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Abstract

Background Despite the promise of immunotherapy for gastric adenocarcinoma, choices for the selection of effective anti-
genic targets are very limited. Previously published data and our own in-house computational analysis have suggested that
ANTXRI is a potential target, simultaneously expressed in malignant tumor cells and the endothelial cells of the tumors.
However, the expression pattern of ANTXRI protein in clinical samples of gastric adenocarcinoma has not been fully
evaluated.

Methods Using immunohistochemistry (IHC), we recorded the percentage of ANTXRI1 positive cells separately in tumor
cells and endothelial cells in the primary tumor, non-tumor gastric tissue adjacent to the primary tumor, and tumor in meta-
static sites of 140 gastric adenocarcinoma patients. We also evaluated the association of ANTXRI1 expression with the Lauren
histological classification of the primary tumors, the patient’s history of neoadjuvant chemotherapy and/or radiotherapy,
and the patient’s overall survival.

Results ANTXRI1 was expressed in a mean of 73.89+30.12% of tumor cells and 13.55 +20.53% of endothelial cells in
the primary tumors. Intestinal adenocarcinomas had lower ANTXR1 expression in the tumor cells and higher ANTXR1
expression in the endothelial cells of the tumor regions, and a history of neoadjuvant therapy was associated with increased
ANTXRI1 expression in the endothelial cells of the tumor regions. Finally, above median expression of ANTXR1 in the
tumor cells of the tumor regions was associated with significantly lower overall patient survival.

Conclusions Our findings suggest that ANTXR1 is a promising candidate for preclinical and clinical evaluation for gastric
adenocarcinoma immunotherapy.

Keywords Chimeric antigen receptor T cell - Gastric adenocarcinoma - ANTXR1 - TEMS8 - Antigenic targets -
Immunotherapy

Abbreviations KDR Kinase insert domain receptor
ANTXRI1 ANTXR cell adhesion molecule 1 MT Metastatic tumor
CAR T cell Chimeric antigen receptor T cells NT Non-tumor region
ERBB2 Erb-b2 receptor tyrosine kinase 2 PDCD1 Programmed cell death 1
PDX Patient-derived xenograft
PT Primary tumor
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Introduction

Gastric cancer is the third most common cause of cancer
death worldwide [1]. The initial symptoms of many gastric
cancers are non-specific, leading to late-stage diagnosis,
with high rates of regional and distant metastases [2]. In
this setting, monomodality therapies, such as surgery, are
often not curative, and overall survival is low [3]. To date,
several key clinical trials have shown that multimodal-
ity therapies, including chemotherapy, radiotherapy, and
more recently immunotherapy, can significantly improve
the survival of patients with gastric cancer [4]. Among
the targeted immunotherapies, trastuzumab [target-
ing ERBB2 (HER2)] [5], ramucirumab [targeting KDR
(VEGFR2)] [6], and pembrolizumab [targeting PDCDI1
(PD-1)] [7] have been FDA-approved for the treatment
of locally advanced or metastatic gastric cancer. Despite
the undeniable applicability of these targets, search for
and validation of new antigenic targets for immunotherapy
and evaluation of multidrug panels of immunotherapeutic
agents still need to be actively pursued for several reasons.
First, according to current algorithms, immunotherapy
agents can only be prescribed if the targeted antigen is
sufficiently expressed in the tumor bed [8], and second,
resistance has been observed even in the face of contin-
ued therapy [9, 10]. Thus, monotherapy with one of these
immune-targeted treatments is seldom completely cura-
tive, and eventually, relapse of the tumor nearly always
occurs. Hence, the development and use of panels of dif-
ferent immunotherapy drugs, targeting different antigenic
targets, are needed to diminish the risk of resistance and
relapse.

ANTXR1 (TEMBS) has been shown to be overexpressed in
tumor-associated vs. normal endothelium in several cancer
types [11, 12]. The subsequent use of an anti-TEMS anti-
body—drug conjugate in a preclinical setting also revealed its
potential to augment therapies in diverse cancer types [13].
In addition, at the beginning of 2018, Byrd et al. reported
the first preclinical evaluation of ANTXR 1-specific chimeric
antigen receptor T cells (CAR T cells) for triple-negative
breast cancer, showing obliteration of tumor neovasculature
and regression of established patient-derived xenografts
(PDX3s) in local and metastatic murine models of this disease
[14]. These findings, along with our earlier bioinformatics
study which demonstrated the applicability of ANTXR1
(TEMS) for CAR T cell therapy of gastric adenocarcinoma
[15], motivated us to assess the ANTXR1 (TEMS) protein
expression pattern in clinical samples, to further evaluate
its potential applicability as an antigenic target for immuno-
therapy of gastric adenocarcinoma.

In this study, we evaluated ANTXRI1 protein expression
in tumor cells and endothelial cells in three anatomical
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sites, the primary tumor, non-tumor gastric tissue adjacent
to the primary tumor, and tumor in metastatic sites. We
also evaluated the homogeneity of ANTXR1 expression
in each anatomical site. Finally, we evaluated the associa-
tion of ANTXR1 expression with the Lauren histological
classification of the primary tumors, the patient’s history
of neoadjuvant chemotherapy and/or radiotherapy, and the
patient’s overall survival.

Materials and methods

We evaluated 140 patients who underwent surgery for gas-
tric adenocarcinoma between March 2011 and February
2018 at Shariati and Atieh hospitals. Immunohistochemistry
(IHC) for ANTXRI1 was carried out on tissue microarray
(TMA) blocks, which were serially sectioned to ensure com-
parability of the tissue components on each slide (Fig. 1).
For each patient, two 1 mm cores were randomly collected
from each of three anatomical locations, the primary tumor
(PT), non-tumor gastric tissue adjacent to the primary tumor
(the non-tumor region, NT), and tumor in a metastatic site
(Iymph node or distant metastasis; metastatic tumor, MT),
and all of the cores from each patient were embedded in the
same TMA block. The ANTXR1 expression was evaluated
separately in the tumor cells (in the PT and MT cores) and in
the endothelial cells (in the NT, PT, and MT cores).
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Fig. 1 Steps from tissue microarray (TMA) preparation to data acqui-
sition. Paraffin blocks of patients with gastric adenocarcinoma were
cored according to earlier inspection of their tissue slides with H and
E staining. Two cores were collected from each anatomical region,
i.e., the non-tumor region (NT), the primary tumor (PT) and the
metastatic tumor (MT). Subsequently, after ANTXRI immunostain-
ing, the proportion of positively stained endothelial and tumor cells
among all endothelial and tumor cells in each core was reported as a
percentage
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Immunohistochemistry

All steps in the IHC of the paraffin-embedded tissues were
adapted from the appropriate Abcam guidelines [16]. In
brief, antigen retrieval was performed with a microwave
oven (850-watt power, 5 min; 340-watt power, 11 min) in
Tris—-EDTA Buffer pH: 9. Primary monoclonal mouse anti-
human TEMS8 (Abcam, Cat No: ab13798) was used at 1/50
dilution. UnoVue Mouse/Rabbit HRP Detection Reagent
(MRUHRP100) was used for final visualization of the IHC
staining, and then the TMA slides were counterstained with
hematoxylin. In parallel, we evaluated a mouse IgG1 kappa
monoclonal isotype control (ab170190) with the same pro-
tocol to check the validity of the ANTXR1 primary antibody
staining.

Each core in the TMA was scored separately. In the tumor
and metastatic regions, the number of positively stained
tumor cells divided by the number of all counted tumor cells
was reported on a scale from 0 to 100%. In all three ana-
tomical regions, the same approach was followed to deter-
mine the percentage of positive endothelial cells. In both
the tumor and endothelial cell evaluations, all cells were
scored as either positive or negative; cells with any specific
IHC staining were recorded as positive, and the intensity of
staining was not taken into account.

Statistical analysis

For each of the five cell-type/anatomical region categories
(tumor cells in PT and MT; endothelial cells in PT, NT and
MT), the ANTXRI1 THC staining percentage for each core
(the core %) was recorded. Then, for patients with two cores
from one or more anatomical regions, the total positive cells
in both cores were divided by the total eligible cells in the
two cores, to get the ANTXR1 [HC staining percentage for
that cell-type/anatomical region category in that patient
(the patient %). Then, to get mean values for groups (e.g.,
the average tumor cell expression of ANTXRI1 in the tumor
region of all patients, or the average endothelial expres-
sion of ANTXRI1 in the non-tumor regions of patients who
received neoadjuvant therapy), the appropriate patient per-
centages were averaged. Independent 7 tests or ANOVA with
subsequent scheffe post hoc tests were used, as appropriate,
to evaluate the expression differences between groups. Miss-
ing data, due to missing cores (cores not collected, or core
sections lost during staining) or missing patient data (e.g.,
data on neoadjuvant therapy or survival), resulted in differ-
ent numbers of patients evaluated in each analysis group.

The homogeneity of staining between different areas of
each anatomical region was evaluated by calculating the per-
centage of cases in which the core percentages of individual
cases differed by > 20%.

Overall patient survival was plotted on Kaplan—Meier
curves, and the difference in the curves was tested for sig-
nificance by log-rank tests. In addition, Cox proportional
hazards regression models, with age as the time scale, with
and without adjustment for age, sex, and disease stage, were
used to estimate hazard ratios (HR) and 95% confidence
intervals (95% CI) for mortality within the follow-up period.

STATA software, version 14, was used for all statistical
comparisons. When significant, P values were reported at
two levels, P<0.05(*) and P < 0.01(**).

Results

The clinicopathological characteristics of the 140 patients
in this study are summarized in Table 1. Figure 2a shows a
representative tumor core of gastric adenocarcinoma, immu-
nostained by the anti-ANTXR1 antibody. Immunostaining of
some extra cores is also provided in Supplementary Fig. 1.

The cores of the primary tumors had a higher percent-
age of ANTXRI1 positive tumor cells than the cores of
the metastatic tumors (73.89 +30.12 vs. 63.52 +34.19,
P <0.05) (Fig. 2b). The cores of the primary tumors also
had a higher percentage of positively staining endothe-
lial cells (13.55+20.53) than the cores of the adjacent

Table 1 Clinicopathological characteristics of the evaluated patients

Characteristic Number of
patients/tumors
(%)
Age
Mean+SD 59.94+13.29
Median age 61
Range 28-93
Sex
Male 97 (69.3%)
Female 43 (30.7%)
Total N=140
Tumor stage (pPTNM)
Stage I (IA+IB) 29 (21.6%)
Stage II (ITA+11B) 44 (32.8%)
Stage III (IITA+IIB+IIIC) 33 (24.6%)
Stage IV 28 (20.9%)
Lauren tumor classification
Diftuse type 51 (38.6%)
Intestinal type 81 (61.4%)
History of neoadjuvant therapy
Yes 32 (22.86%)
No 108 (77.14%)

pTNM pathologic tumor-node-metastasis stage
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«Fig.2 ANTXRI1 protein expression in different conditions. a Rep-
resentative core stained for ANTXR1; 100% of the tumor cells and
40% of the endothelial cells were read as positive for the target. b, ¢
Expression of ANTXRI1 is compared in tumor cells (b) or endothelial
cells (c) in the three anatomical regions. d, e Graphs show the per-
centage of patients with more than a 20% difference in the expression
of ANTXRI1 in tumor cells (d) or endothelial cells (e) in two dupli-
cate cores from the same anatomical region. f, g Association of the
Lauren histological subtypes of the primary tumors and ANTXRI
expression in tumor cells (f) or endothelial cells (g) in the three ana-
tomical regions. h, i Association of a history of neoadjuvant therapy
with ANTXR1 expression in tumor cells (h) or endothelial cells (i)
in the three anatomical regions. The first line in the subtitle of each
subfigure represents the number of analyzed cases. Abbreviations of
the subtitles in order of presence include NT non-tumor, PT primary
tumor, MT metastatic tumor, ANTXRI ANTXR cell adhesion mole-
cule 1, D diffuse type, [ intestinal type, W/O without a history of neo-
adjuvant therapy, W with a history of neoadjuvant therapy

non-tumor sites (7.92 + 15.26) or the metastatic tumor sites
(6.31+13.78) (P <0.05 for both comparisons) (Fig. 2¢).

ANTXRI1 staining was similar in duplicate cores from
the same anatomical regions. Fewer than 15% of the dupli-
cate cores had a>20% difference in ANTXR1 positive
tumor or endothelial cells (Fig. 2d, e).

In the primary tumors, fewer tumor cells (61.71 +34.09
vs. 80.32 +25.84, P<0.01) and more endothelial cells
(19.01 £25.92 vs. 10.38 £ 15.84, P <0.05) expressed
ANTXRI1 protein in intestinal-type tumors than in diffuse-
type tumors (Fig. 2f, g).

Neoadjuvant chemotherapy did not affect ANTXR1
expression in the tumor cells of the primary or meta-
static tumor tissues (Fig. 2h), but it was associated with
a significantly higher expression of this protein in the
endothelial cells of the primary tumors (21.37 +23.93 vs.
11.17 +18.87 of cells staining positively with ANTXRI,
P <0.05) (Fig. 2i).

During a median follow-up of 1.82 years (range
0.01-6.93 years), 21 patients were lost to follow-up. Of
the remaining 119 patients, 60 died and 59 were alive
at the end of the study (23 November 2018), for a total
of 269.76 person-years of follow-up time. Higher than
median expression of ANTXRI in the tumor cells of the
primary tumor region was associated with significantly
lower survival (Fig. 3a, Table 2) and an increased risk of
death during the follow-up period [unadjusted HR (95%
CI)=1.87 (1.11-3.16), P=0.018; adjusted HR (95%
CD=1.67 (0.98-2.85), P=0.060] (Table 2). Staining
of the endothelial cells in the tumor region had a similar
inverse association with survival (Fig. 3b) and a similar
increase in the risk of death during the follow-up period
(Table 2). Analysis of metastatic tumors showed similar
results, with higher ANTXRI1 staining being non-signif-
icantly associated with lower survival and a higher prob-
ability of death within the follow-up period (Supplemen-
tary Fig. 2, Table 2).

Discussion

In this study, we found that ANTXR1 (TEMS) protein was
expressed in over 70% of the tumor cells in 133 gastric
adenocarcinomas and in over 60% of the tumor cells in
metastases of 61 of these tumors, and this expression was
similar in duplicate cores of individual tumors or individ-
ual metastatic sites. Although there is no consensus for the
required expression level of a suitable immunotherapeutic
target, antigen expression in > 50% of tumor cells has been
shown to increase objective clinical response in clinical
trials of some agents [17].

ANTXRI1 protein was also expressed in 13% of the
endothelial cells of the primary tumors, 6% of the endothe-
lial cells of the metastatic sites, and 8% of the endothelial
cells of non-tumor gastric tissue adjacent to the primary
tumors, and this expression was also similar in duplicate
cores from these different anatomical sites. We detected
ANTXRI1 expression in endothelial cells lining the vas-
culature of all tumor sites; an observation which was
previously reported for other cancer types [18, 19]. The
observation of ANTXRI1 expression in endothelial cells of
non-tumor tissue adjacent to ANTXR1 expressing tumors
has been previously reported, and has been attributed to
the induction of its expression by the nearby tumor [20,
21]. Despite this ectopic expression, studies have shown
no toxicity while using ANTXR1 antibodies [18, 20] or
CAR T cells [14] in preclinical (mouse model) evalua-
tions. While the possibility of anti-ANTXR1 toxicity in
humans has not yet been tested, the more than 98% homol-
ogy of the mouse and human ANTXRI1 antigens [22] and
the lack of toxicity in mouse studies [14], in spite of CAR
T cells’ capability of detecting low copy antigens [23],
collectively make it unlikely that significant human toxic-
ity will be found.

One interesting finding in this study was that ANTXR1
expression varied by the Lauren histologic classification
of the primary tumor. In both the primary tumors and the
metastatic sites, fewer tumor cells and more endothelial
cells expressed ANTXRI1 in the intestinal-type tumors
than in the diffuse-type tumors. Clinical trials will be
needed to determine which (if either) histological subtype
will benefit more from ANTXRI1 therapy.

Many immunotherapies, such as ramucirumab, a
VEGFR2 antibody, are prescribed along with chemoradio-
therapies or as second-line treatments [6, 24]. Hence, the
previous neoadjuvant therapy might change the pattern of
expression for many antigenic targets. In our study, a his-
tory of neoadjuvant therapy did not affect the expression
of ANTXRI1 in tumor cells, but it increased the number
of endothelial cells expressing ANTXRI1 in the primary
tumor site. As with the Lauren histological subtyping
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Fig.3 Associations between ANTXR1 expression in the tumor cells
and the endothelial cells of the primary tumors and overall survival.
a Kaplan—Meier curves of overall survival among patients with below
median expression (blue line) vs. above median expression (red
line) of ANTXRI1 expression in tumor cells of the primary tumor. b
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Kaplan—Meier curves of overall survival among patients with below
median expression (blue line) vs. above median expression (red line)
of ANTXRI1 expression in endothelial cells of the primary tumor.
Abbreviations in order of appearance. ANTXRI ANTXR cell adhe-
sion molecule 1, PT primary tumor

Table 2 Association of ANTXRI1 expression and risk of death within the follow-up period

Cell-type/anatomical ANTXRI expression level Unadjusted HR (95% CI) P value Adjusted HR? (95% CI) P value
region category
Tumor cells in PT Below median 1.00 (Ref) 1.00 (ref)

Above median 1.87 (1.11-3.16) 0.018 1.67(0.98-2.85) 0.060
Tumor cells in MT Below median 1.00 (Ref) 1.00 (ref)

Above median 1.28 (0.65-2.50) 0.46 1.18 (0.58-2.39) 0.63
Endothelial cells in NT Below median 1.00 (Ref) 1.00 (ref)

Above median 0.67 (0.39-1.14) 0.14 0.83 (0.48-1.44) 0.51
Endothelial cells in PT Below median 1.00 (Ref) 1.00 (ref)

Above median 1.67 (0.98-2.83) 0.056 1.29 (0.75-2.23) 0.75
Endothelial cells in MT Below median 1.00 (Ref) 1.00 (ref)

above median 1.61 (0.82-3.17) 0.16 1.59 (0.77-3.31) 0.20

HR hazard ratio, 95% CI 95% confidence interval, PT primary tumor, MT metastatic tumor, N7 non-tumor gastric tissue

? Adjusted for age, sex, and pTNM tumor stage

analysis, the clinical effects of the previous neoadjuvant
therapies will need to be evaluated further in future clini-
cal studies.

In this study, a higher than median expression of
ANTXRI in either the tumor or endothelial cells of the
primary or metastatic tumor sites was associated with sig-
nificantly lower overall survival and a higher risk of death
during the follow-up period. This suggests that ANTXR1
expression is associated with more aggressive tumors.

In conclusion, our study found expression of ANTXR1
protein in over 70% of tumor cells in primary gastric adeno-
carcinomas and in over 60% of tumor cells in the metas-
tases of these tumors. It also found ANTXRI1 expression
in endothelial cells in both primary and metastatic tumors,
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and it found that greater expression of ANTXRI in either
the tumor or endothelial cells in tumor tissue was associ-
ated with decreased overall patient survival. These findings
suggest that targeting ANTXR1 protein as an antigen for
immunotherapy would target two important compartments
of tumors (the tumor cells and the endothelial cells). In addi-
tion, unlike ramucirumab (anti-VEGFR2), ANTXR1 could
be used in more intense treatments such as CAR T-cell
immunotherapy [14], whereas the use of anti-VEGFR2 has
more toxicities and subsequent constraints due to the role of
the antigen in normal adult physiology [25]. Collectively,
these features make ANTXR1 (TEMS) protein a promising
candidate for future preclinical and clinical studies to evalu-
ate its utility in gastric adenocarcinoma immunotherapy.
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