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Abstract Studies on immune checkpoint inhibitors targeting B7-CD28 family pathways in
esophageal squamous cell carcinoma (ESCC) have shown promising results. However, a
comprehensive understanding of B7-CD28 family members in ESCC is still limited. This study
aimed to construct a novel B7-CD28 family-based prognosis system to predict survival in pa-
tients with ESCC. We collected 179 cases from our previously published microarray data and
86 cases with qPCR data. Specifically, 119 microarray data (GSE53624) were used as a training
set, whereas the remaining 60 microarray data (GSE53622), all 179 microarray data (GSE53625)
and an independent cohort with 86 qPCR data were used for validation. The underlying mech-
anism and immune landscape of the system were also explored using bioinformatics and immu-
nofluorescence. We examined 13 well-defined B7-CD28 family members and identified 2 genes
(ICSOLG and HHLA2) with the greatest prognostic value. A system based on the combination
HHLA2 and ICOSLG (B7-CD28 signature) was constructed to distinguish patients as high- or
low-risk of an unfavorable outcome, which was further confirmed as an independent
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prognostic factor. As expected, the signature was well validated in the entire cohort and in the
independent cohort, as well as in different clinical subgroups. The signature was found to be
closely related to immune-specific biological processes and pathways. Additionally, high-risk
group samples demonstrated high infiltration of Tregs and fibroblasts and distinctive immune
checkpoint panels. Collectively, we built the first, practical B7-CD28 signature for ESCC that
could independently identify high-risk patients. Such information may help inform
immunotherapy-based treatment decisions for patients with ESCC.
Copyright ª 2020, Chongqing Medical University. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Introduction

Esophageal carcinoma (EC) is one of the most common
malignancies worldwide, and esophageal squamous cell
carcinoma (ESCC) is major subtype of EC, especially in
China.1 There were 455,800 new cases and 400,200 deaths
attributable to ESCC worldwide in 2012.2 With the devel-
opment of traditional therapies, including surgical therapy,
chemotherapy, and radiotherapy, the prognosis of ESCC has
changed over time; however, survival remains poor with
five-year survival rates ranging from 22.7 to 29.7%.2e4

Although the tumor-node-metastasis (TNM) system is well
known and widely used in clinical practice for prognosti-
cation, the survival of patients in the same clinical stage
still varies.5 Therefore, we continue to require methods for
early prediction and determination of high-risk patients
who may need adjuvant therapies.

We have been working on the discovery of prognosis
biomarkers for ESCC,6 built the first long non-coding RNA
(lncRNA)-based prognosis signature for ESCC,7 and uploa-
ded the original microarray data (GSE53625). Although we,
and other groups, have revealed multiple biomarkers linked
to clinical outcomes, most biomarkers were screened out
from the whole genome or transcriptome. This process
ignored the intrinsic biological connection of cancer.

Immunotherapy has now become a novel therapeutic
strategy for patients with ESCC.8 Immunotherapeutic
treatments of ESCC have garnered increased attention over
the past few decades. The phrase III Keynote 181 study
demonstrated that pembrolizumab improves overall sur-
vival (OS) in patients with higher PD-L1 expression
compared to chemotherapy.9 The target of pembrolizumab
is PD-1, one of the most important members of the B7-CD28
family. The B7-CD28 familydincluding 13 well-defined
membersdbelongs to the B7 family (CD80, CD86, PD-L1,
PD-L2, ICOSLG, B7-H3, B7x, and HHLA2). The CD28 family
(CD28, CTLA4, ICOS, PD-1, and TMIGD2)10 is a co-signaling
superfamily (both co-inhibition and costimulation) which
is involved in the initial stages of interaction between APC
and T cells.11 The most famous members of the CD28 family
are programmed cell death protein-1 (PD-1) and cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4), which play
important roles in the immunotherapy responsiveness of
malignant tumors. PD-1 was reported to be an inhibitory
receptor in TCR signaling,12 cytokine production,13,14 and
proliferation of T cells.15 PD-1 ligand 1 (PD-L1) and PD-1
ligand 2 (PD-L2)dwhich belong to the B7 family and are
expressed in tumor cellsdcan suppress the antitumor im-
mune response. What’s more, PD-L1 is associated with
prognosis in patients with ESCC.16 Various studies have
indicated a connection between B7-CD28 members and
ESCC progression. This observation inspired us to build a
novel B7-CD28 family-based prognosis system.

HHLA2, short for HERV-HLTR-Associating 2, is recognized
as a new number of B7 family in the past decade.17,18 It’s a
type I transmembrane molecular with three extracellular Ig
domains.17 High expression of HHLA2 in several malignant
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tumors indicated that it may be a potential biomarker and
therapy target for tumor.19,20 Inducible T cell Costimulatory
Ligand (ICOSLG), another B7 family member, is a critical
member for individual B cells to competitively participate
in germinal center reaction.21 As the ligand of ICOS, ICOSLG
also involved in type 2 innate lymphoid cells function.22 The
combination of two critical member molecular of B7-CD28
family may reveal the interaction between the tumor and
the immune system.

In this study, we analyzed all the B7-CD28 family mem-
bers of ESCC and screened out the genes with the greatest
prognostic value. Then, we built a system based on the
combination HHLA2 and ICOSLG (B7-CD28 signature), that
was well validated in different cohorts. The signature could
independently classify patients with ESCC who were at high
risk for a poor prognosis. In these individuals, the local
immune response was enhanced with high infiltration of
immune cells and active inflammatory activities. The
different immune microenvironments among the ESCC
subgroups, defined by our novel combination of HHLA2 and
ICOSLG, may provide deep insights into the immunothera-
peutic strategy.
Methods

Patients and study design

We enrolled 265 cases in this study, including 179 cases
from our previous public data and 86 frozen tumor tissues
from an independent cohort. All 179 cases, and their
associated microarray data and corresponding clinical
characteristics, are publicly available (GSE53625). This
population includes two cohorts: 119 cases in GSE53624 and
60 cases in GSE53622. The original microarray data used in
this study were processed as described previously.7 In
short, mRNA expression data of the samples were extracted
by quantile normalization and then log 2-scaled trans-
formed. For genes with more than one probe, the mean
expression was calculated and used. Additionally, we
Table 1 Clinical characteristics of the patients in training coho

Characteristics Training cohort
(N Z 119)

Validation c
(N Z 60)

Gender, No. (%)
Male 98 (82.4%) 48 (80%)
Female 21 (17.6%) 12 (20%)

Age, No. (%)
�60 61 (51.3%) 30 (50.0%)
>60 58 (48.7%) 30 (50.0%)

Subtype, No. (%)
LNþ 65 (54.6%) 31 (51.7%)
LN� 54 (45.45) 29 (48.3%)

TNM stage, No. (%)
1e2 53 (44.5%) 34 (56.7%)
3e4 66 (55.5%) 26 (43.3%)

OS state, No. (%)
Alive 46 (38.7%) 27(45.0%)
Dead 73 (61.3%) 33(55.0%)
updated the recurrence-free survival (RFS) data for these
patients. The 86 frozen ESCC tumor tissue samples were
obtained from the First Affiliated Hospital of Zhengzhou
University from 2011 to 2014. This research was approved
by the Ethics Committee Board of the First Affiliated Hos-
pital of Zhengzhou University. We used 119 cases from
GSE53624 as the discovery cohort, and 60 cases from
GSE53622 and the entire cohort of 179 for validation. Then,
the clinical application value of this signature was validated
in the independent cohort with qPCR data. All the clinical
features of these cases are displayed in Table 1.
Quantitative real-time polymerase chain reaction
(qPCR) analysis

The total RNA of 86 samples was obtained from the frozen
tissues mentioned above. cDNA was synthesized according
to the manufacturers’ instructions and diluted as templates
for quantitative PCR. We used a 10 ml volume system,
containing 5 ml SYBR Green Master Mix (Invitrogen), 3 ml
nuclease-free water, 1 ml template, and 1 ml of each PCR
primer in the Agilent Mx3005P Real-Time PCR system. The
expression values of ICOSLG and HHLA2 were normalized to
the expression of GAPDH and then log2 transformed for
further validation. The primer sequences of the target
genes and GAPDH are shown in Table S1.
Biological pathway analysis and xCell analysis

We performed a Gene Ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) pathway analysis of
the most-related B7-CD28 family-based signature genes in
the training cohort using DAVID 6.8 (http://david.abcc.
ncifcrf.gov). To estimate the cellular heterogeneity in the
tumor microenvironment, xCell,23 which contains 64
different immune and stromal cell types, was used to
evaluate the populations of different cell types in the ESCC
tissues.
rt, GSE53265 and independent cohort.

ohort GSE53625
(N Z 179)

Independent cohort
(N Z 86)

146 (81.6%) 63 (73.3%)
33 (18.4%) 23 (16.7%)

99 (55.3%) 24 (27.9%)
80 (44.7%) 62 (72.1%)

96 (53.6%) 37(43.0%)
83 (46.4%) 49 (57%)

87 (48.6%) 17 (19.8%)
92 (51.4%) 69 (80.1%)

73 (40.8%) 60 (69.8%)
106 (59.2%) 26 (30.2%)
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Immunofluorescence technique

Samples were fixed in 10% neutral-buffered formalin and
embedded in paraffin. The tumor tissue sections (3 mm)
were then deparaffinized and blocked for preparation.
Then, the primary and matched secondary antibodies were
diluted in PBS containing 2% BSA and used to stain SMA AND
Foxp3. Next, we washed the cells with PBS three times and
stained the cell nuclei with 4, 6-diamidino-2-phenylindole
(DAPI). Three independent experiments were carried out.

Signature generation and statistical analysis

A univariate Cox regression analysis was first used to eval-
uate the significance of the 13 well-defined B7-CD28
members in GSE53624. Then, two genes were found to be
correlated with OS (P < 0.05). Next, the signature was
generated based on a linear combination of the expression
value of two genes, weighted with regression coefficients
from a multivariable Cox proportional hazards regression
model. Patients in the training and all validation cohorts
were divided into high- and low-risk groups based on the
signature score with an optimal cutoff point. The
KaplaneMeier method was used to evaluate the OS and RFS
between the high- and low-risk groups, and a log-rank test
was used to assess the difference in prognosis between the
two groups. The ManneWhitney U-test was used to calcu-
late the distribution of xCells between high- and low-risk
patients. Independent prognostic factors in this study
were calculated by Cox proportional hazards regression
model. Other statistical computations and the figures,
including heatmap, boxplots, Receiver operating charac-
teristic (ROC) curves, and survival curves, were realized by
using several packages (ggplot2, ggrepel, ggthemes,
pheatmap, cowplot, pROC, and survival) in the statistical
software environment R version 3.5.1 (https://www.r-
project.org). For all statistical methods, a P value less
than 0.05 was regarded as significant.

Results

Construction and internal validation of a B7-CD28
family-based signature in ESCC

To explore the relationship between the B7-CD28 super-
family and prognosis in ESCC, we constructed a model to
describe the inner relationship. Data from 119 patients with
ESCC in the GSE53623 dataset was used as a training cohort,
and another 60 patients with ESCC in the GSE53622 dataset
was used as a validation cohort. Detailed clinical
Table 2 Individual B7-CD28 gene multivariate Cox proportional

Gene Aliases HR

ICOSLG B7-H2, CD275 1.719296
HHLA2 B7-H5, B7-H7 0.607967
characteristics of the patients are shown in Table 1. The
expression of 13 well-defined B7-CD28 genes in the training
cohort was analyzed by univariate Cox regression, and the
details of the genes are shown in Table S2. Then, the signif-
icant genes were incorporated into a multivariable Cox pro-
portional hazards regression model (Table 2). Ultimately, a
two-gene prognostic model was established based on the
combination of HHLA2 and ICOSLG. Themodel was called the
B7-CD28 based signature. Risk scores were calculated as
follows: risk score Z 0.5419 � ICOSLG � 0.4976 � HHLA2.
Risk scoreswere calculated for each patient, and the optimal
cutoff point was used as a cutoff to divide all patients into
high- and low-risk groups (Fig. 1AeC). The OS (P < 0.0001)
and RFS (PZ 0.0382) were both shorter in the high-risk group
when compared to the low-risk group (Fig. 1D, E). From the
result of ROC analysis of B7-CD28 signature for prediction of
mortality risk at 1, 3, and 5 years in the training cohort, we
found that area under ROC curve (AUC) of 1, 3 and 5 years
were all above 0.5, which further confirmed the effective-
ness of the model (Fig. S1). The risk score remained an in-
dependent prognostic factor even after it was incorporated
into a multivariate Cox proportional hazards regression
model together with important clinical variables (Table 3).

As lymph node metastasis plays a crucial role in the
prognostic outcomes of ESCC,24 we further explored the
connection of OS and risk score for both lymph node
metastasis positive (LNþ) and lymph node metastasis
negative (LN�) patients within the 119 person cohort
(Fig. 1F, G). The patients in the high-risk group showed
shorter OS compared to the low-risk group in both sub-
groups, with P values of 0.0370 and 0.0002, respectively. We
also found that the signature in the high-risk group indicated
shorter survival in subtypes of the training cohort including
TNM1-2 (Fig. S2A), TNM3-4 (Fig. S2B), older (age S 60)
(Fig. S2C), younger (age< 60) (Fig. S2D), and male (Fig. S2E)
patients. We did not find a significant difference in risk
scores and survival for female patients (Fig. S2F). In the
validation cohort (Fig. 2A), the signature only showed a
borderline difference between the high- and low-risk pa-
tients, with P values of 0.2729 and 0.0908 for OS and RFS,
respectively (Fig. 2B, C). This may have been caused by the
small size of this cohort. Therefore, the entire cohort
(GSE53625) was further explored (Fig. 2D). As expected, we
found that both the OS and RFS were shorter in the high-risk
group, with P-values of 0.0002 and 0.0167, respectively.
Similarly, the signature was found still have prognostic value
in different clinical subtypes of the entire cohort, regardless
of LN status, TNM stage, age, or sex (Fig. S3). Moreover, the
results of the multivariable Cox regression analysis further
confirmed that the risk score was an independent factor for
ESCC in the entire cohort (Table 3).
hazards models in training cohort.

95% CI P-value Family

1.211862e2.439203 0.002391 B7 family
0.41155e0.898127 0.012431 B7 family

https://www.r-project.org
https://www.r-project.org


Figure 1 Risk score distribution and survival of patients in the training cohort. (A) The risk scores for 119 patients in the training
cohort (GSE53624) are plotted in ascending order and marked as high risk (red) and low risk (green). (B) Survival of each patient in
the cohort. Death is indicated by the color red, and alive patients are indicated by the color green. (C) Two genes in the B7-CD28
family expression distribution in the training cohort. Red: higher expression. Green: lower expression. (D, E) KaplaneMeier curves
of OS and RFS in 119 patients in the training cohort. (F, G) KaplaneMeier curves of OS in LNþ and LN� patients. P < 0.05 is regarded
as statistically significant.
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Table 3 Univariable and multivariable Cox regression analysis of the signature and survival in the training cohort (N Z 119)
and GSE53265 (N Z 179).

Univariable analysis Multivariable analysis

HR (95% CI) P-value HR (95% CI) P-value

Training cohort
Risk. Score High/Low 2.718 (1.655e4.466) 0.0001 2.723 (1.502e4.937) 0.0010
Age >60/�60 1.421 (0.896e2.252) 0.1352 1.127 (0.681e1.865) 0.6429
Sex Female/Male 0.827 (0.468e1.461) 0.5126 1.003 (0.434e2.317) 0.9940
Tobacco Use Y/N 0.860 (0.532e1.388) 0.5361 0.557 (0.287e1.083) 0.0845
Alcohol Use Y/N 1.052 (0.656e1.688) 0.8333 1.901 (0.929e3.889) 0.0786
Tumor Location Upper, middle/lower 1.104 (0.755e1.614) 0.6090 1.344 (0.870e2.077) 0.1825
Tumor Grade Moderately differentiated,

poorly/well differentiated
1.220 (0.855e1.739) 0.2733 1.117 (0.759e1.646) 0.5745

T stage T3, T4/T1.T2 1.127 (0.839e1.515) 0.4277 1.074 (0.694e1.662) 0.7483
N stage N1, N2, N3/N0 2.159 (1.319e3.535) 0.0022 1.197 (0.517e2.775) 0.6743
TNM stage III/I, II 1.901 (1.226e2.948) 0.0041 1.460 (0.620e3.436) 0.3868
GSE53625
Risk Score High/Low 1.774 (1.273e2.472) 0.0007 1.693 (1.159e2.473) 0.0064
Age >60/�60 1.575 (1.073e2.312) 0.0203 1.365 (0.902e2.066) 0.1410
Sex Female/Male 0.783 (0.489e1.252) 0.3066 1.068 (0.570e2.001) 0.8378
Tobacco Use Y/N 0.749 (0.508e1.105) 0.1452 0.590 (0.349e0.995) 0.0478
Alcohol Use Y/N 0.863 (0.588e1.269) 0.4553 1.302 (0.749e2.263) 0.3490
Tumor Location Upper, middle/lower 1.253 (0.925e1.697) 0.1452 1.417 (1.008e1.990) 0.0447
Tumor Grade Moderately differentiated,

poorly/well differentiated
1.352 (1.002e1.823) 0.0482 1.211 (0.892e1.645) 0.2201

T Stage T3, T4/T1.T2 1.187 (0.910e1.549) 0.2054 1.081 (0.732e1.596) 0.6948
N Stage N1, N2, N3/N0 2.130 (1.420e3.193) 0.0002 1.402 (0.663e2.965) 0.3766
TNM Stage III/I, II 1.994 (1.398e2.846) 0.0001 1.547 (0.728e3.290) 0.2565
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Biological process and pathway analysis of the
signature

To investigate the biological features of ESCC that are
related to the risk score, we investigated genes that
strongly related to the risk score (Pearson |R| > 0.35) in
the training cohort. The details of the risk scores of the 622
most related genes for RFS status, OS status, age, pathology
stage, and alcohol history are shown in Figure 3A. The
significantly related genes were entered into the DAVID
website for Gene Ontology analysis. The related genes were
more involved in antigen processing and presentation of
peptides or polysaccharide antigens via major histocom-
patibility complex (MHC) class II, T cell costimulation, and
immune response (Fig. 3B). A KEGG pathway analysis was
also used to find the common pathway of the involved
genes. As a result, we found that genes participated more
with Cell Adhesion Molecules (CAMs), the intestinal immune
network for IgA production, Staphylococcus
aureus infection, and asthma (Fig. 3C). These results indi-
cated that immune-related biological pathways may play
an important role in the underline mechanisms of the
signature.
Signature-specific immune cells infiltration

To further investigate the relationship between the im-
mune landscape and the signature, xCell (http://xCell.
ucsf.edu/) was used in the training cohort. This was
implemented using a single sample gene set enrichment
analysis (ssGSEA) algorithm. This algorithm allows
enrichment scores to be calculated for 64 immune and
stromal cell types from gene expression profiles.23 We
used the xCell method to estimate infiltration of different
immune cells in the high- and low-risk groups. Details per-
taining to risk scores of immune cell infiltration with OS
status, pathology status, sex, age, and alcohol history are
shown in Figure 4A. Differential expression of the cells is
shown in Figure 4B and C. The results indicated that several
immune cells, such as Treg cells, CD4þ T-cells, and CD8þ T-
cells, exhibited statistically significant infiltration patterns
between the high- and low-risk groups. In particular, pa-
tients in the high-risk group showed a significantly higher
proportion of Treg cells and fibroblasts. Foxp3 and a-SMA
are the specific biomarkers of Treg cells and fibroblasts,
respectively.25,26 Thus, to primary verify the estimated
data, we stained the two markers by immunofluorescence
assay in two corresponding tumor samples slices from the
high- and low-risk groups. The pictured results include Case
1 (a high-risk patient) and Case 2 (a low-risk patient). The
foxp3 is marked in red, and the a-SMA is marked in green
(Fig. 4D). This image confirms that high-risk patients exhibit
high infiltration of Tregs and fibroblasts.

Risk score related to inflammatory metagenes and
immune checkpoints

To explore the relationship between risk score and inflam-
matory activities, we defined seven clusters of 104 genes as

http://xcell.ucsf.edu/
http://xcell.ucsf.edu/


Figure 2 Risk score distribution and survival of patients in the validation cohort. (A) The risk scores for 60 patients of GSE56322,
the survival of each patient, and gene expression distribution in the validation cohort. (B, C) KaplaneMeier curve of OS and RFS in
validation cohort: (D) Risk scores for the entire cohort (GSE53265), the survival of each patient, and gene expression distribution
(E, F) KaplaneMeier curve of OS and RFS in the entire cohort. P < 0.05 is regarded as statistically significant.
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immune metagenes, which indicate different types of in-
flammatory and immune responses.27 The details of these
genes and the risk scores are shown in Fig. 5A. We then
generated seven metagenes using the results of the Gene
Sets Variation Analysis (GSVA) of corresponding clusters of
genes and obtained a risk score expression of corrgram in
the training cohort (Fig. 5B). The high-risk score was
positively associated with hematopoietic cell kinase (HCK),
IgG, interferon, lymphocyte-specific protein-tyrosine ki-
nase (LCK), MHC-I, MHC-II, and signal transducer and acti-
vator of transcription 1 (STAT1). Associations were closest
between high-risk score and HCK, LCK, and MHC-II. This
indicates that a high-risk score was associated with acti-
vation of macrophages and T cells signaling transduction in



Figure 3 Relationship between risk score and most related genes and biological pathways. (A) Details of risk score and the most-
related genes. (B) Gene enrichment with Go terms of the selected genes. (C) Gene enrichment with KEGG terms of the selected
genes.
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patients with ESCC. Other immune checkpoint members
also played a vital role in the communication systems that
regulate the antitumor immune response.28 We detected a
correlation between risk score and several immune check-
points. B and T lymphocyte attenuator (BTLA) is a
lymphocyte inhibitory receptor that is similar to CTLA-4 and
PD-1. BTLA-deficient T cells showed increased prolifera-
tion, and BTLA-deficient mice had increased specific anti-
body responses.29 Our study showed that a high score was
tightly associated with BTLA (Fig. 5C). A previous study has
demonstrated that CD27, a TNF receptor, activated cos-
timulatory pathways of the T cell response. CD27 signaling
also promoted tumor growth.30 Our results showed that a
high-risk score was also positively associated with CD27
(Fig. 5D). What’s more, the expressions of tumor necrosis
factor receptor superfamily member 4 (TNFRSF4) and
Galectin 9 (LGALS9) were linked to the high-risk group
(Fig. 5E, F).
The prognosis value of signature was validated in an
independent cohort

Eighty-six patients formed an independent cohort to vali-
date the prognostic value of the signature. The HHLA2 and
ICOSLG expressions in the mRNA level were detected in
each patient, and a risk score was then calculated (Fig. 6A).
OS (P < 0.001) and RFS (P Z 0.0217) were both shorter in
the high-risk group when compared to the low-risk group
(Fig. 6B, C). Unsurprisingly, the high-risk group also showed
shorter OS compared to the low-risk group for the LNþ and
LN� subgroups, with P-values of 0.0012 and 0.0004,
respectively. Importantly, the risk score was also an inde-
pendent following use of a multivariate Cox proportional
hazards regression model together with other clinical var-
iables such as sex, age, and pathology stage (Table 4).
Discussion

With the rapid development of genomic research of ma-
lignant tumors, various prognosis markers and therapeutic
targets have been found and validated. ESCC remains a
type of cancer with a relatively poor prognosis. The iden-
tification of ESCC biomarkers gives hope to patients, but
the transfer of these biomarkers into clinical use has been
difficult. Preclinical and clinical immunotherapy for ESCC
has shown promising results. However, the specific therapy
target and optimal patient selection methods remain un-
clear. As mentioned above, our team is committed to the
creation of a signature to predict prognosis in patients with
ESCC and thus determine candidacy for novel target ther-
apy. The signature we built in this study was specific to
ESCC for a Chinese population. Several signatures have
been built to predict overall survival in patients with
ESCC.31,32 A B7-CD28-based signature is able to significantly
predict prognosis in patients with lung adenocarcinoma
(LUAD).33 However, the B7-CD28-based gene signature was



Figure 4 Relationship between risk score and different cells estimated by xCell. (A) The cellular landscape of tumor immune
microenvironment in high and low risk scores group of ESCC. (B, C) Different distribution of estimated cells that are in two groups.
(D) Immunofluence image of Treg and fibroblasts in tissues in a patient from the high-risk group (Case 1) and low-risk group (Case 2).
The foxp3 is marked as red, and a-SMA is marked as green. (200�). *, **, *** and **** represent P < 0.05, P < 0.01, P < 0.001 and
P < 0.0001, respectively.
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not able to predict prognosis in patients with ESCC. In this
research, we improved upon current methods of analysis
and incorporated additional patients with ESCC. Thus, we
developed a novel B7-CD28 family gene prognostic signa-
ture. By analyzing the association between gene expression
profiles and clinical outcomes in patients with ESCC, we
identified a B7-CD28 family gene signature that exhibited a
significant relationship to OS in patients with ESCC. The
signature was closely associated with RFS and OS in
different subsets of patients with ESCC, regardless if the
patients were from the validation cohort or the indepen-
dent cohort. We also found that the signature had a sig-
nificant relationship to pathways of immune and
lymphocyte infiltration in patients with ESCC. Patients in
the high-risk score group also exhibited high expression of
critical immune checkpoints. Above all, this B7-CD28-based
signature enhances our understanding of immunotherapy in
patients with ESCC.

The B7-CD28 superfamily genes help activate critical im-
mune responses. The ability of various tumors to withstand
the immune response is one reason for poor prognosis and a
low responsiveness to therapy. This observation inspired us
to explore the prognostic signature using the B7-CD28 family
genes. T cell activation is regulated by both positive and
negative costimulatory molecules. Members of the B7 family
are critical for Tcell responses. The CD80/CD86-CD28/CTLA-
4 pathway is involved in T cell activation and tolerance.34

CD80 (B7-1) and CD86 (B7-2) provide costimulatory signals
that augment and sustain the T cell response via their
interaction with CD28.35,36 CD28 transmits a signal that



Figure 5 Relationship between risk scores and immune metagenes and immune checkpoints. (A) Relationship between risk scores
and seven clusters of metagenes in the training cohort. (B) Corrgrams were derived based on Pearson r value between risk values
and seven clusters of metagenes in the training cohort. (C, D) Correlations between immune checkpoints from the TNF family and
risk scores. (E, F) Correlation between immune checkpoints from other family members and risk scores.
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synergizes with the TCR signal to promote T-cell activation.
CD28 signaling also reduces the number of TCR, which are
essential in T-cell activation.37 CTLA-4, as an inhibitory re-
ceptor, can combine with the B7 family molecule due to its
higher affinity than CD28.38 CTLA-4 delivers a negative signal
to inhibit the TCR and CD28 signals. The immune checkpoint
inhibitor targeted to CTLA-4 is effective in several tumors.39

ICOS is induced on T cells after the engagement of TCR, and
its expression is related toCD28.40 ICOSL, the ligandof ICOS is
a potential target for cancer immunotherapy.41 ICOSL over-
expression is associated with tumor progress and poor over-
all survival.42,43 Our findings also indicated the similar
conclusion. ICOSL is a co-stimulatory signal for T-cell prolif-
eration and cytokine secretion and plays an important role in
mediating local response to inflammatory condition.44 The
activation of ICOSLG was found in gastric cancer to sustain
immunosuppressive CD4þ T cell subsets, especially Tregs.45

Tregs are considered responsible for an immunosuppressive
environment and tumor immune escape.46 Dual use of vac-
cine and ICOSL blockade could deplete infiltrated Tregs with
the possibility to enhance the vaccine-induced immunity.47

The finding is accordance with our result that higher risk
score cases were featured with higher infiltration of Tregs.
HHLA2, also known as B7-H5, is a novel immune checkpoint
member of the B7 family.10 HHLA2 was first proposed in 2013
and serves as an inhibitorymolecule in humanCD4 and CD8 T-
cell function.17 HHLA2 has a higher expression in lung can-
cer,48 colorectal carcinoma49 and malignant glioma.19 Yan H
et al found that HHLA2 was detected in 77.17% of the
pancreatic dual adenocarcinoma and associated with better



Figure 6 Performance of B7-CD28 signature in the independent cohort with qPCR data. (A) The risk scores, the survival of each
patient, and gene expression distribution in the cohort. (B, C) KaplaneMeier curve of OS and RFS in the cohort. (D, E) KaplaneMeier
curve of OS in subgroups of LNþ and LN� patients. P < 0.05 is regarded as statistically significant.
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prognosis. Their findings suggest that HHLA2may behave as a
costimulatory ligand in pancreatic cancer.50 What’s more,
HHLA2 was found highly expressed in clear cell renal cell
carcinoma predicts a favorable survival outcome.51 These
results indicate that HHLA2might be a valuable biomarker in
various types of cancer. In our system, we found that HHLA2
was a protective factor with HR less than 1 and predicted a
longer OS and RFS in ESCC. The role of HHLA2 in the immune
environment of ESCC and its value of predicting prognosis in
patientswithESCC is a potential trend for future exploration.



Table 4 Univariable and multivariable Cox regression analysis of the signature and survival in the independent cohort
(N Z 86).

Univariable analysis Multivariable analysis

HR (95% CI) P-value HR (95% CI) P-value

Risk score High/Low 3.239 (1.778e5.899) 0.0001 2.518 (1.391e4.558) 0.002284
Gender Female/Male 1.078 (0.432e2.690) 0.8722 1.199 (0.454e3.162) 0.714195
Age >60/�60 2.964 (1.018e8.630) 0.0463 2.328 (0.784e6.910) 0.127882
TNM stage III/I, II 2.089 (1.288e3.388) 0.0028 1.351 (0.641e2.841) 0.428379
N stage N1, N2, N3/N0 5.361 (2.149e13.370) 0.0003 3.486 (1.170e10.385) 0.024932
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The signature we built in this study indicated that a high-
risk score was associated with poor prognosis in different
subtypes of ESCC. The subsequent exploration of immune-
related pathways and immunecheckpoints providedpotential
therapeutic targets for high-risk patients. Rodziewicz-Moto-
widlo et al revealed that a higher ratio of BTLA/CD8 was an
independent predictor of unfavorable outcomes in patients
with GBC, and the upregulation of BTLA in cancer tissues was
involved in the inhibition of antitumor immunity.52 The higher
expression of BTLA was also correlated with a higher level of
PD-L1 and shorter RFS in patients with NSCLC.53 The blockade
of BTLA onmice, with downregulation of interleukin 6 and 10,
enhanced the immune therapy of B lymphocytes in patients
with epithelial ovarian carcinoma (EOC).54 The clinical trial of
an inhibitor of BTLA (TAB004) is ongoing (Tri No.:
NCT04137900). Similarly, the CD27 expression level is associ-
ated with prognosis in patients with lung cancer55 and colo-
rectal carcinoma.56 The anti-CD27 monoclonal antibody
enhanced the antitumor efficacy of a dendritic cell-based
vaccine in prostate tumor-bearing mice.57

Several limitations to this study warrant consideration.
First, the risk score of the validation cohort was not sig-
nificant, unlike the training cohort. However, the entire
cohort exhibited statistical significance. This may have
been due to the small sample size of the validation cohort;
however, the whole-cohort results illustrate the specific
performance of the signature. Second, our study focused on
B7-CD28 super genes, not genes from the whole genome.
Consequently, the predictive value of the signature may be
limited. Finally, most of the relationship between risk score
and the immune landscape was fulfilled by bioinformatics,
which may be affected by some noise.

In conclusion, combined with our previous published
microarray data and external validation data, we identified
a novel, practical prognostic system based on the combi-
nation HHLA2 and ICOSLG (B7-CD28 signature) for ESCC.
This signature divided patients into high- and low-risk
groups with distinct immunity features, immune cell pro-
portions, and immune checkpoint molecules. With pro-
spective validation, these findings may enable a more
accurate prediction of survival while increasing our under-
standing of the candidacy for immunotherapy in patients
with ESCC.
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