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Abstract

Background: Human papillomavirus is the most common sexually transmitted infection
and main cause of cervical cancer. Cervical cancer is still one of the leading causes of death in
women of reproductive age, so it is very important to prevent HPV infection and its persistence.

Aim: Due to the increased interest in the role of nutrition in prevention of cervical cancer
and the overall health burden of HPV infection, we investigated the HPV status, BMI, smoking
habits, and the levels of vitamin D and folate in women with histologically verified cervical
intraepithelial lesions and in those with normal findings.

Methods: A total of 188 women were included in this prospective study and were divided
into 2 groups. The examined group included 107 women and the control group 81 women.

Results: A statistically significant difference in serum levels of vitamin D and folate was
obtained between the groups; however, for both micronutrients, the average serum levels were
lower in the studied group. Comparing the individual subgroups in the studied population, there
were no significant differences, neither in the level of vitamin D nor in folate.

Conclusion: According to the results obtained in our study, we can conclude that higher
levels of vitamin D and folate are associated with a lower risk of cervical intraepithelial lesions.
Patients with histopathologically verified intraepithelial lesions have significantly lower
concentrations of vitamin D and folate.
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Introduction

Cervical cancer is a serious health problem affecting women of reproductive age
worldwide. According to the World Health Organization (WHO), on an annual basis,
approximately 660,000 new cases are being diagnosed worldwide, and approximately 350,000
deaths due to cervical cancer will occur in developing countries due to unavailable effective
screening, treatment, and no available vaccination program. To these dramatic numbers, a
substantial proportion of cervical cancer cases is also presented by women from regions with
increased prevalence of human immunodeficiency virus (HIV) or from specific socio-economic
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areas characterized by sexual habits, where there is gender inequality, particularly in those
countries whose population lives in poverty!"?. Cervical cancer primarily affects younger women
and as a result, of all children who lose their mothers to cancer, approximately 20% lose them to
cervical cancer!?!,

Human papillomavirus (HPV) is the most common sexually transmitted infection affecting
the genital area, skin, and throat. Persistent high-risk HPV infection of cervical cells can cause the
development of abnormal cells, which can then develop into cervical cancer (the cause of cervical
cancer in up to 95% of cases)!!!. Risk factors for progression to cancer are high oncogenicity of
the HPV type, impaired immune status, presence of another sexually transmitted infection,
increased number of births, early age at first pregnancy, use of hormonal contraceptives, and
cigarette smoking!'~],

For many years, science has been looking for an answer to the question of whether
something can be done in the field of the prevention of cervical cancer. In addition to the
introduced cytology-based screenings that have been shown to reduce the number of cervical
cancer patients, many dietary antioxidants have received attention in recent years. The intake of
vitamin A and vitamin D can act on the early development of cervical cancer and slow it down.
Folate intake prevents or inhibits the progression from HPV infection to various grades of cervical
intraepithelial neoplasial*l. Ozgu et al., showed that a possible reason for HPV DNA persistence
and related cervical intraepithelial neoplasia is the deficiency of vitamin D [5]. Shim ef al., and
Chu TW reported a significant relationship between vitamin D and cervicovaginal HPV®7l. Low
concentrations of vitamin D are more often seen in patients with CIN and invasive cervical
cancer’®1%. Vitamin D is essential for the physiology of many organs in the body, and disruption
of this regulatory axis is observed in many medical conditions such as osteoporosis, rickets,
susceptibility to infections, autoimmune diseases, diabetes, cardiovascular diseases and cancer!!!l.
The role of vitamin D in the endocrine system has preventive and therapeutic effects against many
types of human neoplasms through various mechanisms that include suppression of cell
proliferation, increased apoptosis, and reduced angiogenesis. Furthermore, the role of vitamin D
and VDR in the prevention of neoplasms of the breast, endometrium, ovary, cervix, vulva and
vagina is clear and significant!!!17],

Folate is an important micronutrient for cell chromosomal stability, so antifolate drugs are
administered to deliberately cause DNA damage in rapidly replicating cancer cells!'®). Folate
depletion causes increased damage to the DNA of cells, and this has been applied in cancer therapy.
Numerous studies show that reduced folate concentrations increase the risk of developing cervical
cancer2% A study that included 2000 women conducted by Zhao concluded that low serum
folate may increase the risk of CIN progression, and synergy may potentially exist between low
serum folate and hrHPV infection to promote CIN development/?!]. On the other hand, high folate
concentrations, combined with the methylation of the early promoter of HPV-16, are associated
with a reduced risk of developing cervical lesions!??! Pathak et al.,['! demonstrated the important
role of folates in modulating the risk of cervical cancer and HPV infection, while a meta-analysis
that included 22 case-control studies showed that folate deficiency significantly increases the risk
of CIN and cervical cancer!??,

Due to the increased interest in the role of nutrition in prevention of cervical cancer and
the overall health burden of HPV infection, we investigated the HPV status, BMI, smoking habits,
basic laboratory parameters and the levels of vitamin D and folate in women with histologically
verified cervical intraepithelial lesions and in those with normal PAP smear.
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Material and methods

Study design and participants

This study was designed as a prospective, case-control study in which 188 women were
included, divided into 2 groups. The original number was 200 patients, but 12 of them did not meet
the criteria. Patients were recruited by their gynecologists. The examined group included 107
women with histologically verified cervical intraepithelial lesions, while the control group
consisted of 81 women with normal PAP test, who visited their gynecologists during the same
time frame. This study was conducted in the period from June 2023 to February 2024. The
inclusion criteria were as follows: histopathologically verified cervical intraepithelial lesion or
normal PAP test for the control group, over 18 years old, and not pregnant. The exclusion criteria
were pregnancy and suspected pregnancy, patients under 18 years, history of nutritional
megaloblastic anemia, hemolytic disease, leukemia, liver diseases, surgical resection of the cervix
of the uterus, and female patients who used B vitamins regularly in the last 3 months. All patients
had signed informed consent for participation in the study prior to the collection of 10 ml of venous
blood for analysis. Vitamin D and folate concentrations were assessed from peripheral blood
samples taken by venipuncture in reagent-free tubes. Blood samples were kept at a temperature of
18°-25°C to coagulate, usually for 15-45 minutes, and then centrifuged to provide a sample for
analysis. The samples were frozen at -20°C until analysis.

Determination of vitamin D

Before starting the analysis, the sample was pretreated with a reagent containing sodium
hydroxide and released the 25-OH vitamin D from the proteins binding it in the serum. During the
first incubation, 25-OH vitamin D bound to 25-OH vitamin D-specific monoclonal antibodies
immobilized on magnetic beads. Enzyme-labeled 25-OH vitamin D was then added to the reaction
mixture, which competed with 25-OH vitamin D for binding to the antibodies incorporated on the
magnetic beads. After the second incubation, the magnetic beads were washed to remove unbound
enzyme-labeled 25-OH vitamin D and incubated with the fluorogenic substrate 4-methylumbelliferyl
phosphate (4MUP). The amount of enzyme-labeled 25-OH vitamin D that bound to the beads is
inversely proportional to the concentration of 25-OH vitamin D in the serum. When calibrating
the test, a calibration curve was constructed, which was used to calculate the unknown
concentration of 25-OH vitamin D in the serum. The concentration of 25-OH vitamin D in the
samples was determined using Tosoh Corporation reagents on a TOSOH AIA-900 automatic
immune analyzer.

Determination of folate

Before starting the analysis, the sample was pretreated with a reagent containing sodium
hydroxide and dithiothreitol and released folate from the proteins with which it was bound in the
serum. Folate from the sample competes with enzyme-labeled folate for a limited number of
binding sites on fluorescent bovine folate binding protein, which then binds to anti-FITS
(fluorescein isothiocyanate) antibodies immobilized on magnetic beads. Magnetic beads were
washed to remove unbound enzyme-labeled folate and incubated with the fluorogenic substrate 4-
methylumbelliferyl phosphate (4MUP). The amount of enzyme-labeled folate that bound to the
beads was inversely proportional to the serum folate concentration. When calibrating the test, a
calibration curve was constructed and used to calculate the unknown concentration of folate in the
serum. The concentration of vitamin B9 (folate) in the samples was determined using Tosoh
Corporation reagents on a TOSOH AIA-900 automatic immune analyzer.
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HPYV testing

All patients underwent HPV DNA testing. The samples were analyzed as follows: samples
were collected using an endocervical cyto-brush while patients were in the lithotomy
gynecological position. Then, swabs were placed into sterile test tubes with 0.5 mL of transport
medium. Samples were kept at 2-8°C and genotyped for human papilloma virus (HPV) using the
multiple polymerase chain reaction (PCR) method within 7 days.

The approach involved real-time amplification (multiplex PCR) of DNA fragments from
HPYV genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68, as well as a B-globin gene
fragment in one tube. Polymerase chain reaction (PCR) detection relied on the amplification of a
pathogen-specific section of the genome using particular primers. In fluorescent end-point PCR,
fluorescent dyes were used to identify the amplified product, which was connected to
oligonucleotide probes that bound exclusively to it during thermocycling. A multichannel rotor-
type fluorometer was specifically constructed to detect fluorescence emission from the
accumulated product without reopening the reaction tubes after the PCR run.

Statistical analysis
Data analysis was performed using the statistical analysis software GraphPad Prism 9.0 (USA).
The participants of the study were analyzed according to their age, diagnosed cervical
intraepithelial lesions (cytologic diagnosis), presence of HPV type(s), and the concentrations of
vitamin D and folate. Differences between the groups were tested by using t-test or ANOVA.
Differences were considered statistically significant if the level of significance was p<0.05.

Results

Demographic data and basic clinical parameters

This study included a total of 188 patients, divided into a study group of 107 patients with
histopathologically proven cervical intraepithelial lesions (CIN 1, 2, and 3), and a control group
of 81 patients with a normal PAP test. The mean serum vitamin D level in the study group was
11.52 ng/ml, and in the control group 22.39 ng/ml (Figure 1A). According to prior clinical
conventions, we categorized serum 25-hydroxyvitamin D levels as follows: <12 ng/mL - indicative
of severe vitamin D deficiency; 12-19 ng/mL - indicative of vitamin D deficiency; 20-30 ng/mL -
indicative of vitamin D insufficiency; and > 30ng/mL - indicative of vitamin D sufficiency [29],
and for folate < 3 ng/mL - folate insufficiency, 3-17 ng/mL - folate sufficiency, and >17 ng/mL -
folate above level.

When comparing BMI, age and biochemical parameters such as glucose, cholesterol,
triglycerides, SE, Hgb, MCV, and thrombocytes, a statistically significant difference was obtained
between the two groups, except for vitamin D and folate. An average BMI value of 25.34+ 0.4619
kg/m? for the tested group and 23.80+0.3370 kg/ m? for the control group was obtained. The
average value of cholesterol was 5.273+0.0893 mmol/l for the tested group, and 4.961+0.1019
mmol/1 for the control group. The average age of the treated group was 45.98+1.230 years, and of
the control group 39.31+1.185 years (Table 1).

The average age of patients was 42.18 years, and 48.4% (n=91) of women from the total
number were smokers. In the study group, the average age of patients was 39.26 years, and 49.53%
(n=53) were smokers. In the control group the average age was 45.97 years, and 46.91% (n = 38)
were smokers.
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Table 1. Comparison of basic laboratory parameters, concentration of vitamin D and folate
in women between the control group and patients with HPV. Results are shown as mean +

SEM, p<0.05, statistically significant

Parameter MGTITESE DS b GRTTIESE vl (t-t::);::al:/}l:nn-
Control (n=81) HPV (n=107) Whitney)
Age 45.98+1.230 39.31+1.185 0.0002*
Vitamin D (ng/mL) 22.40+0.8642 11.53+0.6347 <0.0001*
Folate (ng/mL) 11+0.4022 7.239+0.3300 <0.0001*
BMI (kg/m?) 25.34+0.4619 23.80+0.3370 0.0076*
Glucose (mmol/l) 5.645+0.1736 5.433+0.0918 0.9059
Cholesterol (mmol/l) 5.273+0.0893 4.961+0.1019 0.0089*
Triglycerides (mmol/l) 2.304+1.062 1.160+0.063 0.4753
Thrombocytes (x103/uL) 259.6+8.304 263.1+6.869 0.9327
HGB (g/dL) 13.13+0.1459 14.17£1.046 0.8160
MCV (1) 83.59+0.8147 85.28+0.6125 0.0898
SE 13.06+0.9987 14.96+1.144 0.3616
Fe (umol/1) 13.04+0.6725 12.32+0.537 0.3984

Vitamin D serum levels

In the group of patients with cervical intraepithelial lesions, 66.35% (n=71) of patients had
severe vitamin D deficiency, 17.75% (n=19) had deficiency of vitamin D, 14.95% (n=16) had
insufficiency of vitamin D, and only 0.93% (n = 1) had vitamin D sufficiency.

In the control group, 1.23% (n=1) had severe deficiency of vitamin D, 40.74% (n=36) had
deficiency of vitamin D, 43.2% (n=38) had insufficiency of vitamin D, and 14.81% (n=13) had
sufficient level of vitamin D. A statistically significant difference (p<0.05) was observed in the
serum vitamin D levels between the control and the study group (CIN1, CIN2, CIN3).

Folate serum levels
In regard to folate levels, 0.93% (n=1) of patients in the study group had a level below the
normal range, 96.26% (n=103) a level in the normal range, and 2.8% (n=3) a level above the

normal range.
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Fig. 1. Mean serum concentration of (A) vitamin D (ng/mL) and (B) folate (ng/mL) in women with cervical
intraepithelial lesions and women with normal Pap (control group)
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In the control group, 92.59% (n=75) of patients had folate levels in the normal range, and
7.4% (n=6) above the normal range. A statistically significant difference (p<0.05) was observed
in the serum folate levels between the control and the study group (CIN1, CIN2, CIN3).

For the folate serum levels, the mean value in the study group was 7.24 ng/ml and in the
control group 11.0 ng/ml (Figure 1B).

The display of patients according to the cervical intraepithelial lesion and the concentration
levels of vitamin D and folate are shown in Table 2.

Table 2. Display of patients according to cervical intraepithelial lesion and concentration levels of
vitamin D and folate. Results are shown as Mean + SEM

Cervical Vitamin D p-value Folate (ng/ml) p-value (t-test,
intraepithelial lesion (ng/ml) + SEM (t-test) + SEM Mann-Whitney)
CIN1 (n=47) 11.79+£0.97 <0.0001 6.97+0.45 <0.0001
CIN2 (n=33) 11.31£1.08 <0.0001 7.19+0.63 <0.0001
CIN3 (n=27) 11.34+1.35 <0.0001 7.76x0.7 <0.0001
Control (n=81) 22.40+0.86 11.0+0.40

Of all patients included in this study, 25% had CIN 1 lesions verified histopathologically,
and the mean serum level for vitamin D was 11.79+£0.97 ng/mL, and for folate 6.97+0.45 ng/mL.
Among patients with CIN 2, 17.55% (n=33), the mean serum levels were 11.31+1.08 ng/mL and
7.1940.63 ng/mL for vitamin D and folate, respectively. In 14.36% (n=27) patients with CIN 3,
the results were 11.34+1.35 ng/mL for vitamin D and 7.76+0.7 ng/mL for folate.

In the control group of patients with normal PAP test, the mean level for vitamin D was
22.40+0.86 ng/mL, and the mean concentration of folate was 11.0+0.40 ng/mL (Table 2).

HPYV genotype distribution
The distribution of different genotypes of the HPV virus varied among patients.

50-
40-

30+

10- ..
0- T | 1 T - |

16 18 31 33 39 45 59 66 52 51 58 53

Fig. 2. HPV genotypes according to cytologic diagnosis

As shown in Figure 2, among our respondents, the most common was HPV type 16,
followed by HPV type 31, then HPV type 51.
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Discussion

Herein presented results confirm the hypothesis of the importance of folate and vitamin D
as micronutrients, or rather their deficiency, in the occurrence and progression of pathological
conditions that lead to cervical cancer.

Between the studied groups, a statistically significant difference was obtained in the levels
of vitamin D in relation to folate; however, for both micronutrients, the average value of the serum
levels was lower in the studied group. Comparing the individual subgroups in the studied
population, there were no significant differences, neither in the level of vitamin D nor in folate.
In general, a very small percentage, only 6.9% of the total number of patients, had a sufficient
serum level of vitamin D. This is, of course, due to sun exposure, and to clothing and eating habits
in specific populations. Deficiency of vitamin D is an important public health problem**2!,

In a randomized controlled trial, patients with cervical intraepithelial neoplasia grade 1
(CIN 1) that received vitamin D for six months vs. placebo had higher remission rates!'?. Ozgii et
al. in their study pointed out that the HPV DNA-positive group had lower vitamin D levels than
healthy controls defining the relation between HPV infection/cervical intraepithelial neoplasia and
vitamin D deficiency. The same study concluded that considering the effects of vitamin D on the
immune system, its deficiency might be related to HPV persistence and may cause cervical
intraepithelial neoplasial®l.

Shim et al., in their original study examined 2353 sexually active women and pointed out
the association of cervical-vaginal HPV prevalence with less-than-optimal levels of serum vitamin
D6,

Numerous studies show that the risk of developing cervical cancer increases when folate
concentrations are reduced®2%. A study conducted by Zhao that included 2000 women concluded
that low serum folate may increase the risk of CIN progression, and synergy may potentially exist
between low serum folate and hrHPV infection to promote CIN development!?!],

The methylation of the early promoter of HPV-16 combined with high folate
concentrations is associated with a reduced risk of developing cervical lesions!*?! Pathak et al,
demonstrated the important role of folates in modulating the risk of cervical cancer and HPV
infection, while a meta-analysis that included 22 case-control studies showed that folate deficiency
significantly increased the risk of CIN and cervical cancer!!” However, due to the lack of
randomized studies over a longer period of time, different doses of supplementation, and different
criteria for evaluating CIN, the benefit of folate supplementation in the regression of CIN has not
been proven!??!,

Vitamin D and its receptors are considered to play a major role in the pathogenesis of
gynecological malignancies. Studies have shown that cervical cancer incidence and mortality are
inversely correlated with vitamin D levels, and increasing the serum vitamin D helps prevent the

risk of cervical neoplasial!®>-26],

Conclusion

According to the results obtained in our study, we can conclude that higher levels of
vitamin D and folate are associated with a lower risk of cervical intraepithelial lesions. Patients
with histopathologically verified intraepithelial lesions had significantly lower concentrations of
vitamin D and folate. So, correction of vitamin D and folate deficiency is a very important step to
improve metabolic parameters since metabolic disorders increase the risk of cervical cancer, and
supplementation with them represents a cost-effective benefit for the prevention and treatment of
cervical cancers.
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