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Abstract

Persistent activation of the latent transcription factor STAT3 is observed in gastric tumor epithelial
and immune cells and is associated with a poor patient prognosis. Although targeting STAT 3-
activating upstream kinases offers therapeutically viable targets with limited specificity, direct
inhibition of STAT3 remains challenging. Here we provide functional evidence that myeloid-
specific hematopoietic cell kinase (HCK) activity can drive STAT3-dependent epithelial tumor
growth in mice and is associated with alternative macrophage activation alongside matrix
remodeling and tumor cell invasion. Accordingly, genetic reduction of HCK expression in bone
marrow—derived cells or systemic pharmacologic inhibition of HCK activity suppresses alternative
macrophage polarization and epithelial STAT3 activation, and impairs tumor growth. These data
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validate HCK as a molecular target for the treatment of human solid tumors harboring excessive
STAT3 activity.

Introduction

The latent transcription factor STAT3 is activated in a majority of gastric cancers, and
positively correlates with disease progression, metastasis, and reduced overall patient
survival (1). Molecular reconciliation of these observations is afforded by excessive STAT3
activity in tumor cells promoting transcription of genes that mediate cancer hallmark
characteristics, including cell survival, proliferation, angiogenesis, invasion, and metastasis
(2). STAT3 is also excessively activated in tumor-associated myeloid cells and inhibits
antitumor immunity through immunosuppressive IL10, which further sustains STAT3
activation in a feed-forward loop (2).

Hematopoietic cell kinase (HCK) is one of nine SRC-family tyrosine kinases and is
primarily expressed in myeloid cells (3). HCK gene amplifications and copy number gains
occur in >50% of human gastric cancers and are associated with poor prognosis (4, 5), but
the functional significance of this observation remains unknown. In colon cancer, we have
defined a tumor cell-extrinsic role for HCK-dependent signaling in macrophages that
promotes their polarization toward a wound-healing/immunosuppressive alternatively
activated endotype with alternative activation and enhances expression of the STAT 3-
activating cytokines IL6 and IL11 in tumor cells and tumor-associated macrophages (TAM).
HCK-dependent signaling coincided with increased STAT3 activity in the tumor epithelium
and the formation of larger tumors (6). Conversely, genetic ablation or pharmacologic
inhibition of HCK activity suppressed colon tumor growth (6).

Here, we genetically delineate a causal relationship between HCK signaling in TAMs and
STAT3-dependent gastric tumor growth in mice. Combining genetic and pharmacologic
approaches, we establish the therapeutic benefit of targeting HCK activity in myeloid cells
as an effective means of interfering with STAT3-dependent tumor formation and
progression.

Materials and Methods

Mice and treatments

Age- and sex-matched wild-type (WT), homozygous HckCA/CA (7), Rag1O (8), Gp13dF/F
(9), Hck<O (10), and heterozygous Gp130F'* mice were maintained in specific pathogen—
free facilities at the Ludwig Institute for Cancer Research, the Walter and Eliza Hall Institute
of Medical Research, La Trobe University, and the Austin Hospital, Australia.

The HCK inhibitor RK20449 (11) was dissolved in 12% Captisol and administered twice
daily (i.p., 30 mg/kg) for 3 weeks (6). For adoptive transfer experiments, 8-week-old lethally
irradiated recipient mice received 5 x 10° donor bone marrow cells via tail-vein injection
(6). Tumor burden on whole-mounted excised stomachs was assessed as described
previously (12). Tumors and the adjacent “unaffected” normal antrum were processed
separately for molecular and histologic analysis.
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Immune cell isolation and flow cytometry

Tumors were cut into 1-mm pieces and digested in Collagenase/Dispase (Roche) and DNase
| (Roche) in Ca2*- and Mg2*-free Hank medium plus 10% FCS for 30 minutes at 37°C
under continuous rotation. Subsequently, samples were vortexed for 30 seconds to dissociate
immune cells, and the resulting cell suspension was filtered and washed in PBS plus 10%
FCS. Following incubation with Fc block (Thermo Fisher Scientific) on ice for 10 minutes,
cells were incubated with fluorophore-conjugated primary antibodies (Supplementary Table
S1) for 20 minutes on ice in the dark, washed twice, and resuspended in PBS supplemented
with 10% FCS. Purification and quantification of TAMs, identified as F4/80* subpopulation
of CD45"CD11b*Ly6G~Ly6C~SiglecF~ cells, was performed and analyzed on the BD
Fortessax20 and Aria cell sorter as described previously (6). Dead cells were identified by
propidium iodide staining and excluded from analysis. Analysis of all experiments was
performed using compensated data with FlowJo software (Mersion 10).

RNA extraction and gRT-PCR analysis

RNA extraction from whole tissues and FACS-purified macrophages was performed using
RNeasy Mini/Micro kits (Qiagen) according to the manufacturer's instructions. RNA (2 ug)
was used to generate cDNA with the High Capacity cDNA Reverse Transcription Kit
(Applied Biosystems) according to the manufacturer's instructions. Quantitative RT-PCR
analysis was performed on duplicate samples with TagMan Real-Time PCR Master mix
(Life Technologies) using the Viia7 Real-Time PCR System (Life Technologies) for 40
cycles (95°C for 15 seconds, 60°C/1 minute) and following an initial holding stage (50°C/2
minutes, 95°C/10 minutes). 185 or Gapadhwere used as housekeepers and fold changes in
gene expression were obtained using the 272A% method (13).

TagMan probes used were mouse 785 (Mm04277571_s1), Gapdh (Mm99999915 g1), //6
(MmO00446190_m1), //11 (Mm00434162_m1), Socs3 (MmO00545913_s1), Mmp2
(MmO00439498_m1), Mmp9 (MmO00442991_m1), //70(Mm01288386_m1), Argl
(MmO00475988_m1), and Vegfa (Mm00437306_m1) from Thermo Fisher Scientific.

Western blotting

Protein lysates were prepared and resolved on 10% SDS-polyacrylamide gels (6). Following
dry transfer, polyvinylidene difluoride membranes were blocked for 1 hour at room
temperature in Odyssey Blocking Buffer (L1-COR Biosciences) and incubated overnight at
4°C with antibodies against pY-STAT3/STAT3 or actin (Supplementary Table S1). Blots
were then incubated with fluorescent-conjugated secondary antibodies for 1 hour at room
temperature and visualized using the Odyssey Infrared Imaging System (LI-COR
Biosciences).

IHC and Masson Trichrome quantification

Paraffin-embedded sections were boiled in citrate buffer (pH 6 for 15 minutes) and
incubated with 3% H,0, for 20 minutes to block endogenous peroxidases. Sections were
blocked in 10% normal goat serum for 1 hour at room temperature before incubation in
primary antibody against F4/80 at 4°C in a humidified chamber overnight (Supplementary
Table S1). Biotinylated secondary antibody from the Avidin Biotin Complex ABC Kit
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(\Vector Laboratories) was used according to the manufacturer's instructions. Antigen
visualization was achieved using 3,3-Diaminobenzine (DAB, DAKO). Images were
collected and analyzed with Aperio ImageScope v11.2.0.780 software. Quantification of
Masson Trichrome staining at the tumor stroma boundary (% blue staining) was performed
using the color threshold function in ImageJ.

Matrigel Boyden chamber assay

Bone marrow—derived macrophages (BMDM) were seeded at 1 x 10° cells/insert in a
Matrigel invasion chamber (BD Biosciences) supplemented with a CSF-1 gradient for 16
hours before fixation in 4% paraformaldehyde. Some chambers were supplemented with 30
nmol/L RK20449. Invasion of BMDM was determined by enumerating cells at the distal
side of membranes in 10 representative fields at 20x magnification, and these numbers were
normalized to the total number of cells inoculated in the control wells. Assays were
performed in triplicate in at least three independent experiments.

Gelatin degradation assay

BMDM s (2 x 10°) were seeded in 35-mm glass-bottom dishes coated with Cy3-labeled
gelatin (QCM Gelatin Invadopodia Assay; Millipore) in medium supplemented with 120
ng/mL CSF1 (kind gift from Richard Stanley, Albert Einstein College of Medicine, Bronx,
NY) and 20 ng/mL IL4 (Miltenyi Biotec) and, where indicated, treated with either DMSO, 2
umol/L SU6656 (Sigma), 30 nmol/L RK20449 (11), or 5 umol/L GM6001 (Sigma). Cells
were incubated in 37°C, 5% CO», for 24 hours, then fixed, stained for F-actin with Alexa
488-phalloidin, and mounted in Prolong Gold (Thermo Fisher Scientific) with DAPI.
Samples were imaged with five representative fields at 10x magnification and degraded area
(corrected for cell area), as indicated by the absence of Cy3 signal, was quantified relative to
total area by thresholding using ImageJ.

3D coculture invasion assay

The BMDM coculture invasion assay was conducted with tumor cell spheroids generated
from the Mycoplasma-free Py8119 cell line (ATCC CRL-3278; received in 2015 and
authenticated by the ATCC) as described previously (14). For each experiment, freshly
thawed cells were maintained in culture for approximately 20 days. Individual spheroids
were cocultured with 1 x 10> BMDMs for 3 days before embedding into Matrigel, and
phase-contrast imaging was used to determine the starting area of the spheroids (day 0).
After 7 days, the degree of invasion was measured in ImageJ by subtracting the area of the
tumor spheroid at day 0 from the area at day 7 (AD7-D0), defined by the extent of the
“halo” of invading cells that had dispersed away from the original spheroid into the matrix.
At least 3 tumor spheroids for each condition were assessed in three independent
experiments.

Study approval

All animal studies were approved and conducted in accordance with the Animal Ethics
Committees of the Ludwig Institute for Cancer Research, the Walter and Eliza Hall Institute
of Medical Research, and Austin Life Science.
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Statistical analysis

Results

All experiments were performed at least twice with a minimum of 3 age- and sex-matched
mice per group. The specific number of animals used per cohort is indicated in the
respective figure legends.

Unless otherwise stated, comparisons between mean values were performed with a two-
tailed Student ¢test using Prism 7 software (GraphPad). A Pvalue of <0.05 was considered
statistically significant.

Constitutive HCK activity in BMDMs promotes gastric cancer through STAT3 signaling

To investigate a functional link between HCK and STAT3 signaling in gastric cancer, we
utilized the Gp130F'F mouse model, where disruption of the Socs3-dependent negative
feedback loop results in excessive STAT3 signaling upon engagement of the shared Gp130
receptor by L6 family cytokines (15). All homozygous Gp130F/F mice spontaneously
develop intestinal-type gastric adenomatous tumors that are dependent on continuous
excessive STAT3 activity in the gastric epithelium (9, 16, 17) but not in immune cells, as
Gp130FF mice reconstituted with WT or lymphocyte-deficient Rag2© bone marrow still
develop tumors (Supplementary Fig. S1A). In contrast, GpZ307* mice remain tumor-free as
a result of insufficient STAT3 activity (ref. 9; Fig. 1A). All Gp130*; HcKCACA mice
harboring a homozygous mutation encoding a constitutively active isoform of HCK (ref. 6;
HCKCAICA) developed gastric tumors. Tumors in 1-year-old Gp130F™*; HcKCA/CA mice were
larger than in age-matched Gp130F/F littermates, and coincided with increased abundance of
phosphorylated and transcriptionally activated pY-STAT3 (Fig. 1A and B). Compared with
tumors from Gp1307/F littermates, we also observed increased expression of genes
associated with STAT3 activation (i.e., the cytokines //6, //11) and STAT3 activity (i.e., the
target gene Socs3) in tumors and in FACS-purified TAMSs of Gp130F/*; HcKCA/CA mice
(Supplementary Fig. S1B and S1C).

To confirm that tumor development in Gp230F/*; HckSAICA mice was a consequence of
excessive tumor-extrinsic (i.e., hematopoietic cell-derived) HCK activity, we adoptively
transferred bone marrow of HckCA/CA mice into tumor-free Gp130F/* animals. At 1 year of
age, these recipients had developed gastric tumors, whereas Gp130F'* recipients
reconstituted with either WT, Gp130F'*, or Gp130F'F bone marrow remained tumor-free
(Fig. 1C). Tumors of Gp15* recipients reconstituted with HckC~/CA bone marrow showed
elevated pY-STAT3 (Supplementary Fig. S1D), which correlated with upregulation of //6,
1111, and Socs3 gene expression when compared with the unaffected antrum of Gp130F/*
recipients reconstituted with WT bone marrow (Supplementary Fig. S1E). These results
suggest that increased HCK activity in hematopoietic cells drives tumor initiation and
development, most likely by increasing STAT3 activity in the gastric epithelium and
emerging tumors.

Cancer Immunol Res. Author manuscript; available in PMC 2021 April 23.
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Constitutive HCK activation in myeloid cells promotes gastric tumor invasion

Given that tumors in Gp130F* mice with excessive HCK activity were larger than those in
their Gp130F'F littermates, we hypothesized that these tumors had acquired other
characteristics of neoplastic transformation. Indeed, all tumors of 22 Gp1307/*; HCkCAICA
mice showed epithelial cell invasion through the basement membrane, which was not
observed in tumors of the 15 age-matched Gp13¢F/F littermates (Fig. 2A). Tumors of
Gp130F™*; HekCACA mice also showed increased collagen deposition at the tumor/stroma
boundary compared with Gp130F/F animals (Supplementary Fig. S2A). Epithelial cells at the
invasive front of Gp130F/*: HCKCA/CA tumors were surrounded by F4/80* TAMs (Fig. 2B).
Although flow cytometry analysis revealed a comparable abundance of TAMs in tumors of
Gp130FIF and Gp130F!*; HokSA/CA mice, we observed a higher percentage of CD206*
alternatively activated macrophages in Gp130°/*: HCKCA/CA tumors (Supplementary Fig.
S2B). TAMs of Gp130F"*; HcKCA/CA mice also displayed increased expression of STAT3-
responsive genes associated with matrix degradation (Mmp2, Mmp9) and alternative
macrophage polarization (//10, Arg1, Vegfa, Fig. 2C).

To show that excessive HCK activity enhances the capacity of macrophages to invade and
degrade extracellular matrix, we assessed the activity of WT and Hck®A'CA BMDM s in a
Matrigel-coated Boyden chamber assay and found enhanced invasive capacity of HckCAICA
macrophages compared with their WT counterparts (Fig. 2D). Treatment with the HCK-
specific small-molecule inhibitor RK20449 was as effective as treatment with the pan-SFK
inhibitor SU6656 at reducing the capacity of macrophages of either genotype to degrade
matrix (Fig. 2E). To assess the contribution of MMPs in matrix degradation, we treated WT
and HckCA'CA BMDMSs with the pan-MMP inhibitor GM6001. We observed that matrix
degradation by HckCA/CA BMDMs, but not by WT BMDMs, still occurred in the presence
of GM6001 (Supplementary Fig. S2C).

We then used a three-dimensional spheroid coculture system to assess whether HckCA/CA
macrophages had an increased ability to support tumor cell invasion into the surrounding
matrix. As shown previously, tumor cells comprising the spheroid fail to invade matrix in the
absence of BMDMs (14). However, tumor cell invasion readily occurred when spheroids
contained WT BMDMs and further increased in cocultures with Hck“A'CA BMDMs
(Supplementary Fig. S2D). Thus, excessive HCK activation in macrophages enhances their
ability to remodel and degrade matrix and to support tumor cell invasion.

Inhibition of HCK attenuates STAT3 signaling and gastric tumor growth

To correlate our preclinical observations with consequences of aberrant HCK and STAT3
activation in gastric cancer in humans, we assessed the survival probability of patients with
intestinal-type gastric cancer whose tumors highly expressed HCK and STAT3, either
independently of each other or simultaneously. We exploited the Kaplan—Meier plot
database (18) and separated 320 patients according to median gene expression. We observed
a poorer outcome for patients with either HCKHI9N- or STATSHIIM_expressing tumors
compared with individuals with HCK-OW- or STATS-W-expressing tumors (Fig. 3).
Consistent with our observation that HCK lies functionally upstream of the IL6/11-Gp130-
STAT3 signaling cascade in mice (19, 20), we detected only a minimal increase in hazard
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ratio (HR) when the low versus high expression criteria for HCKand STAT3were
combined.

We also compared the survival probability of patients according to their HCK expression
with that for macrophage markers associated with alternative polarization (e.g., /L10, /L13,
CD163) and abundance (CD68). We observed a reduced overall survival probability for
patients with /2207190, 1 13Hi9h cp163Hi9h or CD681IN-expressing tumors compared
with their low-expressing counterparts (Supplementary Fig. S3). However, combining
expression of HCK with that of these markers individually did not significantly affect the
HR. This correlative observation is consistent with our findings in mice that excessive HCK
activation promotes alternative macrophage polarization and associated tumor progression.

We next assessed the therapeutic benefit of deleting the Hck gene as an indirect way to
impair STAT3 signaling. We adoptively transferred bone marrow from homozygous Hck
knockout (Hck<O) mice into tumor-bearing 8-week-old Gp130F'F mice. Twelve weeks later,
we observed smaller tumors in mice reconstituted with Hck<O bone marrow compared with
recipient mice of Gp130F'F bone marrow (Fig. 4A). This observation coincided with reduced
pY-STAT3 and reduced expression of //6, //11, and Socs3in tumors of mice reconstituted
with HckKO bone marrow (Fig. 4B and C). Similarly, these genes, alongside Argl as a
prototypical gene of the alternatively activated macrophage endotype, were also reduced in
TAMs of HckXC bone marrow recipients, suggesting impaired alternative macrophage
activation (Fig. 4D). We validated these observations in a therapeutic setting, where we
treated tumor-bearing 16-week-old Gp1307/F mice with the small-molecule HCK kinase
inhibitor RK20449 (6) for 3 weeks and observed a significant reduction in total tumor
burden, which coincided with decreased pY-STAT3 in these tumors (Fig. 4E and F).

Collectively, our results demonstrate that inhibition of HCK signaling in bone marrow—
derived cells provides a therapeutic opportunity to reduce protumorigenic STAT3 activity in
the tumor epithelium and to suppress tumor progression in a preclinical model of gastric
cancer.

Discussion

STAT3 is overexpressed or excessively activated in most solid malignancies and represents a
therapeutic target for cancer treatment (21). We have identified a mechanism whereby
myeloid cell-specific HCK signaling confers excessive STAT3 activity in the gastric
epithelium and promotes tumor development and invasion. Accordingly, either genetic
reduction of Hck expression or pharmacologic inhibition of its activity impairs the growth of
STAT3-dependent tumors by interrupting crosstalk between myeloid and epithelial cancer
cells. Given the association between poor patient prognosis and persistent STAT3 activation,
as well as its frequent occurrence in colon (22), stomach (23), and other solid malignancies,
our findings raise potential therapeutic opportunities for patients with excessive tumor-
associated HCK activity or elevated HCK gene expression (4, 6).

The findings here align with our previous suggestion that excessive STAT3 activity in
carcinogen-induced colon tumors in HckCA/CA mice promotes their growth (6). Both in the
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Poh et al.

Page 8

colon and stomach, these observations were underpinned by increased //6, //11, and Socs3
gene expression in tumors and TAMs of mice reconstituted with bone marrow harboring the
HCKCAICA allele. Accordingly, tumor burden in either organ was reduced following genetic
ablation or pharmacologic inhibition of HCK activity and correlated with reduced //6, //11,
and Socs3expression. In TAMs with excessive HCK activity, we also observed increased
expression of the STAT3-activating ligands Vegfa and //10, suggesting that increased HCK
signaling may instigate and sustain a feed-forward loop between innate immune and tumor
epithelial cells to retain excessively activated STAT3 in the latter cell type. Although our
analysis does not distinguish between the relative contribution of the STAT3-activating
cytokines IL6, 1L10, and I1L11 to tumor growth, we have previously shown that genetic
ablation of the //11ra receptor subunit, but not the //6ligand, completely prevents tumor
development in Gp130FF mice (24). In addition to its indirect effect described here, HCK is
also likely to modulate Gp130-dependent STAT3 signaling in a cell-autonomous manner,
because HCK binds to the acidic domain of and coimmunoprecipitates with Gp130 (19, 20).
Meanwhile, the Gp130 activating cytokines IL6 and leukemia-inhibitory factor stimulate
HCK activity in multiple myeloma and embryonic stem cells (19, 20). Thus, excessive HCK
activity in tumor-associated myeloid cells, alongside the associated induction and
maintenance of their alternatively activated endotype, may also be maintained through an
additional autocrine feed-forward mechanism based on excessive IL6/IL11 production by
TAMs (Supplementary Fig. S4). Our observation of comparable association between patient
survival and simultaneously elevated HCK and STAT3expression indicates that HCK and
STAT3 lie in the same functional, albeit not necessarily biochemical, pathway during gastric
cancer progression. Consistent with our observations in mice, we also find similar HRs
between HCK expression in patients with gastric cancer and expression of the alternative
macrophage activation markers /L10, /L13, and CD163.

Here we reveal /n vivo evidence that aberrant HCK activity in macrophages promotes tumor
invasion in advanced stage cancer. Our evidence is supported by observations whereby HCK
facilitates podosome formation and extracellular matrix degradation by macrophages (25,
26) to enable formation of tunnels in the stroma that facilitate escape of tumor cells
independent of their own matrix-degrading ability (27). Likewise, macrophages are obligate
partners for cancer cell migration and metastasis (28) and can stimulate the invasion of
gastric and colorectal cancer cells i vitro (29). Indeed, Hck<O macrophages fail to migrate
through Matrigel and to promote tumor cell invasion (30). Conversely, we observed invading
tumor cells alongside macrophages in the gastric submucosa of Gp130F"*; HCKCA/CA mice
but not in their Gp130F/F littermates, consistent with the alternatively activated endotype of
Gpl130F'*: HOKCACA TAMES.

Despite the persistence of STAT3 activation in a majority of human cancers, direct inhibition
of its activity has proven challenging due to dose-limiting toxicity. Global inhibition of
STAT3 impacts normal cellular function and health (31, 32) and genetic ablation of Stat3in
hematopoietic cells predisposes mice to leukocytosis and chronic enterocolitis (33). For this
reason, targeting upstream activating kinases such as HCK offers an alternative approach for
indirect suppression of STAT3-dependent tumor growth, without incurring detrimental
phenotypes (6). Indeed, our results demonstrate that inhibition of HCK in innate immune
cells is sufficient to interfere with autocrine/paracrine signaling mechanisms that retain
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constitutive STAT3 activation within tumors, resulting in impaired growth. Future studies are
required to determine whether inhibition of HCK also mediates STAT3 independent
antitumor activities and facilitates a more effective antitumor immune response.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Constitutive HCK activity in bone marrow—derived cells enhances STAT3-dependent tumor

growth. A, Representative hematoxylin and eosin (H&E)-stained stomach cross-sections
collected from 1-year-old Gp130F/*, Gp130F/F, and Gp13dF!*; HCKCA/CA mice. Total antral
tumor mass is shown, and each symbol represents an individual mouse. Forestom.,
forestomach. Scale bar, 3 mm. B, Western blot analysis for phosphorylated and total STAT3
protein isoforms on normal stomach (N) and tumor cell (T) lysates of 1-year-old Gp13¢F/F
and Gp130F!*; HcKCACA mice. Actin was used as a loading control. Each lane represents an
individual mouse. C, Representative H&E-stained stomach cross-sections collected from 1-
year-old Gp730°/* recipient mice that were reconstituted at 8 weeks of age with bone
marrow of the indicated genotypes. Tumor burden was quantified as in A in individual mice.
Scale bar, 3 mm. Data represent mean = SEM, P values from unpaired Student ftest (***, P
< 0.001). All experiments were performed at least twice. Please also refer to Supplementary
Fig. S1.
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Figure2.
Excessive HCK activation promotes tumor cell invasion in Gp130F*; HckeA/CA-mutant

mice. A, Representative hematoxylin and eosin (H&E)-stained stomach cross-sections
collected from 1-year-old Gp130F/F and Gp130F*; HcKCACA mice. BM, basement
membrane; M, muscularis; T, tumor. Arrows indicate tumor cells that have invaded through
the basement membrane into the muscularis. Scale bar, 300 um. B, Representative
immunostaining for F4/80" macrophages surrounding the invasive front of a

Gp130°!*: HCKCACA tumor. Scale bar, 200 um. C, gRT-PCR analysis on TAMs isolated from
Gp130FF and Gp130F"*; HCKCAICA mice for genes associated with matrix remodeling and
alternative macrophage polarization. 7= 4 mice per cohort, Pvalues from unpaired Student ¢
test (**, P< 0.01; *** P<0.001). D, Invasion of WT and HckCA’CA BMDM s through a
modified Matrigel Boyden chamber assay and cultured in the presence of CSF1. Data were
normalized to WT, and P values were calculated from one-way ANOVA with Bonferroni
post hoc analysis (***, P< 0.001). E, Invasion of WT and HckCA/CA BMDMs through a
Cy3-conjugated gelatin matrix. Where indicated, cells were treated with 2 pmol/L DMSO,
30 nmol/L RK20449, or 2 ymol/L SU6656. Pvalues from one-way ANOVA with Bonferroni

Cancer Immunol Res. Author manuscript; available in PMC 2021 April 23.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Poh et al.

post hoc analysis (*, P< 0.05; ***, £<0.001). All data represent mean £ SEM. All
experiments were performed at least twice. Please also refer to Supplementary Fig. S2.
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Increased HCK expression confers a poorer overall survival in patients with human
intestinal-type gastric cancer. Overall survival analysis of HCK, STAT3, and HCK; STAT3
high- versus low-expressing intestinal-type gastric cancer patients (77 = 320) stratified at the
median level of gene expression from the manually curated Kaplan—Meier plot database

(18). Please also refer to Supplementary Fig. S3.
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Figure 4.
Genetic ablation or pharmacologic inhibition of HCK signaling impairs STAT3-dependent

gastric tumor growth. A, Representative whole-mount images of stomachs opened along the
outer curvature and collected from Gp130F/F bone marrow chimeras 12 weeks after their
reconstitution with either Gp130F/F or Hek<© bone marrow (BM) at 8 weeks of age. Scale
bar, 2 cm. Arrows indicate tumors. Total antral tumor mass for each individual mouse is also
shown. B, Western blot analysis for phosphorylated and total STAT3 protein isoforms on
tumor lysates prepared from Gp130F/F bone marrow recipients analyzed in A. Actin was
used as a loading control. Each lane represents an individual mouse. C, gRT-PCR analysis
for /6, 1111, and Socs3 expression in whole tumors of Gp130F/F bone marrow chimeras
analyzed in A. n= 8 mice per cohort. D, qRT-PCR gene expression analysis of TAMSs
isolated from Gp130°/F bone marrow chimeras analyzed in A. 7> 6 mice per cohort. E,
Total antral tumor mass of Gp130F/F mice following systemic administration of RK20449
(30 mg/kg) or vehicle (12% Captisol) at 16 weeks of age for 3 weeks. F, Western blot
analysis for phosphorylated and total STAT3 protein isoforms on tumor lysates prepared
from Gp130F'F mice treated for 3 consecutive weeks with RK20449 (30 mg/kg) or vehicle
(12% Captisol) at 16 weeks of age. Actin was used as a loading control. Each lane
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represents an individual mouse. Data represent mean + SEM, Pvalues from unpaired
Student ttest (*, P< 0.05; **, P<0.01; ***, £<0.001). All experiments were performed at
least twice.
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