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Abstract

Esophageal cancer is one of the most common leading causes of
cancer-related mortality worldwide, its incidence has increased partic-
ularly in the last few decades in the Western world. Esophageal cancer
also has a poor prognosis as it cannot be diagnosed until the advanced
stages due to the shortage of early clinical symptoms. The increasing
incidence and poor prognosis of esophageal cancer emphasize the ne-
cessity for developing the detection and prediction approaches which
are important before the medication. Also, only a small percentage of
esophageal cancer patients might benefit from the conventional sur-
gery, chemotherapy or current immunotherapy. Therefore, exploring
novel immunotherapies or immune checkpoints for improving the
pharmacological treatment of esophageal cancer patients is truly re-
quired. Here we identify a newly discovered B7 family member and
widely expressed in numerous cancers, HHLA2 is also overexpressed
in esophageal cancer. The current research intended to investigate the
prognostic impact of HHLA2 and PD-L1 expression on esophageal can-
cer patients and its association with CD8 expression (tumor-infiltrating
lymphocytes). The protein levels of HHLA2, PD-L1, and CD8 in tissues
from 69 patients with surgically resectable primary esophageal cancer
were detected using immunohistochemistry technique. We found the
positive rates of high-HHLA2 expression in tumor were much higher
than in adjacent noncancerous tissues of esophageal cancer. Also, the
high-HHLA2 expression was associated with smoking but not with ne-
crosis, depth of invasion, lymph node metastasis, distant metastasis,
TNM stage and there was no significant difference with the Overall
Survival (OS). Besides, high HHLA2 expression was strongly correlated
with high PD-L1 and low CD8 expression. In conclusion, the expres-
sion of HHLA2 and PD-L1 are frequent in esophageal cancer. High ex-
pression of HHLA2 and PD-L1 results in poor prognoses of esophageal
cancer, which suggests that HHLA2 may be an important checkpoint
and provides a rationale predication and detection for patients with
esophageal cancer.

Keywords: Human endogenous retrovirus-H long terminal repeat
associating protein 2 (HHLA2); Esophageal cancer; Programmed death
1 ligand 1 (PD-L1); Prognosis; Checkpoint.
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Introduction

Its known to us all that esophageal cancer represents as one
of the most terrible malignancies internationally, which ac-
counts for 1.1% (20640/ 1918030) of the USA cancer burden in
2022 [1]. World Health Organization has estimated the new
cases of esophageal cancer is approximately 324,000 cases in
China, which approximately accounts for half of the total cases
worldwide. Meahwhile, 90% of esophageal cancer patients are
esophageal squamous cell carcinoma in China, whereas in west-
ern countries esophageal adenocarcinoma occurrence is the
most common [2]. Likewise, in the current study 69 esophageal
cancer cases are esophageal squamous cell carcinoma, which
were diagnosed by a professional clinical pathologist. In addi-
tion, nearly 75% of the patients have developed advanced stage
or associated with distant metastasis. Various types of esopha-
geal cancer have significant differences in genetic background,
pathogenesis, pathological typing, diagnosis and treatment.
The incidence of esophageal cancer has increased significantly
in the Western world and it varies considerably across the globe
[3]. Exploring potential risk factors may have an influential im-
pact on the incidence of esophageal cancer, among which only
about 5% of patients diagnosed with esophageal adenocarci-
noma. Esophageal cancer is one of the primary causes of cancer
inducing death, approximately 16510 of the 20640 clinical cases
in relation with cancer are estimated as new esophageal cancer
cases (80.0%) and 20640 of the 983160 whole cancer cases
(20.1%), approximately 13250 of the 16410 esophageal cancer
deaths (80.07%) and 13250 of the 322090 whole cancer deaths
(4%) are expected to occur in 2022 [1]. Currently, the standard
first-line therapy for advanced or metastatic esophageal squa-
mous cell carcinoma is chemotherapy or camrelizumab (an anti-
programmed death receptor 1 [PD-1] antibody, or camrelizum-
ab in combination with chemotherapy [2]. Therefore, there is a
necessity to expand the therapy of clinical patients with esoph-
ageal cancer. It’s still extremely poor of the overall 5-year sur-
vival rates (~¥10%) and 5-year post-esophagectomy survival
rates (~15-40%) [4]. The main reason of poor outcomes of
esophageal cancer patients is the high rates of recurrence or
metastasis. Therefore, it is clinical necessary to develop new ap-
proaches to improve the adverse clinical consequences in
esophageal cancer. Since the last century the immune check-
points have received significant attention in the pharmacologi-
cal therapies, which have been recognized as critical mediators
affecting occurrence development, prognosis, and clinical im-
mune response of the disease [5-7]. Including facilitation of tu-
mor immune escape and increasing the invasion of suppressive
immune cells. Nowadays 25 inhibitory immune checkpoints
have been explored and used to predict spontaneous tumor re-
version and immune checkpoint blockade responses [8]. Abnor-
mally high expression of inhibitory immune checkpoints like PD-
L1, PD-1, PD-L2,B7-H3,CD155, CTLA-4 and TIGIT was considered
to be correlated with worse overall survival in patient. Though
one comprehensive study has detected the clinical responses of
esophageal cancer patients to immune checkpoint blockade [9],
which evaluated a novel approach of using a checkpoint inhibi-
tor CheckMate 577 as adjuvant treatment after neoadjuvant
chemoradiotherapy and surgery for esophageal, while adverse
events like atigue, diarrhea, pruritus, and rash still took place in
patients receiving nivolumab and diarrhea and fatigue in those
receiving placebo. Although ICIS have been approved and inte-

grated into the therapeutic process for DMMR/MSI-H metastat-
ic colorectal cancer, their role is evolving even as first-line ther-
apy. Universal screening for MSI status by a combination of
PCR-and IHC-based methods in all patients diagnosed with met-
astatic colorectal cancer, testing of approved and non-approved
ICIS in combination with chemotherapy, targeted therapy, or
other immunotherapeutic agents to enhance immune respons-
es and therapeutic efficacy in two subtypes of metastatic
colorectal cancer is currently underway, while, upcoming data
are expected to integrate ICls more substantively into the man-
agement of CRC disease, providing additional non-biomarker-
related indications for the late and early stages [10]. 408/2000
Despite the unprecedented success of Immune Checkpoint In-
hibitors (ICIS) as anticancer therapies, additional mechanisms
to determine the efficacy of ICI treatment and potential resis-
tance remain a widespread clinical need, with studies suggest-
ing that, pablizumab or nablizumab in combination with che-
motherapy is approved as first-line treatment for apoptotic
process ligand 1(PD-L1)-expressing Esophageal Squamous-Cell
Carcinoma (ESCC), and therefore, the FDA approved the proto-
col regardless of PD-L1 expression. The superiority of pro-
grammed death 1(PD-1) antibody in combination with chemo-
therapy over chemotherapy alone remains controversial in
ESCC patients with low expression of PD-L1 [11]. Human endog-
enous retrovirus subfamily H long terminal repeat associating
protein 2 (HHLA2, also known as B7H5 and B7H7) is a frequent-
ly found member of the B7 family and similar checkpoint as PD-
L1, PD-L2 and B7-H3 [12]. Numerous research has demonstrat-
ed that HHLA2 was over-expression in various types of
carcinoma such as clear cell renal cell carcinoma, lung cancer,
gastric cancer, hepatocellular carcinoma, osteosarcoma, blad-
der urothelial cancer and ovarian cancer, which is in relation
with poor prognosis and poor overall survival [13-19]. However,
a recent study evaluated the expression of HHLA2 in solid tu-
mors with a meta-analysis on account of the Chinese popula-
tion and found that high expression of HHLA2 protein was as-
sociated only with poor OS in patients with clear cell renal cell
carcinoma, gastric cancer, intrahepatic cholangio-carcinoma
and lung cancer, but not with epithelial ovarian cancer patients
[19]. Nevertheless, high HHLA2 protein level was in relation
with enhanced overall survival in pancreatic ductal adenocarci-
noma patients [20]. So, the impact of HHLA2 expression on the
prognosis of human cancers remains controversial. Over-ex-
pression of HHLA2 in patients’ tissues with cancer has been
studied to be in relation with the cancer development and ma-
lignant characteristics, whereas knockout of HHLA2 could in-
hibit non-small cell lung cancer cell development, migration,
invasion and M2 macrophage polarization of TAMs via down-
regulating IL-10 levels [21]. However, the biological characters
of HHLA2 in human esophageal cancer have not been fully un-
derstood though one recent study reported HHLA2 and ICOSLG
were combined to foresee survival and immune structures in
esophageal squamous cell carcinoma [22]. HHLA2 was reported
to stimulate tumor proliferation by affecting the immunity re-
sponses of immune cells in tumor microenvironment. Both high
expression of HHLA2 and PD-L1 affect prognosis in clear cell re-
nal cell carcinoma patients as individuals with high HHLA2/PD-
L1 expression suffered of the highest risk of disease develop-
ment and death by a significant phenomenon, which is in
relation with the high concentration of CD8+ and CD4+ TILs in
the tumor microenvironment [13]. A recent study demonstrat-
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ed that higher HHLA2 expression promotes immune evasion by
boosting M2 polarization and chemotactic migration of macro-
phages mainly through IFNG/IFR1/HHLA?2 axis in hepatocellular
carcinoma [23]. Besides, HHLA2 engagement could recruit
KIR3DL3 to the immunological synapse and work together to
block the function of CD8+ T and NK cells and stimulating the
immune-evasive HHLA2+ tumors [24]. In addition, a recent
study found overexpression of HHLA2 blocked the proliferation
and predicted improved survival in ovarian cancer by affecting
the tumor differentiation and high CD8+ TIL levels [19]. How-
ever, the relationship between HHLA2, specific CD8+ T cell phe-
notypes and the cancer prognosis deserves further research.
Immune checkpoints correlated complicatedly with the tumor
microenvironment. However, no reports have been conducted
to uncover their comprehensive parts in the tumor microenvi-
ronment of esophageal cancer patients. Here in this research,
we were aiming at demonstrating the prognostic impact of
HHLA2 and PD-L1 expression in tumor and adjacent noncancer-
ous tissues. We also intended to explore how HHLA2 and PD-L1
influence affects immunological features in esophageal cancer
patients. Additionally, we assessed the relationship between
the expression of HHLA2, PD-L1, CD8 and the clinic-pathological
features by analyzing data from a cohort with 69 patients main-
ly with esophageal squamous cell carcinoma using the immuno-
histochemistry technique, on a condition that is a primary foun-
dation for finding new immunotherapeutic targets for
esophageal cancer.

Materials and methods

Patients and samples: 69 esophageal squamous cell carci-
noma samples and associated adjacent noncancerous tissues
with patients’ basic parameters and overall survival informa-
tion were obtained from the Department of Pathology, Any-
ang Tumor Hospital, The Fourth Affiliated Hospital of Henan
University of Science and Technology with the informed con-
sent and the approval from the Institutional Ethics Commit-
tee of Anyang Tumor Hospital. The Fourth Affiliated Hospital
of Henan University of Science and Technology [the ethical
approval number: AZLL022020050200116]. Patients in the co-
hort undertook surgical resection for esophageal cancer from
September 2017 to October 2020. In addition, each participant
or his/her legal guardians was informed and agreed with the
purpose of the study that their personal case details to be pub-
lished and signed informed consent before participation which
showed in the supplementary files. The tissues were collected,
fixed with formalin and embedded with paraffin by the pathol-
ogy department of the hospital. Two professional pathologists
were assigned to confirm each patient’s pathological features
including the depth of invasion (T), lymph node metastasis (N),
TNM stage through H&E dyeing tumor slides, according to the
American Joint Committee On Cancer (AJCC) 2010 TNM clas-
sification for esophageal cancer. All specimens were confirmed
as esophageal squamous cell carcinoma by pathology. Distant
metastasis was evaluated by imaging examination. The over-
all survival of patients was defined as time span from the date
of surgery to the date of death. And the data obtained for this
study was obtained prospectively.

Immunohistochemistry: The protein levels of HHLA2, PD-L1
and CD8 were detected using the Immunohistochemistry (IHC)
staining method, which was conducted by a professional pa-
thologist according to the previous studies [25,26]. Briefly, the
4 uM-thick sample sections were incubated with primary an-
tibodies including anti-HHLA2 (Abcam, ab 214327), anti-PD-L1

(cell signaling technology, CST #13684), anti-CD8 (CST, #85336)
at 4°C overnight after deparaffinization, rehydration, antigen
retrieval, endogenous peroxidase inactivation with correspond-
ing reagents and followed with blocking non-specific binding
blocked with 5% bovine serum albumin [27]. Subsequently, the
slides were washed three times with PBS and was incubated
with the corresponding secondary antibodies and visualized us-
ing a DAKO EnVision Detection System (Dako). The slides were
cover-slipped by the clean cover glasses after counterstained
with hematoxylin.

Immunohistochemistry analysis: 10 random visual fields
close to the center of each tissue at 100x, 400x magnification
was observed and captured under the microscopy, and the im-
munostaining images were assessed by two different investiga-
tors in a double-blinded fashion. The protein level of HHLA2,
PD-L1 and CD8 was recorded with H-score in a semi-quantita-
tion method according to the Area of Positivity (AP) and the
Intensity of Staining (IS). Area of positivity is closely correlated
with the percentage of positive stained cells. The staining inten-
sity was determined according to the following rules: 1) point
denoted as weak intensity; 2) points as moderate intensity i; 3)
points as strong intensity. The percentage of positive cells was
calculated as follows: 1 points as 0~25%; 2 points as 26~50%;
3 points as 51~75%; 4 points as 76~100%. The expression of
HHLA2, PD-L1 and CD8 was scored as the product of staining
intensity multiplied by the percentage of stained cells. Based
on the final scores, specimens were categorized into negative
(), 5% cells were stained, regardless of intensity; weak (+),
1~4 points; moderate (++), 5~8 points; and strong (+++), 9~12
points. For the following statistical analysis, the negative and
weak groups (- and +) were considered to be HHLA2, PD-L1 and
CD8 low expression and the moderate and strong groups (++
and +++) were considered to be HHLA2, PD-L1 and CD8 high
expression. Overall, the final H-score was calculated by the fol-
lowing equation: H-score = APxIS. Additionally, the number of
positive cells was counted in each core of esophageal cancer for
the CD8 evaluation. The cutoff point of high or low expression
was determined on the median of total scores.

Statistical analysis

All statistical analysis was performed using SPSS V.24.0 soft-
ware or Graphpad Prism 7 software (La Jolla, California, USA).
p value <0.05 was considered statistically significant for the
groups that compared with each other. Patients with clinical
outcomes were separated into two groups based on the mean
level of HHLA2 protein expression. Log-rank test was used to
measure the statistical difference between the high HHLA2 and
low HHLA2 groups for Kaplan-Meier curves. The correlation
analyses were performed using the X? test or Fisher exact test.
The Kaplan-Meier method was applied to assess the effect of
HHLA2, PD-L1 and CD8 overexpression on the esophageal can-
cer patient survival and the significance was evaluated by the
log-rank test. Student’s t-test was conducted to determine the
association between CD8 T-cell counts and HHLA2 expression.
Variables with p<0.05 of the univariate analysis were combined
into multivariate survival analysis by employing the Cox propor-
tional hazards model.

Results

Baseline characteristics of patients: Amid the 69 esophageal
cancer patients, 44 (63.8%) patients were male and 25 (36.2%)
patients were female, and most of the patients 61 (88.4%) were
above 60 years and only 8 patients (11.6%) were below 60 years
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| Table 1: Patient characteristics (N=69).

N

Characteristics Sub-characteristic Value(%)

Age <60 8(11.6%)
260 61(88.4%)
Gender Male 44(63.8%)
Female 25(36.2%)
Survival status Death 22(31.9%)
Survival 47(68.1%)
Depth of invasion (T) T2 31(44.9%)
T3 36(52.2%)

T4 2(2.9%)
Lymph node metastasis (N) NO 48(69.6%)
N1 11(15.9%)
N2 10(14.5%)
TNM stage | 19(27.5%)
1l 31(45.0%)
Il 19(27.5%)
Smoking history Yes 22(31.9%)
No 47(68.1%)

Alcohol history Yes 6(8.7%)
No 63(91.3%)
Demographics Yes 39(56.5%)
No 30(43.5%)
Total 69(100%)

of age. At the end of follow-up, 22 (31.9%) patients died and 47
(68.1%) patients survived. Out of 69 patients, 22 (31.9%) and
6 (8.7%) patients have a history of smoking and alcohol con-
sumption, respectively. According to the depth of tumor inva-
sion, 31 (44.9%) were T2, 36 (52.2%) were T3, and 2 (2.9%)
was T4. For the lymph node metastasis, 48 (69.6%) were NO,
11 (15.9%) were N1, and 10(14.5%) were N2. Furthermore, 19
(27.5%) patients were classified as Stage |, 31 (45.0%) as Stage
I, and 19 (27.5%) as Stage Il according to the 8™ AJCC staging
system (Table 1) of esophageal cancer. Meanwhile, the baseline
of patient clinic-pathological characteristics of the esophageal
cancer cohort is listed in the (Table 1). As illustrated in Table S1,
the average age for surgery was 65 years (ranging from 49 to 81
years). At the end of follow-up 31.9% (22/69) patients died from
esophageal cancer. The median OS time was 38 months (rang-
ing from 1 to 45 months).

Expression pattern of HHLA2 and PD-L1 in esophageal
cancer: Representative Immunohistochemistry (IHC) photo-
micrographs for HHLA2, PD-L1 and CD8 in esophageal cancer
were depicted in (Figure 1). Typical microphotographs of PD-
L1 expression were shown in (Figure 1A) as shown in (Figure
1B), the positive rates of high HHLA2 expression 47.9% (33/69)
in the tumor tissue, which is significantly higher compared to
the HHLA2 expression in para-tumor area with 34.8% (24/69).
In the meantime the positive rates of high PD-L1, CD8 expres-
sion were 59.4% (41/69) and 52.1% (36/69), respectively in
the tumor tissue. As shown in (Figure 1A and S1), the increase
in HHLA2 expression was observed in esophageal cancer tis-
sues. A high HHLA2 staining was observed in esophageal can-
cer compared to para-tumor, which mostly overlap cytoplasm
and tumor cells membrane (Figure 1A), our results are highly
consistent with previous reports such as cholangio carcinoma,

epithelial ovarian cancer and hepatocellular carcinoma [19-29].
The level of HHLA2 protein expression in esophageal cancer
tissue and para-tumor tissues obtained from 69 patients with
esophageal cancer surgically operated between 2017 and 2019
was examined, and graded as follows: absent staining, weak
staining, moderate staining, and strong staining (Figure 1A).
Meanwhile, The H-score of HHLA2 ranged from 2.0 to 12.0 and
with a median score9.0. The median score was used to deter-
mine the cutoff value of high or low HHLA2 expression level.
A H-score >9.0 was defined as a high HHLA2 expression, while
H-score <9.0 indicated low HHLA2 expression. In the current
study, 47.9% (33/69) esophageal cancer tissues show the high
positive rate of HHLA2 expression, which is in accordance with
the previously published studies, with 47.6% in colorectal can-
cer [30], 50% in clear cell renal cell carcinoma[31] and 56% in
triple-negative breast cancer [32]. Recently, B7 family member
reported the high expression level of PD-L1 in many murine and
human cancers. In addition to cancer cells, PD-L1 was also com-
monly expressed in multiple types of host cells in the tumor
microenvironment and lymph nodes, including dendritic cells,
macrophages, fibroblasts, and T cells, in order to reduce anti-
tumor immunity and PD-L1 has been reported to decrease TCR-
mediated proliferation and cytokine secretion [33]. Typical mi-
crophotographs of PD-L1 expression of the esophageal cancer
were showed in Figure 1C, the stained area was highly colocal-
ized with tumor cells membrane, which is consistence with the
previous reports that PD-L1 is a class | transmembrane protein
with a transmembrane hydrophobic region and an intracellular
region. Similar to HHLA2, the median score was used to deter-
mine the cutoff value of high or low PD-L1 expression level. A
H-score >9.0 was defined as high PD-L1 expression, and H-score
< 9.0 indicated low PD-L1 expression. In 69 esophageal cancer
tissues, the high expression of PD-L1 was 59.4% (41/69) (Figure
1B), which is significantly higher compared to the low expres-
sion of PD-L1 with 40.6% (28/69) in cancer tissue. So, the posi-
tive rate of PD-L1 is higher in the esophageal cancer compared
to para-tumor tissues as shown in the supplementary excel
table with the Raw data.

Next, we also checked the CD8 expression in both esopha-
geal cancer tissues and para-tumor tissues with immunohisto-
chemistry staining method. The mean and median value of CD8
T-cell numbers was 362.3 and 244.0, respectively (range 100-
1,830). A CD8 T-cell count >244.0 was considered as a positive,
and counts £244.0 was negative according the reported method
[30]. CD8 was positive at the cellular membrane of cytotoxic T
lymphocytes as shown in (Figure 1D), among 69 patients with
esophageal cancer, the CD8 positive was 52.1% (36/69) (Figure
1B), which is slightly more than the CD8 negative with 47.9%
(33/69) in cancer tissues. Expression of HHLA2 in esophageal
cancer patients and clinic-pathological variables. The relation-
ship between HHLA2 expression and clinic-pathological param-
eters in esophageal cancer was tested by x2 test. As shown in
Table 2, significant correlation was found between the smok-
ing and HHLA2 expression (P=0.021), whereas HHLA2 expres-
sion was not significantly associated with age, gender, depth
of invasion (T), lymph node metastasis (N), TNM stage, demo-
graphics and alcohol history in patients with esophageal cancer.
Relationship between HHLA2, PD-L1 expression and CD8 T-cell
infiltration in esophageal cancer The results of x2 test illustrated
that HHLA2 expression was correlated with CD8 T-cell infiltra-
tion (P=0.000, Table 2), PD-L1 (P=0.006, Table 2) in patients with
esophageal cancer. Impact of HHLA2, PD-L1 and CD8 expression
on the overall survival. Consequently, the prognostic value of
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CTabIe 2: The association of HHLA2 expression level with clinicopathological characteristics in the cohort with esophageal cancer. )

Characteristics Patients n HHLA2 expression
Low [n (%)] High [n (%)] p-value
Gender Male 44 21 (30.4) 23 (33.4) 0.327
Female 25 15(21.7) 10 (14.5) '
Age >60 61 31 (44.9) 30 (43.5)
0.712
<60 8 5(7.2) 3 (4.4)
Infiltration TI\T2 31 17 (24.6) 14 (20.4) 0.689
T3\T4 38 19 (27.5) 19 (27.5) '
LN metastasis Absent 48 26 (37.7) 22 (31.9) 0.616
Present 21 10 (14.5) 11 (15.9) '
TNM stage -1l 50 28 (40.6) 22 (31.9) 0.302
-1v 19 8(11.6) 11 (15.9) '
Smoking Present 22 7 (10.1) 15 (21.7) 0.021
Absent 47 29 (42.1) 18 (26.1) '
Alcohol Present 6 3(4.3) 3(4.4)
1.000
Absent 63 33 (47.8) 30 (43.5)
Demographics Present 39 19 (27.5) 20 (29.1) 0.512
Absent 30 17 (24.6) 13 (18.8) '
CD8 Low 33 3(4.3) 30 (43.5)
0.000
High 36 33 (47.8) 3(4.4)
PD-L1 Low 28 19 (27.5) 9(13.1)
0.006
High 41 14 (20.3) 27 (38.1)

P values <0.05 in bold are statistically significant. Analysis were performed using the x2 test or Fisher exact test with SPSS V.24.0 software.
HHLA2: Human Endogenous Retrovirus-H Long Terminal Repeat-Associating Protein 2; LN Metastasis: Lymph Node Metastasis; PD-L1: Pro-
grammed Death 1 ligand 1.

(Table 3: COX proportional hazard models on overall survival of patients. )
COX proportional hazard models
Factors Univariate analysis Multivariate analysis
P-value HR (95% CI) P-value HR (95% CI)
Gender
Male vs female 0.2247 0.5706(0.2307-1.411)
Age
<60 vs 260 0.5895 0.7022(0.1944-2.537)
HHLA2 expression
Low vs high 0.3095 0.6609(0.2905-1.504)
PD-L1 expression
Low vs high 0.0414 0.4068(0.1814-0.912) 0.0516 1.024(0.384-2.728)
CD8 status
Low vs high 0.5440 0.7302(0.2651-2.011)
Depth of invasion(T)
T2vsT3 T4 0.0491 0.396(0.1701-0.922) 0.0729 0.4127(0.1709-0.9964)
Lymph node metastasis(N)
NO vs N1, N2 0.5765 1.302(0.5155-3.29)
TNM stage
1 1vs Il 0.5241 1.31(0.5538-3.1)

Smoking history
Yes vs no 0.9839 0.9918(0.4242-2.319)

Alcohol history
Yes vs no 0.1079 2.55(0.4286-15.17)

Demographics
Yes vs no 0.1722 1.697(0.7317-3.937)
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P values <0.05 in bold are statistically significant. The Kaplan-Meier method and Cox proportional hazards model were applied by using Graph-
pad Prism 7 software. Of invasion (HR=0.4127, 95% C|=0.1709-0.9964, P=0.0729), were not independent HHLA2 expression showed no significant
correlation to the survival of patients with esophageal cancer (HR=0.6609, 95% CI=0.2905-1.504, P=0.3095). Meanwhile, PD-L1 (HR=0.4068,
95% Cl=0.1814-0.912, P=0.0414) and depth of invasion (HR=0.396, 95% ClI=0.1701-0.922, P=0.0491) were found to be in relation with patients’
survival (Table 3). The independent prognostic value was detected by multivariate analysis (Table 3). The results indicated that PD-L1 (HR=1.024,
95% CI=0.384-2.728, P=0.04516) and depth prognosis factors in the overall survival of patients with esophageal cancer. Moreover, lymph node
metastasis(N), TNM stage, and CD8-positive cell-infiltration status, gender, age, smoking history, alcohol history and demographics were not

dependent on the overall survival here in our research, either.
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Figure 1: HHLA2, PD-L1 and CD8 expression in esophageal cancer tissue samples. Representative mi-
crographs of HHLA2 (A), PD-L1 (C) and CD8 (D) expression within tumor (scale bar, 100 um or 25 um).
HHLA2, PD-L1 and CD8 were elevated in 47.9, 59.4 and 52.1% of cases in the cohort, respectively (B).
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S3: Original IHC results of CD8
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Figure 2: Impact of HHLA2, PD-L1 and CD8 expression on the overall survival. Kaplan Meier survival curves for OS of
patients with esophageal cancer according to HHLA2, PD-L1 and CD8 expression in the cohort. High PD-L1 expres-
sion (B) was significantly associated with poor overall survival, HHLA2 expression (A) and CD8 expression (C) both
failed to stratify OS in the cohort. Fraction of death and recurrence in HHLA2 (D), PD-L1 (E) and CD8 (F) both in high
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HHLA2, PD-L1 and CD8 expression in esophageal cancer was in-
vestigated (supplementary materials S2 and S3). Survival anal-
ysis determined by the Kaplan—Meier curve and log-rank test
demonstrated that high expression of PD-L1 predicted poor
survival and high mortality rate in patients with esophageal
cancer (Figure 2B, P=0.0414<0.05). However, high expression
of HHLA2 or high CD8 were found having no significant prog-
nostic value for the overall survival of patients with esophageal
cancer (P=0.3095>0.05, Figure 2A; P=0.5440>0.05, Figure 2C).
While the IHC staining findings confirmed that esophageal tu-

mor tissues have significantly higher levels of HHLA2 than peri-
tumoral tissues. We classified esophageal cancer patients based
on their H-score median value. The median overall survival in
the HHLA2-high cohort was little shorter (median 44 months vs
undefined, P>0.05; Figure 2A), while the probability of death
increased (45.5% vs. 19.4%; Figure 2D). The median overall sur-
vival in the PD-L1-high cohort was significantly shorter (median
42 months vs undefined, P<0.05; Figure 2B), and the probability
of death increased (48.8% vs. 17.2%; Figure 2E). The median
overall survival in the CD8-high cohort was a little shorter (me-
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dian 45 months vs undefined, P>0.05; Figure 2C), and the prob-
ability of death increased (25% vs. 18.9%; Figure 2F). To explore
the prognostic significance of HHLA2, PD-L1 and CD8, univariate
and multivariate analyses of the Cox proportional hazard model
on overall survival was performed. To determine the prognostic
value of HHLA2 expression and other clinic-pathological vari-
ables.

Discussion

To the best of our knoweledge, this is the first research repre-
senting the clinical significance of HHLA2 in esophageal cancer
especially the esophageal squamous cell carcinoma, and also
demonstrated for the first time that HHLA2 might be an inno-
vative immunosuppressive target in esophageal cancer micro-
environment for cancer immunotherapy. The HHLA2 pathway
illustrates a novel immune checkpoint blockade in the tumor
microenvironment and an attractive factor for clinical cancer
therapy during the past several decades. Here, we found that
HHLA2 was high expressed in the tumor tissues compared to
the adjacent normal tissues in patients with esophageal squa-
mous cell carcinoma. The HHLA2 protein level was statistically
correlated with the smoking, PD-L1 level and CD8 T-cell infiltra-
tion status. High expression of HHLA2 predicted a high mortality
rate compared with the low expression of HHLA2 in esophageal
carcinoma patients as shown in the (Figure 2D). The depth of in-
vasion, PD-L1 but not HHLA2 acts as prognostic factor to affect
the overall survival of patients with esophageal cancer. Esopha-
geal cancer is known as one of the most horrible malignancies
all around the world, with a poor prognosis, high mortality and
histrionic incidence growth in the western world taking place
over the past several decades. Squamous cell carcinoma and
adenocarcinoma present more than 95% of esophageal cancers
[34]. The most important risk factors of squamous cell carci-
noma and adenocarcinoma are smoking, alcohol use chronic
gastroesophageal reflux disease, and obesity [34]. Meanwhile,
the general 5-year survival rates remains very poor with 10%
overall survival rates, same as the 5-year postesophagectomy
with 15~40% overall survival rates [4]. Esophageal cancer is usu-
ally diagnosed at an advanced stage because of the lack of early
clinical symptoms. The treatment of resectable esophageal can-
cer has evolved into a multidisciplinary process over the past
few decades, and although esophagectomy is still clinically con-
sidered the cornerstone of curative treatment for severe esoph-
ageal cancer, it is still associated with poor postoperative mor-
bidity and prognosis for patients [35]. The poor prognosis and
increasing incidence of esophageal cancer indicates improved
prediction and detection methods especially the potential risk
factors are essential prior to treatment. However, no research
was conducted to prove the specific prevention strategies or
recommendations for esophageal cancer screening. Identifying
susceptible genes and biomarkers that could predict or iden-
tify patients who may or may not respond well to concurrent
chemoradiotherapy can contribute physicians in predicting and
choosing the appropriate therapy for patients so as to improve
their survival rates.

Immune checkpoint blockade treatments such as PD-L1, PD-
1, PD-L2, CTLA-4 bring incredible clinical benefits to fighting nu-
merous solid malignancies. However, the function of immune
checkpoint factor in esophageal cancer remains debatable.
HERV-HLTR-Associating 2 (HHLA2), is a newly recognized B7
family member, has been demonstrated to be widely expressed
with positive rates ranging from 0% to 70% in different type of
cancers during the past decades [16-32] and associated with

poor prognosis in various cancers, such as lung cancer, hepa-
tocellular carcinoma, pancreatic carcinoma, malignant glioma
and osteosarcoma [18-37]. Previous studies reported that com-
bination of novel immune checkpoints HHLA2 and ICOSLG could
predict survival and immune features and independently iden-
tify high-risk patients with esophageal squamous cell carcinoma
[22]. However, no such a study was performed that can illus-
trate the role of HHLA2 in the progression and overall survival
of patients with esophageal cancer. Here in this research, we
evalauted the protein level of HHLA2 and its clinical significance
in 69 esophageal cancer, and we found that the positive rate
of high HHLA2 expression in esphageal tumor tissues was over
47%, which is significantly higher than the high HHLA2 expres-
sion in the para-tumor area with 34.8%, and the HHLA2 high
expression is not statistically correlatted with poor overall sur-
vival rate. Moreover, the positive rate of high PD-L1 expression
and CD8 was 59.4% and 52.1% respectively. And the high PD-L1
expression was statistically related to poor overall survival of
the esophageal cancer patients.The high CD8 expression was
correlated with the poor overall survival but not so signifi-
cantly. Meanwhile, the expression level of HHLA2 was in rela-
tion with the smoking, PD-L1 and CD8 T-cell infiltration status.
And the high expression level of CD8n in the high expression
of HHLA2 group was statistically lower than the low expression
of HHLA2 group which is same as previous study, CD8 expres-
sion is highly related with CD8 T-cell infiltration status [30]. Al-
though a published research reported that HHLA2 acted as a
co-stimulatory role so as to promote cytokine secretion [38],
while numerous studies discovered that HHLA2 could inhibit T-
cell proliferation and function [39-41], consistantly, our results
showed that high expression of HHLA?2 is in relation with low
expression of CD8, CD8 expression is associated with CD8 T-cell
infiltration status, which indicates that HHLA2 may predomi-
nantly functions as a T-cell co-inhibitory ligand. The expression
level and clinical features of HHLA2 have been well studied in
several clinical patients who diagnosed as triple negative breast
cancer, osteosarcoma and non-small-cell lung cancer [32-43].
In negative non-small-cell lung cancer cases, 66% cases were
HHLAZ2 positive (413/625), and high expression level of HHLA2
was closely in relation with EGFR mutation and high tumor in-
filtrating lymphocytes (TILs) density [43]. Research showed
that patients with high level of HHLA2 were more probable to
develop into advanced and metastatic cancer and HHLA2 was
widely expressed in low PD-L1 expression non-small-cell lung
cancer specimens [42]. Most normal organs in healthy person
do not express HHLA2 except the placenta, gut, gallbladder,
and breast whereas HHLA2 is generally overexpressed in sev-
eral tumor [32,40]. Herein we demonstrated that HHLA2 was
expressed in both esophageal tumor specimens and adjucent
normal specimens from esophageal cancer patients. However,
the IHC results showed that staining intensity of HHLA2 in tu-
mor tissues was stronger than in adjucent normal tissues of
esophageal patients, which indicated that HHLA?2 is upregulated
in tumor tissues of esophageal cancer. Additionally, our results
showed the high expression of HHLA2 was in relation with Poor
prognosis in patients with esophageal cancer, which is consis-
tent with previous studies in human lung cancer, breast cancer,
and osteosarcoma and is closely in ralation with poor prognosis
and worse overall survival for clinical patiens [13-19] . In sum-
mary, we confirmed that HHLA2 is over expression in patients
with esophageal cancer and this is the first reseach reported
that HHLAZ2 is a prognostic checkpoint factor that can affect the
overall survival of human esophageal cancer through immuno-
suppressive mode. High expression of HHLA2 is correlated with
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smoking, PD-L1 and low CD8 expression, and predicted a poor
overal survival in patients with esophageal cancer. Our results
demonstrated that HHLA2 is a critical immune checkpoint in
eaophageal cancer. Our results together with these literatures
illustrated that HHLA2 was potentially participated in cancer
progression through immunosuppressive pattern and could be
a preditive factor except the PD-L1 checkpoint for cancer diag-
nosis and immunotherapy [16], while further studies are neces-
sary to clarify the mechanisms of high HHLA2 expression and
its therapeutic values in cancer progression. Several limitations
relating to this study were underlined as follows. Firstly, our
study was based on a cohort with 69 esophageal cancer cases
in total, the number of which is too less and maybe the rea-
son why HHLA2 was associated with poor prognostic value for
overall survival in patients with esophageal cancer but not so
significantly. Secondly, most esophageal cancer patients here in
this study were more than 60 years old as esophageal cancer
is usually diagnosed at an advanced stage due to the lack of
early clinical symptoms.Thirdly, all of the patients here in the
research having esophageal squamous cell cancers. Finally,
we just combined HHLA2 with PD-L1 to conduct immune clas-
sification. However, other B7 family members, like B7-H3 and
B7x, or other immunosuppressive factors like metabolites also
contribute to immunosuppression in the tumor microenviron-
ment[44,45], so further studies including more esophageal can-
cer cases are necessary to valiadte the results of this study and
elucidate the detail mechanisms.
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