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ABSTRACT
Background: Prostate cancer (PCa) is poor response to the immunotherapy for its high hetero-
geneity of immune microenvironment. In this study, we aim to introduce a new immune sub-
type for PCa involving M2 tumour associated macrophages (M2-TAMs).
Methods: Three hundred and sixty-two PCa patients and matched normal prostate tissues were
selected from the Cancer Genome Atlas and Gene Expression Omnibus databases. Patients’
immune infiltration characters were then analyzed based on the gene expressions. The immune
subtypes were identified by the method of unsupervised hierarchical clustering. Finally, the rela-
tionship between the M2-TAMs infiltration and anti-programmed death-ligand-1 (PD-L1) therapy
was investigated in the IMvigor210 cohort.
Results: PCa expressed lower immune-related genes levels compared with the adjacent normal
tissues. Based on the proved immunosuppressive mechanisms in PCa, tumour patients were
classified into three independent subclasses with high infiltrated cytolytic activity (CYT), M2-
TAMs and regulatory T cell (Tregs), respectively. Among these subtypes, M2-TAMs infiltration
subtype showed the worst clinicopathological features and prognosis compared with the other
two subtypes. The results of the IMvigor210 cohort demonstrated poor response of anti-PD-L1
therapy for patients with high M2-TAMs infiltration.
Conclusion: Prostate tumours involved in significant immunosuppression, and high infiltration
of M2-TAMs can be applied to predict the effect of anti-PD-L1 therapy.

KEY MESSAGES

� PCa patients can be classified into three immunotypes of high infiltrated CYT, M2-TAMS, and
Tregs according to the immunosuppressive mechanisms.

� High M2-TAMs infiltration subtype reflected the worst clinical characters, immune infiltration,
and lowest expression of immune checkpoint inhibitors among the three subclasses in PCa.

� High M2-TAMs infiltration predicts the low response rate of anti-PD-L1 therapy.
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Introduction

Prostate cancer (PCa) is one of the most common
malignant tumours in the world and the second lead-
ing cause of cancer death in men. Until 2018, there
were about 359,000 cases of prostate cancer in the
world, accounting for 6.7% of the total deaths in men
[1]. However, PCa patients have limited benefits from
the current treatments. Nearly 20–35% of patients

with localized prostate cancer are reported to experi-

ence recurrence after the radical prostatectomy [2].

With the use of androgen deprivation therapy (ADT)

for early-stage patients, most patients have not a dur-

able response and eventually the disease progresses

[3]. Thus, new immunotherapies are required to

treat PCa patients in recent years, however, some

immunotherapeutic agents, like anti- programmed
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death-ligand-1 (PD-L1) or anti- programmed death-1
(PD-1), are applied to treat a fraction of advanced PCa
patients with poor response rate [4]. The interpatient
clinical heterogeneities among these patients have not
been resolved.

Tumour microenvironment (TME) is a highly hetero-
geneous ecosystem of tumour cells, immune cells and
other stromal cells [5]. The infiltrated immune cells in
the TME have been shown to be significantly associ-
ated with the development and invasion in tumour
patients. It was proved that high infiltrated immuno-
suppressive cells, such as M2 tumour associated mac-
rophages (M2-TAMs) and regulatory T cell (Tregs), as
important causes of treatment failure and shorter sur-
vival times in PCa patients [6–8]. Of note, some
defined as anti-tumour immune cells, like CD8þ T
cells, were shown to be associated with lymph node
metastasis in PCa [9]. This seems to indicate a high
degree of immunosuppression in PCa. Given this,
deeply analyze the specific mechanisms of PCa
immune microenvironment may help us to understand
different treating prognoses. In recent years, new com-
puter-based technologies are applied to estimate the
infiltrated immune cells density in TME of bulk
tumours by using gene expression profiles [10–12]. By
assigning values to each type of immune cell infiltra-
tion density, many tumour patients can be classified
into different immune subtypes to predict the treat-
ment and prognosis [13–15]. This demonstrates that
the clinical diagnosis guided by immune infiltration is
available. However, to date, there have been few stud-
ies to systematically depict the characters of immune
microenvironment and immunotypes in PCa based on
genome-sequencing data. One study explored a classi-
fication based on immune related genes to predict
the clinical prognosis of PCa, but this has limitations
as it ignores the role of immune cells in tumour devel-
opment [16]. Besides, the precise relationship between
immune cells and immunotherapy is still unclear.
Hence, to explore the mechanisms of tumour microen-
vironments, and develop efficient predictors for clinical
prognosis and therapy response in PCa is of
great importance.

In this study, we performed the immunosuppressive
characteristics of 362 PCa patients and their matched
normal prostate tissues from TCGA and GEO databases
based on the immunological profiles. According to the
proved immunosuppressive mechanisms in PCa,
tumour patients were classified into three independ-
ent subclasses with highly infiltrated cytolytic activity
(CYT), M2-TAMs and Tregs, respectively. Patients with
M2-TAMs subtype had the most immunosuppressive

performance compared with the other two subtypes.
Furthermore, analysis of the IMvigor210 cohort
reflected that high M2-TAMs infiltrated patients
showed poor response to anti-PD-L1 therapy. Our
results demonstrated the unique immune characteris-
tics of PCa and provide a more accurate theoretical
basis for immunotherapy of prostate cancer.

Methods and materials

Patients and gene expression data

The gene expression profiles were obtained from the
Cancer Genome Atlas (TCGA) and Gene Expression
Omnibus (GEO) database, respectively as the discovery
cohort and validation cohort. The patients with incom-
plete clinical, follow-up and pathological information
were excluded. Finally, the FPKM RNA-Seq data and
clinical information of 225 PCa patients and matched
51 normal prostate tissues were included from the
TCGA database (https://portal.gdc.cancer.gov/), nor-
malized gene expression data of 137 PCa patients and
matched 70 normal prostate tissues were from the
GSE70770 cohort (https://www.ncbi.nlm.nih.gov/geo/),
respectively. The clinical information of GSE70770
cohort was further retrieved from a previous study
[17]. Gene symbol names of GSE70770 were annotated
based on the annotation platforms GPL10588 by R
language and data normalization were performed with
the log2(xþ1) expression, respectively.

The clinical information of the patients was sum-
marized in Supplementary Table 1, As a previous study
[18], the D’Amico risk grade of PCa patients was iden-
tified based on the value of PSA, clinical T stage, and
Gleason score.

Immune signatures

As a previous study [19], CYT was computed as the
geometric mean between the gene expression of PRF1
and GZMA. The prediction of immune cell infiltration
of B cells, central memory CD4 T cell (CD4þ Tcm),
effector memory CD4 T cell (CD4þ Tem), CD8þ T-cells
and natural killer (NK) cells were performed using sin-
gle-sample gene set enrichment analysis (ssGSEA) in
the web analysis tool XCELL(https://xcell.ucsf.edu/).
The signatures of interferon (IFN)-alpha response and
IFN-gamma response pathway, innate immune cells
and adaptive immune cells were obtained from two
previous studies respectively [19,20]. The member
genes of these signatures were listed in
Supplementary Table S2. Gene list of immune-related
genes were obtained from the IMMPORT database
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additionally (https://www.immport.org/home). Besides,
we used ESTIMATE R package for calculating
ESTIMATE immune score and stroma score of each
sample. The prediction of M2 macrophage and Tregs
fractions were computed by the web tool CIBERSORT
(https://cibersort.stanford.edu/) when required. All sig-
nature values were normalized by limma package
when required.

Identification of PCa immune subtypes

Three immune gene signatures were selected for clas-
sifying the PCa: CYT, M2-TAMsand Tregs. The infiltra-
tion of M2-TAMs and Tregs were estimated using the
CIBERSORT by submitting FPKM RNA-Seq of TCGA
data and log2(xþ1) normalized gene expression matrix
of GSE70770 data, respectively. The value of CYT was
transformed using a logarithm. The cluster distance
between each sample was defined Euclidean. Finally,
the hierarchical cluster of 225 cases of tumour patients
from the TCGA cohort and 137 cases from the GEO
cohort was performed using the “Ward D2”,
respectively.

For analysis of biological progress of M2-TAMs sub-
type, the top 10 upregulated hub genes of M2-TAMs
subclass were selected from the two-fold differential
expressed upregulated genes in M2-TAMs subclass
compared to CYT and Tregs subclasses. The results of
Go analysis were obtained from the DAVID online ser-
ver by submitting gene symbols (https://david.ncifcrf.
gov/). GSEA analysis was performed by uploading the
transformed TPM RNA-Seq of the TCGA cohort to the
GSEA server 3.0.

Analysis of a correlation between M2-TAMs
subclass and response to immune checkpoint
inhibitors (ICIs)

Two hundred and ninety-eight patients with urothelial
cancer who received anti-PD-L1 blocker (pembrolizu-
mab) therapy was obtained from the IMvigor210
cohort [21]. The count RNA-Seq data and clinical infor-
mation were collected from http://research-pub.gene.
com/IMvigor210CoreBiologies. The DEseq2 R package
was used to perform normalization, and the count
RNA-Seq value was transformed into the TPM value
for CIBEROST analysis when required.

Statistical analysis

All statistical analyses and visualization were con-
ducted using R software (San Fransisco, CA, Version

3.5.1) and GraphPad Prism (GraphPad Software, La
Jolla, CA, Version 7.0). A log-rank test was used to esti-
mate an association between different groups and sur-
vival prognosis of PCa patients. The Mann-Whitney
test and Chi-squared test were used to evaluate differ-
ences between groups of continuous and categorical
variables, respectively. Correlation tests were based on
the person and distance analysis. The univariate and
multivariate Cox regression analyses were performed
to detect the prognostic factors. All statistical p value
were two-side, with p< .05 as statistically significant.

Result

Immune characteristics of PCa

To estimate immune cell infiltration in PCa, we firstly
compared the immune infiltration of tumour and non-
tumour prostate tissues respectively using ssGSEA. The
multiple gene expression enrichment scores of seven
immune cells and two inflammatory responses signal
pathways were depicted in the TCGA cohort (Figure
1(A)). The results showed that significant lower
immune score and stroma score in the tumour tissues
compared with the normal tissues (Figure 1(B,C)).
Several immune cells proportion between tumour and
non-tumour prostate tissues were further analyzed.
The infiltration of CD8þ T cell and NK cell in tumour
lesion was significantly reduced compared with nor-
mal adjacent tissues (Figure 1(D,E)). In contrast, M2-
TAMs and Tregs were highly infiltrated in prostate
tumours than normal tissues (Figure 1(F,G)).

To validate the findings, we subsequently evaluated
the difference of the immune infiltration between
tumour and normal tissues of the prostate in the GEO
cohort (Figure S1 (A)). Likewise, lower immune score
and stroma score were observed in tumours compared
with normal tissues, although there was no signifi-
cance of immune score between tumour and normal
in the GEO cohort (Figure S1(B, C)). The changes of
immune infiltration in prostate tumours showed sig-
nificantly lower CD8þ T cells and NK cells compared
with that in normal tissues (Figure S1(D, E)). While the
infiltration of M2-TAMs and Tregs in tumours showed
higher than that in normal tissues comparatively
(Figure S(1 F, G)). These results suggest that prostate
cancer was immunosuppressed to some extends.

Immunosuppressive subtypes of PCa

Previous studies have proved that the immune resist-
ance of PCa related to the infiltrated immunosuppres-
sive cells in TME. It was reported that high infiltration
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of M2-TAMs [22] promoted drug resistance in Castrate-
resistant prostate cancer (CRPC) patients, and the Tregs
were required to established and maintain the immune
resistance. The CYT that represented immune activity of
CD8þ T and NK cells had recently been used to predict
the effect of immunosuppression in tumours [23].
Notably, our study showed that higher infiltrated M2-
TAMs significantly related to the lower CYT infiltrations
in both data of the TCGA and GEO cohort (Figure S2 (A,
D)). We hypothesized that PCa patients can be classified
into different individual immune subtypes because of
the immune divergence of these factors.

To investigate whether these immune mechanisms
work jointly or separately in clinical samples in PCa,
we further conducted an unsupervised hierarchical
cluster of tumour samples by immune-related gene
signatures within the TCGA cohort, the patients have
finally identified three subtypes with highly infiltrated
CYT, M2-TAMs, and Tregs (Figure 2(A)). Among these
subtypes, the signature of CYT represented anti-
tumour immunity, and other two clusters (M2-TAMs
and Tregs) represented immunosuppressive compo-
nents. Patients’ numbers of these clusters were 65, 97,
63 (28.9, 43.1 and 28.0%), respectively. Based on the

immune characters, M2-TAMs cluster showed the low-
est immune score among three clusters, which indi-
cated significantly low immune infiltration in M2-TAMs
subtype (Figure 2(B)), but the prediction of stroma
score among three clusters showed no difference
(Figure 2(C)). Differential clinical features among three
clusters were then analyzed. Patients with M2-TAMs
subclass showed the worst outcome compared with
CYT and Tregs subtypes (Figure 2(D–G)), the results
showed that tumours with high D’Amico risk, high
Gleason score (>7), and biochemical recurrence were
concentrated in this subtype, which predicted a higher
risk of recurrence with M2-TAMs infiltrated patients
following localized treatment (Figure 2(D–F)). In con-
trast, patients in CYT cluster were enriched in the low-
est D’Amico risk and Gleason score compared with
M2-TAMs and Tregs subtype, which indicated that
cluster CYT had better clinical outcome. The rate of
following-up treatment success showed poorly
respond to the treatment in M2-TAMs subtype com-
pared with the other two subtypes (Figure 2(G)).

We further assessed the immune features of 137
PCa patients in GEO cohort (Figure S3 A). The results
showed that GEO cohort was also classified into the

Figure 1. Prostate cancers showed immunosuppression in TCGA cohort. (A) The expression levels of immune-related genes and
multigene signatures in tumour and non-tumorous prostate. Patients were ordered by the immune scores of each sample. RFS:
recurrence free survival; CD4þ Tcm: central memory CD4 T cell; CD4þ Tem: effector memory CD4 T cell. (B, C) The difference of
immune score and stroma score between normal and tumour prostate samples. p Values were computed using Mann-Whitney
test (����p< .0001; �p< .05). (D–G) The difference expression of immune cell gene signature in normal and tumour prostate
samples. p Values were computed using Mann-Whitney test (���p< .0001; ��p< .001). M2-TAMs, M2 subtype tumour associated
macrophages.
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three clusters (CYT, 55.5%; M2-TAMs, 24.8% and
Tregs,19.7%), which indicated the stability of our
immune classification. Consist with the TCGA cohort,
M2-TAMs subclass in the GEO cohort showed lower
immune infiltration compared with the other two sub-
classes (Figure S3(B)), but with no difference of stroma
component among these subclasses (Figure S3 (C)).
Besides, the difference of clinical features among three
subtypes showed that patients in M2-TAMs subtype
had the highest proportion for poor outcome com-
pared with the other two clusters (Figure S3 (D–F)).

M2-TAMs infiltration subtype indicate
poor prognosis

To investigate the prognostic difference of three
immune subtype PCa patients, biochemical recur-
rence-free survival (RFS) was conducted using Kaplan-
Meier survival curve in the TCGA cohort (Figure 3(A)).
The results showed that patients with M2-TAMs and
Tregs subclass had a shorter survival time compared
with the CYT subclass. Notably, within the classifica-
tion of three immune clusters for predicting RFS,
patients with high M2-TAMs group were significantly
associated with poor prognosis compared with that in

low M2-TAMs group, which indicated that high M2-
TAMs infiltration might effectively impact patients’
outcome. However, the Tregs or CYT group had no
significance on RFS (Figure 3(B–D)). Consistent with
this, the cox proportion hazards model showed that
M2-TAMs infiltration was one of the risk factors for
predicting RFS (p¼ .023, Table 1). And the effect of
three subtype’s classification on biochemical recur-
rence survival in the GEO cohort obtained similar
results (Figure S4). Of note, patients in high CYT group
were significantly associated with better outcomes
compared with those in low CYT group in the GEO
cohort (Figure S4(B), Table S3), which indicated that
CYT value may be one protector in PCa progression.

Immunosuppressive performance of M2-TAMs
infiltration in PCa

The infiltration of immune cells in TME had been
shown to promote tumour immune escape by cross-
talking with each other, thereby altering the propor-
tion of immune cells in the TME of tumour patients
[24,25]. Given this, we analyzed the infiltration abun-
dance of innate and adaptive immune cells in three
subtypes additionally. The results showed both innate

Figure 2. Classification of prostate cancer based on immunosuppression mechanisms. (A) Unsupervised clustering of TCGA cohort
(n¼ 225) prostate cancer by three immune-gene expression signatures (cytolytic activity, M2-TAMs and Tregs); expression levels of
marker for T cells (CD4 and CD8A); Tregs (FOXP3); M2-TAMs (CD163 and CD206) and primary immune check points were also
shown. (B, C) The differential expression of immune score and stroma score value among three immune subclasses
(����p< .0001; ��� p< .001; ns: negative significance, Mann-Whitney test). (D–G) The differential proportions of tumour patients
classified by clinical characters within three immune subclasses.
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immune cells and adaptive immune cells in M2-TAMs
subclass had significantly reduced infiltration com-
pared with CYT and Tregs subtypes (Figure S5( A)).
Furthermore, the differential expression of immuno-
modulatory factors in three clusters showed that clus-
ter M2-TAMs had poorly inflammatory induction
compared with the other two subclasses (Figure 4(A)).
It was observed that several genes relatively highly
expressed in M2-TAMs subclass. Interleukin (IL)-4 and
protein kinase B (AKT1) expression were related to the
infiltration and polarisation of tumour-associated mac-
rophages in TME of PCa, and BMP6 and GDF15 were
reported to be related to the development of CRPC
[26] and docetaxel resistance [27] respectively in PCa
patients, theses may explain the reason why patients
in M2-TAMs patients showed poor outcomes.

To uncover the immune resistance among three clus-
ters, the differential expression of the immune check-
point in these subtypes was further investigated from
TCGA and GEO cohort respectively (Figure 4(B, C); S5(B
AKT1I)). Significantly lower expression of immune check-
points was observed in M2-TAMs subclass compared

with the other two clusters. Of note, patients in the
M2-TAMs cluster showed lower expression of PD-L1 and
PD-1 compared with the CYT or Tregs subclass, which
indicated that M2-TAMs infiltration was associated with
stronger resistance to the immune treatment.

We further interrogated the molecular biology pro-
gress of the M2-TAMs subclass (Figure 4(D)). In terms
of biological progress function, M2-TAMs subclass
showed significantly negative regulations on inflam-
matory response and apoptosis, which might explain
the reasons why M2-TAMs subclass with lower
immune infiltration. Besides, the results of GSEA ana-
lysis showed that highly expressed genes in M2-TAMs
subclass related to the Wnt pathway compared with
the other two subclasses, the Wnt pathway involved
in immunosuppression in tumours (Figure 4(E)).

Association between the M2-TAMs infiltration and
response to ICIs

We further evaluated whether or not M2-TAMs infiltra-
tion had the ability to predict immunotherapy

Figure 3. Association between three subtypes and prognosis in PCa in TCGA cohort. (A) Kaplan-Meier analysis of immune sub-
types based on five-year recurrence free survival in TCGA cohort. p Value was calculated by the log-rank test among subtypes.
(B–D) Kaplan-Meier analyses of tumours stratified by cytolytic activity, M2-TAMs, and Tregs infiltration score. p Value was calcu-
lated by the log-rank test.
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response. Two hundred and ninety-eight urothelial
carcinoma patients who received anti-PD-L1 therapy in
IMvigor210 cohort were selected to evaluate the rela-
tionship between the infiltration of M2-TAMs and
response to ICIs. The results showed that the patients
with progress response and stable response exhibited
higher M2-TAMs to CYT ratios (Figure 5(A)). We classi-
fied patients into three groups based on their M2-
TAMs to CYT ratios, the significantly reduced PD-L1þ
immune cells were seen in high ratios group while
low ratios group comprised of increased infiltration of
PD-L1þ immune cells, respectively (p< .0001, Figure
5(B)), which indicated that higher M2-TAMs infiltration
showed lower effect treated with anti-PD-L1 blocker.
At the same time, we found patients in high M2-
TAMs/CYT ratios group showed a relatively poor clin-
ical response to PD-L1 blockade therapy than those in
low M2-TAMs/CYT ratios group comparatively (18.4 vs.
28.8%; Figure 5(C)). These results indicated that high
M2-TAMs infiltration in TME might reflect poor effect-
ive therapy with an inhibitor of anti-PD-L1. To some
extent provided a valuable target for immune treat-
ment in PCa.

Discussion

In prostate cancer, unsatisfactory effect of anti-PD-L1/
PD-1 therapy has become a public problem because
of the unstable immune check-points expression in
PCa tissues [28–30]. The poor prognosis of immuno-
therapy for PCa patients was thought to be related
with microenvironment immunosuppression [31,32].
Some infiltrating immune cells, such as M2-TAMs [22],
Tregs [33] were reported highly infiltrated in PCa and
proved to be the performance of immunosuppression.
However, whether these mechanisms interact or
related to immunotherapy in PCa remains unclear.
Based on the immunological profiles, we analyzed the
different immune characters of 362 PCa patients and
matched normal prostate tissues in TCGA and GEO

cohort, respectively. We introduced a new immune
subtype for PCa patients with high infiltration of CYT,
M2-TAMs, and Tregs, our results showed that patients
in high M2-TAMs infiltration subtype showed not only
the worst clinical prognosis among the three subtypes,
but the more significant is that patients with high M2-
TAMs infiltration showed lower immune check-points
expression compared with the other two subgroups,
especially for expression of PD-L1/PD-1. Meanwhile,
high M2-TAMs infiltration predicted poorly respond to
the anti-PD-L1 treatment in the IMvgior210 cohort,
suggesting that M2-TAMs infiltration may be an
important factor to attenuated the remission rate of
anti-PD-L1 therapy.

In fact, pieces of research have been proved the
immunosuppression of M2-TAMs [22,34,35]. Xu L et al.
[22] reported that in vitro-induced M2-TAMs induced
the resistance of PCa cells to cytotoxic action of NK
cell. Macrophages in lung squamous-cell carcinoma
matrix can prevent T cells from migrating in TME and
their interaction with stimulation of antigen-presenting
cells populations [35], which indicated that M2-TAMs
infiltration can affect the activity of CD8þ T cells and
NK cells respectively. In our study, the infiltration of
CD8þ T cells and NK cells involving in anti-tumour
immunity was significantly decreased in the tumour
samples while with higher M2-TAMs infiltration com-
paratively (Figure 1(D–F), which suggested that high
infiltration of M2-TAMs may be one important reason
for destroying the immune microenvironment homeo-
stasis in PCa. On the other hand, we also found that
IL-4 and AKT1 involved in M2 polarization were
expressed highly in M2-TAMs subclass (Figure 4(A)).
The higher expression of BMP6 and GDF15 in M2-
TAMs subtype has been proved to be related to the
development of CRPC [26] and docetaxel resistance
[27], respectively in our study. These findings may
explain the unique immunosuppression of M2-
TAMs subclass.

Table 1. Univariate and multivariate cox analysis for predicting RFS in the TCGA cohort.
Univariate

p Value

Multivariate

p Value　 HR (95% CI) HR (95% CI)

Age 1.001 (0.935–1.072) .975
PSA 1.101 (0.969–1.252) .141
Gleason score (>7 vs. �7) 5.103 (1.908–13.647) .001a 4.104 (1.493–11.277) .006b

Pathological T stage (T3þ T4 vs. T1þ T2) 2.547 (0.906–7.164) .076
Pathological N stage (N1 vs. N0) 2.396 (0.687–8.354) .170
CYT (high vs. low) 0.647 (0.250–1.672) .369
Tregs (high vs. low) 1.500 (0.581–3.876) .402
M2-TAMs (high vs. low) 3.625 (1.193–11.016) .023a 2.550 (0.814–7.984) .108

RFS, recurrence free survival; PSA, prostate-specific antigen.
aBy univariate analysis, p < .05.
bBy multivariate analysis, p < .05.
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Figure 4. The immunosuppressive mechanisms of M2-TAMs subclass. (A) The median expression level of the immune-related
genes in three subclasses of prostate cancer (Gene list: chemokines and chemokines receptor; interleukins and interleukins recep-
tor; cytokines and cytokines receptor and interferons and interferons receptor). (B, C) Gene expression levels of PD-L1/PD-1 of
three immune subclasses in TCGA cohort and GEO cohort prostate cancer samples. p Values were computed using Mann-Whitney
test (����p< .0001; ���p< .001; ���p< .001; ��p< .01; �p< .05; ns, p> .05). (D) Go analysis plots were shown the hub genes
that up-regulated in the M2-TAMs subclass in prostate cancer samples. BP: biological process; CC: cellular component; MF: molecu-
lar function. (E) Gene set enrichment plots were shown the up-regulated genes in the M2-TAMs subclass compared to the CYT or
Tregs subclass.
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Different from the M2-TAMs subtype, CYT and Treg
subtypes showed higher immune infiltration (Figure
2(B)). Previous studies showed that the infiltration of
Treg cells was related to the poor prognosis of PCa
[33]. In a study of PCa patients treated with GM-CSF-
secreting allogeneic cellular vaccine, the CD8þ T-cell
infiltrate was accompanied by a proportional increase
in Tregs cells, suggesting that adaptive Treg resistance
may dampen the immunogenicity of PCa [8]. This may
be the difference of immunosuppression between the
Treg and M2-TAMs subclass.

Appearance of immune check-point blocker pro-
vides a new idea for the treatment of refractory PCa in
recent years. However, series clinical trials showed a
poorly respond to the treatment with anti-PD-L1 and
anti-PD-1 blocker in PCa [36–38]. In keynote-028, the
total effective rate of patients treated with pembroli-
zumab (anti-PD-1 blocker) was only 13% [36]. Another
study of patients with recurrent or advanced PCa
showed a response rate of 19% with pembrolizumab
treatment [37]. Thus, the reason why PCa patients
treated with immune check-point blacker received
poorly response remains unclear. Several evidence
suggested that some immune cells infiltrated in TME
can predict the response of immune checkpoint
[39–41]. In our study, the expression of PD-L1 and PD-
1 were significantly lower in M2-TAMs subclass among
three subclasses (Figure 4(B, C)), this suggests that
M2-TAMs patients may have poor efficacy with treated
of PD-L1 blockers. More important, another data ana-
lysis, the patients with urothelial carcinoma received
anti-PD-L1 treatment in IMvgior210 cohort showed
higher M2-TAMs infiltration was related to poor effect-
ive therapy (Figure 5(C)). Our results demonstrated

that M2-TAMs subclass PCa patients may not be suit-
able for anti-PD-L1 or PD-1 treatment.

This study had a few limitations which should be
addressed in the future. First, the sample size of this
study was limited, there were only two cohorts, includ-
ing 362 PCa patients. Second, this study lacked direct
evidence to investigate the relationship between M2-
TAMs infiltration and response rate of ICIs treatment for
prostate cancer. Further confirmation of the mechanism
of influence between M2-TAMs infiltration and anti-PD-
L1 immune response will be the focus of future studies.

Conclusion

In conclusion, our study established a new immune
subtype for PCa patients based on the immunosuppres-
sive cell infiltration. High M2-TAMs infiltration subtype
showed the lower expression of immune check-points
in PCa patients. For prognosis of immune therapy, the
levels of M2-TAMs infiltration could be as one potential
maker for assessing the effective remission of PCa
patients receiving immunotherapy.
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