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Human chorion and placental 
mesenchymal stem cells 
conditioned media suppress 
cell migration and invasion by 
inhibiting the PI3K/AKT pathway in 
cholangiocarcinoma
Tanachapa Jantalika1,2, Sirikul Manochantr1,2, Pakpoom Kheolamai1,2, 
Duangrat Tantikanlayaporn1,2, Somchai Pinlaor3, Weerachai Saijuntha4, Luminita Paraoan5 
& Chairat Tantrawatpan1,2

Cholangiocarcinoma (CCA) is an aggressive bile duct malignancy with poor survival rates due to late 
detection, rapid metastasis, and treatment resistance. Therefore, new therapeutic strategies are 
needed to improve treatment outcomes. Previous studies have reported that mesenchymal stem 
cells (MSCs) secrete several soluble factors that modulate intracellular signaling pathways that are 
critical for the regulation of cancer cell function. The present study aimed to investigate the effects 
and molecular mechanisms of conditioned media from chorion-derived human MSCs (CH-CM) and 
placenta-derived human MSCs (PL-CM) on the migration and invasion of human CCA cells. We found 
that both CH-CM and PL-CM suppress cell migration and invasion in three CCA cell lines (KKU100, 
KKU213A and KKU213B) by increasing E-cadherin expression and decreasing the expression of several 
factors involved in the epithelial–mesenchymal transition process, including ZEB1, ZEB2, N-cadherin, 
vimentin, and MMP-2. The effects of CH-CM and PL-CM were mediated, at least in part, through the 
suppression of the PI3K/AKT signaling pathway in CCA cells. Our findings suggest that soluble factors 
derived from CH-MSCs and PL-MSCs could be used in combination with other conventional treatments 
to diminish the invasiveness of CCA cells, thus improving the therapeutic outcome and increasing 
survival in CCA patients.
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Cholangiocarcinoma (CCA) is an aggressive malignancy that develops from damaged epithelial cells in various 
parts of the biliary tract, including the intrahepatic and extrahepatic bile ducts1. Advanced-stage CCA is prevalent 
in many countries around the world2 and has a very high mortality rate3,4 because of its delayed diagnosis, rapid 
metastasis, and resistance to treatment5. Currently, surgical resection is the only therapeutic option for curing 
CCA, but it is applicable only to a minority of patients, whereas 70–80% of patients who have distant metastasis 
or locally unresectable tumors rely on mostly ineffective chemotherapy6,7. Therefore, new therapeutic strategies 
are needed to better control tumors and improve the treatment outcome of patients with advanced-stage CCA.

Previous research has shown that the PI3K/AKT signaling pathway plays a critical role in the development 
and progression of CCA by increasing the proliferation, migration and invasion of CCA cells8,9. PI3K is a lipid 
kinase that generates phosphatidylinositol-(3,4,5)-P3 (PIP3), which phosphorylates and activates Akt, a serine/
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threonine kinase, which in turn regulates many genes involved in the progression and metastasis of several 
cancers10, including CCA11. As a result, the PI3K/AKT pathway is one of the key targets for the development of 
new CCA treatments.

Human mesenchymal stem cells (MSCs) are multipotent adult stem cells that have the ability to self-renew 
and differentiate into several cell types, including adipocytes, chondrocytes and osteocytes12. Furthermore, 
MSCs also release many clinically beneficial soluble factors that affect the growth and metastasis of cancer 
cells by modulating various signaling pathways13, including PI3K/AKT signaling in various cancer cell types14, 
including non-small cell lung cancer15, colorectal cancer16 and breast cancer17.

MSCs can be isolated from various adult tissues, such as bone marrow, adipose tissue, and gestational tissue18. 
Compared with other sources of MSCs, chorion- and placenta-derived MSCs (CH-MSCs and PL-MSCs) are the 
most abundant, easy to obtain, and more attractive for clinical use because of their high proliferative capacity, 
low immunogenicity, and lack of tumorigenicity19. However, the effects of soluble factors released from CH-
MSCs and PL-MSCs on the growth and progression of CCA cells, as well as the molecular mechanisms that 
mediate these effects, are poorly understood.

Therefore, the present study aimed to investigate the effects and underlying molecular mechanisms of 
conditioned media prepared from human MSCs derived from chorion (CH-CM) and placenta (PL-CM) on 
the proliferation, migration and invasion of three human CCA cell lines (KKU100, KKU213A, and KKU213B). 
These findings serve as a basis for translational studies to explore the possibility of using MSCs in combination 
with other conventional treatments to improve the therapeutic outcome and increase the survival of CCA 
patients.

Results
Characteristics of human MSCs derived from chorion and placental tissues
 CH-MSCs and PL-MSCs attached to the plastic surface presented a spindle-shaped morphology and exhibited 
adipogenic and osteogenic differentiation capacity, as demonstrated by oil red O and alizarin red S staining, 
respectively (Fig. 1A).

Flow cytometric analysis of cell surface antigens in CH-MSCs revealed high expression of the typical MSC 
markers CD73 (97.31 ± 1.39%), CD90 (95.11 ± 1.25%) and CD105 (95.25 ± 1.92%), and very low expression of 
the hematopoietic markers CD34 (2.31 ± 1.22%) and CD45 (4.73 ± 1.74%). Similarly to CH-MSCs, most PL-
MSCs homogeneously expressed CD73 (99.04 ± 0.27%), CD90 (93.17 ± 0.92%) and CD105 (96.26 ± 2.06%) and 
rarely expressed CD34 (1.39 ± 1.13%) or CD45 (1.41 ± 1.23%) (Fig. 1B). These characteristics show that both 
the CH-MSCs and PL-MSCs established in this study presented all the typical characteristics of human MSCs.

PL-CM and CH-CM suppress CCA cell proliferation
 We first determined the effect of MSC-CM on CCA cell proliferation by treating three CCA cell lines, KKU100, 
KKU213A and KKU213B, with various concentrations of CH-CM and PL-CM for 24, 48, and 72 h. The findings 
indicated that CH-CM and PL-CM significantly decreased the relative number of all three CCA cell lines 
compared with that of the untreated control (0% MSC-CM) in a dose- and time-dependent manner (Fig. 2A,B). 
Notably, the highest concentration examined, 75% of either CH-CM or PL-CM, decreased the relative number 
of CCA cells by approximately 80% at 72 h compared with the untreated control (p < 0.001; Fig. 2A,B). These 
results indicate that soluble factors secreted from both CH-MSCs and PL-MSCs strongly suppress CCA cell 
proliferation in a dose- and time-dependent manner.

MSC-CM suppresses CCA cell migration and invasion
 A scratch wound healing assay was performed to assess the effects of various concentrations of MSC-CM on 
the migration capacity of CCA cells. Similarly to their effects on CCA cell proliferation, CH-CM and PL-CM 
significantly decreased the migration of all three CCA cell lines in a dose- and time-dependent manner (Fig. 3A–
D, Supplementary Fig.  1–3). Specifically, the suppressive effects of 75% CH-CM and PL-CM, the highest 
concentration examined, on CCA cell migration were observed as early as 6 h after treatment, and at the end of 
the migration assay, both CH-CM and PL-CM suppressed CCA cell migration by approximately 80% compared 
with the untreated control. As illustrated in Fig. 3B,D, the migration rates of KKU100 were substantially 
diminished from 23.84 to 2.16% (p = 0.001), KKU213A from 77.83 to 12.25% (p < 0.001), and KKU213B from 
47.58 to 4.06% (p < 0.001) after treatment with 75% CH-CM for 6  h. Similarly, treatment with 75% PL-CM 
for 6 h significantly reduced the migration rates of KKU100 from 24.61 to 6.01% (p = 0.001), KKU213A from 
77.90 to 1.98% ( p < 0.001), and KKU213B from 63.57 to 6.95% (p < 0.001) in comparison to the control group. 
These findings suggest that soluble factors secreted by both CH-MSCs and PL-MSCs strongly inhibit CCA cell 
migration in a dose- and time-dependent manner.

Next, we investigated the effect of MSC-CM on CCA cell invasion using a transwell invasion assay. Similarly 
to the effects on CCA migration, both CH-CM and PL-CM significantly suppressed the invasion of the three 
CCA cell lines in a dose-dependent manner (Fig.  4A,B), with the highest concentration examined, 75% of 
either CH-CM or PL-CM, reducing invasion by more than 95% compared with that of the untreated controls 
(Fig. 4A,B). The invasion rate of KKU100 was reduced to 2.05% and 1.98% (p < 0.001), KKU213A was reduced 
to 0.92% and 2.35% (p < 0.001), and KKU213B was reduced to 1.31% and 2.69% (p < 0.001), after being cultured 
with 75% CH-CM and 75% of PL-CM compared to the control, respectively. These findings indicate that soluble 
factors secreted by both CH-MSCs and PL-MSCs diminish CCA cell invasion in a dose-dependent manner.

MSC-CM decreases the expression of mesenchymal markers in CCA cell lines
To investigate the mechanism by which CH-CM and PL-CM suppress the migration and invasion of CCA cells, 
the expression levels of genes and proteins involved in the epithelial‒mesenchymal transition (EMT) process, 

Scientific Reports |        (2025) 15:31472 2| https://doi.org/10.1038/s41598-025-16789-6

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


including E-cadherin, N-cadherin, vimentin and MMP-2, were determined by immunocytochemistry, Western 
blotting and qRT-PCR. Immunofluorescence results indicated that CH-CM and PL-CM significantly decreased 
the expression of vimentin in CCA cells compared to their untreated counterparts in a dose-dependent manner 
(Fig. 5A). Quantitative analysis of vimentin staining using a microplate reader revealed that, compared with the 
untreated control, 75% CH-CM and PL-CM reduced vimentin protein expression in KKU213A and KKU213B 
cells by more than 70% (p < 0.001; Fig. 5B). Similarly, 75% CH-CM and PL-CM also reduced the expression of 
the vimentin protein in KKU100 cells by approximately 40% (p = 0.001, p < 0.001), which was less pronounced 
than the effects on KKU213A and KKU213B cells (Fig. 5B).

Consistent with these findings, Western blot analysis also revealed that CH-CM and PL-CM significantly 
increased the expression level of E-cadherin, a cell–cell adhesion molecule, but significantly decreased the 
expression levels of N-cadherin and MMP-2, which play critical roles in inducing EMT and enhancing cell 
migration and invasion (Fig. 6A–D). The relative protein expression analysis revealed that treatment with 75% 
CH-CM and 75% PL-CM significantly enhanced E-cadherin expression in KKU100 (p = 0.001, p < 0.001), 
KKU213A (p = 0.004, p = 0.002), and KKU213B (p = 0.020, p = 0.014). Conversely, treatment with 75% CH-CM 
and 75% PL-CM significantly decreased N-cadherin expression in KKU100 (p = 0.004, p < 0.001), KKU213A 
(p < 0.001, p = 0.005), and KKU213B (p = 0.023, p = 0.003). Furthermore, treatment with 75% CH-CM and 

Fig. 1.  Characterization of human mesenchymal stem cells (MSCs) derived from the chorion (CH-MSCs) and 
placenta (PL-MSCs). (A) CH-MSCs and PL-MSCs have a spindle-shaped morphology (10× magnification). 
CH-MSCs and PL-MSCs can differentiate into adipocytes (20× magnification) and osteocytes (10× 
magnification), as determined by oil red O and alizarin red S staining, respectively. Scale bar = 100 μm. (B) 
Immunophenotypes of CH-MSC and PL-MSC determined by flow cytometry.
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75% PL-CM also significantly decreased MMP-2 expression in KKU100 (p < 0.001, p < 0.001), KKU213A 
(p < 0.001, p < 0.001), and KKU213B (p < 0.001, p = 0.049), respectively. Original uncropped blots are provided in 
Supplementary Fig. 4,5. These results suggest that CH-CM and PL-CM could inhibit the migration and invasion 
of CCA cells by suppressing their EMT.

MSC-CM downregulates the activation of the PI3K/AKT pathway in CCA cell lines
The molecular mechanism underlying the suppressive effects of MSC-CM on several aspects of CCA cell 
tumorigenicity was further investigated by analyzing the activities of the PI3K/AKT and NF-κB signaling 
pathways, as well as the transcription factors that regulate the EMT process in CCA cells after treatment with 
MSC-CM. Gene expression analysis revealed that CH-CM and PL-CM significantly decreased the expression 
levels of the PI3K, AKT and NF-kB2 genes in the three CCA cell lines (p < 0.05; Fig. 7). Notably, although 75% 
CH-CM and PL-CM significantly decreased the expression level of the NF-kB1 gene in KKU213A (p = 0.046, 
p = 0.045) and KKU213B cells (p = 0.002, p < 0.001) compared with the untreated control, they did not significantly 
alter the expression of this gene in KKU100 cells (p > 0.999, p > 0.999) (Fig. 7).

Consistent with the results of the Western blot analysis of EMT proteins, the gene expression study showed 
that CH-CM and PL-CM significantly reduced the expression levels of the ZEB1 and ZEB2 genes (p < 0.05), 
which are transcription factors that play important roles in the EMT process, as well as MMP-2 (p < 0.05). 
Furthermore, MSC-CM decreased the expression levels of the proliferation-enhancing genes CCND1 and MYC 
in the three CCA cell lines (Fig. 7; p < 0.05).

Consistent with the gene expression results, Western blot analysis revealed that 75% CH-CM and 75% PL-
CM decreased the levels of phosphorylated PI3K protein (p-PI3K) and phosphorylated AKT protein (p-AKT) 
in the three CCA cell lines compared with those in the untreated controls (Fig. 8A,C). Consistent with this, 
treatment with 75% CH-CM and 75% PL-CM significantly reduced the phosphorylated PI3K (p-PI3K) to total 
PI3K ratio in KKU100 (p = 0.003 and p < 0.001 ), KKU213A (p < 0.001 and p = 0.008 ), and KKU213B (p = 0.001 
and p < 0.001) compared to the untreated control (Fig. 8B,D). Similarly, treatment with 75% CH-CM and 75% 
PL-CM also significantly decreased the phosphorylated AKT (p-AKT) to total AKT ratio in KKU100 (p < 0.001 

Fig. 2.  MSC-CM decreases the proliferation of CCA cells. Three CCA cell lines were treated with CH-CM or 
PL-CM at 0%, 10%, 25%, 50%, or 75%. Cell proliferation was determined by the CCK-8 assay at 24 h, 48 h, and 
72 h after treatment. (A) CH-CM and (B) PL-CM significantly decreased the percentage of proliferating CCA 
cells compared with that of the untreated controls (0% MSC-CM). The data are represented as mean ± SEM; 
n = 3 for each group. *p < 0.05, **p < 0.01, ***p < 0.001 vs. control.
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Fig. 3.  MSC-CM inhibits CCA cell migration. CCA cell cultures were scratched and treated with various 
concentrations (0%, 10%, 25%, 50% and 75%) of (A) CH-CM or (C) PL-CM. Phase contrast microscopy was 
used to measure the migration distances at various time points. (B) CH-CM and (D) PL-CM considerably 
reduced the migration rate of CCA cells compared with that of the untreated controls (0% MSC-CM). Data 
are represented as mean ± SEM; n = 3 for each group. *p < 0.05 vs. control, **p < 0.01 vs. control, ***p < 0.001 vs. 
control.
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and p = 0.003), KKU213A (p < 0.001 and p = 0.040), and KKU213B (p < 0.001 and p = 0.020) compared to the 
untreated control (Fig. 8B,D). The p-PI3K/PI3K and p-AKT/AKT ratios in CCA cells treated with 75% CH-
CM and 75% PL-CM were similar to those treated with LY294002, a pan-PI3K inhibitor (Fig. 8A–D). Original 
uncropped blots are provided in Supplementary Fig. 6–8. Together, these findings demonstrate that CH-CM and 
PL-CM exert their antitumor effects on CCA cells by inhibiting the PI3K/AKT signaling pathway in these cells.

CH-CM and PL-CM inhibit CCA cell migration and invasion by inhibiting PI3K/AKT signaling
 To confirm the roles of the PI3K/AKT signaling pathway in CCA cell migration and invasion, CCA cells were 
treated with LY294002, a pan-PI3K inhibitor, before being subjected to wound healing and transwell invasion 
assays. The results of the wound healing assay revealed that 75% CH-CM, 75% PL-CM, LY294002, or their 
combination significantly reduced the migration rate of the three CCA cell lines compared with that of the 
untreated control (0% MSC-CM) (p < 0.01, p < 0.001; Fig. 9A,B). Similarly, the results of the transwell invasion 
assays revealed that 75% CH-CM and 75% PL-CM significantly reduced the percentage of invasion rate, similar 
to those treated with LY294002 in CCA cell lines compared with the untreated control (0% MSC-CM) (p < 
0.001; Fig. 10A,B). These findings indicate that CH-CM and PL-CM could suppress the migration and invasion 
of CCA cells at least partially by inhibiting PI3K/AKT signaling in these cells.

Discussion
Cholangiocarcinoma is a highly aggressive cancer that responds poorly to most conventional treatments, 
resulting in a very low survival rate20. Consequently, the development of a new therapeutic approach, in which 
mesenchymal stem cell therapy is considered a promising treatment, is necessary21. Mesenchymal stem cells 
(MSCs) are multipotent adult stem cells with self-renewal capacity, multilineage differentiation capacity, and the 
ability to secrete many therapeutically useful factors22. MSCs can be isolated from many adult tissues, including 
bone marrow23, adipose tissue24peripheral blood25, and postnatal tissues such as the placenta, chorionic 
membrane, amniotic membrane, and umbilical cord26.

Although bone marrow-derived mesenchymal stem cells (BM-MSCs) are the most widely used source of MSCs 
in various clinical applications, including regenerative medicine, tissue engineering, and cancer treatment27,28, 
their therapeutic utility is limited by their invasive harvesting procedure, poor cell yield, limited proliferation 
and diminished differentiation capacity, particularly in aged donors29,30. Therefore, human MSCs derived from 

Fig. 4.  MSC-CM inhibits CCA cell invasion.  CCA cells were treated with various concentrations (0%, 
10%, 25%, 50% and 75%) of (A) CH-CM or (B) PL-CM. The invading cells (present on the lower side of the 
transwell membranes) were stained and counted under an inverted microscope (10X). Scale bar = 100 μm. (A) 
CH-CM and (B) PL-CM significantly decreased CCA cell invasion compared with that of the untreated control 
(0% MSC-CM). The data are presented as the mean ± SEM; n = 3 for each group. *p < 0.05 vs. control, **p < 0.01 
vs. control, ***p < 0.001 vs. control.
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Fig. 5.  MSC-CM reduces vimentin expression in CCA cells. CCA cells were treated with CH-CM or PL-CM 
at 0%, 50%, or 75% for 16 h and then stained with an anti-vimentin antibody (green fluorescence). The nuclei 
were counterstained with Hoechst 33342 (blue fluorescence). (A) Fluorescence microscopy analysis revealed a 
decrease in green fluorescence (vimentin) in CCA cells after treatment with 50% or 75% CH-CM or PL-CM. 
Scale bar = 100 μm. (B) Vimentin staining was quantified using a fluorescence microplate reader. The results 
showed that 50% and 75% CH-CM and PL-CM significantly decreased the fluorescence ratio of vimentin/
Hoechst 33342 in CCA cells compared with that of the untreated control (0% MSC-CM). Data are represented 
as mean ± SEM; n = 3 for each group. *p < 0.05 vs. control, **p < 0.01 vs. control, ***p < 0.001 vs. control.
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Fig. 6.  MSC-CM decreases the expression levels of EMT markers in CCA cells. Compared with the untreated 
control (0% MSC-CM), the three CCA cell lines treated with (A,B) CH-CM or (C,D) PL-CM for 16 h 
presented increased expression of E-cadherin and decreased expression of the EMT markers N-cadherin and 
MMP-2. The uncropped blots of (A) and (C) are presented in Supplementary Fig. 4, 5, respectively. Data are 
represented as mean ± SEM; n = 3 for each group. *p < 0.05 vs. control, **p < 0.01 vs. control, ***p < 0.001 vs. 
control.

 

Scientific Reports |        (2025) 15:31472 8| https://doi.org/10.1038/s41598-025-16789-6

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Fig. 7.  MSC-CM downregulates genes related to PI3K/AKT, NF-κB signaling, EMT process and cell cycle 
control in CCA cells. CCA cells were treated with 75% CH-CM or 75% PL-CM for 16 h. CCA cells treated 
with DMEM + 10% FBS served as controls. Relative gene expression analysis revealed that CH-CM and PL-CM 
significantly decreased the expression levels of PI3K, AKT, NF-kB1, NF-kB2, ZEB1, ZEB2, MMP-2, CCND1 
and MYC in CCA cells compared with those in untreated controls (0% MSC-CM). Data are represented as 
mean ± SEM; n = 3 for each group. *p < 0.05 vs. control, **p < 0.01 vs. control, ***p < 0.001 vs. control.
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Fig. 8.  MSC-CM and LY294002 inhibit PI3K/AKT signaling in CCA cells. CCA cell lines were cultured with 
75% CH-CM, 75% PL-CM, 20 µM LY294002, or a combination of these for 16 h. Western blot analysis showed 
that CH-CM, PL-CM or LY294002 significantly reduced the p-PI3K/PI3K and p-AKT/AKT ratios in all CCA 
cells, and the combination enhanced the inhibitory effect on PI3K and AKT activation compared with that of 
the untreated control (0% MSC-CM). The uncropped blots are presented in Supplementary Fig. 6–8. Data are 
represented as mean ± SEM; n = 3 for each group. *p < 0.05 vs. control, **p < 0.01 vs. control, ***p < 0.001 vs. 
control.
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Fig. 9.  MSC-CM and the PI3K inhibitor inhibited CCA cell migration. (A) The wound area was visualized 
and measured at 0 h and 6 h after culture with 75% CH-CM, 75% PL-CM, 20 µM LY294002 or a combination. 
(B) Quantification of the migration rate revealed that CH-CM, PL-CM and 20 µM LY294002 independently 
suppressed wound closure by significantly decreasing the percentage of migration rate of CCA cells compared 
with the untreated control (0% MSC-CM). Data are represented as mean ± SEM; n = 3 for each group. **p < 0.01 
vs. control, ***p < 0.001 vs. control.
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Fig. 10.  MSC-CM and the PI3K inhibitor suppress CCA cell invasion. Following culture of CCA cell lines 
with MSC-CM, 20 µM LY294002 or a combination of these for 16 h, the results of the transwell assays revealed 
a significant decrease in CCA cell invasion compared with that of the untreated control (0% MSC-CM). 
(A) Imaging of the lower surface of the transwell membranes. Scale bar = 100 μm. (B) Quantification of the 
invasion rate. Data are represented as mean ± SEM; n = 3 for each group. ***p < 0.001 vs. control.
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other tissues, especially the chorion and placenta (CH-MSCs and PL-MSCs), which can be obtained in large 
numbers via noninvasive procedures, are considered the preferred options for clinical applications. These CH-
MSCs and PL-MSCs have been shown to have many clinically useful properties, including high cell viability, 
high proliferation capacity, and low immunogenicity, and have great paracrine effects on the repair of injured 
and ischemic tissues31,32. Furthermore, previous research has shown that MSCs can migrate toward cancer 
tissue, a property called tumor tropism, and release various cytokines, growth factors and extracellular matrix 
proteins with both protumorigenic and antitumorigenic properties33,34.

In addition to MSC transplantation, cell-free MSC-CM has recently been considered a safer option for 
MSC-based therapy because of its easier production, better quality control, ease of delivery to various target 
tissues, and fewer adverse effects than those of cell transplantation35. Although several previous studies have 
demonstrated the antitumor effects of MSC-CM in various types of cancer, including non-small cell lung 
cancer36, glioblastoma37 and malignant melanoma38, the effects of CM derived from CH-MSCs and PL-MSCs 
on CCA cells have not yet been fully investigated.

To ensure sterility and enhance storage stability, the hMSC-derived CMs utilized in this study were subjected 
to filter sterilization and lyophilization. It should be noted that sterilization through 0.22 μm pore filters, although 
widely employed, may exclude certain large macromolecules, such as large protein complexes and extracellular 
vesicles (EVs), potentially diminishing the CM potency. Similarly, lyophilization (freeze-drying), a prevalent 
method for preserving CMs by eliminating water content while preserving their bioactivity, could result in 
denaturation and aggregation of certain bioactive proteins within CMs. To prevent further loss of activity due to 
repeated freeze-thaw cycles, the CM was aliquoted into small volumes for a single use.

Here we demonstrated that CH-CM and PL-CM strongly inhibited the proliferation, migration and 
invasion of three different human CCA cell lines, including a low-invasive, poorly differentiated extrahepatic 
CCA cell line (KKU100), a highly invasive, poorly differentiated intrahepatic CCA cell line (KKU213A) and 
a low invasive, well-differentiated intrahepatic CCA line (KKU213B). The suppressive effect of conditioned 
medium derived from human chorion and placental amniotic membrane derived hMSCs (CH-CM and PL-
CM) on cancer cell growth is consistent with our previous research showing that these conditioned media inhibit 
cancer growth by promoting apoptosis of CCA cells through the induction of mitochondria-mediated caspase 
activity39,40. Furthermore, these findings are consistent with previous research showing that CM derived from 
human umbilical cord-derived MSCs, another widely used type of gestational tissue-derived MSC, suppresses 
the growth and migration of human hepatocellular carcinoma and lung adenocarcinoma41. However, the 
findings of the present study contrast with those of some other previous studies showing that CM derived from 
bone marrow-derived MSCs increases the proliferation, migration and invasion of head and neck cancer and 
colorectal cancer42,43. This discrepancy is likely due to differences in the source of MSCs, the type of cancer and 
the experimental methodologies used in each study.

The epithelial‒mesenchymal transition (EMT) represents a critical mechanism in tumor metastasis and is a 
major contributor to tumor-related mortality in CCA patients44. The EMT is a complex process of transforming an 
epithelial into a mesenchymal cell phenotype, which is characterized by the loss of E-cadherin-mediated cell‒cell 
adhesion and an increase in the expression levels of mesenchymal markers such as vimentin and N-cadherin, a 
mesenchymal cytoskeleton and adhesion molecule, which are crucial for cell motility and invasion. Additionally, 
there is an increase in the production of MMP-2, a proteolytic enzyme associated with the degradation of the 
extracellular matrix, which greatly facilitates cancer cell migration and invasion45,46. Our study demonstrated that 
both CH-CM and PL-CM suppressed epithelial-to-mesenchymal transition (EMT) by decreased the expression 
of mesenchymal markers (vimentin, N-cadherin, and MMP-2) and concurrently increasing the expression of the 
epithelial marker (E-cadherin) in CCA cells. While the EMT suppression correlated with a decrease in CCA cell 
migration and invasion, the direct causal relationship between this EMT suppression and the observed decrease 
in migratory/invasive activity of CCA cells following hMSC-CM treatment remains inconclusive.

EMT is a complex process regulated by multiple signaling pathways, including transforming growth factor-
beta (TGF-β), fibroblast growth factor (FGF), epidermal growth factor (EGF), Wnt/β-catenin, Notch, and 
PI3K/AKT signalings. Among these pathways, the PI3K/AKT pathway holds significant importance due to its 
extensive interactions with NF-kB, MYC, cyclin D1, and MMP-2, which play pivotal roles in regulating the 
growth, migration, invasion, and metastasis of diverse cancer types47–49, especially CCA11,50. Consistent with 
these findings, our study demonstrated that CH-CM and PL-CM strongly inhibited the PI3K/AKT signaling 
pathway in CCA cells, as demonstrated by decreases in the p-PI3K/PI3K and p-AKT/AKT ratios, as well as 
decreases in the expression levels of its target genes, NF-kB1, NF-kB2, MYC, CCND1 and MMP-2. Furthermore, 
CH-CM and PL-CM also suppressed the expression of zinc finger E-box binding homeobox-1 (ZEB1) and zinc 
finger E-box binding homeobox-2 (ZEB2), which are transcription factors that promote EMT and increase 
cancer cell migration. Based on these evidence, it is plausible that the suppression of EMT could contribute to 
the observed reduction in CCA cell migration and invasion after treatment with hMSC-CM. Given that EMT 
is regulated by the PI3K/AKT pathway, it is also conceivable that hMSC-CM might suppress EMT by inhibiting 
PI3K/AKT signaling in CCA cells.

Our results revealed that CH-CM and PL-CM significantly reduced CCA cell migration and invasion in a 
similar manner to LY294002, a pan-PI3K inhibitor that significantly reduces the p-PI3K/PI3K and p-AKT/AKT 
ratios in CCA cells. These findings indicate that PI3K/AKT signaling plays an important role in the regulation 
of CCA migration and invasion and that CH-CM and PL-CM can suppress the migration and invasion of 
CCA cells, at least partially, by inhibiting PI3K/AKT signaling in these cells. Our findings are consistent with 
those of previous studies showing that MSCs derived from bone marrow and the umbilical cord suppress the 
proliferation, migration and invasion of glioma and CCA cells by inhibiting the PI3K/AKT signaling pathway 
and suppressing EMT in these cells51,52. Nevertheless, the rescue experiment by overexpressing AKT is required 
to definitively confirm the roles of PI3K/AKT signaling in mediating the effects of hMSC-CM in CCA cells.
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Notably, the suppressive effects of CH-CM and PL-CM on the migration of KKU213A and KKU213B cells are 
even greater than those of LY294002 alone, and the addition of LY29400 did not further increase the suppressive 
effects of CH-CM and PL-CM on the three CCA cell lines. This observation suggests that soluble factors derived 
from both CH-MSCs and PL-MSCs can suppress CCA migration through other additional signaling pathways, 
such as JAK2/STAT353 and Wnt/β-catenin54 pathways, which have been shown to play important roles in CCA 
progression55,56.

Previous studies have identified several hMSC-derived anti-tumorigenic factors. For instance, IGF-1R, as 
well as exosomes containing miR-22-3p and miR-30b-5p, have been shown to inhibit tumor growth, invasion, 
and promote apoptosis through the suppression of the PI3K/AKT pathway15,57,58. Similarly, miR-3940-5p, miR-
150, and miR-133b which target Integrin α6, IGF2BP, and EZH2, respectively, decrease tumor cell proliferation, 
migration, invasion by suppressing EMT59–61. Furthermore, TRAIL and interferons β (IFN-β) also contribute to 
tumor suppression by inducing cancer cell apoptosis62,63. Tissue inhibitor of metalloproteinases-1 and -2 (TIMP-
1 and TIMP-2) have also been reported to inhibit cancer cell migration and invasion by suppressing the activity 
of MMP-1, MMP-2, and MMP-964. Many of these molecules have been detected in MSC-derived exosomes, EVs, 
or conditioned media (CM) and are considered strong candidates for the anti-metastatic effects observed in this 
study. While our findings support the anti-tumorigenic effects of MSC-CM against CCA cells, further research is 
necessary to identify the specific molecules involved and confirm their impact on important signaling pathways, 
particularly the PI3K/AKT pathway.

In conclusion, the present study demonstrates that soluble factors secreted from CH-CM and exert anticancer 
effects on human CCA cell migration and invasion by inhibiting the EMT process, most likely through 
suppression of the PI3K/AKT signaling pathway. These findings suggest that soluble factors derived from CH-
MSCs and PL-MSCs could be used in combination with other conventional treatments to improve therapeutic 
outcomes and increase survival in advanced-stage CCA patients.

Methods
Culture of cholangiocarcinoma (CCA) cell lines
 Three human CCA cell lines, KKU100, KKU213A, and KKU213B, were originally derived from Thai patients 
with CCA. Written informed consent was obtained from each patient, following the protocol established by Prof. 
Banchob Sripa at Khon Kaen University65,66. KKU100 originates from a low-invasive and poorly differentiated 
extrahepatic CCA. KKU213A is derived from a highly invasive and poorly differentiated intrahepatic CCA, 
whereas KKU213B is a low-invasive and well-differentiated intrahepatic CCA cell line. KKU100 and KKU213B 
were maintained in Ham’s F12 media supplemented with 10% (v/v) fetal bovine serum (FBS), 1% (v/v) 
antibiotic-antimycotic mixture and 1% (v/v) L-glutamine. KKU213A cells were maintained in high-glucose 
DMEM supplemented with 10% FBS, 1% antibiotic-antimycotic mixture and 1% L-glutamine. The use of 
cholangiocarcionoma cell lines was approved by the Institute Biosafety Committee of Thammasat University 
(Permission Number 039/2564).

Isolation and culture of human chorion- and placenta-derived MSCs (CH-MSCs and PL-MSCs)
 The chorion membrane and placental tissues were obtained from healthy full-term newborns (n = 3) and cut 
into small pieces (approximately 2 × 2 mm3 each). The tissues were then washed twice with phosphate-buffered 
saline (PBS) supplemented with 1% penicillin/streptomycin, centrifuged at 500×g for 5  min to remove the 
remaining blood, and digested with 0.5% (w/v) trypsin-EDTA for 2 h at 37 °C with shaking. After incubation, 
the isolated cells were washed twice with PBS and seeded in a 25 cm2 flask with DMEM supplemented with 
10% FBS, 1% penicillin/streptomycin and 1% L-glutamine at 37 °C in a humidified atmosphere containing 5% 
CO2. The medium was replaced every three days until the cells reached 80% confluence. The protocol of the 
study was reviewed and approved by the Human Ethics Committee of Thammasat University No. 1 (Faculty of 
Medicine) (066/2021). Informed consent was obtained from all subjects and/or their legal guardian(s). The study 
was conducted according to the guidelines of the Declaration of Helsinki and the ICH Good Clinical Practice 
Guidelines and approved by the Thammasat University Ethics Committee.

Characterization of CH-MSCs and PL-MSCs
 At passages 3–4, the isolated cells were characterized by typical MSC markers defined by the International 
Society for Cellular Therapy (ISCT)67, including spindle-shaped morphology, multilineage-differentiation 
capacity and surface marker expression.

The adipogenic and osteogenic differentiation capacities were determined by culturing the cells in 
adipogenic differentiation medium (DMEM supplemented with 10% FBS, 2 mM L-glutamine, 0.5 mM isobutyl 
methylxanthine, 1 µM dexamethasone, 10 µM insulin and 100 µM indomethacin) or osteogenic differentiation 
medium (DMEM supplemented with 10% FBS, 100 nM dexamethasone, 10 mM β-glycerophosphate and 50 µg/
ml ascorbic acid). After 4 weeks of induction, the cells were stained with oil red O or alizarin red S to detect lipid 
droplets in MSC-derived adipocytes and calcium deposition in MSC-derived osteocytes, respectively.

The expression of surface marker proteins was determined by labeling cells with fluorescein isothiocyanate 
(FITC)-conjugated antibodies against CD34, CD73 and CD105, as well as phycoerythrin (PE)-conjugated 
antibodies against CD45 and CD90. IgG was used as an isotype control. The cells were then analyzed by flow 
cytometry (FACSCalibur™, Becton Dickinson, USA) using CellQuest® version 3.3 software (Becton Dickinson, 
USA) licensed to Thammasat University (​h​t​t​p​s​:​​​/​​/​t​i​m​o​t​h​y​s​p​r​i​n​g​e​​r​​.​o​r​​g​/​​s​i​t​​e​s​​​/​g​/​f​i​​l​​e​s​/​o​m​​n​u​u​m​3​​​6​4​6​/​f​​i​​l​e​s​​/​t​​a​s​/​​f​i​​l​e​s​/​c​
e​l​l​​q​u​e​s​t​-​s​o​f​t​w​a​r​e​r​e​f​​e​r​e​n​c​e​.​p​d​f).
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Conditioned medium preparation
 CH-MSCs or PL-MSCs at passages 3–4 were cultured until their density reached at least 80% confluence. 
The cells were then washed twice with PBS and incubated with serum-free high-glucose DMEM for another 
24 h to generate conditioned medium (CM). Following a 24-hour incubation period, the conditioned medium 
(CM) was collected and centrifuged at 500 g for 5 min. The supernatant was subsequently sterilized by filtering 
through a 0.22  μm pore size membrane. This filtration removed any remaining cell debris while retaining 
bioactive molecules smaller than the membrane pore size, including small extracellular vesicles. The CM was 
then concentrated by lyophilization, aliquoted, and stored at -80 °C until further use. Finally, the concentrated 
CM was diluted with Ham’s F12 + 10% FBS or DMEM + 10% FBS to generate various concentrations of CM.

CCK-8 proliferation assay
 A total of 9 × 103 KKU100 cells/cm2, 4.5 × 103 KKU213A cells/cm2 or 4.5 × 103 KKU213B cells/cm2 were seeded 
in 96-well plates and treated with 10%, 25%, 50% or 75% CH-CM or PL-CM to determine the effect of CM 
derived from MSCs (MSC-CM) on CCA cell proliferation. Cell proliferation was determined at 24, 48 and 72 h 
after treatment using the Cell Counting Kit-8 (CCK-8; Dojindo Molecular Technologies, Inc., Gaithersburg, 
MD, USA) according to the manufacturer’s instructions. Briefly, the cells were incubated with 10 µl of CCK-8 
solution for 4 h at 37 °C, and the absorbance was measured at 450 nm using a microplate reader (BioTex, USA). 
The percentage of cell proliferation was calculated from the optical density values of each sample and of the 
untreated control (0% MSC-CM).

Migration assay
 A scratch wound healing assay was used to examine the effects of CH-CM and PL-CM on the migration of CCA 
cells. CCA cells were seeded in 24-well plates at a density of 2.5 × 105 cells/cm2. When the cell density reached 
80% confluence, a sterile 200 µl pipette tip was used to scrape the cell surface to create a wound area. The cells 
were then gently washed with PBS and incubated with 10%, 25%, 50% and 75% CH-CM or PL-CM diluted with 
DMEM + 10% FBS. Migration distances were measured at 0, 4, 6, 8, 10, and 12 h by phase contrast microscopy. 
The migration of CCA cells was calculated using the following formula: Migration rate (%) = [(Distances at 
0 h - Distances at the time point)/Distances at 0 h)] × 100. CCA cells treated with DMEM + 10% FBS served as 
controls.

Invasion assay
 The invasion of CCA cells was evaluated via transwells with a 0.8 µm pore size (Corning, NY). A total of 6 × 104 
KKU100 cells, 2 × 104 KKU213A cells and 2 × 104 KKU213B cells were resuspended in 200 µl of FBS-free DMEM 
and seeded in the upper chamber of a transwell plate coated with 0.4 mg/ml Matrigel. The lower chamber was 
then filled with 600  µl of 10–75% CH-CM or PL-CM. CCA cells treated with DMEM + 10% FBS served as 
controls. After allowing the cells to invade for 16 h, the cells that remained in the upper chamber and the upper 
membrane of the inserts were gently removed with a cotton swab. The cells that invaded the Matrigel and passed 
through the other side of the membrane were fixed with 3.7% formaldehyde, stained with 0.5% crystal violet and 
counted under a light microscope. The data are presented as the percentage of cell invasion compared with that 
of the untreated control (0% MSC-CM).

Immunocytochemistry
 To study the effect of MSC-CM on mesenchymal marker expression, the vimentin level in CCA cells was 
determined by immunofluorescence staining. KKU100 (2.5 × 105 cells/cm2), KKU213A (1 × 105 cells/cm2) and 
KKU213B (2.5 × 105 cells/cm2) cells were seeded in 24-well plates and treated with 50% and 75% CH-CM or 
PL-CM for 16 h. CCA cells treated with DMEM + 10% FBS served as controls. After treatment, the cells were 
permeabilized with 0.5% Triton X-100 for 5 min, fixed with 3.7% formaldehyde for 15 min, blocked with 5% FBS 
for 1 h at room temperature, washed twice with PBS and labeled with 1:250 Alexa Fluor® 488 antibody overnight 
at 4 °C. The nuclei were visualized by staining with 1:1000 Hoechst 33342 for 15 min at room temperature. The 
fluorescence intensity ratio of vimentin/Hoechst 33342 was then determined using a fluorescence microplate 
reader.

Quantitative reverse transcription PCR (RT‒qPCR)
 RT-qPCR was used to investigate the effects of MSC-CM on the gene expression of CCA cells. After treating 
CCA cells with 75% CH-CM or 75% PL-CM for 16 h, total RNA was extracted using TRIzol reagent (Invitrogen, 
USA). The quality and concentration of RNA were determined via a spectrophotometer. The RNA samples were 
then reverse transcribed to cDNA using the Iscript™ reverse transcription supermix (Bio-Rad, USA). Real-time 
PCR was performed using the SYBR Green PCR Kit (Bio-Rad, USA) on an Applied Biosystems StepOne Plus 
real-time PCR system using the following protocol: 40 cycles of denaturation at 95 °C for 15 s and annealing/
amplification at 60 °C for 1 min. The level of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA was 
used to calculate the relative quantification of the target gene in each sample using the 2−ΔΔCt method. CCA cells 
treated with DMEM + 10% FBS served as controls. The list of primers used for RT-qPCR is shown in Table 1.

Western immunoblot analysis
 After treatment with 50% or 75% CH-CM or PL-CM for 16 h, the CCA cells were lysed with RIPA lysis solution 
(Cell Signaling, USA) containing a cocktail of protease inhibitors (Abcam, UK). From each lysate, a 20  µg 
protein sample was separated by 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), 
electrotransferred to nitrocellulose membranes, blocked with 5% skim milk at room temperature for 1 h and 
incubated at 4 °C overnight with primary antibodies against phosphoinositide 3-kinases (PI3K), phospho-PI3 
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kinase p85 (Tyr458)/p55 (Tyr199) (p-PI3K), protein kinase B (Akt), phospho-AKT Ser473 (p-AKT), E-cadherin, 
N-cadherin and matrix metalloproteinases-2 (MMP-2) (all from Cell Signaling, USA). The membrane was 
subsequently incubated with horseradish peroxidase (HRP)-conjugated mouse anti-rabbit or goat anti-mouse 
IgG (Jackson ImmunoResearch Laboratories, USA; 1:10,000 dilution) for 1 h at room temperature. Finally, the 
signals were detected with an enhanced chemiluminescence (ECL) system (Bio-Rad Laboratories, Inc.), and the 
level of β-actin was used to calculate the relative quantification of the target proteins in each sample. CCA cells 
treated with DMEM + 10% FBS served as controls.

Evaluation of PI3K/AKT signaling
 Lysates from CCA cells cultured with 0% MSC-CM, 75% MSC-CM, 20 µM LY294002 or a combination of 75% 
MSC-CM and 20 µM LY294002 were harvested after 16 h of treatment. The protein levels of PI3K, p-PI3K, 
AKT and p-AKT were determined by Western blotting. Wound healing and Transwell invasion assays were also 
carried out as previously described to determine whether CH-CM and PL-CM inhibit CCA cell migration and 
invasion by inhibiting PI3K/AKT signaling.

Statistical analysis
 GraphPad Prism software version 8.0.2 was used to perform the statistical analysis. All data are presented as the 
means ± standard errors of the means (SEMs) of at least 3 independent experiments for each group. One-way 
or two-way analysis of variance was used together with the Tukey post hoc test to analyze statistically significant 
differences between multiple groups. A P value less than 0.05 was considered statistically significant.

Data availability
All data generated or analysed during this study are included in this published article and its supplementary 
information files.
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