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Quantitative immunohistochemistry (IHC) analysis of biomarker
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Jiebing Gao'”?, Xinglin Li**, Dan Li*’, Ye Liu*, Wanwei Cao®, Xiaoyun Chen’, Zhijun Li’, Xiaojing Wang®,
Qingdong Cao°’, Tukang Peng’, Hongjun Jin’*, Hong Shan***

'Department of Radiology, The Fifth Affiliated Hospital, Sun Yat-sen University, Zhuhai, China; ‘Guangdong Provincial Key Laboratory of
Biomedical Imaging and Guangdong Provincial Engineering Research Center of Molecular Imaging, The Fifth Affiliated Hospital, Sun Yat-sen
University, Zhuhai, China; *Center for Interventional Medicine, The Fifth Affiliated Hospital, Sun Yat-sen University, Zhuhai, China; *Department
of Pathology, The Fifth Affiliated Hospital, Sun Yat-sen University, Zhuhai, China; ‘Department of Radiology, Zhongshan Affiliated Hospital,
Guangzhou University of Chinese Medicine, Zhongshan, China; “Department of Cardiothoracic Surgery, The Fifth Affiliated Hospital, Sun Yat-sen
University, Zhuhai, China

Contributions: (I) Conception and design: H Jin, ] Gao, H Shan; (II) Administrative support: H Shan, Q Cao; (III) Provision of study materials or
patients: W Cao, X Wang; (IV) Collection and assembly of data: ] Gao, X Li, X Chen; (V) Data analysis and interpretation: J Gao, Y Liu; (VI)
Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Hongjun Jin; Hong Shan. Guangdong Provincial Key Laboratory of Biomedical Imaging and Guangdong Provincial Engineering
Research Center of Molecular Imaging, The Fifth Affiliated Hospital, Sun Yat-sen University, 52 E. Meihua Road, Zhuhai 519000, China.

Email: jinhj3@mail.sysu.edu.cn; shanhong@mail.sysu.edu.cn.

Background: Esophageal squamous carcinoma (ESCC) is one of the most common cancers in developing
countries. However, currently there are no specific biomarkers for ESCC. This study evaluated the
expression of proliferating cell nuclear antigen (PCNA), tumor suppressor protein p53, epidermal growth
factor receptor (EGFR), and vascular endothelial growth factor (VEGF) as biomarkers for ESCC.
Methods: This study included 60 clinical cases (30 ESCC and 30 non-ESCC cases that were confirmed
pathologically). The expression of PCNA, p53, EGFR, and VEGF were investigated using a quantitative
computerized immunohistochemistry (IHC) method. The expression level of each protein was indicated by a
H-score from the quantitative analysis. Receiver operating characteristic curve (ROC) and area under curve
(AUC) analyses were performed. The sensitivity and specificity of each individual protein and combinations
of the proteins were calculated.

Results: The H-score analysis indicated that expressions of EGFR, PCNA, and VEGF were statistically
significantly higher in ESCC than non-ESCC patients; however, p53 was not. The panels of combinations
of these proteins were more sensitive than that of any single protein. In the triplicate combination, the AUC
prediction probability increased to 0.86, while the single protein AUC prediction probabilities were 0.74
(EGFR), 0.80 (PCNA), and 0.70 (VEGF).

Conclusions: The high expression of PCNA, EGFR, and VEGF suggests that they are potential
biomarkers for ESCC. The combination of these biomarkers may provide targets for molecular therapy and

molecular imaging.
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Introduction

Esophageal carcinoma is one of the most common cancers
and causes more than 400,000 deaths annually worldwide
(1,2). Esophageal cancer is classified by histology as
esophageal squamous carcinoma (ESCC) and esophageal
adenocarcinoma. ESCC is the most common histological
subtype and represents up to 90% of cases in the highest
risk areas of the “esophageal cancer belt,” which stretches
from Northern Iran through Central Asia to China (1,3-5).
Currently, there are few tumor biomarkers for ESCC.
Such biomarkers are important for early diagnosis, staging,
prognosis, and guiding the development of effective targeted
therapies. To identify new biomarkers specific to ESCC,
this study evaluated the expression of the following 4
conventional immunostaining proteins in cancer diagnosis:
proliferating cell nuclear antigen (PCNA), tumor suppressor
protein p53, epidermal growth factor receptor (EGFR), and
vascular endothelial growth factor (VEGEF).

PCNA acts as a molecular coordinator in maintaining
genomic integrity at both the genetic and epigenetic levels
(6,7). PCNA is a marker of esophageal cellular proliferation.
It can clearly demarcate proliferating areas (8). Some
research findings have supported the hypothesis that PCNA
targeting may be a way to specifically target cancerous cells
by comparing the sensitivity of cancer and non-transformed
cell lines in cell cultures (9-11). Tumor protein p53 is a
well-known tumor suppressor. It is encoded by gene TP53,
which is the most frequently mutated gene (>50%) in human
cancer (12). Somatic alterations of TP53 were found in a
large proportion (63-93 %) of esophageal cancer cases (13-15).
Protein p53 is a promising candidate biomarker for predicting
ESCC patients’ responses to chemotherapy (16). The EGFR
is a receptor for members of the epidermal growth factor
family of extracellular protein ligands. The over-expression
of EGFR is thought to be related to mutations of the EGFR
gene, which lead to the constant activation of EGFR and
uncontrolled cell division (17). The mutation of the EGFR
gene is associated with the development of a wide spectrum
of tumors, including epithelial tumors of the head and
neck (18), squamous cell carcinoma of the lung, and anal
cancers (19). VEGEF is a signal protein that stimulates the
development of vessels (20). VEGEF activity has some effects
on reinforcing microvascular permeability and stimulating
monocyte/macrophage migration (21). Some previous studies
have reported on these proteins in relation to cancers other
than ESCC (11,12,17). Some previous studies have identified
molecular biomarkers of ESCC (22,23). In the present study,
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we systematically evaluated the expression of 4 proteins for
ESCC with clinical samples. We found an IHC panel from
these biomarkers which existing pathology services could
easily adopt as a routine test to determine the status of these
three molecular biomarkers.

The IHC pattern and intensity of tumor biomarkers of
ESCC accordingly reflect the Tumor Mutational Burden
(TMB) and neoantigen load in some extent (24). TMB has
emerged to predict patients’ respond to immunotherapy.
Some clinical trials have shown that high TMB increases
the efficacy of immune checkpoint blockades in cancer
immunotherapy (25). While simultaneous radiotherapy
and chemotherapy for ESCC may decrease TMB in ESCC
cells. IHC analyzes being tested starting before not after
concurrent chemoradiation therapy would truly reflect
the characteristics of the tumor and to identify patients
most likely to respond to immunotherapy. In our study, we
evaluated the expression of the biomarkers specific to ESCC
by samples without preoperative anti-tumor therapy, which
might help in ESCC immunotherapy.

We present the following article in accordance with the
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-2950).

Methods
Sample source and collection

We examined tissue samples from 30 primary ESCC patients
and randomly selected tissue samples from 30 patients with
tumors (other than tumors of the esophagus) as the control
group. All patients underwent curative surgery without
preoperative anti-tumor therapy between June 2005 and
January 2018 at The Fifth Affiliated Hospital, Sun Yat-sen
University, Zhuhai, Guangdong Province, China. To conceal
patients’ health data and protect sensitive information, the
personal information of all patients was masked in accordance
with the standard electronic health record (EHR) process (a
common technique used to alter information in a patient’s
EHR that includes data encryption, obfuscation, hashing,
exclusion, and perturbation). Patients with undifferentiated
carcinomas or other malignant tumors of the esophagus
were excluded from the study. In relation to the ESCC
cases, tumor, nodes, and metastases (NM) stage and lymph
node status were classified according to the American Joint
Committee on Cancer’s (AJCC’) system (8" edition). The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
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by institutional research ethics board of the Fifth Affiliated
Hospital, Sun Yat-sen University (No. 2019 K20-1).
Because of the retrospective nature of the study, patient
consent for inclusion was waived.

Immunohistochemistry (IHC)

The IHC procedure was performed according to a manual
[see our previous publications (26,27)]. All surgical pathology
specimens from the thoracic ESCCs of 30 patients and
tumors of 30 non-ESCC patients were formalin-fixed.
The tissue samples were paraffin-embedded and sectioned
at 4-pm thickness. The slides were antigen retrieved with
citrate buffer (pH 6.0) by heating in an autoclave. The slides
were washed with phosphate-buffered saline (PBS), and
endogenous peroxidase was quenched and blocked for 10 min
at room temperature. The slides were incubated for 1 hour
at 37 °C with specific primary antibodies (rabbit anti-human
EGFR monoclonal antibody: cat. No. RMA-0554; clone
EP38Y; mouse anti-human VEGF monoclonal antibody:
cat. No. MAB-0243; clone VG1; mouse anti-human PCNA
monoclonal antibody: cat. No MAB-0145. clone PC10;
mouse anti-human p53 monoclonal antibody: cat. No.
MAB-0674, clone MX008). All of the primary antibodies
were purchased from MXB Biotechnologies, Fuzhou,
China. Next, the slides were washed 3 times with PBS, and
secondary antibodies [sheep anti-mouse immunoglobulin G
(IgG) polymer and sheep anti-rabbit IgG polymer, purchased
from MXB Biotechnologies, Fuzhou, China] were incubated
for 30 minutes at room temperature. The slides were then
washed 3 times with PBS, and 3,3'-diaminobenzidine
tetrahydrochloride (DAB) was applied to detect the presence
of each biomarker in the clinical samples. Finally, the slides
were counterstained with hematoxylin for nucleic staining.

Quantification of IHC

All stained slides were digitally scanned at 40x or 20x with
a Pannoramic scan (3DHistech, Budapest, Hungary). To
minimize inter-observer variations, IHC staining was
evaluated by a computer-assisted diagnosis application
(CaseViewer version:2.2). The digital slides were visualized
and analyzed with QuantCenter (3DHistech, Budapest,
Hungary). The area of each tumor was identified manually
for each digital slide. Five different regions of tumor area
were outlined; each region contained more than 800 cells.
The number of stained cells in each region was calculated
with corresponding quantification modules (nuclear quant for
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PCNA and p53, membrane quant for EGFR, and cell quant
for VEGF). The modules reported negative and positive cell
counts and their percentages, as stratified by the intensity
of staining (negative, weak, intermediate, or strong) (see
Figure I). Finally, the H-score for each region was calculated
at a default setting, which was determined by the percentage
of positive cells and their intensity (H-score = Zpi(i+1) where
“pi” represents the percentage of positive cell counts in total
cell counts, and represents the intensity) (28,29). To

evaluate the accuracy of the computer-assisted measurement,

@:»
1

the computerized images and the computer-assisted
measurements were verified with at least 2 professional
pathologist-based scoring results.

Western blot

Fresh tissue samples from the ESCC tumor and adjacent
normal tissue were retrieved from five patients. Total protein
was extracted by lysis buffer (RIPA buffer, thermo, 89900, add
1% Triton X 100, and 1% protease inhibitor cocktail before
use), resolved by 10% sodium dodecyl sulfate—polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred onto
polyvinylidene fluoride membranes. The membranes were
blocked in Tris-buffered saline with Tween-20 (0.02%)
solution (TBST) containing 5% slim milk and probed with
primary antibodies [an anti-PCNA antibody from MXB
Biotechnologies, MAB-0145, an anti-EGFR antibody
from MXB Biotechnologies, RMA-0554, and a beta actin
antibody from ThermoFisher (MAS5-15739)] overnight at
4 °C. They were then washed and incubated with a secondary
antibody conjugated with horseradish peroxidase. f-actin
protein levels were used as a loading control. For detection,
the membranes were incubated with Supersignal West Pico
PLUS Chemiluminescent Substrate (Thermo) for 5 min
and then exposed by the ChemiDoc XRS+ imaging System
(BioRad). The intensity of the protein bands was quantified
using image Lab (BioRad).

Statistics and receiver operating characteristic analysis

The statistical analysis was performed using SPSS Statistics
version 20.0 software (SPSS, Chicago, IL, USA), Graphpad
Prism version 6.01 software (GraphPad Software, San Diego,
USA), and MedCalc 18.2.1 software (MedCalc Software,
Ostend, Belgium). A statistically significant difference
was defined as P<0.05. Descriptive statistics were used to
summarize patients’ clinical features. We compared individual
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Figure 1 Standardization of computational IHC (20x). Representative images of different biomarkers (i.e., EGFR, p53, PCNA, and VEGF)
for HE staining (left panel), IHC staining (middle panel), and computational quantified color-coded results (right panel). The computational
program uses blue, yellow, orange and red to show low to high strength of DAB intensity. EGFR, epidermal growth factor receptor; PCNA,
proliferating cell nuclear antigen; VEGE, vascular endothelial growth factor; IHC, immunohistochemistry; DAB, 3:3'-diaminobenzidine
tetrahydrochloride.
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Table 1 Summary of information for all enrollments

Clinical characteristics ESCC Non-ESCC P value
Age
Mean + SD 57.7+7.5  57.0+8.6 >0.05
Gender >0.05
Male 22 (73%) 18 (60%)
Female 8 (27%) 12 (40%)
Pathological grade <0.05
Stage | 6 (20%) 9 (30%)
Stage |l 4 (13%) 12 (40%)
Stage IlI 17 (57%) 8 (27%)
Stage IV 3 (10%) 1(3%)

Tumor location

Upper 1/3 3 (10%) NA
Middle 1/3 16 (53%) NA
Lower 1/3 11 (37%) NA
Differentiation grade NA
Well 5(17%) NA
Moderately 15 (50%) NA
Poor 10 (33%) NA
Serum tumor marker elevation
CA199 0in18 1in 21
CEA 2in25 7in25
CA125 0in20 2in22
AFP 0in 14 3in22

ESCC, esophageal squamous carcinoma; CA199, cancer antigen
19-9; CEA, carcinoembryonic antigen; CA125, cancer antigen
125; AFP, alpha fetoprotein.

assays between the ESCC and non-ESCC groups using an
independent-samples Mann-Whitney U test. The student's
t-test was used to calculate the statistical significance of the
levels of EGFR and PCNA in a western blot. The diagnosis
performance of each marker was evaluated using a receiver
operating characteristic (ROC) curve, and the area under the
curve (AUQC) value derived from each curve was estimated (as
previously described) and compared using Delong’ test (30).
To simplify the IHC results, the optimal cut-off points for

the low or high expression for each marker were determined
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by the ROC. The optimal cut-off point was identified as the
point corresponding to the optimal sensitivity and specificity.
The optimal sensitivity and specificity values were defined
as the values yielding the minimal value for (1-sensitivity)’
+ (1-specificity)’ (31). We estimated sensitivity, specificity,
and predictive values for PCNA/p53/EGFR/VEGE. All
confidence intervals (CIs) were reported as 2-sided binomial
distributions at 95% confidence.

Results
Expression quantification in IHC

We compared EGFR, p53, PCNA, and VEGF IHC
expression between the ESCC and non-ESCC groups for
which age and gender had been matched. This sample set
comprised individual tumor samples from 30 ESCC and
30 non-ESCC patients. Table 1 provides a summary of the
clinical pathological features of patients. The ESCC cases
were distributed across the AJCC stages of I-IV. The non-
ESCC cases included breast cancer (n=8), liver cancer
(n=2), non-small cell lung cancer (n=5), colorectal cancer
(n=10), gastric adenocarcinoma (n=4), and renal carcinoma
(n=1) cases. There was no significant difference between
the ESCC and non-ESCC groups in terms of gender
and age distribution (P=0.41 and P=0.73, respectively).
In total, 240 slices were included in this study. For each
tumoral section in these slices, the immune stain features of
4-6 views, which contained 6,250-41,100 cells in hot spots,
were evaluated. The expression of the 4 proteins in the
ESCC resection tumor specimens were relatively higher than
those of the non-ESCC specimens based on quantitative
H-scores. The H-scores analysis indicated that EGFR (the
median of ESCC vs. non-ESCC, 177.0 vs. 47.08; P=0.0014),
PCNA (146.5 vs. 52.32; P<0.0001), and VEGF (177.1 vs.
128.5; P=0.0076), but not p53 (111.1 vs. 36.96; P=0.1536),
were overexpressed in the ESCC specimens (see Figure 2A4).

Detection sensitivity and specificity based on the chosen
biomarkers

To further evaluate these biomarkers, their detection
sensitivity and specificity were calculated. Of the 30 ESCC
specimens, 25 showed high expressions according to the
optimal cut-off point for EGFR. The calculated sensitivity
of EGFR for the identification of ESCC was 83.3%
(95% ClI, 65.3 to 94.4). Of the 30 non-ESCC specimens,
20 showed low expressions for ESCC. The specificity of
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Figure 2 High expressions of EGFR, PCNA, and VEGF were found in ESCC tissues based on H-score quantifications. (A) The expression
levels of the 4 biomarkers were quantified based on the overall H-score analysis for ESCC (filled circles, n=30) and non-ESCC (open circles,
n=30). The lower whiskers of the box plot represent the 25% of the data set, and the higher whiskers represent 75% of the data set; the
bold black horizontal longer bars represent the median values of the data. P values less than 0.05 were considered statistically significant;
** indicates P<0.01; **** indicates P<0.0001 and ns indicates P>0.05. (B) ROC curves for each individual biomarker. The overall data set
(n=60) for the 4 biomarkers was examined in the ROC analysis. The bold curves are mean ROC curves; the higher and lower curves are
95% confidence intervals. PCNA, proliferating cell nuclear antigen; EGFR, epidermal growth factor receptor; VEGE, vascular endothelial

growth factor; ESCC, esophageal squamous carcinoma; ROC, receiver operating characteristic curve.

EGEFR for the identification of ESCC was 70.0% (95% CI,
50.6 to 85.3). The AUC for EGFR was 0.736 (95% CI, 0.61
to 0.84). In relation to p53, the AUC was only 0.61 (95%
CI, 0.47 t0 0.73), and it accurately identified 14 of 30 ESCC
patients (sensitivity, 46.7%; 95% CI, 28.3 to 65.7) and 24
of 30 non-ESCC patients (specificity, 83.3%; 95% CI, 28.3
to 65.7). Twenty-eight of 30 ESCC patients showed high
expressions of PCNA. The sensitivity of PCNA for the
identification of ESCC was 93.3% (95% CI, 77.9 to 99.2).
Of the 30 non-ESCC specimens, 19 showed low expressions
for ESCC. The specificity of PCNA for the identification
of ESCC was 63.3% (95% CI, 43.9 to 80.1). The AUC for
PCNA was 0.80 (95% CI, 0.68 to 0.90). VEGEF had an AUC
of 0.70 (95% CI, 0.57 to 0.81), and accurately identified 26
of 30 ESCC patients (sensitivity, 86.7%; 95% CI, 69.3 to
96.2) and 18 of 30 non-ESCC patients (specificity, 60.0%;
95% CI, 40.6 to 77.3) (see Figure 2B).

Combination of biomarkers

After the individual analysis of these 4 biomarkers, we
found that none of the above-mentioned markers had

© Annals of Translational Medicine. All rights reserved.

satisfying AUCs, which illustrated their diagnostic ability.
Thus, we investigated whether or not a combination of
these biomarkers could improve their diagnostic ability.
Due to its low diagnostic ability for ESCC, p53 was
excluded from the combinations. As Figure 34 shows, the
combination of 2 or 3 markers increased the AUCs. Indeed,
the AUC prediction probability increased to 0.852 in the
triplicate combination in which the single protein were
0.736 (EGFR), 0.803 (PCNA), and 0.699 (VEGF). There
was a significant difference between the predictive ability of
EGFR alone, and EGFR combined with PCNA and VEGF
Combining VEGF with the other 2 biomarkers elevated the
AUC significantly (see Figure 3B). The heatmap shows the
THC expression of each biomarker per patient sample (see
Figure 3C).

Expression quantification in the Western blot

As EGFR and PCNA were highly expressed in ESCC
tumors in the paraffin-embedded samples, we hypothesized
that the levels of EGFR and PCNA in ESCC fresh tissues
would be higher than those of adjacent normal tissues. To
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Figure 3 ROC curves for combined biomarkers and the expression levels of EGFR and PCNA in fresh ESCC samples. (A) ROC curves for
combined biomarkers. The overall data set (n=60) for EGFR, PCNA, and VEGF was examined in the ROC analysis. The green solid lines
represent a single biomarker; the blue and yellow lines represent a combination of 2 biomarkers; the red lines represent a combination of 3
biomarkers. (B) AUC values derived from the ROC analysis of the combined biomarkers compared to a single biomarker using the Delong’s
test. (C) Expressions of PCNA, EGFR, VEGE, and p53 were quantified in ESCC cases (left columns, yellow top bar) and in a control cohort
(right columns, green top bar). Each column represents an individual case. The expression of these 4 biomarkers, which were quantitatively
described as H-scores, are displayed in heatmap in which red represents high expression, white indicates intermediate expression, and blue
indicates low expression. P values less than 0.05 were considered statistically significant; * indicates P<0.05 and ns indicates P>0.05. p53,
Protein p53. EGFR, epidermal growth factor receptor; PCNA, proliferating cell nuclear antigen; VEGE, vascular endothelial growth factor;
AUCG, area under curve; ESCC, esophageal squamous carcinoma; ROC, receiver operating characteristic curve.
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analysis (student’s 7-test) indicated that both biomarkers were more elevated in the tumor tissues than the surrounding normal tissues.

EGFR, epidermal growth factor receptor; PCNA, proliferating cell nuclear antigen; ESCC, esophageal squamous carcinoma.

test this hypothesis, EGFR and PCNA protein expression
was analyzed in 5 pairs of excision fresh samples from 5
ESCC patients. The Western blot analysis showed that in
5 pairs of tumor and adjacent normal tissues, EGFR was
relatively more highly expressed in 3 tumor tissues than the
matched adjacent normal tissues, and PCNA was relatively
more highly expressed in 4 tumor tissues than the matched
normal tissues (see Figure 4).

Discussion

ESCC s a prevalent malignancy for which no effective therapy
exists. Common serum tumor biomarkers, such as CA199,
CEA, CA125, and AFP, are not applicable to ESCC (see
Table 1). Previous research has shown that PCNA and EGFR
are overexpressed in esophageal cancer (32,33). However, no
previous study has investigated the diagnostic ability of a single
EGFR, p53, PCNA, or VEGF biomarker or a combination
of these biomarkers. This is the first study to evaluate the
diagnostic ability of these IHC biomarkers for ESCC. We
found that combinations of these biomarkers increased the
AUC:s. Further, the use of a combination of these biomarkers
significantly increased their predictive power.

IHC is a reproducible and promising way to assess the
expression of oncogenic proteins in cancer tissue samples
and to find potential therapeutic targets, and identify
patients who are likely to responding well to these specific
therapies. Furthermore, IHC is sensitive and specific for
mutation of some gene like 7P53 (34). Mutation status of
these oncogenes predicts response to chemoradiotherapy
in esophageal cancer (24). In this study, we described the
expression of PCNA, p53, EGFR, and VEGF in 30 ESCC
surgical pathology specimens and 30 non-ESCC surgical
pathology specimens, and found that PCNA, EGFR, and
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VEGF were overexpressed, and thus may be important
biomarkers of ESCC.

It has been reported that during esophageal neoplastic
progression, PCINA appears to increase in intensity (8).
In our study, PCNA had the highest sensitivity and AUC
of the 4 biomarkers. We also found that while PCNA was
fairly sensitive, its specificity was unsatisfactory. Indeed, its
specificity was lower than that of EGFR and p53. PCNA
appears to be overexpressed in carcinomas; however, it also
had high expressions in some active proliferative areas, which
may explain why PCNA did not have satisfactory specificity.

According to previous research, EGFR is overexpressed
in ESCC. Our findings supported those of previous
studies (32). EGFR has a good balance of sensitivity and
specificity. Thus, EGFR may be a good candidate as a
biomarker of ESCC. Similar to PCNA, VEGF has good
sensitivity but low specificity, which weakens its potential in
clinical applications.

The p53 protein behaves quite differently to the other 3
biomarkers. There was no statistical significance in the IHC
staining scores between the ESCC and non-ESCC groups.
Due to its short half-life time, the wild-type p53 protein
may barely be detectable by IHC staining. Conversely,
aberrant p53 has a longer half-life time, which can be
detected by IHC staining (33). In our study, we evaluated
the stain strength and range of p53, and found that there
was no significant difference between the ESCC and non-
ESCC groups. Thus, p53 is not a biomarker of ESCC.

We used computer-assisted imaging to analyze the slides.
We used H-scores to reduce the bias for human-based visual
semi-quantitative approaches. Computer-assisted IHC
analysis is important to achieve robust biomarker scoring
to support high-throughput IHC studies. High-throughput

genomic, transcriptomic and proteomic studies provide an
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opportunity to evaluate a large number of novel molecular
markers with prognostic significance (35). Computer-assisted
imaging minimizes inter-pathologist variations and is more
independent and reproducible. In addition, compared to
pathologist-based scoring, computer-assisted imaging analysis
scoring is a more detailed classification of the stain strength
and range, which improves accuracy and comparability.
Finally, the results of the Western blot support the hypothesis
that the levels of EGFR and PCNA in ESCC fresh tissues
were higher than those in adjacent normal tissues, which
were consistent with the IHC analysis.

These IHC biomarkers of ESCC in our study are involved
in regulating proliferation, cell apoptosis, angiogenesis and
metastasis of ESCC cell. Combination of these biomarkers
as a panel may be a useful tool for increasing predicted
accuracy. So IHC panel might be great helpful for accurate
prognostication, development of better surgical care and
chemoradiotherapeutic regimes, and identification of novel
therapeutics are key areas to address of ESCC (36,37). On
the other hand, the IHC panel could be easily adopted by
existing pathology service to determine the status for these
biomarkers. In our research, we found that the IHC panel
containing EGFR, PCNA and VEGF is more sensitivity and
specificity than the IHC of the biomarkers separately, which
means that the IHC panel might benefit in diagnosis and
treatment decisions for ESCC.

Our study was based on 60 clinical samples. The
sample size was relatively small; however, it provided high
statistical precision, and enabled us to identify the cancer
sites most commonly associated with a diagnosis of elevated
biomarkers. In this study, only non-ESCC tumors were
used as controls for ESCC, as resected normal esophageal
tissue is difficult to acquire. However, this might have
introduced some bias in relation to common tumor features
if the biomarkers are sensitive for both ESCC and non-
ESCC. To address this issue, we intend to conduct a large
number of validation studies with larger samples sizes and
other controls. Another limitation of this study was the
lack of complete laboratory data on the extent of biomarker
elevations, which may have influenced the association
between diagnoses of elevated biomarkers. Due to these
limitations and the unexplained elevated biomarkers, we
cannot suggest guidelines for the clinical care of patients.

Conclusions

In conclusion, our findings suggest that an initial clinical
diagnosis could be based on elevated levels in 3 routinely

© Annals of Translational Medicine. All rights reserved.
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used proteins (i.e., PCNA, EGFR, and VEGF), as these
proteins are biomarkers of ESCC. The incidence risk of
many cancers decreases after the use of targeted precision
medicine; however, a significantly higher risk remains
for ESCC patients. The high detection rate of PCNA,
EGFR, and VEGF, alone or in combination, indicate
that they are independent or associated with each other
in the differentiation and proliferation of ESCC. These
biomarkers represent potentially promising targets for
molecular therapy and molecular imaging for ESCC.
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