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ABSTRACT

Understanding interactions between tumor and the host immune system holds great promise to uncover
biomarkers for targeted therapies and clinical outcomes. However, systematical analysis of immune
signatures in esophageal squamous cell carcinoma (ESCC) remains largely unstudied. In this study,
immune signatures containing 708 immune related genes were curated from mRNA microarray data with
tumor and paired normal tissues from 119 ESCC patients. Differential expression and survival analysis were
performed with validations from Human Protein Atlas and an independent cohort of 110 ESCC patients by
immunohistochemistry staining. We identified a total of 186 significantly dysregulated genes in ESCC,
including downregulated genes SPINK5, IL1RN and upregulated genes SPP1 and PLAU, which were further
confirmed in Human Protein Atlas data. Moreover, nine immune related genes (ABL1, ATF2, ATG5, C6,
CD38, HMGBT1, ICOSLG, IL12RB2 and PLAU) were significantly associated with patients’ overall survival,
among which, prognostic model was built including three independent factors ABL1, CD38 and ICOSLG.
Validation by immunohistochemistry staining suggested that combination with tumor infiltrated CD4+
and CD8+ T lymphocytes would yield higher performance in distinguishing cases as high or low risk of
unfavorable prognosis. In summary, we profiled the immune status in ESCC and established predictive
and prognostic factors for ESCC, which could reflect immune disorders within tumor microenvironments
and independently distinguish patients with a high risk of reduced survival, providing novel predictive
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and therapeutic targets for ESCC patients in the future.

Abbreviations: ABL1, C-abl oncogene 1, Non-receptor Tyrosine Kinase; ATF2, Activating Transcription Factor 2;
ATG5, Autophagy Related 5; AUC, Area Under Curve; CD4, CD4 molecule; C6, Complement Component 6; CD8, CD8
molecule; CD38, CD38 molecule; ESCC, Esophageal Squamous Cell Carcinoma; GO, Gene Ontology; HMGB1, High
Mobility Group Box 1; ICOSLG, Inducible T-cell Co-stimulator Ligand; IHC, Inmunohistochemistry; IL12RB2, Interleu-
kin 12 Receptor, Beta 2; IL1RN, Interleukin 1 Receptor Antagonist; KEGG, Kyoto Encyclopedia of Genes and
Genomes; PLAU, Plasminogen Activator, Urokinase; ROC, Receiver-operator Characteristic; SPINK5, Serine Peptidase
Inhibitor, Kazal type 5; SPP1, Secreted Phosphoprotein 1; TIL, Tumor Infiltrating Lymphocyte

Introduction

Esophageal carcinoma (gc) is the eighth most frequently diag-
nosed malignancies,’ which ranks as the sixth leading cause of
cancer death worldwide.” Over 70% of worldwide cases of EC
occur in China and 95% is esophageal squamous cell carcinoma
(ESCC), with an estimated 478,000 new cases and 375,000 new
deaths in 2015.* Despite advances in multidisciplinary treat-
ment of ESCC, the prognosis of ESCC patients remains poor,
with a 5-year survival rate ranging from 10% to 25%.>> Predic-
tive and prognostic markers may benefit clinical decision mak-
ing and provide novel insights into underlying mechanisms
and biologic behaviors of ESCC.

Molecular profiles of tumor cells and cancer-related cells
within their microenvironments represent promising candi-
dates for predictive and prognostic biomarkers.>'’ Despite
vigorous efforts have been made with major breakthroughs

in high-throughput genomic technologies,'"'* translational

implications suffer from inconsistent results due to hetero-
geneity in different cancer types, patient cohort and treat-
ment strategies.”” "> The immune evasion, a strategy used
by tumor cells to evade a host’s immune response to maxi-
mize their probability to continue growing, is one of the
hallmarks of human cancer.'® Immune disorders in tumor
is regarded as a promoting factor during tumorigenesis and
development.'”'® Immune responses stimulated by tumor
antigens, which are supposed to eradicate tumor cells, are
even subjugated to provide proper microenvironment for
tumor growth."” With intensive efforts made to elucidate
the interactions between the tumor and the immune sys-
tem,'”?' remarkable success has been achieved in cancer
immunotherapy in treating advanced tumors, but only
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applicable to a substantial fraction of patients while others
either are not suitable or failed to respond.”!

Considering the poor outcome after standard treatment and
few targeted therapeutics in ESCC, immunotherapy, a promis-
ing additional approach, is currently under intensive investiga-
tion. Meanwhile, several immune-related parameters, mainly
tumor infiltrating lymphocytes, have been reported for predict-
ing ESCC patient prognosis,'®**** further suggesting distinct
immune status has profound influence on outcome of ESCC
patients. Therefore, systematically investigation of the immune
phenotype within the ESCC microenvironment is great needed
to better understand the complex antitumor response and
guide effective immunotherapies in ESCC.

Methods and materials
Patient samples

For patient cohort in microarray study, paired tumor and adja-
cent normal tissues from 119 ESCC patients were collected
between December 2005 and December 2007; for patient
cohort in immunohistochemistry (IHC) study, tumor tissues
from 110 ESCC patients were collected between January 1998
and January 2003. All patients had surgically proven primary
ESCC and underwent surgery at National Cancer Center/Can-
cer Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College. The clinical and pathological informa-
tion for patients in both cohorts was listed in Table 1. Samples
were obtained with informed consent, and the study was
approved by the medical ethics committee of National Cancer
Center/Cancer Hospital.

Microarray data curation

Microarray data, which was deposited in Gene Expression
Omnibus (GEO) under accession number GSE53625, were

Table 1. Clinical and pathologic characteristics of ESCC patients in microarray and
tissue array.

Microarray Cohorts Tissue array Cohorts P

Characteristics (N=119) (N=110) value”
Age Median 59 (41-75) 61 (28-85) 0.439
(range)
Gender Male 98 (82.4%) 72 (65.5%) 0.006
Tobacco use Yes 80 (67.2%) 73 (66.4%) 0.890
Alcohol use Yes 74 (62.2%) 62 (56.4%) 0.446
Tumor Upper 14 (11.8%) 8 (7.3%) 0.466
location
Middle 69 (58.0%) 70 (63.6%)
Low 36 (30.3%) 32 (29.1%)
Tumor grade Well 23 (19.3%) 8 (7.3%) 0.011
Moderately 64 (53.8%) 58 (52.7%)
Poorly 32 (26.9%) 44 (40.0%)
T stage T 8 (6.7%) 3(2.7%) 0.242
T2 20 (16.8%) 17 (15.5%)
T3 62 (52.1%) 81 (73.6%)
T4 29 (24.4%) 9 (8.2%)
N stage NO 54 (45.4%) 66 (60.0%) 0.037
N1 65 (54.6%) 44 (40.0%)
TNM stage | 6 (5.0%) 3(2.7%) 0.016
I 47 (39.5%) 66 (60.0%)
1] 66 (55.5%) 41 (37.3%)

*Statistical analysis was performed between the microarray cohort and the tissue
array cohort.

processed as described previously.** In brief, mRNA expression
data in 119 paired tumor-normal samples were extracted by
quantile normalization and were then log 2-scaled transformed.
For genes with more than one probes, mean expression were
calculated and used in the study. A total of 708 immunology-
related human genes, curated from nCounter® PanCancer
Immune Profiling Panel (NanoString), were then implemented
as candidate genes in this studies, detailed annotations for these
708 genes were listed in Supplementary Table S1.

Bioinformatics analysis

Differentially expression analysis was tested by row t-test by
genefilter package (Version 1.56.0) with P values adjusted by
Benjamini-Hochberg (BH) method. Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
for the dysregulated genes were analyzed by ClueGO™ (Version
2.3.2) within Cytoscape (Version 3.2). In searching for survival
associated genes, rbsurv (Version 2.32.0) in R (Version 3.3.1)
were used, univariate and multivariate COX regression were then
applied. To compare the ability of the prognostic predictors, sur-
vivalROC package (Version 1.0.3) in R, which allows for time
dependent ROC curve estimation with censored data,”® was used
to generate the area under the curve (AUC) of the receiver-opera-
tor characteristic (ROC) curve for each parameters.

Immunohistochemistry (IHC) analysis

For validation of differentially expressed genes, IHC data of
ESCC tissues and normal esophageal tissues were downloaded
from Human Protein Atlas®” available from www.proteinatlas.
org. For validation of prognostic genes, tissue arrays containing
tumor tissues from 110 ESCC patients were constructed for
IHC staining. Three to 5 um thick ESCC tissues were
consecutively cut, subsequently dewaxed and rehydrated
through graded alcohols. Slides were immunohistochemically
stained according to the manufacturer’s instructions.
Antibodies for identification of protein expression of ABL1
(abcam, #ab15130), CD38 (abcam, #ab108403), ICOSLG
(abcam, #ab189052), CD4 (abcam, #133616) and CDS8 (abcam,
#ab4055) were used in this study. Quantitative evaluation were
performed using Aperio pathology workstation (Aperio). The
proportion of cells with positive staining was measured auto-
matically. The results were carried out blindly to the clinical
data.

Statistical analysis

Differentially expressed genes were compared with student t-
test and adjusted P value less than 0.001 and fold change bigger
than 2 was considered significantly dysregulated. The survival
curves were compared using Kaplan-Meier method and log-
rank test. Comparisons of gene expression with different clini-
copathologic features were tested by Student t test for two
groups, One-Way ANOVA test for more than two groups, and
cohort clinicopathologic featurs were compared by x* tests or
Wilcoxon tests. All tests were two sided, and a P value of less
than 0.05 was considered as statistical significance unless stated
otherwise. Data were analyzed using R (version 3.3.1).


http://www.proteinatlas.org
http://www.proteinatlas.org

Results
Differentially expressed immune signatures in ESCC

Normalized mRNA expression of ESCC and adjacent normal
tissues were obtained from a total of 119 ESCC patients.
Immune signatures containing a panel of 708 immune related
genes were then extracted and classified into five groups based
on GO annotations (Fig. 1 Panel A). Overview of expression of
all the 708 immune related genes in the ESCC cohort was pre-
sented in Fig. 1 Panel A, with diverse expression patterns
between tumor and normal tissues. Next, differentially
expressed genes were tested and defined as adjusted P value
less than 0.001 with fold change bigger than 2. As results, a total
of 186 immune related genes, among which 99 genes were
upregulated while 87 genes were downregulated, were signifi-
cantly dysregulated (P<0.001, fold change>2) in ESCC tissues
compared with paired normal tissues (Fig. 1 Panel B, Supple-
mentary Table S1). The most significant upregulated and
downregulated genes were SPP1 and SPINKS5 (Fig. 1 Panel B),
respectively. Moreover, main of these dysregulated immune
related genes belonged to general immune response processes
(Fig. 1 Panel C) since half of the panel were in this group
(Fig. 1 Panel A) and there seemed no obvious trends of enrich-
ment of upregulated or downregulated genes in one individual
group (Fig. 1 Panel C). The detailed results of all the 708 genes
were provided in Supplementary Table S1.
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Interestingly, GO enrichment analysis revealed that these
dysregulated immune signatures were enriched in diverse
immune processes, including T cell activation, leukocyte activa-
tion involved in immune response, cytokine-cytokine receptor
interaction and positive regulation of lymphocyte proliferation
(Fig. 1 Panel D) while IL-17, Jak-STAT and NF-kappa B signal-
ing pathway were significantly enriched in the KEGG analysis
(Fig. 1 Panel D). The detailed evolvement of the specific genes
in each enriched immune processes or pathways were provided
as Supplementary Table S2. Taken together, dysregulated
immune signatures in ESCC might be a reflection of dynamic
and heterogeneous immune responses in tumor microenviron-
ment of ESCC.

Prognostic immune signatures in ESCC

Before studying the prognostic values of immune signatures,
univariate survival tests were conducted to assess the relation-
ship between clinical parameters and outcome in this ESCC
cohort. As shown in Table 2, N stage (HR = 2.21, 95%CI: 1.35-
3.62) was significantly associated with overall survival
(P = 0.002). The results of this preliminary assessment indi-
cated that the survival data for the ESCC cohort were informa-
tive and appropriate for use in the further analysis.

Survival analysis were then conducted using rbsurv (version
2.32.0) in R (version 3.3.1), which is designed to select survival
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Figure 1. Differentially expressed immune signatures in ESCC and enriched GO and KEGG. Panel A. expression of immune signature containing 708 immune related genes
in ESCC tissues (T) and paired normal tissues (N) were shown as heatmap. Generally, these genes were classified into five groups: adaptive, inflammation, general,
humoral, and innate immune response genes. Panel B. Significantly downregulated and upregulated genes in ESCC were shown as volcano plot. Red dots represent sig-
nificantly dysregulated genes which were defined as adjusted P value less than 0.001 and fold change bigger than 2. Panel C. Distribution of significantly dysregulated
genes among the five classes. Major of the dysregulated genes were enriched in general immune response and upregulated or downregulated genes seemed to be
equally divided in each class. Panel D. Significantly enriched GO and KEGG. Circles represent enriched GO while diamonds represent enriched KEGG. Objects with the
same color belongs to the same group with labels in the same color by the side. Interactions between GO and or KEGG were lined up otherwise were placed alone.
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Table 2. Univariate and multivariate COX regression analyses results in microarray

data.
Univariate analyses Multivariate analyses”
Variables HR (95%Cl) P value HR (95%(Cl) P value
ABL1 2.36 (1.47-3.81) <0.001 2.44 (1.40-4.27) 0.001
ATF2 2.11(1.24-3.61) 0.006 1.18 (0.61-2.26) 0.626
ATG5 1.65 (1.03-2.62) 0.035 1.06 (0.62-1.79) 0.842
Cc6 1.59 (1.00-2.53) 0.049 1.34 (0.77-2.35) 0.301
D38 0.50 (0.31-0.80) 0.003 0.42 (0.25-0.68) <0.001
ICOSLG 2.01 (1.15-3.50) 0.014 2.01 (1.09-3.71) 0.025
IL12RB2 0.62 (0.39-0.98) 0.039 0.65 (0.38-1.10) 0.107
HMGB1 1.99 (1.25-3.17) 0.003 1.50 (0.87-2.60) 0.145
PLAU 1.71 (1.08-2.74) 0.023 1.57 (0.91-2.69) 0.101
N stage 2.21(1.35-3.62) 0.002 1.51 (0.87-2.61) 0.143

“Factors included in the multivariate model were nine prognostic genes and N

stage in the univariate analysis listed by the left.

associated genes by robust likelihood-based survival modeling
with microarray data. As results, nine genes (ABL1, ATF2,
ATGS5, C6, CD38, HMGBI, ICOSLG, IL12RB2 and PLAU),
showed significant association with overall survival in the
ESCC cohort (Table 2). Next, we separated the cohort into high
expression and low expression groups (mean cut) based on
expression of these nine genes, respectively. Consistently,
Kaplan-Meier plots revealed that all these nine genes were sig-
nificantly associated with patients’ outcome (Fig. 2 Panel A-I).
Among these nine survival associated genes, ABL1, ATF2,
ATG5, C6, HMGBI1, ICOSLG and PLAU were adversely
prognostic genes while CD38 and IL12RB2 were favorably
prognostic genes in ESCC cohort (Fig. 2 Panel A-I).

To move any genes that might not be independent factors
for ESCC patients, multivariate Cox regression with prognostic

A o]~ ABL1 B1o ATF2 Cto ATG5
@ t -High P —High %) ~High
3 Y —Low K] —Low 2 —Low
= | P<0.001 = = P=0.035
Zos{ | . Zos P=0.006 z = 0.
54 \ @0 0.8
o 1 o el
< \ < 2
[=% Q Q
® 06 © ©
= 206 1 206
< 2 \ 2
3 3 \ =1
@« l %} \ ]
04 :
L 0.4 L 0.4 L YHNN_LL—N
e E "L
T e e, T
02 ¥,4<<7ﬁ“‘u” - i o = it e e et e
30 . 60 90 120 30 60 S 120 30 . €0 S0 12
Survival time in months Survival time in months Survival time in months
D, c6 E 1o coas | |F 1of HMGB1
o i . .
@O ~ High \ - High w —High
= % ~Low 3 4 ~Low o ~Low
& P=0.049 Eos P=0.004 = P=0.004
= 808 |
L5 E=} © !
[ [ 2
o 8 =] \
= <} =
g Bos6 =
£ g 206
S 0.50: S c
w 5 =
) D o4 A
b B 0.4
-
0.25 l | S—
— 0.2 S
0 30 60, 90 120 [ 30 60 90 120 30 60 90 120
Survival time in months Survival time in months Survival time in months
G 1o{ H | 10
‘ esta 10 IL12RB2
2 b — g @ — High
2 \ —Low o - Lo%v
= \ = = [
Bos{ | P=0.014 =y P=0.039 Bog
o [ =
° ] s
= []
2 [ k]
= =
; 0.6 lg - Sos
S c ©
a =) 2
0 2
04 L ] =
R 0.4 b %34 \
“L-L ‘12
S 1
‘J;V‘M A T s wg...;._....._.
0 30 60 90 120
T [] 30 60 90 12 30 . 60 0 120
Survival time in months Survival time in months Survival time in montﬁs
J 1w Prediction | | K 1.0 o
~ High risk Z 5
a ] — Low risk 2 £
= Z7
= ! P<0.001 2 475 7
B075 QQ /
© [2) ¥
\ (25 Z.
o \
<] \ 2 3
= { [y Z
a Y @ 050 7 Gene
@ 0.50 h | @ P ABL1 AUC=0.701
2 L > 1 / ATF2  AUC=0.609
= \ = /A ATGS ~ AUC=0.652
=] \ 2 / -C6 AUC=0.653
w 1 @ 0251 [ F CD38  AUC=0.645
025 \ o | HMGB1 AUG=0.657
s = S | ICOSLG AUC=0.617
! = 17 IL12RB2 AUC=0.620
s ooof / oA e
0 30 9 120 0.00 0.25 0.50 0.75 1.00
Survival time in months False Positive Rate (1-Specificity)

Figure 2. Kaplan-Meier plots and ROC curves of the survival associated genes in the microarray data. Panel A to . Kaplan-Meier plots of the nine survival associated genes.
Patients were divided into high expression (red line) and low expression (blue line) based on their gene expression by mean cut. Panel J. Kaplan-Meier plot of the prog-
nostic predictor built with three independent factors ABL1, CD38 and ICOSLG. Patients were divided into high risk (red line) and low risk (blue line) by the prediction of

the predictor. Panel K. ROC curves of each parameters with AUC scores.



model construction was applied to these nine candidate
immune related genes together with N stage. As shown in
Table 2, ABL1, CD38 and ICOSLG were potential independent
factors in the regression. Therefore, we built the final prognos-
tic predictors with these three genes and ROC curves were also
applied to compare the efficiency of these predictive model and
genes (Fig. 2 Panel J). The AUC of the ROC for this predictor
model was 0.842, which was much higher than other individual
genes (Fig. 2 Panel K), indicating that the final predictor indeed
showed much better performance in distinguishing good or
poor survival in ESCC patients (Fig. 2 Panel K).

IHC validation of differentially expressed immune
signatures

To further validate differentially expressed immune related
genes generated by microarray data analysis, we chose the top2
most significantly downregulated and upregulated genes, which
were SPINKS5, ILIRN and SPP1, PLAU, respectively, as candi-
dates. Representative images of IHC staining of ESCC tissues
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and normal esophageal tissues were obtained from Human
Protein Atlas and shown in Fig. 3. The fraction of samples with
antibody staining/protein expression level high, medium, low,
or not detected were provided by the blue-scale color-coding.
For significantly downregulated genes SPINK5 and ILIRN, 6
out of 9 samples (66.7%) showed high expression of SPINK5
and 3 out of 9 samples (33.3%) showed medium expression
of SPINKS5 in the normal esophageal tissues while majority of
ESCC tissues (9/11, 81.8%) showed undetectable expression of
SPINKS5 (Fig. 3 Panel A); Similarly, all of the 4 normal esoph-
ageal tissues showed high expression of ILIRN while over half
of the ESCC tissues showed undetectable or low expression of
ILIRN (Not detectable: 3/7, 42.6%; Low: 1/7, 14.3%) (Fig. 3
Panel B). For significantly upregulated genes SPP1 and PLAU,
3 out of 7 samples (42.6%) showed medium expression of SPP1
while expression of SPP1 was low in all of the 3 normal esoph-
ageal samples (Fig. 3 Panel C); Consistently, all of the 3 ESCC
samples show low expression of PLAU while both of the nor-
mal samples was not detectable (Fig. 3 Panel D). Taken
together, although statistical analysis suffered from small

Tumor [IRELECEC Low Medium High Normal

|

Figure 3. IHC validations of the top2 downregulated and upregulated genes in ESCC. Representative images for expression of each genes in ESCC tissues and normal
esophageal tissues were shown with the fraction of samples with antibody staining/protein expression level high, medium, low, or not detected were provided by the
blue-scale color-coding. Panel A and B. Expression of SPINK5 and IL1RN, which were top2 downregulated genes in the microarray data, in ESCC tissues were obviously
lower than that in normal esophageal tissues. Panel C and D. Expression of SPP1 and PLAU, which were top2 upregulated genes in the microarray data, in ESCC tissues

were obviously higher than that in normal esophageal tissues.
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Figure 4. Representative images of expression of ABL1, CD38, ICOSLG, CD4 and CD8 in ESCC tissues by IHC staining.

cohorts, obvious trends could be seen that IHC staining results  factors ABL1, CD38 and ICOSLG were chosen as candidates.
were largely consistent with microarray data analysis. Besides, we also detected CD4+4 and CD8+ T cells in ESCC tis-
sues since previous studies indicate that tumor-infiltrating
immune cells could predict the outcome of ESCC patients.'®**
A total 110 ESCC patients were enrolled as independent valida-
In the validation of survival associated immune signatures in  tion and patients were divided into two groups based on ratios
ESCC based on microarray data, independent prognostic of the positive regions in the ESCC slides (Fig. 4). Consistently,

IHC validation of independent prognostic factors
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Figure 5. IHC validations of prognostic factors in ESCC. The independent prognostic factors ABL1, CD38 and ICOSLG were chosen as candidates in the validations. CD4+
and CD8+ T lymphocytes were also detected as controls. Panel A to E. Kaplan-Meier plots of each gene with red line represent high expression group while blue lines rep-
resent low expression group. Panel F and G. Kaplan-Meier plots of predictors built with the specific genes. Panel H. ROC curves of each parameters with AUC scores.



ABL1, CD38 and ICOSLG were significantly associated with
patient survival (Fig. 5 Panel A-C). Patients with high ABL1
and ICOSLG expression had significantly worse prognosis
while high expression of CD38 predicted favorable prognosis in
ESCC patients (Fig. 5 Panel A-C). Similarly, we also built the
predictor based on these three genes and the model performed
well with much more higher AUC of ROC than individual
genes (Fig. 5 Panel F and H). Moreover, tumor infiltration lym-
phocytes were also significantly associated with patients overall
survival. As shown in Fig. 5 Panel E and F, CD4+ and CD8+
T lymphocytes were favorable prognostic factors in ESCC.
Then, we tested if combination of tumor infiltration lympho-
cytes with the three-gene predictor would yield better
performance (Fig. 5 Panel G). The AUC of ROC for this combi-
nation was 0.740 which was bigger than 0.724 for the three-
gene predictor itself (Fig. 5 Panel H). Taken together, our
results demonstrated that combination of the three-gene pre-
dictor and tumor infiltration lymphocytes was more powerful
in distinguishing good or poor outcome of ESCC patients.

Interactions between the important prognostic factors
and clinicopathologic parameters

We also analyzed the potential relationship between the three
independent factors (ABL1, CD38 and ICOSLG) and the tumor
characteristics, including comparison with normal esophageal
tissues, N stage, TNM stage, tumor location, tumor grade and
maximal tumor diameter. As shown in Fig. 6 Panel A-C, Expres-
sion of ABL1 and CD38 were significantly upregulated while
expression of ICOSLG was significantly downregulated in
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ESCC tissues compared to normal tissues. Moreover, CD38
expression of ESCC tissues from different location was sig-
nificantly different while ICOSLG expression was signifi-
cantly associated with tumor differentiation grade. In
addition, obvious association between ABLI expression and
tumor location or differentiation could also been seen, how-
ever, the difference was not statistical significant. Moreover,
further correlation analysis also indicated weak links among
these three genes (Fig. 6 Panel D). However, in the valida-
tion cohort which was detected by IHC staining method,
significant correlation between ABL1 and ICOSLG was
detected with Coef of 0.46 (P < 0.05) by correlation test
(Fig. 6 Panel E). Different detection methods might account
for the inconsistent results since that IHC was more suit-
able for grading and accurate quantification of IHC was still
challenging which could affect the correlation tests. When
comes to CD4 and CD8 expression in the validation cohort,
correlation analysis revealed that CD4 and CD8 expression
were both significantly correlated with CD38 and ICOSLG
expression (Fig. 6 Panel E). In fact, CD4 expression was
also significantly associated with CD8 expression (Fig. 6
Panel E). Thus, in the multivariate model with CD4 and
CD8, only ABL1, ICOSLG and CD8 were independent
prognostic factors for ESCC patients. Interactions between
these genes detected by IHC might be the main reason that
putting CD4 and CD8 into the prognostic model yield lim-
ited efficiency in the validation cohort. Taken together,
interactions between these important prognostic factors and
clinicopathologic parameters suggested dynamic involve-
ment of these genes in ESCC and immune responses.
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Figure 6. Interactions between important prognostic factors and clinicopathologic parameters. Panel A to C. Relationships between the three independent factors (ABL1,
(D38 and ICOSLG) and the tumor characteristics, including comparison with normal esophageal tissues, N stage (NO and N1), TNM stage (TNM1, TNM2 and TNM3), tumor
location (Upper, Middle and Lower), tumor grade (High, Moderate, Low) and maximal tumor diameter (<5 cm and >5 cm) were analyzed. Panel D. Correlations between
ABL1, CD38 and ICOSLG expression in the microarray cohort. No significant correlation between these three genes was detected. Panel E. Correlations between ABL1,
(D38, ICOSLG, CD4 and CD8 expression in the tissue array cohort. Correlation efficiencies were labeled in the matrix with scaled color indications. *, P < 0.05; **

P < 0.01; ", P < 0.001; ™, P < 0.0001.
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Discussion

Growing evidences suggest that a comprehensive understand-
ing of esophageal cancer requires attention to not only tumor
cells but also the tumor microenvironment,” which contains
diverse cell populations that interact with cancer cells and par-
ticipate in all stages of tumorigenesis. Tumor-infiltrating
immune cells and immune responses within the tumor micro-
environment draw a great attention to researchers and repre-
sent as promising therapeutic targets. Further study of how
immune signatures relate to ESCC tumorigenesis and develop-
ment will lead to development of novel and specific targeted
therapeutic strategies, which offer considerable potential espe-
cially in the setting of combination therapy.*

The general role of local immune response status in ESCC
progression and prognostication remains unknown. High-reso-
lution microarray technology provides objective data for that
purpose.”® In the present study, we curated immune signatures,
including 708 immune related genes in five groups, from
microarray data in 119 ESCC tissues and paired normal tissues.
Dysregulated immune related genes were identified including
significantly downregulated genes SPINK5 and IL1RN and sig-
nificantly upregulated genes SPP1 and PLAU in ESCC tissues.
These differentially expressed immune signatures highlighted
important immune response processes including T cell activa-
tion and NF-kappa B signaling pathways, suggesting dynamic
immune microenvironment and responses in ESCC which
might account for tumorigenesis and development, shedding
great potential influences on patients outcome. Meanwhile, sur-
vival analysis revealed three independent prognostic factors,
which were ABL1, CD38 and ICOSLG, and a prediction model
with high performance in distinguishing good or poor out-
comes for ESCC patients. Accordingly, we performed IHC
staining experiments to further validate these findings. For
instance, IHC staining results from Human Protein Atlas
showed obvious trends that SPINK5 and IL1RN were downre-
gulated while SPP1 and PLAU were upregulated in ESCC tis-
sues. Moreover, ABL1, CD38 and ICOSLG together with
CD4+ and CD8+ T lymphocytes built up a more powerful sur-
vival predictor in an independent cohort by IHC staining.
These results suggested that our findings might provide consid-
erable and reliable novel insights in characterization of tumor
microenvironment of ESCC.

Developing meaningful signatures to determine the immune
status of a patient is appealing as they not only promise to be
powerful predictive and prognostic biomarkers but, if correctly
applied, also enable patient stratification for an increasing
immunotherapeutic outcome. Notably, therapeutics targeting
BCR-ABL fusion gene, such as Imatinib, have been used in
chronic myeloid leukemia patients with dramatic benefits for
years.3 ! Therefore, ABLI, high expression of which predicted
poor outcome in ESCC patients, might serve as potential target
despite it is different from BCR-ABL fusion genes. Meanwhile,
daratumumab, a human IgGkappa monoclonal antibody that
targets CD38, has been approved by the US. Food and Drug
Administration (FDA) for the treatment of patients with multi-
ple myeloma who have received at least three prior lines of
therapy and significantly improves patient’s survival.*>** Tt is
worth noting that high expression of CD38 predicts poor

outcome in chronic lymphocytic leukemia®* while was a favor-
able prognostic factor in ESCC in our results. The underlying
mechanisms of the controversy might be the great difference
between hematologic cancer and solid tumor. For instance, low
CD38 in prostate cancer is prognostic for biochemical recur-
rence and metastasis.”® Beyond these two target with approved
therapeutics, ICOSLG and PLAU also showed great potential
as targets in ESCC. ICOSLG (also known as ICOSL), is impor-
tant for individual B cells to competitively participate in the
germinal center reaction®® and together with ICOS, is critically
involved in type 2 innate lymphoid cells function and homeo-
stasis which can cause allergic asthma®’; Correlation network
identified PLAU as critical regulator for suppressor function of
regulatory T cells.”® PLAU is overexpressed in many cancer
cells, including breast cancer, and plays a crucial role in the
metastatic process.””*' These findings suggest important func-
tions of ICOSLG and PLAU in immune responses, especially
for PLAU which was not only significantly upregulated in
ESCC tissues, but also significantly associated with overall sur-
vival in our results. Taken together, we uncovered considerable
novel potential targets for ESCC immunotherapy in the future.

Tumor infiltrating lymphocytes (TILs) are increasingly
involved in determining the progression and aggressiveness of
tumors. TILs are composed of various lymphocytes with
diverse activities. The most common lymphocytes are CD8+
and CD4+ T cells.” Emerging evidence suggests that the
amount of T lymphocyte infiltration of primary tumors consis-
tently predicts favorable outcomes in a number of tumor types,
including breast cancer,” head and neck cancer,?®> non-small
cell lung cancer,** colorectal cancer,* and gastric cancer.*® A
few initial studies examined prognostic implications of TILs in
ESCC. The presence of TILs was associated with improved sur-
vival in ESCC patients.'®*” Our results also suggested that TILs
were powerful prognostic factors in ESCC patient’s outcome.

In summary, immune parameters, mainly tumor-infiltrating
lymphocytes, have been previously investigated for patients
with ESCC, while systemic analysis of immune signatures
remain uncertain. For the first time, we established our predic-
tive and prognostic factors by profiling of immune signatures
in ESCC, which could be regarded as immune-related protec-
tive and risky patterns in ESCC microenvironment. These sig-
nificantly dysregulated immune related genes and independent
prognostic genes provides alternative targets alone or may be
better in combination, attributing to their immune nature and
prognostic significance. Therefore, our results may indicate a
possible treatment strategy for ESCC patients by shaping the
immune microenvironment, and thus improving the clinical
outcome.
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