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Abstract

Cholangiocarcinoma (CCA) is an aggressive malignancy of the bile duct epithelium. Although the
CD44v6 splice variant is implicated in the progression of numerous cancers, its functional role and
clinical relevance in CCA remain poorly defined. This study investigated the biological functions and
prognostic significance of CD44v6 in CCA. We silenced CD44v6 expression in human CCA cell lines
(HuCCA-1 and KKU-M213), and assessed its impact on proliferation, migration, invasion, and
epithelial-mesenchymal-transition markers. Additionally, CD44v6 expression was evaluated by
immunohistochemistry in 61 patient tumors and correlated with clinicopathological data. Silencing
of CD44v6 in vitro modestly reduced cell proliferation by approximately 25% but profoundly
impaired migration and invasion by over 50% and was associated with a mesenchymal-to-epithelial
transition, evidenced by a decrease in the mesenchymal marker Vimentin and an increase of epithelial
marker, Claudin-1. In patient tissues, however, CD44v6 expression showed no significant correlation
with clinicopathological parameters or overall survival. Our findings established CD44v6 as a
significant mediator of malignant cell behaviors in CCA, particularly migration and invasion. Lack
of association between CD44v6 expression and clinicopathological parameters suggests CD44v6's
role is highly context-dependent, positioning it not as a standalone prognostic marker, but as a
potential therapeutic target against metastatic progression of CCA.

Keywords: CD44v6; cancer; cholangiocarcinoma; metastasis

1. Introduction

Cholangiocarcinoma (CCA), a malignancy arising from the biliary epithelium, presents a
formidable challenge in clinical oncology due to its aggressive behavior, limited therapeutic options,
and rising global incidence [1-5]. Accounting for 15% of primary liver tumors, CCA is relatively rare
worldwide but imposes a disproportionately high burden in regions like Thailand, where elevated
mortality rates contribute to significant annual deaths [6,7]. The disease’s insidious onset and late-
stage diagnosis often preclude curative surgical intervention, resulting in a dismal prognosis and 5-
year survival rates below 20% [8-11]. Although progress has been made in elucidating the molecular
pathogenesis of cholangiocarcinoma (CCA), effective methods for its early detection remain elusive.
Consequently, there is an urgent need to identify novel biomarkers and therapeutic targets [9,12].

Tumor biomarkers, encompassing proteins, nucleic acids, and metabolites derived from
biofluids or tissues, are pivotal in oncology for enabling early diagnosis, prognostic stratification, and
personalized therapy [13-15]. These molecules hold promise for addressing CCA’s diagnostic delays
and heterogeneity, as they can predict treatment response, monitor recurrence, and guide precision
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medicine [16-19]. However, challenges such as tumor heterogeneity and technical limitations in
biomarker detection hinder clinical translation, necessitating robust candidates with proven
mechanistic roles in cancer biology [20-24].

CD44v6, a splice variant of the transmembrane glycoprotein CD44, has emerged as a key player
in tumor progression and therapy resistance across multiple cancers [25,26]. Generated through the
alternative splicing and inclusion of the sixth variant exon (v6), CD44v6 functions as a critical
signaling hub by acting as a co-receptor for receptor tyrosine kinases like c-Met and VEGFR. This
interaction is essential for presenting growth factors to their receptors, thereby activating key
downstream oncogenic pathways, including the PI3K/Akt and Ras/MAPK cascades that regulate cell
survival, motility, and proliferation [25,27-29]. Its overexpression correlates with metastatic
dissemination, stem-like properties, and poor outcomes, positioning it as both a biomarker and
therapeutic target [30,31]. Preclinical studies demonstrate that CD44v6 silencing, or antibody-
mediated targeting suppresses proliferation, invasion, and metastasis in colorectal, gastric, and breast
cancers [32-34]. Despite this evidence, CD44v6's role in CCA remains unexplored, leaving a critical
gap in understanding its potential utility in this recalcitrant malignancy.

Given the unmet clinical needs in Cholangiocarcinoma (CCA) and the oncogenic role of CD44v6
in other cancers, we investigated its function in CCA through integrated in vitro and clinical analyses.
While silencing CD44v6 in CCA cell lines effectively reduced proliferation, migration, and invasion,
our analysis of a 61-patient cohort found no significant association between CD44v6 expression and
clinicopathological outcomes or survival. This conflict between our mechanistic insights and clinical
observations highlights the complexities of translating preclinical findings and emphasizes the need
to situate CD44v6 within the unique molecular landscape of CCA.

2. Results

2.1. CD44v6 Silencing Reduces Cholangiocarcinoma Cell Proliferation

Western blot analysis showed that HuCCA-1 and KKU-M213 cell lines expressed CD44v6 and
transfection with CD44v6 siRNA for 48 h significantly reduced the expression of CD44v6 (si-v6) in
HuCCA-1 (27.49 £ 6.23 %, p = 0.0187) and KKU-M213 (19.87 + 4.43 %, p = 0.0042) respectively,
compared to negative siRNA control (si-Neg) (Figure 1B,C).
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Figure 1. CD44v6 silencing efficiency in cholangiocarcinoma cell lines. (A) representative western blot of CD44v6
silencing in HuCCA-1 and KKU-M213 cell lines. Densitometry analysis of CD44v6 silencing efficiency in (B)
HuCCA-1 and (C) KKU-M213 cell lines. The data are presented as means + SEM of three independent
experiments. *p < 0.05, ** p <0.001 compared to negative siRNA control.

Cell viability assay showed that CD44v6 silencing significantly reduced the viability of HuCCA-
1 at Day 2 (73.32 + 33.33%, p = 0.0272) and Day 3 (72.07 + 33.08%, p = 0.0205) whereas it reduced the
viability of KKU-M213 only at Day 3 (76.42 + 21.98%, p = 0.0267) (Figure 2A,B). Targeting CD44v6
significantly reduces CCA proliferation by ~25%. While this suggests its role in controlling cell
proliferation is partial, it firmly establishes its biological activity in CCA and supports further
investigation into its potentially more critical functions in other cancer hallmarks like migration and
invasion.
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Figure 2. Effect of CD44v6 silencing on proliferation of cholangiocarcinoma cells. Proliferation of (A) HuCCA-1
and (B) KKU-M213 cells at day 1,2 and 3 after CD44v6 silencing. The data are presented as means + SEM of three
independent experiments. *p < 0.05, ** p < 0.005, *** p < 0.0005 compared to negative siRNA control.

2.2. CD44v6 Silencing Reduces Migration and Invasion of Cholangiocarcinoma Cells and Induces MET

Given the reported involvement of CD44v6 in metastatic phenotypes [35], we investigated the
impact of CD44v6 silencing on cholangiocarcinoma cell behavior. Silencing of CD44v6 significantly
reduced the migratory capacity of both HuCCA-1 (42.80 + 2.68 %, p = 0.0034) and KKU-M213 (48.34
+ 523 %, p = 0.0343) cells, as assessed by transwell migration assays. Similarly, CD44v6 silencing
impaired the invasive potential of HuCCA-1 (59.10 + 2.93%, p =0.0024) and KKU-M213 (54.05 + 8.39%,
p =0.0027) cells in transwell invasion assays (Figure 3A-D).
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Figure 3. Effect of CD44v6 silencing on transwell migration and invasion of cholangiocarcinoma cells. Transwell
migration of (A) HuCCA-1 and (B) KKU-M213 cells and transwell invasion of (C) HuCCA-1 and (D) KKU-M213
after CD44v6 silencing. The data are presented as means + SEM of three independent experiments. *p < 0.05, **

p <0.005, compared to negative siRNA control.

Furthermore, immunofluorescence analysis (Figure 4A,B) revealed distinct morphological
changes in CD44v6-silenced HuCCA-1 and KKU-M213 cells. These cells exhibited a more compact
and rounded shape with an organized, clustered arrangement, contrasting with the elongated,
spindle-like morphology and scattered, less cohesive arrangement observed in the si-Neg control
cells. These morphological changes are consistent with a shift towards a more epithelial-like state,
suggesting the induction of a mesenchymal-to-epithelial transition (MET).
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Figure 4. Morphology of cholangiocarcinoma cells after CD44v6 silencing. Representative images of CD44v6
expression and morphology of (A) HuCCA-1 and (B) KKU-M213 cells after CD44v6 silencing. At 48 h after
CD44v6 silencing, HuCCA-1 and KKU-M213 cells were stained with DAPL, CD44v6 and Phalloidin to observe
the MET phenotype.
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2.3. CD44v6 Silencing Modulates the Expression of Epithelial-Mesenchymal-Transition (EMT) Markers in
Cholangiocarcinoma Cells

To confirm that the observed shift towards an epithelial-like morphology was a true MET, we
examined the expression of various EMT markers following CD44v6 silencing. Western blot analysis
(Figure 5A) revealed that CD44v6 knockdown significantly increased the expression of Claudin-1 in
HuCCA-1 (2.64 + 0.55-fold, p = 0.0077) and KKU-M213 cells (1.46 = 0.44-fold, p = 0.0260). However,
Z0O-1 and E-cadherin, markers of epithelial phenotype were unchanged (Figure 5B,C).
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Figure 5. Effect of CD44v6 silencing on epithelial mesenchymal transition markers. (A) Representative western-
blot of EMT markers after CD44v6 silencing in HuCCA-1 and KKU-M213 cells. Densitometry analysis of
Claudin-1, ZO-1, E-cadherin, B-catenin, Vimentin, and Slug in (B) HuCCA-1 and (C) KKU-M213 cells at 48 hours
after CD44v6 silencing. The data are presented as means + SEM of three independent experiments. *p < 0.05, **
p <0.005, compared to negative siRNA control.

However, a striking observation was made regarding Vimentin, a mesenchymal marker.
CD44v6 silencing led to a marked reduction in Vimentin expression in both HuCCA-1 (0.48 + 0.07-

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1220.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 September 2025 d0i:10.20944/preprints202509.1220.v1

6 of 14

fold, p = 0.0096) and KKU-M213 (0.33 + 0.12 fold, p = 0.0098) cells. This downregulation suggests a
shift away from a mesenchymal phenotype. Furthermore, we observed a decrease in Slug expression,
another mesenchymal marker, in KKU-M213 cells (0.64 + 0.08, p = 0.0394) whereas no change was
observed in HuCCA-1 cell line. Notably, [3-catenin expression remained unaffected by CD44v6
silencing in both cell lines (Figure 5).

These findings collectively indicate that CD44v6 silencing in cholangiocarcinoma cells affects
the expression of mesenchymal markers, particularly Vimentin, and the epithelial marker Claudin-1.
This suggests that CD44v6 may play a role in maintaining the mesenchymal phenotype in CCA cells,
and its downregulation could potentially promote a shift towards a more epithelial state.

2.4. CD44v6 Expression in Cholangiocarcinoma Tissue and Its Association with Clinicopathological Factors

To evaluate the clinical relevance of CD44v6 in cholangiocarcinoma, we analyzed its expression
in tumor tissues from 61 patients. Immunohistochemical staining of paraffinized CCA tissue sections
with a polyclonal anti-CD44v6 antibody revealed a wide range of CD44v6 expression levels (Figure
6A-D). Based on staining intensity, we categorized CD44v6 expression into four grades (0, 1+, 2+, and
3+). Grades 0 and 1+ were designated as low expression, while grades 2+ and 3+ were classified as
high expression. A majority of the samples (53/61, 86.9%) exhibited high CD44v6 expression, whereas
only 8/61 (13.1%) showed low expression.

We next investigated the association between CD44v6 expression and various
clinicopathological parameters (Table 1). CD44v6 expression did not significantly correlate with sex
(p=1.000) or age (<50 vs. 250 years; p=1.000). However, we observed trends towards associations
between CD44v6 expression and certain tumor characteristics. High CD44v6 expression tended to be
associated with larger tumor size (=5 cm), although this did not reach statistical significance (p=0.520).
Extrahepatic tumors were more likely to exhibit high CD44v6 expression compared to intrahepatic
tumors (p=0.055). Solitary tumors tended to have higher CD44v6 expression than multiple tumors
(p=0.091). No significant association was found between CD44v6 expression and histological grade
(p=0.402), lymph node metastasis (p=0.317), distant metastasis (p=0.518), or vascular invasion

(p=1.000).
Table 1. Correlation between CD44v6 expression and clinicopathological factors.
CD44v6
CD44v6
Clinicopathological factors Total Ve High P value
Low Expression .
Expression
Sex
Male 38 5 33
1.0002
Female 23 3 20 000
Age (years)
<50 15 2 13
1.0002
250 46 6 40 000
Size (cm)
<5 24 6 18
a, b
25 31 2 29 0.520
Location
Intrahepatic 48 4 44
Extrahepatic 13 4 9 0.055
Tumor focality
Solitary 40 8 32
.0912.b
Multiple 15 0 15 0.09
Histological grade:
Well- differentiated 36 5 31 0.402¢
Moderately- differentiated 16 3 13 )
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Poorly-differentiated 9 0 9
Lymph node metastasis
No 33 4 29
317 ¢
Yes 28 4 24 0.3
Distant metastasis
No 56 7 49 0.518¢
yes 5 1 4
Vascular invasion
No 38 5 33
1.000¢
Yes 23 3 20
*P <0.05, 2 Fisher’s Exact Test, ® data was not available in 6 cases, < Pearson Chi-
Square

To clarify the clinical relevance of CD44v6, we evaluated its prognostic significance using
Kaplan-Meier analysis. While we found that CD44v6 expression was not directly associated with
overall survival (Figure 6E; log-rank p = 0.2754), our analysis did reveal potential trends linking it to
specific tumor characteristics, such as size, location, and focality. These findings refine our
understanding of CD44v6, suggesting it may contribute to specific aspects of tumor development
rather than acting as a robust, standalone prognostic indicator in CCA.

(A) B)

©) (D)

Log-Rank ( Mantel-Cox) Test
p-value = 0.2754

—— Low expression
50- <

—i— High Expression

Probability of Survival

0 20 40 60 80 100
Months

Figure 6. CD44v6 expression in Cholangiocarcinoma tissue. Paraffinized CCA tissue sections (n=61) were stained
with a polyclonal anti-CD44v6 antibody. A total of 53/61 samples (86.9%) exhibited the CD44v6 high expression
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and 8/61 (13.1%) had low expression CD44v6. Representative images of CD44v6 expression (A) grade 0 and (B)
grade 1+, (C) grade 2+ and (D) grade 3+. Grade 0 and 1+ were designated as low expression and Grade 2+ and

3+ were designated as high expression. (E) Kaplan-Meier survival curves of the study population.

3. Discussion

Our study investigating CD44v6 in cholangiocarcinoma (CCA) revealed complex but significant
insights into its biological and clinical roles. Our functional assays indicate a hierarchy in the effects
of CD44v6 in CCA cells. While its silencing led to a modest but statistically significant decrease in
cell proliferation (~25%), the impact on cell motility was far more pronounced. We observed a
dramatic reduction in both migration and invasion, exceeding 50%. These findings align with prior
reports implicating CD44v6 in tumor progression across malignancies [32-34], particularly its role in
metastasis [30,31]. Notably, CD44v6-silenced cells exhibited morphological shifts and molecular
changes consistent with mesenchymal-to-epithelial transition (MET), marked by reduced Vimentin
(mesenchymal marker) and elevated Claudin-1 (epithelial marker). This phenotypic reversal suggests
CD44v6 may sustain mesenchymal aggressiveness in CCA, and its inhibition could attenuate
metastatic potential.

Paradoxically, and in contrast to our strong preclinical data, the clinical analysis of 61 CCA
patient tissues revealed no significant associations between CD44v6 expression and
clinicopathological features or survival. The modest in vitro effect of CD44v6 on cell proliferation may
help explain this lack of independent prognostic significance. The Kaplan-Meier analysis showed no
correlation between CD44v6 expression and overall survival; if CD44v6 were a primary driver of
overall tumor growth, one would expect its expression levels to correlate more strongly with patient
outcomes. This suggests its contribution to tumor burden may be secondary to other oncogenic
drivers, explaining why it does not serve as a standalone prognostic marker in this context.

A key reason for the discordance between the strong in vitro invasion data and the clinical
analysis is likely a sampling bias within our patient cohort. Of the cases with available data, fewer
than 9% had documented distant metastasis. Since the primary role of CD44v6 in vitro was to
promote motility and invasion—hallmarks of the metastatic process [36] —a cohort composed
predominantly of patients with non-metastasized tumors lacks the statistical power to reveal this
association. This paradox mirrors inconsistencies in other cancers like esophageal carcinoma, where
conflicting correlations have been reported [37-39]. A meta-analysis, for example, highlighted that
CD44v6 only correlated with poor survival in esophageal cancer patients with existing lymphoid
metastasis, but not with tumor stage or histology [40]. Finally, it is important to acknowledge that in
vitro models lack the complexity of the tumor microenvironment, and the semi-quantitative nature
of immunohistochemistry may also dilute detectable associations.

Our observation that CD44v6 drives a motile, mesenchymal phenotype in CCA cells is well-
supported by its known molecular functions in other cancers, where it acts as a major signaling hub.
CD44v6 contains peptide motifs that allow it to function as a co-receptor for growth factors like
Hepatocyte Growth Factor (HGF) and Vascular Endothelial Growth Factor (VEGEF), presenting them
to their respective receptor tyrosine kinases, c-Met and VEGFR [25,28,29]. In cancers such as
colorectal, gastric, and pancreatic, this interaction is critical for activating downstream oncogenic
pathways, including Ras/MAPK to promote proliferation and the PI3K/Akt pathway to drive
invasion and cell survival [25,28,29].

Furthermore, the cytoplasmic tail of CD44v6 interacts with cytoskeletal linker proteins of the
Ezrin-Radixin-Moesin (ERM) family. This physically connects extracellular signals to the actin
cytoskeleton, enabling the dynamic remodeling required for cell migration. This mechanism, coupled
with CD44v6's ability to regulate the expression and activity of Matrix Metalloproteinases (MMPs),
provides a powerful engine for invasion [25,27,33].

Our finding that silencing CD44v6 induces MET markers aligns with its established role as a
cancer stem cell (CSC) marker that maintains a mesenchymal state in gastric, colorectal, and
pancreatic cancers [25,41]. The lack of a direct clinical correlation in our study does not diminish this
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biological importance. Instead, it suggests that in the complex in vivo tumor microenvironment, its
function is highly context-dependent and may be most critical during the specific step of metastatic
dissemination process underrepresented in our patient cohort.

In summary, our research establishes CD44v6 as a functional contributor to key malignant
behaviors in CCA. The strong in vitro evidence for its involvement in migration, and invasion, when
contrasted with the lack of a direct clinical correlation in our cohort, suggests its function is highly
context dependent. This suggests that the primary role of CD44v6 in CCA is not as a standalone
prognostic marker, but rather as a powerful facilitator of the metastatic phenotype. This work
provides critical insights into CCA's complex biology and underscores the importance of
investigating CD44v6 specifically at preventing metastatic progression in CCA.

4. Materials and Methods

4.1. Cell Lines and Cell Culture

HuCCA-1 and KKU-M213 cell lines were maintained in Ham’s F-12 medium (Gibco, Life
technologies, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (FBS) (Gibco, Life
technologies, Grand Island, NY, USA). The cells were incubated at 37 °C in a humidified 5% CO2
atmosphere in the presence of 1x antibiotic-antimycotic (Gibco, Life technologies, Grand Island, NY,
USA).

4.2. Silencing of CD44v6 Expression by Small Interfering RNA (siRNA)

CD44v6-specific siRNA sequences were purchased from Invitrogen (sense: 5'-
GCAACUCCUAGUAGUACAALtt-3;  antisense:  5-UUGUACUACUAGGAGUUGCtt-3'). A
Silencer® Negative Control siRNA (cat. no. 4404021; Ambion; Thermo Fisher Scientific, Inc.), which
has no homology to any mammalian gene sequence and comprises a 19 bp scrambled sequence with
3' dT overhangs, was used as a negative control. HuCCA-1 and KKU-M213 cells were seeded at a
density of 2x1075 cells per well in 6-well plates and incubated for 24 hours prior to transfection. Cells
were then transfected with 20 nM CD44v6 siRNA (si-v6) or negative control siRNA (si-Neg) using
Lipofectamine® RNAiMAX reagent (Invitrogen, Life Technologies, Carlsbad, CA, USA) according to
the manufacturer's instructions.

4.3. MTT Assay

Cells were seeded in 96-well plates at a density of 5x103 cells per well in 200 uL of culture
medium and incubated overnight at 37°C in a humidified atmosphere of 5% CO2. The following day,
cells were transfected with siRNA. After 24 hours, the transfection medium was replaced with Ham's
F-12 medium supplemented with 10% FBS. At 24-, 48-, and 72-hours post-transfection, the medium
was replaced with 200 pL of 0.5 mg/mL MTT (AppliChem, Darmstadt, Germany) prepared in Ham's
F-12 medium containing 10% FBS, and the cells were incubated for 4 hours at 37°C in a humidified
5% CO2 atmosphere. The MTT solution was then carefully removed, and 200 pL of analytical-grade
DMSO (CAS: 67-68-5, Fisher Chemical, Loughborough, UK) was added to dissolve the formazan
crystals. Following a 1-minute shaking, absorbance was measured at 540 nm using a microplate
reader (Multiskan EX, Thermo Labsystems, Helsinki, Finland).

4.4. Western-Blot

At 48 hours post-transfection, total cellular protein was extracted as described [35]. Proteins (30
ug) were resolved on 10% or 12% SDS-PAGE gels at 120 V for 2 h, transferred to nitrocellulose
membranes (30 V, 4°C, 15 h), and sectioned by molecular weight. The membranes were then cut into
sections based on molecular weight markers to allow for probing with different primary antibodies.
Membranes were blocked with 3% BSA in TBS-T (1 h, RT), then incubated overnight at 4°C with
primary antibodies diluted in 1.5% BSA/TBS-T. For experiments requiring multiple membranes,
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loading controls were probed on each membrane and normalized via densitometry. After washing
with TBS-T, membranes were incubated with HRP-conjugated secondary antibodies (1:1000, 1 h, RT),
washed, and visualized using ECL Plus (Bio-Rad) and a G: Box ChemiXL imager (Syngene;
Synoptics, Cambridge, UK).

Anti-CD44var (v6) (BMS116) was obtained from eBioscience, Invitrogen. Anti-GAPDH antibody
(sc-47724) was purchased from Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA. Anti-claudin-
1 (#13255), anti-ZO1 (#8193), anti-E-cadherin (#3195), anti-[3-catenin (#8480), anti-vimentin (#5741),
anti-slug (#9585), Anti-rabbit IgG, HRP-linked Antibody (#7074), and Anti-mouse IgG, HRP-linked
Antibody (#7076) were purchased from Cell Signaling Technology®, Beverly, MA, USA. All
antibodies were used at a 1:1000 dilution, except for GAPDH, which was used at a 1:2000 dilution.
Densitometric analysis was performed using Image]J (version 1.54g) [36].

4.5. Immunofluorescence

Cells were seeded at a density of 2x105 cells per well on sterilized coverslips in 6-well plates and
incubated overnight. The following day, CD44v6 silencing was performed. At 48 hours post-
transfection, cells were washed with warm serum-free medium and fixed with 4% paraformaldehyde
containing 2% sucrose in PBS for 20 minutes. Fixed cells were washed three times with PBS for 10
minutes each and blocked with 1% BSA in PBS for 1 hour. Cells were then incubated overnight with
an anti-CD44v6 primary antibody diluted 1:1500 in PBS containing 1% BSA. The next day, cells were
washed three times with PBS for 10 minutes each and incubated with an Alexa Fluor 488-conjugated
anti-mouse secondary antibody (A11034, Thermo Fisher, Eugene, OR, USA). Cells were then
counterstained with DAPI (Thermo Fisher Scientific, Waltham, MA, USA) and Alexa Fluor 546-
conjugated phalloidin (A22283, Invitrogen, Eugene, OR, USA). Fluorescent images were acquired
using an FV10i confocal laser scanning microscope (Olympus, Tokyo, Japan).

4.6. Transwell Migration and Invasion Assay

At 48 hours post-transfection, HuCCA-1 and KKU-M213 cells were subjected to an in vitro
invasion assay using 24-well Transwell chambers with 8 um pore filters (Transwell, Costar, Boston,
MA, USA). Cells (1x105) were suspended in serum-free Ham's F-12 medium and seeded into the
upper chamber, which had been pre-coated with 30 ug of Matrigel (BD Biosciences, Bedford, MA,
USA). Ham's F-12 medium supplemented with 10% FBS (600 pL) was added to the lower chamber
as a chemoattractant. Following a 6-hour incubation at 37°C in a humidified atmosphere of 5% CO2,
non-invading cells on the upper surface of the membrane were removed with cotton swabs, while
cells that had invaded through the Matrigel and reached the lower surface were fixed with methanol
and stained with 0.5% crystal violet. Invaded cells were counted under a light microscope at 10x
magnification. All invasion assays were performed in duplicate and repeated three times
independently.

4.7. Immunohistochemistry

This study was conducted in accordance with the principles of the Declaration of Helsinki (1964)
and its later amendments. Ethical approval was obtained from the Ethical Committee of Ramathibodi
Hospital, Bangkok, Thailand. Paraffin-embedded tissue were sliced into 4-um- thick sections and
analyzed CD44v6 expression by immunohistochemistry on Bond-Max automated immunostainer
(Leica Microsystems, Newcastle, UK) using primary monoclonal antibodies against CD44v6 (VFF-18,
eBioscience, Austria, 1:500). CD44v6 expression was categorized into four grades based on the
intensity and percentage of positively stained cells: grade 0 (negative or <5% positive cells), grade 1+
(weak staining or 5-25% positive cells), grade 2+ (moderate staining or 25-50% positive cells), and
grade 3+ (strong staining or >50% positive cells). For statistical analysis, grades 0 and 1+ were
designated as low expression, while grades 2+ and 3+ were classified as high expression. Stained
sections were visualized using an Olympus BX53 microscope (Olympus Corporation, Tokyo, Japan).
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4.8. Statistical Analysis

Data are presented as the mean * standard deviation, and all experiments were performed in
triplicate. Associations between CD44v6 expression and clinicopathological features were analyzed
by Chi-square, Student’s t-test and Fisher’s exact test. Survival curve was calculated by using the
Kaplan-Meier method. In vitro experimental data were analyzed using the paired t-test. Statistical
significance was set at p < 0.05. Statistical analyses were performed using SPSS (PASW Statistics 18)
or GraphPad Prism 10.4.0.

5. Conclusions

In conclusion, this study establishes CD44v6 as a key functional driver of cholangiocarcinoma
cell migration and invasion in vitro, with its silencing leading to a profound reduction in cell motility
and a shift toward an epithelial phenotype. However, this potent biological role did not translate into
independent prognostic significance in our clinical cohort. This apparent discrepancy highlights a
critical insight: CD44v6's primary contribution to CCA progression is likely context-dependent,
specifically facilitating the metastatic cascade rather than acting as a standalone prognostic marker.
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Abbreviations

The following abbreviations are used in this manuscript:

CCA Cholangiocarcinoma

siRNA Small interfering RNA

EMT Epithelial-Mesenchymal Transition
MET Mesenchymal-to-Epithelial Transition
FBS Fetal bovine serum

si-v6 CD44v6 siRNA

si-Neg Negative control siRNA
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MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
DMSO Dimethyl sulfoxide

SDS-PAGE Sodium dodecyl-sulfate polyacrylamide gel electrophoresis
BSA Bovine serum albumin

TBS-T Tris-buffered saline with Tween 20

HRP Horseradish peroxidase

ECL Enhanced chemiluminescence

GAPDH  Glyceraldehyde 3-phosphate dehydrogenase

DAPI 4',6-diamidino-2-phenylindole
PBS Phosphate-buffered saline
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