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Abstract: Tissue transglutaminase (TGM2) is a member of the glutamine transferase superfamily, located within
cells and their membranes. When secreted, it catalyzes the cross-linking of extracellular matrix proteins and pro-
motes the formation of extracellular matrix scaffolds. To determine the function of TGM2 in the tumorigenesis of
lung squamous cell carcinoma (LUSC), we conducted a comprehensive bioinformatics analysis of TGM2. Our find-
ings indicate that high expression of TGM2 in LUSC was associated with a poorer prognosis. Additionally, we found
that high expression of TGM2 is closely related to tumor-promoting inflammation and may increase sensitivity to
immunotherapy. We further confirmed the cancer-promoting effect of TGM2 in LUSC through in vitro overexpres-
sion and knockdown experiments and showed that TGM2 primarily affects cancer cell proliferation, apoptosis, and
invasion. In summary, TGM2 promoted the progression of LUSC, and targeting TGM2 is expected to become a new

therapeutic approach for LUSC treatment.

Keywords: TGM2, lung squamous cell carcinoma, inflammatory tumor microenvironment, metastasis

Introduction

Lung cancer is one of the most common can-
cers worldwide and exhibits the highest mortal-
ity rates [1]. Non-small cell lung cancer NSCLC
accounts for 85% of all lung cancers, with about
30% of these being lung squamous cell carci-
noma (LUSC) [2]. Patients with early-stage lung
cancer can achieve radical treatment through
surgery [3]. However, most lung cancer patients
have already developed metastasis by the time
of diagnosis, and their 5-year survival rate is
below 20% [4]. Compared to lung adenocarci-
noma (LUAD), LUSC exhibits more severe
genomic abnormalities, but no effective treat-
ment targets are available [5]. Thus, LUSC is
usually associated with a worse prognosis.
Although there is significant progress in immu-
notherapy in recent years, most LUSC patients
are insensitive to it. One important reasons for

this is that the tumor microenvironment (TME)
of LUSC interferes with the immune response
[6]. Therefore, there is an urgent need to devel-
op new biomarkers to guide the treatment of
LUSC patients.

TGM2 is a multifunctional protein that plays an
indispensable role in tumor autophagy, metas-
tasis, drug resistance, and tumor-promoting
inflammation [7]. The increase in TGM2 expres-
sion is closely related to the drug resistance
and metastatic phenotype of most tumors
[8-13], mainly due to its inhibitory effect on
tumor autophagy [13, 14]. The detachment of
epithelial-derived tumors from the primary site
and the acquisition of mesenchymal phenotype
represent key steps in tumor metastasis. TGM2
is an important promoter in this process, as it
can activate FAK, Akt, and NF-kB signals, as
well as enhance the EMT process of cancer
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cells, thereby promoting metastasis [15]. After
the knockdown of TGM2, the TGF-( loses its
ability to induce EMT in breast epithelial cells
[16]. Additionally, TGM2 is involved in the regu-
lation of innate and adaptive immune process-
es, including inhibiting the proliferation and
activation of T cells and B cells, and promoting
the infiltration of myeloid suppressor cells [7].
In mice with TGM2 deficiency, T cells activation
is suppressed, and the proportion of myeloid-
derived suppressor cells (MDSC) and tumor-
associated macrophage (TAM), which exert
immunosuppressive effects, is significantly re-
duced. This greatly enhances the anti-tumor
effect of immune cells in the tumor microenvi-
ronment (TME) [17]. Therefore, TGM2 is also
considered a novel immune regulatory target.
Promoting tumor inflammation is one of the
hallmarks of cancer, and it is highly correlated
with tumor progression, angiogenesis, and
metastasis [18], TGM2 is considered a key fac-
tor in this process [19]. Small molecule drugs
targeting TGM2 have also shown promise [20].
However, the role of TGM2 in LUSC has not
been clearly defined.

In this study, we employed bioinformatics to
elucidate the role of TGM2 in LUSC, encom-
passing its expression pattern, function, and
potential mechanisms affecting tumor progres-
sion. We further investigated the influence of
TGM2 in immunotherapy and chemotherapy,
providing rationale for the clinical application
of TGM2. Finally, through overexpression and
knockdown experiments, we validated its
potential function in LUSC. Collectively, our
study offers a new research perspective and is
anticipated to contribute to the development of
new strategies for individualized treatment of
LUSC patients.

Materials and methods
Data collection

The expression data of TGM2 in pan-cancers
were obtained from the TIMER database [21].
MRNA expression data of TGM2 in LUSC, along
with corresponding clinical information, were
acquired from TGCA. Additionally, GEPIA was
utilized to validate TGM2 expression and to
downloaded survival analysis data for LUSC,
including overall survival (0S) and disease-free
survival [22].
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Protein-protein interaction network

TGM2 was input into the STRING database
[23], and the top 20 genes based on correla-
tion coefficient were retrieved to construct a
protein-protein interaction network (PPI).

GO and KEGG enrichment analysis

Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analy-
ses map genes to different biological functions
or pathways, offering a framework for bioinfor-
matics research. The GO/KEGG enrichment
analysis in this study was performed using the
“clusterProfiler” R package [24].

Gene set enrichment analysis

Gene set enrichment analysis (GSEA) is a com-
putational method used to analyze the overall
trend of gene expression data to determine the
enrichment of related pathways. It can capture
subtle but synergistic functional pathways, par-
ticularly gene sets with small differential multi-
ples. Through GSEA software, we analyzed the
significant pathways associated with TGM2
from a holistic perspective [25].

Immune microenvironment analysis

Immune-associated molecules were obtained
from TISIDB [26], including chemokine, immu-
nostimulator, immunoinhibitor, MHC molecule,
and receptor, which reflect the state of the
tumor microenvironment. TISIDB database
also provides correlation analysis between
the expression of a single gene and multiple
immune cells. Additionally, we further validated
the infiltration degree, immune score, matrix
score, and microenvironment score of 64
immune cells using the xCell algorithm [27].

Prediction of immunotherapy response

The characteristics of immune infiltration sug-
gest that the immune phenotype and the mech-
anism of tumor immune escape are depen-
dent on the tumor genotype. The Immuno-
phenolscore (IPS) serves as a robust predictive
indicator for evaluating the efficacy of anti-
CTLA-4 and anti-PD-1 immunotherapy [28].
We obtained relevant IPS scores from the TCIA
database and analyzed the potential response
of LUSC patients to immunotherapy. Addi-
tionally, the TISMO database provides sequenc-
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ing data from mouse models undergoing vari-
ous immunotherapies [29]. We downloaded
relevant data on immunotherapy in lung cancer
mouse models and assessed the predictive
efficacy of TGM2 in these models.

Prediction of chemotherapy response

Sensitivity analysis of LUSC to different che-
motherapy drugs was conducted utilizing the
“pRRophetic” package, which contains drug
sensitivity experiments from 727 cell lines [30].
We used ‘LUNG’ as the reference tissue for
analysis.

Reagents

RPMI 1640 medium was purchased from
Biosharp (Anhui, China), and fetal bovine ser-
um (FBS) was from Tianhang Company
(Zhejiang, China). Penicillin-streptomycin was
obtained from HYCLONE (Utah, USA). The
Annexin V-FITC/PI Apoptosis Detection Kit was
procured from Meilunbio Inc (Dalian, China),
and Small interference RNA (siRNA) targeting
TGM2 was from GenePharma Biotechnology
Company (Suzhou, China). Lipofectamine 3000
reagent was purchased from Thermo Fisher
Company (Massachusetts, USA). Trizol reagent
and reverse Transcription reagent were ob-
tained from Beyotime (Nanjing, China). SYBR
Green Master Mix and ECL exposure solution
were purchased from Vazyme Biotech Company
(Nanjing, China).

Cell culture and transfection

Human lung squamous cell carcinoma cell lines
SK-MES-1 and NCI-H226 were purchased from
BOHUI BIOTECHNOLOGY Co. Ltd. (Guangzhou,
China) and cultured in RPMI 1640 medium
containing 10% FBS and 1% penicillin-strepto-
mycin. TGM2-specific siRNAs were transfected
into NCI-H226 and SK-MES-1 cells to silence
TGM2. The selected sequences of siRNAs
were as follows: siTGM2-2: (5-GCGUCGUGAC-
CAACUACAA-3’, 5-UUGUAGUUGGUCACGACGC-
3’) and si-TGM2-3: (5-GGCUGAAGAUCAGCA-
CUAA-3’, 5-UUAGUGCUGAUCUUCAGCC-3’). To
overexpress TGM2, pCDNA3.1-TGM2-puro con-
struct was transfected into NCI-H226 and
SK-MES-1 cells by electroporation. The primer
sequences used for cloning were as follows:
pCDNA3.1-TGM2-F: 5-tttaaaCTTAAGCTTGGTA-
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CCgccaccATGGCCGAGGAGCTGG-3' and pCD-
NA3.1-TGM2-R: 5-TTTAAACGGGCCCTCTAGAC-
TCGAGTTAGGCGGGGCCAATGATGACA-3'.

Real-time fluorescence quantitative PCR

Total RNA was extracted from tissues using
Trizol reagent (TIANGEN, Beijing, China). The
relative expression of TGM2 was determined
using the 2-868Ct formula, with GAPDH as an
internal control. The following primer sequenc-
es were used for amplification: TGM2, 5-TCC-
ACTGGCGTCTTCACC-3’ (forward) and 5-GGCA-
GAGATGATGACCCTTTT-3’ (reverse); GAPDH,
5-GGCGAACCACCTGAACAAAC-3’ (forward) and
5-GTGTTGTTGGTGATGTGGGC-3’ (reverse).

Western blotting

Total proteins from tissue and cells were
extracted using RIPA lysis buffer (Beyotime,
Nanjing, China), and the protein concentration
was determined by BCA protein assay kit
(Beyotime, Nanjing, China). Antibodies used in
this study were mouse anti-GAPDH (1:1000,
Proteintech, Wuhan, China) and rabbit anti-
TGM2 (1:1000, Proteintech, Wuhan, China).
Standard western blotting protocol was per-
formed, and ECL Chemiluminescence System
was employed to assess the binding of antibod-
ies. Data analysis was conducted using the
Image J software.

Cell proliferation assay

Cell proliferation was assessed using the Cell
Counting Kit-8 (CCK-8). Briefly, a cell suspen-
sion was seeded into a 96-well plate at a con-
centration of 1000 cells per well. The plates
were then cultured in a 5% CO, atmosphere at
37°C. Prior to measuring the absorbance, 10 pl
of CCK-8 solution was added to each well. After
a 2-hour incubation, absorbance was mea-
sured at 450 nm.

Cell apoptosis assay

Briefly, cells were digested and collected, and
then 1x binding buffer was added to the cells to
obtain cell suspension at a concentration of
1x108. A 100 pL aliquot of cell suspension was
added to a new tube along with 5 ul of Annexin
VFITC and 5 uL of Pl. The mixture was gently
mixed and incubated at room temperature in
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the dark for 15 minutes. Subsequently, 400 uL
of 1x Binding Buffer was added to each tube,
and the samples were analyzed using a Beck-
man Coulter flow cytometer (California, USA).

Wound healing assay

Briefly, transfected cells were culture in a 6-well
plate to a confluency of 90%. Then, a scratch
was produced with a 10 uL gun tip, followed by
rinsing once with PBS. Photographs were taken
at 0 and 24 hours to monitor the scratch clo-
sure. The magnification of the field of view was
10x%.

Transwell invasion assay

An 8-um pore size transwell apparatus (Corning,
NY, USA) coated with matrigel was used to
assess cell invasion. Transfected NCI-H226
and SK-MES-1 cells (5x10* cells) suspended at
200 uL of FBS-free DMEM were seeded into
the upper chamber, while 600 ul RPMI 1640
containing 10% FBS was added to the lower
chamber. After incubation at 5% CO,, 37°C for
24 hours, the cells were fixed with 4% parafor-
maldehyde and stained with 0.1% crystal violet.
For each chamber, five fields of view were ran-
domly selected under a microscope, images
were captured, and the number of cells that
migrated through the membrane was calcu-
lated.

Immunohistochemical (IHC) staining

LUSC and matched normal lung tissue samples
were obtained through surgical resection from
the Sun Yat-sen University Cancer Center. A
total of 5 pairs of matched samples were col-
lected from patients who had not received any
treatment prior to surgery and were diagnosed
with LUSC through pathological examination
post-surgery. This study was approved by the
Sun Yat-sen University Cancer Center ethics
committee (B2024-064-01). The LUSC tissue
sections underwent dewaxing and rehydration
procedures, followed by antigen retrieval. Sub-
sequently, endogenous peroxidase activity was
inhibited, and the samples were incubated
overnight with the TGM2 primary antibody. The
secondary antibody was then incubated for 1
hour. Signal visualization was achieved using
3,3-diaminobenzidine (DAB) reagent, followed
by counterstaining with hematoxylin.
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Statistical analysis

Results from each experiment, which were
independently performed at least three times,
were presented as means + SD. Statistical
analysis was performed using GraphPad Prism
8.3.0 software. Image J software was utilized
for Image processing and analysis, including
cell counting. Experimental data were ex-
pressed as X + S. Each assay was repeated
three times, and pairwise comparisons bet-
ween groups were made using a t-test. Group
comparisons were conducted using univariate
analysis of the variance (ANOVA), and pairwise
comparisons were made using an LSD t-test.
Differences between different groups for con-
tinuous variables were detected using the
Wilcoxon rank-sum test. A p-value < 0.05 was
considered significant.

Results

Expression and generation analysis of TGM2
in LUSC

We initially analyzed the mRNA expression of
TGM2 across various cancers and observed
significant overexpression in multiple cancer
types (Figure 1A). In lung tissue, while TGM2
exhibited high expression in both LUAD and
LUSC, its expression was higher in normal lung
tissue. Subsequently, utilizing data from TCGA,
we confirmed significant overexpression of
TGM2 in normal lung tissue at both overall and
paired samples levels (Figure 1B, 1C). However,
in LUSC, high expression of TGM2 was signifi-
cantly associated with worse overall survival
(OS) and disease-free survival (DFS) (Figure 1D,
1E), suggesting a potential tumor-promoting
ability of TGM2. Then, we collected tumor tis-
sue and normal lung tissue from 5 pairs of
matched LUSC patients from our hospital and
performed TGM2 immunohistochemical stain-
ing. The results confirmed that TGM2 was high-
er in normal lung tissue (Figure 1F).

PPl and enrichment analysis

We constructed a protein-protein interaction
network (Figure 2A) using the top 20 genes
associated with TGM2. The results of enrich-
ment analysis revealed that these genes pri-
marily function in cell-extracellular matrix the
interactions, including cell-matrix junctions,
cell-matrix adhesion, and cell adhesion mole-
cules (Figure 2B, 2C). To comprehensively
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Figure 1. Expression information of TGM2 in Databases. (A) Expression of TGM2 in pan-cancer from the TIMER
database. (B) mRNA levels of TGM2 in 492 tumor and 49 normal samples. (C) mRNA level of TGM2 in 49 matched
pairs of samples. Survival analysis of TGM2 in (D) overall survival (OS) and (E) disease-free survival (DFS) from the
GEPIA database. (F) Immunohistochemical (IHC) staining of 5 matched pairs of LUSC and normal lung tissue. *P <

0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

explore the function of TGM2, we divided the
TCGA-LUSC samples into four equal fractions
based on TGM2 expression and performed
Gene Set Enrichment Analysis (GSEA) using the
top and bottom 25% of samples. The pathways
significantly enriched in the high TGM2 expres-
sion group included regulation of cell adhesion,
cell apoptosis, activation of immune-related
pathways, and the VEGF pathway (Figure 2D,
2E), thereby highlighting the function of TGM2
in cell-extracellular matrix the interactions.
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Construction and validation of the nomogram

To determine whether TGM2 is an independent
risk factor affecting the prognosis of LUSC, we
conducted Cox regression analysis on multiple
clinically relevant factors. The results of univari-
ate and multivariate Cox regression analysis
revealed that TGM2 was indeed an indepen-
dent risk factor for the prognosis of LUSC
(HR=1.19, 95% CI: 1.076-1.317; HR=1.266,
95% Cl: 1.128-1.420, Figure 3A, 3B). A nomo-
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Figure 2. Exploration of TGM2 function. (A) Construction of protein-protein network. Gene Ontology (GO) (B) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) (C) enrichment analysis. GO (D) and KEGG (E) enrichment analy-
sis from Gene Set Enrichment Analysis (GSEA) of TGM2 high expression group.
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probability. (D) Time-dependent receiver operating characteristic (ROC) analysis of the nomogram. (E) Calibration

curves for evaluating accuracy. ***P < 0.001.

gram was then constructed based on the
expression level of TGM2 and clinical informa-
tion (Figure 3C), with the receiver operating
characteristic curve area for predicting 1-, 3-,
and 5-year OS rates being 0.609, 0.633, and
0.715, respectively (Figure 3D). The calibration
curve indicated a high consistency between the
predicted and actual results of the nomogram
(Figure 3E).

Analysis of immune-associated molecules
Given that TGM2 expression is associated with

the activation of immune related pathways, we
analyzed the expression differences of various
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immune molecules across different TGM2
expression groups (Figure 4A-E). The majority
of immune related molecules exhibited higher
levels in the high TGM2 expression group, sug-
gesting a significant correlation between high
TGM2 expression and elevated immuno-
genicity.

TGM2 is associated with tumor-promoting in-
flammation

We further analyzed the association between
TGM2 and important immune cells using the
data from the TISIDB database (Figure 5A). The
infiltration levels of nearly all types of immune
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Figure 5. Immune infiltration analysis. A. Relationship between TGM2 and immune cells. B. xCell
analysis depicting the immune landscape of different TGM2 expression group.
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cells exhibited a significant positive correlation
with TGM2 expression. Subsequently, we ana-
lyzed the differences of 64 immune cell types
across different TGM2 expression groups using
the xCell algorithm. Consistently, the majority of
immune cells were closely associated with high
TGM2 expression (Figure 5B). These findings
suggest that TGM2 may contribute to the shap-
ing of the inflammatory tumor microenviron-
ment in tumors.

Prediction of treatment response

The Immune Prognosis Score (IPS) reflects the
immunogenicity of tumors, and higher scores
indicating a greater likelihood of response to
immunotherapy. We then analyzed the IPS
scores based on TGM2 grouping and found no
significant difference between the two groups
only when CTLA-4 and PD1 were both negative.
However, when either CTLA-4 or PD1 was posi-
tive, the TGM2 high expression group demon-
strated a higher response to immunotherapy
(Figure 6A-D). Subsequently, we assessed
the potential effects of TGM2 using the TISMO
database in a mouse immunotherapy model. In
the lung cancer mouse model, non-responders
exhibted relatively higher TGM2 expression
(Figure 6E). In in vitro lung cancer models,
TGM2 was significantly overexpressed in sam-
ples that responded to IFNb and IFNg. Although
the expression of TGM2 increased in samples
that responded to TNFa, the difference was no
statistically significant (Figure 6F). Since che-
motherapy remains an indispensable first-line
treatment for advanced lung cancer, we evalu-
ated the sensitivity of LUSC to different chemo-
therapy drugs and observed that samples with
low TGM2 expression were more sensitive to
various drugs (Figure 6G).

TGM2 promotes cell proliferation and inhibits
apoptosis

To experimentally determine the role of TGM2
in cell proliferation, we manipulated the expres-
sion level of TGM2 by either using small inter-
fering RNA (siRNA) to knock down TGM2 expres-
sion or overexpressing TGM2 in NCI-H226 and
SK-MES-1 cells. Altered TGM2 expression was
confirmed by qRT-PCR and western blotting
(Figure 7A, 7B). Results from CCK-8 assay indi-
cated that the proliferation capacity of NCI-
H226 and SK-MES-1 cells decreased after
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TGM2 knockdown, while overexpression of
TGM2 promoted cell proliferation (Figure 7C,
7D). Furthermore, knockdown of TGM2 signifi-
cantly decreased the apoptosis rate of NCI-
H226 and SK-MES-1 cells (Figure 7E, 7F),
whereas overexpression of TGM2 significantly
enhanced apoptosis, indicating a pro-apoptotic
effect (Figure 7G, 7H).

TGM?2 promotes cell migration and invasion

Given the important role of TGM2 in tumor
extracellular matrix remodeling, we investigat-
ed the effect of TMG2 on the mobility of cancer
cells. Wound healing assays revealed a de-
creased migration of NCI-H226 and SK-MES-1
cells after TMG2 knockdown (Figure 8A, 8B),
and, consistently, Transwell assays further con-
firmed a significantly decreased invasion of
NCI-H226 and SK-MES-1 cells after TGM2
knockdown (Figure 8C, 8D).

Discussion

Previous studies have found a close relation-
ship between EMT and the occurrence and
development of promoting tumor inflammation,
involving angiogenesis, tumor metastasis, and
drug resistance [31]. These processes are
closely regulated by key factors such as TGM2
[32]. In the early stages of tumor inflammation,
TGM2 activates the NF-kB signaling pathway to
enhance the aggregation of inflammatory cells,
which is beneficial for wound healing. However,
tumors are often referred to as “non-healing
wounds”, and under the stimulation of long-
term chronic inflammation, they gain stronger
invasiveness and drug resistance [33]. The use
of anti-inflammatory drugs to prevent cancer
progression has been supported by multiple
studies [34, 35]. Therefore, a better under-
standing of the relationship between tumor-
promoting inflammation and tumor progression
is beneficial for improving the prognosis of can-
cer patients.

In this study, we comprehensively analyzed
the molecular characteristics of TGM2 in LUSC
using bioinformatics methods. We found that
the expression of TGM2 in normal tissues was
significantly higher than in LUSC tissues. Addi-
tionally, LUSC patients with high expression
of TGM2 were significantly associated with a
worse prognosis. Previous studies have con-
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expression grouping of CTLA-4 and PD-1, including CTLA-4neg_PD1neg (A), CTLA-4neg_PD1pos (B), CTLA-4pos_PD-
1neg (C), and CTLA-4pos_PD1pos (D). (E) Expression of TGM2 in the mouse immunotherapy model for lung cancer.
(F) Expression of TGM2 in the lung cancer cell immunotherapy model. (G) Chemotherapy sensitivity analysis, includ-
ing cisplatin, docetaxel, doxorubicin, gemcitabine, paclitaxel, vinblastine, and vinorelbine. *P < 0.05, **P < 0.01,
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firmed the role of TGM2 in promoting tumor pro-
gression in various cancers [12, 17, 19, 36-40].
To explore the potential function of TGM2 in
LUSC, we used GSEA to analyze the pathways
associated with high TGM2 expression in LUSC,
including immune response, cell adhesion,
extracellular matrix production, and cell apop-
tosis. All these characteristics, without excep-
tion, indicate that TGM2 plays a pro-cancer role
in LUSC. Chhabra et al. believe that TGM2 can
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both promote apoptosis and protect cells from
apoptotic damage. These two distinct effects
mainly depend on the type of cell, which
explains why TGM2 is highly expressed in nor-
mal lung tissue [41]. Subsequently, we con-
ducted cytological experiments to knock down
or overexpress TGM2 to validate its role in
LUSC. Decreased expression of TGM2 sup-
pressed the malignant phenotype of LUSC,
including proliferation, apoptosis, and invasion,
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Figure 7. TGM2 promotes cell proliferation and inhibits apoptosis. gRT-PCR (A) and Western blotting (B) detecting
the expression level of TGM2 in NCI-H226 and SK-MES-1 cells. (C, D) TGM2 promotes proliferation of NCI-H226 and
SK-MES-1 cells. (E, F) Knockdown of TGM2 promotes cell apoptosis rate. (G, H) Overexpression of TGM2 inhibits cell
apoptosis rate. ****P < 0.0001.

while overexpression of TGM2 promoted these In inflammation resulting from tissue damage,
features. inflammatory cells appeared briefly to combat
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the inflammation before disappearing. However,
tumors sustain persistent chronic inflamma-
tion, wherein the prolonged presence of inflam-
matory cells will promotes tumor progression
through angiogenesis, extracellular matrix re-
modeling, and immune escape [42]. This inflam-
matory state, distinct from that induced by
tissue damage, is termed tumor-promoting
inflammation [18], consistently linked to poorer
patient outcomes [43]. Previous studies have
reported that TGM2 could exacerbate tumor-
promoting inflammation in gastric cancer, sig-
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nificantly correlating with the recruitment of
macrophages, neutrophils, blood vessels, and
lymphatics, thereby contributing to a worsened
prognosis [19]. The results of GSEA analysis
and immune infiltration analysis in the TGM2-
high group indicated that these patients were
in a state of tumor-promoting inflammation,
leading to suppression of the anti-tumor
immune response and, consequently, a worse
prognosis. However, high TGM2 expression
also upregulated PD-L1 [44], enhancing the
efficacy of immune checkpoint inhibitors (ICls).
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Similar results were obtained from immuno-
therapy prediction using IPS. Therefore, TGM2
expression level can be used to identify pa-
tients suitable for immune checkpoint inhibitor
therapy.

Increased TGM2 levels are closely related to
the enhanced drug resistance in various can-
cers [45], as TGM2 can induce EMT. In pancre-
atic cancer, high TGM2 expression has been
associated with strong resistance to gemci-
tabine treatment and greater metastatic po-
tential [46]. We conducted sensitivity analyses
on multiple chemotherapy drugs and obtained
similar results. High TGM2 expression signifi-
cantly decreased the sensitivity to various che-
motherapy drugs. This demonstrates an effec-
tive combination of bioinformatics analysis and
experimental validation, indicating that we can
first improve the efficiency of experiments
before conducting experimental validation.

TGM2 has strong potential as a therapeutic
target. Mehta et al. developed DOPC liposomes
as carriers to transport TGM2 siRNA into nude
mice, downregulating TGM2 expression. This
approach inhibited tumor growth and metasta-
sis in mice and increased the effectiveness of
chemotherapy [47]. Since metastasis is the pri-
mary cause of death in the majority of malig-
nant tumors, inhibiting metastasis-related mol-
ecules has gradually become a new cancer
treatment strategy [48].

However, there are some limitations to this
study. Firstly, further animal experiments are
needed to confirm the role of TGM2. Secondly,
additional clinical trials are necessary to ex-
plore its sensitivity to drug therapy.

Conclusion

TGM2 is involved in tumor-promoting inflam-
mation in LUSC and affects tumor metastasis
and chemotherapy resistance. Targeting TGM2
is expected to improve the prognosis of LUSC
patients.
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