
Vol.:(0123456789)1 3

Journal of Cancer Research and Clinical Oncology (2019) 145:1681–1693 
https://doi.org/10.1007/s00432-019-02907-1

ORIGINAL ARTICLE – CANCER RESEARCH

Elevated integrin α6 expression is involved in the occurrence 
and development of lung adenocarcinoma, and predicts a poor 
prognosis: a study based on immunohistochemical analysis 
and bioinformatics

Jianfei Shen1,2,3   · Jianfeng Xu2 · Baofu Chen2 · Dehua Ma2 · Zixuan Chen2 · Ji‑Cheng Li3 · Chengchu Zhu1,2

Received: 5 October 2018 / Accepted: 22 March 2019 / Published online: 7 June 2019 
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Objective  To study integrin α6 expression in lung adenocarcinoma tissue through comparison with matching adjacent non-
cancerous tissues as well as elucidating the correlation between integrin α6 expression with the clinical parameters of lung 
adenocarcinoma. We also explore the signal pathways associated with integrin α6 up-regulation.
Methods  The clinical data, cancer tissues, and adjacent non-cancerous tissues of 30 patients diagnosed with lung adenocar-
cinoma were collected from Taizhou Hospital in Zhejiang Province, China, in 2010. The protein levels of integrin α6 were 
determined by immunohistochemistry methods. mRNA data of 85 lung adenocarcinoma tissues and 14 normal tissues as 
well as clinical results were collected from GEO30219. We also collected mRNA data of 533 lung adenocarcinoma tissues 
and 59 normal tissues as well as the clinical results of 522 patients with lung adenocarcinoma from the Cancer Genome 
Atlas (TCGA) database. The differences in protein and mRNA levels in cancer tissues and non-cancerous tissues were ana-
lyzed, and we subsequently investigated the association between integrin α6 expression and key parameters indicating lung 
adenocarcinoma progression and overall survival rate. Additionally, the possible pathways involved in the up-regulation of 
integrin α6 were analyzed by GSEA.
Results  The protein levels of integrin α6 in lung adenocarcinoma tissues were significantly higher than those in adjacent 
tissues (p < 0.01), and were positively correlated with the grade and T stage of lung adenocarcinoma (p < 0.05). Patients with 
low integrin α6 protein levels had higher survival rates (p < 0.05). The analysis of gene chip data from the TCGA database 
also showed that the integrin α6 mRNA level was significantly correlated with T stage (p < 0.05), overall survival (OS) rate 
(p < 0.01), and disease-free survival (DFS) rate (p = 0.005). GSEA gene enrichment analysis identified a series of pathways 
that may be associated with integrin α6 up-regulation, including the AGR, PYK2, ECM, and PTEN pathways.
Conclusion  Integrin α6 plays an important role in the occurrence and progression of lung adenocarcinoma and may act as 
a prognostic predictor of lung adenocarcinoma in patients. Based on the results of the present study, integrin α6 may be a 
potential target gene for the treatment of lung adenocarcinoma.
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Introduction

Lung cancer is the most prevalent malignant carcinoma 
(Acosta et al. 2011) and is the leading cause of cancer-
related deaths in China (Chen et al. 2016). Lung adenocar-
cinoma is the most common type of cancer among women, 
Asian people, and non-smokers (Toh et al. 2006). Lung 
adenocarcinoma is often metastatic and has a poor progno-
sis (Howlader et al. 2014). Traditional treatments for lung 
adenocarcinoma include preoperative and postoperative 
chemotherapy, surgery, and radiotherapy (Lynch et al. 2004; 
Shaw et al. 2013). Analyzing the RNA expression profiles 
of lung adenocarcinoma patients to screen target genes has 
become a widely debated research topic in the prognosis of 
lung adenocarcinoma (Bhattacharjee and Meyerson 2001; 
Beer et al. 2002; Larsen et al. 2007).

Integrins are obligate heterodimers formed by α and β 
subunits. Human genome contains 18α subunits and 8β 
subunits, which form 24 distinct types of integrins through 
different combinations. As a trans-membrane receptor that 
connects cells and their external environment, integrin is 
involved in the process of tumorigenesis and its development 
(Bartolazzi et al. 2010; Guo and Giancotti 2004; Oshita et al. 
2002; Stewart and O’Connor 2015; Takenaka et al. 2001). 
Integrin can transport the chemical components of extracel-
lular matrix and mechanical body, thereby being involved in 
the regulation of cell information, signaling, morphology, 
and movement. Integrin can further biological processes, 
including cell proliferation, survival, and wound healing 
(Bachelder et al. 1999; Mainiero et al. 2014; Nikolopoulos 
et al. 2005). When tumors occur, integrin activates the sur-
vival signaling pathways by binding to ECM ligands to pre-
vent apoptosis; when cancer cells metastasize, the affinity of 
integrin to ECM ligands changes (Huttenlocher et al. 1998).

Integrin α6β4 promotes tissue invasion and metas-
tasis and is involved in tumor angiogenesis (Stewart and 
O’Connor 2015). It is highly expressed in bladder cancer, 
cervical cancer, lung cancer, pancreatic cancer, thyroid 
cancer, and basal-like breast cancer. Both integrin α6 and 
β4 have been found to be associated with the progression 
of various carcinomas (Friedrichs et al. 1995; Isaac et al. 
2012; Jandova et al. 2015; Stewart and O’Connor 2015; 
Takeyama et al. 2007; Weinel et al. 2010). Furthermore, the 
high expression of α6β4 in breast cancer, pancreatic cancer, 
and head and neck squamous cell carcinoma is considered a 
marker for a poor prognosis (Stewart and O’Connor 2015). 
Few studies have explored the role of integrin α6 in lung 
cancer, especially lung adenocarcinoma. The literature has 
reported that integrin α6β4 is up-regulated in murine Lewis 
lung carcinoma variants with high metastasis capacity (Sac-
chi et al. 1989). Jandova et al.’s (2015) study on various 
NSCLC cell lines has shown that up-regulation of integrin 

α6 is associated with elevated invasive potential and meta-
static capacity of non-small lung adenocarcinoma cells. In 
another in vitro study on a lung cancer cell line, integrin α6 
was indicated to be related with lung cancer tumor metas-
tasis (Hsu et al. 2013). However, the role of integrin α6 in 
lung adenocarcinoma is not quite clear yet. In this study, we 
investigate the potential role of integrin α6 in the occurrence 
and progression of lung adenocarcinoma, and explore the 
association of integrin α6 with the prognosis result among 
patients with adenocarcinoma. In addition, we study the 
signal pathways associated with integrin α6 up-regulation 
to determine potential targets in our future study related to 
integrin α6 in lung adenocarcinoma.

Materials and methods

Patients, clinical data, and sample collection

The cancer tissues, adjacent non-cancerous tissues, and clin-
ical data of 30 patients diagnosed with lung adenocarcinoma 
were collected in Taizhou Hospital, Enze Healthcare Group 
of Zhejiang Province in 2010. All tissues were preserved 
by a central laboratory following standard procedures. The 
tissue samples were fixed with formaldehyde, and 5 μm 
sections embedded in paraffin were made following routine 
procedures. The clinical data included age, gender, tumor 
position, size, stage, TNM stage, T status and tumor nodes, 
differentiation, clinical TNM stages, and lymph node metas-
tasis. The project was approved by the Ethics Committee of 
Taizhou Hospital, and all patients signed informed consent 
for the samples used in the present research. Two experi-
enced pathologists confirmed the histopathological results. 
Table 1 shows the patients’ clinicopathological parameters.

Lung adenocarcinoma tissue microarray 
and immunohistochemistry

The lung adenocarcinoma tissue microarray on our col-
lected tissues was prepared by Shanghai Outdo Biotech 
Company, Ltd. The microarray was immune-stained by 
immunohistochemistry methods. Briefly, the microarray was 
deparaffinized with dimethylbenzene and ultrapure water. 
To retrieve the antigens, heating treatment was performed 
in a microwave oven in a citrate buffer until boiling point. 
Intermediate heating was conducted four to six times to 
maintain a sub-boiling temperature for 10 min, followed by 
air cooling for 30 min. Endogenous peroxidase was inacti-
vated with 3% hydrogen peroxide for 10 min, followed by 
blocking with 10% FBS for 1 h. Microarray was incubated 
with primary integrin α6 antibody (1:100; code: Ab20142, 
Cambridge, MA, USA) and a second antibody at room tem-
perature for 2–3 h. The integrin α6 staining results were 
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photographed, and the ROI analysis was performed with IPP 
software. For each sample, the relative expression level of 
integrin α6 = ROI (sample)/mean value of ROI (adjacent tis-
sue). Graphpad software was used for data processing and 
graphics.

GEO and TCGA data retrieval

The GSE30219 (FRANCE, 2013) dataset, including RNA 
expression data, as well as clinical and prognostic data of 
85 patients with lung adenocarcinoma and 14 normal tissues 
were obtained from the GEO website (https​://www.ncbi.
nlm.nih.gov/geo/query​/acc.cgi) using the key terms “prog-
nosis” and “lung cancer”. HTSeq-FPKM and the Clinical 
Dataset for Lung Adenocarcinoma were downloaded from 

the TCGA database (https​://cance​rgeno​me.nih.gov/). In 
total, we retrieved the mRNA expression data of 533 lung 

Table 1   Clinical characteristics of patients with lung adenocarcinoma 
included from hospital

SD standard deviation, M men, W women, L left, R right, T tumor

Clinical characteristics N Relative expression of 
integrin α6

Median ± SD p value

Tissue
 Normal 30 3.07 ± 1.13 0.000
 Cancer 30 0.99 ± 0.54

Gender
 M 11 3.80 ± 1.00 0.005
 W 19 2.64 ± 0.99

Age
 ≥ 60 18 2.95 ± 1.24 0.504
 < 60 12 3.24 ± 0.97

Position
 L 18 3.07 ± 1.09 0.996
 R 12 3.07 ± 1.24

Size
 > 3 cm 14 3.53 ± 1.08 0.034
 ≤ 3 cm 16 2.66 ± 1.04

Stage
 I 5 2.30 ± 0.63 0.031
 II 15 2.86 ± 0.91
 III 10 3.10 ± 1.13

TNM
 I 3 1.93 ± 0.51 0.064
 II–III 27 3.19 ± 1.11

T status
 T1 15 2.65 ± 1.08 0.039
 T2–T3 15 3.49 ± 1.05

Lymph node metastasis
 N0 4 2.18 ± 0.65 0.092
 NX 26 3.20 ± 1.13

Table 2   Clinical characteristics of patients with lung adenocarcinoma 
included in TCGA​

t Student’s t test, no. number, SD standard deviation, M metastasis, T 
tumor, N nodes, TCGA​ The Cancer Genome Atlas
a One-way analysis of variance (ANOVA) test was utilized

Clinical characteristics No. Relative expression of integrin α6

Mean ± SD t value p value

Gender
 Male 237 4.82 ± 1.38 0.473 0.637
 Female 276 4.76 ± 1.26

Age
 ≥ 60 358 4.84 ± 1.27 1.562 0.119
 < 60 136 4.63 ± 1.37

Race
 White 387 4.83 ± 1.30 1.991 0.047
 Others 65 4.48 ± 1.30

Ethnicity
 Hispanic or latino 7 4.88 ± 2.09 0.172 0.869
 Not hispanic or latino 382 4.74 ± 1.27

Radiation therapy
 Yes 13 4.18 ± 0.89 − 0.950 0.343
 No 141 4.48 ± 1.11

Tumor location
 Right 299 4.69 ± 1.30 − 1.938 0.053
 Left 199 4.92 ± 1.34

Prior malignancy
 Yes 90 4.95 ± 1.21 1.262 0.208
 No 423 4.76 ± 1.33

M status
 M0 344 4.78 ± 1.31 − 0.554 0.580
 M1 25 4.93 ± 1.04

T status
 T1–2 444 4.74 ± 1.29 − 2.007 0.048
 T3–4 66 5.12 ± 1.47

N status
 N0 330 4.76 ± 1.33 F = 1.137a 0.334
 N1 95 4.71 ± 1.19
 N2 74 5.00 ± 1.46
 N3 2 3.89 ± 0.10

Stage
 I 274 4.71 ± 1.30 F = 1.193a 0.312
 II 121 4.76 ± 1.29
 III 84 4.99 ± 1.45
 IV 26 4.97 ± 1.04

Survival status
 Alive 321 4.66 ± 1.20 − 2.581 0.010
 Dead 183 4.99 ± 1.47

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi
https://cancergenome.nih.gov/
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adenocarcinoma tissues and 59 normal tissues, as well as 
the clinical materials of 522 patients with lung adenocarci-
noma. Table 2 presents the clinicopathological parameters 
of patients with lung adenocarcinoma.

GSEA

We used GSEA3.0 software for our analysis. TMP stand-
ardized HTSeq-FPKM mRNA expression data of 533 
patients were imported into the GSEA software, and the 
parameters were set as follows: gene sets database: c2.cp.

Fig. 1   a The difference of integrin α6 protein levels between lung 
adenocarcinoma and adjacent non-cancerous lung adenocarcinoma 
tissues based on hospital patients’ data; b the difference in integrin α6 
mRNA levels between lung adenocarcinoma and adjacent non-can-

cerous lung adenocarcinoma based on GSE30219 data; c the differ-
ence in integrin α6 mRNA levels between lung adenocarcinoma and 
adjacent non-cancerous lung adenocarcinoma based on TCGA data. 
The error bars represent standard deviation (SD)

Fig. 2   a The relationship between integrin α6 protein level with dif-
ferent stages, based on hospital patients data; b the relationship 
between integrin α6 protein level with different T stages, based on 
hospital patients’ data; c the relationship between integrin α6 mRNA 

level with different T stages based on GSE30219 data; d the relation-
ship between integrin α6 mRNA level with different T stages based 
on TCGA data. The error bars represent standard deviation (SD)
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biocarta.v6.2.symbols.gmt, number of permutations: 1000, 
collapse dataset to gene symbols: false, enrichment statis-
tic: weighted, metric for ranking genes: Signal2Noise. We 

defined the top 25% samples in respect of the integrin α6 
mRNA level as a high expression group, and the last 25% 
samples as a low expression group.

Fig. 3   a Kaplan–Meier curve for overall survival rate in lung adeno-
carcinoma patients grouped by the protein level of integrin α6: based 
on hospital patients’ data; b Kaplan–Meier curve for disease-free 
survival rate in lung adenocarcinoma patients grouped by the pro-
tein level of integrin α6: based on hospital patients’ data; c Kaplan–
Meier curve for overall survival of patients with lung adenocarcinoma 
grouped by the level of integrin α6 mRNA based on GSE30219 data; 
d Kaplan–Meier curve for disease-free survival of patients with lung 

adenocarcinoma grouped by the level of integrin α6 mRNA based 
on GSE30219 data; e Kaplan–Meier curve for overall survival of 
patients with lung adenocarcinoma grouped by the level of integrin 
α6 mRNA based on TCGA data; f Kaplan–Meier curve for disease-
free survival of patients with lung adenocarcinoma grouped by the 
level of integrin α6 mRNA based on TCGA data. Error bars represent 
standard deviation (SD)
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Protein expression of PTEN pathway‑associated 
genes and integrin α6 for lung adenocarcinoma 
obtained from the Human Protein Atlas database

The Human Protein Atlas (http://www.prote​inalt​as.org) ena-
bles a system-level investigation of the transcriptome of the 
protein-coding genes of over 17 types of tumors. We vali-
dated the protein expression of PTEN pathway-associated 
genes and integrin α6 in lung adenocarcinoma patients. The 
intensity of antibody staining indicated protein expression.

Data processing and statistical analysis

We adopted SPSS Statistics 20.0 software(IBM Corp., 
Armonk, NY, USA)for statistical analysis. Continuous vari-
ables are shown as mean ± standard deviation (SD). Classi-
fied variables are shown as frequency. The best cut-off value 
is determined by X-Tile software. The relationship between 
integrin α6 protein or mRNA level and survival rates was 
obtained with the Kaplan–Meier survival approach, along 
with the Log-rank (Mantel–Cox) test. Pearson correlation 
coefficients were used to analyze the relationship between 
integrin α6 and PTEN pathway-associated genes. TMP 
standardization was used to process the downloaded HTSeq-
FPKM data. During the analysis of the data and clinical 
parameters of 533 lung adenocarcinoma patients from the 
TCGA database, the median value was selected for analysis 
when a patient had repeated integrin α6 expression data. All 
integrin α6 expression data were normalized with log2. A p 
value < 0.05 denoted a statistically significant difference. At 
least five individual tests were applied without ambiguity. 
In GSEA, FDR < 0.05 was considered to be of significance.

Results

Integrin α6 protein levels in lung adenocarcinoma 
tissues from hospital patients

Integrin α6 protein levels in lung adenocarcinoma 
tissues were significantly higher than those 
of adjacent non‑cancerous tissues

To examine the protein levels of integrin α6 in the cancer tis-
sues and adjacent non-cancerous tissues of 30 patients with 
lung adenocarcinoma, we conducted an immunohistochemi-
cal experiment. The clinicopathological features of the pro-
tein levels of the patients are shown in Table 1. The analysis 
results show that integrin α6 protein levels in lung adeno-
carcinoma tissues were significantly higher than those of 
adjacent non-cancerous tissues (p < 0.0001) (Figs. 1a, 4a, b).

Association of integrin α6 protein level in cancer tissue 
of lung adenocarcinoma patients with clinical parameters

The relationship between integrin α6 protein levels in lung 
adenocarcinoma tissue and clinical parameters was analyzed 
(Table 1). The results show that a higher protein level of 
integrin α6 was closely correlated with tumor size. When 
tumor size was larger than 3 cm, the integrin α6 protein level 
was significantly higher (p = 0.034). Integrin α6 protein was 
also up-regulated in patients with a higher stage (p = 0.031) 
or T stage (p = 0.039) compared to those with a lower stage 
or T stage (Figs. 2a, b, 4c, d). In addition, integrin α6 protein 
levels were also related to gender, with a higher level of inte-
grin α6 among males (p = 0.0005). Other clinical parameters 
were not significantly associated with integrin α6 protein 
levels, such as age, location, TMN stage, and lymph node 
metastasis (p > 0.05).

The survival rate among patients with a low 
integrin α6 protein level is significantly higher 
than that among patients with a high integrin α6 level

The Kaplan–Meier analysis results are shown in Figs. 3a, 
b and 4e–h. The patients with an integrin α6 mRNA lower 
than the mean expression were assigned to the low expres-
sion group, while the other patients were assigned to the 
high expression group. The overall survival rate (p = 0.025) 
was significantly higher in the integrin α6 low expression 
group, as was their disease-free survival rate (p = 0.0459).

Fig. 4   a Example of integrin α6 staining intensity in lung adenocar-
cinoma tissues (relative expression value = 3.81); b example of inte-
grin α6 staining intensity in adjacent non-cancerous lung adenocarci-
noma tissues (relative expression value = 0.49); c example of integrin 
α6 staining intensity in lung adenocarcinoma tissues with low stages 
(T1, stage II, relative expression value = 1.69); d example of integrin 
α6 staining intensity in lung adenocarcinoma tissues with high stages 
(T2, stage III, relative expression value = 5.81); e example of integrin 
α6 staining intensity in lung adenocarcinoma tissues with good prog-
nosis (alive at 56 months follow up; relative expression value = 1.93); 
f example of integrin α6 staining intensity in lung adenocarcinoma 
tissues with bad prognosis (dead at 14  months follow up; relative 
expression value = 5.73); g example of integrin α6 staining intensity 
in lung adenocarcinoma tissues with good prognosis (not relapsed 
at 57 months follow up; relative expression value = 1.57); h example 
of integrin α6 staining intensity in lung adenocarcinoma tissues with 
bad prognosis (relapsed at 8  months follow up; relative expression 
value = 4.82). Magnification is 10 × 40 for all images

◂

http://www.proteinaltas.org
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Table 3   Top ten signaling 
pathways enriched in lung 
adenocarcinoma tissues 
sensitive to integrin α6

Rank Name of pathway Es NES NOM p-val FDR q-val FWER p-val

1 AGR pathway 0.63 2.08 0.000 0.004 0.003
2 PYK2 pathway 0.68 2.03 0.000 0.009 0.012
3 ECM pathway 0.69 2.01 0.000 0.008 0.014
4 EIF4 pathway 0.71 1.99 0.000 0.008 0.019
5 TPO pathway 0.69 1.98 0.000 0.008 0.023
6 CXCR4 pathway 0.67 1.96 0.000 0.009 0.027
7 MET pathway 0.63 1.92 0.000 0.015 0.053
8 PTEN pathway 0.72 1.92 0.000 0.013 0.056
9 TGFB pathway 0.75 1.92 0.000 0.012 0.057
10 HCMV pathway 0.72 1.92 0.002 0.011 0.059

Fig. 5   GSEA with high expression of integrin α6. a AGR pathway (FDR = 0.004). b PYK2 pathway (FDR = 0.009). c ECM pathway 
(FDR = 0.008). d PTEN pathway (FDR = 0.013)
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Integrin α6 mRNA levels in lung adenocarcinoma 
tissues based on the GEO30219 and the TCGA 
dataset

The integrin α6 mRNA level was down‑regulated in lung 
adenocarcinoma tissues

We downloaded mRNA data and the clinical materials of lung 
adenocarcinoma patients from the GEO30219 and TCGA 
databases. The clinical parameters in TCGA are presented in 
Table 2. The analysis results show that integrin α6 mRNA was 
lower in carcinoma tissues than that of adjacent non-cancerous 
tissues in the TCGA database (p < 0.0001) as well as in the 
GEO30219 database (p < 0.05) (Fig. 1b, c).

Relationships between the integrin α6 mRNA levels in lung 
adenocarcinoma tissues and clinical parameters

We studied the relationship between integrin α6 mRNA levels 
and clinical parameters in the TCGA (Table 2). Although the 
mRNA expression level was significantly associated with T 
stages in TCGA (p < 0.05), this correlation was not significant 
in GEO30219 (Fig. 2c). In the cancer tissues of lung adenocar-
cinoma patients with higher T stages, the integrin α6 mRNA 
levels were significantly higher in TCGA (Fig. 2d). However, 
no other clinical parameters were associated with the integrin 
α6 mRNA levels with statistical significance, including age, 
gender, race, location, M stage, and lymph node metastasis 
(p > 0.05).

The survival rate of patients with higher integrin α6 
mRNA levels was significantly higher than that of patients 
with lower levels of integrin α6

The Kaplan–Meier analysis results are shown in Fig. 3c–f. 
The patients with integrin α6 mRNA lower than the best 
cut-off value were assigned to the low expression group; 
the other patients were assigned to the high expression 
group. The overall survival rate was significantly higher in 
the integrin α6 low expression group in TCGA (p < 0.0001, 
cut-off value = 5.948) as well as GEO30219 (p < 0.05, cut-
off value = 7.256). What is more, the disease-free survival 
rate was also significantly higher in the integrin α6 low 
expression group in TCGA (p < 0.01, cut-off value = 6.022) 
although there was no significant difference in GEO30219 
(p = 0.6167, cut-off = 7.311).

Several pathways may be involved 
in the up‑regulation of integrin α6

We adopted GSEA to analyze the data of the patients in the 
top 25% with regards to their integrin α6 mRNA levels, and 
also the data of patients in the bottom 25%. Table 3 shows 
the results of the GSEA employed to identify the pathways 
implicated in integrin α6 up-regulation in lung adenocarci-
noma. These results include ES, NES, p values, and FDR 
Q values. The rankings of those pathways are derived from 
the NES values. The AGR, PYK2, and ECM pathways are 
ranked in the top three (p < 0.05) (Fig. 5a–c). In addition, the 
PTEN pathway is enriched in the group with a high expres-
sion of integrin α6 (Fig. 5d).

PTEN pathway‑associated genes are significantly 
related to integrin α6

We found that PTEN and other signal pathways were signifi-
cantly enriched in the group of integrin α6 up-regulation. As 
shown in Table 4, the genes related to the PTEN signaling 

Table 4   GSEA detail of BIOCARTA PTEN pathway

Probe Rank metric 
score

Running Es Core 
enrich-
ment

PDPK1 0.269 0.6695 Yes
MAPK1 0.275 0.6232 Yes
GRB2 0.306 0.6001 Yes
ILK 0.328 0.5603 Yes
BCAR1 0.376 0.5257 Yes
PTEN 0.432 0.4745 Yes
PIK3R1 0.438 0.3926 Yes
SOS1 0.483 0.3158 Yes
ITGB1 0.557 0.2215 Yes
FOXO3 0.574 0.1121 Yes
PIK3CA 0.613 − 0.0035 Yes

Table 5   Correlation between integrin α6 and the genes involved in 
PTEN pathway

Gene symbol p value R value

PDPK1 < 0.0001 0.2201
MAPK1 < 0.0001 0.3311
GRB2 < 0.0001 0.2720
ILK < 0.0001 0.2846
BCAR1 < 0.0001 0.2494
PTEN < 0.0001 0.3887
PIK3R1 < 0.0001 0.2937
SOS1 < 0.0001 0.3697
ITGB1 < 0.0001 0.5396
FOXO3 < 0.0001 0.3575
PIK3CA < 0.0001 0.4922
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pathway, PDPK1, MAPK1, GRB2, ILK, CEAR1, PTEN, 
PIK3R1, SOS1, ITGB1, FOXO3, and PIK3CA, are more 
enriched in the group with a higher expression of integrin 
α6. On the other hand, the correlation analysis between inte-
grin α6 and the related genes are shown in Table 5. We find 
that all these genes related to the PTEN signaling pathway 
have a significant correlation with integrin α6 (p < 0.0001) in 
TCGA. An immunohistochemical stain for the PTEN path-
way-associated proteins and integrin α6 is shown in Figs. 6 
and 7. The protein expression of the PTEN pathway-related 
genes and itga6 is primarily consistent.

Discussion

Lung adenocarcinoma is a common malignant carcinoma 
with a poor prognosis (Howlader et al. 2014). Consequently, 
it is necessary to explore the mechanism of lung adenocar-
cinoma tumorigenesis and progression to establish effective 
treatment strategies. In the current study, we explored the 
association of integrin α6 protein levels and mRNA levels 
with the occurrence, progression, and prognosis results of 
lung adenocarcinoma.

According to the results of this study, the protein level of 
integrin α6 was significantly higher in cancer tissues com-
pared to adjacent non-cancerous tissues in patients with lung 
adenocarcinoma, which may suggest an association of integ-
rin α6 with the development of lung adenocarcinoma. How-
ever, this finding is not consistent with a statistical analysis 
of the mRNA level of integrin α6 based on the GEO30219 

and TCGA dataset. A previous study suggested that other 
expression regulation mechanisms outside the regulation on 
the mRNA level have been involved in the regulation of inte-
grin α6 protein expression during the development of lung 

Fig. 6   Protein expression of PTEN pathway-associated genes and 
integrin α6 as shown in IHC images obtained from the Human Pro-
tein Atlas database. a Low staining of integrin α6 in LUAD (Patient 
ID 2041; antibody CAB009009). b Low staining of integrin α6 
in LUAD (Patient ID 2403; antibody CAB009009). c High stain-
ing of ITGB1 in LUAD (Patient ID 2041; antibody CAB003434). 
d High staining of ITGB1 in LUAD (Patient ID 2403; antibody 
CAB003434). e Not detected staining of SOS1 in LUAD (Patient 
ID 2041; antibody CAB005396). f Not detected staining of SOS1 
in LUAD (Patient ID 2403; antibody CAB005396). g. Not detected 
staining of ILK in LUAD (Patient ID 2041; antibody CAB004041). 
h Not detected staining of ILK in LUAD (Patient ID 2403; antibody 
CAB004041). i Not detected staining of GRB2 in LUAD (Patient 
ID 2041; antibody CAB002589). j Low staining of GRB2 in LUAD 
(Patient ID 2403; antibody CAB002589). k Not detected stain-
ing of MAPK1 in LUAD (Patient ID 2041; antibody HPA003995). 
l Low staining of MAPK1 in LUAD (Patient ID 2403; antibody 
HPA003995). m Not detected staining of PIK3R1 in LUAD (Patient 
ID 2041; antibody CAB004268). n Low staining of PIK3R1 in 
LUAD (Patient ID 2403; antibody CAB004268). o Low stain-
ing of FOXO3 in LUAD (Patient ID 2041; antibody CAB004074). 
p Median staining of FOXO3 in LUAD (Patient ID 2403; antibody 
CAB004074). q Low staining of PDPK1 in LUAD (Patient ID 2041; 
antibody CAB004272). r Median staining of PDPK1 in LUAD 
(Patient ID 2403; antibody CAB004272). Magnification is 4 × 10 for 
all images
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adenocarcinoma (Frans et al. 1991), which may partially 
explain the inconsistency.

The results of our study also show that both integrin 
α6 protein and mRNA levels are significantly associated 
with the progression of lung adenocarcinoma. In analyz-
ing patients’ data, the expression level of integrin α6 was 
up-regulated in patients at an advanced stage and T stage of 
lung adenocarcinoma. The association between integrin α6 
and T stage was supported in our analysis of the TCGA data. 
These results suggest integrin α6 is closely linked to lung 
adenocarcinoma progression. Earlier studies have revealed 

Fig. 6   (continued) Fig. 7   Protein expression of PTEN pathway-associated genes and 
integrin α6 as shown in IHC images obtained from the Human 
Protein Atlas database. a Low staining of integrin α6 in LUAD 
(Patient ID 3003; antibody CAB009009; magnification of 4 × 10). 
b Median staining of integrin α6 in LUAD (Patient ID 3391; anti-
body CAB009009; magnification of 4 × 10). c Not detected stain-
ing of MAPK1 in LUAD (Patient ID 3003; antibody HPA030069). 
d Low staining of MAPK1 in LUAD (Patient ID 3391; antibody 
HPA030069). e Low staining of PIK3R1 in LUAD (Patient ID 3003; 
antibody CAB004268). f Median staining of PIK3R1 in LUAD 
(Patient ID 3391; antibody CAB004268). g Low staining of FOXO3 
in LUAD (Patient ID 3003; antibody CAB004074). h Low staining of 
FOXO3 in LUAD (Patient ID 3391; antibody CAB004074). Magnifi-
cation is 4 × 10 for all images
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an association between integrin α6 and metastasis capacity 
in lung cancer. It has been reported that integrin α6β4 is 
up-regulated in murine Lewis lung carcinoma variants with 
high metastasis capacity (Sacchi et al. 1989). In addition, 
up-regulation of integrin α6 was shown to be related to the 
promotion of metastasis in lung cancer or non-small lung 
adenocarcinoma cell line (Hsu et al. 2013). In our study, the 
mean value of integrin α6 expression indicated a correlation 
with parameters related to metastasis, such as the TNM stage 
and lymph node metastasis in an analysis of patient data, and 
M and N status in an analysis of the TCGA data. However, 
the difference is not statistically significant, which may be a 
result of the relatively small size of the patient group. Thus, 
further studies with a large cohort of patients are needed in 
the future.

In addition, high expression levels of integrin α6 predict a 
poor prognosis for patients with lung adenocarcinoma. The 
results are consistent for both protein and mRNA of integ-
rin α6. The close relationship between integrin α6 and the 
prognosis results of lung adenocarcinoma may suggest the 
potential application of integrin α6 as a predictor of progno-
ses among patients with lung adenocarcinoma.

Stewart et al. (2016) showed that integrin α6β4 up-regula-
tion is associated with adenocarcinoma tissues compared to 
normal tissues, with venous invasion and with reduced over-
all patient survival among non-small lung cancer, including 
adenocarcinoma and squamous cell carcinoma. Their study 
and ours suggest that up-regulation of integrin α6 may be 
associated with the occurrence, progression, and prognosis 
of lung adenocarcinoma.

The analysis of the signal pathways associated with up-
regulation of integrin α6 indicates that the AGR, PYK2, 
ECM, and PTEN pathways are significantly enriched in the 
integrin α6 high expression group. Previous studies have 
shown that Agrin is involved in several receptor signaling 
pathways of effective oncogenes, such as SFK (Camilleri 
et al. 2007); ErbB (Trinidad et al. 2000). The PYK2 signal-
ing pathway was reported to be involved in the occurrence 
and proliferation of non-small cell lung cancer (Wan et al. 
2015). Integrins play a regulatory role by binding to ECM 
or altering their affinity to ECM, while the expression of 
ECM receptors in lung adenocarcinoma is associated with 
the growth and metastasis of lung adenocarcinoma cells 
(Stevens et al. 2017). PTEN, as a tumor suppressor gene, 
is often mutated in several kinds of tumors, including lung 
adenocarcinoma (Bi et al. 2017; Li and Sun 1997). PTEN 
can regulate a variety of cellular physiological processes, 
including survival, proliferation, growth, and migration, 
through down-regulating the PI3 kinase signaling pathway, 
a key carcinogenic signaling pathway. Studies have shown 
that the PTEN signaling pathway plays an important regu-
latory role in the invasion and migration of non-small cell 

lung adenocarcinoma cells (Li et al. 2016; Xia et al. 2016), 
and has a prognosis predictor value for non-small cell lung 
cancer patients (Tang et al. 2006). These results of path-
way analysis provide clues for the mechanism of integrin 
α6 regulation and the association of integrin α6 with the 
progression of lung adenocarcinoma and its prognosis.

To the best of our knowledge, this is the first time integrin 
alpha 6 subunit has been reported in the progression and 
prognosis of patients with lung adenocarcinoma. Our study 
has revealed the important role of integrin α6 in the progres-
sion and prognosis of lung adenocarcinoma, which suggests 
the potential of integrin α6 as a target gene and prognosis 
predictor in lung adenocarcinoma treatment. However, fur-
ther studies, especially using a large sample size, are still 
needed. The mechanism of integrin α6 in lung adenocar-
cinoma also needs additional experimental verification. In 
comparison with previous studies, our study has included 
patient samples from a hospital, thus the result is of more 
clinical and practical importance. The analysis was based on 
the medical records of the patients, which can greatly reduce 
interview bias. Furthermore, we have analyzed the associa-
tion of integrin α6 with lung adenocarcinoma from both the 
protein and mRNA levels, and obtained consistent results, 
thus taking the probability of inconsistency of mRNA and 
protein into account, thereby reducing the bias that may have 
been generated by the small sample size.

Conclusion

Integrin α6 plays an important role in the occurrence and 
progression of lung adenocarcinoma and may act as a prog-
nostic predictor of lung adenocarcinoma patients. Based on 
the results of the current study, integrin α6 may be a poten-
tial target gene and prognosis predictor for the treatment of 
lung adenocarcinoma patients. However, more studies are 
needed for further investigation.
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