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ABSTRACT

Background: Sex steroid hormones and their receptors are important in female sexual function. The
aim of this study was to investigate the expression and distribution of estrogen receptor (ER)a, ERpB, G-
protein-coupled ER-1 (GPER), androgen receptor (AR), progesterone receptor (PR)A, PRB and connective
tissue growth factor (CTGF) in the vaginal wall among women who had been treated for cervical can-
cer with radiotherapy.

Material and methods: We included cervical cancer survivors treated with radiotherapy and premeno-
pausal control women of the same age scheduled for benign gynecological surgery. We analyzed the
expression and distribution of sex steroid hormone receptors and CTGF in biopsies from the vaginal
wall, by real-time PCR and immunohistochemistry (IHC). Serum samples were analyzed for hormone
levels and radiation dose at biopsy site were calculated and correlated to levels of the sex steroid hor-
mone receptors.

Results: In the cervical cancer survivors (n=34), we found a lower expression of ERa at both mRNA
and protein levels, compared to the control women (n=37). In the survivors with high radiation dose
at biopsy site, the immunostaining of ERa and AR was lower in the epithelium and the stroma, com-
pared to survivors with minimal radiation dose. The later group showed expression of ERa comparable
to the control women. The cancer survivors were sufficiently substituted with systemic estradiol with
no difference in the serum estradiol levels compared to control women.

Conclusions: We found that external radiation reduces the ERa and AR protein expression in the vagi-
nal mucosa, indicating that the vaginal changes in irradiated cervical cancer survivors and the lack of
response to hormonal treatment could be due to the decreases in sex steroid hormone recep-
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tor expression.

Introduction

Cervical cancer survivors have a high degree of late vaginal
morbidity [1]. The extensive treatment, often including radio-
therapy, results in tissue changes. Vaginal atrophy and fibro-
sis develop over time, severely affecting quality of life and
sexual function [2,3]. Estrogen therapy is often used in an
attempt to diminish symptoms of dryness and dyspareunia,
but in many cases the vaginal mucosa seems reluctant to
respond. The presence of sex steroid hormone receptors in
the vaginal mucosa is essential for effective hormone therapy
in general. However, little is known about the expression of
steroid hormone receptors in the vaginal wall in cervical can-
cer survivors treated with radiotherapy.

In women with postmenopausal vaginal atrophy without
previous cervical cancer therapy, treatment with low-dose
local vaginal estrogen therapy is effective and well tolerated

[4]. In a previous study, we found radiotherapy-induced mor-
phological changes with fibrosis in the connective tissue of
the vaginal wall in cervical cancer survivors [5]. The vaginal
morphological changes can affect the possible effectiveness
of estrogen therapy, but it is unclear if the levels of intracel-
lular estrogen receptors (ERs), which mediate the estrogen
action, are affected.

The majority of new cases of cervical cancer are young or
middle-aged women. Even in more advanced stages, when
radiotherapy is used for cure, the prognosis is good and
long-term survivors will live with the sequelae of the disease
and treatment. For reduced symptoms and risk associated
with early menopause, cervical cancer survivors are recom-
mended systemic hormonal therapy up to the age of natural
menopause [6]. It is common that also local estrogen therapy
is recommended, but clinically we do not observe the same
response of the irradiated vaginal squamous epithelium as in
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postmenopausal atrophy [7]. Data on vaginal side effects
after radiotherapy are limited [8-11]. To our knowledge,
there is no previous study on steroid hormone receptor
expression in the vaginal wall in cervical cancer survivors. We
therefore, conducted a study to investigate the expression
and distribution of ERa and f, G-protein-coupled ER-1
(GPER), androgen receptor (AR), progesterone receptor (PR)A,
PRB and connective tissue growth factor (CTGF) in the vagi-
nal wall among women who had been treated for cervical
cancer with radiotherapy.

Material and methods
Subjects

We included women treated for cervical cancer with radio-
therapy and control women of the same age. The cervical
cancer survivors were treated at Karolinska University
Hospital, Stockholm, between January 2004 and December
2007. They were treated with surgery and radiotherapy, often
combined with concomitant Cisplatin, or primary chemora-
diotherapy, according to regional guidelines at our institu-
tion at the time of the study. There are two articles with
results from these subjects already published with focus on
fibrotic and atrophic changes in the vaginal wall after radio-
therapy [5,12]. A detailed description of the treatments has
also previously been published [5].

The inclusion criteria were diagnosis of cervical cancer
and age <51 years at time of the study. The time from can-
cer treatment to study inclusion was between two to five
years. Exclusion criteria were significant co-morbidity and
recurrence of cervical cancer. We included women under-
going benign gynecological surgery at Danderyd Hospital,
Stockholm, as controls. The control women were premeno-
pausal and age <51 years. General exclusion criteria were
history of cancer, current pregnancy and systemic diseases. A
clinical examination excluded vulvovaginal infection and/or
inflammatory lesions, which also were exclusion criteria. The
Regional Research Ethics Committee approved the present
study (EPN Stockholm Dnr 2003-753) and the study was per-
formed in accordance with the ethical standards as laid
down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards, and all partici-
pants gave a written informed consent.

Data collection

Information on treatment modality was collected from the
participants’ medical charts. A detailed description of the cal-
culation of the radiation dose at the vaginal biopsy site has
previously been published [5]. We collected the prescribed
field margins, target definition, set-up images, portal image
films, treatment protocol and dose per fraction and the total
prescribes dose for each patient. On portal image films, the
vaginal introitus was identified. The distance from the lower
border of the EBRT field was measured and the EBRT dose at
the biopsy site was calculated. For the BT, we used orthog-
onal X-ray images and made an estimation of the delivered

dose based on isodose-curves from the actual treatment for
each patient. We calculated the EQD, doses for both the
EBRT and the BT, obtaining the total dose at the biopsy site.
To analyze radiotherapy-induced levels of sex steroid hor-
mone receptors, the radiation dose at the biopsy site was
calculated in two different cancer treatment groups; (I) pre-
operative brachytherapy (BT)+surgery and (Il) surgery and
radiation including external beam radiation therapy (EBRT) or
primary chemoradiotherapy.

At a study visit, serum samples were taken and estradiol,
progesterone, follicle-stimulating hormone (FSH), luteinizing
hormone (LH), sex hormone-binding globulin (SHBG) and tes-
tosterone were determined by direct chemiluminescent
immunometric assay (Immulite; Siemens, Munich, Germany).
Free testosterone was determined by a formula using total
testosterone, SHBG and a fixed concentration of albumin
(40g/l) [13]. In the controls, without contraceptives, we
defined the menstrual phases by the level of serum proges-
terone. The luteal phase was defined as serum progesterone
>17nmol/l, and the follicular phase for values below. From
each participant two vaginal biopsies were taken, with a
3mm forceps at the three and nine o'clock position, 3-4 cm
from the vaginal introitus. One biopsy was preserved in
RNAlater (Thermo Fisher Scientific Life Sciences, Waltham,
MA) for further RNA isolation. The second biopsy was forma-
lin-fixed and paraffin-embedded according to a stand-
ard protocol.

RNA preparation and reverse transcription

Total RNA from vaginal biopsies was purified with RNeasy®
Mini Kit (Qiagen GmbH, Hilden, Germany) according to a pro-
cedure recommended by manufacturer, for RNA isolation
from fibrous tissues, including a DNase treatment step. From
each sample, 2ug of total RNA was reverse transcribed at
37°C for 60 min, in a final volume of 40 ul with a reaction
mixture (Qiagen, Hilden, Germany) containing 1 x RT buffer,
dNTP mix (0.5mM each dNTP), 600ng random primers
(Invitrogen, Paisley, UK), 2 units RNase inhibitor (Qiagen,
Hilden, Germany) and 4 units of Omniscript™ reverse tran-
scriptase (Qiagen, Hilden, Germany).

Real-time PCR analysis

Real-time PCR was performed for ERa, ERB, GPER, AR, PRAB,
PRB and CTGF in an iCycler™ iQ Real Time PCR System (Bio-
Rad Laboratories, Inc, Hercules, CA, USA). For PCR, the
c¢DNAs corresponding to 50-100ng (Supplemental Table 1)
RNA were added to 12.5ul of iQ™ SYBR® Green Supermix
(Bio-Rad, Hercules, CA, USA) and 0.3 uM of each oligonucleo-
tide primer in a final volume of 25 ul. After initial incubation
for 3min at 95°C, the samples were subjected to 40 cycles
of 10s at 95°C, followed by 45s annealing at 55-65°C
depending upon the genes (Supplemental Table 1). All reac-
tions were performed in duplicates. The purity of PCR prod-
ucts was confirmed by a melting curve analysis in all
experiments (data not shown). The oligonucleotide primers
for ERa, ERB, GPER, AR, PRAB, PRB, CTGF and the



housekeeping gene ribosomal protein PO (RPLPO) are pre-
sented in Supplemental Table 1, as well as their predicted
sizes. All primers, except PRB, were designed to span an
intron/exon boundary or to be on different exons, to elimin-
ate amplification of contaminating DNA. The primers are
based on the sequences of the human genes (see accession
no. in Supplemental Table 1) and the primer pairs were
designed or checked using the NCBI/Primer-BLAST program.
Each PCR assay included a negative control containing an
RNA sample without reverse transcription. It is not possible
to design primers that will detect only PRA mRNA, since the
mRNAs for PRA and PRB are transcribed from same gene.
PRB mRNA is longer than PRA mRNA. Therefore, the primer
pair for PRB mRNA will detect a part of the PRB mRNA that
is unique and not translated into PRA, while the PRAB pri-
mers will detect both PRA and PRB mRNAs since they are
directed to the common sequence of the mRNAs. To stand-
ardize the quantification method, RPLPO was selected out of
several tested housekeeping genes as an invariable internal
control. The PCR amplification rate and the cycle threshold
(Ct) values were related to a standard curve using iCycler iQ
Optical System Software (Bio-Rad, Hercules, CA, USA). The
values of relative expression of the genes of interest were
normalized against the RPLPO product.

Immunohistochemistry

The tissue sections were deparaffinized using xylene, rehy-
drated in graded ethanol and subjected to microwave treat-
ment for antigen retrieval in 0.01 M sodium citrate buffer
(pH 6.0) for 10 min and then allowed to cool for a further
20 min at room temperature (RT). Following washing in buf-
fer (0.1 M PBS or TBS, pH 7.4), nonspecific endogenous per-
oxidase activity was blocked by treatment with 3% hydrogen
peroxide (Merck, Darmstadt, Germany) in methanol for
10min at RT. Following 10 min wash in buffer, sections were
exposed for 30 min to normal horse or swine serum (Vector
Laboratories, Burlingame, CA, USA) diluted in PBS or TBS in a
humidified chamber at RT. The tissue sections were there-
after incubated with the primary antibody. The primary anti-
bodies are presented in Supplemental Table 2. Negative
controls were prepared by replacing the primary antibody
with the same concentration of the specie relevant IgG. All
dilutions, buffers and incubation times for the different anti-
bodies are shown in Supplemental Table 2. After the incuba-
tion with horseradish peroxidase-avidin biotin complex
(Vectastain Elite, Vector, Burlingame, CA, USA), the bound
enzyme was visualized by the application of 3,3’-diaminoben-
zidine (DAKO Cytomation, Carpinteria, CA, USA). The sections
were counterstained with hematoxylin and dehydrated
before mounted with Pertex®.

Image analysis

We used Leica microscope connected to a computer with
the Colorvision software (Leica Imaging System Ltd.,
Cambridge, UK) in order to assess the immunostaining quan-
titatively. In a systematic way, 10 fields were randomly
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selected from the squamous epithelium and the stroma, for
quantification of the area of positively immunostained
(brown) nuclei. The tissue types were analyzed separately. In
a few samples, it was not possible to obtain 10 separate sites
due to lack of representative tissue, in those samples all epi-
thelium and/or stroma were measured. The total area of
positively stained nuclei was measured and expressed as a
ratio of the total area of cell nuclei (brown reaction pro-
duct + blue hematoxylin). This method was used for analyz-
ing ERa, ERPB, AR, PRA and PRB.

Manual scoring

GPER and CTGF immunostaining was assessed by manual
scoring due to their mainly cytoplasmic localization. The
scoring was performed by two independent observers (BM,
LS) on a four-point scale from negative (0), (+) faint, (++)
moderate and (+++) strong immunostaining. Comparing
the results of this method, from two independent observers,
shows good consistency between investigators [14].

Statistical analysis

The main analyses were comparisons between cancer survi-
vors and control women using the Mann-Whitney U test.
Thereafter subgroup-analyses were performed comparing
hormonal levels in cancer survivors with various hormonal
treatments and controls in different phases of the menstrual
cycle and those on oral contraceptives. Further subgroup-
analyses were performed for the hormone receptor expres-
sion in the two treatment groups of cancer survivors. ANOVA
on ranks (Kruskal-Wallis test) was used for comparing differ-
ences in more than two treatment groups and significances
were evaluated by Dunn’s test, all pairwise multiple compari-
son procedures (Sigma-Plot 13, Alfasoft AB, Gothenburg,
Sweden). According to our statistic consultant, the
Bonferroni adjustments are appropriate when the study vari-
ables are independent. In our study, the variables are not
independent, hormones affect other hormones and recep-
tors, and therefore adjustments according to the Bonferroni
will be too conservative and result in type-ll errors, and are
therefore not performed. Correlations were evaluated by
Spearman’s test. Values were considered significantly differ-
ent when p< .05.

Results

Thirty-four cervical cancer survivors and 37 control women
met the inclusion criteria and agreed to participate in the
study. The mean ages did not differ between the cervical
cancer survivors and controls (Table 1). The cancer survivors’
oncological treatments are listed in Table 1. A more detailed
description of the cancer treatments and FIGO stage has pre-
viously been published [5]. Five patients were treated with
preoperative BT only and received minimal radiation dose at
biopsy site in the distal part of the vagina (treatment group
1), median 0.0 Gy (range 0-9.0). The other 29 cancer survivors
who were treated with EBRT and BT (treatment group II)
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Table 1. Clinical characteristics and treatments of cervical cancer survivors and control women.

Variable

Control women
N=37

Cervical cancer survivors
N=34

Age, mean (range)

Cervical cancer treatment group | — no. (%)
Preop brachytherapy + surgery

Cervical cancer treatment group Il — no. (%)
Preop brachytherapy + surgery + CRT
Preop brachytherapy + surgery + RT
Surgery + CRT (+brachytherapy)
Surgery + RT (+brachytherapy)
Primary CRT (+brachytherapy)

Systemic hormonal therapy — no. (%)
Estradiol
Estradiol + gestagen
Start end of treatment/first follow-up
Start when symptoms occurred

Local estrogen therapy — no. (%)
Start end of treatment/first follow-up
Start when symptoms occurred

Systemic and local hormonal therapy — no. (%)

Women with menstrual cycle — no. (%)
Follicle phase
Luteal phase®
Missing sample

Ongoing oral contraceptive — no. (%)
Combined
Gestagen

Women with no hormonal therapy — (%)

41 (29-51) 40 (30-49)

w

=

w
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CRT: chemoradiotherapy; RT: radiotherapy.
Serum progesterone levels >17 nmol/l.

received median 44.8 Gy (range 38.8-69) at the biopsy site.
As a consequence of the radiotherapy, all the patients have
ovarian failure, resulting in postmenopausal hormone levels.
Systemic hormonal therapy was used by 79% of the patients.
In 12% of the patients, when the cancer treatment did not
include hysterectomy, estrogen therapy with 17-estradiol
was combined with gestagen (Table 1). Only 38% of the cer-
vical cancer survivors used local estradiol therapy and the
majority had started the treatment after symptoms of atro-
phy had occurred. Among the control women, 62% were not
using hormonal contraceptive and they were divided into
follicular and luteal phase according to the progesterone lev-
els (Table 1).

Serum hormonal analyses

On a group level, there was no difference in the serum estra-
diol levels between all cancer survivors and control women
(Table 2). The serum progesterone level was significantly
lower among survivors, due to ovarian insufficiency after sur-
gery and/or pelvic radiotherapy. The serum levels of FSH and
LH were higher in the cancer survivors; i.e., postmenopausal
values. Also SHBG was higher in the cancer survivors, but we
found no differences in testosterone levels (Table 2). Cervical
cancer survivors treated with both systemic and local estra-
diol had a higher serum level of estradiol than survivors
treated with merely local estradiol and survivors with no hor-
monal treatment. There was no significant difference
between the group of cancer survivors treated with only sys-
temic estradiol and the other cancer survivors. Control
women with contraceptives had lower estradiol levels com-
pared to the cycling controls (Table 2).

In the subgroup analyses, we found no difference in the
serum hormone levels between cancer survivors with min-
imal radiation dose at the biopsy site, treatment group |
(n=15), preoperatively BT only, compared to treatment group
I, who had received a high radiation dose, EBRT-+ BT
(n=29). The serum estradiol levels showed median
108 pmol/l (interquartile range (IQR) (59.0-147.0) in treatment
group |, compared to 145pmol/l (85.0-208), p=.331, in
treatment group |l

Real-time PCR analysis

In 26 out of the 34 biopsies from the cancer survivors and
29 out of the 37 biopsies from the control women, an
adequate quality and quantity of RNA could be extracted.
The relative mRNA expression (median and IQR) of ERa in
the vaginal wall showed lower expression in the cancer survi-
vors (0.5 (0.3-0.8)) compared to controls (0.8 (0.6-1.0),
p =.007). The biopsies from the vaginal wall contained both
the epithelium and the underlaying stroma. We found a
higher mRNA expression of CTGF in the cancer survivors (0.6
(0.2-1.4)) compared to controls (0.2 (0.2-0.3), p=.002). No
differences in the mMRNA expression of steroid hormone
receptors in the vaginal wall were found in the analyses
between patients with minimal radiation dose at the biopsy
site, compared to high radiation dose.

In the subgroup analyses, we saw a difference in the con-
trol group, with the highest relative expression of ERo mRNA
in the follicular phase with median 0.93 (0.64-1.1), compared
to the luteal phase 0.53 (0.45-0.77), p=.027. We found no
differences in the subgroup analyses of the cancer survivors
with different hormonal treatments.
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Immunohistochemistry

Representative images from immunohistochemistry (IHC) and
the scoring results in the epithelium and stroma are shown
in Figure 1 and Table 3, respectively. In the cancer survivors,
there were a lower immunostaining of ERa in the epithelium,
but not in the stroma, compared to controls (Table 3). ERa
positive cells were predominantly distributed along the basal
membrane and less frequently in the stromal cells (Figure 1;
upper panel, left columns). The cancer survivors in the treat-
ment group with a high radiation dose at the biopsy site,
showed a lower immunostaining of ERa in the epithelium
and the stroma compared to those who only received pre-
operative BT. The later group showed expression of ERa
comparable to the control women (Table 3). The AR-express-
ing cells were found both in the epithelium and the stroma
(Figure 1; second panel, right columns). In the epithelium,
there was a lower expression in the cancer survivors com-
pared to controls, but no difference in the stroma (Table 3).
Women in the treatment group with external radiation
had a lower AR-expression in both epithelium and stroma,
compared to women with minimal radiation dose at the
biopsy site (Table 3). The PRA- and PRB-expressing cells were
sparsely distributed along the basal membrane in the epithe-
lium and more frequently in the stroma, with a lower

expression of PRB in the stroma among the cancer survivors
(Figure 1; third panel right columns). For the expression of
GPER and CTGF, we found no differences between the two
groups (Table 3).

We found no differences in the IHC scores of nuclear ster-
oid hormone receptors in the vaginal epithelium and stroma
in the analyses comparing cervical cancer survivors with dif-
ferent hormonal treatments (data not shown).

Correlation analysis

The correlation analyses were performed in the cancer survi-
vors and control women separately. In the control women,
we found a negative correlation between serum estradiol
and ERa expression in the epithelium (R=-0.359, p =.032),
but not in the stroma nor in the mRNA-expression of ERa. In
the cancer survivors, there was a negative correlation
between estradiol and the mRNA-expression of ERa
(R=-0.459, p=.019), but no correlation on the protein level.
Among control women, there was a positive correlation
between estradiol and PRB-expression in the epithelium
(R=0.341, p=.042) and in the stroma (R=0.400, p =.016).
Estradiol correlated positively to the mRNA-expression of
PRAB (R=0.581, p=.001) in the controls. No correlations
were found between estradiol and PRB/PRAB in the cancer

Figure 1. Representative images of immunostaining in the vaginal wall of cervical cancer survivors and controls. ERaz: estrogen receptor o; ERp: estrogen receptor
B; GPER: G-protein coupled estrogen receptor 1; AR: androgen receptor; PRA: progesterone receptor A; PRB: progesterone receptor B; CTGF: connective tissue
growth factor; epi: epithelium; str: stroma. Negative controls, where the primary antibody is replaced with the specie relevant IgG, are shown in the right bottom

panel. The bar represents 100 pm.
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Table 3. Immunohistochemistry scores of steroid hormone receptors and CTGF in the vaginal epithelium and stroma of cervical cancer survivors and con-

trol women.
Cervical cancer survivors
All cervical cancer survivors Control women Treatment group | Treatment group I
(n=25) (n=29)
(N=134) (N=137) Preop BT + surgery EBRT + BT + surgery + chemo
Median (IQR) Median (IQR) p Value® Median (IQR) Median (IQR) p Value®

ERo?

Epithelium 58.9 (42.1-72.8) 73.9 (64.2-79.5) .001 75.2 (61.7-84.0) 56.8 (37.3-69.9) .046

Stroma 28.2 (23.1-36.6) 32.5 (23.5-37.4) 489 38.3 (29.9-46.0) 27.0 (21.6-34.2) .037
ERB?

Epithelium 64.3 (45.2-75.9) 68.9 (51.8-75.1) 480 59.5 (49.3-85.5) 65.6 (44.5-75.0) 469

Strgma 22.4 (11.7-30.1) 26.2 (20.0-40.9) .051 26.9 (17.9-37.6) 21.4 (9.3-28.5) 263
GPER

Epithelium (1.0-2.0) 2.0 (1.0-2.0) .088 2.0 (1.0-2.0) 0-2.0) 470

Stroma 0-2.0) 1.0 (1.0-2.0) .906 1.0 (1.0-1.0) 0-2.0) 214
AR?

Epithelium 32.3 (17.4-51.6) 68.6 (61.4-80.3) <.001 56.4 (44.2-63.5) 31.3 (13.8-46.8) .010

Stroma 33,5 (16.1-46.8) 35.6 (26.4-44.6) 354 47.8 (39.5-55.6) 27.8 (14.1-40.5) .029
PRA?

Epithelium 0.2 (0.04-2.9) 0.3 (0.01-2.2) .560 0.3 (0.02-3.2) 0.2 (0.04-2.9) .846

Stroma 16.7 (6.5-23.9) 19.9 (13.4-25.8) 314 19.3 (0.7-20.0) 16.7 (7.6-25.7) 527
PRB?

Epithelium 1.5 (0.4-7.7) 1.6 (0.6-2.6) .824 0.9 (0.7-53.2) 1.5 (0.4-7.3) 1.00

Strtc’)ma 19.5 (4.1-26.4) 26.5 (19.6-31.9) .011 23.6 (17.2-30.2) 13.3 (3.6-26.4) .298
CTGF

Epithelium 1.0 (0.0-1.0) 1.0 (1.0-1.0) 320 1.0 (0.5-2.0) 1.0 (0.0-1.0) 376

Stroma 0.0 (0.0-1.0) 0.0 (0.0-0.0) .381 0.0 (0.0-1.0) 0.0 (0.0-1.0) .684

GPER: G-coupled estrogen receptor-1; CTGF: connective tissue growth factor; BT: brachytherapy; EBRT: external beam radiotherapy; chemo: concomitant chemo-
therapy; ER: estrogen receptor; AR: androgen receptor; PRA: progesterone receptor A; PRB: progesterone receptor B.

Percent positive stained nuclei image analyses.
PManual scoring, 0-3.
“p Values according to the Mann-Whitney U test.

survivors. We saw a positive correlation between testoster-
one and AR-expression in the epithelium (total testosterone
(R=0.367, p=.028), free testosterone (R=0.378, p =.023)) in
the control women, but not in the stroma nor in the mRNA-
expression. No correlation between testosterone and AR-
expression was found in the cancer survivors.

Discussion

Hormonal therapy with estrogen is recommended and widely
used by cervical cancer survivors, but the therapeutic out-
come in the vaginal wall is unclear. This is, to our know-
ledge, the first study on the steroid hormone receptor
expression in the vaginal wall of cervical cancer survivors
treated with radiotherapy. We found a lower expression of
ERa, at both mRNA and protein levels, in cervical cancer sur-
vivors compared to control women. The survivors with high
radiation dose at biopsy site showed lower expression of ERa
in both epithelium and stroma, compared to survivors with
minimal radiation dose. These results indicate that the vagi-
nal mucosa in cervical cancer survivors treated with high
dose radiotherapy has less potential to respond to estrogen
treatment in the chronic phase.

Steroid hormone receptor expression is a dynamic pro-
cess, normally affected by the serum steroid hormone levels.
The treatment of advanced cervical cancer with radiotherapy
results in complete cessation of the endogen estrogen pro-
duction by the ovaries. We found that the cancer survivors
and the controls had no difference in the serum estradiol on
a group level, which implies that the survivors were

sufficiently substituted. A majority had systemic estradiol
therapy (79%), which can correspond to 62% of the controls
that had regular menstruations and ovarian estradiol produc-
tion. However, the cancer survivors with only local estradiol
or no hormonal treatment at all showed significantly lower
levels of estradiol. The level of SHBG was higher in the can-
cer survivors, as typically seen as a result of systemic oral
estrogen therapy [15]. If this affects the biologically active
serum estradiol is not fully known.

The lower expressions of ERa in cervical cancer survivors
were present at both mRNA and protein levels. In one previ-
ous study on ERa mRNA expression in the vaginal wall in
pre- and postmenopausal women with vaginal prolapse,
lower expression was found in the postmenopausal group,
but no differences between the premenopausal women and
the postmenopausal women treated with systemic estradiol
[16]. In other small studies, no differences were found in the
ERa. mRNA expression between pre- and postmenopausal
women [17,18], but a lower ERB mRNA expression in postme-
nopausal women [17]. Comparing pre- and postmenopausal
expression of the ERs in the vaginal wall using IHC has
shown lower ERa expression in postmenopausal women
compared to premenopausal. The expression increased in
women treated with local estrogen [19], less with systemic
administration [20]. These results demonstrate the well-
known clinical effect of estradiol or estriol on the vaginal
mucosa of the postmenopausal atrofic changes. The discrep-
ans in the response to systemic treatment in postmeno-
pausal women and the cancer survivors after radiotherapy,
might be a result of fibrotic changes in the vaginal wall,
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affecting small vessels and thus omitting the hormone to
reach the hormone receptors in the mucosa [5].

Another interesting finding was that the survivors with
high radiation dose at biopsy site showed lower expression
of ERa in both epithelium and stroma, compared to survivors
with minimal radiation dose. One may speculate if the radi-
ation hampers the normal tissue response to estrogen ther-
apy. To our knowledge, there are no studies evaluating
modern hormonal therapy on vaginal changes in cervical
cancer survivors treated with radiotherapy. In the only dou-
ble-blind, placebo-controlled study on topical estrogen ther-
apy after radiotherapy for cervical cancer, 0.01% dienestrol
cream was used. In the evaluation with clinical examinations
after 5-8 months, the results from the study showed less
vaginal bleeding and the vaginal epithelium was considered
normal in appearance in 43% compared to 10% in control
women using cream without estrogen. Frequency of inter-
course was equal in the groups, but the estrogen-treated
group reported less dyspareunia [9]. Dienestrol is a synthetic
non-steroid estrogen with high binding affinity for ERa, two
times as great compared to estradiol, the substance typically
used in topical estrogen therapy today. Estriol, used in estro-
gen cream and gel in postmenopausal vaginal atrophy, has
less affinity for ERa than estradiol. In one study on systemic
estrogen therapy evaluating the effect on vaginal cytology in
women treated with radiotherapy for cervical cancer, no ben-
efits from treatment were seen. It must be pointed out
though, that the women in the study were examined after
just one week of systemic conjugated estrogen treatment
[10]. In our study, most cancer survivors started systemic
estrogen therapy at the end of the oncological treatment,
but regarding topical estrogen therapy the majority started
after vaginal symptoms of atrophy had already occurred.
Early start and accurate dosage, formula and type of local
estrogen therapy might be of importance for normal tissue
function, including preservation of receptor expression.

We found a lower expression of AR in the epithelium of
cancer survivors compared to control women. In the sub-
group analyses, AR expression was lower in the cancer survi-
vors that had received a high radiation dose at the biopsy
site. Higher AR protein and mRNA expression in the vaginal
wall in premenopausal compared to postmenopausal women
have been shown by Baldassarre et al. [21]. Metabolic disor-
ders, like type 2 diabetes, are associated with sexual dysfunc-
tion [22]. In postmenopausal women with diabetes AR
expression in the vaginal wall is reduced compared to post-
menopausal women without diabetes [23]. The AR is
involved in regulation of vaginal hemodynamics and mucifi-
cation [24], and alterations in expression may contribute to
changes in the vagina, affecting sexual response.

In animal studies, the expression of ERa was increased
and PR was decreased in the vaginal wall in rats after ovari-
ectomy, with loss of ovarian production of estradiol and pro-
gesterone [25]. The same study showed that treatment with
estradiol down-regulated ERa and up-regulated PR. In our
control women, we saw the same dynamic interplay between
serum estradiol and the negative correlation to ERa and
positive correlation to PRB levels. There was also a positive

correlation between testosterone and AR levels in the con-
trols. None of these correlations were observed in the cancer
survivors, which further indicate that the mucosa does not
respond normally to sex steroid hormones after radiation.
Our patients were examined between two to five years after
completed radiotherapy, when the adverse side effect of the
treatment is considered permanent. Again, the questions
arise whether changes in recommendations for local estro-
gen treatment should be considered. The estrogen therapy
used today is the same as for postmenopausal women with
a responsive mucosa. After radiation, an early start, higher
doses and/or increased frequency might preserve the muco-
sal ability to respond to estrogen.

We found a higher mRNA expression of CTGF in the vagi-
nal wall in the cancer survivors compared to controls. CTGF
is a central mediator of tissue remodeling and fibrosis [26].
We have earlier shown that cervical cancer survivors have
radiotherapy-induced fibrosis and elastosis in the connective
tissue of the vaginal wall [5]. This result supports our previ-
ous finding.

The strengths of this study are that we analyzed the ster-
oid hormone expression at both mRNA and protein levels,
the standardized sampling and the inclusion criteria of
women with no age-induced vaginal changes. However,
there are several limitations of the study. The heterogenous
material, concerning hormonal status in both cancer survi-
vors and in control women, might affect the result of mRNA
and receptor expression. We have tried to avoid this problem
by performing subgroup analyses, but the interpretation of
the results could be doubtful due to small sample-sizes. The
material, with the heterogenous hormonal treatment regi-
mens being used, probably reflects the clinical variability and
variation in compliance once the cervical cancer treatment is
completed. Another limitation could be that correction for
multiple analyses was not performed. However, the hor-
mones and the receptor levels are not independent variables,
since they affect each other. Performing a Bonferroni for
multiple comparisons would be too conservative and result
in an increase of type Il errors.

In conclusion, we found that external radiation reduces
the ERa and AR expression in the vaginal mucosa in cervical
cancer survivors. Our results indicate that the vaginal
changes in irradiated cervical cancer survivors and the lack
of response to hormonal treatment could partly be due to
the decrease in sex steroid hormone receptor expression.
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