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Abstract. In this study, we aimed to clarify the expression and 
biological functions of TRPV6 in human pancreatic cancer 
(PC) tissue and pancreatic cancer (PC) cell lines. TRPV6 was 
up-regulated in the primary cancer tissues from pancreatic 
cancer (PC) patients. TRPV6 may regulate multiple proteins 
related to apoptosis, cell cycle and metastasis pathways. 
Silencing TRPV6 significantly inhibited invasion, prolifera-
tion and migration and induced apoptosis and cell cycle arrest. 
TRPV6 plays a promising role of an oncogene in pancreatic 
carcinogenesis and represents the new potential biomarker for 
PC.

Introduction

PC is one of the most aggressive and fatal cancers due to rapid 
metastasis, easy recurrence, early invasion and resistance to 
conventional chemotherapy. Survival rates of PC remained 
stagnant during the last half century (1). It was confirmatively 
suggested that the early detection of PC implied a better 
prognosis in the long-term survival (2). It is essential to search 
for novel biomarkers for early detection and to promote the 
efficiency of chemotherapy.

The TRPV6 channel is a calcium cation channel protein, 
which is the major constituent of superfamily of transient 
receptor potential (TRP) channels, further in terms of 
subfamily vanilloid member 6, which regulates the calcium 
homeostasis in the epithelial tissue of human organs  (3). 
TRPV6 is overexpressed in colon cancer, breast cancer, prostate 
cancer, parathyroid cancer and thyroid cancer (3-6), however 
decreased TRPV6 expression was observed in esophageal 
cancer, non-small cell lung cancer and renal cancer  (7-9). 
Overexpression of TPPV6 in many cancers indicates the 
idea of this protein as encoded by a probable oncogene, but 
the level of TRPV6 in other cancers showed a tendency of a 

tumor-suppressor. Nevertheless, the expression and biological 
functions of TRPV6 in PC are less fully elucidated. Therefore, 
we analyzed the expression of TRPV6 for clinicopathological 
characteristics, predicting survival in the patients, and the effect 
of silencing TRPV6 on apoptosis, proliferation, cell cycle, 
migration, invasion and chemotherapy sensitivity of PC cells, 
respectively, to gemcitabine, oxaliplatin and cisplatin. TRPV6 
plays a promising role in the development and progression of 
PC. Numb was originally discovered as a determinant of cell 
fate (10) responsible for plenty of signal transduction pathways 
(Hedgehog, P53), endocytosis, cell polarity determination, and 
ubiquitination (11), and to play an important role in cancers. 
Numb was recently found as a new interacting partner with 
TRPV6 (12). Numb inhibits activity of TRPV6 via electrostatic 
interaction in breast cancer cells. Numb regulates Ca cation 
influx via TRPV6 (13). Ca cation influx stimulated the GSK3β, 
AKT, MAPKinase pathway involved in TRPV6-specific medi-
ating cell proliferation. Silencing Numb reduced expression 
of TRPV6 in prostate cancer cell lines (12). On the contrary, 
knockdown of Numb increased the TPRV6 expression in 
the breast cancer cells. On the other hand, silencing TRPV6 
increased the Numb expression. Numb and TRPV6 regulate the 
protein stability and degradation of each other (13). Finally, we 
observed the interaction between TRPV6 and Numb in PC cells.

Materials and methods

Pancreatic cancer specimens. Tumor specimens and their 
corresponding adjacent noncancerous tissues were selected 
from patients who were pathologically confirmative of PC 
during pancreatic operation in the Shenyang Medical Center 
between January  2005 to January  2014. None received 
chemotherapy or radiotherapy in the preoperative period. 
The pathologic diagnosis and differentiation were confirmed 
by three independent pathologists by TNM classification, 
7th edition of the UICC 2010. Fresh specimens were snap-
frozen in the liquid nitrogen rapidly after operation. The 
study was approved by the Institutional Ethics Committee of 
China Medical University and written informed consent was 
obtained from the patients.

Pancreatic cancer cell lines. We obtained BxPC-3, AsPC-1, 
SW1990, PANC-1 cells from the Cell Bank of the Chinese 
Academy of Sciences. We purchased Capan-2 cells from the 
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American Type Culture Collection (ATCC). We maintained 
the five cell lines in growth medium supplemented with 10% 
fetal bovine serum and 100 µg/ml of penicillin and strepto-
mycin (Hyclone, Logan, UT, USA).

RNA interference. We used small interfering RNA for TRPV6 
(TRPV6-siRNA) and counterpart negative control (Neg.Cont) 
oligonucleotides (Shanghai GenePharma Co. Ltd.) transfected 
with Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). 
The target sequences of oligonucleotides for the TRPV6 
siRNA and Neg.Cont were as follows: TRPV6-Si1, 5'-CCAA 
GGAGAAAGGGCUAAUTT-3'; TRPV6-Si2, 5'-CCAUAU 
AUCUGCUGUACAUTT-3'; TRPV6-Si3, 5'-CUGCGUGG 
GAUAAUCAACATT-3'. Neg.Cont: Sense, 5'-UUCUCCGAA 
CGUGUCACGUTT-3'; Antisense, 5'-ACGUGACACGUU 
CGGAGAATT-3'.

Immunohistochemistry staining. Immunohistochemistry 
was performed as previously described (14). Briefly, tissue 
sections (5 µm) were blocked with hydrogen peroxide and 
then incubated with mouse polyclonal anti-TRPV6 (1:400, 
Invitrogen), overnight at 4˚C. As a negative control, normal 
IgG was used as the primary antibody at the same dilution. 
Stained tissue sections were reviewed and scored according to 
Masunaga et al (15).

RNA preparation and quantitative real-time PCR. With 
TRIzol reagent (Takara), total RNA was extracted, and then 
quantitative PCR was performed with a SYBR Green  II 
(Takara) on a Thermal Cycler Dice Real-time System (Takara) 
with the following protocol: 30  sec at 95˚C followed by 
two‑step PCR for 40 cycles of 95˚C for 5 sec and 64˚C for 
30 sec. Gene expression was normalized relative to its GAPDH 
mRNA with the ∆∆CT method. The sequences of the PCR 
primers were as follows: TRPV6 forward, 5'-ATGGT 
GATGCGGCTCATCAGTG-3' and reverse, 5'-GTAGAAG 
TGGCCTAGCTCCTCG-3'; GAPDH forward, 5'-CTCCTC 
CTGTTCGACAGTCAGC-3', and reverse 5'-CCCAATAC 
GACCAAATCCGTT-3'.

Western blotting. Pancreatic cancer tissues and pancreatic 
cancer cell samples were washed with ice-cold PBS and then 
lysed by RIPA (Beyotime, Jiangsu, China). The lysates were 
separated in SDS-PAGE (10%). Resolved protein was trans-
ferred onto a polyvinylidene difluoride (PVDF) membrane 
(Millipore, Bedford, MA, USA). The membranes were 
blocked by 5% skim milk solution in TBST buffers, and were 
incubated with primary antibodies for TRPV6 (1:500 Abcam, 
Cambridge, UK, ab63084), PCNA (1:1000, Abcam, ab29), 
Bax (1:1000, Abcam, ab32503), Bcl-2 (1:500, Abcam, ab692), 
E-cadherin (1:400, Santa Cruz Biotechnology, Santa Cruz, 
CA, USA, sc7870) MMP9 (1:400, Santa Cruz Biotechnology, 
sc6840), β-catenin (1:1500, ProteinTech Group, Chicago, IL, 
USA, 51067-2-AP), cyclin-D1 (1:1000, ProteinTech Group, 
12363-1-AP), Numb (1:1000, Cell Signaling Technology, 
Danvers, MA, USA, #8650). overnight at 4˚C. PVDF 
membranes were washed in TBST and incubated with horse-
radish peroxidase-conjugated secondary antibodies (1:10000, 
ProteinTech Group, SA00001-15 and SA00001-1) 2 h at 37˚C. 
Antibody against GAPDH (1:1000, Cell Signaling Technology, 

#P04406) was used as an internal control. The protein of 
interest was visualized using ECL Western blotting substrate 
(Pierce, Biotechnology, Rockford, IL, USA).

Cell Counting Kit-8 assay. When cell proliferation was 
detected, at an initial density of 2,000 cells/well, cells were 
plated in 96-well cultural dishes, Si-TRPV6 24  h after 
transfection. Cells were incubated for 0, 24, 48, 72 h. CCK8 
(Thiazolyl Blue) solution was added. When drug susceptibility 
was detected, cells had reached the density of 5,000 cells/well, 
24 h after Si-TRPV6 transfection. Different concentrations of 
gemcitabine, oxaliplatin or cisplatin were added, respectively, 
and incubated for 48 h.

Cell migration and invasion assays. After 48 h of transfec-
tion, we adjusted the density of 2x105 cells/ml in every group. 
The upper Transwell chamber (Costar; 24-well insert, pore 
size: 8 µm) was filled with 200 µl cell suspension, and the 
lower chamber was filled with 500 µl of medium. For the 

Table I. TRPV6 expression with clinicopathological parameters 
from pancreatic cancer patients.

	 TRPV6	 TRPV6
Parameters	 negative	 positive	 P-value

Age (year)			   0.466
  <65	 20	 31
  ≥65	 12	 13
Sex			   0.450
  Male	 23	 28
  Female 	   9	 16
Size (cm)			   0.024a

  <2.5	 20	 16
  ≥2.5	 12	 28
T Stage			   0.029a

  T1+T2	 19	 15
  T3	 13	 29
Lymph node			   0.893
  N0	 23	 31
  N1	   9	 13
Vascular permeation			   0.560
  Absent	 19	 29
  Present	 13	 15
CA199 (U/ml)			   0.518
  <37	   8	 14
  ≥37	 24	 30
Perineural invasion			   0.174
  Absent	 21	 35
  Present	 11	   9
Hepatic metastasis			   0.815
  Absent	 21	 30
  Present	 11	 14

aP<0.05.
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invasion assay, polycarbonate filters coated with 50 µl Matrigel 
(1:9, BD Bioscience) were placed in a Transwell chamber. Cells 
were incubated for 24 h for the migration assay and 48 h for 
the invasion assay. Then, the cells on the upper surface were 
wiped, and the cells on the lower surface were fixed with 4% 
paraformaldehyde and stained with 0.1% crystal violet. The 
migratory cells were visualized and counted in five random 
visual fields per insert under an inverted microscope at x200 
magnification.

Cell cycle and apoptosis. Pancreatic cancer cells were treated 
with Si-TRPV6 or Neg.Cont oligo. Cells with a density of 
500,000/well were trypsinized, and collected and stained with 
the Annexin V-keyFluor555 apoptosis detection kit (KeyGene, 
Nanjing, China). Cell cycle analysis was performed after 
staining with propidium iodide (Beyotime). The distribution 
was quantified using a flow cytometer.

Statistical analysis. Statistical analyses were performed with 
SPSS 14.0. The paired-sample t-test was used for TRPV6 
expression in paired samples of PC and its normal tissue. The 
TRPV6 expression and clinicopathological parameters were 
used for the Chi-squared test. Differences in survival were 
assessed with Kaplan-Meier method and analyzed using the 
log-rank test. Cox's proportional hazards regression model was 
used to analyze independent prognostic factors. Cell prolifera-
tion, apoptosis, cell cycle, invasion and migration assays were 
expressed as means ± SE. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Immunohistochemistry showed that TRPV6 protein was 
overexpressed in 57.9% (44/76) in PC tissue and 19.7% (15/76) 
in their matched non-tumour adjacent tissues. Specifically, 
TRPV6 expression was significantly increased in PC tissue 
in comparison to their counterpart non-tumor adjacent tissues 
(t=3.039, P=0.003). TRPV6 was mostly expressed in the cyto-
plasm (Fig. 1A and B).

TRPV6 was overexpressed in PC tissues, which predicted 
a larger size of tumor (P=0.024) and advanced T pathological 
stage (P=0.029) (Table I. Survival rate of the negative TRPV6 

expression group was significantly better than that of the posi-
tive TRPV6 expression group (P=0.003, Fig. 2). Moreover, 
univariate analysis showed T stage (P=0.016), and vascular 
permeation (P=0.012) influenced patient prognosis (P=0.003, 
Fig.  2) as well. Moreover, a multivariate analysis via the 
COX proportional hazard model was conducted to evaluate 
the independent prognostic value of the TRPV6 expression 
level. The high level of TRPV6 expression (RR 2.022, 95% 
CI 1.075‑3.805, P=0.029) and vascular infiltration (RR 1.875, 
95% CI 1.051-3.346, P=0.033) were associated with a poor 
prognosis, independent of other clinical covariates (Table II).

In all six pairs of cases, TRPV6 mRNA and protein 
expression were upregulated in PC tissues in comparison to 
counterpart normal peritumor tissues (Fig. 3).

In the TRPV6 mRNA of PC various cell lines including 
BxPC-3, AsPC-1, SW1990, Capan-2 and PANC-1, the highest 
level of relative mRNA expression detected by qRT-PCR was 
in Capan-2 cells, the second highest levels in SW1990 cells 
and lowest levels in AsPC-1 cells. In the same five pancreatic 
cancer cell lines, consistent with our qRT-PCR analysis, the 
highest protein levels of TRPV6 expression was detected by 

Figure 1. Representative of TRPV6 expression in PC (A) and peritumor tissue (B) detected by immunostaining using anti-TRPV6 antibody (brown). (magni-
fication, x200).

Figure 2. Cumulative Kaplan-Meier survival curve associated with TRPV6 
protein in PC patients.
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western blot analysis in Capan-2 cells, the second highest 
levels in SW1990 cells and the lowest level was in AsPC-1 
cells (Fig. 4).

We knocked down TRPV6 expression in Capan-2 cells via 
si-RNA transfection, and the efficiency of knockdown of the 
two si-RNAs was evaluated. TRPV6 mRNA expression levels 
of Capan-2 cells by TRPV6-si1 were reduced by 81.5±3.8% 
(P<0.001), in comparison to the negative control siRNA 
groups (Fig. 5A). TRPV6 protein expression levels of Capan-2 
cells by TRPV6-si2 were reduced by 63.4±5.6% (P<0.001), 
in comparison to the negative control siRNA groups (Fig. 5B 
and C). The most effective TRPV6-si1 was chosen for the 
following study.

To further examine whether TRPV6 has a definite role in 
PC progression, in vitro functional studies were conducted. 
TRPV6 depletion resulted in decreased proliferation both in 
PC cell line Capan-2 and SW1990, as determined by CCK-8 
assay. Downregulation of TRPV6 expression significantly led 
to 34.6±2.3, 34.4±2.8, 37.9±1.9% decrease in Capan-2 cells 
(24, 48, 72 h) and 52.1±3.2, 36.4±2.9, 44.2±2.1% decrease in 
SW1990 cells (24, 48, 72 h) in the proliferation in comparison 
to the negative control cells (Fig. 6A and B).

We also performed cell cycle assays after si-RNA transfec-
tion using flow cytometry. The percentage of Capan-2 cells 
infected with si-TRPV6 in the G1 phase significantly increased 
from 53.26±4.52 to 61.36±3.18%, whereas the percentage of 
cells in the S phase decreased from 31.48±3.43 to 24.56±3.10% 
(Fig. 7A and B). The percentage of SW1990 cells infected 

with Si-TRPV6 in the G1 phase increased from 42.67±5.23 to 
55.73±3.21%, whereas the percentage of cells in the S phase 

Table II. Univariate and multivariate analysis of clinicopathological factors for survival in 76 pancreatic cancer patients.

	 Median survival	 Univariate analysis	 Multivariate analysis
Parameters	 (days)	 P-value (log-rank)	 (95% CI)	 P-value

Age (<65/≥65 year)	 365/454	 0.572	 -
Sex (male/female)	 421/345	 0.897	 -
Size (<2.5/≥2.5 cm)	 421/418	 0.151	 -
T Stage (T1+T2/T3)	 520/345	 0.016a	 1.662 (0.899-3.071)	 0.105
Lymph node (N0/N1)	 454/345	 0.532	 -
Perineural invasion (absent/present)	 454/378	 0.618	 -
Vascular permeation (absent/present)	 615/345	 0.012a	 1.875 (1.051-3.346)	 0.033a

Hepatic metastasis (absent/present)	 454/378	 0.361
TRPV6 (negative/positive)	 629/345	 0.003	 2.022 (1.075-3.805)	 0.029a

aSignificant difference.

Figure 3. TRPV6 protein and mRNA in PC tissues (T) accompanying their neighboring non-tumor tissue (N). (A) Western analysis of TRPV6 protein 
expression in six paired cases of PC; (B and C) quantified data of TRPV6 protein and mRNA in pc tissues (T) accompany with their neighboring non‑tumor 
tissue (N).

Figure 4. Expression of TRPV6 in five PC cell lines. (B) Western blot-
ting evaluation of the expression of TRPV6 protein in five cell lines. 
(A and C) Quantified data of TRPV6 mRNA and protein.
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Figure 5. The infection efficiency was analyzed by qRT-PCR (A) and western blot analysis (B and C). *P<0.05, ***P<0.001.

Figure 6. The CCK-8 assay detection of proliferation of Capan-2 cells (A) and SW1990 cells (B) after 24, 48 and 72 h of si-RNA infection.

Figure 7. Cell cycle arrest by silencing of TRPV6. Proportion of Capan-2, SW1990 (A and C) cells and their TRPV6-siRNA transfected cells (B and D) in 
various phases of the cell cycle. NC, negative control. SI, TRPV6-siRNA.
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decreased from 46.27±4.62 to 30.26±2.36% (Fig. 7C and D). 
These results suggest that suppression of TRPV6 significantly 
induced G0/G1 phase arrest and promoted cell cycle progres-
sion of PC cells.

The apoptotic rate of cells infected with TRPV6-siRNA 
was significantly increased from 5.23±1.22 to 23.86±2.34% in 
Capan-2 cells (Fig. 8A and B) and 6.18±1.87 to 22.49±2.03% 
in SW1990 cells ( Fig. 8C and D), respectively, in comparison 
to NC cells.TRPV6-siRNA promoted apoptosis of PC cells, 
which in turn makes contribution towards proliferation.

The migratory cells transfected with TRPV6-siRNA were 
significantly decreased from 110.4±7.3 to 45±5.4 (Capan-2 
cells) and 160±8.6 to 70±4.8 (SW1990 cells), respectively, in 
comparison to NC cells. Similarly, the invasive cells trans-
fected with TRPV6-siRNA were also decreased from 93.8±7.5 
to 50±6.8 (Capan-2 cells) and 135.4±4.6 to 73.7±3.9 (SW1990 
cells), respectively, in comparison to NC cells (Fig. 9). TRPV6 
plays a promising role in cell invasion and migration in PC 
and a mechanism by which silencing TRPV6 leads to cancer 
metastasis inhibition in PC.

TRPV6-siRNA transfection affected the sensitivity of PC 
cells to gemcitabine, oxaliplatin and cisplatin. In comparison 
to the NC group, the inhibitory effects of oxaliplatin on cell 
proliferation were considerably enhanced in the si-RNA 
TRPV6 group. The IC50 of oxaliplatin was reduced from 
15.2±1.2 to 4.8±0.7 µg/ml (P<0.05), the IC50 of cisplatin was 
reduced from 5.6±1.1 to 3.2±0/9 µg/ml (P>0.05). Gemcitabine 
had drug resistance, Si-TRPV6 group and NC group did not 
reach the cutoff of IC50 (Fig. 10).

Proteins in the cell cycle pathway and proliferation were 
predicted to be regulated by TRPV6 expression including 
PCNA in Capan-2 cells (Fig. 11A). Two core proteins Bax 
and Bcl-2 in the cell apoptosis pathway were predicted to be 
regulated by TRPV6 expression, including in Capan-2 cells 
(Fig. 11A). E-cadherin and MMP9 were involved in the inva-
sion pathway were also predicted to be regulated by TRPV6 
(Fig. 11A). However, expression of β-catenin and other proteins 
such as cyclin-D1, cyclin-E1, CDK6, p21 (data not shown) did 
not change significantly. TRPV6 may regulate the cell cycle, 
apoptosis and invasion processes by regulating these multiple 
proteins.

Previously, we found the role of Numb-MDM2-P53 
interaction in PC cell lines (16). In the study, Kim et al veri-
fied a novel relationship between Numb-TRPV6 in prostate 
cancer cells (12). Thus, we asked whether there was a novel 
interaction between Numb and TRPV6 in the Capan-2 cells. 
TRPV6-siRNA in Capan-2 cells decreased the amount of 
TRPV6 protein, consistent with previous results  (12,13) 
(Fig. 11A). However, knockdown of Numb expression resulted 
in no change of TRPV6 expression, in contrast to these results 
(12,13) (data not shown).

Discussion

TRPV6 performed by in situ hybridization experiments by 
Wissenbach et al (17) were found in the normal pancreatic 
tissue rather than pancreatic carcinoma in only two paired 
samples. In this study, it was demonstrated that TRPV6 protein 

Figure 8. Downregulation of TRPV6 promotes cell apoptosis. Capan-2 (A and B), SW1990 (C and D) cells after transfection were considered to enhance 
apoptosis.
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and mRNA level were generally upregulated in PC tissues 
compared to adjacent normal tissue. Positive expression of 
TRPV6 is significantly related with the unfavorable survival 
in the PC patients suggesting that TRPV6 is an oncogene in 
PC and might participate in the PC development and progres-
sion. Some reports suggested TRPV6 as important biomarkers 
in the development and progression of breast cancer, colon 
cancer, prostate cancer, thyroid cancer and parathyroid 
cancer (3,5,8,17,18). However, decreased TRPV6 mRNA and 
protein level was observed from esophageal cancer, non-
small cell lung cancer and renal cancer. The results may be 
related to physiological disorder caused by tumor development 
or non‑identical modification in tumorigenic cells. TRPV6 
regulated by various upstream genes may result in tumor 
suppressive or oncogenic function in different cancers. Some 
studies showed that TRPV6 may play a protective role in 
colon cancer and gastric cancer (3,19,20). Curcumin could 
up-regulate TRPV6 to promote calcium uptake for the protec-
tion against colon cancer (19). The abundance of TRPV6 could 
determine its protective role via capsaicin against gastric 
cancer (20). Thus, antitumor effect of TRPV6 regulated by 
some genes may be associated with the protective role in some 
cancers. On the other hand, oncogenic effect of TRPV6 could 
be regulated by different genes in other cancers. The pleiotropic 

Figure 9. Downregulation of TRPV6 inhibits cell invasion and migration in the Capan-2 and SW1990 (A and C). Invasion and migration profiles of Capan-2 
and SW1990 cells are depicted by histograms (B and D). **P<0.01, ***P<0.001.

Figure 10. The IC50 change in Capan-2 after TRPV6-siRNA transfection. 
After chemotherapy with gemcitabine, oxaliplatin, and cisplatin, cytotoxicity 
assay is shown by CCK8. Transfection with TRPV6-siRNA could signifi-
cantly decrease the IC50 of oxaliplatin, but had little effect on gemcitabine 
and cisplatin.
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functions of TRPV6 and its mechanism should be clarified 
according to distinct cellular context. TRVP6 is a highly selec-
tive calcium channel contributing to store-operated calcium 
entry (SOCE) activity involving the plasma membrane via 
the Orai1/TRPC1-mediated Ca2+/Annexin I/S100 pathway in 
prostate cancer cell line (21). The role of calcium are known 
to affect proliferation (22), apoptosis (23) and migration (24). 
Peleg et al  found silencing TRPV6 inhibited proliferation 
and induced apoptosis in colon carcinoma cells (25). On the 
other hand, Schwarz et al  found overexpression of TRPV6 
increased proliferation of HEK-293 cells in a Ca2+ dependent 
manner (22). Lehen'kyi et al  regarded that TRPV6-siRNA 
was directly involved in proliferation and cell cycle in LNCaP 
cells (26). In our study, using Capan-2 and SW1990 PC cell 
transfected with TRPV6-siRNA, cell proliferation, migration 
and invasion was suppressed; the cell cycle was arrested in 
the G1 phase; and apoptosis was promoted. Overexpression of 
TRPV6 in PC may alter key features of the cells leading to 
malignant biological behavior.

At present, gemcitabine is the first line chemotherapy of 
pancreatic cancer. There are no randomized data favoring 
neoadjuvant (including 5-fluorouracil, irinotecan and oxali-
platin, gemcitabine with or without abraxane, or docetaxel and 
capecitabine) overwhelming adjuvant therapy (27). Docetaxel/
oxaliplatin (DocOx) combination as the second line treatment 
for advanced pancreatic cancer is an effective option (28). 
In our study, silencing TRPV6 expression can significantly 
increase chemotherapy sensitivity of PC cells to oxaliplatin, 
rather than gemcitabine. It could provide a proper research 
basis on the drug related to calcium decreasing the side effect 
of oxaliplatin for pancreatic cancer.

PCNA has been found to participate in cell cycle regulation 
and DNA replication. Our study showed TRPV6-siRNA could 
decrease the expression of PCNA, consistent with the study 
of Lehen'kyi et al (26). Although proteins such as cyclin-D1, 
cyclin-E1, CDK6, p21 did not change significantly, there would 
be some genes related to cell cycle such as cyclin-A, cyclin-B1 
to be detected in the future. Maybe phosphorylation or other 
modifications occurred in the protein such as CDK6 instead 

of alteration of amount of protein. The further experiments 
should be validated. Increasing Bax/Bcl-2 ratios by TRPV6-
siRNA, apoptosis was promoted suggesting a mitochondrial 
apoptotic pathway (29,30). Functionally, E-cadherin acts as 
the cancer suppressor gene and regulates cell polarity, differ-
entiation, migration and invasion (31). Invasion and metastasis 
of tumor involving degradation of ECM (extracellular matrix) 
and basement membrane by MMP-9 (matrix metallopro-
teinase-9) are critical determinants of cancer morbidity (32). 
It is probable that upregulation of E-cadherin and downregu-
lation by TRPV6-siRNA could be involved in invasion and 
migration of PC.

We showed that TRPV6 reduced expression of Numb 
protein in Capan-2 cells indicating Numb probably acting as a 
oncogene. Knockdown of Numb did not alter TRPV6 expres-
sion in PC cell lines. It was very confusing that our previous 
study showed Numb as the cancer suppressor gene (33). It is 
hypothesized that regulatory factors in TRPV6 toward Numb 
functions abnormally in PC cells due to unknown mutations.

In summary, TRPV6 was significantly overexpressed in 
PC tissues and cell lines. This could indicate a promising 
role of TRPV6 in PC carcinogenesis. Moreover, TRPV6 had 
significant correlation with the cell cycle, apoptosis and metas-
tasis pathways and regulated expression of related proteins. 
Inhibiting TRPV6 expression can increase chemotherapy 
sensitivity of PC cells to the second line drug oxaliplatin. Our 
study indicted the feasibility of TRPV6 as a potential thera-
peutic for PC.
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