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ABSTRACT

Background: Keloid is a fibrotic disease characterized by hyperproliferative
fibroblasts. Notoginsenoside R1 (NGR1) possesses inhibitory roles on cell
proliferation. Thus, the research sought to assess the mechanism of action of
NGR1 against keloid. Materials and Methods: Cell viability of normal and keloid
fibroblasts pretreated with different NGR1 concentrations was determined
by Cell Counting Kit-8 assay. Cell cycle, apoptosis rate, and tube length were
detected using flow cytometry and tube formation assay. Vascular endothelial
growth factor (VEGF) expression was measured by quantitative real-time
polymerase chain reaction and western blot. To verify the reversal effect of
VEGF on NGR1, KEL FIB cells were transfected with pcDNA3-VEGF plasmids
following treatment with 40 uM NGRT1; subsequently, the above indicators
were determined again. Results: NGR1 decreased cell viability, and 20, 30,
and 40 uM NGR1 concentrations were selected for the next investigation.
After KEL FIB was treated with NGR1, the apoptosis rate was increased, cell
cycle was arrested, and tube formation was suppressed in a dose-dependent
manner. The expression of VEGF was also suppressed. In further experiments,
cell cycle and tube formation were promoted and apoptosis rate was decreased
in NGR1-treated cells when VEGF was overexpressed. Conclusion: NGR1
may play as an inhibitor of endogenous VEGF, and NGR1 exerts its inhibitory
effects on keloid fibroblasts by downregulating VEGFE

Key words: Apoptosis, cell cycle, keloid, notoginsenoside R1, vascular
endothelial growth factor

SUMMARY

* In conclusion, our work provided evidence that NGR1 could act as an inhibitor
of endogenous VEGF and exert inhibitory effects on keloid fibroblasts.
Moreover, our findings showed that the natural product NGR1 may function
as a candidate treatment drug for keloid prevention.

Abbreviations used: NGR1 = notoginsenoside R1, CCK-8 = Cell
Counting Kit-8, gRT-PCR = quantitative real-time polymerase chain
reaction, ECM = extracellular matrix, KFBs = keloid fibroblasts,

INTRODUCTION

Keloid, tumor-like fibrotic disease, represents an aberrant response
to wound healing."! Keloids are formed by proliferation, hemostasis,
and inflammation processes, in which various growth factors and
cytokines are involved.™ Keloid is characterized by hyperproliferative
fibroblasts, hyperplastic capillaries and collagen, overdeposited
extracellular matrix (ECM), as well as overgrown scars.®’! The
proliferation and apoptosis inhibition of keloid fibroblasts (KFBs) are
the biological bases of scar formation.”! Scar therapies have always
been difficult and hot topics in plastic surgery.®! Current therapies
for scars, mainly including local corticosteroid, stress, cryotherapy,
laser, and surgical therapy, are not uniformly successful.l’! Therefore,
novel alternative treatments are urgently needed. Importantly,
several traditional Chinese medicines have been reported that exert
soothing effects on scar, for example, compounds like Astragalus and
Salvia miltiorrhiza extract (CASE), Tanshinone |lIA, and Shikonin.”*"!
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CASE = compounds like Astragalus and Salvia miltiorrhiza extract,
CAG = chronic atrophic gastritis, TGF-f = transforming growth factor beta,
VEGF = vascular endothelial growth factor, DMSO = dimethyl sulfoxide,
PMSF = phenylmethanesulfonyl fluoride, SDS-PAGE = sodium dodecyl
sulfate polyacrylamide gel electrophoresis, PVDF = polyvinylidene fluoride,
CDS = coding sequence, SD = standard deviation. MSC = mesenchymal
stem cells.
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How ever, the biological action of notoginsenoside R1 (NGR1) in
treating scar has not been observed.

NGRI, the main active components extracted from Panax notoginseng,
possesses mitigating roles on atherosclerotic lesions, chronic atrophic
gastritis (CAG), and cerebral ischemia-reperfusion injury,*1? as well as
possesses anti-inflammatory and antioxidative benefits.'*!*! NGR1 has
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been demonstrated to suppress vascular smooth muscle cell migration
and proliferation.!™ Zhu et al.l' also showed a clear correlation between
NGR1 and apoptosis, inflammation, as well as oxidative stress. NGR1
has outstanding anti-inflammatory activity in vitro and in vivo.l'>'7* In
addition, it has also been reported that keloid and hypertrophic scars
are the result of chronic inflammation in reticular dermis.”*! Thus, the
present study sought to assess the beneficial effects and underlying
mechanism of NGRI against keloid.

Among the various biochemical factors involved in keloid formation,
studies have mainly concentrated on growth factors such as
transforming growth factor beta (TGF-B) and vascular endothelial
growth factor (VEGF).?*?!l VEGE, a positive angiogenic cytokine, has
been confirmed to play a crucial role in wound healing.?? In vitro
studies have demonstrated that overexpression of VEGF occurs during
scar formation.?>?!! Wu et al.?" indicated that dexamethasone-induced
keloid regression occurs via downregulation of VEGF expression. In
addition, NGR1 treatment could also markedly inhibit the level of
VEGE, and thereby ameliorate diabetic retinopathy.? These studies
prove that VEGF likely exerts a crucial role in keloid formation,
and NGR1 has a certain regulatory effect on VEGFE. Therefore, we
speculated that NGR1 can attenuate keloid through effective inhibition
of VEGF expression.

In this study, to verify the above hypothesis, cell cycle, apoptosis rate,
and tube formation were measured and the expression of VEGF was
further determined after KFB was treated with NGR1. In addition,
VEGF overexpression plasmid was synthesized to observe whether
this operation can reverse the effect of NGR1. This study aims to
investigate whether NGR1 could protect against keloid injury and what
its regulatory mechanism is.

MATERIALS AND METHODS

Cell culture and treatment

Normal fibroblasts HDFa (PCS-201-012), HDFn (PCS-201-010),
and KFB KEL FIB (CRL-1762) were obtained from ATCC (USA).
KFB HKF (BFN6021621) was purchased from Qinggi Biotechnology
Co., Ltd. (Shanghai, China), maintained in Dulbeccos modified
Eagle’s medium (DMEM; SH30243.01; Hyclone, Logan, UT, USA)
supplemented with 10% fetal bovine serum (FBS; 10100147; Gibco,
Grand Island, NY, USA) and penicillin-streptomycin solution (C0222;
Shanghai, Beyotime, China), and stored in an incubator (370, Forma
Steri-Cycle; Thermo Fisher, Waltham, MA, USA) at 37°C with 5% CO,.
Cells at passages 3-8 were used in the following experiments.

NGR1 was purchased from Solarbio Corporation (SN8230;
Beijing, China) and dissolved in dimethyl sulfoxide (DMSO;
D2650; Sigma-Aldrich, St. Louis, MO, USA). Normal fibroblast
and KFB cells were treated separately with 0, 10, 20, 30, 40, 50
UM NGRI for 48 h in serum-free media to select the appropriate
concentration.”’”  Subsequently, experiments were divided into
four groups: control group (KEL FIB-untreated cells), low NGRI1
group (KEL FIB cells were pretreated with 20 uM NGR1), medium
NGRI1 group (KEL FIB cells were pretreated with 30 uM NGR1), and
high NGR1 group (KEL FIB cells were pretreated with 40 uM NGR1).

Cell viability assay

The number of living keloid and normal fibroblasts was evaluated using
a Cell Counting Kit-8 (CCK-8) assay following the instructions (CK04;
Dojindo Molecular Technology, Kumamoto, Japan). Cells at exponential
stage were plated in 96-well plates (3799; Corning Inc., Corning,
NY, USA) with a density of 2 x 10° cells per well and then pretreated
with different NGR1 concentrations for 48 h. Subsequently, 10 uL
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of CCK-8 reagent was added to the samples and cultured for another
1-4 h. The absorbance of each well was determined using a microplate
reader (Multiskan SkyHigh, Thermo Fisher) at 450 nm, and cell viability
was calculated.

Determination of cell cycle

KEL FIB cells were plated in six-well plates (3516, Corning Inc.) at a
density of 3 x 10° cells/mL and then treated with three concentrations of
NGRI. Subsequently, the samples were digested, harvested, suspended in
phosphate-buffered saline (PBS; C0221A; Beyotime, Shanghai, China),
and fixed at 4°C for 4 h with 70% ethanol. After washing twice, the
cells were incubated with 500 uL of propidium iodide (PI, 50 ug/mL;
P4170; Sigma, St. Louis, MO, USA) and 100 uL of ribonuclease A (RNase
A, 100 pg/mL; R1030; Solarbio Corporation) at 4°C for 1 h. Cell cycle
was detected by flow cytometry. For analyses, 10,000 cells were counted
using Cell Quest software (BD Biosciences, San Jose, CA, USA), and the
DNA data obtained were analyzed by ModFit software (Verity Software
House, Topsham, ME, USA).

Apoptosis rate detection

Apoptosis rate in different groups was detected using Annexin
V-fluorescein isothiocyanate (FITC)/PI staining (AD10-2; Dojindo
Molecular Technology). Cells in six-well plates were harvested and
washed using PBS after NGR1 treatment for 48 h, followed by suspension
with binding buffer to determine the cell density of 1 x 10¢/mL. Then 5 uL
FITC-Annexin V supplemented with 5 uL PI was added to 100 uL of the
cell suspension for 15 min of staining in dark at room temperature. After
that, the working solution was discarded and the results were expressed
and analyzed using flow cytometer (FACSCalibur, BD Biosciences) and
FlowJo software (FlowJo, LLC, Ashland, OR, USA).

Tube formation assay

Tube formation assay was conducted according to a previous study.?”
Matrigel (354234; BD Biocoat, Bedford, MA, USA) was thawed overnight
at 4°C in a refrigerator and added to a 96-well plate (3799, Corning
Inc.) to gel at 37°C the next day. Then, the cells (2 x 10* cells/well) were
plated on polymerized Matrigel and subsequently treated with NGRI at
37°C for 6 h, as in the grouping described above. The tube structures
were observed under an inverted microscope (x100, IX83; Olympus,
Tokyo, Japan), and the total tube quantity was measured with Image]J
software (NIH Image, Bethesda, MD, USA).

Quantitative real-time polymerase chain reaction

Total RNA from NGRI1-treated KEL FIB cells was isolated using a
total RNA extraction kit (9767; Takara, Tokyo, Japan) according to
the instructions. Spectrophotometry (NanoDrop, Thermo Fisher)
and 1% agarose gel electrophoresis were used to determine the
RNA concentration (ng/uL) and integrity, respectively. First-strand
c¢DNA was then obtained using cDNA synthesis kit (6110A, Takara).
Quantitative real-time polymerase chain reaction (QRT-PCR) was
carried out in triplicate using SYBR mixture (DRR041B, Takara),
cDNA templates, and forward-reverse primer in an Applied
Biosystems™ 7500 PCR instrument (ABI, Foster City, CA, USA)
with glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as the
reference. Forty cycles (95°C for 10 s, 60°C for 30 s, and 72°C for
32 s) were conducted for amplification. 2"AA“ method was used
to analyze the relative expression.”” The primer sequences were
as follows: VEGF (forward, 5'-CCCACTGAGGAGTCCAACAT-3';
reverse, 5'-TTATACCGGGATTTCTTGCG-3"); GAPDH (forward,
5'-ATCCCATCACCATCTTCC-3';reverse,5'-GAGTCCTTCCACG
ATACCA-3").
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Western blot analysis

Cells with various treatments were harvested and lysed in RIPA
buffer (R0010, Solarbio Corporation) containing 1% phenylmethanesulfonyl
fluoride (PMSF; ST505; Beyotime, Shanghai, China) to extract total
proteins, the concentration of which in each group was then detected with
a BCA Protein Assay Kit (CW0014S; CWBIO, Beijing, China, https://www.
cwbio.com/search/index?keyword = CWO0014S). Equivalent quality of
proteins (30 pug) was separated by sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) and then transferred onto polyvinylidene
fluoride membrane (PVDF; YA1701, Solarbio Corporation). Next,
the membranes were blocked in 5% bovine serum albumin (BSA;
SW3015, Solarbio Corporation) at room temperature for 1 h, which
was subsequently followed by incubation with primary antibodies,
anti-VEGF (ab32152, 151 kDa, 1/2000 dilution; Abcam, Cambridge, UK)
and anti-GAPDH (ab226408, 36 kDa, 1/1000 dilution, Abcam), diluted with
Tris-buffered saline and Tween 20 (TBST; T1085; Solarbio Corporation)
overnight at 4°C. The next day, PVDF membranes were incubated with
the corresponding Horse Radish Peroxidase (HRP)-conjugated secondary
antibody (ab6721, 1/2000 dilution, Abcam; ab6728, 1/2000 dilution, Abcam)
for 1 h. After washing for a total of 30 min, the protein bands were visualized
using a chemiluminescence reagent (34577, Thermo Fisher) and Tanon
chemical imaging system (Tanon-5200 Multi, Shanghai, China). Image]J
software was finally used to measure the relative protein expression.

VEGF overexpression experiment

PCR products of VEGF coding sequence (CDS) and pcDNA3.1
plasmid (VT1001, YouBao, Shanghai, China) after BamHI and
Xhol (81295-09-2 and 81295-43-4; Dalian Takara Biotechnology, Dalian,
China) double enzyme digestion were ligated, transformed, and cloned
to obtain pcDNA3-VEGF positive plasmids, which were then delivered
to Shanghai Sangon Biotech for sequencing and identification. KEL FIB

cells were divided into three groups: NGR1 (KEL FIB cells only treated
with 40 uM NGR1), NGR1 + negative control (NC; KEL FIB cells
treated with 40 uM NGRI and transfected with pcDNA3.1 plasmid),
and NGR1 + VEGF (KEL FIB cells treated with 40 uM NGRI1 and
transfected with pcDNA3-VEGF positive plasmid).

Cells were seeded in six-well plates 1 day in advance until they reached
80% confluency. Lipofectamine 3000 transfection reagent (L3000008;
Invitrogen, Carlsbad, CA, USA) was then used to transfect the plasmid
into cells in the grouping scheme as described above. According to
the transfection protocol, for each well, 125 pL of serum-free DMEM
medium (SH30243.01, Hyclone) was used to dilute Lipofectamine and
plasmid with incubation for 5 min, and subsequently, the above two diluted
solutions was mixed and incubation for 5 min and the Lipofectamine-
plasmid complex was added to each well. After culturing in an incubator
at 37°C for 24 h, KEL FIB cells were collected for the determination of
overexpression efficiency via qRT-PCR and western blot and for the
subsequent evaluation of cell cycle, apoptosis rate, and tube formation.

Statistical analysis

Statistical ~ analysis was performed using GraphPad 8.0
software (GraphPad, San Diego, CA, USA). The experiment was repeated
three times. Data are expressed as means * standard deviation (SD).
One-way analysis of variance (ANOVA) with Tukey’s test was used for
inter-group comparison. Significance was considered when the P values
were <0.05.

RESULTS

NGRT1 pretreatment inhibited cell viability in normal
fibroblasts and KFBs

To investigate the effect of NGR1 on cell viability and find an optimal
concentration, normal fibroblasts (HDFa, HDFn) and KFB (HKEF, KEL
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Figure 1: NGR1 treatment exerted an inhibitory effect on cell viability of normal fibroblasts (HDFa, HDFn) and keloid fibroblasts (HKF, KEL FIB). (a) Chemical
structure of NGR1. (b-e) Cells were treated separately with 0, 10, 20, 30, 40, and 50 uM NGR1 concentrations, and cells without NGR1 treatment were
regarded as the control group. After incubation for 48 h, cell viability was evaluated using a CCK-8 assay. (b) Cell viability of HDFn cells. *P < 0.05 versus O
group. (c) Cell viability of HDFa cells. *P < 0.05 versus 0 group. (d) Cell viability of KEL FIB cells. *P < 0.05, **P < 0.01, ***P < 0.001 versus 0 group. (e) Cell
viability of HKF cells. *P < 0.05, **P < 0.01, ***P < 0.001 versus 0 group. Data are expressed as means * SD, and experiments were performed in triplicate
CCK-8 = Cell Counting Kit-8, NGR1 = notoginsenoside R1, SD = standard deviation
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FIB) were chosen and 0, 10, 20, 30, 40, and 50 uM NGRI1 concentrations
were designed for cell growth assessment by CCK-8 assay. Figure 1a shows
the chemical structure of NGR1, whose molecular weight is 933 and
molecular formula is C,H,O,. As to the HDFa and HDFn cells,
the cell viability was significantly reduced at 50 uM compared with
untreated cells (P < 0.05) [Figure 1b and c]. Whereas for HKF, KEL
FIB cells, a statistical difference in cell growth first appeared at 20 uM
(P <0.05) [Figure 1d and e]. Taken together, NGR1 concentrations of 20,

30, and 40 uM were selected for further experiments.

The effect of NGR1 treatment on KEL FIB cells

To verify the inhibition effect of NGR1 on KFB, we chose KEL
FIB cells and tested the cell cycle, apoptosis rate, as well as tube
formation. Results showed that NGR1 markedly induced GI arrest
at 20 puM, and with increased concentration, the inhibition effect
was more obvious (P < 0.05) [Figure 2a and b]. Moreover, after
48 h of NGRI treatment, the apoptosis rate showed an upward
trend (P < 0.05) [Figure 2c and d] and the relative tube length was
substantially suppressed (P < 0.01) [Figure 2e and f] in a dose-dependent
manner compared with the control treatment. To further explore the
inhibition mechanism of NGR1, the expression of angiogenic cytokine
VEGF was determined by qRT-PCR and western blot. As shown in
Figure 2g and h, statistical differences were observed between the
experiment groups in VEGF mRNA and protein expressions after NGR1
treatment (P < 0.01). These results indicated that NGR1 is a suppressor
of endogenous VEGE

VEGF overexpression exerted a reversal effect on
KEL FIB cells pretreated with NGR1

To verify the effectiveness of pcDNA3-VEGF plasmid, we first
examined the expression of VEGF mRNA and Protein by qRT-PCR
and western blot in KEL FIB cells pretreated with 40 uM NGRI and
transfected with the above overexpression plasmid (NGR1 + VEGF
group). Results showed that VEGF mRNA and protein were remarkably
increased in NGR1 + VEGF group when compared with NGR1 + NC
group (P <0.001) [Figure 3a and b]. After overexpression, the experiment
can be successfully carried out; cell cycle was then detected by flow
cytometry. As shown in Figure 3c and d, NGR1 and NGR1 + NC groups
showed no obvious difference, VEGF overexpression reversed the arrest
of cell cycle caused by NGR1 (P < 0.001).

VEGF overexpression suppressed cell apoptosis and
induced tube formation

To further investigate the functional contributions of NGRI, a
reversed verification experiment was carried out. KEL FIB cells were
transfected with the pcDNA3-VEGF plasmid; apoptosis rate and
tube formation were then detected. Data were visualized in the form
of histogram and showed that [Figure 4a and b] the cell apoptosis
rate of NGR1 + VEGF group dramatically decreased compared with
NGR1 + NC group (P < 0.01). Furthermore, the tube length was
markedly increased in NGR1+VEGF group compared with NGR1+NC
groups (P < 0.001) [Figure 4c and d]. This analytical finding suggested
that the effect observed in KEL FIB cells following NGRI treatment was
reversed by upregulating VEGF expression.

DISCUSSION

The current therapies used for keloids, such as local corticosteroid
and cryotherapy, could induce adverse effects.”! Therefore, a safe,
but also effective treatment should be put on the agenda. According
to previous reports, traditional Chinese medicine and natural
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products characterized by diverse pharmacological properties
may be a potential therapeutic approach for keloid prevention; for
example, Wubeizi ointment has been shown as an effective treatment
for keloids!**" and resveratrol could inhibit the proliferation and
promote apoptosis of KFBs by targeting hypoxia inducible factor-1la
(HIF-1a).PY Kawarazaki et al.®? found that sulforaphane exerted
inhibitory effect on collagen and cell growth in KFBs, indicating that
it could be a novel treatment of keloid. NGR1, another kind of natural
compounds, possesses high anti-inflammatory and antioxidative
benefits. NGR1 has been used as a main bioactive compound in
many traditional Chinese medicines clinically, such as Xuesaitong,
Naodesheng, XueShuanTong, ShenMai, and QiShenYiQi.**! It has
been demonstrated to be a potential therapy for prevention of various
diseases such as diabetic retinopathy, CAG, and breast cancer.['!2>%
In this study, we explored the biological function of NGR1 and its
potential mechanism in treating keloid injury.

Angiogenesis is a physiological phenomenon that has an important
role in the formation of new blood vessels and endothelial cell
proliferation, which can beregarded as an indicator to assess theimpact
of natural medicines on cell growth.?”? NGR1 activates the Ang2/Tie2
pathway to promote angiogenesis.* Apoptosis, a programmed cell
death, plays vital roles in therapy of diverse diseases.”*”! A recent study
has reported that luteolin may be a natural drug for keloid treatment
by promoting apoptosis and regulating FRATI gene expression."” In
this study, we found that NGR1 markedly suppressed cell viability
and angiogenesis in a dose-dependent manner, markedly induced
G1 stage arrest, and promoted cell apoptosis in KEL FIB cells.
Whether it is NGR1 or luteolin, they inhibit keloid formation by
promoting apoptosis, but the mechanisms invol ved may be different.
Besides, cell cycle determines the cell fate to a large extent."!! For
example, in an article about X-ray treatment of keloid, induction of
cell senescence and suppression of proliferation were mediated by
cell cycle interruption. Although the two therapeutic approaches
of NGRI and X-ray were not the same, the cell fates they brought
about were very similar.?! Previous studies have reporte d that NGR1
treatment was effective in the migration, proliferation, cell cycle, and
angiogenesi s inhibition and apoptosis stimulation of MCF-7 cells.?*!
This is similar to our findings. Taken together, these results indicate
that NGRI has an inhibitory role on KFBs, not only by the way of
inhibiting cell proliferation but also by promoting apoptosis, to
protect patients from keloid injury.

While the beneficial effects of NGR1 against keloids have been
investigated and various biological processes are found to be
involved, the molecular mechanism still lacks clarity. Previous
studies have elucidated that the molecular targets such as TGF-f§
and interleukin (IL)-6 could explain keloid pathogenesis.*** In
addition, Stat3 has been demonstrated to contribute to keloid
formation.*! Besides, Wu et al.?!! showed regulation of VEGF may
comprise a valuable effect on improving keloid. However, whether
such molecular targets are involved in the inhibitory mechanism
of NGR1 for keloid therapy has not been clarified. As an angiogenic
cytokine, VEGF contributes to wound healing.”) Moreover, it has
been proved that NGRI treatment significantly decreased VEGF
expression in diabetic retinopathy (DR)."?”) In the present study, NGR1
significantly inhibited the expressions of VEGF mRNA and protein of
KEL FIB cells and the inhibition show concentration dependent. The
same inhibitory relationship has been demonstrated in DR disease,
as discussed above.” The result shows that there exists a connection
between NGR1 and VEGF; in other words, VEGF may be a treatment
target for NGR1 in keloid. Here, we found that VEGF promoted cell
cycle and tube formation and suppressed apoptosis of KFB, which
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Figure 2: The effect of NGR1 treatment on KEL FIB cells. KEL FIB cells were selected for this experiment and divided into four groups: control group (untreated
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Figure 3: VEGF overexpression exerted a reversal effect on KEL FIB cells pretreated with NGR1. NGR1 concentration of 40 uM was the most appropriate
for the next experiment. Cells were divided into three groups: NGR1 (cells treated with 40 uM NGR1), NGR1 + NC (cells treated with 40 uM NGR1 and
transfected with pcDNA3.1 negative plasmid), NGR1 + VEGF (cells treated with 40 uM NGR1 and transfected with pcDNA3-VEGF positive plasmid). (a, b) VEGF
overexpression plasmid increased the levels of VEGF in KEL FIB cells. VEGF mRNA expression was detected by quantitative real-time PCR (a). **P < 0.001
versus NGR1 + NC. The protein levels measured by western blot and data quantified by ImageJ are shown (b). **P < 0.001 versus NGR1 + NC. (c and d)
VEGF overexpression promoted cell cycle. The typical cell cycle image in the three groups given above (c). The proportions of KEL FIB cells at different stages
of cell cycle (d). **P < 0.001 versus NGR1 + NC. Data are expressed as means + SD, and experiments were performed in triplicate NC = negative control,
NGR1 = notoginsenoside R1, PCR = polymerase chain reaction, SD = standard deviation, VEGF = vascular endothelial growth factor

indicated that VEGF could be a factor that promoted angiogenesis
in the process of keloid formation. Previous studies have also proved
that VEGF markedly restrained apoptosis in mesenchymal stem
cells (MSC).* In this study, NGR1 inhibits KFB proliferation and
may further alleviate keloid injury via downregulating VEGF and
subsequent cell growth inhibition.

584

To sum up, the exploration of NGRI1 not only provides a candidate
treatment drug for keloid, which may deserve trying out in the future for
keloid patients, but also identifies a potential molecular target for keloid
therapy with NGR1. However, all the above experiments were carried
out at a cellular level (in vitro), which proved to be a big challenge to
simulate the internal environment completely. Therefore, it is necessary
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Figure 4: VEGF overexpression suppressed cell apoptosis and promoted tube formation in KEL FIB cells pretreated with Notoginsenoside R1 (NGR1). The cell
grouping was consistent with Figure 3. (@ and b) VEGF overexpression inhibited the apoptosis of cells treated with NGR1. Apoptosis rate in different groups
was detected by flow cytometry. The typical flow cytometry (a) and histogram (b) are shown. **P < 0.01 versus NGR1 + NC. (c and d) Tube formation assay was
conducted to determine angiogenic responses. Relative tube length was measured with ImageJ software (c). **P < 0.001 versus NGR1 + NC. VEGF overexpression
plasmid promoted tube formation compared with NGR1 + NC group (d). Scale bar = 50 um (x100). Data are expressed as means + SD, and experiments were
performed in triplicate. NC = negative control, NGR1 = notoginsenoside R1, SD = standard deviation, VEGF = vascular endothelial growth factor

to perform in vivo studies to confirm the protective effects of NGR1 on
keloid injury.
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