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Abstract: The exposure of ultraviolet and vitamin D serum 

levels have been linked to prostate cancer. At the cellular level, 

the main function of vitamin D is mediated by VDR in order to 

reduce proliferation and increase apoptosis in some malignancy. 

Objective: To assess the distribution of VDR 

immunohistochemical expression in prostate adenocarcinoma 

based on age, PSA value, and histopathological grading. 

Materials and Methods: This descriptive study with cross 

sectional approach used 34 samples from paraffin blocks from 

patients histopathologically diagnosed as prostate 

adenocarcinoma. Immunohistochemical staining of VDR were 

perfomed and their expression were determined based on brown 

color expressed in cytoplasm and nuclei. The results were 

assessed by summing area score and intensity score. All results 

were presented in frequency tables. Results and Discussion: 

There were about 6.7% patients in 61-70 years age group and 

4.2% patients with high PSA showing high VDR expression. 

Based on grade group, the lower grade group, the stronger VDR 

expression. Conclusion: Weak VDR expression was most often 

found in 51-60 years age group; high PSA value; Gleason score 

3+4=7 and 4+4=8; moderately differentiated and poorly 

differentiated; and also grade group 4. Moderate and strong VDR 

expression was most often found in 61-70 years age group and 

high PSA. Moderate VDR expression was also most often found 

in Gleason score 4+5=9, poorly differentiated, and grade group 

5. Meanwhile, strong VDR expression was most often found in 

Gleason score 3+4=7; moderately differentiated and grade group 

2. 
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I. INTRODUCTION 

 

rostate adenocarcinoma is an invasive carcinoma consisting 

of neoplastic prostate epithelial cells with differentiation and 

secretion arranged in various histomorphological patterns. In this 

carcinoma, basal cells are generally not found.1 Prostate 

adenocarcinoma is one of leading causes of death in men. Each 

year 1.6 millions men are diagnosed as prostate adenocarcinoma 

and 366,000 men die because of this tumor around the world.2 In 

2019, prostate adenocarcinoma ranked in first most frequent 

cancer diagnosis with total new cases 174,650 (20%) and second 

leading cause of death in men after lung cancer with total cases 

of 31,620 cases (10%) in USA.3 In Asia, the mean incidence of 

prostate cancer is 7.2 per 100,000 men per year.4,5 In North 

Sumatra in 2016, prostate cancer ranked in 4th after lung, 

cervical, and breast cancer with 42 cases.6 In Medan in 2014 

based on health center recapitulation, there were 99 prostate 

cancer patients ranking in 2nd after breast cancer (499 cases).7  

Prostate tissue is influenced by two steroid hormones, i.e. 

testosterone and vitamin D. The action of these hormones are 

mediated by androgen receptor (AR) and VDR, respectively. 

Active hormone form of vitamin D is 1,25-dihydroxyvitamin D 

by inhibiting angiogenesis growth and metastasis in cancer cells.8 

Vitamin D has been recognized as one of hormones and has been 

known to have a lower risk in some cancers, including prostate 

cancer.9 The function of nuclear transcription of VDR is to 

regulate transcription factors and mediate the action of vitamin D 

in protein synthesis and contribute to bone mineral homeostasis 

and regulation of cell cycle.10 

The role of vitamin D in various diseases and cancers has 

received much attention and has been widely studied in a number 

of researches. The first immunohistochemical comparative study 

in 27 samples from various age category of 10-19 years old, 20-

29 years old, 30-39 years old, 40-49 years old, 50-59 years old, 

and 60-69 years old, showed that the weakest VDR expression is 

found in 10-19 years age group, which increase in 20-59 years 

old, and decrease in 60-69 years old.11 The latest study about 

VDR protein expression in 841 prostate cancer patients showed 

that men with high VDR expression showed decrease in PSA 

value, Gleason score, and stagnant tumour stage; therefore, 

significantly reduce the risk of lethal malignancy of prostate 

cancer.9,12 

VDR in human prostate hasn’t been studied much so that it 

can be used as a subject for further research. Based on previous 

studies, there are still discrepancy in the results obtained. 

According to Krill et al. in 2001, immunohistochemical staining 

in prostate tumour tissue was expressed in nuclei,11 meanwhile 

based on Hendrickson et al in 2011, it was expressed in 

cytoplasms/membrane.9 Vitamin D serologic examination hasn’t 

yet been carried out as a prognostic indicator for prostate 

adenocarcinoma at referral hospital so it was difficult to obtain 

blood samples vitamin D value, whereas it is known that vitamin 

D is beneficial in inhibiting poorer prognosis in prostate 

adenocarcinoma. This study hasn’t been done in Indonesia, 

especially in Medan. This study aimed to assess the distribution 
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of VDR immunohistochemical expression in prostate 

adenocarcinoma based on age, PSA value, and histopathological 

grading. 

 

I. MATERIAL AND METHODS 

 

Sample selection 
This descriptive research with cross sectional approach was 

done in General Hospital H. Adam Malik Medan/ Department of 

Anatomical Pathology, Medical Faculty USU. This study was 

conducted from June 2020 until May 2021, after receiving 

approval from Health Research Ethics Committee, Medical 

Faculty Universitas Sumatera Utara Medan.  

Study samples were gathered from paraffin blocks from 

patients diagnosed as prostate adenocarcinoma cases in General 

Hospital H. Adam Malik Medan/ Department of Anatomical 

Pathology, Medical Faculty USU fulfilling inclusion and 

exclusion criteria. Samples were gathered by using total 

sampling. Inclusion criteria in this study were paraffin blocks 

from TURP, prostatectomy and core biopsy specimens that has 

been histopathologically diagnosed as prostate adenocarcinoma, 

are adequate after stained with hematoxylin-eosin, and adequate 

medical record including age and PSA level. Meanwhile, 

exclusion criteria were incomplete medical record (no age and 

PSA level), paraffin blocks with core biopsy specimens <10, and 

paraffin blocks/ slides that are not fulfilling standard (damaged, 

etc.). Each samples were stained with HE and VDR polyclonal 

antibody immunohistochemistry (Bioassay technology 

laboratory, dilution 1:100-1:300). 

After that, review slides by researcher and two pathologists 

supervisors were done. PSA level was categorized into normal 

(value≤4.0 ng/ml), moderate (4.1-10ng/ml), and high 

(>10ng/ml).13 To evaluate histopathological grading in this study, 

the researchers use two versions, which are based on Gleason 

score and grade group. According to Gleason score, 

histopathological grading are categorized into well differentiated 

(Gleason score ≤ 6), moderately differentiated (Gleason score 7), 

and  poorly differentiated (Gleason score 8 – 10).14 On the other 

hand, based on grade group, histopathological grading are 

categorized into: Grade group 1 (Gleason score ≤6), Grade group 

2 (Gleason score 3+4), Grade group 3 (Gleason score 4+3), 

Grade group 4 (Gleason score 4+4=8, 3+5=8, 5+3=8), and Grade 

group 5 (Gleason score 9–10).15 

Then, the assessment of VDR expression in prostate 

adenocarcinoma samples was done. VDR expression was 

determined by brown appearance in cytoplasms and nuclei. VDR 

expression score was obtained by adding up total area score and 

intensity score. Positive control was taken from gut specimen. 

Total area was done as follows: score 0 (if no positive stained 

nuclei and cytoplasms), score 1 (<10% of positive stained nuclei 

and cytoplasms), score 2 (10-50% of positive stained cells), and 

score 3 (>50% of positive stained cells. Meanwhile, intensity was 

scored as follows: 0 (none), 1 (weak, light brown), 2 (moderate), 

and 3 (strong, dark brown). After that, the total score of VDR 

expression was categorized as weak (if total score ≤2), moderate 

(if total score 3-4), and strong (total score 5-6).9,16  

 

Data analysis 

Data collected in this research were processed by using 

statistical software and presented in frequency tables.  
 

 
Figure 1. Interpretation of VDR immunohistochemical staining.  

 

II. RESULTS 

 

In this study, 34 samples with prostate adenocarcinoma 

diagnosis in Department of Anatomic Pathology, Faculty of 

Medicine, Universitas Sumatera Utara and Anatomic Pathology 

Unit, General Hospital Haji Adam Malik Medan were obtained. 

In this study, analysis about the distribution of VDR 

immunohistochemical expression in prostate adenocarcinoma 

based on age, PSA level, and grading histopathology was done. 

This research showed that weak VDR expression was most 

common found in 51-60 years age group (50%) and high PSA 

level (62.5%). Moderate VDR expression was most common 

found in 61-70 years age group (48%) and high PSA level (72%). 

Strong VDR expression was most common in 61-70 years age 

group (6.7%) and high PSA level (100%) (Table 1). 

Besides that, analysis about the frequency distribution of 

VDR expression based on grading histopathology was done. 

Weak VDR expression was most common found in Gleason 

score 3+4=7 and 4+4=8 (respectively 37.5%); moderately 
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differentiated and poorly differentiated (respectively 50%); and 

grade group 4 (50%). Moderate VDR expression was most 

common found in Gleason score 4+5=9 (24%); poorly 

differentiated (72%); and grade group 5 (56%). Strong VDR 

expression was most common in Gleason score 3+4=7 (100%); 
moderately differentiated (100%); and grade group 2 (100%). 

 

Table 1. Frequency distribution of VDR expression based on 

age and PSA level.  

 
 
Table 2 Frequency distribution of VDR expression based on 

grading histopathology 

 
 

III. DISCUSSION 

 

Prostate tissue is influenced by two steroid hormone, i.e. 

testosterone and vitamin D. 1,25(OH)2D3 is the most active 

vitamin D metabolite due to the highest affinity binding to VDR. 

This VDR has been found in prostate epithelium and cancer 

cells.17 In cellular level, vitamin D has anticancer effects through 

some mechanisms, such as inhibition of proliferation (through 

cessation of cell cycle), invasion and angiogenesis, sensitization 

to stimulus of apoptosis, induction of differentiation, and 

immune system regulation.8,9,18 In all cancer types, this 

combination of anticancer mechanism effects towards tumour 

and stroma cells maybe determine how vitamin D works.18 The 

most likely mechanism why G0/G1 phase of the cell cycle stop at 

prostate cancer cells that express VDR is inhibition of cyclin-

dependent kinase inhibitor, i.e. p21 and p27, of which expression 

set differently by 1,25(OH)2D, thereby inhibiting the 

development of the cell cycle in the S phase. In prostate cancer 

model, the exposure of 1,25(OH)2D can increase messenger and 

protein p21 rate. These effects will be potentiated in cases of 

combination therapy, such as in prostate cancer where vitamin D 

and Akt inhibitor cooperate in inducing the cessation of G1 phase 

of the cell cycle and cell aging, i.e. by inducing upregulation of 

p21.19 

In prostate cancer cells, prolonged exposure to 1,25(OH)2D 

is able to induce apoptosis by stimulating pro-apoptotic factor 

Bax and Bad, by inhibiting antiapoptotic factor such as Bcl-2, 

and by stimulating caspase-3 expression through downregulation 

of Wnt/β-catenin pathway. Furthermore, the accumulation of β-

catenin in nuclei can promote several oncogene transcription, 

including c-MYC, contributing to carcinogenesis and 

development of cancer cells, because c-MYC is involved in cell 

cycle. Moreover, vitamin D greatly contributes to the regulation 

of cytokines and prostaglandin and also inhibits NF-kB 

signaling.19  

1,25(OH)2D3 has two types of effects on target cells, i.e. 

genomic and non genomic pathways. Most researches indicate 

that these two effects are mediated by the binding of 1,25 

(OH)2D3 to VDR and activation of VDR.18 Genomic pathway 

(nuclei) occurs when vitamin D, or in its active form, calcitriol 

binds with VDR forming heterodimer with retinoic X receptor 

(RXR) and with its ligand (nine cisretinoic acid). This dimer 

forms complex with Vitamin D response-related element through 

gene transcription to produce differentiation function. Non-

genomic pathway (cytoplasms) is a rapid mechanism of VDR 

binding to calcitriol taking place in the VDR membrane on the 

caveolae plasma membrane. The binding of VDR to calcitriol in 

plasma membrane will activate some second messenger system.14 

The presence of these two pathways is evident when VDR 

immunohistochemistry was partly stained in the nucleus and 

partly in the cytoplasm.  

This study showed that almost all samples in all age 

category has moderate VDR expression. The only sample with 

strong VDR expression aged 61-70 years old (100%). From 8 

samples with weak VDR expression, there were 4 aged 51-60  

years old (50%), and 2 samples aged 61-70 years old and >70 

years old, respectively (25%). So far, researchers didn’t find any 

studies associating age and VDR expression in oesophagus SCC 

patients. This study revealed that most of the patients aged ≤60 

years old and >60 years old together have low VDR expression. 

There were no differences in VDR expression in both age 

groups.20 

There was one study by Krill et al about how VDR 

expression patterns in normal human prostate. They found that 

the lowest VDR expression was found in 10-19 years age group, 

which increase in 20-59 years age group and decrease in 60-69 

years age group. However, there was a reduction of VDR 

expression about 22% at 50-59 years old compared to 60-69 

years old that was statistically not significant. It was not 

explained in this study why this can happen.11 From this, it may 

be assumed that there may be a certain age tendency to have a 

strong VDR expression. Nevertheless, the results of this study 

should be investigated further. Campolina-Silva et al found that 

as the Wistar rats get older, their VDR expression level will 

increase, except in lesion areas with intraepithelial proliferation, 

metaplasia, and proliferative inflammatory atrophy. Any reduced 

expression of VDR is an important element in the 

histopathological changes in the aging prostate. Therefore, this 
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VDR expression status should not be ignored if there is prostate 

disease.21 

Furthermore, based on PSA level in this study, the only 

sample with strong VDR expression has high PSA level (100%). 

From 8 samples with weak VDR expression, there were 5 with 

high PSA level (62.5%) and 3 normal (37.5%). This study result 

was in accordance with Swami et al and Hendrickson et al. From 

these literatures, revealed that prostate carcinoma patients with 

high VDR expression showed reduction in PSA value.9,12 

In this study, based on Gleason score, the only prostate 

adenocarcinoma sample with strong VDR expression has gleason 

score 3+4=7 (100%). From 8 samples with weak VDR 

expression, each 3 samples had gleason score 3+4=7 and 4+4=8 

(37.5%); and each 1 sample had gleason score 4+3=7 and 5+3=8 

(12.5%). Then, the only prostate adenocarcinoma sample with 

strong VDR expression was determined as moderately 

differentiated (100%). From 8 samples with weak VDR 

expression, there were 4 samples with moderately differentiated 

and poorly differentiated prostate adenocarcinoma, respectively 

(50%). This study seems to be in line with Hendrickson et al. 

They found that men with high VDR protein tumour expression 

have better clinical characteristics, including lower Gleason 

score. They also found that the highest VDR expression was in 

tumour with Gleason score 3+3=6 and decreased with increasing 

Gleason score (p<0.001).9 In Jingwi et al, there was a association 

between single nucleotide polymorphism (SNP) VDR and 

Gleason score in prostate adenocarcinoma, i.e. there was an 

association between BsmI genotype and rs2239185 and high  

Gleason score.22 In this study, in all grade histopathology have 

diversity in VDR expression. It is possible that this is due to the 

difference in SNP VDR in study samples. Therefore, further 

researches about SNP VDR in this group samples was needed. 

Based on grade group, the only prostate adenocarcinoma 

samples with strong VDR expression was defined as grade group 

2 (100%). From 8 samples with weak VDR expression, there 

were 4 samples with grade group 4 (50%), 3 with grade group 2 

(37.5%), and 1 grade group 3 (12.5%). In this study, it was also 

found that the stronger the VDR expression, then the lower the 

grade group. Ginting et al in their study divided grade group into 

three groups such as low (grade 1 and 2), moderate (grade 3), and 

high (grade 4 and 5). They showed that about 10% of low grade 

group had strong positive VDR expression, while 20% of high 

grade cases was also strong expressed in VDR. But, when 

statistically tested, it was found that there was no difference 

between the expression of VDR and prostate adenocarcinoma 

grade group. Besides that, it was also found that in all grade 

group, moderate VDR expression was found higher than the 

strong one.14 

Increased expression of VDR in colorectal cancer is 

associated with better tumour differentiation, absence of lymph 

node involvement and better prognosis. In breast cancer, this 

increased expression of VDR was also related with slower 

metastasis to lymph node and longer disease-free survival. 

Besides that, the cellular response to 1,25(OH)2D3 mainly 

depends on VDR expression levels.18 Because some of these 

samples had moderate VDR expression, this showed that these 

samples can be treated with 1,25(OH)2D3 analog. If VDR 

downregulation occurrs, it will cause unresponsiveness and drug 

resistance not only to1,25(OH)2D3 analog therapy but also 

antitumoral effects from 1,25(OH)2D3 endogenous. 

During this study, there was difficulty experienced by 

researchers. First of all, in determining the grading, some of the 

samples were from core biopsy, so it is difficult for the 

researchers to obtain good enough tumour specimens. It is feared 

that it does tno represent the Gleason score and VDR expression. 

Second, in assessing VDR expression, the intensity of the brown 

color that appeared was not too different.  

There were limitations encountered in this research. First, 

the researchers only evaluate the amount of VDR in tissues and 

not in blood samples. Therefore, it can’t describe the actual 

vitamin D levels in the samples. Second, there was limitation in 

medical record data so the researchers can’t dig deeper 

information related to prostate zone that having malignancy.  

 

IV. CONCLUSION 

 

In this study, some conclusion could be emphasized. Weak 

VDR expression was most often found in 51-60 years age group; 
high PSA value; Gleason score 3+4=7 and 4+4=8; moderately 

differentiated and poorly differentiated; and also grade group 4. 

Moderate and strong VDR expression was most often found in 

61-70 years age group and high PSA. Moderate VDR expression 

was also most often found in Gleason score 4+5=9, poorly 

differentiated, and grade group 5. Meanwhile, strong VDR 

expression was most often found in Gleason score 3+4=7; 
moderately differentiated and grade group 2. 
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