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Secreted cyclophilin A mediates G1/S phase transition
of cholangiocarcinoma cells via CD147/ERK1/2 pathway
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Abstract Cyclophilin A (CypA) was shown to be upregulat-
ed in human cholangiocarcinoma (CCA) tissues. Suppression
of intracellular CypA (inCypA) significantly reduces cell
proliferation in vitro and tumor growth in nude mice. In the
present study, the effect and potential mechanism of secreted
CypA (sCypA) on cell proliferation of CCA cell lines were
further investigated. CCA cells were treated with sCypA-
containing conditioned media (CM) or with purified recom-
binant human CypA (rhCypA). Cell proliferation, cell cycle,
ERK1/2, p38 MAPK, NF-κB, and STAT3 activities were
examined by MTS assay, flow cytometry, and Western blot.
sCypAwas detected in CM from MMNK1 (an immortalized
human cholangiocyte cell line) and six CCA cell lines. The
sCypA levels corresponded to the inCypA levels indicating
the intracellular origin of sCypA. Both sCypA-containing CM
and rhCypA significantly increased proliferation of CCA
cells. CD147 depletion by shRNA-knockdown or neutralizing
with a CD147-monoclonal antibody significantly reduced
sCypA-, and rhCypA-mediated cell proliferation. Upon
rhCypA treatment, ERK1/2 was rapidly phosphorylated;

whereas neutralizing CD147 inhibited ERK1/2 phosphoryla-
tion. Cell cycle analysis showed a significant increase in S
phase and decrease in G1 population in rhCypA-treated cells.
The expression levels of cyclin D1 and phosphorylated-
retinoblastoma protein in the rhCypA-treated cells were in-
creased compared with those in the non-treated control cells.
p38 MAPK pathway was shown to be suppressed in siCypA-
treated cells. In summary, CypA is secreted from CCA cells
and enhances cell proliferation in an autocrine/paracrine man-
ner, at least via direct binding with CD147, which may acti-
vate the ERK1/2 and p38 MAPK signaling pathways.
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Introduction

The world’s highest incidence of cholangiocarcinoma (CCA)
is reported in Northeastern Thailand [1] where the liver fluke,
Opisthorchis viverrini, is endemic. Chronic infection with this
liver fluke has been shown to be the strong risk factor for CCA
in this region [2]. Patients with CCA are usually diagnosed at
late stages due to the lack of early diagnostic markers and,
hence, few patients are candidates for potentially curative
surgical resection. Chemotherapy is the backbone of treatment
for those whom surgery is not possible. Systemic genotoxic
chemotherapy and molecular-targeted monotherapy, however,
do not produce long-term survival benefits [3, 4]. Therefore,
multi-targeted and combinational treatment strategies may be
a new hope for patients with advanced CCA.

Cyclophilin A (CypA), peptidyl-prolyl cis-trans isomerase,
plays an important role in cellular processes. It acts as an
acceleration factor in protein folding and assembly [5], facil-
itates intracellular trafficking [6], signal transduction, and
transcriptional regulation [7]. CypA is an intracellular protein
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[8] which expresses in all tissue/cell lineages in mammals.
The secreted form of CypA (sCypA), however, is reported in
some pathological conditions. sCypA is secreted by a variety
of cell types in response to inflammatory stimuli [9, 10]. In
rheumatoid arthritis, sCypA exhibits potential chemotactic
effects on leukocytes [11, 12], upregulates matrix metallopro-
teinases via the mitogen-activated protein kinases (MAPK)
and the nuclear factor-κB signaling pathway [13, 14]. On the
other hand, sCypA enhances cell proliferation in lung and
pancreatic cancer cells via activation of extracellular signal-
regulated kinases 1/2 (ERK1/2) [15] and p38-MAPK path-
ways [16]. sCypA exerts these functions via a signaling re-
ceptor, CD147 [17]. Many studies showed that CypA confers
growth advantage and correlates with poor clinical outcomes
in various cancers [18]. At present, however, the exact mech-
anisms of the mitogenic activity of sCypA and its role in
pathogenesis of cancer remain unclear.

Recently, it has been demonstrated that CypA was upreg-
ulated in the majority of CCA patients’ tissues. It was clearly
shown that CypA confers a growth advantage on CCA cells
both in vitro and in vivo [19]. Moreover, CD147, a known
receptor of CypA, was also over-expressed in CCA cell lines
[20]. In the present study, it was further demonstrated that
CCA cells do secrete CypA, which significantly enhances cell
proliferation. Moreover, sCypA exerts its mitogenic activity
via CD147. The downstream signaling of sCypA action was
explored.

Materials and methods

Cell lines

All CCA cell lines used in this study were established from
primary tumors of histologically proven CCA patients as
previously described [19, 21]. An immortalized human
cholangiocytes cell line, MMNK1, was a gift from Dr.
Kobayashi N [22]. Stable cells expressing shCypA
(TI309388, OriGene), shCD147 (GI357710, OriGene), and
shV plasmids (TR20003, OriGene) were established using
retroviral vectors in KKU-M139 and KKU-M213 cells, ac-
cording to the manufacturer’s instructions [19]. Stable cell
lines were selected with the media containing 0.5 μg/mL
puromycin and cultured for at least 2 weeks. Expression levels
of the specified genes were confirmed by real-time PCR and
Western blot. All cell lines were maintained at 37 °C with 5 %
CO2 in RPMI 1640 medium supplemented with 10 % fetal
bovine serum and 1 % antibiotics/anti-mycotics.

Antibodies

Anti-CypA (Millipore), anti-β-actin (Sigma Aldrich), anti-
CD147 (Abcam), anti-ERK1/2, anti-pERK1/2, anti-Cyclin D1,

anti-RB, anti-p-RB, anti-STAT3, anti-pSTAT3, anti-p38, anti-p-
p38, anti-NF-κB-p50, -p52, -p65, and anti-histone H1 (Santa
Cruz Biotechnology) were used in this study. Purified monoclo-
nal antibody (cloneM6-1B9) [23] against the extracellular part of
CD147 was used for CD147 blocking experiment in this study.

Conditioned medium (CM)

CM was collected from CCA cells cultured in RPMI 1640
medium without FBS for 48 h. Protein degradation was
avoided by adding protease inhibitor cocktail (Roche Diag-
nostics). CMwas concentrated to 20-fold by Vivaspin 20 with
a 3 kDa molecular weight cutoff according to the manufactur-
er (GE Healthcare) and kept at −20 °C until use. Total protein
was determined using the Quick Start™ Bradford protein
assay kit (Bio-Rad Laboratories Inc.).

Western blot analysis

Cells were lyzedwith NP40 lysis buffer for 30min on ice. Cell
lysates were collected, and protein concentration was deter-
mined using the Quick Start™ Bradford protein assay kit and
kept at −20 °C until use. Total protein (20 μg) was separated
on a 12 % SDS-polyacrylamide gel electrophoresis and trans-
ferred to a Hybond™-P PVDF membrane (GE Healthcare).
The membrane was probed with each primary antibody at
4 °C overnight and 1:20,000 HRP-conjugated secondary an-
tibody (Invitrogen) for 1 h at room temperature. The
immunoactive bands were detected using an enhanced chemi-
luminescence prime Western blotting detection reagent kit
(GE Healthcare).

Transient knockdown CypA using siRNA

Cells (2×105 cells/well) were seeded in a 6-well plate over-
night and transfected with 100 pmole/mL of siRNA against
CypA (siCypA) or scrambled control siRNA (SC) for 6 h.
Lipofectamine™ 2000 (Invitrogen) was used as a transfection
reagent. Cells were then cultured in a complete medium until
harvesting time. Cells collected at 24 h were used for messen-
ger RNA (mRNA) extraction. Cells collected at 24 h after
transfection were used for Western blot analyses of p38
MAPK, NF-κB pathway, CD147, and CypA protein expres-
sions, whereas those collected at 48 h were used for STAT3
analysis. The siCypA and the scrambled sequence siRNA
were as described in the study of Obchoei et al. [19].

CypA and CD147 mRNA quantitation by real-time PCR

Total RNA extraction and quantification of the CypA and
CD147 using real-time reverse transcriptase-PCR were as
previously described [19]. The mRNA level of each sample
was normalized to that of β-actin mRNA and presented as
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relative mRNA level of 2[Ct(β-actin)-Ct(target)]. The primer design
and sequences for human CypA gene, human CD147 gene,
and the housekeeping gene β-actin were previously described
[16]. Each sample was run in triplicate.

Cell cycle analysis

Cells were trypsinized and fixed in 70% ethanol for 1 h on ice.
After washing twice with PBS, cells were stained with
propidium iodide (40 μg/mL) for 5 min at room temperature

and placed on ice until analysis. The distribution of the cell
cycle in each phase was analyzed with FlowJo software (Tree
Star, Inc., Ashland, OR).

Cell proliferation assay

Cells (2×103cells/well) were seeded in a 96-well plate
and cultured in serum-free medium (SFM) for 24 h. Cells
were cultured in specified medium for 48 h before sub-
jection to the MTS assay using the CellTiter 96®

Fig. 1 inCypA and sCypA in
CCA cell lines. a Western blot,
inCypA protein levels in total
protein lysates and sCypA protein
levels in culture mediums of six
CCA cell lines and MMNK1
cells. bQuantitative results of a. c
Western blot, inCypA levels
detected in whole cell lysates and
sCypA detected in CM from
KKU-M139-shVand KKU-
M139-shCypA cells. d
Quantitative results of c. Relative
band intensity = inCypA/β-actin;
sCypA/20 μg protein

Fig. 2 Effect of extracellular CypA onCCA cell proliferation. a Effect of
sCypA on CCA cell proliferation. KKU100 and KKU-M139 cells were
incubated for 48 h with the fresh CM collected from KKU-M139-
shCypA and KKU-M139-shV cell cultures with or without pre-
incubating with 1 μg/mL anti-CypA for 1 h prior to use. Bar graphs
represent means±SD; n=3, *P<0.05 versus shV-CM-treated groups. b

Effect of rhCypA on CCA cell proliferation of KKU100 and KKU-M139
cells. Cells were incubated with rhCypA 0, 0.1, and 1 ng/mL in RPMI
1640 supplementedwith 1% FBS for 48 h before subjected to cell growth
determination using the MTS test. 1 ng/mL rhCypA boiled for 5 min was
used as a non-active CypA control. Bar graphs represent means±SD; n=
3, *P<0.05 versus non-treated, #P<0.05 versus 1 ng/mL-treated groups
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AQueous One Solution Cell Proliferation Assay Kit
from Promega (Madison, WI). Cells treated with SFM
were used as a non-treated control. The purified recom-
binant human CypA (rhCypA; Sigma Aldrich) 0, 0.1,
and 1 ng/mL in RPMI 1640 supplemented with 1 %
FBS or boiled rhCypA (1 ng/mL) for 5 min were used
to determine the action of extracellular CypA. To inves-
tigate the involvement of CD147, cells were pre-
incubated with either anti-CD147 (5 μg/mL) or IgG
isotype control antibody (Sigma) prior to rhCypA
treatment.

Statistical analysis

All quantitative data were expressed as mean±SD. The
two-tailed Student’s t test was used for comparison be-
tween two groups. Statistical significance was established
at P<0.05.

Results

CCA cells secrete CypA based on the inCypA level

The CypA levels in the CM from six human CCA cell
lines and a non-tumor human cholangiocyte cell line,
MMNK1, were examined. Concentrated CM and the
whole cell lysates were subjected to Western blot anal-
ysis for CypA. As shown in Fig. 1a, sCypA was de-
tected in all CM with the apparent molecular weight of
∼18 kDa similar to that of inCypA. Semi-quantitative
analysis indicated that sCypA levels were positively
correlated with the inCypA levels (Fig. 1b). β-actin as
an intracellular marker was detected in all cell lysates,
but not in any CM tested. In addition, sCypA and
inCypA were dramatically suppressed in the stable
CypA knockdown cells, KKU-M139-shCypA, compared
with those in the vector control cells, KKU-M139-shV
(Fig. 1c, d).

Fig. 3 Involvement of transmembrane-CD147 on sCypA-mediated
CCA cell proliferation. Cell proliferation was determined using the
MTS assay. Bar graphs represent means±SD from three independent
experiments. a Effect of CD147 blocking on sCypA-induced CCA cell
proliferation. Cells were pre-treated with either anti-CD147 or IgG
isotype control for 1 h before adding CMs. *P<0.05 versus shV-CM +
IgG. b Effect of CD147 blocking on rhCypA-induced CCA cell prolifer-
ation. KKU100 and KKU-M139 cells were pre-incubated with either

anti-CD147 or IgG isotype control antibody prior to rhCypA treatment.
*P<0.05 versus non-treated, #P<0.05 versus rhCypA + IgG. c Western
blot analysis confirmed the suppression of CD147 expression in M213-
shCD147 compared to M213-shV, β-actin was used as an internal con-
trol. d Effect of rhCypA on cell proliferation of CD147 knockdown
(shCD147) cells. The stable cells were incubated for 48 h with 0, 0.1,
and 1 ng/mL rhCypA and boiled rhCypA (1 ng/mL). *P<0.05 versus
non-treated, #P<0.05 versus shV cells treated with rhCypA 1 ng/mL
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sCypA activates cell proliferation

To demonstrate that sCypA is a key factor in the CM which
activates cell proliferation, the CM with low sCypA from
KKU-M139-shCypA (shCypA-CM) and the CM with high
sCypA from KKU-M139-shV (shV-CM) were used to acti-
vate cell proliferation of two CCA cell lines; KKU100 (low
endogenous CypA), and KKU-M139 (high endogenous
CypA). Cells incubated in serum-free medium (SFM) were
used as controls. The results showed that cells incubated with
shV-CM (high sCypA) had a high cell proliferation rate,
whereas the cells cultured with shCypA-CM (low sCypA)
had a low proliferation rate similar to that of the SFM controls
(Fig. 2a). The proliferation rates of KKU100 and KKU-M139
cells cultured in shCypA-CMwere 23% and 18 % lower than
those of shV-CM, respectively, (P<0.05).

To confirm that the mitogenic effect observed in shV-CM is
attributed to sCypA in CM, anti-CypA antibody was added to
CM to neutralize the action of sCypA. As shown in Fig. 2a,
anti-CypA antibody treatment, but not IgG isotype control
treatment, significantly reduced the enhancement of shV-CM
on cell proliferation to the basal level of SFM controls
(P<0.05 versus shV-CM). The similar treatment had no effect
on cells cultured with shCypA-CM.

To ascertain the action of extracellular CypA on cell pro-
liferation, KKU100 and KKU-M139 cells were cultured in the

absence or presence of various concentrations of rhCypA. The
results showed that rhCypA significantly increased cell pro-
liferation in a concentration-dependent fashion. The treatment
enhanced cell proliferation by 46 and 37 % in KKU100 and
KKU-M139, respectively, (P<0.05 versus control) (Fig. 2b).
In addition, the mitogenic effect of rhCypA was abolished
when rhCypA was denatured by heat at 100 °C for 5 min
(P<0.05 versus 1 ng/mL-treated group).

sCypA enhances CCA cell proliferation through CD147

To determine whether CD147 is involved in the mitogenic
activity of sCypA, KKU100 and KKU-M139 cells were pre-
treated with specific antibody against CD147 or IgG isotype
control before incubating with the CMs. Cells incubated with
shV-CM plus IgG had the highest proliferation rate. Pre-
treated cells with anti-CD147 monoclonal antibody, however,
significantly abolished shV-CM-induced cell proliferation to
the basal level of SFM controls (P<0.05). A similar treatment
had no effect on proliferation of the cells cultured in shCypA-
CM (Fig. 3a).

To emphasize the significance of CD147 on extracellular
CypA action, cells were pre-treated with monoclonal antibody
against CD147 prior the treatment of rhCypA. As shown in
Fig. 3b, CD147 antibody significantly abolished the activation
of rhCypA on cell proliferation to similar levels as two

Fig. 4 Effect of rhCypA on cell cycle distribution of KKU100 and KKU-
M139 cells. KKU100 and KKU-M139 cells were treated with 1 ng/mL
rhCypA for 48 h. The cells were stained with propidium iodide and then
were subjected to flow cytometry analysis. a The cells in the G0/G1

phase, S phase, and G2/M phase were analyzed with FlowJo software. b
Bar graphs show percentage of cell cycle distribution, data represent
means±SD; n=3, *P<0.05 versus non-treated control
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controls: cells treated with IgG or anti-CD147 antibody alone.
The important role of CD147 on sCypA action was further
shown in the CD147 knockdown cells. Western blotting of
CD147 revealed that M213-shCD147 had a much lower ex-
pression of CD147 compared with the vector control M213-
shV cells (Fig. 3c). Adding rhCypA to the medium did not
augment cell proliferation of M213-shCD147 cells compared
with that of M213-shV cells (Fig. 3d).

rhCypA mediates G1 to S phase transition possibly
through ERK1/2-induced cyclin D1 expression

The effect of extracellular CypA on cell cycle distribution was
examined next. As shown in Fig. 4, rhCypA treatment signif-
icantly increased the proportion of S phase cells of KKU100
(10 %, Fig. 4a) and KKU-M139 cells (13 %, Fig. 4b); while
G1 phase populations of KKU100 and KKU-M139 were
significantly decreased (P<0.05 versus controls).

Since sCypA and rhCypA activated proliferation of CCA
cell lines via its receptor, CD147, the intracellular signaling

downstream of CypA-CD147 interaction was explored.
KKU100 and KKU-M139 cells were treated with rhCypA.
Phosphorylation of ERK1/2 (pERK1/2) and its down-stream
signals cyclin D1, retinoblastoma protein (RB) and phosphor-
ylated RB (p-RB) proteins were examined by Western blot at
different time points up to 120 min. As shown in Fig. 5a
(KKU100) and Fig. 5b (KKU-M139), pERK1/2 was in-
creased rapidly within 5–10 min, whereas cyclin D1 and p-
RB were upregulated thereafter.

To confirm that the activation of ERK1/2 by CypA was
mediated via CD147, CCA cells were pre-incubated with
either anti-CD147 or IgG isotype control antibodies for 1 h.
Cells then were challenged with rhCypA for 10 min prior to
Western blot analysis. Compared with the cells treated with
IgG isotype control antibodies, the pre-treated cells with anti-
CD147 antibodies effectively reduced ERK1/2 phosphoryla-
tion activated by rhCypA in KKU100 (Fig. 5c) and KKU-
M139 cells (Fig. 5d).

As CypA action involves many signal transduction path-
ways, i.e., p38 MAPK [24], signal transducers and activators

Fig. 5 rhCypA enhances G1 to S phase transition via CD147 and
activation of ERK1/2 pathway. a Effects of rhCypA on ERK1/2 activa-
tion and on the expression of cell cycle mediators in KKU100. b Effects
of rhCypA on ERK1/2 activation and on the expression of cell cycle
mediators in KKU-M139. Cells were treated with 1 ng/mL rhCypA for 0,
5, 10, 30, 60, and 120 min. Expression levels of p-ERK1/2, total ERK1/2
proteins, cyclin D1, p-RB, and RB proteins were analyzed by Western

blot. Anti-CD147 blocked rhCypA-mediated ERK1/2 activation in c
KKU100 and d KKU-M139. The cells were pre-treated with anti-
CD147 or IgG isotype control for 1 h and then the cells were incubated
with 1 ng/mL rhCypA for 10min, and the samples were then collected for
ERK1/2 and pERK1/2 detection. The data shown are the ratios of band
intensities between pERK1/2 and ERK1/2
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of transcription 3 (STAT3) [25], and NF-κB pathways
[26–28], we further investigated whether silencing of CypA
affected these pathways in CCA cell lines. Total STAT3
and phosphorylated STAT3 (pSTAT3), p38 and phosphor-
ylated p38 (p-p38), and NF-κB in nuclear and cytosolic
fractions were determined in CypA knockdown and
scrambled control cells. STAT3, a transcription factor, is
aberrantly activated in many cancer cells, including CCA
[29–31]. Constitutively activated STAT3 is oncogenic,
presumably as a consequence of the genes that it differ-
entially regulates. Activated STAT3 can upregulate the
mRNA levels of many genes, including cyclin D1 [32,
33]. Therefore, it was tested whether STAT3 pathway also
contributes to cyclin D1 induction and G1 to S progres-
sion upon sCypA activation. Total STAT3 and pSTAT3
were examined in siCypA and SC of KKU100 and KKU-
M139 cell lines. As shown in Fig. 6a, unlike the ERK
pathway, STAT3 protein, both total and phosphorylated
forms, remained unchanged in siCypA-transfected KKU-
M139 cell line as compared to the scrambled control. As
the constitutive phosphorylation of STAT3 in KKU100
cell line was very low and barely detectable by Western
blot and to assure that knockdown CypA did not involve
STAT3 protein expression or activation, a similar

experiment in another CCA cell line, KKU-M214 was
performed. As observed in the KKU-M139, total STAT3,
and pSTAT3 proteins in siCypA-treated KKU-M214 were
not altered as compared with the control cells.

To determine the association of CypA and NF-κB, all
NF-κB subunits (p50, p52, p65, and p100) were examined
in the siCypA-treated and the SC cells. As shown in Fig. 6b,
the NF-κB subunits detected in the cytosolic and nuclear
fractions were not significantly different between siCypA-
treated and the SC cells. In contrast to STAT3 and NF-κB,
p38 MAPK expression and phosphorylation were reduced
significantly upon CypA silencing in all three CCA cell lines
tested (Fig. 6c).

CypA regulates CD147 expression

Since CypA is shown to regulate the expression of
CD147 [34–36], we further elucidated whether alteration
of CypA expression affects CD147 expression level.
Real-time PCR and Western blot of CD147 were deter-
mined in siCypA-treated and the SC cells of three CCA
cell lines. The results showed that silencing of CypA
reduced CD147 expressions at both mRNAs (Fig. 7a)

Fig. 6 CypA silencing (siCypA) suppresses p38 protein expression and
phosphorylation. Three possible signal pathways related to CypA: a
STAT3, b NF-κB, and c p38 MAPK were examined. Key molecular
proteins of each pathway were determined using Western blotting. β-

actin and histone H1 protein were used as internal controls for cytosolic
proteins and nuclear proteins, respectively. Cells treated with siCypA or
scrambled control siRNA for 24 h were used for p38 MAPK and NF-κB
pathways, and those treated for 48 h were used for STAT3 detection
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and proteins (Fig. 7b) of KKU-M139 and KKU-M214
but not of KKU-100.

Discussion

We have recently shown that CypA is over-expressed in CCA
patients’ tissues and the endogenous levels of CypA are
positively correlated with cell growth potential of CCA cell
lines [19]. In general, CypA is found predominantly as a
cytoplasmic protein, but it can be detected as a secretory
protein in some pathological conditions. In the present study,
it is further demonstrated that CCA cells do secrete CypA
based on inCypA levels and sCypA promotes cell growth via
the CD147/ERK1/2 pathway.

Our results clearly show that CCA cell lines are able to
secrete CypA. Firstly, CypA was detected in the CM of all
CCA cell lines studied. Secondly, the levels of sCypA were
positively correlated with inCypA levels; and thirdly, suppres-
sion of CypA expression lowered the level of inCypA and
consequently reduced the sCypA level. Concomitantly, CypA
has also been identified as a protein secreted by human cancer
cells, e.g., head and neck cancer [37], irradiated breast cancer
[38], and prostate cancer [39].

The role of sCypA in proliferation of CCA cell lines was
investigated in the current study. High sCypA-CM from shV-
harbored cells, but not low sCypA-CM from shCypA-
transfected cells, significantly enhanced cell proliferation
compared with SFM controls. To ensure that the growth
enhancing effect observed in shV-CM was attributed to the
sCypA present in the CM, anti-CypA antibodies were used to
neutralize sCypA activity in the CM prior to the treatment.
sCypAwas shown to be a key molecule in activating CCA cell
proliferation because the proliferation-enhancement observed
with the shV-CM was mostly abolished to the basal level of
cells cultured in SFM when sCypA was neutralized by anti-
CypA antibody. The action of sCypA on activation of cell
proliferation was confirmed by the fact that addition of
rhCypA, to the cell culture media, mediated cell proliferation
in a dose-dependent fashion. CypA-mediated cell prolifera-
tion has been reported in small cell lung cancer [15] and
pancreatic cancer [16] in which synthetic rhCypA also acti-
vated cancer cell proliferation. In addition to the published
information, direct evidence was provided here that sCypA
originated from inCypA of cancer cells enhanced cell growth
in an autocrine/paracrine manner.

CD147 is the only known signaling receptor for sCypA.
Blocking sCypA/CD147 interaction by monoclonal antibody
against CD147 or reduced CD147 expression significantly
suppressed the effect of sCypA or rhCypA on cell prolifera-
tion and ERK1/2 activation in KKU100 and KKU-M139
cells. The requirement of CD147 for CypA-induced cancer
cell proliferation through ERK1/2 pathway is also reported for
pancreatic cancer cells [16]. The mechanisms by which
CypA-CD147 activates the signaling pathway are not fully
elucidated. In the present study, the ERK1/2 pathway was
shown to be a critical signaling pathway that regulates cell
proliferation upon sCypA action. This observation is support-
ed by the previous report that CypA had a positive correlation
with the phosphorylation of ERK1/2 [19] and transient/stable
knockdown of inCypA inhibited the pERK1/2 in KKU-M139
cells. In this study, a rapidly increase of ERK1/2 phosphory-
lation was observed within 5–10 min after stimulation by
rhCypA. The rapid activation of ERK1/2 seems to be a
common phenomenon of ERK1/2 in response to virtually all
mitogenic factors [40, 41]. Increasing pERK1/2 has been
detected in a variety of human malignant cells including
CCA. Almost 50 % (29/59) of CCA patients exhibited

Fig. 7 siCypA suppresses expression of CD147. Cells were treated with
siCypA or scrambled control siRNA for 24 h. The expression levels of
CD147 were determined at mRNA level using real-time PCR (a) and at
protein level using Western blot (b). Two CCA cell lines with high
expression of CD147 (KKU-M139 and KKU-M214) and one with low
expression of CD147 (KKU-100) were used in this study. β-actin was
used as an internal control
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ERK1/2 activation, whereas none was found in the normal
bile duct epithelium [42].

In this study, we demonstrate, for the first time, that
rhCypA drives cells from G1 to S phase, upregulates cyclin
D1 levels, and concomitantly increases the amount of p-RB
protein. This activation may be mediated by ERK1/2 signal-
ing pathway as it is known that ERK1/2 promotes cell prolif-
eration through the G1 phase by driving the expression of the
D-type cyclins such as cyclin D1 [43]. Apart from ERK
pathway, STAT3 was shown to be an important pathway for
CCA cell growth and survival by both constitutively activated
[30] or induction by autocrine/paracrine growth factors such
as interleukin-6 [44, 45]. Activated STAT3 can upregulate
cyclin D1 and drive cells from G1 to S phase [32, 33]. The
observed cyclin D1 upregulation and G1 to S phase progres-
sion and increased cell proliferation upon sCypA action in this
study, however, may not link to STAT3 activation because
depletion of inCypA and presumably sCypA by siRNA had
no effect on either total STAT3 or pSTAT3 protein levels in
three different CCA cell lines studied.

The link between CypA and MAPK/NF-κB pathway acti-
vation has been reported in many cancers [26–28]. Currently,
overexpression of NF-κB in human CCA tissues was reported
[46]. Specific NF-κB inhibitors could significantly suppress
growth of CCA cell lines in vitro and in CCA-xenografted

mice model [46, 47]. In the present study, we did not observe
the link between CypA andNF-κB pathway, however, the link
between CypA and p38 MAPK pathway was noted. p38
MAPK kinase signaling is a pathway activated in response
to a wide range of cellular stress stimuli and cytokines. In
CCA, p38 MAPK signaling was shown to mediate the
anchorage-independent growth and tumor transformation of
CCA cell line (KMCH-1) [48] and exhibit the pro-
tumorigenic activity via inhibiting degradation of c-Met
[49]. As activation of p38 was shown to decrease CDK
inhibitor p21 expression and promote proliferation in CCA
cells [48], therefore, activation of p38 may supplement the
ERK1/2-mediated G1 to S phase transition observed in this
study.

It should be noted here that although all cellular responses
reported in the present study are facilitated through sCypA-
CD147 interaction, inCypA may also play a role in activation
of cell proliferation. inCypA may activate CXCR4-mediated
cell proliferation via regulation of ERK1/2 nuclear transloca-
tion [50], which is critical for the activation of several tran-
scription factors that regulate cell proliferation and migration.

In the present study, we also showed that CD147 expres-
sion was partly regulated by CypA. This observation was in
agreement with previous reports [35, 36]. Since cellular che-
motactic and signaling responses to sCypA are correlated with

Fig. 8 Proposed cellular and molecular events during sCypA-induced
CCA cell proliferation. Unusually high expression levels of CypA gene
results in the production of inCypA protein leading to increase of sCypA
levels in the extracellular space. sCypA acts as an autocrine/paracrine
growth factor through binding with the membrane bound CD147 of CCA
cells. The CypA/CD147 interaction initiates growth signals through

diverse pathways including ERK1/2 and p38 MAPK signaling pathways
that promote G1 to S transition via cyclin D1 and p-RB. CypA also
enhances CD147 expression. Specific inhibitors against CypA such as
cyclosporin A (CsA) or against CypA/CD147 binding (Licartin) may
effectively inhibit CCA cell proliferation and tumor progression. Dotted
lines represent molecular events demonstrated in the present study
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CD147 expression levels, CD147 is considered as a rate-
limiting factor in the receptor complex responding to sCypA
[34]. Anti-CD147monoclonal antibody has already been used
for preventing invasion and metastasis of human cancer, e.g.,
head and neck carcinoma [51–53]. Metuximab (Licartin), a
murine HAb18 F(ab′)2 fragment specific for CD147, was
developed in the 131I-labeled form and approved as a new
drug for clinical therapy of primary hepatocellular carcinoma
by the China State Food and Drug Administration in April
2005 [54]. It may thus be worthwhile to explore the function
of CD147 in CypA-dependent and CypA-independent man-
ner in CCA. Thus, it is possible that targeting CypA using
cyclosporin A (CsA) as a chemosensitizer, CsA derivatives
without immunosuppressant activity, novel inhibitors of
CypA, and monoclonal antibody against CD147 or combina-
tional therapy by targeting both CypA/CD147 interaction and
its downstream pathway molecules may likely improve the
treatment of CCA.

In conclusion, it was demonstrated here that sCypA aug-
ments cell proliferation of CCA. CypA is secreted from CCA
cells in a reasonable level and corresponded to the inCypA
level. sCypA stimulates cell proliferation via an autocrine/
paracrine fashion, at least in part via sCypA/CD147 interac-
tion, which then triggers cell signaling cascades (Fig. 8). The
possible mechanisms are ERK1/2 signaling pathway that in-
duces G1/S transition by upregulation of cyclin D1 and acti-
vation of p38 signaling that decreases CDK inhibitor, p21.
Several known drugs can inhibit the sCypA/CD147 signal and
suppress growth of cancer cells. A better understanding of the
molecular mechanisms underlying CypA function may help
to achieve a novel-targeted therapy and improve outcome of
CCA treatment in the future.
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