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Gliomas are the most prevalent kind of malignant and severe brain cancer.
Apoptosis regulating mechanisms are disturbed in malignant gliomas, as they
are in added forms of malignancy. Understanding apoptosis and other
associated processes are thought to be critical for understanding the origins
of malignant tumors and designing anti-cancerous drugs for the treatment.
The purpose of this study was to evaluate the variation in the expression level of
several apoptotic proteins that are responsible for apoptosis in low to high-
grade glioma. This suggests a significant change in the expression of five
apoptotic proteins: Clusterin, HSP27, Catalase, Cytochrome C, and SMAC.
Cytochrome C, one of the five substantially altered proteins, is a crucial
component of the apoptotic cascade. The complex enzyme Cytochrome C
is involved in metabolic pathways such as respiration and cell death. The results
demonstrated that Cytochrome C expression levels are lower in glioma tissues
than in normal tissues. What's more intriguing is that the expression level
decreases with an increase in glioma grades. As a result, the discovery shows
that Cytochrome C may be a target for glioma prognostic biomarkers.
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GRAPHICAL ABSTRACT

Introduction

Glioma is the most frequent malignant primary brain tumor.
Molecular biomarkers of various tumor types were revised in the
World Health Organization (WHO) Central Nervous System
(CNS) in 2021, based on the previous histological classification
of gliomas from grade I to IV in the 2016 WHO classification
and offer greater advantages and significant directions to
clinicians (1). Neurons, which communicate with the nervous
system, and glia (or glial cells or neuroglia), which provide
support and protection to neurons, maintain homeostasis, and
form myelin sheaths around them, are both implicated in
gliomas and comprise the CNS (2). Glioblastoma (GBM) is
one of the most devastating and recurrence-prone malignant
solid tumors, accounting for 57% of all gliomas and 48% of
primary CNS malignant tumors; it is regarded as one of the most
catastrophic cancers due to its locally aggressive behavior and
inability to be successfully treated by available treatments
(3, 4). Gliomas remain obstinate to radiotherapy, surgery,
immunotherapy, and chemotherapy. Cell proliferation,
angiogenesis, migration, invasion, apoptosis, and autophagy
are all regulated by different signaling pathways (5-7). Apart
from IDH and MGMT, methylation has been considered an
important prognostic biomarker. Other CNS biomarkers, such
as TERT promoter mutation, EGFR amplification or mutation,
and so on, are only connected to grade and help predict prognosis.
Only the EGFRVIII mutation is categorically clinically instructive
(8). Substitution or combination of radiation with chemotherapy
or target therapy or personalized treatment for various patients
has been recommended in recent decades (9-11).
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One of the major contributors to the resistance of GBM to
chemotherapy and radiotherapy is the deregulation of cell death
pathways such as autophagy and apoptosis (12), leading to an
overexpression of anti-apoptotic proteins as well as decreased level
of several pro-apoptotic proteins. Apoptosis is a type of controlled
cell death that is energy-dependent. In recent years, apoptosis
research has mostly focused on altering the respiratory chain of
mitochondria rather than altering the nuclear structure.
Cytochrome C (Cyto C) is an essential molecule in
mitochondria-induced apoptosis and an important component of
energy metabolism as a fundamental component of the respiratory
chain (13, 14). Mitochondrial Cyto C has been demonstrated to
serve a dual role in cellular energy metabolism and apoptosis. The
involvement of Cyto C in apoptosis was initially hypothesized by
Liu et al. (15). Once released into the cytoplasm, Cyto C engages
with its adaptor molecule Apaf-1 to activate pro-caspase-9 in the
context of ATP or dATP. Caspases-9 and 3 are activated by
activated caspase-9, resulting in the molecular features of
apoptosis known as the intrinsic mitochondria route (16). An
important initial step in the apoptotic process is the release of
Cyto C from the mitochondria to the cytoplasm. As a component of
the mitochondrial electron transport chain, Cyto C plays an
important role in electron transfer between complex III
(ubiquinol: Cyto C oxidoreductase) and complex IV (cytochrome
oxidase) (17). Cyto C is a mitochondrial biomarker that is
discharged into the extracellular space as well as the circulation
within 1 hour following apoptosis induced by permeabilization of
damaged mitochondria (18). As a result, Cyto C is regarded as a key
mediator and biomarker in mitochondria-mediated apoptosis.
Literature has shown that serum Cyto C forecasts prognosis
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throughout cancer treatment, including leukemia and lung cancer,
indicating that Cyto C may play a role in tumor formation and
development (19-21). Nonetheless, the clinical significance and role
of Cyto C in glioblastoma are unknown. This study elucidates the
alterations in Cyto C, apoptotic pathway proteins in glioma.

Materials and methods
Reagents and samples

Pierce' " BCA Protein Assay Kit (Cat. No. 23225), was
purchased from Thermo Fisher Scientific, Rockford, IL, USA.
Human Apoptosis Array Kit of Proteome Profiler' Array (Cat.
No. ARY009) were procured from Bio-Techne, Minneapolis/St.
Paul International Airport. Paraformaldehyde (Cat. No. 158127),
Potassium Chloride (Cat. No. P9541), ammonium chloride (Cat.
No. A9434), sodium chloride (Cat. No. S3014), potassium
phosphate monobasic (Cat. No. P9791), tween 20 (Cat. No.
P9416), bovine serum albumin (BSA) (Cat. No. 5482), triton X-
100 (Cat. No. T8787), CHAPS hydrate (Cat. No. C3023- 5G),
Protease Inhibitor Cocktail (Cat. No. P8340), Sodium Phosphate
Dibasic, TRIZMA base (Cat. No. T1503), hematoxylin (Cat. No.
1051752500), eosin (Cat. No. E4382-100G) was purchased from
Sigma-Aldrich, St. Louis, MO, United States. TrypLE ™ Express
Enzyme (1X), no phenol red (Cat. No. 12604021), Cytochrome C
Monoclonal Antibody (Cat. No. MA5-11674), Alexa Flour ™ 488
Goat anti-mouse IgG (H+L) (Cat. No. A-11001) were purchased
from Thermo Fisher Scientific, United States. Urea (Cat. No.
V3171), DAPI (Cat. No. F6057), DNeasyR Blood & Tissue kit
(Cat. No. 69504) were purchased from Qiagen, agarose (Cat. No.
A9539-500G), Ethidium di-bromide (Cat. No. E8751-5G) from
Sigma-Aldrich.

1 L 1X PBS (8 g of sodium chloride, 0.2 g of potassium
chloride, 1.44 g of sodium phosphate dibasic, 0.25 g of potassium
phosphate monobasic to 1 L at pH 7.4), 10% poly-L-lysine/PBS
for slide coating, 0.1% PBST (0.1% tween 20 in PBS), 1% BSA/
0.1% PBST, 70% ethanol in PBS, permeabilization buffer (0.25%
of triton X-100 in wash buffer), Lysis Bufter (20Mm, 4% CHAPS,
8M urea), RNA lysis buffer (50 mM ammonium chloride
(A9434), 1X PBS), 1L 1X TAE (40Mm Tris (7.6 pH), 20Mm
acetic acid, ImM EDTA).

Patients recruitment

Inclusion criteria

This study covered patients who had been diagnosed with
glioma tumors. For Healthy individuals, the sample was taken
from the person who died in an accident with consent from his/
her family. Details of the patients involved in the study are
mentioned in Supplementary Table 1
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Exclusion criteria

Patients under the age of 18 and those who refused to give
consent were excluded from the study.

All tissue associated with the disease was obtained from
patients during surgery, performed for the resection of the
glioma, and consecutively operated on in the department of
neurosurgery at Sir Ganga Ram Hospital-Delhi, India. These
were the recently diagnosed patients whose clinical data and
investigations were obtained from the clinicopathological
referral sheets. Informed consent was obtained from each
patient and protocols were approved by the Sir Ganga Ram
Hospital, Human Ethical Committee (Ref no. EC/10/17/1270)
Delhi, India. All experiments were carried out by relevant
guidelines and regulations.

Histopathological examination

All the experiment was standardized and optimize thrice for
better reproducibility. The tissue specimens investigated in this
research work consist of human biopsies extracted during brain
tumor resection procedures hospitals. After the resection, the
samples were dehydrated and embedded in paraffin blocks. The
blocks were then mounted in microtomes and sliced into 4 um
thick slices. Finally, the slices were rehydrated and stained with
H&E. After routine examination of the samples, every sample
was diagnosed by pathologists as GBM, according to the World
Health Organization (WHO 2016) classification of tumors of the
nervous system. Photomicrographs were captured at a
magnification of 20X. At the end of the examination, Grades
were identified according to WHO guidelines.

Genomic DNA extraction

Extraction of genomic DNA from glioma and healthy tissue
were isolated using DNeasy" Blood & Tissue kit. All reagents
and samples were prepared according to the Kit. The assay was
performed according to the protocol mentioned in the kit. The
extracted DNA was quantified using a spectrophotometer,
NanoDrop 2000 (Thermo Scientific, USA). The DNA samples
were electrophoresed on a 0.8% agarose gel. The gel was
examined and photographed by iBright 1500(Invitrogen,
Thermo fisher scientific, USA).

Protein isolation and quantification

Extraction of protein from glioma and healthy tissue is
essential to make the entire protein complement accessible for
further studies. Protein was extracted as described previously
(22). With few modifications. For protein extraction, 150 mg of
tissue of each grade and a healthy sample were taken and washed
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with 1X Phosphate buffer saline (PBS). After washing the
samples, 2ml of lysis buffer was added. 1ul of Protease
Inhibitor Cocktail was also added. Further, homogenization of
the sample was done (3 cycles; 30 seconds on and 10 sec off for
each cycle). After homogenization, the homogenate was
centrifuged at 15000 rpm for 30 minutes, 4°C. Filter the
Supernatant with a 0.22-micron filter membrane and discard
the pellets. Concentrations of the proteins in samples were
determined by using the Bicinchoninic acid assay (BSA) based
on the manufacturer’s protocol (Pierce"" BCA Protein Assay Kit
Cat. No. 23225).

Human apoptosis array

To determine expression level changes in different proteins
responsible for altered levels of apoptosis in low-grade glioma to
higher-grade glioma Human Apoptosis Array Kit of Proteome
Profiler' Array (Cat. No. ARY009) was used. All reagents and
samples were prepared according to the Array Kit (Cat. No.
ARY009). The assay was performed according to the protocol
mentioned in the kit.

Single-cell suspension preparation
from tissue

Single-cell suspensions were made as previously described
(23), with minor modifications based on our tissue. Glioma
tissues were washed using phosphate-buffered saline and cut into
small pieces. It was immersed into TrypLE ™ Express Enzyme
(1X), with no phenol red (Cat. No. 12604021) for 10 min, 37 °C.
Then it was digested by mechanical means. Cells were filtered
using a cell strainer (100micrometer) and cell pellets were
collected by centrifuging 2000rpm for 10min. Then pellet was
washed twice using phosphate-buffered saline. Next, cells were
counted using a hemocytometer.

Immunocytochemistry study

The study’s goal was to determine the degree of Cyto C
expression in different grades of Glioma tissue samples. Tissues
were washed in PBS, and single-cell suspensions from tissues
were prepared mechanically. As previously stated, the samples
were (24). Cells were fixed in 4 percent formaldehyde/PBS for 30
minutes on ice before being spotted onto Poly-L-Lysine coated
glass at a concentration of 1 105 cells/ml. Unlysed RBCs were
extracted with 50 mM ammonium chloride. Following that, cells
were treated for 1 hour in 1 percent BSA in 0.1 percent PBS-
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Tween to permeabilize the cells and prevent non-specific
protein-protein interactions. Following blocking, cells were
treated overnight at 4o with Cyto C (2ug/ml). Cells were
washed and incubated in 1 percent BSA for 1 hour with Alexa
Flour '"488 Goat anti-mouse IgG (H+L) (lug/ml). After
washing, the slides were incubated with DAPI at room
temperature for 30 minutes. After that, the slides were cleaned,
dried, and mounted. Images were captured at 10x magnification
using a fluorescence microscope (Nikon eclipse Ti).

Flow cytometric measurement of Cyto C

Flow cytometric measurements were utilized to confirm the
Cyto C data acquired from the immunocytochemistry
investigation. PBS was used to wash the tissue, and an
enzymatic and mechanical method was used to prepare a
single cell suspension. Glioma cells were washed twice with
PBS (centrifugation at 1200 rpm for 10 minutes) before being
fixed in 100 1 of 3% paraformaldehyde for 30 minutes on ice. The
fixed cells were rinsed twice with 1 ml of PBS, then with 1 ml of
50 mM ammonium chloride. After two PBS washes, the cells
were permeabilized in 200 1 of 0.1 percent Triton X-100 in PBS
for 20 minutes at 4°C. The blocking step was performed in 10%
BSA in PBS for 100 min at room temperature, followed by
overnight incubation with Cyto C Monoclonal Antibody (5ug/
ml) as per the experimental design. The cells were then washed
with PBS and incubated with Alexa Flour " 488 Goat anti-
mouse I1gG (H+L) (5ug/ml) at 4°C. Data were acquired in a
conventional flow cytometer (FACS Aria BD Biosciences, San
Jose, CA, USA).

Bioactivity assay

Using PubChem (https://pubchem.ncbi.nlm.nih.gov/) we
have searched for the interaction of the drug with Cyto C with
a publicly available database.

Statistical analysis

A laboratory register was used to record results and results
were also reproduced into a spreadsheet of SPSS 17.0. The
intensities were quantified in different grades of glioma in
comparison to healthy control using Image ] software (NIH).
Comparisons were made among the different grades against the
control for immunocytochemistry, protein array, and FACS. The
data obtained are represented as mean + SD. The difference
between the experimental groups was evaluated by one-way
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analysis of variance, with Newman-Keuls multiple comparison
tests (V, 5.01; Graph Pad Prism, San Diego, CA, United States.
Comparisons among the healthy individuals and different grades
of Gliomas for immunocytochemistry and FACS were done.

Results

Histopathological analysis of different
grades of glioma

The grade of Glioma was characterized by the cell
proliferation rate, cell morphology along with their necrosis
property. Pseudopalisading necrosis is highly observed in GBM
(Grade IV) along with the giant cell with large, highly pleomorphic,
multinucleated giant cells. However, In the case of other grades, it
was noticed that there was a presence of naked nuclei. The presence
of necrosis and/or multivariate proliferation (MVP) leads to a
diagnosis of glioblastoma. The numbers of nuclei (blue) are higher
in higher grades of glioma, indicating a higher rate of cell
proliferation (Figure 1).

DNA fragmentation assay

Apoptosis can be visualized as a ladder pattern of 180-200bp
due to DNA cleavage by the activation of nuclear endonucleases by
standard agarose gel electrophoresis. Thus, we show the higher
form of the DNA ladder in gel in the case of the healthy sample
when compared to different grades. However, we witness a lower

Vel
Gradel
Multi-nucelated giant cells

D
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amount of DNA ladder in the case of Grade IV when compared
among the different grades of glioma (Figure 2).

Expression of different apoptotic
proteins among different grades
of glioma

The apoptotic potential of human glioma cells with different
grades was analyzed using Image ] software. The Human
Apoptosis Array Kit of Proteome Profiler TM Array was used
to identify expression level changes in different proteins in the
apoptosis pathway, and membranes were then put in an iBrightTM,
and spots were observed at different time intervals. Spots collected
at 3 minutes were used to compare protein expression in all
samples. Apoptotic arrays were used for normal individuals and
patients with grade I, grade II, grade III, and grade IV glioma to
determine the apoptotic potential of human glioma cells. The
expression of three separate apoptotic genes rises as grades rise in
comparison to normal individuals. On using Image ] software,
proteins such as Clusterin, HSP27, and Catalase expression level
goes up and two proteins’ expression gets down-regulated when
compared to control. Cyto C and SMAC are the two proteins
whose expression gets down-regulated with the severity of human
glioma. However, among all these five proteins the most
significant was found to be Cyto C in contrast to healthy
individuals as well among the different grades. We have done
pathway analysis using KEGG Pathway, where we have merged

Mitotic activity

Pseudopalisading |
necrosis

—— Normal brain cell(less nuclie)

FIGURE 1

Histopathological analysis of excised brain tumor tissue stained with hematoxylin and eosin (H&E). (A) The light microscopic picture depicts the
glioma grade | under 20X magnification. (B) The Light microscopic picture depicts the glioma grade Il under 20X magnification with the
formation of naked nuclei. (C) The light microscopic picture depicts the glioma grade Ill under 20X magnification. (D) The light microscopic
picture depicts the glioma grade IV (GBM) along with one portion of normal brain tissue in the right under 20X magnification.

Frontiers in Oncology

05

frontiersin.org


https://doi.org/10.3389/fonc.2022.960787
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Rana et al.

g

&

\3"660
oo

gDNA

FIGURE 2

hS

10.3389/fonc.2022.960787

)
< Q\&x
PP

gDNA Ladder

Measurement of apoptosis in different grades of glioma with comparison to control tissue on surgically excised tissue sample using DNA ladder
assay. The formation of DNA fragments in the form of a ladder describes the occurrence of apoptosis.

two different pathways one which is involved in Glioma
progression and another one is of the apoptosis pathway. We
have proposed a connection between Cyto C in Glioma
progression (Figure 3).

Immunocytochemistry analysis of Cyto C
in different grades of glioma

To determine the Cytochrome C status in Glioma tissues
and corresponding normal tissues were examined using
immunocytochemistry. We notice that the proportion of total
% Cyto C high positive cells in normal tissue (control) was found
to be 72%, in the case of grade I, it was observed that the number
of total positive cells was significantly reduced by 19% in
comparison to control i.e., 53% whereas among the different
grades it was observed that Grade I shows the higher the
expression of positive cells. Cytochrome C protein expression
levels were found to be lower in Glioma tissues than in normal
tissues, and the number of positive cells declined as the grade of
Glioma rose (Grade I 53% =+ 2.10, Grade II 44% =+ 2.45, Grade III
31% * 6.10, and Grade IV 18% =+ 4.16). Overall, these data
suggest that low expression of Cytochrome C may be associated
with glioma progression (Figure 4).

Flow cytometry analysis for expression of
Cyto C among different grades of glioma

To analyze the expression pattern of Cyto C among the
different grades in healthy individuals, we measure the % of
positive cells and mean fluorescent intensity (MFI) using Flow-
Cytometry. As the severity of glioma increases, the expression of
Cyto C decreases. In the case of control (healthy individual), it was
observed that the positive cells % was 5.5 + 0.1% and in
comparison, to a different grade of glioma, it was noticed that
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the number of the positive cell was decreased (Grade I- 2.9 + 0.3,
Grade I1-2.1 + 0.4, Grade I1I-1.8 + 0.1, Grade IV- 1.4 + 0.2).

Here, we also measured the mean fluorescent intensity, and a
similar pattern was observed (Control 3058 + 73.4, Grade I 2906 +
97.4, Grade IT 2801 + 62.0, Grade III 2760 + 100.5, Grade IV 1997 +
97.0) (Figure 5).

Bioactivity assay of anti-cancer drugs for
activation of Cyto C

After analysis of drug interaction from the publicly available
database, it was revealed that drugs such as Teniposide
(PubChem CID: 452548), Phortress (PubChem CID: 399465),
WEHI-539(PubChem CID: 71297207), Obatoclax (PubChem
CID: 11404337) and Navitoclax (PubChem CID: 24978538)
are directly or indirectly involved in regulating the expression
of Cyto C (Table 1). Among these five drugs, two drugs i.e.
Teniposide (PubChem CID: 452548), and Phortress (PubChem
CID: 399465) directly enhance the expression of Cyto C which
further leads to apoptosis. The targeted delivery of these two
drugs could be potential therapeutic drugs for the treatment of
glioma (Figure 6).

Discussion

Cancer cells vary from normal cells in several aspects,
including autocrine growth signal generation, prolonged
angiogenesis, the inability to respond to anti-growth signals,
infinite replicative capability, apoptosis avoidance, tissue
invasion, and metastasis. The discovery of useful biomarkers for
cancer detection and diagnosis might be a positive step forward in
cancer treatment. Apoptosis is required for tissue stability and has
been related to several diseases, including cancer (25). The study
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of changes in the expression levels of various proteins may aid in
the creation of new anticancer medications for tumor therapy. As
indicated in our results section, we found five apoptotic proteins:
Clusterin, catalase, Hsp27, SMAC, and Cyto C.

Clusterin has been characterized as a sensitive biomarker in
intestinal tumors and found increased in higher grades with a
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frequency of 59.1% in comparison to low-grade tumor with a
frequency of 32.6% (26, 27). Studies reported alterations in the
expression of Clusterin at transcription and translational levels
in pituitary adenomas with the help of microarray and LC-MS-
MS (28). Several research has gathered evidence that changes in
Clusterin expression may be directly associated with tumor
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FIGURE 5

Flowcytometric measurement of cytochrome C protein in different grades of Glioma. (A) Graph represents % positive cells in different grades of glioma
in comparison to normal brain cells. (B) Graph represents the mean fluorescent intensity (MFI) of Cyto C in different grades of glioma in comparison to
normal brain cells. (C-H) Dot plot describes changes in expression of apoptotic protein Cyto C in different grades of glioma in comparison to normal
brain cells. (I-N) Histogram represents changes in expression of Cyto C protein in different grades of glioma in comparison to normal brain cells. n=6

per group. A value of *p < 0.05, ***p < 0.001, ™ not-significant(p > 0.05).

metastasis. Clusterin is involved in a variety of processes,
including adhesion, tissue remodeling, apoptosis, and cancer
spread (29, 30)..

Resistance to apoptosis via triggering intercellular ROS
signaling via membrane-associated catalase owing to
decomposing hydrogen peroxide, peroxynitrite, and oxidizing
NO appears to be one of the characteristics of tumor growth.
These basic features of oncogenesis are the resistance of tumor
cells to intercellular ROS signaling through membrane-associated
catalase expression (31-34). Galina Deichman’s group discovered
a link between Catalase-mediated protection of tumor cells from
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apoptotic ROS signaling and the H202-catabolizing phenotype
(35) and confirmed that all transformed, and tumor cells
produced significant amounts of extracellular superoxide anion,
but the tumor cells were protected from ROS-mediated apoptosis
induction via membrane-associated catalase expression.

Hsp27 generally present in a low amount in unstressed cells
belongs to a family of small heat shock proteins present in all
organisms (36). Experiments have demonstrated that Hsp72 or
Hsp27 increase cell survival in response to apoptotic stimuli.
Hsp72 has been reported to inhibit apoptosis through direct
interaction with Apaf-1, thereby preventing the docking of
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TABLE 1 List of Predicted drugs for inducing the expression of Cyto C w.r.t Glioma.

Compound name FDA Approved

WEHI-539 No
Teniposide Yes
Phortress No
Obatoclax Yes
Navitoclax Yes

pro-caspase-9 and its subsequent activation (37, 38). T98G and
MOGGCCM cells are very sensitive to apoptosis induction by
temozolomide and quercetin therapy when Hsp27 and Hsp72
expression is silenced, and programmed cell death is started by an
internal signal (39). HSP abnormal expression has been found in
numerous tumor forms, indicating that distinct HSPs have
varying prognostic implications for different malignancies.
HSP27 expression was shown to be downregulated in human
low-grade glioma tissues (HGTs) compared to autologous para-
cancerous brain tissues (PBTs), and it displayed a temporal and
spatial change in vitro under heat shock treatment (43 degrees C/
0-3 h). The rapid overexpression of HSP27 was most likely
associated with the transient resistance to heat shock required
for human glioma cell survival (40)

Studies also reported that SMAC interacts with the BIR2 and
BIR3 domains of XIAP and release caspase-3 and caspase-9
respectively (41). SMAC overexpression results in apoptotic
death of neoplastic cells due to the induction of caspase-3
triggered by Cyto-C (42, 43). These findings provoked the

A TNF signalling pathway
Bel (active)
mitochondria
B

“ Indirectly regulate Cyto C level

Drugs: Obatoclax. Navitoclax
& WEHI-539

mitochondria

¢ — Inhibited
' — Up-regulated

FIGURE 6

I Bel(inactive)

Compound class Target
Benzothiazole-hydrazone BCL-X(L)
Podophyllotoxin derivatives Cyto C
Lysyl amide Cyto C
Dipyrrins BCL
Phenylpiperazines BCL

development of peptides derived from the amino-terminal of
SMAC and function as therapeutic agents to induce death or to
increase the apoptotic effect of chemotherapeutic agents. Cells
with lower SMAC have higher apoptosis resistance which might
be a major cause of cancer progression.

Evading apoptosis is one of cancer’s primary characteristics.
Tumors initiation, development, and metastasis are caused by
oncogenic events such as down-regulated tumor suppressor genes
or up-regulated oncogenes that disturb apoptosis (44). The
mitochondrial signaling system is involved in the release of
Cyto C and apoptosis-inducing proteins from mitochondria via
the Bcl-2/Bax axis, therefore triggering subsequent apoptotic
executors (45-47). As a result, Cyto C might have a role in
cancer start and progression. Although serum Cyto C is an
accurate indication of cell death and decreased tumor growth
during the first cycle of chemotherapy, the significance and role of
Cyto C in Glioma before chemotherapy has yet to be determined
to the best of our knowledge (48). One of the studies found that
Cyto C protein expression levels in CCRCC tissues were lower

——3¢— Cyto C —9€—Apoptosis

—— > Cytoc "‘ —> Apoptosis

Directly activate and increase the
eyto ¢ expression

Drugs: Teniposide and Phortress

The figure depicts the action mechanism of anti-cancer drugs which regulate directly or indirectly Cyto C expression. The data were obtained
from the PubChem database and a pathway was analyzed using KEGG pathway analysis. (A) Describes the inhibition of Cyto C expression in

cancer conditions (B) Activation of Cyto C by anti-cancer drugs.
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than in normal tissues. Cyto C overexpression efficiently
decreased CCRCC cell growth and caused cell death, but Cyto
C knockdown reversed these effects (49). Combining clinically
employed anticancer drugs (doxorubicin, paclitaxel, oxaliplatin,
vinblastine, and vincristine) with Cyto C Decorated Hybrid
Nanoparticles for Liver Cancer Therapy considerably improves
apoptosis within cell lines, leading to cellular death. As a result,
this combination strategy may offer the potential for future
treatment protocols (50). In the present study, Cyto C
expression was demonstrated to be decreased protein levels in
Glioma tissues, which suggested that decreased Cyto C may be
involved in Glioma tumorigenesis.
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