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Abstract. Background/Aim: Cholangiocarcinoma (CCA) is
a type of liver cancer originating from bile duct epithelium
which has an unfavorable prognosis. Therefore, novel
prognostic markers and effective therapeutic regimens are
required. Opioid-binding protein/cell adhesion molecule-like
(OPCML) is a tumor-suppressor protein that suppresses
CCA cell proliferation via AXL receptor tyrosine
kinase/signal transducer and activator of transcription 3
(AXL/STAT3) inactivation. However, this association in
clinical samples remains unknown. We aimed to determine
OPCML and AXL expression and investigate their
association with clinicopathological features in patients with
CCA. In addition, we also addressed whether OPCML
enhanced the sensitivity of CCA cells to AXL inhibitor R428
in vitro. Materials and Methods: The expression of OPCML
and AXL was determined by immunohistochemistry in 90
CCA tissue samples. The study of CCA cell line sensitivity to
R428 was performed by cell viability assay. Results: The
expression of OPCML was significantly lower while AXL
expression was substantially higher in CCA than in adjacent
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normal tissue (p<0.001). Furthermore, high AXL expression
was significantly associated with lymph node metastasis
(p=0.035). Interestingly, patients with combined low
OPCML/high AXL expression had significantly shorter
overall survival (p=0.007). OPCML enhanced the effect of
AXL inhibitor R428 in AXL-expressing CCA cell lines.
Conclusion: Combined expression of OPCML and AXL
shows potential value as a prognostic marker and OPCML
as an agent enhancing the effect of R428 may contribute to
better prognosis for patients with CCA.

Cholangiocarcinoma (CCA) is a malignancy that arises from
bile duct epithelial cells (1). CCA is rare worldwide but
common in Southeast Asia, particularly in Northeastern
Thailand, and is related to liver fluke (Opisthorchis viverrini)
infection, which is known to be a strong risk factor for CCA
in this region (2). Nowadays, CCA accounts for about 2% of
cancer-related deaths per year worldwide. Moreover, it is
characterized by a poor prognosis due to a lack of early
detection and its low response rate to existing chemotherapy
(3). Accordingly, it is crucial to find out novel biomarkers
and therapeutic strategies to improve CCA prognosis.
Opioid-binding protein/cell adhesion molecule-like
(OPCML) is a glycosyl phosphatidylinositol-anchored cell
adhesion-like molecule which belongs to a member of the
IgLON subfamily in the immunoglobulin superfamily of
cell adhesion molecules of proteins (4). Normally, OPCML
plays roles in a cell adhesion and is a negative regulator.
Moreover, OPCML also acts as a tumor suppressor which is
often inactivated by DNA hypermethylation, resulting in gene
silencing in several cancer types (5-8), including CCA (9).
Previous studies revealed the crucial functions of OPCML
in the inhibition of progression of many types of human
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cancer (4, 8, 10-13). Recently, Antony et al. reported that
AXL receptor tyrosine kinase (AXL) was a potential target
molecule of OPCML, to which OPCML directly binds,
resulting in the repression of ovarian cancer cell migration
and invasion (12). AXL is a member of the TYRO3 protein
tyrosine kinase, AXL and MER proto-oncogene tyrosine
kinase receptor tyrosine kinase family (14). Activation of
AXL has been related to tumor growth and metastasis of
various cancer types (15). Furthermore, our recent study
demonstrated that ectopic expression of OPCML
suppressed CCA cell proliferation through the inactivation
of AXL/signal transducer and activator of transcription 3
(STAT3) signaling pathway (13), indicating the association
between OPCML and AXL in CCA progression. However,
this association has not been investigated in clinical samples.

Herein, we aimed to study the expression of OPCML
and AXL by immunohistochemistry in CCA tissue samples.
The association of OPCML and AXL expression with
clinicopathological parameters was evaluated to address
their potential as novel prognostic markers in CCA. As an
approach to finding new therapeutic regimens for CCA, we
also determined whether ectopic expression of OPCML
influenced the effect of AXL inhibitor R428 in AXL-
expressing CCA cell lines.

Materials and Methods

Patients and samples. This study was approved by the Khon Kaen
University Ethics Committee for Human Research (HE641063).
Written informed consent for use of their tissues and data was
received from all patients. Paraffin-embedded tissue sections of 90
CCA and 86 matched adjacent normal samples were recruited in this
study. The clinicopathological data including sex, age, lymph node
metastasis, tumor grading, tumor gross type, tumor size, tumor
location and survival time (no survival data were available from
three patients and the survival data from three patients who died
within 4 weeks after surgery were excluded) were kindly provided
by the Cholangiocarcinoma Research Institute, Khon Kaen
University, Khon Kaen, Thailand.

Immunohistochemical (IHC) staining and scoring. Paraffin-
embedded tissue sections at 4-pum thickness were deparaffinized and
rehydrated. Antigen retrieval was carried out by boiling the sections
in 0.01 M citrate buffer (pH 6.0) for 10 min. Endogenous
peroxidase enzyme was blocked by 3% H,O, for 1 h in the dark.
To block non-specific binding, the sections were treated with 20%
fetal bovine serum for 2 h. The sections were then incubated
overnight at 4°C in a humidified chamber with 1:1,000 rabbit
monoclonal anti-OPCML (Abcam, Cambridge, UK) or 1:150 rabbit
monoclonal anti-AXL (C89E7) (Cell Signaling Technology,
Danvers, MA, USA); a negative control (antibody diluent instead
of primary antibody) was also performed. After incubation, the
sections were washed twice with phosphate-buffered saline
containing 0.05% Tween-20 for 10 min for each washing before
being incubated with goat anti-rabbit secondary antibody
(Envision™ System; DAKO Corporation, Carpinteria, CA, USA)
for 1 h at room temperature. Antigen—antibody reaction was

Table 1. List of primers used in this study.

Primer Sequence (5’ —3’) Product size
(bp)
AXL Forward ACGTATCGCCAAGATGCCAG 252
Reverse GGATTTAGCTCCCAGCACCG
GAPDH Forward AGAGGCAGGGATGATGTTCT 243
Reverse ATGTTCGTCATGGGTGTGAA

AXL: AXL receptor tyrosine kinase; GAPDH: glyceraldehyde 3-
phosphate dehydrogenase; bp: base pair.

visualized using diaminobenzidine chromogen (DAKO Corporation)
and the sections were then counterstained with Mayer’s
hematoxylin. Protein expression was examined and scored by two
independent observers using a semi-quantitative IHC scoring system
(16). H-Scores were defined as the sum of the stained cell
percentage multiplied by an ordinal value corresponding to the
intensity level (O=none, 1=weak, 2=moderate, 3=strong), and ranged
from 0 to 300. To define H-scores as representing low or high
expression for each protein, the mean H-score for OPCML and
median H-score for AXL were used as optimal cut-offs for
clinicopathological data analysis.

Cell lines and culture. CCA (KKU-M213A, KKU-MO055 and KKU-
100) and immortalized cholangiocyte (MMNK-1) cell lines were
kindly provided by the Cholangiocarcinoma Research Institute,
Khon Kaen University, Thailand. KKU-MO055, KKU-M213A and
MMNK-1 were grown in Dulbecco’s modified Eagle’s medium,
while KKU-100 was grown in Ham’s F-12 Nutrient Mixture
medium, which included 10% fetal bovine serum, 100 U/ml
penicillin and 100 ug/ml streptomycin (all from Thermo Fisher
Scientific, Waltham, MA, USA). Cell culture was maintained at
37°C with 5% CO,.

AXL inhibitor study. After transient transfection for 48 h with
OPCML and control plasmids as described in our previous study
(13), transfected KKU-M213A and KKU-100 (5x103 cells) in 100
ul of complete medium were seeded in a 96-well plate in triplicate.
After 18 h incubation, the cells were then treated with different
concentrations (0, 2, 4, 8, 16 and 32 uM) of AXL inhibitor R428
(Abcam) for 48 h. Cell viability was then assessed using CellTiter
96® Aqueous One Solution Cell Proliferation Assay (Promega)
according to the manufacturer’s instructions, from which the 50%
inhibitory concentration (ICs,) was generated.

Quantitative reverse transcription—polymerase chain reaction (qRT-
PCR). To screen endogenous expression of AXL mRNA, TRIzol
reagent (Thermo Fisher Scientific) was used to extract total RNA
from the native cell lines, which was subsequently synthesized to
cDNA using the ImProm-II"™ Reverse Transcription System kit
(Promega, Madison, WI, USA) according to the manufacturer’s
instructions. Table I shows PCR primers for human AXL and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as an internal
control. Real-time PCR was carried out on a Rotor-Gene Q analyzer
(QIAGEN, Hilden, Germany) as follows: An initial denaturation at
93°C for 5 min, followed by 35 cycles of the following steps: 93°C
for 30 s, 54°C for AXL or 58°C for GAPDH for 30 s, and 72°C for 30
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Figure 1. Representative immunohistochemical staining of opioid-binding protein/cell adhesion molecule-like (OPCML) and AXL receptor tyrosine
kinase (AXL) in tissues from patients with cholangiocarcinoma (CCA). Representative staining of CCA and adjacent normal tissue (AN) are shown.
Original magnification, x400. CC: Cancerous cells; NBD: normal bile duct.

s, with a final elongation at 72°C for 10 min. The PCR product was
quantified by the incorporation of SYTO 9 dye (Thermo Fisher
Scientific). Relative gene expression was analyzed by the comparative
Ct method (2-4ACY), where ACt=(Ctyge—Clyeference) (17)-

Western blot analysis. Cell lysates from representative native and
OPCML-transfected CCA cell lines were prepared using
radioimmunoprecipitation assay buffer (Cell Signaling Technology)
containing protease and phosphatase inhibitors (Roche, Basel,
Switzerland) in order to investigate endogenous AXL expression and
its expression after being transfected by OPCML plasmid,
respectively. Protein concentrations were determined by Coomassie
Plus-The Better Bradford Assay™ kit (Thermo Fisher Scientific). The
protein lysates (20 ng) were separated on 8% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred onto
polyvinylidene difluoride membranes. The membranes were blocked
with 5% skim milk in Tris-buffered saline with 0.1% Tween-20 for 1
h and subsequently probed with primary antibodies overnight at 4°C.
The antibodies used were as follows: 1:1,000 rabbit monoclonal anti-
AXL (C89E7) (Cell Signaling Technology), 1:1,000 rabbit
monoclonal anti-OPCML (Abcam) or 1:10,000 rabbit polyclonal anti-
actin (Abcam). The membranes were washed three times, then
incubated with 1:2,000 donkey anti-rabbit IgG (Abcam) for 1 h. After
washing three times, ECL™ reagents (GE Healthcare, Chicago, IL,
USA) were used to detect proteins. The protein images were
qualitatively analyzed by Amersham Imager 600 (GE Healthcare).

Statistical analysis. The comparison of H-scores between two
groups was analyzed using independent-sample 7-test for OPCML
and Mann-Whitney test for AXL expression. Values are presented
as the meanzstandard deviation or median (min-max). The
correlation between clinicopathological data and protein expression
in CCA was evaluated using Pearson chi-squared test. Overall
survival curves were produced using Kaplan-Meier method and log-
rank test. The Cox regression model was included for univariate and

multivariate analyses. A value of p<0.05 was considered as
statistically significant. All statistical analyses were performed using
SPSS version 25 software (IBM, Armonk, NY, USA).

Results

Down-regulation of OPCML and up-regulation of AXL in
CCA. The expression of OPCML and AXL was assessed by
IHC in 90 CCA and 86 matched adjacent normal tissues and
presented as H-scores. Representative IHC staining of
OPCML and AXL in the tissue samples is shown in Figure 1.
OPCML expression in CCA was significantly lower than that
in adjacent normal tissue (p<0.001), whereas that of AXL was
up-regulated in CCA (p<0.001) (Figure 2A). As shown in
Figure 2B, high AXL expression was predominantly observed
in metastatic CCA (p=0.015), but OPCML expression did not
differ according to metastasis (p=0.448).

Correlation of clinicopathological parameters with expression
of OPCML and AXL in patients with CCA. The H-scores for
OPCML and AXL were evaluated for cut-off values using the
mean and median, respectively, and were used to classify
patients with CCA into two groups with low (n=45) and high
(n=45) expression for each protein. The correlation between
the expression levels of OPCML and AXL, and
clinicopathological parameters including sex, age, lymph node
metastasis, tumor grading, tumor gross type, tumor size and
tumor location was then analyzed. As shown in Table II,
OPCML expression was not significantly correlated with any
parameter. In contrast, high expression of AXL was
significantly related to lymph node metastasis (p=0.035).
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Figure 2. Scatter plots of immunohistochemical scores (H-scores) for opioid-binding protein/cell adhesion molecule-like (OPCML) and AXL receptor
tyrosine kinase (AXL) in adjacent normal tissue (AN) (n=86) and cholangiocarcinoma (CCA) (n=90) (A), and non-metastatic CCA (n=42) and
metastatic CCA (n=48) (B). The difference between two groups was analyzed by independent-sample t-test for OPCML and Mann-Whitney test for

AXL. *Statistically significantly different.

Correlation between clinicopathological features, and
combined detection of OPCML and AXL expression levels in
CCA patients. Ninety patients with CCA were classified into
four groups: Low OPCML/low AXL (n=23), low
OPCML/high AXL (n=22), high OPCML/low AXL (n=22)
and high OPCML/high AXL (n=23). The relationship
between the combined OPCML and AXL expression levels,
and clinical features was examined in Table III. Significant
association for combined expression of OPCML/AXL and
tumor gross type was observed (p=0.028). Unfortunately,
association with specific tumor gross type could not be
defined by chi-squared test alone.

High AXL and combined low OPCML/high AXL expression
were associated with shorter overall survival in patients with

CCA. The relationship of the expression levels of OPCML,
AXL alone and combined with overall survival was
evaluated by Kaplan-Meier analysis. No difference in overall
survival was observed between patients with low and those
with high OPCML expression (p=0.138) (Figure 3A). By
contrast, patients with high AXL expression had significantly
shorter overall survival than those with low expression
(p=0.004) (Figure 3B). Interestingly, patients with combined
low OPCML/high AXL expression had significantly lower
overall survival than those in the other groups (p=0.007)
(Figure 3C). In addition, the univariate Cox regression
analysis showed the association of high AXL expression with
poor prognosis of CCA, especially in combination with low
OPCML expression, with a hazard ratio of 2.366 (95%
confidence interval=1.327-4.219; p=0.004). Hence, our
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Table II. Correlation of opioid-binding protein/cell adhesion molecule-like (OPCML) and AXL receptor tyrosine kinase (AXL) expression levels with

clinicopathological parameters in patients with cholangiocarcinoma.

OPCML expression, n (%)

AXL expression, n (%)

Clinical parameter n Low High p-Value Low High p-Value

Sex 0.172 0.172
Male 62 34 (75.6) 28 (62.2) 34 (75.6) 28 (62.2)
Female 28 11 (24.4) 17 (37.8) 11 (24.4) 17 (37.8)

Age 0.396 0.671
<62 Years 40 22 (48.9) 18 (40.0) 19 (42.2) 21 (46.7)
=62 Years 50 23 (51.1) 27 (60.0) 26 (57.8) 24 (53.3)

Lymph node metastasis 0.673 0.035
No 42 20 (44 .4) 22 (48.9) 26 (57.8) 16 (35.6)
Yes 48 25 (55.6) 23 (51.1) 19 (42.2) 29 (64.4)

Tumor grading 0.290 0.525
Papillary 49 27 (60.0) 22 (48.9) 26 (57.8) 23 (51.1)
Non-papillary 41 18 (40.0) 23 (51.1) 19 (42.2) 22 (48.9)

Tumor gross type 0.551 0.212
Mass-forming 27 12 (26.7) 15 (33.3) 10 (22.2) 17 (37.8)
Periductal infiltration 15 10 (22.2) 5 (11.1) 6(13.3) 9 (20.0)
Intraductal 10 5(11.1) 5(11.1) 6 (13.3) 4(8.9)
Mixed 38 18 (40.0) 20 (44.5) 23 (51.2) 15 (33.3)

Tumor size 0.829 0.517
<4 cm 35 18 (40.0) 17 (37.8) 16 (35.6) 19 (42.2)
>4 cm 55 27 (60.0) 28 (62.2) 29 (64.4) 26 (57.8)

Tumor location 0.172 0.362
Intrahepatic 62 28 (62.2) 34 (75.6) 33 (73.3) 29 (64.4)
Extrahepatic 28 17 (37.8) 11 (244) 12 (26.7) 16 (35.6)

Statistically significant p-values by chi-squared test are shown in bold.

findings suggest that combined low OPCML/high AXL
expression might be a potential marker for predicting an
unfavorable prognosis for CCA. However, after adjusting the
multivariate Cox regression analysis for lymph node
metastasis, only lymph node metastasis remained an
independent prognostic marker for CCA with hazard ratio of
3.203 (95% confidence interval=1.720-5.964; p<0.001) as
shown in Table IV.

OPCML enhances sensitivity of AXL-expressing CCA cells
to AXL inhibitor R428. To find a novel therapeutic regimen
for improving prognosis of patients with CCA, we initially
determined endogenous AXL mRNA expression in native
CCA and MMNK-1 cell lines using qRT-PCR. The results
showed that AXL mRNA was endogenously expressed in all
three native CCA cell lines when compared to immortalized
MMNK-1 cells (p<0.01) (Figure 4A). Additionally,
endogenous AXL protein expression was also observed in
two representative CCA cell lines, KKU-M213A and KKU-
100, by western blot analysis (Figure 4B). Because OPCML
was not expressed in those two representative cell lines,
OPCML was ectopically expressed in them by transient
transfection as described in our previous study (13). Ectopic
OPCML expression did not affect endogenous AXL

expression (Figure 4C). Control-transfected cells and
OPCML-transfected cells were treated with the AXL
inhibitor R428. We found that OPCML transfection
significantly reduced the mean ICs, of R428 from 9.59 to
5.67 uM (1.7-fold) in KKU-M213A (p=0.001) and 10.37 to
8.30 uM (1.2-fold) in KKU-100 (p=0.008) cells compared to
their respective controls (Figure 4D). Our findings suggest
that OPCML enhanced the effect of R428 in AXL-expressing
CCA cells.

Discussion

To date, the needs in management of patients with CCA
remain unmet because of difficulties in early detection (18),
poor prognosis and chemotherapeutic drug resistance (19).
Therefore, novel biomarkers and therapy regimens are
urgently required.

OPCML was firstly discovered as a tumor-suppressor gene
in epithelial ovarian cancer, in which it is often epigenetically
inactivated (5). Later studies demonstrated low expression of
OPCML to be related to the carcinogenesis of various cancer
types including invasive cervical carcinoma (6), bladder
carcinoma (7), gastric cancer (11), brain tumors (20), ovarian
cancer (21), prostate cancer (22) and CCA (23). In addition,
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Table III. Correlation of the combined expression of opioid-binding protein/cell adhesion molecule-like (OPCML) and AXL receptor tyrosine kinase
(AXL) with clinicopathological features in patients with cholangiocarcinoma.

Low OPCML, n (%) High OPCML, n (%)
Clinical parameter n Low AXL High AXL Low AXL High AXL p-Value
Sex 0.091
Male 62 17 (73.9) 17 (77.3) 17 (77.3) 11 (47.8)
Female 28 6 (26.1) 5(22.7) 5(22.7) 12 (52.2)
Age 0.553
<62 Years 40 12 (52.2) 10 (45.5) 7(31.8) 11 (47.8)
=62 Years 50 11 (47.8) 12 (54.5) 15 (68.2) 12 (52.2)
Lymph node metastasis 0.120
No 42 14 (60.9) 6 (27.3) 12 (54.5) 10 (43.5)
Yes 48 9(39.1) 16 (72.7) 10 (45.5) 13 (56.5)
Tumor grading 0.382
Papillary 49 16 (69.6) 11 (50.0) 10 (45.5) 12 (52.2)
Non-papillary 41 7(30.4) 11 (50.0) 12 (54.5) 11 (47.8)
Tumor gross type 0.028
Mass-forming 27 5@21.7) 7 (31.8) 5(22.7) 10 (43.5)
Periductal infiltration 15 2 (8.7) 8 (36.4) 4 (18.2) 14.3)
Intraductal 10 5(21.7) 0(0.0) 1(4.5) 4(17.4)
Mixed 38 11 (47.9) 7 (31.8) 12 (54.6) 8 (34.8)
Tumor size 0.565
<4 cm 35 7(304) 11 (50.0) 9 (40.9) 8 (34.8)
=4 cm 55 16 (69.6) 11 (50.0) 13 (59.1) 15 (65.2)
Tumor location 0.170
Intrahepatic 62 17 (73.9) 11 (50.0) 16 (72.7) 18 (78.3)
Extrahepatic 28 6 (26.1) 11 (50.0) 6 (27.3) 5@21.7)

Statistically significant p-values by chi-squared test are shown in bold.

Table IV. Correlation of the combined expression of opioid-binding protein/cell adhesion molecule-like (OPCML) and AXL receptor tyrosine kinase
(AXL) with clinicopathological features in patients with cholangiocarcinoma.

Univariate analysis Multivariate analysis?
Parameter Comparison HR (95% CI) p-Value HR (95% CI) p-Value
Sex Female vs. male (ref) 1.499 (0.859-2.615) 0.154 - -
Age >62 vs. <62 Years (ref) 0.755 (0.439-1.299) 0.311 - -
Lymph node metastasis Yes vs. no (ref) 3.791 (2.084-6.894) <0.001 3.203 (1.720-5.964) <0.001
Tumor grading Non-papillary vs. papillary (ref) 0.826 (0.479-1.422) 0.490 - -
Tumor gross type PI, ID, mixed vs. MF (ref) 1.650 (0.935-2.911) 0.084 - -
Tumor size <4 vs. =4 cm (ref) 1.236 (0.704-2.170) 0.461 - -
Tumor location Extrahepatic vs. intrahepatic (ref) 1.107 (0.626-1.957) 0.727 - -
OPCML expression High vs. low (ref) 0.666 (0.387-1.145) 0.141 - -
AXL expression High vs. low (ref) 2.293 (1.293-4.067) 0.005 1.423 (0.720-2.813) 0.310
OPCML/AXL Low/high vs. low/low, high/low, 2.366 (1.327-4.219) 0.004 1.490 (0.761-2.920) 0.245

high/high (ref)

CI: Confidence interval; HR: hazard ratio; ID: intraductal; MF: mass-forming; PI: periductal infiltration. 2Adjusted for lymph node metastasis.
Statistically significant p-values are shown in bold.

the roles of OPCML as a tumor suppressor in many human  motility and invasion through inactivation of AXL oncogenic
cancer types were also reported. signaling pathway in ovarian cancer (12). Our recent study

AXL is a target molecule of OPCML, which can directly in CCA cell lines illustrated that OPCML reduced cell
interact with AXL, subsequently suppressing cancer cell  proliferation by inactivation of the AXL/STAT3 signaling
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Figure 3. Kaplan-Meier curves of survival of patients with cholangiocarcinoma according to the expression of opioid-binding protein/cell adhesion
molecule-like (OPCML) (A), AXL receptor tyrosine kinase (AXL) (B) and the combination of OPCML and AXL (C). *Statistically significant by the

log-rank test.

pathway, indicating a tumor-suppressive role of OPCML and
the association between OPCML and AXL during CCA
progression (13). In the present study, we further investigated
their association with clinical parameters in patients with
CCA. We found significantly low expression of OPCML in
CCA compared to adjacent normal tissue, agreeing with our
recent study in CCA cell lines (13). Sriraksa et al.
demonstrated that low or no expression of OPCML was
observed mostly in OPCML-hypermethylated CCA tissue
(9). Additionally, reduced OPCML expression was also
reported by Xing et al. in gastric cancer tissue (11) and in
breast cancer by Lian et al. (10). We further illustrated
significantly high expression of AXL in CCA compared to
adjacent normal tissue, especially in metastatic CCA.
Metastasis is a key driver of tumor progression. Alvarez et

al. suggested that AXL protein was highly expressed in
approximately 60% of primary esophageal adenocarcinoma
and in a comparable percentage of lymph node metastases
(24). In addition, Zhao et al. also reported significantly high
expression of AXL in non-small-cell lung cancer compared
to paracancerous lung tissue (25). Moreover, high AXL
expression was related to brain metastasis (26).

Low expression of OPCML observed in our study was
not associated with short overall survival. In contrast, high
expression of AXL was correlated with short overall
survival in patients with CCA, in agreement with other
studies in many cancer types (24, 25, 27). Lymph node
metastasis as an independent prognostic marker for CCA
was noted in this study, which was in concordance with a
previous study (28). Interestingly, the combination of low
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PCML) enhanced the effect of AXL receptor tyrosine kinase (AXL) inhibitor

R428 in representative AXL-expressing cholangiocarcinoma cell lines. A: Determination of endogenous AXL mRNA expression by quantitative

reverse transcription—polymerase chain reaction. Values are presented

as the meanzstandard deviation from independent experiments running in

triplicate. B: Endogenous AXL protein expression was detected by western blot analysis. C: Ectopic expression of OPCML had no effect on
endogenous AXL expression in OPCML-transfected cells. D: Effect of OPCML transfection on cytotoxicity of AXL inhibitor R428 in cell viability

assays. The 50% inhibitory concentration (ICsp) of R428 in control and

OPCML-transfected cells is presented as the mean+standard deviation from

three independent experiments running in triplicate. Ectopic expression of OPCML significantly reduced the ICs,. *Statistically significant.

OPCML and high AXL expression was significantly
associated with an unfavorable prognosis, suggesting the
contribution of OPCML and AXL in CCA progression. The
data from patients with CCA in the present study and cell
lines in our previous study (13) indicate the involvement of

OPCML in the regulation of AXL. As expected, OPCML
enhanced the sensitivity of AXL-expressing CCA cells to
AXL inhibitor R428. Our study agreed with another study
in ovarian cancer (12), suggesting this to be a promising
approach for CCA treatment.
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R428 (BGB324) is a highly potent and frequently studied
AXL inhibitor which blocks AXL autophosphorylation at its
C-terminal docking site, Tyr821. R428 inhibits cancer cell
growth and metastasis, and induces apoptosis (29).
Moreover, the relationships between the crystal structure and
functions of OPCML were recently demonstrated, giving rise
to the notion of developing OPCML as a potent anticancer
drug (30). Thus, the administration of OPCML and AXL
inhibitor R428 in patients with CCA with low OPCML/high
AXL expression might be a novel treatment regimen for
prognostic improvement.

To our knowledge, this is the first report to describe the
association between OPCML and AXL expression in patients
with CCA. Additionally, we also provide a promising
concept of OPCML-based therapy for CCA which may
improve clinical outcomes in the future.

Conflicts of Interest

The Authors declare no conflicts of interest.

Authors’ Contributions

RK: Conceptualization, methodology, formal analysis, investigation,
data curation, writing, visualization, and project administration; WW:
methodology, formal analysis, and validation; JD: Conceptualization,
methodology, and validation; CS: Conceptualization, methodology,
and validation; TL: Conceptualization, methodology, validation,
resources, writing and editing, supervision, and funding acquisition.

Acknowledgements

This work was financially supported by the Thailand Science
Research and Innovation (TSRI) through the Royal Golden Jubilee
Ph.D. Program (grant no. PHD/0015/2557 to R. Khamko), and
Grant-in-aid from KKU Research Funds and the Centre for
Research and Development of Medical Diagnostic Laboratories,
Faculty of Associated Medical Sciences, Khon Kaen University,
Thailand. We thank the Cholangiocarcinoma Research Institute,
Khon Kaen University, Khon Kaen, Thailand for kindly providing
CCA tissue samples and cell lines, as well as clinical data.

References

1 Banales JM, Cardinale V, Carpino G, Marzioni M, Andersen JB,
Invernizzi P, Lind GE, Folseraas T, Forbes SJ, Fouassier L,
Geier A, Calvisi DF, Mertens JC, Trauner M, Benedetti A,
Maroni L, Vaquero J, Macias RI, Raggi C, Perugorria MJ,
Gaudio E, Boberg KM, Marin JJ and Alvaro D: Expert
consensus document: Cholangiocarcinoma: current knowledge
and future perspectives consensus statement from the European
Network for the Study of Cholangiocarcinoma (ENS-CCA). Nat
Rev Gastroenterol Hepatol /3(5): 261-280, 2016. PMID:
27095655. DOI: 10.1038/nrgastro.2016.51

2 Blechacz B and Gores GJ: Cholangiocarcinoma: advances in
pathogenesis, diagnosis, and treatment. Hepatology 48(1): 308-
321, 2008. PMID: 18536057. DOI: 10.1002/hep.22310

3 Erice O, Merino-Azpitarte M, Arbelaiz A, Gutierrez-Larranaga M,
Jimenez-Aguero R, Perugorria MJ, Bujanda L and Banales JM:
Molecular mechanisms of cholangiocarcinogenesis: new potential
targets for therapy. Curr Drug Targets /8(8): 932-949, 2017.
PMID: 26302803. DOI: 10.2174/1389450116666150825113035

4 McKie AB, Vaughan S, Zanini E, Okon IS, Louis L, de Sousa
C, Greene MI, Wang Q, Agarwal R, Shaposhnikov D, Wong JL,
Gungor H, Janczar S, El-Bahrawy M, Lam EW, Chayen NE and
Gabra H: The OPCML tumor suppressor functions as a cell
surface repressor-adaptor, negatively regulating receptor tyrosine
kinases in epithelial ovarian cancer. Cancer Discov 2(2): 156-
171, 2012. PMID: 22585860. DOI: 10.1158/2159-8290.CD-11-
0256

5 Sellar GC, Watt KP, Rabiasz GJ, Stronach EA, Li L, Miller EP,
Massie CE, Miller J, Contreras-Moreira B, Scott D, Brown I,
Williams AR, Bates PA, Smyth JF and Gabra H: OPCML at
11g25 is epigenetically inactivated and has tumor-suppressor
function in epithelial ovarian cancer. Nat Genet 34(3): 337-343,
2003. PMID: 12819783. DOI: 10.1038/ng1183

6 Ye F, Zhang SF, Xie X and Lu WG: OPCML gene promoter
methylation and gene expression in tumor and stroma cells of
invasive cervical carcinoma. Cancer Invest 26(6): 569-574,
2008. PMID: 18584347. DOI: 10.1080/07357900701837044

7 Duarte-Pereira S, Paiva F, Costa VL, Ramalho-Carvalho J,
Savva-Bordalo J, Rodrigues A, Ribeiro FR, Silva VM, Oliveira
J, Henrique R and Jerénimo C: Prognostic value of opioid
binding protein/cell adhesion molecule-like promoter
methylation in bladder carcinoma. Eur J Cancer 47(7): 1106-
1114, 2011. PMID: 21273058. DOI: 10.1016/j.ejca.2010.12.025

8 LiC, Tang L, Zhao L, Li L, Xiao Q, Luo X, Peng W, Ren G,
Tao Q and Xiang T: OPCML is frequently methylated in human
colorectal cancer and its restored expression reverses EMT via
downregulation of smad signaling. Am J Cancer Res 5(5): 1635-
1648, 2015. PMID: 26175934.

9 Sriraksa R, Zeller C, El-Bahrawy MA, Dai W, Daduang J,
Jearanaikoon P, Chau-In S, Brown R and Limpaiboon T: CpG-
island  methylation study of  liver fluke-related
cholangiocarcinoma. Br J Cancer 704(8): 1313-1318, 2011.
PMID: 21448164. DOI: 10.1038/bjc.2011.102

10 Lian B, Li H, Liu Y, Chai D, Gao Y, Zhang Y, Zhou J and Li J:
Expression and promoter methylation status of OPCML and its
functions in the inhibition of cell proliferation, migration, and
invasion in breast cancer. Breast Cancer 28(2): 448-458, 2021.
PMID: 33108608. DOI: 10.1007/s12282-020-01179-9

11 Xing X, Cai W, Ma S, Wang Y, Shi H, Li M, Jiao J, Yang Y, Liu
L, Zhang X and Chen M: Down-regulated expression of
OPCML predicts an unfavorable prognosis and promotes disease
progression in human gastric cancer. BMC Cancer /7(1): 268,
2017. PMID: 28407749. DOI: 10.1186/s12885-017-3203-y

12 Antony J, Zanini E, Kelly Z, Tan TZ, Karali E, Alomary M, Jung
Y, Nixon K, Cunnea P, Fotopoulou C, Paterson A, Roy-Nawathe
S, Mills GB, Huang RY, Thiery JP, Gabra H and Recchi C: The
tumour suppressor OPCML promotes AXL inactivation by the
phosphatase PTPRG in ovarian cancer. EMBO Rep 19(8):
e45670,2018. PMID: 29907679. DOI: 10.15252/embr.201745670

13 Khamko R, Daduang J, Settasatian C and Limpaiboon T:
OPCML exerts antitumor effects in cholangiocarcinoma via
AXL/STAT3 inactivation and Rho GTPase down-regulation.
Cancer Genomics Proteomics /8(6): 771-780, 2021. PMID:
34697068. DOI: 10.21873/cgp.20296

1176



in vivo 36: 1168-1177 (2022)

14 Axelrod H and Pienta KJ: Axl as a mediator of cellular growth
and survival. Oncotarget 5(7/9): 8818-8852, 2014. PMID:
25344858. DOI: 10.18632/oncotarget.2422

15 Rankin EB and Giaccia AJ: The receptor tyrosine kinase AXL
in cancer progression. Cancers (Basel) 8(/7): 103,2016. PMID:
27834845. DOI: 10.3390/cancers8110103

16 Cohen DA, Dabbs DJ, Cooper KL, Amin M, Jones TE, Jones
MW, Chivukula M, Trucco GA and Bhargava R: Interobserver
agreement among pathologists for semiquantitative hormone
receptor scoring in breast carcinoma. Am J Clin Pathol /38(6):
796-802,2012. PMID: 23161712. DOI: 10.1309/AJCP6DKRND
5CKVDD

17 Livak KJ and Schmittgen TD: Analysis of relative gene
expression data using real-time quantitative PCR and the 2(-
Delta Delta C(T)) Method. Methods 25(4): 402-408, 2001.
PMID: 11846609. DOI: 10.1006/meth.2001.1262

18 Lang SA, Bednarsch J, Joechle K, Amygdalos I, Czigany Z, Heij
L, Ulmer TF and Neumann UP: Prognostic biomarkers for
cholangiocarcinoma (CCA): state of the art. Expert Rev
Gastroenterol Hepatol 15(5): 497-510, 2021. PMID: 33970740.
DOI: 10.1080/17474124.2021.1912591

19 Wongwattanakul M, Hahnvajanawong C, Tippayawat P, Chio-
Srichan S, Leelayuwat C, Limpaiboon T, Jearanaikoon P and
Heraud P: Classification of Gemcitabine resistant
Cholangiocarcinoma cell lines using synchrotron FTIR
microspectroscopy. J Biophotonics 10(3): 367-376, 2017. PMID:
26996159. DOI: 10.1002/jbio.201500253

20 Reed JE, Dunn JR, du Plessis DG, Shaw EJ, Reeves P, Gee AL,
Warnke PC, Sellar GC, Moss DJ and Walker C: Expression of
cellular adhesion molecule ‘OPCML’ is down-regulated in
gliomas and other brain tumours. Neuropathol Appl Neurobiol
33(1): 77-85, 2007. PMID: 17239010. DOI: 10.1111/j.1365-
2990.2006.00786.x

21 Zhou F, Tao G, Chen X, Xie W, Liu M and Cao X: Methylation
of OPCML promoter in ovarian cancer tissues predicts poor
patient survival. Clin Chem Lab Med 52(5): 735-742, 2014.
PMID: 24327526. DOI: 10.1515/cclm-2013-0736

22 Wu Y, Davison J, Qu X, Morrissey C, Storer B, Brown L,
Vessella R, Nelson P and Fang M: Methylation profiling
identified novel differentially methylated markers including
OPCML and FLRT?2 in prostate cancer. Epigenetics 1/(4): 247-
258, 2016. PMID: 26890304. DOI: 10.1080/15592294.2016.
1148867

23 Amornpisutt R, Proungvitaya S, Jearanaikoon P and Limpaiboon
T: DNA methylation level of OPCML and SFRP1: a potential
diagnostic biomarker of cholangiocarcinoma. Tumour Biol
36(7): 4973-4978, 2015. PMID: 25652468. DOI: 10.1007/
s13277-015-3147-2

24 Hector A, Montgomery EA, Karikari C, Canto M, Dunbar KB,
Wang JS, Feldmann G, Hong SM, Haffner MC, Meeker AK,
Holland SJ, Yu J, Heckrodt TJ, Zhang J, Ding P, Goff D, Singh
R, Roa JC, Marimuthu A, Riggins GJ, Eshleman JR, Nelkin BD,
Pandey A and Maitra A: The AxI receptor tyrosine kinase is an
adverse prognostic factor and a therapeutic target in esophageal
adenocarcinoma. Cancer Biol Ther 7/0(10): 1009-1018, 2010.
PMID: 20818175. DOI: 10.4161/cbt.10.10.13248

25 Zhao C, Tu S, Zhang F and Zhang X: Expression characteristics
of AXL and YAP in non-small cell lung cancer and prognostic
importance. Int J Clin Exp Pathol //(7): 3357-3365, 2018.
PMID: 31949712.

26 Wu X, Ma W, Zhou Q, Yan H, Lim ZF, Huang M, Deng C, Yu
X, Su H, Komo S, Yang H, Zhang X, Wen S, Zhang Z and Ma
PC: AXL-GAS6 expression can predict for adverse prognosis in
non-small cell lung cancer with brain metastases. J Cancer Res
Clin Oncol 143(10): 1947-1957, 2017. PMID: 28551766. DOI:
10.1007/s00432-017-2408-4

27 Gjerdrum C, Tiron C, Hgiby T, Stefansson I, Haugen H, Sandal
T, Collett K, Li S, McCormack E, Gjertsen BT, Micklem DR,
Akslen LA, Glackin C and Lorens JB: Axl is an essential
epithelial-to-mesenchymal transition-induced regulator of breast
cancer metastasis and patient survival. Proc Natl Acad Sci U S
A 107(3): 1124-1129, 2010. PMID: 20080645. DOI: 10.1073/
pnas.0909333107

28 Wasenang W, Puapairoj A, Settasatian C, Proungvitaya S and
Limpaiboon T: Overexpression of polycomb repressive complex
2 key components EZH2/SUZI12/EED as an unfavorable
prognostic marker in cholangiocarcinoma. Pathol Res Pract
215(7): 152451, 2019. PMID: 31126817. DOIL: 10.1016/
j.prp.2019.152451

29 Chen F, Song Q and Yu Q: AxI inhibitor R428 induces apoptosis
of cancer cells by blocking lysosomal acidification and recycling
independent of Axl inhibition. Am J Cancer Res 8(8): 1466-
1482, 2018. PMID: 30210917.

30 Birtley JR, Alomary M, Zanini E, Antony J, Maben Z, Weaver
GC, Von Arx C, Mura M, Marinho AT, Lu H, Morecroft EVN,
Karali E, Chayen NE, Tate EW, Jurewicz M, Stern LJ, Recchi C
and Gabra H: Inactivating mutations and X-ray crystal structure
of the tumor suppressor OPCML reveal cancer-associated
functions. Nat Commun /0(7): 3134, 2019. PMID: 31316070.
DOI: 10.1038/s41467-019-10966-8

Received January 25, 2022
Revised March 2, 2022
Accepted March 10, 2022

1177



