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Abstract

Cyclin E and hepatocyte growth factor (HGF) have been observed as a multifaceted factor in many cancers, and the
assessment of microvascular density (MVD) and micro-lymphatic vessel density (MLVD) has been used to quantify tumor
angiogenesis and lymphangiogenesis. The aim of this study was to explore the association between expression of cyclin E,
HGF, MVD, and MLVD, and clinicopathologic parameters in esophageal squamous cell carcinoma (ESCC). The expression of
cyclin E, HGF, MVD, and MLVD were detected using immunohistochemically anticyclin E, HGF, CD34, and lymphatic vessel
endothelial hyaluronan receptor | in 168 surgically resected ESCC cases and 30 normal esophageal mucosal samples. The
expression levels of cyclin E, HGF, MVD, and MLVD were higher compared to controls. High cyclin E and HGF expression
was found more frequently in the tumors larger than 5 cm (P < .001), with poorer differentiation (P = .034) and higher
tumor node metastasis (TNM) staging (P = .009) compared to their counterparts. Both MVD and MLVD values were found
to be higher in the tumors larger than 5 cm (P < .001), with poorer differentiation (P < .001) and higher TNM staging (P <
.001) compared to their counterparts. Furthermore, the expression of MVD and MLVD in both the high cyclin E and high
HGF expression groups was significantly higher compared to the low cyclin E and HGF expression groups (P < .001). This
study demonstrated that high cyclin E and HGF expression is closely correlated with tumor size, tumor differentiation
degree, and TNM stage in patients with ESCC. These findings proposed that cyclin E and HGF could serve as novel
molecular markers for preoperational evaluation of ESCC.

Keywords
cyclin E, hepatocyte growth factor, microvascular density, micro-lymphatic vessel density, immunohistochemistry

Received April 02, 2019. Received revised July 03, 2019. Accepted for publication August |5, 2019.

Introduction : Department of Thoracic surgery, the First Affiliated Hospital of Suchow

University, Suzhou, Jiangsu, China
2 Department of Oncology, the First Affiliated Hospital of Bengbu Medical
College, Bengbu Anhui, China

Esophageal cancer (EC) is one of the most common and deadly
malignancies in the world, causing over 400 000 deaths every

year' Although the incidence of EC in China is decreasing, the
mortality rate is still high.? Esophageal squamous cell car-
cinoma (ESCC) accounts for more than 90% of EC, fol-
lowed by esophageal adenocarcinoma. Currently, multiple
factors and complex biology, including lymphatics and
blood vessel growth, are involved in occurrence and
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development of ESCC. Despite significant advances in EC
treatment, the overall 5-year-survival rate is only between
5% and 20%.?

Cyclin E is an important positive regulatory factor involved
in the regulation of the G1/S cell cycle transition.* Cyclin E is
overexpressed in a variety of malignant tumors and is closely
related to the degree of malignancy and disease prognosis.
Accumulating evidence has demonstrated that cyclin E is onco-
genic and can be an early diagnostic and prognostic biomar-
ker.>¢ Hepatocyte growth factor (HGF) was first isolated from
the serum of rats that had undergone a partial hepatectomy.
Hepatocyte growth factor is a strong mitogen that stimulates
hepatocyte proliferation.”*

In the present study, we performed immunohistochemical
staining to detect microvascular density (MVD), micro-
lymphatic vessel density (MLVD), and expression of cyclin
E and HGF in ESCC and adjacent normal esophageal tissue.
We also analyzed the association between expression of cyclin
E, HGF, MVD, and MLVD in tumors and in clinicopathologic
parameters of patients with ESCC. Our data revealed the poten-
tial clinical value of using cyclin E and HGF as indicators of
invasion and metastasis in ESCC.

Materials and Methods

Patients and Specimens

A total of 168 surgically resected ESCC samples and 30
normal control esophageal mucosal samples (taken 5.0 cm
away from the tumor edge) were collected. None of the
patients received chemotherapy, radiotherapy, or immu-
notherapy prior to surgery. All tissue specimens were
obtained from the First Affiliated Hospital of Bengbu Med-
ical College in Bengbu, Anhui Province, China, between
September 2016 and August 2018. The pathology of all
tissue was histologically confirmed. This study was
approved by the Institutional Review Board of The First
Affiliated Hospital of Bengbu Medical College. All patients
provided informed consent to participate in the study. For
the ESCC samples, 96 samples were from males and 72
samples were from females. There were 112 samples from
patients older than 60 years and 56 samples from patients
younger than 60 years. Twenty-two samples were from the
upper segment of the esophagus, 92 samples were from
middle segment, and 54 samples were from the lower seg-
ment of the esophagus. There were 78 cases of medullary,
52 cases of ulcerative, 29 cases of mushroom, and 9 cases
of sclerotic type. Tumor sizes ranged from 1.5 to 6.8 cm.
Seventy-two tumors were larger than 5.0 cm, and 96 tumors
were smaller than 5.0 cm in diameter. There were 10 well-
differentiated cases, 110 mid-differentiated cases, and 48
poorly differentiated cases. According to the tumor node
metastasis (TNM) staging system of the Union for Interna-
tional Cancer Control, 28 cases were stage I, 92 cases were
stage II, and 48 cases were stage III.

Immunohistochemistry

All samples were fixed in 10% buffered formalin, embedded in
paraffin, and cut into serial sections (5 pm). Protein expression
of cyclin E, HGF, lymphatic vessel endothelial hyaluronan
receptor 1 (LYVE-1), and CD34 were detected by immunohis-
tochemistry. Briefly, all slides were deparaffinized, dehydrated,
and washed for 10 minutes in phosphate buffered saline (PBS).
To deactivate endogenous peroxidases, tissue sections were
incubated with 0.3% hydrogen peroxide at room temperature
for 20 minutes and soaked in PBS for 3 minutes. The sections
were blocked with goat serum and then incubated with mouse
monoclonal antibodies against cyclin E (dilution: 1:200, catalog
no. ab3927; Abcam, Shanghai), HGF (dilution: 1:200,
catalog no. ab24865; Abcam, Shanghai), CD34 (dilution:
1:200, catalog no. ab762; Abcam, Shanghai), and LYVE-1
(dilution: 1:200, catalog no. ab14917; Abcam, Shanghai) over-
night at 4°C. After washing with PBS, the tissue sections were
incubated with secondary antibodies, and signal was developed
using diaminobenzidine and hematoxylin counterstaining.

Immunostaining Evaluation and Quantitative
Measurement of MVD and MLVD

All stained samples were scored blindly by 2 pathologists. Over
100 cells from 5 random fields of view for each sample were
scored. The score was based on the proportion of positively
stained tumor cells. A score of 0 denoted no positive cells were
observed. A score of 1 indicated that <10% of cells were pos-
itive. A score of 2 meant that 10% to 35% of cells were pos-
itive. A score of 3 indicated that 35% to 75% of cells were
positive. A score of 4 denoted that more than 75% of cells were
positive. Staining intensity was divided into 4 categories: 0
denoted absence of staining, 1 signified the presence of a
pale-yellow hue, 2 represented the presence of a yellow or
dark-yellow hue, and 3 represented the presence of a brown
or tan color. The final score was calculated by multiplying the
percentage of positive and the staining intensity scores. A final
score >4 was considered high expression and a final score <4
was considered low expression.

Both MVD and MLVD were evaluated by 2 experienced
pathologists who were blinded to the experimental conditions.
CD34 immunostaining was used to visualize microvascular
endothelial cells, while LYVE-1 was used to visualize micro-
lymphocytic endothelial cells. The pathologists reviewed the
sections microscopically under 100 x magnification and subse-
quently selected 5 random microscopic fields at 400 x magni-
fication to capture images. Both MVD and MLVD were
calculated using the average number of microvessels and
micro-lymphatic vessels, respectively, from five 400x micro-
scopic fields.

Statistical Analysis

All statistical analyses were performed using SPSS software
version 20.0. All data were analyzed using the Student ¢ test.
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Table . Expression of Cyclin E and HGF in ESCC and Control Tissues.

Cyclin E HGF
Variable High Expression Low Expression x? P High Expression Low Expression $? P
ESCC 97 71 14.524 <.001 92 76 4.680 .031
Control 6 24 10 20

Abbreviations: ESCC, esophageal squamous cell carcinoma; HGF, hepatocyte growth factor expression.

Noal

T

Figure |. Expression of cyclin E and HGF in ESCC and control tissue (Elivision, x400). Positive staining for cyclin E in the nucleus of the normal
cells (A). High expression (B) and low expression (C) for cyclin E in the ESCC tumor cells. Positive staining for HGF in the cytoplasm of the
normal cell (D). High expression (E) and low expression (F) for HGF in the ESCC tumor cells. Staining for MLVD in normal tissue (G). High
expression (H) and low expression (I) for MLVD in the ESCC tumor tissue. Staining for MVD in normal tissue (J). High expression (K) and low
expression (L) for MVD in the ESCC tumor tissue. HGF indicates hepatocyte growth factor expression; MVD, microvascular density, MLVD,
micro-lymphatic vessel density; ESCC, esophageal squamous cell carcinoma.

A P < .05 was considered statistically significant. Counted data were presented as the mean/median + standard devia-
data were presented as frequency and percentage and ana- tion. Data with a normal distribution were analyzed by an F
lyzed with a %> analysis or Fisher exact test. Measurement test or ¢ test.
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Table 2. Association Between Cyclin E, HGF Expression, and Clinicopathologic Characteristics of Patients With ESCC.

Cyclin E HGF
Variable High Expression  Low Expression x? P High Expression  Low Expression x? P
Gender
Male 55 41 0.018 .892 51 45 0.242 .623
Female 42 30 41 31
Age, years
>60 63 49 0.305 .581 57 55 2.030 .154
<60 34 22 35 21
Tumor location
Upper 12 10 0.129 937 I5 7 2.115 .347
Middle 54 38 47 45
Lower 31 23 30 24
Gross type
Medullary type 45 33 1.780 619 40 38 1.539 .673
Ulcer type 33 19 28 24
Mushroom type 14 15 18 I
Sclerotic type 5 4 6 3
Tumor size
>5.0 cm 55 17 17962  <.001 49 23 8988 <.001
<5.0 cm 42 54 43 53
Differentiation agree
Well 2 8 6.77 .034 3 7 10.289 .006
Middle 64 46 54 56
Poor 31 17 35 13
TNM staging
| 9 19 9.455 .009 8 20 18.994  <.001
Il 56 36 51 41
]l 32 16 38 10

Abbreviations: ESCC, esophageal squamous cell carcinoma; HGF, hepatocyte growth factor expression; TNM, tumor node metastasis.

*n = 168.

Results

Cyclin E and HGF Expression in ESCC and Control Tissue

High cyclin E expression was detected in 57.74% of ESCC
samples and in 20.00% of controls (P < .001; Table 1). High
HGF expression was observed in 54.76% of ESCC samples
and in 33.33% of controls (P = .031; Table 1). The staining
results showed that cyclin E was mainly localized in the
nucleus in both control cells (Figure 1A) and ESCC
(Figure 1B) cells, and HGF mainly was expressed in the
cytoplasm in both control cells (Figure 1D) and ESCC
(Figure 1E) cells.

Association of Cyclin E and HGF Expression With
Clinicopathologic Characteristics of Patients With ESCC

Cyclin E expression did not correlate with gender (P = .892),
age (P = .581), tumor location (P = .937), or gross type
(P = .619; Table 2), but it did closely correlate with tumor size
(P <.001), tumor differentiation degree (P = .034), and TNM
stage (P = .009). Expression of HGF was closely correlated
with tumor size (P < .001), tumor differentiation degree (P =
.006), and TNM stage (P < .001), but it did not correlate with

gender (P = .623), age (P = .154), tumor location (P = .347),
or gross type (P = .673; Table 2).

Microvascular Density and MLVD Expression in ESCC
and Control Tissues

CD34 immunostaining was used to measure MVD, while
LYVE-1 was used to measure MLVD. The staining patterns
of CD34 and LYVE-1 appeared as channel-like structures in
both the control (Figure 1J and G) and the ESCC specimens
(Figure 1K and H). The results showed that MVD (P < .001)
and MLVD (P < .001) levels in ESCC samples were signifi-
cantly higher than that in the controls (Table 3).

Association Between MVD and MLVD Levels With
Clinicopathologic Characteristics of Patients With ESCC

Levels of MVD were positively correlated with tumor size
(P < .001), tumor differentiation degree (P < .001), and
TNM stage (P < .001) but were not correlated with gender
(P = .068), age (P = .221), tumor location (P = .800), or
gross type (P = .949; Table 4). Levels of MLVD were
significantly correlated with tumor size (P = .003), tumor
differentiation degree (P < .001), and TNM stage (P < .001)
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Table 3. MVD and MLVD in ESCC and Control Tissues.
MVD MLVD
Value Value
Variable n (Mean + SD) t P n (Mean + SD) t P
ESCC 168 943 + 2.98 14.302 <.001 168 827 + 1.95 18.127 <.001
Control 30 1.58 + 0.83 30 1.76 + 0.54
Abbreviations: ESCC, esophageal squamous cell carcinoma; MVD, microvascular density, MLVD, micro-lymphatic vessel density; SD, standard deviation.
Table 4. Association Between MVD, MLVD, and Clinicopathologic Characteristics of Patients With ESCC .
MVD MLVD
Variable n Value (Mean + SD) t/F P n Value (Mean + SD) t/F P
Gender
Male 96 9.68 + 2.07 1.839 .068 96 813 + 1.76 1.621 107
Female 72 9.14 + 1.60 72 8.50 + 0.93
Age, years
>60 112 9.25 + 1.59 1.229 221 112 839 + 1.07 1.728 .089
<60 56 9.60 + 2.01 56 8.09 + 0.94
Tumor location
Upper 22 9.26 + 1.65 0.22 .800 22 8.10 + 0.99 0.42 .657
Middle 92 9.50 + 1.74 92 832 + 1.43
Lower 54 931 + 247 54 8.15 + 1.22
Gross type
Medullary type 78 9.63 + 2.17 0.12 949 78 848 + 1.86 0.89 446
Ulcer type 52 942 + 2.07 52 801 + 1.65
Mushroom type 29 9.55 + 1.89 29 837 + 1.23
Sclerotic type 9 9.38 + 2.86 9 8.09 4+ 0.96
Tumor size
>5.0cm 72 9.93 + 2.83 6.015 <.001 72 892 + 1.64 3.035 .003
<5.0 cm 96 7.86 + 1.59 96 8.08 + 1.87
Differentiation agree
Well 10 6.52 + 2.04 15.75 <.001 10 537 + 0.85 4].68 <.001
Middle 110 879 + 297 110 771 + 192
Poor 48 11.03 + 2.56 48 10.03 + 1.60
TNM staging
| 28 723 £+ 2.10 29.50 <.001 28 6.10 + 1.0l 88.86 <.001
Il 92 9.0l + 248 92 792 + 1.24
i 48 11.76 + 3.17 48 10.56 + 2.05

Abbreviations: ESCC, esophageal squamous cell carcinoma; HGF, hepatocyte growth factor expression; MLVD, micro-lymphatic vessel density; MVD, micro-

vascular density, TNM, tumor node metastasis SD, standard deviation.
a
n=168.

but were not correlated with gender (P = .107), age (P =
.089), tumor location (P = .657), or gross type (P = .446;
Table 4).

Association Between Cyclin E and HGF Expression With
MVD and MLVD Levels in ESCC Tissue

Levels of MVD and MLVD in the high cyclin E expression
group were significantly higher compared to the low cyclin E
expression group (P < .001; Table 5). Moreover, MVD and
MLVD levels in the high HGF expression group were also

significantly higher compared to the low HGF expression
group (P < .001; Table 5).

Discussion

Despite significant advances in ESCC detection capabilities,
early diagnostic rates remain low. Compared to early ESCC,
the prognosis of advanced ESCC is very poor. Early diagnosis
and treatment of ESCC is key to a favorable prognosis. There-
fore, exploring accurate biomarkers to improve early diagnosis
and prognosis of ESCC is of great importance. In the current
study, we examined expression of cyclin E and HGF in ESCC
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Table 5. Association Between Cyclin E, MVD, and MLVD in ESCC Tissue.

Variable n MVD t P MLVD t P
Cyclin E high expression 97 1144 + 2.67 12.085 <.001 1023 + 1.96 16.657 <.001
Cyclin E low expression 71 7.03 + 1.78 593 + I.10

HGF high expression 92 1020 + 2.21 4.945 <.001 890 + 1.73 5.463 <.001
HGF low expression 76 858 + 1.99 753 + 1.47

Abbreviations: ESCC, esophageal squamous cell carcinoma; HGF, hepatocyte growth factor expression; MLVD, micro-lymphatic vessel density; MVD, micro-

vascular density.

and normal esophageal mucosal tissue and analyzed the asso-
ciation between cyclin E and HGF expression with clinico-
pathologic characteristics of patients with ESCC. Our results
demonstrated that cyclin E and HGF were expressed in both
ESCC and normal esophageal mucosal tissue. However, cyclin
E expression was high in 57.74% of cases with ESCC and 20%
of controls, while HGF expression was high in 54.76% of cases
with ESCC and in 33.33% of controls. The present study
demonstrated that the expression of cyclin E and HGF in ESCC
was significantly upregulated compared to that in normal eso-
phageal mucosal tissue.

Abnormal cell cycle regulation and uncontrolled cell prolif-
eration are important molecular mechanisms underlying tumor-
igenesis.”'® As a regulator of S phase, cyclin E plays a critical role
in the regulation of tumor progression. It has been reported that
patients with high cyclin E expression tend to be at more advanced
TNM stages than those with low cyclin E expression, suggesting
that high cyclin E expression is significantly associated with high
tumor proliferation and may be involved in ESCC progression.

Hepatocyte growth factor, a multifunctional cytokine, is
involved in the signal transduction cascade of the HGF-c-met
system, which can stimulate proliferation; dedifferentiation of
various cell types; weaken cell-to-cell adhesion interactions;
and promote the migration and invasion of tumor cells and the
formation of tumor vessels.'""'? Previous studies have shown
that cyclin E and HGF are highly expressed in multiple malig-
nant tumor types.'>"' In the present study, the high expression
of cyclin E and HGF was significantly associated with tumor
size, differentiation degree, and TNM stage in patients with
ESCC. These data suggest that the high expression of cyclin
E and HGF plays an important role in the development of
ESCC and may be one of the mechanisms underlying invasion
and metastasis of ESCC. The results were consistent with those
of many previous studies.'’""?

The MVD is widely used to evaluate tumor angiogenesis. An
increasing amount of clinical and experimental evidence has
shown that with an increase in MVD, the tumor undergoes inva-
sion and metastasis. The MLVD can reflect the microenviron-
mental status of tumors. The microenvironment of tumors
affects the biological behavior of tumor cells including prolif-
eration, infiltration, and metastasis. In the present study, MVD
and MLVD levels in ESCC samples were significantly higher
than that in the controls. Moreover, MVD and MLVD levels
were closely correlated with tumor size, tumor differentiation
degree, and TNM stage. These findings were coincident with

previous reports.?>** These data also suggest that angiogenesis
and lymphangiogenesis in tumor tissue contribute to tumor pro-
liferation, invasion, and metastasis. Furthermore, there is a pos-
itive association between MVD, MLVD, and cyclin E and HGF
expression, indicating that cyclin E and HGF may contribute to
angiogenesis and lymphangiogenesis of ESCC. These data sug-
gest that high cyclin E and HGF expression may be involved in
angiogenesis and lymphangiogenesis of ESCC and play a role in
the proliferation, invasion, and metastasis of ESCC.

There are some limitations in the current study. The current
study only investigated the relationship between cyclin E,
HGF, MVD, and MLVD and clinicopathologic characteristics
of patients with ESCC. The potential mechanisms detailing this
biology have not been determined, and more work is needed to
elucidate this biology. In addition, the sample size in the cur-
rent study is limited. Finally, this study was carried out in our
center only, and a multicenter research study is needed to fur-
ther understand the prevalence of our findings in broader
populations.

In conclusion, our study demonstrated that high cyclin E and
HGF expression levels were significantly associated with
tumor size, tumor differentiation degree, and TNM stage in
patients with ESCC and indicates a direct link between MVD
and MLVD. These markers might serve as novel biomarkers
for preoperational evaluation of ESCC.
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