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Background: The purpose of this study was to investigate the expression and clinical significance of
prolactin (PRL), placenta growth factor (PIGF) and nerve growth factor receptor (NGFR) in esophageal
squamous cell carcinoma (ESCC).

Methods: PRL, PIGF and NGFR were selected through being screened normal human and esophageal
cancer (EC) plasma by high-throughput protein chips. Subsequently, enzyme linked immunosorbent assay
(ELISA) and immunohistochemistry (IHC) were used to detect the expression in ESCC and control group.
Then, its clinical significance was statistically evaluated.

Results: The expression of PRL, PIGF and NGFR in plasma and tissue of patients with EC was higher
than healthy controls and adjacent tissue, respectively. Among the clinical parameters, the expression of
PRL and NGFR protein was correlated with the tumor classification of ESCC (P<0.05), while PIGF
protein was correlated with the clinical stage of ESCC (P<0.05). The area under the ROC (AUC) of PRL,
PIGE, and NGEFR in plasma was 0.69, 0.72, and 0.66 in separately. Furthermore, the combined detection
of three proteins had a better AUC of 0.74 with a sensitivity of 66.7% and a specificity of 72.4%. Kaplan-
Meier survival analysis revealed that positive expression of PRL, PIGF and NGFR in histological predicted
significantly worse overall survival (OS) than negative expression (P<0.05).

Conclusions: PRL, PIGF and NGFR are promising biomarkers for diagnosis and prognosis prediction of
ESCC.
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Introduction a total of about 456,000 cases of EC. Among them, more

EC is one of the most frequent cancers and the leading than 398,000 were esophageal squamous cell carcinoma

cause of cancer-related death in the world (1). The 2018 (ESCC), where there were more than 315,000 in Central
global esophageal epidemiology declared that there was Asia and Southeast Asia. There were 210,000 cases in China
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consisting of alone 52,000 cases of adenocarcinoma (ACA)
and 6,000 cases of other cancers, such as neuroendocrine,
choriocarcinoma (2). The global incidence of ESCC is
5.2/100,000, and incidence of esophageal adenocarcinoma
is 0.7/100,000 (3). The 98% pathological classification of
EC is squamous cell carcinoma in China, therefore ESCC
is one of the distinctive tumors (4).

Most patients with early EC are asymptomatic and often
diagnosed at an advanced stage (5). The 5-year OS is about
15-20% (6), so early diagnosis is particularly important
to improve. Presently, the early diagnosis of EC is mainly
based on clinical symptoms, radiological investigations,
laboratory tests and endoscopic biopsy (7-9). The
disadvantages of them are time consuming, high cost, poor
patient tolerance, and low detection rate (10). The urgent
requirement is looking for a low-cost, convenient and rapid
diagnostic method to improve the prognosis of EC (11).
Compared with a diagnosis based on endoscopic biopsy, the
assessment of tumor markers in plasma have the advantages
of being simple to perform and highly specific (12). But
none of marker have been shown to have significance for
EC diagnosis thus far (13,14). Therefore, the aim of study
is to explore and validate potential tumor markers for EC.
EC is one of the common malignant tumors in the digestive
tract, and its specific pathogenesis had not been fully
elucidated.

Methods
Plasma samples

Plasma samples were selected from 80 patients with
ESCC confirmed by gastroscopy biopsy and postoperative
pathology at the First Affiliated Hospital of University of
South China from April 2016 to April 2017. The study
was approved by ethics committee of the First Affiliated
Hospital of University of South China and all participants
signed the agreement. According to whether they received
tumor-related treatment, 35 patients were pre-treatment
samples and 45 patients were post-treatment samples
including 15 patients who underwent surgery, 18 patients
who received radiation therapy, and 12 patients who
received chemotherapy. The efficacy of all patients in the
treatment group was assessed as a complete response (CR).
Forty-eight healthy controls who were confirmed to have
no cancer who was inspected clinically and visually by the
medical center as a control group. All plasma samples were
cryopreserved at -80 °C.
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Plasma protein chip detection

Sample dilution was added 100 pL to each well and
incubated for 1 h at room temperature (RT) to block the
quantitative antibody chip (RayBiotech, America). The
buffer in each well was removed, and 100 pL of the sample
was added to the well and incubated overnight at 4 °C.
The antibody mixture tube was centrifuged and then 1 mL
of the sample dilution was added. Eighty pL of the
detection antibody was added to each well and incubated
on the shaker for 2 h. Cy3-streptavidin was incubated and
centrifuged, then 1.4 mL of the sample dilution was added
and mixed well and centrifuged again quickly. Eighty pL.
of Cy3-streptavidin was added to each well, and the slide
was wrapped in aluminum foil to protect from light and
incubated for 1 h on the shaker. Data analysis InnoScan 300
Microarray Scanner was used.

Enzyme linked immunosorbent assay (ELISA)

Three mL of plasma was isolated by centrifuging the tubes
at 250 g for 10 minutes. The wells of a 96-well microplate
were coated with capture antibody prolactin (PRL) (R&D,
America), placenta growth factor (PIGF) (R&D, America)
or nerve growth factor receptor (NGFR) (R&D, America)
with 30 pL of coating buffer (0.1 M sodium carbonate-
sodium bicarbonate, PH 9.5; 1.59 g Na,CO; and 7.13 g
NaHCOj;in 1 L dH,0) overnight at 4 °C, and were
removed the coating buffer for adding 50 pL blocking
buffer (1 mL PBS) at RT BSA%. Protein samples (30 pL)
were pre-mixed with dilution buffer (PBST, 30 pL. PBS,
PH 7.4, containing 0.05% Tween 20, 1% BSA and 5 pg
protein) for 1 h. The mixture was loaded and incubated for
1 h at RT, and the plate was washed three times with PBST.
Next, 30 pL of the detection antibody (R&D, America) in
the dilution buffer was separately added. The plates were
incubated for 1 h at RT and washed three times with PBST.
The reaction was observed by adding 30 pL/well of TMB
substrate solution (R&D, America) at RT for 30 minutes.
The reaction was stopped with 30 pL/well of stop solution
(NaH,SO,). ELISA plates were detected at 450 nm using an
Epoch microplate spectrophotometer (Bio-Tek).

Tissue samples

Samples were obtained from patients including 53 men
and 15 women, ranging in age from 38 to 82 years, with a
median age of 62 years, with EC who underwent surgical
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resection from February 2012 to February 2013 at the First
Affiliated Hospital of University of South China. None of
them had received radiotherapy or chemotherapy before
surgery. Informed consent was obtained from all of the EC
patients. The study was approved by the research ethics
committee of the First Affiliated Hospital of University
of South China. Among 68 cases of EC, 33 cases were
classified as High-middle differentiation and 35 cases as
poorly differentiated. There are 38 cases classified as I-11
phase and 30 cases as III-IV phase. The clinicopathological
standards were determined according to the classification
of malignant tumors as set out by the World Health
Organization (15) and the International Union Against
Cancer Tumor-Node-Metastasis (TNM) staging
system (16). The expression levels of the PRL, PIGF and
NGFR in ESCC tissue and adjacent tissue were detected by
immunohistochemistry (IHC).

IHC

The sections were deparaffinized with xylene, and the
paraffin-embedded tissue sections were fixed in xylene
for 10 minutes and then hydrated with absolute ethanol I
(100%), absolute ethanol II (95%). Sections were treated
with TE buffer (10 mM Tris and 1 mM, pH 9.2) for
25 minutes in a microwave oven. To reduce non-specific
staining, each section was blocked with 3% bovine serum
albumin in PBS for 30 minutes. The sections were then
incubated with antibody PRL (Proteintech Group, China),
PIGF (Proteintech Group, China), NGFR (Proteintech
Group, China) for 1 h at RT, and washed continuously with
PBS buffer. The sections were then incubated with anti-
incubated mouse/rabbit antibody (Envision plus, Dako,
Denmark) for 30 minutes at RT. The protoplast was an Imm
PACTAEC peroxidase substrate (VECTOR Laboratories)
for 20 minutes. The sections were counterstained with
hematoxylin.

Using a combined scoring system which was based on
the sum of nucleus staining intensity and the percentage of
positive cells, the final evaluation of ambiguous cases was
decided after discussion the investigators. Scores from 0 to
3 were given for the staining intensity and the percentage
of positive cells as follows: score of 0, no staining detected,
or was observed in less than 10% of the tumor cells; score
of 1+, weak staining observed in 10% or more of the tumor
cells; score of 2+, moderate staining was observed in 10% or
more of the tumor cells; and score of 3+, strong staining was
observed in 10% or more of the tumor cells. Scores of 0 and
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1+ were considered to be negative, whereas scores of 2+ and
3+ were considered to be positive for overexpression (17).

Statistical analysis

All statistical analyses were performed by using the SPSS
22.0 statistical software package and the association between
protein expression and clinicopathological variables was
analyzed using the ¥’ test or Fisher’s exact test. ROC curve
was used to evaluate the feasibility of PRL, PIGE, and
NGFR as diagnostic tools for detecting malignant and
healthy controls. Survival curves were plotted by using the
Kaplan-Meier method and compared using a log-rank test.
The P<0.05 were considered to be significant.

Results

Expression of PRL, PIGF and NGFR protein chip detection
in plasma

The serum samples were available for 3 patients. Markers
detection included 440 cytokines, growth factors, proteases,
soluble receptors and other proteins. The results were
grouped together based on known associations with tumor
growth, angiogenesis and immune activation (7able I). By
measuring protein levels, PRL, PIGE, and NGFR at ESCC/
Normal ratios of 4.46, 6.23, and 2.16. PRL, PIGF and
NGFR weren’t reported in ESCC by consulting relevant
literature.

The levels PRL, PIGF and NGFR in the plasma of ESCC
patients

The further experimental results confirmed that the
expression of PRL, PIGF and NGFR in plasma of ESCC
was higher than that of the control group by ELISA.
Moreover, the expression of three proteins in plasma was
down-regulated after effective tumor-related treatment,
such as chemotherapy, radiotherapy and surgery (Figure I).

Association of PRL, PIGF and NGFR expression in plasma
clinicopathological parameters

Correlations between the expression of protein and
clinicopathological factors were illustrated (Table 2). In
ESCC patients, the results showed that PRL and NGFR
was statistically significant in different tumor classifications

(1’=4.694, P=0.030) and (x’=4.332, P=0.037), while both
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Table 1 Plasma protein chip screening results of ESCC

Name Normal ESCC Ratio (ESCC/
(pg/mL) (pg/mL) normal)

Epo R 57.10 0.00 0
Thrombospondin-5 969.26 0.00 0
TLR4 181,633.37 1,015.72 0.01
TLR2 11,899.83 613.43 0.05
FGF-21 2,386.12 124.38 0.05
OPN 17,506.71 1,304.83 0.07
MIP-3b 461.14 56.31 0.12
BAFF 27,240.76 11,802.68 0.43
FAS L 76.52 37.28 0.49
IFNab R2 11,224.48 24,193.51 2.16
NGFR 532.44 1,149.47 2.16
TSP-1 15,542.96 36,782.15 2.37
TGFb3 22.39 54.30 2.42
CD14 727.62 1,808.55 2.49
Insulin 1,616.22 4,447.90 2.75
b-NGF 2.90 8.26 2.85
IL-2 Rg 2,682.03 7,955.29 2.97
IL-7 35.66 122.49 3.43
TNFa 350.00 1,202.67 3.44
NT-4 70.48 249.82 3.54
VEGF-C 61.02 217.72 3.57
IL-6 21.36 76.54 3.58
NT-3 75.28 278.04 3.69
VEGF R3 242.77 910.01 3.75
HGF 330.25 1,258.20 3.81
FGF-19 191.67 794.24 414
PRL 73,111.87 326,015.88 4.46
IL-2 71.01 320.05 4.51
IL-8 52.75 242.11 4.59
PDGF-AA 163.54 784.26 4.8
LIGHT 105.46 591.12 5.61
FGF-7 28.27 159.09 5.63
MIP-1b 3.99 24.20 6.06
PIGF 28.17 175.45 6.23

Table 1 (continued)
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Table 1 (continued)

Name Normal ESCC Ratio (ESCC/
(Pg/mL) (pg/mL) normal)
IL-4 5.26 37.52 7.14
G-CSF 56.01 487.21 8.7
LAP(TGFb1) 374.96 3,399.20 9.07
VEGF 63.48 636.24 10.02
BDNF 30.97 330.40 10.67
RANK 5,421.02 93,477.48 17.24
ANG-1 646.57 12,097.90 18.71
IL-1 RI 238.29 4,680.77 19.64
IL-1a 2.69 66.70 24.84
G-CSFR 63.46 2,854.16 44.97
EGF 2.14 127.92 59.68
MCP-4 0.23 14.56 64.32
SDF-1a 0.01 23.31 1662.05
P value <0.05

PRL, prolactin; PIGF, placenta growth factor; NGFR, nerve growth
factor receptor; ESCC, esophageal squamous cell carcinoma.

of them were not associated with clinical pathological
parameters such as gender, age, clinical stage, and lymph
node metastasis. The expression of PIGF was statistically
significant in different clinical stages (’=11.377, P=0.001).
There was no significant difference in expression between
age, gender, tissue grade, and lymph node metastasis.

Sensitivity and specificity detection of PRL, PIGF and
NGFR in plasma of patients

The sensitivity and specificity of the 3 markers were
determined using ROC curves, and the AUC was calculated
(Figure 2). The combined detection included group one
(PRL + PIGF), group two (PRL + NGFR), group three
(PIGF + NGFR), group four (PRL + PIGF + NGFR). The
sensitivity (64.5%) of PRL was the highest of the single
detection, from which ACU was 0.69. But the specificity
(71.7%) of PRL was lower than NGFR which specificity
was 44.5% and sensitivity was 73.4% in separately. The
ACU of NGFR was 0.66. The sensitivity and specificity of
PIGF were 51.8% and 59.8%, respectively. The ACU was
0.72. There was not only the highest specificity (66.7%), but
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Figure 1 Comparison of expression in plasma between normal and
ESCC in untreated group and treated group (A: PRL; B: PIGF;
C: NGFR). PRL, prolactin; PIGF, placenta growth factor; NGFR,
nerve growth factor receptor; ESCC, esophageal squamous cell

carcinoma.
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also a good sensitivity (72.4%) in the 3 different combined
detection groups, and the AUC (0.74) was the largest at the
same time in the fourth group (PRL + PIGF + NGFR).

Expression of PRL and PIGF in ESCC and adjacent tissue

"To further corroborate the above findings, we compared the
positive level of PRL, PIGF and NGFR in tissue sections
(Figure 3). IHC was used to detect the expression of protein
in ESCC and adjacent tissue (7able 3). The above studies
confirmed that the positive expression rates of PRL, PIGF
and NGFR in ESCC were higher than those in adjacent
tissue.

Correlations between PRL, PIGF and NGFR expression
and clinicopathological factors in tissue

In the ESCC patients, PRL (P=0.048) and NGFR (P=0.028)
were related to tumor classification. No association with
gender, age, clinical stage, or lymph node metastasis was
found (Tuble 4). The expression of PIGF (P=0.022) was
associated with clinical stages rather than gender, age, tissue

grading, or lymph node metastasis.

Relationship among expressions of PRL, PIGF and NGFR
and survival time

The disease of free survival time of PRL-positive patients is
shorter than that of PRL-negative patients. The difference
between the two groups is statistically significant by Kaplan-
Meier (P<0.01). Similar results are shown in PIGF and
NGER (Figure 4).

Discussion

PRL is a secreted protein both in human blood and
tissues (18). We found that PRL was highly expressed in
ESCC than in normal human and positively associated
with tumor classification in plasma and adjacent tissue, and
we confirmed that the sensitivity and specificity of PRL
was 64.5% and 71.7% (19). Researcher has confirmed that
activated PRL receptors (PRLR) can lead to tumor cell
proliferation and differentiation (20) Some scholars also
confirmed that PRL was associated with tumor classification
(12,21,22), which was consistent with the results of our
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Table 2 Expression of PRL, PIGF and NGFR in ESCC and analysis of clinicopathological parameters

Factor n PRL (pg/mL) P PIGF (pg/mL) P NGFR (pg/mL) P

Gender
Male 65 210.51+84.36 0.357 34.65+13.54 0.172 83.15+37.23 0.056
Female 15 65.07+34.74 15.86+12.05 37.34+30.25

Age
>60 69 210.08+50.74 0.071 53.93+16.28 0.334 95.51+£34.22 0.059
<60 11 73.71+65.69 13.74+4.56 31.69+35.86

Clinical stage
Il 38 133.71+£73.69 0.196 20.61+21.38 0.001 55.4+43.36 0.291
11\ 42 203.82+57.91 68.68+45.21 82.29+54.65

Tumor classification
High-middle differentiation 24 131.23+176.56 0.030 17.74+£17.83 0.300 59.63+35.42 0.037
Low differentiation 56 176.13+145.91 58.14+35.59 75.84+51.57

Lymph node metastasis
Yes 59 202.24+65.68 0.811 59.06+18.91 0.137 78.1+39.69 0.429
No 21 77.12+23.32 11.88+4.95 41.07+32.36

PRL, prolactin; PIGF, placenta growth factor; NGFR, nerve growth factor receptor; ESCC, esophageal squamous cell carcinoma.
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Figure 2 ROC curves for the combinations of the PRL, PIGF
and NGEFR protein. PRL, prolactin; PIGF, placenta growth factor;
NGFR, nerve growth factor receptor.

experiment. Moreover, PRL antagonists (selective PRLR
modulator S179DPRL) inhibited cell growth and promoted

differentiation in vitro and vivo (23). Studies reported

© Translational Cancer Research. All rights reserved.

that PRL played as a cytokine in human T cell-mediated
immune responses, which was currently a hot topic for
studying tumor-targeted therapy (24). PRL might be an
important factor influencing the number of cells, and
PRL has a great dependence on tumor growth (18,25).
Overexpression of PRL in ESCC tissues associates with a
poorer survival rate, which may consider as a biomarker of
survival prediction and a potential new therapeutic target.
Many previous studies concerning PIGF played an
important role in tumor initiation, progression, metastasis,
cancer recurrence and therapeutic resistance as a secreted
glycoprotein (25,26). PIGF promoted blood vessel by
binding and neutralizing the angiogenesis inhibitory
receptor (Soluble fms-like tyrosine kinase receptor-1, sFltl)
which is the key role in generation (26). In the present
study, we showed that PIGF might be related to clinical
stage in plasma and tissue. Some studies showed that in
addition to the formation of homodimers, heterodimers
formed by PIGF and VEGE, contrary to previous evidences,
tumor angiogenesis was inactive (27-29). In addition,
previous studies have confirmed that the knockdown of
PIGF gene in gastric cancer can reduce angiogenesis,
cell migration and invasion (30,31). There was evidence
that PIGF stimulated tumor growth by increasing blood
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Figure 3 Representative results of IHC of PRL, PIGF and NGFR in adjacent tissue and ESCC (original magnification, 10x40). PRL,
prolactin; PIGF, placenta growth factor; NGFR, nerve growth factor receptor; IHC, immunohistochemistry; ESCC, esophageal squamous

cell carcinoma.

Table 3 Comparison of PRL and PIGE, NGFR expression in ESCC and adjacent tissue

PRL PIGF NGFR
Group n 3 > 2
+ - X P + X P + - X P
Adjacent 15 0 15 25.109 0.000 3 12 8.636 0.003 2 13 7.767 0.005
ESCC 68 48 20 42 26 36 32

PRL, prolactin; PIGF, placenta growth factor; NGFR, nerve growth factor receptor; ESCC, esophageal squamous cell carcinoma.

vessel growth and maturation, whereas inhibition of PIGF
reduced angiogenesis in various cancers (25). This might
suggest that PIGF promoted tumor blood vessel growth
by promoting tumor invasion and affecting clinical stage of
patients and OS.

We revealed that the expression of NGFR in ESCC
was higher than healthy controls in plasma and adjacent
tissue. Some researchers confirmed that NGFR induces
tumor tissue differentiation and was associated with tumor
classification, furthermore malignancy of the tumor (32).
NGFR inhibition could increase the anti-apoptotic ability
of tumor cells (33). Some previous studies had examined
the NGFR was overexpression in highly aggressive and
metastatic malignancies, and had greater tumor initiating
ability iz vivo than normal cell (34-36). However, in this
study, there were no effects of NGFR on the prognosis of
patients with esophageal cancer (EC), which may due to the
retrospective nature of the study and the small sample size.
Some scholars showed that the inhibition of NGFR might

© Translational Cancer Research. All rights reserved.

contributes to the increase of protein level, and thus the cell
resistance to apoptosis is also enhanced (37,38).

There were several potential limitations that warrant
consideration in our study. The present data had
uncertainness because AUC of PRL, PIGF and NGFR
were moderate accuracy (0.69, 0.72 and 0.66, respectively)
in cut-off value determined by ROC analysis. The study
was limited by the small number of adjacent tissue that were
examined, and its retrospective nature.

Based on the above studies, PIGF protein was related to
the clinical stage of ESCC patients by hematological and
histological examination. The PRL and NGFR proteins
were related to the tissue classification of ESCC patients,
and the specific mechanism needed to be further confirmed.
PRL, PIGF and NGFR play an important role in the
occurrence and progression of ESCC. They had important
reference significance for enriching EC tumor markers and
explored new targets for EC, which would improve the
efficacy and survival rate of esophageal cancer.
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Table 4 Correlation between expression of determined PRL, PIGF and NGFR by IHC and clinicopathological features in patients

PRL PIGF NGFR
Factor n
+ - P + - P + - P
Gender
Male 53 36 17 0.365 34 19 0.501 26 27 0.227
Female 15 12 3 9 7 10 5
Age
>60 35 23 12 0.364 19 16 0.191 16 19 0.219
<60 33 25 8 23 10 20 13
Clinical stage
Il 38 29 11 0.819 28 10 0.022 17 21 0.127
n-v 30 21 9 14 16 19 11
Tumor classification
High-middle differentiation 33 27 6 0.048 21 12 0.758 22 11 0.028
Low differentiation 35 21 14 21 14 14 21
Lymph node metastasis
Yes 28 19 9 0.679 14 14 0.069 17 11 0.283
No 40 29 11 28 12 19 21
PRL, prolactin; PIGF, placenta growth factor; NGFR, nerve growth factor receptor.
Survival analysis Survival analysis Survival analysis
1.01 1.01 1.0 1
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Figure 4 Relationship among expressions of PRL, PIGF and NGFR and disease of free survival time. PRL, prolactin; PIGF, placenta

growth factor; NGFR, nerve growth factor receptor.

Conclusions

We have demonstrated that the expressions of PRL, PIGF
and NGEFR in plasma and tissue are higher than that of the
control group. This will help early diagnosis of ESCC and
is related to the patient’s prognosis. Therefore, PRL, PIGF
and NGFR can be used as biomarkers for early diagnosis
and prognosis in patients with ESCC.
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