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Objective: This study aimed to immunohistochemically investigate the
expression of 1.25-dihydroxyvitamin-D3-receptors (VDR) in benign and
malignant lesions of the endometrial tissue.

Method: The cases were divided into two groups as benign (n=10)
and endometrioid adenocarcinoma (n=17) according to their
endometrial pathology results. The expression of VDR was examined
by immunohistochemical method in endometrial tissues of participants
(n=27). Then, VDR expression levels were compared between the
groups. The intensity of expression, extent of staining and overall scores
were determined for the semi-quantitative evaluation of VDR expression.
Demographic data of the patients were also recorded.

Results: There was no significant difference between the groups in terms
of demographic data (p>0.05) except age (p<0.001). VDR expression level
in the malignant group was significantly higher than in the benign group
(p<0.001). It was observed that when the tumor grade increased, the
expression level of VDR also increased significantly (r=0.888, p<0.001).
Similarly, VDR expression increased significantly as the stage progressed
(r=0.639, p=0.006) but there was no statistically significant correlation
between tumor size (p=0.645), estrogen receptor positivity, PR positivity
and presence of lymphovascular invasion on VDR expression (p>0.05).

Conclusion: The expression of VDR was increased in endometrial
cancer when compared to normal endometrial tissue. As the tumor
behavior became aggressive, VDR expression also increased. As a
result, increased VDR level may be associated with endometrial cancer
development and stage of disease.
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Amag: Bu galisma, endometrial dokunun benign ve malign lezyonlarinda
1,25-dihidroksi-vitamin-D3-reseptorlerinin (VDR) ekspresyonunu
immunohistokimyasal olarak arastirmak igin tasarlandi.

Yontem: Olgular endometrial patoloji sonuglarina gore benign (n=10)
ve endometrioid adenokarsinom (n=17) olarak iki gruba ayrildi
Olgulara (n=27) ait olan endometrial dokulardaki VDR ekspresyonu
immunohistokimyasal yontemlerle incelendi ve gruplar arasinda VDR
ekspresyon seviyeleri karsilastirildi. VDR ekspresyonunun yari nicel
degerlendirilmesi igin ekspresyon yogunlugu, boyanma dansitesi ve
genel skorlar belirlendi. Hastalara ait demografik veriler kaydedildi.

Bulgular: Gruplar arasinda, yas disindaki (p<0,001) demografik verilerde
anlamli fark yoktu (p>0,05). Malign grupta VDR ekspresyon dUzeyi benign
gruba gore anlamli olarak daha ylksekti (p<0,001). Tumor derecesi
arttiginda VDR ekspresyon seviyesinin de onemli dlgtde arttigr gozlendi
(r=0,888, p<0,001). Benzer sekilde, VDR ekspresyonu da evre ilerledikge
onemli Olgude artmistt (r=0,639, p=0,006). Ancak timor boyutuy,
(p=0,645), ostrojen reseptort pozitifligi, PR pozitifligi ve lenfovaskuler
invazyon varligr ile VDR ekspresyonu arasinda istatistiksel olarak anlamli
bir iliski bulunamadi (p>0,05).

Sonug: VDR ekspresyonu, normal endometrial doku ile karsilastirildiginda
endometrial kanserde artmaktadir. TUmor davranigi agresif hale
geldiginde, VDR ekspresyonunun da arttigi gozlendi. Sonug olarak, artan
VDR seviyesi, endometrial kanser gelisimi ve hastalik evresi ile iligkili
olabilir.
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Introduction

Endometrial cancer (EC) is the most common gynecological
cancer in developed countries (1). Risk factors for EC are
obesity, nulliparity, older age, unopposed estrogen therapy;,
and diabetes mellitus. There are two main subtypes of
EC, known as endometrioid and non-endometrioid.
Endometrioid type is well differentiated and estrogen
dependent tumor seen at a younger age. In contrast, the
non-endometrioid type (clear cell, serous) is known to be
estrogen-independent and more aggressive tumors seen at
older ages (2).

At the present times, low vitamin D levels are suggested as
animportantrisk factor for many types of cancer. Ithas been
reported that vitamin D may achieve its anti-carcinogenic
effect via inhibition of cellular proliferation, enhancement
of differentiation, apoptosis and modulation of calcium
metabolism (3,4). Besides the anti-carcinogenic properties
of vitamin D, it also has positive effects on cardiovascular
disease and diabetes mellitus (5,6).

Vitamin D active form (1.25-dihydroxyvitamin-D3)
achieves all these effects via 1.25-dihydroxyvitamin-D3-
receptors (VDR). VDR belongs to the nuclear receptor group
and is located on the long arm of the 12" chromosome.
VDR has been shown to be found in 30 different tissues
in the body, including the endometrium. VDR is known to
regulate gene expression by interacting with retinoic acid
(RXR) transcription factor after combining with vitamin D
active form (7,8). A recent study has reported that the RXR
receptor and VDR are overexpressed in mutation of BRCA1
in breast cancer cases and predicted overall survival (9).
VDR expression has been demonstrated in many types
of cancer, including EC. This situation strengthens the
possibility of VDR to play a role in cancer etiology (10).
Since studies investigating the relationship between EC and
VDR are quite limited in the literature (11,12), we aimed to
investigate the vitamin D receptor expression in EC cells in

the present study.

Materials and Methods

Tissue samples were obtained from Istanbul University
Cerrahpasa-Cerrahpasa Pathology Laboratory between
January 2017 and January 2018. Demographic data of the
patients were recorded. The cases were divided into two
groupsas benign (n=10) and endometrioid adenocarcinoma
(n=17) according to their endometrial pathology results.
The expression of VDR was immunohistochemically (IHC)
investigated in endometrial tissues of participants (n=27)

and VDR expression levels were compared between the
groups. The intensity of expression, staining density and
overall scores were determined for the semi-quantitative
evaluation of VDR expression.

The material was archival formalin-fixed, paraffin-
embedded tissue from routine histopathological work-ups.
Tumor blocks of paraffin-embedded tissue were selected by
experienced pathologist, evaluating theroutine H&E stained
sections. Tissue samples used for immunohistochemistry
were proliferative and secretory phase endometrium and
endometrioid adenocarcinoma

IHC Analysis

The immunostaining was carried out at the room
temperature using DAKO Autostainer Universal Staining
System (Autostainer Link 48 DAKO, Glostrup, Denmark).
At the first step, sections obtained from selected paraffin
embedded blocks in 4-mm thickness were put on positively
charged slides. Then, all the sections were deparaffinized in
xylene and dehydrated through a graded series of ethanol
solution. At the third stage, antigen retrieval was performed
at 96 °C (10 mM/L citrate buffer, pH 6) for 40 min in a
thermostatic bath (PT link). The sections were incubated
with anti-GC (primary VDR antibody cat. no: #12550, Cell
signaling technology, inc. dilution of 1:200) for 60 min
at the room temperature. Positive and negative controls
were added for antibody. A streptavidin-biotin enhanced
immunoperoxidase technique (K8000 Envision Flex, DAKO,
Glostrup, Denmark) in an automated system was used to
show immunoreactions. The sections were incubated
with DAB and counterstained lightly with hematoxylin to
demonstrate binding. Finally, the sections were dehydrated
and mounted onto the slides. The positivelyimmunostained
slides were used as positive controls. Normal rabbit serum
IgG was used to replace primary antibody as a negative
control.

Evaluation of the Immunostaining

All the sections were examined under light microscope
(Olympus BX53 Olympus Co., Tokyo, Japan). Image
Analysis Software (DP-BSW Microscope digital camera
software program) was used for assessing the samples.
For each section, five areas of similar grade were analyzed
semiquantitatively for the fraction of cells staining. The
intensity of VDR expression evaluated microscopically
was graded on a scale of 0 to 3+ (0, no staining; 1+, mildly
intense; 2+, moderately intense; 3+, severely intense).
The extent of staining was quantified as the percentage of
cells staining positive for VDR antibody, as follows: 0= no
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staining; 1= positive staining in <25% of the sample; 2=
positive staining in 25%-50% of the sample; 3= positive
staining in >50% of the sample. Intensity score (0 to 3+)
was multiplied by the density score (0-3) to give an overall
score of 0-9. The overall score for each specimen was then
categorically assigned to one of the following groups: 0
score, negative expression; 1-2 scores, weak expression; 3-6
scores, moderate expression; 7-9 score, strong expression
(Table 1) (13).

Statistical Analysis

Whether the distributions of continuous variables were
normal or not was determined with the Shapiro-Wilk test.
The assumption of homogeneity of variances was examined
by the Levene test. Descriptive statistics were expressed as
mean + standard deviation, median (minimum-maximum)
or number of cases and (%), where appropriate. While the
mean differences between the groups were compared using
the Student’s t-test, the Mann-Whitney U test was applied
for the comparisons of the variables which did not meet
the parametrical test assumptions. In both 2x2 and also
RxC contingency tables to compare categorical variables,
the Fisher’s Exact or Fisher Freeman Halton test was used
when Y4 or more of the cells had an expected frequency of
5 or less. Spearman’s rank order correlation coefficients
were calculated to determine degrees of association
between tumor size, tumor grade, and stage with overall
expression scores. Data analysis was performed using IBM
SPSS Statistics version 17.0 software (IBM Corporation,
Armonk, NY, USA). A p-value less than 0.05 was considered
as statistically significant.

Results

Comparisons of demographic and clinical characteristics of
benign (control) and malignant (study) groups are shown
in Table 2. The mean age of the case group was statistically
significantly higher than that of the control group (p<0.001).
Among the groups, there was no statistically significant

Table 1. Immunohistochemical evaluation of vitamin D

receptors

Score Intensity Staining Overall score
expression (X) density (Y) (XxY)

0 No staining No staining Negative expression
+1 Mildly intense <25% of the 1-2: weak expression
sample
+2 Moderately 25-50% of the ~ 3-6: moderate

intense sample expression

0, _Q
+3 Severely intense >50% of the 7-9: strqng
sample expression
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difference in terms of body mass index, parity, education
level, hypertension, diabetes mellitus and smoking history
(p>0.05).

Other clinical parameters of endometrioid cancer cases are
shown in Table 3.

The intensity, extent of staining and overall median
expression scores of the study group were statistically
significantly higher than those of the control group
(p=0.005, p<0.001 and p<0.001) (Figure 1).

Table 3 shows the correlation levels between tumor grade,
tumor diameter and stage and overall staining score within
the study group. Accordingly, as the tumor grade increased,
the overall expression score increased significantly (r=0.888,

Table 2. Demographic and clinical data of the groups

Control Study p

group group

(n=10) (n=17)
Age (year) 48.0+4.0 58.917.4 <0.001t
BMI (kg/m?) 272140 29.6%5.6 0.253t
Parity 3 (2-5) 2 (0-5) 0.287%
Education - - 0.773¢
Primary school 9 (90.0%) 13 (76.5%) -
High school 1(10.0%) 2 (11.8%) -
University 0 (0.0%) 2 (11.8%) -
Hypertension 4 (40.0%) 9 (52.9%) 0.695¥
Diabetes mellitus 3 (30.0%) 8 (471%) 0.448%
History of smoking 2 (20.0%) 4 (23.5%) >0.999¢
Intensity expression scores  1(1-3) 2(1-3) 0.005*
Staining density scores 1(0-1) 2 (1-3) <0.001%
Overall scores 1(0-2) 4(1-9) <0.001%

*Student'’s t-test, *Mann-Whitney U test, 9Fisher-Freeman-Halton test, ¥Fisher's
Exact test, BMI: Body mass index
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Figure 1. The distribution of VDR expression scores
(intensity, density and overall) in the endometrial tissue
according to the groups

VDR: 1.25-dihydroxyvitamin-D3-receptors
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p<0.001). While there was no statistically significant
correlation between tumor diameter and overall expression
(p=0.645), as the stage progressed, the overall expression
score also increased significantly (r=0.639, p=0.006).

Table 3. Other clinical findings of the cases within the study

group

n=17
Grade of tumor
I 6 (35.3%)
1 8 (471%)
1] 3 (17.6%)
Tumor diameter (cm) 3.5 (0.5-5.0)
ER + 10 (58.8%)
PR + 10 (58.8%)
Myometrial invasion
Less than 2 14 (82.4%)
More than %2 3 (17.6%)
Lymphovascular invasion 4 (23.5%)
Intraperitoneal fluid
Benign 14 (93.3%)
Malignant 1(6.7%)
Stage
Al 13 (76.5%)
B1 1(5.9%)
B2 2 (11.8%)
4 1(5.9%)

ER: Estrogen receptor, PR: Progesterone receptor

In Table 4, the comparisons made in terms of overall
staining scores according to the other clinical findings of
the cases within the case group are included. Accordingly,
there was no statistically significant effect of ER positivity,
PR positivity and LVI on overall expression scores
(p>0.05). On the other hand, overall staining scores of
those with more than %2 were statistically significantly
higher than those with myometrial invasion level less
than %2 (p=0.012).

IHC Results of the VDR

VDR Expression in Normal Endometrium

The VDR immunoreactivity in the proliferative and
secretory phase endometrium was weak nuclear staining
in the glandular epithelium compared to the surrounding
stroma. Some of the normal endometrial glands revealed
weak nuclear immunoreactivity for VDR, while the
remaining cases were VDR negative (Figure 2).

VDR Expression in Endometrioid Adenocarcinoma

The VDR immunostaining of an endometrioid
adenocarcinoma revealed moderate-strong immunostaining
of endometrial cells. The intensity of VDR immunostaining
and the number of VDR positive cells were both up-regulated
in endometrioid adenocarcinoma cells as compared to
control endometrium. In respect of the vitamin D receptor in
grade III endometrioid adenocarcinoma, its expression was
more increased compared to normal endometrial glands. It

Figure 2. Expression of VDR in normal endometrial tissue and endometrioid adenocarcinoma. H-E staining (a,b,c,d) and
immunohistochemical VDR expression (e,f,g,h) in normal endometrial tissue (a,e), grade I (b,f), grade II (c,g) and grade III
(d,h). Original magnification of H-E and VDR immunostaining at x200 (scale bar 100 pm). Notice strong immunoreactivity for
VDR that is upregulated in grade III endometrioid adenocarcinoma compared to normal endometrial tissue

VDR: 1.25-dihydroxyvitamin-D3-receptors
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was shown that the VDR immunoreactivity was upregulated
in cancer cells (Figure 2).

Discussion

Currently, the relationship between vitamin D and
cancers is being studied more. However, most of these
studies consist of epidemiological studies (13,14).
Although the relationship between vitamin D and
many cancer types has been shown, the studies on the
relationship between EC and vitamin D are quite limited
in the literature. In an ecological study, it was shown that
ultraviolet-B decreased the incidence of EC by increasing
vitamin D level. On the contrary, it was emphasized in a
meta-analysis that no significant relationship was found
between vitamin D intake and EC. These conflicting
and limited results suggest that this issue should be
investigated further.

Studies on vitamin D receptors at the tissue receptor level
are very limited in the literature, especially in EC (11,12).
Therefore, we chose to investigate vitamin D receptor
expression in EC tissue.

In the systematic review by Deuster et al. (10), it
was reported that VDR expression increased in all
gynecological cancers. In addition, it was reported that
VDR gene polymorphism was associated with increased
risk of breast, prostate, and bowel cancer in studies other
than gynecological cancers (15-17). This information
supports the possibility that VDR may play a role in the
development of EC.

It is known that estrogen is an important risk factor in the
development of EC (2). It was reported in a previous study
that VDR was a mediator of estrogen-dependent pathways
(18). In our study, there was no statistically significant effect
of ER positivity and PR positivity on overall expression
scores (p>0.05) in endometrioid adenocancer cases. We
think that further studies at molecular level are needed in
the future regarding the relationship between estrogen and
VDR.

Table 4. Correlation coefficients and significance levels

between tumor grade, tumor diameter and stage and
overall staining score within the study group

Correlation coefficients pt
Tumor grade 0.888 <0.001
Tumor diameter -0121 0.645
Stage 0.639 0.006

*Spearman's rank order correlation analysis
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There were very few studies in the literature similar to our
study. In the study conducted by Agic et al. (11) in only five
EC cases, VDR expression was found to be higher in the EC
group compared to the benign group. These findings were
not compatible with those of Bergada et al. (12). Yabushita
et al. (19) observed that VDR expression decreased when
1.25 dihydroxyvitamin D3 was added to EC live cell cultures
for six days. In our study, VDR expression was found to
be higher in the EC group (n=17) compared to the benign
group. This situation may be explained by the increase in
VDR due to low vitamin D level in EC. Since our study was
designed retrospectively, serum vitamin D levels could not
be measured simultaneously.

In our study, in accordance with the findings of Bergada
et al. (12), it was observed that VDR expression increased
significantly as the grade of tumor tissue increased in
EC cases (r=0.888, p<0.001). In addition, as the stage
progressed, the overall expression score also increased
statistically significantly (r=0.639, p=0.006) but there was
no statistically significant correlation between tumor
diameter and overall expression (p=0.645). Similarly,
overall staining scores of those with more than %
were statistically significantly higher than those with
myometrial invasion level less than Y2 (p=0.012). This
indicates that VDR expression increases as the tumor
grade and stage increases. There was information that
VDR expression increased as vitamin D level decreased.
(19). VDR is a nuclear receptor and it is not clear how to
work. In a molecular study on VDR, it was reported that
VDR interacts with transcription factors such as RXR
and exerts its anticarcinogenic effects by regulating gene
expression (8). In this way, it may be possible for VDR to
affect grade and stage of tumors.

There was no significant difference in demographic data
except age. This difference may be related to the fact that
EC cases are seen at older ages. Moreover, simultaneous
serum vitamin D levels could not be measured because
our study was not designed prospectively. In addition, the
inhomogeneity of the number of the groups, low number
of cases and not investigating the relationship between
histological subtypes and VDR expression can be counted
among the limitations of this study.

Conclusion

As a result, increased VDR expression in endometrial
tissue may be closely related to the development of EC.
Prospective studies are needed on this subject.
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