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Abstract

Cervical squamous intraepithelial lesions (SIL) and cervical cancer (CxCa) develop because of high-risk human
papillomavirus (HR-HPV) infection; however, other cofactors such as endogenous hormones could contribute to the
development of this neoplasia. This work aims to determine the relationship between serum concentrations of sex
steroid hormones, cortisol, prolactin, and insulin and the degree of cervical squamous intraepithelial lesions in Cuban
women. A descriptive and cross-sectional study was carried out at the National Institute of Oncology and Radiobiology. It
included 205 women who attended a Gynecology consultation for a cytological diagnosis confirmation of SIL during 2018-
2020. Blood samples were collected to determine serum concentrations of estradiol, testosterone, prolactin, cortisol, and
insulin. A questionnaire about socio-demographic variables, toxic habits, and gynecological and obstetric history of the
patients was applied. Were found high-grade SILs mainly in women between 36 and 45-years-old and those who had one
or two births. Serum concentrations of testosterone and insulin were the only ones that showed significant differences
between women who presented SIL concerning negative cytology. A 3,23- fold (Cl 95% 1.55-6.73) risk of developing SIL
was found when testosterone concentrations were superior to 2 nmol/L and a 2,63-fold (Cl 95% 1.36-5.09) risk when
the insulin concentration was greater than 12 pU/mL. The association of elevated serum concentrations of testosterone
and insulin with the presence of SIL may be related to increased bioavailability of estrogens, which may cooperate
with viral oncogenes in cervical carcinogenesis. Additionally, mitogenic activity of insulin and its influence on increased
IGF-1 bioactivity may facilitate malignant transformation and viral survival. New research is required to determine the
mechanisms involved in this process and elucidate whether there is a cooperation between both hormones during the
progression to CxCa.
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Introduction genotypes of high oncogenic risk of the human papillomavirus

. ) (HPV-HR) [3], however, the viral infection by itself does
Cervical cancer (CxCa) is one of the most common among

women worldwide. In 2020, an estimated 604,127 new cases

were diagnosed, and 341,831 deaths occurred worldwide, *Corresponding author: Maydelin Frontela-Noda, National In-
making it the fourth location of cancer that affected the stitute of Oncology and Radiobiology, Vedado 10400, Havana,
female sex in terms of incidence and mortality. The most Cuba, Tel: +(53)-7-838-8628

critical situation occurred in countries with low and medium Accepted: December 19, 2022

human development indices (HDI) [1]. In Cuba, CxCa ranked
fourth in incidence (2017) and fifth in mortality (2020) among
neoplasms that affected the female sex, according to data
published in the Statistical Yearbook of Public Health, 2020
(MINSAP, 2021) [2].
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not determine the fate of the infected cells. Instead,
the immunological, microbial, metabolic, and hormonal
microenvironment that interacts with them influences the
development of premalignant lesions and progression to
cancer. Through genetic integration into the host genome,
HPV uses all available resources in the cell to complete its
replication cycle without activating the recognition and
elimination mechanisms of the immune system. To do
this, it manipulates host cell signaling pathways and its
microenvironment in a way that guarantees its survival and
promotes cervical carcinogenesis [4,5].

Sex steroid hormones have been given an important role.
Anincreased risk of premalignant lesions and CxCa, associated
with HPV infection, has been observed among women who
report oral contraceptive use for a period greater than five
years, those with a high number of full-term pregnancies,
and females that had their first full-term pregnancy at an age
younger than 17 years [6,7]. Additionally, an association has
been found between serum concentrations of testosterone
and estrogens and the risk of CxCa in premenopausal and
postmenopausal women [8]. The transformation zone of
the uterine ectocervix is an epithelium sensitive to these
hormones, which is considered the initiation site of cervical
carcinogenesis [9], however, mechanisms through which
these hormones contribute to cancer development are not
yet completely understood.

The relationship of other endogenous hormones with CxCa
has been less studied. However, some studies suggest that
cortisol, prolactin, and insulin could contribute to developing
this neoplasm. Glucocorticoids are neuroendocrine
mediators of the stress response with a demonstrated role
in malignant progression, especially in solid tumors [10].
In addition, they can activate oncogenic viruses, including
some types of HPV, by binding their receptors to a series
of glucocorticoid response elements in the viral genome.
This modifies the activity of the promoters and regulates
their life cycle [11]. Prolactin is a hormone produced mainly
by the anterior pituitary, although its expression has been
found in other human tissues, with autocrine and paracrine
effects [12]. High blood concentrations of this hormone
have been associated with the development of some
gynecological cancers [13]. The finding that the prolactin
receptor is overexpressed in cervical cancer cells [14], and the
concentration of this hormone is elevated in patients' serum
[15], suggests its possible involvement in the development
and progression of this type of cancer. Additionally, to the
prominent role of insulin in glucose metabolism, it is added
its ability to stimulate cell proliferation and inhibit apoptosis
[16]. Prospective studies have shown that high insulin levels
are significantly associated with obesity-related neoplasms,
such as breast and endometrial cancer [17,18].

In Cuba, some studies refer to the presence of hormonal
risk factors in the development of premalignant lesions and
CxCa, such as oral contraceptive use and parity [19,20],
however, none have addressed the connection between
serum hormonal profile and precursor lesions of CxCa.
This work aims to determine the relationship between
serum concentrations of sex steroid hormones, cortisol,

prolactin, and, insulin and the degree of cervical squamous
intraepithelial lesions in Cuban women.

Materials and Methods

A descriptive and cross-sectional study was carried out
from 2018 to 2020. It included 205 women between 17
and 69 years who attended the Gynecology Classification
Consultation of the National Institute of Oncology and
Radiobiology (INOR) of Havana to confirm the cytological
diagnosis of cervical pathologies. All patients expressed their
wish to participate in the study through informed consent. It
excluded pregnant and adolescent patients not authorized by
their legal representative.

The selected patients underwent cytological, colposcopic,
and histological studies to determine the presence of SIL.
According to the Bethesda System (2001) [21], it was classified
as low grade (LSIL) when cervical intraepithelial neoplasia
type 1 (CIN 1) was present) and high-grade (HSIL) when were
detected cervical intraepithelial neoplasia type 2 and 3 (CIN 2
and 3) or carcinoma in situ (CIS)). Additionally, a questionnaire
was applied about sociodemographic variables such as age,
skin color, marital status, and toxic habits. Variables related
to the gynecological and obstetric history of the patients, like
the number of deliveries, oral contraceptives use, hormone
replacement therapy use, and the presence of menopause,
were also included in the survey. Moreover, to determine
hormone concentrations, blood samples were taken between
the third and fifth day of the menstrual cycle or further 30
days of inclusion in the case of peri/postmenopausal women.

Estradiol, testosterone, cortisol,andinsulindeterminations
were performed by radioimmunoassay (RIA). At the same
time, prolactin was determined by immunoradiometric
analysis (IRMA) using kits of reagents from the lIsotope
Institute of Budapest and the company DIA source Immuno
Assays S.A.

Statistical Analysis

Frequency distributions of the qualitative variables and
the mean, standard deviation, and/or standard error of
the mean for the quantitative ones were determined. Chi-
square, Kruskal Wallis, and Mann-Whitney U tests were used
to compare the variables between the different groups. The
Chi-square test was also applied to estimate the relative
risk (Odds ratio) and the confidence intervals (95% Cl). In all
cases, a statistical significance level of 0.05 was considered.
Statistical processing was carried out with the SPSS program,
version 21.

Ethical Aspects

This research was carried out in compliance with the
regulations of the INOR Ethics Committee. Participants
expressed their willingness to participate in the study
through informed consent. Confidentiality of the information
corresponding to each patient was ensured.

Results

In this study, the mean age was 38.20 = 11.53 vyears,
ranged 17 to 69 years. Of 205 participants, 161 were in the
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premenopausal stage and 44 in the peri/postmenopausal
stage. Table 1 shows the study group's sociodemographic
variables and toxic habits according to the degree of the
lesions. Statistically significant differences were observed
between the mean ages since it is higher in women with
HSIL than in women with LSIL or negative cytology. When
performing the analysis by age range, it was observed that
women between 26 and 35 years predominantly presented
LSIL, while those between 36 and 45 presented HSIL.
Additionally, white skin color was significantly predominant
in the study group. Significant differences were not found in
terms of marital status and toxic habits.

Regarding the gynecological and obstetric variables,
women with one or two deliveries significantly prevailed
compared to nulliparous or those with three or more full-
term pregnancies. Women who reported oral contraceptive
use did not differ significantly according to the degree of
lesions. Similarly, the presence or absence of menopause
did not influence this variable (Table 2). None of the women
participating in the study reported hormone replacement
therapy use.

Table 3 and Table 4 show the serum concentrations of the
hormone’s estradiol, testosterone, and prolactin according
to the degree of the lesions for premenopausal and peri/
postmenopausal women, respectively. In both groups,
significant differences were observed between the mean
serum concentrations of testosterone, which increased in
women with HSIL, although it did not exceed normal values
for this hormone.

Insulin and cortisol serum concentrations analyses were
carried out including every woman participating in the study
because when comparing the means of these hormones
concentrations, the distributions of insulin (p = 0.272) and
cortisol (p = 0.372) concentrations were the same between
menopausal categories, according to non-parametric Mann-
Whitney U test. Table 5 shows the serum concentrations of
insulin and cortisol according to the degree of the lesions.
Mean insulin concentrations differed significantly between
groups, with elevated values above the normal range in
women with LSIL and HSIL as opposed to women with
negative cytology.

Table 1: Relationship of sociodemographic variables and toxic habits with the degree of cervical squamous intraepithelial lesions.

Cervical squamous intraepithelial lesions

Sociodemographic variables NILM n = 60
(M £ SD)
Age (years) 37.90+11.15
Age Ranges (years) n (%)
15-25 7(11.9)
26-35 24 (40.7)
36-45 11 (18.6)
46-55 14 (23.7)
55 and more 3(5.1)
Skin color n (%)
White 44 (73.3)
Mixed race 14 (23.4)
Black 2(3.3)
Marital status n (%)
Single/Divorced/Widow 11 (18.3)
Married/Consensual 49 (81.7)
union
Smoking n (%)
Yes 8(13.3)
No 52 (86.7)
Alcohol consumption n (%)
Yes 8(13.3)
No 52 (86.7)

Low grade n = 59 High grade n = 86 p Value
(M = SD) (M % SD)

34.85+11.01 40.71+11.64 0.010"
n (%) n (%)

14 (23.7) 10 (11.6) 0.036™
23(39.0) 21(24.4)

9 (15.3) 27 (31.4)

10 (16.9) 16 (18.6)

3(5.1) 12 (13.9)

n (%) n (%)

38 (64.4) 44 (51.2) 0.030™
12 (20.3) 28 (32.6)

9 (15.3) 14 (16.2)

n (%) n (%)

16 (27.1) 29 (33.7) 0.121°
43 (72.9) 57 (66.3)

n (%) n (%)

11 (18.6) 24 (27.9) 0.091°
48 (81.4) 62 (72.1)

n (%) n (%)

6(10.2) 17 (19.8) 0.256°
53 (89.8) 69 (80.2)

M: Media; SD: Standard Deviation; NILM: Negative of Intraepithelial Lesion and Malignity

2p value estimated by Kruskal Wallis

®p value estimated by Chi square
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Table 2: Relationship of gynecobstetric variables with the degree of cervical squamous intraepithelial lesions.

Gynecobstetric variables Cervical squamous intraepithelial lesions

NILM n = 60 Low grade n =59 High grade n = 86 P value
Number of birth n (%) n (%) n (%)
0 11 (18.3) 19 (32.2) 8(9.3) 0.007"
1-2 44 (73.3) 34 (57.6) 63 (73.3)
23 5(8.4) 6(10.2) 15 (17.4)
Oral contraceptives use n (%) n (%) n (%)
No 38(63.3) 42 (71.2) 59 (68.6) 0.643
Yes 22 (36.7) 17 (28.8) 27 (31.4)
Menopause n (%) n (%) n (%)
No 49 (81.7) 48 (81.4) 64 (74.4) 0.474
Yes 11 (18.3) 11(18.6) 22 (25.6)

NILM: Negative of Intraepithelial Lesion and Malignity

"P value estimated by Chi square

Table 3: Relationships of serum concentrations of estradiol, testosterone and prolactin with the degree of cervical squamous intraepithelial
lesions in premenopausic women (n = 161).

Hormone Cervical squamous intraepithelial lesions

NILM (n = 49) M/SE Low grade (n = 48) M/SE High grade (n = 64) M/SE P value
Estradiol (pg/mL) 65.98/7.90 53.78/4.70 65.99/7.60 0.249
Testosterone (nmol/L) 1.67/0.17 1.64/0.16 2.36/0.19 0.001"
Prolactin (ng/mL) 341.03/39.73 301.46/24.01 460.24/93.98 0.578

M: Media; SE: Standard Error; NILM: Negative of Intraepithelial Lesion and Malignity

"Value of p estimated by the Kruskal Wallis test for independent samples

Table 4: Relationships of serum concentrations of estradiol, testosterone and prolactin with the degree of cervical squamous intraepithelial
lesions in peri/posmenopausic women (n = 44).

Cervical squamous intraepithelial lesions

Hormone NILM (n = 11) M/SE Low grade (n = 11) M/SE High grade (n = 22) M/SE | p value
Estradiol (pg/mL) 33.26/8.01 27.15/8.22 52.83/25.01 0.531
Testosterone (nmol/L) 0.86/0.08 1.42/0.39 2.38/0.48 0.028"
Prolactin (ng/mL) 371.15/236.53 205.66/34.36 211.47/22.54 0.180

M: Media; SE: Standard Error; NILM: Negative of Intraepithelial Lesion and Malignity

*Value of p estimated by the Kruskal Wallis test for independent samples

Table 5: Relationships of serum concentrations of cortisol and insulin with the degree of cervical squamous intraepithelial lesions (n = 205).

Hormone NILM Cervical squamous intraepithelial lesions

(n = 60) M/SE Low grade (n = 59) M/SE High grade (n = 86) M/SE P value
Cortisol (hmol/L) 334.14/19.9 318.89/16.5 353.02/16.6 0.483
Insulin (uU/mL) 11.69/0.71 14.31/1.03 14.42/0.83 0.028"

M: Media; SE: Standard Error; NILM: Negative of Intraepithelial Lesion and Malignity

"Value of p estimated by the Kruskal Wallis test for independent samples

Based on serum concentrations of insulin and testosterone  of developing SIL was found when the insulin concentration
in the whole study sample, was estimated the relative risk of ~ was greater than 12 pU/mL, a value above the normal range;
developing SIL (Table 6). A 2,63-fold risk (Cl 95% 1.36-5.09) and 3.23-fold risk (Cl 95% 1.55-6.73) when testosterone
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Table 6: Risk estimation of developing cervical squamous intraepithelial lesions according to serum concentrations of insulin and testosterone

Presence of cervical squamous intraepithelial lesions

(n = 205).

Yes (n = 145) No (n = 60)
Hormone n (%) n (%)
Insulin (uU/mL)
>12 71 (49.0) 16 (26.7)
Testosterone (nmol/L)
>2 61 (42.0) 11 (18.3)

OR: Odds Ratio; Cl: Confidence Interval

"Value of p estimated by Chi square

concentrations were more than 2 nmol/L, although in this
case, it did not exceed the normal range.

Discussion

Persistent HR-HPV infection is essential for cervical
carcinogenesis. Nevertheless, other factors may play a critical
role in the development of precancerous lesions and their
progression to CxCa. One of these is the serum hormonal
profile or hormonal concentrations at the local level and their
respective receptors, which could participate in the complex
interaction between the virus and the host [22].

The women's sociodemographic variables analysis
included in the study showed that patients with SIL were
in the age groups of 26 to 35 years and 36 to 45 years, in
agreement with the ages in which premalignant lesions and
CxCa occur worldwide [2]. Although most epithelial cancers
increase with age, those estrogen-dependent do not share
this pattern. In this case, after menopause, they rise more
slowly or stop their increase, depending on the level of
circulating or local estrogens. The incidence of CxCa shows
growth at 45 years, followed by a plateau in Africa, Asia, and
Latin America, where screening programs are imperfect. In
well-screened populations, the incidence stops its increase at
30 years because early detection of SIL reduces the risk of
CxCa [23].

Toxic habits, such as smoking and alcohol consumption,
were present in a small percentage of the study group.
Although most smokers presented HSIL, no significant
differences were observed with the degree of the lesions.
A study previously carried out at the INOR shows different
results since the majority of smokers had an LSIL (17-18%)
[24]. It is similar to another investigation in which smokers
constituted 45% of those who presented mild lesions [25]. In
another study carried out in the Cuban population, women
who smoked or consumed alcohol had an increased risk (OR =
2.43;95% Cl =1.11-5.32; p = 0.006) of acquiring HPV infection
[26]. In a recent systematic review and meta-analysis, a
significant association was found between smoking and the
presence of HSIL. In the same way, a higher risk of CxCa was
observed as the time of exposure to tobacco and the number
of cigarettes per day increased [27].

Regarding gynecological and obstetric variables, an

OR Cl 95% P value
2.63 1.36-5.09 0,003"
3.23 1.55-6.73 0.001"

association was found between the number of deliveries
and the presence of lesions. Women with one or two full-
term pregnancies were the ones who presented HSIL,
similar to another study carried out in Cuba [28]. It has been
reported that women with HPV, with seven or more full-term
pregnancies, have a risk of developing SIL four times greater
than nulliparous women or women with fewer children [4].
This is because, during gestation, there is depression of the
immune system and folate levels in the blood. In addition,
the tears or erosions at the cervix constitute a gateway to
HPV infection and other sexually transmitted infections (STIs)
[26]. In Cuba, however, a notable decrease in fertility has
been observed since the 1970s [29]. In 2021, the birth rate
was 8.9%o, and the total fertility rate was 1.45 [30]. Taking
these indicators into account, it is understandable that the
increased risk of HSIL has not been associated with such a
high number of pregnancies in any of the studies carried out
on the Cuban population.

In this study, no significant differences were observed
in serum estradiol concentrations between women with
precursor lesions of CxCa and those with negative cytology,
regardless of menopausal stage. Similar results were
obtained by other researchers, who attributed their inability
to detect this association to a decrease in the number of
cases by separating them according to their menopausal
stage. Moreover, using a simple blood sample at a point
in time does not allow the characterization of the female
hormonal environment, which is very complex. Endogenous
hormone levels vary in response to factors such as changes
in body weight, age, use of exogenous hormones, and during
the menstrual cycle [31].

Most of the estrogens in women are formed in the
ovaries, adipose tissue, and adrenal glands [32,33]. At
the onset of menopause, estrogen production decreases
significantly, and most estradiol is formed by the extragonadal
conversion of testosterone by aromatase [34]. Estradiol can
also be synthesized in tissues from estrone sulfate, which
is converted to estrone by the enzyme estrone sulfatase,
which can be converted to estradiol by 17B-hydroxy-steroid
dehydrogenase type 1 (17B-HSD1) [35].

In the study conducted by Salazar, et al., no correlation
was found between the degree of the SlLs and estradiol
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levels [36]. Serum estradiol concentrations are probably
not the most representative of the relationship of estrogens
with the presence of SIL and CxCa. It has been suggested
that increased conversion of androstenedione to estrone by
aromatization and eventually to 16-a hydroxy estrone could
be a risk factor for CxCa due to proliferation promotion. It has
been observed that increased levels of estrone are associated
with an escalation in the degree of SIL, although the studies
carried out have only been done in women with an average
age of 20 years and require confirmation [37], since this is
the way that it is present predominantly in perimenopausal
women [32].

Estradiol and estrone can reach premalignant lesions or
tumors and their microenvironment by blood circulation
or local production. Estradiol can even accumulate inside
tumor cells due to increased activity of the cytochrome P450
aromatase (CYP19A1), which converts androstenedione and
testosterone into estradiol [38]. Estradiol levels have been
observed to be increased in the tumor microenvironment
while present at standard concentrations in blood plasma.
Estradiol is distributed in the cytoplasm of transformed
cervical keratinocytes. However, in infiltrating immune cells
and the stroma it is distributed in both the cytoplasm and the
nucleus [39,40].

Estrogens have been widely related to the development
of CxCa. In studies with transgenic mice that express the viral
oncoproteins E6/E7 of HPV 16, cancer only developed when
exposed to this hormone [41]. In human tissues showed an
increase in the expression of the estrogen receptor (ER) with
the progression of the disease. These confirm the importance
of this hormone in the evolution of this pathology [42]. The
action of estrogens in females is exerted in an endocrine,
paracrine, or intracrine manner through the classic ERs (ERa
and ERB) and by the G-protein coupled estrogen receptor
(GPER)[43,44]. Estrogenscanregulate the expression of E6 and
E7 oncogenes in SiHa cells because HPV 16 contains estrogen
response element (ERE)-like sequences in the promoter
region, and nuclear ERs can bind to them [45]. Additionally,
these viral oncogenic proteins of HPV 16/18 in SiHa and Hela
cells significantly increase the protein expression of ERa, ER,
and GPER, suggesting that the mutual regulation between
estrogens and viral oncogenes may cooperate in the cervical
carcinogenesis process [46].

It has recently been described that ERa expression
decreased during the progression to CxCa, both at the mRNA
and protein levels. However, ERa expression was maintained
within the stroma. This expression occurred mainly in cancer-
associated fibroblasts, which can promote tumor growth
through estrogen-dependent paracrine signaling pathways.
The mechanisms involved in this action include enhancing
cell proliferation, angiogenesis, metabolism, epithelial-
mesenchymal transition, migration of epithelial cells, and
inflammation induced by HPV [34,47]. ERa expression in
stromal cells had already been observed in the normal
cervix without increased estradiol plasma concentrations
in premenopausal women [48]. In the same way, the
expression of ERa was also described in more than 50% of the
microenvironment cells, which indicates that local production

of this hormone occurs in regional tissues [49].

Given the gradual loss of ERa expression through the
progression of precursor lesions to CxCa, it is likely that
initially, estradiol acts through the classical genomic pathway,
and with the decrease of ERa in transformed cells, it uses the
genomic pathway non-classical or non-genomic. Furthermore,
estradiol promotes an anti-inflammatory microenvironment,
which regulates the immune response and should contribute
to the success of cervical carcinogenesis [50]. However, the
role of estrogens and their receptors in human CxCa requires
new research to be understood entirely.

Concerning testosterone, the other sex steroid hormone
evaluated in this study, significant differences were found
in its serum concentration between the groups with HSIL
and negative cytology. The same behavior was observed in
premenopausal and peri/postmenopausal women, although
testosterone concentration did not exceed the normal range
in any case. Values greater than 2 nmol/L corresponded to
a more than threefold increase in the risk of developing SIL.
These results are in agreement with those reported in the
European Prospective Investigation into Cancer and Nutrition
(EPIC), which showed for the first time an association
between free testosterone and invasive cervical carcinoma
(ICC) in premenopausal women (OR 5.6 95% Cl: 1.50-20.1),
whereas in postmenopausal women found an association
when testosterone exceeds 1.67 nmol/L (OR 3.14 95% Cl:
1.21-9.37). It differs from our study because they did not find
an association of this hormone with the presence of CIN 3 [7].

A study on the genetic regulation of testosterone levels
found that high testosterone concentrations in women are
related to an increased risk of developing cancer, such as
breast and endometrial cancer [51]. The positive association
between serum androgen concentrations and breast cancer
risk has been confirmed in some studies [52,53]. However,
most evaluated circulating testosterone levels being
metabolized to estrogens [54]. The effects of testosterone
on mammary cell proliferation are closely related to the
expression and activity of 5a-reductase and aromatase
enzymes. Therefore, this evidence does not fully reflect
the hormone concentration within mammary tissue. The
fact that testosterone is one of the precursors of estrogen
synthesis is a doubtful factor in determining the role of
androgen concentration in breast carcinogenesis and other
cancer sites in women, such as the cervix. It is necessary to
measure the levels of steroid hormones at the tissue level to
establish the differences between serum and local hormone
concentrations [55,56], and thus obtain valuable data on
susceptibility to them.

Androgen receptor (AR) expression has also been reported
to decrease during progression from normal epithelium, the
appearance of SIL, and CxCa [57]. Additionally, aromatase
expression has not been detected in normal cervical tissue
or epithelium with SIL. However, similar to what occurs in
breast cancer [22], an increased expression of this enzyme
in cervical squamous cell carcinoma occurs, which allows us
to infer that there is a local conversion of testosterone to
estradiol in tumor cells. It has been observed that aromatase
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is distributed in the same way as estradiol in the cytoplasm,
the nucleus of tumor cells, and the microenvironment [38].
Therefore, the increased expression of aromatase in the
transformation zone of the squamocolumnar epithelium of
the cervix, highly sensitive to estrogen, could be a potential
factor in the progression of cervical carcinogenesis [58].

The regulatory mechanisms and biological effects
resulting from the loss of ERa and AR are not fully understood.
Recently, overexpression of mi-R-130a-3p was described in
CxCa compared to normal cervical tissue. This miRNA was
able to bind to non-coding regions located towards the 3'
end of the mRNA of the ESR1 gene and similar sequences to
the AR gene. It suggests that this miRNA is a mediator in the
progression to CxCa by negative regulation of the expression
of these receptors. mi-R-130a-3p may contribute to the
development of CxCa and may be a candidate for targeted
therapy in patients with this type of neoplasia [59].

In this study, no significant associations were found
between serum concentrations of Prl and cortisol with
the degree of SIL. Some authors have described that the
concentration of Prl was elevated in the serum of patients
with CxCa [13]. However, recent research identified that
some cancer biomarkers usually detected in serum/plasma,
such as the hormone Prl, are elevated in the cervicovaginal
microenvironment of patients with CxCa, but not in patients
with SIL or healthy controls [60], like those that make up
our study group. It has been shown that the Prl receptor
(PrIR) increases its expression as the severity of SIL increases
[12] and it has been suggested that there is a differential
signaling of the Prl-PrIR axis between premalignant stages
and CxCa. The results obtained in this investigation do not
allow us to corroborate this statement since only the serum
concentrations of these hormones were analyzed in patients
with premalignant lesions.

Somestudiesdonotrefertoarelationshipbetweenadverse
life events such as divorce, the death of a close relative, or lack
of social support and the risk of developing CxCa precursor
lesions [61,62]. Nevertheless, other researchers have
shown an association between psychosocial stress, cortisol
levels, and the risk of HR-HPV infection, suggesting that this
hormone may be related to cervical carcinogenesis [63,64].
Moreover, systemic use of glucocorticoids could increase the
risk for HR-HPV persistence (OR, 2.04; 95% Cl, 1.16-3.56) [65].
However, there are still contradictions between experimental
and clinical studies on the involvement of glucocorticoids in
the development of CxCa [66].

The results showed elevated insulin concentrations in
women with SIL compared to negative cytology. Raised
concentrations were observed both in women with LSIL and
HSIL. Serum concentrations greater than 12 uU/mL of insulin
corresponded to a a more than twofold increased risk of
developing SIL. In a previous pilot study with smaller sample
size, insulin resistance was observed in 50% of women with
LSIL and 62-69% of those with HSIL. In that study, overweight
and obesity were present in 56.4% of the participants, but
no significant differences were obtained between body
mass index (BMI) and the degree of lesions. However,

representative rates of abdominal obesity were significantly
elevated in women with HSIL [67]. Little research has been
done on hyperinsulinemia, obesity, premalignant lesions,
and CxCa. In a study carried out in India in women diagnosed
with SIL, they found that the concentrations of C-peptide, a
known marker of endogenous insulin secretion, decreased
significantly in the group diagnosed with SIL compared to
the control group. However, in this research work, most of
the participants with premalignant lesions (96.7%) were not
obese since they had a BMI of less than 27 Kg/m? [68].

Some works demonstrate the connection of insulin
resistance, which leads to compensatory hyperinsulinemia,
with the development of various types of cancer, including
breast, ovarian,endometrial,and CxCa[69]. Therearealthough
contradictory results, the balance favors the existence of a
positive association between hyperinsulinemia and cancer
risk. The conventional theory places insulin resistance as
the initial cause and hyperinsulinemia as a consequence.
However, some clinical observations question whether this
paradigm is applicable in all cases. Basal hyperinsulinemia
has been documented to precede insulin resistance, obesity,
and hyperglycemia [70,71]. Further research is required to
test the hypothesis that hyperinsulinemia drives the onset of
chronic diseases such as diabetes, obesity, and cancer [72].

Unlike carcinogens that induce malignant transformation
through genetic changes in cellular DNA, insulin is a
mitogenic agent that promotes cell growth. The interaction
of this hormone with the insulin receptor (INSR) activates the
mitogen-activated protein kinase (MAPK) signaling pathway,
which stimulates cell proliferation and inhibits apoptosis but
has no metabolic effects. Both of these activities link insulin to
an increased risk of malignant transformation. Additionally,
insulin promotes the activation of the phosphatidyl-inositol-3
kinase (PI3K) pathway, which is linked to its metabolic effects,
such as the introduction of glucose into cells through the
transporter protein GLUT4, for its subsequent degradation
and obtaining of cellular energy [73].

Additionally, insulin can interact with insulin-like growth
factor family receptors 1 and 2 (IGF1R and IGF2R) and with
hybrid IGFR/INSR receptors due to its structural similarity
with their native ligands (IGF- 1 and 2) [74]. In addition, insulin
can increase IGF1 bioactivity by decreasing the synthesis of
its binding proteins [75]. Activation of IGF1R by insulin has
robust effects on cell proliferation and survival [76]. The
IGF- 1 pathway is used by HPV for cell transformation, and
it is involved in both premalignant lesions and CxCa [69,77].
Research has also associated polymorphism in the P1
promoter of IGF1 with the risk of CxCa [78].

Our results showed that in the group of women with
SIL, the only hormones that showed significant differences
in serum concentrations were insulin and testosterone,
concerning women with negative cytology. Different
mechanisms show the relationship of insulin with sex
hormones. The insulin-sex hormone axis provokes increased
ovarian androgen production and peripheral aromatase
activity [79]. Moreover, hyperinsulinemia decreases the
production of sex hormone-binding globulin (SHBG), probably
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because of direct suppression of its synthesis in the liver. In
this way, it can increase the bioavailability of testosterone and
free estrogens, which favors the development of hormone-
dependent neoplasms such as the breast, endometrium [71],
and, probably, CxCa.

Recently, it was shown for the first time that human
pancreatic islets could locally activate androgens and
estrogens by converting circulating testosterone. This action
occurs inthe 8 cell, where testosterone acts as a prohormone,
requiring conversion to dihydrotestosterone (DHT) by type 1
5-a-reductase or to 17-B-estradiol by aromatase to activate AR
and ER, respectively. It is considered an intracrine pathway of
sex hormone action on f cells to stimulate glucose-promoted
insulin secretion [80].

In hormone-dependent cancers such as breast and
prostate cancer, an intracellular interaction between the
sex steroid hormone receptor and IGF pathways has been
observed, resulting in increased synthesis of IGF1 and
IGF1R [77]. HPVs have to maintain cell integrity, probably
by harnessing and/or inducing pathways that are involved
in normal cell survival. There is strong evidence that the IGF
axis is manipulated by this virus to support the process of
immortalization and malignant transformation [81]. To verify
whether insulin and sex steroid hormones cooperate on the
development of HPV-associated cancers, like CxCa, additional
research is required.

Study limitations are that no measurements were made of
the local concentrations of the hormones or the expression of
their specific receptors. It restricts the analysis of the results
by not taking into account all the elements that participate
in this complex interaction between the hormonal profile
of the host and the HPV, which leads to the development of
premalignant lesions and CxCa.

The association of elevated serum concentrations of
testosterone and insulin with the presence of SIL may be
related to increased bioavailability of estrogens, which may
cooperate with viral oncogenes in cervical carcinogenesis.
Adittionaly, mitogenic activity of insulin and its influence
on increased IGF-1 bioactivity may facilitate malignant
transformation and viral survival. New research is required
to determine the mechanisms involved in this process and
elucidate whether there is a cooperation between both
hormones during the progression to CxCa.

Conflicts of Interest

The authors declare not to have any interest conflicts.

References

1. Sung H, Ferlay J, Siegel RL, et al. (2021) Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin 71:
209-249.

2. WHO (2021) WHO guideline for screening and treatment of
cervical pre-cancer lesions for cervical cancer prevention.
Geneva: World Health Organization.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

MINSAP (2021) Anuario estadistico de salud. Ministerio de Salud
Publica. Direccién Nacional de Registros médicos y estadisticas
de salud. La Habana, 67-102.

Bosch FX, Lorincz A, Munoz N, et al. (2002) The causal relation
between human papillomavirus and cervical cancer. J Clin Pathol
55:244-265.

James CD, Morgan IM, Bristol ML (2020) The Relationship
between Estrogen-Related Signaling and Human Papillomavirus
Positive Cancers. Pathogens 9: 403.

Lasche M, Gallwas J, Griindker C (2022) Like Brothers in Arms:
How Hormonal Stimuli and Changes in the Metabolism Signaling
Cooperate, Leading HPV Infection to Drive the Onset of Cervical
Cancer. Int J Mol Sci 23: 5050.

International Collaboration of Epidemiological Studies of
Cervical Cancer (2006) Cervical carcinoma and reproductive
factors: Collaborative reanalysis of individual data on 16,563
women with cervical carcinoma and 33,542 women without
cervical carcinoma from 25 epidemiological studies. Int J Cancer
119:1108-1124.

Roura E, Travier N, Waterboer T, et al. (2016) The Influence of
Hormonal Factors on the Risk of Developing Cervical Cancer
and Pre-Cancer: Results from the EPIC Cohort. PLoS One 11:
e0147029.

Rinaldi S, Plummer M, Biessy C, et al. (2011) Endogenous Sex
Steroids and Risk of Cervical Carcinoma: Results from the EPIC
Study. Cancer Epidemiol Biomarkers Prev 20: 2532-2540.

Remoue F, Jacobs N, Miot V, et al. (2003) High Intraepithelial
Expression of Estrogen and Progesterone Receptors in The
Transformation Zone of The Uterine Cervix. Am J Obstet Gynecol
189: 1660-1665.

Herr |, Pfitzenmaier J (2006) Glucocorticoid use in prostate
cancer and other solid tumours: implications for effectiveness
of cytotoxic treatment and metastases. Lancet Oncol 7: 425-430.

Bromberg-White JL, Meyers C (2003) Comparison of The
Basal and Glucocorticoid-Inducible Activities of The Upstream
Regulatory Regions of HPV 18 And HPV 31 In Multiple Epithelial
Cell Lines. Virology 306: 197-202.

Neville MC, McFadden TB, Forsyth | (2002) Hormonal regulation
of mammary differentiation and milk secretion. J Mammary
Gland Biol Neoplasia 7: 49-66.

Levina VV, Nolen B, Su YY, et al. (2009) Biological significance of
prolactin in gynecologic cancers. Cancer Res 69: 5226-5233.

Ascencio Cedillo R, Lopez Pulido El, Mufioz Valle JF, et al. (2015)
Prolactin and prolactin receptor expression in cervical intraepithelial
neoplasia and cancer. Pathol Oncol Res 21: 241-246.

Strukov EL, Safronnikova NR, Bobrov Iu F, et al. (1990)
Hyperprolactinemia as a marker of the progression of cervical
cancer. Vopr Onkol 36: 831-835.

Belfiore A, Frasca F (2008) IGF and insulin receptor signaling in
breast cancer. J Mammary Gland Biol Neoplasia 13: 381-406.

Rajapaksha H, Forbes BE (2015) Ligand-Binding Affinity at the Insulin
Receptor Isoform-A and Subsequent IR-A Tyrosine Phosphorylation
Kinetics are Important Determinants of Mitogenic Biological
Outcomes. Front Endocrinol (Lausanne) 6: 107.

Gunter MJ, Xie X, Xue X, et al. (2015) Breast Cancer Risk in
Metabolically Healthy but Overweight Postmenopausal Women.
Cancer Res 75: 270-274.

Frontela-Noda et al. J Cervical Cancer Res 2022, 4(1):327-336

Open Access | Page 334 |


https://pubmed.ncbi.nlm.nih.gov/11919208/
https://pubmed.ncbi.nlm.nih.gov/11919208/
https://pubmed.ncbi.nlm.nih.gov/11919208/
https://pubmed.ncbi.nlm.nih.gov/32455952/
https://pubmed.ncbi.nlm.nih.gov/32455952/
https://pubmed.ncbi.nlm.nih.gov/32455952/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9103757/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9103757/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9103757/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9103757/
https://pubmed.ncbi.nlm.nih.gov/16570271/
https://pubmed.ncbi.nlm.nih.gov/16570271/
https://pubmed.ncbi.nlm.nih.gov/16570271/
https://pubmed.ncbi.nlm.nih.gov/16570271/
https://pubmed.ncbi.nlm.nih.gov/16570271/
https://pubmed.ncbi.nlm.nih.gov/16570271/
https://pubmed.ncbi.nlm.nih.gov/26808155/
https://pubmed.ncbi.nlm.nih.gov/26808155/
https://pubmed.ncbi.nlm.nih.gov/26808155/
https://pubmed.ncbi.nlm.nih.gov/26808155/
https://pubmed.ncbi.nlm.nih.gov/21994406/
https://pubmed.ncbi.nlm.nih.gov/21994406/
https://pubmed.ncbi.nlm.nih.gov/21994406/
https://pubmed.ncbi.nlm.nih.gov/14710094/
https://pubmed.ncbi.nlm.nih.gov/14710094/
https://pubmed.ncbi.nlm.nih.gov/14710094/
https://pubmed.ncbi.nlm.nih.gov/14710094/
https://pubmed.ncbi.nlm.nih.gov/16648047/
https://pubmed.ncbi.nlm.nih.gov/16648047/
https://pubmed.ncbi.nlm.nih.gov/16648047/
https://pubmed.ncbi.nlm.nih.gov/12642092/
https://pubmed.ncbi.nlm.nih.gov/12642092/
https://pubmed.ncbi.nlm.nih.gov/12642092/
https://pubmed.ncbi.nlm.nih.gov/12642092/
https://europepmc.org/article/med/12160086
https://europepmc.org/article/med/12160086
https://europepmc.org/article/med/12160086
https://pubmed.ncbi.nlm.nih.gov/19491263/
https://pubmed.ncbi.nlm.nih.gov/19491263/
https://pubmed.ncbi.nlm.nih.gov/24990775/
https://pubmed.ncbi.nlm.nih.gov/24990775/
https://pubmed.ncbi.nlm.nih.gov/24990775/
https://pubmed.ncbi.nlm.nih.gov/2399663/
https://pubmed.ncbi.nlm.nih.gov/2399663/
https://pubmed.ncbi.nlm.nih.gov/2399663/
https://pubmed.ncbi.nlm.nih.gov/19016312/
https://pubmed.ncbi.nlm.nih.gov/19016312/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4493403/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4493403/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4493403/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4493403/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4657855/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4657855/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4657855/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://www.who.int/publications/i/item/9789240030824
https://www.who.int/publications/i/item/9789240030824
https://www.who.int/publications/i/item/9789240030824

Citation: Frontela-Noda M, Cabrera-Rode E, Herndandez-Menéndez M, et al. (2022) Association of Serum Concentrations of Testosterone and
Insulin with the Degree of Cervical Squamous Intraepithelial Lesions in Cuban Women. J Cervical Cancer Res 4(1):327-336

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

Nead KT, Sharp SJ, Thompson DJ, et al. (2015) Evidence of
a Causal Association Between Insulinemia and Endometrial
Cancer: A Mendelian Randomization Analysis. J Natl Cancer Inst
107: djv178.

Solomon D, Davey D, Kurman R, et al. (2002) The 2001 Bethesda
System: terminology for reporting results of cervical cytology.
JAMA 287:2114-2119.

taniewski P, Cui H, Roe DJ, et al. (2019) Features of the
cervicovaginal microenvironment drive cancer biomarker
signatures in patients across cervical carcinogenesis. Sci Rep 9:
7333.

Chung SH, Franceschi S, Lambert PF (2010) Estrogen and ERa:
Culprits in Cervical Cancer? Trends Endocrinol Metab 21: 504-511.

Martinez A, Diaz |, Carr A, et al. (2010) Analisis de los principales
factores de riesgo relacionados con el cdncer cérvicouterino en
mujeres menores de 30 afos. Rev Cubana Obstet Ginecol 36:
52-65.

Alaniz Sdnchez A, Ortufio Lépez M, Alaniz Garcia TL (2011) Lesidn
escamosa intraepitelial y su correlacion. Revista de la Facultad
de Medicina de la UNAM 54: 13-17.

Soto Y, Torres G, Kouri V, et al. (2014) Molecular Epidemiology
of Human Papillomavirus Infections in Cervical Samples from
Cuban Women Older Than 30 Years. J Low Genit Tract Dis 18:
210-217.

Nagelhout G, Ebisch Mf R, Van Der Hel O, et al. (2021) Is smoking
anindependent risk factor for developing cervical intra-epithelial
neoplasia and cervical cancer? A systematic review and meta-
analysis. Expert Rev Anticancer Ther 21: 781-794.

Dunan Cruz LK, Cala Calvifio L, Infante Tabio |, etal. (2011) Factores
de riesgo ginecoobstétricos para el cancer cervicouterino en la
atencidn primaria de salud. MEDISAN 15: 573.

Gran MA, Lopez Nistal LM (2003) The decline in the birth rate in
Cuba. Rev Cubana Public Health 29: 132-138.

(2022) Anuario demogréfico de Cuba 2021. Oficina Nacional de
Estadistica e Informacion. Centro de Estudios de Poblacion y
Desarrollo. La Habana: ONEI, 52-53.

Shields TS, Falk RT, Herrero R, et al. (2004) A case-control study
of endogenous hormones and cervical cancer. B J Cancer 90:
146-152.

Hariri L, Rehman A (2022) Estradiol. StatPearls Publishing LLC.

Barakat R, Oakley O, Kim H, et al. (2016) Extra-Gonadal Sites of
Estrogen Biosynthesis and Function. BMB Rep 49: 488-496.

Gruber CJ, Tschugguel W, Schneeberger C, et al. (2002)
Production and Actions of Estrogens. N Engl J Med 346: 340-352.

Fournier MA, Poirier D (2009). Estrogen formation in endometrial
and cervix cancer cell lines: Involvement of aromatase, steroid
sulfatase and 17beta-hydroxysteroid dehydrogenases (types 1,
5, 7 and 12). Mol Cell Endocrinol 301: 142-145.

Salazar EL, Mercado E, Sojo |, et al. (2001) Relationship Between
Estradiol 16 Alpha-Hydroxylation and Human Papillomavirus
Infection in Cervical Cell Transformation. Gynecol Endocrinol 15:
335-340.

Hellberg D (2012) Sex Steroids and Cervical Cancer. Anticancer
research 32: 3045-3054.

Lonning PE, Haynes BP, Straume AH, et al. (2011) Exploring
Breast Cancer Estrogen Disposition: The Basis for Endocrine
Manipulation. Clin Cancer Res 17: 4948-4958.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Adurthi S, Kumar MM, Vinodkumar HS, et al. (2017) Oestrogen
Receptor-a binds the FOXP3 promoter and modulates regulatory
T-cell function in human cervical cancer. Sci Rep 7: 17289.

Kumar MM, Davuluri S, Poojar S, et al. (2016) Role of Estrogen
Receptor Alphain Human Cervical Cancer-Associated Fibroblasts:
A Transcriptomic Study. Tumor Biol 37: 4409-4420.

Brake T, Lambert PF (2005) Estrogen Contributes to The Onset,
Persistence, and Malignant Progression of Cervical Cancer in A
Human Papillomavirus Transgenic Mouse Model. Proc Natl Acad
Sci USA 102: 2490-2495.

Riera-Leal A, Ramirez De Arellano A, Ramirez-Lépez IG, et al.
(2018) Effects Of 60 kDa Prolactin and Estradiol on Metabolism
and Cell Survival in Cervical Cancer: Coexpression of Their
Hormonal Receptors During Cancer Progression. Oncol Rep 40:
3781-3793.

Hernandez Silva CD, Riera-Leal A, Ortiz-Lazareno PC, et al. (2019)
GPER overexpression in cervical cancer versus premalignant
lesions: its activation induces different forms of cell death. Anti
Cancer Agents Med Chem 19: 783-791.

Friese K, Kost B, Vattai A, et al. (2018) The G Protein-Coupled
Estrogen Receptor (GPER/GPR30) May Serve as A Prognostic
Marker in Early-Stage Cervical Cancer. J Cancer Res Clin Oncol
144:13-19.

Mitrani-Rosenbaum S, Tsvieli R, Tur-Kaspa R (2018) Oestrogen
stimulates differential transcription of human papillomavirus
type 16 in SiHa cervical carcinoma cells. J Gen Virol 70: 2227-
2232.

Ramirez-Lopez |G, Ramirez de Arellano A, Jave-Sudrez LF, et al.
(2019) Interaction between 17B-estradiol, prolactin and human
papillomavirus induce E6/E7 transcript and modulate the
expression and localization of hormonal receptors. Cancer Cell
Int 19: 227.

den Boon JA, Pyeon D, Wang SS, et al. (2015) Molecular
Transitions from Papillomavirus Infection to Cervical Precancer
and Cancer: Role of Stromal Estrogen Receptor Signaling. Proc
Natl Acad Sci USA 112: E3255-E3264.

Lépez-Romero R, Garrido-Guerrero E, Rangel-Lépez A, et al.
(2013) The Cervical Malignant Cells Display A Down Regulation
of ER-a But Retain the ER-b Expression. Int J Clin Exp Pathol 6:
1594-1602.

Kozasa K, Mabuchi S, Matsumoto Y, et al. (2019) Estrogen
Stimulates Female Cancer Progression by Inducing Myeloid-
Derived Suppressive Cells: Investigations on Pregnant and Non-
Pregnant Experimental Models. Oncotarget 10: 1887-1902.

Marks M, Klein S, Gravitt P, et al. (2011) Hormonal contraception
and HPV: A tale of differing and overlapping mechanisms. Open
Access J Contracept 2: 161-174.

Ruth KS, Day FR, Tyrrell J, et al. (2020) Using human genetics
to understand the disease impacts of testosterone in men and
women. Nat Med 26: 252-258.

Dorgan JF, Longcope C, Stephenson HE, et al. (1996) Relation of
Prediagnostic Serum Estrogen and Androgen Levels to Breast
Cancer Risk. Cancer Epidemiol Biomark Prev 5: 533-539.

Zhang X, Tworoger SS, Eliassen AH, et al. (2013) Postmenopausal
plasma sex hormone levels and breast cancer risk over 20 years
of follow-up. Breast Cancer Res Treat 137: 883-892.

Dimitrakakis C, Zhou J, Bondy CA (2002) Androgens and
mammary growth and neoplasia. Fertil Steril 77: S26-S33.

Frontela-Noda et al. J Cervical Cancer Res 2022, 4(1):327-336

Open Access | Page 335 |


https://europepmc.org/article/pmc/pmc5725534
https://europepmc.org/article/pmc/pmc5725534
https://europepmc.org/article/pmc/pmc5725534
https://pubmed.ncbi.nlm.nih.gov/26499945/
https://pubmed.ncbi.nlm.nih.gov/26499945/
https://pubmed.ncbi.nlm.nih.gov/26499945/
https://pubmed.ncbi.nlm.nih.gov/15699322/
https://pubmed.ncbi.nlm.nih.gov/15699322/
https://pubmed.ncbi.nlm.nih.gov/15699322/
https://pubmed.ncbi.nlm.nih.gov/15699322/
https://pubmed.ncbi.nlm.nih.gov/30272319/
https://pubmed.ncbi.nlm.nih.gov/30272319/
https://pubmed.ncbi.nlm.nih.gov/30272319/
https://pubmed.ncbi.nlm.nih.gov/30272319/
https://pubmed.ncbi.nlm.nih.gov/30272319/
https://pubmed.ncbi.nlm.nih.gov/30727915/
https://pubmed.ncbi.nlm.nih.gov/30727915/
https://pubmed.ncbi.nlm.nih.gov/30727915/
https://pubmed.ncbi.nlm.nih.gov/30727915/
https://pubmed.ncbi.nlm.nih.gov/28924735/
https://pubmed.ncbi.nlm.nih.gov/28924735/
https://pubmed.ncbi.nlm.nih.gov/28924735/
https://pubmed.ncbi.nlm.nih.gov/28924735/
https://pubmed.ncbi.nlm.nih.gov/28924735/
https://pubmed.ncbi.nlm.nih.gov/28924735/
https://pubmed.ncbi.nlm.nih.gov/28924735/
https://pubmed.ncbi.nlm.nih.gov/28924735/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6720994/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6720994/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6720994/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6720994/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6720994/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4485108/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4485108/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4485108/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4485108/
https://pubmed.ncbi.nlm.nih.gov/23923078/
https://pubmed.ncbi.nlm.nih.gov/23923078/
https://pubmed.ncbi.nlm.nih.gov/23923078/
https://pubmed.ncbi.nlm.nih.gov/23923078/
https://pubmed.ncbi.nlm.nih.gov/30956772/
https://pubmed.ncbi.nlm.nih.gov/30956772/
https://pubmed.ncbi.nlm.nih.gov/30956772/
https://pubmed.ncbi.nlm.nih.gov/30956772/
https://www.dovepress.com/hormonal-contraception-and-hpv-a-tale-of-differing-and-overlapping-mec-peer-reviewed-fulltext-article-OAJC
https://www.dovepress.com/hormonal-contraception-and-hpv-a-tale-of-differing-and-overlapping-mec-peer-reviewed-fulltext-article-OAJC
https://www.dovepress.com/hormonal-contraception-and-hpv-a-tale-of-differing-and-overlapping-mec-peer-reviewed-fulltext-article-OAJC
https://www.nature.com/articles/s41591-020-0751-5
https://www.nature.com/articles/s41591-020-0751-5
https://www.nature.com/articles/s41591-020-0751-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3582409/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3582409/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3582409/
https://pubmed.ncbi.nlm.nih.gov/12007899/
https://pubmed.ncbi.nlm.nih.gov/12007899/
https://pubmed.ncbi.nlm.nih.gov/26134033/
https://pubmed.ncbi.nlm.nih.gov/26134033/
https://pubmed.ncbi.nlm.nih.gov/26134033/
https://pubmed.ncbi.nlm.nih.gov/26134033/
https://pubmed.ncbi.nlm.nih.gov/11966386/
https://pubmed.ncbi.nlm.nih.gov/11966386/
https://pubmed.ncbi.nlm.nih.gov/11966386/
https://pubmed.ncbi.nlm.nih.gov/31089160/
https://pubmed.ncbi.nlm.nih.gov/31089160/
https://pubmed.ncbi.nlm.nih.gov/31089160/
https://pubmed.ncbi.nlm.nih.gov/31089160/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2914219/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2914219/
https://pubmed.ncbi.nlm.nih.gov/24270200/
https://pubmed.ncbi.nlm.nih.gov/24270200/
https://pubmed.ncbi.nlm.nih.gov/24270200/
https://pubmed.ncbi.nlm.nih.gov/24270200/
https://pubmed.ncbi.nlm.nih.gov/33663309/
https://pubmed.ncbi.nlm.nih.gov/33663309/
https://pubmed.ncbi.nlm.nih.gov/33663309/
https://pubmed.ncbi.nlm.nih.gov/33663309/
https://www.imbiomed.com.mx/articulo.php?id=18600
https://www.imbiomed.com.mx/articulo.php?id=18600
https://pubmed.ncbi.nlm.nih.gov/14710222/
https://pubmed.ncbi.nlm.nih.gov/14710222/
https://pubmed.ncbi.nlm.nih.gov/14710222/
https://www.ncbi.nlm.nih.gov/books/NBK549797/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5227141/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5227141/
https://pubmed.ncbi.nlm.nih.gov/11821512/
https://pubmed.ncbi.nlm.nih.gov/11821512/
https://pubmed.ncbi.nlm.nih.gov/18817841/
https://pubmed.ncbi.nlm.nih.gov/18817841/
https://pubmed.ncbi.nlm.nih.gov/18817841/
https://pubmed.ncbi.nlm.nih.gov/18817841/
https://pubmed.ncbi.nlm.nih.gov/11727355/
https://pubmed.ncbi.nlm.nih.gov/11727355/
https://pubmed.ncbi.nlm.nih.gov/11727355/
https://pubmed.ncbi.nlm.nih.gov/11727355/
https://pubmed.ncbi.nlm.nih.gov/21791635/
https://pubmed.ncbi.nlm.nih.gov/21791635/
https://pubmed.ncbi.nlm.nih.gov/21791635/

Citation: Frontela-Noda M, Cabrera-Rode E, Herndandez-Menéndez M, et al. (2022) Association of Serum Concentrations of Testosterone and
Insulin with the Degree of Cervical Squamous Intraepithelial Lesions in Cuban Women. J Cervical Cancer Res 4(1):327-336

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Lee O, Heinz RE, Ivancic D, et al. (2018) Breast Hormone
Concentrations in Random Fine-Needle Aspirates of Healthy
Women Associate with Cytological Atypia and Gene Methylation.
Cancer Prev Res 11: 557-568.

Chatterton RT, Heinz RE, Fought AJ, et al. (2016) Nipple Aspirate
Fluid Hormone Concentrations and Breast Cancer Risk. Horm
Cancer 7: 127-136.

Jean-Christophe N, Bucella D, Fayt I, et al. (2008) Androgen
Receptor Expression in Cervical Intraepithelial Neoplasia and
Invasive Squamous Cell Carcinoma of the Cervix. Inter J Gynecol
Pathol 27: 437-441.

Nair HB, Luthra R, Kirma N, et al. (2005) Induction of Aromatase
Expression in Cervical Carcinomas: Effects of Endogenous
Estrogen on Cervical Cancer Cell Proliferation. Cancer Res 65:
11164-11173.

Soto Brito Y, Limia Ledon CM, Kouri Cardelld V, et al. (2016)
Human papillomavirus and other factors associated with the
development of cervical lesions in Cuban women. Panorama
Cuba y Salud 11: 24-33.

Fan Q, Huang T, Sun X, et al. (2021) miR-130a-3p promotes cell
proliferation and invasion by targeting estrogen receptor a and
androgen receptor in cervical cancer. Exp Ther Med 21: 414.

Tiersma ES, van der Lee ML, Garssen B, et al. (2005) Psychosocial
factors and the course of cervical intra-epithelial neoplasia: a
prospective study. Gynecol Oncol 97: 879-886.

Wilkerson JE, Bailey JM, Bieniasz ME, et al. (2009) Psychosocial
factors in risk of cervical intraepithelial lesions. J Women's
Health (Larchmt) 18: 513-518.

Lu D, Sundstrom K, Sparen P, et al. (2016) Bereavement Is
Associated with an Increased Risk of HPV Infection and Cervical
Cancer: An Epidemiological Study in Sweden Bereavement, HPV
Infection, and Cervical Carcinogenesis. Cancer Research 76: 643-
651.

Kuebler U, Fischer S, Mernone L, et al. (2021) Is stress related to
the presence and persistence of oncogenic human papillomavirus
infection in young women? BMC Cancer 21: 419.

Stensen S, Kjaer SK, Jensen SM, et al. (2016) Factors Associated
with Type-Specific Persistence of High-Risk Human Papillomavirus
Infection: A Population-Based Study. Int J Cancer 138: 361-368.

Chen G, Qiu L, Gao J, et al. (2021) Stress Hormones: Emerging
Targets in Gynecological Cancers. Front Cell Dev Biol 9: 699487.

Frontela-Noda M, Delgado-Herrera DC, Cabrera-Rode E, et
al. (2019) Association between components of the metabolic
syndrome and degree of cervical squamous intraepithelial
lesions in Cuban women. Diabetes Metab Syndr 13: 1443-1448.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Sablania P, Batra S, Saxena A (2016). Insulin-Like Growth Factor
| Receptor (IGF-IR) Ligands and BMI in Squamous Intra-Epithelial
Lesion (SIL) of Cervix. J Clin Diagn Res 10: BC11-BC15.

Sun W, Lu J, Wu S, et al. (2016) Association of insulin resistance
with breast, ovarian, endometrial and cervical cancers in non-
diabetic women. Am J Cancer Res 6: 2334-2344,

Ludwig DS, Ebbeling CB (2018) The carbohydrate-insulin model
of obesity: beyond “calories in, calories out”. JAMA Intern Med
178:1098-1103.

Thomas DD, Corkey BE, Istfan NW, et al. (2019) Hyperinsulinemia:
an early indicator of metabolic dysfunction. J Endocr Soc 3:
1727-1747.

Zhang AMY, Wellberg EA, Kopp JL, et al. (2021) Hyperinsulinemia
in Obesity, Inflammation, and Cancer. Diabetes Metab J 45: 285-
311.

Kilvert A, Fox C (2020) Hyperinsulinaemia and cancer risk: cause
and effect? Pract Diab 37: 223-227.

Singh PJ, Alex JM, Bast F (2014) Insulin Receptor (IR) And Insulin-
Like Growth Factor Receptor 1 (IGF- 1R) Signaling Systems: Novel
Treatment Strategies for Cancer. Med Oncol 31: 805.

Rutanen EM, Nyman T, Lehtovirta P, et al. (1994) Suppressed
expression of insulin like growth binding-1 mRNA in the
endometrium: A molecular mechanism associating endometrial
cancer with its risk factors. Int J Cancer 59: 307-312.

Kasprzak A, Kwasniewski W, Adamek A, et al. (2017) Insulin-
Like Growth Factor (IGF) Axis in Cancerogenesis. Mutat Res Rev
Mutat Res 772: 78-104.

Pickard A, Durzynska J, McCance DJ, et al. (2017) The IGF Axis in
HPV Associated Cancers. Mutat Res Rev Mutat Res 772: 67-77.

Pacholska BJ, Jozefiak A, Nowak W, et al. (2011) Association
of the IGF-I Promoter P1 Polymorphism with Risk of Cervical
Cancer. Eur J Gynaecol Oncol 32: 393-398.

Maggino T, Pirrone F, Velluti F, et al. (1993) The Role of
The Endocrine Factors and Obesity in Hormone-Dependent
Gynecological Neoplasias. Eur J Gynaecol Oncol 14: 119-126.

Xu W, Schiffer L, Qadir MF, et al. (2020) Intracrine Testosterone
Activation in Human Pancreatic B-cells Stimulates Insulin
Secretion. Diabetes 69: 2392-2399.

Bleach R, Sherlock M, O’Reilly MW, et al. (2021) Growth
Hormone/Insulin Growth Factor Axis in Sex Steroid Associated
Disorders and Related Cancers. Front Cell Dev Biol 9: 630503.

DOI: 10.36959/749/524

Copyright: © 2022 Frontela-Noda M, et al. This is an open-access article distributed under the
terms of the Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original author and source are credited.

SCHOLARS.DIRECT

Frontela-Noda et al. J Cervical Cancer Res 2022, 4(1):327-336

Open Access | Page 336 |


https://pubmed.ncbi.nlm.nih.gov/27042445/
https://pubmed.ncbi.nlm.nih.gov/27042445/
https://pubmed.ncbi.nlm.nih.gov/27042445/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5088296/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5088296/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5088296/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6082688/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6082688/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6082688/
https://pubmed.ncbi.nlm.nih.gov/31528832/
https://pubmed.ncbi.nlm.nih.gov/31528832/
https://pubmed.ncbi.nlm.nih.gov/31528832/
https://pubmed.ncbi.nlm.nih.gov/33775061/
https://pubmed.ncbi.nlm.nih.gov/33775061/
https://pubmed.ncbi.nlm.nih.gov/33775061/
https://wchh.onlinelibrary.wiley.com/doi/full/10.1002/pdi.2310
https://wchh.onlinelibrary.wiley.com/doi/full/10.1002/pdi.2310
https://pubmed.ncbi.nlm.nih.gov/24338270/
https://pubmed.ncbi.nlm.nih.gov/24338270/
https://pubmed.ncbi.nlm.nih.gov/24338270/
https://pubmed.ncbi.nlm.nih.gov/7523316/
https://pubmed.ncbi.nlm.nih.gov/7523316/
https://pubmed.ncbi.nlm.nih.gov/7523316/
https://pubmed.ncbi.nlm.nih.gov/7523316/
https://pubmed.ncbi.nlm.nih.gov/28528692/
https://pubmed.ncbi.nlm.nih.gov/28528692/
https://pubmed.ncbi.nlm.nih.gov/28528692/
https://pubmed.ncbi.nlm.nih.gov/28528691/
https://pubmed.ncbi.nlm.nih.gov/28528691/
https://pubmed.ncbi.nlm.nih.gov/21941959/
https://pubmed.ncbi.nlm.nih.gov/21941959/
https://pubmed.ncbi.nlm.nih.gov/21941959/
https://pubmed.ncbi.nlm.nih.gov/8500493/
https://pubmed.ncbi.nlm.nih.gov/8500493/
https://pubmed.ncbi.nlm.nih.gov/8500493/
https://pubmed.ncbi.nlm.nih.gov/32855171/
https://pubmed.ncbi.nlm.nih.gov/32855171/
https://pubmed.ncbi.nlm.nih.gov/32855171/
https://pubmed.ncbi.nlm.nih.gov/33816477/
https://pubmed.ncbi.nlm.nih.gov/33816477/
https://pubmed.ncbi.nlm.nih.gov/33816477/
https://pubmed.ncbi.nlm.nih.gov/29954758/
https://pubmed.ncbi.nlm.nih.gov/29954758/
https://pubmed.ncbi.nlm.nih.gov/29954758/
https://pubmed.ncbi.nlm.nih.gov/29954758/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4807603/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4807603/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4807603/
https://pubmed.ncbi.nlm.nih.gov/18580324/
https://pubmed.ncbi.nlm.nih.gov/18580324/
https://pubmed.ncbi.nlm.nih.gov/18580324/
https://pubmed.ncbi.nlm.nih.gov/18580324/
https://pubmed.ncbi.nlm.nih.gov/16322267/
https://pubmed.ncbi.nlm.nih.gov/16322267/
https://pubmed.ncbi.nlm.nih.gov/16322267/
https://pubmed.ncbi.nlm.nih.gov/16322267/
http://www.revpanorama.sld.cu/index.php/panorama/article/view/535
http://www.revpanorama.sld.cu/index.php/panorama/article/view/535
http://www.revpanorama.sld.cu/index.php/panorama/article/view/535
http://www.revpanorama.sld.cu/index.php/panorama/article/view/535
https://pubmed.ncbi.nlm.nih.gov/33747155/
https://pubmed.ncbi.nlm.nih.gov/33747155/
https://pubmed.ncbi.nlm.nih.gov/33747155/
https://pubmed.ncbi.nlm.nih.gov/15894367/
https://pubmed.ncbi.nlm.nih.gov/15894367/
https://pubmed.ncbi.nlm.nih.gov/15894367/
https://pubmed.ncbi.nlm.nih.gov/19361319/
https://pubmed.ncbi.nlm.nih.gov/19361319/
https://pubmed.ncbi.nlm.nih.gov/19361319/
https://pubmed.ncbi.nlm.nih.gov/26634926/
https://pubmed.ncbi.nlm.nih.gov/26634926/
https://pubmed.ncbi.nlm.nih.gov/26634926/
https://pubmed.ncbi.nlm.nih.gov/26634926/
https://pubmed.ncbi.nlm.nih.gov/26634926/
https://pubmed.ncbi.nlm.nih.gov/33863301/
https://pubmed.ncbi.nlm.nih.gov/33863301/
https://pubmed.ncbi.nlm.nih.gov/33863301/
https://pubmed.ncbi.nlm.nih.gov/26238558/
https://pubmed.ncbi.nlm.nih.gov/26238558/
https://pubmed.ncbi.nlm.nih.gov/26238558/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8299464/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8299464/
https://pubmed.ncbi.nlm.nih.gov/31336504/
https://pubmed.ncbi.nlm.nih.gov/31336504/
https://pubmed.ncbi.nlm.nih.gov/31336504/
https://pubmed.ncbi.nlm.nih.gov/31336504/

	Title
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Statistical Analysis 
	Ethical Aspects 
	Results
	Discussion
	Conflicts of Interest 
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	References

