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Summary
Objective. Prostate cancer (PCa) is the second most common malignancy in men. 
Radiotherapy and surgery successfully control organ-confined tumors, although, locally 
advanced/high-risk PCa frequently progress to the metastatic stage of the disease, which 
is uncurable. Identification of novel strategies to improve the efficacy of standard clini-
cal protocols is a primary need. Among the molecular targets of potential clinical interest 
recently highlighted by accurate preclinical studies, the TRPM8 cation channel is particu-
larly promising. In this study, we aim at establishing a standardized immunohistochemistry 
protocol to evaluate TRPM8 expression in normal and pathological prostate tissues. 
Methods. The specificity and sensitivity of TRPM8 antibody ACC-049 was validated in 
different human prostate cell lines by western blot and immunocytochemistry analyses. 
Expression of the TRPM8 channel in normal and pathological prostate tissue was evalu-
ated by immunohistochemistry using a tissue microarray containing 58 cases of prostate 
adenocarcinomas and in primary and lymph nodes metastatic human PCa matched speci-
mens.
Results. TRPM8 expression marks luminal epithelial cells in benign prostate tissue. In 
malignant lesions of the prostate, TRPM8 expression is frequently more abundant in 
advanced stages of the disease (PCa stage III/IV). Finally, lymph node metastases and 
matched primary tumors show similar amounts of the channel.
Conclusions. Collectively, our results reinforce the importance of TRPM8 as prostate bio-
marker and emphasize the value of the channel as promising novel molecular target for the 
treatment of prostate adenocarcinoma. 

Key words: prostate cancer, TRPM8, immunohistochemistry, biomarker, ion channel

Introduction

Prostate cancer (PCa) is the most frequently diagnosed malignancy af-
fecting men and a major cause of cancer-related death  1. From a clin-
ical point of view, 90% of patient presents an organ-confined tumor at 
diagnosis, while the remaining 10% has already developed the metastatic 
stage of the disease. Particular attention is needed patients with locally 
advanced/high-risk PCa (stage III/IV). In these cases, clinical protocols 
include radical prostatectomy coupled with radiotherapy, or radiotherapy 
combined with adjuvant systemic treatments in order to eliminate possible 
local and distant residual disease 2. Unfortunately, locally advanced/high-
risk PCa frequently progresses to the metastatic stage of the disease and, 
almost invariably, after one or two years of androgen deprivation therapy, 
to the lethal castration resistant metastatic condition (mCRPC) 3. 
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In this scenario, accurate functional genomic ap-
proaches are needed for the identification of novel bi-
omarkers and molecular targets of potential clinical in-
terest, and, in turn, to guide the clinician towards more 
personalized and effective therapeutic strategies es-
pecially for the aggressive forms of PCa. 
In the last years, increasing evidence has revealed 
that ion channels play critical roles in the tumorigene-
sis of a wide range of human cancers 4. Consequently, 
these membrane proteins have emerged as putative 
biomarkers and molecular target candidates providing 
new opportunities to improve treatment response in 
patients with different types of cancers.
Among several channels expressed in normal and tu-
mor prostate epithelial cells, TRPM8 is especially inter-
esting. TRPM8, which was functionally characterized 
as a primary receptor for cold stimuli in humans 5,6, is 
a Ca2+-permeable channel belonging to the transient 
receptor potential (TRP) channel superfamily. This 
channel presents a restricted pattern of expression. In 
addition to cold-sensitive peripheral sensory neurons, 
TRPM8 was found in few epithelial tissues, with pros-
tate showing in absolute the highest expression lev-
els 7-9. Noteworthy, TRPM8 channel expression rises in 
primary prostate cancer, while its levels are frequently 
reduced in mCRPC 7-11. This expression pattern makes 
TRPM8 a valuable candidate as a diagnostic biomark-
er for localized and metastatic PCa and a potential 
target for therapeutic interventions in prostate cancer 
treatment  8-10,12. However, despite numerous studies, 
the physiological function of TRPM8 in luminal epithe-
lial cells and, overall, the role in prostate tumorigenesis 
remains largely elusive and controversial 9,13,14.
This study presents an optimized immunostaining 
procedure to evaluate the expression of TRPM8 in 
normal and malignant prostatic tissues. Our results 
show TRPM8 almost invariably over-expressed in PCa 
compared to adjacent benign tissue, with very high 
TRPM8 staining frequently associated with advanced 
stages (III/IV) of the disease. Importantly, TRPM8 ex-
pression marks hormone sensitive metastatic cells 
seeded to local lymph nodes. 
Overall, our study highlights the potential value of 
TRPM8 as both biomarker and therapeutic target in 
prostate cancer. 

Materials and methods

Cell lines and Cell Culture

The immortalized non-tumorigenic prostatic epithelial 
cell line RWPE-1 and the prostate cancer cell lines 
LNCaP and PC-3 were purchased from the American 

Type Culture Collection (ATCC, USA). Cells were cul-
tured in a humidified incubator at 37°C and 5% CO2 
and maintained according to manufacturer’s instruc-
tions. Plasmid construction and lentiviral transduction 
for TRPM8 overexpression, used to obtain the line 
RWPE-1 M8, was performed as described previous-
ly 9. For gene knockdown of TRPM8, cells were trans-
fected with non-targeting (siCTR) or TRPM8 targeting 
(siRNA1 or siRNA2) small interfering RNA molecules 
(obtained from Ambion, Life Tech), following the ap-
proach described elsewhere 9. 

Western blot 

Cells were lysed in ice-cold RIPA buffer supplemented 
with protease inhibitors cocktail (HaltTM, ThermoFish-
er Sci). Equal amounts of protein were resolved on 
SDS-PAGE gels, transferred to PVDF membranes and 
detected by chemiluminescence after incubation with 
primary antibodies against TRPM8 (1:1000, Alomone 
Labs, #ACC-049) and GAPDH (1:5000, Cell Signal-
ing, #5174). Western blots were performed in at least 
3 independent biological replicates and representative 
data are shown.

Prostate adenoCarCinoma tissue miCroarray

The human prostate tissue microarray (TMA) PR208a 
was purchased from US Biomax, Inc. The TMA con-
tains 58 cases of adenocarcinomas and 6 normal tis-
sues (192 total cores, triplicate cores per case). The 
pathological features including pathology diagnosis, 
clinical stage, Gleason grade, Gleason score and the 
involvement of regional lymph nodes and distant me-
tastasis are stated. 

immunohistoChemistry 

RWPE-1 and the other prostate cell lines were grown at 
confluence in 10 cm Petri dishes, detached and collect-
ed by centrifugation. Cell pellets were fixed in 4% PFA, 
dehydrated with graded alcohols and finally embedded 
in paraffin. Paraffin blocks were cut at the microtome 
to obtain 5 µm–thick sections which were mounted on 
coated slides, deparaffinized in xylene, followed by a 
graded ethanol rehydration and used for immunohisto-
chemistry. Deidentified primary and lymph node met-
astatic human samples were retrieved from the tissue 
bank archives of the Surgical Pathology Unit of the S. 
Chiara Hospital (Trento, Italy) upon approval of the Hos-
pital Ethical Committee (Prot.:1946 I.D.:112786962). 
The TMA and other slides were subjected to a complete 
immunohistochemical analyses carried out at the De-
partment of Histopathology (S. Chiara Hospital, Tren-
to, Italy) using an automatic immunostainer (BOND-III 
platform, Leica Biosystems). Antigen retrieval was per-
formed with BOND reagents (Bond epitope retrieval 
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solution 1, Leica Biosystems) at pH 6 for 20 min. The 
primary antibodies used were: TRPM8 (1:300, Alomone 
Labs, #ACC-049) and Cytokeratin HMWs (34βE12, 
PA0134, Leica Biosystems) optimally diluted for use on 
the BOND system. BOND compact polymer detection 
solution (Leica Biosystems) was employed for the de-
tection. High resolution images were acquired using an 
Axio Imager M2 microscope (Zeiss). Sample histology 
and intensity of TRPM8 immunostaining were reviewed 
by two trained pathologists (M.B. and F.G.C) to ensure 
appropriate assignment of the following scores: weak 
(0), moderate (1), high (2), and very high (3). 

Results

sPeCifiCity of trPm8 antibody aCC 049

The reliability of immunohistochemical studies criti-
cally depends on the specificity of the antibodies. To 

establish a consistent immunohistochemical proce-
dure to score TRPM8 levels in prostate specimens, 
we meticulously tested a panel of commercially 
available TRPM8 antibodies. A combination of west-
ern blot studies and immunocytochemistry analyses 
demonstrated the specificity of the Alomone Labs 
ACC-049 antibody. Compared to untransfected and 
non-targeting siRNA (siCTR) transfected cells, west-
ern blot studies demonstrated a reduction of ~  90% 
of endogenous TRPM8 protein in both RWPE-1 and 
LNCaP cell lines transfected with two different siRNAs 
against TRPM8 (Fig. 1A). Furthermore, the ACC-049 
antibody confirmed the lack of TRPM8 expression in 
the metastatic PCa cell line PC-3 9,11, while it detected 
an increased amount of TRPM8 in the RWPE-1 M8 
cells, which was obtained by stable insertion in their 
genome of exogenous cDNA encoding the channel 9 
(Fig. 1B). Next, the Alomone ACC-049 antibody was 
tested for the ability to detect TRPM8 by immunocyto-
chemistry in RWPE-1, RWPE-1 M8, LNCaP, and PC3 

Figure 1. (A) Western blotting analysis with Alomone ACC-049 antibody detecting endogenous full length TRPM8 protein 
in both RWPE 1 and LNCaP prostate cell lines. Antibody specificity was confirmed through TRPM8 knockdown. RWPE 1 and 
LNCaP prostate cells were transfected with non-targeting (siCTR) or TRPM8 targeting (siRNA1 and siRNA2) small interfering 
RNA molecules as indicated. (B) Western blotting analysis with Alomone ACC 049 antibody detecting endogenous amount 
of full length TRPM8 protein in RWPE 1 and LNCaP but not in PC3 prostate cell lines. Increased levels of the channel are 
detectable in RWPE 1 stably overexpressing exogenous TRPM8. (C) Immunohistochemistry of TRPM8 on paraffin embedded 
RWPE 1, RWPE 1 M8, LNCaP and PC 3 cell pellets matching the biochemical data. Scale bars, 100 μm.
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aldehyde fixed-paraffin embedded cellular pellets. The 
antibody showed a high specificity, nicely detecting the 
expected differences in TRPM8 amounts across the 
four samples (RWPE-1 M8 = high, RWPE-1 and LN-
CaP = weak, PC3 = absent; Fig. 1C). The secondary 
antibody alone was used as further internal control and 
showed no signal. Finally, by immunohistochemistry, 
ACC-049 antibody marked the epithelial compartment 
of the gland in human prostate specimens, with cancer 
cells (lumens without outer layer of HMWCKs positive 
cells) more strongly stained than benign (lumens with 
an outer layer of HMWCKs positive cells) (Fig. 2). 
Overall, these data demonstrated the specificity of the 
Alomone ACC-049 antibody and the reliability of our 
protocol. 

high trPm8 sCore is frequently assoCiated With 
advanCed PCa stages

Based on the above results, TRPM8 expression was 
evaluated by immunohistochemistry on a commer-
cially available PCa TMA (US Biomax Inc. PR208a) 
using the ACC-049 antibody. Fifty-eight cases of 
prostate adenocarcinoma and six cases of normal 
prostate tissue – triplicate cores per case, 192 total 
cores – were examined in this study. The mean age 
of the analyzed PCa cases was 69.8 years, and the 
youngest patient at time of diagnosis was 26-year-
old, while the oldest was 87 years. Grade II adeno-
carcinoma was the most common histology stated in 
the microarray. 
Immunohistochemistry of TRPM8 in normal prostatic 

Figure 2. Representative immunostaining for High Molecular Weight Cytokeratins (HMWCKs) and TRPM8 in human PCa 
specimens showing greater amount of TRPM8 protein in HMWCKs negative malignant lumens. Scale bars, 100 μm.
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tissues exhibited weak to moderate immunoreactivity 
in the cytoplasm and cell membrane of the luminal ep-
ithelial cells (Fig. 3). No appreciable TRPM8 immuno-
reactivity was detected in the basal cells or in the stro-

ma. On the other hand, in adenocarcinoma lesions, 
the malignant cells showed significantly increased 
and diffused immunoreactivity for TRPM8 in their cy-
toplasm and plasma membranes (Fig. 3).

Figure 3. TRPM8 immunostaining of PCa specimens. TRPM8 immunostaining was scored as weak (0), moderate (1), high 
(2) or very high (3) on normal prostate cores and 174 PCa cores representing 58 different cases. Representative images are 
shown. Scale bars, 100 μm.
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Intensity of staining was semi-quantified through pa-
thologist visual analysis as score 0 (weak), 1 (moder-
ate), 2 (high) and 3 (very high). This analysis showed 
substantial inter-tumor heterogeneity of TRPM8 levels 
across PCa samples (Fig.  3, Tab.  I), with advanced 
PCa (stage III/IV) frequently showing higher amounts 
of the channel compared to early stages (I/II) of the 
disease. 
Finally, to complete the immunohistochemical analy-
sis we extended our study to metastatic PCa tissues. 
As predicted by immunoblot evaluation on hormone 
naïve metastatic LNCaP cell line (Fig. 1A and 1B), 
parallel TRPM8 immunostaining of lymph node me-
tastases and paired primary prostate tumors shows a 
comparable amount of the channel (Fig. 4).

Discussion

Precision oncology is paving new routes for the clin-
ical management of cancer patients  15. Definition of 
innovative molecular strategies aimed at defeating 

castration resistant metastatic PCa is the primarily 
goal in the field, although the development of nov-
el clinical protocols for a more effective treatment of 
PCa patients diagnosed with locally advanced/high 
risk tumors would represent a critical achievement to 
counteract disease progression and, in turn, mortali-
ty. In this scenario, the almost exclusive expression of 
TRPM8 in luminal cells of the prostate, the increased 
amount of the channel in primary and hormone naïve 
lymph node metastatic PCa, and, finally, the availabil-
ity of well-characterized molecules acting as agonists 
or antagonists, make TRPM8 a very promising poten-
tial new target. 
Here we established a reliable immunohistochemistry 
protocol to score TRPM8 protein amounts in human 
prostate samples. In line with previous findings 9,11,12,16-

18, we found that TRPM8 expression specifically marks 
the luminal compartment in both normal and malig-
nant prostate tissues and that it is almost invariably 
over-expressed in PCa cells compared to contiguous 
benign glands. Differently from others 16-18, we did not 
find any TRPM8 immunoreactivity in basal epithelial 
cells or in hyperplastic stromal cells. 
Collectively, our study revealed a heterogeneous dis-
tribution of TRPM8 amount across PCa specimens 
with very high TRPM8 staining frequently, but not 
exclusively, associated with advanced stage (III/IV) 
of the disease. Notably, matched primary PCa and 
hormone naïve metastatic samples derived from the 
same patient score very similar for TRPM8 immunos-
taining.

Table I. The percent coverage for expression of TRPM8 in 
prostate cancer respect to tumor stage.

Intensity of anti-TRPM8 immunoreactivity 
(Score)

Tumor stage 1 2 3
I 36% 36% 28%
II 9% 64% 27%
III 8% 38% 54%
IV 12% 25% 63%

Figure 4. TRPM8 immunostaining of hormone naïve lymph nodes PCa metastases. Representative images are shown. Scale 
bars, 100 μm.
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Conclusions 

Our findings strength the value of TRPM8 as biomark-
er of prostate tissue and pave the way for “precise” 
pre-clinical and clinical studies testing the relevance 
of this channel as a potential therapeutic target for lo-
cally advanced/high-risk prostate cancer.
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