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TREM2 inhibits cholangiocarcinoma progression
by regulating the TGF-/Smad2/3 sighaling pathway
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Abstract: Triggering receptor expressed on myeloid cells 2 (TREM2) is a transmembrane receptor involved in the
initiation and progression of multiple cancers through various pathways. However, its role in cholangiocarcinoma
(CCA) remains unclear. This study aimed to elucidate the expression characteristics and functions of TREM2 in chol-
angiocarcinoma (CCA). First, we assessed TREM2 expression in a retrospective cohort of 55 patients with CCA using
immunohistochemistry (IHC) and confirmed its localization by double immunofluorescence staining. Second, func-
tional assays were performed to evaluate effects of TREM2 on CCA cell proliferation, migration, and invasion. Finally,
mechanistic studies focused on the TGF-B/Smad2/3 pathway and epithelial-mesenchymal transition (EMT), includ-
ing drug-induced activation of the TGF-f signaling pathway. In vitro assessments evaluated gemcitabine sensitivity
and apoptosis, while tumorigenicity was examined using a nude mouse xenograft model. The results demonstrated
that TREM2 expression in both the tumor stroma and tumor cells was inversely correlated with clinicopathological
aggressiveness: high TREM2 expression was associated with a lower T stage (P = 0.004) and a lower TNM stage (P =
0.026), whereas low TREM2 expression was an independent risk factor for poorer disease-free survival. Functional
studies demonstrated that TREM2 overexpression inhibited cholangiocarcinoma cell proliferation, migration, and
invasion, whereas TREM2 knockdown promoted these malignant phenotypes. Mechanistic investigations revealed
that TREM2 reverses the expression of epithelial-mesenchymal transition (EMT) markers by inhibiting Smad2/3
phosphorylation, and these effects can be reversed by activators of the TGF-B signaling pathway. Additionally,
TREM2 enhanced gemcitabine sensitivity by lowering the gemcitabine IC50 and promoting gemcitabine-induced
apoptosis. Collectively, TREM2 exerts tumor-suppressive functions in cholangiocarcinoma and enhances chemo-
therapy sensitivity, suggesting its potential as a therapeutic target and prognostic biomarker.
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Introduction the biliary system’s unique anatomical location,

early-stage lesions are difficult to detect throu-

Cholangiocarcinoma (CCA), the second most
common primary liver cancer after hepatocel-
lular carcinoma, is a group of malignant tumors
arising from the biliary tract [1]. CCA is classi-
fied based on its anatomical location into intra-
hepatic cholangiocarcinoma (iCCA) and extra-
hepatic cholangiocarcinoma (eCCA). eCCA is
further differentiated into portal cholangiocar-
cinoma (pCCA) and distal cholangiocarcinoma
(dCCA), depending on the cystic duct’s conflu-
ence with the common bile duct [2]. The inci-
dence of CCA rose by 43.8% (from 3.08 to0 4.43
cases per 100,000 people per year) between
2001 and 2017, with incidence rates increas-
ing with age, particularly among younger pa-
tients aged 18 to 44 years (81.0%) [3]. Due to

gh routine examinations. Consequently, most
patients are diagnosed at an intermediate or
late stage, leading to a surgical resection rate
of approximately 20% to 30%. Palliative chemo-
therapy predominantly relies on gemcitabine-
based regimens, which have limited efficacy;
the overall 5-year survival rate is a mere 5% [4].
The high invasiveness of these tumors, coupled
with their heterogeneity (both intra- and inter-
tumoral) and resistance to chemotherapy, con-
tribute to a poor prognosis and a high mortality
rate for CCA patients [5]. Consequently, the id-
entification of prognostic markers and potential
therapeutic targets for CCA has become a criti-
cal research priority. Moreover, given the signifi-
cant connective tissue hyperplasia characteris-
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tic of CCA, targeting the tumor immune micro-
environment is likely to represent a promising
therapeutic strategy.

The triggering receptor expressed on myeloid
cells 2 (TREM2) is a transmembrane receptor
belonging to the immunoglobulin superfamily,
and it is primarily expressed on myeloid cells,
notably cerebral microglia and peripheral mac-
rophages [6]. It functions as a crucial immune
signaling hub, modulating various pathological
pathways. Initially studied in neurodegenera-
tive diseases (NDDs), TREM2 was recognized
as a critical regulator of microglial response
and identified as a risk factor for Alzheimer’s
disease (AD) and other NDDs [7]. Over the past
few years, as TREM2 has been found to be
widely expressed on monocyte-macrophage
lineage cells, increasing attention has been
paid to its roles in the tumor microenvironment
and cancer immunotherapy. Intriguingly, TREM2
is also widely expressed on tumor cells, where
it can regulate proliferation and metastatic po-
tential through multiple signaling pathways,
thereby influencing tumor progression [8, 9.
For instance, TREM2 acts as an oncogene in
gastric cancer (GC) [10] and esophageal adeno-
carcinoma (EAC) [11]. Conversely, it functions
as a tumor suppressor in colorectal cancer
(CRC) and hepatocellular carcinoma (HCC) by
inhibiting critical pathways such as Wnt/3-
catenin and PI3K/Akt [12-14].

Although the role of TREM2 in other malignant
tumors has been confirmed, its expression pat-
tern, functional significance, and potential me-
chanism in cholangiocarcinoma have not been
investigated. Given the abundant extracellular
matrix and immune infiltrates in CCA, together
with evidence that TREM2 is involved in chemo-
resistance and epithelial-mesenchymal transi-
tion (EMT) in other cancers, we hypothesized
that TREM2 plays a key regulatory role in CCA
pathogenesis. To test this hypothesis, the de-
sign of this study is as follows: (1) Analyze the
expression characteristics of TREM2 in clinical
specimens of cholangiocarcinoma and corre-
late it with clinicopathological features; (2) In-
vestigate the functional effects of TREM2 on
the proliferation, migration, invasion and che-
mosensitivity of cholangiocarcinoma cells in vi-
tro and in vivo; (3) Elucidate the molecular me-
chanism of TREM2 regulating TGF-3/Smad2/3
signaling pathway and epithelial-mesenchy-
mal transition (EMT). Finally, this study aimed
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to reveal the multiple roles of TREM2 in the biol-
ogy of cholangiocarcinoma and lay a founda-
tion for its potential application as a prognostic
marker and therapeutic target.

Materials and methods
Patients and tissue samples

This retrospective cohort study initially enrolled
68 patients who underwent surgical resection
at Lanzhou University Second Hospital be-
tween 2021 and 2024 and had pathologically
confirmed CCA. After screening based on inclu-
sion and exclusion criteria, 55 cases were ulti-
mately included for analysis. Inclusion criteria
were: (1) histologically confirmed cholangiocar-
cinoma; (2) availability of paraffin-embedded
tumor tissue suitable for immunohistoche-
mical (IHC) testing; (3) complete clinical and
pathological data (including T staging, AJCC
staging, and recurrence follow-up information).
Exclusion criteria were: (1) insufficient paraffin-
embedded tumor tissue material or inability to
perform IHC staining analysis; (2) incomplete
clinical data or missing follow-up records (e.g.,
inability to obtain 1-year recurrence status).
The collected clinicopathological information
included gender, age, lesion location, degree of
differentiation, tumor size, lymph node metas-
tasis, TNM stage, preoperative serum bilirubin
(TBIL), y-glutamyl transferase (y-GT), alkaline
phosphatase (ALP), alpha-fetoprotein (AFP),
carcinoembryonic antigen (CEA), carbohydrate
antigen 125 (CA125), and carbohydrate anti-
gen 199 (CA199) levels. The TNM staging of
CCA was based on the AJCC 8th edition of the
Cancer Staging Manual. None of the patients
received chemotherapy, radiotherapy, or immu-
notherapy before surgery. Postoperative follow-
up was 2 years. All patients provided written
informed consent. The study protocol was
approved by the Ethics Committee of the
Second Hospital of Lanzhou University (Project
number: 2023A-225).

Immunohistochemistry (IHC)

Paraffin-embedded tissue sections (4 um) were
prepared using a paraffin microtome (Leica
RM2235, Germany). The sections were bak-
ed (Slide Mounting Machine, Leica, Germany,
HI11220), dewaxed, and hydrated, and antigen
retrieval was performed with sodium citrate
buffer (10 mmol/L, pH 9.0). After washing in
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PBS buffer, the sections were incubated with
TREM2 primary antibody overnight at 4°C
(1:100 dilution, ab318262, Abcam, Cambridge,
UK). Subsequently, the samples were incubat-
ed with a horseradish peroxidase (HRP)-con-
jugated anti-rabbit 1gG secondary antibody
(1:500 dilution, Zen-bio, cat # 511203) for a
duration of 30 minutes. Following incubation,
the samples underwent repeated washing.
The sections underwent incubation with diami-
nobenzidine solution and subsequent stain-
ing with hematoxylin. At least 3 points with the
highest number of positive cells in each sec-
tion were selected at 200x field of view using
Image) software. Integrated optical density
(IOD) and area were measured for each image
to calculate the average optical density. The
average optical density from three random ar-
eas per sample was then taken as the final
value for that sample. Based on the mean
%Area, samples were classified into three
groups: high expression (=4), medium expres-
sion (2-4), and low expression (0-2).

Immunofluorescence (IF)

Paraffin-embedded sections were deparaf-
finized and rehydrated, followed by antigen
retrieval via microwave heating in EDTA buffer
(pH 8.0). After blocking with BSA, the sections
were stained with the antibodies. For tumor-
cells localization, the sections were co-stained
with TREM2 antibody (1:50 dilution, R&D Sys-
tems, cat # MAB17291) and CK19 antibody
(Ready-to-use antibody, Maixin, cat # kit-0030)
overnight at 4°C. For macrophage localization,
sections were co-stained with TREM2 antibody
(1:50 dilution, R&D Systems, cat # MAB17291)
and CD68 antibody (Ready-to-use antibody,
Maixin, cat # Kit-0026) overnight at 4°C. The
sections were then incubated with the second-
ary antibody (Proteintech, cat # SAO0003-11)
was incubated at room temperature. Nuclei
were counterstained with DAPI, autofluores-
cence was quenched using an autofluores-
cence quencher, and slides were mounted. The
fluorescence microscope (Olympus BX53 +
DP74) was used for microscopic examination.

Cell lines and cell culture

CCA cell lines (Hucctl, RBE, HCCC-9810) were
purchased from Seville Biotechnology Co., Ltd.
(Wuhan, China). The CCA cell line (SNU-1196)
was purchased from Shanghai Central Asia
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Biotechnology Co., Ltd. (Shanghai, China). The
normal cell line (Hibepic) was purchased from
Huatuo Biotechnology Co., Ltd. (Shenzhen,
China). All cell lines were authenticated by
short tandem repeat (STR) profiling and used
within 6 months of resuscitation. The cells
were cultured in RPMI 1640 medium supple-
mented with 10% fetal bovine serum (FBS),
100 mg/mL streptomycin, and 100 U/mL
penicillin. Cells were maintained at 37°C in
a humidified incubator with 5% CO, (CO,
Incubator, Heal Force, HF9O0).

Lentiviral transfection and screening

The well-conditioned target cells were digested
and collected, inoculated into a 6-well plate
at a density of 1 x 10° cells/mL, and 1 mL of
medium was added to each well. After mixing,
they were cultured in a 5% CO, incubator at
37°C. After 24 hours, the original medium was
removed, and 1 ml of virus diluent (MOI = 20)
and Polybrene (8 yg/mL) were added to each
well. The cells were cultured in 5% CO, incuba-
tor at 37°C for 4 hours. After 4 hours, the
experimental group was supplemented with 1
mL fresh complete culture medium and fur-
ther cultured. On the second day after transfec-
tion, the culture medium containing the virus
was removed, and fresh complete culture medi-
um was added, and cells were further cultured.
The fluorescence intensity was detected by
inverted fluorescence microscope (Olympus
IX53) 48 hours after transfection to assess
transduction efficiency. Successfully transfect-
ed cells were screened by adding puromycin (3

ug/ml).

Cell proliferation assay

A Cell counting kit-8 (CCK-8) assay was used to
analyze cell proliferation. Cholangiocarcinoma
cells from different groups were harvested,
counted, and plated into 96-well plates at 4 x
103 cells/well. Cells were incubated at 37°C in
a humidified incubator with 5% CO, for 24, 48,
72, and 96 hours. Following incubation, 10 uL
of CCK-8 solution was added to each well for 2
hours. The absorbance at OD,, in each well
was measured using a BioTek full-wavelength
microplate reader (BioTek, Synergy H1).

Wound healing assay

Cells were inoculated into 6-well plates at a
density of 5-7 x 10° cells/mL. The following
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day, when the cells reached approximately 90%
confluence, vertical scratches were introduced
into the confluent monolayer using the tip of a
sterile 200 L pipette. After washing once with
PBS. Cells were then cultured in serum-free
medium, and images were captured at O and
24 h using an inverted microscope (Olympus
IX53).

Transwell invasion/migration assay

Hucctl cells (4 x 10* cells) and RBE cells (5 x
104 cells) were resuspended in 100 yL serum-
free medium and seeded into the upper cham-
ber of Transwell inserts (8-um pores, pre-coat-
ed with Matrigel for invasion assays). Then,
500 pL of complete medium supplemented
with 20% fetal bovine serum (FBS) was added
to the lower chamber as a chemoattractant
and incubated for 24 h. Cells were fixed with
paraformaldehyde for 30 min, stained with
crystal violet for 30 min, and counted in five
randomly selected fields (10x).

Terminal deoxynucleotidyl transferase dUTP
nick end labeling (TUNEL) assay

The TUNEL assay was performed according to
the manufacturer’s instructions, the TUNEL
assay was performed using the TUNEL Assay
Kit (E-CK-A322, Elabscience). Briefly, cell slides
were fixed with 4% paraformaldehyde, then
incubated with the detection solution in the
dark at 37°C for 60 minutes, followed by image
acquisition with a fluorescence microscope
(Olympus IX53).

Western blot analysis

Tissue samples and cell samples were collect-
ed, and total proteins were extracted using
RIPA lysis buffer, PMSF, and phosphatase in-
hibitors. After protein standardization, tissue
and cell samples were separated in SDS-PAGE
(SDS-PAGE Protein Electrophoresis System,
Bio-Rad, USA) and transferred to nitrocellulose
membranes. The imprinting was then incubat-
ed with the corresponding primary and second-
ary antibodies and blocked with 5% skim milk.
Signals were detected using an enhanced che-
miluminescence (ECL, biosharp, cat # BL523A)
substrate and imaged with a chemilumines-
cence imaging system (Fully Automated Che-
miluminescence Image Processing System,
Tanon, 5200 Multi). The list of antibodies is as
follows: Phospho-Smad2 (1:1000 dilution, Cell
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Signaling Technology, cat # 8828), Phospho-
Smad3 (1:1000 dilution, Cell Signaling Tech-
nology, cat # 9520), Smad3 (1:1000 dilution,
HUABIO, cat # ET1607-41), Smad2 (1:5000
dilution, HUABIO, cat # ET1604-22), E-cadherin
(1:2000 dilution, Proteintech, cat # 60335-1-
Ig), N-cadherin (1:5000 dilution, Proteintech,
cat # 66219-1-1g), Vimentin (1:20000 dilution,
Proteintech, cat # 60330-1-Ig), Slug (1:500 di-
lution, Proteintech, cat # 12129-1-AP), TREM2
(1:500 dilution, Proteintech, cat # 27599-1-AP),
GAPDH (1:10000 dilution, Zen-bio, cat #
380626), and B-Tubulin (1:5000 dilution, Pro-
teintech, cat # 80713-1-RR). Horseradish
peroxidase (HRP)-conjugated anti-mouse IgG
(1:10000 dilution, Zen-bio, cat # 511103) and
anti-rabbit IgG (1:20000 dilution, Zen-bio, cat #
511203) were used as secondary antibodies
for Western blotting. Quantitative analysis of
protein expression was performed using Image)J
software.

Tumor formation model in nude mice

Twelve BALB/c nude mice were purchased from
Changzhou Cavens Experimental Animal Co.,
Ltd. Four-week-old female nude mice were
divided into two groups and subcutaneously
injected with 1 x 10° cells (100 pL volume) of
either Hucct1-OE-TREM2 or Hucct1-OENC cells,
respectively. During the experiment, all animals
were housed in a barrier environment at the
Lanzhou Veterinary Research Institute of the
Chinese Academy of Agricultural Sciences.
Temperature was maintained at 22-25°C, with
relative humidity controlled at 40-50%. Experi-
mental animals were provided with autoclave-
sterilized rodent complete nutrition feed and
triple-purified drinking water. All procedures
adhered to AAALAC International accreditation
standards. Tumor size was monitored every
three days, and tumor volume was calculated
using the formula V = ab?/2, where ‘a’ is the
longest diameter and ‘b’ is the shortest diame-
ter. Time-tumor volume growth curves were
generated. Upon reaching a maximum tumor
diameter of approximately 17 mm, the nude
mice were euthanized by cervical dislocation.
The subcutaneous tumor masses were then
excised using a scalpel, and their volume,
weight, and appearance were recorded, with
representative images taken.

Statistical analysis

Statistical analysis was performed using SPSS
Statistics 26.0, GraphPad Prism 10.0, and
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ImageJ software for quantitative analysis. Con-
tinuous variables were expressed as mean *
standard deviation (SD) for normally distributed
data and as median (interquartile range, IQR)
for non-normally distributed data; categorical
variables were expressed as counts (percent-
ages). Normality was assessed using the
Shapiro-Wilk test, and homogeneity of varian-
ce was evaluated using the Levene’s test.
Normally distributed data were analyzed using
the unpaired Student’s t-test; otherwise, the
Mann-Whitney U test was applied. For com-
parisons involving three or more groups (e.g.,
low/medium/high TREMZ2 infiltration), data
were analyzed using one-way ANOVA followed
by an appropriate post hoc multiple-compari-
son test (Tukey’s test for equal variances or
Games-Howell test for unequal variances). For
experiments involving two factors (e.g., geno-
type x drug treatment), two-way ANOVA was
used with multiple comparison correction (e.g.,
Sidak or Bonferroni correction). For continuous
data at multiple time points (such as the CCK-
8 growth curve, tumor growth curves), we
used repeated measures analysis of variance
(RM-ANOVA). When dealing with two factors
(group x time), two-factor repeated measures
analysis of variance was applied, followed by
post hoc multiple comparison corrections
(Sidak method or Bonferroni method). The
association between TREM2 expression and
clinical-pathological factors was evaluated
using chi-square tests or Fisher's exact tests.
Factors with significant prognostic value were
identified in univariate logistic regression anal-
ysis, and statistically significant (or clinically rel-
evant) variables were subsequently incorporat-
ed into multivariate logistic regression models.
Results were presented as odds ratios (OR)
with 95% confidence intervals (Cl). Disease-
free survival (DFS) was analyzed using the
Kaplan-Meier method, with intergroup differ-
ences compared via the log-rank test. Where
applicable, the Cox proportional hazards mo-
del was used to estimate hazard ratios (HR)
and their 95% confidence intervals. P < 0.05
was considered statistically significant.

Results

Association between the infiltration of TREM2-
positive cells in the tumor stroma and clinico-
pathological parameters in CCA

A total of 55 retrospective cases were analyzed

in this study (basic clinicopathological features
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of CCA patients are shown in Table S1), and
TREM2 protein expression was assessed by
immunohistochemistry. This study found that
TREM2 was mainly expressed in immune cells
within the tumor stroma as well as in tumor
cells (Figure 1A-C). Furthermore, the level of
TREM?2 infiltration correlated with clinicopatho-
logical parameters. Therefore, according to
the infiltration level of TREM2 positive cells
(immune cells within the tumor stroma and tu-
mor cells), cases were classified into three gr-
oups: low expression, medium expression and
high expression. Associations were evaluated
using the chi-square test, showing significant
correlations between TREM2 expression and T
stage (P = 0.004), AJCC stage (P = 0.026), and
time to recurrence (P < 0.001). In patients with
T1 stage, O cases were low expression, 6 cases
(60%) were medium expression, and 4 cases
(40%) were high expression. By contrast, in T4
patients, 12 cases (85.7%) were low expres-
sion, 2 cases (14.3%) were medium expres-
sion, and O cases were high expression. In
addition, compared to the high TREM2 expres-
sion group, patients with low TREM2 expres-
sion showed a significantly higher proportion
of Stage Il (64.0%) and Stage IV (75%) disea-
se, with no observed cases of Stage | (0%).
Furthermore, patients with low TREM2 expres-
sion had a shorter time to recurrence, and 22
patients (66.7%) had disease progression,
recurrence and metastasis within 1 year.
Among patients with high TREM2 expression, 5
patients (71.4%) experienced no disease pro-
gression within 2 years, and 7 patients (46.7%)
did not have tumor recurrence or metastasis
within 1 year (Table S1).

The relationship between the infiltration level
of TREM2 positive cells in tumor stroma and
the disease progression of CCA patients

Univariate logistic regression analysis reveal-
ed that there was a significant correlation
between the patients’ tumor recurrence status
at 1 year and TREM2 expression level (P <
0.001), T-stage (P = 0.002), AJCC stage (P =
0.005), and CEA level (P = 0.017) (Table S2).
Subsequently, we included TREM2 expression
level, AJCC stage, and CEA in a multivariate
logistic regression analysis. In multivariable
analysis, TREM2 expression level remained
independently associated with recurrence (P =
0.001). Patients with low TREM2 expression
had a high tumor recurrence rate within 1 year.
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Figure 1. Immunohistochemical staining analysis of TREM2 expression levels in CCA tissue. A. TREM2 positive
expression in immune cells within the tumor stroma, the black arrow indicates representative TAMs in the image
(With magpnification of 10x and 20x); B. After optimizing the immunohistochemical staining conditions, the results
showed that TREM2 was also positively expressed in tumor cells, the black arrow indicates a representative tumor
cell in the image (With magnification of 10x and 20x); C. Normal tissue with absent TREM2 expression, the black
arrow indicates a representative normal cholangiocyte in the image (With magnification of 10x and 20x); D. Kaplan-
Meier analysis of disease-free survival in patients with CCA based on TREM2 expression levels. Patients with CCA
with low TREM2 expression had shorter disease-free survival than those with moderate and high expression (P <

0.001).

In order to further assess the relationship
between tumor recurrence time and TREM2
expression in CCA patients, we used Kaplan-
Meier analysis to evaluate the correlation
between TREM2 expression levels and disease
progression in CCA patients (Figure 1D). The
results showed that the infiltration level of
TREM2 positive cells in tumor stroma and
tumor cells was related to the prognosis of
disease progression, and high infiltration of
TREM2 was a favorable prognostic factor for
disease progression (P < 0.001).

Positive expression of TREM2 in tumor cells of
patients with cholangiocarcinoma

IHC results showed that TREM2 was mainly
expressed in immune cells within the tumor
stroma as well as in tumor cells. In order to fur-
ther clarify the expression of TREM2 in the tis-
sues of cholangiocarcinoma, we used double
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immunofluorescence to co-localize CK19 (char-
acteristic marker of cholangiocytes/cholangio-
carcinoma) and TREM2. As shown in Figure 2A,
the results showed that TREM2 was also posi-
tively expressed on tumor cells. Additionally, we
used CD68 to label macrophages and found
that TREM2 was also positively expressed on
tumor-associated macrophages (Figure 2B).

Differential expression of TREM2 in Hibepic
and CCA cell lines

The expression of TREM2 protein in Hibepic
and Hucctl, RBE, HCCC-9810, SNU-1196 cells
was detected by Western blotting (WB). TREM2
protein expression was higher in RBE, HCCC-
9810 cell lines than in Hibepic (P < 0.05).
Among the four CCA cell lines (Hucctl, RBE,
HCCC-9810, and SNU-1196), the highest
expression of TREM2 protein was found in
HCCC-9810 cells, followed by RBE cells. Hucctl
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A DAPI TREM2 CK19 MERGE

DAPI TREM2 CD68 MERGE

Figure 2. Double immunofluorescence staining localized TREM2 in the tissues of CCA patients. A. Co-staining of CCA
patient tissue using TREM2 antibody and CK19 antibody: DAPI nuclear staining (blue); TREM2 immunofluorescence
staining (green); CK19 immunofluorescence staining (red); Merged image showing co-localization of TREM2, CK19,
and DAPI (With magnification of 20x%); The red arrow refers to the representative tumor cells; B. Co-staining of CCA
patient tissue using TREM2 antibody and CD68 antibody: DAPI nuclear staining (blue); TREM2 immunofluorescence
staining (green); CD68 immunofluorescence staining (red); Merged image showing co-localization of TREM2, CDGS,

and DAPI (With magnification of 40x); The red arrow refers to the representative macrophages.

and SNU-1196 cells conversely showed the
lowest TREM2 expression levels (Figure S1A).
Therefore, we chose to upregulate TREM2
expression by lentiviral infection on Hucctl
(Figure S1C) and RBE cells (Figure S1D). WB
results showed that the Hucctl-TREM2 over-
expression group and the RBE-TREM2 overex-
pression group were significantly upregulated
compared with the Vector group (Figure S1B).
TREM2 expression was downregulated in RBE
cells using CRISPR RNP, and WB results show-
ed that the knockdown (KD) group was signifi-
cantly downregulated compared to the wild
type (WT) group.

TREM?2 inhibits the proliferation, migration
and invasion of CCA cells

To assess the biological functions of TREM2 in
CCA cells, we employed CCK-8 and colony for-
mation assays to evaluate proliferation capaci-
ty, and Transwell migration/invasion assays
and wound healing assay to assess migration
and invasion capabilities. The change of cell
survival rate with time was analyzed by two-way
repeated measures analysis of variance and
Sidak’s multiple comparison test. Our findings
revealed that upregulating TREM2 in both
Hucctl and RBE cells significantly inhibited cell
proliferation, migration, and invasion. Conver-
sely, downregulating TREM2 expression in RBE
cells promoted these malignant behaviors
(Figure 3).
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TREM?2 inhibits EMT by inhibiting TGF-B/Smad
signaling pathway

Based on the results of differential expression
analysis, by setting the threshold |log2FC| > 1
and P < 0.05, a total of 1377 differentially ex-
pressed genes (DEGs) were identified, includ-
ing 533 up-regulated genes and 844 down-
regulated genes (Figure 4A). The volcano plot
shows the directional changes of multiple mol-
ecules related to extracellular matrix/adhe-
sion/epithelial-mesenchymal transition (such
as the decreased expression of THBS1, FN1
and CDH2 in the OE group, while DCN in-
creased), indicating that TREM2 may be
involved in regulating the transcriptional pro-
grams related to the migration and invasion of
cholangiocarcinoma cells. This finding is con-
sistent with our previous experimental results.
Further hierarchical clustering analysis was
conducted on the differentially expressed
genes (DEGs). The heat map of the differential
genes showed that the samples within each
group exhibited high clustering, while the sam-
ples from different groups were clearly sepa-
rated (Figure 4B). This indicates that the
repeatability within the sample groups is good,
and the differences between the groups are
stable and reliable. Functional enrichment
analysis in GO analysis produced 368 signifi-
cant items (P < 0.05), mainly involving process-
es related to epithelial-mesenchymal transition
and migration (such as the positive regulation
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Figure 3. Effects of upregulating/downregulating TREM2 gene expression levels on the biological functions of CCA
cells. A. The CCK-8 assay confirmed that upregulation/downregulation of TREM2 gene expression in Hucctl and
RBE cells inhibited/promoted the proliferation of CCA cells. B. Plate clone formation assays. C. Transwell migra-
tion/invasion assay (With magnification of 10x%). D. cell wound healing assay (With magnification of 4x). OE group:
Experimental group overexpressing the TREM2 gene; OENC group: Control group overexpressing a gene unrelated
to the research subject or an empty vector; KD Group: Knockdown of TREM2 gene expression; WT group: Wild-type

cell group.

of epithelial-to-mesenchymal transition, mes-
enchymal cell migration), immune receptor sig-
nal activation, and cell growth (Figure 4C).
Further KEGG-GSEA analysis revealed 65 sig-
nificantly enriched pathways (P < 0.05), among
which 19 showed positive enrichment in the OE
group and 46 showed negative enrichment in
the control group. Notably, the TGF-B signaling
pathway exhibited significant negative enrich-
ment in the control group (NES = -1.564, P =
0.00711) (Figure 4D) and was downregulated
in tandem with “ECM/adhesion/cytoskeletal
remodeling” modules including ECM-receptor
interaction, focal adhesion, and regulation of
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actin cytoskeleton (Figure 4E). The enrichment
curve for the TGF-B signaling pathway further
validated its significant negative enrichment
under OE-TREM2 conditions (P = 0.00711)
(Figure 4F). This suggests that TREM2 overex-
pression may suppress EMT-related molecular
events and inhibit cholangiocarcinoma cell pro-
gression by inhibiting TGF-B signaling activity
and concurrently reducing ECM/adhesion and
cytoskeletal remodeling programs.

According to the above transcriptomic resear-
ch results, TREM2 seems to have the ability to
inhibit epithelial-mesenchymal transition (EMT)

Am J Cancer Res 2026;16(2):402-417
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and extracellular matrix (ECM) remodeling,
which may be achieved by regulating the TGF-
B signaling pathway. To further explore this
mechanism, we conducted Western blot analy-
sis to detect the protein levels of phosphorylat-
ed Smad2/3 and key EMT markers. As shown
in Figure 5, compared with the control group,
overexpression of TREM2 in Hucctl and RBE
cells led to a decrease in the phosphorylation
levels of Smad2 and Smad3. At the same
time, the expression of the epithelial marker
E-cadherin increased, while the expressions of
N-cadherin, vimentin, and Slug mesenchymal
markers decreased. The total protein expres-
sion of Smad2 and Smad3 in each group re-
mained unchanged. These results indicate that
overexpression of TREM2 weakens the phos-
phorylation of Smad2/3 induced by TGF-3,
thereby inhibiting the downstream activation
of EMT. Conversely, knockdown of TREMZ2
enhances the phosphorylation of Smad2/3
and promotes the progression of EMT, further
demonstrating the role of TREM2 in inhibiting
the TGF-B/Smad2/3/EMT axis.

TGF-B pathway activators can significantly
promote the proliferation and migration of
TREMZ2-overexpressing CCA cells

In order to further verify whether TREM2 affe-
cts the biological function of CCA cells throu-
gh the TGF-B pathway, the TGF- pathway acti-
vator (SRI-011381) was used to treat the sta-
bly transfected cells overexpressing TREM2
(Hucctl cells), and the TGF-B pathway activat-
or was used to promote the activation of the
TGF-B pathway in the cells (Figure S2A). The
effects on biological functions were observed
by CCK-8 (Figure S2B), wound healing (Figure
S2C), and Transwell migration experiments
(Figure S2D). We observed that TGF- pathway
activators can reverse the reduction in cell
proliferation and migration capacity caused by
TREM2 expression upregulation. The above
results show that TREM2 gene inhibits the pro-
liferation and migration of CCA mainly by regu-
lating the TGF-[3 pathway.

TREM2 promotes gemcitabine-induced apop-
tosis

We analyzed the effect of Hucctl cells and
RBE cells overexpressing TREM2 on the half-
maximal inhibitory concentration (IC50) of gem-
citabine by CCK-8 assay. TREM2 overexpres-
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sion significantly reduced the gemcitabine
IC50 in Hucctl and RBE cells (Figure 6A), sug-
gesting an increased sensitivity to gemcitabine.
These data suggest that TREM2 status affects
the chemotherapy resistance of CCA cells. In
addition, we also used the TUNEL assay to ana-
lyze cell apoptosis. TUNEL assay showed that
after gemcitabine treatment, the proportions of
apoptotic and necrotic cells in the TREM2 over-
expression group increased significantly (Figure
6B). Apoptosis and necrotic cells were signifi-
cantly reduced in TREM2 knockdown cells. The
above experimental results confirmed that
TREM2 can promote gemcitabine-induced
apoptosis of CCA cells.

Overexpression of TREM?Z2 inhibited the growth
of subcutaneous tumor in nude mice

The survival status and development of subcu-
taneous tumors in nude mice were monitored
regularly following the subcutaneous injec-
tion of inoculated cells. On the 31st day after
inoculation, the subcutaneous tumor diameter
of nude mice was about 17 mm, and the mice
were euthanized via cervical dislocation. The
change of tumor growth volume with time was
analyzed by two-way repeated measures analy-
sis of variance and Sidak’s multiple compari-
son test. Results showed that compared with
the Hucct1-OENC group, both the subcutane-
ous tumor volume and weight in the Hucct1-OE
group were significantly smaller than those in
the control group (Hucct1l-OENC group), with
statistically significant differences, as shown in
Figure 7A.

Using Western blot analysis, the expression lev-
els of TREM2 and EMT-related markers were
assessed in transplanted tumor tissues from
nude mice. Results revealed that TREM2 and
the epithelial marker E-cadherin were upregu-
lated in the OE group compared to the NC
group, while mesenchymal markers Vimentin,
N-cadherin, and Slug were significantly de-
creased. These findings suggest that in vivo
overexpression of TREM2 suppresses EMT
marker expression and which may contribute to
inhibited tumor progression (Figure 7B).

Discussion
TREM2, a transmembrane receptor of the im-

munoglobulin superfamily, is widely expressed
on the surface of cells within the monocyte-

Am J Cancer Res 2026;16(2):402-417
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Figure 5. TREM2 regulates the occurrence of epithelial-mesenchymal transition in cholangiocarcinoma through the TGF-B/Smad2/3 signaling pathway. In CCA
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EMT by activating the TGF-3/Smad pathway.

412 Am J Cancer Res 2026;16(2):402-417



TREMZ2 inhibits cholangiocarcinoma

Huccetl

RBE

=
]
‘
ity(%)
2
]

50

Cell Viability(%)

b
Cell Vi

OENC 150
OE

Cell Viability(%)

T T T
0 100 200 300
Drug Concentration(nM)

T
100

B DAPI

T
200

Drug Concentration(nM)

T T T T
300 0 100 200 300
Drug Concentration(nM)

TUNEL MERGE
S 80 *okk
= — OENC
EN S
OENC S OE
o
a
2 40
o
o
Hucctl € 20
g
2
g o
OE I OENC OE
g 80 i
w —
= OENC
OENC 3
2w =1 OE
o
a
2 a0
o
s
S 20
g
o
OE g' 0
I OENC OE
RBE
S
Z 80 ** KD
WT g wr
2 60
2
&
o 40
©
S
§ 20
KD £
)
o KD  WT

Figure 6. TREM2 promotes gemcitabine-induced apoptosis. A. In Hucctl and RBE cells, the IC50 changes in the OE
group and OENC group after gemcitabine treatment were detected and analyzed using the CCK-8 assay. The results
showed that TREM2 overexpression significantly reduced the IC50 value of gemcitabine, while TREM2 downregula-
tion significantly increased the IC50 value; B. TUNEL assay showed that after gemcitabine treatment, the apoptotic
and necrotic cells in the TREM2 overexpression group increased significantly, and the difference was statistically
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macrophage lineage, and is considered a mark-
er for TAMs [8]. Furthermore, TREM2 also plays
a significant role within the TME, where it can
assist the immune escape of tumor cells by
negatively regulating the anti-tumor immune
response [15]. In cancers such as non-small
cell lung cancer (NSCLC) and urothelial carci-
noma (UC), TREM2* TAMs are associated with
an immunosuppressive phenotype, correlating
with poor prognosis [16-18]. In contrast, the
study by Zhu et al. found that high TREM2*
TAMs infiltration in skin malignant melanoma
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(SKCM) tissue was associated with increased
tumor-infiltrating immune cells and longer cu-
mulative survival, indicating a protective role
[19]. In addition to this, TREM2 is linked to
phagocytosis in glioma TME and acts as a
significant immunomodulator [20]. High infiltra-
tion of TREM2* monocytes reduces tumor bur-
den by both enhancing phagocytosis and inhib-
iting the inflammatory response, ultimately
leading to longer survival times [21, 22]. These
findings align with and support the results of
our study.
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Figure 7. Overexpression of TREM2 inhibited the growth of subcutaneous tumor in nude mice. A. The comparison of
tumor volume and weight in subcutaneous tumor-bearing nude mice following overexpression of TREM2 in Hucctl
cells demonstrated that both tumor volume and weight were lower in the OE-TREM2 group compared to the control
(OENC) group; B. Up-regulation of TREM2 also inhibited the expression of EMT markers in vivo, thereby suppressing
tumor formation: Western blot detected the expression of E-cadherin, N-cadherin, Vimentin, and Slug in the OE and

NC groups.

In contrast to the well-defined role of TREM2 in
immune cells, its function and clinical signifi-
cance in CCA remain unclear. Our study aimed
to fill this research gap by systematically inves-
tigating the expression, clinical relevance, and
biological functions of TREM2 in CCA. Unlike
findings reported in non-small cell lung cancer
[16] or urothelial carcinoma [18], we observed
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high levels of TREM2 expression in the tumor
stroma and tumor cells of CCA samples,
which was associated with favorable clinico-
pathological features and a longer disease-free
survival period. This finding is consistent with
the tumor suppressive effect observed in
colorectal cancer [13] and hepatocellular carci-
noma [14].
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Therefore, we speculate that in CCA, the high
expression of TREM2 may also have the effect
of inhibiting tumorigenesis and is related to
the longer survival of patients. It is worth not-
ing that although the overall level of TREM2 in
tumor tissues is high, its expression will gradu-
ally decrease with the progress of staging.
Furthermore, our research findings indicate
that TREM2 is positively expressed on TAMs.
Therefore, this dynamic change may be related
to alterations in the tumor immune microenvi-
ronment, and the specific mechanism remains
to be further explored. Moreover, multivariate
logistic regression analysis confirmed that low
levels of TREM2 protein expression were asso-
ciated with tumor recurrence and metastasis,
identifying it as an independent prognostic fac-
tor for CCA. The Kaplan-Meier (KM) curve analy-
sis indicated that higher levels of TREM2 gene
expression were associated with longer dis-
ease-free survival in CCA patients. In conclu-
sion, TREM2 plays a critical role in regulating
tumor development. The regulatory mechanis-
ms of TREM2 vary across different cancers,
necessitating a more comprehensive under-
standing of its regulatory roles within the tumor
microenvironment.

Previous studies have shown that TREM2 is
also widely expressed on tumor cells, and can
modulate their proliferation and metastatic
potential via a constellation of signaling path-
ways, ultimately influencing the advancement
of tumorigenesis [9]. Upregulated expression of
TREM2 was observed in tumor tissues from
patients with gastric cancer (GC) [10], lung can-
cer [23], renal cell carcinoma (RCC) [24], and
prostate cancer (PRAD) [25]. Furthermore, ele-
vated TREM2 expression was significantly cor-
related with tumor stage and aggressive patho-
logical features. TREM2 acts as an oncogene in
tumor progression. In contrast, TREM2 acts as
a tumor suppressor in CRC tissues. Overexp-
ression of TREM2 can inhibit the progression
of CRC by negatively regulating the Wnt/ERK/
GSK-3p signaling pathway [13, 26, 27]. In acute
myeloid leukemia (AML) [28], TREM2, a newly
identified receptor for IL-34, induces bone mar-
row differentiation, thereby suppressing AML
progression, through inhibition of the ERK1/2/
Rasal3 signaling pathway. In the study by Tang
W et al. [14], TREM2 also exhibited a tumor-
suppressive effect. Overexpressed TREM2 in-
hibits the process of EMT in HCC cells by target-
ing and inhibiting the PI3K/Akt/B-Catenin path-
way, which in turn inhibited the invasion and
metastasis of HCC tumor cells. These suggest
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that TREM2 can inhibit tumor occurrence and
development by activating different signaling
pathways and plays an important role in tumor
suppression. This dual functionality highlights
the complexity of TREM2’s mechanisms of ac-
tion, whose functions appear to be tightly regu-
lated by tumor type and cellular environment.

Crucially, our in vitro and in vivo functional stud-
ies clearly demonstrate that TREM2 functions
as a tumor suppressor gene in cholangiocarci-
noma. In this study, we found that TREM2 was
also positively expressed on tumor cells of pa-
tients by double immunofluorescence. More-
over, in vitro functional experiments, we verified
the effect of TREM2 on CCA cell biology through
CCK-8 assays, plate cloning experiments and
wound healing assay. The results showed that
overexpression of TREM2 gene could inhibit
the growth, proliferation, migration and inva-
sion of CCA cells. These findings suggest that
the TREM2 gene may be a tumor suppressor
gene and play a role in inhibiting the growth,
proliferation, migration and invasion of CCA
cells.

Mechanistically, unlike the signaling pathways
previously reported in colorectal cancer (CRC)
(Wnt/ERK/GSK-3B) or hepatocellular carcino-
ma (HCC) (PI3K/Akt/B-Catenin), our functional
study in CCA cells revealed a new signaling
pathway axis. TREM2 can exert its tumor sup-
pressor function through this signaling pathway
axis. We demonstrated that overexpression of
TREM2 would downregulate the TGF-B/Smad2/
3 signaling pathway, resulting in inhibition of
Smad2/3 phosphorylation, inhibition of EMT,
and subsequent suppression of cell prolifera-
tion, migration, and invasion abilities. This eff-
ect is reversible after TGF-f3 stimulation, there-
by confirming the causal relationship of this
pathway. This identified the TGF-B/Smad2/3-
EMT axis as the main mechanism by which
TREMZ2 inhibits CCA. This finding has not been
reported in other cancer types.

In addition to the role of TREM2 in the develop-
ment of CCA itself, TREM2 also significantly
affects the therapeutic response. Unlike previ-
ous studies that mainly focused on its immuno-
logical or intrinsic growth regulatory functions,
we found that overexpression of TREM2 can
enhance the chemosensitivity of CCA cells to
gemcitabine, mainly through reducing its IC50
value and enhancing apoptosis. In contrast,
knocking down TREM2 shows an opposite pat-
tern. These results suggest that TREM2 status
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may be relevant for chemotherapy sensitivity,
potentially through EMT-associated drug toler-
ance programs and/or additional apoptosis-
related mechanisms [29]. Further studies are
warranted to delineate the downstream effec-
tors linking TREM2 to chemotherapy response
and to test whether TREM2 can improve predic-
tive stratification in clinically treated cohorts.

Conclusions

In summary, this study elucidates a tumor-sup-
pressive role for TREM2 in CCA, contrasting
with its pro-tumorigenic functions in several
other malignancies. Our study showed that in
CCA tissues, the infiltration level of TREM2 pos-
itive cells in the tumor stroma and tumor cells
was positively correlated with earlier clinical
stage and longer disease-free survival of pa-
tients. In addition, TREM2 can also inhibit the
EMT process by inhibiting the TGF-B/Smad2/3
signaling pathway, thereby affecting the prolif-
eration and migration of CCA cells. It plays an
important role in the occurrence and develop-
ment of tumors and chemotherapy drug resis-
tance. This finding provides an experimental
basis for TREM2 as a potential tumor suppres-
sor gene, and provides a theoretical basis for
TREMZ2 as a prognostic marker and therapeutic
target, which has important clinical translation-
al potential.
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Table S1. Baseline characteristics of CCA patients and the relationship between TREM2 expression

levels and clinicopathologic features of CCA

Characteristic LOW. Medium High' Pearson x? P
expression  expression  expression

TREM2 55 25 (45.5) 17 (30.9) 13 (23.6)

Sex 1.707 0.426
Male 37 17 (45.9) 13 (35.1) 7 (18.9)
Female 18 8 (44.4) 4(22.2) 6 (33.3)

Age 0.494 0.482
<60 27 14 (51.9) 7 (25.9) 6 (22.2)
>60 28 11 (39.3) 10 (35.7) 7 (25)

Position 0.034 0.983
Intrahepatic cholangiocarcinoma 35 16 (45.7) 11 (31.4) 8(22.9)
Hilar cholangiocarcinoma 20 9 (45.0) 6 (30.0) 5(25.0)

Differentiation 14.370 0.073
High 3 1(33.3) 2 (66.7) 0 (0.0)
High-middle 5 0 (0.0) 1(20.0) 4 (80.0)
Middle 24 13 (54.2) 8 (33.3) 3(12.5)
Moderate-poor 17 7 (41.2) 5(29.4) 5(29.4)
Poor 6 4 (66.7) 1(16.7) 1(16.7)

T 18.914 0.004
T1 10 0 (0.0) 6 (60.0) 4 (40.0)
T2 26 11 (42.3) 7 (26.9) 8(30.8)
T3 5 2 (40.0) 2 (40.0) 1(20.0)
T4 14 12 (85.7) 2(14.3) 0 (0.0)

N 5.215 0.074
NO 37 13(35.1) 13 (35.1) 11 (29.7)
N1 and N2 18 12 (66.7) 4(22.2) 2(11.1)

M 4.939 0.085
MO 52 22 (42.3) 17 (32.7) 13 (25)
M1 3 3(100.0) 0 (0.0) 0 (0.0)

AJCC staging 14.353 0.026
IA-1B 9 0 (0.0) 5 (55.6) 4(44.4)
Il 17 6 (35.3) 5(29.4) 6 (35.3)
IHA-IC 25 16 (64.0) 6 (24.0) 3(12.0)
IVA-IVB 4 3(75.0) 1(25.0) 0 (0.0)

Size 0.558 0.757
<5 38 17 (44.7) 11 (28.9) 10 (26.3)
>5 17 8 (47.1) 6 (35.3) 3(17.6)

TBIL 0.005 0.946
<26 33 14 (42.4) 12 (36.4) 7(21.2)
>26 22 11 (50.0) 5 (22.7) 6 (27.3)

y-GT 1.059 0.586
<60 17 6 (35.3) 6 (35.3) 5(29.4)
> 60 38 19 (50.0) 11 (28.9) 8(21.1)

ALP 0.209 0.901
<125 15 7 (46.7) 4 (26.7) 4 (26.7)
> 125 40 18 (45.0) 13 (32.5) 9 (22.5)
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AFP
<7
>7

CEA
<34
>34

CA125
<35
> 35

CA199
<27
> 27

Recurrence time
<12
>12
> 24

48

34
21

42
13

17
38

33
15
7

21 (43.8)
4 (57.1)

19 (45.2)
6 (46.2)

6 (35.3)
19 (50.0)

22 (66.7)
3(20.0)
0 (0.0)

15 (31.3)
2(28.6)

18 (23.5)
9 (42.9)

13 (31.0)
4 (30.8)

5(29.4)
12 (31.6)

10 (30.3)
5(33.3)
2 (28.6)

12 (25.0)
1(14.3)

11 (32.4)
2(9.5)

10 (23.8)
3(23.1)

0.579

4.823

0.004

1.925

28.445

0.749

0.090

0.998

0.382

<0.001

Table S2. Univariate and multivariate analysis of 1-year recurrence rate in CCA patients

Univariate analysis

Multivariate analysis

OR (95% Cl) P OR (95% Cl) P
TREM2 expression
Low 88 (8.227-941.327) <0.001 88.239 (5.609-1388.119) 0.001
Medium 17.143 (1.794-163.806) 0.014 22.000 (1.630-297.011) 0.020
High Reference Reference
Sex
Male Reference
Female 0.384 (0.121-1.221) 0.105
Age
<60 Reference
>60 1.440 (0.487-4.255) 0.509
Position
Intrahepatic cholangiocarcinoma Reference
Hilar cholangiocarcinoma 0.722 (0.237-2.205) 0.568
Differentiation
High 2.000 (0.112-35.807) 0.638
High-middle 0.250 (0.017-3.770) 0.317
Middle 2.000 (0.327-12.238) 0.453
Moderate-poor 1.833 (0.279-12.066) 0.528
Poor Reference
T
T1 Reference
T2 6.400 (1.124-36.437) 0.036
T3 2.667 (0.250-28.438) 0.417
T4 52.000 (4.032-670.597) 0.002
N
NO Reference
N1 and N2 3.316 (0.918-11.981) 0.067
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IA-1B
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INA-IC
IVA-IVB
Size
<5
>5
TBIL
<26
>26
y-GT
<60
> 60
ALP
<125
> 125
AFP
<7
>7
CEA
<34
>3.4
CA125
<35
>35
CA199
<27
> 27
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Reference
11.429 (1.155-113.115)
25.333 (2.611-245.815)
24.000 (1.111-518.518)

Reference
2.925 (0.806-10.615)

Reference
0.939 (0.313-2.820)

Reference
1.524 (0.479-4.852)

Reference
0.676 (0.195-2.345)

Reference
1.786 (0.314-10.147)

Reference
4.781 (1.329-17.206)

Reference
2.754 (0.662-11.462)

Reference
1.524 (0.479-4.852)

0.037
0.005
0.043

0.103

0.911

0.476

0.538

0.513

0.017

0.164

0.476

Reference
15.639 (0.803-304.626)
13.829 (0.798-239.731)

5.169 (0.147-181.980)

Reference
5.740 (0.891-36.953)

0.070
0.071
0.366

0.066
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Figure S1. Differential expression of TREM2 in Hibepic and CCA cell lines and Validation of Protein Levels Following
TREM2 Gene Upregulation/Downregulation. (A) TREM2 expression levels in different CCA cell lines: The expression
levels of TREM2 in CCA cells (Hucctl, RBE, HCCC-9810, SNU-1196) and normal cell lines (Hibepic) were detected by
Western blot; (B) The efficiency of overexpression and knockdown was verified by Western blot analysis, and the re-
sults showed that the TREM2 gene was significantly upregulated/downregulated in Hucctl and RBE cells, P < 0.05;
(C, D) The above Hucctl cell line (C) and RBE cell line (D) were transfected with lentivirus (lentiviral vector carrying
green fluorescent protein gene, GFP). The expression of GFP was observed under a fluorescence microscope within
1 week after transfection (With magnification of 10x%). The intensity of green fluorescence expression was positively
correlated with the number of virus particles infected by the target cells.
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Figure S2. TGF-B pathway activators can significantly promote the proliferation and migration of TREM2-overex-
pressing CCA cells. A. Expression of the key molecule p-Smad2/3 in the TGF- pathway after treatment of Hucctl
cells with the TGF-B activator SRI-011381 in the OE group and OENC group; B. CCK-8 assay results show that the
TGF-B activator can reverse the decreased proliferation capacity caused by TREM2 overexpression; C. Cell wound
healing assay results show that TGF-$ activators can reverse the decrease in migration capacity caused by TREM2
overexpression (With magnification of 4x); D. Transwell migration assay results show that TGF-$ activators can re-
verse the decrease in migration capacity caused by TREM2 overexpression (With magnification of 10x).



