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TRP superfamily:
§ 28 genes
§ Integral membrane proteins
§ Ion channels mostly non-
selective for monovalent and
divalent cations

§ Subdivided into 7 major groups
§ 6 TM Tetrameric

Montell, Annual Review of Biochemistry, 2007
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Adapted from Nilius et al., Physiological Reviews, 2007
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using biotin labeling. Cell-surface biotinylation experiments 
showed that both TCAFs enhanced channel expression in the 
biotinylated fraction when compared with cotransfection with 

at both the mRNA (Fig. 4 A) and protein levels, as seen after 
transfection with vectors expressing tagged proteins (Fig. 4 B). 
We then examined the role of the TCAFs in TRPM8 trafficking 

Figure 4. TCAF1 and TCAF2 proteins have opposing effects on TRPM8 activity. (A) Reverse-transcription PCR showing the specific decrease of TCAF1 
(top) and TCAF2 (bottom) bands after cell transfection with 100 nM of the respective siRNAs. Actin was used to normalize relative expression, and siRNA 
to luciferase was used as a negative silencing control (siLuc). The white line on the TCAF1 gel indicates the removal of intervening lanes for presentation 
purposes. (B) Western blot analysis confirming the siRNA effect on HA-TCAF1– (top) and myc-TCAF2–transfected cells (bottom). Calnexin (Clnx) was used 
as a loading control. (C and D) Cell surface biotinylation analysis of TRPM8-transfected cells cotransfected with the empty vector (CTRL), TCAF1, or TCAF2 
(C), or co-treated with siLuc, siTCAF1, or siTCAF2 (D). TRPM8 expression was analyzed by immunoblotting the plasma membrane fraction (TRPM8PM) or 
total cell lysates (TRPM8TL). Shown is the mean time course of cold- (22°C), icilin- (10 µM), and menthol-activated (500 µM) ITRPM8 in LNCaP cells transiently 
transfected with TRPM8 and treated with siLuc (open circles), siTCAF1 (E), or siTCAF2 (F; closed circles). Values are expressed as means ± SEM (error bars). 
(G) Single traces of menthol-evoked currents recorded in a representative LNCaP cell (out of five different cells per condition) transfected with TRPM8 and 
either an empty vector (ctrl), TCAF1, or TCAF2. Stimulation protocol is presented in the top panel. The corresponding IV relationships are presented in H.

Gkika et al., JCB 2015 

Patch clamp
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TRPM8  expression is modulated during prostate cancer 
progressionSFTFBSDI�BSUJDMF

���� The Journal of Clinical Investigation   http://www.jci.org   Volume 117   Number 6   June 2007

the TRPM8 channel in the human PCa lymph node carcinoma of the 
prostate (LNCaP) cell line. In these cells TRPM8 is highly expressed, 
but is most exclusively localized in the ER membrane, where it acts 
as an ER Ca2+ release channel that supports the androgen-dependent 
component of store-operated Ca2+ entry (SOCE). However, PMTRPM8 
is not functional in LNCaP cells. These findings raise a number of 
intriguing questions. Does prostatic TRPM8 act exclusively on the 
ER? What mechanisms determine PM versus ER localization? How 
is TRPM8 function regulated during prostate cell differentiation 
and carcinogenesis? In light of our previous findings concerning 
the differential involvement of ER Ca2+ release and PM Ca2+ entry 
in the proliferation and apoptosis of PCa cells (5), modifications in 
TRPM8 localization and activity during carcinogenesis could explain 
the aberrant cancer cell growth phenotype. Therefore, understanding 
TRPM8 function in PCa is crucial for making justified conclusions 
regarding use of this channel as a diagnostic and therapeutic target.

The present study was designed to investigate how TRPM8 local-
ization and activity are regulated depending on the differentiation 
and oncogenic status of prostate primary epithelial (PrPE) cells. 
We applied a combination of electrophysiology, Ca2+ imaging, 
and molecular and cell biology approaches to primary cultures 
of human NP, BPH, and PCa epithelial cells. Our findings show, 

for the first time to our knowledge, that only highly differenti-
ated PrPE luminal cells expressed functional PMTRPM8 channels. 
Importantly, prostate primary cancer (PrPCa) cells obtained from 
in situ PCa biopsies were characterized by PMTRPM8-mediated 
current density that was significantly stronger than that of NP or 
BPH cells. This PMTRPM8 activity was abolished in dedifferenti-
ated PrPE cells that had lost their luminal secretory phenotype. 
In contrast, endoplasmic reticulum TRPM8 (ERTRPM8) remained 
functional regardless of the differentiation status of prostate cells. 
This differential regulation of TRPM8 activity can be explained by 
the complex regulation of ERTRPM8 and PMTRPM8 isoforms by 
ARs. Considering that ER Ca2+ content ([Ca2+]ER) is known to regu-
late cancer cell growth, our finding that ERTRPM8 was functional 
in dedifferentiated PCa cells with downregulated AR provides 
insight into the role of this channel in PCa progression and may be 
important for developing therapeutic strategies for metastasized 
PCa. Finally, we propose a model for the differential regulation of 
PMTRPM8 and ERTRPM8 during PCa progression.

3FTVMUT
Expression of functional TRPM8 in human prostate apical epithelial cells. 
We initially studied TRPM8 protein expression in several human 

'JHVSF��
531.��DIBOOFM�FYQSFTTJPO�BOE�BDUJWJUZ�JO�IVNBO�QSPTUBUF�DFMMT��	"
�*NNVOPCMPU�TIPXJOH�EFUFDUJPO�PG�����L%B�QSPUFJO�JO�SFQSFTFOUBUJWF�IVNBO�
/1
�#1)
�BOE�1$B�TBNQMFT��1$���DFMMT�XFSF�VTFE�GPS�OFHBUJWF�DPOUSPM��EFUFDUJPO�PG�SFDPNCJOBOU�	SFD
�531.��)JT�GVTJPO�QSPUFJO�XBT�VTFE�
GPS�QPTJUJWF�DPOUSPM��$BMOFYJO�XBT�VTFE�UP�DPOUSPM�UIF�BNPVOU�PG�QSPUFJOT��	#
�$POGPDBM�FYBNJOBUJPO�PG�JNNVOPIJTUPDIFNJDBM�TFDUJPOT�SFQPSUJOH�
TQFDJGJD�FYQSFTTJPO�PG�UIF�531.��QSPUFJO�	HSFFO
�JO�$,���QPTJUJWF�	SFE
�DFMMT�JO�1$B��"SSPXT�EFOPUF�531.��FYQSFTTJPO�PO�UIF�MVNJOBM�TJEF�
NFNCSBOF�PG�BQJDBM�FQJUIFMJBM�DFMMT��#PYFE�BSFB�JO�UPQ�MFGU�QBOFM�JT�TIPXO�BU�B�IJHIFS�NBHOJGJDBUJPO�JO�UIF�PUIFS�QBOFMT��	$
�3FQSFTFOUBUJWF�DPOGP�
DBM�JNBHF�PG�B�1S1&�DFMM�GSPN�IVNBO�#1)�TIPXJOH�DPMPDBMJ[BUJPO�PG�531.��	HSFFO
�XJUI�$,���	SFE
���EBZT�BGUFS�UJTTVF�EJTTPDJBUJPO��/PUF�UIBU�
B�UIJO�HSFFO�TJHOBM�XBT�MPDBMJ[FE�PO�1.��5PQ�SJHIU�QBOFM�TIPXT�UIF�DFMM�WJFXFE�XJUI�USBOTNJUUFE�MJHIU��	%
�1.�MPDBMJ[BUJPO�PG�531.��	HSFFO
�JO�
1S1&�DFMMT�XBT�DPOGJSNFE�CZ�JUT�DPMPDBMJ[BUJPO�XJUI�NFNCSBOF�NBSLFS�$%���	SFE
��	&
�3FQSFTFOUBUJWF�UJNF�DPVSTFT�PG�NFOUIPM�BDUJWBUFE�J531.��
JO�1S1&�DFMMT�USBOTGFDUFE�XJUI����O.�PG�FJUIFS�TJ531.��PS�TDSBNCMF�TJ3/"�	TJ$PO
��*OTFU�TIPXT�UIF�SFQSFTFOUBUJWF�DVSSFOU�WPMUBHF�SFMBUJPOTIJQT�
PG�UIF�NFOUIPM�BDUJWBUFE�NFNCSBOF�DVSSFOUT��4DBMF�CBST�����µN�

Bidaux et al, JCI 2007

Protective role of TRPM8 during metastatic process?

Bidaux et al, JCI 2007; 
Gkika et al., Oncogene 2010; 
Gkika et al., JCB 2015 



TRPM8  activation inhibits CANCER CELL migration 

Gkika et al., Oncogene 2010 Gkika et al., J Cell Biol 2015

Ø PC3-TRPM8

Ø PC3-TRPM8 + icilin

MigrationTranswell
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Cellular model used during practical: PC3 cell line

PC3 TRPM8 stably overexpressing TRPM8 PC3 WT

PC3: Cell line derived from prostate cancer (adenocarcinoma grade IV) metastatic in bone 
(62 years old adult male) 
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CONTA 



CONTA MEDIANTE CAMERA DI BURKER

l = 1mm
Spessore = 0,1mm

Volume = 0,1mm3 = 10-4ml

•Contare i 5 quadrati all’interno 
di ciascuna delle 2 camere 

•Calcolare la media per ciascun 
quadrato (n)

•Calcolare il numero di cells/ml :

Cells/ml = n/10-4ml = n * 104/ml



Ex at 380 nm

Ex at 340 nm and 380 nm

UV Ca2+ Indicators: Fura-2 is a fixed emission 
ratiometric dye



Day 1: preparation physological extracellular
solutions

Tyrode Standard 
mM MW g/l ml/l 10x g/l 10x ml/l 10X g/250mL 10X µL/250mL

NaCl 154 58.44

CaCl2 2 147.02

KCl 4 74.56

MgCl2 1 STOCK 4.9M / / /

HEPES 5 238

Glucose 5.5 180.2

pH (aggiustato con NaOH) 7.4



Day 1: preparation physological extracellular
solutions

Ca2+ free
mM MW g/l ml/l 10x g/l 10x ml/l 10X g/250mL 10X µL/250mL

NaCl 154 58.44

KCl 4 74.56

MgCl2 1 STOCK 4.9M / / /

HEPES 5 238

Glucose 5.5 180.2

pH (aggiustato con NaOH) 7.4



Day 2: cell culture plating for Ca2+ imaging
1. Rimuovere il terreno
2. Effettuare 1 lavaggio in PBS W/O Ca2+ Mg2+
3. Aggiungere 1 ml di tripsina 1X alla piastra e mettere in incubatore per 5 minuti; verificare al microscopio che

le cellule si siano staccate dalla piastra. Staccarle meccanicamente con una pipetta se ancora adese alla piastra
4. Nel frattempo in una provetta da 14 ml aggiungere 2 ml terreno (RPMI 10%)
5. Recuperare la sospensione cellulare dalla piastra e trasferirla in un tubo da 14 ml risospendendo più volte.
6. Caricare la camera di Burker prelevando dal tubo in cui sono risospese le cellule (10 ul per ogni cameretta) e

contare le cellule di 5 campi.
7. Centrifugare le cellule nel tubo per 5 minuti a 1000 RPM
8. Aspirare il surnatante e risospendere il pellet in 1 ml di terreno (RPMI 10%).
9. Calcolare quanti ul di sospensione cellulare prelevare per avere una sospensione di 5*10^4 cells/1ml RPMI

10%. TOT 2 piastrellini per cappa.
10. Preparare due piastrellini mettendo in ognuno 1.5 ml di terreno, quindi aggiungere la sospensione cellulare

calcolata al punto precedente.



Day 3: Ca2+ imaging. 2 experiments: PC3 
wt/PC3TRPM8
1. Caricare il piastrellino con FURA2-AM 2uM (soluzione stock 1 mM) per 40’-45’.
2. Lavare il piastrellino in soluzione fisiologica (Tyrode standard)
3. Montare il vetrino nella cameretta supporto ed effettuare l’esperimento

Il protocollo che verrà utilizzato per le PC3 è:
1. Soluzione fisiologica (circa 30 cicli)
2. Soluzione fisiologica + WS12 500 nM (soluzione stock 100 mM circa 100 cicli o

meno finché la risposta non si esaurisce)
3. Soluzione fisiologica

Il protocollo che verrà utilizzato per le PC3M8 è:
1. Soluzione fisiologica (circa 30 cicli)
2. Soluzione fisiologica + WS12 500 nM (circa 100 cicli o meno finché la risposta

non si esaurisce)
3. Soluzione fisiologica

ICILINWS12 500nM



Day 3: Ca2+ imaging. 2 experiments: PC3 
wt/PC3TRPM8

Il protocollo che verrà utilizzato per le PC3M8 è:
1. Soluzione fisiologica (circa 30 cicli)
2. Soluzione fisiologica + WS12 500 nM (circa 100 cicli o meno finché la risposta non si esaurisce)
3. Soluzione fisiologica
4. Soluzione fisiologica 0 Calcio
5. Soluzione fisiologica 0 Calcio + WS12 500 nM (circa 100 cicli o meno finché la risposta non si esaurisce)
Soluzione fisiologica 0 Calcio

ICILINWS12 500nM

?
Tyrode 0 Ca2+

WS12 500nM



Day 4: data analyses
Tramite l’utilizzo del software excel:

- Analisi % risposte in seguito a stimolazione con WS12 500nM:
PC3 WT
PC3-TRPM8 in soluzione extracellulare contenente Ca2+
PC3-TRPM8 in soluzione extracellulare priva di Ca2+

- Analisi ampiezza del picco della risposta risposte in seguito a stimolazione con WS12 500nM considerando tutte le cellule:
PC3 WT
PC3-TRPM8 in soluzione extracellulare contenente Ca2+
PC3-TRPM8 in soluzione extracellulare priva di Ca2+

- Analisi ampiezza del picco della risposta risposte in seguito a stimolazione con WS12 500nM considerando solo le cellule responsive:
PC3 WT
PC3-TRPM8 in soluzione extracellulare contenente Ca2+
PC3-TRPM8 in soluzione extracellulare priva di Ca2+


