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Introduction: Glioma is the most common malignant brain tumor. 7P53 is the most
common mutant gene in human cancer. Wild-type p53 (wtp53) is a tumor suppressor protein
whereas mutant p53 (mutp53) is an oncoprotein that promotes tumor cell proliferation. Our
aim was to examine the inhibitory effects of berberine on the proliferation of human glioma
cells via regulation of wtp53, mutp53, and their downstream molecules.

Methods: We selected wtp53 cells (U87 cells) and mutp53 cells (U251 cells termed p53
R273H) to examine the inhibitory effects of berberine on human glioma cells. We used the
CCK-8 kit to detect the toxic effect of berberine. Flow cytometry was used to detect the
effect of berberine. Clone formation test was used to test the inhibitory effect of berberine on
the proliferation of glioma cells. Western blot was used to detect the changes of related
proteins such as p53, p-p53, p21 and cyclin D1. Lentivirus transduction was used to
transduce wild-type p53 into U251 cells to further examine the effect of berberine. The
nude mouse subcutaneous tumor model was used to detect the effect of berberine on
inhibiting the proliferation of glioma cells in vivo.

Results: Berberine promoted the phosphorylation of wtp53, increased the expression of p21
protein, reduced cyclin D1 content, and caused G1 phase arrest in U87 cells. Berberine also
reduced mutp53 content and caused G2 phase arrest in U251 cells with a concurrent decrease in
p21, cyclin D1, and cyclin B1 content. Transduction with wtp53 enhanced the effects on cell
cycle arrest. Further, berberine significantly inhibited glioma growth in vivo mouse tumor model.
Discussion: Glioma is a group of heterogeneous brain tumors with unique biological and
clinical characteristics. Berberine can inhibit glioma cells through a variety of ways. Our
research indicated that berberine inhibited the proliferation of glioma cells by interfering
with wtp53 and mutp53. This indicates that berberine could be used as a potential drug to
treat wild-type and mutant p53 glioma.
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Introduction

Glioma is the most common primary tumor in the central nervous system, account-
ing for approximately 81% of intracranial malignancies.' It is characterized by
a variety of somatic mutations and abnormal activation of inflammatory reactions.’
Of the gliomas, glioblastoma has the poorest prognosis,” with a median survival
time of 1417 months and a 5-year survival rate of only 5%.* For malignant
gliomas, postoperative temozolomide (TMZ) combined with chemotherapy is typi-

cally used as standard treatment,” but treatment results remain suboptimal.
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p53 is a well-established tumor suppressor protein. In
stress conditions such as DNA damage or hypoxia, p53 is
activated to participate in DNA repair and cell cycle regula-
tion, differentiation, metabolism, autophagy, apoptosis,®®
and inhibition of tumor cell proliferation and invasion.”
Missense mutations in the 7P53 gene result in loss-of-
function of wild-type p53 (wtp53), and mutant p53
(mutp53) negatively regulates the remaining wtp53.'%"
mutp53 also has carcinogenic functions that are entirely
independent of wtp53, and acts as a cancer factor that
promotes tumor cell proliferation, inhibits apoptosis, and
produces drug resistance.'> Under classical conditions,
wtp53 induces the expression of p21 and cyclin DI. p21 is
a strong inhibitor of cyclin D1 protein, which regulates the
cell cycle process and controls cell proliferation or
quiescence.'? Studies have indicated that mutp53 can still
induce p21 and cell cycle arrest.'*'® Nevertheless, the role

of mutp53 in the cell cycle remains to be explored.

Berberine (BBR, Figure 1A) is an isoquinoline alkaloid
which is a natural compound in traditional Chinese medicine
and can be isolated from many Chinese herbal medicines.
Berberine has anti-inflammatory, anti-microbial, hypoglyce-
mic, and lipid-lowering pharmacological effects.'”'® In
addition, berberine has been shown to have anti-cancer
properties and can suppress the growth of cancer cells in
gastric, bladder, colon, glioma, breast, melanoma, pancrea-
tic, endometrial, and lung cancers.'” 2! Studies have demon-
strated that berberine exerts anti-cancer effects by regulating
MAPK, Erkl1/2, JNK, AKT, and Wnt/B-catenin signaling
pathways.”*** However, the role of berberine in signaling
pathways downstream of wtp53 and mutp53 is unclear.

In this study, we selected wtp53 cells (U87 cells) and
mutp53 cells (U251 cells termed p53 R273H) to examine
the inhibitory effects of berberine on human glioma cells.
The results suggested that mutp53 might directly promote
the transcription of cyclin D1 protein, and berberine could
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Figure | Berberine inhibited cell growth and reduced cell proliferation in glioma cells. (A) Structural formula of berberine hydrochloride. (B and C) CCK-8 detected toxic
effects of berberine at different concentrations on U87 and U251 cells for 24, 48, and 72 hours. (D) The clone formation experiment showed the effect of berberine on the
proliferation ability of U87 and U251 cells. With the increase of berberine concentration, the proliferation ability of glioma cells decreased gradually.
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not only promote the phosphorylation of wtp53, but also
accelerate the degradation of mutp53, thus causing cell
cycle arrest.

Materials and Methods

Reagents
Berberine was purchased from Chroma Biotechnology
Company (Chengdu, China) with a purity of up to 98%.
Berberine was dissolved in dimethyl sulfoxide (DMSO)
and subsequently diluted to the required concentrations
with complete cell culture medium, with a final DMSO
concentration of <0.1%. Dulbecco’s modified Eagle’s
medium (DMEM), fetal bovine serum (FBS) were pur-
chased from Thermo fisher (Gibco, USA). Serdemetan
was purchased from Topscience (Shanghai, China). RIPA
lysate, protease inhibitor, protein phosphatase inhibitor,
cell counting Kit-8 (CCK-8), RNase, penicillin/streptomy-
cin and propidium iodide were purchased from Beyotime
Biotechnology Company (Shanghai, China). Anti-p53,
anti-phospho-p53, anti-cyclin B1, and anti-p21 antibodies
were purchased from Abcam (Cambridge, MA, USA).
Anti-cyclin D1
Signaling Technology (Danvers,

antibody were purchased from Cell
MA, USA). Anti-
phospho-p21 antibody and electro-chemi-luminescence
(ECL) kit was purchased from Absin (Shanghai, China).
Goat anti-mouse IgG and goat anti-rabbit IgG were pur-
chased from Nachuan biotechnology co., LTD. (Harbin,
China).

Cell Culture

Human glioma U87 and U251 cells were obtained from
the cell bank of the Shanghai Biological Institute, Chinese
Academy of Science (Shanghai, China). All cells were
cultured in high glucose DMEM supplemented with 10%
FBS and 1% penicillin/streptomycin under 5% CO, atmo-
sphere at 37°C.

Cell Viability Analysis

The CCK-8 kit was used to analyze the effect of berberine
on the viability of U87 and U251 cells. U87 and U251
cells were plated in 96-well plates with 200 puL of com-
plete medium in each well. After overnight incubation, the
cells adhered to the wells. Media were replaced with cell
culture media containing different concentrations of ber-
berine. After 24, 48, and 72 hours of incubation, 10 pL of
CCK-8 solution was added to each well, and the cells were

incubated at 37°C for 2 hours. The optical density (OD) of
each well was measured at 460 nm.

Clone Formation Experiment

Tumor cells were plated at a density of 1 x 10° per well in
a 6-well plate. The following day, media containing drugs
of different concentrations were added to each well. The
solution was changed every 3 days. After 2 weeks, the
culture was terminated when colonies appeared in the
6-well plate. The supernatant was discarded. Contents
were carefully washed three times with phosphate-
buffered saline (PBS), fixed with 4% paraformaldehyde
for 30 minutes, stained with 0.1% crystal violet solution
for 20 minutes, carefully rinsed, and dried in air. Colonies
of more than 50 cells were quantified under a microscope.

Cell Cycle Analysis

For cell cycle analysis, U87 and U251 cells were seeded into
6-well plates at a density of 3 x 10° per well. After the cells
adhered to the wells, they were treated with berberine for 24
hours. The cells were collected by digestion with 0.25%
trypsin and fixed in 70% ethanol at 4°C for 24 hours. After
resuspension in PBS, Rnase and propidium iodide were
added, and contents incubated for 30 min in the dark. Cell

cycle distribution was analyzed by flow cytometry.

Western Blot

After U87 and U251 cells were treated with berberine for 24
hours, RIPA lysate containing protease inhibitor and protein
phosphatase inhibitor was added to extract cellular proteins
on ice. An equal amount of protein was separated on a 10%
SDS-PAGE gel and transferred to a polyvinylidene fluoride
(PVDF) membrane. The membrane was blocked with TBS-
T containing 5% skim milk powder at room temperature for
2 hours and incubated with the corresponding diluted pri-
mary antibody at 4°C overnight. The membrane was subse-
quently washed three times with TBS-T for 10 minutes and
incubated with the corresponding secondary antibody for
1 hour at room temperature. The membrane was washed
three times with TBS-T for 10 minutes, and protein content
was detected using ECL luminescence.

Lentivirus Transduction

U251 cells were transduced with wtp53-carrying lentivirus
for 24 hours and were screened by adding puromycin.
Cells containing the p53 vector expressed green fluores-
cence when observed under a fluorescence microscope.
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In vivo Tumor Model

Animal experiments were approved by the Ethics
Committee of the First Hospital of Jilin University
(Changchun, China) and followed the 5 freedom and 3R
principle (Chinese Association for Laboratory Animal
Sciences). BALB/c-nu male mice (5-6 weeks of age,
weighing 16-18 grams) were purchased from the
Charles River Experimental Animal Center (Beijing,
China). Mice were housed in a specific pathogen-free
environment at a temperature of 25 £ 2°C and humidity
of 45 + 10% on a 12 hour:12 hour light/dark cycle with
food and water available ad libitum. Tumor cells at
a density of 1 x 10° in 200 uL (50 uL PBS and 150 pL
Matrigel) were implanted in each mouse. After approxi-
mately 10 days, when the tumor volume reached
180200 mm®, mice were randomly divided into two
groups. The experimental group received daily intraperi-
toneal injections of berberine (5 mg/kg) for 2 weeks. The
control group received daily intraperitoneal injections
with the same volume of solvent. The long diameter (D)
and short diameter (d) of the tumor were measured once
every two days. Tumor volume (Tv) was calculated by the
following formula: Tv = 0.5 x D x d°. On the 14th day
after administration, all mice were sacrificed, and tumor
tissues subsequent

were weighed and fixed for

experiments.

Statistical Analyses

All experiments were repeated independently at least three
times, and the experimental data were expressed as mean +
standard deviation. Statistical analysis was performed
using one-way ANOVA. P values <0.05 were considered
statistically significant.

Results
Berberine Inhibited Proliferation of

Glioma Cells

Berberine inhibited the proliferation of U87 and U251 cells,
and presented the concentration dependence and time
dependence of this inhibitory ability (Figure 1B and C).
The IC50 values of berberine for U87 cells at 24, 48, and
72 hours were 113.2, 62.15, and 33.07 mg/L, respectively.
The IC50 values of berberine for U251 cells at 24, 48, and
72 hours were 149.7, 79.5, and 52.94 mg/L, respectively.
Clone formation experiments on U87 and U251 cells
demonstrated that berberine inhibited the proliferation of
individual tumor cells (Figure 1D).

Berberine Promoted p53 Phosphorylation
in U87 Cells and Decreased p53 Content in
U251 Cells to Cause Cell Cycle Arrest

Flow cytometry was used to detect cell cycle changes after
treatment of U87 and U251 cells with berberine (40 mg/L)
for 24 hours (Figure 2A and C). Flowjo software was used
to analyze the cell cycle. The number of U87 cells in G1
phase was significantly increased after treatment with ber-
berine. In contrast, the numbers of U251 cells in G1 phase
were decreased and G2 phase were increased, respectively,
after treatment with berberine (Figure 2B and D). In order
to observe changes in cell cycle-related proteins, U87 and
U251 cells were treated with 0, 20, 40, and 80 mg/L
berberine followed by Western blotting. Western blot
results revealed that berberine treatment did not signifi-
cantly change the p53 protein content in U87 cells, while
p21 and phosphorylated p53 protein content increased,
whereas cyclin D1 protein content decreased. This sug-
gested that berberine caused cell arrest in the G1 phase by
promoting p53 protein phosphorylation in U87 cells
(Figure 2E). In contrast, berberine treatment induced dif-
ferent effects in U251 cells. p53, p-p53, p21 and cyclin D1
protein content in U251 cells decreased after berberine
treatment (Figure 2F).

Interference with Wild-Type p53, Mutant
p53 and Their Downstream Molecules can

Inhibit the Proliferation of Glioma Cells

To verify whether cell death could be caused by changes in
p53 content, we separately applied Serdemetan (an HDM?2
ubiquitin ligase antagonist that acts on p53 wild-type cells
to induce early apoptosis and, in cells lacking functional
p53, inhibits cell proliferation and delays apoptosis) to
U87 and U251 cells. The results showed that cell viability
was decreased, as well as that after berberine treatment
(Figure 3A and B). Serdemetan and berberine simulta-
neously increased p-p53 levels in U87 cells (Figure 3C).
On the contrary, Serdemetan had no effect on the contents
of p53 and p-p53 in U251 cells, but berberine reduced the
levels of mutant p53 and p-p53 in U251 cells (Figure 3D).

Berberine Had a More Pronounced Effect
on Cell Cycle Arrest in U251 Cells
Transduced with Wtp53

To investigate whether berberine inhibited the cell cycle
by acting on p53 protein, we transduced U251 cells with
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Figure 2 Effect of berberine on the cycle of U87 and U251 cells. (A and B) After U87 cells were treated with berberine (40mg/L) for 24 hours, the number of cells in GI
phase increased significantly. (C and D) After U251 cells were treated with berberine (40mg/L) for 24 hours, the number of cells in the G| phase decreased and the number
of cells in the G2 phase increased. (E and F) Western blot showed the changes of cycle-related proteins after berberine treatment of U87 and U251 cells for 24 hours. **
indicates BBR (40 mg/L) treatment group compared with control group, P values < 0.01, with statistical significance.

a lentivirus carrying wtp53. Under fluorescence micro-
scopy, U251 cells infected with adenovirus emitted green
fluorescence, while those not treated with lentivirus did
not emit green fluorescence (Figure 4A). Western blot
analysis of lentivirus-transduced cells demonstrated that
there was no significant difference in p53 protein content
in the vector group compared with that in normal U251
cells. The p53 protein content in U251 cells transduced

with  wtp53

(Figure 4B and C). Screening with puromycin was per-

lentivirus was  significantly increased
formed to obtain a stably transduced cell line, which we
named p53-U251 cells. p53-U251 cells were treated with
berberine (40 mg/L) for 24 hours, and the cell cycle was
measured by flow cytometry. After transduction with
wtp53, the inhibitory effect of berberine on U251 cells

was more pronounced. Most cells were in G2 phase
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Figure 3 Effects of Serdemetan and berberine on U87 and U251 cells. (A and B) Serdemetan and berberine reduced the cell viability of U87 and U251 cells. (C and D)
Western blot showed the effects of Serdemetan and Berberine on the contents of p53 and p-p53 in U87 and U251 cells. * means P<0.05, which is statistically significant.

(Figure 4D and E). Western blot results indicated that
cyclin D1 and cyclin B1 protein content in U251 cells
and p53-U251 cells was reduced after berberine treat-
ment. After treatment with the same concentration of
berberine (80 mg/L), the protein content in p53-U251
cells decreased to a greater degree. This implied that
berberine caused G2 arrest in U251 and p53-U251 cells.
In addition, after treatment with the same concentration
of berberine (80 mg/L), p53 and phosphorylated p53
protein content in p53-U251 cells was higher than that
in U251 cells. No significant change in phosphorylated
p21 protein content was observed (Figure 4F-H). To
verify the effect of berberine on exogenous p53 content,
we used HA-tag to reflect exogenous p53 content in p53
U251 cells. Western blot showed that berberine had no
effect on the content of exogenous p53 in p53 U251 cells
(Figure 4I).

Berberine Inhibited Glioma Cell

Proliferation in vivo

To verify the antitumor effects of berberine in vivo, U87
and U251 cells were subcutaneously inoculated in nude
mice. Approximately 10 days after inoculation when
a tumor volume of 180-200 mm> was attained, mice
were randomly divided into either a control group or
berberine (5 mg/kg) treatment group. Tumor volume was
smaller (Figure 5A and B), tumor growth rate was slower,
and tumor weight was lesser in the berberine-treated group
than in the control group (Figure 5C-F). The inhibitory
effect of berberine on glioma proliferation was similar in
U87 and U251
Hematoxylin and eosin staining of tumor tissue in each

cell-transplanted  tumor tissues.
group revealed that nuclei in the berberine-treated group
was lighter in coloration, and cell arrangement was looser

(Figure 5G). Immunohistochemical staining and Western
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lentivirus, it showed green fluorescence under a fluorescence microscope. U251 cells not transduced with lentivirus did not show green fluorescence. Nuclei were showed in blue. (B)
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effect on the content of exogenous p53 in p53 U251 cells. ns means no statistical significance; * means P<0.05, ** means P<0.01, which is statistically significant.
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blotting results were similar to those of cell experiments
(Figure 5H and I). Based on hematoxylin and eosin stain-
ing, no obvious organic damage was found after berberine
treatment (Figure 5J).

Discussion
In this study, we examined the inhibitory effects of ber-
berine on human glioma cells. We observed that berberine
promoted the phosphorylation of p53 in U87 cells and
reduced the content of mutp53 in U251 cells, thereby
inhibiting the proliferation of glioma cells.

p53 protein plays a central role in tumor suppression. Due
to its short half-life, p53 protein remains very low in cells.®
Under stress conditions such as hypoxia and DNA damage,
p53 protein is activated by phosphorylation, acetylation, and
methylation. Its content in the cell rapidly rises to a high level,
and it subsequently enters the nucleus where it regulates
downstream gene transcription and participates in the cell
cycle, apoptosis, drug resistance, autophagy, proliferation,
and other processes.>* TP53 is the most frequently mutated
gene in human cancers. Indeed, mutations in 7P353 are present

in more than half of all cancers.'"'?

p53 mutations are often
missense mutations (replacement of a single amino acid), and
most mutations occur in the DNA binding region (DBD) of
p53 which binds to target genes, enabling p53 to act as
a transcription factor.”> Among the p53 mutation sites, six
codons are considered to be hotspot mutants: R175, G245,
R248, R249, R273, and R282. More than 25% of the muta-
tions occur at these sites.”® In U251 glioma cells, p53 has
a mutation at the R273 site.”” At this site, histidine has
replaced arginine, conferring p53 a tumor-enhancing effect.
p53 mutations cause loss of the tumor-suppressing func-
tions of wtp53, negatively regulate the activity of wtp53, and
play a tumor-promoting role.*>*® To date, many mutp53
gain-of-function (GOF) effects have been identified, includ-
ing promoting tumor cell migration, invasion, drug resis-
tance, proliferation, and hypoxia resistance, destroying
appropriate tissue structures, and promoting cancer
metabolism.”’ As mutp53 cannot be degraded by normal
pathways, it often accumulates to high levels in tumor
cells.*® Notably, the accumulation of mutp53 is key to its
GOF effects.®’ Further, mutp53 tends to be highly expressed
in tumor tissues and is scarcely present in normal tissues.*>
Therefore, therapeutic strategies targeting mutp53 may be
the key to treating p53 mutant cancers. The current treatment
methods for mutp53 are mainly divided into two categories:
(1) promoting the degradation of mutp53; (2) promoting the
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functional recovery of mutp53.”~ At present, the main drugs

that promote the degradation of mutp53 are geldanamycin,
17AAG,
Representative drugs that promote the recovery of mutp53
function are PRIMA-1 and ZMC-1.%

Glioma is the most common malignant tumor in the

ganetespib, histone, and gambogic acid.

skull and has poor prognosis due to its excessive growth,
diffuse invasion, and resistance to chemotherapy.***> To
date, temozolomide is the main drug used for clinical treat-
ment of gliomas, but chemotherapy resistance remains an
issue.® Many anti-glioma drugs currently studied are often
unsuitable for clinical application as they are unable to
penetrate the blood-brain barrier. Berberine is an isoquino-
line alkaloid found in natural plants. Berberine has anti-
inflammatory, blood-sugar-lowering, anti-microbial, and
anti-tumor effects.'”*' Berberine has been used for many
years as a non-prescription drug for the treatment of bacter-

ial diarrhea in China®°.

Berberine is also considered
a potential drug for the treatment of hyperlipidemia and
diabetes, which has been proved in many clinical trials.*’”
All these prove that berberine has high safety. Notably,
berberine can pass through the blood-brain barrier to exert
its anti-tumor effects.>>*® Our previous studies have
demonstrated that berberine has a destructive effect on
a variety of glioma cells, including T98G, LN18, C6,
SHG44, and LN229 cells, and its main mechanism is the
induction of glioma cells programmed cell death through
ERK1/2-mediated mitochondrial damage.® In addition,
berberine has been proved to regulate autophagy, apoptosis,
invasion and chemotherapy sensitization of glioma cells in
various ways.”! In this study, we tested the inhibitory
effects of berberine on U87 and U251 cells. Our results
indicated that berberine inhibited the proliferation of glioma
cells, and this inhibitory ability presented the concentration
dependence and time dependence. We observed that in U87
cells, berberine promoted the phosphorylation of wtp53.
Total p53 content was not significantly changed, thereby
promoting downstream p21 protein transcription, reducing
cyclin D1 protein content, and preventing U87 cells from
progressing to S phase from GI, causing G1 arrest, and
inhibition of U87 cell proliferation. In U251 cells, as the
structure of mutp53 protein DNA (p53 R273H) is altered in
its DBD, tumor suppressor functions of wtp53 are lost.
Berberine treatment resulted in a decrease in the content
of mutp53, p21, and cyclin DI protein in U251 cells. We
speculate that in U251 cells, mutp53 was still able to induce
p21 transcription, increase the content of cyclin D1, and
promote progression into the S phase; these effects were
perturbed by berberine. However, after treatment of U251
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cells with Serdemetan, the content of mutant p53 was not
changed, but the cell viability was decreased. This may be
due to the fact that Serdemetan acts on the p53 mutant cells,
accelerates the protease-regulated p21 degradation and
counteracts the transcription induction of p21 by mutp53,
thus inducing the S-phase delay and leading to the prefer-
ential apoptosis of S-phase cells.*” To further investigate
the interaction between p53 and berberine, we expressed
wtp53 gene in U251 cells. Following berberine treatment,
we observed an attenuation in the increased content of
phosphorylated p53 compared with normal U251 treated
with berberine, as berberine may have promoted the phos-
phorylation of wtp53. Cyclin D1 and cyclin B1 content
decreased to a greater extent, indicating that the inhibitory
effect of berberine was more pronounced after transduction
of wtp53. In cells containing both wild-type and mutant
p53, berberine facilitates both promotes the phosphoryla-
tion of wtp53 but also reduces mutp53 content, resulting in
an additive effect. Immunohistochemistry of U251 xeno-
graft tissue revealed mutp53 expression in tumor tissue,
suggesting that mutp53 tends to accumulate in tumors and
promote tumor cell GOF. In summary, our study suggests
that berberine promotes the phosphorylation of wtp53 and

reduces the content of mutp53, thereby causing cell cycle
arrest and inhibition of U87 and U251 cell proliferation
(Figure 6).

The heterogeneity of gliomas confers malignant features
and a poor clinical prognosis, with p53 protein mutations exist
in more than 50% of glioma. The accumulation of mutant p53
is considered to be the key to its GOF, and promoting the
degradation of mutant p53 is considered to be an effective
means of treating p53 mutant tumors. Berberine can promote
the phosphorylation of wild-type p53 and reduce the content
of mutant p53. Therefore, berberine can be used as a potential
drug to treat wild-type and mutant p53 glioma.

However, we did not verify the molecular mechanism
of mutp53, p21 and cyclin D1 in U251 cells, especially the
same changes in the content of p21 and cyclin D1 after
berberine treatment. We speculate that mutp53 may
directly promote the transcription of cyclin D1 to cause

such changes, which we will verify in future experiments.

Conclusion

In conclusion, we have demonstrated in this study that
berberine promoted the phosphorylation of p53 in U87
cells and reduced the content of mutp53 in U251 cells.

Berberine

wtp53

—

mutp53

— promoting
—) inhibiting

Figure 6 Berberine inhibits glioma cell proliferation through the p53 pathway. Berberine promotes the phosphorylation of wtp53, activates p21, and inhibits cyclin DI
protein. On the other hand, berberis inhibits mutp53 and reduces the content of p2| and cyclin DI.
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Berberine inhibit glioma cell proliferation via the p53/
p21/cyclin D1 pathway and thus, may be a potential p53
targeting therapeutic for glioma. It is worth noting that
we do not know how berberine promotes the degrada-
tion of mutp53, and we will continue to explore the
molecular mechanism of berberine and mutp53 in future

studies.
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