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Abstract

Background: Tyrosine kinase with immunoglobulin and EGF-like domains 1 (TIE1) is known as an
orphan receptor prominently expressed in endothelial cells and participates in angiogenesis by regulating
TIE2 activity. Our previous study demonstrated elevated TIEI expression in cervical cancer cells.
However, the role of TIEI in cervical cancer progression, metastasis and treatment remains elusive.

Methods: Immunohistochemistry staining for TIEI and Basigin was performed in 135 human cervical
cancer tissues. Overexpressing vectors and siRNAs were used to manipulate gene expression in tumor
cells. Colony formation, wound healing, and transwell assays were used to assess cervical cancer cell
proliferation and migration in vitro. Subcutaneous xenograft tumor and lung metastasis mouse models
were established to examine tumor growth and metastasis. Co-lmmunoprecipitation and Mass
Spectrometry were applied to explore the proteins binding to TIEI. Immunoprecipitation and
immunofluorescence staining were used to verify the interaction between TIEI and Basigin.
Cycloheximide chase assay and MG132 treatment were conducted to analyze protein stability.

Results: High TIEl expression was associated with poor survival in cervical cancer patients. TIEI
overexpression promoted the proliferation, migration and invasion of cervical cancer cells in vitro, as well
as tumor growth and metastasis in vivo. In addition, Basigin, a transmembrane glycoprotein, was identified
as a TIEI binding protein, suggesting a pivotal role in matrix metalloproteinase regulation, angiogenesis,
cell adhesion, and immune responses. Knockdown of Basigin or treatment with the Basigin inhibitor
AC-73 reversed the tumor-promoting effect of TIE] in vitro and in vivo. Furthermore, we found that TIE]
was able to interact with and stabilize the Basigin protein and stimulate the Basigin-matrix
metalloproteinase axis.

Conclusion: TIE] expression in cervical cells exerts a tumor-promoting effect, which is at least in part
dependent on its interaction with Basigin. These findings have revealed a TIE2-independent mechanism of
TIET, which may provide a new biomarker for cervical cancer progression, and a potential therapeutic
target for the treatment of cervical cancer patients.

Keywords: TIE1, Basigin, matrix metalloproteinases, cervical cancer.

Introduction

Over the past few decades, the prevalence and  screening. However, it remains the second most
mortality of cervical cancer have decreased in commonly diagnosed and deadly female cancer in
developed countries due to increased cervical cancer  developing countries [1]. Patients with early or locally
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advanced disease typically have a favorable
prognosis, with an overall five-year survival rate of
over 80% or approximately 70%, respectively [2].
However, for metastatic or recurrent cervical cancer,
the five-year survival rate is less than 20% [3].
Therefore, it is still urgent to identify critical
molecular mechanisms involved in cervical cancer
progression.

Tyrosine kinases with immunoglobulin and
EGF-like domains (TIEs) are a class of receptor
tyrosine kinases that are mainly expressed in
endothelial cells and are essential for promoting
angiogenesis and maintaining vascular integrity [4, 5].
Although TIE1 and TIE2 have great structural
homology, only TIE2 can interact with its ligand
angiopoietins. TIE1 has long been regarded as an
orphan receptor that acts principally by forming a
heterodimer with TIE2 to regulate its activity [6]. Our
previous study demonstrated elevated TIE1
expression in cervical cancer epithelial cells relative to
normal cervical epithelium [7]. However, the role and
mechanism of TIE1 in cervical cancer progression
remain elusive.

In the present study, we found that Basigin was a
target of TIE1. Basigin, a transmembrane glycoprotein
which is highly expressed in various human cancers.
It has been initially recognized as a regulator of matrix
metalloproteinases (MMPs) [8], playing a vital role in
promoting tumor invasion and metastasis by
degrading the extracellular matrix or indirectly
regulating related cytokines [9, 10]. One mechanism
by which Basigin promotes MMPs expression is
through forming a homodimer, activating the
downstream MAPK/ERK signalling pathway [11].
The tumor-promoting role of Basigin has been
demonstrated in multiple cancers, such as lung
cancer, hepatocellular carcinoma and colorectal
cancer [12-14]. In cervical cancer, high expression of
Basigin is closely associated with poor tumor
differentiation and metastasis [15-17]. Here, we
uncovered a novel molecular mechanism by which
TIE1 promotes cervical cancer progression,
independent of TIE2. The crucial role of TIE1 is
mediated by binding and stabilizing Basigin to
increase the expression of MMP2 and MMP9.
Additionally, TIE1 has been shown to be associated
with a poor prognosis in cervical cancer. Thus, we
identified TIE1 as a prognostic factor and provided a
powerful molecular basis for TIEl-mediated
anti-cervical cancer therapy.

Materials and methods

Patients and specimens
This study complied with the Declaration of

Helsinki and was approved by the Ethics Committee
of Tongji Medical College, Huazhong University of
Science and Technology (IORG No: IORG0003571).
Informed consent was obtained from all patients. We
collected 135 cervical cancer samples from patients
who underwent surgery without prior radiotherapy,
chemotherapy or targeted therapy in the Department
of Obstetrics and Gynecology, Wuhan Union
Hospital, Tongji Medical College (Wuhan, China)
between January 1, 2013, and January 1, 2017. The
inclusion criteria, clinicopathologic characteristics,
and follow-up data collection were consistent with
those in our previous study [18].

Immunohistochemistry (IHC)

A tissue microarray was constructed for IHC
staining. The IHC process has been previously
described [18]. The antibodies used are listed in Table
S2. The IHC results were scored by multiplying the
staining intensity (0 for no signal, 1 for weak, 2 for
moderate, 3 for strong) and the proportion of positive
tumor cells [19]. The results of IHC were assessed by
two specialized pathologists.

Cell lines and cell culture

Human cervical cancer cell lines (HeLa and
SiHa) were purchased from the China Center for Type
Culture Collection (Wuhan, China). Cells were
cultured in DMEM (Basal media, Shanghai, China)
supplemented with 10% fetal bovine serum (GIBCO,
America) in a humidified atmosphere with 5% CO, at
37°C. All the cell lines were passaged no more than 15
times and authenticated by short tandem repeat (STR)
genotyping. All cell lines were verified to be free of
mycoplasma contamination.

Transfection

All siRNAs were purchased from Tsingke
(Wuhan, China), and transfections were performed
using Lipofectamine 3000 (Thermo Fisher, USA)
following the manufacturer’s instructions. The siRNA
sequences used in this study are described in Table S3.
HeLa and SiHa cell lines that stably expressed TIE1
were generated using the GV492 lentiviral vector
(GENECHEM, China). Cells were infected with
lentiviral particles, and the transduced cells were then
selected by puromycin (2 pg/mL) for at least 5 days.

Colony formation assays

Cells were seeded in six-well plates (600 cells per
well) and cultured for 2 weeks. Cells were then fixed
with paraformaldehyde (4%) for 15 min, stained with
0.1% crystal violet for 30 min, and photographed
using a digital scanner. The experiment was
performed independently in triplicate.
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Wound healing and transwell assays

Wound healing and transwell migration assays
were performed to evaluate cell migration ability,
while transwell invasion assays were used to assess
cell invasion ability. Detailed procedures are
described in the Supplementary Methods. Each
experiment was repeated in triplicate.

Co-Immunoprecipitation and Mass
Spectrometry (Co-1P/MS)

Detailed descriptions of the co-immuno-
precipitation and mass spectrometry (Co-IP/MS)
procedure can be found in the Supplementary
Methods.

Western blotting and immunofluorescence
staining

Western blotting and immunofluorescence stain-
ing assays were performed as described previously
[20]. The quantification of Western blotting was
normalized to GAPDH levels. Immunofluorescence
staining images were performed by Confocal
microscope (LSM800, Germany). The antibodies used
in this study are listed in Table S2.

RNA extraction and qRT-PCR

The RNA extraction and qRT-PCR processes
were described in our previous study [21]. Gene
expression was calculated using the 2-4A4CT method and
normalized to the internal reference GAPDH as the
control group. The qRT-PCR primer sequences used
in this study are listed in Table S3. The qRT-PCR
assay was repeated at least three times.

In vivo mouse models

The protocol for animal experiments was
approved by the Animal Management Committee of
Wuhan Youdu Biotechnology Co., Ltd. All female
nude mice (4-6 weeks of age) were purchased from
Beijing Huafukang Biological Polytron Technologies,
Inc. and raised in the Experimental Animal Center of
Youdu Biotechnology Co., Ltd. For the subcutaneous
xenograft tumor model, twelve nude mice were
randomly divided into three groups and injected with
either stably transduced TIEl-overexpressing or
control HeLa cells (5 x 10°cells/0.2 mL in PBS) into
the shoulders. Tumor growth was measured every 5
days and the volume of the tumor was calculated with
the following formula: length x width? x 0.52 [22].
When the xenograft tumor diameter reached
approximately 0.5 cm, AC-73 (25 mg/kg,
#HY-122214, MCE) was injected intratumorally into 4
nude mice with TIE1 overexpression every three days;
others were given DMSO intratumoral injection as
control. All mice were sacrificed on Day 30 after

injection. After sacrifice, tumors were removed for
size and weight measurement and embedded in
paraffin for IHC staining. For the lung metastasis
model, 2 x 10¢ cells suspended in 0.2 mL PBS were
slowly injected into the tail veins. After 6 weeks, the
mice were sacrificed, and the lungs were removed
and fixed with 4% paraformaldehyde for
haematoxylin and eosin (H&E) staining.

Statistical analysis

Data are presented as the mean * standard
deviation (SD). A value of P < 0.05 was considered
significant. The difference between two groups was
compared by two-sided Student's t test. Spearman’s
test was used to analyze the correlations between two
groups. The difference among multiple groups was
determined by one-way ANOVA. The Kaplan-Meier
method and log-rank test were used for overall
survival (OS) and progression-free survival (PFS)
analysis. Univariate and multivariate Cox regression
analyses were performed to evaluate independent
risk factors for cervical cancer. The y2 test and Fisher's
exact test were used to analyze the relationship
between TIE1 expression and clinicopathological
characteristics. Data were analyzed and plotted using
SPSS 20.0 and GraphPad Prism 9.0 software.

Results

TIE1 expression correlates with a poor
prognosis in cervical cancer patients

In our previous study, TIE1 was detected by IHC
in 80 cervical cancer tissues and 19 normal cervix
tissues. Compared to that in normal cervical
epithelium, TIE1 expression was higher in cervical
cancer epithelial cells [7]. To further explore the
association between clinicopathological factors and
TIE1 expression, we examined the level of TIE1 in 135
cervical cancer patients by IHC. Representative IHC
images with different staining intensities were shown
in Figure 1A. The clinicopathological analysis
indicated that TIE1 expression was positively
correlated with lymphovascular space invasion (P =
0.010) and lymph node metastasis (P = 0.002) (Table
1). Survival analysis showed that patients with high
TIE1 expression had significantly shorter OS and PFS
than those with low TIE1 expression (P = 0.004 and P
= 0.002, respectively) (Figure 1B-C). We also
performed univariate and multivariate Cox regression
analysis to assess the prognostic value of TIE1l in
cervical cancer (Figure 1D-E). Taken together, these
findings indicate that TIE1 is an independent
prognostic factor for both OS and PFS in cervical
cancer patients.
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Table 1 Correlation between TIEl expression and

clinicopathologic characteristics of cervical cancer.

Characteristics Total TIE1 expression P-value
135 High Low

Age (years) 0.272

<47 64 34 30

>47 71 31 40

FIGO stage 0.647

I (Ia2+Ib1+Ib2) 98 46 52

11 (llal+I1a2) 37 19 18

Tumor size (cm) 0.048

<4 118 53 65

>4 17 12 5

Pathologic types 0.821

Squamous cell carcinoma 109 53 56

Adenocarcinoma 26 12 14

Differentiation 0.937

Well 17 8 9

Moderate 81 40 41

Poor 37 17 20

Stromal invasion 0.476

<1/2 79 36 43

>1/2 56 29 27

LvsI 0.010

Positive 38 25 13

Negative 97 40 57

LNM 0.002

Positive 30 22 8

Negative 105 43 62

Vaginal invasion 0.352

Positive 4 3 1

Negative 131 62 69

Parametrial invasion 0.658

Positive 11 6 5

Negative 124 59 65

X2-test. FIGO the International Federation of Gynecology and Obstetrics, LVSI
lymphovascular space invasion; LNM lymph node metastasis.

TIE| promotes cervical cancer progression in
vitro and in vivo

To investigate the role of TIE1 in cervical cancer
progression, we demonstrated TIE1 was significantly
overexpressed in cervical cancer cell lines compared
to normal cervical cell line H8 using Western blotting
(Figure S1A-B). Furthermore, we used a lentiviral
vector to construct SiHa and HeLa cervical cancer cell
lines that stably overexpressed FLAG-tagged TIE1.
Western blotting was used to verify the
overexpression efficiency of TIE1 at the protein level
(Figure 2A and Figure S1C). The results from colony
formation assays indicated that TIE1 overexpression
increased the proliferation of HeLa and SiHa cells
(Figure 2B-C). Transwell assays showed that
overexpression of TIEl in HelLa and SiHa cells
enhanced cell migratory and invasive abilities
compared with those in the vector group (Figure
2D-E). Consistently, wound healing assays showed
that TIE1 overexpression notably enhanced the
migration of HelLa and SiHa cells (Figure 2F-G).
Furthermore, in vivo imaging and HE staining of a tail
vein injection model showed that the incidence of
pulmonary metastasis was increased in the TIE1
overexpression group (Figure 2H-]). In contrast,

knockdown of TIEl in SiHa and Hela cells
significantly weakened cell migratory and invasive
capacities (Figure S2). Collectively, these data
revealed that TIE1 promotes cervical cancer
progression in vitro and in vivo.

TIE1 physically interacts with Basigin

Protein—protein interactions play an important
role in regulating its function. To explore the
mechanism of action of TIEl in cervical cancer
progression, we examined the potential TIE1-
interacting proteins by immunoprecipitation (IP) and
liquid chromatography coupled with tandem mass
spectrometry  (LC-MS/MS) analysis in the
TIE1l-overexpressing HeLa cell line (Figure 3A). A
total of 1128 proteins were identified by mass
spectrometry in the FLAG group (Figure 3B).
According to the two filters described in the Materials
and methods section, we screened 169 candidate
proteins (Figure 3C), the top 30 of which are listed in
Table S1. GO and KEGG analysis indicated that these
TIE1-binding proteins were significantly enriched not
only in various critical biological processes, such as
positive regulation of cell migration, energy
metabolism and protein degradation, but also in
multiple tumor-associated signalling pathways,
among which MAPK signalling ranked first (Figure
3D-E and Figure S3A-B). Additionally, KEGG
Enrichment Human Disease indicated that these
TIE1-binding proteins were significantly enriched in
human papillomavirus infection (Figure S3C), which
was closely related with cervical cancer. Furthermore,
in the KEGG Enrichment Cellular Process analysis,
crucial signalling transduction pathways, including
adherens junction and focal adhesion, were enriched
(Figure S3D). These enrichments highlighted their
relevance in cervical cancer progression.

As TIE1 is mainly located on the cell membrane,
we focused on the membrane proteins of these
binding candidates. Among them, we chose Basigin
for further study because it ranked highly in MS
quantitation and has a widely known tumor-
promoting role. Next, we validated the binding
between TIE1 and Basigin in the TIE1-overexpressing
HeLa cell line via Co-IP (Figure 3F). In addition,
immunofluorescence staining showed the
colocalization of TIE1 and Basigin in HeLa and SiHa
cell lines (Figure 3G). In summary, TIE1l could
physically interact with Basigin.

TIEI increases the expression of Basigin and
MMPs

Since Basigin was recognized as a regulator of
MMPs, we intended to investigate whether TIE1
could regulate the expression of Basigin and MMPs.
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First, Western blotting analysis showed that TIE1  Basigin, MMP2 and MMP9 in HelLa and SiHa cell
overexpression notably increased the protein levels of  lines (Figure 4A and Figure S4A-B).

A | B

1.0 TIE1-Low n=70
2 S 091
£ =
n S 0.84
p w
= 0.7- TIE1-High n=65
g
> 0.64 =
® 3 P =0.004
3 0.5 . ————
S § 0 20 40 60 80 100
S Months after operation
| T
E 3 1.0 TIE1-Low n=70
2 7 0.9-
8 0.8
go
C
o 07' e -
0 G TIE1-High n=65
=1 $ 061 P=0.002
2 >
> 9 0.5 T T T T T
a 0 20 40 60 80 100
Months after operation
D oS PFS
Variables P-value  HR(95%CI) P-value HR(95%CI)
Age 0.951 1.029(0.418-2.533) 0.670  0.843(0.384-1.849)
FIGO 0.119  2.065(0.830-5.133) 0.265 1.593(0.703-3.609)
Tumor size 0.039  2.946(1.058-8.203) 0.145 2.074(0.778-5.532)
Pathologic types 0.873  0.914(0.303-2.754) 0.302 0.631(0.264-1.512)
Stromal invasion o | u! i 0.004 4.402(1.585-12.227) 0.078  2.042(0.924-4.513)
LvsI . E— 0.138  1.994(0.802-4.960) 0.100 1.962(0.878-4.382)
LNM H—A 0.288  1.690(0.642-4.446) 0.767  1.149(0.459-2.877)
Vaginal invasion i 0.604 1.703(0.227-12.758)) 0.833  1.240(0.168-9.166)
Parametrial invasion J—{l—— 0.030 3.412(1.129-10.308) 0.082 2.584(0.885-7.543)
TIE1 'L ) 10.008 4.471(1.484-13.475) ——{—————0.004 3.830(1.529-9.594)
L T | | 1 U T T 1
5 10 15 0 5 10 15
E 0s PFS
Variables P-value HR(95%Cl) P-value HR(95%CI)
Tumor size n-L—< 0.821 1.143(0.358-3.647) r-l—< 0.983 1.013(0.326-3.150)
Parametrial invasion HHE—— 0.412  1.686(0.484-5.874) —_— 0.376  1.752(0.506-6.071)
Stromal invasion  AF——f—— 0.021 3.605(1.215-10.694) H-0—A 0.238  1.688(0.708-4.023)
TIE1 4 o i 0.013 4.109(1.350-12.511) it o 10.006 3.631(1.435-9.186)
T T T 1 I T L) { T 1
0 5 10 15 0 2 4 6 8 10

Figure 1. High expression of TIEI correlates with a poor prognosis in cervical cancer patients. (A) Representative IHC images with different TIE] staining
intensities in cervical cancer tissue microarray. Scale bars = 100 pm, 50 um or 20 um. (B-C) Kaplan—Meier curves for overall survival (OS) and progression-free survival (PFS)
based on TIEI expression in 135 cervical cancer patients. (D-E) Forest plot of univariate and multivariate Cox regression analysis of OS and PFS in 135 cervical cancer patients.
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In contrast, knockdown of TIE1 led to a
significant decline in the levels of Basigin, MMP2 and
MMP9 (Figure 4B and Figure S4C-D). Then, we
analyzed the level of Basigin by IHC staining in 135
cervical cancer tissues. The results indicated that there
was a positive correlation between Basigin and TIE1
(P <0.001) (Figure 4C-D). Interestingly, we found that
overexpression or knockdown of TIE1 had little
influence on the expression of Basigin mRNA (Figure

4E) but significantly increased or decreased the
mRNA levels of MMP2 and MMP9 (Figure 4F). The
GEPIA network analysis tool also showed that TIE1
was positively associated with multiple MMPs at the
RNA level (Figure 4G and Figure S5A). Additionally,
we observed a positive correlation of TIE1 and MMP2,
as well as MMP9 in the GSE9750 dataset (Figure
S5B-C).
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Figure 4. TIEI increases the expression of Basigin/MMPs. (A-B) TIEI, Basigin, MMP2 and MMP9 expression levels was shown by Western blotting in TIE1-upregulated
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analyzed by the GEPIA network tool. *P < 0.05; **P < 0.01; ***P < 0.001; ns, no significance.
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TIEl promotes cervical cancer progression by
regulating Basigin

To further verify that TIE1 promoted cervical
cancer progression by regulating Basigin, we applied
siRNA or an inhibitor (AC-73) of Basigin to
TIE1l-overexpressing Hela and SiHa cell lines. The
knockdown efficiency of Basigin was verified by
Western blotting (Figure 5A and Figure S4E). Our
results indicated that both Basigin siRNA and AC-73
could reverse MMP2 and MMP9 upregulation
induced by TIE1l overexpression (Figure 5B and
Figure S4F). Wound healing and transwell assays
demonstrated that the increased migration and
invasion abilities induced by TIE1 overexpression
were obviously weakened after Basigin siRNA or
AC-73 treatment (Figure 5C-E), with representative
pictures shown in Figure S6 and Figure S7. Consistent
with the in vitro experiments, AC-73 treatment
attenuated the increase in xenograft tumor volume
and weight induced by TIE1 overexpression (Figure
5F-H). It has been reported that AC-73 could
specifically disrupt Basigin dimerization, thereby
suppressing the Basigin/ERK1/2/MMPs pathways
[23, 24]. So, we conducted a Western blotting
experiment, confirming that TIE1l can activate
MAPK/ERK pathway in cervical cancer cells (Figure
S8). In addition, IHC staining of nude mouse
xenograft tissues showed that the levels of Ki67,
MMP2 and MMP9 were increased in the TIE1
overexpression group but decreased in the group with
TIE1 overexpression combined with AC-73 treatment
(Figure 5I). Moreover, endothelial cells in xenograft
cervical tumor tissues were stained with anti-CD31
and anti-CD105 to assess angiogenesis activity by
Microvessel Density (MVD). The results showed a
higher MVD in the TIE1l overexpression group.
However, AC-73 treatment attenuated the enhanced
MVD induced by TIE1 overexpression, suggesting
that TIE1 promoted xenograft tumor angiogenesis
through Basigin in vivo (Figure S9). In summary,
Basigin is an essential factor for TIEl-mediated
cervical cancer progression.

TIE1 enhances the stability of Basigin

Since TIE1 regulated Basigin protein expression
without obviously affecting its mRNA level, we
hypothesized that TIE1 could enhance the stability of
Basigin. To test this speculation, we inhibited protein
synthesis using cycloheximide (CHX) and observed
the degradation process of Basigin in the HeLa cell
line. The results indicated that TIE1 overexpression
extended the protein half-life of Basigin, while its
silencing significantly accelerated the degradation of
Basigin proteins (Figure 6A-B). Moreover, TIE1

overexpression hardly changed Basigin protein levels
when proteasome-mediated protein degradation was
blocked by MG132 treatment (Figure 6C and Figure
54G). In conclusion, TIE1 could stabilize Basigin in
cervical cancer.

Discussion

Receptor tyrosine kinases (RTKs) play important
roles in multiple cellular processes, such as cell
growth, migration, differentiation and metabolism
[25]. Abnormal RTKSs expression can cause a variety of
diseases, especially cancer [26]. In cervical cancer,
RTKs-targeted therapy, such as VEGF/VEGFR
inhibitors, significantly improves the survival
prognosis of patients [27, 28]. The ANG/TIE
signalling pathway contains two highly homologous
receptor tyrosine kinases, TIE1 and TIE2. Most
previous studies focused on their role in vascular
endothelial cells [5, 29], with fewer studies on tumor
cells. This study concentrated on the orphan receptor
tyrosine kinase TIE1 in cancer cells and explored its
function and mechanism of action in cervical cancer.

We found that TIE1 was upregulated in human
cervical cancer and correlated with a poor prognosis.
Consistent with our results, it has been indicated that
elevated TIE1 expression is associated with a poor
prognosis in patients with gastric cancer, ovarian
cancer and metastatic breast cancer [30-32]. Our
functional assays demonstrated that TIE1 promoted
cervical cancer growth and metastasis. In addition,
TIE1 has been shown to promote cisplatin resistance
in ovarian cancer by upregulating xeroderma
pigmentosum complementation group C
(XPC)-mediated nucleotide excision repair (NER),
decreasing cell sensitivity to cisplatin [31]. Although
our study did not explore the relationship between
TIE1 and cervical cancer chemotherapy resistance, it
prompts consideration of whether TIEl-mediated
regulation of DNA damage repair also occurs in
cervical cancer.

We identified a batch of possible TIE1-binding
proteins by Co-IP/MS. Among them, we selected
Basigin for further research and verified its interaction
with TIEl. Our experiments demonstrate that TIE1
overexpression promotes Basigin protein stability.
The cycloheximide (CHX) experiment revealed a
significantly slower degradation rate of Basigin in
cells overexpressing TIE1 compared to control cells,
suggesting that TIEl may inhibit Basigin protein
degradation. Additionally, treatment with MG132, a
proteasome inhibitor, resulted in minimal changes in
Basigin protein levels in TIEl-overexpressing cells
compared to control cells, indicating that TIE1 may
protect Basigin from proteasomal degradation.
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Figure 5. TIEI promotes cervical cancer progression via the Basigin/MMPs pathway. (A) The knockdown efficiency of Basigin was verified by Western blotting assay
in Hela and SiHa cells, and si-Basigin#2 was selected for further study. (B) Western blotting showing the levels of MMP2 and MMP9 under the indicated treatments. (C-D)
Transwell assays were used to investigate the cell migratory and invasive capacities of Hela-Vector, Hela-TIEI, Hela-TIE] with si-Basigin or AC-73 (Basigin inhibitor). (E)
Wound healing assays were performed to detect cell migratory abilities in different treatment groups. (F-H) Representative pictures of subcutaneous tumors, tumor growth
curves and tumor weights in the Hela-Vector group, Hela-TIE1 group and Hela-TIEI-AC73 group (n = 4 per group). (I) Representative IHC images and histogram analysis
showing the expression of TIEI, Basigin, Ki-67, MMP2, and MMP9 on the same tissue sections in the indicated group. Scale bars = 20 um. * P < 0.05, ** P < 0.01, *** P < 0.001.
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metastasis of cervical cancer.

In eukaryotic cells, damaged proteins and
cellular components are typically cleared through
degradation pathways mediated by proteasomes or
lysosomes. The ubiquitin-proteasome system is
responsible for targeting short-lived and soluble
misfolded proteins, while lysosomes degrade long-
lived proteins, insoluble aggregates, and organelles
[33]. Our findings suggest that TIE1 may modulate
Basigin protein stability by potentially interfering
with its degradation via the ubiquitin-proteasome
pathway. Furthermore, we propose that TIE1 may

also modulate Basigin protein turnover through
post-translational modifications or by influencing
protein-protein interactions. we propose that TIE1
may also modulate post-translational modifications of
Basigin, or influence protein-protein interactions with
Basigin. Future studies employing techniques such as
co-immunoprecipitation and ubiquitination assays
could provide further insights into the specific
mechanisms underlying TIEl-mediated regulation of
Basigin protein stability. When detecting TIE1 and
Basigin by Western blotting, double bands
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occasionally appeared, which may be attributed to
different degrees of glycosylation [34]. Membrane
protein glycosylation plays an important role in
regulating ligand binding and protein interactions.
Some studies have demonstrated that the
glycosylation level of Basigin could affect the
expression of MMPs [35]. Although this project did
not investigate the posttranslational modification of
TIE1 and Basigin, further research to explore whether
TIE1 affects the protein modification of Basigin is still
worthwhile. Simultaneously, our study revealed that
TIE1-Basigin  pathway was  participated in
angiogenesis, suggesting a potential novel mechanism
independent of TIE2. Further research is warranted to
provide detailed insights into this discovery.

We demonstrated that TIE1 increases the
expression of Basigin and MMPs by Western blot
assay. While measuring MMP-2 and MMP-9 activities
would undoubtedly provide valuable insights, our
current investigation focuses on understanding TIE1's
broader impact on the cervical cancer progression.
Consequently, we have chosen not to include these
measurements in this particular investigation. It's
worth noting that Zhao SH et al. [36] and Wu J. et al.
[37] reported Basigin overexpression promoting the
MMP-2 and MMP-9 activities using gelatin
zymography. However, we fully recognize the
significance of MMP-2 and MMP-9 in cervical cancer
progression and plan to explore their activity in future
investigations.

Considering that Basigin plays a significant role
in TIE1-mediated cervical cancer progression, Basigin
inhibitors may be effective for cervical cancer patients
with high TIE1 expression. Currently, several types of
Basigin inhibitors are under clinical trials [38, 39].
Although few studies have focused on therapy
targeting TIE1, a nanobody with high expression,
good affinity, and specificity for TIE1 was recently
developed to trigger TIEl-dependent inhibition of
TIE2 phosphorylation and angiogenesis in endothelial
cells [40]. Similarly, novel drugs that disrupt the
TIE1-Basigin association could be developed as new
agents for cervical cancer treatment.

Conclusions

In summary, our study provides compelling
evidence that high TIE1 expression is clinically and
functionally significant in the progression of cervical
cancer; TIE1 acts by stabilizing Basigin and increasing
MMPs levels. Furthermore, TIE1 has potential as a
novel prognostic factor in cervical cancer. Our
findings not only provide new insights into the
molecular mechanism underlying cervical cancer
progression but also provide a new potential
therapeutic target for cervical cancer patients.
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