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Abstract
Background: TGM2 is a functionally diverse molecule that has multiple roles in mediating signal
transduction and in�ammation. However, the prognostic value of TGM2 and its correlation with tumor-
in�ltrating immune cells in lung squamous cell carcinoma (LUSC) remains elusive.

Methods: Datasets of LUSC were downloaded from The Cancer Genome Atlas (TCGA) to analyze the
expression of TGM2 in LUSC. Then, Univariable survival and Multivariate Cox analysis was used to
analyze the survival effect of several clinical characteristics. The in�uence of TGM2 on survival of LUSC
patients was evaluated by Gene Expression Pro�ling Interactive Analysis (GEPIA). The relationship
between TGM2 and tumor-in�ltrated immune cells was analyzed using the Tumor Immune Estimation
Resource (TIMER).

Results: TGM2 expression was remarkably lower in LUSC tissues than in the corresponding normal
tissues. Low TGM2 expression was correlated with better OS in LUSC. Multivariate survival analysis
demonstrated that high TGM2 expression was an independent risk factor for OS.TGM2 expression was
signi�cantly positively associated with in�ltrating levels of macrophages, meanwhile was strongly
correlated with various markers of immune cells, especially tumor-associated macrophages (TAMs) and
T-regulatory cells (Tregs).

Conclusions: TGM2 is a prognostic biomarker and correlated with immune in�ltrates in LUSC.

Background
Lung cancer is the most common incident cancer and the leading cause of cancer-related death
worldwide [1]. 80–85% of all human primary lung cancers are non-small cell lung cancer (NSCLC), of
which lung squamous cell carcinoma (LUSC) and lung adenocarcinoma (LUAD) are the major
subtypes,each with distinct genomic and immunological pro�les [2]. Nowadays, targeted treatment of
LUAD has been made remarkable progress largely due to the identi�cation of epidermal growth factor
receptor (EGFR), anaplastic lymphoma kinase (ALK), ROS proto-oncogene 1 (ROS1) gene targets and
their corresponding drugs [3].However, progress in the development of LUSC treatments has been slow
owing to lack of effective therapeutic targets. Currently, development of immunotherapy has provided
new clues for LUSC treatment [4, 5]. Immunocyte in�ltration, which can be detected among most solid
tumors in humans, is speculated to represent the active tumor response. In particular, lymphocyte
in�ltration in LUSC has shown survival bene�ts [6].Furthermore, there is growing evidence suggesting that
tumor-in�ltrating immune cells interact with tumor cells and immunotherapy have signi�cant impacts on
the prognosis of patients and the e�cacy of immunotherapy [7–9]. Therefore, the potential mechanism
of the interaction between tumor-in�ltrating immune cells and tumor phenotype in the microenvironment
and the exploration of novel drug targets for immunotherapy is extremely critical as it may have
prognostic signi�cance.TGM2 is a unique multifunctional protein that, not only to catalyze calcium-
dependent posttranslational modi�cation of proteins, but also to catalyze calcium-independent protein
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disul�de isomerase, guanosine ATP hydrolase, and serine kinase functions [10, 11]. Increased expression
of TGM2 was observed in multiple cancers and was correlated with increased metastatic potential, poor
drug response and poor prognosis [12].

Recent research has found that TGM2 expression in epithelial cancer cells can activate signaling
pathways that promote cell growth and cell survival, transdifferentiation into mesenchymal cells, and
acquisition of stem cell characteristics [13–16].Based on the evidence above, we propose the TGM2 may
play an indirect regulatory role on immune cells in microenvironment. Nevertheless, the potential role of
TGM2 in tumorigenesis and tumor progression and the immune microenvironment remains to be
explored. In our study, we have presented a comprehensive analysis of the correlation between TGM2
expression level and patient prognosis in LUSC and have examined the relationship between TGM2 and
tumor-in�ltrating immune cells. Our results provide new insights for elucidating a possible correlation and
mechanism between TGM2 tumor-in�ltrating immune cells.

Methods
Data procession

Transcriptome RNA-seq data of 551 LUSC cases (tumor samples, 502 cases; normal samples, 49
cases)and the corresponding clinical data were downloaded from TCGA database
(https://portal.gdc.cancer.gov/) [17].Box plot was generated using R packages “limma” and “beeswarm”
[18]. The differentiated expression and paired differentiation of TGM2 in the normal and tumor sample
was analyzed using the Wilcoxon signed-rank test.

Survival analysis by GEPIA

The Gene Expression Pro�ling Interactive Analysis (GEPIA, http://gepia.cancer-pku.cn/index.html) [19],
using a standard processing pipeline for RNA sequencing data of is 9736 tumors and 8587 normal
samples from the TCGA and the GTEx databases, is an online tool that provides customizable
functionalities. The GEPIA resource was employed to depict the survival curve of differential TGM2
expression level and then �nd the relationship of the TGM2 expression and prognosis of LUSC.

COX Regression Analysis

R language loaded with package survival was used for univariate COX regression. Multivariate Cox
analysis was utilized to assess the prognostic signi�cance of TMG2 expression levels and of several
clinicopathological factors.

Immune in�ltrates analysis using the TIMER

TIMER database(https://cistrome.shinyapps.io/timer) is a comprehensive resource which can evaluate
the abundance of tumor-in�ltrating immune cells across diverse cancer types from TCGA database based
on deconvolution analysis [20]. Correspondingly, the online tool TIMER database was applied to explore
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the relationship between the TGM2 expression and immune in�ltration levels in LUSC. In addition,
according to the CellMarker database (http://biocc.hrbmu.edu.cn/ CellMarker/) [21],66 tumor-in�ltrating
immune cell gene markers were selected for the next analysis. The correlation between TGM2 expression
and tumor in�ltrating immune cell gene markers was also explored through related modules, and
correlation analyses were based on Spearman correlation analysis.

Results
TGM2 Expression Level in LUSC

We obtained the expression levels of the TGM2 of LUSC from the The Cancer Genome Atlas (TCGA). The
expression levels of TGM2 in tumor tissues was obviously lower than in normal tissues (P < 0.01) based
on Wilcoxon signed-rank test (Figure 1A). Paired differentiation analysis showed the same results using
Wilcoxon rank sum test (Figure 1B).

Survival and COX Regression Analysis

Kaplan-Meier curves showed that high TGM2 expression was associated with worse OS, p = 0.007 by log-
rank test (Figure 2A). Univariate and multivariate Cox analyses showed that TGM2 expression was an
independent risk factor for OS among LUSC patients (hazard ratio[HR]=1.28, 95% con�dence interval [CI]:
1.14-1.44, P=4.13E-05,Table 1,Figure 2B).

Correlation between TGM2 expression and immune in�ltration level

Tumor-in�ltrating lymphocytes (TIL) independently predict the overall survival among cancer patients.
This leads us to investigate how the TGM2 expression is correlated with immune in�ltration levels. Using
TIMER, we evaluated the correlations of TGM2 expression with immune in�ltration levels (Figure 3A). The
results showed that a positive correlation exists between the TGM2 expression level and in�ltrating levels
of Macrophages (r=0.572,P=8.09e-43) and DCs (r=0.627,P= 4.67e-53) in LUSC.

Correlation analysis between TGM2 and markers of in�ltrating immune cells

The amount of TIL is an indicator of prognosis for cancer patients and immunotherapy response
[22].Therefore, TIMER was used to investigate whether the TGM2 expression in LUSC is related to
immune in�ltration. As indicated by the result, there is a positive correlation between the TGM2
expression level and in�ltrating levels of B cell(r = 0.223, P = 1.03e-06), CD8+ T cells (r = 0.42, P = 9.91e-
22), CD4+ T cells (r = 0.49, P = 4.04e-30), Macrophages (r = 0.572, P = 8.09e43), Neutrophils (r = 0.545, P
= 4.03e-38), and DCs (r=0.627, P = 4.67e-53)in LUSC (Figure 3). These results suggest that TGM2 plays a
special role in the immune in�ltration and may have high prognostic value in LUSC. Additionally, we
evaluated the correlations between TGM2 and markers of innate immune cells and adaptive immune
cells (Supplementary Table 1-2), and further analyzed the relationship between speci�c markers of
immune cells and TGM2 in LUSC (Figure 4).After adjusting for tumor purity, The changes of correlation
coe�cients between the TGM2 expression level and gene markers of immune cells were not obvious.
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TGM2 expression levels were highly positively correlated with most immune marker sets in LUSC. This
suggested that TGM2 may induce immune activity in LUSC microenvironment.

Discussion
TGM2, a member of transglutaminase family, is a multifunctional macromolecular protein [23]. Despite
the scarce number of studies on the TMG2, there is evidence has shown that TMG2 plays an important
role in the occurrence and development of lung cancer, breast cancer and colorectal cancer [15, 16, 24]. In
this study, we found out that the TGM2 expression level was correlation with the prognosis of LUSC. High
TGM2 expression was associated with poorer OS in LUSC compared low TGM2 expression. TGM2
expression may be used as independent prognostic factors. In addition, we further study demonstrated
that TGM2 expression levels in LUSC was correlated with immune cell in�ltration levels and various
immunological markers. These results suggested that TGM2 may have an impact on tumor immunologic
microenvironments and can be used as a promising cancer biomarker.

Numerous studies have shown that TGM2 expression was associated with the cancer, atherosclerosis
and neurodegenerative diseases [25]. TGM2 protein was found to be located not only in the cytosol but
also can be secreted into the extracellular matrix so that cells perform related physiological functions
[26].It has been proposed that TGM2 can bound to the G-protein receptor GPR56 and act as a tumor
growth suppressor, therefore the reduction of combination of the TGM2 and GPR56 may promote the
invasion and metastasis in esophageal squamous cell carcinomas [27]. In addition,TGM2 protein can
stimulate multiple signaling pathways thus increasing the expression level of anti-apoptotic proteins and
promoting the proliferation of tumor cells [28]. TGM2 interference in colorectal cancer cells could
effectively reduce cell viability and angiogenesis and promote cell apoptosis. This process might be
associated with the regulational function of TGM2 at Wnt3a/β-catenin/Cyclin D1 pathway [29].

In our research, TGM2 mRNA expression was analyzed with datasets from TCGA. According to the
analysis of the data download from TCGA, TGM2 showed low expression in tumors compared to that in
normal tissues. In addition, the correlation of TGM2 expression with survival of LUSC patients was
analysed using GEPIA. The up-regulated expression of TGM2 is associated with the poor prognosis.
Overall, the �ndings of this study suggested that TGM2 is a prognostic marker for LUSC.

Increasing evidence suggests that TGM2 is involved in various physiological activities such as cell
growth and differentiation,remodeling and stabilization of extracellular matrix [30]. It is worth mentioning
that markers of M1 macrophages NOS2, CXCL10, and TNF were weakly correlated or uncorrelated with
TGM2, whereas M2 macrophage markers MRC1, CD163, and IL10 exhibited relatively strong correlations.
The results revealed that TGM2 had an effect on the polarization of macrophage and TGM2 may
enhance the polarization of M2 macrophage. The present research also found that TGM2 may have
in�uenced activation of Tregs to some extent. These evidences reveal the underlying mechanism of
TGM2 in immunosuppression. From the above results, it is inferred that TGM2 plays an important role on
tumor immune cell in�ltration in tumor microenvironment.
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Conclusions
In short, our results suggested that patients with elevated TGM2 showed worse survival outcomes
comparing to patients low TGM2 and promoted immune cell in�ltration. In addition, the TGM2 expression
level was closely related to the activation of immune cells, especially TAMs and Tregs. Thus, TGM2 may
potentially in�uence tumor in�ltrating immune cells and can be used as a prognostic marker for LUSC.
However, there are some limitations to our study. However, this study has certain limitations. Our data
stemmed from the published databases,additional sample data are needed to verify these results and the
speci�c mechanism of TGM2 in M2 macrophages polarization requires further investigation.
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Due to technical limitations, table 1 is only available as a download in the Supplemental Files section.

Figures

Figure 1
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mRNA expression levels of TGM2. (A) Differentiated expression of TGM2 in the normal and tumor
sample. (B) Paired differentiation analysis for expression of TGM2 in the normal and tumor sample
deriving from the same one patient.

Figure 2

(A) Kaplan-Meier curves for OS in LUSC. (B) Multivariate Cox analysis of TGM2 expression and other
clinical pathological factors

Figure 3

Correlation of TGM2 expression with immune in�ltration level in LUSC. TGM2 expression was
signi�cantly negatively related to tumor purity and had signi�cant positive correlations with the levels of
in�ltrating B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells in LUSC.
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Figure 4

TGM2 expression correlated with macrophage polarization in LUSC. Scatterplots of correlation between
TGM2 expression and the expression of gene markers of monocytes (A), TAMs (B), and M1 (C) and M2
macrophages (D). Markers included CD14, CD86 and FCGR3A for monocytes; CD68, CCL2 and CCL5 for
TAMs (tumor-associated macrophages); NOS2, CXCL10, and TNF for M1 macrophages; and MRC1,
CD163, and IL10 for M2 macrophages.
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