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Abstract

the TIMER2.0, GO, and KEGG assays.

treating LUAD by regulating inflammation.

Background: To investigate the role of transmembrane p24 trafficking protein 2 (TMED2) in lung adenocarcinoma
(LUAD) and determine whether TMED2 knockdown could inhibit LUAD in vitro and in vivo.

Methods: TIMER2.0, Kaplan-Meier plotter, gene set enrichment analysis (GSEA), Target Gene, and pan-cancer systems
were used to predict the potential function of TMED2. Western blotting and immunohistochemistry were performed
to analyze TMED?2 expression in different tissues or cell lines. The proliferation, development, and apoptosis of LUAD
were observed using a lentivirus-mediated TMED2 knockdown. Bioinformatics and western blot analysis of TMED2
against inflammation via the TLR4/NF-kB signaling pathway were conducted.

Results: TMED2 expression in LUAD tumor tissues was higher than that in normal tissues and positively correlated
with poor survival in lung cancer and negatively correlated with apoptosis in LUAD. The expression of TMED2 was
higher in tumors or HCC827 cells. TMED2 knockdown inhibited LUAD development in vitro and in vivo and increased
the levels of inflammatory factors via the TLR4/NF-kB signaling pathway. TMED2 was correlated with TME, immune
score, TME-associated immune cells, their target markers, and some mechanisms and pathways, as determined using

Conclusions: TMED2 may regulate inflammation in LUAD through the TLR4/NF-kB signaling pathway and enhance
the proliferation, development, and prognosis of LUAD by regulating inflammation, which provide a new strategy for
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Introduction

Lung adenocarcinoma (LUAD) is the most common type
of non-small cell lung cancer (NSCLC), which is a devas-
tating disease characterized by poor patient survival [1].
Immunotherapy-based approaches are the standard first-
line treatments for metastatic lung cancer, whereas con-
solidation chemoradiotherapy is the standard of care in
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locally advanced disease [2]. Immune checkpoint block-
ade therapies have revolutionized the treatment of LUAD
[3]. The past decade has witnessed the translation of
knowledge derived from preclinical studies of antitumor
immunity into approved immunotherapies for cancer [4].
Therefore, analyses of the actual inflammation markers
of the cell of origin and the regulation of its growth will
be useful for the treatment, prophylaxis, and prevention
of LUAD. In contrast, the successful implementation of
treatments that target LUAD-associated inflammation is
still awaited.

TLR4 is a key regulator of both innate and acquired
immunity and has been linked to the development of
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various cancers [5]. Recently, TLR4 was reported to be
the functional receptor of resistin in cell migration and
invasion in lung cancer, whereas nuclear factor (NF)-xB
is the intracellular downstream effector mediating resis-
tin-induced migration and invasion [6]. Therefore, iden-
tifying the key inflammation-regulating factors affecting
the TLR4/NF-«B signaling pathway may be a vital step in
LUAD treatment.

Transmembrane p24 trafficking protein 2 (TMED?2) is a
protein-coding gene associated with cardiomyopathy that
is involved in vesicular protein trafficking [7, 8]. TMED2
was recently reported to be involved in multiple mye-
loma, breast cancer, hepatocellular carcinoma, and chori-
ocarcinoma [9-12]. However, the mechanism underlying
the role of TMED?2 in inflammation via the TLR4/NF-«xB
signaling pathway in LUAD is not yet fully understood.

The present study aimed to investigate the role of
TMED2 in LUAD. Lentivirus-mediated TMED2 knock-
down (using sh-TMED2) was performed to inhibit
inflammation and tumor development in LUAD both
in vivo and in vitro. The present findings indicate that
TMED2 could regulate inflammation in LUAD via the
TLR4/NF-«B signaling pathway. These results may then
provide novel strategies for LUAD treatment.

Materials and methods

Human tumor specimens

Nineteen patients pathologically diagnosed with LUAD
at the Department of Pathology of Qianjiang Central
Hospital of Chongqing from May 2019 to May 2021
were enrolled in the study, and adjacent para-cancerous
normal alveolar tissues from patients were obtained as
controls. All patients provided informed consent, and
the experimental design was approved by the ethics
committee of Qianjiang Central Hospital of Chongging
(NO.2018QCHC0032).

Bioinformatics analysis

TIMER2.0 (http://timer.cistrome.org/) was used to ana-
lyze the expression of TMED?2 in different cancers, as
described previously [13]. A survival analysis of the
LUAD patients in the TMED2-low and high expres-
sion groups was performed using Kaplan-Meier plotter
(http://kmplot.com/analysis/index.php?p=service&can-
cer=lung), as described previously [14]. The pan-cancer
assay was downloaded from The Cancer Genome Atlas
(TCGA) database, as described previously [15]. Gene set
enrichment analysis (GSEA) (4.0.3) was used to analyze
LUAD-related genes from TCGA, as described previ-
ously [16]. A target gene assay was performed to analyze
the related genes for mutation and prognosis using a
website (https://www.mutarget.com/analysis?type=tar-
get), as described previously [14, 17].

Page 2 of 13

Cell lines and cell culture

Human alveolar epithelium (HAE, normal), as well as
A549, HCC827, HCL-H1299, and HCL-H524 (NSCLC)
cell lines, was used in this study. Cells were maintained in
Ham’s F12K medium (Life Technologies, MA, USA) and
RPMI-1640 medium (Thermo Fisher Scientific, Inc., MA,
USA), as described previously [18].

Animals

Healthy 4-week-old male Balb/c mice were supplied by
Liaoning Changsheng Biotechnology Co., Ltd. (Shen-
yang, Liaoning, China). The mice were housed with
food and water under specific pathogen-free (SPF) con-
ditions. Mice were reared in strict accordance with
the Guide for the Care and Use of Laboratory Animals
(NIH Publication No. 85-23, revised 1996), and the
experimental design was approved by the Ethics Com-
mittee of Qianjiang Central Hospital of Chongqing
(NO.2019QCHC0302).

Cell lines and antibodies

The cell lines used were as follows: HAE (CP-H209, Pro-
cell, Wuhan, China), A549 (CL-0016, Procell), HCC827
(CL-0094, Procell), NCL-H1299 (CL-0165, Procell), and
NCL-H524 (CL-0403, Procell).

The following antibodies were used: anti-TMED2
(ab251705, Abcam, Cambridge, USA), anti-Ki-67
(ab15580, Abcam), anti-CEA (ab207718, Abcam), anti-
NSE (ab180943, Abcam), anti-EGFR (ab200828, Abcam),
anti-TLR4  (ab13556, Abcam), anti-NF-kB-p-p65
(BM3940, Boster, Wuhan, China), anti-IL-13 (ab2105,
Abcam); anti-IL-18 (ab207323, Abcam); and anti-f-actin
(M01263-2, Boster). The secondary antibodies used were
anti-rabbit IgG (AS014, ABclonal, Wuhan, China) and
anti-mouse IgG (H+L) (AS003, ABclonal).

Lentivirus-mediated TMED2 knockdown

TMED2-knockdown lentiviruses (sh-TMED2) and con-
trol lentiviruses were designed and chemically synthe-
sized by GenePharma Corporation (Shanghai, China)
and stored at —80°C until use. Lentiviral transduc-
tion was performed as previously established [19]. The
sequences of the TMED2-knockdown shRNAs sequences
were as follows: sh-TMED2-122, 5'-gctctectggecacg-

gtcte-3';  sh-TMED2-241, 5’-cggcttectggacategacg-3';
sh-TMED2-663, 5’-gacagatctactacctgaag-3; Negative
Control, 5'-ttcctgatgatcccaactca-3’ and  control-shT-

MED?2, 5’-gaattcactgtttaccaaac-3'.

Mice were then randomly divided into four groups
(n=6 in each group): (1) con group: untreated HCC827
cells or mice administered with HCC827 cells; (2) sh-
TMED2 group: HCC827 cells treated with sh-TMED2
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lentivirus or mice subjected to an injection of HCC827
cells treated with sh-TMED2 lentivirus; (3) control-shT-
MED?2 group: HCC827 cells treated with TMED2 control
lentivirus or mice subjected to an injection of HCC827
cells treated with TMED2 control lentivirus; and (4)
Spa + sh-TMED2 group: HCC827 cells treated with sh-
TMED?2 or mice injected with HCC827 cells treated with
sh-TMED?2 or sparstolonin B (10 pg in vitro or 10 mg/kg
in vivo).

Subcutaneous xenograft mouse model

The mice were subcutaneously injected with HCC827
cells. After 5days, the vital signs and inoculation sites of
the mice were observed as described previously [20]. The
mice were euthanized when they exhibited rapid weight
loss (>20%) and showed signs of deteriorating health due
to metastatic burden, such as hunching, dehydration, and
labored breathing.

Western blotting

A total of 50ug of protein from each sample was sub-
jected to 12% SDS-polyacrylamide gel electrophoresis
and transferred to nitrocellulose membranes as described
previously [21]. The membranes were developed using a
ChemiDoc™ Touch Imaging System and quantified using
Image Lab software (version 3.0; Bio-Rad, CA, USA).

Immunohistochemical staining

For immunohistochemical staining, 4-pm-thick tissue
sections were incubated with primary antibodies against
TMED2 and Ki-67 at 4°C overnight. The sections were
then incubated with the corresponding secondary anti-
bodies at room temperature for 2h, as described previ-
ously [22]. The signals were measured using a commercial
streptavidin-biotin-peroxidase staining kit (Goldenbridge
Biotechnology Co., China).

Propidium iodide (PI) staining

Cells were subjected to a PI-Hoechst assay (40755ES64,
Qcbio Science&Technologies Co., Ltd, Shanghai, China)
as described previously [23]. Images were acquired using
a Nikon Eclipse Ti inverted microscope (TE2000; Nikon,
Tokyo, Japan).

Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) staining

Tissue fractions from each group were analyzed using
a TUNEL assay (ab66108, Abcam, Cambridge, UK), as
described previously [24]. Images were captured using a
fluorescence microscope at x 400 magnification.

Page 3 of 13

3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-
phenytetrazoliumromide (MTT) assay

After stirring the solution for 30min, they were
filter-sterilized using a microporous filter (diam-
eter, 0.22 um), followed by storage at 4°C until use, as
described previously [25].

Statistical analysis

Data are expressed as the means + standard deviations
and were analyzed via one-way or two-way ANOVA
using GraphPad Prism 6.0 (GraphPad Software, San
Diego, USA) and SPSS 18.0 (IBM, New York, USA)
software. Multiple comparisons were performed using
the Holm-Sidak test. Statistical significance was set at
P<0.05.

Results

Bioinformatics analysis of TMED2 in LUAD using TIMER2.0,
Kaplan-Meier plotter, and GSEA

The predicted role of TMED2 in LUAD was detected
using TIMER2.0, Kaplan-Meier plotter, and GSEA, as
shown in Fig. 1. TMED2 expression was quantified in
a series of common cancers via TIMER2.0, and it was
found that the level of TMED2 in LUAD tumor tissues
was approximately 1.25 log,TPM higher than that in
normal tissues (P<0.05). In addition, for the analyses
of overall survival (OS) and post-progressive survival
(PPS) using the Kaplan-Meier plotter system, given
their high level of TMED2 expression (Fig. 1B, C),
LUAD patients were predicted to have a worse outcome
(P<0.05). Furthermore, the GSEA showed that TMED2
in LUAD was positively correlated with poor survival
and was negatively correlated with apoptosis (Fig. 1D,
E).

TMED?2 expression in tumor tissues and different LUAD cell
lines

Bioinformatics analysis showed that TMED2 may be
associated with LUAD; therefore, we detected the
TMED?2 expression levels in tumor tissues or LUAD cell
lines (Fig. 2). The expression of TMED2 in tumor tissues
was significantly higher than that in para-tumor tissues
(P<0.05, Fig. 2A, B). Similar to the results of immuno-
histochemistry (IHC) (Fig. 2C), the approximate localiza-
tion of TMED2 was determined to be in the cytoplasm
and cell membrane. In addition, the expression level
of TMED2 in HCCB827 cells was significantly higher
(P<0.05), compared with the other cells (Fig. 2D, E).
Therefore, we chose HCC827 as the LUAD model cell
line for the follow-up experiments in our study.
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Knocking down TMED2 inhibited the development

of LUAD in vitro

Since TMED2 might be correlated with the progres-
sion of LUAD, as suggested in our previous results,
we attempted to decrease the expression of TMED2
via lentivirus-mediated knockdown (sh-TMED2),
as shown in Fig. 3. We observed the proliferation of
Con, sh-TMED2, and control-shTMED2 HCC827 cells
(Fig. 3A). The OD value at 3 and 4 days, as detected
via. MTT in the sh-TMED2 group, was decreased
(P<0.05). To investigate the apoptotic function of
TMED?2, we used PI-Hoechst staining (Fig. 3B) and
found that apoptosis was increased in the sh-TMED?2
group (Fig. 3C, P<0.05). In addition, we detected
the levels of tumor biomarkers in LUAD (Fig. 3D)
and found that the levels of TMED2, CEA, NSE, and
EGER in the sh-TMED2 group were reduced (P<0.05,
Fig. 3E).

Knocking down TMED2 inhibited the development

of LUAD in vivo

Knocking down TMED2 could inhibit the development
of LUAD in vitro; thus, we determined if this would be
consistent in vivo (Fig. 4). First, we observed the tumor
volumes of the mice treated with the different cell con-
structs. The tumor volumes at days 21 and 28 in the
sh-TMED2 mice were significantly decreased (P <0.05,
Fig. 4A). Next, the expression of TMED?2 and the pro-
liferation index were detected via IHC (Fig. 4B), and it
was found that TMED?2 and Ki-67 levels were reduced
after TMED2 knockdown. Further, to investigate the
apoptotic function of TMED2, we used TUNEL stain-
ing (Fig. 4C) and found that the incidence of apoptosis
in sh-TMED2 mice was increased (Fig. 4D, P<0.05).
Finally, we also detected the levels of tumor biomarker
levels in LUAD (Fig. 4E) and found that the expression
of TMED2, CEA, NSE, and EGFR in sh-TMED2 mice
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was reduced (P<0.05, Fig. 4F), consistent with the
in vitro results.

GSEA of TMED2 with inflammation, TLR4 and NF-kB

To investigate the potential mechanism of TMED2 in
regulating the progression of LUAD, we performed
GSEA (Fig. 5). The results showed that TMED2 was
negatively correlated with inflammation, TLR4, and
NF-kB in LUAD (Fig. 5A-C).

TMED2 knockdown increased inflammation

that was regulated through the TLR4/NF-kB signaling
pathway in vitro and in vivo

To further confirm the tumor-inhibition effect of
TMED2 and whether it was mediated through the
TLR4/NF-kB signaling pathway, we used an activator
of TLR4 (sparstolonin B) to boost TLR4 expression and
observed the changes in the downstream inflamma-
tory factors using western blotting (Fig. 6). As shown
in Fig. 6A, sparstolonin B increased the levels of TLR4,
NEF-kB-p-p65, IL-1B, and IL-18 after sh-TMED2 admin-
istration (P<0.05), compared to the sh-TMED2 group
(Fig. 6B) in vitro. Furthermore, sparstolonin B did not
significantly alter TMED2 levels in vitro. Similar out-
comes were observed in vivo, as shown in Fig. 6C, D.

Bioinformatics analysis of TMED2 in the TME, immune
score, TME-associated immune cells, and their target
markers in LUAD assessed using a pan-cancer system

and TIMER2.0

Since TMED2 was predicted to be an immunoregula-
tory gene in LUAD, we predicted TMED?2 in the TME,
immune score, TME-associated immune cells, and their
target markers in LUAD. TMED2 was negatively corre-
lated with the TME and was positively correlated with
the immune score (Fig. 7A, B). Further, TMED2 was
negatively correlated with regulatory T cells (Tregs), M2
macrophages, memory B cells, monocytes, CD8+ T cells,
activated mast cells, follicular helper T cells, eosinophils,
and NK cells and was positively correlated with activated
memory T cells, naive B cells, resting mast cells, and neu-
trophils (Fig. 7C). Furthermore, TMED2 was negatively
correlated with CD56, CD19, CD14, and CD68, and was
positively correlated with CD16 and CD32 (Fig. 7D).

Bioinformatics analysis of TMED2 using Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) in pan-cancer

In the GO analysis, we found that TMED2 was positively
correlated with DNA packaging, keratinization, olfactory
receptor activity, protein DNA complex, and sensory per-
ception of smell (Fig. 8A). In the KEGG analysis, TMED2
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was negatively correlated with olfactory transduction,
porphyrin, and chlorophyll metabolism and was posi-
tively correlated with allograft rejection, asthma, and the
intestinal immune network for IgA production (Fig. 8B).

Target gene analysis of TMED2 in LUAD patients

The results of the target gene analysis of TMED2 in
LUAD are shown in Fig. 9. At higher expression levels of
TMED?2 in LUAD patients, mutations in TGM4, SPON1,
PLVAP, SCAPER, RTN3, TWISTNB, DET1, FASTKD]1,
HTRA4, SNIP1, PLEKHM3, SAAL1, KCNK18, ZER1,
CKAP4, AFF4, ISOC1, DNAJC3, STIL, TANGOS®,
CMPK2, EMILIN3, OR51A2, WFIKKN2, PRAMEF20,
MICU3, PAOX, MCTP2, and USP38 were found. These
results suggest that TMED2 is related to these gene
mutations and is involved in LUAD prognosis.

The potential mechanisms of TMED2-induced inflam-
mation in LUAD are shown in Fig. 10. TMED2 probably
regulates inflammation via the TLR4/NF-kB signaling
pathway, enhancing the proliferation and development of
LUAD cells, and is involved in prognosis. Furthermore,
TMED2 may regulate TME-associated immune cells in
LUAD.

Discussion

LUAD is the most common histologic subtype of NSCLC,
a fatal disease with a low 5-year survival rate [1, 26]. As
it exhibits a prolonged asymptomatic condition and a
high recurrence rate, its treatment and management
pose a great challenge for clinicians. It has become widely
accepted that inflammation is a driving force behind can-
cer [3, 4, 27]. However, existing immunotherapies have
limited utility in clinical practice [28]. Therefore, there is
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a need for the development of novel agents with different
inflammatory mechanisms to combat diseases.

TMED2 was recently reported to be involved in a
variety of tumors, such as multiple myeloma, breast
cancer, hepatocellular carcinoma, and choriocarcinoma
[9-12]. TMED?2 inhibits AGR2 and acts as an inverted
systemic alarm signal for pro-inflammatory responses
[29]. However, the mechanism underlying the role
of TMED2 in inflammation in LUAD is not yet fully
understood. In our study, TMED2 expression in LUAD
tumor tissues was higher than that in normal tissues,

and a higher expression of TMED?2 isoforms was asso-
ciated with a worse prognostic outcome in LUAD
patients. These results show that TMED2 may be an
oncogene in LUAD and may be related to its prog-
nosis. The GSEA showed that TMED2 expression in
LUAD was positively correlated with poor survival and
was negatively correlated with apoptosis. These out-
comes indirectly proved the above results. As TMED2
was predicted to be an oncogene gene in LUAD via
bioinformatics analyses, we detected the difference in
protein levels of TMED?2 in different tissues and cell
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lines. The results showed that TMED2 expression was
increased in rectal tumor tissue and in HCC827 cells,
which were consistent with the results of the bioinfor-
matics analyses.

To further explore the role of TMED2 in LUAD,
we performed a lentivirus-mediated knockdown to
block the expression of TMED2. In our study, TMED2
knockdown inhibited LUAD development in vitro and
in vivo by inhibiting tumor cell proliferation, reduc-
ing tumor volume and biomarker levels, and increas-
ing apoptotic levels. These results suggest that TMED2
may regulate tumor development in LUAD and were

consistent with the results of the bioinformatics
analyses.

Inflammatory molecules may be responsible for
increased macrophage recruitment, delayed neutro-
phil clearance, and increase in reactive oxygen species
levels in cancerous tissues [30]. Cytokines and growth
factors unusually produced in chronic pulmonary disor-
ders have been found to possess harmful properties that
pave the way for epithelial-to-mesenchymal transition
and the tumor microenvironment [31]. Inflammation is
required for the activation of the TLR4 and NF-«B path-
ways, which can lead to the expression of pro-inflamma-
tory chemokines [32, 33]. Nevertheless, in LUAD, the
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mechanism of TMED2 in inflammation via the TLR4/
NF-«B signaling pathway is not yet fully understood. In
our study, GSEA showed that TMED2 levels were nega-
tively correlated with inflammation, TLR4, and NF-kB.
To further investigate the relationship between TMED2
and the TLR4/NF-«B signaling pathway, we used a TLR4
activator, sparstolonin B, to activate the expression of
TLR4. The results showed that sparstolonin B increased
the levels of TLR4, NF-kB-p-p65, IL-1p, and IL-18 after
sh-TMED2 administration in vitro and in vivo. Fur-
thermore, sparstolonin B did not significantly alter the
level of TMED2, suggesting that TLR4 may be a down-
stream factor of TMED2. These results demonstrate
that TMED2 may be an upstream target of TLR4 and

may possibly be able to regulate inflammation in LUAD
through the TLR4/NF-«B signaling pathway.

In further bioinformatics analyses of TMED?2 via the
GO, KEGG, and the target gene system, we observed
that TMED2 was positively or negatively correlated
with TME, immune score, TME-associated immune
cells, their target markers, and some mechanisms and
pathways. Unfortunately, these results which were
only based on bioinformatics predictions and analy-
ses could not be explained and verified in this article;
it would need to be further investigated thoroughly in
the future. We just further propose a possible deeper
function of TMED2. Besides, TMED2 may also be
related to mutations in TGM4, SPON1, and PLVAP,
among other genes, and is also associated with LUAD
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Fig. 10 The potential mechanisms of TMED2-mediated inflammation regulation in LUAD. TMED2 may regulate inflammation via the TLR4/NF-«B
signaling pathway, decreasing the levels of inflammatory factors in tumor cell and then increasing their pathological mitosis

prognosis. These outcomes require further verification
in subsequent studies.

Conclusions

Our findings indicated that TMED2 knockdown signifi-
cantly inhibited the development of LUAD by increas-
ing apoptosis, inhibiting tumor cell proliferation,
reducing tumor volume, and decreasing the levels of
tumor biomarkers and inflammatory factors by affect-
ing the TLR4/NF-«B signaling pathway. Taken together,
these findings may provide a new strategy for the treat-
ment of lung carcinoma by regulating inflammation.
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