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ABSTRACT

Background: Inhibitors targeting integrins (ITGs) are applied as a novel strategy for cancers
including lung cancer; however, the heterogeneity of ITG subunits might explain why ITG-
targeted inhibitors only show limited efficacy for a small group of lung cancer patients. Materials
and methods: RNA-Seq data of lung adenocarcinoma (LUAD) and lung squamous cell
carcinoma (LUSC) patients were obtained from the TCGA database. Cox regression analysis
was performed to construct the prognostic signature and generate the nomogram combined
with pathologic stages (pStage). GEO datasets were used for verification. The related biological
functions were analyzed by Gene Set Enrichment Analysis (GSEA) software and the TIMER
database. Results: By Cox regression analysis of 30 ITG subunits, ITG subunit alpha 5
(ITGAS), ITG subunit alpha 6 (ITGA6), and ITG subunit alpha L (ITGAL) were identified as
the prognostic factors in LUAD, which were included in the construction of a LUAD-specific
3-ITG signature. Following the calculation of risk score (RS) of each patient based on 3-ITG
signature, patients with high RS in LUAD were found to exhibit worse prognosis, especially
in early stage. Nomogram combined with RS and pStage could predict the prognosis of
LUAD patients accurately. Mechanism exploration by GSEA showed that metastasis-related
microenvironmental pathways were significantly enriched in the high-RS group. An elevated
expression of ITGA5 was mainly associated with the promotion of cell migration and invasion,
while the high expression of ITGAL had a strong positive correlation with the capability of
recognizing and killing cancer cells. Conclusions: Three-ITG signature could improve the
prediction ability combined with pStage in LUAD and might contribute to poor prognosis by
metastasis and immune escape-related pathways.
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INTRODUCTION

Integrins (ITGs), including 18 different o
subunits and 8 8 subunits, play an important
role in the development and homeostasis of
1-4]

non-small-cell lung carcinoma (NSCLC);!

however, there is obvious heterogeneity in

I'TG subunits playing a crucial role in different
subtypes of lung cancer. Furthermore,
inhibitors targeting I'TGs have attracted
much attention as a new strategy for vatious
types of tumors,” and several ongoing and
completed clinical trials of cilengitide, the
inhibitor targeting I'TGs avB3 and avf5,
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showed its good effects in many types of tumors, except
NSCLC. The heterogeneity of expression and distinctly
different biological roles of different ITG subunits in lung
cancer might be one of the reasons leading to the different
results obtained in these Phase 1/11 clinical studies.

In this study, by evaluating the relationship between the
expression of ITG family genes and prognosis of NSCLC
patients, we established the 3-ITG prognostic prediction
signature and developed a nomogram combined with
pathologic stages (pStage) to predict the prognosis of
lung adenocarcinoma (LUAD) patients more precisely.
Furthermore, biological pathway analysis indicated that
mechanisms led to the poor prognosis of high-risk score
(RS) LUAD patients. The present study significantly
enhances the current understanding of ITG family genes
in the prognosis prediction of LUAD patients and helps in
preferential population screening for ITG-targeted therapy.

MATERIALS AND METHODS

Data collection and processing

RNA-Seq Gene sequencing data of TCGA (LUAD and
lung squamous cell carcinoma [LUSC], version 20160128)
were downloaded from the University of California, Santa
Cruz (UCSC) Xena Database,” which was developed by
UCSC computational genomics Laboratory. It included the
mRNA expression profiles of 585 LUAD patients and 550
LUSC patients and had been normalized by Fragments Per
Kilobase (FPKM) already. Through the “clusterProfiler”
and “org.Hs.eg.db” packages in R, the Ensembl ID was
converted to gene official symbols. The ITG subunits
starting with the I'TG of Homo sapiens were screened and
33 results were obtained (Table S1). Among these genes,
three genes (“ITGAB2-AS1”, “ITGA6-AS1” and “ITGA9-
AS1”) were noncoding RNAs and were excluded.

The survival data and phenotype information of these
patients were also obtained from UCSC Xena Database.
Opverall survival (OS), which was defined as time from
registration to death as a result of any cause, was the
primary end point. Complete data of clinical pathology
parameters and non-missing gene expression values were
screened into subsequent analysis (Table 1). Missing values
and ambiguous information, such as Tx, Nx, and Mx,
were excluded when analyzed. Somatic mutations (SNPs
and small INDELSs) were also obtained from UCSC Xena
database. The samples with any mutations in epidermal
growth factor receptor (EGFR) or Kirsten rat sarcoma
viral oncogene homolog (KRAS) or V-raf murine sarcoma
viral oncogene homolog B1 (BRAF) or Tumor Protein
P53 (TP53), regardless of the presence or not of a known
driver of oncomutation, was identified as the sample with
the corresponding specific gene mutation.

Microarray dataset GSE68465 used for verification was
downloaded from the Gene Expression Omnibus (GEO)
database (http://www.ncbi.nlm.nih.gov/geo/). This
dataset contains gene expression and survival of LUAD
patients from a multi-site, blinded validation study with
complete clinicopathologic parameters of 439 cases.”! The
“Series Matrix File(s)” were downloaded and the expression
profile matrix and clinicopathologic parameters were
extracted. According to the platform of GPL96, the probes
corresponded to gene official symbols by “hgul33a.db”
package in R. When it comes to one gene corresponding
to different probes, the average value was taken to get the
unique expression value of that gene in every sample.

Construction of ITG signature model based on
COX regression analysis

The “glmnet” package in R was used to perform the COX
regression analysis.”) To screen the prognostic factors
for LUAD and LUSC, all ITG genes were subjected to
univariate COX regression analysis and the genes with P <
0.05 were chosen for multivariate COX regression analysis.
The genes with P < 0.05 were identified as the independent
prognostic factors. Then, based on the weighted gene
expression value of the independent prognostic factors
selected above, the RS was calculated by the following
formula:

RS = EXp ITG(1) X B ITG(1) + EXp ITG(2) X B ITG(2) oot EXPITG(U)

ITG(n)

“Exp” indicates the expression level of ITG and “B”
indicates the regression coefficient obtained by multivariate
COX regression analysis.

The best cutoff value of RS was calculated by X-tile
software (version 3.6.1),!"! and patients were divided into
high-RS group and low-RS group according to the cutoff
value. Kaplan—Meier method was performed to show the
correlation between different groups and survival, and the
log-rank test was used to analyze the differences between
groups by the package “survival” in R.

Establishment and validation of nomogram
prognostic prediction model

The nomogram prognostic prediction model involving
important parameters of clinicopathologic characteristics
was established, and calibration curves were used to
evaluate the 1-, 3- or 5-year performance of this model by
the “rms” package. C-index of this model was calculated
with “boot” package, and receiver operating characteristic
(ROC) analysis was also performed to estimate the accuracy
of the nomogram for different time points’ survival
prediction using the “survival ROC” package of R.
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Table 1: Clinicopathologic parameters of patients in the TCGA database

Characteristics

Number (proportion, %)

LUAD (n = 513)

LUSC (n = 493)

Age (years) <65 238 (46.4)
>65 275 (53.6)
Gender Male 237 (46.2)
Female 276 (53.8)
T stage T1 171 (33.3)
T2 275 (53.6)
T3-T4 64 (12.5)
Tx 3 (0.06)
N stage NO 336 (65.5)
N1-N3 165 (32.2)
Nx 12 (2.3)
M stage MO 347 (67.6)
M1 24 (4.7)
Mx 142 (27.7)
pStage | 281 (54.8)
1l 119 (23.2)
Il or IV 105 (20.5)
Not reported 8 (1.6)
EGFR status” Mutant 75 (14.6)
Wild type 438 (85.4)
KRAS status” Mutant 333 (64.9)
Wild type 180 (35.1)
BRAF status” Mutant 40 (7.8)
Wild type 473 (92.2)
TP53 status” Mutant 258 (50.3)
Wild type 255 (49.7)

<68 234 (47.5)
>68 259 (52.5)
Male 365 (74.0)
Female 128 (26.0)
T1 114 (23.1)
T2 286 (58.0)
T3-T4 93 (18.9)
Tx 0 (0.0)

NO 316 (64.1)
N1-N3 172 (34.9)
Nx 5(1.0)
MO 407 (82.6)
M1 9 (1.8)

Mx 77 (15.6)

| 241 (48.9)
1l 158 (32.0)
Il or IV 90 (18.3)
Not reported 4 (0.8)

#There was no information about the oncogene mutants of LUSC patients in TCGA.

LUAD: lung adenocarcinoma; LUSC: lung squamous cell carcinoma; EGFR: epidermal growth factor receptor; BRAF: V-raf murine sarcoma viral oncogene
homolog B1; KRAS: Kirsten rat sarcoma viral oncogene homolog; TP53: tumor protein P53.

Biological function analysis

To explore the biological function, Gene Set Enrichment
Analysis (GSEA) was performed with the GMT file (c2.
KEGG.v6.2 and h.all.v7.1) gene set to obtain the biological
processes downloaded from GSEA website (http://www.
broad.mit.edu/gsea/) according to the manufacturet’s
specifications.''! Normalized enrichment score (NES) >1.5
and P < 0.05 were defined as the significant enrichment
pathways.

Immune infiltration analysis

TIMER (https://cisttome.shinyapps.io/timer/), a database
designed for analyzing immune cell infiltrates in cancers,!"”
was used to estimate tumor immune infiltration in immune
cells. Differences in selected ITGs” (ITG subunit alpha 5
[ITGAS5], ITG subunit alpha 6 [ITGAG], and ITG subunit
alpha L. [[TGAL]) expression levels in immune cells (CD4/
CD8 T cells and dendritic cells) of LUAD were compared in
the “Gene” section on the web page. The association between
the expression of I'TGAL and the infiltration degree of
particular immune cell subsets was analyzed by TIMER in the
“Correlation” section, without correlation-adjusted criteria.

Statistical analyses

All statistical analyses in the whole study were performed
using R software (v3.6.3). Wilcoxon test was used to
compare the expression level of genes between tumor
and normal tissues. Relationship between RS and
clinicopathologic parameters was analyzed by chi-square
test with the package “stats” in R. Pearson correlation was
utilized to identify the relationship between immunologic
markers and 3-ITGs. P < 0.05 was defined as statistically
significant.

RESULTS

Differential expression of ITGs in lung cancer
patients

To investigate the role of ITG family genes in lung cancer,
we analyzed the expression of all 30 ITGs in tumor tissues
and normal tissues in LUAD and LUSC, respectively,
using TCGA database. The expression of multiple ITGs
was significantly different both in LUAD and LUSC
(Figure 1A). In detail, ITG subunit alpha 2 ITGAZ2),
ITGA5, ITGAG, ITG subunit alpha 11 ITGA11), ITG
subunit alpha V ITGAV), integrin subunit beta 1 binding
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Figure 1: The expression pattern of integrin family genes of NSCLC patients in TCGA. (A) Heatmap of the differential expression of integrins between NSCLC
and adjacent noncancerous tissues. Boxplot of the differential expression of integrins between (B) LUSC or (C) LUAD and adjacent normal tissues.

protein 1 (ITGB1BP1), integrin subunit beta 1 binding
protein 2 (ITGB1BP2), integrin subunit beta 3 binding
protein (ITGB3BP), integrin subunit beta 4 (ITGB4),
integrin subunit beta 5 (ITGB5) and integrin subunit beta
8 (ITGBS) were significantly more highly expressed in
LUSC than in normal tissues (Figure 1B), while most I'TGs
were significantly expressed to a greater extent in normal
tissues than LUAD, except for ITGA11, ITGA2, ITGAYV,
ITGB1BP1, ITGBIBP2, ITGB3BP3, ITGB4, ITGB5,
integrin subunit beta 7 ITGB7) and ITGBS8 (Figure 1C),

252

indicating that different subunits were involved in the
development of particular lung cancer types.

Construction of LUAD-specific 3-1TG prognostic
RS signature

To identify the key ITGs affecting prognosis, we performed
univariate and multivariate Cox regression analyses. By
univariate Cox regression analysis, six prognosis-related
ITG candidates, including ITGA2, ITGAS5, ITGAG,
ITGAL, ITGB1 and ITGB4, were identified as prognosis-
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Table 2: Univariate Cox regression analysis of integrins and overall survival in LUAD and LUSC

Characteristics LUAD LUSC
HR 95% ClI P HR 95% CI P

ITGA1 1.044 0.863-1.262 0.658 1.225 0.966-1.553 0.094
ITGA10 1.010 0.776-1.315 0.940 1.281 0.798-2.054 0.304
ITGA11 1.082 0.955-1.226 0.217 1.026 0.907-1.1569 0.681
ITGA2 1.004 1.000-1.101 0.024 0.977 0.855-1.117 0.738
ITGA2B 0.841 0.576-1.225 0.366 0.972 0.655-1.440 0.886
ITGA3 1.060 0.921-1.218 0.417 1.075 0,953-1.307 0.063
ITGA4 0.983 0.932-1.014 0.237 1.142 0.940-1.387 0.181
ITGAS 1.253 1.086-1.444 0.002 1.024 0.862-1.217 0.783
ITGA6 1.282 1.138-1.442 0.000 1.048 0.932-1.177 0.432
ITGA7 0.873 0.684-1.113 0.274 1.217 0.962-1.537 0.101
ITGA8 0.952 0.625-1.104 0.113 1.178 0.961-1.443 0.115
ITGA9 0.989 0.966-1.021 0.156 1.087 0.895-1.321 0.400
ITGAD 0.511 0.246-1.058 0.071 0.865 0.447-1.669 0.665
ITGAE 0.862 0.649-1.144 0.306 0.913 0.689-1.211 0.529
ITGAL 0.792 0.676-0.928 0.004 - 1.000 0.871-1.146 0.995
ITGAM 0.879 0.762-1.013 0.077 1.114 0.969-1.280 0.126
ITGAV 1.142 0.972-1.339 0.105 0.986 0.834-1.166 0.871
ITGAX 0.951 0.930-1.092 0.124 1.089 0.937-1.264 0.266
ITGB1 1.245 1.081-1.365 0.020 o 0.952 0.641-1.203 0.5617
ITGB1BP1 1.038 0.748-1.440 0.822 0.879 0.634-1.218 0.440
ITGB1BP2 0.692 0.386-1.239 0.216 0.931 0.538-1.612 0.799
ITGB2 0.925 0.822-1.040 0.196 1.681 0.492-5.732 0.407
ITGB3 0.979 0.821-1.166 0.808 1.040 0.923-1.173 0.518
ITGB3BP 0.961 0.735-1.256 0.773 1.220 0.924-1.610 0.161
ITGB4 1.195 1.075-1.328 0.001 0.843 0.617-1.1561 0.283
ITGB5 1.148 0.938-1.404 0.180 1.047 0.928-1.181 0.455
ITGB6 0.996 0.881-1.127 0.952 1.16 1.015-1.326 0.029"
ITGB7 1.392 0.998-1.686 0.051 1.023 0.991-1.236 0.417
ITGB8 1.037 0.917-1.172 0.559 1.037 0.813-1.323 0.768
ITGBL1 0.904 0.775-1.054 0.199 0.940 0.814-1.085 0.399

P < 0.05, "P < 0.01, ™P < 0.001.

HR: hazard ratio; Cl: confidence interval; LUAD: lung adenocarcinoma; LUSC: lung squamous cell carcinoma; ITGA: ITG subunit alpha; ITGB: ITG subunit
beta; ITGB1BP: integrin subunit beta 1 binding protein; ITGB3BP: integrin subunit beta 3 binding protein; ITGBL1: integrin subunit beta like 1.

related genes in LUAD, while ITGB6 was the only ITG
subunit that could serve as a prognostic factor in LUSC

(P < 0.05; Table 2).

The subsequent multivariate Cox regression analysis result
showed that ITGAS5 and ITGAG were the prognostic
risk factors, whereas ITGAL was a prognostic protective
factor (Figure 2A). Then, according to the expression of
ITGAS5,ITGAG and ITGAL, as well as their corresponding
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coefficients, the 3-1TG signature for prognostic prediction
was constructed. The RS for LUAD patients was calculated

as follows:

RS = [0.174 X Exp('TGAS5)] + [0.172 X Exp(I'TGAG)| +
[-0.303 X Exp(ITGAL)]

The RS of each sample in TCGA-LUAD was calculated
accordingly. After identification of 4.4 as the best cutoff
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Figure 2: The construction of 3-ITG prognostic signature. (A) Multivariate Cox regression analysis of six robust integrins. (B) The distribution of RS of patients
in TCGA. (C) The boxplot of RS between alive and dead patients. (D) Heatmap for the expression of integrins in the 3-ITG signature. Kaplan—Meier (KM) curve
of overall survival probability based on the (E) RS or (F) pathologic stages in LUAD.

value of RS using X-tile software according to the survival
event probability, all samples were divided into a high-
RS group and a low-RS group. Figure 2B illustrates the
RS distribution of each patient; Figure 2C shows the RS
distribution between those in the surviving group and in
the death group.

Furthermore, the Kaplan—Meier analysis showed that
patients in the high-RS group presented a remarkably
shorter OS than those in the low-RS group (hazard ratio
[HR] = 2.18, 95% confidence interval [CI] = 1.54-3.09, P
< 0.001; Figure 2D). Besides this, the differential survival
outcomes among various pStages showed that only pStage
was a prognostic RIY (Figures 2E and S1).

The prognostic prediction efficiency of ITGB6 was also
assessed in LUSC, but both Kaplan—Meier analysis results
(Figure S2A) and ROC curve (Figure S2D) criteria were
unsatisfactory. Instead, the classical pStage (Figure S2B)
and T stage (Figure S2C) were found as being suitable for
prediction and better prognosis, indicating that I'TGs were
not the predominant molecules of LUSC.
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Establishent of the prognostic predictive
nomogram model based on 3-1TG signature in
LUAD

To further evaluate the combination prognostic predictive
efficiency of 3-ITG signature and pStage, a nomogram
model based on these two predictive factors was
established (Figure 3A) with a C-index of 0.704 (95%
CI = 0.662-0.746) determined by internal verification.
The calibration curve and the actual observation showed
certain consistency at different time points (1, 3 and 5
years) (Figure 3B-D). Moreover, the predictive ability
of prognostic value presented by ROC curves showed
a satisfactory improvement of up to 4%—6% compared
with classical grouping methods (Figure 3E-G), especially
in terms of 1-year risk prediction. Taken together, these
data suggested that the introduction of RS combined with
the current pStage was a better indicator than the use of
classic staging for predicting the OS of LUAD patients.

Stratification analysis of prognostic prediction of
3-ITG signature on clinicopathologic parameters

Although other clinicopathologic parameters were not
included in the construction of the nomogram, the
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Figure 3: Construction and identification of nomogram model 3-ITG signature combined with pathologic stages. (A) Nomogram for overall survival probability
predicting. Calibration plots for (B) 1-year, (C) 3-year and (D) 5-year survival probabilities of the nomograms. Receiver operating characteristic (R0C) curves of
nomogram model, 3-ITG signature, or pathologic stage individual for (E) 1-year, (F) 3-year and (G) 5-year survival probabilities by.
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Table 3: The correlation between RS and clinicopathologic parameters

Characteristics Total Low RS, n (%) High RS, n (%) P
Total 513 445 (86.7) 68 (13.3)

Gender Male 237 201 (84.8) 36 (15.2) 0.231
Female 276 244 (88.4) 32 (11.6)

Age (years) <65 238 207 (87.0) 31 (13.0) 0.886
>65 275 238 (86.5) 37 (13.5)

T stage T1 171 160 (93.6) 11 (6.4) 0.008""
T2 275 231 (84.0) 44 (16.0)
T3-T4 64 51 (79.7) 13 (20.3)
Tx 3 3 (100.0) 0 (0.0)

N stage NO 336 299 (89.0) 37 (11.0) 0.021"
N1-N3 165 134 (81.2) 31 (18.8)
Nx 12 0 (100.0) 12 (0.0)

M stage MO 347 295 (85.0) 52 (15.0) 0.054
M1 24 19 (79.2) 5 (20.8)
Mx 142 131 (92.3) 11(7.7)

EGFR mutant Yes 75 65 (86.7) 10 (13.3) 0.983
No 438 380 (86.8) 58 (13.2)

BRAF mutant Yes 40 36 (34.7) 4 (5.3) 0.527
No 473 409 (86.5) 64 (13.5)

KRAS mutant Yes 333 294 (88.3) 39 (11.7) 0.161
No 180 151 (83.9) 29 (16.1)

TP53 mutant Yes 258 218 (84.5) 40 (15.5) 0.131
No 255 227 (89.0) 28 (11.0)

‘P < 0.05, "P < 0.01.

EGFR: epidermal growth factor receptor; BRAF: V-raf murine sarcoma viral oncogene homolog B1; KRAS: Kirsten rat sarcoma viral oncogene homolog; RS:

risk score; TP53: tumor protein P53.

relationships between RS and these parameters were
analyzed by chi-square testing. The results showed that a
high RS was positively associated with T stage (P = 0.008)
and N stage (P = 0.021; Table 3), suggesting that RS-based
3-ITG signature may result in poor prognosis by promoting
proliferation and metastasis in LUAD.

Further survival analysis of clinicopathologic parameters’
stratification was also performed. The survival time of
patients with high RS was significantly shorter than that
of patients with low RS in Stage I LUAD (Figure 4A),
while no significant difference was seen in Stage 1I (Figure
4B) or stages III and IV (Figure 4C). Similarly, the 3-ITG
signature performed better in T2 (Figure 4E), NO (Figure
4G), and MO (Figure 4I) stages. These results suggested
that use of the 3-1TG signature tended to be able to predict
the prognosis accurately in the early stage.

256

Gene mutation plays a central role in diverse diseases.!"’!

We also performed survival analysis on gene mutation
stratification of TP53, KRAS, EGFR and BRAF.
Independent of the absence or presence of KRAS
mutation, the OS of high-RS patients was shorter than
that of low-RS patients, indicating that no relationship
existed between KRAS mutant status and ITG signature
(Figure S3A, B); however, ITGs signature exhibited
different prognostic prediction effects in patients with
different mutant statuses of TP53, EGFR and BRAF. In
the population of patients with TP53 mutant genes (Figure
S3C), EGFR wild type (WT) (Figure S3F) and BRAF WT
(Figure S3H), high-RS patients had a significantly worse
prognosis than low-RS patients; whereas for patients with
TP53 WT (Figure S3D), EGFR mutant (Figure S3E) or
BRAF mutant (Figure S3G), the predictive function of
3-ITG signature disappeared, indicating that the 3-1TG
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Figure 4: Kaplan—Meier curves of overall survival probability based on the RS in LUAD with different stages: (A) pStage |, (B) pStage Il, (C) pStage IlI-IV, (D)
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signature played a critical role in prognostic prediction
under the special background of specific tumor mutations.

Taken together, high RS according to 3-ITG signature
was a risk prognostic factor, especially in patients with
Stage I, demonstrating that 3-ITG RS signature might
be an early optical biomarker for predicting prognosis of
LUAD patients.

External validation in GEO datasets for
LUAD-specific 3-1TG prognostic signature and
nomogram model based on 3-1TG signature and
pStage

To assess the prognostic prediction ability of the 3-ITG
prognostic signature in LUAD, the GSE68465 dataset
with microarray data of 439 patients with LUAD was
selected as the validation dataset (Table 4). The RS of
each LUAD sample based on the expression value of three
ITGs (“ITGA5”, “ITGAG6” and “ITGAL”) was calculated
according to 3-ITG signature formula. All samples were
divided into high-RS group and low-RS group according
to the best cutoff value (Figure 5A). The expressions of
ITGAS and ITGAG were upregulated in patients with a high
score, while there tended to be low expression of ITGAL in
LUAD patients with a high score (Figure 5B). The Kaplan—
Meier curve further confirmed that survival of the high-RS
group was significantly shorter than that of low-RS group
(HR = 1.89, 95% CI = 1.35-2.64, P < 0.001; Figure 5C).
Besides, the use of pStage was efficacious in prediction of
the OS by Kaplan—Meier analysis (Figure 5D).

Next, GSE68465 datasets were also utilized to validate the
nomogram model based on 3-ITG signature and pStage.
By external verification, C-index of this nomogram model
was 0.671 (95% CI = 0.636-0.707) and the calibration
curve almost overlapped the plot of real observations, in
particular, it overlapped the 5-year prediction (Figure 5E-
G). The ROC curve could be used to further evaluate the
prediction capacity of survival using RS combined with
pStage or individual data at different times. Prognostic
prediction by the nomogram model of combination was
more efficacious than each individual method for either 1,
3, or 5 years, with all scores improved to greater than 0.7
(Figure 5H-]). All these results indicated that the nomogram
model based on 3-ITG signature and pStage could predict
the prognosis of LUAD patients well, which is an applicable
supplement for classical staging methods.

Biological pathway enrichment of patients with
high RS in LUAD

To reveal the possible mechanisms of high RS according
to 3-ITG signature associated with a poor prognosis,
we performed GSEA analysis using the KEGG and
HALLMARK pathway sets on LUAD both in TCGA

Table 4: Clinicopathologic parameters of patients in the
GSE68465 database

Characteristics Number (proportion, %)

LUAD (n = 439)

Age (years) <65 212 (48.3)
>65 227 (51.7)

Gender Male 221 (50.3)
Female 218 (49.7)

T stage T1 149 (33.9)
T2 251 (567.2)
T3 28 (6.4)
T4 11 (2.5)

N stage NO 299 (68.1)
N1 87 (19.8)
N2 53 (12.1)

pStage | 114 (26.0)
Il 257 (568.5)
1] 68 (15.5)

LUAD: lung adenocarcinoma.

and GSEG68465 datasets (Table S2). Compared with
the low-RS LUAD group, the high-RS group exhibited
comprehensive enrichment of 11 pathways (NES > 1.5,
P < 0.05) in both datasets of patients with high RS, and
Figure 6A and B shows six pathways in which the NES
was over 2.0 in one of the datasets, including the pathways
related to cell adhesion and migration capability (such as
“ECM_RECEPTOR_INTERACTION”, “APICAL_
JUNCTION” and “EPITHELIAL_MESENCHYMAL_
TRANSITION”), resistance in hypoxic conditions
(“HYPOXIA”), proliferation and differentiation
(“TGF_BETA_SIGNALING”), angiogenesis
(“ANGIOGENESIS”), and others (“SMALL_CELL_
LUNG_CANCER?”, “PATHWAYS_IN_CANCER” and
“ARRHYTHMOGENIC_RIGHT_VENTRICULAR_
CARDIOMYOPATHY_ARVC”). Therefore, the complex
mechanisms for poor prognosis of high-RS group strongly
suggested differential function and the combined effect of
three individual ITGs in the signature.

We next ascertained the potential function of three ITGs
in malignant biological properties, respectively. Firstly,
all three ITGs were found to be prognostic for OS both
in TCGA (Figure 6C-E) and GSE68465 (Figure S4A)
to some extent. Besides, patients with a high expression
of ITGA5 or ITGAG had a shorter OS, while patients
with a high expression of ITGAL had better prognosis.
According to the best cutoff value of each molecule,
the datasets were further divided into a high-expression
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group and a low-expression group, where upon GSEA
was performed. The results showed that 14 pathways were
enriched in high-ITGAS5 expression groups (Figure OF,
G) and 33 pathways in high-ITGAL expression groups
(Figure 6H, I), while only one common pathway was
enriched in high-ITGAG expression groups (Figure S4B,
C). Surprisingly, the enrichment results exhibited distinct
biological characteristics. Pathways enriched in high-ITGA5
expression group were mostly related to the function of
cell migration and invasion facilitating metastasis (ze.,
“ECM_RECEPTOR_INTERACTION”, “APICAL_
JUNCTION”, “EPITHELIAL_MESENCHYMAL_
TRANSITION”, “HYPOXIA”, “FOCAL_ADHESION”,
“REGULATION_OF_ACTIN_CYTOSKELETON?”),
while pathways enriched in high-ITGAL expression group
were mostly associated with immune cell recognition and
killing (z.e., “T_CELL_RECEPTOR_SIGNALING_
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PATHWAY”, “COMPLEMENT”, “IL2_STATS5_
SIGNALING”, “CHEMOKINE_SIGNALING_
PATHWAY”, “INFLAMMATORY_RESPONSE”,
“NATURAL_KILLER_CELL_MEDIATED _
CYTOTOXICITY”). These results indicated that high-
ITGAS expression groups had a poorer prognosis owing
to the increased ability of metastasis, while an elevated
activation of inflammatory/immune cells might be the
reason for those in high-ITGAL groups having a better
prognosis.

Recently, accumulating evidence demonstrates that I'TGs
are emerging as important regulators of immune cell
signaling.!"*! Thus, it is important to identify which
subunits of ITG correlated with poor prognosis were
mainly involved in the immune mechanism of LUAD. By
analyzing the expression level of three ITGs of 3-ITG in
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Table 5: The correlation between expression of ITGAL
and biomarkers in immune cells

Description Gene markers Pearson P
correlation
coefficient

CD4* T cell CD3D 0.752 *xx

CD3E 0.870 FEx
CD2 0.855 xrx
CD8* T cell CD8A 0.713 FEx
CD8B 0.604 xrx
Dendritic cell HLA-DPB1 0.705 FEx
HLA-DQB1 0.545 xxx
HLA-DRA 0.640 FEx
HLA-DPA1 0.685 FEx
CD11c (ITGAX) 0.773 FEx
T-cell exhaustion PD-1 (PDCD1) 0.743 xxx
CTLA4 0.759 Frx
LAGS3 0.654 Frx
TIM-3 (HAVCR2) 0.686 rrx

***P < 0.001.

HLA-DPB1: major histocompatibility complex, Class I, DP beta 1; HLA-
DQB1: major histocompatibility complex, Class Il, DQ beta 1; HLA-DRA:
major histocompatibility complex, Class Il, DR alpha; HLA-DPA1: major
histocompatibility complex, Class Il, DP alpha 1; ITGAL: integrin subunit
alpha X; PDCD1/PD-1: programmed cell death 1; CTLA4: cytotoxic

T lymphocyte-associated protein 4; LAG3: lymphocyte activating 3;
HAVCR2: hepatitis A virus cellular receptor 2; TIM: T-cell immunoglobulin
mucin receptor 3.

immune cells associated with the recognition of tumor, it
was found that only ITGAL had a strong correlation with
a correlation coefficient (Cor) >0.5 and P < 0.05 (Figure
7A—C). This finding was consistent with the results of
GSEA analysis in high-ITGAL groups. Furthermore, we
ascertained the relevance between expression of ITGAL
and representative biomarkers of immune cells (Table 5).
ITGAL showed a strong positive correlation with genes
related to immune surveillance and recognition (Figure 7D),
especially with CD3E and CD2 of CD4" T cells (Cor > 0.8).

Taken together, these results suggest that in the 3-1TG
signature, ITGA5 and ITGAG mostly govern cell adhesion
(as reported) and promote proliferation or phenotypic
transformation of LUAD, while reduction of ITGAL helps
the tumor cells to escape immune control. Finally, three
ITGs operate together and lead to the poor prognosis of
patients with high RS according to 3-ITG signature.

DISCUSSION

It was found in the current study that the key ITGs between
LUAD and LUSC were significantly different. In LUAD,
we identified 3-ITG signature leading to poor prognosis

of LUAD by multiple mechanisms and established a
LUAD-specific 3-ITG signature-based model to improve
the prognostic predictive ability of classic clinical staging;
however, in LUSC, only ITGB6 could affect the prognosis,
indicating that the ITG family may not be the most
important gene family. These results demonstrated the
significant pathologic heterogeneity of ITGs in NSCLC
and highlighted the importance of the use of a more
detailed ITG signature in improving the accuracy of
prognosis prediction of lung cancer.

In recent years, signatures focusing on genes with specific
characteristics or belonging to the same family have
been considered as a potential tool for personalized
medicine. For example, hypoxia-related prognostic
signatures were emerged to find suitable patients for
targeted therapy of hypoxia-inducible factors.'"“!"! The
immune signature identified novel targets and was
exploited for immunotherapies to predict the benefit of
immunotherapeutic drugs."**" Currently, noncoding RNA
is also being reported as an effective cancer biomarker;*'!
these signatures provided clues for both precise individual
clinical treatment and drug development and also provided
the basis for the inclusion and exclusion criteria of the
population for clinical trials of new targeted drugs. In
the present study, we focused on the ITG family, which
is considered as one of the important families for cellular
biological behaviors;***! however, our results demonstrated
that only ITGAS5, ITGAG, and ITGAL were the prognostic
factors in LUAD. We then constructed the ITG-related
prognostic signature in LUAD patients including these
three genes for the first time. External verification further
confirmed that the 3-ITG signature combined with pStage
could improve the prognostic prediction of LUAD,
providing clues for its potential clinical application. Our
findings also indicated that the high-RS LUAD patients
would obtain more benefit on survival from more active
and early treatments.

As transmembrane cell surface receptors, ITGs are critically
positioned for cellular—extracellular interactions and
play important roles in cancer cell invasion and signaling
transduction required for metastasis.* Consistent with the
well-known functions of ITGs, our pathway enrichment
analysis found that high-RS groups defined by the 3-ITG
signature were significantly enriched in multiple pathways
related to malignant biological properties, such as cell
adhesion, immune infiltration, angiogenesis, hypoxia rescue,
and so on. Notably, patients with high ITGA5 expression
showed significant enrichment of pathways promoting cell
migration and invasion, while only one pathway related to
the presence of a tumor was commonly enriched in patients
with ITGAG expression; however, the high expression of
ITGAG could be used to predict a poor outcome by Kaplan—
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Figure 7: Comprehensive analysis of tumor-infiltrating immune cells in LUAD. Expression levels of (A) ITGAS, (B) ITGA6, and (C) ITGAL in CD4* T cells, CD8+
T cells, and dendritic cells. (D) Scatterplots of correlations between ITGAL expression and gene markers of T cells.

Meier analysis (Figures 6D and S4A), indicating that ITGAG
is an indispensable biomarker in prediction of the prognosis
of LUAD patients with somewhat important biological
pathways not included in HALLMARK or KEGG pathway
databases, which warrants further investigation. Moreover,
an important hallmark of tumor cells is their ability to
evade immune recognition,” which depends greatly on the
cross-talk of regulators on the tumor surface, and ITGs are
emerging as important regulators of immune cell signaling,
M TTGAL, also called CD11a, binds to ITG 2 (CD18) to
construct lymphocyte function-associated antigen-1, which
is a key T-cell ITG of leukocyte-specific ITGs regulating
T-cell activation and migration.” Our enrichment results
implied that the high expression of ITGAL could increase
the capability of recognizing and killing cancer cells, while a
low expression of ITGAL leads to poor prognosis because
of immune escape.

ITG antagonists were shown to prevent ITG signaling and
suppress cancer metastasis in preclinical studies.”” Several
clinical trials on ITG-targeting drugs are ongoing and
preliminary results®" are available; however, the effects of
I'TG inhibitors in lung cancer still remain to be determined.
The present study indicated that the 3-ITG signature had
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a remarkable predictive significance in eatly stage, and
inhibitors targeting these three ITGs might have a better
therapeutic effect for patients with high RS. Besides,
ITGAL deserves more attention because it might be a
crucial juncture at which a tumor could evade recognition
and for the killing of immune cells in LUAD, and might
be a potentially sensitive biomarker for immunotherapy.
Our 3-ITG signature may facilitate the identification of
the LUAD patients who may benefit from ITG-targeting
drugs and guides the selection of corresponding inhibitors
targeting the specific ITG.
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