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promotes RHOA activation and focal adhesion kinase
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ABSTRACT

Objective Genomic studies of gastric cancer have
identified highly recurrent genomic alterations

impacting RHO signalling, especially in the diffuse
gastric cancer (DGC) histological subtype. Among these
alterations are interchromosomal translations leading

to the fusion of the adhesion protein CLDN18 and

RHO regulator ARHGAP26. It remains unclear how
these fusion constructs impact the activity of the RHO
pathway and what is their broader impact on gastric
cancer development. Herein, we developed a model

to allow us to study the function of this fusion protein

in the pathogenesis of DGC and to identify potential
therapeutic targets for DGC tumours with these
alterations.

Design We built a transgenic mouse model with
LSL-CLDN 18-ARHGAP26 fusion engineered into the
Col1AT locus where its expression can be induced by
Cre recombinase. Using organoids generated from this
model, we evaluated its oncogenic activity and the
biochemical effects of the fusion protein on the RHOA
pathway and its downstream cell biological effects in the
pathogenesis of DGC.

Results We demonstrated that induction of CLDN 18-
ARHGAP26 expression in gastric organoids induced the
formation of signet ring cells, characteristic features of
DGC and was able to cooperatively transform gastric
cells when combined with the loss of the tumour
suppressor genelrp53. CLDN18-ARHGAP26 promotes
the activation of RHOA and downstream effector
signalling. Molecularly, the fusion promotes activation of
the focal adhesion kinase (FAK) and induction of the YAP
pathway. A combination of FAK and YAP/TEAD inhibition
can significantly block tumour growth.

Conclusion These results indicate that the CLDN18-
ARHGAP26 fusion is a gain-of-function DGC oncogene
that leads to activation of RHOA and activation of

FAK and YAP signalling. These results argue for further
evaluation of emerging FAK and YAP-TEAD inhibitors for
these deadly cancers.

INTRODUCTION

Gastric cancer (GC) is the fourth leading cause
of cancer death worldwide, responsible for over
700000 deaths every year.! The survival rates of

,* Antje Schaefer,”® Channing J Der,%

2 Adam J Bass,>!"

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Recurrent translocations leading CLDN18-
ARHGAP26 fusion proteins have been
specifically found in diffuse gastric cancer
(DGC). However, it has been unclear what are
the functional effects of CLDN18-ARHGAP26
fusion in the stomach epithelium and potential
therapies.

WHAT THIS STUDY ADDS

= We functionally demonstrated that the CLDN18-
ARHGAP26 fusion acts as an oncogene to
promote the function of DGC when combined
with Trp53 loss. We also found that focal
adhesion kinase (FAK) and YAP were conserved
downstream targets in these fusion-driven DGC.
Finally, we found that the dual inhibitors of FAK
and YAP-TEAD had significant synergistic effects
upon inhibiting tumour growth, providing
evidence for the future treatment of patients
with DGC who have this recurrent fusion gene.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= DGCis a highly lethal variant of GC prone to
early invasion, rapid metastasis, poor survival
and relative insensitive to current therapy.
Defining the fundamental mechanisms of this
disease and new effective therapies is of clear
urgency. This study reveals fundamental disease
mechanisms in DGC and connects them to new
candidate therapies that can be prioritised for

clinical trials.

GC are dismal, and we lack effective molecularly
targeted therapies for most patients. Histologically,
GC is classically divided into two types, intestinal
and diffuse according to the Lauren classification.
Diffuse GC (DGC) lacks cellular cohesion and has
typical features of highly invasive and poorly differ-
entiated cancer cells, including mucin-enriched
‘signet-ring’ cells (also called signet ring cell carci-
noma).” Molecularly, a large analysis from The
Cancer Genome Analysis placed most DGCs into
a category termed genomically stable tumours,
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named as they lacked hypermutation and marked chromosomal
instability. Within DGC, the most salient genome aberration is
the loss of the tumour suppressor CDH1 (encoding the cellular
adhesion protein E-cadherin).* In hereditary DGC, CDH1 is
hemizygously inactivated in the germline.*® Given the charac-
teristic discohesive growth, and rapid invasion seen in DGC,
a salient role for modulation of cell adhesion in its pathogen-
esis could be seen to follow logically. Beyond CDH1 mutation,
genomic characterisation by our group and others® * identified
recurrent genomic alterations impacting RHO pathway signal-
ling in DGC. A first class of alterations are recurrent missense
mutations (15%) of the RHOA GTPase, with the greatest recur-
rence for the Y42C hotspot mutation. Indeed, our team recently
reported a detailed characterisation of RHOAY*“, which we
established to act as an oncogene via impairing GTP hydro-
lysis (RHOA inactivation) and promoting RHOA interaction
with ROCK, with resulting in enhanced actin rearrangements
and focal adhesion formation.'’ These studies also revealed the
activation of focal adhesion kinase (FAK) and the YAP pathway
with results demonstrating the therapeutic potential of small-
molecule FAK inhibition. '’

Beyond RHOA mutation, the other most common mode
(another 15% non-overlapping) of RHO pathway genomic
dysregulation in DGC is with recurrent fusion genes that typically
link the cellular adhesion protein Claudin18 (CLDNT18) with
RHO regulator ARHGAP26. Fusion genes have been reported
to be involved as drivers in cancer formation and progression
with notable examples including the Philadelphia chromosome
leading to BCR-ABL fusion in patients with chronic myeloid
leukaemia.!’ Similarly, EML4-ALK in patients with non-small
cell lung cancer serves as both diagnostic biomarker and ther-
apeutic target.'”” ' In DGC, recurrent CLDN18-ARHGAP26
fusions occur mutually exclusive with both mutations of CDH1
and RHOA, suggesting it could supplant the functions of those
aberrations. The most common version of the fusion leads to
CLDN18 (exon 5) becoming fused to the RHO modulator
ARHGAP26 (exon 12).” In this fusion, nearly the entire CLDN18
is retained, lacking only the C-terminal 11 amino acids and is
linked to the C-terminal half of ARHGAP26. The ARHGAP26
sequence retains the catalytic GTPase activating domain (GAP),
but is missing the adjacent pleckstring homology (PH) domain
(online supplemental figure S1A). The PH domain occurs in a
wide range of proteins involved in intracellular signalling or as
constituents of the cytoskeleton, and is commonly involved in
recruiting proteins to different cytoplasmic submembranes.'* '
Shu et al performed a systematic investigation in patients with
Chinese GC and identified a prevalence of 25% CLDN18-
ARHGAP26/6 fusions in signet-ring cell carcinoma, with patients
with CLDN18-ARHGAP26/6 fusion having worse survival
outcomes and little benefit from chemotherapy.'® Nakayama
et al also found 22 cases of CLDN18-ARHGAP (15.1%) in a
population of 146 patients with GC, seeing the fusions associ-
ated with aggressive disease, poor prognosis and GCs in young
adults."” Functional studies of the fusion to date are largely
limited to those by Yao et al, who identified these fusions in
GC and demonstrated that ectopic expression promotes loss
of epithelial integrity in MCF10A cells."® However, it has been
unclear what is the functional role of CLDN18-ARHGAP26
fusions in the gastric epithelium and how the fusion contributes
to the pathogenesis of DGC.

In this study, we demonstrated that expression of the CLDN18-
ARHGAP26 fusion together with Trp53 loss, induces signet ring
cells and tumour growth in mice. Using detailed biochemistry,
we found CLDN18-ARHGAP26 expression promotes activation

of RHOA and downstream RHOA-ROCK effector signalling,
stimulating actin reorganisation and focal adhesion formation.
Furthermore, we demonstrated that CLDN18-ARHGAP26 with
Tip53 loss induced DGC through activation of FAK and YAP-
TEAD and we demonstrated that FAK and YAP-TEAD inhibi-
tion significantly abrogated tumour growth in xenografts model.
In summary, these observations support FAK and YAP-TEAD as
potential therapeutic targets for GCs with CLDN18-ARHGAP26
fusion.

RESULTS

The recurrent gene fusion of CLON78-ARHGAP26 together
with 77p53-loss induces diffuse gastric cancer in vivo

To systematically determine the function of CLDNI1S-
ARHGAP26 in the epithelium of the stomach, we built a trans-
genic mouse model with cre-recombinase inducible expression
by establishing an allele with an LSL-CLDN18-ARHGAP26
fusion engineered into the Col1A1 locus (figure 1A). The Mist1-
CreERT2 allele was introduced to express tamoxifen-activated
Cre in the Mist1 cells, a marker of gastric chief cells also demon-
strated to be expressed in isthmus stem cells.””' Finally, the
R26-mTmG ‘Tomato-GFP’ allele was introduced to mark Cre-
recombined cells by conversion from tomato (red) to GFP
(green) (figure 1A). By breeding the cohorts of different mice, we
could inducibly express CLDN18-ARHGAP26 in gastric epithe-
lium with the tracing marker from tomato to GFP (figure 1A).
We then evaluated the expression of CLDN18-ARHGAP26 in
mice after in vivo tamoxifen induction. But unexpectedly, resem-
bling the results seen with in vivo expression of the RHOA™*“
mutant allele, we observed severe body weight loss and death
due to peritonitis several days after tamoxifen induction (data
not shown). This effect, presumed to be due to loss of gastric
epithelial integrity, complicated our original plan for evaluating
the autochthonous expression of CLDNI18-ARHGAP26 and
potential tumour formation in the gastric epithelium of mice.

Given the difficulty of in vivo induction of the fusion gene,
we pivoted to developing gastric organoids from these mice,
analogous to our earlier published studies of the mutant RHOA
allele, to evaluate the effects of CLDN18-ARHGAP26 activity.
We therefore induced expression of the fusion in vitro with
tamoxifen treatment. Following induction, we found dramatic
morphological changes, cell-cell adhesion markers and induction
of mesenchymal markers (figure 1B and C, online supplemental
figure S1B,G,H) in organoids expressing CLDN18-ARHGAP26
while the Mist1Cre organoids without the inducible fusion
retained spherical forms with hollow morphology. The abnormal
morphology of the CLDN18-ARHGAP26 organoids included
central filling of the organoid lumen with cells (figure 1B and
C), a phenotype associated with transformation and consistent
with morphologies of patient-derived DGC organoids.” > By
deeper histology review, we identified cells resembling signet-
ring cells, a typical feature of DGC, in CLDN18-ARHGAP26
organoids (figure 1D). To further validate the presence of signet-
ring cells, we performed Alcian blue staining to monitor mucin
expression, a marker of mucin formation secreted by signet ring
cells. We found mucin-containing cells enriched in the CLDN18-
ARHGAP26 organoids but not the Mist1Cre control organoids
(figure 1E).

We then found that CLDNI18-ARHGAP26 expression in
organoids significantly increased cell proliferation via cell titre
glo and Ki67 staining (figure 1F and G). To determine if these
organoids were transformed, we transplanted cells (1x10° cells)
into the flanks injection of NOD.Cg-Prkdc® 112rg™™/Sz]
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Figure 1  CLDN18-ARHGAP26 fusion induces abnormal organoid morphologies and signet ring cells. (A) Schematic for the generation of mice with
distinct genotypes, including the tomato-GFP reporter allele; bottom: representative stack confocal image of gastric organoids with Mist1CreERT2-
R26mTmG 48 hours after tamoxifen (2 uM) induction in vitro. Representative images of (B) phase contrast and (C) H&E for gastric organoids with
annotated genotypes after 4 weeks following in vitro tamoxifen induction. Scale bar=100 ym. (D) Representative higher-magnification image showing
signet ring cells in CLDN18-ARHGAP26 fusion organoids following tamoxifen induction. Scale bar=50 um. (E) Alcian blue staining of paraffin sections
of the indicated organoids. Scale bar=100 pm. (F) In vitro proliferation (CellTiter-Glo) of Mist1Cre and CLDN18-ARHGAP26 organoids. Data are
mean=SD. ****p<0.0001, two-way ANOVA (CLDN18-ARHGAP26 vs Mist1Cre). (G) Representative images of Ki67 staining of Mist1Cre and CLDN18-
ARHGAP organoids. Scale bar=100 pm. (H) Analyses of co-occurrence of Trp53 mutation and CLDN18-ARHGAP fusion. () Tumour volumes following
NSG flank implantation of organoids with annotated genotypes, showing tumour formation only by CLDN18-ARHGAP26 fusion organoids. Data are
mean+SEM. ****p<0.0001, two-way ANOVA (CLDN18-ARHGAP26 fusion with P53 knockout vs other genotypes). (J) Representative image of Alcian

blue staining for the CLDN18-ARHGAP26 fusion with Tp53 knockout tumours from panel (1). Scale bar=100 pm. ANOVA, analysis of variance; CLDN18,

Claudin18.
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(NSG) mice (figure 11), finding that these CLDN18-ARHGAP26
organoids were not able to form tumours alone. Suspecting that
transformation may require additional cooperating lesions, we
evaluated published genomic data, finding co-occurrence of
CLDN18-ARHGAP26 fusion with Trp53 mutation (figure 1H),
which was also described in other two other independent
studies.'® 7 Therefore, we used CRISPR-Cas9 with sgRNA
targeting Trp53 to knockout p53 in the CLDN18-ARHGAP26
fusion-expressing organoids. Implantation of these compound
models revealed robust tumour growth. By contrast, no tumours
formed with Trp53 knockdown or Mist1Cre control organoids
(figure 1I). The histology results from the compound organoids
demonstrated cells with signet ring morphology with additional
undifferentiated cells, results consistent with the DGC pheno-
type (figure 1]). Next, we evaluated whether Tip53 loss could
affect the phenotype which we found in figure 1D-F. We found
that Trp53 loss coupled with CLDN18-ARHGAP26 had similar
phenotypes, including promoting cell proliferation and inducing
abnormal morphology and signet ring cells compared with Tip53
loss only, indicating that the tumour suppressor gene TrpS53 loss
augmented the tumourigenic of CLDN18-ARHGAP26 did not
attenuate it’s DGC histological features (online supplemental
figure S1C-F).

CLDN18-ARHGAP26 promotes RHOA activity

As ARHGAP26 is an Rho GTPase activating protein, it
promotes the transition from the active RHO-GTP form to the
inactive RHO-GDP form, thus attenuating RHO signalling.*
As the fusion links the bulk of the cellular adhesion protein
CLDN18 with sequences encoded by exon 12 and above of
ARHGAP26, the fusion may modulate the ARHGAP26 cata-
lytic activity. We, therefore, evaluated how the CLDN18-
ARHGAP26 fusion expression impacts RHOA signalling in our
murine gastric organoids. We first evaluated the interaction of
RHOA with the isolated RHOA-GTP binding domain (RBD)
of the RHOA effector Rhotekin (Rhotekin-RBD) to monitor
formation of active RHOA-GTP. Despite ARHGAP26 acting
as a GAP that promotes RHOA-GDP formation, we paradox-
ically found that CLDN18-ARHGAP26 enhanced rather than
suppressed the level of RHOA-GTP (figure 2A). As active
RHOA would enhance activity of downstream effector path-
ways, we confirmed ROCK effector activation by immuno-
blot analyses and found enhanced phosphorylation of Cofilin
(pCofilin) in CLDN18-ARHGAP26 organoids compared with
Mist1Cre organoids (figure 2B). Immunofluorescence micros-
copy studies revealed increased F-actin levels in CLDN18-
ARHGAP26 organoids compared with Mist1Cre organoids
(figure 2C). These results were confirmed in parallel studies in
the compound CLDN18-ARHGAP26 and Trp53 models with
similar results regarding RHOA pathway activation (online
supplemental figure S2A,B). To further confirm our results, we
established an isogenic organoid model from the gastric epithelia
of mice with p53 knockdown and then introduced ectopic
CLDN18-ARHGAP26. We found this ectopic induction of
CLDN18-ARHGAP26 also induced dramatic Rhotekin-RHOA
binding and p-cofilin activation (figure 2D and E). We found
that expression of the fusion gene (also in the context of p53
loss) enhanced active RHOA-GTP levels in the cell, as measured
in effector Rhotekin pulldowns, and induced RHOA signalling,
as determined by enhanced F-actin cytoskeleton and increased
p-cofilin levels (figure 2F and G). Furthermore, To address
whether the catalytic domain of ARHGAP26 is required for the
function of CLDN18-ARHGAP26, we generated a new version

of our fusion vector in which we introduced a missense muta-
tion R293A, corresponding to R412A of ARHGAP26, which
renders the fusion protein’s Rho GAP catalytically inactive. We
introduced this version of the fusion into our organoids and
queried active-RhoA (Rhotekin) and the downstream p-Coffilin
(online supplemental figure S2C,D). We found that R293A had
little effect on the elevation of active-RHOA and downstream
p-Coffilin by fusion. These data indicate that the GAP function
is dispensable and suggest that the fusion might already lose the
catalytic function of ARHGAP26, perhaps impairing the inhib-
itory activity on RHOA inhibition. These data support that the
fusion gene may lose the RHO GTPase function and is a loss-
of-function of ARHGAP26, leading to the activation of RHOA
signalling. Overall, our studies show that CLDN18-ARHGAP26
causes a gain-of-function phenotype with RHOA activation and
induction of RHOA downstream pathways.

CLDN18-ARHGAP26 induces activation of focal adhesion
kinase

Having established that CLDN18-ARHGAP26 functions as an
oncogene, we next evaluated the broader cellular and down-
stream effects of CLDN18-ARHGAP26 expression in the gastric
lineage. As we described, CLDN18-ARHGAP26 is the fusion
of CLDN18 and ARHGAP26, and ARHGAP26 is also known
as GRAF (GTPase regulator associated with focal adhesion
kinase).?*?’ Given both the described association of ARHGAP26
with FAK, our finding that CLDN18-ARHGAP26 increased the
F-actin cytoskeleton which is associated with increased FAK
activity, and our prior data linking oncogenic RHOA muta-
tions to FAK, we next determined whether the fusion impacts
FAK activity. We found that the P-FAK levels were elevated
in the fusion-expressing organoids compared with Mist1-cre
control organoids (figure 3A). We then determined whether
FAK activity plays a functional role in the fusion organoids.
We also evaluated the genetic targeting of the gene encoding
FAK (Ptk2) in CLDN18-ARHGAP26 models. shRNA-mediated
silencing of Ptk2 phenocopied pharmacological inhibition of
FAK and significantly inhibited the proliferation of CLDN18-
ARHGAP26 fusion organoids (figure 3B). Furthermore, Ptk2
loss also reverted the morphology of CLDN18-ARHGAP26
organoids, returning them to normal appearing hollow struc-
tures, (figure 3C) but had little effect on TrpS3 ™~/ Kras®'?P'*
organoids, used as an alternative neoplastic control (online
supplemental figure S3A-G).

We next determined that treatment with two chemically
distinct pharmacological inhibitors of FAK, PF-573228 and
defactinib, reversed the aberrant morphology caused by
CLDN18-ARHGAP26 (figure 3D and E) in a dose-dependent
manner (online supplemental figure S3B). In contrast, FAK inhi-
bition had little effect on the morphology of Trp53 ™/~ Kras®'*”'*
organoids (online supplemental figure S3C). To further confirm
our results, we performed Alcian blue staining and found the
mucin-enriched cells were dramatically reduced by PF-573228
and defactinib treatment (figure 3F). FAK inhibitor treatment
also inhibited the cell proliferation of organoids (figure 3G). We
also determined the effect of FAK pertubations in the compound
ARHGAP26 fusion and Trp53 knockout model, and we found
both the PTK genetic silencing and the drug treatments reversed
the aberrant morphology and decreased the mucin staining
(online supplemental figure S3D-F). PF-573228 and defac-
tinib treatments also significantly inhibited cell proliferation of
compound organoids (figure 3H).
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with control shRNA or targeting Ptk2. Data are meanSD. ****p<0.0001, two-way ANOVA. (C) Representative images of phase contrast for

gastric organoids with annotated genotypes scale bar=50 pm. Representative images of phase contrast (D) and H&E staining (E) for CLDN18-
ARHGAP26 organoids treated with DMSO, PF-573228 (2 pM) or defactinib (2 pM) for 48 hours. Scale bar=100 pm. (F) Alcian blue staining of paraffin
sections of the CLDN18-ARHGAP26 organoids treated with DMSO, PF-573228 (2 uM) or defactinib (2 pM) for 48 hours. Scale bar=100pm. (G) In

vitro proliferation (CellTiter-Glo) of CLDN18-ARHGAP26 organoids treated with DMSO, PF-573228 (2 uM) or defactinib (2 pM). Data are mean=SD.
***%n<0.0001, two-way ANOVA (PF-573228 or defactinib vs DMSO) (H) In vitro proliferation (CellTiter-Glo) of CLDN18-ARHGAP26 with Tp53
knockout organoids treated with DMSO or FAK inhibitors. Data are mean+SD. ***p<0.001, PF-573228 vs DMSO; ****p<0.0001, defactinib vs DMSO;
two-way ANOVA. ANOVA, analysis of variance; CLDN18, Claudin18; DMSO, dimethyl sulfoxide; FAK, focal adhesion kinase; pFAK, phosphorylated focal
adhesion kinase.
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Figure 4 YAP is a potent downstream target of FAK in CLDN18-ARHGAP26. (A) Imnmunoblotting for the Mist1Cre organoids and the CLDN18-
ARHGAP26 organoids. (Representative images from three independent experiments). (B) Representative images of active-YAP staining for the
organoids with annotated genotype. Scale bar=100 pm. (C) Immunoblotting for the CLDN18-ARHGAP26 organoids engineered with shControl or
shPTK2 virus (n=3 independent experiments). (D) Immunoblotting for the CLDN18-ARHGAP26 organoids treated with DMSO, PF-573228 (2 uM)

or defactinib (2 uM) for 48 hours (n=3 independent experiments). (E) Representative images of active-YAP staining for the paraffin sections of the
CLDN18-ARHGAP26 organoids treated with DMSO or FAK inhibitor defactinib (2 pM). Scale bar=100 pm. (F) In vitro proliferation (CellTiter-Glo) of
CLDN18-ARHGAP26 organoids infected with control or YAP-DN expressing virus. Data are mean+SD. ****p<0.0001, two-way ANOVA (YAP-DN(S94A)
vs DMSO). (G) In vitro proliferation (CellTiter-Glo) of CLDN18-ARHGAP26 organoids treated with DMSO or TEAD inhibitor VT103 (2 yM). Data are
mean=SD. ***p<0.0001, two-way ANOVA (VT103 vs DMSO). (H) In vitro proliferation (CellTiter-Glo) of CLDN18-ARHGAP26 with p53 knockout
organoids treated with DMSO or TEAD inhibitor VT103 (2 yM). Data are mean=SD. ***p<0.001, two-way ANOVA (VT103 vs DMSO). ANOVA, analysis
of variance; CLDN18, Claudin18; DMSO, dimethyl sulfoxide; FAK, focal adhesion kinase; pFAK, phosphorylated focal adhesion kinase.

YAP is a potent downstream target of FAK in CLDN18-
ARHGAP26

In our recent evaluation of the consequences of the RHOAY**¢
mutation in DGC, we found activation of the YAP pathway
downstream of FAK signalling.'’ These findings are consistent
with results in other recently published papers.?® * Therefore,
we next evaluated if the fusion protein also promoted YAP
activity. We found that active YAP levels were elevated in the
CLDN18-ARHGAP26 organoids (figures 3A and 4A) and we
found similar results in CLDN18-ARHGAP26/Trp53 null organ-
oids (online supplemental figure S4A). Histological staining
using an antibody against active-YAP also confirmed the results,

with greater staining in the CLDN18-ARHGAP26 organoids
compared with control organoids (figure 4B). We also found that
both genetically and pharmacologically targeting FAK modu-
lated active YAP levels in the context of fusion (figure 4C-E)
and fusion with p53 loss (online supplemental figure S4B). This
reduction in YAP activity was also observed when we looked at
YAP target genes CTGE Cyr61, Myc and Ankrd1 (online supple-
mental figure S4H). To more comprehensively understand the
function of other related signalling pathways, we performed
blots for AKT/p-AKT, mTOR/p-mTOR and beta-catenin (online
supplemental figure S4F,G) and found these pathways showed
only slight changes.
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Next, we asked whether YAP activation has a functional role in
the fusion organoids. We first ectopically expressed the phospho-
deficient YAP** mutant (online supplemental figure S4C), that
acts as a dominant-negative form of YAB, and found that YAPS**
decreased cell proliferation in the CLDN18-ARHGAP26 fusion
organoids (figure 4F, online supplemental figure S4D) but not
in TrpS3~/"Kras“'** organoids (online supplemental figure
S4E). We next evaluated whether pharmacologic inhibition of
YAP, using VI103,”® a small molecule inhibitor for the TEAD
transcription factor, a key cofactor for YAP-driven gene expres-
sion. We found that TEAD inhibition impaired cell proliferation
organoids expressing fusion alone, or in combination with Trp53
null organoids (figure 4G and H). Overall, these data support
YAP-TEAD signalling as a key downstream mediator of FAK
activity in CLDN18-ARHGAP26 fusion organoids.

Dual inhibition of FAK and YAP/TEAD shows significant
synergistic effects both in vitro and in vivo

We next evaluated the potential to combine treatment with FAK
inhibition and YAP/TEAD. As the FAK inhibitor defactinib is
now in the clinical trials, we chose to use this agent to combine
with VT103. We first tested the combination in vitro in the
CLDN18-ARHGAP26 fusion organoid model and we found the
dual inhibition of FAK and TEAD markedly blocked the prolif-
eration of fusion organoids relative to monotherapy with either
agent (figure 5A). We also confirmed the efficacy of the combi-
nation results in the compound organoid model with the fusion
together with the inactivation of tumour suppressor Trp53 gene
and found similar results (figure 5B and online supplemental
figure S5A). To further evaluate the combination of FAK and
TEAD inhibitions, we evaluated these drugs alone and in combi-
nation therapies in vivo in NSG mice with flank implanted xeno-
grafts of fusion+Tp53loss organoids. Individually, single agent
defactinib (50 mg/kg) or VI103 (10 mg/kg) attenuated tumour
growth. Tumour growth inhibition was again markedly increased
with combination therapy as in the in vitro results (figure 5C).
Further statistical testing of the in vivo growth data by two-way
analysis of variance analysis showed there is a significant inter-
action between defactinib and VT103 treatment (figure 5C).
Visual inspection of tumours confirmed the greater combina-
tion efficacy and we evaluated effects on phosphorylated FAK
(pFAK) levels in vivo (figure 5D, online supplemental figure
S5C,D). Encouragingly, there was little impact of the combina-
tion on body weight during therapy, consistent with tolerability
of the regimen (online supplemental figure S5B).

Unfortunately, there are no available patient-derived models
of DGC harbouring the CLDN18-ARHGAP26 fusion. However,
we obtained two patient-derived organoid (PDO) models from
patients with DGC. First, we evaluated the levels of active FAK
and YAP in these two PDOs, using the Mist1Cre and fusion
organoids as negative and positive controls, respectively. We
found the two PDOs had comparable pFAK and an active YAP
levels as the fusion murine model, suggesting the activity of these
targets in the PDO models (figure SE). We subsequently evalu-
ated the combination of the two treatments in the two PDOs
using a matrix of doses of the two drugs to allow us to calculate
synergy scores, with this testing yielding results of a zero inter-
action potency (ZIP) score for PDO-DE66 was 21.1 (figure 5F)
(ZIP score >10 being indicative of synergistic effect) and the
synergy ZIP score for PDO-BL62 was 22.6 (figure 5G). Simi-
larly, in combinations we saw enhanced inhibition of prolifer-
ation (figure SH1) supporting the potential for YAP/TEAD and
FAK inhibition in DGC.

DISCUSSION

Genomic studies of DGC have found highly frequent genomic
alterations of CLDN18 -ARHGAP26 fusion,” ¥ a genomic
event not known to occur in other classes of cancer. However,
these genomic findings have yet to be translated into a deeper
functional understanding of disease pathogenesis or into poten-
tial therapeutic targets. First, whether the formation of the
CLDN18-ARHGAP26 fusion protein drives activation or repres-
sion of RHO signalling had been uncertain. Yao et al reported
that ectopic expression of CLDN18-ARHGAP26 inhibited
RHOA-GTP levels and reduced and stress fibre formation in
MCF10A breast epithelial cells in vitro.'® The difference could
be because of not only the different lineage but perhaps due
to differences in organoid as compared with two-dimensional
growth. Here we evaluated the effects of the fusion gene in
stomach epithelial cells grown as organoids and found induction
of RHOA, as measured by the increased of active GTP-bound
RHOA in cells and induction of RHOA downstream signalling
as determined by an enhanced p-cofilin levels and induction of
the F-actin cytoskeleton. Moreover, the fusion demonstrated
oncogenic activity, both in the induction of signet ring histolog-
ical features in organoid growth and, when combined with p53
inactivation, with induction of tumour formation in vivo. These
data indicated that the fusion could be a driver of DGC forma-
tion and progression as a similar function reported with other
fusion genes (eg, BCR-ABL,"" EML4-ALK'?).

This report demonstrates fusion-induced activation of RHOA
and its downstream signalling. Additional study will be required
to define the detailed biochemical mechanisms by which this
fusion impacts RHOA regulation. The fusion protein both
removes the amino-terminal section of ARHGAP26, regions
lacking the GAP domain and also tethers the GAP domain to
the C-terminus of CLDN18, thus also impacting its intracellular
localisation. Beyond the activity of the fusion in impacting RHO
regulation another key cell biological question relates to its
impact on cell adhesion given its inclusion of the tight junction
protein CLDN18. Given the prominence of CDH1/E-cadherin
loss in the pathogenesis of DGC and the exclusivity of CLDN18
fusions with CDH 1 loss, these results suggest that the fusion may
dysregulate cell adhesion in a mode resembling the effects of
the loss of the canonical CDH1 tumour suppressor. Notably, the
fusion retains nearly the full-length CLDN18 protein, but the
attachment of the large C-terminal half of ARHGAP26 could
impact CLDN18 interactions, resulting in broader effects on
cell—cell interactions. Clinically, CLDN18 protein has been an
attractive target due to CLDN18.2 targeting antibodies demon-
strating efficiency in early-phase clinical trials such as the mono-
clonal antibody zolbetuximab®’ as well as emerging chimeric
antigen receptor-T cell (CAR-T) therapies.®® However, in the
context of CLDN18-ARHGAP26 fusion protein, additional
studies will be needed to identify the exact localisation of the
fusion gene in the cell and the suitability of therapies that require
cell surface expression of CLDN18 for efficacy.

With therapeutic relevance, we found that both FAK and
YAP/TEAD were activated by CLDN18-ARHGAP26 fusion,
mirroring results from our earlier studies of the hotspot RHOA
Y42C oncogene studied in concert with CDH1 inactivation in
the gastric epithelium. Our pharmacologic and genetic inhibi-
tion of FAK suggests that FAK activity promotes YAP activa-
tion, paralleling data in other tissue types.?® ! 32 By itself, FAK
inhibition can promote the normalisation of the morphology of
the fusion organoids. However, we observed more robust anti-
tumour effects both in vitro and in vivo via the combinatorial
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Figure 5 Dual inhibition of FAK and YAP/TEAD shows significant synergistic effects both in vitro and in vivo. (A) In vitro proliferation (CellTiter-Glo)
of CLDN18-ARHGAP26 with p53 knockout organoids treated with DMSO control, TEAD inhibitor VT103 (2 uM), defactinib (1 pM) or the combination.
Data are mean£SD. ***p<0.001, ****p<0.0001, two-way ANOVA. (B) In vitro proliferation (CellTiter-Glo) of CLDN18-ARHGAP26 with p53

knockout (MF/sgP53) organoids treated with DMSO control, TEAD inhibitor VT103 (2 pM), defactinib (1 uM) or the combination. Data are mean=SD.
***p<0.001, ****p<0.0001, two-way ANOVA. (C) Tumour growth curve for CLDN18-ARHGAP26 with Tp53 knockout organoids xenograft tumours
(n=8-10) treated with vehicle control, defactinib (50 mg/kg, once a day), V1103 (10 mg/kg, once a day) or the combination. Day 1 means the first
treatment of the drugs. Data are mean+SEM. ***p<0.001, ****p<0.0001, two-way ANOVA. (D) Representative tumour images of drug treatments
from panel (C). (E) Representative immunoblotting images for the patient-derived organoids with the Mist1Cre (M) and CLDN18-ARHGAP26 fusion
(MF) organoids as controls (n=3 independent experiments). (F) DE66 patient-derived organoids (PDO-DE66) were treated with defactinib (0.2 pM

to 4puM) or VT103 (0.6 pM to 10 pM) alone or together for 7 days. Viability in the treatment groups was normalised to DMSO control. The inhibition
rate was shown (left). Analysis of the synergistic effect in defactinib and V1103 combination was performed by SynergyFinder using zero interaction
potency (ZIP) model. The inhibition rate was used to calculate ZIP synergy score. The box indicates the most synergistic area (right). Representatives of
two independent experiments were shown. (G) BL62 patient-derived organoids (PDO-BL62) were treated with defactinib (0.2 pM to 4 pM) or VT103
(0.6 pM to 10 uM) alone or together for 5days. Analysis of the synergistic effect in defactinib and V1103 combination was the same as in panel (F). In
vitro proliferation (CellTiter-Glo) of PDO-DE66 (H) or PDO-BL62 (I) organoids were treated with DMSO, TEAD inhibitor VT103 (1 uM), defactinib (2 pm)
or the combination. Data are mean+ SD. **p<0.01, ***p<0.001, ****p<0.0001, two-way ANOVA. ANOVA, analysis of variance; CLDN18, Claudin18;
DMSO, dimethyl sulfoxide; FAK, focal adhesion kinase; pFAK, phosphorylated focal adhesion kinase.
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inhibition of FAK with emerging TEAD inhibitors which act via
inhibition of palmitoylation of TEAD.?® Furthermore, we found
that the FAK and YAP were both activated in the DGC PDOs,
and cell proliferation was inhibited by single agents or, more
robustly, via combination treatments. In summary, these data
provided a new foundation for mechanistic and translational
inquiry into these deadly cancers and suggested a route to the
development of rational targeted therapeutics using agents that
are already in clinical testing.

METHODS

Generation of mouse cohorts

We generated a mouse allele with inducible expression of
CLDN18-ARHGAP26. The human RHOA complementary
DNA coding region with the Kozak sequence (GCCGCCACC)
was introduced into vector pGV at the EcoRI cloning site using
blunt-end cloning. Sequencing-confirmed pGV-CLDN18-
ARHGAP26 vectors were co-electroporated with plasmid
expressing FLP recombinase into mouse ES cells (MESC10,
Mirimus) engineered with an FLP homing cassette at ColA1
locus, and positive clones were identified by PCR. Positive
ES clones were injected into mouse blastocysts for chimaera
generation. Chimeric mice were crossed with wildtype mice
to generate mice with germline mutations. A detailed strategy
was previously described.®® The gene is expressed following
Cre recombinase-mediated excision of a stop cassette flanked
by LoxP sites (loxP-stop-loxP (LSL) CLDN18-ARHGAP26).
Mist1-CreERT2, R26-mTmG mice were developed as previ-
ously published.”! Mist1-CreERT2, R26-mTmG mice were
crossed with LSL-CLDN18-ARHGAP26 mice to generate Mist1-
CreERT2, LSL-CLDNI18-ARHGAP26, R26-mTmG mice. All
animals were maintained and used in accordance with the guide-
lines of the Institutional Animal Care and Use Committee of the
Dana-Farber Cancer Institute.

Organoids culture

CLDN18-ARHGAP26 mouse organoids were generated from
Mist1-CreERT2, LSL-CLDN18-ARHGAP26, R26-mTmG mice
above and cultured as previously described.'’ Two PDOs (PDO-
DE66 and PDO-BL62) of human DGC were obtained from S.
Ryeom (Columbia University) after having been generated from
patients with GC under an institutional review board-approved
protocol. All patients provided written informed consent, and
the studies were conducted in accordance with the Declara-
tion of Helsinki. For passaging, organoids were dissociated
using TrypLE Express Enzyme (Gibco) at 37°C for 6 min. Cells
(3%10°%) were mixed with 200 pL Matrigel (Corning, 354234)
on ice. Six aliquots of the cell-Matrigel suspension (25-30uL
per aliquot) were seeded in a 6-well plate. To polymerise the
Matrigel, plates were incubated at 37°C and upside down to
avoid the attachment of cells to the plate surface. After 5 min,
the plates were returned to the upright orientation. For mouse
organoids, 2.5mL 50% L-WRN conditioned medium®* (a 1:1
mix of L-WRN conditioned medium and advanced Dulbecco's
Modified Eagle Medium (DMEM)/F-12 with 20% fetal bovine
serum (FBS)) were added. The medium for PDOs was described
as previously.”> CLDN18-ARHGAP26 mouse organoids organ-
oids were passaged every 3 days. PDOs were passaged around
7days based on growth dynamics. Mycoplasma tests were
performed regularly using a Lonza MycoAlert Mycoplasma
Detection Kit (Lonza, Basel, Switzerland).

Lentiviral infection of organoids

Lentiviral infection of organoids was performed as previously
described. Briefly, cultured organoids were transferred in suspen-
sion (in 50% L-WRN conditioned media) into a 15mL tube,
centrifuged at 200X g for 5 min, resuspended in 200 pL trypsin-
EDTA and incubated at 37°C for 5 min. Washing medium (1 mL)
was added and the organoids were dissociated by vigorous pipet-
ting. Organoids were centrifuged again at 200X g for 5 min and
then the cells were resuspended in 250 uL. solution containing
lentivirus, 8 pg/mL polybrene and 10 pM Y27632 (R&D). Each
suspension with a single lentivirus was then transferred to a
single well of a 48-well plate, which was sealed with Parafilm
(Bemis) and centrifuged at 600X g at 32°C for 1 hour. Plates were
then incubated at 37°C for 6 hours to allow transduction. Cells
were resuspended in conditioned organoid media (1 mL per well)
and transferred to a 1.5 mL tube for centrifugation at 200X g for
S min. Cells were resuspended in 20 uL. Matrigel and cultured
via our organoid culture method as listed above, except that the
medium was supplemented with the appropriate antibiotics (eg,
puromycin) for 7 days to deplete non-transduced organoid cells.

Subcutaneous xenograft tumours and drug treatment

For subcutaneous implantation. Cells were prepared from
different genotypes of organoids and resuspended in 1:1
Matrigel:medium ratio. For each injection, 1x10° cells from in
200 uL mixture were injected subcutaneously into the flanks of
NSG mice (6-8 weeks old) acquired from The Jackson Labo-
ratory. Tumour volume was measured every 2days via calliper
measurement starting 2weeks after injection. The tumour
volume was calculated as 0.5xa’xb, where a is the width in
millimetres and b is the length in millimetres. For drug treat-
ment. Treatment was initiated when tumours reached approxi-
mately 100mm’. For FAK and TEAD inhibitor treatment, mice
were randomised into four groups and intraperitoneally injected
with vehicle dimethyl sulfoxide (DMSO) (0.5%) or defactinib
(50mg/kg) every day or with VI103 (10 mg/kg) every day for
around 4 weeks. Mice treated with drug combinations received
the same doses of each drug at the same intervals as the single-
drug groups. All animal experiments were conducted in accor-
dance with protocols approved by the Institutional Animal Care
and Use Committee at the Dana-Farber Cancer Institute, in
compliance with NIH guidelines.

Cell viability in organoid culture

A viability assessment was performed using the reagents and
protocols from CellTiter-Glo (Promega G7570). On passage,
1000 cells were seeded in a single 5L Matrigel aliquot into
each well of a 96-well plate containing 100pL 50% L-WRN
conditioned media. For drug treatments, inhibitors were added
to the media at 24 hours after organoid plating. Organoids were
cultured for the indicated days, then 50uL of mixed CellTi-
ter-Glo reagent was added to each well and the plate was gently
shaken for 30 min at room temperature to allow the Matrigel to
dissolve. Plates were read on a Tecan plate reader.

The synergy analyses were performed as previously*® using the
ZIP model.>’ Briefly, five different concentrations of each drug
(0.25, 0.5, 1, 2 and 4 IC50) were administered, either alone or
in combination. After the indicated number of days of treatment,
cell viability was measured using the CellTiter-Glo assay. The
results were analysed using SynergyFinder.*®

Immunoblotting of organoids
After 3-5 days of growth, gastric organoids were collected and
dissociated using TrypLE Express. Dissociated cells were plated

10

Zhang F, et al. Gut 2024;0:1-12. doi:10.1136/gutjnl-2023-329686

6uAdoo Ag parosiold 1senb Ag 20z ‘€z 418qwiaidas uo /wod fwgnby:dny wouy papeojumod +zZ0z Hdy ST U0 9896Z€-€202-UlnB/9ETT 0T St paysiignd 1s11y 1IN


http://gut.bmj.com/

Gl cancer

at a density of 40000 cells per 25 uL. Matrigel aliquot, with 7
Matrigel aliquots in 2.5 mL 50% L-WRN conditioned medium
per well of a 6-well plate and allowed to grow for 24-36 hours
before treatment with DMSO or the indicated drugs. Following
drug treatment, the Matrigel surrounding the organoids was
removed using Cell Recovery Solution (Corning). The released
organoids were pelleted by centrifugation and lysed for immu-
noblotting as previously described.>®

Antibodies and drugs
See online supplemental table S1.

Histology and immunohistochemistry staining

Tissues and organoids were processed for frozen sections or
paraffin sectioning using protocols previously described.!® For
frozen sections, organoids were fixed in 4% paraformaldehyde
in phosphate-buffered saline (PBS) at 4°C for 6hours, then
placed in 15% sucrose in PBS overnight, centrifuged and resus-
pended into bacto-agar and embedded in OCT (Tissue-Tek). The
frozen sections were stained for F-actin using phalloidin. For
paraffin sectioning, tissues were fixed in 10% formalin overnight
and embedded in paraffin, whereas organoids were fixed in 10%
formalin overnight, resuspended in bacto-agar, then embedded
in paraffin. Standard protocols for sectioning paraffin-embedded
tissues and staining with H&E or Alcian Blue staining were used.
For Ki67 and active-YAP immunohistochemistry staining, slide
deparaffinisation was followed by standard protocol. For the
antigen retrieval: 250mL of citric acid buffer was placed into a
slide container, which was filled with up to 12 slides. The buffer
solution was warmed in a microwave to 100°C for 10 min, then
cooled for 5min, warmed again for 2min, cooled for 5min,
warmed again for 2 min, then cooled down to room temperature
(RT). Citric acid was replaced with PBS, the slide container was
placed onto a rocker and the slides were washed with PBS. The
slides were then incubated in 10% H,O, RT for 15 min followed
by three washes in PBS. The slides were placed in a slide box and
the tissue was circled using an oil pen. The tissue was incubated
in bovine serum albumin (BSA) for 20 min, followed by incuba-
tion in the primary antibody overnight at 4°C. The slides were
washed three times with PBS, incubated in secondary antibody
(anti-rabbit serum, 1:200 in PBS) for 50 min, stained with DAB
(3,3’-diaminobenzidine) (1:100), washed with H,O, stained with
haematoxylin and then mounted using standard protocol.

Rhotekin pulldown assay

The binding activity of RHOA to Rhotekin was performed by
the Active Rho Pull-Down and Detection Kit (Thermo 16116).
Collect the sample lysates from organoids as described above and
save a sample of the cell lysate for protein assay using the Pierce
BCA Protein Assay or 660 nm Protein Assay. Place a spin cup into
a collection tube for each sample and swirl the bottle of Gluta-
thione Resin to thoroughly resuspend the agarose beads. Add
100 pL of the 50% resin slurry to the spin cup with the collection
tube and centrifuge the tubes at 6000 X g for 10-30s. Discard the
flow-through and add 400 uL of Lysis/Binding/Wash Buffer to
each tube with resin. Then invert the tubes gently several times.
Centrifuge the tubes at 6000xg for 10-30s and discard the
flow-through. Thaw the GST-Rhotekin-RBD on ice and imme-
diately make 400 pug aliquots. Add 400 ug of GST-Rhotekin-RBD
to the spin cup containing the glutathione resin and immediately
transfer up to 700 pL of the cell lysate (containing at least 500 pg
of total proteins) to the spin cup, close the cap and vortex the
sample. Seal cap of the collection tube with laboratory film to

prevent leakage and vortex the sample. Incubate the reaction
mixture at 4°C for 1hour with gentle rocking. Centrifuge the
spin cup with a collection tube at 6000 X g for 10-30s. Remove
the laboratory film and transfer the spin cup to a new collection
tube. Add 400 uL of Lysis/Binding/Wash Buffer, invert the tube
three times and centrifuge at 6000xg for 10-30s. Repeat this
wash step two additional times. Transfer the spin cup to a new
collection tube. Prepare S0 pL of reducing sample buffer for each
pull-down reaction by mixing one part B-mercaptoethanol to 20
parts 2X SDS Sample Buffer and add 50 uL. 2 X reducing sample
buffer to the resin. Vortex the sample and incubate at room
temperature for 2min. Centrifuge the tube at 6000 X g for 2min
and remove and discard the spin cup containing the resin. Heat
the eluted samples for 5 min at 95-100°C. Apply at least 25 uL
per lane for a 10X 10 cm mini-gel (12% acrylamide gel provides
the best separation) and follow the western blot protocol.

Statistical analysis

Data are represented as mean=SD or SEM as indicated in
the figure legends. For each experiment, the number of inde-
pendent biological experiments are as noted in the figure
legends, with representative images shown of replicates with
similar results. Statistical analysis was performed using Prism
V.7.0 (GraphPad). Pairwise comparisons between groups (ie,
experimental vs control) were performed using an unpaired
two-tailed Student’s t-test or two-way analysis of variance as
appropriate. P value<0.05 is considered to be statistically signif-
icant. P values are denoted by *p<0.05, **p<0.01, **p<0.001,
##%%p<0.0001. For all experiments, the variance between
comparison groups was found to be equivalent. Sample sizes
and animal numbers were determined from pilot laboratory
experiments and previously published literature. Animals were
excluded from analysis if they were euthanised due to health
reasons unrelated to tumour growth. For in vivo experiments,
all mice were randomised before drug treatment.
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Supplementary Figure 1. CLDN18-ARHGAP26 fusion induces abnormal organoid
morphologies and co-occurrence with P53 inactivation

A, Schematic of CLDNI18 fused with ARHGAP26 for the fusion transcript and predicted
fusion protein. PH domain: Pleckstrin homology domain; SH3: SRC homology 3 domain;
GAP domain: GTPase activating domain. B, Confocal immunofluorescence images of a-
SMA in the indicated organoids. Scale bar = 100 um. (C) phase contrast and (D) H&E and
(E) Alcian Blue for gastric organoids with annotated genotypes with P53 knockout. Scale
bar = 100 pm. F, In vitro proliferation (CellTiter-Glo) of MistiCre and CLDNIS§-
ARHGAP26 organoids knockout with 7rp53. Data are mean +S.D. ****P<(.0001, two-
way ANOVA. G, Immunoblotting of proteins involved in cell-to-cell adhesion and
maintaining epithelial integrity in Mist/Cre and CLDNIS8-ARHGAP26 fusion organoids
(representative images from 3 independent experiments). H, Quantitative real time PCR
for epithelial and mesenchymal genes in Mist/Cre and CLDNI8-ARHGAP26 organoids
(n=3).
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Supplementary Figure 2. CLDN18-ARHGAP26 fusion promotes the RHOA signaling
activity.

A, Immunoblotting for the RHOA binding of Rhotekin by Rhotekin-pulldown assay with sg-p53.
(representative images from 3 independent experiments). B, Immunoblotting for p-cofilin in the
organoids with annotated genotype (representative images from 3 independent experiments). C,
Immunoblotting for the RHOA binding of Rhotekin by Rhotekin-pulldown assay with fusion or
fusion missense mutation of corresponding to R293A of ARHGAP26 (n= 3 independent
experiments). D, Immunoblotting for p-cofilin and t-cofilin in the organoids with annotated

genotype (representative images from 3 independent experiments).

Zhang F, et al. Gut 2024;0:1-12. doi: 10.1136/gutjnl-2023-329686



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut

Figure S3

Trp53~Kras®'?P"* Organoids

Sh-Control Sh-PTK2-1

Sh-PTK2-2

B CLDN18-ARHGAP26 Organoids
Defactinib-1uM Defactinib-2uM

Trp537'~Kras®'?P'* Organoids
Defactinib-1uM Defactinib-2uM Defactinib-4uM

Defactinib-4uM

DMSO Defactinib-2uM

D
E
28,
ok
F 4 g Y
| T i; i o &
L .’@% "@'o‘ﬂ'g@”’ )
VR -« oirhF
) . el
b PR

Zhang F, et al. Gut 2024;0:1-12. doi: 10.1136/gutjnl-2023-329686



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut
G
Trp537"-
Kras®12om+ Trp537”  Fysion
28 28 28§
c £ £
OB RO0OBROF &
N8O NDOOLANDE W
Souwu =9ouUu=0 LWL
[l al N alaR AN aRyE
-

P-FAK(Y397)

Total FAK - om0 @ @ > @D @ =

B-actin M

Supplementary Figure 3. FAK inhibition reversed the abnormal morphologies of
CLDN18-ARHGAP26.

A, Phase contrast of Trp537 Kras®?P* Organoids knockdown with siControl or
shFAK(PTK2). B, Representative images of phase contrast of CLDN18-ARHGAP26
organoids treated with DMSO and indicated dose of defactinib for 48h . C, Representative
images of phase contrast of Trp53~ KrasS?P”* organoids treated with DMSO and
indicated dose of defactinib for 48h . Representative images of (D) phase contrast and (E)
H&E and (F) Alcian Blue for CLDN18-ARHGAP26 organoids t with 7rp53 knockout.
Scale bar = 100 um. G, Immunoblotting Trp53 " KrasS'?P™* | Trp53~ and CLDNIS-
ARHGAP26 fusion organoids upon treatment with DMSO, PF-573228 (2 uM) or

Defactinib (2 uM) for 48h (representative images from 3 independent experiments).
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Supplementary Figure 4. FAK inhibition reversed the abnormal morphologies of
CLDN18-ARHGAP26.

A, Immunoblotting for the organoids with annotated genotype with 77p53 knockout.
(representative image from 3 independent experiments). B, Immunoblotting for the
CLDNI18-ARHGAP26 with Trp53 knockout organoids treated with DMSO, PF-573228 (2
uM) or Defactinib (2 uM) for 48h (representative image from 3 independent experiments).
C, Immunoblotting for the CLDN18-ARHGAPZ26 organoids engineered with GFP or YAP-
S94A (n=3 independent experiments). D, Representative images of phase contrast of
CLDNI18-ARHGAP26 organoids engineered with GFP or YAP-S94A. Scale bar = 100
um. E, Representative images of phase contrast of Trp537 Kras®2P'* organoids
engineered with GFP or YAP-S94A. Scale bar = 100 um. F, Representative images of [3-
catenin staining for the organoids with annotated genotype. Scale bar = 100 um. G,
Immunoblotting for different cancer pathways upon FAK inhibition in CLDNIS§-
ARHGAP26 organoids (n=3 independent experiments). H, Quantitative real time PCR for
Y AP target genes upon FAK inhibition in CLDN18-ARHGAP26 organoids (n=3).
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Supplementary Figure S. Synergistic effect of FAK and TEAD inhibition

A, Representative images of phase contrast of CLDNI8-ARHGAP26 with Trp53 knockout
organoids treated with DMSO control, TEAD inhibitor VT103 (2 uM), Defactinib (1 pM)
or the combination for 48h. Scale bar = 100 pm. B, Weigh loss curve for CLDNIS-
ARHGAP26 with Trp53 knockout organoids xenograft tumors (n=8-10) treated with
vehicle control, defactinib (50 mg/kg, QD), VT103 (10 mg/kg, QD) or the combination. .
C, Representative p-FAK IHC of xenografts treated with Defactinib, VT103, Combo or
DMSO. Scale bar = 100 uym . D, IHC quantification for pFAK staining in FAKi
(Defactinib), VT103, Combo or DMSO xenograft samples (n=4-5).
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