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Background: The role of Hydroxysafflor Yellow A (HSYA) in glioma is less studied, this
research determined the effect of HSYA on glioma cells.

Methods: The expressions of MYC and NBSI1 in glioma tissues were detected by bioinfor-
matics analysis and verified by RT-qPCR. The target relationship between MYC and NBS1
was predicted by bioinformatics. After treating the cells with HSYA, silenced MYC, or
overexpressed NBS1, the viability, apoptosis, proliferation, invasion, migration, and DNA
damage of the glioma cells were detected by MTT, flow cytometry, colony formation,
transwell, wound healing, and YH2AX immunofluorescence assays, respectively. ICso of
HSYA in glioma cells was analyzed by Probit regression analysis. The expressions of
MYC, NBSI1, factors related to migration, invasion, apoptosis, and DNA damage of the
glioma cells were determined by Western blot or RT-qPCR.

Results: MYC and NBS1 were high-expressed in glioma, and NBS1 was targeted by MYC.
HSYA and siRNA targeting MYC inhibited the cell viability, proliferation, invasion, migra-
tion, and induced the cell apoptosis of glioma cells. HSYA upregulated the expressions of
MYC, yH2AX, E-Cadherin, Bax, and Cleaved-PARP1, stimulated the activation of NBSI,
MRE11, RAD50, and ATM, and downregulated the expressions of N-Cadherin and Bcl2 in
glioma cells. SIMYC decreased the ICso of HSYA in the glioma cells, enhanced the
sensitivity of glioma cells to HSYA, and inhibited the activation of NBS1 and ATM.
NBS1 overexpression reversed the effect of siRNA targeting MYC on glioma cells.
Conclusion: MYC silencing inhibited the DNA damage response via regulation of NBS1, leading
to DNA repair deficiency, and subsequently enhanced the sensitivity of glioma cells to HSYA.
Keywords: glioma, hydroxysafflor yellow A, MYC, NBS1, drug sensitivity, DNA repair

Introduction
Glioma, a common primary tumor in the central nervous system, mostly occurs at
the neuroectoderm. The incidence of glioma accounts for about 45-50% of intra-
cranial tumors.' Currently, glioma is mainly treated by surgery combined with
multiple treatments, such as radiotherapy, chemotherapy, and tumor biological
activation immune method,* but the treatment outcome of glioma is far from
satisfactory.” Studies showed that many natural plants contain anti-tumor active
ingredients with a variety of component capable of improving human immune
functions and inhibiting the biological functions of tumor cells.®®

Safflower (Carthamus tinctorius L.) is a traditional Chinese medicine and has the
effects of activating blood circulation, removing blood stasis, clearing menstruation,
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and relieving pain.” Safflor yellow is a chalcone compound
of safflower, and Hydroxysafflor Yellow A (HSYA) is the
most important active ingredient in safflower yellow.'” The
pharmacological effects of HSYA, such as improving myo-
cardial ischemia and neurological deficits, resisting oxida-
tive stress, and reducing inflammatory reactions, have been
extensively studied.'®'> Furthermore, research has proved
that HSYA has an anticancer effect on different types of
cancers, for instance, HSYA inhibits the angiogenesis of
liver cancer by inactivating MAPK,'® and HSYA suppresses
the proliferation and metastasis of lung cancer cells by
regulating PI3K/AKT pathway.'” However, whether HSYA
had an anticancer effect on glioma remained unclear.

MYC transcription factor
effect
glioma."®!" In addition, researches have reported that

is an oncogene with

a regulatory on many cancers, including
MYC is involved in the drugs resistance of cancer cells,
for example, MYC drives Nab-Paclitaxel resistance of
pancreatic ductal carcinoma cells,”® and modulates the
drug resistance of leukemia stem cells through ERK/
MSK pathway.”’ Moreover, MYC also mediates the
PARP inhibitor resistance of glioblastoma.** Therefore,
MYC becomes an important target in anticancer research.
The expression of MYC can be regulated by HSYA in
human HUVEC cells and human liver cancer cells.”>**
However, whether HSYA has a regulatory effect on MYC
in glioma should be further examined and studied.

Based on the above background, the present research
attempted to determine the role of HSYA in glioma and to
explore whether the role of HSYA in glioma was related to

the function of MYC.

Methods
Ethics Statement

Cancer tissues and adjacent tissues of glioma patients
Central China
Cardiovascular Hospital. The use of the clinical tissues

(n=50) were obtained from Fuwai

was approved by the Ethics Committee of Fuwai Central
China Cardiovascular Hospital (F2020030510N), in accor-
dance with the Declaration of Helsinki, and informed
consent was provided by all the patients.

Bioinformatics Analysis

The expression of MYC in glioma tissues and normal tissues
was analyzed through GEPIA?2 (http://gepia2.cancer-pku.cn/
#index). The correlation between MYC and NBS1 in glioma
was analyzed through StarBase (http:/starbase.sysu.edu.cn).

The target relationship between MYC with NBS1 was pre-
dicted using CISTROME database (http://cistrome.org/db/)
and Cister database (zlab.bu.edu).

Cell Culture

Normal human astrocytes cell lines including HEB
(BNCC283657, BNBIO, Beijing, China) and NHA
(BFN60808805, BLUEFBIO, Shanghai, China), glioma
cell lines including A172 (BNCC317373, BNBIO), LN-
229 (BNCC306188, BNBIO), T98G (BNCC302929,
BNBIO), and U-251MG (Tongpai
Shanghai, China, http://www.shtpbio.com/tongpai-
Products-10947704/), and human HEK293T cells (CL-
0005, PROCELL, Wuhan, China) were grown in complete
medium, which consists of DMEM medium (30-2002,
ATCC, Manassas, Virginia, USA) with 10% FBS
(10437010, Gibco, Waltham, Massachusetts, USA) and
1% Penicillin-Streptomycin (15140163, Gibco). All the
cells were cultured in a 37°C environment with 5% COs,.

Biotechnology,

Drugs Treatment

For HSYA treatment, the cells were cultured in a medium
containing 25, 50, or 100 pM of HSYA (NI1526,
APExBIO, Houston, Texas, USA) for 24, 48, or 72 h
(Figure S1A and B). Then, the cells were collected for
later use. For 10058-F4 (inhibitor of MYC) treatment, the
cells were in a medium containing 25 pM of 10058-F4
(A1169, APExXBIO) for 48 h. Then, the cells were col-
lected for later use.

Cell Transfection

The siRNA1 targeting MYC (Figure S1C; siMYC-1; target
sequence: 5'-CCGGTTTTCGGGGCTTTATCTAA-3"),
siRNA2 targeting MYC (siMYC-2; target sequence: 5'-
CTGCTTAGACGCTGGATTTTTTT-3'), siRNA3 targeting
MYC (siMYC-3; target 5'-GAGCAAA
AGCTCATTTCTGAAGA-3'), siRNA negative control
(siNC; 5-AATTCTCCGAACGTGTCACGT-3'), plasmids
overexpressing NBS1 were cloned into pcDNA3.1 vector

sequence:

(Genepharma, Shanghai, China). Before cell transfection,
LN-229 and U-251MG cells were, respectively, cultured in
a 6-well plate to 80% confluence. Then, the siRNA or plas-
mids were transfected into the cells using 3 pL lipofectamine
3000 (L3000015, Invitrogen, Waltham, Massachusetts, USA).
After 48-h transfection, the cells were harvested for drug
treatment or later use.
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Dual-Luciferase Reporter Assay

After the promoter of NBS1 was predicted to be targeted by
MYC, the dual-luciferase reporter assay was performed to
verify the prediction following a previous report.”> To
examine the binding of MYC to the promoter region of
NBS1, NBS1 promoter wild-type sequence (wt-NBS1)
and mutant-type sequence containing MYC binding site
A and/or B (mut-NBS1) were respectively cloned into the
promoter region of the pGL3-Basic vector (VT1554,
YouBio, Hunan, China). Then, the HEK293 cells were
transfected with the vectors and MYC for 48 h. After the
cells were administrated with the Dual-Luciferase Reporter
Assay System Kit (E1960, Promega, Shanghai, China), the
luciferase activity was determined using a SpectraMax
reader (Molecular Devices, Shanghai, China).

MTT Assay

The LN-229 and U-251MG cells in 96-well plates were
treated with different concentrations of HSYA or 10058-
F4 for indicated times. Then, the cultured media were
replaced with 100 uL MTT solution (C0037, Beyotime,
Shanghai, China), and the cells were further cultured for 4
h. Then, the MTT solution was discarded, and 100 pL of
DMSO (ST038, Beyotime) was added into the wells to
dissolve formazan. Finally, the absorbance under 570 nm

was determined using an Imark microplate reader (Bio-
Rad, CA, USA).

Colony Formation Assay

After being transfected with siRNA targeting MYC or
further treated with HSYA, 1 x 10° LN-229 and
U-251MG cells were resuspended in a 2-mL culture med-
ium and placed into a 6-well plate to grow for 14 days.
Then, the cell colonies in the 6-well plate were incubated
with fixative (P885233, MREDA, Beijing, China) for 10
min and dyed with purple crystal buffer (C0121,
After washing with PBS
(C0221A, Beyotime) for three times, the stained colonies

Beyotime) for 10 min.
were recorded using a camera (D-LUX?7, Leica, Wetzlar,
Germany) and the colony numbers were quantified using
the Image J 1.8.0 software.

Transwell Assays

After being transfected with siRNA targeting MYC or
further treated with HSYA, 1 x 10° LN-229 and
U-251MG cells were resuspended in 200 pL medium
without FBS and, respectively, placed into a transwell

chamber (354234, Corning, NY, USA), which were
inserted into the 24-well plate. Each well of the 24-well
plate contained a 700-pL complete medium. After cell
incubation for 48 h, the invaded cells were fixed with
fixative and dyed with purple crystal buffer for 15 min.
Finally, the stained cells were recorded using a DM4M
optical microscope (Leica, Solms, Germany) and analyzed
using the Image J 1.8.0 software.

Wound Healing Assays

After cell transfection with siRNA targeting MYC or
further treatment with HSYA, 1 x 10° LN-229 and
U-251MG cells were resuspended in 2 mL of complete
medium and added into each well of a 6-well plate. The
cells were cultured for 16 h (100% confluence), a straight
wound was created in each well, and then the cells were
cultured in a medium without FBS for 24 h. The picture of
each wound at 0 and 24 h was recorded by a DMLA
optical microscope. Image J 1.8.0 software was applied
to analyze the data.

Flow Cytometry

After cell transfection or further treatment with drugs, the
LN-229 and U-251MG cells were collected and washed
with PBS twice. Then, the cells were stained with Annexin
V-FITC (D17360, OKA) and Propidium iodide (D17360,
OKA) for 15 min. Finally, the cell apoptosis signal was
analyzed by the FACS-LSR II flow cytometer system
(Becton-Dickinson, NJ, USA).

Immunofluorescence

After cell transfection with siRNA targeting MYC or
treatment with HSYA, the LN-229 and U-251MG cells
were fixed by fixative and permeabilized by 0.5% Triton
X-100 (T8787, Merck, St. Louis, Missouri, USA). Then,
the cells were incubated with the yYH2AX antibody
(ab195188, Abcam, Cambridge, UK) overnight at 4°C.
After washing with PBS, the cells were further dyed with
DAPI (C1002, Beyotime) for 20 min. Finally, the cell
images were observed and recorded under a BSF-40 fluor-
escence microscope (Batuo Instrument, Shanghai, China)
at the magnification x 100.

RT-qgPCR

The mRNA in the clinical tissues and cultured cells were
extracted. Briefly, the tissue and cell samples were mixed
with Trizol (R21086, OKA, Beijing, China) and chloro-
form (A23482, OKA) for 30-min centrifugation (14,000 x
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g) to collect the supernatant. Then, the supernatant was
mixed with isopropanol (E15794, OKA) and further cen-
trifuged (14,000 x g) for 15 min. After the mRNA was
collected from the precipitations, it was synthesized into
cDNA using BeyoRT III cDNA synthesis regent (D7178L,
Beyotime). Finally, the cDNA amplification was per-
formed by mixing the cDNA with the Supermix (AQ601-
01, TransGen, Beijing, China) and primers of target genes
in the QuantStudio6 system (Applied Biosystems, CA,
USA). After the amplifying reaction, the target gene
27A4CY method.
The primers used in the experiments were as follows:
MYC-F: 5-GGCTCCTGGCAAAAGGTCA-3', MYC-R:
5-CTGCGTAGTTGTGCTGATGT-3'; NBSI-F: 5-GA
CTGGCGTTGAGTACGTTGT-3', NBSI1-R: 5-TGATT
TCGGCTGATCGACTGA-3'; MREI1I-F: 5-TCCGTG
AGGCTATGACCAGG-3', MREI11-R: 5-TTGGTTGC
TGCTGAGATGCTAT-3’; B-actin-F: 5-CCACGAAACT
ACCTTCAACTCC-3', B-actin-R: 5'-

GTGATCTCCTTCTGCATCCTGT-3".

expressions were quantified using the

Western Blot Assays

Total proteins from the cultured cells were extracted using
NP-40 (P0013F, Beyotime) and nucleus proteins in the cells
were extracted using Nucleus Protein Extraction Kit (P0027,
Beyotime). The protein concentration was determined by
the BCA kit (P0009, Beyotime). Then, 25 pg of proteins
was separated by the SDS-PAGE gel (P0052A, Beyotime)
and transferred to the surface of PVDF membranes (FFP39,
Beyotime). After membrane block with 5% milk without
FBS, the membranes were soaked in 5 pL relative primary
antibodies at 4°C for 16 h. The next day, the membrane was
incubated with rabbit second-antibody (1:10,000, ab205718,
Abcam) or mouse second-antibody (1:10,000, ab205719,
Abcam) for 2 h at room temperature. Finally, after the
membrane was covered with 200 pL of detection solution
(P0019, Beyotime), and the image signal was detected using
the Image Lab 3.0 Software (Bio-Rad, CA, USA). The

relative primary antibodies were as follows: MYC
(1:1000, ab32072, Abcam), E-Cadherin (1:2000,
ab231303, Abcam), N-Cadherin (1:1500, ab18203,

Abcam), Bcl-2 (1:800, ab59348, Abcam), Bax (1:3000,
ab32503, Abcam), Cleaved PARP1 (1:1500, ab32064,
Abcam), PARPI (1:5000, ab32138, Abcam), NBSI
(1:1000, ab181729, Abcam), p-NBS1 (1:1000, ab109453,
Abcam), MREI11 (1:800, ab208020, Abcam), p-MREI11
(1:1000, #4859, CST, Boston, Massachusetts, USA),
RADS50 (1:3000, ab124682, Abcam), p-RADS50 (1:1000,

#14223, CST), ATM (1:2000, ab199726, Abcam), p-ATM
(1:10,000, ab81292, Abcam), YH2AX (1:1500, ab81299,
Abcam), Histone H3 (1:2500, ab1791, Abcam), B-actin
(1:5000, ab8226, Abcam), and GAPDH (1:5000, ab8245,
Abcam).

Statistical Analysis

The expressions of MYC and NBSI in the clinical cancer
tissues and adjacent tissues were analyzed by pared-
samples #-test. Comparison between multiple groups was
conducted using one-way ANOVA. ICs, was analyzed
using Probit regression analysis based on the data of
MTT assays. All statistical analyses were implemented
using Graphpad 8.0 software. Mean + SD was used to
present the statistical data. P < 0.05 was regarded as
statistically significant.

Results
MYC Was High-Expressed in Glioma

Tissues and Cells

The analysis in GEPIA2 showed that the expression of MYC
in glioma tissues was higher than that in normal tissues
(P <0.05, Figure 1A). For further verification, the expression
of MYC in clinical glioma tissues and adjacent normal tissues
were determined again, as shown in Figure 1B, the expression
of MYC was high-expressed in glioma tissues (P < 0.001).
Meanwhile, the high expression of MYC was also discovered
in the cultured glioma cell lines as compared with the normal
cells (P <0.01), indicating that MY C might have a regulatory
effect on the development of glioma.

HSYA and siRNA Targeting MYC
Regulated the Cell Viability, Proliferation,

Migration, Invasion, and Apoptosis, and
siRNA Targeting MYC Enhanced the

Sensitivity of Glioma Cells to HSYA

Then, we observed that the viabilities of LN-229 and
U-251MG cells were reduced (Figure 2A) by HSYA
after treatment with different doses of HSYA for 24
h (P < 0.001) and further reduced by siRNA targeting
MYC as compared with the siNC (P < 0.01).
Meanwhile, the ICsq of HSYA in the two cells was
calculated, and it was found that siRNA targeting
MYC decreased the IC50 of HSYA in the two cells
(P < 0.001, Figure 2B). As shown in Figure 2C, the
proliferation of the LN-229 and U-251MG cells was
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Figure | MYC was high-expressed in glioma tissues and cells. (A) The expression of MYC in glioma tissues and normal tissues was analyzed through GEPIA2 (*P < 0.05, vs
Normal). (B) The expression of MYC in clinical glioma tissues and adjacent tissues was analyzed by RT-qPCR, B-actin was an internal control. N=50. (C) The expression of
MYC in glioma cells and normal cells was analyzed by RT-qPCR, B-actin was an internal control N=3 (¥P < 0.01, ***P < 0.001, vs HEB; **P < 0.01, ***P < 0.001, vs NHA).

inhibited by HSYA and further reduced by siRNA tar-
geting MYC as compared with the siNC (P < 0.05).
Subsequently, the abilities of the LN-229 and U-251MG
cells to migrate and invade after silencing MYC or
treatment with HYSA were evaluated. As presented in
Figure 3, the invasion (Figure 3A) and the migration
(Figure 3B) of LN-229 and U-251MG cells were inhib-
ited by HYSA (P < 0.05), and MYC silence further
reduced the invasion and migration of HYSA-treated
cells (P < 0.01).

We used 25 uM HSYA in the apoptosis detection and
later experiments. As illustrated in Figure 4A, the apoptosis
of the two cells was induced by both HSYA and siRNA
targeting MYC (P < 0.001). After co-treatment with siRNA
targeting MYC and HSYA, the effect of HSYA on promot-
ing cell apoptosis was enhanced by siRNA targeting MYC
(P < 0.001). To further verify these above discoveries, the
expressions of EMT markers and apoptosis markers were
determined. The results (Figure 4B) exhibited that HSYA
and siRNA targeting MYC upregulated the expressions of
E-Cadherin, Bax, and Cleaved PARP1 (P < 0.001), but
downregulated the expressions of N-Cadherin and Bcl2
(P <0.05). Furthermore, the effect of HSYA on these factors
was promoted by siRNA targeting MYC (P < 0.001). These
results indicated that the effect of HSYA on glioma cells
might be realized by regulating MYC. All these results
indicated that HSYA and siRNA targeting MYC inhibited
cell viability and proliferation, and that siRNA targeting
MYC enhanced the sensitivity of glioma cells to HSYA by
inhibiting cell viability and proliferation.

HSYA and siRNA Targeting MYC
Promoted the DNA Damage of
Expressions of Glioma Cells and siRNA
Targeting MYC Further Enhanced the

Effect of HSYA on DNA Damage

As the apoptosis of the cells was induced by HSYA and
YH2AX is a biomarker of DNA Double-strand breaks
(DSBs),%¢ thus, the YH2AX expression was determined
in the LN-229 and U-251MG cells after silencing MYC
or treatment with HYSA. As depicted in Figure 5, the
expression of yH2AX in the LN-229 and U-251MG
cells was promoted by siRNA targeting MYC and
HSYA, moreover, the effect of HSYA on enhancing
YH2AX expression was further promoted by siRNA
targeting MYC. This result suggested that the effect of
HSYA on glioma cells was involved in DNA damage
and repair.

MYC Targeted High-Expressed NBS| and
the Two Genes Were Positively

Correlated in Glioma Tissues

Considering that NBS1 and MRE11 were closely associated
with the DSBs,”’ the expressions of NBS1 and MREI1 in
the LN-229 and U-251MG cells were detected (Figure 6A).
The transfection of siRNA targeting MYC downregulated
the levels of MYC and NBSI1 (P < 0.001), and the expres-
sion of MRE11 did not change. Meanwhile, the up-regulated
expression of NBS1 was found in glioma tissues (P < 0.001,
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Figure 2 HSYA and siRNA targeting MYC inhibited the cell viability and proliferation, and siRNA targeting MYC enhanced the sensitivity of glioma cells. (A) The viabilities of
LN-229 and U-251MG cells after transfection with siRNA targeting MYC or treatment with different doses of HSYA for 48 h were detected by MTT assays. (B) The ICs of
HSYA in LN-229 and U-251MG cells was calculated through Probit regression analysis. (C) The proliferation of LN-229 and U-25IMG cells after transfection with siRNA
targeting MYC or treatment with HSYA for 48 h was detected by colony formation assays. N=3 (*P < 0.05, *P < 0.01, **P < 0001, vs siNC; #P < 0.05, **P < 0.01, *#p <

0.001, vs 0 uM).

Abbreviations: HSYA, Hydroxysafflor Yellow A; siMYC, siRNA targeting MYC; siNC, siRNA negative control.

Figure 6B), and we also found a positive correlation between
NBSI with MYC in glioma tissues by RT-qPCR detection
(Figure 6C) and starBase prediction (Figure 6D). In addition,
it was predicted that the promoter region of NBS1 was
targeted by MYC (Figure 6E). Furthermore, a dual-
luciferase reporter assay was performed to confirm the pre-
diction. As shown in Figure 6F, the luciferase activity was
increased after the co-transfection of MYC and wt-NBS1
and the co-transfection of MYC and mut-NBSI1 (site A and/
or B), as compared with the Control (P < 0.001). However,
as compared with the cells co-transfected with MYC and wt-
NBSI, the luciferase activity of the cells co-transfected with
MYC and mut-NBS1 (site A and/or B) was reduced
(P < 0.001). These findings indicated that MYC targeted
NBSI and was positively correlated with NBS1 in glioma.

siRNA Targeting MYC Caused DNA
Repair Deficiency in HSYA-Treated
Glioma Cells by Inhibiting the
Transduction of Signaling Related to DNA
Repair

Then, we further detected the signaling related to DNA
damage response in the LN-229 and U-251MG cells after
transfection with siRNA targeting MYC or further treat-
ment with HSYA. As shown in Figure 7, the expression of
MYC was upregulated by HSYA and downregulated by
siRNA targeting MYC (P < 0.001), and the expressions of
YH2AX was upregulated by HSYA and siRNA targeting
MYC (P <0.001). In addition, the ratios of p-NBS1/NBS1,
p-MREII/MREI1, p-RAD50/RAD50, and p-ATM/ATM
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Figure 3 HSYA and siRNA targeting MYC inhibited the cell migration and invasion, and siRNA targeting MYC enhanced the sensitivity of glioma cells. (A) The invasion of
LN-229 and U-251MG cells after transfection with siRNA targeting MYC or treatment with HSYA were detected by transwell assays. (B) The migration of LN-229 and
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Abbreviations: HSYA, Hydroxysafflor Yellow A; siMYC, siRNA targeting MYC; siNC, siRNA negative control.
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Figure 5 HSYA and siRNA targeting MYC promoted the DNA damage of expression of glioma cells and siRNA targeting MYC further enhanced the effect of HSYA on
DNA damage. The expression of YH2AX in LN-229 and U-25IMG cells after transfection with siRNA targeting MYC or treatment with HSYA was detected by

Immunofluorescence. N=3.

Abbreviations: HSYA, Hydroxysafflor Yellow A; siMYC, siRNA targeting MYC; siNC, siRNA negative control.

were increased by HSYA (P < 0.001), but the ratios of
p-NBS1/NBS1 and p-ATM/ATM were decreased by
siRNA targeting MYC (P < 0.001), moreover, siRNA tar-
geting MYC had no effect on the ratios of p-MRE11/
MREI11 or p-RADS0/RADS0. Also, the effect of HSYA
on these factors was counteracted by siRNA targeting
MYC (P < 0.05). The results indicated that the DNA
damage response (DNA repair signaling) in the HSYA-
damages cells was normally regulated, but siRNA targeting
MYC caused DNA repair deficiency.

NBS| Overexpression Induced the HSYA

Resistance in MYC-Silenced Glioma Cells
To further determined whether NBS1 s was responsible for
the increased sensitivity to HSYA in MYC silenced cell,
the LN-229 and U-251MG were overexpressed with NBS1

(Figure 8A) and the inhibitor of MYC (10058-F4) was
used to silence MYC. Then, the viability of the cells was
determined (Figure 8B), and we found that the viabilities
of both LN-229 and U-251MG were promoted by NBS1
overexpression (P < 0.05) but inhibited by 10058-F4 (P <
0.001). However, after co-treatment with NBS1 overex-
pression plasmids and 10058-F4, the effects of 10058-F4
on cell viability were reversed by NBS1 overexpression.
Furthermore, the sensitivity of MYC-silenced cells to
HSYA was found to be reduced by NBSI overexpression,
because as shown in Figure 8C, ICsy of HSYA in MYC-
silenced glioma cells was increased by NBS1 overexpres-
sion (P < 0.001). Moreover, the apoptosis induced by
HSYA in MYC silenced cells was reduced by NBS1 over-
expression (Figure 9A). Then, the expressions of factors
related to DNA damage and repair were determined
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Abbreviations: siMYC, siRNA targeting MYC; siNC, siRNA negative control.

(Figure 9B), and the results showed that the expressions of
NBS1, p-NBS1, and p-ATM, which were downregulated
by MYC silencing, were upregulated by NBS1 overex-
pression (P < 0.05). Moreover, NBS1 overexpression
also downregulated the expression of YH2AX. All these
results proved that NBS1 overexpressing induced HSYA
resistance in MYC-silenced glioma cells, indicating NBS1
in the MYC and glioma

signaling was involved

chemosensitivity.

Discussion
Apart from the pharmacological effects such as anti-

anti-
16,17

myocardial ~ ischemia,  anti-oxidation,  and

inflammation,'® "> HSYA also has an anti-cancer effect.

Similarly, the anticancer effect of HSYA on glioma was also
confirmed in the present study, as we found that HSYA sup-
pressed the viability, proliferation, migration, and invasion,
induced the apoptosis of glioma cells.

We predicted and verified that MYC is high-expressed
in glioma tissues and cell, and such a finding is consistent
with a previous study.?® In addition, MYC can be regu-
lated by HSYA in human HUVEC cells and liver cancer
cells.?* To explore whether the effect of HSYA on
glioma was associated with MYC, the expression of
MYC in glioma cells was detected after treatment with
HSYA. We discovered that HSYA stimulated the expres-
sion of MYC (Figure S1), which might be related to tumor
adaptation and drug resistance and commonly caused in
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AAA

###p < 0.001, vs sINC; “'P < 001,

cancers. MYC is involved in the drugs resistance of cancer
cells, for example, MYC drives Nab-Paclitaxel resistance
in pancreatic ductal carcinoma cells®® and modulates the
drug resistance of leukemia stem cells through ERK/MSK
pathway.?! Moreover, MYC also mediates the PARP inhi-
bitor resistance in glioblastoma.?” We then speculated that
MYC might be involved in the resistance of glioma cells

P < 0.001, vs siMYC; %P < 0.05, %%P < 0.01, vs sINC+HSYA).

to HSYA. Therefore, the biological activities of glioma
cells after treatment with HSYA and silencing MYC
were further evaluated, and the results showed that
siRNA targeting MYC reduced the ICsy of HSYA in
glioma cells and enhanced the inhibitory effect of HSYA

on glioma cells, revealing that siRNA targeting MYC

increased the sensitivity of glioma cells to HSYA.
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Abbreviation: HSYA, Hydroxysafflor Yellow A.

Meanwhile, YH2AX is a marker of DSBs and can
initiate the DNA repair response.”® The results showed
that the effect of MYC on HSYA-induced glioma cells
was associated with the DNA repair because we found
that the level of YH2AX in glioma cells was upregulated.
NBSI is an important factor in DNA repair and can be

directly targeted by MYC.?**° Consistently, in this study,
the targeted relationship was verified by bioinformatics
prediction and experiments confirmation. For the first
time, NBS1 was verified to be high-expressed and shared
a positive correlation with MYC in glioma. During the
DNA repair after DSBs, NBS1 bindings with MRE11 and
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Figure 9 NBS| overexpression reduced apoptosis in MYC-silenced glioma cells, reversed the effects of HSYA on cell apoptosis, and disrupted the signaling of DNA damage
and repair in MYC silenced glioma cells. (A) The apoptosis of NBSI in LN-229 and U-251MG cells were detected by flow cytometry. (B) The expressions of MYC, NBSI,
p-NBSI, MREI I, p-MREI |, RAD50, p-RAD50, ATM, p-ATM, and YH2AX in LN-229 and U-251MG cells were detected by Western blot, Histone H3 was an internal control.
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AAA

+pcDNA3.I+HYSA; "P < 0.05,
Abbreviation: HSYA, Hydroxysafflor Yellow A.

P < 0.001, vs pcDNA3.1-NBSI;

*P < 0.05 P < 0.01, TP < 0.001, vs 10058-F4+pcDNA3.I-NBSI+HYSA).
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RADS50 in the nucleus then form the MRN (MREI1I1-
RADS50-NBS1) complex, which directly binds to damaged
DNA and initiates homologous recombination-dependent
repair.”’>'*? The MRN complex also recruits and acti-
vates ATM, which is a vital kinase in the DNA damage
response signaling network.®> The activation of ATM
(p-ATM) modulates hundreds of substrates involved in
the cell cycle, DNA repair, and apoptosis.**>° To further
explore the regulation of HSYA and MYC on DNA repair
in glioma cells, the expressions of these DNA repair
factors were examined. We discovered that the activation
of NBS1, MRE11, RAD50, and ATM was promoted by
HSYA, and that siRNA targeting MYC reduced the activa-
tion of NBS1 and ATM without affecting MREI1 and
RADS0. These phenomena indicated that the MYC silen-
cing inhibited the MRN-ATM, resulting in DNA repair
deficiency, and subsequently enhanced the sensitivity of
glioma cells to HSYA.

To further verify whether NBS1 was responsible for
the increased sensitivity to HSYA in MYC silencing
glioma cells, NBS1 was overexpressed in the cells. Then,
we detected that the NBS1 overexpression reversed the
inhibitory effect on cell viability and the promoting effect
on cell apoptosis, also, the sensitivity of MYC-silenced
cells to HSYA was reduced by NBSI overexpression.
Mechanically, the inhibited MRN-ATM pathway was pro-
moted by NBSI overexpression, demonstrating that the
effect of MYC silencing on promoting the sensitivity of
glioma cells to HSYA was realized by regulating NBSI.

Our research revealed that HSYA and MYC silencing
had an inhibitory effect on glioma cells. HSYA could
promote the expression of MYC in glioma cells and
MYC silencing could enhance the sensitivity of glioma
cells to HSYA, which could be explained by that both
HSYA and MYC silencing could cause the DNA damage
of glioma cells. In HSYA-treated glioma cells, the DNA
repair response was normal, but MYC silencing could
inhibit the MRN-ATM via regulating NBS1 to cause
DNA repair deficiency, and subsequently enhanced the
sensitivity of glioma cells to HSYA.
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