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Purpose: At present, comprehensive therapy has been widely used in the treatment of 
glioma, but the curative effect is not good, and the survival rate of patients is low. Therefore, 
it is crucial to explore further the regulatory mechanism of the occurrence and development 
of glioma and find potential therapeutic targets. We aimed to investigate the columbamine (a 
tetrahydroisoquinoline alkaloid derived from the rhizome of Chinese herbal medicine 
Rhizoma Coptidis) on glioma progression.
Methods: MTT, clone formation assay, wound healing assay, and transwell assay were 
performed to detect the cell viability, proliferation, migration, and invasion ability. Flow 
cytometry, TUNEL, and Western blot were used to identify the apoptosis level in glioma 
cells. PTEN inhibitor (SF1670) and AKT activator (SC79) were used to explore the mechan-
ism of columbamine on glioma cell progression.
Results: Columbamine inhibits proliferation, migration, invasion, and induces apoptosis in 
glioma cell lines (SHG44 and U251). Columbamine prevents phosphorylation of AKT and 
promotes the expression of PTEN. Blocking PTEN level or inducing phosphorylation of 
AKT attenuates columbamine function on SHG44 cells proliferation, metastasis, and 
apoptosis.
Conclusion: In this research, we find that columbamine could inhibit proliferation and 
metastasis of glioma cell lines, and promote apoptosis of glioma cell lines via regulating 
PTEN/AKT signal pathway. It provides a new theoretical basis for the development of anti- 
glioma drugs.
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Introduction
Glioma is one type of tumor originating from central nerve cells.1 It is characterized 
by high incidence, high mortality, substantial invasion, and poor prognosis.2,3 In 
recent years, the prevalence of glioma has been increasing year by year.4 At present, 
the treatment of gliomas is mainly surgery, adjuvant chemotherapy, and radio-
therapy. However, glioma often has infiltrative growth, so it is difficult to achieve 
the ideal effect of surgical treatment.5 The existence of a blood-brain barrier is 
difficult; it is difficult for drugs to penetrate the blood-brain barrier and play a role, 
resulting in the poor prognosis, high recurrence rate, and mortality of glioma.6 

Therefore, more potential treatments need to be explored.
Recently studies showed that kinds of alkaloids acted as an anti-tumor role in 

glioma. Wang et.al found that nor-monoterpenoid indole alkaloids could inhibit the 
development of glioma stem cells.7 Two isoquinoline alkaloids from Scolopendra 
subspinipes mutilans promoted apoptosis and prevented the proliferation of glioma 
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cells.8 Alkaloids abstracting from Lycoris Caldwell could 
induce glioma cell death by performing specific 
cytotoxicity.9 Chi G found that matrine could promote 
apoptosis and autophagy in glioma cells via controlling 
circRNA-104075/BCL-9 signal pathway.10

Columbamine is an alkaloid that was extracted from 
calumba.11 In the previous research, it was found that 
Columbamine has anti-inflammatory and anti-tumor 
effects. Columbamine prevented the growth and deteriora-
tion of colon cancer by blocking the Wnt/β-catenin signal-
ing pathway.12 Columbamine also inhibits hepatocellular 
carcinoma development by preventing AKT and ERK1/2 
signaling pathways.13 Meanwhile, Columbamine has 
a cytotoxic effect on osteosarcoma cells to inhibit tumor 
development. Traditional Chinese medicine therapy also 
occupies a particular position in the process of tumor 
treatment. Columbamine’s effect on glioma has not been 
reported so far, so we were asked to explore its value. In 
this study, we investigated the function of Columbamine 
on glioma cell proliferation and metastasis.

Methods and Materials
Ethics Statement
The animal study was reviewed and approved by 
Cangzhou Central Hospital. The research was carried out 
based on the proposals in the Guidelines for the Care and 
Use of Laboratory Animals of the National Institutes of 
Health.

Cell Culture
The human glioma cell lines SHG44 and U251 cells were 
purchased from the Science Cell Laboratory. Cell lines 
were cultured in PRIM 1640 (Thermo-life, USA) with 
10% FBS (Thermo Fisher, USA) and 100 μL/mL penicil-
lin and streptomycin (Beyotime, China) and placed at 37° 
C with 5% CO2. SHG44 and U251 cells were added with 
columbamine (0, 10, 20, 30, 40, and 50 μM) for 24 h, 48 h, 
and 72 h.

Western Blot
Total protein was isolated from cells with RIPA lysis Mix 
(Beyotime, China). Briefly, 60 μg protein extraction was 
loaded via SDS-PAGE and transferred onto nitrocellulose 
membranes (MILLIPORE, USA), then put them into a 5% 
blocking solution for 3 h. The membranes were incubated 
with primary antibodies at 4°C for one night. After incu-
bation with secondary antibodies, the membranes were 

scanned using an Odyssey, and data were analyzed with 
Odyssey software (LI-COR, USA). Anti-PCNA (10205- 
1-AP, 1:500), anti-E-cadherin (20874-1-AP, 1:1000), anti- 
MMP2 (10373-2-AP, 1:500), anti-MMP7 (10374-2-AP) 
were purchased from Proteintech, anti-N-Cadherin 
(#14215, 1:500) was purchased from CST. MMP9 
(ab73734) was purchased from Abcam, and Gapdh 
(60004-1-Ig, 1:2000) was used as an internal control.

Cell Viability Detection
MTT assay was used to detect cell viability. Cells were 
cultured in the 96-well plates for 1×103/well. Overnight, 
cells were starved for 12 h. After columbamine treatment, 
the cells were added with 5 mg/mL MTT (20 µL/well) for 
4 h. Removing supernatant and adding DMSO (150 µL/ 
well), the plate was shaking 0.5 h at room temperature. 
The absorbance was read at 490 nm using an Infinite 
200PRO microplate spectrophotometer (BioTek, USA). 
The absorbance values were normalized to the control.

Clone Formation Assay
The cell pores in logarithmic growth phase were inocu-
lated in 6-well plate, 4 mL PRIM 1640 was added to each 
well and cultured in an incubator for 14 days; the culture 
medium was discarded, washed with PBS for 3 times, 
fixed with 4% paraformaldehyde solution for 30 min; 30 
min was stained with 0.1% crystal violet, washed, and 
dried at room temperature. Take pictures with the camera 
and observe the colony formation.

Wound-Healing Assay
The wound-healing assay was carried out on SHG44 and 
U251cell. A total of 5 ×105 cells were cultured in 6-well 
plates, and then the cells were gently scratched with 
a pipette tip. The fresh medium was changed. After colum-
bamine treatment, the scratched spaces on the plate were 
evaluated by microscopy.

Transwell Assay
Cells in the logarithmic growth phase were adjusted to 2 × 105 

cells/well of medium (without serum) and plated 1μg/μL 
Matrigel into the upper chamber. The lower chamber was 
added with 500 μL of the medium, and then incubate the 
plate at 37°C for 48 h. Then, the invading cells were visualized 
by the crystal violet and inverted microscope. In the same way, 
the transwell migration experiment was carried out without the 
addition of the Matrigel matrix.
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Cell Apoptosis Assay
The 9 cells were counted, about 5×105cells/mL. Then, 1 mL 
cells were centrifuged, 1000 rpm, 10 min, 4°C, and the 
medium was thrown away. The cells were washed with 
PBS and dropped medium. The cells were resuspended and 
avoid light for 15 min, 200 μL Binding Buffer with10 μL 
Annexin V-FITC, and 10 μL PI. Flow cytometry was used to 
measured apoptosis rate within 1 h.

Cell Cycle Assay
Cells were collected with 1mL trypsin for 2 min, suspen-
sion the cell with 5 mL PBS, centrifuge at 1000 RPM for 5 
min at 4°C. 10mL PBS buffer was used to re-washed and 
discarding medium, Then the cells were fixed with 70% 
ethanol overnight. The next day, the cell medium was 
filtered with a 300-mesh sieve, centrifuged at 1000 RPM 
at 4°C for 5 min, and the supernatant was discarded. The 
cells were avoided light and fixed with 1 mL PI solution 

and stated at 4°C for 30 min. Flow cytometer was used to 
evaluate the cell cycle.

TUNEL Staining
TUNEL staining was performed with a One Step TUNEL 
Apoptosis Assay Kit (Beyotime, China) according to pro-
tocol. The TUNEL-positive cells containing apoptotic 
bodies were stained red. The apoptotic cells were statistics, 
and the rate of apoptosis cells among the total cells was 
statistical.

Statistical Analysis
All values are expressed as the mean ± SEM. Statistical 
significances were measured by Student’s t-test and 
ANOVA. A two-tailed value of P < 0.05 was indicated 
as a statistically significant difference. Data statistics were 
used the Prism 8.4.

Figure 1 The function of columbamine proliferation on glioma cell lines. (A) SHG44 and U251 cells were treated with Columbamine (0, 10, 20, 30, 40, and 50 μM) for 24, 
48, 72 h. MTT assay was performed to measure cell viability. n=10, *P<0.05 vs 0μM group, **P<0.01 vs 0μM group. (B) The colony formation assay of glioma cells was carried 
out after 0, 20 μM, 30 μM, and 50 μM columbamine treatment. n=5, *P<0.05 vs 0μM group, **P<0.01 vs 0μM group. (C) The cell cycle was detected by flow cytometry. n=5, 
*P<0.05 vs 0μM group, **P<0.01 vs 0μM group. (D) The level of PCNA was detected by Western blot. n=7, *P<0.05 vs 0μM group,**P<0.01 vs 0μM group.
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Results
Columbamine Inhibits the Proliferation of 
Glioma Cell Lines
To explore the function of Columbamine on glioma, we 
treated SHG44 and U251 cells with Columbamine (0, 10, 
20, 30, 40, and 50 μM) for 24, 48, 72 h, and determining cell 
viability with the MTT assay. The cell viability of glioma 
cells was shown to concentration and time-dependent 
reduction following the treatment with Columbamine 
(Figure 1A). In the next experiment, we treated the glioma 
cells with 0, 20, 30, and 50 μM columbamine for 24 h. The 
clone formation experiment showed the higher the concen-
tration, the less the number of clones (Figure 1B). Next, we 
detected the cell cycle in SHG44 and U251 cells after 
columbamine treatment via flow cytometry. As Figure 1C 
shows, Columbamine blocks cell cycle progression from 
the G0/G1 to S phase. Proliferating cell nuclear antigen 
(PCNA) is a helper protein of DNA polymerase δ, which 
may play a key role in cell cycle control. Then, we found the 
protein level of PCNA in SHG44 and U251 cells were 
concentration-dependent reduction after columbamine 
treatment for 24 h (Figure 1D). In summary, 

Columbamine could inhibit the proliferation of glioma 
cells.

Columbamine Prevents the Migration and 
Invasion of Glioma Cells
Next, we discussed the effect of Columbamine on glioma 
cell migration and invasion. Wound healing assay showed 
that Columbamine significantly inhibited cell migration, 
and 50 μM Columbamine almost completely inhibited cell 
migration (Figure 2A). In our experiments with glioma via 
transwell and Matrigel invasion assay, we observed that 
Columbamine could inhibit the migration and invasion of 
SHG44 and U251 cells in a dosage-dependent manner 
(Figure 2B). The migration and invasion of glioma cells 
are accompanied by changes in molecular proteins. Then, 
we detected the expression of metastasis-related proteins, 
E-cadherin, N-cadherin, MMP2, MMP7, and MMP9. We 
observed that Columbamine induced expression of 
E-cadherin and inhibited the expression of N-cadherin, 
MMP2, MMP7, and MMP9 (Figure 2C). In summary, 
Columbamine could inhibit the migration and invasion of 
glioma cells.

Figure 2 Columbamine regulates migration and invasion of glioma cells. (A) SHG44 and U251 cells were treated with Columbamine (0, 20 μM, 30 μM, and 50 μM) for 24h. 
The migration of glioma cells was detected by performing wound healing. n=5, *P<0.05 vs 0μM group,**P<0.01 vs 0μM group. (B) The migration and invasion ability of 
SHG44 and U251 cells. n=5, *P<0.05 vs 0μM group,**P<0.01 vs 0μM group. (C) The proteins level of metastasis-associated E-Cadherin, N-Cadherin, MMP2, MMP7, and 
MMP9 in glioma cells after columbamine treatment. n=6, *P<0.05 vs 0μM group,**P<0.01 vs 0μM group.
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Apoptosis of Glioma Cells Induced by 
Columbamine
Inducing tumor cell apoptosis is another way to limit 
tumor development. Further, we estimated the effect of 
Columbamine on glioma cell apoptosis. The apoptosis 
rates of SHG44 and U251 cells were detected by flow 
cytometry. The results showed that columbamine treat-
ment significantly increased the apoptosis rate of glioma 
cells (Figure 3A). Additionally, TUNEL assay results 
showed that columbamine treatment could induce DNA 
damage and cell apoptosis (Figure 3B). Meanwhile, we 
appraised the expression of the apoptosis-associated pro-
tein. The level of Cleaved-caspase3 and Cleaved-PARP 
were both upregulations after 30 and 50 μM columbamine 
treatment, while, 30 and 50 μM Columbamine could 
induce upregulated of Bax and downregulated of Bcl2 
(Figure 3C). The above results indicated that 
Columbamine could trigger apoptosis of glioma cells.

The Columbamine Regulation on Glioma 
Cells is Associated with PTEN/AKT Signal 
Pathways
To further investigate the mechanism on Columbamine 
inhibited the development of glioma, we examined the 
potential pathways of glioma. PTEN/AKT signal pathway 
involved in series of tumor programs. Focusing on PTEN/ 
AKT signal pathways, we carried out Western blotting 
assay to explore the components of PTEN/AKT signaling 
pathways. The results performed that Columbamine inhib-
ited the phosphorylation of AKT and promoted the expres-
sion of PTEN in SHG44 and U251 (Figure 4). Then, we 
speculated that Columbamine might regulate the develop-
ment of glioma cells via controlling PTEN/AKT signaling 
pathways.

To verify this conjecture, we treated SHG44 cells with 
PTEN inhibitor (SF1670, 2 μM) and AKT activator (SC79, 
10μM) for 24 h. After columbamine incubation, we 

Figure 3 Apoptosis of glioma cells induced by Columbamine. (A) Flow cytometry was performed to quantify the apoptotic of glioma cells. n=4, *P<0.05 vs 0μM group, 
**P<0.01 vs 0μM group. (B) The TUNEL staining was performed on glioma cells after treatment with 0, 20 μM, 30 μM, and 50 μM Columbamine for 24 h. TUNEL-positive 
cells are shown. n=7, *P<0.05 vs 0μM group, **P<0.01 vs 0μM group. (C) The expression of apoptosis-associated proteins (Caspase3, Cleaved caspase3, PAPR, Cleaved 
PAPR, Bcl2, and Bax) was detected in glioma cells after columbamine treatment. n=6, *P<0.05 vs 0μM group.
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performed colony formation assay to detect the prolifera-
tion ability, as Figure 5A shows, SF1670 and SC79 
blocked the columbamine function on colony formation 
of SHG44 cells. Wound healing assay and Transwell 
migration assay revealed that SF1670 and SC79 recovered 
the migration ability of SHG44 cells (Figure 5B and C). 
Transwell invasion assay verified that SF1670 and SC79 
could invert the role of Columbamine in SHG44 cells 
(Figure 5C). Furthermore, SF1670 and SC79 abolished 
the function of Columbamine in the cell apoptosis level 
(Figure 5D). Western blot showed that SF1670 could 
recover the phosphorylation level of AKT and PTEN, 
while SC79 could restore the phosphorylation level of 
AKT, but not the expression of PTEN, which revealed 
that PTEN was upstream of AKT (Figure 5E). Taken 
together, Columbamine regulated glioma cell progression 
via PTEN/AKT signal pathway (Figure 6).

Discussion
In the past years, the genetic basis of glioma has been eluci-
dated in genomic research. In recent years, glioma has made 
significant progress in surgical and medical imaging technol-
ogy, as well as radiotherapy, electric field treatment, che-
motherapy, and immunotherapy.14–16 However, the inherent 
trend of the widespread of glioma cells in normal brain par-
enchyma severely limits the therapeutic effect, and the 

therapeutic effect of chemotherapy and biological regulators 
has not yet been confirmed. Therefore, we need to develop 
more effective and less toxic treatment methods to guide 
clinical application.

At present, for the treatment of tumors, not only the use of 
chemotherapy drugs, but traditional Chinese medicine is also 
constantly emerging.17–19 Because of the pharmacological 
effects of traditional Chinese medicine, such as inhibiting 
tumor cell proliferation, promoting cell differentiation and 
dissipation, preventing tumor metastasis to the whole body 
or nearby, reducing the side effects of chemotherapy, enhan-
cing patients’ self-immunity.20–22 In clinical, traditional 
Chinese medicine anti-tumor drugs have been widely 
used.23,24 It is proved that allicin can activate the p53 gene 
and JNK pathway to play a role in G-M regulatory points of 
the cell cycle, and block tumor cells in the M phase.25 

Oridonin, an effective component extracted from Rabdosia 
rubescens, can inhibit DNA synthesis and prolong cell cycle 
time by inhibiting the expression of cyclinB1, leading to 
G phase arrest of tumor cells.26 Wang et al confirmed that 
ethanol extract of hedyotis diffusa could effectively stimulate 
tumor cells to produce superoxide. Finally, the apoptotic signal 
network was activated to induce apoptosis of HL-60 cancer 
cells.27

The previous report showed that Columbamine sup-
pressed colon cancer cells via blocking Wnt/β-catenin 

Figure 4 Columbamine inhibits the AKT signal pathway in glioma cells. Western blot was performed to measure the expression of AKT, p-AKT (Ser473), p-AKT (Thr308), 
PTEN in glioma cells after cultured with Columbamine. n=6, *P<0.05 vs 0μM group.
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signaling pathway.12 Lin et al found that Columbamine 
inhibited hepatocellular carcinoma cells via abolishing of 
PI3K/AKT, p38 and, ERK1/2 MAPK signaling 
pathways.13 Columbamine prevented the development of 
metastatic osteosarcoma U2OS cells with low 
cytotoxicity.28 At present, no research has shown any effect 
of Columbamine on glioma. Here, we performed experi-
ments to explore the function of Columbamine on glioma 
cell progression. We elucidated the inhibition effect of 
Columbamine on glioma cell proliferation, migration, inva-
sion, and apoptosis level, which have specific guiding sig-
nificance for the future clinical application. Meanwhile, 
NHA (normal human astrocytes) cells were treated with 50 
μM Columbamine. The results performed that Columbamine 
did not affect the progression of NHA cells (Figure S1).

PTEN is a precise tumor suppressor gene. Its full name 
is 10q deleted tensin homologous gene, and its expression 

is deleted, mutated, or down-regulated in series of malig-
nant tumors.29 PTEN could inhibit cell proliferation and 
hinder the development of the cell cycle, and the down-
stream PI3K/AKT pathway is an essential pathway for 
PTEN to inhibit cell proliferation. PTEN can inhibit the 
activation of PI3K and block the phosphorylation of AKT 
and its downstream protein kinases. On the one hand, it 
can cause cell cycle arrest in the G1 phase; on the other 
hand, it can also induce the expression of a variety of pro- 
apoptotic molecules and promote apoptosis. When the 
expression of PTEN decreases, the inhibition of PI3K/ 
AKT pathway weakens, and the phosphorylation of down-
stream protein kinases increases, thus promoting cell 
proliferation.30,31 In our research, we found that 
Columbamine induced the expression of PTEN and pre-
vented the phosphorylation of AKT, PTEN inhibitor, and 
AKT activator could abolish the function of Columbamine 

Figure 5 The columbamine inhibition of glioma cells is associated with PTEN/AKT signal pathways. (A) The colony formation assay of glioma cells was carried out after 
SF1670, SC79, and columbamine (Col) treatment. n=4, *P<0.05 vs 0μM group, #P<0.05 vs Col group. (B) The migration of glioma cells was detected by performing wound 
healing. n=4, *P<0.05 vs 0μM group, #P<0.05 vs Col group. (C) The migration and invasion ability of SHG44 cells. n=4, *P<0.05 vs 0μM group, #P<0.05 vs Col group. (D) Flow 
cytometry was performed to quantify the apoptotic of glioma cells. n=4, *P<0.05 vs 0μM group, #P<0.05 vs Col group. (E) Western blot was performed to measure the 
expression of AKT, p-AKT (Ser473), p-AKT (Thr308), PTEN in glioma cells after cultured with SF1670, SC79, and Columbamine. n=5, *P<0.05 vs 0μM group.
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on glioma cell progression, which indicateds the under-
lying mechanism of Columbamine on glioma. In this 
study, we found that Columbamine can regulate AKT/ 
PTEN pathway to control the occurrence and development 
of glioma, indicating that the expression of AKT and 
PTEN may be related to the development of glioma and 
may be used as an index for clinical detection and diag-
nosis of glioma.

Conclusion
In this research, we investigated the function of 
columbamine on glioma progression. It was found 
that columbamine could inhibit proliferation and 
metastasis of glioma cell lines, and promote apoptosis 
of glioma cell lines via regulating PTEN/AKT signal 
pathway.
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