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The objective of this research is to investigate the prognostic factors and enhance the outlook for patients
with colorectal cancer. The possible molecular mechanism affecting the prognosis of colorectal cancer
was explored by conducting Kyoto encyclopedia of genes and genomes, gene ontology, and gene set
enrichment analysis using glutamate pyruvate transaminase 2 positive and negative associated genes, as
well as examining the high and low expression of glutamate pyruvate transaminase 2 in colorectal cancer,
according to the Kyoto encyclopedia of genes and genomes. To investigate the potential association
between glutamate pyruvate transaminase 2 and epithelial-mesenchymal transition and mesenchymal-
epithelial transition, a correlation analysis was conducted utilizing the tumor immune estimation
resource database and immunohistochemistry to analyze the relationship between glutamate pyruvate
transaminase 2 and epithelial-mesenchymal transition transcription factors. The level of glutamate
pyruvate transaminase 2 expressions in colorectal cancer tissues was markedly greater than in non-tumor
tissues, and it exhibited a positive correlation with unfavorable prognosis. Furthermore, it was found to
be associated with pathological stage, tumor stage and tumor grade. Experimental investigations have
demonstrated that increased glutamate pyruvate transaminase 2 expression results in reduced cellular
adhesion, alterations in components of the extracellular matrix, and enhancement in both the Wnt/beta
catenin signaling pathway and the Notch signaling pathway. In the meantime, the strong association
between glutamate pyruvate transaminase 2 and E-cadherin provides justification for the notion that
glutamate pyruvate transaminase 2 facilitates the spread of tumors by means of epithelial-mesenchymal
transition and mesenchymal-epithelial transition. Glutamate pyruvate transaminase 2 is strongly
associated with the unfavorable outcome of colorectal cancer. It controls epithelial-mesenchymal
transition to enhance metastasis via the Wnt/beta catenin and Notch pathways, while also facilitating
mesenchymal-epithelial transition to support tumor metastasis colonization. These findings establish
glutamate pyruvate transaminase 2 as a reliable prognostic biomarker and a promising therapeutic
target for metastatic colorectal cancer.
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The prevalence of Colorectal Cancer (CRC) is high
globally and it is estimated that the global incidence
of CRC will rise by 60 % by the year 2030!"). CRC
is on the rise and has now emerged as the 3 most
prevalent form of cancer in China?. The study of
the mechanism of CRC has become more important
due to the growing occurrence and fatality rates of
this disease. Metastasis, recurrence, and incomplete
surgical resection are among the various factors
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that impact the prognosis of cancer, with metastasis
being a significant contributor’®. CRC has seen
significant progress in its diagnostic and therapeutic
abilities due to the ongoing advancements in medical
technology. Nonetheless, the precise molecular
process underlying the formation and advancement
of CRC remains uncertain, a crucial factor in
addressing CRC™,
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Glutamate Pyruvate Transaminase 2 (GPT2), a
mitochondrial glutamate-dependent transaminase,
serves as a pivot between glycolysis and
glutaminolysis to produce alanine and Alpha-
Ketoglutaric acid (a-KG)P®. Research has indicated
that GPT2 has the ability to alter glutamine metabolism
and trigger both Lactate Dehydrogenase-A (LDHA)
and Lactate Dehydrogenase-B (LDHB), two forms
of LDH. These enzymes play a crucial role in
promoting tumor formation and are essential for the
growth of tumors!®”. Deficiencies in mitochondrial
glutamate aminotransferase result in the generation
of reactive oxygen species, making it a crucial
controller of cellular Reduction-Oxidation (REDOX)
balance®®. The research has demonstrated that
GPT2 plays a significant part in the proliferation
of cancer cells and the development of cancer!”.
Invasive breast cancer exhibits a significant increase
in the expression of GPT2P!. CRC may be curable
if it 1s detected before it metastasizes. Nevertheless,
during later phases, individuals diagnosed with
primary colorectal carcinoma may experience
the formation of secondary tumors, particularly
in the liver, thereby significantly complicating the
treatment process!!”. To enhance the success rate
of treating CRC, our efforts focused on identifying
a specific gene associated with the spread of CRC,
aiming to enhance the effectiveness of treatment.
Nevertheless, the impact of GPT2 on the progression
of colorectal carcinoma remains unclear, prompting a
comprehensive investigation in this scholarly piece.

Epithelial Mesenchymal transition (EMT) is crucial
for both the advancement and recovery of CRC.
EMT is additionally engaged in the early stages
of colorectal formation and facilitates CRC in
obtaining the capacity to migrate and infiltrate!'!].
During embryonic development, it has a significant
impact on the promotion of gastrulation, neurospinal
stratification, and the formation of various
cellular and tissue types. To achieve a metastatic
phenotype, cancer cells employ EMT to detach
from the original tumor and disseminate through
the bloodstream. This process also enables them
to gain stem cell-like properties and increase their
resistance to different therapeutic interventions!'>!3],
EMT is a significant process where epithelial cells
undergo a metamorphosis, adopting the traits of
mesenchymal cells. This transformation results in
the morphological changes of mesenchymal cells and
contributes to the advancement of tumors!'*'>l. The
role of EMT in tumor development and metastasis is
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crucial and cannot be overlooked, as it is a significant
biological process!'®'l. Tt is a cellular process that
transiently transforms epithelial cells into a quasi-
mesenchymal state. This state can be reversed back
to an epithelial state through Mesenchymal Epithelial
Transition (MET), which takes place in both normal
development and cancer progression!?”’,

Through transcriptome sequencing results,
we initially identified GPT2 as the target gene
and observed its significant expression in tumor
tissues. Subsequently, by conducting functional
enrichment analysis and clinical prognosis analysis,
we discovered that GPT2 could potentially result in
unfavorable prognosis of CRC via EMT. Furthermore,
the outcomes of Gene Set Enrichment Analysis
(GSEA) indicated a significant enrichment of GPT2
in the Wnt/beta () catenin signaling pathway and the
Notch signaling pathway. To summarize, GPT2 has
the potential to trigger EMT via the Wnt/p catenin
signaling pathway, thereby facilitating the metastasis
of CRC.

MATERIALS AND METHODS

Tumor specimens:

From the First Affiliated Hospital of the University
of South China, we gathered a total of 144 CRC
specimens that were embedded in paraffin. The
specimens were staged for tumors based on the
American Joint Committee on Cancer's staging
criteria. The Overall Survival (OS) was determined
by the time between the initial surgery and either
death or the confirmed reappearance or spread of
the disease. Approval for the study was granted by
the Ethical Research Committee at the University
Institute in Southern China, with written consent
acquired from every patient.

Immunohistochemical analysis:

Immunohistochemical staining analysis of CRC
tissues was performed using specimen arrays that
were formalin-fixed and paraffin-embedded. These
tissues were obtained from patients who underwent
CRC resection at our hospital between January 2019
and January 2020. The immunohistochemical staining
was conducted in a similar manner, employing
specific antibodies including GPT2, E-cadherin,
and N-cadherin (diluted at a ratio of 1:100, Abcam,
USA). The expression of GPT2 was assessed based
on the staining intensity (graded as 0, 1+, 2+ or 3+)
and the percentage of positive cells (graded as 0, 1
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%-25 %, 26 %-50 %, 51 %-75 %, or 76 %-100 %). To
calculate the Staining Index (SI), multiply the score
of intensity 1 by the score of positive staining 2.

Data source:

The genomic data and corresponding clinical data of
COADREAD were downloaded from the The Cancer
Genome Atlas (TCGA) database (https://portal.gdc.
cancer.gov/). A total of 698 samples (647 tumor
tissues and 51 paracancerous tissues) were collected
after excluding samples from different batches of the
same patient. Data analysis was performed using the
R programming language version 4.2.1. Use tidyr,
dplyr, rtracklayer R packages for data cleaning and
ID conversion.

Differentially Expressed Genes (DEGs) screening:

DEGs screening was performed using the Limma R
package. On the basis of Bayesian calculation of T
value, F value and log, eligible DEGs were selected
according to the criteria of |log2(FC)|>1 and p<0.01.
All data were obtained by using R software.

Statistical analysis:

Data were presented as meanzstandard deviation,
and differences between groups were analyzed
by t-test, Chi-square (y?) test, or Fisher exact test.
The Kaplan-Meier method and log-rank test were
used to estimate survival rates. COX proportional
hazards model was used to calculate univariate
and multivariate hazard ratios of study variables.
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Statistical analyses were performed with IBM
Statistical Package for Social Sciences (SPSS)
Statistics 26 software and p<0.05 were considered
statistically significant. GSEA analysis was the
result of R software (R 4.2.1) and GSEA software
(GSEA _4.2.3).

RESULTS AND DISCUSSION

In order to investigate the manifestation of GPT2
in CRC, an analysis was conducted using public
databases. Analysis of the Oncomine database
showed that GPT2 exhibited significant expression
in the tumor tissues of the Skyzrpczak CRC dataset
(fig. 1A). In the Kaiser colon cancer dataset (fig.
1B), GPT2 exhibited significant expression in tumor
tissues. In the Geadcke rectal cancer dataset, the level
of GPT2 expression was markedly elevated compared
to normal colon tissues (fig. 1C). Simultaneously, we
observed a correlation between GPT2 expression
and tumor T stage in the Gaedkce dataset (fig. 1D).
The TCGA database also shows that CRC has a high
expression of GPT2, as seen in fig. 1E and fig. 1F.
This implies that GPT2 plays a crucial role in the
progression of CRC.

To further explore the relationship between GPT2
and clinical prognosis, we analyzed the clinical data
of 144 CRC patients in the First Affiliated Hospital of
University of South China. The relationship between
GPT2 expression and clinicopathological features of
CRC showed that GPT2 expression was significantly
correlated with clinicopathological stage (p=0.003)
and overall survival status (p=0.020) (Table 1).
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Fig. 1: Expression of GPT2 in colorectal cancer, (A): Skrzypczak dataset; (B): Kaiser dataset; (C): Gaedcke dataset; (D): Relationship between
GPT?2 expression and T stage in Gaedcke database; (E): The results of TCGA database showed that GPT2 was highly expressed in CRC (p<0.001)
and (F): Matching data in TCGA showed that GPT2 was highly expressed in CRC (p<0.001)
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TABLE 1: RELATIONSHIP BETWEEN GPT2 EXPRESSION AND CLINICOPATHOLOGICAL FEATURES

OF CRC

Clinicopathological data n High expression of Low expression of y* value p value
GPT2 GPT2

Sex 144 0.355 0.336

Male 89 44 45

Female 55 30 25

et o o

Poorly differentiated 14 8 6

Vascular invasion 144 1.033 0.232

Yes 14 9 5

No 130 65

Nerve invasion 144 0.897 0.275

Yes 9 6 3

No 135 68 67

Preoperative HBY 144 2.812 0.073

Yes 22 15 7

No 121 59 62

ftl;;"iﬁ]‘;path°l°gical 144 13.78 0.003

| 32 9 23

Il 47 22 25

1] 59 38 21

\% 6 5 1

Overall survival state 144 5.183 0.02

Survival 124 59 65

Death 20 15 5

By examining the clinicopathological characteristics,
it becomes evident that the clinical prognosis and
clinicopathological stage are associated with the
expression of GPT2. To further investigate the impact
of GPT2 on the prognosis of CRC, we conducted a
forest plot and KM prognosis curve analysis. From
fig. 2A, it is evident that GPT2 expression, age,
Carcinoembryonic Antigen (CEA), and tumor stage
were identified as risk factors for CRC in the forest
map. We monitored 144 individuals and graphed
KM diagrams. According to the findings, patients
with high GPT2 expression had a considerably
poorer prognosis compared to those with low GPT2
expression (p=0.005, as determined by the log-
rank test) (fig. 2B). Out of the 144 individuals, 100
managed to survive for a period of 3 y, resulting in
a survival rate of 70 %. Additionally, 86 individuals
out of the initial 144 were able to survive for 5 vy,
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leading to a survival rate of 60 %. The results indicate
that increased GPT2 expression in CRC is associated
with an unfavorable prognosis.

Univariate COX regression analysis showed that
GPT2 expression, age, CEA and tumor stage were
prognostic factors for CRC (Table 2). Multivariate
COX regression analysis showed that age and stage
IV were independent prognostic factors for CRC
(Table 3).

The presence of GPT2 in CRC is a predictive factor,
although it is not considered a standalone predictive
factor. This suggests that the presence of GPT2 has a
specific impact on the progression of CRC. However,
the precise mechanism by which it impacts CRC
remains uncertain. To further investigate the potential
mechanism by which GPT2 enhances the progression
of CRC, we conducted an enrichment analysis on its
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associated genes. Using the online tool LinkedOmics
(fig. 3A), we examined the genes that showed a strong
correlation with GPT2 gene expression in the TCGA
database. Subsequently, a heat map was generated
to visualize the genes that exhibited positive and
negative correlations with GPT2 (fig. 3B and fig.
3C). The analysis of genes with positive and negative
correlation to GPT2 was conducted using Gene
Ontology (GO). The cell-substrate adhesion pathway
showed significant results in Biological Process
(BP) functional enrichment (fig. 3D). Significant
enrichment in the extracellular matrix was observed
in the results of Cellular Component (CC) functional
enrichment (fig. 3E). Significant enrichment in
changes to the extracellular matrix was observed
in the results of Molecular Function (MF) analysis
(fig. 3F). The line chart representing the result of GO
enrichment analysis is shown as follows (fig. 3G, fig.
3H, and fig. 31). EMT may exert its effects through
both adherence and modification of the extracellular
matrix. The findings indicate a possible link between
GPT2 and EMT during the progression of CRC.

In order to delve deeper into the process by which
GPT2 facilitates the progression of CRC, additional
investigations were carried out. The earlier findings

indicate a possible link between GPT2 and EMT
in the progression of CRC. To elucidate the
correlation between GPT2 and EMT, we carried
out the subsequent investigations. According to the
findings from KEGG, the primary changes observed
were in cell adhesion molecules and focal adhesion
(fig. 4A). To elucidate the functioning of GPT2 and
EMT/MET, the TCGA-COADREAD samples were
categorized into a high expression group and a low
expression group based on the median GPT2 level
(fig. 4B). The results of GSEA enrichment analysis
indicated that the group with high expression of
GPT2 exhibited enrichment in the Wnt/B catenin
signaling pathway (Normalized Enrichment Score
(NES)=1.403, p=0.115) and the Notch signaling
pathway (NES=1.079, p=0.385) (fig. 4C and fig.
4D). The occurrence of EMT is heavily influenced
by these two factors. Despite the lack of statistical
significance, the high expression group exhibits an
enriched overall trend. Subsequently, we confirmed
through Immunohistochemistry (IHC) tests that
GPT2 and N-cadherin exhibited positive expression
in tumor tissues, whereas E-cadherin displayed
positive expression in adjacent paracancerous tissues,
aligning with the earlier bioinformatics findings (fig.
4E) (Table 4).

P value

A
Characteristics N HR (95% CI)
GPT2 expressing 144  4.200(1.402~12.584) :l—O—l
Sex 144 1.529(0.593~3.943) F:O—l
Age 144 1.052(1.005~1.101) ¢
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Differentiation 144 0.711(0.160~3.152) 'q'—c
Vascular 144 0.655{0.189~2.268) l:—<
Nerve 144 0.630(0.146~2722)  w—
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Fig. 2: Relationship between GPT2 and prognosis in colorectal cancer, (A): Forest plot for univariate regression analysis of GPT2 in colorectal and
(B): Prognostic KM curve of GPT2 expression in colorectal cancer by log-rank test (p<0.005)

Note: (=7 ): Low GPT2 expression and ( = ): High GPT2 expression

TABLE 2: UNIVARIATE COX REGRESSION ANALYSIS OF COLORECTAL CANCER PATIENTS

Variate Mean Standard deviation p value HR (95 % CI)

GPT2 expression 1.435 0.56 0.01 4.200 (1.402~12.584)
Sex 0.425 0.483 0.38 1.529 (0.593~3.943)
Age 0.05 0.023 0.031 1.052 (1.005-1.101)
CEA 0.001 0.001 0.045 1.001 (1.000~1.003)
Differentiation -0.341 0.76 0.653 0.711 (0.160~3.152)
Vascular 0.423 0.634 0.504 0.655 (0.189-2.268)
Nerve -0.462 0.747 0.536 0.630 (0.146~2.722)
Size 0.146 0.14 0.296 1.158 (0.880-~1.524)
Stage 0.669 0.29 0.021 1.952 (1.105~3.448)
Location 0.377 0.611 0.538 1.458 (0.440~4.829)

Note: HR: Hazard Ratio
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TABLE 3: MULTIVARIATE COX REGRESSION ANALYSIS OF COLORECTAL CANCER PATIENTS

Variate Mean Standard deviation p value HR (95 % CI)

GPT2 expression 1.114 0.598 0.063 3.048 (0.943-9.844)
Sex -0.374 0.564 0.511 0.690 (0.229-~2.085)
Age 0.061 0.564 0.038 1.063 (1.004~1.127)
CEA 0.001 0.001 0.216 1.001 (0.999~1.003)
Differentiation -0.425 1.083 0.695 0.654 (0.078~5.461)
Vascular 0.656 0.715 0.359 1.927 (0.474~7.833)
Nerve 0.089 1.02 0.93 1.094 (0.148~8.076)
AJCC | 0.085 0.173 0.624 1.089 (0.775~1.528)
AJCC I 0.963 0.848 0.256 2.619 (0.497-13.811)
AJCC 1l 1.347 0.818 0.1 3.845 (0.773~19.126)
AJCCIV 2.824 1.086 0.009 16.847 (2.006~141.5)

Note: HR: Hazard Ratio

C
GPT2 Association Genes Paositively Correlated Significant Genes Negatively Correlated Significant Genes.
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Fig. 3: Enrichment analysis of GPT2 related genes, (A): Volcanic map of genes; (B): Heat map of GPT2 positively correlated gene; (C): Heat map of
GPT2 negatively correlated gene; (D): BP enrichment analysis; (E): CC enrichment analysis; (F): MF enrichment analysis; (G): GSEA result dia-
gram of positively and negatively correlated gene showed that GPT2 was negatively correlated with cell matrix adhesion; (H): GSEA result diagram
of positively and negatively correlated gene showed that GPT2 was negatively correlated with extracellular matrix and (I): GSEA result diagram of
positively and negatively correlated gene showed that GPT2 was negatively correlated with extracellular matrix structural constituent
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Fig. 4: GPT2 partially promotes EMT, (A): KEGG analysis of intracellular adhesion molecules with focal adhesion was the most important
alteration; (B): GPT2 high and low expression volcano map in COADREAD in TCGA database; (C and D): GSEA results of GPT2 high and low

expression groups and (E): IHC results of GPT2 and EMT-TFs

TABLE 4: CORRELATION ANALYSIS OF GPT2 EXPRESSION WITH E-CAD AND N-CAD

GPT2
p value R (Pearson)
High Low
E-CAD 26 22
High 17 7
Low 9 15 0.02 0.334
N-CAD 26 22
High 15 18
Low 11 4 0.075 -0.259

In order to elucidate the mechanism of GPT2 and
EMT/MET, we analyzed the TFs of EMT and MET
respectively. The heat map of GPT2 and EMT related
genes shows that GPT2 is positively correlated with
CDHI1, but with Snaill, Snail2, Smad2, Smad3,
ZEB1, ZEB2, MMP2, MMP3, MMP7, MMPI13,
MMP14 and MMP21 (fig. 5A). We used Tumor
Immune Estimation Resource (TIMER) 2.0 online
database to analyze the correlation between GPT2
and E-cadherin gene, and found that GPT2 was
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positively correlated with E-cadherin (fig. 5B). The
expression of E-cadherin can restore the epithelial
characteristics of cells, thereby promoting the
colonization of tumor metastases. This correlates
with the features of MET. Next, we will conduct
GSEA enrichment analysis for transcription factors
of MET and find that GPT2 is enriched in the high
expression group (NES=1.446, p=0.038) (fig. 5C),
and the hallmark results also showed that the GPT2
high expression group was enriched in the PI3K/
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AKT signaling pathway (NES=0.987, p=0.47) (fig.
5D). This is an important downstream pathway
of MET. GO and KEGG analysis showed that cell
mitosis and cell cycle were significantly enriched,
and mitosis was significantly related to MET (fig. 5SE
and fig. 5F). Therefore, we have reason to believe that
GPT2 promotes CRC tumor invasion through EMT,
and promotes the colonization of tumor metastases
through MET, thereby promoting cell cycle and
tumor development.

In this research, it was discovered that GPT2 is
considerably upregulated in colorectal carcinoma.
Additionally, it was observed that GPT2 contributes
to the spread of CRC by influencing EMT. The
expression pattern of GPT2 in CRC aligns with
the earlier discovery?!. Numerous researches have
indicated that the process of EMT plays a crucial role
in facilitating the spread of cancer cells to distant
sites!??24, The development of EMT in fibrosis and
spread of certain tumors has been explained!>27.
The spread of CRC results in a poorer outlook for
individuals diagnosed with cancer!?®?), The task of
finding prognostic predictors is increasingly urgent.
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We are of the opinion that GPT2 has the potential
to serve as a forecaster for the spread of CRC and
can function as a prognostic indicator to enhance
the cancer survival rate. GPT2 exhibits high levels
of expression in triple-negative breast cancer,
bladder cancer, and glioblastoma, contributing to the
aggressive spread of cancer!®*3!, Abnormal tissues
have a higher tendency to undergo proliferation
and specialization compared to normal tissuesP¥.
Research has indicated that tyrosine and glutamine
serve as metabolic indicators of initial CRCP*, GPT2
plays a crucial function in glutamylation, a significant
characteristic of metabolic reprogramming in cancer.
The most prevalent metabolic signature in tumors
is the Warburg effect, which impacts tumorigenesis
through its involvement in metabolic reprogramming.
It catalyzes a reversible reaction that converts
glutamine, essential for tumor growth, into alanine
and a-KG!l. The promotion of tumor development
is facilitated by this crucial mechanism employed
by GPT2. However, the role of GPT2 in promoting
CRC may not solely rely on this mechanism, but also
exhibits a strong correlation with EMT.
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Fig. 5: Relationship between GPT2 and EMT/MET, (A): Correlation heat map analysis of GPT2 and EMT-TFs; (B): Correlation analysis between
GPT2 and E-cadherin; (C and D): GSEA results of TCGA-COADREAD high and low expression groups; (E): GO analysis of GPT2 mRNA in
TCGA-COADREAD and (F): KEGG analysis of GPT2 mRNA in TCGA-COADREAD
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