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Abstract: Biomarkers that can serve as diagnostic and prognostic indicators of esophageal
squamous cell carcinoma (ESCC) are urgently needed to help improve patient outcomes. Here, the
expression of epidermal growth factor receptor (EGFR) and costimulatory molecule B7-H3, both
of which have been implicated in tumor onset and progression in certain tumors, was investigated
in relation to the clinical characteristics and survival outcomes of patients with ESCC. ESCC
tissue samples were analyzed for 100 patients. Tumor and patient characteristics were recorded.
Tissues were investigated for EGFR and B7-H3 staining by immunohistochemistry. Patients were
followed for up to 96 months to determine overall survival (OS) and progression-free survival
(PES). High expression for EGFR (68.0%) and B7-H3 (66.0%) was observed in the majority of
cases. High expression of either EGFR or B7-H3 was correlated with tumor invasion depth and
clinical stage (P<<0.05). Further, high expression of either EGFR or B7-H3 was correlated with
worse survival outcomes. The estimated OS (38.1 months) and PFS (13.4 months) of patients
with high expression of EGFR were lower than those of patients with low expression (69.3 and
68.1 months, P<<0.05). The estimated OS (31.1 months) and PFS (13.1 months) of patients with
high expression of B7-H3 were also lower than those of patients with low expression (69.3 and
66.6 months, P<<0.05). Indeed, Cox multiple regression showed that OS and PFS were correlated
with EGFR (relative risk =1.853, 1.875, respectively) and B7-H3 (relative risk =1.886, 2.061,
respectively) (all P<0.05) expression level. Thus, EGFR and B7-H3 are highly expressed in
tumor tissues of patients with ESCC. Their expression levels are correlated with tumor severity
and survival, and therefore these may be viable biomarkers to aid in prognosis determination.
Keywords: esophageal squamous cell carcinoma, epidermal growth factor receptor, costimulatory
molecule B7-H3, prognosis, immunohistochemistry

Introduction

Esophageal cancer is a serious malignancy worldwide that is associated with a morbidity
rate ranking fifth among tumors and fourth in mortality rate. Further, the incidence
and mortality rate are gradually increasing each year.' Indeed, in People’s Republic
of China, esophageal cancer is the number one cause of cancer mortality.!? Interest-
ingly, while the main pathological type of esophageal cancer in Western countries
is adenocarcinoma, the main type in Asia is esophageal squamous cell carcinoma
(ESCC);! in People’s Republic of China, ESCC cases account for over 90% of all the
esophageal cancer patients.” Surgery remains the main therapeutic approach to ESCC,
but despite treatment ESCC patients at stages IIA to III have a 5-year survival rate of
just 20%—30%.° The application of molecular targeted therapies such as cetuximab,
erlotinib, trastuzumab, and bevacizumab is providing more clinical benefit to patients.
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Although such therapies play an important role in improving
the postoperative quality of life and long-term survival, many
patients will still experience recurrence or metastasis, and the
overall prognosis remains poor.* Therefore, advancements in
diagnosis and treatment are still urgently needed to improve
outcomes in affected individuals.

Clinical practice continues to rely on tumor, node,
metastasis staging to predict patient prognosis, but the search
for molecular indicators and potential therapeutic targets
is well underway. For example, worse ESCC outcomes
are associated with higher multidrug resistance protein
expression, high activity of glutathione S-transferase, and
abnormal expression of P53 and RAS.>¢ All of these changes
can promote multidrug resistance of the tumor, thereby
negatively affecting the efficacy of treatment and worsen-
ing the prognosis of ESCC patients.® Similarly, epidermal
growth factor receptor (EGFR) plays a role in cell adhesion
and contributes to tumor growth, differentiation, infiltration,
and metastases through its various ligands.” For example,
over 90% of squamous cell carcinomas of the head and neck
exhibit abnormal EGFR expression; likewise, in ESCC,
EGFR expression is upregulated and is correlated with
TNM stage.® Indeed, some of the aforementioned molecular
therapies target EGFR. Thus, EGFR may play an important
role as a biomarker in ESCC.

Advances in immunooncology indicate that tumors
are recognizable by the immune system. Under some
circumstances, the immune system can regulate the tumor
growth and even clear tumors; therefore, identifying key
molecules in immune regulation has become important for
advancing cancer treatment. This search has revealed that
T-cell activation requires T-cell receptors and costimula-
tory molecules like B7/CD28.° Costimulatory molecules
are present on the surfaces of T- and B cells, antigen pre-
senting cells, and target cells and participate in immune
responses. Negative costimulatory molecules can weaken
the early activation of immature T-cells and memory
T-cells, lowering the regulatory and clearing activities
on tumor cells.’® One of the B7 family of costimulatory
molecules, B7-H3, is widely expressed in human tissues
and cell strains. Elevated B7-H3 expression can promote
tumorigenesis.'! In vitro, inhibition of B7-H3 in ESCC cells
suppresses their migration and invasion abilities.'> Thus,
B7-H3 may play an important role in ESCC development
and/or progression and represents a potential diagnostic/
prognostic marker. Here, expression of EGFR and B7-H3
were investigated in ESCC tissues to establish their utility
in predicting patient prognosis.

Materials and methods

Clinical materials

Paraffin-embedded esophageal cancer tissue and para-
carcinoma tissue specimens were collected from 100 patients
between January 2006 and December 2015. Specimens were
included only from patients who received surgery as the
first-line treatment and thus were free of chemotherapy or
radiotherapy. The resected tumor tissues were fixed in form-
aldehyde, embedded in paraffin, and stored. Patients (68 men
and 32 women) were postoperatively given adjuvant therapies
such as radiotherapy and chemotherapy according to specific
conditions. Their ages ranged from 35 to 75 years, with a
median age of 60 years. Clinical characteristics such as age,
sex, clinical staging, tumor infiltration depth, differentiation
degree, and lymph node metastasis were recorded. The study
was approved by the Ethics Committee of The Third People’s
Hospital of Yancheng City. All participants provided written
informed consent.

Immunohistochemistry

Resected tumor tissue specimens were serially sectioned
at 3 um. The streptavidin-perosidase method was used for
immunostaining after sections were dewaxed. Expression
of EGFR and B7-H3 was detected using mouse anti-human
EGFR monoclonal antibody (Invitrogen, Carlsbad, CA, USA)
or sheep anti-human B7-H3 monoclonal antibody (Invitro-
gen). Diaminobenzidine was used for substrate conversion
to visualize staining. Positive staining for either EGFR or
B7-H3 was detected as yellow particles in the ESCC cyto-
plasm or cell membrane. Under a microscope (OLYMPUS
BX53, Tokyo, Japan), sections were evaluated for EGFR
or B7-H3 staining patterns by the proportion of positively
stained tumor cells and the intensity of staining; 100 cells
were counted in each field (40x), and five fields were used
in evaluation. Two chief physicians in the pathology depart-
ment were designated to read the images independently, and
in case of disagreement, one senior pathologist made the final
judgment. Staining intensity was scored as follows: a score
of 0 for no color; 1 point for light yellow; 2 points for brown-
yellow; and 3 points for brown. The percentage of positive
cells was scored as follows: a score of 0 when the positive
tumor cell proportion was <10%; 1 point when the positive
tumor cell proportion ranged from 10% to 25%; 2 points
when the positive tumor cell proportion ranged from 26% to
50%; 3 points when the positive tumor cell proportion ranged
from 51% to 75%; and 4 points when the colored tumor cell
proportion was >75%. The sum of the two scores served as
staining score. The total expression of the two markers was
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evaluated according to this score with the following criteria:
a score of 0 marked negative expression; a score of 1-2
points marked weakly positive; a score of 3—4 points marked
positive; and a score of >4 points marked strongly positive.
Patients with a negative or weakly positive expression were
classified into the low-expression group, and patients with a
positive or strongly positive expression were classified into
the high-expression group. They were followed through a
combination of home visits and telephone calls. Patients’ time
of overall survival (OS) and progression-free survival (PFS)
were recorded. The deadline for follow-up was October 2015.
The follow-up period ranged between 5.2 and 96 months (the
median follow-up time was 36 months).

Statistical methods

The Statistical Package for the Social Sciences (SPSS, IBM
Corporation, Armonk, NY, USA) 19.0 statistical software
was used for statistical analysis. Numerical data are expressed
as percentages. A chi-square (¥°) test was used to compare the
proportions of EGFR and B7-H3-positive cases with different
clinical characteristics. A Kaplan—Meier survival analysis
was applied to compare OS and PFS, and a log-rank test was
used to compare their differences. Cox multiple regression
analysis was used to perform multifactor analysis on the
features that influenced OS and PFS. A P<<0.05 indicated
that the difference was statistically significant.

Results
Expression of EGFR and B7-H3 in ESCC

tissues

Using the staining score criteria described earlier, we
assessed expression of EGFR and B7-H3 in ESCC tumor
sections. In the 100 ESCC tumor samples, 68 patients
(68%) presented high expression of EGFR (Table 1), and
66 patients (66%) presented high expression of B7-H3
(Table 2). The normal paracarcinoma tissues had a slightly
weak expression (Figure 1).

As described, patients were classified into high- and low-
expression groups based on EGFR and B7-H3 staining scores.
We then compared clinical characteristics among high- and
low-expression groups (Tables 1 and 2). ESCC patients with
different EGFR expression levels had statistically significant
differences in tumor infiltration depth and clinical staging
(¥’=21.784, 11.505, respectively, both P<<0.05). Similarly,
ESCC patients with different B7-H3 expression levels had
statistically significant differences of tumor infiltration depth
and clinical staging (y*=31.824, 18.522, respectively, both
P<0.05) as well as age (¥>=26.471, P<0.05).

Table | EGFR expression levels and clinical characteristics in
ESCC tissues (n [%])

Clinical EGFR r P-value
characteristics High Low
expression expression
(n=68) (n=32)
Sex 2217  >0.05
Male 43 (63.2) 25 (78.1)
Female 25 (36.8) 7(21.9)
Age (years) 0.735  >0.05
=60 32 (47.1) 18 (56.3)
>60 36 (52.9) 14 (43.8)
Differentiation degree 2.163  >0.05
High 21 (30.9) 14 (43.8)
Moderate 29 (42.6) 13 (40.6)
Low 18 (26.5) 5(15.6)
Depth of invasion 21.784 <0.05
T, I (1.51) 4 (12.5)
T, 19 (27.9) 20 (62.5)
T, 34 (50.0) 8 (25.0)
T, 14 (20.6) 0 (0.0
Lymph node metastasis 0.184  >0.05
Positive 35 (51.5) 15 (46.9)
Negative 33 (48.5) 17 (53.1)
Clinical stage 11.505 <0.05
=l 15 (22.1) 18 (56.2)
([ 53 (77.9) 14 (43.8)

Abbreviations: EGFR, epidermal growth factor receptor; ESCC, esophageal squamous
cell carcinoma.

Table 2 B7-H3 expression levels and clinical characteristics in
ESCC tissues

OncoTargets and Therapy 2016:9

Clinical B7-H3 r P-value
characteristics High Low
expression expression
(n=66) (n=34)
Sex 0.003  >0.05
Male 45 (68.2) 23 (67.6)
Female 21 (31.8) Il (32.4)
Age (years) 30.125 <0.05
=60 20 (30.3) 30 (88.2)
>60 46 (69.7) 4(11.8)
Differentiation degree 0293 >0.05
High 22 (33.3) 13 (38.2)
Moderate 28 (42.4) 14 (41.2)
Low 16 (24.2) 7 (20.6)
Depth of invasion 31.270 <0.05
T, 0 (0.0 5(14.7)
T, 17 (25.8) 22 (64.7)
T, 35(53.0) 7 (20.6)
T, 14 (21.2) 0 (0.0)
Lymph node metastasis 0.178  >0.05
Positive 32 (48.5) 18 (52.9)
Negative 34 (51.5) 16 (47.1)
Clinical stage 19.278 <0.05
-l 12 (18.2) 21 (61.8)
n-v 54 (81.8) 13 (38.2)
Note: Data represented as n (%).
Abbreviation: ESCC, esophageal squamous cell carcinoma.
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Figure | Immunohistochemical staining of esophageal squamous cell carcinoma.
Notes: (A) EGFR expression; (B) B7-H3 expression. 40x magnification.
Abbreviation: EGFR, epidermal growth factor receptor.

Relationship between EGFR and B7-H3
expression and ESCC patient survival
time

Finally, we assessed survival outcomes, specifically OS and
PFS, among ESCC patients. Within the follow-up period,
66 patients (66%) died. The estimated OS was 42.3 months
(95% confidence interval [CI] =38.3—-46.3 months), and the
estimated PFS was 21.6 months (95% CI=10.9~32.3 months)
(Table 3). Kaplan—Meier survival analysis curves for OS and
PFS of all the patients are shown in Figure 2.

Next, we assessed survival differences between groups
classified by their marker expression levels. For patients with
high EGFR expression, the estimated OS was 31.8 months
(95% CI =26.5~37.1 months), and the estimated PFS was
13.4 months (95% CI =12.3~14.5 months). In comparison,
patients with low EGFR expression had OS of 69.3 months
(95% CI =59.9~78.7 months) and PFS of 68.1 months
(95% CI =56.9~79.4 months). The differences in OS and
PFS between the two expression groups were statistically
significant (y?=35.292, 36.271, respectively, both P<<0.05;
Table 4). Kaplan—Meier survival curves for OS and PFS by
EGFR expression level are shown in Figure 3.

For the patients with high B7-H3 expression, the estimated
OS was 31.1 months (95% CI =24.9~37.3 months), and the
estimated PFS was 13.1 months (95% CI=10.5~15.7 months).

Table 3 Survival outcomes of ESCC patients

For patients with low B7-H3 expression, OS was 69.3 months
(95% CI =59.8~78.8 months) and PFS was 66.6 months
(95% CI =55.3~77.9 months). The differences in OS and
PFS between the two expression groups were statistically
significant (y?=34.481, 36.823, respectively, both P<<0.05;
Table 5). The Kaplan—Meier survival curves for OS and PFS
by B7-H3 expression level are shown in Figure 4.

The Cox multiple factor regression analysis indicated
that the OS of the ESCC patients correlated with both EGFR
expression level (relative risk [RR] =1.853) and B7-H3
expression level (RR =1.886) (P<<0.05); similarly, PFS was
correlated with both EGFR expression level (RR =1.875) and
B7-H3 expression level (RR =2.061) (P<<0.05) (Table 6).

Discussion

Molecules involved in growth signal regulation, apoptosis,
angiogenesis, and tissue infiltration and metastasis represent
important targets for cancer therapy, as well as serving as
potential diagnostic and prognostic biomarkers. EGFR,
a membrane receptor in the BrbB protein kinase family
(also called HERI1 or ErbB1), contributes to tumorigenesis
and has become an important molecular target in multiple
cancer types, including ESCC.”313-15 Consistent with this, our
study of ESCC tissues revealed high expression of EGFR
in the majority of cases. Further, high expression of EGFR

Index Mean Median
Estimate SE 95% ClI Estimate SE 95% ClI
Lower bound Upper bound Lower bound Upper bound
oS 45.570 3.182 39.334 51.807 42.300 2.046 38.290 46.310
PFS 37.444 3.734 30.126 44.762 21.600 5.452 10913 32.287

Abbreviations: Cl, confidence interval; ESCC, esophageal squamous cell carcinoma; OS, overall survival; PFS, progression-free survival; SE, standard error.
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Figure 2 Kaplan—Meier survival curve for (A) OS and (B) PFS in patients with ESCC.

Abbreviations: OS, overall survival; PFS, progression-free survival; ESCC, esophageal squamous cell carcinoma.

was associated with more advanced tumor infiltration and
clinical staging. Survival analyses also indicated that higher
EGFR expression was associated with poorer OS and PFS.
Thus, EGFR may provide value as a prognostic marker at
the time of biopsy.

Our understanding of the role of the immune system in
tumorigenesis continues to expand, particularly with recent
findings regarding the roles of costimulatory molecules.'
Costimulatory molecules can provide secondary signals for
the activation of T-cells in the immune response. The B7
family of molecules, which currently comprises ten members,
is expressed in lymph and nonlymph organs and binds with
different receptors to mediate positive or negative immune
regulation signals. They promote activation and proliferation
of T-cells to participate in antitumor immunity; additionally,
some negative costimulatory molecules directly participate in
the tumor formation through nonimmunoregulatory effects.'¢
B7-H3 receptors can be expressed inductively on the surface

of activated T-cells. In the presence of anti-human CD3
monoclonal antibodies, B7-H3 can increase the generation
of CD4" and CD8" cells, selectively increase the genera-
tion of interferon-y, and participate in the activity of T- and
B cells. In addition, elevated B7-H3 expression can inhibit the
regulatory effects of immune system on tumors and promote
tumorigenesis.'! Indeed, significant upregulation of serum
B7-H3 levels is associated with the onset and progression of
bladder cancer and primary liver cancer, as well as invasive-
ness of glioma and non-small-cell lung cancers.’

Our study supports these previous findings. In ESCC
tissues, B7-H3 exhibited high expression in the majority of
cases, and this high expression was correlated with patient
age as well as invasion depth and clinical stage. Thus, B7-H3
in tumor tissues may inhibit CD8* T-cells to enable the
tumor cells to avoid immunological surveillance. Further,
as with EGFR expression, higher B7-H3 expression was
associated with poorer survival outcomes. These findings

Table 4 Survival outcomes of ESCC patients by EGFR expression level

Index EGFR Mean Median
Estimate SE 95% CI Estimate SE 95% ClI
Lower bound  Upper bound Lower bound  Upper bound
(ON High expression  31.077 2.120 26.922 35.232 31.800 2703  26.503 37.097
Low expression  71.116 4.824 61.661 80.572 69.300 4821  59.851 78.749
PFS High expression  19.222 2.072 15.161 23.282 13.400 0.571  12.280 14.520
Low expression  73.600 10.900 52.236 94.964 68.124 5733  56.887 79.362

Abbreviations: Cl, confidence interval; ESCC, esophageal squamous cell carcinoma; EGFR, epidermal growth factor receptor; OS, overall survival; PFS, progression-free

survival; SE, standard error.
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Figure 3 Kaplan—Meier survival curves for (A) OS and (B) PFS of patients classified by EGFR expression levels.
Abbreviations: OS, overall survival; PFS, progression-free survival; EGFR, epidermal growth factor receptor.

Table 5 Survival outcomes in ESCC patients by B7-H3 expression level

Index EGFR Mean Median
Estimate SE 95% CI Estimate SE 95% CI
Lower bound Upper bound Lower bound  Upper bound
os High expression  30.796 2.163 26.556 35.036 31.100 3151 24924 37.276
Low expression  69.987 4.782 60.614 79.359 69.300 4.858 59.777 78.823
PFS High expression  18.903 2.082 14.822 22.983 13.100 1.328  10.496 15.704
Low expression  73.600 11.899 50278 96.922 66.575 5.760  55.286 77.864

Abbreviations: Cl, confidence interval; EGFR, epidermal growth factor receptor; ESCC, esophageal squamous cell carcinoma; OS, overall survival; PFS, progression-free
survival; SE, standard error.
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Figure 4 Kaplan—Meier survival curves for (A) OS and (B) PFS of patients classified by B7-H3 expression levels.
Abbreviations: OS, overall survival; PFS, progression-free survival.
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Table 6 Multifactor analysis of survival outcome of ESCC

patients

Index Variables Expression RR Wald 3  P-value

os EGFR High expression  1.853  6.047 <0.05
B7-H3 High expression  1.886  5.831 <0.05

PFS EGFR High expression  1.875 5.738 <0.05
B7-H3 High expression  2.061  6.113 <0.05

Abbreviations: EGFR, epidermal growth factor receptor; ESCC, esophageal
squamous cell carcinoma; OS, overall survival; PFS, progression-free survival; RR,
relative risk.

indicate that further investigation into the clinical utility
of B7-H3 is warranted for ESCC diagnosis, prognosis, and
treatment options. "’

Conclusion

In sum, tumor tissues of ESCC patients had high expres-
sion of both EGFR and the B7-H3 costimulatory molecule.
Expression of these markers was correlated with tumor
severity and patient survival outcomes. Thus, assessment of
EGFR and/or B7-H3 at the time of biopsy may help guide
prognosis.
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