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Introduction

Prostate cancer is a big health problem for men all over 
the world. The Global Cancer Observatory’s 2022 data 
shows that prostate cancer is very common around the 
world, with 1,466,680 diagnosed cases and 396,792 deaths 
[1]. Although the incidence in Indonesia is still lower than 
in Western countries, it has been steadily rising over the 
past few decades [2]. In developed nations, early detection 
typically reveals localized cases; however, around 50% 
of prostate cancer patients in Indonesia exhibit metastatic 
disease, resulting in a worse prognosis and significant 
economic burdens [3–5].

The advancement of prostate cancer is influenced 
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by both the characteristics of tumor cells and intricate 
interactions within the tumor microenvironment 
(TME), encompassing metabolic changes and immune 
responses [6]. Arginase, an essential metabolic enzyme 
in carcinogenesis, is present in two isoforms: cytosolic 
Arginase 1 (ARG1) and mitochondrial Arginase 2 
(ARG2). Arginase 2 is abundantly expressed in normal 
prostate tissue and is essential for the conversion of 
L-arginine into L-ornithine and urea [7]. In the context 
of cancer, it is hypothesized that ARG2 dysregulation 
affects the availability of arginine, which is crucial for 
cell proliferation and immune function [8].

The precise function of ARG2 in the tumorigenesis 
of prostate cancer is still under discussion. Certain 
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studies indicate that arginase facilitates tumorigenesis by 
supplying polyamines essential for cellular proliferation 
[7, 9]. On the other hand, some studies suggest that high 
levels of ARG2 may stop prostate cancer cells from 
growing, moving, and invading, which could make it a 
good sign for the future [10]. But a very important part 
of ARG2’s activity is that it can make the immune system 
less effective. The enzyme can stop Tumor-Infiltrating 
Lymphocytes (TILs) from growing and activating by 
depleting extracellular L-arginine. This is especially true 
for CD8+ T cells, which need arginine a lot to do their 
cytotoxic functions [10, 11].

Tumor-Infiltrating Lymphocytes (TILs) are known 
to be important prognostic factors in many types of 
cancer. A high number of TILs is often linked to better 
clinical outcomes, which shows that the immune system 
is actively fighting the tumor [12]. Nonetheless, the 
precise mechanism by which ARG2 regulates TIL 
density and activity in prostate adenocarcinoma remains 
inadequately elucidated. Current hypotheses suggest 
that elevated ARG2 expression results in diminished TIL 
infiltration, culminating in an immunologically “cold” 
tumor phenotype [13, 14]. This study aims to investigate 
the correlation between Arginase 2 expression and tumor-
infiltrating lymphocytes in prostate adenocarcinoma 
patients, along with its association with histopathological 
grading, to offer novel insights into immuno-metabolic 
mechanisms within the Indonesian patient demographic.

Materials and Methods

Study Design and Participants 
This observational analytic study utilized a cross-

sectional design and was conducted at the Anatomical 
Pathology Laboratory, Faculty of Medicine, Hasanuddin 
University, Makassar, from August to December 2025. 
The study population consisted of formalin-fixed 
paraffin-embedded (FFPE) tissue blocks of prostate 
adenocarcinoma obtained from Dr. Wahidin Sudirohusodo 
Hospital, Hasanuddin University Hospital, and Sentra 
Diagnostik Patologia Makassar.

Samples were chosen through a total sampling 
method, utilizing the admission sequence of tissues, 
with a retrospective timeline extending from September 
2025. The inclusion criteria consisted of tissue blocks 
from radical prostatectomy, TURP, or other biopsies, 
histopathologically identified as prostate adenocarcinoma. 
Samples lacking complete clinical data (notably age), 
exhibiting damaged blocks, fungal contamination, or 
inadequate tumor tissue (<5%) were excluded. The 
minimum number of samples needed for the study was 
84, but 105 were used in the final analysis.

Histopathology and Immunohistochemistry 
Tissue blocks were sliced into pieces that were 3 

µm thick. Histopathological confirmation and Gleason 
grading were done with Hematoxylin and Eosin (H&E) 
staining. For immunohistochemistry (IHC), sections 
were deparaffinized in xylene and then rehydrated with 
alcohols of different strengths. Slides were heated in a 
Tissue Retrieval Solution (TRS) in a microwave for 10 

minutes to get the antigens back.
To reduce non-specific staining, sections were treated 

with peroxide for 15 minutes and protein for 5 minutes. 
After that, the slides were put in an incubator with the 
main antibody against Arginase 2. Ultratek anti-polyvalent 
(ScyTek) and then Ultratek HRP (ScyTek) were used 
as the detection systems. Each was incubated for 10 
minutes. Diaminobenzidine (DAB) chromogen was used 
to make the image visible. It was then counterstained with 
hematoxylin, dehydrated, cleared in xylene, and mounted.

Digital Image Analysis (Arginase 2 Expression) 
We used digital image analysis to measure how much 

Arginase 2 was present. QuPath software (version 0.6.0) 
was used to analyze taken pictures of “hotspot” areas at 
100x magnification. Color deconvolution was used in 
the pre-processing step to separate the hematoxylin and 
DAB staining. The Cell Detection algorithm was used to 
separate tumor cells from stroma. DAB intensity was used 
to sort cells into four groups: Negative (0), Weak (1+), 
Moderate (2+), and Strong (3+). We used the formula 
H-Score = (1 X %weak) + (2 X %moderate) + (3 X 
%strong) to find the Histoscore (H-Score), which ranges 
from 0 to 300. Two consultant pathologists confirmed that 
the digital analysis was correct.

Assessment of Tumor-Infiltrating Lymphocytes (TILs) 
The International Immuno-Oncology Biomarkers 

Working Group’s [15] rules were used to measure the 
density of tumor-infiltrating lymphocytes (TILs) on H&E-
stained slides. The assessment was limited to stromal 
tumor-infiltrating lymphocytes located within the invasive 
margin and central tumor, omitting regions of necrosis, 
artifacts, or granulocytic infiltration. The outcome was 
quantified as the percentage of stromal regions infiltrated 
by mononuclear inflammatory cells.

Statistical Analysis 
We used SPSS software to look at the statistical 

analysis data. We used the Shapiro-Wilk or Kolmogorov-
Smirnov test to see if the data distribution was normal. 
The Spearman Rank Correlation test was used for bivariate 
analysis to look at the link between Arginase 2 H-Scores 
and TILs density and to check the digital method against 
manual scoring. The Kruskal-Wallis test was used to 
compare the Grade Groups, and then the Mann-Whitney 
U test was used for post-hoc analysis. The Wilcoxon 
Signed-Rank test was used to do a spatial analysis that 
compared Arginase 2 expressions in TILs areas inside 
tumors to those outside of tumors. A p-value of less than 
0.05 was deemed statistically significant.

Results

Clinicopathologic Characteristics of the Study Population 
The study population comprised 105 prostate 

adenocarcinoma tissue samples. The average age of 
patients was 70.93 years, with a range of 45 to 92 years. 
Most of the patients (72.4%) were older than 65 years old. 
Histopathologically, the cohort was characterized by high-
grade tumors; 45.7% of cases were classified as Grade 
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predicated on Gleason patterns (Dominant vs. Secondary) 
or the exclusion of samples exhibiting 0% TILs also did 
not reveal any significant correlation (Table 2).

A paired spatial analysis comparing different areas 
within the same tumor section, however, showed a big 
difference in one area. We discovered that tumor regions 
infiltrated by TILs (intra-tumoral TILs) exhibited markedly 
reduced Arginase 2 expression relative to adjacent tumor 
regions devoid of TILs (Z = -2.625, p = 0.009) (Figure 2). 
This indicates a localized downregulation of Arginase 
2 within the specific microenvironment inhabited by 
immune cells.

Correlation with Histopathological Grade
We investigated how these biomarkers were related to 

how aggressive the tumor was by looking at how they were 
related to histopathological grades. A substantial inverse 
correlation was identified between Arginase 2 expression 
and the WHO Grade Group (p < 0.001). The expression 
levels of Arginase 2 were highest in low-grade tumors 
(Grade Group I; Mean Rank 74.48) and significantly 
decreased in high-grade tumors (Grade Group V; Mean 
Rank 43.67). Post-hoc analysis validated that Arginase 
2 expression in Grade Group I was markedly elevated 
compared to Grade Group V (p < 0.001), signifying 
that the reduction of Arginase 2 expression correlates 
with tumor dedifferentiation. Conversely, no significant 
variation in TILs density was detected among the various 
Grade Groups (p = 0.168).

Discussion

This study sought to clarify the relationship between 
Arginase 2 (ARG2) expression and the immune 
microenvironment in prostate adenocarcinoma. Our 
results indicate a multifaceted relationship in which ARG2 
functions as a dynamic metabolic checkpoint. The most 
important finding is that ARG2 is turned down in high-
grade tumors and that it has a localized inverse relationship 
with Tumor-Infiltrating Lymphocytes (TILs), even though 
there is no global correlation.

Group V (Gleason Score 9–10), signifying a significant 
prevalence of aggressive disease within this population. 
On the other hand, Grade Group I (Gleason Score 6) made 
up 21.9% of the cases. Table 1 shows a summary of the 
detailed characteristics.

Validation of Digital Image Analysis 
To guarantee the precision of the automated 

quantification, we initially validated the digital H-Scores 
produced by QuPath against the manual semiquantitative 
scores supplied by the pathologists. There was a strong 
positive correlation between the digital and manual 
methods for both the dominant Gleason pattern (r = 0.768, 
p < 0.001) and the secondary pattern (r = 0.659, p < 0.001). 
These findings validate that digital image analysis is an 
effective technique for quantifying Arginase 2 expression 
in this research.

Expression of Arginase 2 and Tumor-Infiltrating 
Lymphocytes 

Arginase 2 expression exhibited significant variability 
among samples. The average digital H-Score was 124.65 
± 63.62, with a range of 3.65 to 251.63. Most cases were 
classified as having weak (33.3%) or moderate (33.3%) 
expression by manual assessment, and 7.6% were negative 
(Figure 1). In terms of the immune microenvironment, the 
density of stromal Tumor-Infiltrating Lymphocytes (TILs) 
was typically low to moderate. The average percentage 
of TILs was 8.29% ± 10.96% (the middle value was 
10.0%). Most of the samples were found to have either 
moderate (10–49%) infiltration (50.5%) or negligible 
(0–9%) infiltration (48.6%). Only one sample showed 
severe immune infiltration (≥50%).

Association Between Arginase 2 Expression and TILs 
Our primary analysis sought to ascertain whether 

Arginase 2 expression correlates with the overall density 
of immune infiltration. Spearman rank correlation 
analysis indicated no statistically significant association 
between Arginase 2 H-Scores and the percentage of TILs 
(r = 0.048, p = 0.630). Additional subgroup analyses 

Figure 1. Representative Images of Arginase 2 Expression Intensity in Prostate Adenocarcinoma Tissue Sections. 
(a) Strong expression (Score +3). (b) Moderate expression (Score +2). (c) Weak expression (Score +1). (d) Negative 
expression (Score 0). (Immunohistochemical staining, 100x magnification). 
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Variable Category / Parameter n (%) Mean ± SD / Median (Range)
Age (years) Mean ± SD 70.93 ± 10.10

Median (Min - Max) 71.0 (45 - 92)
< 65 years 29 (27.6)
≥ 65 years 76 (72.4)

WHO Grade Group Grade Group I (GS 6) 23 (21.9)
Grade Group II (GS 3+4) 11 (10.5)
Grade Group III (GS 4+3) 10 (9.5)
Grade Group IV (GS 8) 13 (12.4)
Grade Group V (GS 9-10) 48 (45.7)

Arginase 2 Expression (Manual) Score 0 (Negative) 8 (7.6)
Score 1 (Weak) 35 (33.3)
Score 2 (Moderate) 35 (33.3)
Score 3 (Strong) 27 (25.7)

Arginase 2 Expression (H-Score) Mean ± SD 124.65 ± 63.62
Median (Min - Max) 135.00 (3.65 - 251.63)

TILs Density (%) Mean ± SD 8.29 ± 10.96
Median (Min - Max) 10.0 (0 - 50)

TILs Classification Normal (0 - 9%) 51 (48.6)
Moderate (10 - 49%) 53 (50.5)
Severe (≥ 50%) 1 (0.9)

Table 1. Clinicopathological Characteristics of Prostate Adenocarcinoma Patients (n=105) 

Abbreviation: SD, Standard Deviation; GS, Gleason Score; TILs, Tumor-Infiltrating Lymphocytes.

a

dc

b

Figure 2. Inverse Spatial Correlation between Tumor-Infiltrating Lymphocytes (TILs) and Arginase 2 (ARG2) 
Expression. Dense stromal TIL infiltration on H&E (a) corresponds to weak ARG2 expression on adjacent IHC (b). 
Conversely, tumor areas with minimal TILs (c) exhibit strong ARG2 expression (d). (Magnification: 400x). 

Arginase 2 Down-regulation as a Marker of 
Dedifferentiation 

A pivotal finding of this study is the significant inverse 
association between ARG2 expression and the WHO 
Grade Group. We found that ARG2 expression was highest 
in tumors that were well-differentiated (Grade Group I) 
and much lower in tumors that were poorly differentiated 
and high-grade (Grade Group V). This is in line with 
earlier biochemical research that found lower levels of 
arginase activity in the blood of men with high-grade 
prostate cancer [7, 16].

Androgen signaling is probably what caused this loss 
of expression. ARG2 is a gene that responds to androgens 
[17]. As prostate cancer progresses, tumors frequently 

experience dedifferentiation and become independent 
of androgen signaling for growth maintenance. As a 
result, the expression of proteins regulated by androgens, 
such as ARG2, decreases. This phenomenon has 
been evidenced in vivo TRAMP models, wherein the 
depletion of ARG2 correlated with a shift towards a 
more aggressive, neuroendocrine-like phenotype [18]. 
Our histopathological data indicate that persistent ARG2 
expression functions as a differentiation marker, whereas 
its absence denotes an aggressive tumor progression.

Prognostic Significance and Treatment Alternatives in 
ARG2-Negative Tumors

The downregulation or total loss of ARG2 in high-



Asian Pacific Journal of Cancer Prevention, Vol 27 2717

DOI:10.31557/APJCP.2026.27.7.2713
ARG2 Down-regulation and TILs in Prostate Cancer

grade prostate adenocarcinoma has considerable 
prognostic and therapeutic consequences. The absence 
of ARG2 suggests tumor dedifferentiation and a possible 
transition to an androgen-independent or neuroendocrine-
like phenotype, which typically signifies a worse clinical 
prognosis and accelerated disease progression [17, 18]. 
But this ARG2-negative state does have some unique 
weaknesses that can be used in therapy. Our spatial 
analysis shows that localized ARG2 downregulation is 
linked to a higher TIL density. This is because these areas 
don’t have the arginase-mediated “metabolic shield” 
that normally starves T-cells of L-arginine [12, 19]. 
Thus, prostate adenocarcinomas that are negative for or 
express low levels of ARG2 may respond better to new 
immunotherapies, like immune checkpoint inhibitors 
(ICIs) [20], than those that are positive for ARG2. This 
is because they are in an immunologically “hotter” 
microenvironment. Moreover, since the loss of ARG2 
frequently coincides with the onset of castration-resistant 
prostate cancer (CRPC) [17], patients with significantly 
ARG2-downregulated tumors may derive diminished 
benefit from standard Androgen Deprivation Therapy 
(ADT) and may necessitate prompt evaluation for taxane-
based chemotherapy, PARP inhibitors (in the context of 
homologous recombination repair mutations), or clinical 
trials aimed at dedifferentiated prostate cancer [21, 22].

The Paradox of Immune Infiltration: Global vs. Local 
Interactions 

We found no statistical link between the overall ARG2 
H-Score and TILs density on a global level. This absence 
of correlation aligns with the comprehension that arginine 
metabolism within the tumor microenvironment (TME) is 
redundant and encompasses various enzymes, including 
Argininosuccinate Synthetase 1 (ASS1), indicating 
that ARG2 alone does not govern systemic immune 
recruitment [23, 24].

Nonetheless, a contrasting scenario unfolded 
at the local microenvironmental level. Our spatial 
analysis demonstrated that tumor regions infiltrated by 
TILs showed markedly reduced ARG2 expression in 
comparison to neighboring non-infiltrated regions. This is 
in line with the idea that spatial heterogeneity is a key part 
of the tumor microenvironment. Recent spatial profiling 
studies confirm this, showing that the microenvironment 
of prostate tumors is very compartmentalized, with unique 
immune and metabolic signatures that are often hidden in 
bulk tissue analysis [25]. Utilizing ecological principles 
in pathology indicates that the spatial distribution of 

immune cells rather than their total quantity is frequently 
more significant in influencing tumor progression and 
clinical results [26]. Two competing yet complementary 
hypotheses may elucidate this “immune exclusion” in 
high-ARG2 regions [19]:

The Metabolic Shield Hypothesis
Elevated ARG2 concentrations locally diminish 

extracellular L-arginine. T-cells need arginine to express 
the CD3ζ chain and move through the cell cycle. High-
ARG2 areas act like a “metabolic shield” that starves 
invading lymphocytes, making these areas an “immune 
desert” [12, 19, 27–29]. An analogous inverse correlation 
between metabolic enzyme expression and lymphocyte 
infiltration has been documented in other malignancies. 
For example, in endometrial cancer, elevated levels of 
Indoleamine 2,3-dioxygenase (IDO) an enzyme that 
breaks down tryptophan and works in a similar way to 
Arginase were strongly linked to fewer CD3+ and CD8+ 
tumor-infiltrating lymphocytes. This suggests that both 
enzymes work in the same way to keep immune cells 
from attacking tumors [30].

The Immunoediting Hypothesis
In contrast, recent findings indicate that ARG2 may 

function as a tumor antigen identified by particular 
cytotoxic T-cells. It is conceivable that an active immune 
response has eradicated tumor clones exhibiting elevated 
ARG2 expression in the infiltrated regions, resulting in 
the persistence of antigen-loss variants (low ARG2) that 
evade immune surveillance [31, 32]. This elucidates the 
predominance of TILs in regions characterized by low 
ARG2 levels. This is in line with new ideas about cancer 
immunoediting and intratumor heterogeneity, which say 
that the adaptive immune system puts selective pressure 
on immunogenic subclones to get rid of them. As a result, 
the remaining tumor cells are immune-resistant variants 
that have lost certain antigens, such as ARG2, which lets 
them live in an environment full of immune cells [33].

Methodological Validation 
The use of digital pathology makes these results more 

reliable. The high correlation (r > 0.60) between our digital 
H-Scores and manual pathological grading demonstrates 
that automated image analysis is an effective method for 
quantifying metabolic biomarkers in prostate tissue. This 
corroborates the increasing efficacy of digital pathology in 
reducing inter-observer variability, as indicated in recent 
literature [34–38].

Analytical Scenario Sample Group n Correlation Coefficient (r) p-value
Global Analysis Total Cohort 105 0.048 0.630
By Gleason Pattern Dominant Pattern (Pattern 1) 105 0.016 0.869

Secondary Pattern (Pattern 2) 97 -0.118 0.251
Sensitivity Analysis† (Excluding TILs 0%) Dominant Pattern 54 -0.039 0.779

Secondary Pattern 42 -0.171 0.303

Table 2. Spearman Correlation Analysis between Arginase 2 Expression (H-Score) and TILs Density under Various 
Analytical Scenarios

†Sensitivity analysis was performed by excluding samples with 0% TILs to assess if the lack of correlation was driven by the high number of 
non-infiltrated tumors
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Limitations 
This study possesses limitations intrinsic to its 

design. H&E staining for TILs assessment does not 
facilitate the distinction between cytotoxic T-cells 
(CD8+) and regulatory T-cells (Tregs). This distinction 
is essential as ARG2-mediated arginine depletion can 
paradoxically facilitate Treg differentiation while 
suppressing effector T-cells [14]. Consequently, we are 
unable to ascertain whether the TILs identified in low-
ARG2 regions are functionally active anti-tumor cells or 
immunosuppressive Tregs. Future research employing 
multiplex immunohistochemistry is essential to accurately 
characterize these immune populations.

In conclusion, the expression of Arginase 2 in prostate 
adenocarcinoma is markedly downregulated in high-grade 
tumors, indicating tumor dedifferentiation. ARG2 does 
not universally predict immune infiltration; however, it 
has a localized impact on the tumor microenvironment 
(TME), where elevated expression is associated with 
immune exclusion. These results underscore ARG2 as 
a prospective biomarker for tumor differentiation and a 
crucial metabolic regulator of local immunity.
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