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Background: Progressive vascular endothelial cell (EC) injury is a key initiating event in diabetic macrovascular complications,
which dramatically increasesmorbidity andmortality among diabetic patients by facilitating atherosclerotic lesion formation and
subsequent cardio-cerebrovascular disorders. Chronic hyperglycaemia impairs endothelial proliferation, migration and angio-
genic capacity; however, the key molecules regulating high glucose (HG)-mediated endothelial deterioration remain incompletely
characterized. This study aimed to uncover the molecular cascade underlying HG-triggered human endothelial damage.
Methods: Human umbilical vein endothelial cells (HUVECs) were randomly divided into multiple groups and incubated in
medium supplemented with either physiological isotonic glucose or HG to construct an in vitro endothelial injury model induced
by hyperglycaemia. Synthetic small interfering RNAs (siRNAs) were transiently transfected into HUVECs via liposomal delivery
to achieve specific knockdown of insulin-like growth factor-binding protein 7 (IGFBP7) and aurora kinase A (AURKA) separately
or simultaneously, with scrambled siRNA serving as the negative transfection control. After completion of drug and gene inter-
vention, multiple sets of functional indicators (viability, migration, tube formation) and apoptotic-related molecular signatures
(B-cell lymphoma 2 (Bcl-2), BCL2-associated X, apoptosis regulator (Bax), andCleaved Caspase-3) were systematicallymeasured
to comprehensively evaluate the severity of endothelial injury.
Results: HG exposure significantly impaired the fundamental biological behaviours of HUVECs, while simultaneously elevating
IGFBP7 expression, depressing AURKA transcription, and tipping the equilibrium of apoptosis-related proteins: Bcl-2, Bax
and Cleaved Caspase-3 (p < 0.05). Silencing IGFBP7 remarkably rescued HG-induced endothelial dysfunction, yet AURKA
knockdown partly reversed these protective phenotypes (p < 0.05).
Conclusion: IGFBP7 knockdown alleviates HG-induced endothelial injury, and this effect may be associated with upregulation
of AURKA. These findings provide preliminary experimental evidence supporting further investigation of potential therapeutic
targets for diabetic vascular complications.
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Introduction

Diabetes mellitus (DM) has become an epidemic
chronic disease worldwide; by 2045, the prevalence of DM
among individuals aged 20–79 is forecast to reach 12.2%
(783.2 million people) [1]. Diabetic vascular complica-
tions, which occur in microvessels and macrovessels, are
the most important cause of morbidity and mortality in the
DM population [2]. Therein, atherosclerosis emerges as a
major macrovascular complication and a leading cause of
cardiovascular disease (CVD), imposing a substantial bur-
den on survival outcomes in patients with DM [3]. Hence,
studying the mechanisms underlying macrovascular com-
plications in DM may provide important insights for im-
proving patient survival.

Endothelial cells (ECs) and their products NO and
prostacyclin are essential for the maintenance of vascu-
lar homeostasis [4]. Disturbed glucose metabolism and
hyperglycemia-induced oxidative stress and inflammatory
responses contribute to vascular EC injury and subsequent
endothelial dysfunction, which represents a key pathogenic
mechanism in diabetic vascular complications [5,6]. Dam-
aged ECs primarily exhibit impaired barrier function, re-
duced migration and proliferation, impaired diastolic func-
tion, increased apoptosis, and most importantly, compro-
mised angiogenic capacity [2,7,8]. Although the mecha-
nism of EC injury in DM has been explored in recent years,
the findings remain inconclusive.
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Insulin-like growth factor-binding protein 7
(IGFBP7), a secretory protein, can exert either posi-
tive or adverse effects on IGF signaling due to its strong
affinity for IGF binding. In an IGF-independent manner,
it is also essential for cell proliferation, differentiation,
and development [9]. The interaction between IGFBP7
and IGFs has been implicated in the progression of DM
[10]. Furthermore, IGFBP7 has been suggested to play
a role in diabetic vascular complications [11]; however,
its underlying mechanism remains unclear. Notably,
transcriptome analysis has revealed that IGFBP7 is upreg-
ulated in damaged ECs [12]. Accordingly, IGFBP7 may
contribute to the injury of ECs in DM.

Aurora kinase A (AURKA), one of the three mem-
bers of the aurora kinase family, is responsible for regulat-
ing multiple processes during cell caryomitosis, including
microtubule stability in the G1 phase, as well as chromoso-
mal segregation and alignment [13]. To date, AURKA has
been recognized as an oncogene in multiple cancer types,
and targeting AURKA has been shown to suppress cancer
progression and drug resistance [14,15]. Additionally, a re-
cent study suggested that AURKA promotes post-ischemic
angiogenesis in diabetic limb ischemia [16]. Notably, a
protective role of AURKA in ECs exposed to high glucose
(HG) has also been reported [16]. Therefore, AURKA is
likely involved in endothelial injury in DM.

Here, we speculated that there is a relationship be-
tween IGFBP7 and AURKA and investigated their roles in
EC injury in DMusing in vitro loss-of-function experiments
in HG-induced ECs.

Materials and Methods

Cell Culture and Transfection
Human umbilical vein ECs (HUVECs, PCS-100-013)

were obtained from the American Type Culture Collection
(Manassas, VA, USA) and cultured in 96-well plates using
complete Roswell Park Memorial Institute (RPMI)-1640
medium (PM150110B, Procell, Wuhan, China). The cell
line tested negative for mycoplasma contamination and was
confirmed to have accurate short tandem repeat profiling.
Plates were maintained at 37 °C and 5% CO2 in an incu-
bator (51032874, ThermoFisher Scientific, Waltham, MA,
USA).

The small interfering RNA against IGFBP7
(siIGFBP7, siG000003490A-1-5, sense strand: 5′-
CAAUCCACUAACACUUUAGUU-3′; antisense
strand: 5′-ACUAAAGUGUUAGUGGAUUG-3′),
siAURKA (siB14210102904-1-5, sense strand: 5’-
CCUGUCUUACUGUCAUUCGAA-3’; antisense strand:
5′-UUCGAUGACAGUAAGACAGG-3′), and scrambled
siRNA negative control (siNC, siN0000002-1-5, sense
strand: 5′-UUCUCCGAACGUGUCACGUUU-3′; anti-
sense strand: 5′-ACGUGACACGUUCGGAGAAUU-3′)
were all obtained from RIBOBIO (Guangzhou, China).

For cell transfection, HUVECs were seeded into 96-well
plates at a density of 1 × 104 cells/well. Transfection
was conducted when cell confluence reached 70%–90%.
All siRNAs (siIGFBP7, siAURKA and siNC) were di-
luted to a final working concentration of 50 nM before
complex preparation. Liposome–siRNA complexes were
formulated following the manufacturer’s instructions for
the Lipofectamine 3000 Transfection Reagent (L3000001,
ThermoFisher Scientific, Waltham, MA, USA). Cells
were cultured at 37 °C for 48 hours (h) after transfection,
and quantitative reverse transcriptase polymerase chain
reaction (qRT-PCR) was performed to detect the target
gene knockdown efficiency.

Cell Treatment
After cell passage, HUVECs were cultured in com-

plete RPMI-1640 medium supplemented with 30 mmol/L
glucose (G7021, Sigma-Aldrich, St. Louis, MO, USA) for
48 h [17]. In parallel, control cells were cultured in control
glucose medium (5 mmol/L glucose and 25 mmol/L manni-
tol). Mannitol (M4125)was purchased fromSigma-Aldrich
(St. Louis, MO, USA).

Cell Counting Kit-8 (CCK-8) Assay
After the cells had been treated for 24 or 48 h, WST-

8/CCK-8 Solution (10 µL/well) in Cell Counting Kit-8
(ab228554, Abcam, Cambridge, UK) was added to each
well for a 4-h incubation period at 37 °C without light.
The optical density (OD) value of each well at 0, 24
and 48 h were measured at 460 nm using the Multiskan™
FC enzyme-labeled instrument (ThermoFisher Scientific,
Waltham, MA, USA).

Scratch Assay
6-well plates were seeded with 5 × 105 HUVECs per

well. Once the monolayers reached 90%–100% conflu-
ence, cells were cultured in serum-free media, rinsed three
times with phosphate-buffered saline (PBS, abs962, Ab-
sin, Shanghai, China), and scratched with sterile pipette
tips. Floating detached cells were removed by gentle PBS
washing again after scratching. AnOlympusBX53Fmicro-
scope (100×, OLYMPUS, Tokyo, Japan) was used to cap-
ture wound images at 0 and 48 h, and ImageJ (v1.52s, Na-
tional Institutes of Health, Bethesda, MD, USA) was used
to quantify the images.

Tube Formation Assay
Firstly, 50 µL/wellMatrigel homogenate (356234, So-

larbio, Beijing, China) was pre-coated on the 24-well plates.
Afterwards, HUVECs were cultured on the Matrigel with a
density of 1.5 × 104 cells/well for 3–12 h. Finally, HUVECs
were fixed with 4% paraformaldehyde (abs9179, Absin,
Shanghai, China), and the BX53F microscope was used to
observe the formed tubes at 100× magnification, followed
by analysis using ImageJ software (v1.52s, National Insti-
tutes of Health, Bethesda, MD, USA).
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qRT-PCR
The first-strand complementary DNA (cDNA)

was synthesized using the SuperScriptTM VILOTM
cDNA Synthesis Kit (11754050, ThermoFisher Scientific,
Waltham, MA, USA) following the extraction of the total
RNA of HUVECs using the TRIzolTM Plus RNA Purifi-
cation Kit (12183555, ThermoFisher Scientific, Waltham,
MA, USA). Then, the synthesized cDNA was used for
qRT-PCR with Fast SYBR™ Green Master Mix (4385612,
ThermoFisher Scientific, Waltham, MA, USA) on a
QuantStudio™ 7 Pro real-time PCR instrument (A43165,
ThermoFisher Scientific, Waltham, MA, USA), under the
following conditions: 95 °C for 20 sec, followed by 40
cycles of 95 °C for 3 sec and 60 °C for 30 sec. Finally,
β-actin was used as the internal control, and all data were
analyzed using the 2-ΔΔCT method [18].

The primers used are listed as fol-
lows: IGFBP7 primers, sense: 5′-
GAAGTAACTGGCTGGGTGCT-3′, antisense: 5′-
ATGCCCTTATGGGTTGCTAACT-3′; AURKA primers,
sense: 5′-GTCAAGTCCCCTGTCGGTTC-3′, antisense:
5′-GGCAATGGAGTGAGACCCTC-3′; β-actin primers,
sense: 5′-CAAATGCTTCTAGGCGGACTATG-3′, anti-
sense: 5′-TGCGCAAGTTAGGTTTTGTCA-3′.

Western Blotting
RIPA lysis buffer (R0010, Solarbio, Beijing, China)

was used to extract total cellular protein from HUVECs.
The BCA Protein Assay Kit (PC0020, Solarbio, Beijing,
China) was used to measure the total protein content af-
ter protein samples were denatured in a boiling water bath
for five minutes. Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) was used to separate
equal amounts of denatured protein on 10% separating
gels (XP00100BOX, ThermoFisher Scientific, Waltham,
MA, USA). Subsequently, separated proteins were elec-
trophoretically transferred onto Immobilon-P PVDF mem-
branes (E801-01, Vazyme, Vazyme, China). After block-
ing membranes for 1 h at room temperature using Block-
ing Buffer (37581, ThermoFisher Scientific, Waltham,MA,
USA), the membranes were incubated with primary anti-
bodies overnight at 4 °C, and then incubated for 1 h at room
temperature with matching secondary antibodies. A Tanon
5200 imaging system (Tanon, Shanghai, China) was used to
visualize protein bands following chemiluminescent detec-
tion. ImageJ software was utilized to quantify relative band
intensities, while β-actin served as the internal reference for
normalization.

The antibodies used are as follows: primary antibod-
ies included B-cell lymphoma 2 (Bcl-2, ab59348, 26 kDa,
1:500, Abcam, Cambridge, UK), BCL2 associated X, apop-
tosis regulator (Bax, ab32503, 21 kDa, 1:2000, Abcam,
Cambridge, UK), Cleaved Caspase-3 (ab2302, 17 kDa,
1:2000, Abcam, Cambridge, UK), AURKA (#14475, 48
kDa, 1:1000, Cell Signaling Technology, Danvers, MA,

USA) and β-actin (ab8227, 42 kDa, 1:1000, Abcam, Cam-
bridge, UK), and secondary antibodies included anti-rabbit
IgG (ab205718, 1:2000, Abcam, Cambridge, UK).

Statistical Analyses
The study data were obtained from three independent

experiments, and GraphPad Prism 8 (GraphPad, Inc., USA)
was used to express the results as mean ± standard devia-
tion. The comparison between two groups was conducted
using an independent samples t-test, and the comparison
among multiple groups was performed using a one-way
analysis of variance (ANOVA). Statistical significance was
defined as a p-value less than 0.05.

Results

HG Exposure Inhibited Cell Viability and
Upregulated IGFBP7 Expression in HUVECs

To mimic the HG environment to which ECs are ex-
posed in DM, HG medium was used to culture HUVECs
in vitro. As shown, cell viability at 24 and 48 h in the HG
groupwas decreased compared with the Control group (Fig.
1A, p < 0.01). Also, data from qRT-PCR demonstrated the
upregulated expression of IGFBP7 at 24 h and 48 h follow-
ing HG exposure (Fig. 1B, p < 0.001).

IGFBP7 Deletion Accelerated Viability, Migration,
and Tube Formation of HUVECs With HG Exposure

We demonstrated that IGFBP7 expression is increased
in HUVECs exposed to HG. Furthermore, IGFBP7 was
deleted in HUVECs by siIGFBP7 transfection to investi-
gate its role (Fig. 2A, p < 0.001). Cell viability, migra-
tion, and tube formation were significantly reduced in the
HG group compared with the Control group (Fig. 2B–F,
p < 0.01). Moreover, in HG-induced HUVECs transfected
with siIGFBP7, cell viability, migration, and tube forma-
tion were significantly increased compared with the HU-
VECs containing siNC (Fig. 2B–F, p < 0.05). These data
suggest that IGFBP7 deletion restores the decreased via-
bility, migration, and tube formation in HG-induced HU-
VECs.

AURKA Deletion Reversed the Effects of IGFBP7
Deletion in HUVECs Exposed to HG

Additionally, AURKA expressionwas reduced inHU-
VECs following HG exposure (Fig. 2G, p < 0.001). Com-
pared with HG-induced HUVECs transfected with siNC,
AURKA expression was significantly higher in cells trans-
fected with siIGFBP7 (Fig. 2G, p < 0.01), suggesting a po-
tential regulation of IGFBP7 on AURKA. To further inves-
tigate the role of the IGFBP7/AURKA axis in HG-induced
EC injury, AURKAwas silenced using siAURKA transfec-
tion. AURKA expression was significantly reduced in the
HG+siAURKA group compared with the HG+siNC group
(Fig. 2H,I, p < 0.01). Furthermore, siAURKA reversed

https://www.discovmed.com/


2255

Fig. 1. Effects of high glucose (HG) exposure on cell viability and insulin-like growth factor-binding protein 7 (IGFBP7) expression
in human umbilical vein endothelial cells (HUVECs). (A,B) After HUVECs were exposed to HG environment (30 mmol/L glucose),
with control cells cultured in a medium containing 5 mmol/L glucose and 25 mmol/L mannitol, cell viability at 0 h, 24 h and 48 h was
assessed using a cell counting kit-8 (CCK-8) assay (OD, optical density) (A), and quantitative reverse transcriptase polymerase chain
reaction (qRT-PCR) was used to evaluate IGFBP7 expression in HUVECs at 0 h, 24 h, and 48 h, with β-actin as the internal reference
(B). Data are presented as mean ± SD (three independent repeated experiments). **p < 0.01; ***p < 0.001 vs. Control; +++p < 0.001 vs. 0
h.

the effect of siIGFBP7 on the expression of AURKA (Fig.
3A, p < 0.05). Then, it was found that siAURKA inhibited
cell viability, migration, and tube formation in HG-induced
HUVECs compared with the HG+siNC group (Fig. 3B–
F, p < 0.01). Moreover, the promotive effects of IGFBP7-
deletion on the above indicators in HUVECs were partially
reversed by further transfection with siAURKA (Fig. 3B–F,
p < 0.001). To assess cell apoptosis, the expression of as-
sociated proteins was determined, including pro-apoptosis
proteins Bax and Cleaved Caspase-3, and anti-apoptosis
protein Bcl-2. HG exposure promoted cell apoptosis in HU-
VECs, as indicated by downregulated Bcl-2 expression and
upregulated expression of Bax and Cleaved Caspase-3 fol-
lowing HG incubation (Fig. 4A,B, p < 0.001). In HG-
exposed HUVECs, siIGFBP7 increased Bcl-2 expression
while decreasing Bax and Cleaved Caspase-3 expression
(Fig. 4A,B, p < 0.01), whereas siAURKA produced the op-
posite effects (Fig. 4A,B, p < 0.05). Moreover, siAURKA
neutralized the inhibitory effects of siIGFBP7 on apoptosis
in HG-exposed HUVECs (Fig. 4A,B, p < 0.05). These re-
sults indicate that AURKA deletion attenuates the effects
of IGFBP7 deletion on HG-induced changes in viability,
migration, tube formation, and apoptosis in HUVECs, sug-
gesting that IGFBP7 may regulate EC injury in HG condi-
tions through AURKA.

Discussion

CVD and cancer are the two leading causes of death in
most countries, and it is well known that patients with DM
have a substantially higher risk of CVD than healthy indi-
viduals, which is the major cause of death in patients with
DM [19]. This is because the blood environment in DM is
unfavorable for vascular homeostasis, thereby contributing
to diabetic vascular complications such as atherosclerosis, a
major cause of CVD [20]. It has also been recognized that
EC injury is a key pathological event in diabetic vascular
complications [21]. Hence, exploring the mechanism of en-
dothelial injury induced by HG may provide important in-
sights into the treatment of diabetic vascular complications.
In this study, we found that IGFBP7 expression was upreg-
ulated, whereas AURKA expression was downregulated in
HG-induced HUVECs, and IGFBP7 deletion enhanced via-
bility, migration, and tube formation of these cells, whereas
this effect was attenuated by AURKA deletion. Based on
these findings, we propose that IGFBP7 deletion is associ-
ated with AURKA upregulation, which may contribute to
the observed protective effects.

As described above, integrated transcriptome analy-
sis of ECs from traumatic brain tissues revealed IGFBP7
overexpression [12]. Here, we demonstrated that increased
IGFBP7 expression was accompanied by decreased HU-
VEC viability following HG exposure, suggesting the in-
volvement of IGFBP7 in HG-induced EC injury. Although
previous studies have shown that IGFBP7 treatment inhibits
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Fig. 2. Effect of IGFBP7 deletion on viability, migration, and tube formation in HUVECs with HG exposure. (A–G) After
HUVECs were transfected with negative control small interfering RNA (siNC) or siIGFBP7, followed by HG exposure (Control, HG,
HG+siNC, HG+siIGFBP7), qRT-PCR showed transfection efficiency, with β-actin as the internal reference (A), CCK-8 assay was utilized
for viability determination (B), cell migration was measured with scratch assay (C,D, magnification: 100×; scale: 50 µm), in vitro tube
formation was detected (E,F, magnification: 100×; scale: 50 µm), and aurora kinase A (AURKA) expression in HUVECs was determined
by qRT-PCR, with β-actin as the internal reference (G). (H,I) After HUVECs were transfected with siNC or siAURKA, the AURKA
expression in HUVECs was determined by qRT-PCR and Western blotting, with β-actin as the internal reference. Data are presented
as mean ± SD (three independent repeated experiments). **p < 0.01, ***p < 0.001 vs. Control; #p < 0.05, ##p < 0.01, ###p < 0.001 vs.
HG+siNC.
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Fig. 3. Effect of AURKA deletion on viability, migration, and tube formation in HUVECs exposed to HG. (A–F) After HUVECs
were transfected with siNC, siAURKAor/and siIGFBP7, followed byHG exposure (Control, HG+siNC, HG+siIGFBP7, HG+siAURKA,
HG+siIGFBP7+siAURKA), qRT-PCR showed transfection efficiency, with β-actin as the internal reference (A), CCK-8 assay was uti-
lized for viability determination (B), cell migration was measured with scratch assay (C,D, magnification: 100×; scale: 50 µm), and
in vitro tube formation was detected (E,F, magnification: 100×; scale: 50 µm). Data are presented as mean ± SD (three independent
repeated experiments). ***p < 0.001 vs. Control; ##p < 0.01, ###p < 0.001 vs. HG+siNC; ^^^p < 0.001 vs. HG+siIGFBP7; &p < 0.05, &&p
< 0.01, &&&p < 0.001 vs. HG+siAURKA.

vascular endothelial growth factor (VEGF)-induced prolif-
eration in HUVECs [22], its role in HG-induced EC in-
jury remains unclear. In this study, IGFBP7 deletion re-
versed HG-induced reductions in HUVEC viability, migra-

tion and tube formation, as well as increased apoptosis. No-
tably, tube formation is critical for vascularization in vivo,
in which the proliferation and migration of ECs play essen-
tial roles [23]. These findings indicate that HG induces in-
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Fig. 4. Effect of IGFBP7 and AURKA deletion on apoptosis-associated protein expression in HUVECs exposed to HG. (A,B)
Western blotting exhibited expression of apoptosis-associated proteins (Bcl-2, Bax, Cleaved Caspase-3) in HUVECs in the Control,
HG+siNC, HG+siIGFBP7, HG+siAURKA, HG+siIGFBP7+siAURKA groups, with β-actin as the internal reference. Data are presented
as mean ± SD (three independent repeated experiments). ***p < 0.001 vs. Control; #p < 0.05, ##p < 0.01 vs. HG+siNC; ^p < 0.05, ^^^p <
0.001 vs. HG+siIGFBP7; &p < 0.05, &&p < 0.01, &&&p < 0.001 vs. HG+siAURKA.

jury of HUVECs, whereas IGFBP7 deletion alleviates these
effects. We also noted that HG promotes proliferation, mi-
gration, and tube formation in retinal endothelial cells, con-
tributing to neovascularization in retinal tissues and diabetic
retinopathy [24]. Thus, the effects of HG on ECs differ be-
tween diabetic macrovascular and microvascular complica-
tions. Overall, our in vitro cellular findings suggest that tar-
geted inhibition of IGFBP7 may serve as a potential protec-
tive strategy against high glucose-triggered HUVECs dam-
age.

In exploring the mechanism of IGFBP7, AURKA at-
tracted our attention. A recent study reported that AU-
RKA rescues cell cycle progression, proliferation, migra-
tion, and tube formation in HG-damaged ECs by inhibit-
ing ferroptosis [16]. Consistently, our study found that
AURKA deletion inhibited viability, migration, and tube
formation, while promoting apoptosis in HG-induced HU-
VECs, indicating its essential role in maintaining EC func-
tion. Although a direct link between IGFBP7 and AURKA
has not been reported, our data showed a negative correla-
tion between their expression in HG-stimulated HUVECs.
Moreover, AURKA knockdown reversed the protective ef-
fects of IGFBP7 silencing on HG-induced endothelial in-
jury. These phenotypic results suggest that AURKA may
act as a functional downstream molecule mediating the bi-
ological effects of IGFBP7 in HG-induced endothelial in-
jury.

It should be emphasized that the current study only
suggested an expression correlation and functional epista-
sis between IGFBP7 and AURKA. The precise molecular
mechanism by which IGFBP7 regulates AURKA remains
unclear. Collectively, these findings indicate a combined
role of IGFBP7 and AURKA in HG-mediated endothelial
damage, and provide a preliminary basis for identifying po-
tential therapeutic targets for diabetic macrovascular com-
plications.

Conclusion

To sum up, this study demonstrates that knockdown
of IGFBP7 correlates with AURKA upregulation and al-
leviates HG-induced endothelial injury in HUVECs. We
hypothesize that IGFBP7 and AURKA may antagonisti-
cally influence EC function under high-glucose conditions.
However, direct mechanistic evidence is still lacking, and
all findings are currently limited to in vitro experiments.
Therefore, although this study provides a preliminary basis
for further investigation, the translational potential of tar-
geting IGFBP7 or AURKA in diabetic macrovascular com-
plications requires further in vivo validation and mechanis-
tic studies.
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