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Introduction: Cancer is one of the most common malignancies and the leading cause of
death worldwide. As a member of the transmembrane emp24 domain (Tmed)/p24 family of
proteins, TMED2 expression variations have been documented earlier in only a few subtypes
of human cancers, and the multi-omics profiling of TMED2 as a shared biomarker in
different other subtypes of human cancers remains to be uncovered.

Methods: In the current study, TMED2 multi-omics analysis in 24 major subtypes of human
cancer was performed using different authentic online databases and bioinformatics analysis
including UALCAN, Kaplan—-Meier (KM) plotter, Human Protein Atlas (HPA), GENT2,
MEXPRESS, cBioportal, STRING, DAVID, TIMER, and CTD.

Results: In general, the TMED2 expression in 24 major subtypes of human cancers was
higher relative to normal controls and was also strongly associated with the lower overall
survival (OS) and relapse-free survival (RFS) duration of CESC, ESCA, HNSC, KIRC,
LIHC, and LUAD patients. This implies that TMED2 plays a significant role in the devel-
opment and progression of these cancers. Furthermore, the TMED2 overexpression was also
correlated with different clinicopathological features of CESC, ESCA, HNSC, KIRC, LIHC,
and LUAD patients. TMED2-associated genes network was involved in 3 diverse pathways,
and finally, few stronger correlations were also explored between TMED?2 expression and its
promoter methylation level, genetic alterations, and CD8+ T immune cells level.
Conclusion: In conclusion, via this in silico study, we have elucidated that TMED2 can
serve as a shared diagnostic and prognostic biomarker in CESC, ESCA, HNSC, KIRC,
LIHC, and LUAD patients of different clinicopathological features but, further in vitro and
in vivo research should be carried out to confirm these findings.
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Introduction

Among malignancies, cancer has the 2nd highest morbidity and mortality rates after
cardiovascular diseases worldwide." Metastasis is main characteristic of the malignant
tumors which leads to poor prognosis of the cancer patients.? Currently, chemotherapy is
the most widely used treatment approach for cancer patients; however, its efficacy is not
up to the mark. On the other hand, immunotherapy is another kind of partially successful
cancer treatment method, at present, it is very expensive,3 thus, targeted therapy remains
the best treatment option for most cancer patients. Therefore, it is urgent for us to discover
the underlying mechanisms of higher cancer incidence and detect some novel shared
diagnostic and prognostic biomarkers that could aid in the targeted therapy of cancer
patients.
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Transmembrane p24 trafficking protein 2 (TMED?2) is
a member of the transmembrane emp24 domain (Tmed)/
p24 family of proteins that are required for the trafficking
of proteins among Golgi apparatus and the endoplasmic
reticulum (ER).* TMED2 normally functions during pla-
centa and embryo morphogenesis,” however, its role in the
development and progression of tumorigenesis has been
explored rarely. Few earlier studies have revealed the
potential role of the TMED2 gene in different cancer
subtypes including prostate cancer, colon cancer, and
hepatocellular carcinoma.®® However, best to our knowl-
edge, the role of TMED?2 in different other subtypes of
human cancer is yet to uncover.

Recently, the development of advanced cancer expres-
sion databases and bioinformatics tools have helped cancer
researchers to manipulate and analyze the experimentally
obtained multi-omics data. To better understand the
TMED2 role in the development and progression of
human cancers, we analyzed its expression level varia-
tions, prognostic

significance, promoter methylation

level, genetic alterations, copy number variations
(CNVs), pathways, CD8+ T immune cells infiltration,
and gene-drug network using a comprehensive in silico
approach. The findings of our study have provided some
useful information regarding the correlation between
TMED2 expression and its prognostic values in Cervical
Squamous Cell Carcinoma (CESC), Esophageal
Adenocarcinoma (ESCA), Head and Neck Cancer
(HNSC), Kidney Renal Clear Cell Carcinoma (KIRC),
Liver Hepatocellular Carcinoma (LIHC), and Lung
Adenocarcinoma (LUAD), as well as suggested the role
of TMED?2 as a potential diagnostic and prognostic bio-
marker in CESC, ESCA, HNSC, KIRC, LIHC, and

LUAD.

Methods

Ethics Statement
This study was reviewed and approved by the ethical
committee of the Islamia University of Bahawalpur,
Bahawalpur, Pakistan.

UALCAN

Transcription expression level variations of TMED2 in
different human cancers relative to normal controls were
analyzed using UALCAN database (http://ualcan.path.uab.
edu). This database is a reliable and easy-to-use platform

for performing the multi-omics analysis of TCGA cancer

data.” In UALCAN, the transcription expression level of
TMED2 was quantified as transcript per million (TPM)
reads, and a Student’s #-test was employed for statistics
purpose. A p-value (<0.05) was considered as statistically
significant.

Kaplan—Meier Plotter
The Kaplan—Meier plotter (http://kmplot.com//analysis)

tool has the capacity to compute prognostic values of
more than 54K genes including mRNAs, miRNAs, and
proteins in 21 subtypes of human cancer.” In this study, the
primary goal of utilizing this tool was to examine the
clinical significance (overall survival [OS] and relapse-
free survival [RFS]) of TMED?2 in distinct subtypes of
human cancer based on GEO, and TCGA datasets.
A p-value, 95% confidence interval (CI), and hazard
ratio (HR) were also determined and displayed.

GENT2 Database
GENT?2 (http://gent2.appex.kr/) web server is developed
for the multi-omics analysis of the cancer data acquired

from Gene Expression Omnibus (GEO, https://www.ncbi.
nlm.nih.gov/geo/) database.'” In our study, we utilized
GENT?2 for the validation of TMED2 expression using
new independent cohorts of distinct cancer patients. For
statistics, this tool uses a Student’s ¢-test, and a p-value of
<0.05 was regarded as statistically significant.

Data Mining Through Human Protein

Atlas Database
HPA (https:/www.proteinatlas.org/) is a database that aims

to quantify and locate all the human proteins in cells,
tissues, and organs using the immunohistochemistry
(IHC) technique.'" In the current study, HPA was utilized
to examine the proteomics expression level of TMED?2 in
normal tissues and distinct subtypes of cancerous tissues.
The observed protein expression level was graded as not
detected, low, medium, and high, based on the intensity of
staining and fraction of the stained cells.

MEXPRESS Database

MEXPRESS database was utilized to assess the Pearson
correlation between TMED?2 transcription expression and
its promoter methylation levels in 309, 194, 542, 343, 414,
and 477 samples of CESC, ESCA, HNSC, KIRC, LIHC,
and LUAD, respectively.'? A p-value <0.05 was consid-
ered as significant.
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The cBioportal Database

In this study, we utilized the cBioPortal database (http://
cbio]:_)ortal.org)13 to examine the TMED2-related genetic
alterations and copy number variations (CNVs) across
distinct human cancer subtypes using TCGA datasets.
The OncoPrint option on the cBioPortal provides an over-
view of genetic mutations and CNVs in the gene(s) of
interest above every sample bar.

TMED?2 Protein—Protein Interaction
Network Development and Pathway
Analysis

A PPI network of TMED2-enriched genes was developed
via STRING (https:/string-db.org/)'* and visualized
through Cytoscape software.'> Then, the pathway analysis

of the TMED2-enriched genes was carried out using
DAVID (http://david.nciferf.gov/summary.jsp)'® and a p
value < 0.05 was considered as significant.

TMED?2 Expression and Infiltrating Level
of CD8+ T Immune Cells in Cancer
Patients of Distinct Subtypes

TIMER (http:/timer.cistrome.org/)'” is a database that aims
to systematically analyze the immune infiltrates in distinct

cancer subtypes (www.cistrome.shinyapps.io/timer) (48).

TIMER applied the Spearman correlation method to infer
the abundance of immune cells in association with gene
expression using TCGA datasets. In distinct human cancer
subtypes, the Spearman correlation between the TMED2
expression and CD8+ T immune cells was calculated in this
study using TIMER. A p-value <0.05 was considered as
significant.

Gene—-Drug Interaction Network
Analysis of TMED2

TMED2 gene—drug interaction network was constructed
using the Comparative Toxicogenomics Database (CTD)'®
and Cytoscape software. This network includes the informa-
tion of chemotherapeutic drugs that could reduce or enhance
the transcription or translation expression levels of TMED2.

Results
TMED?2 Transcription Expression Analysis

in Human Cancers and Normal Tissues
The transcription level of TMED?2 in 24 major human cancer
subtypes was explored via UALCAN database using TCGA

datasets. Relative to solid normal tissues, TMED2 transcrip-
tion level was significantly (p < 0.05) enhanced in all the 24
types of primary cancerous solid tissues (Figure 1) including
Cervical Squamous Cell Carcinoma (CESC), Esophageal
Cancer (ESCA), Head and Neck Squamous Cell
Carcinoma (HNSC), Kidney Renal Clear Cell Carcinoma
(KIRC), Liver Hepatocellular Carcinoma (LIHC), and Lung
adenocarcinoma (LUAD) (Figure 1).

The Prognostic Potential of TMED2 in

Various Types of Cancers

We further explored the correlation between OS, RFS and
TMED?2 expression in 24 major types of cancer patients
using KM plotter. Elevated TMED2 expression was found
to be significantly (p < 0.05) correlated with the reduced OS
and RFS duration of the CESC (HR = 2.07, 95% CI: 1.29—
3.32, P = 0.0021, HR = 1.79, 95% CI: 10.81-3.95, P =
0.014), ESCA (HR = 3.36, 95% CI: 1.68-6.73, P = 3e-04,
HR = 1.6, 95% CI: 0.0-3.19, P = 0.018), HNSC (HR = 2.08,
95% CI: 1.53-2.83, P =2.2e-06, HR = 2.75, 95% CI: 1.24—
6.1, P =0.0094), KIRC (HR = 1.64, 95% CI: 1.2-2.24, P =
0.0019, HR = 274586506.99, 95% CI: 0-Inf, P = 0.0021),
LIHC (HR = 1.69, 95% CI: 1.18-2.43, P = 0.0038, HR =
1.36, 95% CI: 0.95-1.95, P = 0.05), and LUAD (HR = 1.65,
95% CI: 1.19-2.3, P = 0.0027, HR = 1.64, 95% CI: 0.95-
2.83, P = 0.057) patients (Figure 2). Furthermore, the
TMED?2 dysregulation was also found associated with the
OS and RFS of patients with distinct other types of cancers
but the correlations were insignificant (p>0.05). Taken
together, these data suggested that TMED2 might have
a significant contribution to the development and progres-
sion of CESC, ESCA, HNSC, KIRC, LIHC, and LUAD,
thus the next part of our study will mainly focus on the
unique role of TMED2 in these six types of human cancers.

Association Between TMED2 Expression

Level and Different Clinicopathological
Features in CESC, ESCA, HNSC, KIRC,
LIHC, and LUAD

We further analyzed the TMED?2 transcription expression
levels in CESC, ESCA, HNSC, KIRC, LIHC, and LUAD
patients with respect to different clinicopathological features.
We noticed that TMED?2 transcription expression was also
significantly up-regulated in CESC, ESCA, HNSC, KIRC,
LIHC, and LUAD patients relative to normal controls irre-
spective of different clinicopathological features including
different cancer stages, races, genders, and age groups
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Expression of TMED2 across TCGA cancers (with tumor and normal samples)
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Figure | The analysis of difference in transcriptional level of TMED?2 in different types of cancers tissue paired with normal controls. (A) Transcriptional level analysis of
TMED?2 across cancerous samples paired with normal controls, and (B) Transcriptional level analysis of TMED2 across cancerous samples only. Blue color represents the
normal samples while red color indicates the cancer samples. *p < 0.05.

(Table 1). Clinicopathological distribution of the CESC, CESC, ESCA, HNSC, KIRC, LIHC, and LUAD patients
ESCA, HNSC, KIRC, LIHC, and LUAD cohorts are given  relative to normal controls (Figure 3). Details of the new

in Tables 2—4. CESC, ESCA, HNSC, KIRC, LIHC, and LUAD datasets
that were used for TMED?2 transcription expression vali-
TMED?2 Transcription Level Validation dation can be seen in Table 5.

Using New Independent Cohorts of

CESC, ESCA, HNSC, KIRC, LIHC, and Protein Expression Level Analysis of
LUAD TMED?2 in CESC, ESCA, HNSC, KIRC,

TMED?2 transcription expression was re-analyzed using LIHC, and LUAD

new expression data obtained through Affymetrix UI133A  TMED?2 protein expression levels in CESC, ESCA, HNSC,
and U133Plus2 microarray platforms from independent KIRC, LIHC, and LUAD and normal tissues were analyzed
cohorts of CESC, ESCA, HNSC, KIRC, LIHC, and via the HPA database. As shown in Figure 4, an enhanced
LUAD via GENT2 database. Our results further validated TMED2 protein expression was found in CESC (high),
the significant (p>0.05) up-regulation of TMED2 in ESCA (high), HNSC (high), KIRC (high), LIHC (high),
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Figure 2 Correlational analysis of TMED2 dysregulation with OS and RFS in distinct cancer subtypes. (A) Correlational analysis of TMED2 dysregulation with OS in distinct
cancer subtypes, and (B) Correlational analysis of TMED2 dysregulation with RFS in distinct cancer subtypes. A p-value < 0.05 was considered as significant.

and LUAD (high) specimens relative to the paired normal
CESC (medium), ESCA (medium), HNSC (medium), KIRC
(low), LIHC (medium), and LUAD (medium). Taken
together, our results have shown that TMED2 was also over-
expressed at the translational level in cancer tissues of CESC,
ESCA, HNSC, KIRC, LIHC, and LUAD relative to the

normal controls.

Promoter Methylation Analysis of the
TMED2 in CESC, ESCA, HNSC, KIRC,
LIHC, and LUAD

Promoter methylation performs the critical function in
regulating gene expression, and any abnormality in
promoter methylation can cause various genetic

abnormalities including cancer.'® Herein, we utilized
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Table | Clinicopathalogical Features-Specific Expression Pattern of TMED2 in CESC, ESCA, HNSC, KIRC, LIHC, and LUAD Patients

Expression Pattern of TMED2 in CESC Patients of Different Clinicopathological Features

Cancer stages based expression pattern of

TMED?2 relative to normal controls (n = 3)

Stage | (n = 161)
Stage 2 (n = 69)
Stage 3 (n = 46)
Stage 4 (n = 22)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (4.63284965945832E-12)

p-value (2.64189999987785E-07)

p-value (6.22160000000038E-05)
p-value (3.304800E-03)

Patient’s race based expression pattern of

TMED?2 relative to normal controls (n = 3)

Caucasian (n = 209)
African-American (n = 30)
Asian (n = 20)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (7.6850747987578E-12)
p-value (2.041800E-03)
p-value (7.196400E-03)

Patient’s gender based expression pattern
of TMED?2 relative to normal controls
(n=3)

Male (n = 46)
Female (n = 56)

1 (up-regulation)
1 (up-regulation)

p-value (2.69330002744539E-10)
p-value (3.63240000000875E-06)

Patient’s age based expression pattern of

TMED?2 relative to normal controls (n = 3)

21-40 Yrs (n = 92)
41-60 Yrs (n = 152)
61-80 Yrs (n = 56)
81-100 Yrs (n = 3)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (3.84000053976763E-10)

p-value (1.22909460387 1 77E-11)

p-value (1.92948999999665E-05)
p-value (2.746800E-001)

Expression Pattern

of TMED2 in ESCA Patients

of Different Clinicopathol

ogical Features

Cancer stages based expression pattern of

TMED?2 relative to normal controls

(n=11)

Stage | (n = 13)
Stage 2 (n = 78)
Stage 3 (n = 55)
Stage 4 (n = 9)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (1.161820E-03)
p-value (4.428500E-04)

p-value (4.08689999999989E-05)
p-value (1.999680E-03)

Patient’s race based expression pattern of
TMED?2 relative to normal controls

(n=11)

Caucasian (n = |13)
African-American (n = 5)
Asian (n = 46)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (7.74749999999935E-05)
p-value (8.827500E-002)
p-value (1.2387000000169 1E-06)

Patient’s gender based expression pattern

of TMED?2 relative to normal controls

(n=11)

Male (n = 157)
Female (n = 26)

1 (up-regulation)
1 (up-regulation)

p-value (4.89089999999859E-06)
p-value (1.401480E-04)

Patient’s age based expression pattern of

TMED?2 relative to normal controls

(n=11)

21-40 Yrs (n = 3)

41-60 Yrs (n = 89)
61-80 Yrs (n = 76)
81-100 Yrs (n = I5)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (3.500200E-02)
p-value (9.51029999973763E-07)

p-value (2.554500E-04)

p-value (I.118390E-03)

Expression Pattern of TMED2 in HNSC Patients

of Different Clinicopathological Features

Cancer stages based expression pattern of
TMED?2 relative to normal controls
(n = 44)

Stage | (n = 27)
Stage2 (n=71)
Stage 3 (n = 8I)
Stage 4 (n = 264)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (4.057000E-03)
p-value (1.41599999947672E-07)
p-value (1.57732999999105E-05)
p-value (4.71319983041951E-10)

Patient’s race based expression pattern of
TMED?2 relative to normal controls
(n =44)

Caucasian (n = 444)
African-American (n = 4 7)
Asian (n = 11)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (9.94569981926929E-10)
p-value (4.66059999482127E-08)
p-value (3.237400E-03)

Patient’s gender based expression pattern
of TMED?2 relative to normal controls
(n = 44)

Male (n = 383)
Female (n = 136)

1 (up-regulation)
1 (up-regulation)

p-value (2.73190026 | 56556E- 10)
p-value (6.58609999870663E-08)

Patient’s age based expression pattern of
TMED?2 relative to normal controls
(n=44)

21-40 Yrs (n = 20)
41-60 Yrs (n = 236)
61-80 Yrs (n = 237)
81—100 Yrs (n = 24)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (1.151390E-04)
p-value (4.69399996649855E-09)
p-value (8.06529953933932E-10)

p-value (1.943550E-03)

(Continued)
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Table | (Continued).

Expression Pa ttern of TMED2 in KIRC Patients of Different Clinicopathological Features

Cancer stages based expression pattern of
TMED?2 relative to normal controls
n=72)

Stage | (n = 267)
Stage 2 (n = 57)
Stage 3 (n = 123)
Stage 4 (n = 84)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (1.77645999999 143E-05)
p-value (4.163500E-03)
p-value (3.120200E-03)
p-value (8.429900E-04)

Patient’s race based expression pattern of
TMED?2 relative to normal controls
n=72

Caucasian (n = 462)
African-American (n = 56)
Asian (n = 8)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (1.64020000026355E-07)
p-value (4.403200E-001)
p-value (4.849400E-001)

Patient’s gender based expression pattern
of TMED?2 relative to normal controls
n=72)

Male (n = 345)
Female (n = 185)

1 (up-regulation)
1 (up-regulation)

p-value (3.75430000000287E-05)
p-value (4.25280000004857E-06)

Patient’s age based expression pattern of
TMED?2 relative to normal controls
n=72)

2140 Yrs (n = 26)
41-60 Yrs (n = 238)
61-80 Yrs (n = 246)
81-100 Yrs (n = 23)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (1.733800E-001)

p-value (1.165740E-04)
p-value (1.77459999994856E-06)

p-value (1.668190E-001)

Expression Pattern

of TMED2 in LIHC Patients of Different Clinicopathological Features

Cancer stages based expression pattern of
TMED?2 relative to normal controls
(n =50)

Stage | (n = 168)
Stage 2 (n = 84)
Stage 3 (n = 82)
Stage 4 (n = 6)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (1.6819878823071 IE-12)

p-value (7.6620999545085 | E-09)

p-value (4.57880400261956E-11)
p-value (8.339900E-002)

Patient’s race based expression pattern of

TMED?2 relative to normal controls

Caucasian (n = 177)

African-American (n = 17)

1 (up-regulation)
1 (up-regulation)

p-value (<IE-12)
p-value (2.358000E-04)

(n =50) Asian (n = 157) 1 (up-regulation) p-value (1.86828330583921E-12)
Patient’s gender based expression pattern Male (n = 245) 1 (up-regulation) p-value (<IE-12)
of TMED?2 relative to normal controls Female (n = 117) 1 (up-regulation) p-value (1.72051262126161E-12)

(n = 50)

Patient’s age based expression pattern of
TMED?2 relative to normal controls
(n = 50)

21-40 Yrs (n = 27)
41-60 Yrs (n = 140)
61-80 Yrs (n = I81)
81-100 Yrs (n = 10)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (7.6557000000088 | E-05)
p-value (6.19504447740837E-14)
p-value (1.626032641866E-12)
p-value (2.981000E-03)

Expression Pattern of TMED2 in LUAD Patients

of Different Clinicopathological Features

Cancer stages based expression pattern of
TMED?2 relative to normal controls
(n=59)

Stage | (n = 277)
Stage 2 (n = 125)
Stage 3 (n = 85)
Stage 4 (n = 28)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (1.62447832963153E-12)
p-value (<IE-12)

p-value (1.62647673107585E-12)

p-value (6.97729999998842E-07)

Patient’s race based expression pattern of
TMED?2 relative to normal controls
(n=59)

Caucasian (n = 387)
African-American (n = 51)
Asian (n = 8)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (1.62436730732907E-12)
p-value (9.14949999986092E-07)
p-value (3.432400E-02)

Patient’s gender based expression pattern
of TMED?2 relative to normal controls
(n=59)

Male (n = 238)
Female (n = 276)

1 (up-regulation)
1 (up-regulation)

p-value (<IE-12)
p-value (1.62447832963153E-12)

Patient’s age based expression pattern of
TMED?2 relative to normal controls
(n=59)

21-40 Yrs (n = 12)
41-60 Yrs (n = 90)
61-80 Yrs (n = 149)
81-100 Yrs (n = 32)

1 (up-regulation)
1 (up-regulation)
1 (up-regulation)
1 (up-regulation)

p-value (3.264100E-02)
p-value (<IE-12)
p-value (1.62436730732907E-12)
p-value (2.89279999954317E-07)
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Table 2 Clinicopathological Features of the CESC and ESCA Cohorts Included in the Present Study

Clinicopathological Features of the CESC Cohort
Sr. No Clinicopathological Feature No. Samples | Total No. of CESC Samples No. Excluded Total No. of
Samples with Included
Missing Information Samples
| Cancer stage wise distribution
Stage | 161
Stage 2 69 07 298
Stage 3 46
Stage 4 22
2 Geographical distribution
Caucasian 209
African-American 30 46 259
Asian 20 305
3 Gender wise distribution
Male 46 204 102
Female 56
4 Age wise distribution
2140 years 92
41-60 years 152 03 303
61-80 years 56
81-100 years 03
Clinicopathological Features of the ESCA Cohort
Sr. No Clinicopathological Feature No. Samples | Total No. of CESC Samples No. Excluded Total No. of
Samples with Included
Missing Information Samples
| Cancer stage wise distribution
Stage | 13
Stage 2 78 29 155
Stage 3 55
Stage 4 09
2 Geographical distribution
Caucasian 113 184
African-American 05 20 164
Asian 46
3 Gender wise distribution
Male 157 0l 183
Female 26
4 Age wise distribution
2140 years 03
41-60 years 89 ol 183
61-80 years 76
81-100 years 15

the MEXPRESS webserver to analyze whether TMED2
up-regulation is associated with its promoter methyla-
tion level or not. As per the analysis, we found
a significant (p > 0.05) negative correlation between

the promoter methylation and up-regulation of TMED2
in CESC, ESCA, HNSC, and KIRC, while a significant
(p > 0.05) positive correlation in LIHC and LUAD.
these data that TMED2

Collectively, suggested
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Table 3 Clinicopathological Features of the HNSC and KIRC Cohorts Included in the Present Study

Clinicopathological Features of the HNSC Cohort
Sr. No Clinicopathological Feature No. Total No. of HNSC Samples | No. Excluded Samples Total No. of
Samples with Missing Included
Information Samples
| Cancer stage wise distribution
Stage | 27
Stage 2 71 77 443
Stage 3 8l
Stage 4 264
2 Geographical distribution
Caucasian 444
African-American 47 17 502
Asian Il 520
3 Gender wise distribution
Male 383 ol 519
Female 136
4 Age wise distribution
2140 years 20
41-60 years 236 03 517
61-80 years 237
81-100 years 24
Clinicopathological Features of the KIRC Cohort
Sr. No Clinicopathological Feature No. Total No. of KIRC Samples | No. Excluded Samples Total No. of
Samples with Missing Included
Information Samples
| Cancer stage wise distribution
Stage | 267
Stage 2 57 02 531
Stage 3 123
Stage 4 84
2 Geographical distribution
Caucasian 462
African-American 56 533 07 526
Asian 08
3 Gender wise distribution
Male 345 00 533
Female 188
4 Age wise distribution
21-40 years 26
41-60 years 238 00 533
61-80 years 246
81-100 years 23

promoter hypomethylation might involve in its up- LIHC and LUAD (Figure 6) challenges the classical
regulation in CESC, ESCA, HNSC, and KIRC view of methylation and demand further extensive
(Figure 5) while hypermethylation of TMED2 in work for conclusive remarks.
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Table 4 Clinicopathological Features of the LIHC and LUAD Cohorts Included in the Present Study

Clinicopathological Features of the LIHC Cohort

Sr. No Clinicopathological Feature No.

Samples

Total No. of LIHC Samples

Total No. of
Included Samples

No. Excluded Samples
with Missing Information

| Cancer stage wise distribution

Stage | 168
Stage 2 84
Stage 3 82
Stage 4 06

2 Geographical distribution
Caucasian 177
African-American 17
Asian 156

3 Gender wise distribution
Male 245
Female 117

4 Age wise distribution

21-40 years 27
41-60 years 140
61-80 years 181
81-100 years 10

31 340

21 350
371

09 362

13 358

Clinicopathological Features of the LUAD Cohort

Sr. No Clinicopathological Feature No. Total No. of LIHC Samples No. Excluded Samples Total No. of
Samples with Missing Information Included Samples
| Cancer stage wise distribution
Stage | 277
Stage 2 125 00 515
Stage 3 85
Stage 4 28
2 Geographical distribution
Caucasian 387
African-American 51 69 446
Asian 08 515
3 Gender wise distribution
Male 238 0l 514
Female 276
4 Age wise distribution
21-40 years 12
41-60 years 90 232 283
61-80 years 149
81-100 years 32

Genetic Alteration Analysis of TMED2 in
CESC, ESCA, HNSC, KIRC, LIHC, and
LUAD

Next, we determined the TMED2 genetic alteration fre-
quencies in CESC, ESCA, HNSC, KIRC, LIHC, and
LUAD samples through cBioPortal webserver using

TCGA PanCancer Atlas datasets. Missense alterations
were more likely to observe in CESC, LIHC, while
ESCA, HNSC, KIRC, and LUAD were more likely to
harbor deep amplification and deep deletion, respectively
(Figure 7). Taken together, it is speculated that low per-
centages of observed genetic alterations in CESC (0.4%),
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Figure 3 Transcription expression level validation of TMED?2 using independent CESC, ESCA, HNSC, KIRC, LIHC, and LUAD cohorts via GENT2 database. Blue color
represents the normal samples while red color indicates the cancer samples. *p < 0.05.

ESCA (0.5%), HNSC (0.6%), KIRC (0.3%), LIHC
(0.3%), and LUAD (0.8%) samples might have a least

participation in the expression regulation of TMED2.

PPl Network Construction, Visualization,

and Pathway Enrichment Analysis of
TMED2

We utilized STRING and Cytoscape resources to iden-
tify the TMED2 enriched genes. Functional interaction

network analysis showed that TMED2 was closely
associated with 16 different other genes (Figure 8A).
We next performed the pathway analysis of TMED2
enriched genes using the DAVID tool. The obtained
results showed that few TMED?2 associated genes
were significantly (p > 0.05) involved in 3 diverse
pathways including Protein processing in endoplasmic
reticulum, Legionellosis, and Endocytosis (Figure 8
and Table 6).

Table 5 Details of the CESC, ESCA, HNSC, KIRC, LIHC, and LUAD Datasets Used for the TMED2 Expression Validation via GENT2

Web Server
Sr. No | Cancer Datasets Source
| CESC GSE2109, GSE2109, GSE5787, GSE6791, and GSE2651 |
2 ESCA GSE2109, GSE42363, GSE45670, GSE51021, GSE63941, GSE17351, GSE21293,
GSE26886, GSE22954, GSE341 11, GSE33810, GSE43346, GSE45670, GSE17351, and
GSE63941
3 HNSC GSE6791, GSE10300, GSE29330, GSE3292, GSE31287, GSE6791, and GSE29330
4 KIRC GSE2109, GSE46699, GSE47352, GSE53224, GSE53757, GSE7023, GSE68629, GSE7392, Affymetrix U133A and U133
GSE8271, GSEI 1045, GSEI 1151, GSEI12090, GSE12606, GSE14762, GSE19982, Plus2 microarray platforms
GSE22541, GSE36895, GSE53757, and GSEI 1151
5 LIHC GSE45436, GSE49515, GSE2109, GSE58208, GSE6222, GSE62232, GSE6764, GSE75285,
GSE9843, GSE40367, and GSE40873, GSE41804
6 LUAD GSE40791, GSE37745, GSE2109, GSE43346, GSE43580, GSE50081, GSE30219,
GSE63074, GSE64766, GSE77803, GSE10445, GSEI9188, GSE27262, GSE33532,
GSE40791, GSE5058, and GSE7307
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Figure 4 TMED?2 translational expression analysis across distinct cancer tissues paired with normal controls via Human Protein Atlas (HPA) database (%200). (A) Cervical
cancer, (B) Esophageal cancer, (C) Head and neck cancer, (D) Kidney cancer, (E) Liver cancer, and (F) Lung cancer.

Figure 5 A MRXPRESS based correlation analysis between TMED2 expression and its promoter methylation in CESC, ESCA, HNSC, and KIRC. (A) In CESC, (B) In ESCA,
(€) In HNSC, and (D) In KIRC. A negative sign indicates the negative correlation between TMED2 expression and its promoter methylation using a specific probe at
a specific CpG island while a positive sign indicates the positive correlation between TMED2 expression and its promoter methylation using a specific probe at a specific

CpG island. *p < 0.05.

TMED2 Overexpression and Infiltrating
Level of CD8+ T Immune Cells in CESC,

ESCA, HNSC, KIRC, LIHC, and LUAD

Patients

To further explore whether TMED2 exerts any potential
biological roles in CD8+ T immune infiltration or not, we
carried out an integrated analysis using the TIMER data-
base to find the association between TMED?2 overexpres-
sion and CD8+ T immune cell infiltration in CESC, ESCA,
HNSC, KIRC, LIHC, and LUAD. As shown in Figure 9,
a high level of TMED2 have a significant (p>0.05)

negative correlation with CD8+ T immune cells level in
CESC, ESCA, HNSC, KIRC, LIHC, and LUAD
(Figure 9).

Gene—Drug Interaction Network
Analysis of the TMED2

To find the association of TMED2 expression with differ-
ent available cancer therapeutic drugs, we developed and
analyzed the gene—drug interaction network via CTD data-
base and Cytoscape software. In view of our results, it was
observed that TMED2 expression can potentially regulate
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Figure 6 A MRXPRESS based correlation analysis between TMED2 expression and its promoter methylation in LIHC, and LUAD. (A) In LIHC, and (B) In LUAD. A negative
sign indicates the negative correlation between TMED2 expression and its promoter methylation using a specific probe at a specific CpG island while a positive sign indicates
the positive correlation between TMED2 expression and its promoter methylation using a specific probe at a specific CpG island. *p < 0.05.
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Figure 7 TMED2-related genetic alterations and CNVs in TCGA CESC, ESCA, HNSC, KIRC, LIHC, and LUAD datasets. (A) In CESC dataset, (B) In ESCA dataset, (C) In
HNSC dataset, (D) In KIRC dataset, (E) In LIHC dataset and, (F) In LUAD dataset.
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Figure 8 A TMED2-enriched genes PPl network and pathway analysis. (A) A PPl network of TMED2 enriched genes, (B) Pathways analysis of the TMED?2 enriched genes.

by a variety of drugs. For example, estradiol and bisphenol
A can elevate the expression level of TMED2 while keto-
lides and glyphosate can reduce TMED?2 expression level
(Figure 10).

Discussion

The TMED gene family was discovered around twenty
years ago, its functions and underlying mechanisms are
still unclear. Few earlier studies have reported that dysre-
gulation of TMED genes can cause many diseases ranging
from cancer to Alzheimer’s.”® Some studies also revealed
that TMED3 is a tumor suppressor gene and plays an
important role in the initiation and development of colon
cancer, prostate cancer, and hepatocellular carcinoma.®®
However, the role of TMED2 in cancer has been least

studied so far. In the present study, we comprehensively
analyzed TMED2 expression in 24 major subtypes of the
human cancers to identify few TMED2-associated
subtypes.

In our study, we observed that TMED2 was signifi-
cantly (p > 0.05) overexpressed in all 24 major subtypes of
human cancers relative to normal controls (Figure 1).
Next, we also verified that TMED2 overexpression was
significantly (p < 0.05) associated with the significant (p <
0.05) decreased in OS and RFS duration of the CESC,
ESCA, HNSC, KIRC, LIHC, and LUAD patients. Taken
together, these findings told us that TMED2 might play
a crucial role in the initiation and progression of CESC,
ESCA, HNSC, KIRC, LIHC, and LUAD, therefore, in the
present study, our main focus are these six cancer sub-
types. Next, we further re-examined TMED?2 expression

Table 6 Detail of Kyoto Encyclopedia of Genes and Genomes Pathway Analysis of the TMED2 Enriched Genes

Pathway Description Enriched Genes Gene Count | P-value
hsa0414| Protein processing in endoplasmic reticulum | SEC23A, SEC24B, SEC24A, SEC24D, SEC24C, SEC23B 6 <0.05
hsa05134 Legionellosis RABIA, ARFI 2 <0.05
hsa04144 Endocytosis ARFI, ARFGAPI 2 <0.05
7038 https: International Journal of General Medicine 2021:14
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Figure 9 Spearman correlational analysis of TMED2 expression with CD8+ T immune cells level in CESC, ESCA, HNSC, KIRC, LIHC, and LUAD via TIMER. A p-value <

0.05 was considered as significant.

individually in CESC, ESCA, HNSC, KIRC, LIHC, and
LUAD patients of different clinicopathological features.
A significant (p < 0.05) up-regulation of TMED2 was
also observed in CESC, ESCA, HNSC, KIRC, LIHC,
and LUAD patients of various clinicopathological features
in comparison to normal controls such as different cancer
stages, patients races, patients genders, and patients ages.

The epigenome variations are thought to be linked with
numerous types of diseases; however, DNA promoter
methylation is the only epigenetic marker that is stable
enough to detect in different kinds of diseased samples.?'
Any abnormal change in the DNA promoter methylation
level either hypo or hypermethylation might result in aber-
rant gene expression.”” Earlier studies have already iden-
tified the role of abnormal DNA promoter methylation in
different types of human cancers.”>** In our study, we
noticed that the TMED2 promoter methylation level was
lower as per expectations in CESC, ESCA, HNSC, and
KIRC samples relative to normal controls. In contrast, we
observed that TMED2 promoter methylation level was
unexpectedly higher in LIHC and LUAD samples as com-
pared to the normal controls. Such differences in the

promoter methylation levels of TMED2 may suggest that
the TMED2 gene has different epigenetic regulations
among different types of cancers. Taken together, we
speculated that TMED2 promoter hypomethylation is clo-
sely linked with its overexpression in CESC, ESCA,
HNSC, and KIRC, however, the causes of different
TMED2 promoter hypermethylation in LIHC and LUAD
are needed to be explored by further large-scale studies.

Genetic abnormalities are the molecular biomarker of
tumorigenesis, and CNVs are the major types of genetic
abnormalities that play a key role in the initiation and
development of different human cancers.>® In this
study, we identified the minor percentages of the TMED2
genetic abnormalities and CNVs (0.4%, 0.5%, 0.6%, 0.%,
0.3%, and 0.8%) in the analyzed CESC, ESCA, HNSC,
KIRC, LIHC, and LUAD samples, respectively. Overall,
these results suggested that genetic abnormalities may not
play any significant role in the expression regulation of
TMED2, however, further detailed work is required to
confirm it.

Although recent studies have identified several CESC,
ESCA, HNSC, KIRC, LIHC, and LUAD associated
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Figure 10 A gene—drug interaction network of TMED2 targeted drugs from CTD. Red arrows show chemotherapeutic drugs that can increase TMED2 expression while
green arrows highlight chemotherapeutic drugs that can decrease TMED2 expression. The numbers of arrows between each interaction represent the supported numbers

of studies.

diagnostic and prognostic biomarkers including different
genes, such as RFC4, ADGRF4, ANXASL1, TOP2A,
HCAR3, MCM2, IRF6, and PDE2A in CESC,"?®
COL1A2, DGCRS, COL1A1, POM121, TAF9, UPF3B,
ZNF469, BCAP31, and COL3A1 in ESCA,***° LAMC2,
CCT3/4/5/6/7/8, and FGFR1-4 in HNSC,’"* PLCB2,
TNFSF13B, VAV1, RAC2, and PARVG in KIRC,**%
CDC20, MTHFDIL, CDCAS8, CDCA5, KIF2C, and
KIFC1 in LIHC,***’ CCNBI, SPP1, TOP2A, MKI67,
CHEK1, RRM2, and CDK1 in LUAD.*® However, none
of these or any other biomarkers have been generalized so
far in CESC, ESCA, HNSC, KIRC, LIHC, and LUAD
patients of different clinicopathological features. In the
current study, we have noticed the significant (p < 0.05)
TMED2 up-regulation in CESC, ESCA, HNSC, KIRC,
LIHC, and LUAD patients of different clinicopathological
features including different cancer stages, patients races,
genders, and age groups relative to controls. Additionally,
the promoter methylation level, OS, and RFS information
of TMED2 have also highlighted its potential as a useful

novel potential biomarker in these cancers. Best to our
knowledge, this study is the first to report a shared clin-
icopathological features-specific diagnostic and prognostic
role of TMED?2 in six different cancers including CESC,
ESCA, HNSC, KIRC, LIHC, and LUAD, which may help
to design the effective diagnostic and therapeutic strategies
for cancer patients.

Recent studies have investigated that some genes reg-
ulate the tumor microenvironment by changing the levels
of immune cells.*** Therefore, we analyzed the associa-
tion between TMED2 and CD8+ T immune cells infiltra-
tion in CESC, ESCA, HNSC, KIRC, LIHC, and LUAD.
As a result, TMED2 overexpression has shown a negative
correlation with CD8+ T immune cells level in CESC,
ESCA, HNSC, KIRC, LIHC, and LUAD. Collectively,
this correlation scenario between TMED2 overexpression
and CD8+ T immune infiltration indicates that TMED?2
may initiate tumor development by changing the level of
immune infiltration in the tumor microenvironment, but
further work is required to confirm it.
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The PPI network of TMED revealed that it directly inter-
acts with the 16 different genes and a few of them were
involved in 3 important signaling pathways including
Protein processing in endoplasmic reticulum, Legionellosis,
and Endocytosis (Table 6). Additionally, we have also iden-
tified few potential drugs that could regulate TMED?2 expres-
sion, suggesting their importance as effective participants in
designing the most appropriate therapeutic strategies for
CESC, ESCA, HNSC, KIRC, LIHC, and LUAD (Figure 10).

Conclusion

In conclusion, we found that TMED?2 is overexpressed in
24 major types of human cancers while it significantly
reduced the OS and RFS duration of only CESC, ESCA,
HNSC, KIRC, LIHC, and LUAD patients. This implies
TMED?2 is involved in the oncogenesis of these cancers. In
addition, further multi-omics analysis also suggested
TMED?2 as the novel diagnostic and prognostic biomarker
of survival in CESC, ESCA, HNSC, KIRC, LIHC, and
LUAD patients of different clinicopathological features.
However, additional work needed to be done on a large
scale prior to clinical implications.
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