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Abstract

Aim: Alternative splicing in cancer can be attributed to several factors. Cancer cells undergo extensive molecular and genetic changes, leading to dysregulation of
splicing machinery and aberrant splicing patterns. It's important to note that the exact mechanisms driving increased alternative splicing in cancer are still being
actively researched, and the landscape of splicing changes can vary across different cancer types. Cancer cells also look for various mechanisms to survive better
in stress, which can be either by dysregulation of splicing factors, genome alterations, or epigenetic modifications. The increased protein repertoire in cancer cells
can contribute to various aspects of tumorigenesis, including altered signaling pathways, enhanced cell survival, increased angiogenesis, and evasion of immune
surveillance.

Methods: We worked on a total of 30 GBM patient samples and 15 LGG patient samples, along with the normal brain, and glioblastoma cell lines, and we checked
the expression level of PRKAG3. We have also done the in-silico analysis of the same in different databases such as TCGA, HPA, and CCGA. Then we identified
the novel isoform of PRKAG3 by performing polymerase chain reaction.

Results: Here, we have reported the expression of PRKAG3 and its isoforms in GBM and Low-Grade Glioma (LGG) might be exclusive in the Asian population as
we didn’t find databases like The Cancer Genome Atlas (TCGA) and Human Protein Atlas (HPA). Apart from this, we found out that the expression of PRKAG3
is dependent on the stage of the brain tumor. We have also shown that expression of PRKAG3 can be an indicator of poor prognosis of glioblastoma concerning
Isocitrate Dehydrogenase (IDH) mutations as well, which is one of the important enzymes involved in various cellular pathways.

Conclusion: The study presents significant association of higher expression of novel splice variant of PRKAG3 in low grade glioma and reduced expression in
glioblastoma multiforme. This study might be of significant value in future discovery of biomarkers and prognosis marker for glioma progression.

Introduction key event of cells’ response to stimuli and thus, is linked to cancer
progression in response to the tumor microenvironment [3]. There are
some examples of alternative splicing events that have been implicated
in cancer. For example, CD44 [4] is a cell surface glycoprotein
involved in cell adhesion, migration, and signaling [5,6]. Alternative
splicing of CD44 generates various isoforms, including the standard
isoform (CD44s) and variant isoforms (CD44v). CD44v isoforms
have in turn been associated with tumor progression, metastasis, and
poor prognosis in multiple cancer types, including colorectal cancer
[7,8]. Similarly, Bcl-x is a member of the Bcl-2 [9] family of proteins
involved in the regulation of apoptosis (programmed cell death)
[10,11]. Alternative splicing of Bcl-x produces two main isoforms:
Bcl-xL, which inhibits apoptosis, and Bcl-xS, which promotes
apoptosis. Dysregulation of Bcl-x splicing has been observed in
several cancer types, including breast, lung, and prostate cancer, and
it can confer resistance to apoptosis and promote tumor survival
[12,13]. In addition, VEGF [14] is a key regulator of angiogenesis, the
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Alternative splicing is a cellular process wherein one gene can
generate different types of mRNA transcripts, simply by joining exons
in varied combinations [1]. The phenomenon is fairly common in
humans, where about 94% of human genes have intronic regions in
the pre-mRNA steps. It is also well established that most eukaryotic
genes undergo temporal and spatial splicing events that are regulated
by RNA Binding Proteins (RBPs), cis-acting and trans-acting
elements [2]. Alternative splicing is not a rare phenomenon when we
deal with cancer cells. Splicing abnormalities are often observed to
be associated with tumor progression. Many splicing factors are mis-
regulated in cancer cells. Changes in the expression levels or activities
of splicing factors can lead to altered splicing patterns. Dysfunctional
splicing factors can result in the inclusion or exclusion of specific
exons, leading to the production of aberrant protein isoforms with
distinctively different functions. Therefore, alternative splicing is a
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catalytic a subunit, a regulatory 8 subunit, and a regulatory y subunit,
with multiple isoforms for each subunit [19]. Herein, the PRKAG3
[20] gene specifically encodes the y3 isoform of the regulatory
subunit, [21] and it serves as the regulatory subunit that senses
the AMP-to-ATP ratio within the cell and allosterically activates
AMPK in response to energy stress. PRKAG3 is primarily expressed
in skeletal muscle tissue, where it plays a critical role in regulating
energy metabolism. Activation of AMPK through PRKAG3 promotes
ATP production and stimulates glucose uptake, fatty acid oxidation,
and mitochondrial biogenesis in skeletal muscle cells [22]. PRKAG3 is
involved in the regulation of glycogen synthesis and storage in skeletal
muscle. Mutations in PRKAG3 have been associated with glycogen
storage disease type 10 (GSD10), characterized by abnormal glycogen
accumulation in skeletal muscle fibers [23]. PRKAG3 has no reported
expression in brain and brain tumors. While working with AMPK
subunit expression in Glioblastoma Multiforme (GBM) and low-
Grade Glioma (LGG), we came across patient samples that showed
expression of PRKAG3. This paper reports the expression of PRKAG3
and its isoforms in GBM and LGG in the Asian population.
Methods
Sample acquisition

All patient samples were acquired as RNA samples in the lab of Dr.
Kunzang Chosdol at All India Institute of Medical Sciences (AIIMS),
Delhi, India for which the ethical clearance has been obtained from
ATIMS Ethics committee. They were well labeled and stored at -800°C.
The samples were transported to the laboratory in a sealed box filled
with dry ice and again stored at -800°C till further use. Normal brain
total RNA was purchased from Clontech (catalog no. 636530)

PCR

Polymerase Chain Reaction (PCR) is a commonly used molecular
biology technique that allows for the amplification of specific DNA
sequences. It is a versatile tool that enables researchers to generate
millions of copies of a target DNA region, even from a tiny amount
of starting material. PCR has revolutionized various fields of research,
including genetics, forensics, diagnostics, and biotechnology. We used
Takara 2X master mix, along with primer pair, cDNA as template, and
nuclease-free water to make a 10 pl PCR reaction. The PCR products
were run in 1% agarose-EtBr gel at 90V for 45 minutes. The images
were then visualized using a gel documentation system.

RT-PCR

Real-time Polymerase Chain Reaction (PCR), also known
as quantitative PCR (qPCR), is a widely used molecular biology
technique that allows for the detection and quantification of specific
DNA or RNA molecules in real-time. It is a more advanced and
refined version of conventional PCR. Real-time PCR incorporates the
use of fluorescent dyes or probes to monitor the amplification of the
target DNA or RNA during the PCR reaction. The technique relies on
the principle of DNA amplification through multiple cycles of heating
and cooling, using specific primers that bind to the target sequence
of interest. We used SYBR green as the fluorescent dye for real-time
PCR and set up each reaction in triplicates. We then analyzed the fold
changes through MS Excel and plotted graphs using GraphPad Prism
software.

Gel purification

Nucleic acid gel purification is a commonly used technique in
molecular biology that allows for the isolation and purification of
specific DNA or RNA fragments from an agarose gel matrix. This

technique is often performed following gel electrophoresis, where
DNA or RNA molecules are separated based on their size through an
electric field. Gel purification enables the isolation of target fragments
for downstream applications such as cloning, sequencing, PCR,
or other molecular analyses. We used the GCC Biotech® Gsure gel
extraction kit to purify the PCR products from agarose gel pieces.

DNA sequencing

DNA sequencing using Illumina technology is a high-throughput
sequencing method that enables rapid and cost-effective analysis
of DNA sequences. Illumina sequencing, also known as Next-
Generation Sequencing (NGS), has revolutionized genomics research
and has numerous applications in fields such as medicine, agriculture,
and environmental studies. Illumina sequencing technology offers
several advantages, including high throughput, scalability, and
cost-effectiveness. It has enabled the sequencing of whole genomes,
targeted sequencing of specific regions, transcriptome analysis,
metagenomics studies, and many other applications. The data
generated through Illumina sequencing has significantly contributed
to our understanding of genetics, disease research, and personalized
medicine.

TCGA, CGGA, and HPA

The Cancer Genome Atlas (TCGA) is a groundbreaking initiative
launched by the National Cancer Institute (NCI) and the National
Human Genome Research Institute (NHGRI) in the United States.
TCGA aimed to comprehensively characterize genomic alterations in
various cancer types, providing researchers with a wealth of molecular
data to better understand the underlying mechanisms of cancer
development and progression. TCGA utilizes high- throughput
sequencing technologies to generate genomic, transcriptomic, and
epigenomic data from thousands of tumor samples across multiple
cancer types. The project also collected corresponding clinical data,
facilitating the correlation of molecular alterations with patient
outcomes.

The Chinese Glioma Genome Atlas (CGGA) is a large-scale
research project focused on glioma, a type of brain tumor. It aims to
uncover the genetic and molecular characteristics of gliomas in the
Chinese population, providing valuable insights into tumor biology
and potential therapeutic targets. CGGA collects clinical information,
genomic data, and other relevant molecular information from
glioma patients in China. It utilizes advanced genomic sequencing
technologies to analyze the DNA, RNA, and epigenetic profiles of
tumor samples, enabling researchers to identify genetic alterations
and molecular subtypes associated with glioma development and
progression.

The Human Protein Atlas (HPA) is a comprehensive resource that
provides information on the expression, localization, and function of
human proteins in various tissues and cells. It is a collaborative effort
involving researchers from Sweden and other international partners.
The HPA utilizes Immunohistochemistry (IHC), Immunofluorescence
(IF), and other advanced techniques to systematically map the
expression patterns of proteins across different human tissues and cell
lines. The project aims to create a detailed protein atlas that can serve
as a valuable reference for researchers studying protein function and
disease mechanisms.

Statistical analysis

Data are presented as the mean + Standard Error of the Mean
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(SEM). Data were analyzed using GraphPad Prism 7.02 software
(GraphPad Software Inc., CA, USA). Statistical significance was
determined using Students t test.

Results

Expression analysis of AMPK subunits in GBM cell lines,
normal brain, GBM, and LGG patient samples

Expression analysis was done by performing Polymerase Chain
Reaction (PCR) using the cDNA of GBM cell lines, U87MG and
LN229, normal brain, and GBM and LGG patient samples, along with
gene-specific primers. Primer pairs were designed for all the AMPK
genes using primer BLAST [24] and Primer3 [25] tools. The primers
designed had an annealing temperature of 600, except for PRKAG3,
for which the primer pair had an annealing temperature of 580
(Figure 1B). The amplicon sizes were all in the range of 100 bp-200
bp (Figure 1B). A PCR reaction for 18S rRNA was set as a positive
control as well as a size estimate as the amplicon of 18S rRNA is of
99bp. The gel images were then compared to check the expression of
the AMPK genes (Figure 1A). Interestingly, an amplicon of PRKAG3
was observed only in GBM and LGG patient samples. Moreover, the
amplicon was seen of a higher size (445 bp) than the expected size
of 117 bp. Therefore, we suspected intron retention as the possible
reason for higher size of PRKAG3 amplicon

In-silico analysis of PRKAG3 expression across TCGA,
HPA, and CCGA datasets

On finding the amplicon of PRKAG3 in patient samples, we tried
to look in the existing databases for any similar pattern of expression.
The Cancer Genome Atlas (TCGA) datasets were accessed using the
bioinformatic tool, GEPIA2 [26] where we checked for the expression
of PRKAG3 across all cancer types. The bar graph so obtained (Figure
2A) was the log TPM (Transcripts per Million) values of PRKAG3 in
normal and tumor tissues of 31 cancers. It was seen that PRKAG3 was
mostly expressed in normal samples, the highest expression being
in Head and Neck Squamous Cell Carcinoma (HNSC), followed by
Tenosynovial Giant Cell Tumors (TGCT), Skin Cutaneous Melanoma
(SKCM), and Prostate Adenocarcinoma (PRAD), and a comparatively
lower expression was observed in Urothelial Bladder Carcinoma
(BLCA), Breast Invasive Carcinoma (BRCA), Esophageal Carcinoma
(ESCA), Lung Adenocarcinoma (LUAD), Lung Squamous Cell
Carcinoma (LUSC), and Sarcoma (SARC). On the otherhand, PRKAG3
was slightly expressed in tumors of HNSC, Uterine Carcinosarcoma
(UCS), ESCA, LUSC, Ovarian Serous Cystadenocarcinoma (OV),
SARC, Thymoma (THYM), PRAD, and SKCM. OV and THYM
were the only cancer types wherein the expression of PRKAG3
was observed when their normal tissue counterparts did not have
expression. The key point to note in the data was that GBM and LGG
had no expression of PRKAG3 in both normal and tumor types. This
went well with our PCR results of normal brain and the GBM cell
lines, LN229 and U87MG. However, we did not find any synchrony
with the expression of PRKAG3 we observed in the patient samples.
Also, there was no expression of PRKAG3 when checked on Human
Protein Atlas (HPA) except for a high expression in skeletal muscles
(Supplementary Figure 1A and 1B).

Next, we moved on to analyze mRNA data from the Chinese
Glioma Genome Atlas (CGGA). CGGA had 3 mRNA datasets:
mRNAseq_325 [27-30], mRNAseq_693, [27,31-33] and, mRNA_
array_301 [27,34,35]. Out of these 3 datasets, mRNA_array_ 301
had the expression of PRKAG3 in Glioma samples. The dataset was
presented in the form of boxplots of PRKAG3 expression in different

patient categories. The data were categorized into histology of the
tumor, WHO grade, IDH mutation status, 1p/19q deletion status,
gender, and age. The significance of the gene expression was checked
using ANOVA and t-test. There was significant expression of PRKAG3
when the data were categorized based on histology, WHO grade, IDH
mutation status, and 1p/19q co-deletion status (Supplementary Figure
2A-D). However, the expression of PRKAG3 was not significant when
the data were categorized based on age and gender (Supplementary
Figure 2E and F).

Identification of novel isoforms of PRKAG3 in GBM and
LGG samples

We performed PCR on all the GBM and LGG patient samples for
the PRKAG3 gene. First, all 19 male GBM patient cDNAs were arranged
in increasing order of age, and PCR reactions were set using PRKAG3
primers. 185 rRNA was used as a positive control for all cDNA.
Nine of the male samples showed varied degrees of amplification of
PRKAG3 alternative splice variant (Figure 3A). The amplification was
random and not based on the age of the patients. Similarly, PRKAG3
amplification was checked in 11 female GBM patient samples.
Six female samples displayed amplification of higher amplicon of
PRKAG3 (Figure 3B). We further conducted Real-time PCR for 2
male samples and 2 female samples which had a good amplification of
PRKAG3. Sample no. 11 and sample no. 91 were the male samples and
sample no. 28 and sample no. 92 were the female samples for which
Real-time PCR was done. 18s rRNA was set as a positive PCR control
and normal brain cDNA was also set up as control for comparison of
PRKAGS3 expression as done for the PCR reactions of male and female
GBM patients. We then plotted the fold change of PRKAG3 expression
of the normal brain, 2 male and 2 female patient samples (Figure 3C)
Sample no. 11 had about 300 times the relative gene expression of
PRKAG3. Sample no. 91 and sample no. 92 displayed about 50 times
the relative expression of PRKAG3. Lastly, sample no. 28 had about 8
times the relative gene expression of PRKAG3.
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Figure 1: Expression analysis of AMPK subunits in GBM cell lines, normal
brain, GBM and LGG patient samples. A) PCR amplicons of all AMPK genes
(PRKAA1, PRKKA2, PRKAB1, PRKAB2, PRKAG1, PRKAG2 and PRKAG3)
along with housekeeping gene 18S rRNA in U87MG, LN229 and HEK293
cell lines. B) PCR amplicons of all AMPK genes (PRKAA1, PRKKA2, PRK-
AB1, PRKAB2, PRKAG1, PRKAG2 and PRKAG3) along with housekeeping
gene 18S rRNA in Normal Brain, GBM patient sample no.11 and LGG patient
sample no. 1.
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Figure 2: In-silico analysis of PRKAG3 expression across TCGA, HPA, and
CCGA datasets. A) Bar Graph generated through GEPIA2 showing Expres-
sion of PRKAG3 in log TPM scale in all cancer types on the basis of TCGA
datasets. B) Bar Graph generated using Human Protein Atlas showing RNA
level of PRKAG3 in various cells of the body. C) Box plot of mMRNA_array_301
dataset in CGGA showing expression of PRKAGS3 on the basis of IDH muta-
tion status & 1p/19q co—deletion status.

Similarly, PCR reactions of 15 LGG samples were also set up.
The samples were not arranged according to age but were arranged
according to serial numbers. All the samples showed high expression
of higher splice variant of PRKAG3 (Supplementary Figure 3A). We
then did spot densitometry of the amplified bands and then plotted a
graph of mean gray values of the bands (Supplementary Figure 3B)
LGG samples showed significantly high expression of novel splice
variant as compared to GBM samples.

Scanning of other exon junctions of one GBM patient
cDNA

We designed primers that encompassed other exon junctions
of the PRKAG3 gene. We retrieved all the sequence information
of the gene from NCBI. The gene has 13 exons and the previously
designed primer sets covered exon 6 and exon 8 partially (Figure 4A).
This being said, exon 7 was completely covered in the amplicon. 2
introns, intron 6 and intron 7, were also therefore within the range
of the primers. Thus, a total of 4 exon-intron junctions were covered
in the previously designed primers and the amplicon size increased
to 445 bp, both the covered introns were included (Figure 4B). Since
the theoretical amplicon size was close to the amplicon size, we were
observing in the gel images, this was our first confirmation of intron
retention in PRKAGS3.

We then designed 4 sets of primers covering different regions of
PRKAG3. The coding sequence of PRKAG3, having just the exons,
was retrieved from Ensembl and was used as a template for designing
primers (Figure 4C). We tried to cover as many exon-exon junctions
as possible. The first set of primers, PRKAG3-1, covered the exon
junction between the first exon and the second exon as well as the
junction between the second exon and the third exon. The second
set of primers, PRKAG3-11, was designed within the fourth exon. The
third set of primers, PRKAG3-1II, covered the junction between the
eighth and ninth exon. The last pair of primers, PRKAG3-1V, covered

from the tenth to the thirteenth exon (Supplementary Figure 4A). All
the primers were designed using primer BLAST and Primer3 tools.

We amplified the GBM patient sample no. 7 cDNA using these
primers. While the first and the fourth set of primers displayed
smearing in their gel lanes, the second and the third set of primers,
PRKAG3-1I and PRKAG3-I1I, showed crisp amplicon bands on the
agarose gel (Supplementary Figure 4B) PRKAG3-1I primers were
designed within an exon so the amplicon was obtained at the expected
size. But, PRKAG3-III primers gave a larger amplicon suggesting that
the ninth intron might also be retained in GBM patient sample no. 7.

Intron retention revealed from sequencing of novel
isoforms

We amplified GBM patient sample no. 11 cDNA with the initial
set of primers and GBM patient sample no. 7 cDNA with PRKAG3-
III primers. These patient samples were selected as they had good
amplification of PRKAG3. We visualized the bands in UV light and
cut the amplified bands from the gel matrix using a sterile blade.
We then extracted the PCR products from the gel using the GCC
biotech® Gsure gel extraction kit. The protocol was used as per the
instructions provided with the kit. 10 pl of the eluted product was sent
for sequencing along with primers used for amplification. The quality
control gel image showed the amplicon of patient no. 7 at about 300
bp and the amplicon of patient no. 11 at about 400 bp. (Figure 5C).

Upon sequencing, the electropherograms obtained were scale
adjusted using the Finch TV software. The sequences obtained
were subjected to BLAST analysis against the complete sequence of
PRKAG3. The PCR product obtained from patient no. 11 was 99%
identical with the 3771-4144 bp region of PRKAG3 (Figure 5A and
B) This region falls in the intron-retained version of the gene that
we analyzed previously (Figure 4A) The DNA sequencing, therefore,
reinstates that intron 7 and intron 8 of PRKAG3 are retained.

Similarly, The PCR product obtained from patient no. 7 was 99%
identical with the 4178 bp-4450 bp region of PRKAG3 (Supplementary
Figure 5A and B) In this case, intron 9 is being retained and thus
we obtained a larger amplicon size of 339 bp as opposed to 138 bp
if the intron had not been retained (Supplementary Figure 5C).

Fig. 3 A

Figure 3: Identification of novel isoforms of PRKAG3 in GBM and LGG sam-
ples. A) PCR amplicons of PRKAG3 and 18S rRNA in all male GBM patient
samples. B) PCR amplicons of PRKAG3 and 18S rRNA in all female GBM
patient samples. C) PCR amplicons of PRKAG3 and 18S rRNA in all LGG
patient samples.
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Figure 4: Scanning of other exon junctions of one GBM patient cDNA. A)
Picture of showing a portion of PRKAG3 gene sequence (3721-4260 bp) indi-
cating primer position and the introns and exons involved. B) Table depicting
the introns and exons covered in the increased amplicon size of PRKAG3.
C) Picture showing all exons of PRKAG3 in alternating colours with previous
PRKAGS3 primers highlighted in cyan and newly designed PRKAG3 high-
lighted in faint red.

Fig5
A
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Figure 5: Intron retention revealed from sequencing of novel isoforms. A)
Sequencing results in the form of electropherograms for PCR product ob-
tained by amplifying GBM patient sample no. 11 using the previous primers.
B) BLAST of obtained sequence of sample 11 amplicon against the CDS of
PRKAGS3. C) QC gel image sent by the sequencing company depicting the
quality of gel purified PCR products that were sent.

Thus, through sequencing, it was confirmed that PRKAG3 is being
transcribed in GBM samples and showing different splice variants.

Discussion

We worked on a total of 30 GBM patient samples and 15 LGG
patient samples, along with the normal brain, U§7MG, LN229, and
HEK293T cell lines. The expression of PRKAG3 was seen in the
PCR reactions done using the cDNA prepared from patient samples,
whereas the expression was not seen in any of the brain tumor cell
lines and HEK293T cell lines. We further validated our results by
conducting RT-PCR of selected GBM patients and saw significant
fold changes in PRKAG3 as compared to the normal brain. Not only

the expression of the gene was observed, but the intron retention and
splice variants were discovered in GBM patients. This was confirmed
through sequencing and BLAST analysis of PCR products. Moreover,
we checked databases to find PRKAG3 expression in the brain and
brain tumors. We found some similar data in Chinese Glioma Genome
Atlas (CGGA) database regarding the expression of PRKAG3 in GBM,
but no data regarding PRKAG3 expression was seen in databases
like The Cancer Genome Atlas (TCGA) and Human Protein Atlas
(HPA). Hence, we concluded that the expression of PRKAG3 in brain
tumors might be exclusive to the Asian population. The expression
of PRKAG3 was not affected by age or gender. Rather, we saw the
expression of PRKAGS3 in all LGG samples but only 50 percent of the
GBM samples had the expression of PRKAG3. Therefore, we believe
that the expression of PRKAG3 is dependent on the stage of the brain
tumor. Our presumption is also backed by the data obtained from
CGGA, where there was a significant expression of PRKAG3 based
on histology, WHO grade, IDH mutation status, and 1p/19q co-
deletion status. In the CGGA data, based on histology, the highest
expression of PRKAG3 was in GBM, followed by recurrent Anaplastic
Astrocytoma (rAA), and recurrent Astrocytoma (rA). Next, rGBM,
astrocytoma (A), and Anaplastic Oligodendroglioma (AO) had
almost equal expression. Finally, Anaplastic Astrocytoma (AA) and
oligodendroglioma (O) had the least expression of PRKAG3. Based
on the WHO grade, grade IV had the highest expression followed by
grade II, and the least in grade III. Based on IDH mutation status,
the wild type had more expression of PRKAG3 than the mutant
type. Lastly, based on the 1p/19q co- deletion status, non-co-deleted
samples had higher PRKAG3 expression than the co-deleted samples.
1p/19q Co-deletion in gliomas is a rare event [36,37]. It comprises a
complete deletion of the short arm of chromosome 1 and the long arm
of chromosome 19 together. Glioma patients with this co-deletion are
known to show better prognosis and survival than those without this
co-deletion [38-40]. Since the non-codeletion had more expression of
PRKAG3, it can be hypothesized that PRKAG3 expression can lead to
a poor prognosis. Isocitrate Dehydrogenase (IDH) [41,42] enzymes
are vital enzymes involved in several crucial metabolic processes.
There are three isoforms of IDH, each playing essential roles in various
cellular pathways. These enzymes are integral to the functioning of the
Krebs cycle, glutamine metabolism, lipogenesis, and redox regulation,
among other important metabolic processes [43-45]. Mutations in the
IDH gene are commonly observed in various types of cancer. IDH
mutations are highly prevalent in gliomas, being present in more than
80% of cases classified as World Health Organization (WHO) grade
II/11I [46]. These mutations are also frequently observed in secondary
glioblastomas, accounting for 73% of clinical cases. However, primary
glioblastomas show a lower occurrence of IDH mutations, being
detected in only 3.7% of cases [47]. IDH mutations are associated
with a more favorable prognosis and extended median survival in
certain types of brain tumors. In Glioblastoma (GBM), patients
with IDH mutations have a prolonged median survival of 31 months
compared to 15 months in those with wild-type IDH. Similarly, in
anaplastic astrocytoma, individuals with IDH mutations experience
a significantly longer median survival of 65 months compared to 20
months for those with wild-type IDH [46]. While gliomas with IDH
mutations typically demonstrate a more favorable disease outcome,
the prevalence of IDH mutations in recurrent GBM suggests that
lower-grade gliomas with IDH mutations often experience recurrence
due to malignant transformation into a higher-grade tumor [48].
Furthermore, IDH-mutated gliomas are more prone to developing a
hypermutation phenotype, which is associated with a poorer prognosis
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[49]. Together with the pre-existing knowledge about the association of
gliomas with IDH mutations, our findings about PRKAG3 expression
can be used in prognostic studies in gliomas. This is because there was
a significantly high expression of PRKAG3 in the wild- type IDH data.
Again, like in the case of 1p/19q Co-deletion, expression of PRKAG3
can be an indicator of poor prognosis concerning IDH mutations as
well. While there have been splice variants of LKB1 (Liver kinase B1;
upstream activating kinase for the AMPK [50]) reported, and splice
variants of PRKAG2 (protein kinase AMP-activated non-catalytic
subunit y2), as known in previous research, neither the splice variants
of PRKAG3 have been reported previously nor their expression in
brain tumors. Our findings, thus report both a new splice variant of
PRKAG3 as well as its novel expression in brain tumors.
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Supplementary Figures
Supp Fig1
PRKAAI 60C 13bp
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PRKAAl  TTGAACCTGAAAATGTCCTGCT GGTGAGCCACAACTTGTTCTT
PRKAA2  CTGCTGGCTTACACAGACCA  GGCGAGGTGAAACTGAAGAC
PRKABl  CCCTTGCTCAGGGTCCCTTT CCCTCCGGGGCGTCTTAT
PRKAB2  CCACTGTTATCCGCTGGTCT GAACTTGTATTGGTGCTCTC
PRKAGI  CAAGAGACCCCAGAATCCAA  CCTGCAGGGACGTATCAAAT
PRKAG2  CGTACCACAACATTGCCTTC CTGGGTCACCGTGATATCTAG
PRKAG3  GGTGCTGCATCGCTACTACA ATGGAGACCAGAGGCTTGAA

Supplementary Figure 1: Expression analysis of AMPK subunits in GBM
cell lines, normal brain, GBM and LGG patient samples. A) Table showing
primer annealing temperatures and amplicon sizes obtained from the primers
designed for 7 AMPK genes. B) Table showing forward and reverse primer
sequences of the designed primers.
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Supplementary Figure 3: Identification of novel isoforms of PRKAGS3 in
GBM and LGG samples. (A) Bar graph depicting fold change expression of
PRKAG3 as obtained through RTPCR in 2 male and 2 female GBM samples
with respect to normal brain. (B) Bar graph depicting relative amplicon inten-
sity of PRKAG3 bands in LGG Patients. Mean gray values obtained through
Image J.
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Supplementary Figure 4: Scanning of other exon junctions of one GBM
patient cDNA. A) Table showing primer sequences of the newly designed
PRKAG3 primers along with their amplicon size. B) Gel image of the PCR
products obtained upon amplifying GBM patient sample no. 7 using the 4
new primer pairs.
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Supp Fig 5 i
Supplementary Figure 2: In-silico analysis of PRKAG3 expression across e i
TCGA, HPA, and CCGA datasets. Box plots of mRNA_array_301 dataset in
CGGA showing expression of PRKAG3 in different categories (a) Histology T T T s
(b) grade (c) IDH mutation (d)1p/19q deletion status (e) gender (f) age status.
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Supplementary Figure 5: Intron retention revealed from sequencing of nov-
el isoforms. A) Sequencing results in the form of electropherograms for PCR
product obtained by amplifying GBM patient sample no. 7 using the newly
designed primer pair PRKAG3-11. B) BLAST of obtained sequence of sample
7 amplicon against the CDS of PRKAG3.
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