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Background: Gastrointestinal stromal tumors (GISTs) are a type of tumor that originates from gastrointestinal
mesenchymal tissue. Although several somatic or germline mutation GIST mice were established, however, there
is still a lack of an authentic mice GIST cell lines for further experimental study.

Methods: We developed a chemically induced C57BL/6 J GIST model using 3- methylcholanthrene. Tumor
characteristics were confirmed through histology and IHC. Primary cells were isolated to establish the mGSTc01
cell line, and molecular profiling was conducted. Additionally, we established GIST model in immunocompetent
mice to evaluate their sensitivity to imatinib.

Results: Our study successfully developed a chemically induced murine GIST model, characterized by positive
staining of c-kit and DOG-1. The mGSTc01 monoclonal cell line exhibited slender morphology and expressed the
c-kit marker, Whole exome sequencing uncovered mutations of Lambl, MMP9, and c-kit in GIST cells and
provided a detailed picture of the entire genome’s copy number variations. RNA sequencing indicated genes
associated with cell adhesion and focal adhesion were enriched in mGSTcO1 cells. The mGSTc01 cells demon-
strated obvious malignant behaviors, notably elevated migration, adhesion, and proliferation. In immunocom-
petent mice, subcutaneous xenografts not only reserved the aggressive phenotype but also displayed a response
to imatinib, underscoring the model’s applicability for advancing therapeutic research.

Conclusion: We firstly established a mGSTc01 cell line derived from C57BL/6 J mice GIST tumor offers, which
closely mimicking human disease characteristics. It is a potent platform for investigating tumor microenviron-
ment of GIST in mice model, and provides a novel way for new therapeutic discoveries in GIST.

Background

Mesenchymal gastrointestinal cancers, such as gastrointestinal stro-
mal tumors (GISTs), are found throughout the entire gastrointestinal
tract [1]. Globally, the annual incidence of GIST is estimated at 10-15
cases per million individuals [2]. Notably, the prevalence of GIST in east
Asia significantly exceeds that observed in North America [2,3]. GIST
are predominantly located in the stomach, accounting for approximately

60 % of cases, followed by the small intestine with about 30 % of oc-
currences. Additionally, GISTs also can be detected in the duodenum
(comprising 4-5 % of cases), rectum (2-4 %), colon (1-2 %), and, less
commonly, in the esophagus (below 1 %) [4-6]. GISTs are acknowl-
edged to derived from the interstitial cells of Cajal (ICCs), which act as
pacemaker cells within the gastrointestinal wall. Cajal are part of the
larger group of cells known as the stromal cells of the muscularis
propria. The abnormal proliferation of ICCs leads to the formation of
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GISTs. Unlike epithelial cancers, which are more common and originate
from the glandular cells lining the gastrointestinal tract, GISTs are
derived from supportive tissues and characterized by mesenchymal
phenotype [7].

GIST are predominantly driven by critical targets, such as KIT and
Platelet-Derived Growth Factor Receptor Alpha (PDGFRA), both of
which are tyrosine kinases, and mutations in them lead to the consti-
tutive activation of downstream signaling axis in a ligand-independent
manner, thereby facilitating the initiation and progression of GIST [8,
9]. Imatinib is the standard first-line therapy for advanced GIST,
improving progression-free survival. However, an increasing evidence
show that tumor microenvironment (TME) is critical for tumor growth
and drug resistance in GIST [10,11]. To explore the nosogenesis and
mechanism of GIST, mouse-derived cell line models are important tools
for studying the TME of GIST. Existing studies on GIST have primarily
utilized models such as Kit">°%*/+ Mice [12] or patient-derived xeno-
grafts (PDX) models [13,14], or mouse GIST cell line, S2 cell line [15].
However, the reproductive cycle for genetically engineered mice is
lengthy, and the process is both costly and technically challenging [12].
Additionally, tumor cells obtained through repeated passaging and se-
lection, similar to the S2 cell line, often have low purity and may be
contaminated with other stromal cells from the tumor microenviron-
ment [16]. Therefore, there is an urgent need to develop an innovative
mouse GIST model and cell line that shortens the research cycle and
offers superior cost-effectiveness.

Here, we constructed a mouse model of GIST using chemical in-
duction methods and successfully isolated and cultured a new mouse-
derived GIST monoclonal cell line, named the mGSTc01. We also iden-
tified it through various methods, including transcriptomics, whole
exome sequencing (WES), and immunofluorescence. Furthermore, we
successfully established a subcutaneous xenograft model of GIST using
immunocompetent mice, beneficial for advancing future research on
TME of GIST.

Method
Cell line and cell culture

Cajal cell were purchased from ELGBIO (Guangzhou, China). Cajal
cells were grown in a specific medium (ELGBIO, Guangzhou, China)
containing 10 % fetal bovine serum (FBS; FSP500, ExCell Bio, Shanghai,
China) and 1 % penicillin-streptomycin (15,140,122, Gibco) and kept at
37 °Cin a humidified atmosphere with 5 % CO2. All cells tested negative
for mycoplasma.

Animals experiment

Female C57BL/6 J mice (4-5 weeks, weight 18 - 20 g) were obtained
from BesTest Bio-Tech Co., Ltd. (Zhuhai, China). All animals were
housed in ventilated cages in a temperature and light controlled room in
a SPF facility. All animal experiments were approved by the Experi-
mental Animal Ethics Committee of Jinan University. During the
experimentation, mGSTcO01 cells (5 x 10° cells/ml) suspended in PBS
(100 pL/mice) were subcutaneous injected in female C57BL/6 J mice.
When tumors grew to approximately 100 mm?, the tumor-bearing mice
were randomly divided into the saline or Imatinib group (n = 5). The
tumor volumes were examined and calculated using the formula: Tumor
volume = 1/2 x a x b?, where a refers to the longer diameter and b
indicates the shorter diameter perpendicular to a. Mice were adminis-
tered with 10 mg/kg Imatinib via intraperitoneal injection every three
days. After treatment for 21 days, mice were euthanized, and tumor
tissues were resected, weighed, and photographed.

Isolation of gastrointestinal stromal tumor cells from mouse-derived tumor

We first constructed a mouse model of GIST. After saturating
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standard surgical sutures with 5 mg of 3-methylcholanthrene (3-MCA),
the sutures were implanted between the muscularis propria and serosa
layers at the gastric greater curvature of C57BL/6 J mice, followed by
routine postoperative care and weekly abdominal palpation starting at
week 12 to monitor tumor development. Then, the mouses were
dissected, and the tumors were harvested. Subsequently, the adipose
tissue, blood vessels, and necrotic portions were removed. Prior to
enzymatic digestion, the tissue was moved to a 6-well plate and cut into
small pieces of 1-2 mm3. The tissue fragments were subsequently mixed
with DMEM + 100 IU/mL Penicillin and 100 pg/mL Streptomycin (1 %
P/S; Gibco, Paisley, GB and Grand Island, NY, USA) and promptly
transferred to a MACS C-tube containing mouse tumor dissociation en-
zymes, following the guidelines provided by the manufacturer (Tumor
Dissociation Kit, Mouse). The process of tumor dissociation was carried
out using the gentleMACSTM Octo Dissociator with tumor, using a
specific cancer dissociation program, and maintaining a steady rotation
at 37 °C for a duration of 1 hour. Next, the cell suspension was passed
through a MACS SmartStrainer with a pore size of 70 ym. The items
acquired from Miltenyi Biotec (Bergisch Gladbach, Germany) include a
kit, C-Tube, strainer, devices, and programs. The strainer surface was
meticulously cleared of any leftover tissue residues by gently rubbing
them through the membrane using the coarse side of a 5 mL syringe
punch. The strainer was then rinsed with PBS. The cells were collected
and centrifuged. Tumor cells were finally cultured with RBMI medium
(Gibco, Australia) in a 37 °C incubator.

Hematoxylin-eosin, immunohistochemical and cell immunofluorescence
analyses

Tumors and normal stomach tissue from each animal were fixed,
embedded in paraffin, cut into 4-um slices, and subjected to
hematoxylin-eosin (H&E) staining using conventional techniques. For
immunohistochemical staining (IHC), the sections were deparaffinized,
rehydrated, antigen retrieved by boiling with sodium citrate antigenic
repair solution (pH 9.0), and blocked with 3 % BSA solution. This was
followed by incubation with primary antibodies overnight at 4 °C. The
slides were then incubated with horseradish peroxidase (HRP)-conju-
gated secondary antibodies and visualized using a DAB kit (Cat. G1212,
Servicebio, Wuhan, China). Images were analyzed using an Olympus
BX53 inverted epifluorescence microscope (Olympus, Japan). For cell
immunofluorescence staining, the cells were seeded on confocal Petri
dishes, fixed with 4 % paraformaldehyde for 20 min, and permeabilized
in 0.2 % TritonX-100 for 5 min. The confocal Petri dishes were then
subjected to blocking and staining, and examined using a Zeiss LSM 800
confocal microscope. Positive cells were counted at 400-fold magnifi-
cation. The primary antibodies were list in the Table 1.

Table 1

Primary antibodies.
Antibody Company
Desmin Cell Signaling Technology
c-kit Affinity
Dog-1 Affinity
Vimentin Servicebio
S-100A1 Abways
SDHB Boster
a-SMA Servicebio
Ki67 Servicebio
APC c-kit Biolegend
MMP2 Servicebio
CD44 Cell Signaling Technology
CHI3L1 Beyotime
COL1A2 Abcam
COL3A1 Beyotime
Col4a2 Abcam
B-actin Servicebio
HRP- Goat Anti-Rabbit IgG (H + L) Servicebio
HRP -Goat Anti-Mouse 1gG (H + L) Servicebio
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Western blotting

To extract total protein, mGSTc01 and Cajal cells were rinsed twice
with PBS (HyClone) and then lysed in ice-cold RIPA lysis buffer con-
taining phosphatase inhibitor (Roche, Indianapolis, IN, USA) and pro-
tease inhibitor cocktail (Roche). The lysis process took place on ice for
30 min. Following centrifugation at a speed of 12,000 times the force of
gravity at a temperature of 4 °C for a duration of 15 min, the liquid
portion above the sediment was collected and subjected to analysis using
a BCA Protein Assay Kit (Pierce, Rochford, IL, USA). Subsequently,
electrophoresis and immunoblot analysis were conducted following the
established protocol. The proteins and pre-stained protein marker
(M221, GenStar, Beijing, China) were separated using sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gels and then
transferred onto polyvinylidene fluoride membranes (Millipore).
Following the blocking step, the membranes were subjected to incuba-
tion with primary antibodies, followed by incubation with anti-rabbit
IgG and anti-mouse IgG. The primary antibodies were list in the Table 1

Wound-healing assays

Cells were first placed in 12-well plates at the beginning of the
experiment. Once the cells attained about 80 % confluence, scratches
were made in the cell monolayer using sterile 200pl pipette tips. Af-
terwards, these processed cells were cultured for an additional 12 h and
24 h on a medium without serum. An Olympus Corporation inverted
microscope from Japan was used to study the healing process of cell
damage. Ultimately, the wound area was analyzed quantitatively using
ImageJ software to evaluate the extent of cell migration and the capacity
for healing.

Cell adhesion assay

To assess cell adhesion ability, 96-well plates were coated in advance
with a concentration of 50 pg/mL of human fibronectin (Corning, MA,
USA) and left overnight at a temperature of 4 °C. Next, the mGSTc01 and
Cajal cells were collected, and 5000 cells were suspended in 100 pL of
RBMI without serum. These cells were then placed in the 96-well plates
that had been previously coated. The nonadherent cells were eliminated
after being incubated at a temperature of 37 °C for 4 h and 8 h. The cells
that were attached were rinsed two times with PBS, treated with 4 %
paraformaldehyde to preserve their structure, and then colored with 0.1
% crystal violet. The quantity of cells attached to the fibronectin was
measured using an inverted microscope.

Cell proliferation assay

The mGSTc01 and Cajal cell (5 x 103) were cultured in 96-well plates
for 48 h after which cell proliferation was assessed using the Beyo-
Click™ EdU Cell Proliferation kit (Cat. C0071S, Beyotime, Shanghai,
China) and analyzed with Image Pro Plus 6 software.

Cell migration assay

The distinction between mGSTc01 cell and Cajal cell migration were
determined by a Transwell assay. In summary, mGSTc01 cell and Cajal
cell (2 x 10* cells/well) were placed in 100 pL of serum-free DMEM and
added to the top chambers of a Transwell plate (24-well plate, 8-mm
pore size, Corning). Subsequently, 500 microliters of DMEM solution
containing 10 % FBS was introduced into the bottom chambers.
Following a 24-hour period of cultivating, the cells were treated with 4
% paraformaldehyde at room temperature for 30 min to fix them. Sub-
sequently, the cells were stained with 0.1 % crystal violet for 20 min.
The non-migrated cells in the upper chambers were eliminated using a
cotton swab. Photographs were taken of the cells in three randomly
selected microscopic areas, and the number of cells that had moved was
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measured.

Flow cytometry analysis

Collecting mGSTc01 and Cajal cells, wash twice with PBS, then block
with an CD16/32 antibody (Biolegend) for 10 min, followed by incu-
bation with a c-kit antibody (Biolegend) conjugated to a fluorophore for
1 hour. Then, the cells were acquired using a FACS Canto II flow cy-
tometer (BD Biosciences, CA, USA) and the data were analyzed using
FlowJo VX software (FlowJo LLC, OR).

Quantitative real-time PCR

The extraction of total RNA was performed using an E.Z.N.A. Total
RNA Kit I (Omega Bio-Tek, USA) following the instructions provided by
the manufacturer. The entire RNA was subjected to reverse transcription
using a Transcriptor First Strand cDNA Synthesis Kit (Bimake, Houston,
TX, USA). The PCR system was created by combining primers, SYBR
Green I Master Mix (Bimake), and cDNA templates. The qPCR experi-
ment was conducted using a Roche LightCycler 480 real-time PCR
apparatus. The thermal cycling conditions consisted of 45 cycles at 95 °C
for 10 s, followed by 60 °C for 20 s, and finally 72 °C for 20 s. The mRNA
expression levels of the target genes were standardized using a house-
keeping gene, ACTB, and then compared to the control group. In sum-
mary, the 2722¢T technique was used to determine the relative
quantities of mRNA. The primers were designed and synthesized by
Sangon Biotech (Shanghai, China) and the sequences are listed in
Table 2.

Cell viability assay

The viability of mGSTc01 and Cajal cells were measured by the Cell
Counting Kit-8 (CCK8) assay (TargetMol). Briefly, mGSTcO1 and Cajal
cells (5 x 10° cells/well) were seeded in 96-well plates and cultured
overnight. Then, the cells were treated with different concentrations of
Imatinib (Glpbio). The medium was discarded, and the cells were
incubated with CCK8 at 37 °C for 2 h. Formazan was dissolved in DMSO
and optical density was read in a microplate reader with a wavelength of
450 nm.

DNA extraction and library construction

Genomic DNA was extracted from mGSTc01 and Cajal cells using
Multi Sample DNA Kit (Cratbiotch). The Nanodrop spectrophotometer
(Thermo Fisher Scientific, Inc., Wilmington, DE) was used to measure
the amount of DNA and assess its quality. Additionally, DNA integrity
was evaluated using 1 % agarose electrophoresis. Mouse genomic DNA
samples were obtained using the Agilent SureSelect Human All Exon v8
library (Agilent Technologies, USA) according to the instructions pro-
vided by the manufacturer. Briefly, the genomic DNA was sheared into
short fragments using the Kkit’'s enzyme. The fragmented deoxy-
ribonucleic acid (DNA) was cleansed and processed using the reagents
included in the kit, following the specified methodology. Agilent

Table 2
List of primer sequences for the qPCR assay.

Gene Forward primer Reverse primer

c-kit AATATCCTCCTCACTCACGGG TCACGGAATGGTCCACCACCA
LAMB1 CAGAATGGAAATCCGAGAGAA CAGTCTCAGAATCACAAGGATT
MMP9 CAGCCGACTTTTGTGGTCTT CATTTGAGTTTCCATAGTAAG
MMP2 ACCACAACCAACTACGATGATGAC GGGCTGCCACGAGGAATAGG
CD44 CAAGTGCGAACCAGGACAGTG CAGAGCCAGTGCCAGGAGAG
CHI3L1 TGCGGTCCTGATGCTGCTC AGGTTGGATGGCGTCTGGTAAG
Colla2 ACGATGTTGAACTTGTTGCTGAGG AAGGAACGGCAGGCGAGATG
Col3al TTCTCCTGGTGCTGCTGGTC ATGTGGTCCAACTGGTCCTCTG
Col4a2 CCTGCCACTACTTCGCTAACAAG GCTGATGTGCGTGCGGATG
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adapters were attached to the polished ends, and the libraries were
amplified using polymerase chain reaction (PCR). The amplified li-
braries underwent hybridization with the bespoke probes. The DNA
fragments that were attached to the probes were cleansed and extracted
using the buffer included in the kit. Subsequently, the libraries under-
went sequencing using the Illumina sequencing technology (NovaSeq
6000, Illumina, Inc., San Diego, CA), resulting in the generation of 150
bp paired-end reads. The whole exome sequencing and analysis were
conducted by OE Biotech Co., Ltd. (Shanghai, China).

Sanger sequencing analysis

Quantify the sample and primers. Add the quantified template and
primers, along with BigDye reagents, to the reaction system and com-
plete the sequencing reaction on a PCR machine. Utilize a 3730x]1 DNA
Analyzer (US, Applied Biosystems) to read the base sequence of the
measured sample.

RNA sequencing analysis

The isolation and purification of total RNA was performed using
TRIzol reagent (Cat. 15,596,018, Invitrogen, Carlsbad, CA, USA) ac-
cording to the manufacturer’s instructions. The concentration and
integrity of the RNA were assessed using the NanoDrop ND-1000
(NanoDrop, Wilmington, DE, USA) and Bioanalyzer 2100 (Agilent, CA,
USA). Next, poly (A) RNA was isolated from 1 pg total RNA using
Dynabeads Oligo (dT) 25-61,005 (Thermo Fisher, CA, USA) via two
rounds of purification. Next, the poly(A) RNA was fragmented using the
Magnesium RNA Fragmentation Module (Cat. e6150, NEB, NY, USA) at
a temperature of 94 °C for a duration of 5-7 min. The fragmented RNA
fragments were reverse transcribed into ¢cDNA using SuperScript™ II
Reverse Transcriptase (Cat.1896649, Invitrogen, USA) and sequenced
using illumina Novaseq™ 6000 (LC-Bio Technology CO., Ltd., Hang-
zhou, China). Subsequently, the expression levels of all transcripts were
assessed using StringTie and edgeR. The mRNAs and genes that showed
significant differences in expression were selected using the edgeR.
Specifically, those with a log2 (fold change) >1 or less than —1, and a
statistical significance (P value) of <0.05 were chosen. The volcano plot
displayed the distributions of log2 fold change and P values for the genes
that were expressed differently. The GO terms (http://www.geneon
tology. org) of these differentially expressed genes were annotated.

Statistical analysis

All in vitro experiments were conducted with at least three inde-
pendent replicates. All in vitro studies were performed using a minimum
of three independent repetitions. The data were expressed as the mean +
standard error of the mean (SEM) values. Statistical analyses were
conducted using GraphPad Prism 7.0 software (GraphPad Software, Inc.,
San Diego, CA, USA). The significance of differences was evaluated using
an unpaired two-tailed t-test for two groups or a one-way analysis of
variance (ANOVA). A p-value of <0.05 indicates a statistically signifi-
cant difference.

Result
Construction of mouse gastrointestinal stromal tumor

We developed a mouse model for GIST by using a suture impregnated
with 3- methylcholanthrene into the muscularis layer of the stomach’s
greater curvature (Fig. 1A). Three months later, we observed that gastric
tissues in mice with sutures had developed tumors, in contrast to the
normal tissues (Fig. 1B). HE staining found that the mouse tumors
involved the intrinsic muscle layer of the stomach, exhibiting a spindle-
shaped appearance under the microscope, consistent with the primary
morphological characteristics and growth pattern of GIST (Fig. 1C) [17].
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IHC revealed that the GIST-associated markers, c-kit and DOG-1, were
positive. Additionally, the expression of a-SMA, S-100, and SDHB was
weakly positive, while Desmin expression was negative (Fig. 1D).

The extract and characteristics of the mouse GIST monoclonal cell line

To further obtain a mouse GIST monoclonal cell line, a portion of the
tumor tissue was utilized for the isolation of primary tumor cells as
follows (Fig. 2A). Then, we compared the extracted primary cells,
gastrointestinal stromal tumors from mice, named mGSTc01, with the
Cajal cells from the same mouse gastric mesenchymal tissue under a
microscope. Upon microscopic examination, the mGSTc01 cells exhibi-
ted a more slender morphology compared to the Cajal cells (Fig. 2B). To
confirm that the isolated primary cells possess the characteristics of
mesenchymal tumors, we first performed flow cytometry analysis on
mGSTc01 cells and Cajal cells using c-kit antibodies. Compared to the
positive expression of c-kit in Cajal cells, mGSTcO01 cells also expressed
c-kit positively (Fig. 2C). Additionally, cell immunofluorescence
revealed the expression of GIST-related biomarkers in mGSTc01; both c-
kit and Dog-1 were positive (Fig. 2D and E). Additionally, cell immu-
nofluorescence revealed the expression of GIST-related biomarkers in
mGSTcO01; both c-kit and Dog-1 were positive (Fig. 2D and E).

Additionally, we conducted Short Tandem Repeats (STR) testing to
verify the mGSTcO1 cell line’s origin and to ensure there was no cross-
contamination. The STR analysis confirmed that the cell line was of
mouse origin and showed no signs of cross-contamination. Furthermore,
no identical cell line to mGSTc01 was identified in the cell bank data-
base, Cellosaurus (Table 3).

Whole exome sequencing (WES) analysis of mGSTc01

As gastrointestinal stromal cells carry mutations in multiple genes,
we performed whole exome sequencing on the mGSTcO1 cell line. The
mutations in Lamb1l, MMP9 and c-kit related bases were detected in
mGSTcO01 cells by Sanger sequencing (Fig. 3A). And the results of Copy
number variation (CNV) revealed the Genome-wide CNV distribution of
mGSTcO1 and Cajal cells (Fig. 3B). Furthermore, the insertion and
deletion (Indel) of mGSTc01 were primarily associated with cell adhe-
sion and cell junction. And single nucleotide polymorphisms (SNP)
mainly enriched on transcription regulatory region DNA binding
(Fig. 3Q).

Functional analysis of mGSTc01

To illustrate the functional characteristics of mGSTcO1 cells, we
conducted RNA sequencing (RNA-seq) analysis on mGSTc01 and Cajal
cells. The volcano plot revealed thousands of differentially expressed
genes, including 3456 upregulated genes and 5831 downregulated
genes (Fig. 4A). Gene Ontology (GO) enrichment analysis showed that
the most significantly expressed genes in samples from mGSTcOlwere
associated with several GO terms related to the cell adhesion (Fig. 4B).
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis
of the RNA-seq results showed that mGSTc01 were associated with the
categories ‘ECM-receptor interaction’ and ‘Focal adhesion’ (Fig. 4C and
D). Expression levels of six genes—MMP2, CD44, CHI3L1, COL1A2,
COL3A1, and COL4A2—were markedly higher in mGSTc01 cells than in
Cajal cells (Fig. 4E).

Malignant behaviors and aggressive phenotypes in mGSTc01

In Transwell and cell adhesion assays, we found that mGSTcO1 cell
lines exhibited stronger migration and adhesion abilities (Fig. 5A and
5B). Subsequent wound healing experiments also yielded the same
result, demonstrating that mGSTc01 cells had a greater migratory ability
than Cajal cells at various time points (Fig. 5C). Furthermore, cell pro-
liferation experiments using EdU staining showed that the number of
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EdU-positive cells in mGSTc01 was higher than in Cajal cells (Fig. 5D). Exploring the therapeutic potential of mGSTcO01 cells in clinical
applications

We successfully established subcutaneous xenografted tumors in
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Table 3

STR testing results for mGSTcO1.

D5S818 17-2 12-1 5-5 X-1

THO1

18-3 4-2 6-7 19-2 1-2 7-1 8-7 1-1 3-2 2-1 15-3 6-4 13-1 11-2

Marker

17 18 27

16

17 13 19 27.2 16 16 14 15 22.3 18 17.1 16
18

16 20.3

Allele 1

Allele 2

Allele 3

Allele 4
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immunocompetent mice (Fig. 6A), and the tumor characteristics were
found to be consistent with the features of the chemically induced GIST,
as evidenced by positive immunohistochemical staining for c-kit and
Dog-1 (Fig. 6B). Additionally, the sensitivity of mGSTc01 cells to ima-
tinib was assessed. Imatinib significantly decreased the viability of
mGSTcO1 cells in a concentration-dependent manner (Fig. 6C). Simi-
larly, the C57BL/6 J mice bearing mGSTc01 xenografts were also sen-
sitive for imatinib (Fig. 6D).

Discussion

Here, we report the generation of a murine GIST model through a
chemical drug-induced approach. After identifying the tumor as GIST by
H&E and IHC, we isolated the primary cell line, cultured it as mono-
clonal cells, and then phenotypically characterized and compared them
to Cajal cells. Transcriptome sequencing analysis and experimental
validation confirmed the phenotype of mGSTc01, which also showed a
notable sensitivity to Imatinib. Additionally, using a subcutaneous
tumor model, we demonstrated that these GIST cells are capable of
growing within immunocompetent mice, providing a promising cellular
platform for advancing immunotherapeutic strategies against GIST.

Our research has found that GST cells exhibit robust capabilities for
invasion and proliferation. Analysis of our transcriptomic data reveals
that mGSTc01 cells are predominantly enriched in pathways associated
with cell adhesion (Fig. 4B-D). Exon sequencing also suggests a signifi-
cant enrichment of extracellular matrix (ECM) related protein molecules
within GIST cells, which was consistent with previous study concerning
the human GIST [18]. ECM is closely related to the growth of solid tu-
mors and fibrosis, especially the collagenase family [19]. Moreover, that
heightened tissue rigidity activates intracellular signaling pathways like
Rho-ROCK-MLC, enhancing integrin expression, focal adhesion, cell
contractility, and EMT markers, thereby boosting cancer cells’ meta-
static capacity [20]. SPARCLI, a type of extracellular matrix glycopro-
tein, can regulate the adhesion, migration, and proliferation of GIST
cells, influencing tumor growth [21]. Furthermore, our research also
discovered nonsynonymous mutation in ECM-related genes Lamb1 and
MMP9 may confer upon GST cells the ability to exhibit robust prolifer-
ation, adhesion, and invasiveness (Fig. 3A). Previous studies have re-
ported that miR-374b can augment the invasive capabilities of GIST by
upregulating the expression of MMP2 and MMP9 [22], suggesting that
GST cells exhibit a heightened invasive phenotype.

Additionally, compared to current genetically engineered GIST
mouse models [15] or human-derived cell lines such as GIST882 [23],
GIST-T1 [23,24], as well as mouse S2 cell lines [15], our chemical drug
approach offers a more rapid and cost-effective means of generating
tumors with similar pathological characteristics. This advancement is
significant because it provides researchers with a more accessible model
to study the disease’s progression and response to therapeutic in-
terventions. Meanwhile, our chemical induction method allows for the
rapid generation of GIST tumors, including the mGSTcO1 cell line,
facilitating high-throughput screening of potential drugs and thera-
peutic strategies [25]. Contrasted with the mouse GIST cell line
extracted from gene-edited mice [15], the mGSTcO1 cell line, charac-
terized by its ease of acquisition and monoclonal nature, exhibits
enhanced genetic stability. This trait is particularly advantageous for the
consistency and reliability of research outcomes in subsequent studies.
The establishment of the PDX model, which involves transplanting
tumor tissues or primary cells into immunodeficient mice, maintains
genetic characteristics to a significant degree. However, because tumors
implanted in immunodeficient mice lack an immune system, the PDX
model is not well-suited for research into immunotherapy. In contrast,
our ability to generate tumors with mGSTc01 cells in immunocompetent
mice offers advantages for future immunotherapy research on GIST
(Fig. 6B). Additionally, the therapeutic application of Imatinib in these
mice provides a foundational framework for advancing immunothera-
peutic research.
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Currently, immunotherapy is becoming a promising cancer therapy,
heralding a personalized approach to treatment. The dense infiltration
of immune cells, including T cells [26,27], tumor-associated macro-
phages (TAMs) [28], and NK cells [29], etc., within GIST tumors sug-
gests a profound potential for immunotherapeutic intervention,
presenting a compelling opportunity for targeted cancer treatment. A
multitude of clinical studies have been initiated to explore this thera-
peutic avenue. Despite the majority of these trials not meeting their
endpoints, the lack of success does not negate the potential for GIST to
respond favorably to immunotherapeutic strategies [30-33]. Never-
theless, emerging research indicates that GIST patients characterized by
PDGFRA D842V mutations, a KIT-wild type (WT) genotype, or elevated
expression levels of PD-L1 may exhibit a heightened response to immune
checkpoint inhibitors (ICIs). This subset of patients should, therefore, be
considered for preferential selection [34,35]. Moreover, research found
the combination of imatinib and ipilimumab was synergistic and
significantly reduced tumor size compared to either treatment alone in
KIT mutant GIST mouse models [36]. In our researches, we also con-
structed in vivo GIST model in C57BL/6 J mouse using mGSTcO01 cell,
which is more convenient and quicker to conduct immunotherapy
research on GIST. Therefore, for the future treatment of GIST, especially
in immunotherapy, we have superior cellular and animal models
available for research. This further provides a research foundation for
the treatment of GIST.

In conclusion, we have developed a mouse model of GIST using
chemical induction methods and successfully isolated and cultured a
new monoclonal cell line, named mGSTc01. This cell line’s fidelity to the
molecular characteristics of human disease, coupled with its potential
for studying both targeted therapies and immunotherapies, makes it a
powerful tool for enhancing our understanding of GIST pathogenesis
and treatment. Future research will leverage the unique features of this
cell model to gain new insights into GIST biology and to discover

11

innovative therapeutic strategies
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