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Abstract N\
Angiogenic factor with G-patch and FHA domain 1 (AGGF1) is a newly initiator of angiogenesis. Forkhead box C2 (FOXC2) that is a |
member of the winged spiral transcription factor family plays an important role in epithelial-mesenchymal transition (EMT). Epithelial-
cadherin (E-cad) that is an adhesion molecule is also involved in EMT. The purpose of this study is to investigate the expression of
AGGF1, FOXC2, and E-cad in esophageal squamous cell carcinoma (ESCC) and their clinical significance.

Immunohistochemistry was performed to investigate the expression of AGGF1, FOXC2, and E-cad in 170 ESCC specimens and
corresponding normal esophageal mucosa tissues. Follow-up data was also collected.

The positive rates of AGGF1 and FOXC2 expression were significantly higher in ESCC group when compared with the control
group; the positive rate of E-cad expression was significantly lower in ESCC group when compared with the control group. Positive
rates of AGGF1, FOXC2, and E-cad expression were significantly associated with grades of differentiation, tumor grades, lymph node
metastasis stages, as well as tumor-node-metastasis stages. Kaplan-Meier analysis demonstrated that positive expression of
AGGF1 or FOXC2 for ESCC patients had significantly unfavorably overall survival time when compared with patients with negative
expression of AGGF1 or FOXC2; and positive expression of E-cad for ESCC patients had significantly longer overall survival time
when compared with patients with negative expression of E-cad. Multivariate analysis indicated that AGGF1, FOXC2, and E-cad
expression and tumor-node-metastasis stages were postoperative independent prognostic factors for ESCC patients.

AGGF1, FOXC2, and E-cad may be considered promising biomarkers of ESCC patients’ prognosis.

Abbreviations: AGGF1 = angiogenic factor with G-patch and FHA domain 1, E-cad = E-cadherin, EMT = epithelial mesenchymal
transition, ESCC = esophageal squamous cell carcinoma, FOXC2 = forkhead box C2, LNM = lymph node metastasis, MAPK =
mitogen-activated protein kinase, OS = overall survival, TNM = tumor-node-metastasis.
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squamous cell carcinoma, forkhead box C2, prognosis

Editor: Jianxun Ding.
LM and RY contributed equally to this work.

This work was supported by the Clinical Key Specialty Construction Foundation
of Anhui Provincial Health Office in the “12th Five-year Plan” (01Z33)and the
Nature and Science Foundation of Bengbu Medical University (BYKF1777 and
BYKF1809).

All tissue samples were obtained with patients writing extensively informed
consent when they were in hospital and the study was approved by the Bengbu
Medical University ethical committee and conducted in accordance with the
ethical guidelines of the Declaration of Helsinki.

The authors have no conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

@ Department of Pathology, ° Department of Pathology, Bengbu Medical
University, ° Department of Radiotherapy, the First Affiliated Hospital of Bengbu
Medical University Anhui, China.

) Correspondence: Hongwei Li, Department of Radiotherapy, the First Affiliated
Hospital of Bengbu Medical University, 287 Changhuai Road, Anhui Province,
China 233003 (e-mail: 10560437113@qqg.com).

Copyright © 2020 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is
permissible to download, share, remix, transform, and buildup the work provided
it is properly cited. The work cannot be used commercially without permission
from the journal.

How to cite this article: Ma L, Yang R, Gu J, Jiang H, Li H. The expression of
AGGF1, FOXC2, and E-cadherin in esophageal carcinoma and their clinical
significance. Medicine 2020,99:37(€22173).

Received: 8 February 2020 / Received in final form: 16 July 2020 / Accepted: 12
August 2020

http.//dx.doi.org/10.1097/MD.0000000000022173

1. Introduction

Esophageal cancer ranks 7™ in terms of incidence and 6™ in terms
of mortality in the worldwide.!'' In China, esophageal cancer was
estimated 478,000 new cases and 375,000 deaths in 2015.7!
Esophageal squamous cell carcinoma (ESCC) is the most
common type in esophageal cancers. Because of asymptomatic
or atypical symptoms at early stages, most ESCC patients are in
the advanced stage when they are diagnosed in China.
Angiogenic factor with G-patch and FHA domain 1 (AGGF1)
that was originally identified in 2004 is a new human angiogenic
factor.®! AGGF1 gene is expressed in vascular endothelial cells
and can strongly promote angiogenesis in vitro.*! Some studies
have demonstrated that AGGF1 is overexpressed in some
malignant tumors and is significantly associated with tumor
angiogenesis.*””! Knockdown of AGGF1 can inhibit invasion
and migration of tumor cells."*! However, the AGGF1 expression
and its prognostic value in ESCC patients have not been reported.

Forkhead-box (FOX) superfamily has been involved in
differentiation, proliferation, migration, and apoptosis.!®’!
FOXC2, a member of the FOX superfamily, plays an important
role in epithelial-mesenchymal transition (EMT)."% Expression
of FOXC2 is also play an essential role in vascular/lymphatic
vessel in cardiovascular disease.!"! It has been demonstrated that
overexpression of FOXC2 could induce metastasis and paclitaxel
drug resistance.">'3 FOXC2 can promote tumor cells prolifer-
ation through activating mitogen-activated protein kinase and
phosphatidylinositol 3-kinase/AKT signaling pathways.!"*! It has
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been demonstrated that FOXC2 overexpression associated
with poor prognosis.>'®! However, the FOXC2 expression
and its prognostic value in ESCC patients have not been widely
reported.

EMT, which is lost epithelial features and gained mesenchymal
features in epithelial cancers, should be involved in the process of
invasiveness and metastasis for epithelial cancers. The molecular
hallmark of EMT is down-regulation of E-cadherin (E-cad) and
up-regulation of vimentin, N-cadherin, Snail, and so on. E-cad
that maintain stable cell to cell contact in epithelial cells is a
transmembrane glycoprotein. Down-expression of E-cad is
closely correlated poor prognosis and also promote invasiveness
and metastasis for various epithelial cancers.['”~"!

Overall, accumulating evidence has suggested that AGGF1,
FOXC2, and E-cad should be involved in the process of tumor
invasiveness and metastasis. However, associations among
AGGF1, FOXC2, and E-cad in ESCC have not been widely
reported. The purpose of this study is to investigate the
expression of AGGF1, FOXC2, and E-cad in ESCC and evaluate
the hypothesis that they are correlated with metastasis and
prognosis in ESCC.

2. Methods

2.1. Patients and specimens

All 170 ESCC’s patients who were diagnosed at department of
pathology of our hospital, from January 2012 to December
2013, were considered as experimental group. And 170
corresponding normal esophageal mucosa tissues came from
the same patients were considered as control group. ESCC’s
patients who received chemoradiotherpy or any other anti-
cancer therapy were excluded. This study was approved by
Bengbu Medical University ethical committee and performed in
accordance with the guidelines issued of the Declaration of
Helsinki. All samples were obtained with patients writing
consent. Patients clinicopathological characteristics, demogra-
phy, and follow-up data were collected. Postoperative overall
survival (OS) time was assessed from patients’ surgery date to his/
her death date or December 2018. Tumor-node-metastasis stages
were assessed on the basis of the 8" edition of the guidelines
issued by American Joint Committee on Cancer. Specific
characteristics see Table 1.

2.2. Immunohistochemistry

Immunohistochemistry was carried out on the basis of guideline
issued by the Elivision™ Plus detection kit instructions. All
samples were fixed in 10% buffered formalin solution, and then
embedded in paraffin. Subsequently, continuous 4 pum thick
tissue slices were cut. All tissue slices were deparaffinized with
xylene and then dehydrated with graded alcohol, washed with
phosphate buffer solution (PBS, pH 7.2) for 10minutes.
Endogenous peroxidase activity of tissues was blocked with
methanol containing 3% hydrogen peroxide solution. Antigen
repaired with citrate buffer (pH 6.0) which was heated to 95°C
for 30minutes. Then several washes with PBS, all slices were
blocked with goat serum at room temperature for 20 minutes,
incubated with rabbit polyclonal antibody against human
AGGF1 and FOXC2 (AGGF1: DF12109; FOXC2: DF3252;
Affinity Biosciences, Co., Ltd., Cincinnati, OH), mouse mono-
clonal antibody against human E-cad (E-cad: MX020; Fuzhou
Maixin Biotechnology Development Co., Ltd., China) at 4°C
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Patients characteristics.

Patients characteristics Frequency (n) Percentage (%)

Age ()

_ <60 92 54.1
_ =60 78 45.9
Gender

_ Male 112 65.9
__Female 58 341
Location

_Up 1 0.6
__Middle 110 64.7
__Down 59 34.7
Size (cm)

_ <20 81 47.6
_ =20 89 52.4
Smoking

_No 65 38.2
_ Yes 105 61.8
Alcohol

_No 65 38.2
_ Yes 105 61.8
Gross type

__ Polyp 32 18.8
_Myeloid 56 329
_ Ulcerative 82 48.2
Grade

_ Well 61 359
__Moderate 94 55.3
__Poor 15 8.8
Tumor stages

_n 60 353
_T12 83 48.8
_ 13 19 11.2
_T4a 8 47
Lymph node metastasis stages

_NO 113 66.5
_ M 45 26.5
_ N2 9 5.3
_ N3 3 1.8
TNM stages

| 65 38.2
| 47 27.6
_ 53 31.2
_IVA 5 2.9

overnight. Then added reagent A (9903-A) and reagent B (9903-B)
in sequence. Finally, all slices were developed in diaminobenzidine
(DAB) substrate solution and re-dyed with hematoxylin.

2.3. Evaluation of immunostaining

To prevent intratumoral heterogeneity of biomarker expression,
10 areas randomly at high-power-field from different areas of
each slice were selected. Two independent pathologists who were
blind to clinicopathological, demography, and follow-up data
explained immunostaining results. If there was a disagreement, 2
pathologists would re-evaluate immunostaining results and reach
a consensus. Immunostaining results were calculated from the
product of immunostaining intensity and extent."”! For ESCC
tissues that were positive for three of AGGF1, FOXC2, and E-
cad, an average of the product of each slice was taken. Here, the
score >3 was considered positive result.
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2.4. Statistical analysis

Associations between clinicopathological parameters and AGGF1,
FOXC2, and E-cad were used Chi-squared test or Fisher exact test.
Associations among AGGF1, FOXC2, or E-cad were used
Spearman test. The effects of AGGF1, FOXC2, or E-cad on OS
were defined using Kaplan—-Meier method for univariate analysis.
Independently prognostic factors were defined using COX
regression model for multivariate analysis. All statistical analyses
were used SPSS 19.0 software for Window (Chicago, IL). A value
of P<.05 was defined statistically significant.

3. Results

3.1. Expression of AGGF1, FOXC2, and E-cad in ESCC,
and its association with clinicopathological parameters

The positive staining of AGGF1 was confined to the cytoplasm of
ESCC cases, that of FOXC2 was confined to the cytoplasm, and
that of E-cad was confined to the cell cytoplasm and membrane.
Overall, AGGF1 expression was detected in 10 (5.9%) in normal

www.md-journal.com

esophageal mucosa samples 94/170 (55.3%) and in ECSS cases
(Figs. 1A and 1B). The difference between the groups was
significant (P <.001). AGGF1 expression positively associated
with tumor differentiation, tumor stages, lymph node metastasis
(LNM), and tumor-node-metastasis (TNM) stages, but not with
patient age, gender, smoking status, alcohol status, tumor
location, gross type, and tumor size (Table 2).

There was a significant difference in FOXC2 expression
between the control cases (8/170, 4.7%) and ESCC (103/170,
60.6%; P<.001; Figs. 1C and 1D). The expression of FOXC2
positively associated with patients age, tumor differentiation,
tumor stages, LNM, and TNM stages as well as alcohol status,
but not with patient gender, smoking status, tumor location,
gross type, and tumor size (Table 2).

There were significantly more control cases (161/170, 94.7%)
expressing E-cad than ESCC cases (78/170, 45.9%; P <.001;
Figs. 1E and 1F). The positive expression of E-cad inversely
associated with tumor size, differentiation, tumor stages, LNM,
and TNM stages, but not with patient age, gender, smoking
status, alcohol status, tumor location, and gross type (Table 2).

a—— ,.P_ —

Figure 1. Immunostaining for AGGF1 (angiogenic factor with G-patch and FHA domain 1), FOXC2 (forkhead box C2), and E-cad (E-cadherin) in esophageal
squamous cell carcinoma and control tissue. A, Positive AGGF1 in the cytoplasm of esophageal squamous cell carcinoma tissue (40 magnification) B, Positive
AGGF1 in the cytoplasm of esophageal squamous cell carcinoma tissue (40 magnification); C, Negative AGGF1 in the control tissue (100 magnification), C:
Negative AGGF1 in the control tissue; D, Positive FOXC2 in the cytoplasm of cancer cells (40 magnification); E, Positive FOXC2 in the cytoplasm of cancer cells (400
magnification); F, Negative FOXC2 in the control tissues (100 magnification); G, Positive E-cad in the cytoplasm and membrane of cancer tissue (40 magnification),
H, Positive E-cad in the cytoplasm and membrane of cancer tissue (400 magnification); I, Positive E-cad in the cytoplasm and membrane of control cells (400

magnification).
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The associations between expression of angiogenic factor with G-patch and FHA domain 1, forkhead box C2, and E-cadherin and
clinicopathological characteristics of esophageal squamous cell carcinoma.

AGGF1 FOXC2 E-cad
Variables — + P — + P — + P
Age 132 034 .708
_ <60 yr 46 46 43 49 51 41
_ >60yr 30 48 24 54 4 37
Gender .109 776 .396
_ Male 55 57 45 67 58 54
_ Female 21 37 22 36 34 24
Location 594 626 .651
_Up 0 1 0 1 1 0
__Middle 48 62 42 668 59 51
_ Down 28 31 25 34 32 27
Size (cm) .581 A1 .016
_ <20 38 43 37 44 36 45
_>20 38 51 30 59 56 33
Smoking .985 601 101
__No 29 36 24 41 30 35
_ Yes 47 58 43 62 62 43
Alcohol 513 002 226
_No 27 38 16 49 39 26
_ Yes 49 56 51 54 53 52
Gross type .876 372 712
__Polyp 15 17 15 17 16 16
__Myeloid 26 30 24 32 29 27
__Ulcerative 35 47 28 54 47 35
Grade 015 .006 .001
_ Well 35 26 31 30 23 38
__Moderate 38 56 35 59 56 38
__Poor 3 12 1 14 13 2
Tumor stages <.001 <.001 <.001
T 39 21 41 19 1 49
T2 32 51 22 61 56 27
_ T3 5 14 4 15 17 2
__T4a 0 8 0 8 8 0
LNM stages <.001 <.001 <.001
_No 63 50 59 54 46 67
N1 13 32 8 37 35 10
_ N2 0 9 0 9 9 0
_ N3 0 3 0 3 2 1
TNM stages <.001 <.001 <.001
| 44 21 45 20 12 53
i 19 28 14 33 33 14
_ 13 40 8 45 43 10
VA 0 5 0 5 4 1

AGGF1 = angiogenic factor with G-patch and FHA domain 1, E-cad = E-cadherin, FOXC2 = forkhead box C2, LNM = lymph node metastasis, TNM = tumor-node-metastasis.

3.2. Univariate and multivariate analyses

As shown in Figure 2A, the Kaplan—-Meier survival analysis
demonstrated that the OS time of ESCC patients who expressed
AGGF1 was significantly lower than that of patients who did
not express the protein (log-rank=39.498, P<.001). The OS
time for FOXC2-positive patients was significantly lower that of
FOXC2-negative patients (log-rank=52.947, P <.001; Fig. 2B),
showing similar results to those of AGGF1 expression. The
association between E-cad expression and OS time was the
inverse to that AGGF1 and FOXC2, with patients who
expressed E-cad surviving longer than those who did not
express the protein (log-rank=55.268, P<.001; Fig. 2C). As
shown in Fig. 2D, the univariate OS time of the combination of
E-cad- and AGGF1+FOXC2+ was significantly lower than that

in E-cad+ and AGGF1-FOXC2-patients (log-rank=71.262,
P<.001).
Table 3 showing the number of patients at risk in each time
point (20, 40, and 60 months) under the Kaplan—-Meier curve.
The multivariate analysis indicated that the expression of
AGGF1, FOXC2, and E-cad and TNM stages were indepen-
dently prognostic factors for ESCC (Table 4).

3.3. Association between the expression of AGGF1,
FOXC2, and E-cad in ESCC

The spearman correlation coefficient analysis suggested a negative
association between E-cad expression and AGGF1 (r=-0.525,
P<.001) or FOXC2 (r=-0.610, P <.001) expression. There was
a positive association between AGGF1 expression and FOXC2
(r=0.364, P<.001) (Table 5).
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Figure 2. Kaplan—-Meier analysis curve of the survival rate of patients with esophageal squamous cell carcinoma. The y-axis means the percentage of patients; the
x-axis means their survival in months. A, OS (overall survival) analysis of all patients in relation to AGGF1 (angiogenic factor with G-patch and FHA domain 1) (log-
rank=_39.498, P <.001); B, OS analysis of all patients in relation to FOXC2 (forkhead box C2) expression (log-rank=52.947, P < .001); C, OS analysis of all patients
in relation to E-cad (E-cadherin) expression (log-rank=55.268, P < .001); A, B, and C analyses, the green line represents patients with positive AGGF1, or FOXC2,
or E-cad; the blue line representing the negative AGGF1, or FOXC2, or E-cad group. D, OS survival of all patients in relation to the combination of E-cad, AGGF1,
and FOXC2 expression (log-rank=85.730, P < .001). The green line represents negative E-cad and positive AGGF1, FOXC2, and the blue line represents positive
E-cad and negative AGGF1, FOXC2. The brown line represents other positive or negative proteins (log-rank=71.262, P<.001).

4. Discussion

ESCC is a common malignant tumor of digestive system. Since
ESCC is highly heterogeneous, it seriously threatens the lives and
health of patients. Therefore, it is urgent to seek effective markers
that comprehensively predict the biological behavior of ESCC.

AGGF1 is a marker of angiogenic factor, whose over-
expression can promote angiogenesis. Down-expression of
AGGF1 can inhibit invasion and migration of tumor cells.!
In our study, we detected AGGF1 expression in ESCC and the
corresponding normal esophageal mucosa tissues and found that
the ESCC tissues expressed higher levels of the protein than

The number of patients at risk in each time point.

20 mo 40 mo 60 mo

Variable Death Survival Death Survival Death Survival
AGGF1
- 0 76 5 71 41 33
_+ 19 75 46 47 87 4
FOXC2
- 0 67 6 61 37 28
_+ 18 85 45 57 92 8
E-cad
- 19 73 44 47 85 4

+ 0 78 7 71 43 33

AGGF1 = angiogenic factor with G-patch and FHA domain 1, E-cad = E-cadherin, FOXC2 = forkhead box C2.
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Results of multivariate analyses of overall survival time.

Covariate B SE P HR 95% CI
AGGF1 0.520 0.200 .009 1.681 1.136-2.488
FOXC2 0.504 0.239 .035 1.655 1.036-2.644
E-cad —0.636 0.244 .009 0.529 0.328-0.853
TNM stages 0.531 0.253 .036 1.701 1.037-2.791
Age 0.097 0.196 620 1.102 0.751-1.618
Gender 0.068 0.186 714 1.071 0.744-1.541
Smoking —0.077 0.182 670 0.926 0.648-1.321
Alcohol 0.030 0.185 870 1.031 0.718-1.480
Location 0.055 0.195 776 1.057 0.721-1.550
Size —0.075 0.175 667 0.927 0.658-1.308
Gross 0.157 0.111 157 1.170 0.941-1.455
Grade —0.316 0.170 .064 0.729 0.522-1.018
T-stage 0.065 0.143 649 1.067 0.806-1.412
LNM 0.213 0.259 409 1.238 0.746-2.056

AGGF1 = angiogenic factor with G-patch and FHA domain 1, E-cad = E-cadherin, FOXC2 = forkhead box C2, LNM = lymph node metastasis, TNM = tumor-node-metastasis.

control tissues. Furthermore, AGGF1 expression positively
associated with tumor differentiation, tumor stage, LNM, as
well as TNM stages. The OS analysis indicated that ESCC
patients expressing AGGF1 survived for less time than patients
who did not express AGGF1. Our findings demonstrated that
overexpression of AGGF1 is involved in the invasiveness and
metastasis of ESCC and that AGGF1 should be considered a
valuable and useful marker in prediction of ESCC prognosis.

FOXC2, a member of the family of winged helix/forkhead
transcription factors, is reported to be involved in cells
proliferation, migration, and angiogenesis.'®! It has been
demonstrated that overexpression of FOXC2 is associated with
Notch, ERK, and Wt signaling pathway.?**?! In our study,
overexpression of FOXC2 was positively associated with tumor
differentiation, tumor stages, LNM, and TNM stages. The OS
analysis suggested that patients who expressed FOXC2 survived
for less time than patients did not express the protein. These
findings suggested that FOXC2 expression plays a key role in
ESCC invasiveness and metastasis and that FOXC2 is closely
associated with poor prognosis, which are consistent with
previous studies, 5162

E-cad, an adhesive transmembrane glycoprotein, widely exists
in epithelial cells. E-cad has ability to mediate the adhesion
between epithelial cells and epithelial cells. Aberrant expression
of E-cad leads to the adhesion of epithelial cells each other loss or
less, causing cells easily to move, finally promote tumor cells

invasion and metastasis.”**! Our results suggested that E-cad
expression was negatively associated with tumor differentiation,
tumor stages, LNM, and TNM stages. In addition, the OS
analysis demonstrated that patients expressing E-cad lived longer
than those who did not express the protein. These findings
indicated that aberrant expression of E-cad promoted ESCC
invasiveness and metastasis and should be considered a potential
marker to predict ESCC prognosis, which are in accordance with
previous studies.'”71%>%1

Previous studies have demonstrated that tumors require nutrient
and oxygen supply for growth and metastasis. Overexpression of
AGGF1 promotes tumor cells proliferation, migration, angiogen-
esis, and malignant biological behaviors.***”) Knockdown of
AGGF1 inhibits tumor cells invasion and metastasis via EMT
through Wnt/B-catenin pathway.[*! Overexpression of FOXC2
also promotes tumor cells proliferation, migration, apoptosis,
and angiogenesis/lymphangiogenesis.®”! Down-regulation of E-
cad at epithelial cells junction is an early event in EMT.[?%21 In
cancer cells, down- or loss-expression of E-cad can result from
transcriptional repression by EMT regulators.*”) FOXC2 is also
involved in invasiveness and metastasis of tumor cells through
EMT or EMT regulatory pathways.!*®! Therefore, up-regulation
of AGGF1 and FOXC2 and down-regulation of E-cad may
synergistic promote tumor cells progression, invasion, and
metastasis through EMT. In this study, we found that positive
expression of AGGF1, FOXC2, and E-cad, as well as TNM stages

Correlation among expression of angiogenic factor with G-patch and FHA domain 1, forkhead box C2, E-cadherin in esophageal

squamous cell carcinoma.

AGGF1 FOXC2

Variable - + r - + r P
AGGF1 0.364 <.001"
- 45 31
4 22 72
E-cad —0.525 <.001® —0.610 <.001®
- 19 73 11 81

+ 57 21 56 22

’ positive association.
@ negative association.

AGGF1 = angiogenic factor with G-patch and FHA domain 1, E-cad = E-cadherin, FOXC2 = forkhead box C2.
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were independently prognostic factors of OS for ESCC patients.
We also found that E-cad expression was inversely associated with
AGGF1 and FOXC2 expression and that AGGF1 expression was
positively associated with FOXC2 expression.

5. Conclusions

The results of this study demonstrated that overexpression of
AGGF1 and FOXC2 and down-expression of E-cad could affect
the progression, invasiveness, and metastasis of ESCC. Therefore,
AGGF1, FOXC2, and E-cad should be considered as valuable
and useful markers to predict metastasis and prognosis for ESCC
patients.
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