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Background: Collagen type VI alpha 6 chain (COLG6AG) plays a vital role in maintaining cell structural
integrity and regulating cell function. It has been proven to be a tumor suppressor gene and molecular
therapeutic target. However, the mechanism of COL6A6 in non-small cell lung cancer (NSCLC) has
not been elucidated. The purpose of this study was to investigate the relationship between COL6A6 and
NSCLC.

Methods: We analyzed the expression of COL6A6 in NSCLC using public databases and verified the
findings in NSCLC tissues and cells. The protein expression of COL6A6 was evaluated by Western blot.
The CCK8 and Transwell assays were used to assess the invasion ability of NSCLC cells after COL6A6
knockdown. At the same time, we discussed the role of the JAK signalling pathway that may be related to
COLGAG.

Results: Bioinformatics analysis showed that COL6A6 expression was downregulated in NSCLC, and
its high expression was associated with a better prognosis of NSCLC. In vitro, the expression of COL6A6
in NSCLC tissues was significantly lower than that in adjacent tissues. Furthermore, COL6A6 knockout
accelerated the proliferation, invasion, and migration of NSCLC cells and activated the JAK signalling
pathway.

Conclusions: Our study illustrates that COL6AG is a tumor suppressor gene in NSCLC and is involved
in NSCLC tumorigenesis by regulating the JAK signalling pathway. Therefore, COL6AG6 holds promise as a
molecular therapeutic target for NSCLC.
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Introduction

Lung cancer is the most common cancer globally and the
leading cause of cancer death (1,2). Non-small cell lung
cancer (NSCLC) accounts for most lung cancer types,
including squamous cell carcinoma, adenocarcinoma, and
large cell carcinoma (3). Although tumor molecular biology,
genomics, targeted therapy, and other fields have been

developing in recent years, the average 5-year survival rate
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of most patients with advanced NSCLC is only 19% (4-6).
Notably, tumorigenesis may be significantly related to
the change of the essential genes (7,8). Therefore, it is
imperative to explore the pathogenesis of NSCLC and seek
new therapeutic targets for early diagnosis and to improve
patients’ survival rates.

Collagen type VI alpha 6 chain (COL6AG) belongs to the
family of collagen type VI (COL6), which is encoded by a

6,789-bp coding region. As an extracellular matrix protein,
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COLO6AG is significantly expressed in various human tissues,
including lung, kidney, liver, spleen, thymus, heart, and
skeletal muscle, and plays an essential role in maintaining
cell structure integrity and regulating cell function (9,10).
Long et al. found that COLG6AG can suppress the growth
and metastasis of pituitary adenoma (11). Yeh et al.
confirmed that high expression of COL6AG6 has a significant
relationship with the early pathological stage of breast
cancer (12). In addition, many COLG6 family members
have been shown to play essential roles in tumor initiation
and progression (13-15). However, it is not clear whether
COLO6AG is associated with NSCLC.

Our previous analysis using public databases [Gene
Expression Profiling Interactive Analysis (GEPIA) and
The Cancer Genome Atlas (TCGA)] showed that COL6A6
mRNA was significantly reduced in lung adenocarcinoma
(LUAD) and lung squamous cell carcinoma (LUSC).
Therefore, we hypothesized that COL6A6 plays a critical
role in NSCLC. TCGA database was used to analyze the
correlation between COLG6AG and the NSCLC survival.
After that, the COL6AG6 protein level was verified in
NSCLC tissues and cell lines. It was confirmed that
COLOG6AG participates in the proliferation and metastasis of
NSCLC cells through cell transfection methods. Finally,
gene set enrichment analysis (GSEA) datasets and Western
blotting demonstrated that COLG6AG is mainly associated
with the JAK signalling pathway. Therefore, the COL6A6
gene can serve as a potentially valuable prognostic biomarker
and therapeutic target for NSCLC. We present the following
article in accordance with the MDAR reporting checklist
(available at https://dx.doi.org/10.21037/tcr-21-2002).

Methods
Bioinformatics prediction

We obtained data from TCGA database (https://
cancergenome.nih.gov/) and the GEPIA website (http://
gepia.cancer-pku.cn/) on the COL6A46 mRNA sequences
in NSCLC tissue specimens and adjacent lung tissues. At
the same time, we carried out GSEA using the gsea-4.0.jar
website (https://www.gsea-msigdb.org/gsea/index.jsp).
Kaplan-Meier analysis estimated the survival of NSCLC
patients who showed diverse expression levels of COL6AG6
(http://kmplot.com/analysis/).

Patients and tissue specimens

From January to December 2020, with the approval of the
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medical ethics committee of Qingdao Municipal Hospital
Affiliated to Qingdao University (2021yxy32) and the
informed consent of patients, we collected 20 pairs of tumor
tissues and adjacent healthy tissues of lung cancer patients
in Qingdao Municipal Hospital. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013).

Cell lines and culture

The immortalized bronchial epithelial cell line (BEAS-2B)
and 4 NSCLC cell lines (H520, A549, H1299, and H1975)
were all purchased from Procell Life Science & Technology
Co., Ltd. (Wuhan, China). Cells were maintained in
medium containing 10% fetal bovine serum (FBS) (10091-
148, GIBCOj; Shanghai, China) and 1% penicillin-
streptomycin solution, and placed in a cell incubator at

37°Cand 5% CO,.

Cell transfection and grouping

COL6A6-siRNA was purchased from Shanghai
GenePharma Co., Ltd. H1299 cells in good condition
were transferred to a 6-well plate in advance. Then, 10 pL
COLG6AG6-siRNA was diluted with 100 pL. OPTI-MEM
(#31985, GIBCO) and added to 5 pL Lipofectamine™
2000 (#11668-019, Invitrogen; Shanghai, China) in 100 pL
OPTI-MEM, and was left to stand at room temperature
for 20 minutes. A total of 200 pL. of mixture was added to
each well. After 6 hours in the cell incubator, the mixture
was aspirated out and replaced with standard medium. At
48 hours later, the cells were then harvested for subsequent
experiments.

RT-gPCR

After the cellular RNA was extracted with Trizol
reagent (15596-026, Ambion; Shanghai, China),
the light absorption value was measured using a
microspectrophotometer (Nano-100, China) to calculate
the purity and concentration of RNA. The RNA quality
was estimated according to the OD260/0D280 ratio,
which was required to be between 1.8-2.0 to meet the
experimental requirements. The isolated total RNA was
reverse transcribed into cDNA and amplified using the
SYBR-Green Master Mix (Q111-02, Vzyme; Nanjing,
China). The primers used in this study included: COLG6AG:
forward 5'-AAGTGGTGCTTAGGGGTTC-3"; reverse
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5'-CCAACAATTAACAAAAGAAAGG-3'. GAPDH was
used as an internal control, and its primers were as follows:
forward 5'-TCAAGAAGGTGGTGAAGCAGG-3' and
reverse 5'-TCAAAGGTGGAGGAGTGGGT-3". The
27 method was used to calculate the relative mRNA

expression levels.

Western blot analysis

Western blotting was performed according to standard
methods as described previously (16), using anti-COLG6AG6
(1:1,000, PA5-60958, Invitrogen), anti-JAK2 (1:1,000,
AF6023, Affinity; Changzhou, China), anti-p-JAK2 (1:1,000,
AF3024, Affinity), anti-STAT3 (1:1,000, 10253-2-AP;
Proteintech; Wuhan, China), and anti-p-STAT3 (1:2,000,
Ab76315, Abcam; Cambridge, UK) antibodies. Anti-
GAPDH (1:2,000, AB-P-R001; Goodhere Biotechnology
Co., Ltd.; Hangzhou, China) was used as the loading

control.

CCKS assay

The transfected H1299 cells were inoculated into 96-
well plates at 5x10° per well and cultured overnight in an
incubator at 37 °C with 5% CO,. Then, 10 pL. CCK8 (HY-
KO0301, MedChemExpress; Shanghai, China) was added
to each well, and the OD value of 450 nm in each well
was detected with an enzyme marker (Multiskan Skyhigh;
Waltham, USA).

Wound bealing assay

The transfected H1299 cells were seeded in a 6-well plate
and incubated overnight in a 5% CO, incubator at 37 °C.
When the cells reached the bottom of the 6-well plate
evenly, we used the tip of a sterilized pipette to scrape
off the cell layer gently. The cells were washed with PBS
3 times, then serum-free medium was added. Cells were
imaged under a microscope (IX51, Olympus, Japan) after 0
and 24 hours.

Transwell invasion test

The transfected H1299 cells were seeded in a 6-well plate
at 5x10° per well, with 2 mL of cell suspension added to
each well. Cells were incubated overnight in an incubator at
37 °Cand 5% CO,. When the cell density reached 80-90%,
the cells were digested and sub-cultured with 0.25% trypsin
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and resuspended with serum-free medium. The Matrigel
(356234, Corning; New York, USA) melted at 4 °C and was
diluted in serum-free medium to a final concentration of
1 mg/mL. Then, we added 800 pL medium (cell culture
medium plus 10% FBS) to the 24-well plate and put it
into the Transwell chamber, then put 100 pL. Matrigel in
the Transwell upper chamber. After drying and forming a
gel, cell suspensions of each group were inoculated in the
Transwell for 24 hours. The cells were fixed with 70% ice
cold ethanol solution for 1 hour, then stained with 0.5%
crystal violet dye and photographed under a microscope
(IX51, Olympus, Japan).

Statistical analysis

The Data was performed using GraphPad Prism 5 software,
and a P value less than 0.05 was considered statistically
significant. The overall survival rates were calculated using
Kaplan-Meier method. Paired #-test or one-way ANOVA
analysis of variance were used for comparisons between
groups. Data are presented as mean + standard deviation.
All independent experiments were performed at least
3 times.

Results
The expression of COL6A6 is downregulated in NSCLC

Based on the tumor databases GEPIA and TCGA, we
found that COL6A6 expression was significantly reduced
in NSCLC tissues compared with healthy lung tissues
(Figure 14,1B). At the same time, we verified this conclusion
with Western blotting (Figure 1C). We further compared
the expression levels between the BEAS-2B cell line and
the 4 NSCLC cell lines (A549, H1299, H1975, H520).
COLGAG expression in NSCLC cells was significantly
reduced compared to that in the BEAS-2B cell line
(Figure 1D). All the results demonstrate that COL6AG6
expression is downregulated in NSCLC cells and tissues. In
addition, the Kaplan-Meier plotter was used to analyze the
correlation between COL6AG6 expression and the NSCLC
survival. The results showed that the lower the COL6AG6
expression, the worse the prognosis of patients with lung
cancer (Figure 1E).

COL6A6 inhibits NSCLC cells proliferation and invasion
COLG6AG expression in the H1299 cell line was higher
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Figure 1 The expression of COL6A6 in NSCLC tissues. (A) COLG6AG is differentially expressed in tumors compared to normal tissues
according to the GEPIA database. (B) The expression of COL6A6 in LUAD and LUSC in TCGA database (P<0.001). (C) Western
blotting analysis of COL6A6 in NSCLC and adjacent tissues was performed. (D) The expression of COL6AG6 in the immortalized bronchial
epithelial cell line (BEAS-2B) and 4 NSCLC cell lines (H520, A549, H1299, and H1975) was analyzed by Western blotting. (E) The
Kaplan-Meier plotter was used to analyze the overall survival, which showed that the prognosis of patients with high COL6AG6 expression
(red) was better than that of patients with low COL6AG6 expression (blue). Data are expressed as mean = SE. *, P<0.05; ***, P<0.001. N,
normal tissue; T, tumor tissue; COLG6AG, collagen type VI alpha 6 chain; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; TCGA,
The Cancer Genome Atlas; GEPIA, Gene Expression Profiling Interactive Analysis; LUAD, lung adenocarcinoma; LUSC, lung squamous
cell carcinoma; NSCLC, non-small cell lung cancer; SE, standard error.
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Figure 2 Verification of the transfection efficiency of COL6A6 knockdown in NSCLC cells. (A) Lentiviral siRNA targeting COL6AG was
transfected into H1299 cells. (B) More than 80% of the cells were green fluorescent protein (GFP) positive and were transfected successfully

(x100). Scale bar: 100 pm. (C) Western blotting assays were used to detect the expression of COL6A6 in H1299 cells transfected with
siRNA. NC: uninfected H1299 cells; NC-si: negative control siRNA transfected H1299 cells; COL6AG-si: COL6A6 siRNA transfected
H1299 cells. Data are expressed as mean = SE. **, P<0.01; ***, P<0.001. COL6AG, collagen type VI alpha 6 chain; NSCLC, non-small cell

lung cancer; SE, standard error.

than that in the other NSCLC cell lines (Figure 1D). We
transfected COL6A6-siRNA into H1299 cells and analyzed
the expression level of COL6A6 by Western blotting. The
results showed that COL6AG6-siRNA significantly inhibited
the expression level of COL6AG in the H1299 cell line
(Figure 2A4-2C). To further investigate the role of COL6AG6
in NSCLC, the CCK8 assay was performed to evaluate cell
proliferation. The CCK8 assay showed that the inhibition
of COL6AG significantly promoted the proliferation of
H1299 cells (Figure 3A4). Then, the effect of COL6A6 on
the migration and invasion of NSCLC cells was verified
by the wound healing assay and the Transwell assay. It was
found that, in the COL6AG6-siRNA group, the migration
and metastasis ability of H1299 cells were notably enhanced
than the control group (Figure 3B,3C).

COLG6AG6 inbibits NSCLC progression through the JAK

signalling pathway
Finally, GSEA software was used to search for COL6AG6-
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related signalling pathways to understand the specific
regulatory role of COL6A6 in NSCLC. Our analysis
suggests that COL6A6 may inhibit the progression
of NSCLC through the JAK signalling pathway
(Figure 4A). The phosphorylation levels of JAK and STAT
in the COL6A6 knockout group were significantly higher
than those in the control group (Figure 4B,4C). All the
results clearly demonstrated that COL6A6 knockout could
activate the JAK signalling pathway.

Discussion

Lung cancer is still the leading cause of cancer deaths
globally due to a lack of understanding of the molecular
mechanisms (1,5). TNM stage has always been considered
as the best determinant to judge the prognosis of NSCLC
patients. With recent studies, people believe that cancer
is not only an autonomous cell disease, but also forms a
complex ecosystem, and its immune microenvironment can
affect the growth, diffusion and prognosis of tumors. The
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Figure 3 COLG6AG inhibits the proliferation and invasion of NSCLC cells. (A) The proliferation efficiency of NC, NC-si, and COL6AG-
si in H1299 cells after transfection was detected by CCKS8 analysis. (B) the wound healing assay analyzed the migration of H1299 cells
transfected with COLG6AG-si (x100). Scale bar, 100 pm. (C) the number of invasive H1299 cells was detected by the Transwell assay
(200x). The cells were stained with 0.5% crystal violet dye. Scale bar, 50 pm. NC: uninfected H1299 cells; NC-si: negative control siRNA
transfected H1299 cells; COL6AG-si: COL6A6 siRNA transfected H1299 cells. **, P<0.01; ***, P<0.001. COL6AG, collagen type VI alpha 6

chain; NSCLC, non-small cell lung cancer.

interaction of tumor/host microenvironment promotes the
development of prognostic and predictive biomarkers. In
recent years, many studies have shown that some essential
genes have a decisive influence on the occurrence and
development of NSCLC. Therefore, in this study, we
explored the relationship between COL6A6 and NSCLC.
We found that COL6A6 expression was decreased in

© Translational Cancer Research. All rights reserved.

NSCLC, and was associated with favorable prognostic
factors in patients. In addition, low COLG6AG expression
activated the JAK signalling pathway, suggesting that
low COLG6AG6 expression effectively promotes NSCLC
proliferation and metastasis. In conclusion, we identified for
the first time the role of COLG6AG as a tumor-critical gene
in NSCLC.
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Figure 4 COLG6AG regulates the JAK signalling pathway to inhibit the progression of NSCLC. (A) GSEA demonstrated that COL6AG is
related to the JAK signalling pathway. (B,C) Western blotting assays for JAK-2, p-JAK2, STAT3, and p-STAT3 in H1299 cells following
knockdown of COL6A6. NC: uninfected H1299 cells; NC-si: negative control siRNA transfected H1299 cells; COL6A6-si: COL6A6
siRNA transfected H1299 cells. ***, P<0.001. COL6AG, collagen type VI alpha 6 chain; GSEA, gene set enrichment analysis; NSCLC, non-

small cell lung cancer.

The COL6 family plays a critical role in cell adhesion
(17,18), apoptosis, autophagy (19), and dystrophy (20).
Interestingly, some members are involved in the growth
and development of tumors (21,22). In previous studies,
COLOGAG6 has been shown to be a cancer suppressor gene
that acts as an independent prognostic marker for pituitary
adenomas. Long et al. reported that COL6AG interacted
with P4HA3 to suppress the growth and metastasis of
pituitary adenoma via blocking the PI3K-Akt pathway (11).
However, the specific role of COL6A6 in NSCLC
metastasis has not been confirmed until now, thus we
conducted the following experimental analysis. First, we
analyzed COL6A46 mRNA sequence data in NSCLC tissue
samples to evaluate the survival of patients with different
levels of COL6AG expression using Kaplan-Meier analysis.
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The results showed that COL6A6 expression was low in
NSCLC, and its high expression was associated with a better
prognosis of NSCLC. We then validated this conclusion
with Western blot analysis, which showed that COL6AG6
expression was significantly lower in NSCLC tissue samples
than in normal lung tissues. The in vitro experiments (CCK8
assay, wound healing assay, and Transwell assay) showed
that the proliferation and migration ability of NSCLC cells
after COLG6AG knockdown was significantly enhanced. At
the same time, the bioinformatics analysis showed that the
higher the COLG6AG expression, the better the prognosis of
patients. In conclusion, we hypothesized that COL6AG is
involved in the development and progression of NSCLC.
The occurrence and progression of lung cancer is a multi-
step process. This process involves abnormal gene changes
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and protein expression, followed by cell phenotypic
transformation and complex intracellular signalling
pathways. In addition to the genetic characteristics of
lung cancer, the need for protein biomarkers needs to be
addressed to accurately subclassify lung cancer and monitor
disease progression and treatment effect. Signalling through
the JAK pathway is essential in the progression of colorectal
cancer, gastric cancer, bladder carcinoma, and other tumors
(23-25). Previous studies have demonstrated that JAK is
upregulated in NSCLC and advances the proliferation of
NSCLC cells (26). Gao et al found that JAK accelerates the
progression of NSCLC and leads to poor prognosis (27).
However, the relationship has not been explored between
COLG6AG6 and the JAK signalling pathway. GSEA results
showed that the JAK signalling pathway was remarkably
concentrated in the COLG6AG low expression group.

Further research revealed that knockdown of COL6A6
increased the p-JAK and p-STAT levels in NSCLC cells.
We therefore demonstrated that COL6A6 might inhibit the
proliferation and invasion of NSCLC cells by regulating
the JAK signalling pathway. Our study demonstrated the
relationship between COLG6A6 and the JAK signalling
pathway, but it has not been confirmed specifically through
in vivo experiments, and further experimental studies are
needed to support these findings.

In conclusion, our study demonstrated that COL6AG is
a novel tumor suppressor gene in NSCLC and can serve as
a potentially valuable prognostic biomarker and therapeutic

target for NSCLC.
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