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Abstract
Backgroud:

Discovering effective immune-related biomarkers is vital to ensure efficient immunotherapy for glioma patients.
Integrin Alpha L(ITGAL), essential to inflammatory and immune responses, have not been studied in gliomas,
systematically.

Methods

RNA-seq data and corresponding clinical information of glioma patients were collected from The Cancer
Genome Atlas (TCGA) and Chinese Glioma Genome Atlas (CGGA), and mRNA data of normal brain tissues were
obtained in Genotype-Tissue Expression (GTEXx) project. Wilcoxon test was performed to analyze the correlation
of ITGAL expression and glioma subtypes. Univariate and multivariate cox proportional hazards regression,
receiver operating characteristic (ROC) curves and Kaplan-Meier plots were used to evaluate the prognostic
value of ITGAL in glioma. Functional enrichment analyses and immune infiltration analysis were performed to
investigate the potential function in mediating the immune response in the tumor microenvironment. Finally, we
evaluated the ability of ITGAL for predicting the efficacy of ICB treatment for patients.

Results

We found the up-regulation of ITGAL may predict a poor prognosis for glioma patients, the expression level
increased with the increasing of WHO grade and 1p19q co-deletion status and IDH mutation status. The total
methylation level and copy number variation of ITGAL were moderately correlated with its mMRNA expression in
LGG samples (P < 0.05). Furthermore, ITGAL was correlated with the immunosuppressive tumor
microenvironment for the strong correlation with M2 macrophages and Tregs. Finally, GSEA showed the
upregulation of ITGAL was mainly involved in the signal recognition and regulation between immune cells, and
Toll-like receptor signaling pathway.

Conclusion

ITGAL is a novel tumor-related and immune-associated biomarker, which could predict the prognosis and effect
of ICB therapy for glioma patients.

Introduction

Glioma is the most common primary tumors in the central nervous system with a 5-year survival rate less than
10%(1), the combination of surgical treatment with radiotherapy or chemotherapy is still the principal treatment
of malignant gliomas for now(2). In recent years, the development of novel immunotherapies for different
components of tumor immune microenvironment provides great prospects for adjuvant therapy of glioma. The
immune system play an important role in immune surveillance, since the immune cells of the adaptive and
innate immune system infiltrate the tumor microenvironment (TME) and participate in the regulation of tumor
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progression(3). However, the tumor inhibitory immune microenvironment gradually formed during the growth of
glioma which limits the efficacy of immunotherapy to a certain extent(4). The use of checkpoint (PD-1,PDL-1 or
CTLA-4) inhibitors in multiple solid tumors has achieved significant clinical success(5, 6), which has aroused
interest in immune targeting strategies for glioma therapy. Accumulating evidence indicates that the immune
checkpoint mechanism plays an important role in suppressing tumor-specific immune responses within the
tumor microenvironment(7). Thus, predicting and monitoring the response of patients to treatment has become
an urgent requirement for clinical development of immunotherapy. The level of immune checkpoints and tumor
mutation burdens (TMB) could be indicators evaluating the effect respond to immune checkpoint blockade
(ICB) treatment(8, 9). TMB was considered as a quantitative measure of the total number of nonsynonymous
mutations per coding area of the tumor genome, a surrogate marker of tumor immunogenicity reflecting neo-
antigen load(10) and an important indicator for successful immunotherapy(11). Besides, a computational
method, Tumor Immune Dysfunction and Exclusion (TIDE), was created to determine the characteristics of T
cell dysfunction in solid tumor tissues by detecting the expression pattern of each genes in tumor interacting
with the level of cytotoxic T lymphocytes (CLT) invasion to affect the survival of patients(12). Now, the
availability of biomarkers has greatly promoted the practice of oncology and began to be the basis of adjuvant
therapy for glioma. However, the appropriate biomarkers for immunotherapy of glioma remain indeterminate. It
is vital to further exploring potentially available immune-related biomarkers for predicting the prognosis and the
effect of ICB therapy for cancers.

Integrin Alpha L(ITGAL) belongs to the integrin a chain family, which encodes integrin a L chain, which mainly
contacts with MHC molecules on antigen presenting cells through T cell receptor, thus plays a role in T cell
activation(13). Emerging evidence suggests that integrin also play an important role in angiogenesis and cancer
development, including cell migration, apoptosis and proliferation(14-16). Related research found that ITGAL
may be associated with Tumor Infiltrating Lymphocytes (TILs) and independent predictors of early prognosis in
ovarian cancer(17), it was also reported to be a potential diagnostic biomarker for interstitial cystitis/bladder
pain syndrome(18). ITGAL is essential for inflammation and immune response, regulating the adhesion and co-
stimulation interaction between CD4 (+ T cells) and other cells, It was found that demethylation of ITGAL
regulatory elements and subsequent overexpression in CD4 (+) T cells may mediate immunological
abnormalities and fibrosis of systemic sclerosis(19).However, whether ITGAL was a novel immune prognostic
biomarker associated with glioma may need to be further investigated.

Here, we conjectured that the interaction between ITGAL and the immune status has a certain significance for
the diagnosis and prognosis of glioma. In addition, the correlation between ITGAL and clinical outcomes would
be investigated. Moreover, based on the correlation between ITGAL and expression level of immune checkpoint,
TMB and TIDE, the predictive value of ICB for patients with glioma will be explored. Finally, the components
targeting ITGAL were analyzed.

Materials And Methods
Publicly available database

RNA-seq data and corresponding clinical information of glioma patients were collected from The Cancer
Genome Atlas (TCGA) (http://cancergenome.nih.gov/), and the mRNA-seq data of normal brain tissues were
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downloaded from Genotype-Tissue Expression (GTEXx) project, then a training set was established by emerging
and then normalizing the data of TCGA and GTEx by R package “limma”(20)..Similarly, the RNA-seq and clinical
information obtained from the datasets mMRNAseq_693 and mRNAseq_325 in the Chinese Glioma Genome Atlas
(CGGA) (http://www.cgga.org.cn) were mergerd and normalized as a validation set. All sample data with age
less than 18 years old, survival time less than three months and incomplete information were removed. The
training set included a total of 459 tumor and 1152 normal samples selected, The mRNAseq_693 and
mRNAseq_325 dataset in CGGA are merged into one cohort as a validation set included a total of 681 samples
selected.

Patient samples

The Institutional Ethics Committee approved this study of the Faculty of Medicine at Yichang Central People’s
Hospital. In total, 6 control samples from patients with cerebral hemorrhage, 28 samples from patients with low-
grade glioma, and 44 samples from patients with glioblastomas were collected during May 2019 and October
2021. No patients were treated with chemotherapy or radiotherapy before surgery.

The expression level of ITGAL in tumor and normal tissue

The expression levels of ITGAL mRNA in pan-cancer were investigated in TIMER 2.0 database
(https://cistrome.shinyapps.io/timer/)(21), and the value of ITGAL in different grade gliomas and normal brain
tissues were compared in training set and validation set by R package “limma”, p-value less than 0.05 was used
as a threshold for significance. To investigate the diagnosis role of ITGAL in glioma, the receiver operating
characteristic (ROC) curve was built and the area under the ROC curve (AUC) was calculated by R packages
"pROC".

RNA extraction and quantitative real-time PCR

The extraction of RNA of ITGAL from tissues and cells was carried out using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA). The PrimeScript RT Reagent Kit (RR047A, Takara, Japan) was used to synthesize cDNA.
SYBR Premix Ex Taq Il (RR820A, Takara, Kusatsu, Japan) and Bio-Rad CFX Manager 2.1 real-time PCR Systems
(Bio-Rad, Hercules, CA, USA) were used to detect the ITGAL mRNA levels following the specifications provided
by the manufacturers. The relative Ct method was used to compare the data of the experimental and control
groups, and GAPDH was used as the internal control. The primer sequences of mMRNA included the following:
GAPDH 5-GGAGCGAGATCCCTCCAAAAT-3' (Forward) and 5-GGCTG TTGTCATACTTCTCATGG-3' (Reverse);
ITGAL 5'- TGCTTATCATCATCACGGATGG-3' (Forward) and 5'- CTCTCCTTGGTCTGAAAATGCT-3' (Reverse).

Investigate the prognostic value of ITGAL in glioma

According to the median expression level of ITGAL in training and validation set respectively, the tumor samples
were divided into high and low expression groups to investigate whether there were significant differences
between two groups for overall survival (0S) of glioma patients by performing Kaplan-Meier (K-M) survival
curve through R package "survival". ROC curve graph was used to evaluate the performance of prognostic
predictive ability for 1-, 3- and 5-year OS. And K-M curve for disease free survival (DFS) in glioma was obtained
from Gene Expression Profiling Interactive Analysis database (GEPIA, http://gepia.cancer-pku.cn/). Then
Univariate and multifactorial Cox proportional hazards regression analysis was performed using R package
“survival” to explore the independent risk factors in training and validation sets, factors with P-value <0.05 in
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univariate Cox regression analysis was selected in multifactorial Cox analysis and P-value two-tailed below 0.05
was considered statistically significant.

Correlation of ITGAL with clinicopathological characteristics

The relationship between the expression value of ITGAL and clinical subtypes was investigated by Wilcoxon test
in TCGA and CGGA. (p< 0.05 was considered significant). Here, the 459 samples in TCGA and 681 samples in
CGGA were apart divided into two groups by World Health Organization (WHO) grade, age (cutline was 45 years
old)(22), IDH mutation status, 1p19g-codeletion status, gender and etc., the levels of ITGAL in different groups
were showed in boxplots plotting by R package “ggpubr”.

DNA amplification and hypomethylation analysis

To further explore the potential mechanism of ITGAL regulation in gliomas, its genetic and epigenetic alterations
were explored in TCGA-LGG and TCGA-GBM cohorts according to the cBioPortal database
(http://www.cbioportal.org/). According to the tumor samples with mRNA data, copy number variation (CNV)
data, and DNA methylation data. Linear regression analyses were performed among mRNA expression level of
ITGAL and corresponding data of CNV and methylation. A p-value less than 0.05 was considered significant.

The protein-protein interaction networks(PPI)

The PPI of ITGAL were predicted by STRING(https://string-db.org/), the correlation coefficient greater than 0.99
and P-value below 0.001 were considered statistically significant. Then the PPI network was rebuilt through the
software Cytoscape(23).

tumor-infiltrating immune cells and immune infiltration level
profiles

The stromal score, immune score and tumor purity of the tumor samples in TCGA-glioma were calculated by R-
package “estimate”, according to the median value of ITGAL, tumor samples were divided into high and low
expression groups, then the immune scores above in two groups were compared, K-M survival analysis and log-
rank test (p-value less than 0.05 means the results are statistically significant) were performed to investigate the
prognostic value of immune scores. The abundance of tumor infiltrating immune cells (TIICs) in glioma tissues
were calculated by R-package "cibersort’, and the abundance of TIICs in low and high ITGAL expression group
were compared using Wilcoxon test, immune cells with P value< 0.05 was considered significantly different in
two groups. The correlation between TIICs and ITGAL expression level was further investigated by Spearman
test.

Assess the value of ITGAL for predicting immunotherapy
response

Spearman’s correlation analysis was used to evaluate the relationship between ITGAL and immune checkpoints.
In the high and low ITGAL expression group, the value of TMB and TIDE were compared using R package
“limma”.

Gene set enrichment analysis(GSEA)
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GSEA was performed to evaluate the correlations between ITGAL expression (high vs. low) and cancer-related
pathways using the gene sets (c5.all.v5.1) downloaded from Molecular Signatures Database (MSigDB). The
gene sets with nominal p-value< 0.05 and FDR < 0.25 were considered significantly enriched.

Predict targets of ingredients in traditional Chinese medicine
(TCM)

Network pharmacological analysis was performed by predicting targets of ingredients in TCM through
Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP,
http://tcmspw.com/tcmsp.php). The molecular docking studies among effective ingredient and ITGAL were
performed using Autodock Vina 1.1.2.

Results

Up-regulation of ITGAL expression level in gliomas

Compared to the normal tissue, pan-cancer analysis showed the ITGAL expression level is lower in Bladder
Urothelial Carcinoma, Cholangiocarcinoma and so on, while higher in Breast invasive carcinoma, Kidney renal
clear cell carcinoma and Stomach adenocarcinoma (Figure 1A). The ITGAL expression is significantly
upregulated in glioma tissues in training set (Fig.1B), and the level of ITGAL mRNA was validated in our hospital
samples (Fig. 1C), which means ITGAL may be involved in the progression of glioma. The AUC of ROC curve for
diagnosing glioma using the level of ITGAL was 0.758 in training set (Fig. 1D).

The prognostic value of ITGAL in gliomas

Kaplan-Meier survival analysis performed to investigate the correlation between the gene with clinical prognosis
indicated that high expression level of ITGAL significantly associated with the poor OS and DFS of patients. In
TCGA cohort, as shown in the figure 2A-C, the patients in low expression group had better OS than in the high
expression group including in the all WHO grade gliomas and lower grade gliomas (LGG, WHO Il and WHO IlI),
while in the glioblastoma (GBM) group there was no correlation between ITGAL and OS considering that the
number of patients with GBM was too small and the survival time of patients was too short. The AUC of ROC
curve for predicting 1-, 3- and 5-year OS were respectively 0.709, 0.631 and 0.622 (Fig. 2D). In CGGA cohort,
higher expression of ITGAL was significantly associated with poor survival as the Figure 2E-G showed and the
AUC of ROC curve for predicting 1-, 3- and 5-year OS in CGGA were respectively 0.614, 0.630 and 0.660 (Fig. 2H).
Figure 2I-K showed that patients in high expression group had poorer DFS than in the low expression group
according to GEPIA database. In Tab.1, the univariate cox logistic regression analysis and multivariate

cox logistic regression analysis of OS indicated that grade, IDH. status, age and ITGAL expression could be
independent factors to predict the prognosis of glioma patient. While in CGGA cohort, as the Tab.2 shown,
1p19q co-deletion could also be an additional independent factor. These results demonstrated that the
upregulation of ITGAL indicated a poorer prognosis of glioma patients.

ITGAL expression was significantly correlated with clinicopathological characteristics

The basic characteristics of the patients from TCGA and CGGA were sorted out in the Tab.3. As the Figure 3
showed, in TCGA, the level of ITGAL increased with increasing WHO grade(Il-IV) of glioma and correlated with
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the clinical subtypes, including age, 1p19qg.-codeletion status and IDH mutation status. while in CGGA, the value
of ITGAL were no significant difference between Lower WHO grade (WHO Il vs. WHO Ill) and age groups. No
specificity of expression was observed in different genders in both TCGA and CGGA.

Mutation and DNA hypomethylation contributed to ITGAL expression regulation in glioma

To further explore the mechanism of ITGAL dysregulation in gliomas, we analyzed its genetic and epigenetic
alterations in TCGA-LGG and GBM cohorts. Figure 4A showed a landscape of ITGALs common mutation sites
and mutation types. In addition, LGG samples with mRNA data and copy number variation (CNV) data, shallow
deletion was significantly associated with upregulation of ITGAL mRNA (Anova p< 0.05) (Figure 4B). Moreover,
linear regression analyses indicated that the total methylation level of ITGAL was moderately and negatively
correlated with the mRNA expression in LGG samples (Figure 4C, Spearman's r=-0.55, Pearson's r=-0.47, P <
0.007). However, there was no significant correlation between the mRNA expression of ITGAL and the level of
CNV and methylation in GBM samples (Figure 4D, E).

The association between ITGAL and tumor immune microenvironment in glioma

The relationship between ITGAL and tumor immune microenvironment was investigated in terms of the level of
immune infiltration and the abundance of immune cells. As the Fig. 5A-C showed, the immune infiltration level
including immune score and stromal score were higher in the high expression group of ITGAL, while tumor
purity was significantly higher in the low expression group. Then the prognostic significance of infiltration level
of immune cells was identified by K-M curve (Fig. 5D-F). In the high and low expression group of ITGAL, the
TIICs with high level were macrophages, monocytes, mast cells and memory resting CD4 T cells, and the
difference analysis of immune infiltrating cells showed that the level of M2 macrophages and T regulatory cells
(Tregs) of high ITAGL expression group were significantly higher than those of low expression group while the
active Mast cells were in the opposite results (Fig. 5G). Further correlation analysis showed in the figure 5H-J
that the number of M2 macrophages and Tregs were positively correlated to the level of ITGAL, the values of rho
were 0.2 and 0.18 respectively, both p< 0.01, while the abundance of actived mast cells was negatively
associated with the expression of ITGAL, rho=-0.33, p< 0.001.

Patients with higher ITGAL expression level may benefit more from ICB treatment

Ten co-expressed genes in PPl network were shown in Fig. 6A, ITGB1, ITGB2, ITGB3, ITGB7, CD28, CTLA4,
ICAM1, ICAM2ICAM3 and ICAMS5. Spearman correlation test (Fig. 6B-D) performed suggests that the expression
level of ITGAL was significantly positively correlated with main immune checkpoints including CTLA4 (rho: 0.48,
p< 0.001), PD-1, rho: 0.56, p< 0.001) and PDL-1 (rho: 0.52, p< 0.001). In this study, TMB was higher in the high
ITGAL expression group than in the low expression group (Figure 6E, p< 0.001), TIDE score calculated was
significantly higher in the low expression group (Figure 6F, p< 0.001). These results indicated that ITGAL may be
a potential indicator evaluate the efficacy of ICB therapy and patients with higher ITGAL expression level may
benefit more from immunotherapy.

GSEA analysis

GSEA performed to investigate the potential pathways and process which ITGAL involved in. The results
suggested that the most enriched terms positively related to ITGAL were
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“GO_REGULATION_OF_MAST_CELL_ACTIVATION_INVOLVED_IN_IMMUNE_RESPONSE",
“GO_PATTERN_RECOGNITION_RECEPTOR_SIGNALING_PATHWAY", “HP_LEUKOCYTOSIS” and
“GO_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY", and the top four enriched gene sets negatively related to
ITGAL were “GO_NEURON_CELL_CELL_ADHESION", GO_GLUTAMATE_SECRETION",
“HP_EPILEPTIC_ENCEPHALOPATHY” and “GO_GABA_ERGIC_SYNAPSE". The nominal p-value and normalized
enrichment score were shown in figure 7.

Ingredient in TCM targeting ITGAL

The effective ingredient of Bombyx Mori L, Momordicae Fructus, Ecliptae Herba and Equiseti Hiemalis Herba,
nicotine, targeting ITGAL was obtained. Secondary structure of ITGAL and 3D structure of nicotine were shown
in Fig. 8A and Fig. 8B respectively. The result of the molecular docking was viewed from different angles (Fig.
8C-E). These predicted docking sites could facilitate further studies of ITGAL-targeting drugs and related
mechanisms

Discussion

Glioma leading to high mortality is the most common type of brain tumor in human, importantly, bio-markers of
tumor could play vital roles for diagnosis, prognosis and targeting therapy in cancer(24). Advances in genetics
and molecular biology have recently enabled the rapid development of personalized cancer management. No
previous studies have reported the function of ITGAL in solid tumors, we investigated the expression level of
ITGAL in normal and tumor tissues and evaluated the diagnostic and prognostic value of ITGAL for glioma by
K-M survival analysis, ROC curve and multivariate cox regression analysis. In addition, ITGAL was found
significantly associated with TIME in glioma, which are correlated to worse 0S. These indicated that ITGAL may
be a novel immune-related biomarker in glioma. Moreover, the expression of ITGAL was positively associated
with WHO grade of patients, which indicated that ITGAL may be a tumor promoting gene in glioma. In this
research, the upregulation of ITGAL expression may appear in the subtypes such as non-co-deletion of 1p19q
and IDH1 wild type. Generally, in low-grade gliomas and IDH-mutant glioblastomas, mutations in IDH predict
significantly improved OS compared to wild-type IDH gliomas(25) (26), Co-deletion of 1p19q was first described
in 1994 and while its exact biologic effect in gliomas is not clear, its presence has been associated with
increased chemosensitivity and hence a more favorable prognosis(27, 28). It suggested that ITGAL may be
involved in the development of tumor related molecular subtypes, and upregulation of its expression may be a
trigger inducing IDH into wild type state or 1p19q into non-co-deletion status so as to enhance the resistance to
adjuvant therapy (chemotherapy orimmunotherapy) and then affect the prognosis of patients.

In this study, ITGAL was mainly involved in the signal recognition and regulation between immune cells in
glioma, participating Toll-like receptor signaling pathway and the production of tumor necrosis factor
superfamily cytokines according to the results of GSAE. Toll like receptor (TLR) is a single transmembrane non
catalytic protein expressed on the surface of transmembrane cells, such as macrophages and dendritic cells,
they play an important role in innate immune response and antigen-specific acquired immunity(29). TLR
pathway may play a key role in some tumorigenesis and development. Therefore, some genetic variations in
this pathway may be used as potential biomarkers for clinical outcomes of some solid tumors such as lung
cancer(30, 31).
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According to their different functions, Tumor-associated macrophages (TAMs) are divided into two main types:
M1 type was activated by classical pathway mainly promoting the aggregation of inflammatory factors against
tumorigenesis, progression and metastasis, while M2 type activated by bypass pathway, playing the opposite
role(32). TAMs play an important role in promoting glioma progression(33, 34), so that treatment targeting
TAMs has become an important strategy in the adjuvant treatment of glioma. In addition, Tregs could also
suppress the function of immune effector cells through a variety of mechanisms and were considered as key
factors in tumor immune escape in most cancers(35), which represent a critical barrier to immunotherapy of
tumors, targeting Tregs may also be a key point in immunotherapy for immune precision medicine. Our study
found that the expression of ITGAL was significantly correlated with M2 macrophages and Tregs, which both
indicated that ITGAL may be a tumor-related immunosuppressive gene, targeting ITGAL may provide a novel
and effective strategy for relieving the state of immunosuppression and activating the killing effect of tumor
infiltrating immune cells in TME.

Immunotherapy is increasingly acknowledged as an effective treatment for several canine cancers(36).
However, due to the presence of the blood-brain barrier, ICB is largely restricted in central nervous system (CNS)
tumor since the circulating immune cells were difficult to reach the CNS(37). In this study, relating the PPI
network of ITGAL, ten nodes with strong co-expression relationship were screened, which were reported to be
tumor associated integrin family members(17) and intercellular adhesion molecules(38, 39). Adhesion
molecules and integrin were considered to play an important role in helping lymphocytes at the blood-brain
barrier could primarily promotes homing of T cells to central nervous system to play the role of tumor
killing(40-42). ITGAL as a member of integrin-family cell adhesion molecule may induce the activated T cells to
homing into the CNS and exert the tumor killing effect in the process of ICB treatment. Therefore, the up-
regulation of ITGAL may provide a possibility forimmunotherapy of glioma. Although promising, the
therapeutic efficacy of immune therapy, such as ICB, may still be limited(43, 44). The efficacy of ICB also
depends on the expression of immune checkpoint. Meanwhile, the greater the mutation load of tumor, the easier
the tumor is recognized by the immune system and killed by CD 4/8 T cells(8, 45). On the other hand, most
cancer ICB require T cells to perform anti-neoplastic effects(46), TIDE algorithm predicted the effect of ICB by
focusing on the function activation and aggregation of T cells in tumor and TIDE score was considered as an
accurate predictor of response to ICB(47). Due to the significant correlation between ITGAL and indicators of
ICB including the expression level of immune checkpoints, TMB and TIDE score, ITGAL may be a novel indicator
to predict the benifit of ICB treatment and patients with higher ITGAL expression level may benefit more from
immunotherapy.

In addition, nicotine was reported to act primarily by activation of nicotine acetylcholine receptors (nAChRs) and
binds to these receptors with a higher affinity than acetylcholine(48). Several research indicated that nicotine
may contribute to the development of cancers by increasing the proliferative potential and anti-apoptotic ability
of cells(49, 50). In our study, nicotine could specifically bind to ITGAL protein in a relatively strong way, which
provides some enlightenment. The potential mechanisms of nicotine targeting ITGAL protein and activating
downstream cancer-related signaling pathways need to be further studied.

Conclusion
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In conclusion, ITGAL is an immune-related and cancer-promoting gene, which could specifically diagnose and
accurately predict the prognosis of patients in gliomas. ITGAL was involved in immunosuppressive TME,
patients with higher expression level of ITGAL may be more sensitive to ICB therapy. Moreover, this study not
only identified a novel immune biomarker, but also provided a new perspective to understand the underlying
relationship between tumor immune microenvironment and immunotherapy in gliomas.
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Variables Univariate analysis Multivariate analysis

HR HRO95L HRO95H P HR HR.O5L HRO9S5H p
value value
Grade(ll, Il and IV) 4485 3.431 5.863 <0.001 1.827 1.348 2.476 <0.001
IDH.status(Yes vs NO) 0.106 0.075 0.150 <0.001 0.339 0.195 0.590 <0.001

Chr1p)19q.code|etion(Yes 0.232 0.138 0.391 <0.001 0.611 0.321 1.160 0.132
vs No

Age 1.0617 1.048 1.074 <0.001 1.037 1.022 1.052 <0.001
Gender(Male vs Female) 1.175 0.845 1.632 0.338 1.181 0.832 1.675 0.352
ITGAL 1.366 1.220 1.531 <0.001 1.151 1.001 1.323 0.048

Table 2. Cox proportional hazards regression model analysis in CGGA.

Variables Univariate analysis Multivariate analysis
HR HROSL HROSH P HR HROS5L HROSH P
value value
Grade(ll, lll and 1V) 2.857 2491 3.277 <0.001 2062 1.755 2.423 <0.001

IDH.status(Yes vs NO) 0.305 0.250 0.372 <0.001 0616 0.483 0.785 <0.001

Chr1p)19q.code|etion(Yes 0.247 0.182 0.333 <0.001 0436 0.313 0.607 <0.001
vs No

Radio status(Yes vs No) 1.148  0.860 1.532 0.349 0.834 0.611 1.140 0.255

Ch;zmo status(Yes vs 1937 1.535 2.445 <0.001 0.877 0.675 1.141 0.330
No
Age 1.032 1.023 1.042 <0.001 1.011 1.002 1.020 0.021

Gender(Malevs Female)  1.029  0.846 1.252 0.774 1121  0.917 1.369 0.264
ITGAL 1.407 1.286 1.540 <0.001 1.135 1.024 1.258 0.016

Table 3. Baseline Patient Characteristics of Included Observations from TCGA and CGGA.
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Figures

Variables
Gender
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male

Age group
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CGGA Cohort (n=681)

285 (41.9)
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Sublype

ITGAL expression level in human tissues and the evaluation of its diagnostic value in glioma. (A) ITGAL mRNA
expression in different normal human tissues and cancer tissues. (B) Comparison of ITGAL mRNA expression in

normal tissues and cancer tissues in LGG and GBM in training set. (C) The level of ITGAL in normal, LGG and
GBM tissues in our hospital samples. LGG: low grade glioma, GBM: glioblastoma. (D) ROC curve analysis

revealed that the overexpression of ITGAL had a high sensitivity and specificity to diagnose glioma, AUC

(ns: no significance, *P < 0.05, **P <0.01, ***P < 0.001).

Figure 1
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Figure 2

The prognostic value of ITGAL in glioma. According to the median value of ITGAL, patients were divided into
low and high expression group. In TCGA-glioma cohort, K-M curves performed to investigate the correlation
between ITGAL and OS in (A) all grade gliomas, (B) LGG and (C) GBM. (D) The AUC of ROC for predicting the 1-,
3-and 5-year OS of patients in TCGA was 0.709, 0.631 and 0.622 respectively. In CGGA cohort, K-M curves
performed in (E) all grade glioma, (F)LGG and (G) GBM. (H) The AUC of ROC for predicting the 1-, 3- and 5-year
0S of patients in CGGA was 0.614, 0.630 and 0.660 respectively. According to the GEPIA database, K-M survival
analysis performed to explore the correlation between ITGAL and DFS in (I) all grade glioma, (J) LGG and (K)
GBM. 0OS: overall survival, LGG: lower grade glioma, GBM: glioblastoma, DFS: disease free survival.
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Figure 3

The association between ITGAL and clinicopathological characteristics. In TCGA cohort, ITGAL expression
levels were investigated in different (A) WHO grade, (B) age groups, (C) IDH status, (D) 1p19q co-deletion state
and (E) gender. In CGGA cohort, the expression levels of ITGAL were investigated in different (F) WHO grade, (G)
age group, (H) IDH status, (I) 1p19q co-deletion and (J) gender. ***: p< 0.001, **: p< 0.01, *: p< 0.05, NS: not

significant.
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Patients were divided into low and high expression by the median value of ITGAL. The value of (A) immune
score, (B)stromal score and (C) tumor purity in low and high expression group. K-M performed to investigate the
relationship between OS and (D) immune score, (E) stromal score and (F) tumor purity. (G) The fraction level of
tumor infiltrating immune cells (TIICs) in the high and low expression group of ITGAL in glioma in TCGA. The
correlation analysis between ITGAL and (H) M2 macrophages, (I) regulatory T cells and (J) actived mast cells.
***: p< 0.007.
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Figure 5

ITGAL could be used for predicting immunotherapeutic benefit. (A) PPI networks of ITGAL in STRING database
re-built by Cytoscape.The solid one-sided arrows represent up- or down-regulations. The expression of ITGAL
was positively correlated with (B) CTLA-4, (C) PD-1 and (D) PDL-1 according to the spearman correlation
analysis. (E) The value of TMB in low and high ITGAL expression group. (F) Score of TIDE in low and high
expression group. TMB: tumor mutation burden, TIDE: Tumor Immune Dysfunction and Exclusion, ***: p< 0.001.
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Figure 6

Gene sets enrichment analysis of ITGAL in TCGA-glioma. The top three enriched terms positively and negatively

related to the value of ITGAL were shown. NES: normalized enrichment score, Nom P: nominal p value, h: high
expression group of ITGAL, |: low expression group of ITGAL.

A

Figure 7

Ingredient in related traditional Chinese medicine targeting ITGAL protein. (A) Secondary structure of ITGAL

protein. (B) 3D structure of nicotine. (C-E) Molecular docking among ITGAL protein and nicotine was viewed
from different angles.
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