitional
zone.

First, we investigated the efficacy of laser ablation
against all CIN cases. During the follow-up period,
recurrence was identified in 57 (42.5%) of the 134
patients, and the overall cumulative CIN3 recurrence
rate in the first 12 months after treatment was 22.6%
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