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ABSTRACT

This study aimed to demonstrate the mechanism of bevacizumab in inhibiting angiogenesis in mice with ovarian cancer
(OC) by regulating JAK2/STAT3 pathway. Forty healthy female BALB/C nude mice were randomly assigned to control,
model, erlotinib, and bevacizumab groups. Control group received no treatment. Model group received subcutaneous
injection in the left axillary region to establish the OC model and received an equal volume of normal saline.
Bevacizumab group underwent the same model - establishment procedure and then received 5mg/kg bevacizumab
intervention. Erlotinib group also underwent model establishment and received 30 mg/kg erlotinib intervention. Tumor
tissue mass and tumor inhibition rate were recorded. The tumor pathological changes were analyzed by hematoxylin-
eosin (HE) staining. The microvessel density (MVD) and vascular endothelial growth factor (VEGF) protein expression
in tumor tissues were subjected to detection by immunohistochemistry. The expression of JAK2, STAT3, and VEGF in
tumor tissues was analyzed using RT-qPCR and western blotting. Compared with the model group, tumor volume and
weight of OC in erlotinib group and bevacizumab group of mice were visibly reduced. MVD, JAK2, STAT3, and VEGF
in model, erlotinib, and bevacizumab groups of mice were increased versus control, while those were decreased in
erlotinib and bevacizumab groups of mice versus model group (P < 0.05). Bevacizumab effectively suppressing tumor
growth by reducing tumor angiogenesis and reducing the expression of key molecules of JAK2/STAT3 pathway in mice.
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INTRODUCTION tumors (Fan et al, 2022). However, mechanism of

bevacizumab remains unclear, and other pathways may

Ovarian cancer (OC) is difficult to treat with a be involved. o ) .

poor prognosis. Treatment effect for metastatic OC is still JAK2/STAT3 pathway is involved in regulating
not ideal (Shaik e al, 2021; Stewart and Lockwood, cell  proliferation, differentiation, survival, and
2019). OC’s malignant progression and treatment angiogenesis (Gai et al, 2024). It is often abnormally
resistance are related to angiogenesis in tumor activated, promoting tumor cell growth, survival, and
microenvironment (TME) (Lheureux et al., 2019; Nebgen angiogenesis (Li ez al., 2024b). JAK2/STAT3 pathway’s
et al., 2019). Elevated vascular endothelial growth factor activation is associated with the progression of OC.
(VEGF) and its receptor (VEGFR) are associated with the Inhibition of this pathway can suppress OC cell
severity and prognostic outcomes of OC (Kuroki et al, proliferation, induce cell apoptosis, and reduce tumor

2022). Bevacizumab acts through specific binding with angiogenesis (Gritsina et al., 2015). Henqe, JAK2/STATS3
VEGF, thus blocking the interaction between VEGF and pathway may represent a potential target for

its receptor. This effect inhibits the proliferation, bevacizumab’s anti-angiogenic effeﬁ?- .

migration and survival of endothelial cells, and ultimately ~ To demonstrate the mechanism of bevacizumab
tumor angiogenesis (Li er al, 2024a). It was proved inhibiting OC angiogenesis, we established an OC mouse
effective in treating various malignant tumors (Garcia et model. Human OC cell lines were inoculated into
al., 2020). It was also reported that bevacizumab plus immunodeficient mice to simulate human OC. This study
chemotherapy greatly enhances progression-free survival aimed to reveal the specific mechanism through which
compared to chemotherapy alone (Zheng et al., 2023). bevacizumab regulates JAK2/STAT3 pathway to inhibit
Bevacizumab inhibits OC cell growth and transplanted OC angiogenesis by analyzing impact of bevacizumab on
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tumor growth, angiogenesis, and JAK2/STAT3 pathway.
This research sought to provide a new theoretical basis
for anti-angiogenic therapy in OC.

MATERIALS AND METHODS

Animals and grouping: Forty healthy female BALB/C
nude mice (4-5 weeks, 22-27 (average: 25.334+2.060) g,
Chengdu Dossy Experimental Animals, China) were
housed in SPF-grade experimental animal rooms, under
environmental conditions, with the temperature
meticulously regulated to a range of (25+2) °C and the
relative humidity maintained between 45% and 50%.
This stable environment was complemented by a
consistent 12-h light-dark cycle, designed to mimic
natural day-night patterns and promote physiological
rhythms within the animals. The mice were provided with
unrestricted access to water and food. All animal
experiments were approved by Ethics Committee of
Jingzhou Maternal and Child Health Hospital, according
to Chinese national guidelines for the care and use of
animals.

Two weeks later, all mice were randomly
assigned to control, model, erlotinib, and bevacizumab
groups (n=10). Control group served as the untreated
control, model group was established wusing a
subcutaneous injection in the left axillary region for the
OC model, bevacizumab group was treated with 5 mg/kg
bevacizumab after model establishment, erlotinib group
was treated with 30 mg/kg erlotinib after model
establishment, and model group was given an equal
volume of physiological saline.

Animal model establishment: SKOV-3 in good growth
condition was cultured until the cell density exceeded
90%. SKOV-3 was digested, and centrifugation was
carried out at 1,000 rpm in a short time. The phosphate
buffered saline (PBS) buffer was applied, and SKOV-3
was adjusted to 1x107/mL. 0.1 mL suspension was
administered via subcutaneous injection into the armpit
of the left upper limb of BALB/c nude mice to establish
the model. Two weeks after modeling, the growth of the
tumor mass at the subcutaneous transplantation site was
observed, and the model was considered successful when
the tumor diameter reached 3mm.

When tumor volume reached 100 mm? mice
were treated accordingly. Model group received
physiological saline, 0.2 mL per intraperitoneal injection,
twice daily; bevacizumab group received 5 mg/kg
bevacizumab, 0.1 mL per intraperitoneal injection, once
daily. Erlotinib group received an intraperitoneal
injection of 30mg/kg erlotinib (Roche, Switzerland), 0.1
mL per injection, once daily. The treatment was
continued for 3 weeks, and the food and water intake of
the nude mice were observed daily.
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Measurement of OC tumor indices: The tumor length
and width were measured every two days using a vernier
caliper (Shanghai Huiyi Ruler Co., Ltd., China) after the
model was established, and the volumetric assessment of
the tumors was meticulously conducted. Following a
period of 28 days post the establishment of the model, the
mice were subjected to a humane endpoint through
cervical dislocation. The tumor tissues were meticulously
excised, ensuring careful handling to avoid any
contamination or damage that could affect subsequent
analyses. The excised tumor tissues were then subjected
to gravimetric measurement, with their weight being
precisely determined to calculate the tumor inhibition rate.

HE staining analysis of tumor pathological changes:
Twenty-four hours after the final treatment, the tumor
tissue of the dead mice was collected. A portion of the
tissue was fixed in 4% formaldehyde, embedded in
paraffin, and sectioned at 4um. The morphology of the
mice tumor tissue was observed. The process began with
the deparaffinization of the sections in xylene for 30 min.
The sections were hydrated in graded alcohol for 5 min,
rinsed in distilled water for 2 min, subjected to staining
with hematoxylin (Beyotime Biotechnology, China) in a
short time, and rinsed in tap water for 1 min. The
differentiation step employed hydrochloric acid ethanol
in a 30 s. They were rinsed in tap water for 15 min,
subjected to staining with eosin (Beyotime Biotechnology,
China) for 2 min, subjected to dehydration in graded
alcohol for 5 min, hyalinized in xylene for 5 min, and
mounted with neutral resin for observation.

Immunohistochemistry to detect the expression of
CD34 and VEGF: Mice OC tissue samples were
collected, fixed, and embedded in paraffin, then sectioned
into 0.5um slices. After baking, they were immediately
soaked in xylene I and II for 20 min each, and then
dehydration was carried out by alcohol liquid with
decreasing concentrations (100% alcohol I, II, 95%
alcohol I, II, 90%, 80%, 70% alcohol) provided by
Tianjin Fuyu Chemical Co., Ltd., China, for 5 min each.
Sections were then thoroughly rinsed in double-distilled
water, placed in a 3% hydrogen peroxide solution at 25°C
for 15 min, and rinsed twice with PBS for 3 min,
respectively. Sections were placed in a citrate retrieval
solution and microwaved for 20 min, cooled to 25°C, and
rinsed with distilled water and PBS. Primary antibodies
for CD34 and VEGF were applied at 1:50, incubation at
37°C for 30 min, followed by PBS rinses. A
diaminobenzidine chromogen solution from Beijing
Zhongshan Biotechnology Co., Ltd., China, was used for
the reaction for 3 min, and staining outcomes were
examined under a microscope (Olympus, Japan). The
sections were rinsed with tap water, counterstained with
hematoxylin, differentiated with salt-alcohol, and blued
with ammonia water, followed by another dehydration
process in alcohol solutions of increasing concentrations
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(70%, 80%, 90% alcohol, and 95% alcohol I, II, 100%
alcohol I, and II) for 5 min, respectively. Finally, the
sections were hyalinized in xylene I and II for 5 min,
respectively, mounted, and observed. VEGF expression
was comprehensively assessed by combining the intensity
of positive expression and the count of positively
expressing cells. The microvessel density (MVD) was
assessed based on immunohistochemistry results. Five
random tissue sections were selected for analysis. The
areas of CD34-positive MVD were observed under a
100x microscope and then counted in detail under a 200x
microscope. Each yellow-stained endothelial cell or cell
cluster having clear boundaries with the surrounding
tissue was counted as one vessel. The number of
microvessels in each randomly selected field was
recorded, and their average value was calculated as the
MVD value for each mouse.

RT-qPCR detecting: The RT-qPCR method was
adopted. 100 mg of OC tissue were mixed with 1 mL of
TRIzol reagent (Invitrogen, USA). The total RNA was
extracted after homogenization and detected for purity
and concentration using a Qubit fluorometer (Thermo
Fisher, USA) and agarose gel electrophoresis. A reverse
transcription kit (Thermo Fisher, USA) was employed to
synthesize cDNA, with a system of 20 pL:1 pg of RNA,
2 uL of 10 mmol/L dANTP, 4 uL of 5x Buffer, 1 pL of
OligodT, and 0.5 pL of reverse transcriptase. The reverse
transcription program was 42°C for 60 min and 75°C for
10 min.

To ensure subsequent RT-PCR amplification
accuracy, primer efficiency validation was performed for
JAK2, STAT3, VEGF, and B-actin prior to formal
experiments. Total RNA was serially diluted into five
gradients and reverse transcribed, followed by RT-qPCR
amplification using the corresponding primers. Standard
curves were generated by plotting the logarithm of
template concentration against Ct values. Linear
regression analysis demonstrated that all primers
exhibited amplification efficiencies between 90%-110%,
with correlation coefficients of standard curves exceeding
0.99.

1 uL of the reverse transcription product served
as a template for RT-PCR amplification using a RT-
gPCR kit (Thermo Fisher, USA) on a RT-qPCR system
(Roche, Switzerland): 95°C for 3 min, 95°C for 10 s,
55°C for 34 s, for 30 cycles. B-actin was used for
analyzing JAK2, STAT3, and VEGF genes. Each
reaction was performed in triplicate, annealing at 60°C
for 30 s, 30 cycles. Relative expression was computed
employing the 242 assay. The primers for JAK2, etc.
were designed and synthesized by Shanghai Sangon
Biotech Co., Ltd (China).

RT-qPCR amplification primers: JAK2 forward
(F):  5-GGGTGTTCGCGTCGCCACTT-3’,
primer (R): 5’-

primer
reverse
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CAGATCGGGCGACCAGAGCG-3’; STAT3 F: 5°-
GCAGTTTCTGGCCCCCCTT-3’, R: 5’-
CGGGCCACAATCCGGGCAAAT-3’; VEGF F: 5’-
GGCCTCCGAAACCATGAACAT-3’, R: 5’-
GGTCTCGCATTGCGATGGCAGT-3’; p-actin F: 5°-
GAGCCTCGCTTTTTTGCCGATCC-3’, R: 5’-

CGATGCCGTTGCTCGATGGGG-3".

Melting curve analysis was performed following
RT-qPCR  amplification to verify amplification
specificity. The reaction system was gradually heated
from 60°C to 95°C at 0.5°C/s, with continuous
fluorescence monitoring. A single sharp peak in the
melting curve indicated specific amplification of the
target product.

Western blotting: JAK2, STAT3, and VEGF play pivotal
roles in cellular proliferation and angiogenesis.
Meanwhile, GSK-3p and B-catenin, key components of
Whnt/B-catenin signaling, are critically involved in cancer
stem cell properties and tumor metastasis. To
comprehensively investigate the mechanistic roles of
these pathways in OC tissues, Western blotting was
performed to analyze JAK2, GSK-3f, STAT3, VEGF, and
B-catenin protein expression levels. One hundred
milligrams of OC tissue minced and homogenized. 1 mL
of protein lysis solution (Beyotime Biotechnology, China)
was applied for grinding on ice for 30min, and
centrifugation was performed at 4°C and 12,000 rpm for
20 min to collect the extracted total protein. The content
was determined employing a bicinchoninic acid assay kit
(Takara, China). Denaturation was carried out by heating
in boiling water in a short time. The separation was
achieved through SDS-PAGE gel electrophoresis
(Beyotime Biotechnology, China). The proteins were
transferred to a polyvinylidene fluoride membrane
(Thermo Fisher Scientific, USA) adopting a wet transfer
method at 250 mA for 60-90 min. 5% skim milk (Bright
Dairy & Food Co., Ltd., China) was adopted for blocking
for 1 h, incubation throughout the night at 4°C with
diluted rabbit anti-human JAK2 (1:200), GSK-3f (1:200),
STAT3 (1:400), and VEGF primary antibody (1:500)
(Abcam, UK). After three-time rinses with TBST, each
lasting 10 min, incubation was carried out with HRP-
conjugated secondary antibody (1:10,000) (Zhongshan
Golden Bridge, USA) at 25°C for 2 h, three-time rinses
(10 min/time). It was then developed with a chromogenic
solution and automatically exposed on a film imager
(Pharmacia, USA), and expressions of p-GSK-3p, GSK-
3B, and B-catenin were analyzed based on the grayscale
values.

Statistical methods: The experimental data underwent
analysis using SPSS 26.0, with the quantitative results

being presented as mean = sd (X + s). One-way analysis
of variance and #-test were adopted, and the quantitative
data with uneven variance was analyzed by non-
parametric test. The counting data were denoted as
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percentage (%), and y> test was adopted. P<0.05
indicated that the distinction was statistically meaningful.

RESULTS

Analysis of tumor indexes of OC: In Figure 1, the
weight of OC tumor in erlotinib and bevacizumab groups
was found to have decreased versus model group
(P<0.05). There was no significant difference in tumor
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inhibition rate between erlotinib and bevacizumab groups
(P>0.05). Relative to model group, the tumor volume in
erlotinib group was significantly reduced at 6 d post-
modeling, and the tumor volume in bevacizumab group
was also decreased at 8 d post-modeling (P<0.05),
negligible difference in tumor volume between erlotinib
and bevacizumab groups at different time points
(P>0.05).
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Fig. 1: Comparison of tumor weight, tumor inhibition rate, and tumor volume among different groups of mice. A:
weight; B: tumor inhibition rate; C: tumor volume of OC. *P<(.05 vs. model group.

Analysis of HE staining results of OC tissues: In
control group, OC cells showed normal and clear outline,
abundant cytoplasm and obvious nucleoli. There was no
obvious cell atypia and the cell morphology was normal.
In model group, they indicated island like growth,
increased nuclear division, resulting in blurred cell
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outline, high-density distribution of cancer cells with
different size and morphology, and scattered neutrophil
infiltration in the stroma; In erlotinib group and
bevacizumab group, they indicated shrunken morphology,
concentrated nuclear chromatin, and different degrees of
patchy necrotic areas (Figure 2).
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Fig.2: OC tissue HE staining in different groups of mice (x200).

Analysis of immunohistochemical results: In Figure 3,
the MVD and VEGF protein expression in model,
erlotinib, and bevacizumab groups was increased versus
control group. When compared with model group, it was
visibly decreased in erlotinib group and bevacizumab
group (P<0.05). It showed no significant disparity
between erlotinib and bevacizumab groups (P>0.05).

Analysis of gene expression in OC tissues: In Figure 4,
JAK2, STAT3, and VEGF gene expressions in model,
erlotinib, and bevacizumab groups was visibly increased
versus control, while those were reduced in erlotinib and

A10-

MVD (%)

bevacizumab groups versus model group (P<0.05), but
exhibited negligible disparity between erlotinib and
bevacizumab groups (P>0.05).

Analysis of protein expression in OC tissues: In Figure
5, JAK2, STAT3, and VEGF protein expressions in
model group, erlotinib group, and bevacizumab group
were markedly elevated versus control; which were
markedly reduced in erlotinib and bevacizumab groups
versus model group (P<0.05). Negligible difference was
observed between erlotinib and bevacizumab groups
(P>0.05).
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Fig.3: Comparison of MVD and VEGF protein expression levels in OC tissues of different groups of mice detected
by immunohistochemistry. A. MVD; B. VEGF.
*P<0.05 vs. control group, “P<0.05 vs. model group.
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Fig.4: Comparison of gene expression levels in OC tissues of different groups of mice. A. JAK2; B. STAT3; C.
VEGEF. *P<0.05 vs. control group, “P<0.05 vs. model group.
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Fig. 5: Comparison of protein expression levels in OC tissues of mice in different groups. A: JAK2; B: STAT3;
C: VEGF; D: western blotting. *P<0.05 vs. control group, #P<0.05 vs. model group.

DISCUSSION

In this study, the mechanism of bevacizumab
regulating JAK2/STAT3 pathway to inhibit angiogenesis
of OC was explored through animal OC model. Contrast
with model group showed that the volume and weight of
OC markedly reduced in erlotinib group and
bevacizumab group, indicating that both drugs effectively
inhibited the growth of tumors. The anti-tumor outcome
of bevacizumab on OC is equivalent to that of erlotinib,
and it plays an effective role in suppressing tumor growth
by reducing tumor angiogenesis and downregulating
expression of key molecules of JAK2/STAT3. These
findings support the potential of bevacizumab as a

therapeutic drug for OC and provide an experimental
basis for its clinical application.

From the volume and weight data, erlotinib and
bevacizumab showed observable impact on suppressing
the growth of OC, and this effect shows a similar trend at
different time points after modeling. This may be related
to their mechanism of action. Erlotinib interferes with
tumor cell proliferation and pathways by suppressing
tyrosine kinases (Hardesty et al, 2022), while
bevacizumab reduces angiogenesis by suppressing VEGF,
thereby suppressing tumor growth (Horikawa et al.,
2020). Changes in the effects of erlotinib and
bevacizumab at different time points also suggest that the
effects of drugs may be time-dependent. The tumor
volume was markedly reduced in the early stage after
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modeling, which may reflect its rapid intervention effect
on tumor growth. The above results further suggested that
bevacizumab and erlotinib, both positive drugs, suggested
good antitumor effects in the treatment of OC.

JAK is a member of a family of non-receptor
tyrosine kinases, whose main function is to transmit
signals by phosphorylating the substrate STAT (Long et
al., 2024). After JAK is activated on cell membrane
receptors, it activates STAT molecules through tyrosine
phosphorylation, promoting its dimerization and
translocation to the nucleus to regulate the transcriptional
activity of specific genes (Huang et al, 2022). In many
cancers, JAK2/STAT3 is abnormally activated. This
abnormal activation is usually achieved by gene mutation,
overexpression, or abnormal enhancement of upstream
signals (You et al., 2023; Stevens et al., 2023; Lei et al,,
2019; Deng et al, 2023). As reported, STAT3 is
abnormally activated in cancer cells, promoting
proliferation, apoptosis escape, and metastasis of cancer
cells (Chen et al., 2023). The abnormal activation of
JAK2/STATS3 can foster the abnormal multiplication and
neoplastic transformation of tumor cells (Liu ef al., 2022).
When cancer cells shed, invade, and metastasize, the
activation of JAK2/STAT3 accelerates these processes.
STAT3  promotes the  formation of  tumor
neovascularization, further supporting tumor spread and
growth (Xu et al., 2022). The results showed that the
levels of MVD and VEGF protein in model group were
markedly superior to those in control group. This shows
that tumor angiogenesis in OC model is notably increased.
Under hypoxic conditions in the TME, hypoxia-inducible
factor-la (HIF-1a) stabilizes and translocates to the
nucleus (Anjum et al., 2022). HIF-1 a binds to hypoxia
response elements in the VEGF promoter region,
upregulating the transcription and expression of VEGF.
VEGF subsequently binds to VEGFRs on endothelial
cells, activating pathways that promote endothelial cell
proliferation and migration, leading to new blood vessel
formation (Wu et al., 2023). Erlotinib and bevacizumab
groups showed greatly reduced MVD and VEGF protein
expression versus model group. Erlotinib blocks EGFR
signaling, thereby suppressing VEGF production and
angiogenesis (Rohr-Udilova et al., 2017). Bevacizumab
directly neutralizes VEGF and prevents its binding to
VEGFRs, inhibiting downstream pathways and
effectively suppressing angiogenesis and tumor growth
(Butler et al, 2017). In this study, erlotinib and
bevacizumab effectively inhibit angiogenesis and VEGF
expression in OC. JAK2, STAT3, and VEGF gene
expression was markedly increased in model group
versus control. JAK2 and STAT3 regulate VEGF
expression, affecting angiogenesis and tumor growth (He
et al., 2022). As an anti VEGF antibody, bevacizumab
directly targets VEGF and prevents its binding with
VEGFR, thus suppressing angiogenesis and tumor
growth. VEGF can bind to VEGFR, increasing the
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permeability of blood vessels (Xia et al., 2023). Such
effect is imperative for tumor growth and metastasis, for
providing blood supply required for tumor growth. VEGF
promotes angiogenesis and synthesis and secretion of
MMPs (Xiong et al., 2021). The highly expressed VEGF
is closely related to the clinical stage, cell differentiation,
and lymph node metastasis of tumors (Fogg et al., 2019).
Activation of JAK2/STAT3 can enhance VEGF
expression, thereby promoting angiogenesis and tumor
invasion (Zhong et al, 2021). Elevated VEGF can
activate JAK2/STAT3, forming a vicious cycle and
promoting tumor progression (Wang et al., 2025). The
abnormal activation of this pathway promotes tumor cell
growth and metastasis, and aggravates the malignant
progression. Hence, JAK2/STAT3 and its downstream
effectors demonstrate imperative targets in cancer therapy.

In this study, it was found that bevacizumab
effectively inhibited tumor growth by reducing tumor
angiogenesis and reducing JAK2/STAT3 key molecule
expression. Although JAK2, STAT3, and VEGF levels
were analyzed, this work did not explore the specific
interaction between these molecules or other possible
downstream effects, and did not evaluate other involved
pathways. We will explore mechanism of JAK2/STAT3
and evaluate the impact of other possible pathways on the
therapeutic effect.

Conclusion: This study explored the mechanism by
which bevacizumab regulates the JAK2/STAT3 pathway
and inhibits angiogenesis in OC mice. It turned out that
bevacizumab inhibited tumor growth by reducing tumor
angiogenesis and reducing JAK2/STAT3 key molecule
expression, offering robust justification for the utilization
of bevacizumab in OC treatment. This study helps to
develop OC treatment plans, discover new drug targets,
and improve the accuracy of treatment efficacy prediction.
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