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             Abstrak
Latar belakang: Gangguan regulasi mikroRNA(miR) dan inflamasi kronik dapat mengubah tumor 
menjadi karsinoma dan kanker dengan metastasis melalui perubahan seluler dan genomik. Lesi prekanker 
memiliki peluang 33,3 persen menjadi kanker. Penelitian ini bertujuan untuk mengkaji peran miR-155-
5p terhadap mRNA SOCS1 dan populasi makrofag terhadap progresivitas penyakit yang berhubungan 
dengan Benign Prostate Hyperplasia (BPH), High Grade Prostatic Intraepithelial Neoplasia (HGPIN), dan 
Prostate Adenocarcinoma (PRAD).

Metode : Penelitian ini merupakan penelitian potong lintang dengan 3 kelompok, yaitu BPH,HGPIN, 
dan PRAD. Sampel jaringan didapatkan dari Tindakan TURP. Ekspresi miR-155 dianalisis menggunakan 
qPCR dan dikalkulasi menggunakan metode Livak. Ekspresi mRNA SOCS-1 dianalisis menggunakan 
reverse transcriptase PCR. Penanda pan makrofag, anti CD-68 monoclonal antibody(MoAb) digunakan 
untuk mendeteksi populasi makrofag pada jaringan dengan imunohistokimia.

Hasil : Ekspresi miR-155 lebih tinggi pada HGPIN dibandingkan BPH dan PRAD (p=0,14). Ekspresi 
mRNA SOCS1 pada HGPIN paling rendah diantara ketiga sampel (p=0,96). Terdapat korelasi negative 
antara miR-155 dan mRNA SOCS1 (p=0,02). Terdapat peningkatan persentase populasi makrofag yang 
signifikan pada HGPIN (6,03 persen) dibandingkan BPH (0.89 persen) dengan p=0,00.

Kesimpulan : Pada penelitian ini, terdapat perubahan persentase makrofag dan miR-155 pada HGPIN. 
Variasi ekspresi miR-155 dan persentase populasi makrofag dapat disebabkan karena perubahan 
epigenetik. Oleh sebab itu, perlu penelitian lebih lanjut untuk memvalidasi hasil tersebut dan memahami  
kemungkinan menjadi biomarker pada penyakit prekanker pada prostat. (Health Science Journal of 
Indonesia 2020;11(2):85-91)

Kata Kunci: Prostatic Intaepithelial Neoplasia, miR-155, Makrofag

Abstract

Background: Impaired microRNA(miR) regulation and chronic inflammation could transform tumors into 
carcinoma and cancer by metastasis through cellular and genomic changes. Precancerous lesions have a 
33.3 percent chance of becoming cancerous. This study investigated the role of miR-155 related to SOCS1 
mRNA and macrophage population in disease progression associated with Benign Prostate Hyperplasia 
(BPH), High-Grade Prostatic Intraepithelial Neoplasia (HGPIN), and Prostate Adenocarcinoma (PRAD).
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Methods: This was a cross-sectional study using three groups of samples, namely BPH, HGPIN, and 
PRAD. Tissue samples were obtained from TURP Action. The expression of miR-155 was analyzed using 
real-time qPCR and calculated using the Livak method. The expression of SOCS1 mRNA was analyzed 
using reverse transcriptase PCR. The macrophage pan-marker, anti-CD68 monoclonal antibody (MoAb), 
was used to detect macrophage population in tissues by immunohistochemistry.

Results: The expression of miR-155 was higher in HGPIN than BPH and PRAD (p=0.14). The expression 
of SOCS1 mRNA in HGPIN was the lowest among the three samples (p=0.96). There was a negative 
correlation between miR-155 and SOCS1 mRNA (p=0.02). There was a significant increase in the 
percentage of the macrophage population in HGPIN (6.03 percent) compared to BPH (0.89 percent) with 
p=0.00.

Conclusion: In this study, there were changes in the percentage of macrophage and miR-155 in HGPIN. The 
variation in miR-155 expression and the percentage of the macrophage may be caused by epigenetic changes. 
Therefore, further research is needed to validate these results and understand the possibility of being a biomarker 
in precancerous disease of the prostate. (Health Science Journal of Indonesia 2020;11(2):85-91)
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Prostate cancer (PCA) is the third-highest cancer in 
men according to GLOBOCAN in 2012. In Europe, 
the mortality rate was 94,000 in 2008, while in the 
USA there were 28,000 deaths in 2012. In Indonesia, 
it was reported from three major cities (Jakarta, 
Surabaya, Bandung), the mortality rate was 1,102 
patients in 2003. To date, the diagnostic tools for 
PCA are rectal toucher examination, detection 
of prostate-specific antigen (PSA) serum, and 
transrectal ultrasound, but PSA is ultimately not a 
specific biomarker because will increase for other 
conditions namely infection and inflammation such 
as prostatitis. There are several types of prostate 
cancer and the most common type of PCA is prostate 
adenocarcinoma (PRAD). Assessment of disease 
progression using the Gleason score is based on 
histopathological features.1 

Benign prostate hyperplasia (BPH) is hyperplasia 
in the transition zone of the prostate. The risk 
of BPH emergence was related to chronic 
inflammation. Chronic inflammation can play a role 
in carcinogenesis by cellular and genomic changes.2 
Prostatic intraepithelial neoplasia (PIN) is an 
abnormal progression into atypical cell formation. 
It is classified into low-grade PIN and high-grade 
PIN. High-grade PIN (HGPIN) occurs in the 
peripheral zone of the prostate with a 33.3 percent 
chance of becoming cancer.3 Cancer progress is not 
only regulated by genetic factors and epigenetic 
factors, but also chronic inflammation that can affect 
carcinogenesis.4

Macrophages located in the tumor area are called 
tumor-associated macrophages, which function in 
increased angiogenesis and metastasis. Macrophages 
are polarized into M1 (classically activated 
macrophage) as a proinflammatory response, and 

M2 (alternatively activated macrophage), which 
are influenced by cytokines released by cells. M1 
macrophages related to bacterial infection responses 
secrete nitric oxide, Interluekin-12 (IL-12), IL-23, 
and tumor necrosis factor-alpha (TNF-α). In cancer, 
M1 is responsible for identifying and eradicating 
cancer cells and provides a good prognosis. 
Macrophage type M2 is an anti-inflammatory 
response that releases IL-10, IL-13, IL-6, TGFβ, and 
vascular endothelial growth factor-beta (VEGF), 
which play a role in angiogenesis, tissue remodeling, 
and are related to therapy resistance and poorer 
prognosis.5,6 The anti-CD68 monoclonal antibody is 
a marker for pan macrophage.7,8 It can be observed in 
human BPH tissue and is involved in the growth and 
progression of BPH by an unknown mechanism.2 

The histopathological features of HGPIN are 
characterized by abnormal development of epithelial 
lining of the prostate acini and duct, followed 
by secretion of cytokines and chemokines from 
macrophage surrounding the prostate epithelial 
cells. Further, macrophage could be polarized into 
pro-inflammatory or anti-inflammatory.9 There are 
also prominent nucleoli and reactive atypia due to 
inflammation, metaplasia, and hyperplasia in HGPIN 
.10

MicroRNA (miR) are small non-coding RNA 
consisting of 18-25 nucleotides that regulate 
gene expression and are stable under a variety of 
conditions. MicroRNA control messenger RNA 
(mRNA) stability and target mRNA translation in 
the 3’untranslated region from noncoding RNA and 
convert tumor expression to cancer and metastatic 
cancer.11 MicroRNA-155 can induce the activation 
of this role in the conversion of macrophage to 
M1 by degraded SOCS1 (suppressor of cytokine 
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signaling).12 This study investigated the role of 
miR-155 related to SOCS1 mRNA and macrophage 
populations in the disease progression related to 
BPH, HGPIN, and PRAD.

METHODS 

Sample collection 

This research was a cross-sectional study using 
Formalin-Fixed Paraffin-Embedded (FFPE) 
tissue samples provided by a private laboratory, 
histopathologically confirmed as BPH, HGPIN, and 
PRAD with a total of 30 samples. Each of the 10 
samples represents one of the three sample types. 
Tissue samples were collected from the Transurethral 
Resection Prostate (TURP) which had been processed 
into FFPE. This study was approved by the Medical 
and Health Research Ethics Committee, Faculty of 
Medicine, Public Health and Nursing, Universitas 
Gadjah Mada (Ref: KE/FK/0888/EC/2018).

RNA isolation from FFPE tissue

Four sections of four micrometers (16 µm) FFPE 
tissue were used to extract the total RNA. Isolation 
of RNA using the miRNeasy FFPE Kit, cat. 
no. 217504 (Qiagen, Germany). The tissue was 
deparaffinized using xylene, centrifuged at 10,000 
RPM for 4 minutes then continued at 12,0000 RPM 
for 3 minutes to bring the sample to the bottom of 
the tube. The samples were further analyzed using 
the protocol from miRNeasy FFPE Kit. MiRNeasy 
FFPE Kit can effectively purify microRNA and total 
RNA from FFPE tissue portion. The concentration 
of total RNA was measured using a Nanovue Plus 
Spectrophotometer (GE Healthcare Life Science). 
Total RNA was stored at -800C until use.

Real-Time Quantitative PCR

Quantification of miR-155 expression in the FFPE 
tissue using Quantitative real-time PCR in duplicate. 
Synthesis of cDNA using miRCURY LNA RT Kit 
(cat.no. 339340, Qiagen) according to the procedure 
in the kit. Syber green for qPCR is used with 
miRCURY SYBR Green PCR Kit (cat.no. 339345, 
Qiagen). The primer sequence for miR-155 was 
5’- UUAAUGCUAAUCGUGAUAGGGGU-3’ and 
U6 is 5’- CGCTTCGGCAGCACATATACTA-3’. 
Samples were run on a real-time Biorad Thermal 
cycler CFX 96 (Biorad, USA) system. Relative 
quantification for the miR-155 expression used the 

Livak method, and U6 was used as the reference 
gene. All of these samples were standardized with 
reference genes.

Reverse Transcriptase PCR

SOCS1 mRNA analysis used reverse transcriptase 
PCR with Select cycler™ II Thermal cycler. 
Synthesis of cDNA SOCS1 mRNA used ReverTra 
Ace®qPCR RT Master Mix with gDNA Remover (cat. 
no. FSQ-301, TOYOBO) and SYBR Green GoTaq® 
Green Master Mix (cat.no. M7122, Promega) with the 
protocol as described in the kit, using cDNA template 
3 ul. Primer sequences for SOCS1 mRNA are: forward 
5’- GACGCCTGCGGATTCTACTG-3’, and SOCS1 
mRNA reverse 5’- AGGCCATCTTCACGCTAAGG-3’, 
and primer sequences for beta-Actin mRNA were: forward 
5’-CGCGAGAAGATGACCCAGATC-3’ beta-Actin 
mRNA Reverse 5’-TCACCGGAGTCCATCACGA-3’. 
The annealing temperature for SOCS1 was 600C and 
for beta-Actin was 560C. After electrophoresis of PCR 
product then pictures were taken for mRNA band using 
gel doc G:BOX Chemi XRQ® and quantified using 
ImageJ.

Immunohistochemistry

The sections were separated into three alterations 
of fresh xylene for 5 minutes each followed by 
dehydration in a series of absolute alcohol for 2 
minutes each. Antigen retrieval was done by heating 
for 15 minutes in a citrate buffer solution. The 
system was allowed to cool to room temperature 
and then the slides were washed with Phosphate 
Buffer Saline (PBS) for 5 minutes. Endogenous 
peroxidase was blocked with 3% H2O2 for 5 minutes 
at room temperature. The slides were then washed 
with PBS for 5 minutes. To block endogenous 
biotin, the sections were incubated with a blocking 
agent (Background Sniper, Starr Trek Universal 
HRP Detection, BioCare Medical) for 20 minutes, 
using parafilm. Then, the sections were incubated 
with a primary anti-CD68 monoclonal antibody 
(Abcam), concentration 1:400, and covered with 
parafilm overnight at temperature 40C. The next 
day, the slides were put at room temperature for 30 
minutes and washed with PBS. To further enhance 
staining, the sections were then incubated with 
secondary antibody (Trekkie Universal Link, Starr 
Trek Universal HRP Detection, BioCare Medical) 
using parafilm for 60 minutes followed by three 
consecutive buffer washes (PBS), each for 5 minutes. 
Avidin-Horseradish peroxidase tracks (Starr Trek 
Universal HRP Detection, BioCare Medical) were 
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added to the sections and incubated for 45 minutes 
using parafilm. The diaminobenzidine chromogen (Starr 
Trek Universal HRP Detection, BioCare Medical) was 
prepared just prior to use by mixing 1µl of chromogen 
into 200 µl of buffer in a mixing vial and later adding 
100 µl over the sections until the sections were brown. 
The sections were washed with water and counterstained 
with hematoxylin, dehydration, cleared, and installed. 
The number of macrophages was counted from 10 
microscopic fields in one slide. The percentage was 
calculated by comparing the number of macrophages 
per cell population in an area multiplied by 100 percent. 

Data analysis

MicroRNA expression was analyzed using Bio-
Rad CFX manager 96 software, and the differences 
between the three samples were analyzed using the 
Kruskal Wallis tests. Differences in SOCS1 mRNA 
expression and percentage of pan macrophages 
were analyzed using ANOVA and post hoc LSD. 
Correlation analysis used Pearson correlation tests.

RESULTS

MicoRNA-155 expression, SOCS1 mRNA ex-
pression, and negative correlation between miR-155 
and SOCS1 mRNA in BPH, HGPIN, and PRAD

Relative expression for miR-155 calculation used Livak 
method =2-∆∆Cq . The results are shown in Figure 1.

 

 

 Kruskal Wallis test, p significant <0.05

Figure 1. Averages of miR-155 expression in BPH, 
HGPIN, and PRAD using the Livak method. 

In this study, compared to BPH, miR-155 expression 
in HGPIN was two times higher than BPH, while in 
PRAD the expression of miR-155 was downregulated. 

The mean expressions of miR-155 BPH were 1.57 
±1.33, HGPIN 3.15±2.75, and PRAD 1.27±1.45. 
The difference in miR expression between the three 
groups was not significantly different with p = 0.14. 
SOCS-1 mRNA expression was analyzed using PCR 
reverse transcriptase with internal control of beta-
Actin mRNA. The expressions of SOCS1 mRNA in 
this study were not significantly different (p=0.96), as 
shown in Figure 2. The average SOCS1/beta-Actin 
ratio in BPH was 2.4±0.89, HGPIN was 2.3±0.95, 
and PRAD was 2.43 ±1.06.

 Figure 2. The ratio of SOCS1/beta-Actin in BPH, 
HGPIN, PRAD. Quantification of mRNA band 
using ImageJ software. 

To determine whether miR-155 and SOCS1 mRNA 
affected macrophages, a correlation analysis was 
performed using Pearson correlation tests. The results 
in Table 1 indicate that miR-155 has a significant 
negative correlation with SOCS1 mRNA (p=0.02).

Table 1. Correlation between variable

Correlation Correlation coefficient ( r ) p value
miR-155 to SOCS1 
mRNA

-0.47 0.02

miR-155 to 
macrophage

-0.05 0.79

SOCS1 mRNA to 
macrophage

0.22 0.28

Pearson correlation, p significant <0.05

Percentage of macrophage population in BPH, 
HGPIN, and PRAD

Analysis of data using ANOVA obtained the mean 
percentages of macrophages in BPH  0.89±0.93, HGPIN 
6.03±1.68, and PRAD 7.94±3.07 with p = 0.00. The 
macrophage population between HGPIN and PRAD 
was not significantly different with p = 0.075.
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Figure 3. Percentage of macrophages in BPH, HGPIN, 
and PRAD. * p < 0.001.

Figure 4. IHC staining, the macrophage is stained brown 
using an anti-CD68 antibody (in the circle), 
photomicrograph magnification – 400x, scale 
bar 100µm;  A: BPH, B: HGPIN, C: PRAD, D: 
negative control without CD68 antibody

DISCUSSION

In humans, miR-155 is encoded by the miR155 
gene in the 21st chromosome, which regulates 
several biological processes including proliferation, 
invasion, apoptosis, in vitro or in vivo cell cycles, 
and inflammation. Changes in miR-155 expression 
induced by epigenetic changes related to oncogenesis 
and disease progression are observed in many cancers 
including PRAD and could be used as a carcinogenesis 
biomarker and in prognostic evaluation.13,14 In PRAD, 
30 percent of epigenetic silencing regions are placed 
at the microRNA locus. Epigenetic mechanisms 
include deletion of microRNA genes, acetylation 
or methylation of microRNA promoters, alteration 
in transcription control, and defects in microRNA 
biogenesis.14 MicroRNA-155 targets SOCS-1 

mRNA and SHIP1 mRNA and increases activation 
of the AKT and interferon pathways. Decreasing 
SOCS1 mRNA increases the pro-inflammatory 
response of M1 macrophages by activating the JAK/
STAT pathways. The MiR-155 also manages M2 via 
CCL18, SERPINE, CD23, and DC-SIGN.15,16

In precancerous lesions, such as HGPIN tissue, our 
findings suggest that miR-155 is increased by two 
times as much as in BPH because non-carcinoma 
tissue can be induced by proliferation. The SOCS1 
mRNA as a target for miR-155 decreased slightly. 
However, miR-155 has a significantly negative 
correlation with SOCS1 mRNA. High-grade PIN is 
characterized by cell proliferation in the ductus and 
prostate gland acini with cytological changes observed 
in PRAD including giant nucleus and nucleoli.10 
Another study stated that miR-155 had a  proliferation 
effect via annexin-7.17 The sharp increase in miR-155 
expression could be due to cell proliferation, not 
inflammation, leading to cancer progression.  

SOCS1 mRNA is a negative regulator of cytokine 
signaling which attenuates classical antigen 
signaling and T cell function. In general, the SOCS1 
mRNA promoters have a STAT binding site and 
could be induced by the JAK-STAT pathways via 
proinflammatory cytokines such as IFN-γ, IL-6, 
IL-2, IL-4, and IL-7.18 In the regulatory process, 
SOCS1 mRNA can be targeted by other microRNAs 
such as miR-19, miR-30d, and miR-221-5p.19,20 Based 
on miRTarBase, SOCS1 mRNA has three binding 
sites for miR-155. MicroRNA and argonaute form 
RNA-induced silencing complex (RISC) which binds 
to the mRNA seed region which triggers translational 
repression, mRNA decay, and mRNA degradation.21,22

Adenocarcinoma of the prostate is considered 
to have a significant relation with inflammation. 
Inflammatory stress can lead to gene instability, 
which in turn affects cell transformation, vascularity, 
apoptosis, and DNA mutations. Evidence suggests 
that in normal prostate glands, gland hyperplasia, 
and adenocarcinoma commonly coincide with 
inflammation.7 Therefore, the CD68+ marker is an 
important marker for pan macrophages. The CD68+ 
infiltration found in this study indicated that the 
percentages of macrophages in HGPIN and PRAD 
were significantly higher than those in BPH. Chronic 
inflammation that induces inflammatory stress could 
further stimulate angiogenesis, apoptosis, and gene 
instability.7 Macrophages play a role in cancer 
progression because more than 50% of tumor mass 
consists of infiltrated macrophages.5 In this study, 
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macrophages were significantly increased. To determine 
polarization, it is necessary to stain the M1 and M2 
macrophages. In addition to miR-155, several microRNAs 
play a role in macrophage activity such as miR-125b and 
miR 19a-3p. Anti-tumor macrophage induced miR-125b 
overexpression by targeting IRF-4 mRNA, the promoter 
of M2 macrophages. Downregulation of miR-19a-3p 
increases STAT3 signaling leading to suppression of the 
immune system by macrophages.23

In conclusion, miR-155 plays an important role 
in macrophage polarization by targeting SOCS1 
mRNA and inducing polarization of macrophages to 
M1 or M2 macrophages. In our findings, miR-155 
and the percentage of pan macrophages in HGPIN 
were higher than in BPH. These findings may be 
related to macrophage infiltration and increased cell 
proliferation in precancerous lesions. Interestingly, 
even though miR-155 indirectly regulates pan 
macrophage activity through SOCS1 mRNA 
expression, but in this study, SOCS1 mRNA was 
unlikely to play this role, while other microRNAs 
might play a role in the precancerous progression. 
These possibilities need further study.
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