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ABSTRACT OF THE THESIS 

 

The Role of TRPV1 Channels on CD4+ T-cells Activation 

 

by 

 

 

Tak Kin To 

 

 

Master of Science in Biology 

University of California, San Diego, 2012 

Professor Eyal Raz, Chair 

Professor Michael David, Co-Chair 

 

 

TRPV1 is a non-selective ion channel best studied in peripheral 

sensory neurons as a pain receptor. Here we demonstrate the functional 

expression of TRPV1 by CD4+ T cells and its physiological consequences. 

TRPV1 is activated downstream of PLC-γ1 upon TCR ligation and acts as a 

non-store operated Ca2+- channel. CD4+ T cell development, differentiation 

and survival are intact in Trpv1-/- mice. In contrast, TRPV1-mediated Ca2+ 

influx is required for the proper transduction of the major TCR-mediated 

signaling events and for the subsequent cytokine production. Mouse CD4+ T 

cells treated with pharmacological TRPV1 antagonists display similar 

phenotype of Trpv1-/- CD4+ T cells. In vivo, Trpv1-/- naïve CD4+ T cells 

adoptively transferred to Rag1-/- recipients failed to acquire inflammatory 

properties and did not provoke colitis. Thus, TRPV1 has an indispensible role 

in CD4+ T cell activation and its inhibition might be implemented to restrain 

pathogenic CD4+ T cell responses. 



1 

INTRODUCTION 

Ca2+ influx from the extracellular space is a critical event for the 

activation of immune cells, including CD4+ T cells. Following engagement of 

the T-cell receptor (TCR) and formation of the immunological synapse, Ca2+ 

channels provide the Ca2+ influx necessary for many of the signaling 

processes required for T cell activation (1,2). Recent work focusing on the 

molecular nature and the regulation of Ca2+ signaling in T cells has lead to the 

identification of the Ca2+ release-activated Ca2+ (CRAC) channel complex (3). 

CRAC channels are the major source for Ca2+ influx and thus necessary to 

activate a variety of transcription factors such as nuclear factor-κB (NF-κB), 

nuclear factor of activated T cells (NFAT), which together direct cellular 

responses such as cytokine secretion, cell proliferation, and cell differentiation 

(4). However, the contribution of other Ca2+/cation channels such as the 

Transient Receptor Potential (TRP) channels in lymphocytes activation is 

poorly understood.  

The TRP family of ion channels has emerged as a novel player in the 

calcium-signaling processes. The TRP superfamily consists of 28 mammalian 

members divided into six subfamilies: 7 TRPC (canonical), 6 TRPV (vanilloid), 

8 TRPM (melastatin), 1 TRPA (ankyrin), 3 TRPP (polycystin) and 2 TRPML 

(mucolipin) (5,6). Each TRP subunit consists of six transmembrane segments 

(S1-6) with a pore-forming loop between S5 and S6. Each TRP subunits have 

intracellular amino and carboxyl termini (5-8). TRP subunits can assemble as 

homo- or hetero-multimers with other TRP subunits to form functional ion 
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channels. Most of the TRP channels are permeable to cations but the 

permeability ratios PCa/Na vary from 0.1 to >100. Among the TRP channel 

family, TRPV1 is a non-selective ion channel with high permeability to Ca2+ 

(PCa2+/Na+ ≈10) (8). TRPV1 can be activated by capsaicin (CAP), the active 

pungent ingredient in hot chili pepper, and it also can be activated by other 

endogenous and exogenous stimuli including heat, protons, vanilloid 

compounds, and certain lipid mediators (8). TRPV1 was first discovered in 

sensory neurons as a sensor for acute noxious thermal, mechanical, and 

chemical stimuli (8). TRPV1 plays an important role in neurogenic 

inflammation, which is characterized by vasodilation, plasma extravasation, 

edema, inflammatory pain, and thermal and mechanical hyperalgesia. 

Neurogenic inflammation contributes to inflammatory diseases such as 

allergic rhinitis, asthma, dermatitis, bowel diseases, and pancreatitis (9). 

Interestingly, emerging evidence suggests that TRPV1 channels are also 

expressed in non-neuronal cells such as certain epithelial cells (kidney, 

pancreas and intestines) and immune cells (5). Furthermore, recent studies 

show that patients with gastrointestinal diseases such as inflammatory bowel 

disease (IBD) have overexpression of TRPV1 in their colon. (5).   

IBD, which included Crohn’s Disease (CD) and Ulcerative Colitis (UC), 

is characterized as a chronic gastrointestinal inflammation induced by 

abnormal CD4+ T cell mediated immune response against the microbiota in 

genetically susceptible host (7,10,11). Although development of immuno-
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suppressors and anti-cytokine antibodies in recent years slowed the 

progression of the painful gut damage associated with IBDs, these therapies 

are not effective in all patients and sometimes cause adverse side-effect (12). 

Therefore, the discovery of alternative therapeutics that target T-cell 

activation can greatly benefit IBD patients. 

In this study, we identified that mouse and human CD4+ T cells express 

functional TRPV1 channels. Genetic deletion and pharmacological inhibition 

of TRPV1 reduce TCR-mediated Ca2+ influx. Furthermore, using CD4+ T cells 

isolated from Trpv1-/- mice, we observed that these cells have a decreased 

activation of TCR-induced signaling pathways and a reduced cytokine 

production in vitro. In vivo, we found that Trpv1-/- CD4+ T cells failed to induce 

colitis after transfer in Rag-/- mice. Collectively, our data suggest that TRPV1 

channel plays an important role in T cells activation and inflammatory 

function.



4 

METHODS  

Reagents and Antibodies. For western blotting, the following antibodies 

were used: anti-phospho and total ERK1/2, anti-phospho and total P38, anti-

phospho and total JNK, anti-phospho ZAP-70 and anti-phospho LCK were 

obtained from Cell Signaling Technologies. Anti-phospho LAT antibody was 

purchased from Millipore. Anti-LCK, anti-p65-NFkB and anti-TRPV1 (P-19 ab 

and blocking peptide) antibodies were purchased from Santa Cruz 

Biotechnology. Anti-NFAT-1 antibody was purchased from Abcam. Anti-β-

actin antibody was purchased from Sigma. For immunofluorescence studies, 

anti-TRPV1 (ab74813) antibody was purchased from Abcam. Anti-CD4-

AF488 (Clone GK1.5) antibody was purchased from eBioscience. Annexin V / 

7-AAD apotosis detection kit was purchased from BD Pharmingen. CFSE and 

Indo-1 AM were purchased from Invitrogen. The TRPV1 agonist (Capsaicin) 

and Ionomycin were purchased from Sigma. The TRPV1 specific antagonist 

(BCTC) was purchased from Tocris. Recombinant human TGF-b1 was 

purchased from PeproTech.  

Mice. Six to ten week old mice will be used for all the experimental 

procedures. Specific pathogen free C57Bl/6 (B6) mice are usually purchased 

from Harlan Sprague Dawley Inc or bred in our vivarium. Trpv1-/- (The 

Jackson laboratory), and OVA-transgenic (OT-2) mice on the B6 background 

are currently bred in our vivarium. Rag1-/- mice on the B6 background are 

currently maintained at specific-pathogen free conditions in our vivarium. To 
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generate the double knockouts (Rag-/-Trpv1-/-, OT-2/Trpv1-/-), Rag1-/- or OT-2 

mice were intercrossed with Trpv1-/- mice. All experimental procedures will be 

conducted in accordance with UCSD institutional guidelines for animal care 

and use. 

Culture and stimulation of CD4+ T cells. Mouse CD4+ T cells were isolated 

from the SP or MLN of WT or Trpv1-/- mice by Abs-coated magnetic beads 

using a CD4+ T cells negative selection kit (StemCell). Purity of the enriched 

populations is typically >94% for SP and >97% for MLN derived CD4+ T cells. 

After enrichment, CD4+ T cells were pre-incubated for 30 minutes with various 

concentrations (from 1 nM to 10 µM) of the synthetic inhibitor for TRPV1 

(BCTC) for 30min or with the vehicle (0.1% DMSO), before stimulation with 

10 µg/ml plate-bound anti-CD3 and 1 µg/ml soluble anti-CD28 mAbs (both 

from BioXcell) in complete RPMI 1640. Twenty-four and forty-eight hours 

culture supernatants will be collected for cytokine analysis by ELISA 

(eBioscience). For the signaling experiments, CD4+ T cells were treated or 

not with the TRPV1 antagonist BCTC (1 µM) as described above and 

stimulated with 5 µg/ml anti-CD3 and 1 µg/ml anti-CD28 mAb (both soluble) 

for the different time-points (e.g., 0, 15, 30, 60 min). Splenic CD4+ T cells from 

TCR transgenic mice specific for OVA (OT-2 or OT-2/Trpv1-/-) were isolated 

as described above. BMDC were cultured and harvested as previously 

described. SPDC or BMDC were loaded with 10 µg/mL of I-Ad-restricted OVA 

peptide (OVA323-339: ISQAVHAAHAEINEAGR, PeptidoGenic Research) two 
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hours before the addition of OT-2 CD4+ cells to the culture. After five days of 

co-culture, CD4+ T cells were recovered and re-stimulated with anti-CD3/28 

abs for 24 hrs. Supernatants were then collected and cytokines levels 

measured using ELISA kits for IL-2, IL-4, IL-10, IL-17A, IFNg and TNFa 

(eBioscience). For TRPV1 expression analysis by western blot, primary 

human (h) CD4+ T cells, PBMCs were enriched by Ficoll density gradient 

technique from healthy donors and Jurkat cells (clone E6.1) were purchased 

from the ATCC (#TIB.152) and grown in complete RPMI 1640. 

Calcium flux. Splenic CD4+ T cells were isolated from WT and the different 

Trp-/- mice as mentioned above and [Ca2+]i was measured as previously 

described (32). This established flow cytometric method allows different cell 

populations to be tested in the same sample. Briefly, cells were suspended at 

2.5x106/ml in PBS/2% FBS and pre-labeled with CFSE (carboxyfluorescein 

diacetate succinimidyl ester, Molecular Probes; 40 nM, for 10min at 37°C) or 

mock-treated and mixed at equal proportion (e.g., WT cells (mock) plus 

Trpv1-/- cells (CFSE). In some experiments, the CFSE- and mock-treated 

pairs were reversed to ensure that the CFSE staining did not alter the results. 

Cells were washed twice with PBS/2% FBS, resuspended at 5x106/ml in 

calcium-free medium (Ca2+ and Mg2+-free Hank's balanced-salt solution 

(HBSS) supplemented with 2% FCS and 0.2 mM EGTA) were incubated with 

2 µM Indo-1 AM (Molecular Probes) for 30 min at 37°C, 5% CO2. Cells were 

washed twice with HBSS medium and rest on ice for 1 hour. Cells were pre-
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warmed to 37°C before analysis and were kept at 37°C during the stimulation 

with increasing concentrations (from 0.1 µM to 10 µM) of Capsaicin or 10 

µg/ml anti-CD3 and 1 µg/ml anti-CD28 mAb or alternatively with 500 ng/ml of 

Ionomycin oand 2 or 5 mM CaCl2 was added during the analysis on a Becton-

Dickinson LSRII. Fluorescence ratios were calculated using FlowJo 

(TreeStar). 

CFSE dilution. Isolated splenic CD4+ T cells were suspended in PBS/2% 

FBS at 10x106 cells/ml. A 100 µM working dilution was prepared in PBS/2% 

FBS from the 5 mM stock solution CFSE solution (50 µg of CFSE dissolved in 

18 µl of DMSO). CFSE was added to the cells at 10 µl/1 ml of cells to give a 

final concentration of 1µM. Cells were incubated with CFSE at 37°C for 7 min. 

Incorporation of CFSE into cell membranes was stopped by adding 5 vol of 

ice-cold RPMI 1640 supplemented with 30% FBS. Excess CFSE was 

removed by three successive media washes. Dilution of CFSE in dividing T 

cells was monitored 72h after stimulation with aCD3/28 abs or 

PMA/ionomycin and was assessed using FACS, on gated CD4+ cells with 

CFSE detected in the FL1 channel.  

TRPV1 expression analysis by Flow Cytometry. SP-derived CD4+ cells 

were isolated, fixed in 2% paraformaldehyde/PBS for 10 min at room 

temperature, centrifuged and permeabilized in 0.2% triton X-100 for 15 min at 

4ºC. Cells were then washed, incubated with 5% BSA in PBS for 30 min at 

4ºC and stained with an anti-TRPV1 goat ab (P-19 ab preincubated or not for 
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2 hours at RT with 10-fold excess of the specific blocking peptide) or goat IgG 

as control for 1 hr at 4ºC. Cells were washed and incubated for 30 min at 4ºC 

with a secondary antibody anti-goat-AF-488 (1:500 dilution; Invitrogen) and 

with anti-CD4-APC and anti-TCRb-PerCP-Cy5.5 abs. Cells were finally 

washed and analyzed on a BD FACSCalibur.  

Immunofluorescent staining and Confocal Microscopy analysis. SP-

derived CD4+ cells were isolated and cytocentrifuged (Cytospin 2, Shandon) 

onto microscope slides for 3 min at 500 r.p.m. The air‐dried cytospin 

preparations or the coverslips were fixed in 4% paraformaldehyde/PBS for 10 

min at room temperature, centrifuged and permeabilized in 0.2% triton X-100 

for 15 min at 4ºC. Cells were then washed, incubated with 5% BSA / 0.2% 

triton X-100 in PBS for 30 min at 4ºC and stained with anti-TRPV1 rabbit ab 

(ab74813 used at 1:200 dilution) for 2 hr at RT. Cells were washed and 

incubated for 1 hr at 4ºC with anti-CD4-AF-488 and an anti-rabbit-AF-647 

(1:100 dilution; Invitrogen) secondary antibody. One cytospin preparation 

served as a negative control staining using either the secondary antibody 

alone or the isotype control. Cells were finally stained 10 min at RT with 

Hoechst, rinse with deionized water and slides were mounted in ProLong 

Gold antifade reagent (Invitrogen). The fluorescence images were acquired 

on a confocal laser scanning microscope (Olympus IX81) with Fluoview 

software. Colocalization studies were performed after image acquisition using 

Velocity software. 
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Isolation of mRNA and qPCR. Isolation of RNA will be carried out with the 

RNeasy Mini Kit (Qiagen) following the manufacturers protocol. One µg of 

RNA sample was then used for reverse transcription and synthesis of cDNA 

using qScript cDNA superMix (Quanta Biosciences). Quantitative real-time 

PCR (qPCR) was performed on an AB7300 (Applied Bisosytems) using 

PerfeCta SYBR Green FastMix (Quanta Biosciences). qPCR primers 

(supplemental Table 1 and 2) for specific target genes were designed based 

on their reported sequences and synthesized by IDT Technologies. PCR 

products from qPCR reaction were run on a 2% agarose gel stained with 

SYBR Safe DNA (Invitrogen) to confirm the specificity of the primers used.  

 

Electrophoretic-mobility shift assay (EMSA) and western blot (WB). For 

assessment of nuclear translocation of NF-κB and NFAT-1, cytoplasmic cell 

extracts were made by lysis in hypotonic lysis buffer A (10 mM HEPES [pH 

7.9], 10 mM KCl, 0.1 mM EDTA, complete protease inhibitors [Roche]) for 5 

minute incubation on ice. After collecting the cytoplasmic extracts, the cell 

pellet was lysis in nuclear extract buffer B (20 mM HEPES [pH 7.9], 420 mM 

NaCl, 1 mM EDTA, protease inhibitors) on ice for 5 min on ice. Translocation 

of activated NF-κB into the nucleus was measured by EMSA using 

consensus NF-κB oligonucleotides (Santa Cruz Biotechnologies) as 

previously described (33). Translocation of NFAT-1 was analyzed by 

immunoblotting using the following antibodies: anti-NFAT-1 (Abcam) and anti-

β-actin (Sigma-Aldrich). For activation of MAPKs, phosphorylation of ERK, P-
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38 and P-JNK was assessed in the cytosolic fraction using specific antibodies 

for phospho and total forms of these proteins (Cell Signaling Technologies). 

To measure TRPV1 expression by western blot, resting mouse and human 

primary CD4+ T cells, CHO-control and -TRPV1, and Jurkat cells were lysed 

with RIPA buffer (Sigma) supplemented with protease inhibitors (Roche) and 

western blots analysis was performed as described above using anti-TRPV1 

P-19 ab (Santa Cruz Biotechnologies). The protein concentration was 

determined with a protein-quantification kit (Bio-Rad). Protein samples (10 

mg/lane) were separated through SDS polyacrylamide gel electrophoresis (4-

12% gradient; Invitrogen) and then transferred to PVDF membranes 

(Millipore). The blots were blocked by 5% BSA / 0.3% Tween 20 in PBS for 

45 min at RT, and incubated with primary antibodies (all abs were used at 

1:1000 dilution) overnight at 4ºC. The blots were washed and incubated with 

their corresponding HRP-conjugated secondary abs from Sigma or Jackson 

Lab (1:5000 to 1:10000 dilution) for 45 min at RT and developed in ECL 

solution (Pierce). 

T cell adoptive transfer model of colitis. Splenocytes from WT or Trpv1-/- 

donor mice were enriched for CD4+ cells by immunomagnetic negative 

selection as described above. Cells will be then stained with APC anti-CD4 

(eBioscience), AF-488 anti-CD25 and PE anti-CD45RB (BD Pharmingen) and 

sorted into naive CD4+CD45RBhighCD25- and regulatory 

CD4+CD45RBlowCD25+ populations (usual purity >98%) with a MoFlow Flow 
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Cytometer (DAKO) using Summit software. Seven to nine week old Rag1-/- or 

Rag1-/-Trpv1-/- sex and age-matched recipient mice were reconstituted by i.p. 

injection with  3x105 naïve CD4+ T cells from the different knock outs and B6 

sex-matched donor mice. For the co-transfer experiments, 1.5x105 regulatory 

cells from WT mice were co-injected with the naïve CD4+ T cell population. 

After reconstitution, mice will be monitored for signs of intestinal inflammation 

such as weight loss and diarrhea. Diseased animals will be sacrificed for 

analysis, typically between 4-6 weeks after transfer. 

Histological analysis of colitis. Entire colons were excised, opened 

longitudinally, rolled onto a wooden stick and fixed with 10% buffered 

formalin. Paraffin sections (5 µm) will be stained with H&E. Colonic epithelial 

damage will be scored blindly as follows: 0 = normal; 1 = hyper-proliferation, 

irregular crypts, and goblet cell loss; 2 = mild to moderate crypt loss (10–

50%); 3 = severe crypt loss (50–90%); 4 = complete crypt loss, surface 

epithelium intact; 5 = small to medium sized ulcer (<10 crypt widths); 6 = large 

ulcer (>10 crypt widths). Infiltration with inflammatory cells will be scored 

separately for mucosa (0 = normal; 1 = mild; 2 = modest; 3 = severe), 

submucosa (0 = normal; 1 = mild to modest; 2 = severe), and muscle/serosa 

(0 = normal; 1 = moderate to severe). Scores for epithelial damage and 

inflammatory cell infiltration were added, resulting in a total colitis scoring 

range of 0–12. 
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Colonic explants. Cytokine level in the cultured media of colon explants (CE) 

was measured by ELISA. Briefly, 3 to 4 cm colonic samples will be weighed 

and washed in RPMI medium 1640 containing 100µg/ml streptomycin and 

100U/ml penicillin. The CE will be then cultured for 24hrs in complete RPMI 

1640 at 37oC and 5% CO2. Culture supernatants will be then collected and 

cytokine levels measured using sandwich ELISAs for TNFα, IFNγ and IL-17A  

(eBioscience). 

Isolation of lamina propria lymphocytes (LPLs). Isolation of LPLs was 

performed as described (35). Briefly, colons were washed with PBS and cut 

into small pieces (∼1-2 mm). The tissue pieces were digested with 1xPBS 

containing 0.5 mg/ml of collagenase D (Roche) and 0.5 mg/ml of DNase I 

(Sigma) for 30 min at 37oC under rotation. The cell suspension containing 

LPLs was collected through a 40 µm cell strainer. Finally, the LPLs were 

isolated by centrifugation with 40/80 Percoll (Sigma) gradient for 20 min at 

1,000g at 20oC without brakes.  

 

Statistical analysis. Data are presented as mean ± SEM. Unpaired student’s 

t-test with two-tailed p-values was used for statistical analyses unless 

indicated otherwise using PRISM software (GraphPad Software).
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RESULTS 

TRPV1 channel is expressed and functional in CD4+ T cells 

We first investigated the expression of TRPV1 channel on CD4+ T 

cells. CD4+ T cells were first isolated from WT C57BL/6 mice spleen (SP) and 

analyzed by real time PCR. TRPV1 mRNA expression is highest among other 

TRPs channels in T cells (Figure 1a). TRPV1 mRNA expression is detected in 

CD4+ T cells from SP, mesenteric lymph node (MLN) and lamina propria (LP) 

(Figure 1b). Then we used Western Blot to analyze TRPV1 protein 

expression. We observed that TRPV1 is constitutively expressed on both 

mice and human CD4+ T cells, as well as in Jurkat cells (human T cells line). 

Chinese Hamster Ovarian (CHO) cells does not express TRPV1 channel. We 

use normal CHO cells and CHO cells transfected with a rat TRPV1 

expressing plasmid as negative and positive control of TRPV1 expression 

respectively (Figure 2a). We also found TRPV1 expression by flow cytometry 

analysis on mouse CD4+ T cells (Figure 2b). To analyze the sub-cellular 

localization of TRPV1 in CD4+ T cells, we performed immunofluorescent 

staining and confocal microscopy analysis. We detected TRPV1 expression 

co-localized with CD4 expression on the cell membrane (Figure 2c). 

To examine the functionality of TRPV1 on CD4+ T cells, we monitored 

calcium flux in WT and Trpv1-/- CD4+ T cells after stimulation with the TRPV1 

specific agonist Capsaicin (CAP) (13). SP CD4+ T cells from WT and Trpv1-/- 

mice were isolated, loaded with Indo-1 and the relative intracellular Ca2+ 

concentration was measured by flow cytometry. CAP induces a significant 
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Ca2+ influx in WT but not in Trpv1-/- CD4+ T cells in presence of extracellular 

calcium (CaCl2, 2mM) (Figure 3a-b). The control vehicle (0.1% DMSO) did not 

cause a distinguishable Ca2+ influx from the background. In addition, no Ca2+ 

influx was recorded after CAP stimulation in Ca2+ free medium (Figure 3c). 

These data suggest that TRPV1 channel is expressed and functional in 

mouse primary CD4+ T cells. 

Trpv1-/- CD4+ T cells have reduced TCR-induced Ca2+ influx 

As Ca2+ influx is critical for T cell activation, we next examined whether 

TRPV1 contribute to TCR-induced Ca2+ influx in CD4+ T cells. We observed a 

decreased Ca2+ influx peak and slope in Trpv1-/- compare to WT CD4+ T cells 

after αCD3/28 abs stimulation in presence of extracellular calcium (Figure 4a-

b). Similar response was observed after WT cells were pre-incubated with 

TRPV1 specific antagonist BCTC (14,15). We observed a reduction of Ca2+ 

influx in BCTC treated WT cells in a dose dependent manner (Figure 5a-b). 

These data suggest that TRPV1 channel contributes to the Ca2+ influx 

following TCR ligation in CD4+ T cells.  

Trpv1-/- CD4+ T cells have reduced TCR-induced signaling  

As Ca2+ influx is an early event that contributed to activation of many 

TCR signaling pathways (2), we next assessed some of the major 

components of TCR signaling. We isolated SP WT and Trpv1-/- CD4+ T cells, 

stimulated them with αCD3/28 abs, and lysed cells into cytosol and nuclear 

fraction for Western Blot and EMSA. First, we evaluated proximal signaling 

event such as ZAP70 and LAT. ZAP70 is a tyrosine kinase that is recruited 
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immediately after TCR stimulation, where it is activated to promote 

recruitment and phosphorylation of downstream adaptor proteins LAT (16). 

As expected, we observe similar level of cytosolic phosphorylated ZAP70 and 

LAT (Figure 6a).  

Next, we assessed the activation status of downstream signaling event 

in T cell activation. We observed a decreased activation in MAPK, NFAT-1 

and NF-κB pathway (Figure 6b). In MAPK pathway, phosphorylation of ERK 

was only decreased slightly in Trpv1-/- T cells. However, phosphorylation of 

JNK and P-38 was significantly reduced in these cells. Trpv1-/- T cells also 

shows a reduction in NFAT-1 nuclear translocation and NF-κB activation 

(Figure 6c,d). These results suggest that functional TRPV1 expression is 

necessary to the proper activation of some of the major TCR signaling 

pathways. 

Genetic deletion or pharmacological inhibition of TRPV1 in CD4+ T cells 

affect TCR-induced cytokine production  

Based on the reduction of Ca2+ influx and decreased activation profile 

of signaling pathway in Trpv1-/- CD4+ T cells, we reasoned that TRPV1 

channel contribute to cytokine production in CD4+ T cells. Therefore, we 

isolated SP WT and Trpv1-/- CD4+ T cells, culture cells with αCD3/28 abs or 

PMA/Ionomycin for 24hrs. Then we assessed their cytokine production using 

sandwich ELISA. We detected significantly lower concentration of cytokine 

production such as IFNγ, TNF-α, IL-2, IL-4, IL-10, and IL17a in the culture 

supernatant from Trpv1-/- CD4+ T cells (Figure 7). However, we detected 
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similar production of IL-2 and IFNγ by WT and Trpv1-/- CD4+ T cells after 

PMA/Ionomycin stimulation that bypass proximal TCR signaling (Figure 8).  

Interestingly, we did not identify differences in proliferation between WT and 

Trpv1-/- CD4+ T cells (CFSE assay) after anti-CD3/28 abs or PMA/Ionomycin 

stimulation (Figure 9a). We also did not detect differences in apoptosis 

between WT and Trpv1-/- CD4+ T cells using FACS (Figure 9b). Our data 

suggest that the reduced cytokine production we observed was not explained 

by increased apoptosis or reduced proliferative response of Trpv1-/- CD4+ T 

cells.  

Next, we used OT-2 and OT-2/Trpv1-/- mice to further investigate the 

role of TRPV1 in antigen specific cytokine production. OT-2 mice are genetic 

engineered to have specific TCR receptors for the chicken ovalbumin (OVA) 

323-339 antigen. OT-2 T cells are activated upon presentation of OVA 

peptide by dendritic cells. We isolated SP CD4+ T cells from OT-2 and OT-

2/Trpv1-/- transgenic mice and culture with dendritic cells loaded or not with 

OVA peptide. We detected decreased of IFNγ, IL-2, and IL-17a production in 

OT-2/Trpv1-/- CD4+ T cells after OVA stimulation using ELISA assay (Figure 

10).  

We next examined the effect of TRPV1 antagonist BCTC on TCR 

induced cytokine production. We pre-incubated T cells with different dosage 

of BCTC and stimulated those T cells with αCD3/28 abs. We detected a 

decreased IFNγ and IL-2 cytokine production in a dose-dependent manner 

(Figure 11). In addition, BCTC inhibited cytokine production (e.g., IFNγ, IL-2, 
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and IL-17a) induced by OVA-DC stimulation of OT-2 T cells (Figure 12). 

However, the decrease in cytokine production could cause by cells apoptosis 

from BCTC toxicity. We stained the same cells with CD4, Annexin-V and 7-

ADD to analyze cell apoptosis by a three-color flow cytometry. We did not 

detect BCTC induced cell apoptosis (Figure 13). Both genetic knockout and 

pharmacological inhibition of TRPV1 decrease TCR-induced cytokine 

production in CD4+ T cells. Our results indicated that CD4+ T cells TRPV1 

channels play an intrinsic role in promoting TCR-induced cytokine production. 

Naïve TRPV1-/- CD4+ T cells fail to induce colitis in the adoptive transfer 

model in vivo 

In order to study the role of TRPV1 on CD4+ T cells activation in vivo, 

we utilized the Rag-/- adoptive transfer model of colitis. We isolated SP CD4+ 

T cells from WT or Trpv1-/- mice and sorted naïve T cells 

(CD4+/CD45RBhi/CD25+) and WT T-regulatory cells (CD4+/CD45RBlo/CD25-) 

by FACS. We transfered WT or Trpv1-/- naïve T cells into Rag-/- mice via I.P 

injection. As negative control, we cotransfered WT naïve T cells with WT T-

regulatory cells (ratio 2:1) into another group of Rag-/- recipient mice. We 

monitored the body weight loss as an indication of disease. After 4 weeks, the 

WT naïve T cells recipients lost 30% of their body weight, while Trpv1-/- T cells 

recipient retain their body weight relative to the negative control group (Figure 

14a). Measurement of the disease activity index (DAI) confirms the 

development of severe colitis in the recipients of WT but not of Trpv1-/- T cells 

(Figure 14b).  
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We stained colon tissue with H&E for microscopic analysis. Colon 

tissue of WT T cells recipient revealed severe colitis in these mice compared 

to Trpv1 -/- T cells recipients. The colon of WT naïve T cells recipient showed 

crypt loss and massive infiltration of immune cells in epithelium, submucosa 

and muscle layer; whereas Trpv1-/- naïve T cells recipient maintained intact 

epithelium (Figure 15a). According to the colitis score, Trpv1-/- naïve T cells 

failed to induce colitis (Figure 15b). In addition, using immunofluorescent 

staining, we observed greater immune cells (CD45+) infiltration in the 

epithelium of Rag-/- mice transferred with WT naïve T cells (Figure 16).  

To quantify the level of inflammatory cytokines produced in the colonic 

mucosa of these animals, we collected colon explant (CE) of the Rag-/- 

recipient mice and culture in medium ex vivo. We detected significantly lower 

production of IFNγ, IL-17a, TNFα in Trpv1-/- naïve T cells recipient (Figure 

17). In addition, we isolated both SP and MLN CD4+ T cells from WT and 

Trpv1-/- naïve T cells recipient group. We detected a decreased production of 

IFNγ, IL-17a and TNFα from the isolated Trpv1-/- T cells (Figure 18). 

Consistent with the dampen Trpv1-/- T cells response in vitro, Trpv1-/- naïve T 

cells were incapable to induces colitis in the adoptive transfer model in vivo. 

Together these results suggest that TRPV1 channel play an important role in 

T cells activation and inflammatory capacities.  
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DISCUSSION 

In this study, we report the functional expression of TRPV1 channels 

on mice and human CD4+ T cells, and demonstrated that TRPV1-mediated 

Ca2+ influx is essential for proper T cells activation after TCR stimulation. We 

observed that TRPV1 localized on the plasma membrane. We used TRPV1 

specific agonist capsaicin to demonstrate TRPV1 channel functionality on 

CD4+ T cells (8,13).  Indeed, we observed that CAP induced Ca2+ influx in WT 

CD4+ but not in Trpv1-/- T cells in presence of extracellular Ca2+. However, we 

did not observe any increase of intracellular Ca2+ after CAP stimulation in 

Ca2+ free medium suggesting that TRPV1 is not expressed in intracellular 

calcium store such as the ER. This result is in accordance with TRPV1 

localization on the cell membrane of CD4+ T cells.  

The rise of free intracellular Ca2+ concentration is a critical step early in 

T cells activation (1,2). Recent research identified that Orai1 protein, part of 

the CRAC channel complex, is the major source of Ca2+ influx required for T 

lymphocyte activation. However, the role of other ion channels such as 

TRPV1 channels are not cleared. In our study, we found that Trpv1-/- and 

TRPV1 antagonist treated WT T cells showed a significant reduction in peak 

and slope of Ca2+ influx after TCR stimulation and compare to WT CD4+ T 

cells. Therefore, these findings suggest TRPV1 contributes to the Ca2+ influx 

needed for T cell activation.  

Since the increase in intracellular Ca2+ is an early event in T cell 

signaling, we next examined the effect of TRPV1 mediated Ca2+ influx on 
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TCR-induced signaling. Using Trpv1-/- CD4+ T cells, we found that the 

phosphorylation of MAP kinase pathway is substantially reduced in these 

cells compared to WT control cells. This finding is in accordance with 

previous findings showing the direct dependency of activation of MAP kinase 

pathway to a rise in intracellular Ca2+ (16). In addition, we also observed a 

decrease in NFkB activation and NFAT translocation of into the nuclear, 

which is controlled by free Ca2+ in the cytosol (3,4,16). Our data show that 

TRPV1 plays an important role in TCR-induced signaling. However, the 

connection between TCR activation and TRPV1 induced Ca2+ influx is not 

clear. We examined very early TCR phosphorylation of signaling protein such 

as ZAP70 and LAT (16). We didn’t find significant differences between WT 

and Trpv1-/- T cells, suggesting that TRPV1 activation upon TCR stimulation 

is a further downstream signaling event. We hypothesized that TCR 

stimulation activates TRPV1 downstream of phospholipase C-γ1 (PLC-γ1). 

Following engagement of the TCR, PLC-γ1 cleaves phosphatidylinositol 4,5 

bisphosphate (PIP2) and generates the second messengers inositol 1,4,5, 

trisphosphate (IP3) and diacylglycerol (DAG). PIP2 was proposed as an 

endogenous TRPV1 inhibitor by maintaining the channel in a close state (17). 

Thus, that metabolism of PIP2 by PLC γ-1 may release TRPV1 from PIP2-

mediated inhibition (18,19). This hypothesis will be the subject of future 

investigations in our lab.  

In accordance with their decreased TCR-induced signaling, Trpv1-/- 

CD4+ T cells also show a decrease in cytokine production after TCR 
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stimulation. This decrease in cytokine production is not due to a 

developmental defect in Trpv1-/- mouse as the treatment of WT T cells with 

TRPV1 antagonist induces decrease in cytokine production comparable to 

Trpv1-/- CD4+ T cells. Interestingly, Trpv1-/- T cells show similar cytokines 

production than WT cells after stimulation by PMA/ionomycin. PMA/ionomycin 

stimulation bypass TCR ligation and directly induces Ca2+ influx and PKA 

activation, hence lead to T cell activation. This indicates that TRPV1 play an 

intrinsic role in TCR-mediated cytokine production.  

In vivo, we observed that Trpv1-/- naïve T cells failed to induce colitis 

upon transfer in Rag-/- recipient. However, recipients of WT naïve T cells had 

significant weight lost due to colitis and an inflamed colon epithelium with 

massive immune cells infiltration. WT T cells also induced greater cytokine 

production profile in Rag-/- recipient. In the other hand, Trpv1-/- T cells 

recipient retained their body weight, maintained a healthy epithelium, and had 

a limited cytokine response.  

In summary, we demonstrated for the first time that TRPV1 channel 

plays a major role in TCR-mediated Ca2+ influx and T cell activation. Given 

the role of T cells in IBD, therapies that aimed at targeting T cell activation 

and cytokine production have been used in the management of IBD (12). Our 

findings suggest that pharmacological inhibition of TRPV1 may be beneficial 

in IBD and potentially in other T-cell mediated inflammatory diseases.
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FIGURES 

 

Figure 1. TRPV1 expression analysis in murine CD4+ T cells by qPCR. 
(a) The mRNA expression of various Trp channels on CD4+ T cells, (b) 
TRPV1 mRNA expression in spleen (SP), mesenteric lymph node (MLN), and 
lamina propria (LP) CD4+ T cells.  

 

Figure 2. TRPV1 channel protein expression on CD4+ T cells (a) Western 
Blot analysis of TRPV1 expression in Chinese Hamster Ovarian (CHO) cells 
with or without transfection of rat TRPV1 plasmid, mouse and human primary 
CD4+ T cells, and Jurkat cells  (b) FACS analysis of TRPV1 expression in 
mouse SP CD4+ T cells (c) Confocal microscope imaging of mouse CD4+ T 
cells stained with immunoflurscent antibodies DAPI (blue), TRPV1 (red), CD4 
(green).  
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Figure 3. TRPV1 is a functional Ca2+ channel in CD4+ T cells. TRPV1 
specific agonist capsaicin (CAP) induced Ca2+ influx (a) in WT CD4+  (b) but 
not in TRPV1-/- CD4+ T cells. (c) CAP stimulation without extracellular Ca2+. 
Spleen CD4+ T cells were isolated from WT and TRPV1-/- was loaded with 
Indo-1. Relative [Ca2+] was measured by flow cytometry.  

 

Figure 4. TRPV1 contribute to TCR-induced Ca2+ influx (a) Extracellular 
Ca2+ influx of WT and Trpv1 -/- CD4+ T cells after αCD3/28 abs stimulation. (b) 
Representative statistical analysis of peak and slope of the Ca2+ influx. 
Spleen CD4+ T cells isolated from WT and Trpv1 -/- was loaded with Indo-1. 
Relative [Ca2+] was measured by flow cytometry. Cells were stimulated by 
αCD3/28 abs and calcium (5mM CaCl2) was added in the extracellular 
medium during the acquisition as outlined.  
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Figure 5. TRPV1 antagonist effectively decrease TCR-mediated Ca2+ 

influx in CD4+ T cells (a) Extracellular Ca2+ influx of WT pre-incubated with 
TRPV1 antagonist BCTC and VEH (0.1% DMSO) after αCD3/28 abs 
stimulation. (b) Representative statistical analysis of peak and slope of the 
Ca2+ influx. Spleen CD4+ T cells isolated from WT and Trpv1 -/- was loaded 
with Indo-1. Relative [Ca2+] was measured by flow cytometry. Cells were 
stimulated by αCD3/28 abs and calcium (5mM CaCl2) was added in the 
extracellular medium during the acquisition as outlined.  
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Figure 6. Trpv1-/- CD4+ T cells have a reduced TCR-induced signaling 
response.  Spleen CD4+ T cells were isolated from WT and Trpv1/- mice, 
stimulated with αCD3/28 abs for indicated period of time and lysed into 
cytosol and nuclear fraction. (a) Western Blot analysis of P-ZAP70 and P-LAT 
in the cytosolic fraction (b) Western Blot analysis of the MAPK pathway in the 
cytosolic fraction. (c) Western Blot analysis of NFAT-1 in the nuclear fraction. 
(d) EMSA analysis of NFκB in the nuclear fraction.  
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Figure 7. Trpv1-/- CD4+ T cells have a reduced TCR-induced cytokine 
production Spleen CD4+ T cells isolated from WT and Trpv1-/- mice, 
stimulated by αCD3/28 abs, culture for 24hrs, and analysis by ELISA essay.  
 

 
Figure 8. WT and Trpv1-/- CD4+ T cells have the same level of cytokine 
production after PMA/ionomycin stimulation. Spleen CD4+ T cells isolated 
from WT and Trpv1 -/- mice, stimulated by PMA (25 ng/mL) and Ionomycin 
(500 ng/mL), culture for 24hrs, and assessed by ELISA  essay.  
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Figure 9. Trpv1-/- CD4+ T cells have normal apoptosis and normal 
proliferation. SP CD4+ T cells were isolated from WT and Trpv1−/− mice. (a) 
CD4+ T cell proliferation. Cells were stimulated with anti-CD3 (10 mg/mL 
plate-bound) and anti-CD28 (2 mg/mL soluble) (top panel) or PMA (25 ng/mL 
soluble) and Ionomycin (500 ng/mL soluble) (bottom panel) abs for 72h, 
stained with CD4 and CFSE and analyzed by flow cytometry. Cell divisions 
were analyzed and percentages of cells that underwent 0-5 divisions are 
shown. Representative panels of 3 independent experiments and mean ± 
SEM are shown (n= 3-4 mice/grp). (b) Cells were stimulated with anti-CD3 
(10 mg/mL plate-bound) and anti-CD28 (1 mg/mL soluble) for 24h, stained for 
CD4, Annexin-V and 7-AAD and CD4+ T cell apoptosis was analyzed by 
three-color flow cytometry 
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Figure 10. Trpv1-/- CD4+ T cells have decreased cytokine production 
upon antigen specific stimulation. Spleen CD4+ T cells isolated from WT 
and Trpv1-/- mice, stimulated by dendritic cells loaded with or without OVA 
peptide (10 ug/ml), culture for 5 days, and assessed by ELISA essay.  
 

 

Figure 11. TRPV1 antagonist decreases WT CD4+ T cells cytokine 
production after αCD3/28 abs stimulation. Spleen CD4+ T cells isolated 
from WT mice, pre-incubated in indicated concentration of BCTC stimulated 
by αCD3/28 abs, culture for 24hrs, and cytokine levels in the supernatants 
were assessed by ELISA essay.  
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Figure 12. TRPV1 antagonist decreases WT CD4+ T cells cytokine 
production upon antigen specific stimulation. Spleen CD4+ T cells 
isolated from WT mice, pre-incubated in BCTC (1 ug/ml), stimulated by OVA 
peptide (10 ug/ml), culture for 24hrs, and cytokine levels in the supernatants 
were assessed by ELISA essay.  
 

 
Figure 13. Pharmacological inhibition of TRPV1 does not induce cell 
apoptosis. Spleen CD4+ T cells isolated from WT mice, pre-incubated in 
indicated concentration of BCTC stimulated by αCD3/28 abs, culture for 
24hrs, and stain for CD4, Annexin-V and 7-AAD. T cells apoptosis was 
analyzed in three-color flow cytometry.   
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Figure 14. Trpv1-/- naïve CD4+ failed to induce colitis after transfer in 
Rag1-/- recipient.  (a) Percentage of initial body weight of RAG-/- recipients 4 
wks after transfer of 3x105 WT or TRPV1 KO FACS-sorted naïve 
(CD4+CD45RBhiCD25-) T cells, or with 3x105 WT naïve + 1.5x105 WT 
regulatory T cells (Treg) (CD4+CD45RBloCD25+) as control (b) Disease 
activity index (DAI) of RAG-/- 4 wks after T cells transfer.  
 

 
Figure 15. Histological analysis of the colon of Rag-/- mice after adoptive 
transfer. (a) Representative colonic tissues stained with H&E displaying 
severe colonic inflammation in RAG-/- recipients of naïve WT, but not of 
TRPV1-/- CD4+ T cells. (b) Colitis score  
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Figure 16. Immune cells infiltration in the colon of the different Rag-/- 

recipients. Immunofluorescent staining of Claudin-3 (green), DAPI (blue), 
CD45 (red) in different Rag-/- mice recipient epithelium.  
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Figure 17. Colonic tissue of Trpv1-/- T cells recipient produce less 
inflammatory cytokine. Colon explants were cultured for 24hrs and cytokine 
levels in the supernatants were assessed by ELISA. 
 

 
Figure 18. Transferred Trpv1 -/- CD4+ T cells have decrease cytokine 
production. Pooled spleen (SP) or mesenteric lymph nodes (MLN) CD4 T 
cells isolated from the recipients and stimulated with αCD3/28 abs. Cytokine 
levels in the supernatants were detected 24 hr later by ELISA.  
 

 




