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Abstract

Signal regulatory protein alpha (SIRPa) is a type | transmembrane protein that inhibits
macrophage phagocytosis of tumor cells upon interaction with CD47, and the CD47-
SIRPa pathway acts as an immune checkpoint factor in cancers. This study aims to
clarify the clinical significance of SIRPa expression in esophageal squamous cell car-
cinoma (ESCC). First, we assessed SIRPa expression using RNA sequencing data of
95 ESCC tissues from The Cancer Genome Atlas (TCGA) and immunohistochemical
analytic data from our cohort of 131 patients with ESCC. Next, we investigated the
correlation of SIRPa expression with clinicopathological factors, patient survival, in-
filtration of tumor immune cells, and expression of programmed cell death-ligand 1
(PD-L1). Overall survival was significantly poorer with high SIRPa expression than
with low expression in both TCGA and our patient cohort (P < .001 and P = .027,
respectively). High SIRPa expression was associated with greater depth of tumor in-
vasion (P = .0017). Expression of SIRPa was also significantly correlated with the
tumor infiltration of M1 macrophages, M2 macrophages, CD8" T cells, and PD-L1 ex-
pression (P < .001, P < .001, P = .03, and P < .001, respectively). Moreover, patients
with SIRPa/PD-L1 coexpression tended to have a worse prognosis than patients with
expression of either protein alone or neither. Taken together, SIRP« indicates poor
prognosis in ESCC, possibly through inhibiting macrophage phagocytosis of tumor
cells and inducing suppression of antitumor immunity. Signal regulatory protein alpha
should be considered as a potential therapeutic target in ESCC, especially if com-
bined with PD-1-PD-L1 blockade.
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1 | INTRODUCTION

Esophageal cancer is the seventh most common cause of cancer-
related death globally because of its high malignant potential and
poor prognosis.! Esophageal cancer mainly consists of esophageal
squamous cell carcinoma (ESCC) and esophageal adenocarcinoma
(EAC). Esophageal squamous cell carcinoma is the most common
histopathological type in eastern Asia and Africa, whereas EAC pre-
dominates in European and American countries.? Despite recent de-
velopment in the treatment for esophageal cancer, including surgery,
radiotherapy, cytotoxic chemotherapy, and a multimodal strategy
combining these treatments, the prognosis of esophageal cancer
remains poor, with an approximately 15%-25% 5-year survival rate.’

Cancer immunotherapy, such as immune checkpoint inhibition,
has emerged as a promising therapeutic option. Inhibition of the
programmed cell death-1 (PD-1) and programmed cell death-ligand
1 (PD-L1) pathway has shown remarkable clinical efficacy in many
types of cancers, including esophageal cancer.*®> However, the
overall response rate of PD-1 inhibitor for the patients with ESCC
is insufficient because resistance to T cell-dependent adaptive im-
mune checkpoint therapy develops through a variety of mechanisms
to avoid immune surveillance, such as suppressing innate immune
systems.”*® Therefore, combination therapy targeting both adaptive
and innate immune responses should be explored to improve the
response rates and overcome resistance to adaptive immune check-
point inhibitors.

Signal regulatory protein alpha (SIRPa) is a type | transmembrane
protein with three extracellular Ig-like domains and two cytoplas-
mic immunoreceptor tyrosine-based inhibition motifs that are puta-
tive phosphorylation sites and binding sites of the Src-homology-2
domain-containing protein tyrosine phosphatase 1 (SH p1).810 Signal
regulatory protein alpha is especially abundant in neurons and my-
eloid hematopoietic cells, such as macrophages, neutrophils, and
dendritic cells.*

Macrophages take part in the innate immune response by phago-
cytosis of target cells. The interaction of SIRPa on macrophages with
CD47 on target cells suppresses macrophage phagocytosis of tar-
get cells, and the SIRPa-CD47 pathway acts as an innate immune
checkpoint for activated macrophage phagocytosis. Tumor cells ex-
ploit this immune checkpoint pathway to evade antitumor immunity;
thus, treatments targeting this pathway are promising immunother-
apeutic approaches for cancers. Indeed, recent preclinical studies
reveal that blockade of the CD47-SIRPa pathway by anti-CD47 Abs
and anti-SIRPa Abs enhances the phagocytosis of tumor cells by

1218 and effectively inhibits tumor progression

macrophages in vivo
in mouse models.”?° In contrast, several clinical trials investigating
the antitumor effect of CD47-SIRP« inhibitors against hematopoi-
etic and solid cancers show that monotherapy with CD47 inhibitors
is not significantly effective, which suggests that the in vivo and
tumor models might be more immunogenic and thus too artificial
compared to human cancer.” Therefore, we believe that evaluating
the clinical significance of SIRPa expression in human tumor tissue is

essential to develop more effective cancer immunotherapy.

Cancer Science NI e

The present study aimed to clarify the clinical significance of
SIRPa expression in cancer tissue using ESCC RNA sequencing
(RNA-seq) data from a public database and immunohistochemical
data from our cohort of patients with ESCC. We investigated the
association between SIRPa expression and clinicopathological fac-
tors and determined the prognostic value of SIRPa expression in pa-
tients with ESCC. We also assessed the relationship between SIRP«
and tumor-infiltrating immune cells in the tumor. Finally, we evalu-
ated the correlation between SIRP«x and other immune checkpoint

molecules.

2 | MATERIALS AND METHODS
2.1 | Public dataset

Using The Cancer Genome Atlas (TCGA), we obtained RNA-seq data
from 95 cancer tissues and 11 noncancer tissues in the ESCC data-
set through the Firehose pipeline at the Broad Institute (http://gdac.
broadinstitute.org/runs/stddata__2016_01_28/data/ESCA/20160
128/). The RNA-seq data (fragments per kilobase million [FPKM]
values, raw counts) were subjected to quantile normalization and
used for in silico analysis. For clinical analysis, patients were divided
into two groups based on their SIRPa mRNA expression level; the
patients with more SIRPa mRNA expression above vs below the
median value were designated as having high vs low expression,

respectively.

2.2 | Our patient cohort

A retrospective analysis was carried out at a single center. Approval
for this study was obtained from the clinical research ethical com-
mittee of our Institutional Review Board (Kyushu University, IRB
NO. 2019-212). All patients included in the present study provided
written informed consent. A total of 131 patients who underwent
surgical resection for ESCC from January 2011 to December 2015
were eligible for this study; patients with stage IV disease were ex-
cluded. The follow-up data and the following clinicopathological in-
formation were obtained from medical records: age at surgery; sex;
tumor location; histopathology; pathological depth of tumor inva-
sion, lymph node, and metastasis stage (UICC TNM classification,
8th edition); history of preoperative treatments; and pathological ef-
fects of preoperative treatment using the criteria from the Japanese
Classification of Esophageal Cancer (11th edition).

2.3 | Treatment in our patient cohort

Patients with locally advanced esophageal cancer underwent neo-
adjuvant chemotherapy (NAC) or chemoradiotherapy (NACRT). For
NAC, chemotherapy with cisplatin and 5-fluorouracil (5-FU) was

repeated as two cycles every 4 weeks (cisplatin 60-80 mg/m?/d,
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5-FU 600-800 mg/m?/d).?* Chemotherapy for NACRT consisted
of either low-dose cisplatin and 5-FU (cisplatin 5 mg/mz/d, 5-FU
250 mg/m?/d, with treatment given on weekdays and repeated
every 3-4 weeks) or a standard-dose regimen (cisplatin 70 mg/m?
on days 1 and 29 and 5-FU 700 mg/m?/d on days 1-4 and 29-32).
Radiotherapy was delivered using equally weighted anterior- and
posterior-opposed beams from a 10-MV linear accelerator in 15-
25 fractions of 1.8-2.0 Gy (total dose, 30-45 Gy). Esophagectomy
was carried out 4-10 weeks after completing NAC or NACRT. For
definitive chemoradiotherapy (dCRT), additional radiation (total
dose >60 Gy) was administered using two parallel oblique fields or
multiple fields. Salvage esophagectomy was carried out for either
residual or recurrent esophageal cancer after dCRT.?? For thoracic
esophageal cancer, we mainly used subtotal esophagectomy (the
McKeown technique) with two- or three-field lymph node dissec-
tion. We did not use adjuvant chemotherapy. All patients were post-
operatively followed up using a computed tomography scan every

3 months and gastrointestinal endoscopic assessment annually.

2.4 | Immunohistochemical analysis

Immunohistochemistry (IHC) was undertaken on formalin-fixed,
paraffin-embedded tumor tissue sections of 4-pm thickness.
Sections were singly stained with the following primary Abs accord-
ing to the manufacturers’ recommendations: SIRP« (clone D613M,
1:100 dilution; Cell Signaling Technology), CD80 (clone B7-1, 1:100
dilution; R&D Systems), CD163 (clone 10D6, 1:100 dilution; Leica
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Biosystems), CD8 (clone C8/144B, 1:100 dilution; Dako), and PD-L1
(clone 28-8, 1:483 dilution; Abcam). In brief, sections were depar-
affinized with xylene and a descending ethanol series. Endogenous
peroxidase activity was inhibited by incubation for 30 minutes with
3% H,0, in methanol. The sections were pretreated with Target
Retrieval Solution (Dako; pH 9.0 for SIRPa and PD-L1; pH 6.0 for
CD80, CD163, and CD8) in a microwave oven at 100°C for 20 min-
utes for SIRPa or a decloaking chamber at 121°C for 10-15 minutes
for others. The sections were then incubated with the primary Ab
at 4°C overnight. Bound Ab was detected using the Dako EnVision
Detection System (Dako). Finally, the sections were incubated
with 3,3'-diaminobenzidine, counterstained with hematoxylin, and
mounted. We used sections from human tonsils or placentas as posi-
tive controls. Stained slides were scanned using the NanoZoomer
(Hamamatsu Photonics).

Specimens were independently evaluated by two of the authors
in a blinded manner, and the final assessments were achieved by
consensus. Evaluation of IHC was undertaken at the area including
tumor cells. If the resected specimens included no viable cancer
cells because of the effect of preoperative treatment, the observa-
tion of fibrosis was used to identify the area that could be regarded
as the extent of the preexisting tumor and was evaluated for IHC
analysis.

Staining for SIRPa was considered to be positive if IHC stain-
ing was observed in the cytoplasm and membranes of tumor cells or
stromal tumor-infiltrating cells. The staining was rated as 0-3 based
on the estimated proportion of positively stained cells within the

tumor as follows: O, no staining of tumor or stromal cells; 1, less than
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FIGURE 1 Overall survival in the signal regulatory protein a (SIRPa) high-expression group was worse than in the low-expression group
using a public dataset of esophageal squamous cell carcinoma (ESCC). A, The mRNA expression level of SIRPa in tumor tissue compared
with normal tissue using The Cancer Genome Atlas ESCC dataset. FPKM, fragments per kilobase million. B, Overall survival of the high- (red
line; n = 48) and low- (black line; n = 47) expression groups of SIRPa was analyzed by the Kaplan-Meier method. Statistical analysis was

undertaken using the log-rank test
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one-third of cells positively stained; 2, one- to two-thirds of cells
positively stained, and 3, more than two-thirds of cells positively
stained. Cases rated O were identified as low; cases rated 1-3 were
identified as high.

Programmed cell death-ligand 1 expression was evaluated based
on the frequency of positive membrane-stained tumor cells (TCs)
and tumor-infiltrating immune cells (ICs) and characterized by the
combined positive score (CPS), which was defined as the number of
PD-L1 positive cells (TCs and ICs) divided by the total number of
TCs x 100. Specimens were considered PD-L1 positive if CPS was
1% or higher and PD-L1 negative if CPS was less than 1%,2% with the
1% cut-off value being based on a previous study.24 The numbers of
CD80* CD163", and CD8" cells were manually counted under x400
magnification in five high-powered fields (0.04 mm?/high-powered
fields; NanoZoomer) in each specimen. The median numbers of
CD80" and CD163" cells were calculated. The cases with more than
the median number of CD80* and CD163" cells were identified as
CD80-high and CD163-high, respectively.
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2.5 | Analysis of CIBERSORT

CIBERSORT (https://cibersort.stanford.edu) is an analytical tool to
estimate the relative abundance of 22 types of immune cells in a
mixed cell population using gene expression data. Gene expression
data for 95 ESCC samples collected from TCGA were used for the
CIBERSORT analysis.

2.6 | Statistics and survival analysis

Continuous variables were summarized using descriptive statistics
and compared using Student’s t test or Mann-Whitney U test. The
proportions of categorical variables were summarized as frequency
(number of patients and % of the population) and compared using
the y test.

Both disease-free survival (DFS) and overall survival (OS) rates

were estimated with the Kaplan-Meier method and compared using
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FIGURE 2 Signal regulatory protein o (SIRPa) expression was an indicator of poor prognosis for esophageal squamous cell carcinoma
(ESCC) in our patient cohort. A, B, Representative immunohistochemical staining of SIRP« in surgically resected specimens from patients
with ESCC. ESCC showing low (A) and high (B) SIRP« immunoactivity. Scale bar = 100 pm. C, D, Overall survival (C) and disease-free survival
(D) of high- (red line; n = 84) and low- (blue line; n = 47) expression of SIRPa were analyzed by the Kaplan-Meier method. Statistical analysis

was undertaken using the log-rank test
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the log-rank test. Survival was defined as the interval from the date
of the surgery until the date of either death (due to any cause) or the
first recurrence detected by radiologic imaging. The impacts of the
factors on survival rates or SIRPa expression were described with
hazard ratio or odds ratio and 95% confidence interval. The prognos-
tic factors for survival and disease recurrence were analyzed using
a Cox proportional hazards model; the significant factors for SIRPa
expression were analyzed using a logistic regression model. All vari-
ables that were P < .10 in the univariable analysis and intended to
evaluate were included in the multivariable analysis. Differences
were considered to be significant if P < .05. The data were analyzed
using JMP14 software (SAS Institute) and R software version 3.3.2
(The R Foundation).

3 | RESULTS

3.1 | Signal regulatory protein alpha expression was
a prognostic factor of ESCC in TCGA dataset

We addressed the question of whether SIRPa could have an impact

on the prognosis of patients with ESCC. To this end, we investigated

the association between SIRPa expression and patient prognosis in
ESCC using both the public dataset and our patient cohort. First, we
estimated the mMRNA expression level of SIRPa in 95 patients with
ESCC from TCGA dataset. The expression of SIRPa« mRNA in cancer
tissue was significantly higher than in noncancer tissue (P < .001,
Figure 1A). The 95 patients were divided into high- (n = 48) and
low- (n = 47) expression groups according to their SIRPa mRNA ex-
pression level. The OS in the high-expression group was significantly
worse than in the low-expression group (P < .001, log-rank test;
Figure 1B).

3.2 | Clinicopathological and prognostic
significance of SIRPa expression in our patient cohort

Next, we analyzed the protein expression level of SIRP« in our pa-
tient cohort using IHC analysis. A total of 131 patients with ESCC
who underwent esophagectomy were included in this cohort.
Figure 2A,B shows representative IHC staining of SIRP« in surgically
resected specimens from patients with ESCC. Immunohistochemical
staining of SIRPa was detected in both the membranes and cyto-

plasm of tumor cells and stromal tumor-infiltrating cells. The patients

TABLE 1 Baseline characteristics of 131 esophageal squamous cell carcinoma patients grouped according to expression of signal

regulatory protein alpha (SIRPx)

High SIRPa Low SIRP«

Factor Category (n=84) (n=47) P value
Age, years 66.4 (+0.9) 65.7 (+1.2) .6700
Sex Male 72 (86) 40 (85) .9200
Tumor location Ce 11 (13) 9 (19) .5100

Ut 14 (17) 7 (15)

Mt 41 (49) 21 (45)

Lt 18(21) 10 (21)
Histopathology Well differentiated 25(30) 6(13) .0600

Moderately differentiated 49 (58) 36 (77)

Poorly differentiated 10 (12) 5(11)
pT T2-4 64 (76) 23 (49) .0017
pN N1-3 31(37) 17 (36) .9300
pM M1 0(0) 0(0)
pStage Stages II-111 64 (76) 27 (57) .0270
Preoperative treatment None 20 (24) 15(32) .2800

NAC 27 (32) 19 (40)

NACRT 31(37) 10 (21)

dCRT 6(7.1) 3(6.4)
Effects of preoperative treatment Grade 1 45 (69) 23 (74) .7800

Grade 2 12 (18) 4 (13)

Grade 3 8(12) 4(13)

Note: Data are shown as mean (+SD) or n (%).

Abbreviations: Ce, cervical esophagus; dCRT, definitive chemoradiotherapy; Lt, lower thoracic esophagus; Mt, middle thoracic esophagus; NAC,
neoadjuvant chemotherapy; NACRT, neoadjuvant chemoradiotherapy; pM, pathological metastasis; pN, pathological lymph node metastasis; pStage,
pathological stage; pT, pathological depth of tumor invasion; Ut, upper thoracic esophagus.
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were divided into high- (n = 84) and low- (n = 47) expression groups
according to IHC staining for SIRPa.

The association between SIRPa expression and clinicopatho-
logical factors is described in Table 1. The high- and low-expression
groups were similar with respect to age, sex, tumor location, his-
topathology, pathological lymph node metastasis, preoperative
treatment, and effects of preoperative treatment. Patients with
pathological depth of tumor invasion (T) 2-4 and pathological
stage lI-1ll were significantly more frequent in the high-expression
group than the low-expression group (P = .0017 and P = .027,
respectively).

Survival analysis according to SIRPa expression using the
Kaplan-Meir method in our patient cohort showed that both OS and
DFS were significantly worse in the high-expression group than the
low-expression group (P =.027 and P = .035, respectively, log-rank
test; Figure 2C,D).

Univariable and multivariable analyses were undertaken to iden-
tify the prognostic predictors in our patient cohort (Table 2). High
expression of SIRPa was one of the significant prognostic factors for
OS on multivariable analysis (hazard ratio = 1.988; 95% confidence
interval, 0.998-3.959; P = .04).

3.3 | High SIRPa expression associated with tumor-
infiltrating immune cells

We examined whether SIRPx could be involved in the regulation
of antitumor immunity in ESCC. To this end, we used IHC analysis
to evaluate the association between SIRPa expression (Figure 3A)
and the numbers of tumor-infiltrating immune cells such as M1 mac-
rophages, M2 macrophages, and cytotoxic T cells. We used CD80,
CD163, and CD8 as cell surface markers of M1 macrophages, M2
macrophages, and cytotoxic T cells, respectively. Representative im-
ages of CD80, CD163, and CD8 staining are shown in Figure 3B-D.
Significantly greater numbers of CD80* and CD163" macrophages
were present in the SIRPa high-expression group than the low-
expression group (P < .001 and P < .001, respectively; Figure 3E,F).
In contrast, the number of CD8" cytotoxic T cells in the SIRP« high-
expression group was significantly smaller than in the low-expression
group (P = .03; Figure 3G). Multivariable analysis showed that high
SIRPa expression was significantly associated with pathological
T 2-4, greater number of infiltrating CD163" M2 macrophages,
and smaller number of infiltrating CD8" cytotoxic T cells (Table 3).
Moreover, we globally analyzed the association between SIRPa ex-
pression and composition of infiltrating immune cells in ESCC using
the CIBERSORT system. Signal regulatory protein alpha expres-
sion was significantly positively associated with the proportions of
tumor-infiltrating MO, M1, and M2 macrophages and CD4" resting T
cells (Figure S1).

We analyzed the contribution of CD80* and CD163* macro-
phages as well as CD8" cytotoxic T cells to patient survival. None of
these was a significant prognostic factor for OS or DFS of patients
with ESCC (Table S1).

TABLE 2 Univariable and multivariable Cox regression analysis for disease-free survival (DFS) and overall survival (OS) among patients with esophageal squamous cell carcinoma (n = 131)

(0]

DFS

= 3023
Cancer Science RUITa ans

Multivariable analysis

Univariable analysis

Multivariable analysis

Univariable analysis

95% Cl Pvalue HR 95% ClI P value

Pvalue HR

95% Cl

HR

P value

95% ClI

HR

Factor

0.959-1.032 .790

0.995

.6000
.2400
.1100
.2900
.0012

0.962-1.022

0.991

Age, years

.940
.610
170
.055
.008
.027

0.458-2.302

1.027
1171
1.754
1.909
0.334
2.056

0.347-1.278

0.667

Male

Sex

0.640-2.143

0.908-2.507

1.508

Poorly differentiated 1.487

Ce and Ut

Tumor location

0.816-3.772
0.948-3.844
0.131-0.847

0.734-3.012

Histopathology

.0400
.0013

2.039 0.994-4.183
0.265 0.102-0.683

1.988 0.998-3.959

<.001
<.001

1.475-5.357
0.127-0.622

1.378-4.856 2.811
0.164-0.790
1.017-3.096 0.907-2.821

0.867-2.343
0.992-2.658

2.587
0.360

pStage

0.281

.0038

Grade 2-3
High

Effect of preoperative treatment

.0400

1.045-4.042
0.649-2.043
0.916-2.887

.090

1.600

.0350

1.775
1.425

SIRPx expression

620
.090

1.151
1.627

.1500
.0550

Positive

PD-L1 expression
SIRPa/PD-L1

1.624

Coexpression

Abbreviations: Ce, cervical esophagus; Cl, confidence interval; HR, hazard ratio; PD-L1, programmed cell death-ligand 1; pStage, pathological stage; SIRPa, signal regulatory protein alpha; Ut, upper

thoracic esophagus; -, not included in analysis.

85U017 SUOWIWIOD BAIIea.D 3ot jdde aup Aq peussnob e sejole VO ‘88N Jo sejni Joy Ariq1aulUQ AB]1M UO (SUOIPUOD-PUe-SLLBIWOD™AB | IMAle1q 1 BulUo//:Sdny) SUonIpUD pue swis 1 8y} 88s *[£202/TT/S0] Uo ARiqiauluo A8 |im ‘AseAIuN NusnAY AQ T/6vT Se9/TTTT OT/I0p/oo" A3 |1MAeuq1|pul|uo//:sdny Wo.y pepeojumoq ‘g ‘TZ0Z ‘900.6VET



KOGA ET AL.

ELERVIESVE ancer SCIence

O T AR
N .o"’o- ) i
9V

P

ALK
PG
"V'b"

l‘i:“" "W e ,
(92 g i‘l ‘ bl 3

;\\?‘,;.P."c ") ,H(‘

Ne ZR a0l o gone o B\ M.
% St ‘* "'%"f’* ﬁ",‘g" Ga..‘ ‘ k '%«. wt\g |
e ¥ :".”,Ji -5,'4,4.&.‘. N P ‘S
f ﬁ:“.g Pa't 1o v e &4, '\ L«b ]
e ‘;ﬁ.'ﬁ..‘kﬁ- s U Aa‘.ﬂj L iy Vy Tohors
(E) (F) (G)
. 4001 - o 400+ % 350- %
£ E 350 £
E 350 5 ] E 300-
S S 3001 3
$ 3001 K — S
2 = S 2504
] 9 250 =
S 250 © ] -
o _— ]
2 2 200 @ ——— e 200+
3 2001 s =
2 a 150~ g 150- -
- [yl
2 1%0 < 100~ 8
3) =} S 1001
p 100 1 o 50 - o
4 8 — ¥
§ 501 g oA g
< z <
SIRPa SIRPa SIRPa SIRPa SIRPa SIRPa
Low High Low High Low High

FIGURE 3 Signal regulatory protein a (SIRPa) expression was associated with tumor-infiltrating immune cells in esophageal squamous
cell carcinoma (ESCC). A-D, Representative immunohistochemical staining of SIRP« (A), CD80 (B), CD163 (C), and CD8 (D) in a surgically
resected specimen from one patient with ESCC. All of the images represent a single area of one specimen. Scale bar = 50 pm. E, F,
Association between SIRPa expression and the infiltrating numbers of tumor immune cells including CD80 (E), CD163 (F), and CD8 (G) were
evaluated by manual cell counts of immunohistochemically stained samples. *P < .001; **P = .03

3.4 | Prognostic significance of coexpression of were positive for PD-L1 (CPS > 1%). Significantly more patients
SIRPa and PD-L1 positive for PD-L1 were included in the SIRPa high-expression

group than the low-expression group (P < .001, X2 test; Table
We investigated the correlation between SIRPa expression and S2). Moreover, multivariable analysis revealed that PD-L1 posi-
immune checkpoint molecule PD-L1 expression in ESCC using tivity was significantly associated with high expression of SIRP«
IHC analysis. In our ESCC patient cohort, 67 patients (51%) (Table 3).
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TABLE 3 Univariable and multivariable analysis of the relationship between signal regulatory protein alpha (SIRP«) expression and other
clinicopathological factors in patients with esophageal squamous cell carcinoma (n = 131)

Univariable analysis

Multivariable analysis

Factor OR

Age, years 1.009

Sex Male 1.050

Tumor location Ceand Ut 0.820

Histopathology Poorly differentiated 1.135

pT T2-4 3.339

pN N1-3 1.032

Preoperative treatment Yes 1.500

Effect of preoperative Grade 2-3 1.523

treatment

CD80 Number of positive cells/ 1.008
HPF

CD163 Number of positive cells/ 1.019
HPF

CD8 Number of positive cells/ 0.994
HPF

PD-L1 Positive 4.029

95% ClI Pvalue OR 95% Cl P value
0.967-1.052 .6600 - - -
0.382-2.880 .9200 - - -
0.382-1.761 .6100 - - -
0.363-3.543 .8200 - - -
1.559-7.147 .0017 3.555 1.218-10.37 .0160
0.491-2.167 .9300 - - -
0.678-3.313 .3100 - - -
0.612-3.790 .3500 - - -
1.002-1.015 .0045 1.004 0.996-1.013 .2100
1.011-1.027 <.001 1.015 1.005-1.025 <.0010
0.987-1.002 11500 0.983 0.971-0.995 .0017
1.872-8.671 <.001 3.766 1.148-12.35 .0240

Abbreviations: Ce, cervical esophagus; Cl, confidence interval; HPF, high-powered field; OR, odds ratio; PD-L1, programmed cell death-ligand 1; pN,
pathological lymph node metastasis; pT, pathological depth of tumor invasion; Ut, upper thoracic esophagus; -, not included in analysis.

We analyzed the association between the coexpression of SIRP«
and PD-L1 and patient survival using the Kaplan-Meier method.
Representative images of the coexpression of SIRPa and PD-L1 are
shown in Figure 4A,B. The OS and DFS were analyzed in patients
categorized as SIRPa/PD-L1", SIRPa /PD-L1*, SIRPa*/PD-L1", and
SIRPa*/PD-L1". Patients in the SIRPa*/PD-L1" category tended to
have worse OS and DFS than any other categories, although not sig-
nificantly (Figure 4C,D).

4 | DISCUSSION

In this study, we identified SIRP« as an indicator of poor prognosis
in ESCC. Signal regulatory protein alpha expression was significantly
associated with infiltration of M1 macrophages, M2 macrophages,
CD8" T cells, and PD-L1, indicating that SIRPa could induce a poor
prognosis partly through inhibiting macrophage phagocytosis of
tumor cells and regulating the antitumor immune response. This is
clinically important because SIRP« should be considered as a poten-
tial therapeutic target in ESCC.

Signal regulatory protein alpha induces the signaling cascade
inhibiting phagocytosis of target cells by interacting with its li-
gand CD47 and also functions as a negative regulator of antitu-
mor immune responses.’® Several previous studies have shown
that CD47 is overexpressed and associated with poor prognosis in
ESCC and other malignancies.'?1325 However, the clinical signifi-
cance of SIRPa in ESCC is unknown. Therefore, we focused our in-

vestigation on the effect of SIRPa expression on the prognosis of

ESCC. Our data showed that more SIRPa was expressed in ESCC
tissues than in noncancer tissues, by in silico analysis. Moreover,
high SIRPa expression was positively associated with the depth of
invasion and tumor stage and significantly associated with a poor
prognosis in ESCC, suggesting that SIRPa might contribute to pa-
tient survival by enhancing tumor invasiveness. These findings
support the hypothesis that the CD47-SIRPa system could inhibit
macrophage phagocytosis of tumor cells, resulting in a poor prog-
nosis in ESCC. Indeed, many preclinical studies have shown that
blocking of the CD47-SIRPa pathway, whether by anti-CD47 Ab,
anti-SIRPa Ab, or SIRPa-Fc fusion proteins that act as effective
decoy receptors, has an antitumor effect against several solid and
hematopoietic cancers.!*1719262% gsaveral clinical trials are un-
derway to evaluate these CD47-SIRP« targeting inhibitors.2830-31
Taken together, our findings provided a rationale to investigate
the therapeutic effects of the blockade of CD47-SIRPa on ESCC
in a further study.

We showed that SIRPa expression was significantly cor-
related with the infiltration of CD163* macrophages in ESCC,
suggesting that CD163" M2 macrophages might have high SIRPx
expression. Macrophages in malignant tumors have been clas-
sified into activated macrophages (M1 macrophages) involved
in the responses of type 1 T helper (Th1) cells to pathogens,
which facilitate antitumor immunity, and alternatively activated
macrophages (M2 macrophages) that are involved in Th2-type
responses and play a role in suppressing the antitumor immune
response.®>33 Previous studies indicate that tumor-associated

macrophages (TAMs) predominantly consist of M2 macrophages,
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FIGURE 4 Coexpression of signal regulatory protein o (SIRPa) and programmed cell death-ligand 1 (PD-L1) was prognostically significant
in esophageal squamous cell carcinoma (ESCC). A, B, Representative images of SIRPa (A) and PD-L1 (B) in a surgically resected specimen
from one patient with ESCC. The images represent a single area of one specimen. Scale bar = 100 pm. C, D, Kaplan-Meier curves showing
overall survival (C) and disease-free survival (D) of patients with ESCC according to the SIRPa and PD-L1 expression patterns. Red, green,
blue, and brown curves represent SIRPa”/PD-L1" (n = 33), SIRPa/PD-L1" (n = 14), SIRPa*/PD-L1" (n = 31), and SIRPa*/PD-L1" (n = 53),
respectively. Statistical analysis was undertaken using the log-rank test. E, Schematic model of combination therapy targeting both the

CD47-SIRPa and PD-1-PD-L1 axes

which push the tumor microenvironment towards an immuno-
suppressive and tumor-progressive condition, resulting in poor
prognoses for patients with malignancies, including ESCC.34-38

Moreover, itis reported that SIRPa has a pivotal role in regulation

of the phenotype of macrophages in tumor sites.2%3%4% Thus, our
results suggest that SIRPa could be associated with macrophage
differentiation and regulate antitumor immunity through TAM
activity in ESCC.
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Our IHC data also showed that fewer CD8" T cells infiltrated
the tumors in the SIRPa high-expression group than in the low-
expression group, supporting the premise that the antitumor
immune response might be inhibited in patients with high SIRPa ex-
pression. The CIBERSORT analysis did not reveal a significant cor-
relation between SIRPa expression and CD8" T cells, but the size of
the CIBERSORT cohort was small. Signal regulatory protein alpha
expression appears to reflect the innate immune response to malig-
nancy, whereas CD8" T cells are major effector cells of adaptive im-
munity. Thus, we consider the correlation between SIRP« and CD8*
T cells to be weak and indirect.

Interestingly, the present study showed that PD-L1 expres-
sion was significantly associated with SIRPa expression in ESCC.
Previous studies showed that PD-L1 is expressed in TAMs and
plays a role in regulating their phagocytosis.***** Our IHC analy-
sis suggested that SIRP«a could be expressed in TAMs. Taken to-
gether, the correlation between SIRPa and PD-L1 suggests that
SIRPx and PD-L1 could be coexpressed in TAMs and control their
activity independently or cooperatively. Moreover, our results
showed that SIRPa/PD-L1 coexpression in ESCC tended to be
correlated with poor prognosis compared with the expression of
either protein alone or neither. The additive influence of SIRP«a
and PD-L1 on prognosis indicates that the suppression of both
innate and adaptive antitumor immunity could result in the worst
prognosis in the SIRPa/PD-L1 coexpression group. Therefore,
combination therapy targeting CD47-SIRPa and PD-1-PD-L1
could improve the prognosis of patients with ESCC by reacti-
vating both the innate and adaptive immune responses involving
macrophages and T cells, respectively (Figure 4E). Indeed, sev-
eral preclinical studies reported that the combined blockade of
CDA47-SIRPa and PD-1-PD-L1 axes had synergistic antitumor ef-
fects in murine colon cancer and melanoma models in vivo.1%44-4¢
Taken together, our findings support the idea that dual-targeted
therapy could be an effective treatment option for ESCC, whose
efficacy should be investigated in further preclinical and clinical
studies.

In conclusion, SIRPa is associated with poor prognosis in ESCC,
possibly through inhibiting macrophage phagocytosis of tumor cells
and inducing the suppression of antitumor immunity. Signal regula-
tory protein alpha should be considered as a potential therapeutic
target in ESCC, especially if combined with PD-1-PD-L1 blockade.
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