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Background: Gliomas are common malignant intracranial tumors. Efficacious targeted therapy against
gliomas is lacking.
Results: GANT61 combined with the chemotherapy drug doxorubicin for treatment of glioma (LN-229)
cells, and the effect of their combination, was tested. The molecular mechanism was explored by target
prediction, along with functional analysis using the Gene Ontology (GO) database, enrichment analysis
using the Kyoto Encyclopedia of Genes and Genomes (KEGG) database, construction of protein–protein
interaction (PPI) networks, and protein expression. Combination of GANT61 plus doxorubicin could inhi-
bit the growth of LN-229 cells effectively. Wound-healing data and expression of migration proteins
related to epithelial-to-mesenchymal transition showed that this combination could inhibit the migra-
tion of LN-229 cells. Sixty-one targets of drug and disease intersected. Functional analysis revealed neg-
ative regulation of apoptosis, positive regulation of cell proliferation, and other biological processes
related to apoptosis and proliferation. Pathway-enrichment analysis showed drug combination to be
related to the cyclic adenosine monophosphate signaling pathway, pathways in cancer, and Hedgehog
signaling pathway. Measurement of expression of several proteins related to these pathways revealed
expression of BIRC5, GLi1 and GLi2, MMP3 and MMP9 proteins to decrease, and expression of MDM2
and P53 proteins to decrease and increase, respectively.
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Conclusions: This study provides a: (a) new direction for targeted therapy of gliomas; (b) theoretical basis
for drug research and molecular-mechanism research on gliomas.
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1. Introduction and 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
Gliomas are brain tumors that originate in glial cells. They have
high growth rate, recurrence, and mortality [1,2,3,4,5]. First-line
treatment for gliomas is surgery combined with radiotherapy,
chemotherapy, and immunotherapy. Doxorubicin is one of the
most efficacious drugs against gliomas. However, irrespective of
the type of treatment, there are limitations, such as drug resistance
and toxic side-effects. There is an urgent need to obtain new con-
cepts for the drugs used to treat gliomas [6,7].

‘‘Network pharmacology” (NP) integrates information science
and systematic medicine. It has been used to study the molecular
mechanisms of traditional Chinese medicine formulations in
recent years. Through establishment of a multidimensional data
network, NP can reveal the ‘‘drug–target–disease” relationship,
predict the mechanism of action, as well as evaluate the efficacy
and adverse reactions, of a drug [8]. In this way, highly efficacious
and low-toxicity drugs can be discovered. For example, NP has
been employed to explore the anti-aging function and molecular
mechanism of Radix astragali [9] and reveal the mechanism of
action of scopoletin against non-small-cell lung cancer [10].

As a specific blocker of the transcription factor Gli in the Hedge-
hog signaling pathway, GANT61 can act directly on Gli 1/2.
GANT61 can specifically block activation of the downstream target
genes mediated by Gli 1/2, thereby inhibiting the proliferation of
tumor cells [11]. It has been demonstrated that GANT61 has an
anti-tumor role in the treatment of triple-negative breast cancer
[12], T-cell lymphoma [13], and cervical cancer [14]. Some studies
have found that Gli1 overexpression is closely related to tumor
chemoresistance, and GANT61 can block Gli 1 specifically, thereby
improving the chemosensitivity of malignant tumor cells and
increasing the efficacy of chemotherapy drugs. For example,
GANT61 not only reduces the growth of triple-negative breast can-
cer cells, it also enhances the anti-tumor activity of paclitaxel in
these cells [12]. In addition, It has been reported that the anti-
cancer effect of GANT61 is related to the phosphoinositide 3-
kinase/protein kinase B (PI3K/AKT) signaling pathway [15]. A
new method for cancer treatment could be the combined use of
drugs [16].

In view of the side-effects of doxorubicin and the resistance of
gliomas to the actions of drugs, we used GANT61 combined with
doxorubicin to study glioma treatment. Use of NP to explore the
molecular mechanisms of drug combinations could provide new
targets for glioma treatment.

2. Materials and methods

2.1. Ethical approval of the study protocol

We used a cell line, so ethical approval was not required to carry
out this study.

2.2. Materials

A human-brain glioblastoma cell line (LN-229) was purchased
from iCell Bioscience (Shanghai, China). Doxorubicin, GANT61,
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mide (MTT) solution were obtained from Sigma–Aldrich (Saint
Louis, MO, USA). RPMI 1640 medium, fetal bovine serum, strepto-
mycin, and MatrigelTM were purchased from Gibco (Grand Island,
NY, USA). Paraformaldehyde (4%), sodium chloride, potassium
chloride, potassium dihydrogen phosphate, phenol, isopropanol,
and 30% hydrogen peroxide were supplied by Sinopharm Chemical
Reagents (Beijing, China). BCIP/NBT kit, Citrate buffer was pur-
chased from Servicebio (Beijing, China). Hematoxylin staining
solution, secondary antibodies, horseradish peroxidase-labeled
goat anti-rabbit secondary antibody, histochemical kit, and
3,30-Diaminobenzidine were obtained from Beyotime Institute of
Biotechnology (Beijing, China).

2.3. Observation of cell morphology

LN-229 cells in the logarithmic-growth phase were diluted to
1 � 104 cells/mL. One-milliliter of this suspension was used to
inoculate a six-well plate (1 � 104 cells/well), followed by cell cul-
ture in an incubator in an atmosphere of 5% carbon dioxide at
37 �C. After confluence, a control group and experimental group
were created. Complete medium (2 mL) was added to cells in the
control group. In the experimental group, 2 mL of medium contain-
ing GANT61 (80 lmol/L), doxorubicin (1 lmol/L), or GANT61
(80 lmol/L) + doxorubicin (1 lmol/L), respectively, was added to
cells. Then, the cells were cultured at 37 �C in an atmosphere of
5% CO2 for 48 h. The morphology of LN-229 cells was observed
and recorded by an inverted microscope.

2.4. Wound healing

LN-229 cells in the logarithmic growth phase were removed
and counted using a microscope. 1 � 104 cells were inoculated in
each well. Then, they were inoculated with 1 mL of drug in each
well and cultured in an atmosphere of 5% CO2 at 37 �C. When cells
had reached 80%–90% confluence, a line perpendicular to the hor-
izontal line behind the six-well plate was drawn. After scratching
of cells, they were viewed under a microscope and photographed.
The scratch width of the original cell was recorded as 0 h. In the
control group, only 10% serum medium was added. In the experi-
mental group, 10% serum medium containing GANT61 (80 lmol/
L), doxorubicin (1 lmol/L), or GANT61 (80 lmol/L) + doxorubicin
(1 lmol/L), respectively, was added, followed by culture in an
atmosphere of 5% CO2 at 37 �C for 48 h. At the end of culture,
the scratch width of cells at 48 h vs the scratch width of cells at 0 h.

2.5. MTT assay

LN-229 cells in the logarithmic growth phase were selected.
After counting under a microscope, 5 � 103 cells/well was inocu-
lated into 96-well plates. The 96-well plates were cultured in an
atmosphere of 5% CO2. After cells had adhered to the wall com-
pletely, the drug was administered. The groups were GANT61
(80 lmol/L), doxorubicin (1 lmol/L), and GANT61 (80 lmol/L) +
doxorubicin (1 lmol/L). The control group did not have drug load-
ing, and the well without cell were set as blank well. Six parallel
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wells were set in each group and cultured overnight in an atmo-
sphere of 5% CO2 at 37 �C for 48 h. Then, 20 lL of MTT solution
(5 mg/mL) was added to each well followed by culture for 4 h.
The culture mediumwas discarded, and 150 lL of dimethyl sulfox-
ide was added. The solution was well mixed until the purple–
brown precipitate had dissolved completely. The optical density
(OD) of each well was measured at 490 nm. Cell viability was cal-
culated according to the following formula:

Cell survival (%) = (ODExperimental group � ODZero adjustment hole/
ODControl group � ODZero adjustment hole) � 100%.

2.6. Colony-formation assay

Cells were added to six-well plate (1 � 103 cells/well) following
transfection for 2 weeks. 2 mL of complete medium was added to
the control group, 2 mL of medium containing GANT61 (80 lmol/
L), doxorubicin (1 lmol/L), or GANT61 (80 lmol/L) + doxorubicin
(1 lmol/L) was added cells, respectively. Colonies were fixed with
100% methanol at room temperature for 20 min and stained with
0.1 % crystal violet (Sigma-Aldrich; Merck KGaA) at 25 �C for
30 min. The total number of visible colonies was imaged and
counted using a light microscope (magnification, �100). All exper-
iments were repeated three times. Photographs were taken using
ImageJ (US National Institutes of Health, Bethesda, MD, USA). The
colony-formation rate was calculated using the following formula:

Colony-formation rate (%) = number of colonies in the experi-
mental group/number of colonies in the control group � 100%.

2.7. Target prediction of drug combinations against glioma

We collected basic information and predicted targets of
GANT61 and doxorubicin through databases: PubChem (https://
pubchem.ncbi.nlm.nih.gov/), Similarity Ensemble Approach (SEA)
Search Server (https://sea.bkslab.org/), and Superpred (https://pre-
diction.charite.de/). The UniProt (www.uniprot.org/) database was
employed to search for the protein name of the drug and obtain the
gene name corresponding to the predicted target. Then, we
obtained the glioma gene in the GeneCards (www.genecards.org/
) database. We used the ‘‘SUMIF” function in ExcelTM (Microsoft,
Redmond, WA, USA) to find the intersections between the related
target genes and candidate target genes of GANT61 and doxoru-
bicin. The three common target genes were used as potential tar-
gets for the combination of GANT61 and doxorubicin against
glioma. OmicShare (www.omicshare.com/) was used to draw a
Venn diagram of the three common targets.

2.8. Use of the gene Ontology (GO) database to show functional
enrichment

GO focuses on the function of genes and gene products. We car-
ried out GO on the intersection targets using the GO database
(http://geneontology.org/). We screened out 20 biological pro-
cesses and drew a ‘‘bubble” diagram in which red denoted func-
tional enrichment.

2.9. Pathway enrichment using the Kyoto Encyclopedia of genes and
Genomes (KEGG) database

The KEGG database deals with genomes, biological pathways,
diseases, drugs, and chemical substances. Analyses of pathway
enrichment were done on the intersection targets in Database for
Annotation, Visualization and Integrated Discovery (DAVID).
P < 0.05 was used as the screening condition for a significant differ-
ence. Screened items were drawn into a bar graph, and then the
KEGG items related to signaling pathways were screened out and
marked blue. Information on targets, diseases, and drugs related
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to signaling pathways was imported into Cytoscape 3.6.0
(https://cytoscape.org/) to construct and visualize the network
topology of disease–drug–target–signaling pathways.

2.10. Protein–protein interaction (PPI)

The potential targets of GANT61 combined with doxorubicin
against glioma were imported into the Search Tool for the Retrieval
of Interacting Genes/Proteins (STRING) database (https://string-db.
org/). The species was set as Homo sapiens. The interactions
between target proteins were retrieved and imported into Cytos-
cape 3.6.0. Network analysis was undertaken using the ‘‘Network
Analyzer” tool, and the ‘‘degree” value and ‘‘betweenness central-
ity” value were calculated. The PPI network was drawn by
Cytoscape 3.6.0, and shown as a diagram.

2.11. Western blotting

LN-229 cells were cultured in culture medium containing
GANT61 (80 lmol/L), doxorubicin (1 lmol/L), or GANT61
(80 lmol/L) + doxorubicin (1 lmol/L), respectively. Cells in the
control group were cultured in complete culture medium. Cells
were lysed by a homogenizer. The lysed solution was transferred
to an EppendorfTM tube. The liquid was centrifuged (10,000�g for
5 min at 4 �C), and the supernatant removed and stored at �20 �C.

The sample was heated in boiling water for 5–10 min to dena-
ture the protein fully. 10% ammonium persulfate and 10 ml 10%
polyacrylamide lower layer separation glue; Glue; 6 mL 5% poly-
acrylamide concentrate glue after pouring glue to make the upper
concentrated glue; After loading the sample, the lower glue board
was installed in an electrophoresis tank. Electrophoresis buffer was
added. After electrophoresis had been completed, the rubber plate
was removed. The rotary film clip was opened, and a polyvinyli-
dene difluoride (PVDF) film placed on the glue. The rotary film clip
was closed, and rotary film buffer added to transfer the film. After
that, the PVDF membranes was washed thrice with TBST (Tris-
buffered saline + Tween 20). The PVDF membrane was sealed with
5% skimmed milk powder plus TBST. After removal, primary anti-
body was added followed by incubation at 4 �C overnight. The
PVDF membrane was removed and washed thrice with TBST. Sec-
ondary antibody was added followed by incubation for 1 h. An
electrochemiluminescence western blotting kit (BCIP/NBT) was
used to detect target bands. ImageJ was used for quantification.

2.12. Statistical analyses

Data were processed using SPSS 25.0 (IBM, Armonk, NY, USA).
Data are the mean ± standard deviation. Data were analyzed using
the Student’s t-test. P < 0.05 was considered significant.
3. Results

3.1. Drug combination inhibits the growth of LN-229 cells

To understand the effect of drug combinations, we tested the
effect of GANT61 combined with doxorubicin on the growth, pro-
liferation, and apoptosis of LN-229 cells.

LN-229 cells were treated with GANT61 (80 lmol/L), doxoru-
bicin (1 lmol/L), or GANT61 (80 lmol/L) + doxorubicin (1 lmol/L),
respectively. An inverted microscope was employed to observe
changes in morphology (Fig. 1a–d). Forty-eight hours after treat-
ment, cells in the control group grew faster, and their number
covered the entire field of view, and the morphology was regular.
Compared with the control group, the number of adherent cells
in the GANT61 group decreased slightly, and the cells shrank and
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Fig. 1. Effect of GANT61 combined with doxorubicin on the growth of LN-229 cells. (a–d) Morphology of LN-229 cells; (e–i) Proliferation of LN-229 cells; (a, e: control group;
b, f: GANT61 group; c, g: doxorubicin group; d, h: GANT61+ doxorubicin group); j. Viability of LN-229 cells. Compared with the control group, **p < 0.01.
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gradually became round. Compared with the control group, the
number of adherent cells in the doxorubicin group decreased sig-
nificantly. Compared with the control group, the cells in the
GANT61+ doxorubicin group showed obvious shrinkage, circular-
ity, and shedding, and the effect was more obvious than that seen
with GANT61 alone or doxorubicin alone. These data showed that a
combination of GANT61 and doxorubicin could inhibit the viability
of LN-229 cells.

Next, we explored the colony-forming ability of LN-229 cells
after combination treatment. Compared with the control group,
the number of colonies formed in the GANT61 group, doxorubicin
group, and GANT61 + doxorubicin group was reduced significantly
(Fig. 1e–i). The order of colony formation from high to low was
control group > GANT61 group > doxorubicin group > GANT61 +
doxorubicin group. Compared with the control group, the percent-
age of colonies formed in the GANT61 group, doxorubicin group,
and GANT61 + doxorubicin group was 85 ± 2.69%, 54 ± 3.01%,
and 4 ± 1.34%, respectively, and the difference was significant
(P < 0.01 for all). These data indicated that, at the concentrations
tested, GANT61 and doxorubicin inhibited the proliferation of
LN-229 cells significantly, and that the combined effect of GANT61
and doxorubicin on cell proliferation was stronger than when the
two were used singly.

Next, we measured the survival of LN-229 cells by the MTT
assay. GANT61 and doxorubicin could inhibit the survival of LN-
229 cells (Fig. 1j). Compared with the control group, cell survival
in the GANT61 (80 lmol/L) group, doxorubicin group (1 lmol/L)
and GANT61 + doxorubicin group decreased to 73 ± 8.19%,
43 ± 4.73%, and 18 ± 8.00%, respectively, and the difference was
significant (P < 0.01). Upon combination of GANT61 and
doxorubicin, the inhibitory effect on LN-229 cells was more
21
obvious than that when used alone, and most of the cells died.
These data showed that, within the tested concentration range,
GANT61 and doxorubicin could inhibit the survival of LN-229 cells
effectively.

These results suggested that GANT61 combined with doxoru-
bicin could inhibit LN-229 cells significantly, and could have a sig-
nificant anti-glioma effect.

3.2. Drug combination inhibits the migration ability of LN-229 cells

Cell migration is a major reason for the poor treatment effect
and high mortality of cancer patients [17]. The cell-scratch exper-
iment was used to detect the effect of drug combination on the
migration ability of LN-229 cells (Fig. 2). Compared with 0 h
(Fig. 2a), scratches on the cells in the four treatment groups in
Fig. 2b healed 48 h after culture, indicating that the cells had
migrated during culture. Cells in the control group had healed
fully. Compared with the control group, the degree of healing in
the GANT61 group, doxorubicin group, and GANT61+ doxorubicin
group decreased successively, and the degree of wound healing
of the GANT61+ doxorubicin group was the weakest. Hence, after
drug combination, the migration ability of LN-229 cells was inhib-
ited strongly.

The phenomenon of ‘‘cadherin conversion” is a key feature of
the epithelial-to-mesenchymal transition (EMT) of ovarian epithe-
lial tumors. That is, E-cadherin expression is downregulated and N-
cadherin expression is upregulated, which has been demonstrated
to be related to cancer occurrence [18]. E-cadherin expression is
regulated by transcription factors (e.g., Snail, Slug, Twist, ZEB1,
ZEB2) which inhibit E-cadherin expression by binding to the
E-box sequence in the CDH1 promoter region, which leads



Fig. 2. Effect of GANT61 combined with doxorubicin on the migration of LN-229 cells. (a) Cells were cultured for 0 h. (b) Cells were cultured for 48 h.
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to EMT [19]. We measured the protein expression of N-cadherin, E-
cadherin, Twist1, and ZEB1 to further demonstrate the migration
ability of NL-299 cells after combined-drug treatment. Compared
with the control group, expression of N-cadherin protein in the
administration group decreased significantly, and expression of
Twist1 protein and ZEB1 protein in the doxorubicin group and
GANT61+ doxorubicin group decreased (Fig. 3). Expression of E-
cadherin protein increased in the doxorubicin group and GANT61
+ doxorubicin group. These differences were significant. Hence,
GANT61 combined with doxorubicin had a significant effect upon
glioma treatment.

3.3. Common targets in GANT61, doxorubicin, and glioma

Using databases to collect drug-related information, we
obtained the related structures of GANT61 and doxorubicin
(Fig. 4a, b). The number of extracted targets of GANT61 and dox-
orubicin was 121 and 2494, respectively (Fig. 4c). A total of 4159
Fig. 3. Effect of GANT61 combined with doxorubicin on expression of cell migration-rela
measured by western blotting. (b) Compared with GAPDH, the ratio of protein express
blotting. Compared with the control group, **p < 0.01.
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targets were related to glioma. The intersection of GANT61-,
doxorubicin-, and glioma-related targets yielded 61 targets. Hence,
a combination of GANT61 and doxorubicin in treatment of glioma
was through multi-target interactions.

3.4. Targets of drug combination using the GO database

GO has been used widely in bioinformatics analysis in recent
years [20]. It is used to annotate genes of various species, and
describe their function. This strategy lays the foundation for the
conversion and mining of data [21].

The GO database showed the top-20 biological processes to
include ‘‘signaling pathways involved in regulation of cerebellar
granule cell proliferation”, ‘‘JUN phosphorylation”, ‘‘negative regu-
lation of apoptotic process”, ‘‘positive regulation of cell prolifera-
tion”, ‘‘regulation of signal transduction by p53 class mediator”,
‘‘inflammatory response” and other tumor-related biological
processes (Fig. 5a). It appeared that GANT61 combined with
ted proteins. (a) Expression of N-cadherin, E-cadherin, Zeb1, Twist1, and GAPDH as
ion of N-cadherin, E-cadherin, Zeb1, Twist1 and GAPDH as measured by western



Fig. 4. Structure of GANT61, doxorubicin, and a Venn diagram showing targets. (a) Structure of GANT61. (b) Structure of doxorubicin. (c) Venn diagram of GANT61 combined
with doxorubicin on migration-related targets.
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doxorubicin could be used to treat glioma by regulation of various
complex biological processes.

3.5. Targets of drug combination using the KEGG database

Pathway-enrichment analysis was done on the targets of
GANT61 combined with doxorubicin against glioma using the
KEGG database. The main related signaling pathways were ‘‘cAMP
signaling pathway”, ‘‘Pathways in cancer”, ‘‘TNF signaling path-
way”, ‘‘p53 signaling pathway”, and ‘‘Hedgehog signaling pathway”
(Fig. 5b). These pathways are closely related to cancer. For exam-
ple, wild-type P53 (tumor suppressor gene) can induce DNA-
damage repair, growth arrest, and apoptosis [22]; tumor necrosis
factor (TNF) can damage tumor cells and kill them [23]; the hedge-
hog signaling pathway improves the self-renewal, invasion, and
metastasis of tumor cells [24].

3.6. Construction of a PPI network of target proteins and pathways

Cytoscape was used to draw the ‘‘compound–target gene–path-
way” topology network diagram (Fig. 6a). Statistical analyses of 12
signaling pathways and 39 target genes revealed that GANT61
combined with doxorubicin regulated apoptosis, metastasis, and
cell proliferation by acting on multiple targets and, finally, induced
apoptosis of glioma cells.

Using STRING as the background network database, the data of
interactions of 39 target proteins were obtained, and a PPI network
was drawn. In the PPI network (Fig. 6b), 39 nodes interacted
through 238 edges. The circular nodes represent target genes,
and the straight lines between nodes indicate that there is interac-
tion between the two linked proteins. The thicker the lines, the
stronger is the interaction. The larger the node and the darker
the color, the greater is the degree value of the target gene. Among
them, the nodes of the targets MMP9, MAPK8, MDM2, DRD1, TLR4,
EP300, JAK2, ADRB2, and MMP3 were relatively large, indicating
that the degree value was relatively large. Hence, these targets
were predicted to have important roles in GANT61 combined with
doxorubicin against gliomas.

3.7. Expression of NP-related proteins

Based on the biological processes, signaling pathways, and
targets obtained in the process described above, we screened
some proteins for verification. According to western blotting
(Fig. 7), compared with the control group, expression of BIRC5,
GLI1, GLI2, MDM2, MMP3, and MMP9 proteins in the cells of
23
each treatment group decreased significantly, and protein
expression of P53 in the treatment group increased in a signif-
icant manner.
4. Discussion

Gliomas are malignant intracranial tumors with high incidence,
high mortality, strong invasiveness, and carrying a poor prognosis
[25]. With the rapid development of molecular biology, increasing
attention has been paid to application of genetic detection in
tumors, and precision therapy has elicited considerable benefits
to patients. However, there are few clinical data on the targeted
therapy of gliomas [26].

GANT61 can interfere with the binding of GLi to highly con-
served DNA sequences in the hedgehog signaling pathway. We dis-
covered, using the KEGG database, that the hedgehog signaling
pathway was involved in the manner by which GANT61 combined
with doxorubicin affects gliomas. Also, analyses of PPI networks
showed that GLi protein is involved in this process.

Studies have shown that MMP3 and MMP9 can enhance the
infiltration and metastasizing ability of tumor cells, and can be
used as markers of gliomas [27]. MMP9 expression is related
to the grade and survival of gliomas, and is an independent
prognostic factor for primary gliomas [28]. MMP3 can degrade
types III, IV, and V collagen, fibronectin, and laminin [29]. Anal-
yses of PPI networks showed that the nodes for MMP3 protein
and MMP9 protein were large, and that they could play a major
role in GANT61 combined with doxorubicin against gliomas.
Expression of MMP3 protein and MMP9 protein decreased, indi-
cating that GANT61 combined with doxorubicin could inhibit
expression of MMP3 protein and MMP9 protein, which would
affect gliomas.

Analyses of the KEGG database showed that the cyclic adeno-
sine monophosphate (cAMP) signaling pathway is an important
signaling pathway. The invasion and metastasis of glioma cells
is related to the cAMP pathway [30]. cAMP is an important
intracellular regulatory factor. It can inhibit the proliferation of
glioma cells and induce their differentiation and apoptosis
[31,32,33]. cAMP catalyzes the production of adenylate cyclase
by adenosine triphosphate, which participates in various extra-
cellular stimuli (e.g., hormones, growth factors, neurotransmit-
ters). G protein-coupled receptors activate adenylate cyclase
and increase intracellular levels of cAMP, thereby regulating cell
proliferation and apoptosis [34,35]. Functional analyses using the
GO database revealed the adenosine receptor signaling pathway,
adenylate cyclase-activating G-protein coupled receptor signaling



Fig. 5. Analyses of the potential targets and pathways for GANT61 combined with doxorubicin for glioma treatment. (a). GO analysis of potential targets; (b). KEGG analysis of
pathway.
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Fig. 6. Interaction of pathways, targets and diseases. (a) Interaction of pathways–targets–diseases. (b) Interaction of targets – targets.

Fig. 7. Expression of protein related to drug combinations. (a) Expression of p53, MDM2, Gli1, Gli2, MMP3, MMP9, BIRC5 and GAPDH as measured by western blotting. (b)
Compared with GAPDH, the ratio of protein expression of p53, MDM2, Gli1, Gli2, MMP3, MMP9, BIRC5 and GAPDH as measured by western blotting. Compared with the
control group, **p < 0.01.
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pathway, and other biological processes related to adenylate
cyclase. These processes are closely related to the cAMP signal-
ing pathway.

5. Conclusions

Our study demonstrated that GANT61 combined with doxoru-
bicin could inhibit glioma cells significantly. Through NP we found
that, in addition to the hedgehog signaling pathway and related GLi
proteins, other targets (MMP3, MMP9) and other pathways (cAMP
signaling pathway) could provide new targets for glioma
treatment.
25
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