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Purpose: Increasing evidence has demonstrated that animal models are imperative to
investigate the potential molecular mechanism of metastasis and discover anti-metastasis
drugs; however, efficient animal models to unveil the underlying mechanisms of metastasis
in esophageal squamous cell carcinoma (ESCC) are limited.

Methods: ESCC cell EC9706 with high invasiveness was screened by repeated Transwell
assays. Its biological characteristics were identified by flow cytometry as well as by the
wound healing and CCK-8 assays. Besides, the levels of epithelial-mesenchymal transition-
related markers were examined using Western blotting. Parental (EC9706-1,) and subpopula-
tion (EC9706-13) cells were employed to establish the renal capsule model. Next, the tumor
growth was detected by a live animal imaging system, and hematoxylin and eosin staining
was applied to evaluate the metastatic status in ESCC.

Results: EC9706-1; cells showed rapid proliferation ability, S phase abundance, and high
invasive ability; obvious upregulation in N-cadherin, Snail, Vimentin, and Bitl; and down-
regulation in E-cadherin. EC9706-15 cells were less sensitive to the chemotherapy drug
S-fluorouracil than EC9706-1, cells; however, both cell lines reached a tumorigenesis rate
of 100% in the renal capsule model. The live animal imaging system revealed that the tumors
derived from EC9706-1, cells grew more slowly than those from EC9706-15 cells at weeks
3-14. The EC9706-15 xenograft model displayed a spontaneous metastatic site, including
kidney, heart, liver, lung, pancreas, and spleen, with a distant metastatic rate of 80%.
Conclusion: Our data suggested that the metastatic model was successfully established,
providing a novel platform for further exploring the molecular mechanisms of metastasis in
ESCC patients.

Keywords: esophageal squamous cell carcinoma, renal capsule model, spontaneous
metastasis, epithelial-mesenchymal transition process

Introduction

Esophageal squamous cell carcinoma (ESCC) is one of the most common digestive
tumors that seriously affect human health.'> Metastasis from the primary foci to
distant organs is a common cause of death in most patients with ESCC since it
hinders the timely diagnosis and application of treatment protocols.* The 5-year
survival rate of metastatic ESCC patients remains elusive,” probably due to the lack
of an efficient animal model for evaluating anti-metastasis drugs. Therefore, it is
essential to develop novel animal models to unveil the underlying molecular
mechanisms of ESCC and discover effective anti-metastasis drugs.
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The establishment of novel animal models helps to
bridge gaps between basic and clinical cancer research.’®
Previous reports revealed that novel therapeutic strategies
were developed prior to clinical treatment protocols using
mouse models for esophageal cancer.”'' To date, the
reported esophageal cancer metastasis models, such as
1215 o

as well as

the intravenous and intracardiac injection,

orthotopic,'® and subcutaneous xenograft,'>!”
the Levrat model,'® have several key limitations. For
instance, several models fail in the steps of full metastatic
cascade including dissemination of cancer cells from the
primary tumor, lead to complications and high mortality,
or have long duration and poor reproducibility.'
Therefore, it is imperative to develop novel metastatic
ESCC models to further assess the efficacy of antitumor
drugs and, consequently, improve the therapeutic outcome.
In this study, to study the mechanism of ESCC metastasis,
we screened and characterized the ESCC cell line harboring
highly metastatic potential using EC9706 cells as parental
cell line, which derived from poorly differentiated esophageal
squamous cell carcinoma.”® A spontaneous animal model
was established using renal capsule technology, and the meta-
static status was investigated by hematoxylin and eosin stain-
ing. Our data provided a promising platform for further
exploring the molecular mechanisms underlying ESCC.

Materials and Methods

Cell Line and Culture

The parental human ESCC cell line EC9706 (EC9706-1)
was obtained from the Tumor Cell Bank of the Chinese
Academy of Sciences and cultured in RPMI 1640 medium
(Solarbio Life Sciences, Beijing, China), supplemented
with 10% Newborn bovine serum (BI), penicillin, and
streptomycin, in a humidified atmosphere of 5% carbon
dioxide (CO,) at 37°C.

Transwell Assay

Transwell assay (Corning Life Sciences, Tewksbury, MA,
USA) was used to screen the subpopulation of EC9706
cells with high invasive ability (EC9706-13). Briefly,
a total of 5x10° cells were seeded in a top chamber and
coated with 100 pL of Matrigel (1:6; BD Biosciences, San
Jose, CA, CA), whereas 600 pL of 1640 medium, contain-
ing 20% fetal bovine serum (FBS), was added to the lower
chamber as a chemoattractant. After incubation for 48 h at
37°C, the cells remaining in the top chamber were scraped
off with a cotton swab. Subsequently, the invasive cells

were trypsinized and cultured in RPMI 1640 medium with
10% Newborn bovine serum at 37°C. The cells were then
passaged and frozen for a second round of screening. The
above procedure was performed in triplicate.

Cell Viability and Proliferation Assays

Cell viability was assessed by the CCK-8 assay. Cells were
seeded in 100 pL of culture medium at a density of 5x10°
cells well ' in 96-well plates and cultured for 24 h at 37°C.
Then, 100 pL of culture medium, containing 5-fluorouracil
(5-FU; Hanson Pharma, China), doxorubicin (ADM; Hisun
Pharma, China), and cisplatin (DDP; SunRise Pharma,
China), was added in each well. The concentrations of
5-FU were 0.0 ug, 0.1 pg, 0.2 pg, 0.4 pg, 0.8 pg, 1.6 pg,
3.2 pg, 6.4 ng, 12.8 ug, or 25.6 pug, whereas those of ADM
and DDP were 0.00 pg, 0.02 pg, 0.04 ng, 0.08 pg, 0.16 pg,
0.32 ug, 0.64 pg, 1.28 pg, 2.56 ng, or 5.12 pg. Each con-
centration was repeated in triplicate. At 72 h post-culturing
with 5-FU and 48 h with ADM and DDP, the medium was
discarded and replaced with 8 pL of CCK-8 solution
(Beyotime, Shanghai, China) and 92 pL of 1640 medium.
The cells were incubated for 2 h at 37°C, and then the
absorbance was determined at 450 nm using a microplate
reader (Bio-tek, Winooski, VT, USA).

Cell proliferation was also assessed by the CCK-8
assay. Briefly, cells were seeded in 100 pL of culture
medium at a density of 2x10° cells well ' in 96-well plates
and cultured for 24 h at 37°C. Next, CCK-8 reagents were
added to each well at 0 h, 24 h, 48 h and 96 h post-culture.
The detection steps were as described above.

Flow Cytometry Assay

Parental (EC9706-1;) and subpopulation (EC9706-15) cells
were collected using trypsin during the exponential growth
phase. The cells were rinsed three times with pre-chilled
phosphate-buffered saline (PBS), centrifuged at 2000 rpm
for 5 min, and suspended in a tube at a density of 1x10°
cells mL™'. Then, the cells were fixed with 70% ethanol
overnight at 4°C. The fixed cells were centrifuged and
resuspended in 500 mL of sample staining buffer, contain-
ing 25 mL propidium iodide and 10 mL RNase A. The
cells were incubated for 30 min at 37°C in the dark, and
then, the variation in the DNA content was detected using
a flow cytometer (Beckman Coulter, Brea, CA, USA).

Wound Healing Assay
EC9706 cells were inoculated at a density of 5x10° cells well '
in 6-well culture plates (Corning Life Sciences). The cells
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reached an 80-85% confluence, and the scarring cell mono-
layers of EC9706 were then scraped with a sterile 200-pL
pipette tip. After rinsing twice with PBS to remove the sus-
pended cells and debris, ESCC cells were cultured in a fresh
medium with 2% FBS. Images of each well were acquired
immediately using a Nikon Eclipse TS100 microscope (Nikon,
Tokyo, Japan). Cells were cultured for 24 h, 48 h and 72 h at
37°C. The degree of cell spread among groups was quantified
by measuring the distances from the wound edges.

Western Blot

Cells were lysed by adding RIPA lysis buffer supplemen-
ted with a protease inhibitor (Phenylmethanesulfonyl
fluoride; Solarbio Life Sciences, Beijing, China) and the
phosphatase inhibitor Na3VO4 (Beyotime, Shanghai,
China). Cell lysates were centrifuged at 15,000 rpm for
10 min at 4°C. Approximately 0.4 mg of protein was
mixed with 4% protein sample buffer and heated for 5
min at 100°C. Samples were separated by 8—15% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
transferred onto a polyvinylidene fluoride membrane for
incubating with the corresponding antibodies (N-cadherin,

CELL CYeLE
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Cell Number
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(195223

E-cadherin, Vimentin, Snail, Bitl or p-actin; Abcam,
Cambridge, MA, USA) for overnight at 4°C, and then
with secondary antibodies (Abcam) for 2 h at 37°C. The
protein bands were visualized using the enhanced chemi-
Biotech,
Shanghai, China), whereas the relative protein level
using AlphaView (Protein Simple, San Jose, CA, USA).

luminescent detection system (Beyotime

Establishment of the Animal Model

All procedures were carried out according to protocols
approved by the Institutional Committee for Use and Care of
Laboratory Animals of Zhengzhou University and compliance
with the “Guide for the Care and Use of Laboratory Animals”.
Subrenal capsule models were established as reported
previously.?! Briefly, ESCC cells at a density of 1x10° were
mixed with rat tail tendon collagen and incubated for 30min of
at 37°C to form a gel block that was kept in sterile Hanks fluid
until xenotransplantation under the renal capsule of female
NOD/SCID mice (46 weeks old), which were purchased
from the Beijing Vital River Laboratory Animal Technology
Co., Ltd. Mouse surgery was performed under sterile condi-
tions. At week 1 post-operation, the animals were evaluated for
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Figure | Screening of EC9706-l, and EC9706-I5 cells and identification of biological characteristics. (A) Morphology of EC9706-ly and EC9706-I; cells screened by three
Transwell assays. (B) Number of metabolically active cells estimated by the CCK-8 assay at 0 h, 24 h, 48 h, 72 h, and 96 h post-culture. (C) Cell cycle distribution assayed by

flow cytometry. **Indicates significant difference at P < 0.001.
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Table 1 DNA Content of EC9706-l, and EC9706-l; Cells in
Different Phases of Cell Cycle

Groups DNA Content (%)

Go/G, S G,;M Pl
EC9706-lo 67.9 20.9 1.2 32.1
EC9706-I3 63.5 26.6 9.9 36.5

Abbreviation: Pl, proliferation index.

tumor growth using a live animal imaging system in conjunc-
tion with bioluminescent imaging. At week 14 post-operation,
all mice were euthanised, tumors and organs were collected,
photographed and fixed for histopathological evaluation.

Hematoxylin and Eosin Staining

Histopathology of the tumors and organs was assessed by
a hematoxylin and eosin staining kit (Beyotime), according
to the manufacturer’s instructions. The results were evaluated

by a pathologist.

A

48h

Oh 24h

10KD “wse SB Bit]

20KD e ’ Snail

100KD "% gy N-cadherin
S7KD (. S Vimentin
120KD g E-cadherin

42KD #mms s, f-actin
EC9706-1, EC9706-I,

72h

Statistical Analysis

GraphPad Prism 8.0 (GraphPad, La Jolla, CA, USA) was
used for statistical analysis. Quantitative data were presented
as mean * standard error. Significant differences between
groups were identified by Student’s ¢-test at P < 0.05.

Results
EC9706-13 Cells Exhibit a Rapid

Proliferation Ability

Compared with EC9706-1, cells, EC9706-1; cells did not
show cell-cell contact and had a spindle-shaped, stretched
fibroblast-like appearance with increased pseudopodia
(Figure 1A). Besides, the proliferation ability of EC9706-15
cells was significantly higher (P < 0.001) than that of
EC9706-1, cells at 24 h, 48 h, and 72 h post-culturing
(Figure 1B). The cell cycle distribution showed that
EC9706-1; cells exhibited a longer S phase but shorter Gy
/G phase with a concomitantly larger proliferation index
compared with EC9706-1, cells (Figure 1C and Table 1).
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Figure 2 Migratory ability and phenotype of EC9706-I3 and EC9706-I, cells. (A) Migration ability of EC9706-ly and EC9706-I; cells by wound healing assay. (B) Migrative
distances of EC9706-l, and EC9706-15 cells at 72 h post-culture. (C, D) Expression of N-cadherin, Snail, Vimentin, E-cadherin, and Bitl in EC9706-ly and EC9706-I; cells
estimated by Western blot. All values are presented as mean * standard error (SE). * and ** indicate significant differences at P < 0.05 and P < 0.01, respectively.
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These data suggested that the novel ESCC cell line obtained
by Transwell assay had a rapid proliferation ability.

EC9706-I5 Cells Sustained a Mesenchymal
Phenotype

A stepwise study of the wound healing assay showed that the
migration distance of EC9706-1, cells was significantly lower
(P < 0.05) than that of EC9706-1; cells at 72 h post-culturing
(Figure 2A and B). Western blot confirmed that N-cadherin,
Vimentin, Snail and Bitl expression was significantly upregu-
lated (P =0.0221, P = 0.0273, P =0.0372, P =0.0272, respec-
tively) in EC9706-15 cells compared with that in EC9706-1,
cells (Figure 2C and D), whereas E-cadherin expression was
significantly downregulated (P = 0.0091). Our data suggested
that EC9706-1; cells exhibited highly invasive ability with an
obvious mesenchymal phenotype.

EC9706-I5 Cells Showed Relatively Low

Chemosensitivity
Our results showed that the chemosensitivity of EC9706-1;
cells to 5-FU, ADM, and DDP (Figure 3A-C) was reduced

>

compared with that of EC9706-1, cells. Specifically, the
IC50 values of EC9706-15 cells were higher than those of
EC9706-1, cells; 3.675 + 0.8386 vs 0.9493 + 0.3003 (P =
0.0378) for 5-FU, 1.229 = 0.3309 vs 0.3273 = 0.0653 (P =
0.0557) for ADM, and 5.137 + 0.6403 vs 3.190 + 0.1147
(P =0.1011) for DDP (Figure 3D-F). These data indicated
that the high invasiveness of EC9706-I3 cells clearly
reduced the sensitivity to 5-FU.

Rapid Proliferation Ability Triggered in

the EC9706-I5 Cell Xenografted Mice

EC9706-1y and EC9706-I; cells were transplanted
beneath the renal capsule of five NOD/SCID mice. The
rich supply of blood under subrenal capsule was condu-
cive to the invasion and metastasis of cancer cells. As
shown in Figure 4A, the tumorigenesis rate was 100%,
and the tumors formed by EC9706-I, cells grew more
slowly than those formed by EC9706-15 cells at weeks
3—-14 post-operation. At d 17 post-operation, the tumor
specimens of the EC9706-15 xenograft were covered by
prominent vasoganglia on the renal surface (Figure 4B).
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Figure 3 Chemosensitivity of EC9706-ly and EC9706-I5 cells detected by CCK-8 assay. (A—C) Viability of EC9706-lo and EC9706-I3 cells at different concentrations for
5-fluorouracil (5-FU), doxorubicin (ADM), and cisplatin (DDP). (D-F) IC50 of EC9706-l; and EC9706-I; cells for 5-FU, ADM, and DDP. *Indicates significant difference at P < 0.05.
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EC9706-1,

EC9706-1

3

Figure 4 Subrenal capsule xenograft tumor model. (A) Live animal imaging for
assessing tumourigenicity and tumor growth of EC9706-ly and EC9706-I; cells at
weeks 3, 8, and |4 post-operation. (B) Tumor specimen of EC9706-I; xenograft
tumors at day |7 post-operation. (C) Tumor metastasis in the subrenal capsule
model using EC9706-15 cells: 1) tumor cells grown under the renal capsule and
gradually invaded into the renal tissue; 2) tumor cells gradually invaded and wrapped
around glomerulus and renal tubules; 3) tumor cells gradually approached the renal
vessels and invaded the vascular system; 4) tumor cells invaded the vascular system,
survived and stayed, formed tumor thrombus, and metastasized to other organs by
blood vessels.

The tumor beneath the renal capsule gradually invaded
into the inner kidney tissues and then reached the glo-
meruli of the kidney and nephric tubule (Figure 4C).
Finally, the tumor reached the vasculature of the kidney
(Figure 4C). Only two mice died accidentally due to
anesthesia, whereas the rest were euthanized after the
end of the experimental period. No life-threatening post-
operative complications were identified. These results
suggested that the renal capsule model of ESCC cells
was successfully established and had high proliferative
potential.

EC9706-13 Cells Displayed High Distant

Metastatic Potential

Pathological results confirmed that distant metastasis
occurred in the EC9706-15 xenograft model, and the meta-
static site of the EC9706-I; model contained the kidney,
heart, liver, lung, spleen, and pancreas (Figure 5). In con-
trast, the distant metastasis rate of the EC9706-1, model
was 40%, and the metastatic site included only the kidney
and heart (Figure 5 and Table 2). These findings suggested
that an animal metastatic model of ESCC subrenal capsule
was successfully established, providing a novel platform
for further exploring metastasis mechanisms.

Discussion
Previous studies revealed that animal models are essential
for studying anti-tumor drug efficacy and toxicity as well
as deciphering gene function in a majority of tumors.”* >’
The subcutaneous grafting model and intravenous injec-
tion were mostly used to explore the efficacy of drug and
gene function in ESCC; however, both models have major
drawbacks such as low success rates, lack of metastasis,
and dissemination or intravasation of tumor cells.'*° The
subrenal capsule can provide a positive interstitial fluid
pressure and a high rate of blood flow,?' and thus it is ideal
for establishing an animal model. Given the current inter-
nal nature of ESCC cell lines available without high inva-
sion ability, it is very necessary to establish the highly
invasive ESCC cell lines. Here, we screened EC9706-15
cells using a Transwell assay and identified their biological
characteristics. We further established a renal capsule
model of ESCC cells, in which tumor cells displayed
rapid proliferation ability and spontaneous distant meta-
static potential. Therefore, our results will highly benefit
the basic research and preclinical drug testing for ESCC.
Compared with EC9706-1,, the newly established cell
line, EC9076-15, exhibited high invasive ability, rapid pro-
liferation, and reduced chemosensitivity for 5-FU, but not to
DDP and ADM. Previous studies demonstrated that cell
invasion and metastasis are tightly associated with the
epithelial-mesenchymal transition process in various
tumors.>* ¢ Notably, Bitl expression is positively corre-
lated with the invasion of ESCC cells in our publication.'”
Therefore, in the present study, we studied the expressions
of N-cadherin, Vimentin, Snail, and Bitl in EC9706-I, and
EC9706-15 cells and found that the latter harbored higher
protein levels than the former, suggesting that the cell sub-
population was highly invasive, exhibited a mesenchymal
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EC9706-1,

EC9706-1;

Figure 5 Tumor cells metastasis in the EC9706 xenograft subrenal capsule model visualized by hematoxylin and eosin staining. Green arrow, tumor cells metastasized to

other organs.

phenotype, and thus, could be ideal for further exploring the
molecular mechanisms of ESCC metastasis.

In past studies, subcutaneous xenograft and orthotopic
models were employed to evaluate the efficacy of antitumor
drugs in esophageal carcinoma.”'®?"*® The strategy of
implanting tumors beneath the renal capsule was developed
for the rapid screening of chemotherapeutic agents.”'
However, currently, there is no report of a high spontaneous
metastatic model of ESCC using renal capsule technology.

Here, we utilized a highly aggressive EC9706-1; cell line to
establish a metastatic model by renal capsule technology. We
found that the tumorigenesis rate was 100% but tumor
growth by EC9706-15 cells was more rapid than that by
EC9706-1, cells. Besides, distant metastasis occurred in
EC9706-15-derived tumors, and the metastatic site contained
the lung, heart, liver, pancreas and spleen, whereas the distant
metastasis rate of EC9706-I, models was 40%, and meta-
static site was only restricted to heart.
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Table 2 Metastatic Sites, Tumorigenesis Rate, and Distant Metastatic of EC9706-ly and EC9706-I5 Cells in Mice

Groups No. of Distant Metastatic Metastatic Sites Tumorigenesis Distant Metastatic
Mice Number Rate (%) Rate (%)
EC9706-l, | 5 2 Kidney and heart 100 40
EC9706-1;3 | 5 Kidney, heart, liver; lung, pancreas, 100 80
and spleen

Overall, the operational procedure was simple, the
wound healing was accelerated, no infection occurred,
and the model had a short establishment period. Thus,
the chances for post-operational complications or mortality
associated were relatively low. Moreover, the cells were
inoculated on one of the renal capsules, and thus, the other
can be used for regular functioning. The data supported
that our animal model might provide an ideal platform for
further exploring the molecular mechanisms of ESCC
metastasis.

Conclusions

In conclusion, we established a highly invasive ESCC cell
line with an obvious mesenchymal phenotype as well as
a spontaneous and distant metastatic potential, which
could be used to develop an animal model for studying
ESCC. Overall, our model can serve as a platform for
elucidating the underlying molecular mechanisms of
ESCC metastasis and testing the efficacy of anti-
metastatic drugs.
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