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Desmoplasia contributes to the aggressive behavior of pancreatic cancer. How-

ever, recent clinical trials testing several antifibrotic agents on pancreatic cancer

have not shown clear efficacy. Therefore, further investigation of desmoplasia-

targeting antifibrotic agents by another mechanism is needed. Calpeptin, an inhi-

bitor of calpains, suppressed fibroblast function and inhibited fibrosis. In this

study, we investigated the anticancer effects of calpeptin on pancreatic cancer.

We investigated whether calpeptin inhibited tumor progression using a mouse

xenograft model. We used quantitative RT-PCR to evaluate the expression of cal-

pain-1 and calpain-2 mRNA in pancreatic cancer cells (PCCs) and pancreatic stel-

late cells (PSCs). We also undertook functional assays, including proliferation,

migration, and invasion, to evaluate the inhibitory effects of calpeptin on PCCs

and PSCs. Quantitative RT-PCR indicated that PCCs and PSCs expressed calpain-2

mRNA. Calpeptin reduced tumor volume (P = 0.0473) and tumor weight

(P = 0.0471) and inhibited the tumor desmoplastic reaction (P < 0.001) in xeno-

graft tumors in nude mice. Calpeptin also inhibited the biologic functions of PCCs

and PSCs including proliferation (P = 0.017), migration (P = 0.027), and invasion

(P = 0.035) in vitro. Furthermore, calpeptin reduced the migration of PCCs and

PSCs by disrupting the cancer–stromal interaction (P = 0.0002). Our findings indi-

cate that calpeptin is a promising antitumor agent for pancreatic cancer, due not

only to its suppressive effect on PCCs and PSCs but also its disruption of the

cancer–stromal interaction.

P ancreatic cancer is a lethal solid tumor, with a 5-year sur-
vival of only 7% in the USA.(1) The poor prognosis for

pancreatic cancer is due to the difficulty of early detection, the
presence of local invasion and distant metastasis by the time
of diagnosis, and resistance to chemotherapy. Surgical resec-
tion is a unique therapeutic procedure that can cure pancreatic
cancer, but unfortunately, <20% of pancreatic cancer patients
can be subjects of surgical resection.(2) The majority of pancre-
atic cancer patients are treated by chemotherapy, which can
prolong a patient’s life for a few months.(3–6)

It has been reported that desmoplasia, a significant hyper-
plasia of fibrotic tissue, is one of the main contributors to the
aggressive nature of pancreatic cancer and its resistance to
chemotherapy.(7,8) Pancreatic stellate cells (PSCs) are the main
components of pancreatic cancer stromal tissue and enhance
proliferation and migration of pancreatic cancer cells.(9) Desmo-
plasia is characterized by an excessive production of ECM,
which can disturb the delivery of chemotherapeutic agents such
as gemcitabine.(7) Although clinical trials of antifibrotic agents
such as IPI-926, a Hedgehog pathway inhibitor, to treat pancre-
atic cancer have been carried out, none have been clearly effec-
tive as a treatment.(10) Further investigation and strategies for

targeting desmoplasia in various ways are required. Antifibrotic
agents with an effect on desmoplasia by another mechanism
might be effective in pancreatic cancer treatment.
Calpains are well-conserved cysteine proteases that are

expressed by mammalian cells.(11) The calpain family is classi-
fied into subtypes according to structure. Calpain-1 and cal-
pain-2 are classified as typical calpain family-type proteins,
which bind to a 30-kDa regulatory small subunit (CAPNS1,
also called calpain-4).(11) It has been reported that calpains are
involved in apoptosis, cellular signaling, cell survival, and
cytoskeletal remodeling.(11,12) In addition, it is known that cal-
pains cleave focal adhesion kinase (FAK),(13–15) IjB,(16) and
MYC,(17) all of which are involved in the carcinogenesis of
pancreatic cancer.(18–21)

Calpeptin is a drug developed to specifically inhibit calpains
to assess their physiological role.(22) It was reported that cal-
peptin induced cell apoptosis and decreased migration in sev-
eral cancers,(15,23) but there have been no reports describing
the effects of calpeptin on pancreatic cancer. Furthermore, pre-
vious studies have reported that calpeptin has a suppressive
effect on fibroblast function and inhibits pulmonary fibro-
sis,(24,25) leading us to hypothesize that calpeptin inhibited not
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only pancreatic cancer cells (PCCs) but also myofibroblast-like
PSCs, which have been reported to promote pancreatic cancer
aggressiveness.(26) The purpose of this study is to investigate
the suppressive effects of calpeptin on PCCs and PSCs and to
clarify its effects on pancreatic cancer.

Materials and Methods

Cell isolation and culture conditions. Human PSCs were iso-
lated from fresh pancreatic surgical specimens using the out-
growth method described by Bachem et al.(27,28) The PSC cell
type was confirmed by morphology (stellate-like or spindle-
shaped cells) and by immunofluorescence staining for
a-smooth muscle actin (a-SMA) and vimentin.(28–30) The use
of pancreatic cancer surgical specimens was approved by the
Ethics Committee of Kyushu University (Fukuoka, Japan) and
was carried out according to the Ethical Guidelines for Human
Genome/Gene Research enacted by the Japanese Government
and the Helsinki Declaration. We used 10 human PCC cell
lines in this study: PANC-1 (Institute of Physical and Chemi-
cal Research, Saitama, Japan), KP-2 and KP-3 (Japan Health
Sciences Foundation, Tokyo, Japan), SUIT-2 and MIA PaCa-2
(Japan Health Science Research Resources Bank, Osaka,
Japan), and AsPC-1, CAPAN-1, CAPAN-2, Hs766T, and
SW1990 (ATCC, Manassas, VA, USA), as well as normal
human pancreatic epithelial cells (CS-PE; Cell Systems,
Applied Cell Biology Research Institute, Kirkland, WA, USA).
The HPDE cell line was kindly provided by Dr. Ming-Sound
Tsao (University of Toronto, Toronto, ON, Canada). All of the
cells were maintained as previously described.(31)

Immortalization of human PSCs. We synthesized double-
stranded DNA encoding the immortalizing genes hTERT and
SV40 LargeT and cloned the DNA into the pLVSIN vector.
Then we constructed lentiviral particles from this vector and
transduced human PSCs, followed by G418 selection, to estab-
lish the immortalized PSCs (iPSCs).

In vivo experiments in mouse s.c. xenograft model. To analyze
the effects of calpeptin on PCCs and PSCs in vivo, SW1990
cells (1 9 106) suspended in 100 lL DMEM and iPSCs
(1 9 106) and SW1990 cells (1 9 106) in 100 lL DMEM
were s.c. transplanted into the left and the right flank of
5-week-old female nude mice, respectively. One week after
implantation, we randomly divided the mice into two groups
(five mice/group) and i.p. administered 0.04 mg calpeptin
diluted in DMSO in 0.2 mL PBS or 0.2 mL PBS containing
the same amount of DMSO (controls) three times a week for
4 weeks. The mice were killed on day 35, and all of the xeno-
graft tumors were excised and weighed. Tumor volume was
calculated using the formula p/6 9 (L 9 W 9 W), in which
L is the largest tumor diameter and W is the smallest tumor
diameter. All of the mouse experiments were approved by the
Ethics Committee of Kyushu University.

Immunohistochemical procedures and measurements. Immu-
nohistochemistry was carried out as described previously.(32)

The antibodies used for immunohistochemistry were: mouse

monoclonal anti-a-SMA (1:500; Dako, Glostrup, Denmark),
rabbit polyclonal anti-periostin (sc-67233, 1:500; Santa Cruz
Biotechnology, Santa Cruz, CA, USA), mouse monoclonal
anti-cytokeratin 19 (sc-376126, 1:500), and rabbit polyclonal
anti-PCNA (ab2426, 1:1000; both Abcam, Cambridge, UK).
Cells were considered positive if the nucleus and/or cytoplasm
were stained. The a-SMA- and periostin-positive areas and the
proliferating cell nuclear antigen (PCNA)-positive cell rate
(PCNA index) were calculated in FIVE fields at a magnifica-
tion of 9200 with a light microscope using ImageJ software
(http://rsb.info.nih.gov/ij/) provided by the US National Insti-
tutes of Health.

Sirius red staining and measurements. Sections were cut to
4-mm thickness from paraffin-embedded material, deparaf-
finized in xylene, and rehydrated through a graded ethanol ser-
ies. The sections were stained with Sirius red (Direct Red 80;
Aldrich Chemical Co., Milwaukee, WI, USA) staining solution
for 30 min, and the Sirius red-positive area was measured in
five fields at a magnification of 9100 with a light microscope
using Adobe Photoshop CS (Adobe Systems Incorporated, San
Jose, CA, USA).

Quantitative RT-PCR. Quantitative RT-PCR was carried out as
described previously.(33) We designed specific primers for a-
SMA, periostin, and fibroblast growth factor-2 (FGF-2) using
Primer 3 software (http://primer3.sourceforge.net/). Specific pri-
mers for calpain-2, collagen type I, fibronectin, transforming
growth factor (TGF)-b1, platelet-derived growth factor (PDGF)-
A, PDGF-B, connective tissue growth factor (CTGF), hepato-
cyte growth factor (HGF), vascular endothelial growth factor
(VEGF), and GAPDH RNAs were purchased from Takara Bio
Inc. (Tokyo, Japan). The expression level of each gene was nor-
malized to that of GAPDH as an internal control and depicted as
the ratio of target gene expression to GAPDH expression. All of
the samples were run in triplicate, and each sample was analyzed
at least twice. Gene expression levels were calculated using a
standard curve constructed with total RNA from SW1990.

Cell viability assay. One thousand PCCs or PSCs per well were
plated in triplicate into 96-well plates with DMEM containing
10% FBS for 24 h. After cellular adhesion to the plates, the
medium was replaced with fresh DMEM containing 10% FBS
plus calpeptin at 0 (DMSO), 10, 20, 40, 60, or 80 lM (day 0).
Cell viability was determined with a CellTiter-Glo luminescent
cell viability assay kit (Promega, Madison, WI, USA) according
to the manufacturer’s instructions on days 0–4 every 24 h.

Production of conditioned media from PCCs and PSCs. Condi-
tioned media from PSCs and PCCs were produced using
serum-free DMEM to exclude the effects of growth factors
present in serum. Subconfluent SUIT-2 cells and iPSC cells
were cultured in serum-free DMEM for 24 or 48 h, and the
supernatants were collected and designated PCC-SN and PSC-
SN, respectively. In experiments designed to analyze the
effects of calpeptin on PSCs or PCCs, subconfluent SUIT-2
cells or iPSC cells were cultured in serum-free DMEM con-
taining 20 lM calpeptin for 24 or 48 h. To remove the calpep-
tin, 15 mL supernatant was separated with a centrifugal

Fig. 1. Effect of the calpain inhibitor calpeptin on s.c. xenograft tumors. Six-week-old nude mice were injected with SW1990 cells and immor-
talized pancreatic stellate cells (iPSCs) in the right flank and SW1990 cells only in the left flank. Calpeptin or DMSO was given i.p. three times a
week during the experiment. On day 35, the mice (n = 5, each experiment) were killed. (a) Images of xenograft tumors formed 5 weeks after
the injection of pancreatic cancer cells (PCCs) only or PCCs and pancreatic stellate cells (PSCs). The right panel charts the xenograft tumor burden.
Calpeptin decreased xenograft tumor weight in the co-implantation groups. (b) Time course of tumor growth. (c) Histological evaluation of
desmoplastic activity and cell proliferative status in PCCs and PCCs co-implanted with PSCs with or without calpeptin treatment. Calpeptin treat-
ment reduced interstitial tumor tissues in the co-implantation group as assessed by Sirius red staining (c, d), immunohistochemistry of a-smooth
muscle actin (a-SMA) (c, e), and periostin (c, f). (c, g) Calpeptin decreased the proliferating cell nuclear antigen (PCNA) index in tumors contain-
ing SW1990 cells co-implanted with PSCs. Data are presented as the mean � SD. *P < 0.05, ***P < 0.001. Scale bar = 100 lm.
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separator using filter units (Amicon Ultra-15 Centrifugal Filter
Units [Merck Millipore, Billerica, MA, USA]) at 4000 g for
40 min. The residue was diluted with serum-free DMEM to a
total of 15 mL. The conditioned media obtained by these pro-
cesses was designated calpeptin-treated PCC-SN and calpeptin-
treated PSC-SN and were used to stimulate PSCs and PCCs.
Fifteen milliliters of PCC-SN and PSC-SN was also filtered as
above and the residue was diluted with serum-free DMEM to
a total of 15 mL, as a comparison.

Cell migration and Matrigel invasion assay. The migration and
invasion assays were carried out by counting the number of
migrating or invading cells through uncoated or Matrigel-
coated Transwell chambers (BD Biosciences, Franklin Lakes,
NJ, USA) as described previously,(34) using calpeptin concen-
trations of 0 (DMSO), 1, 10, or 20 lM. To investigate the
effects of calpeptin on the cancer–stromal interaction, we used
the above-mentioned supernatants PCC-SN, PSC-SN, calpep-
tin-treated PCC-SN, and calpeptin-treated PSC-SN in this
assay. Ten percent FBS was added to the supernatant.

Silencing of calpain-2 by siRNA. Subconfluent PCCs and PSCs
were transfected with siRNA targeting calpain-2 (siCalpain2-1:

sense, 50-CCAGCGAUACCUACAAGAA-30 and antisense,
50-UUCUUGUAGGUAUCGCUGG-30; and siCalpain2-2: sense,
50-CGAGAAUACUGGAACAAUA-30 and antisense, 50-UAUU
GUUCCAGUAUUCUCG-30) (Life Technologies, Carlsbad,
CA, USA) by electroporation using the Nucleofector System
(Amaxa Biosystems, K€oln, Germany). To verify the specificity
of the knockdown effects, we used non-targeting siRNA as a
control (Life Technologies). Calpain-2-silenced cells were used
for the following assays 24 h post-transfection.

Statistical analysis. For the in vitro experiments, values are
expressed as the mean values � SD. Comparisons between
groups were carried out using the one-way ANOVA test followed
by the Tukey–Kramer multiple comparisons test. All of the
experiments were repeated independently three times, and all
of the statistical analyses were undertaken using JMP 11 soft-
ware (SAS Institute, Cary, NC, USA).

Results

Calpeptin inhibited s.c. tumor growth in vivo in mice. First,
we examined the effects of calpeptin on PCCs and PSCs

Fig. 2. Calpain-2 mRNA expression levels in 10
pancreatic cancer cell lines (PCCs), three pancreatic
stellate cell lines (PSCs), and HPDE and CS-PE
normal pancreatic ductal epithelial cells. Calpain-2
mRNA expression was normalized to GAPDH RNA
expression.

Fig. 3. Effect of calpeptin on proliferation,
migration, and invasion of pancreatic cancer cells
(PCCs). (a) Cell growth of PCCs was assessed using an
ATP-based assay with or without calpeptin (0, 10, 20,
40, 60, or 80 lM). Representative images of migrating
(b) and invading (d) PCCs are shown. Calpeptin dose-
dependently decreased the migration (c) and
invasion (e) of PCCs. Silencing of calpain-2 decreased
proliferation (f), and migration and invasion (g) of
SW1990 cells. Data are presented as the mean � SD.
*P < 0.05, **P < 0.01, ***P < 0.001. Cells were stained
with HE; original magnification, 9100. Scale
bar = 100 lm.

© 2016 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Association.

Cancer Sci | October 2016 | vol. 107 | no. 10 | 1446

Original Article
Calpeptin suppresses pancreatic cancer www.wileyonlinelibrary.com/journal/cas



in vivo. In the control group, co-implanted PCC and PSC
tumor growth was much greater than PCCs alone (P < 0.001,
Fig. 1a,b). The tumors consisting of PCCs co-implanted with
PSCs contained marked desmoplasia with larger Sirius red-,
aSMA-, and periostin-positive areas than tumors containing
PCCs alone (P < 0.05, Fig. 1c–f). The growth of co-implanted
tumors was suppressed by calpeptin treatment compared with
the control group (Fig. 1a,b). Calpeptin also reduced the Sirius
red-, a-SMA- and periostin-positive area in tumors consisting
of PCCs co-implanted with PSCs (P < 0.001, Fig. 1c–f).
Although the tumor growth of PCCs alone was also suppressed
by calpeptin, the difference was not significant. We also

investigated the cell proliferative status of xenograft tumors.
The PCNA index of co-implantation tumors was higher than
that of PCCs alone, and this value decreased after calpeptin
treatment (Fig. 1c,g).

Calpain-2 mRNA expression in pancreatic cancer cells and PSCs.

We investigated the expression level of calpain-2 mRNA in 10
pancreatic cancer cell lines, three primary PSC cultures, and
normal pancreatic ductal epithelial cells (HPDE), all of which
expressed calpain-2 mRNA (Fig. 2). AsPC-1 cells showed the
highest expression of calpain-2, followed by PANC-1,
Hs766T, CAPAN-2, and the others. HPDE cells expressed a
relatively high level of calpain-2 mRNA. All of the examined

Fig. 3. Continued
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primary PSC cultures also expressed calpain-2 mRNA, but at a
lower level. CS-PE cells did not express detectable levels of
calpain-2 mRNA. Calpain-1 mRNA expression was not
detected in any of these cell lines (data not shown). These data
showed that both PCCs and PSCs expressed calpain-2 mRNA,
suggesting that calpeptin affected both PCCs and PSCs and
possibly explaining the suppression of xenograft growth in
nude mice.

Calpeptin inhibited proliferation, migration, and invasion of

pancreatic cancer cells. Next, we examined the effects of cal-
peptin on the functions of PCCs. Calpeptin suppressed the pro-
liferation of SW1990 cells at high doses (>20 lM), whereas
calpeptin did not suppress proliferation at low doses (1 or
10 lM; P < 0.05, Fig. 3a). The IC50 value was 74.2 lM. Cal-
peptin similarly suppressed the proliferation of SUIT-2 cells
(data not shown) and inhibited the migration (P < 0.05,
Fig. 3b,c) and invasion (P < 0.05, Fig. 3d,e) of PCCs. To
investigate the specific role of calpain-2 in this mechanism, we
used siRNAs targeting calpain-2 and investigated the effect of
silencing of calpain-2 on proliferation, migration, and invasion
of PCCs. As shown in Figure 3, silencing of calpain-2
decreased the proliferation, migration, and invasion of
SW1990 cells (Fig. 3f,g) and SUIT-2 cells (data not shown).

Calpeptin also inhibited proliferation, migration, and invasion

of PSCs. We examined whether calpeptin inhibits the functions
of PSCs and observed that, similar to PCCs, calpeptin dose-
dependently suppressed the proliferation of PSCs (P < 0.05,
Fig. 4a). The IC50 value was 62.1 lM. Similarly, calpeptin
inhibited the migration (P < 0.05, Fig. 4b,c) and invasion
(P < 0.05, Fig. 4d,e) of PSCs. The number of migrating or
invading PSCs was decreased at doses over 10 lM (P < 0.05,
Fig. 4c,e). Furthermore, silencing of calpain-2 decreased pro-
liferation, migration, and invasion of iPSC cells (Fig. 4f,g) and
PSC-1 cells (data not shown).

Calpeptin inhibited cancer–stromal interactions between PCCs

and PSCs. It was reported that the migration of PCCs is
enhanced by cancer–stromal interactions with PSCs.(9) Because
the results of the in vivo experiments suggested that calpeptin
might inhibit the cancer–stromal interactions between PCCs
and PSCs, we investigated the effects of calpeptin on this
interaction using supernatant derived from PCC and PSC cul-
ture (PCC-SN and PSC-SN). It was shown that PSC-SN
increased the migration of PCCs (P < 0.05, Fig. 5a,b), and the
increase in PCC migration by PSC-SN was prevented by cal-
peptin-treated PSC-SN (P < 0.05, Fig. 5a,b). Similarly, PCC-

SN significantly increased the migration of PSCs, which was
reversed with calpeptin-treated PCC-SN (P < 0.05, Fig. 5c,d).
To identify the molecules involved in the calpeptin-induced
suppression of cancer–stromal interactions, we investigated the
expression of the major known factors related with cancer–
stromal interaction by qRT-PCR. As shown in Figure 5, treat-
ment with calpeptin inhibited the mRNA levels of PDGF-A,
PDGF-B, and CTGF in SUIT-2 cells (Fig. 5e) and PDGF-B,
epidermal growth factor (EGF), collagen 1A1, periostin, and
a-SMA in PSC-1 cells (Fig. 5f).

Discussion

In this study, we showed the anticancer effects of calpeptin on
pancreatic cancer with an in vivo xenograft model. In tumors
containing both PCCs and PSCs, calpeptin significantly
reduced the tumor volume, tumor weight, and number of stro-
mal cells in the tumors. We evaluated the amount of stroma
by staining with Sirius red (a dye used for collagen staining),
a-SMA (a marker of activated PSCs) and periostin, which is
predominantly expressed in collagen-rich fibrous connective
tissues in several organs, where it regulates collagen fibrilloge-
nesis.(35) Several studies reported that stromal cells such as
PSCs promote pancreatic cancer aggressiveness(26,36) and that
the inhibition of stromal cells leads to the suppression of
tumor growth.(34,37) These studies support our results indicat-
ing that calpeptin inhibited not only xenograft tumor growth
but also the desmoplastic reaction. However, although calpep-
tin reduced tumor volume in both groups, the inhibitory effect
of calpeptin on tumors was more pronounced in the co-implan-
tation group, suggesting that calpeptin prevented tumor growth
by an inhibitory effect on not only PCCs but also on the
cancer–stromal interaction.
In addition to in vivo studies, we observed that calpeptin has

inhibitory effects on the proliferation, migration, and invasion
of PCCs and PSCs in vitro and that PCCs and PSCs expressed
only calpain-2, not calpain-1. Therefore, these data suggest
that calpeptin inhibited the proliferation of PCCs and PSCs by
inhibiting the calpain-2 catalytic subunit, which is regulated
by the binding and dissociation of CAPNS1.(38–41) Dai
et al.(42) observed that downregulation of CAPNS1 in hepato-
cellular carcinoma cells suppressed the proliferation, migration,
and invasion of the cells and showed that CAPNS1 contributes
to the growth and metastasis of hepatocellular carcinoma by
activating the FAK–Src signaling pathway. The expression of

Fig. 4. Effect of calpeptin on proliferation,
migration, and invasion of pancreatic stellate cells
(PSCs). (a) Cell growth of PSCs was assessed with an
ATP-based assay with or without calpeptin (0, 10, 20,
40, 60, or 80 lM). Representative images of
migrating (b) and invading (d) PSCs are shown.
Calpeptin dose-dependently decreased the
migration (c) and invasion (e) of PSCs. Silencing of
calpain-2 decreased proliferation (f) and migration
and invasion (g) of immortalized PSC (iPSC) cells.
Data are presented as the mean � SD. *P < 0.05,
**P < 0.01, ***P < 0.001. Cells were stained with HE;
original magnification, 9100. Scale bar = 100 lm.
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FAK is increased in a variety of human malignant tumors,
including pancreatic cancer.(18,43) It has also been shown that
MMP2 plays a crucial role in the growth and metastasis of
HCC through activation of the FAK–Src signaling pathway by
CAPNS1.(42) Sundaramoorthy et al.(15) reported that activated
calpain cleaves FAK in colon cancer cells, leading to increased
migration of the cells. Mataga et al.(23) reported that calpeptin
induced the apoptosis of breast cancer cells and increased the
mRNA level of ARHI, a tumor suppressor gene. Furthermore,
it was reported that suppression of calpains inhibited phospho-
rylation in many regulatory signaling pathways including
AKT, a serine/threonine-specific protein kinase that plays a

key role in multiple cellular processes such as apoptosis, cell
proliferation, transcription, and cell migration.(11) In this study,
we did not examine changes in ARHI expression or assess the
inhibitory effect of calpeptin on the Akt or FAK–Src signaling
pathways. Therefore, to investigate whether calpeptin affects
these pathways in pancreatic cancer, additional examination is
required.
In this study, calpeptin not only suppressed the activities of

PCCs and PSCs but also inhibited the cancer–stromal interac-
tions between PCCs and PSCs. It was reported that PCCs stim-
ulate PSCs through the secretion of growth factors known to
induce PSC activation such as transforming growth factor-b1,

Fig. 4. Continued
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PDGF, FGF, and vascular endothelial growth factor.(9) In addi-
tion, PSCs stimulate PCCs through the secretion of mitogenic
factors such as PDGF, FGF, EGF, and insulin-like growth
factor-1 (IGF-1).(9) We investigated several candidates sup-
pressing cancer–stromal interactions. Calpeptin inhibited
mRNA expression of PDGF-A, PDGF-B, and CTGF in SUIT-
2 cells, and PDGF-B, EGF, collagen 1A1, periostin, and
a-SMA in PSCs. Inhibition of these molecules in PCCs and
PSCs may be involved in the inhibitory effect of calpeptin on
xenograft tumor growth.
The present data suggest that calpeptin might be effective as

a pancreatic cancer treatment by inhibiting the activity of
PCCs and PSCs and disrupting cancer–stromal interactions.
However, calpeptin is not currently available for clinical use.
Although in-depth investigation on the cellular mechanisms of

calpeptin in pancreatic cancer is necessary before clinical
application, a new therapeutic strategy using calpeptin might
improve the prognosis of patients with pancreatic cancer.
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