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Background: Oesophageal cancer (EC) is one of the common malignant tumors, and the prognosis of patients is poor.
Further exploration of EC pathogenesis remains warranted.

Objective: The relationship between vascular epithelial cadherin (VE-cadherin) and chitinase-3-like protein 1 (CHI3L1)
in EC is currently unknown. To further explore the relationship, immunohistochemical staining was performed to detect
the expression level of CHI3L1 and VE-cadherin in oesophageal squamous cell carcinoma ( ESCC).

Materials and Methods: Small interfering RNAs (siRNAs) inhibited CHI3L1 expression in KYSE-150 and TEI cells.
Western blot and quantitative fluorescence polymerase chain reaction were used to detect the levels of CHI3L1, VE-
cadherin and epithelial-mesenchymal transition (EMT)-related proteins in vitro and in vivo, and KYSE-150 cells were
used to establish an in-vivo model and observe tumour growth.

Results: High levels of CHI3L1 and VE-cadherin expression were closely associated with the progression of ESCC; the
pathologic tumour-node-metastasis stage was also closely related with the progression of ESCC (p < 0.05). High levels
of CHI3L1 and VE-cadherin expression led to poor prognosis in patients with EC. In KYSE-150 and TE1 EC cell lines,
the invasion, migration and proliferation of cells decreased, and the apoptotic rate increased after CHI3L1 expression
was decreased using siRNA. The CHI3L1, VE-cadherin, Snail, Twistl protein and mRNA expression levels decreased,
whereas the E-cadherin levels increased.

Conclusions: Chitinase-3-like protein 1 could promote the EMT of ESCC, and the inhibition of CHI3L1 decreases the

expression of VE-cadherin, which inhibits tumour angiogenesis and tumour progression in ESCC.
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1. Background oesophageal squamous cell carcinoma (ESCC)
Oesophageal cancer (EC) is a malignant tumour and  accounts for >90% of ECs (2). Although significant
the sixth leading cause of tumour-related death (1); progress has been made in the early detection,

Copyright © 2024 The Author(s); Published by National Institute of Genetic Engineering and Biotechnology. This is an open access article, distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/)

which permits others to copy and redistribute material just in noncommercial usages, provided the original work is properly cited.



QinY et al.

accurate diagnosis and combined treatment of ESCC,
its 5-year survival rate remains extremely low (3).
The primary reason for this is that the invasion
and metastasis of ESCC fatally affect the patients’
prognosis. Therefore, it is necessary to explore the
pathogenesis of ESCC further and provide new
therapeutic targets for it.

Chitinase-3-like protein 1 (CHI3L1) is a protein
similar to mammalian chitinase. It belongs to the
glycoside hydrolase family 18 and is located on the
human chromosome 1q32. Its amino acid sequence
has extremely high homology (4,5). It is a secreted
glycoprotein first discovered in the osteosarcoma MG-
63 cell line cultured in vitro in 1992 (6). Chitinase-3-
like protein 1 participated in the growth, proliferation,
differentiation and remodelling of tissue. It played an
important role in chronic inflammatory diseases, such
as severe bacterial infections (7) and liver fibrosis
(8, 9). The expression of CHI3L1 was elevated in
the serum and tumour cells of patients with various
malignancies, and CHI3L1 indicated poor survival and
prognosis in patients with tumours (10-12).
Chitinase-3-like protein 1 could promote tumour
angiogenesis and stromal remodelling. In the colon
cancer SW480 cell line, overexpression of CHI3L1
could promote tumour angiogenesis by activating the
ERK1/2 and JNK pathways of tumour cells (13). In
a co-culture system of osteosarcoma cell line MG-63
and fibroblasts, inhibiting the expression of CHI3L1 in
tumour cells could lead to a decrease in the expression
of MMP-1 and vascular endothelial growth factors
(VEGF) in fibroblasts (14). In gliomas, overexpression
of CHI3L1 could promote tumour cells to express
VEGTF, thereby promoting the formation of new blood
vessels (15). In EC, CHI3L1 expression indicated
that CHI3L1 was highly correlated with the increased
macrophage signature genes in oesophageal tumour
tissue (16).

Vascular epithelial cadherin (VE-cadherin),
called cadherin-5, is a specific structural protein that
is indispensable for maintaining the polarity and
integrity of vascular endothelial cells. It can be used
as an intercellular adhesion medium of the same type
and is closely related to the stable distribution of cell
membranes and the adhesion function of vascular
endothelial cells (17). Studies have shown that VE-
cadherin was overexpressed in aggressive human-skin
cells and highly aggressive melanoma cells but not in

also
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non-invasive or low-aggressive melanoma cells (18).
Recently, VE-cadherin has been demonstrated to be
associated with vasculogenic mimicry (VM) (19, 20).
After VE-cadherin inhibition, aggressive melanoma
cells could not form an angiogenesis-like network,
which
promoted angiogenesis in the process of mimicking
cell formation (21). Thus, VE-cadherin could enhance
the microvascular formation of malignant tumours
and promote their growth and progression (22,23).
According to previous studies, CHI3L1 and VE-
cadherin were both associated with angiogenesis,
but there was no relevant report on the link between
CHI3L1 and VE-cadherin in ESCC.

indicated that tumour-related VE-cadherin

2. Objective

In this study, we aimed to investigate the association
between CHI3L1 and VE-cadherin, explore the
possible mechanism of oesophageal squamous
epithelium carcinogenesis and provide a theoretical
basis for targeted gene therapy for patients with ESCC.
We hypothesised that CHI3L1 promoted epithelial—
mesenchymal transition (EMT) in ESCC and that
the inhibition of CHI3L1 decreased VE-cadherin
expression, thereby inhibiting tumour angiogenesis
and tumour progression.

3. Materials and Methods

3.1. Clinical Data

A total of 120 samples of paraffin specimens of ESCC
and 60 samples of normal oesophageal mucosa tissue
were collected from our hospital between January
2015 and December 2015. The selected patients were
followed up until their death or until December 2015;
the follow-up time was 9—78 months. All patients gave
their informed consent, and the study was approved by
the Ethics Committee of Bengbu Medical University.
The clinical information of the patients is shown in
Table 1. There were 97 men and 23 women; 48 patients
were <65 years old, and 72 were >65 years old. Gross
tumour morphology included the ulcer type in 44
patients, medullary type in 56 patients, mushroom
type in 14 patients and constrictive type in 6 patients.
The tumour location was in the upper segment in 10
patients, the middle segment in 51 patients and the
lower segment in 59 patients. In terms of histological
differentiation, the tumour was well differentiated in 12
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patients, moderately differentiated in 78 patients and
poorly differentiated in 30. The tumour size was <3.5
cm in 62 patients and >3.5 cm in 58. In 76 patients,
the tumour had invaded the serosal layer, and in 44
patients, the tumour had not reached the serosal layer.
There were 47 cases of lymph node metastasis and 73
cases without lymph node metastasis. The pathologic
tumour-node-metastasis (pTNM) stage was [ + I in 82
patients and III + IV in 38 patients. The patients agreed
that all data and specimens could be obtained, and no
radiotherapy, chemotherapy or other treatments were
performed. The results of the pathological diagnosis
were interpreted by two senior pathologists.

3.2. Immunochemistry

The paraffin-embedded specimens were sliced to a
thickness of 4 pm. The slides were deparaffinised and
followed by a 10-min treatment with 3% hydrogen
peroxide. Antigen retrieval was performed using sodium
citrate. Blocking was performed using goat serum for
1 h at 25 °C. Primary antibodies were subsequently
incubated overnight at 4 °C with CHI3L1 (dilution
ratio 1:1,000, ab77528, Abcam, USA) and VE-cadherin
(dilution ratio 1:1,000, ab232880, Abcam, USA). The
DAB reagent was dyed for 3—5 min and then re-stained
with haematoxylin and sealed with neutral gum (20).
The appearance of brown—yellow or brown-—black
particles in the tumour cytoplasm indicated a positive
expression of CHI3L1 protein. The formation of brown—
yellow or tan particles in the tumour cell membrane
and/or cytoplasm indicated a positive expression of
the VE-cadherin protein (Fig. 1A-1D). According
to the proportion of positive cells, <10% = 0 points,
10%—25% = 1 point, 26%—50% = 2 points, 5%—75% =
3 points and >75% = 4 points. Based on the intensity of
positive cell staining, 0 = uncoloured, 1 = light yellow
or yellow, 2 = brown and 3 = brown-black. The scores
of the two items were multiplied; <3 was considered
negative, and >3 was considered positive.

3.3. Cell Culture

Oesophageal cancer cell lines, KYSE-150 and TEI,
were purchased from NCACC, China and cultured in
Dulbecco’s modified Eagle medium (DMEM) (Gibco,
USA) containing 10% foetal bovine serum (FBS)
(Gibco, USA) and 100 U.mL"! of penicillin/streptomycin
at 37 °C with 5% CO,. These two cell lines were the
most commonly used ESCC cell lines (20).
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3.4. Cell Transfection

A silencing CHI3L1 small interfering RNA
(siRNA) fragment was designed (GenePharma,
China), and siRNA constructs were performed
using the psiRNAHI-neo vector (Testobio, China).
The siRNA-control was as follows: (forward),
5’-UUCUCCGAACGUGUCACGUTT-3’, Antisense
5’-ACUUGACACGUUCGGAGAATT-3" (reverse),
siRNA-1: 5’-CCCACCCUAAUCAAGGAAAUTT-3’
(forward), 5’-AUUUCCUUGAUUAGGGUGGTT-3’
(reverse), siRNA-2: 5’-GAGCCACAGUCCAUAGAA
UTT-3’ (forward) and 5’~-AUUCUAUGGACUGUGGC
UCTT-3’ (reverse); see Table 2 for details. The KYSE-
150 and TE1 cell lines were split into three groups: the
NC group (siRNA control group), the siRNA-1 group and
the siRNA-2 group. The cells in the exponential growth
phase were seeded into a six-well plate at a density of
2 x 103/well. After 24 h, siRNA-1 and siRNA-2 were
interfered with according to Lipofectamine™ 2000
reagent (Invitrogen, USA) transfection of RNA. After
6 h, the fresh medium was replaced for subsequent
experiments. The siRNAs started to show effects 48
h after transfection, and the following assays were
consistent with the timing of CHI3L1 knockdown.

3.5. Transwell Assay

Differently transfected ESCC cells were seeded in a
24-well plate. In the invasion assay, the upper chambers
were coated with Matrigel (BD, USA) before the cells
were seeded, whereas the migration was not. The
upper chamber was inoculated with 2 x 103 KYSE-150
and TE1 cells suspended in a serum-free medium, and
the lower chamber had DMEM containing 10% FBS
added. After 48 h, the filter membrane was removed,
and the upper chamber cells were wiped with a cotton
swab to fix them before being stained with crystal
violet for 1 h (20).

3.6. Wound Healing Assays

Horizontal lines were appropriately drawn on the back
of the six-well plate. The cells were inoculated in the
six-well plate at a density of 5 x 10° cells/well, and the
transfection was carried out for 24 h. The pipette tip was
used to draw three lines perpendicular to the previously
drawn horizontal lines, making parallel vertical lines.
The cells were rinsed with phosphate buffered saline
three times to remove the exfoliated cells, and then
the cells were returned to the incubator to continue
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incubating. The specimens were taken for analysis (20).

3.7. MTT Assay

Experiments were performed using 96-well plates.
A total of 2,000 cells were seeded per 96-well plate.
After culturing the cells for 3 days, cell growth was
detected using MTT (thiazolyl blue tetrazolium, from
Sigma). Cells were incubated for 4 h using MTT and
then measured at OD490 using a Biotek Synergy HI
microplate reader (20).

3.8. Cell Apoptosis Assay

Cells were treated via transfections, as noted above. The
cells were then collected and subjected to V-fluorescein
isothiocyanate (FITC) and propidium iodide (PI) stain-
ing, following the reagent manufacturer’s instructions.
The cells’ apoptosis was detected via flow cytometry
(20).

3.9. In-vivo Animal Experiments

The conduct of the animal study was approved by the
ethics committee. Experiments were performed using
5-week-old male nude mice. Each mouse was injected
subcutaneously with 1 x 10”7 KYSE-150 cells. The
tumour growth rate and size were measured (20). Five
mice were used in each experimental group.

3.10. Western Blot

The proteins of the KYSE-150 and TE1 cell lines
were lysed and extracted using a strong radioimm-
unoprecipitation assay lysis buffer. The protein bands
were separated by SDS page gel. Then, the protein
was transferred to a PVDF membrane (Millipore
Company, USA), antibody VE-cadherin (1:1,000,
ab232880, Abcam, USA), CHI3L1 (1:1,000, ab77528,
Abcam, USA), E-cadherin (1:500, AF0131, Affinity
Biosciences, USA) were incubated after blocking, Snail
(1:500, Affinity Biosciences, USA) and Twistl (1:500,
AF4009, Affinity Biosciences, USA). Glyceraldehyde
3-phosphate dehydrogenase (ab128915, Abcam, USA)
was used as the internal reference protein.

3.11. Fluorescence Quantitative Real-Time Polymerase
Chain Reaction

The cells were collected, and the total RNA was
extracted using the TRIzol™ (Invitrogen, USA) lysis
method; an ultraviolet spectrophotometer was
used to measure the concentration and purity. The
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design primers and synthesise primers (Sangon
Biotech, Shanghai, China) were as follows: CHI3L1
F:5-GTGGAATGATGTGACGCTCTACGG-3’,R:
5’-TCTGGGTGTAGGCTATCTTGG-3’, VE-cadherin
F:5’-CCTCTGTGGGCTCTCTGTTTGTTG-3",R:5’-
TGTCTCAATGGTGAAAGCGTCCTG-3’,E-cadherin
F:5°-GCATACTCACTGTCGAAGCCTACG-3",R:
5’-GCAAGCAGCCACTGTTGTCAATG-3",Snail
F:5°-CGCTCCACCTTCAAGTATGCCTTC-3’,R:
5’-AGGACGACGGAAAAGACGGAAATC-3,
Twistl F:5’-GACTTCCTCTACCAGGTCCTCCAG-3’
and R:5’-TCCAGACCGAGAAGGCGTAGC-3’
(Table 2). Quantitative real-time polymerase chain
reaction (PCR) was performed with cDNA as a
template. Three replicates were set for each sample
to obtain the cycle threshold of each sample. The
reaction conditions were 95 °C for 30 s, 95 °C for 5 s
and 60 °C for 30 s (35 cycles). The 24T method was
used to perform a relative quantitative analysis of the
differential expression of sample genes (20).

3.12. Statistical Analysis

All data were collected using the SPSS 26.0 software
(IBM, USA). Data were shown as mean £ SD. The
Kaplan—Meier method was used to evaluate the
survival characteristics of CHI3L1 and VE-cadherin
positive and negative protein expressions. The log-rank
test was used for comparison. Multivariate analysis
was conducted using the Cox regression model, and
Pearson correlation analysis was used for CHI3L1 and
VE-cadherin protein expression. A p value of <0.05
was considered statistically significant.

4. Results

The relationship between CHI3L1 and VE-cadherin in
ESCC is currently unknown. In this study, CHI3L1 and
VE-cadherin were highly expressed in ESCC tissues.
Knockdown of CHI3L1 inhibited invasion, migration
and proliferation of ESCC cells and increased the
apoptosis of ESCC cells. Therefore, it was thought that
the simultaneous knockdown of CHI3L1 could inhibit
VE-cadherin expression and reduce the EMT of ESCC.

4.1. Comparison of the Expression of Chitinase-3-
Like Protein 1 and Vascular Epithelial Cadherin in
Oesophageal Squamous Cell Carcinoma

To explore the relationship between VE-cadherin and
CHI3L1 in ESCC, 120 patient samples were collected
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Table 1. The relationship between CHI3L1, VE-cadherin expression and the clinicopathological

characteristics of ESCC

Variable CHI3L1 2 P VE-cadherin 2 P
Positive Negative Positive Negative
Gender 0.213 0.644 1.294 0.255
Male 64(65.98%) 33(34.02%) 63(64.95%) 34(35.05%)
Female 14(60.87%) 9(39.13%) 12(52.17%) 11(47.83%)
Age (years) 0.22 0.639 0.593 0.441
<65 30(62.50%) 18(37.50%) 28(58.33%) 20(41.67%)
>65 48(66.67%) 24(33.33%) 47(65.28%) 25(34.72%)
Gross type 6.012 0.111 3.387 0.336
Ulcerative 30(68.18%) 14(31.82%) 30(68.18%) 14(31.82%)
Medullary 39(69.64%) 17(30.36%) 36(64.29%) 20(35.71%)
Mushroom 5(35.71%) 9(64.29%) 6(42.86%) 8(57.14%)
Constrictive 4(66.67%) 2(33.33%) 3(50.00%) 3(50.00%)
Location 10.85 0.004 9.208 0.01
Upper 9(90.00%) 1(10.00%) 8(80.00%) 2(20.00%)
Middle 25(49.02%) 26(50.98%) 24(47.06%) 27(52.94%)
Lower 44(74.58%) 15(25.42%) 43(72.88%) 16(27.12%)
Differentiation 1.341 0.511 3.783 0.151
Well 8(66.67%) 4(33.33%) 6(50.00%) 6(50.00%)
Moderate 48(61.54%) 30(38.46%) 46(58.97%) 32(41.03%)
Poor 22(73.33%) 8(26.67%) 23(76.67%) 7(23.33%)
Diameter (cm) 7.817 0.005 10.901 0.001
<3.5 33(53.23%) 29(46.77%) 30(48.39%) 32(51.61%)
>3.5 45(77.59%) 13(22.41%) 45(77.59%) 13(22.41%)
i:f;g‘:l"lz;';: 29.175 0 20249 0
Yes 63(82.89%) 13(17.11%) 59(77.63%) 17(22.37%)
No 15(34.09%) 29(65.91%) 16(36.36%) 28(63.64%)
Lzl':t‘;: t:;’i‘:e 23.83 0 27703 0
Yes 43(91.49%) 4(8.51%) 43(91.49%) 4(8.51%)
No 35(47.95%) 38(52.05%) 32(43.84%) 41(56.16%)
pTNM stage 21.615 0 24.657 0
I1+11 42(51.21%) 40(48.78%) 39(47.56%) 43(52.44%)
-+v 36(94.74%) 2(5.26%) 36(94.74%) 2(5.26%)

for the study. The positive rate of CHI3L1 in ESCC
(65.0%, 78/120) was higher than its positive rate in
normal oesophageal epithelial tissue (13.3%, 8/60). The
positive rate of VE-cadherin in ESCC (62.5%, 75/120)
was higher than its positive rate in normal oesophageal
epithelial tissue (5.0%, 3/60). The expression of CHI3L1
and VE-cadherin in tumour tissues and adjacent tissues

66

was detected using immunohistochemical staining,
and the results showed that the expression of CHI3L1
(positive rate: 65.0%) and VE-cadherin (positive rate:
62.5%) in tumour tissues was significantly higher than
the expression of CHI3L1 (positive rate: 13.3%) and
VE-cadherin (positive rate: 5.0%) in adjacent tissues (p
<0.05) (Fig. 1A-1D).
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Figure 1. CHI3L1 protein and positive expression of VE-cadherin protein in oesophageal squamous
cell carcinoma and normal esophageal epithelium. A,B) Positive staining of CHI3L1 in ESCC and normal
esophageal epithelium tissue, respectively (40X). Arrows indicated positive staining. C,D) Positive staining of
VE-cadherin in ESCC and normal esophageal epithelium tissue, respectively (40X). Arrows indicated positive
staining. E) Expression of CHI3L1and VE-cadherin in normal and ESCC tissues. F) Quantifications of Figure 1E.
G) The overall survival (OS) rate of CHI3L1 positive patients with ESCC. H) The overall survival (OS) rate of
VE-cadherin positive patients with ESCC. **P<0.01, ***P<0.001.
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Table 2. siRNA sequence and primers used for qRT-PCR.

Gene Forward Reverse

siRNA-control 5'-UUCUCCGAACGUGUCACGUTT-3' 5'- ACUUGACACGUUCGGAGAATT-3’
siRNA-1 5'-CCCACCCUAAUCAAGGAAAUTT-3' 5'-AUUUCCUUGAUUAGGGUGGTT-3'
siRNA-2 5'-GAGCCACAGUCCAUAGAAUTT-3’ 5'-AUUCUAUGGACUGUGGCUCTT-3'
CHI3L1 5’-GTGGAATGATGTGACGCTCTACGG-3’ 5’-TCTGGGTGTAGGCTATCTTGG-3’
VE-cadherin 5’-CCTCTGTGGGCTCTCTGTTTGTTG-3’ 5’-TGTCTCAATGGTGAAAGCGTCCTG-3’
E-cadherin 5’-GCATACTCACTGTCGAAGCCTACG-3’ 5’-GCAAGCAGCCACTGTTGTCAATG-3’
Snail 5’-CGCTCCACCTTCAAGTATGCCTTC-3’ 5’-AGGACGACGGAAAAGACGGAAATC-3’
Twistl 5’-GACTTCCTCTACCAGGTCCTCCAG-3’ 5’-TCCAGACCGAGAAGGCGTAGC-3’

The positive rates of CHI3L1 protein and VE-cadherin
were closely related to the depth of tumour invasion,
pTNM stage, tumour size and tumour location (r =
0.839, p < 0.05). An increase in tumour invasion depth
was accompanied by an increase in 1: the lymph node
metastasis of the tumour and the pTNM stage of the
tumour and 2: the protein levels of CHI3L1 and VE-
cadherin. However, there was no correlation between
CHI3L1 protein expression and patient gender, age,
tumour type and degree of differentiation (p > 0.05).
The results were shown in Table 1. The Pearson
analysis indicated that CHI3L1 and VE-cadherin
were significantly positively correlated (» = 0.839,
p < 0.05), and the western blot results also showed a
high expression of CHI3L1 and VE-cadherin in ESCC
tissues (Fig.1E, 1F). The relative expression of CHI3L1
and VE-cadherin in ESCC tissues was 0.72 £ 0.11 and
0.106 £ 0.031, respectively; the relative expression of
CHI3L1 and VE-cadherin in ESCC tissues was 0.22 £+
0.16 and 0.002 + 0.001, respectively (Fig. 1F).

4.2. Survival Analysis

The overall survival rate of patients with ESCC was
37.5%(45/120). The survival rate was significantly lower
in the CHI3L1 (survival rate: 10%) and VE-cadherin
(survival rate: 7.5%) positive group than in the CHI3L1
(survival rate:90.8%) and VE-cadherin (survival rate:
88.3%) negative group (log-rank = 64.450, 69.586,
all p < 0.05) (Figures 1G, H). Chitinase-3-like protein
1, VE-cadherin and lymph node metastasis could be
used as independent evaluation factors (p < 0.05) in
the prognosis of patients with ESCC through the Cox
multivariate regression model (Table 1).
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4.3. Inhibition of Invasion and Migration of Oeso-
phageal Squamous Cell Carcinoma Cells by Knockdown
of Chitinase-3-Like Protein 1

Wound healing experiments showed that in the KYSE-
150 and TEI cell lines, the post-CHI3L1-knockdown
wound healing speed was significantly lower in the
siRNA-1 (KYSE-150: 0.66 = 0.008; TE1: 0.53 £ 0.06)
and siRNA-2 (KYSE-150: 0.62 + 0.04; TE1:0.50
* 0.04) groups than in the NC group (KYSE-150:
1.0 £ 0.16; TE1:1.0 £ 0.02; p < 0.05) (Fig. 2A). To
further confirm the effects of reducing CHI3L1 on
the migration ability of EC cell lines, this experiment
used the transwell chamber to detect the changes in
cell invasion and migration capabilities (Fig. 2B). In
KYSE-150 and TEI1 cell lines, the invasion ability was
significantly lower in the siRNA-1 (KYSE-150: 0.48 +
0.10; TE1: 0.41 £ 0.11) and siRNA-2 (KYSE-150: 0.46
+0.12; TE1: 0.36 = 0.09) groups than in the NC group
(KYSE-150: 1.0 £ 0.02; TE1: 1.0 £ 0.02; p < 0.05).
Furthermore, the migration ability was significantly
lower in the siRNA-1 (KYSE-150: 0.46 + 0.07; TE1:
0.39 + 0.01) and siRNA-2 (KYSE-150: 0.35 £ 0.06;
TE1:0.40 £ 0.07) groups than in the NC group (K'Y SE-
150: 1.0£0.01; TE1:1.0 £ 0.02; p < 0.05). These results
indicated that the invasion and migration of EC cells
were decreased following knockdown of CHI3L1.

4.4. Inhibition of Proliferation and Promotion of
Apoptosis in Oesophageal Squamous Cell Carcinoma
by Decrease in Chitinase-3-Like Protein 1 Expression
In this experiment, annexin V-FITC/PI staining was
used to detect KYSE-150 and TE1 apoptosis using
flow cytometry (Fig. 3A).

Iran. J. Biotechnol. July 2024;22(3): 3693



QinY et al

A)
NC SsiRNA-1 SsiRNA-2 NC siRNA-1 siRNA-2
Oh
24h
KYSE-150 cells TE1 cells
1.5 7
>
a
8 g
g, ﬁ 1.0
- 2 054
c
3 2
2 3
= o
siRNA-1 siRNA-2 siRNA-1 siRNA-2
KYSE-150 cells
B)
" 5
g % 1.5
= 5 1.0
g 3
2 50.5 _
= 2
< ol
siRNA-1 siRNA-2
145
1’4
]
[ © 1.0
o o
% % 0.5
0
siRNA-1 siRNA-2
TE1 cells
%
15 7
(= v
[
2 1.0
o °
k=) £0.5]
= =)
s 0
isNA-1 siRNA
1.5 7]
c 1’4
) £ 1.0
5 E
E § 0.5
Z
£,

siRNA-1 siRNA-2

Figure 2. Inhibiting the invasion and migration of EC cells after reducing CHI3L1. A)The scratch healing
assay of KYSE-150 and TEI cells treated with negative control or siRNA. B) The migration and invasion
assay of KYSE-150 and TE1 cells treated with negative control or siRNA. *P<0.05, siRNA-1 or siRNA-2 vs
control. All the experiments were independently repeated for n=3 times.
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Figure 3. Decreasing CHI3L1 can inhibit the proliferation and promote the apoptosis of EC. A) Flow
cytometry analysis of apotosis rate in KYSE-150 and TE1 cells staining with annexin-V treated with negative
control or siRNA. B) MTT method was used to detect changes in cell proliferation. *P<0.05, siRNA-1 or siRNA-2
vs control. All the experiments were independently repeated for n=3 times.
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Figure 4. Expression of different molecular proteins and mRNA in EC cells in each group. A) Representative
images of indicated proteins expression levels measured by western blot in KYSE-150 and TE1 cells treated with
negative control or siRNA. B) Statistical graph of indicated protein expression levels in KYSE-150 cells treated
with negative control or siRNA. *P<0.05, siRNA-1 or siRNA-2 vs control. C) Statistical graph of indicated protein
expression levels in TE1 cells treated with negative control or siRNA. *P<0.05, siRNA-1 or siRNA-2 vs control.
All the experiments were independently repeated for n=3 times.
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Compared with control cells in the KYSE-150 and
TE1 cell lines, the apoptosis rate of the siRNA-1
(KYSE-150: 6.03% + 0.94%; TE1: 5.95% £ 0.81%)
and siRNA-2 (KYSE-150: 5.84% £ 0.91%; TEl:
5.96% £ 0.76%) groups was enhanced significantly
when compared with the NC group (KYSE-150:
2.26% £ 0.95%; TE1: 2.31% £ 1.03%; p < 0.001). In
this experiment, the MTT method was used to detect
changes in cell proliferation (Fig. 3B). After reducing
the expression of CHI3LI1, the proliferation ability
was significantly lower in the siRNA-1 (KYSE-150:
0.71 £ 0.05; TE1: 0.82 £ 0.02) and siRNA-2 (KYSE-
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150: 0.67 £ 0.05; TEl: 0.69 £ 0.06) groups in the
KYSE-150 and TE1 cell lines than in the NC group
(KYSE-150: 1.0 £ 0.13; TE1L: 1.0 £ 0.03; p < 0.001).
These results suggest that inhibiting the expression of
CHI3L1 reduced the growth and proliferation of ESCC
cells and increased their apoptosis rate.

4.5. Expression of Messenger Ribonucleic Acid and
Different Molecular Proteins in Oesophageal Squamous
Cell Carcinoma Cells in Each Group

To further explore the mechanism, this experiment
detected VE-cadherin, E-cadherin, Snail and Twistl
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protein and mRNA expression levels after reducing
CHI3LI1 (Fig. 4A-4C).

Epithelial cadherin, Snail and Twistl protein are
the markers of EMT. Some studies have reported
that Snail and Twistl protein expression increased,
whereas E-cadherin expression decreased, when
EMT was enhanced (21). In KYSE-150 and TEI
cell lines, compared with the NC group, CHI3L1
(KYSE-150: NC: 091 = 0.01; siRNA-1: 0.59 *
0.01; siRNA-2: 0.78 £ 0.01; TE1: NC: 0.94 + 0.11;
siRNA-1: 0.52 £ 0.01; siRNA-2: 0.50 £ 0.05), VE-
cadherin (KYSE-150: NC: 1.16 = 0.01; siRNA-1:
0.45 £ 0.01; siRNA-2: 0.68 £ 0.01; TEL: NC: 1.17 +
0.01; siRNA-1: 0.47 £ 0.01; siRNA-2: 0.59 = 0.01),
Snail (KYSE-150: NC: 0.95 £ 0.21; siRNA-1: 0.26
* 0.08; siRNA-2: 0.29 £ 0.09; TEL: NC: 1.20 £ 0.01;
siRNA-1: 0.76 £ 0.01; siRNA-2: 0.69 £ 0.01) and
Twistl (KYSE-150: NC: 1.08 £ 0.01; siRNA-1: 0.71
+ 0.01; siRNA-2: 0.77 £ 0.01; TE1: NC: 0.60 = 0.01;
siRNA-1: 0.41 £ 0.01; siRNA-2: 0.28 £ 0.01) protein
expression in the siRNA-1 and siRNA-2 groups were
significantly higher (p < 0.01), and the expression of
E-cadherin (KYSE-150: NC: 0.20 £ 0.01; siRNA-1:
0.57 £ 0.01; siRNA-2: 0.61 £ 0.01; TE1: NC: 0.58
0.03; siRNA-1: 0.88 = 0.01; siRNA-2: 0.86 + 0.01)
protein was significantly lower (p < 0.01) (Figure
4B). Moreover, in the KYSE-150 and TE1 cell lines,
CHI3L1 (KYSE-150: NC: 1.21 £ 0.26; siRNA-1: 0.46
* 0.03; siRNA-2: 0.52 £ 0.02; TE1: NC: 1.00 + 0.16;
siRNA-1: 0.45 + 0.06; siRNA-2: 0.51 + 0.05), VE-
cadherin (KYSE-150: NC: 1.73 £ 0.25; siRNA-1:
0.46 £ 0.01; siRNA-2: 0.53 £ 0.01; TEL: NC: 1.06 +
0.12; siRNA-1: 0.47 £ 0.01; siRNA-2: 0.45 £ 0.01),
Snail (KYSE-150: NC: 1.53 £ 0.19; siRNA-1: 0.73
1 0.09; siRNA-2: 0.62 + 0.09; TE1: NC: 0.99 £ 0.11;
siRNA-1: 0.82 £ 0.01; siRNA-2: 0.79 £ 0.01) and
Twistl (KYSE-150: NC: 1.60 £ 0.20; siRNA-1: 0.58
+ 0.27; siRNA-2: 0.54 £ 0.25; TE1: NC: 0.99 + 0.16;
siRNA-1: 0.48 £ 0.21; siRNA-2: 0.45 £ 0.08) mRNA
expression in the siRNA-1 and siRNA-2 groups
were lower than in the NC group (p < 0.05) (Fig.
4C). The expression of E-cadherin (KYSE-150: NC:
1.00 £ 0.08; siRNA-1: 1.97 + 0.26; siRNA-2: 1.78 £
0.18; TE1: NC: 1.00 £ 0.05; siRNA-1: 1.34 £ 0.14;
siRNA-2: 1.28 £ 0.11) mRNA in the siRNA-1 and
siRNA-2 groups was higher than in the NC group (p
< 0.05) (Figu. 4C). Together, the results suggest that
reducing the expression of CHI3L1 could inhibit the
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expression levels of VE-cadherin, Snail and Twistl
and could increase the expression level of E-cadherin.
Chitinase-3-like protein 1 could promote the migration
and invasion ability of EC and regulate the expression
of VE-cadherin.

4.6. Inhibition of Tumour Growth in vivo by Knockdown
of Chitinase-3-Like Protein 1

In-vivo animal experiments have shown that reducing
the expression of CHI3L1 could significantly inhibit
the growth of tumour cells. In the nude mouse animal
model, the weight of tumour cells was lower in
the siRNA-1 group (26.25 + 2.363 mg) than in the
NC group (7.250 = 1.708 mg; p < 0.05) (Fig. SA).
Simultaneously, it was confirmed that CHI3L1 (NC:
1.5 £ 0.39; siRNA-1: 0.71 £ 0.04), VE-cadherin (NC:
4.2 + 0.09; siRNA-1: 1.4 = 0.02), Snail (NC: 4.7 £
0.25; siRNA-1:2.3+0.33) and Twistl (NC: 2.7 £0.28;
siRNA-1: 1.6 £ 0.25) in siRNA-1 tumour tissues were
significantly reduced compared with the NC group (p
<0.05) (Fig. SB).

5. Discussion

In recent years, the relationship between CHI3L1 and
cancer has attracted a great deal of attention. Chitinase-
3-like protein 1 could induce cell carcinogenesis
and tumour angiogenesis and regulate the tumour
microenvironment, thereby affecting tumour growth,
metastasis and response to treatment (24). Chitinase-
3-like protein 1 was significantly increased in patients
with a variety of malignant tumours. Moreover,
CHI3LI1 increased the degree of malignant disease
progression and poor prognosis (25-28). In the present
study, it was confirmed that the expression of CHI3L1
in ESCC was increased than normal tissues. The high
expression of CHI3L1 promoted cancer tissues to
invade and develop lymph node metastasis, which
led to the later pTNM staging of the tumour. The
study authors suggested that CHI3L1 could guide the
progression of ESCC. The results of this study were
consistent with previous studies (25-28).

At present, research on the relationship between
CHI3L1 and EC mainly pertains to serology, and there
are few studies at the tissue level. Zheng et al. (29)
specified that CHI3L1 combined with squamous cell
carcinoma antigen (SCCA) could significantly improve
the sensitivity of the traditional EC tumour markers,
carcinoembryonic antigen, cytokeratin 19 fragment and
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SCCA in detecting EC. Xing et al. (30) demonstrated
for the first time that CHI3L1 serum could be used as
a prognostic indicator for EC. Huang et al. (11) found
that the level of plasma CHI3L1 was higher in the EC
group than CTRL group. Simultaneously, CHI3L1 was
found to be related to the lymph node metastasis of EC,
clinical staging and invasion. Combined with the high
level of CHI3L1 expression in the serum and tissues of
EC, it was confirmed that CHI3L1 could be used as an
oncogene to promote the occurrence and progression
of EC.

This study showed that CHI3L1 could be an independent
prognostic factor for evaluating the survival of ESCC.
Its high expression may indicate that the patient has a
poor prognosis and a shortened survival time.

The authors of the present study designed two
siRNAs that inhibited the expression of CHI3L1
and transfected them into KYSE-150 and TE1 cell
lines. The results of real-time PCR and western blot
analysis showed that the CHI3L1 mRNA and protein
expression in the CHI3L1-transfected siRNA-1 and
siRNA-2 groups were significantly reduced compared
with the NC group; the difference was statistically
significant. This again confirmed that, as an oncogene,
CHI3L1 plays a role in EC. Invasion and metastasis
are important biological characteristics of malignant
tumours, and they are also a significant cause of patient
death. In this study, transwell invasion chamber and
wound healing experiments were used to detect the
invasion ability and scratch healing ability of the
KYSE-150 and TE!1 cells. The results showed that
the cell invasion and scratch healing ability of the
siRNA-1 and siRNA-2 groups were lower compared
with the NC group. This indicated that inhibiting the
expression of CHI3L1 in the KYSE-150 and TE1 cells
could inhibit their invasion and metastasis ability. The
proliferation ability of tumour cells is one of the most
important features. Compared with the NC group, the
apoptosis rate of the siRNA-1 and siRNA-2 groups
was significantly decreased, whereas the proliferation
rate was significantly increased. This indicated that
CHI3L1 could inhibit the apoptosis of EC cells and
promote the proliferation of EC cells.

Similarly, Liu et al. (31) confirmed that CHI3L1
was overexpressed in colon cancer cells. The results
of cell proliferation curves revealed that the relative
proliferation rate of cells after overexpression of
CHI3L1 was significantly increased. According to
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the report, after silencing CHI3L1 using siRNA, the
reduction of CHI3L1 levels in the glioma U87MG
cell line could significantly reduce cell viability (32).
Similarly, Ngernyuang et al. (33) revealed that CHI3L1
played a crucial role in angiogenic mimicry, which
may help cervical cancer tumour cells to infiltrate
more easily. This confirmed that high expressions
of CHI3L1 could promote invasion, metastasis and
proliferation and inhibit cancer cell apoptosis in EC
combined with the above experiments; however, its
specific mechanism remains unclear.

Tumours can maintain a small size for a long time in an
avascular state in the early stage. When the diameter of
the tumour is >2 mm, the tumour cells form capillaries
to provide nutrition for the tumour, which can make
the tumour grow rapidly. The progress of solid tumours
is extremely important (34). Vascular epithelial
cadherin was one of the regulatory factors that
affect tumour angiogenesis, and it was an important
adhesion molecule that mediates tumour metastasis
in the formation of blood vessels (35). Typically,
VE-cadherin was only expressed in endothelial cells;
however, it was also expressed in highly aggressive
tumour cells in the study of melanoma, which
suggested that it may be involved in the occurrence
and development of malignant tumours (36,37). In
this study, the VE-cadherin protein expression level
was detected in 120 paraffin specimens of ESCC and
60 normal oesophageal tissue specimens, and it was
highly expressed in ESCC. As the tumour volume
increases, the invasion depth increases, the lymph node
metastasis increased, the pTNM staging was delayed,
and the expression of VE-cadherin increases in ESCC.
The results suggested that the highly expressed VE-
cadherin promoted the invasion and metastasis of
ESCC. Simultaneously, the high expression of VE-
cadherin indicated a poor prognosis for patients with
ESCC. Over-expression of VE-cadherin could promote
the formation of blood vessels in malignant tumours
and promote their growth and progression (22,23,35).
The above literature reports were consistent with
the results of VE-cadherin detection in ESCC in the
present experiment.

Studies on human breast cancer, colon cancer and
gliomas have shown that CHI3L1 could promote and
participate in tumour angiogenesis (38,39). In gliomas,
CHI3L1 could promote tumour cells to express VEGF,
promoting new blood vessel formation (15). In colon
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cancer, the high expression of CHI3L1 in tumour
cells could increase the secretion of pro-angiogenesis
factors IL-8 and MCP-1, thereby enhancing tumour
angiogenesis (13). In gastric cancer, the up-regulation of
the CHI3L1 gene promoted the invasiveness of gastric
cancer (40). In ovarian cancer, LINC00963 promoted
ovarian cancer progression via the miR-378g/CHI3L1
axis (41). In non-small cell lung cancer (NSCLC),
CHI3L1 regulates EMT and migration/invasion (42),
and it has been shown that CHI3L1 could induce
angiogenesis and angiogenic mimicry in patients with
cervical cancer (33). The relationship between CHI3L1
and VE-cadherin in ESCC has not been reported. The
Pearson correlation analysis showed that the CHI3L1
was closely related to VE-cadherin, suggesting that the
two together promote ESCC.

As the leading cause of tumour death, tumour
metastasis is a multi-step and sequential process. It
has undergone EMT, and the expression of adhesion
molecules on the surface of tumour cells is down-
regulated to obtain the ability of movement and
migration, thereby promoting the occurrence of
metastasis (43). Therefore, the expression levels of
proteins were tested in relation to EMT. In the KYSE-
150 and TE1 cell lines, after inhibiting the expression
of CHI3L1, the expression levels of Snail and Twistl
expression decreased, whereas the E-cadherin ex-
pression level increased. At the same time, in the
nude mouse model, Snail and Twistl expression was
also reduced, whereas the E-cadherin protein level
increased. This experiment confirmed that the high-
level expression of CHI3L1 may be involved in the
EMT of EC cells. It has been reported that in NSCLC
CL1-1 and CL1-5 cell lines, CHI3L1 could promote
tumour cell invasion and metastasis. In the in-vivo
nude mouse tumour formation experiments, cell lines
with a high expression of CHI3L1 formed more lung
tumour nodules and further confirmed that CHI3LI
could promote tumour progression by regulating EMT
(44). However, how CHI3L1 regulates VE-cadherin,
as well as EMT of ESCC cells, is currently unknown,
and further exploration is needed.

The formation of tumour plasticity VM was closely
related to VE-cadherin (21). During VM formation,
highly aggressive epithelial tumour cells could
obtain a mesenchymal phenotype through EMT over-
expression (42). The authors of the present study found
that the high expression of CHI3L1 was related to the
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expression of VE-cadherin in ESCC. By targeting the
inhibition of CHI3L1, VE-cadherin expression and the
transformation of tumour epithelium to mesenchyme
could be inhibited, thereby inhibiting tumour
progression. It was speculated that in ESCC, CHI3L1
may modulate tumour EMT-related molecules to make
the epithelium acquire a mesenchymal phenotype,
reduce epithelial adhesion and promote VE-cadherin
levels and tumour neovascularisation, such as VM.
There are some limitations to this study. First, it found
that CHI3L1 could affect the growth and invasion
ability of ESCC by affecting EMT, but the molecular
mechanism of how CHI3L1 specifically affects the
EMT of ESCC requires further investigation. Second,
the knockdown of CHI3L1 in ESCC reduced the
VE-cadherin protein expression, and its molecular
mechanism also requires exploration. Future research
will also further explore the molecular mechanism
through which CHI3L1 impacts ESCC.

6. Conclusion

The present study found that high expression of
CHI3L1 promoted EMT in ESCC, which led to the
easier infiltration, growth and promotion of tumour
enlargement and further led to pTNM staging. The in-
vitro experiment showed that the targeted inhibition
of CHI3L1 expression could reduce the invasion,
migration and proliferation ability of ESCC cells and
promote apoptosis of tumour cells. In the nude mouse
model, reducing the expression of CHI3L1 was found
to inhibit tumour growth. The study also found that
decreased CHI3L1 may reduce the expression of VE-
cadherin, inhibit the EMT of the oesophageal epithelial
tissue and mediate tumour angiogenesis. Therefore,
the authors proposed that the goal of tumour anti-
angiogenesis could be achieved by targeted inhibition of
CHI3L1 expression, which could inhibit the occurrence
and progression of ESCC.
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