





Anti-tumor efficacy evaluation of anti-ASCT2 antibody using gastric cancer PDX

Figure 1. Histologic and antigen expression analysis on tumor specimens of gastric cancer patient-derived xenograft
mouse models. A. Histologic images of PDX sections were obtained by staining paraffin sections with hematoxy-
lin-eosin. B. Immunohistochemical images of ASCT2 were obtained by staining frozen sections using biotinylated
KM8094 and its secondary antibody. Scale bar represents 100 ym. C. Binding activity of KM8094 to tumor cells
were analyzed by flow cytometry. Cells were incubated either with KM8047 (control antibody, broken line histogram)
or KM8094 (grayed histograms), and stained with PE-conjugated goat anti-human IgG monoclonal antibody as the
secondary antibody. The MFI ratio was calculated according to the following formula: MFI ratio = (S)/(C) where S
is the MFI of cells stained by KM8094, C is the MFI of cells stained by KM8047 (MFI: mean fluorescent intensity).

The effect of KM8094 on glutamine uptake
in gastric cancer patient-derived xenograft
mouse models

Dissociated tumor cells were plated at 10°
cells/well in a 96-well U bottomed plate. KM-
8094 or KM8047 was added at 30 pyg/ml to
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the cells for 15 min at 37°C, following which,
3H-glutamine (Perkin Elmer) was then added to
the cells for uptake at 37°C for 15 min. After
the excess 2H-glutamine was washed off, cells
were lysed in NP-40 buffer (Invitrogen) and the
amount of 3H-glutamine taken up by the cells
was read on a LumaPlate (PerkinElmer) by
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Figure 2. The effect of KM8094 on glutamine uptake
in gastric cancer patient-derived xenograft mouse
models. A. Basal level of *H glutamine uptake in PDX
lines. The graph represents the average values (in
count per minute) obtained from 2-5 individual ex-
periments for each PDX line. B. Inhibition of *H glu-
tamine uptake in PDX lines by 30 uyg/ml KM8047
or KM8094. The results are shown on the graph as
a percentage change from the basal level (no anti-
body treatment) of *H glutamine uptake in each PDX
line. The graph represents the average percentage
change obtained from 2-5 individual experiments for
each PDX line. Bars represent standard deviation.

Microbeta2 (PerkinElmer). Statistical signifi-
cance was analyzed using student’s t test in
Microsoft Excel.

Anti-tumor efficacy of KM8094 in gastric can-
cer patient-derived xenograft mouse models

Animal experiments: All animal experiments
were conducted with the approval of Institu-
tional Animal Care and Use Committee (IACUC)
in the National University of Singapore (NUS)
and Biological Resource Centre (BRC) in A*Star
(Singapore). C.B-lgh-1°/IcrTac-Prkdcsc (SCID)
male mice were purchased from InVivos (Sing-
apore). For each PDX model, each tumor tissue
passaged via mice was inoculated subcu-
taneously with a trocar into 65-80 SCID mice.
Passage numbers at dosing for GC117, GC119,
GC127, GC84, and GC113 were 8, 8, 7, 13,
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and 11, respectively. After the tumors grew to
about 200 mm3, 20 mice were selected and
divided into two groups (10 mice each except
for GC119:1 mouse missing in the vehicle con-
trol group). The mice received bolus injection of
PBS (vehicle, Invitrogen) or KM8094 (10 mg/
kg) from tail vein once weekly for 2 weeks for
GC119 or 3 weeks for the other PDX lines.
Vehicle and the antibody solutions were admin-
istered at a volume of 5 ml/kg body weight.
Body weight and tumor volume of the mice
were measured once or twice a week.

Statistical methods for analysis of raw data for
the animal experiments: Tumor volume was
calculated using Microsoft® Excel 2007 as fol-
lows: tumor volume = DL x DS x DS x 1/2 (DL,
long diameter; DS, short diameter). Statistical
analysis was performed using the SAS software
program (Release 9.2, SAS Institute), in which
tumor volume on the last day was used as a
parameter. Significant differences between the
KM8094-treated group and the vehicle-treated
group were analyzed by Student’s t-test or
Aspin-Welch t-test. In these tests, P<0.05 was
considered significant.

Identification for predictive biomarker candi-
dates by multi-omics analysis on gastric can-
cer patient-derived xenograft mouse models

Gene expression array analysis: Total RNA was
extracted using RNeasy Mini Kit (Qiagen) from
tumor tissues of GC117, GC119, GC84, and
GC127. The gene expression array analysis was
conducted in triplicate using tumor tissues
from three individual mice for each PDX model.
Gene expression profiling was performed using
Ilumina Human HT-12 v4 Bead-Chips. For each
sample, 250 ng of total RNA was labeled using
an lllumina TotalPrep-96 RNA Amplification
Kit (Ambion) according to the manufacturer’'s
instructions. The arrays were scanned using
HiScan Array Scanner (lllumina). The output
gene list table was ordered by fold difference
of gene expression of responders (GC117 and
GC119) against non-responders (GC84 and
GC127). We defined responders and non-
responders based on the results of anti-tumor
efficacy tests (Figure 2). We used 0.05 as a
threshold for both a paired t-test p-value and a
false discovery rate (FDR).

DNA methylation array analysis: Genomic DNA
was extracted using QIAmp DNA Mini Kit (Qi-
agen) from tumor tissues of GC117, GC119,
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GC84, and GC127. The DNA methylation analy-
sis was conducted in triplicate using tumor tis-
sues from three individual mice for each PDX
model. Array-based specific DNA methylation
analysis was performed with the Infinium Hu-
man Methylation 450K bead chip technology
(llumina). The arrays were scanned using Hi-
Scan Array Scanner (lllumina). The output gene
list table was ordered by fold difference of DNA
methylation of responders (GC117 and GC119)
against non-responders (GC84 and GC127).
We used 0.05 as a threshold for FDR.

Metabolomics analysis: Metabolome measure-
ments were carried out through a facility ser-
vice at Human Metabolome Technologies (HMT,
Tsuruoka, Japan). Frozen tissues taken from
GC117, GC119, GC84, and GC127 were plung-
ed into 50% acetonitrile/Milli-Q water contain-
ing internal standards (HMT) at 0°C in order to
inactivate enzymes. The tissues were homoge-
nized at 1,500 rpm for 120 s using a tis-
sue homogenizer (Microsmash MS100R, Tomy
Digital Biology) and then the homogenate was
centrifuged at 2,300 x g and 4°C for 5 min.
Subsequently, the upper aqueous layer was
centrifugally filtered through a Millipore 5-kDa
cutoff filter at 9,100 x g and 4°C for 120 min to
remove proteins. The filtrate was centrifugally
concentrated and re-suspended in 50 pl of
Milli-Q water for CE-MS analysis. The metabolo-
mics analysis was conducted in triplicate using
tumor tissues from three individual mice for
each PDX model. The following parameters
were calculated by the formula below.

[ATP] + 0.5 X [ADP]
[ATP] + [ADP] + [AMP]

Adenylated Energy Charge =

Total Adenylate=[ATP]+[ADP]+[AMP]

[cTP]+ 0.5 X[GDP]
GTP]+[GDP]+[GMP]

Guanylate Energy Charge = [

Total Guanylate=[GTP]+[GDP]+[GMP]
Results

Analysis of ASCT2 levels and function in gas-
tric cancer PDX lines

Histologic analysis revealed that the gastric

cancer PDX lines used in our studies were simi-
lar to their primary tumors (Figure 1A). Analysis
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of ASCT2 levels in PDX samples by immuno-
histochemistry (Figure 1B) and flow cytometry
(Figure 1C) showed that there were varying lev-
els of ASCT2 expression among the five PDX
lines. The highest level of ASCT2 expression
was seen in GC127, using immunohistochemis-
try (Figure 1B) and flow cytometry (Figure 1C).
Given the varying levels of ASCT2 expression
among the five PDX lines, we sought to deter-
mine if glutamine uptake in these PDX lines
would also vary in a similar manner. Intriguingly,
GC119 showed the highest uptake of 3H gluta-
mine uptake while GC117 showed the lowest
(Figure 2A).

In vitro and in vivo efficacy of KM8094 in gas-
tric cancer PDX lines

We proceeded to analyze the efficacy of
KM8094 in vitro via the 3H-glutamine uptake
assay and in vivo by determining the anti-
tumor efficacy of KM8094 in gastric cancer
PDX lines. KM8094 significantly inhibited (P<
0.01) 3H-glutamine uptake in GC117 at 30 mg/
ml as compared to the control antibody, KM-
8047 (Figure 2B). With the exception of GC-
127, we observed trends of lower *H-glutamine
uptake in all other PDX lines as compared to
the control antibody, KM8047, however these
differences did not prove to be statistically
significant.

The in vivo anti-tumor efficacy of KM8094 in
the five PDX lines is shown in Figure 3. Sta-
tistically significant differences in the mean
tumor volumes between the KM8094-treated
group and the vehicle control-treated group
were observed for GC119 and GC117. The
mean tumor volumes in the KM8094-treated
group were consistently lower than those in the
control-treated group in GC113, although the
differences between the two groups were not
statistically significant.

Identification of predictive biomarker can-
didates by multi-omics analysis on gastric
cancer PDX lines

Given that not all PDX lines responded equally
to KM8094 in vivo, we conducted multi-omics
(gene expression, DNA methylation, and metab-
olomics) exploration for biomarker candidates
that could be used to predict PDX models
response to KM8094 prior to treatment.
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Gene expression and DNA methylation array
analyses: Based on their response to KM8094
in vivo (Figure 3), we conducted gene expres-
sion and DNA methylation array analyses on
four untreated PDX lines that have been
grouped into responders (GC117 and GC119)
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Figure 3. In vivo anti-tumor efficacy of
KM8094 in gastric cancer patient-derived
xenograft mouse models. PBS (vehicle) or
KM8094 (10 mg/kg) was intravenously ad-
ministered. Each black triangle represents
dosing time point. Each plot represents the
mean+SD of tumor volume (n=10, except
for GC119 vehicle group; n=9). *: P<0.05
versus vehicle-treated group (analyzed by
Student’s t-test or Aspin-Welch t-test), §:
n=9 due to death of one mouse, §§: n=8
due to death of two mice, §§§: n=6 due to
death of four mice.

and non-responders (GC84 and GC127). The
output gene list was ordered by differential
gene expression of responders against non-
responders, according to conditions described
in Materials and Methods. There were a total
of 11 genes that were upregulated by more
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Figure 4. Candidate lists for predictive biomarkers identified by multi-omics analysis on gastric cancer patient-
derived xenograft mouse models. A. Predictive biomarker candidates identified by analyzing fold difference of gene
expression data between responders (GC117 and GC119) and non-responders (GC84 and GC127). TFF2: trefoil
factor 2, CMBL: carboxymethylenebutenolidase homolog (Pseudomonas), PI3: peptidase inhibitor 3, skin-derived,
MUC13: mucin 13, cell surface associated, RARRES3: retinoic acid receptor responder (tazarotene induced) 3,
SMIM24: small integral membrane protein 24, ANG: angiogenin, ribonuclease, RNase A family, 5, TM4SF20: trans-
membrane 4 L six family member 20, IFI127: interferon, alpha-inducible protein 27, RAC2: ras-related C3 botulinum
toxin substrate 2, ECHDC3: enoyl CoA hydratase domain containing 3. B. List of genes selected by analyzing fold
difference of gene expression and DNA methylation data between responders and non-responders. TSS represents
transcription start site. CRISPLD2: cysteine-rich secretory protein LCCL domain containing 2, HIST1H1C: histone
cluster 1, Hlc, KCNS1: potassium voltage-gated channel, modifier subfamily S, member 1, LRG1: leucine-rich alpha-
2-glycoprotein 1, PLCL2: phospholipase C-like 2, RNASE4: ribonuclease, RNase A family, 4.

than 5 fold in responders, as compared to non-
responders (Figure 4A). The expression level of

times lower than that in non-responders alt-
hough the FDR was higher than that described

TFF2 (trefoil factor 2) in responders was the
highest among these candidates and none of
these candidates showed differential DNA me-
thylation. On the other hand, there were no
genes that were down-regulated in responders
by more than 5 fold with significant p-value and
FDR. However, it is to be noted that ASCT2 gene
expression in responders was more than 5
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in Materials and Methods (p-value: 0.0021,
FDR: 0.0709, fold difference: -5.597). Besides
that, one hundred and three genes were found
to be differentially expressed by more than 2
fold in responders, as compared to non-res-
ponders. Of which, 8 of these genes were found
to have 0.5 fold differential DNA methylation
and are listed in Figure 4B.
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Metabolomics analysis: The differences in bas-
al level uptake of glutamine in the PDX lines
suggest inherent metabolic differences that
might be responsible for the varying efficacy of
KM8094 in vitro and in vivo. We measured
a wide range of metabolites in tumors taken
from GC117, GC119, GC84, and GC127, of
which, the parameters, adenylate energy ch-
arge (AEC) and guanylate energy charge (GEC),
representing intracellular energy status, were
prominently higher in non-responders (Figure
5A). Furthermore, GSH and NADPH, which have
reducing ability, were also higher in non-respon-
ders (Figure 5B). In addition, some of the sub-
strates for ASCT2, GIn and Cys were clearly
high in GC127 and GC84, respectively, which
have been defined as a non-responder (Figure
5C).

Discussion

ASCT2, also known as SLC1A5, is a Na+-de-
pendent glutamine/neutral amino acid trans-
porter. ASCT2 acts as a high-affinity transport-
er of L-glutamine (GIn) and has been reported
to be up-regulated in a variety of cancer types
[5]. Recently, a novel anti-ASCT2 monoclonal
antibody with a neutralizing activity against glu-
tamine uptake has been reported [12]. In this
translational study, we evaluated anti-tumor
efficacy of its humanized derivative antibody
(IgG1), KM8094 as a therapeutic antibody ag-
ainst gastric cancer and explored clinical pre-
dictive biomarker candidates by utilizing PDX
mouse models.

Low expression levels of ASCT2 and low basal
levels of glutamine uptake can contribute to
the anti-tumor efficacy of KM8094

In our study, H&E sections showed that there
were no major differences between PDX lines
and the primary tumor from which each PDX
line was generated (Figure 1A). All the PDX mo-
dels used were intestinal type according to the
Lauren classification [16] and the differentia-
tion levels ranged from moderate to poor. There
were varying levels of ASCT2 expression among
the PDX lines based on the staining intensi-
ties in the IHC images (Figure 1B). Similarly, the
ASCT2 expression levels analyzed by IHC were
consistent with the results obtained by flow
cytometry (Figure 1C).

GC119 and GC117 with low levels of ASCT2
were sensitive to anti-tumor effect of KM8094,
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as evidenced by statistically significant differ-
ences in the mean tumor volumes between the
KM8094-treated group and the vehicle control-
treated group (Figure 3). A similar trend was
observed in GC113, which also expressed low
levels of ASCT2. On the other hand, GC84 and
GC127, which had higher antigen expression
levels, were not susceptible to anti-tumor ef-
fect of KM8094. Overall, GC117 was the most
sensitive to the treatment with KM8094 as
demonstrated by statistically significant decre-
ases in glutamine uptake (P<0.01) in vitro as
well as the greatest reduction in tumor growth
in vivo. Based on the results, it would appear
the anti-tumor efficacy of KM8094 is inversely
correlated with expression levels of ASCT2 as
well as basal levels of glutamine uptake. GC117
had both low expression of ASCT2 and low
basal levels of glutamine uptake, thus KM8094
showed most potent anti-tumor efficacy in this
PDX line. Although GC113 and GC119 showed
similarly low levels of ASCT2, their ability to
uptake glutamine was higher than that seen in
GC117, which could account for the modest
anti-tumor efficacy seen in these PDX lines.
GC127 and GC84 showed lower basal levels of
glutamine uptake as compared to GC113 and
GC119. However they showed the highest ex-
pression levels of ASCT2, which could account
for the lack of anti-tumor efficacy by KM8094.
Taking these results into account, it would
appear that ASCT2 expression level and the
ability to uptake glutamine are potential predic-
tive biomarkers for determining anti-tumor effi-
cacy by KM8094.

Gene expression and DNA methylation array
analyses for predictive biomarker candidates

In this regard, we further explored other predic-
tive biomarker candidates by multi-omics anal-
ysis on untreated gastric cancer PDX lines by
comparing responder against non-responder
PDX lines. In the gene expression array analysis
(Figure 4A), there were a few promising mole-
cules which could be relevant for determining
KM8094 efficacy. For example, trefoil factor 2
(TFF2), whose expression level in responders
was far higher than that in non-responders, is
dominantly expressed in the stomach [17] and
secreted preferentially by gastric mucous neck
cells [18, 19]. TFF2 has been reported to pro-
mote gastric mucosal healing by inhibiting gas-
tric acid secretion and stimulating mucosal pro-
liferation [20]. In addition, TFF2 was suggested
as a potential marker of tumor metastasis and
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a negative prognostic factor in gastric cancer
[21]. Taken together, the proliferative role of
TFF2 in normal mucosal cytoprotection could
also be a contributing factor towards pathologi-
cal tumor development in the stomach. In addi-
tion, MUC13 could be another notable predic-
tive biomarker candidate for KM8094 efficacy.
MUC13 is one of the mucin family proteins that
covers the apical surface of the trachea and
gastrointestinal tract. It is frequently overex-
pressed in intestinal-type gastric cancer, but
not expressed in normal gastric mucosa [22]. It
is to be noted that ASCT2 gene expression in
responders was also remarkably lower than
that in non-responders, which is consistent
with our earlier hypothesis that ASCT2 expres-
sion level can be a potential predictive biomark-
er for KM8094. In the responder PDX lines, 8
genes were differentially expressed and meth-
ylated as compared to non-responders (Figure
4B). Notably, Angiogenin, ribonuclease, RNase
A family, 5 (ANG), was also shortlisted by gene
expression array analysis to be a candidate
marker (Figure 4A). ANG, known as an angio-
genesis factor, promotes the growth of tumor
cells and was reported to be more highly ex-
pressed in gastric cancer tissues as compared
to the surrounding non-tumor gastric mucosa
[23].

Metabolomics analysis for predictive biomark-
er candidates

Metabolomics analysis revealed some differ-
ences between responders and non-respond-
ers. The parameters, AEC and GEC, represent-
ing intracellular energy status were prominently
higher in non-responders (Figure 5A). Also, as
shown in Figure 5B, GSH and NADPH, which
have reducing ability, were apparently higher
in non-responders, suggesting non-responders
would be resistant to oxidative stress, which
may lead to resistance to KM8094 treatment.
In addition, some of the substrates for ASCT2,
GIn and Cys were clearly high in GC127 and
GC84, respectively, which have been defined
as a non-responder (Figure 5C). The amino
acids described above are part of the glutathi-
one production pathway. High expression of
ASCT2 in GC84 and GC127 may contribute to
high intracellular concentrations of these ami-
no acids. Taking these metabolomics results
into account, it is predicted that KM8094 may
be effective for the patients with shortage of
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intracellular energy and lower oxidative stress
resistance.

Conclusion

This report demonstrates the therapeutic pote-
ntial of our novel monoclonal antibody target-
ing neutral amino acid transporter ASCT2 and
provided some insights into clinical predictive
biomarker candidates for anti-tumor efficacy.
These data would be useful for further progres-
sion of KM8094 into future clinical trials. How-
ever, more studies would need to be done in
order to further delineate their relationship with
our target molecule, ASCT2.
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Supplementary Table 1. Clinical data of patients used for establishment of gastric cancer patient-derived xenograft mouse models

PDX line

Gross description of tumor

Microscopic description

GC119 (Female, 81 years old, Chinese)

GC117 (Female, 73 years old, Chinese, TS1 treated)

GC127 (Male, 78 years old, other race)

GC84 (Male, 93 years old, Chinese)

GC113 (Female, 77 years old, Chinese)

Location: Along lesser curve and involving posterior antrum and focally extending
to anterior antrum

Perforation: No

Size (maximum diameter): 9.0 x 8.5 cm

Depth of invasion: Muscularis propria

Other Pathology:

e Chronic gastritis with antral intestinal metaplasia

e High grade dysplasia is present at the edge of the tumor
e Lymph node metastasis are present (20/31)

Location: Antrum
Perforation: No

Size: 5.5 x 3.0 x 1.0 cm
Depth of invasion: Subserosa

Other Pathology:
e Tumor invades subserosa, pT3
e 3 out of 41 lymph nodes positive for metastatic carcinoma (pN2)

Location: gastro-oesophageal junction
Perforation: No

Size: 3.5 x3.0cm

Depth of invasion: Muscularis propria

Other Pathology:
e Twelve lymph nodes with no evidence of metastatic carcinoma (0/12)

Location: Incisura

Perforation: No

Size: 6.0 x 5.5 x 1.2 cm (depth)

Depth of invasion: Beyond muscularis mucosa and less than 0.1 cm from serosa

Other Pathology:

e Background of H. pylori-associated chronic active gastritis with intestinal
metaplasia

® Omentum negative for carcinoma

e 21 lymph nodes without metastatic carcinoma (0/21)

Location: Posterior wall of the antrum
Perforation: No

Size: 4.5 x 3.0 x 1.0 cm

Depth of invasion: Submucosa

Other Pathology:
e Lymphovascular invasion is present
e Lymph nodes negative for metastatic carcinoma (0/40), pNO

Histological tumor type: Adenocarcinoma

Histological pattern:

- WHO classification: Mixed mucinous (approximately 50%), tubular
and papillary adenocarcinoma with focal solid areas.

- Lauren Classification: Intestinal type

Histological grade: Moderately differentiated (There are areas
ranging from well to moderately differentiated, with focal more solid,
cribriformed areas suggestive of higher grade.) pT3

Histological tumor type: Adenocarcinoma,

Histological pattern:

- WHO classification: Tubular

- Lauren classification: Intestinal

Histological grade: (Only for WHO tubular carcinoma): Poorly
differentiated (5-49% gland formation)

Histological tumor type: Adenocarcinoma.

Histological pattern:

- WHO classification: tubular carcinoma

- Lauren classification: Intestinal.

Histological grade: Moderately to poorly differentiated

Histological tumor type: Adenocarcinoma
Histological pattern:

- WHO classification: Tubular/solid type

- Lauren classification: Intestinal type
Histological grade: Poorly differentiated

Histological tumor type: Adenocarcinoma
Histological pattern:

- WHO classification: Tubular

- Lauren classification: Intestinal type
Histological grade: Moderately differentiated




