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Although new cell-based research suggests a link between PPFIA4 and colon adenocarcinoma cancer, there is
currently no pan-cancer study available. Using The Cancer Genome Atlas datasets, we firstly investigated the
possible oncogenic function of PPFIA4 in 33 tumors. We discovered that PPFIA4 is substantially expressed
in most malignancies and is associated with tumor patient prognosis. Furthermore, missense mutation and
amplification of the PPFIA4 gene were the most common types of genetic change. In contrast to lung squamous
cell carcinoma, tumor purity in prostate adenocarcinoma was strongly negatively connected with PPFIA4
expression and considerably positively correlated with the amount of infiltration of cluster of differentiation
8" T cells, dendritic cells, macrophages, cluster of differentiation 4* T cells, B cells and neutrophils in the
tumor microenvironment. PPFIA4 expression in bladder cancer and lung squamous cell carcinoma is a strong
correlation with the expression levels of tumor microenvironment, M1 and M2 macrophages, which are seen in
the majority of monocyte marker groups. Furthermore, the functional mechanisms of PPFIA4 were influenced
by chemical synaptic transmission as well as the development of the nervous system. In summary, our work
provided essential insights into PPFIA4 dysregulation in pan-cancer and prompted potential molecular

mechanisms in the progression of cancer, which highlight its potential therapeutic target for patients.
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Since tumorigenesis is a complex process with
multiple factors including genes, therefore,
studying the mechanism of genes is very important
to evaluating tumor and clinical prognosis.
The publicly funded The Cancer Genome Atlas
(TCGA) project has provided us with important
help for pan-cancer analysis, including the relevant
functional genomics data set of 33 tumors!!-.

Human PPFIA4 (AF034801) is a 5'-truncated
part of complementary Deoxyribonucleic Acid
(cDNA). Exons 1-29 of PPFIA4 are found in
the human genome sequences AL451082.6 and
AC096632.3. The PPFIA4-MYOG locus and the
PPFIA2-LIN7a-MYF5-MYF6 locus are para-
homologous. The composition of PPFIA family
members is composed of three Sterile Alpha Motif
(SAM) and PFIH1-4 domains. The VRTYSC motif
(the C-terminal binding domain of Glutamate
Receptor-Interacting Protein (GRIP)) is contained
in PPFIA1-A3, but not in PPFIA4. The binucleate
location signal is contained in the PFIH4 domainl.
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Compared with PPFIA1-3, there are relatively
few studies on PPFIA4, but there are still many
important studies showing that PPFIA4 is involved
in the process of cancer glycolysis and also shows
that it is an important gene!®®*!. However, based
on relevant clinical data, there is no evidence of a
pan-carcinogenic association between PPFIA4 and
various tumor types. Our study is the first to use
the TCGA project for pan-carcinomatous analysis
of PPFIA4. We conducted the first pan-cancer
analysis of PPFIA4 using survival status, immune
infiltration, gene expression, gene changes and
associated cellular pathways in the TCGA project.
To explore the relationship between different
cancer pathogenesis and PPFIA4, provide potential
molecular mechanisms for clinical prognosis and
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immunotherapy.
MATERIALS AND METHODS
PPFIA4 expression analysis:

First, we use the Tumor Immune Evaluation
Resource (TIMER) 2.0 website for data retrieval
and enter PPFIA4 in the "Gene DE" module. The
differences in the expression of PPFIA4 in various
related tumors and normal tissues were detected
by using TIMER software. The Gene Expression
Profiling Interactive Analysis 2 (GEPIA2) website
provides further information on tumors that lack
normal tissue. We used the GEPIA database
to observe the expression of PPFIA4 in various
cancers at different clinic pathological stages.

Survival prognosis analysis:

GEPIA2's "Survival Map" module is needed to
retrieve the Overall Survival (OS) and Disease-
Free Survival (DFS) of various cancers in the
TCGA database. Using the GEPIA2 information,
we were able to create a survival map.

Genetic alteration analysis:

Genetic changes in PPFIA4 were obtained using
cBioPortal'®!!l, Inquire about genetic variation
characteristics by selecting "TCGA Pan-Cancer
Atlas Studies" and "PPFIA4". The "Cancer type
Summary" module was used to obtain the results
of copy number alteration, mutation type and
change frequency for different tumors in all TCGA
databases. The "mutations" module allows you to
acquire a schematic representation of the protein
structure including the mutation site of PPFIA4,
which is shown below. We used the "compare"
module to collect information on survival
differences in relevant tumor cases in the TCGA
database.

Immune infiltration analysis:

After screening out fibroblasts associated with
immunotumor, TIMER2 was used to analyze the
relationship between tumor immune invasions.
In the aspect of immune penetration, we adopted
MCPCOUNTER, EPIC, XCELL and Tracking of
Indels by Decomposition (TIDE) algorithms for
research. The data of immune infiltration analysis
is displayed by heat map and scatter plot.

TIMER database analysis:

TIMER is different cancer type immune system
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analysis infiltration of comprehensive resources
(https://cistrome.shinyapps.io/timer/)'?, In
terms of tumor-infiltrating immune cells, gene
expression data should be analyzed in combination
with relevant studies and the statistical method
of TIMER[!. We investigated the expression
of PPFIA4 in TCGA samples from 33 different
cancer types, as well as the relationship between
the quantity of immune infiltration, macrophages.
We used TIMER to conduct our investigation. The
degree of gene expression in tumor purity is shown
in the left-most panel of the fig. 1.

Studies have shown tumor-infiltrating immune
cell markers!'*!81. Monocytes include CD86 and
Colony Stimulating Factor Receptor (CSF-1R); M1
macrophages include Prostaglandin-Endoperoxide
Synthase (PTGS2), Nitric Oxide Synthase 2 (NOS2)
and Interferon Regulatory Factor 5 (IRF5); Tumor
Microenvironment (TME) includes Interleukin
10 (IL-10), Clusters of Differentiation (CD) 68
and C-C Motif Chemokine Ligand 2 (CCL2); M2
macrophages include V-Set Ig-Domain-Containing
4 (VSIG4), CD163 and MS4A4A. The scatter plot
is generated using Spearman correlation in a given
tumor type.

Pathway analysis:

For protein interactions, log in to the STRING
database to set parameters (https://string-db.
org/). Select the evidence for the first item
meaning of network edges, select the experiment
for the second item of active interaction sources,
and select the third parameter as 0.150. Finally,
the interactor parameter is 50. TCGA's top 100
targeted genes in tumors and normal tissues related
to PPFIA4 are obtained through the "Similar Gene
Detection" module. The Database for Annotation,
Visualization and Integrated Discovery (DAVID)
database is used for the enrichment analysis of
related pathways for the first 100 PPFIA4 targeted
genes that have been identified.

RESULTS AND DISCUSSION

We used the TIMER database to display the
PPFIA4 expression status of TCGA tumor tissue in
fig. 1A. The Genotype-Tissue Expression (GTEx)
data set is used to supplement normal tissues for
the expression level of PPFIA4. Testicular Germ
Cell Tumor (TGCT), Acute Myeloid Leukemia
(LAML), Thymoma (THYM), Brain Low-Grade
Glioma (LGG), and Adrenocortical Carcinoma
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(ACC) tumor tissues have differences in PPFIA4
expression from normal tissues (fig. 1B, p<0.05).
However, there are still some tumors that do not
express significantly different, such as ovarian
serous  cystadenocarcinoma (OV), Sarcoma
(SARC), Lymphoid Neoplasm Diffuse Large B-cell
Lymphoma (DLBC), Uterine Carcinosarcoma
(UCS), or Breast Invasive Carcinoma (BRCA).

The '"pathological stage map" module was
used. We found that the pathological stages of
Liver Hepatocellular Carcinoma (LIHC), Colon
Adenocarcinoma (COAD), Cervical Squamous
Cell Carcinoma (CESC), Thyroid Carcinoma
(THCA), and Cholangiocarcinoma (CHOL) are
closely related to the expression of PPFIA4 (fig.
1C, all p<0.05), but the correlation with other
tumors is poor. We found that the OS rate of highly

>

expressed PPFIA4 is poor, such as Augmentative
and Alternative Communication (AAC), COAD,
Kidney Chromophobe (KICH), LIHC, MESO,
CESC, Kidney Renal Papillary Cell Carcinoma
(KIRP), STAD and THYM (fig. 2A and fig. 2B,
and all p<0.05).

In terms of DFS, the results showed that tumors
with high PPFIA4 expression are closely related
to poor prognoses, such as AAC, COAD, KIRP,
MESO and Prostate Adenocarcinoma (PRAD)
(fig. 2C and fig. 2D). According to the prognostic
findings, the expression of PPFIA4 on DFS and
OS was consistent, suggesting that the gene is
reasonably stable and has a high reference value.
There is no statistical difference between the
expression of PPFIA4 in other tumors and DFS or
OS.
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Fig. 1: PPFIA4 expression of different tumors and pathological stages; (A): TIMER2 database was used to analyze PPFIA4 gene
expression in different tumors; (B): Some tumors have no normal tissue data which we supplement through the GEPIA2 website
and (C): Expression PPFIA4 in different pathological stages in CESC, COAD, CHOL, LIHC and THCA

Note: ***p<0.001; **p<0.01 and *p<0.05
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Fig. 2: Correlation between the survival prognosis of different cancers and the expression of PPFIA4 gene; (A,B): Overall survival

and (C,D): Disease free survival

Fig. 3A shows that the main types of "mutation"
are Uterine Corpus Endometrial Earcinoma
(UCEC) and SKCM, and PPFIA4 has the highest
change frequency (>8 %). The main types of
"amplification" are BRCA (>6 %) and LIHC.
Interestingly, the only type of change in CHOL,
Pheochromocytoma and Paraganglioma (PCPG),
PAAD and MESO cases is “amplification”. Fig.
3B shows the sites and type of genetic changes
in PPFIA4. We found that the genetic changes
of PPFIA4 are mainly missense mutations and
amplifications. The frameshift mutation of the
PPFIA4 gene is induced by the R750H change in
the Tudor domain (fig. 3B). In CUEC, patients
with PPFIA4 mutations have a better prognosis
in terms of Progression-Free Survival (PFS) and
OS. However, the prognosis for Disease-Specific
Survival (DSS) and DFS was same when compared
to those with no PPFIA4 alterations (fig. 3C).

In the TME, tumor infiltrating immune cells
participate in many processes such as tumor
genesis, metastasis and development, which is the
key link of tumor cell proliferation!'*-?*l. Tumor-
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associated fibroblasts control the behavior of
different tumor-infiltrating immune cells?*=2%, We
use the EPIC, XCELL, MCPCOUNTER and TIDE
algorithms among others (fig. 4A). After further
analysis, based on our findings, we concluded that
the estimated infiltration value of cancer-related
fibroblasts into COAD, Esophageal Carcinoma
(ESCA), Human Papillomavirus (HPV) (-), Head
and Neck Squamous Cell Carcinoma (HNSC),
OV, and STAD, TCGA tumors were statistically
significantly linked with the expression of PPFIA4
(fig. 4B).

We further investigated whether the level of
immune infiltration of 33 cancer types is related to
the expression of PPFIA4. According to the results
of the aforementioned investigation, the amount
of CD4" T cell infiltration in 20 malignancies is
substantially linked with the expression of the
transcription factor PPFIA4. In addition, the
infiltration level of B cells (15 cancers), tumor
purity (14 cancers), CD8" T cell infiltration (11
cancers), macrophages (15 cancers), dendritic
cells (12 cancers), and neutrophils (14 cancers)
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was shown to be substantially linked with the
expression of PPFIA4 (fig. 5).

Interestingly, our study discovered that tumor
purity was considerably negatively connected with
PPFIA4 expression and was significantly favorably
correlated with the infiltration level of neutrophils,
CDS8" T cells, macrophages, B cells, dendritic cells,
and CD4" T cells in PRAD (fig. 5). However, the
amount of immune cell infiltration or tumor purity
was not substantially linked with the expression
of PPFIA4 in CHOL (fig. 5). Furthermore,
although the degree of neutrophil infiltration in
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Lung Squamous Cell Carcinoma (LUSC) was not
substantially connected with PPFIA4 expression,
it was strongly inversely correlated with B cells,
macrophages, CD8" T cells, and dendritic cells
(fig. 5).

We looked at the association between various
immune infiltrating cells and PPFIA4 expression
to see whether there was a link between the two,
including CD68, IL10, and CCL2 of Tumor-
Associated Macrophages (TAMs); PTGS2, IRFS,
and NOS2 of M1; CSFIR and CD86 of monocytes;
VSIG4, MS4A4A and CD163 of M2 (fig. 6).
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Fig. 3: PPFIA4 mutations in different TCGA tumors; (A): Type of mutation; (B): Frequency of mutation site and (C): Mutation

status

Note: (A): ( il ): Mutation; ( #8 ): Amplification; ( [ ): Deep deletion and ( i@ ): Multiple alterations and (B): ( ll ): Altered

group and (Il ): Unaltered group
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Fig. 4: PPFIA4 expression and fibroblast analysis. Correlation between the level of relative fibroblast infiltration of different cancer
types using different algorithms and PPFIA4 expression
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Fig. 5: Immune infiltration analysis and PPFIA4 expression (tumor purity and CD4" T cells, B cells, CD8* T cells, Neutrophils,
dendritic cells, Macrophages) in PRAD, CHOL, LUSC, COAD, GBM, HNSC, LGG, LIHC, and LUSC
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Fig. 6: PPFIA4 expression correlated with macrophage polarization in BLCA, LIHC, LUSC, PRAD, SARC and SKCM. CD68,
IL10 and CCL2 of TAM; CSF1R and CD86 of monocytes; VSIG4, MS4A4A, and CD163 of M2 macrophages; IRF5, PTGS2, and

NOS2 of M1 macrophages

Our study showed that most of the marker sets
were expressed at levels of monocytes, M2
macrophages, M1 macrophages and TAMs were
strongly correlated with the expression of PPFIA4
in Bladder Cancer (BLCA), LIHC, LUSC, PRAD,
SARC, SKCM, COAD, HNSC, LGG, SKCM-M,
THYM and UCUE (p<0.05; fig. 6).

We conduct pathway enrichment analysis by
screening targeted PPFIA4 expression-related
genes and PPFIA4 binding proteins. To further
analyze the relationship between the molecular
mechanism of tumorigenesis and PPFIA4. The
network diagram of 50 PPFIA4 binding proteins is
obtained by using STRING (fig. 7A).
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After obtaining the top 100 PPFIA4 expression-
related genes, we utilized GEPIA2 to further
refine our search. On the right is a representation
of the top four most highly expressed genes (fig.
7B); the expression levels of KRBA1, DOC2A,
NEO2 and DGCR9 are positively associated with
the expression of PPFIA4 in the vast majority
of cancers. The heat map data shows a positive
correlation (fig. 7C).

The molecular function data of fig. 7D suggest that
“calmodulin binding, calcium ion binding” and
“glutamate” may have a role in PPFIA4's influence
on molecular function. The KEGG data in fig. 7D
shows that the calcium signaling pathway and
synaptic vesicle cycle suggest the involvement of
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PPFIA4 on cell junctions. Cell composition data
show that PPFIA4 is related to chemical synaptic
transmission or cell connection, such as chemical
synaptic transmission, synaptic vesicle, synapse,

excitatory synapse, voltage-gated potassium
channel complex and others. Fig. 7D shows that
the effect of PPFIA4 on tumor pathogenesis may
be related to chemical synaptic transmission and

postsynaptic membrane,

postsynaptic density,

nervous system development.
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Fig. 7: Enrichment analysis of PPFIA4-related partners; (A): The network diagram of 50 PPFIA4 binding proteins is obtained
by using STRING; (B): GEPIA2 to obtain the top 100 PPFIA4 expression-related genes; (C): Heat map data for different cancer
types and (D): Based on the PPFIA4-binding and interacted genes, Molecular function, KEGG, Cellular component and Biological

process pathway analysis was performed

Note: (C): (& ): p>0.05; ( M ): p<0.05; (= ): 1; ([J1): 0; (8 ): -1; (D): (9 ): Biological process; (Il ): Cellular component;

(I ): Molecular function and (Il ): KEGG
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The PPFIA family has different physiological
functions in humans, including PPFIA1, PPFIA2,
PPFIA3, and PPFIA4P!. Studies have shown that
by up-regulating PPFIA1 in breast cancer, it is
found that PPFIA1 as a promoter is involved in
cancer cell invasion and migration®”. In terms of
cannabis-induced neuropsychological function,
PPFIA2 expression was closely related to
Cannabidiol (CBD)8. Detecting the expression of
PPFIA3 methylation in serum samples, it provides
a basis for a non-invasive gastric cancer detection
program!®!, PPFIA4 is expressed in human skeletal
muscle, heart and brain to varying degrees®!. There
are very little researche on PPFIA4 at present?’l.
We have searched PPFIA4 on PubMed and have
got 18 articles in search, only 3 of them are about
cancer and PPFIA4P!. For publications on PPFIA4
and pan-cancer analysis, we cannot obtain search
information from a tumor perspective. There
is no research showing an association between
pan-cancer and PPFIA4. Whether PPFIA4 acts
through some common molecular mechanism in
the pathogenesis of different tumors remains to be
answered. There is currently no research showing
an association between pan-cancer and PPFIA4.
Therefore, using TCGA database resources,
the correlation analysis of PPFIA4 genes in 33
different tumors was carried out, including gene
expression, genetic changes, related pathways,
immune infiltration, and survival status.

Using the TIMER2 method, we were able to
determine the expression status of PPFIA4 in
TCGA samples of different cancer types. In 33
tumors, there was a significant difference in the
expression of PPFIA4 in normal and tumor tissues
and the expression of PPFIA4 in most tumors was
higher than that in normal tissues (23 tumors)
(fig. 1A), which may indicate that the expression
of PPFIA4 in tumors has important significance.
It lays a solid foundation for our follow-up
research. Interestingly, we found that in AAC,
COAD, KICH, LIHC, the expression of PPFIA4
in different stages of tumors is different, and in
terms of OS rate, the low expression of PPFIA4
and the high expression of PPFIA4 in these four
tumors There are also differences in PPFIA4
(p<0.05). Preliminary explanations are related to
the expression of PPFIA4 in terms of tumor staging
and OS. Although the expression of PPFIA4 in
stage IV of AAC and stage III of KICH is lower
than in the other three stages, it may be the reason

848 Indian Journal of Pharmaceutical Sciences

for the small amount of data. In terms of OS, the
greater the level of PPFIA4 expression, the worse
the prognosis is considered to be.

We also have an important aspect of research on the
relationship between immune invasion in cancer and
PPFIA4, especially in COAD, PRAD, Glioblastoma
Multiforme (GBM), LGG, UCEC, HNSC, LIHC
and LUSC. Our results showed that the expression
level of PPFIA4 was positively correlated with the
infiltration levels of B cells, dendritic cells, CD8"
T cells, neutrophils, macrophages and CD4" T
cells in HNSC, LIHC and PRAD. Dendritic cells,
neutrophils, macrophages, and B cells infiltrate at
varying degrees in LGG, LUSC and UCEC, and
their levels of infiltration are moderate to strongly
negatively correlate with the amount of PPFIA4
expression. Furthermore, the link between immune
cell marker genes and PPFIA4 expression shows
that PPFIA4 is a critical regulator of SARC and
LGG immunology, according to the findings.
In terms of correlation study of immunological
indicators, PPFIA4 expression was shown to have
a poor association with M1 macrophage gene
markers such as IRF5 and PTGS2, according to the
results. In the M2 macrophage markers, MS4A4A
and VSIG4 showed moderate to strong correlation
(fig. 6). These results imply that PPFIA4 may have
a regulatory function in the polarization of TAMs.

Following Huang's findings, methylation levels
and PPFIA4 expression in colon cancer tissues
at various stages were shown to be greater than
those found in normal tissues, and the presence of
a high PPFIA4 expression level was found to be
positively connected with poor patient survival. It
is consistent with the findings of our investigation.
PPFIA4 expression was shown to be positively
correlated with Enolase 2 (ENO2) and PFKFB3
levels. Inhibition of ENO2 and PFKFB3 expression
can reduce cell proliferation, invasion, glycolysis
and migration, suggesting that PPFIA4 may be a
potential biomarker for colon cancer!®.

Through the enrichment analysis in this study,
we were able to determine the possible effect of
chemical synaptic transmission, calcium signaling
pathway, and nervous system development in
tumor related etiology or important pathogenesis.
A recent study showed that pathway enrichment
analysis identified four biological processes and
20 pathways that were statistically significant,
including neuron projection morphogenesis and
modulation of excitatory postsynaptic potential®2.
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These data are consistent with our analysis that
PPFIA is closely related to neurite triggering.
Although it studies the relationship between autism
and genetic variation, our data analysis believes
that it will be further confirmed by future studies
on tumor and PPFIA4 expression.

In  summary, we firstly performed the
comprehensive pan-cancer investigation of
PPFIA4 and discovered that the expression of
PPFIAA4 is statistically linked with genes expressed
and changes, survival status, cell pathways and
immune infiltration in various cancers. This
information is useful in understanding the function
of PPFIA4 expression in tumor development when
seen through the lens of clinical tumor specimens,
presenting a potential prognosis biomarker and
immunotherapy target.
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