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Abstract

Background CD47 has been identified as an innate immune checkpoint and found to be associated with inferior survival
in various types of cancer. However, the critical role of CD47 in gastric cancer and its association with tumor associated
macrophages remain unclear.

Methods Tumor tissues of gastric cancer from Zhongshan Hospital and data from GSE62254, GSE84437 and TCGA data-
sets were analyzed. Immunohistochemistry was performed to detect the expression of CD47, CD11c, CD163 and CD68
in gastric cancer tissues. Kaplan—Meier curves and Cox model were used for comparing the clinical outcomes of patients
belonging to different subgroups.

Results Gastric cancer patients with high CD47 expression exhibited poor prognosis and inferior therapeutic responsiveness
to fluorouracil-based adjuvant chemotherapy (ACT). A positive correlation was found between M1-polarized macrophage
infiltration and CD47 expression in gastric cancer; however, the prognostic value of M 1-polarized macrophages was attenu-
ated in CD47-high gastric cancer patients. Moreover, we found that CD47 mRNA level was enriched in microsatellite-instable
(MSI) subtype of gastric cancer and associated with ARID1A mutation and FGFR2 signaling pathway activation.
Conclusions Aberrant CD47 expression represented an independent predictor for adverse survival outcome and ACT resist-
ance in gastric cancer. Targeting CD47 might be a promising strategy for gastric cancer patients.
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Introduction

Mingsu Shi, Yun Gu, Kaifeng Jin and Hanji Fang contributed

equally to this work. Gastric cancer remains one of the most common and deadly

cancers and presents a serious threat to global health. Most
patients are diagnosed at an advanced stage due to a lack
of early specific symptoms, which contributes to a poor
prognosis [1]. For these advanced-stage patients, standard
gastrectomy combined with a 5-fluorouracil (5-FU)-based
adjuvant chemotherapy (ACT) regimen is commonly recom-
mended as the first-line choice, especially in Asian coun-
tries [2—4]. However, drug resistance and poisonous side
effect limit the clinical application of ACT. Therefore, it is
in urgent need to better identify patients who will benefit
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from ACT and to explore new agents for those who are not
responsive to chemotherapy.

It has been well elucidated that tumor-reactive T-cell
responses play a critical role in eliminating tumor cells
[5]. Cancer immunotherapies that interfere with immune-
inhibitory receptors mainly on T cells (so-called checkpoint
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inhibitors), such as cytotoxic T lymphocyte-associated pro-
tein 4 (CTLA-4) [6] or programmed cell death 1 (PD-1) [7],
have shown promising efficacy in many malignancies. How-
ever, despite the success, only a subset of patients respond
to existing immunotherapy [8]. To extend the benefit of
such T-cell-targeted immunotherapies to more patients,
greater knowledge of the relationship between cancer and
the immune system is required [9].

The innate immune response constitutes an essential
weapon of the immune system that dictates the type of
adaptive immune response. As the most abundant innate
immune cells in tumor microenvironment, although mac-
rophages were shown to have predominantly pro-tumor and
immunosuppressive effects in many cancer types, they are
also indispensable to establish effective anti-tumor immunity
[10]. Based on the environmental cues, tumor-associated
macrophages can display a spectrum of activation states
that fulfill specific functions and are often catalogued as
classically (M1; commonly activated by IFN-y and TLR
ligands, express higher levels of IL-12, IL-23, TNF-a,
MHCII, IL-6, and inducible nitric oxide synthase or iNOS)
or alternatively activated (M2; commonly activated by IL-4
and IL-13, express higher levels of IL-10 and TGF-p) for
simplicity [11]. Through a process known as phagocyto-
sis, macrophages, especially the M1-polarized subsets, can
capture and eliminate transformed malignant cells, and pre-
sent the tumor-derived antigens to prime T cells and acti-
vate downstream adaptive immune responses [12]. And our
previous study suggested that M 1-polarized macrophages,
which exhibit stronger phagocytic function, were associated
with improved survival of gastric cancer [13]. However,
recent studies revealed that tumor cells could upregulate
the anti-phagocytic markers and evade the phagocytosis by
macrophages [14]. Therefore, it is critical to comprehen-
sively explore the significance of anti-phagocytic marker
expression in cancers.

CD47 is an immunoglobulin-like trans-membrane protein
that is widely expressed on normal cells, but often overex-
pressed on cancer cells [15]. By binding with its receptor,
Signal-Regulatory Protein alpha (SIRPa), CD47 expres-
sion can inhibit phagocytosis of macrophages, and attenu-
ate the presentation of tumor antigens to T lymphocytes,
thereby impairing both macrophage-mediated and cyto-
toxic CD8* T-cell-mediated anti-tumor effects, which made
CD47-SIRPa axis a promising innate immune checkpoint
(ICK) in cancer [16]. Studies largely led by the Weissman
group provided compelling indication that CD47 blockade
markedly enhanced the ability of macrophages to engulf
tumor cells in vitro [17-19]. Moreover, CD47-high expres-
sion has been found to be associated with poor prognosis
in patients with non-small-cell lung cancer [20], melanoma
[21], oral squamous cell carcinoma [22], etc. In gastric can-
cer, Yoshida K has identified CD47 as an adverse prognostic
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factor, but its relationship with chemotherapy responsiveness
and tumor-associated macrophages remains ambiguous [23].

Herein, our results indicated that CD47 could be used as
an independent prognosticator for patients with gastric can-
cer and could identify patients who might benefit more from
ACT. A positive correlation between M1-polarized mac-
rophages and CD47 expression was found in gastric cancer;
however, the prognostic value of M1-polarized macrophages
was attenuated in CD47-high tumors. Moreover, we found
that CD47 expression was up-regulated in microsatellite-
instable (MSI) tumors and associated with ARID1A muta-
tion status and FGFR2 signaling activation. These results
may shed light on the clinical importance of CD47 in gastric
cancer and provide a possible predictive system to evaluate
outcomes for patients with gastric cancer.

Materials and methods
Study population

Initially, we recruited a cohort of 496 gastric cancer patients
treated with radical gastrectomy at Zhongshan Hospital of
Fudan University during 2007 and 2008 after approval of
Clinical Research Ethics Committee of Zhongshan Hospital.
After excluding patients with distant metastasis, incomplete
data or dot loss, 453 patients were included in the subsequent
analyses. All tissue samples were formalin fixed and paraf-
fin embedded. Clinicopathological characteristics, including
age, sex, tumor location, tumor size, tumor grade, Lauren
classification, T classification, N classification, TNM stage
and application of fluorouracil-based ACT, were retrospec-
tively collected. The T, N classification and TNM stage were
determined referring to the 7th edition of the American Joint
Committee on Cancer (AJCC) TNM staging system. The
cohort was randomly divided into 2 independent data sets:
the discovery data set (n=253) and the validation data set
(n=200). Postoperative ACT was administered to patients
according to NCCN guidelines and patients’ will. No radio-
therapy was given to any one of the patients enrolled. Over-
all survival (OS) was computed from the date of gastrec-
tomy to the date of death or the last follow-up. Patients who
died from other cause or were alive at last follow-up were
censored.

Immunohistochemistry and evaluation
of CD47 expression

Tissue microarray (TMA) was constructed and immuno-
histochemistry staining was performed according to the
protocols as detailed previously [24]. Anti-CD47 mono-
clonal antibody (ab218810, diluted 1:2000; Abcam) was
applied to identify CD47 expression in tissue. CD47
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was stained yellowish to brown in cancer cells. Digitally
Scanned with Nikon eclipse Ti-s microscope (Nikon,
Tokyo, Japan), TMA sections were independently
reviewed by Dr Zhang and Dr Chen who were blinded
to clinical information. The representative images were
illustrated in Supplementary Fig. 1. The level of CD47
expression was evaluated as the mean of “H-Scores” in 6
representative fields (each pathologist with 3 fields). The
“H-score” was calculated using “Y pi (i+ 1)” for all slides,
in which “pi” represented the percentage of positive cells
among all cells in the various intensity categories, and
“1” represented the staining intensity (i =0, weak positive;
i=1, median positive; i =2, strong positive). The mean
value of their evaluation was adopted for further analyses.
The intraclass correlation between the two pathologists’
evaluation for CD47 expression level from the same slide
was 0.944 (95% CI: 0.914-0.963, P=0.001). Additionally,
anti-CD68 monoclonal antibody (ab955, diluted1:300;
Abcam), anti-CD11c monoclonal antibody (ab52632,
diluted1:500; Abcam) and anti-CD163 monoclonal anti-
body (ab182422, diluted1:500; Abcam) were applied to
identify CD68, CD11c and CD163 expression in tissue,
which represented the infiltration of overall infiltrated,
MI1-polarized, and M2-polarized tumor-associated mac-
rophages (TAMs), respectively.

Public dataset analysis

Three independent public data sets, GSE62254, GSE84437
and TCGA, including 300, 433, and 384 gastric cancer
patients, respectively, were included in our analysis. Data
of GSE84437 and GSE62254 were obtained from the
respective depository in the Gene Expression Omnibus
(https://www.ncbi.nlm.nih.gov/geo/). TCGA data were
downloaded from the UCSC Xena. MO, M1 and M2 cell
infiltration was estimated on microarray data by CIBER-
SPOT algorithm using LM22 as the expression signature
[25]. The cut-off value of CD47 mRNA in three data
sets was determined as median. Pre-defined gene signa-
tures associated with gastric cancer molecular classifica-
tion were applied for our analysis, which included EMT
UP and EMT DOWN (up- and down-regulated genes in
EMT program) [26], MSI UP (up-regulated genes in MSI
tumors) [27] and TP53 (up-regulated in TP53 mutated
tumors) [28]. We have also analyzed several most com-
mon mutated genes [29] and aberrantly activated signal-
ing [30] in gastric cancer based on the Molecular Sig-
natures Database (MSigDB). Gene set variation analysis
(GSVA) R package and its ssGSEA method (http:/www.
bioconductor.org) were implemented to calculate the gene
expression signature scores for each sample in GSE62254
dataset [31].

Statistical analysis

Statistical analyses were carried out using GraphPad
Prism (Version 6.00), R software (Version 3.5.3), Med-
Calc (Version 12.7.0) and IBM SPSS Statistics (Version
21) software. The cut-off value for classifying CD47-
high/low subgroup was determined by the median value
of “H-Score”. Ultimately, 70 was determined as the cut-
off value of CD47 in both discovery set and validation
set. Correlation with survival was evaluated by means
of Kaplan—Meier curves, log-rank test, and univariate
and multivariate analyses based on the Cox proportional
hazards method. Student’s ¢ test was applied for categori-
cal variables. The correlation between two variables was
assessed using Spearman’s correlation test. All grouped
data in the figures are represented by the means + SDs. For
all tests in this study, a P value of < 0.05 was considered
statistically significant.

Results

CD47 expression indicates poor clinical outcomes
in gastric cancer patients

CD47 expression was evaluated by immunohistochemistry
on tissue microarrays (representative images were illustrated
in Supplementary Fig. 1). The relationship between tumor
CDA47 expression and clinicopathologic variables in gastric
cancer was subsequently investigated (Table 1). In both Dis-
covery set and Validation set, CD47 expression was corre-
lated with increased tumor stage, which indicated that CD47
might be involved in tumor progression in gastric cancer. To
further investigate the prognostic value of CD47 expression
in gastric cancer, we applied Kaplan—Meier curves and log-
rank test to compare overall survival (OS) between CD47-
low and CD47-high patients. In both Discovery set and Vali-
dation set, CD47-high patients had significantly poorer OS
(P<0.001 and P<0.001; Fig. 1a). Consistent with the above
results, univariate and multivariate Cox analyses were per-
formed to find out whether CD47 could serve as a potential
independent prognostic factor for the survival outcomes. The
analysis was conducted including age, sex, tumor location,
Lauren classification, tumor size, tumor grade, TNM stage
and CD47 expression. It revealed that CD47 expression
was an independent prognosticator for worse OS according
to multivariate analysis in both Discovery set and Valida-
tion set (Hazard Ratio (HR): 2.33, 95% Confidence Interval
(CI): 1.55-3.49, P<0.001 and HR: 2.18, 95% CI: 1.42-3.35,
P <0.001; Fig. 1b). Taken together, these results suggested
that CD47 expression was associated with poor OS in
patients with gastric cancer.
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Table 1 Relation between

. - Group Discovery set (n=253) Validation set (n=200)
CD47 expression and clinical
characteristics of patients with CD47 CDh47
gastric cancer - -
Low High P value Low High P value
Age(years) 0.236 0.527
<60 60 71 53 41
>60 65 57 55 51
Gender 0.898 0.959
Male 85 88 79 67
Female 40 40 29 25
Location 0.589 0.753
Proximal 29 27 30 24
Middle 18 31 10 8
Distal 78 70 68 60
Tumor size(cm) 0.481 0.150
>4 cm 55 62 43 46
<4 cm 70 66 65 46
Lauren’s classification 0.426 0.682
Intestinal type 77 67 78 64
Non-intestinal type 48 61 30 28
Grade 0.670 0.089
1 7 8 5 3
2 25 20 30 16
3 93 100 73 73
Depth of tumor invasion 0.188 0.006
T1 29 22 27 11
T2 19 15 20 8
T3 18 25 17 27
T4 59 66 44 46
Lymph node metastasis 0.002 0.310
NO 65 42 40 30
N1 9 18 12 12
N2 28 21 24 12
N3 23 47 32 38
TNM stage 0.003 0.023
I 43 23 34 15
1I 30 33 21 21
1 52 72 53 56

P value <0.05 marked in bold font shows statistical significance

CDA47 expression yields inferior ACT response
in stage II/lll gastric cancer patients

As depicted in Fig. 2a, treatment by fluorouracil-based
ACT was associated with better OS in patients with
stage II/IIT gastric cancer (P <0.001). To evaluate the
predictive value of CD47 expression for ACT, we com-
pared prognosis of patients stratified by ACT applica-
tion in different CD47 expression subgroup. In CD47-
low subgroup, ACT could significantly lead to better OS
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(P<0.001; Fig. 2b). However, no statistically significant
difference was found in CD47-high subgroup (P=0.11;
Fig. 2¢). Furthermore, a test for interaction also indicated
that the benefit of ACT was superior among CD47-low
patients (HR: 0.33, 95% CI: 0.20-0.54, P value for inter-
action: 0.013; Fig. 2d) than CD47-high patients. Conse-
quently, these results provided an indication that CD47
expression could possibly identify patients with stage 11/
IIT gastric cancer who were suitable candidates for adju-
vant chemotherapy.
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Fig.1 CD47 expression predicts poor prognosis in gastric cancer
patients. a Kaplan—Meier curves of OS according to CD47 expression
in Discovery set (top, n=253) and Validation set (bottom, n=200).
Data were analyzed by log-rank test. b Univariate and multivariate

CD47 expression correlates with macrophage
infiltration in gastric cancer patients

We next investigate the association between CD47 expres-
sion and macrophage infiltration. Interestingly, it was found
that CD47 expression was highly associated with CD11c
expression, which represented the level of M1-polarized
macrophage infiltration (Spearman’s R: 0.114, P=0.018;
Fig. 3a). To further illustrate our results, we used CIBER-
SORT to calculate the relative proportion of MO, M1 and
M2-polarized macrophage infiltration in different CD47
mRNA level subgroup. As shown in Fig. 3b, high propor-
tion of M1-polarized macrophages infiltration was found in
CD47 mRNA level high subgroup in GSE62254, GSE84437
and TCGA (P <0.001, P=0.002, and P <0.001; Fig. 3b).
Our previous study has revealed that increased M1-polar-
ized macrophages indicated better prognosis in gastric can-
cer [13]. To explore the impact of CD47 expression on the
prognostic value of M1-polarized macrophages in gastric
cancer, we applied Kaplan—Meier curves and log-rank test
to compare OS of patients stratified by CD11c expression in
different CD47 expression subgroup. Consistent with previ-
ous studies [32], high CD11c expression was a prognostica-
tor for better OS generally (P =0.03; Fig. 3c). Intriguingly,

Better Worse

analyses based on clinicopathological characteristics in Discovery set
(top, n=253) and Validation set (bottom, n=200). HR refers to haz-
ard ratio; CI refers to confidence interval

CD47-low patients gained more significant survival benefit
from CD11c abundance (P=0.007; Fig. 3c). However, high
expression of CD11c failed to improve survival of CD47-
high patients, which suggested that CD47 attenuates the
prognostic value of M1-polarized macrophages in gastric
cancer patients (P =0.20; Fig. 3c).

CD47 expression associates with genomic features
in gastric cancer patients

Previous studies have illustrated that genomic features of
gastric cancer provided a possible avenue for patients’ strati-
fication and personalized anti-tumor therapies [33]. Remark-
ably, we found that CD47 mRNA expression in GSE62254
showed difference across 4 molecular subtypes, and was
highly accumulated in MSI subtype (P=0.016; Fig. 4a).
Next, we applied molecular subtype signatures to further
illustrate our results. Tumors with high CD47 expression
showed an increased MSI UP signature score (P =0.024;
Fig. 4b), which validated the finding that CD47 mRNA was
overexpressed in MSI subtype of gastric cancer. However, no
statistically significant difference of EMT UP, EMT DOWN
or p53 signature score was found between CD47-low and
CD47-high tumors (Fig. 4b). Furthermore, we focused on
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Fig.2 CD47 expression indicates inferior responsiveness to fluo-
rouracil-based adjuvant chemotherapy in gastric cancer patients.
a—c Kaplan—Meier curves of OS according to ACT application in all
stage II/III patients (a), patients with low CD47 expression (b), and

profiles of key gastric cancer gene mutations and therapeutic
targets-associated signatures. It was shown that ARID1A
gene mutations were enriched in CD47-high tumors, which
agreed with features of MSI subtype (P=0.010; Fig. 4c)
[34]. Additionally, CD47-high tumors presented elevated
FGFR?2 signature score, which indicated FGFR2 signaling
activation in these tumors (P =0.044; Fig. 4d). Collectively,
our results indicated that CD47 mRNA expression was ele-
vated in MSI subtype of gastric cancer and associated with
ARIDI1A mutation and FGFR2 signaling activation.

Discussion

Prognostic assessment is crucial for choosing appropriate
treatment for gastric cancer patients. Recently, the associa-
tion of ICK expression with patients’ prognosis has attracted
more and more attention in different cancer due to its impact
on immune contexture [35-37]. In this study, we found that
CD47 was an independent prognosticator and indicated infe-
rior overall survival in gastric cancer in both Discovery set
and Validation set. Expanding researches have pointed that
overexpressed CD47 functioned as a “don’t eat me” signal
on cancer cells, inhibiting phagocytosis and clearance by
macrophages and enhancing tumor cell in vivo, which sup-
ports our observation [38].
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patients with high CD47 expression (c¢). d The interaction between
CDA47 expression and therapeutic responsiveness to ACT. HR refers
to hazard ratio; CI refers to confidence interval; ACT refers to adju-
vant chemotherapy

Fluorouracil-based ACT is recommended as a first-
line adjuvant therapy regimen for stage II/III gastric can-
cer patients [2, 3]. To prevent excessive toxic effects, we
believed it was important to identify patients who might ben-
efit more from postoperative ACT. Our previous studies have
demonstrated the contribution of gammadelta T cells [39],
IL17A™ cells [40] and O6-methylguanine-DNA methyltrans-
ferase (MGMT) [24] to the beneficial of ACT in gastric can-
cer. In this study, we found that CD47-high patients yielded
poorer ACT response compared to CD47-low patients. As a
result, our findings suggested that CD47 might be a signifi-
cant biomarker to stratify stage II/III patients who might be
suitable for ACT. Additionally, ACT in combination with

Fig.3 Characterization of tumor-associated macrophages based on
CD47 expression. a Correlation of CD47 expression with CD11c
expression (M1), CD163 expression (M2), and CD68 expression
(general macrophages). Data were analyzed by Spearman’s correla-
tion test. b Relative proportion of MO, M1 and M2-polarized mac-
rophage infiltration between low/high CD47 mRNA expression sub-
group in GSE62254, GSE84437 and TCGA database. Data were
analyzed by Student’s ¢ test, and presented as median and interquartile
range (IQR). ¢ Kaplan—Meier curves according to CD1lc expres-
sion (M1) in all patients (top, n=433), CD47-low subgroup (middle,
n=222), and CD47-high subgroup (bottom, n=211). Data were ana-
lyzed by log-rank test. *P <0.05, **P<0.01, ***P <0.001, and NS
indicates not significant
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Fig.4 Association between CD47 mRNA expression and tumor-
intrinsic genomic features. a Quantification analyses of normal-
ized CD47 mRNA expression in GSE62254 database across
molecular classification systems (n=300). Data were analyzed by
one-way ANOVA, and presented as median and interquartile range
(IQR). b Quantification of molecular subtype signatures between low/
high CD47 mRNA expression subgroup (n=300). Data were ana-

CD47-targeting therapy could be investigated in further
researches of gastric cancer.

Our analyses on Zhongshan cohort and GSE62254,
GSES84437, TCGA database both demonstrated the positive
correlation between CD47 expression and M1-polarized
macrophage infiltration. Previous studies have revealed
that M 1-polarized macrophages had a cytotoxic effect and
increased apoptosis in cancer cells [41]. Thus, M1 abun-
dance in cancer is considered as a sign for better prognosis
for patients, which is consistent to our finding. However, we
found that M1 infiltration failed to predict patients’ prog-
nosis in CD47-high subgroup, which suggested that CD47
might promote gastric cancer progression by attenuating the
anti-tumor effects of M1-polarized macrophages in gastric
cancer.

@ Springer

lyzed by Student’s ¢ test, and presented as median and IQR. ¢ Asso-
ciation of genes mutation frequency with CD47 mRNA expression
level (n=181). Data were analyzed by Chi-square test. d Quantifi-
cation analyses of therapy-associated gene signatures between low/
high CD47 mRNA expression subgroup (n=300). Data were ana-
lyzed by Student’s ¢ test, and presented as median and IQR. *P <0.05,
**P<0.01, ¥***P <0.001, and NS indicates not significant

The genomic features of gastric cancer were gradually
unveiled and attracting more and more attention, which
provided more and more suggestions for targeted therapies
[33, 42, 43]. We discovered that CD47 expression was
enriched in MSI subtype, which was validated by the posi-
tive correlation of CD47 expression with MSI UP signa-
ture score. Meanwhile, the mutation of ARID1A gene was
up-regulated in CD47 mRNA-high tumors, which could
promote DNA mutability and increase tumor sensitivity to
immune checkpoint blockade (ICB) therapies [44]. Moreo-
ver, FGFR2 signaling showed higher activation level in
CD47-high tumors. This correlation suggested possible
combination of CD47 blockade and FGFR2-targeted ther-
apy. However, verification of above findings at cellular
level and CD47 blockade combined with other targeted
therapies need further investigation.
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In conclusion, our study clarified that CD47-high expres-
sion was an independent prognosticator for inferior progno-
sis and ACT resistance in gastric cancer. Further analysis
showed that CD47 could possibly attenuate the prognostic
value of M1-polarized macrophages. Moreover, we found
that CD47 mRNA level was the highest in MSI subtype of
gastric cancer and associated with ARID1A mutation and
FGFR?2 signaling pathway activation. Thus, CD47 could be
a predictor for prognosis and adjuvant chemotherapy, as well
as a clinical target for monotherapy and combined therapy.
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