wemmim
CSIR

The Innovation Engine of India

Indian Journal of Experimental Biology
Vol. 62, March 2024, pp. 179-186
DOI: 10.56042/ijeb.v62i03.2203

N a\ stitute of Science Communicatio andthex arth

Systematic evaluation of collagen family gene transcripts: Implications for
prognostic stratification in lung cancer patients

Sedef Hande Aktas'**

'Vocational School of Health Services, Eskischir Osmangazi University, Eskischir, Turkey

*Department of Biotechnology and Biosafety, Graduate School of Natural and Applied Sciences,
Eskisehir Osmangazi University, Eskisehir, Turkey

Received 03 June 2023; revised 23 October 2023

Remodeling of the extracellular matrix (ECM) is expressed as one of the most powerful processes in the development of
lung cancer (LC). Moreover, its alternative regulation showed significant relationship with a wide range of diseases and traits.
Since the collagen family is one of the most important components of the ECM, in silico analyzes were performed to determine
which collagen type among all collagens was significant for survival of lung cancer. Overall survival (OS) plots were generated
for all collagen members and subsequently, the transcript levels of collagen members with significant OS values were examined
using the GEPIA web tool. According to the survival graphs of 46 genes, the expressions of COL644P2, COL6A46, COL7A1l,
COLI11AI, COL19A41, and COL22A41 genes have a significant relationship with OS in Lung Adenocarcinoma (LUAD).
COLIA2, COL4Al, COL5A2, COL6A5, and COL28A1 genes have a significant relationship with OS for Lung Squamous Cell
Carcinoma (LUSC) (P <0.05). COL6A46-001, COL6A6-002, COL11A41-001, COL11A1-007 transcripts for LUAD, and
COL1A42-002, COL142-004, COL142-005, COL142-007, COL142-008, COL142-011, COL4A41-004, COL6A5-003, COL6AS5-
004 transcripts for LUSC were found to be significant. COL6A46-002, COL1141-001, COL11A41-007 and COLI1A2-005
transcripts were also found to be significant for stratifying pathological stages.
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Lung cancer incidence (2480675) and mortality
(1817469) rank at the top among all the cancer types'.
To date, the optimal treatment strategy for lung
cancer treatment has not been elucidated.

Many important events occur during the
development of lung cancer. Remodeling of the
extracellular matrix (ECM) is expressed as one of the
most powerful processes in these events. The collagen
family is one of the most important components of the
ECM?*’. As the ECM structure is mainly responsible
for the increased tissue pressure in the intercellular
space and the rigid mechanical properties, ectopic
expression of collagen family members can alter the
properties of epithelial cells and reshape the
morphology and function of epithelial cells*’. This
process enhances the separation of cancer cells from
the primary tumor mass and increases cell
invasiveness for the process leading to metastasis. In
addition, it is known that the expression of different
collagen families is evaluated as a biomarker in many
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types of cancer®'’. Furthermore, alternative regulation
has been shown to significantly influence
carcinogenesis, and differential isoform usage has
been associated with a wide range of diseases and
traits. Thus, the study of differential isoform usage
has the potential to provide important information for
understanding the biological mechanisms underlying
disease'"'%.

The purpose of this research was to reveal
significant prognostic collagen genes (P <0.05) in
lung cancer and to investigate the expression of the
transcripts of these genes in detail. Thus, it may be
possible to focus on a more specific gene/gene group
in monitoring the prognosis of lung cancer and to use
it for the diagnosis and treatment of lung cancer by
selecting transcripts with significance.

In this study, we conducted in silico analyses to
determine the collagen type that significantly affects
lung cancer survival among all the collagens. We
analysed the adenocarcinoma and squamous cell
carcinoma subgroups of non-small cell lung cancer
(NSCLC), which are the most common subtypes of
lung cancer, for the collagen family. For this purpose,
overall survival (OS) plots for all collagen members
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were performed using the GEPIA2 web tool.
Subsequently, box plot expression analyses of the
transcripts of these genes with significant OS were
performed.

Materials and Methods
Data collection

The lung cancer (LC) data set, combined with lung
adenocarcinoma (LUAD) and lung squamous cell
carcinoma (LUSC), was obtained from the cancer
genome atlas (TCGA) database" (https:/portal.gdc.
cancer.gov/). Demographic and clinical data of the
LC patients are summarized in Suppl Table S1 [A4/]
supplementary data are available only online
along with the respective paper at the journal
website (http://ijeb.res.in) as well as NOPR
repository at http://nopr.res.in).

Gene expression and overall survival analysis

Gene expression and overall survival analysis were
performed with GEPIA2 web-based tool which
provides functionalities for research based on TCGA
and genotype-tissue expression (GTEx) data'
(http://gepia2.cancer-pku.cn). A total of 483 lung
adenocarcinoma samples and 347 normal samples
were used to analyze the gene expression of the
transcripts. Analyzing the gene expression of the
transcripts, a total of 486 lung squamous cell
carcinoma samples and 338 normal samples were
used.

Overall survival analysis of 46 collagen genes
given in detail was performed with available patient
data (Suppl. Fig. S1). In addition, the transcripts
whose expressions were significant are presented and
discussed in the article, and the expression analyses of
all transcripts are presented in Suppl. Fig. S2A (Lung
adenocarcinoma) and Suppl. Fig. S2B (Lung squamous
cell carcinoma). Survival analysis according to the
low and high mRNA expression levels of the study
genes was performed via the web interface.

Statistical analysis

All statistical analyzes were carried out on the
Gene Expression Profiling Interactive Analysis
(GEPIA) database'’. Kaplan-Meier analyses were
conducted to estimate the OS of LC. Low and high-
expression groups were compared using the log-rank
test. The p-values for the analyses were calculated
automatically by the database, and p-values below
0.05 were considered statistically significant.

Results and Discussion
Overall survival analysis

According to the survival graphs of 46 genes, the
expressions of COL6A44P2, COL6A6, COL7Al,
COLI11AI, COLI941 and COL22A41 genes have a
significant relationship with overall survival (OS) for
lung adenocarcinoma (LUAD) (COL6A44P2 p=0.043;
COL6A4A6 p=0.019; COL7A41 p=0.0052; COLI1IAI
p=0.014; COLI1941 p=0.0018; and COL2241
p=0.0049). In addition, COLIA2, COL4A1, COL5A2,
COL6A5 and COL28A41 genes have a significant
relationship with OS for lung squamous cell
carcinoma (LUSC) (COL1A42 p=0.023; COL4Al
p=0.024; COL5A2 p=0.026; COL6AS5 p=0.036; and
COL2841 p=0.051) (Fig. 1). Survival graphs of
46 genes are given in detail in Suppl. Fig. S1.

Gene expression analysis of transcripts of selected genes

Transcripts of genes are given in detail in Table 1
and the expressions of all genes are presented in
Suppl. Figs S2 A and B. The expression of COL6A46-
001, COL6A46-002, COL11A41-001 and COLI11A41-007
transcripts was found significant for LUAD. The
COL6A6-001 and COLG6A6-002 transcripts were
found high in normal tissues than tumor tissues
whereas COL11A41-001 and COL11A1-007 transcripts
were found high in tumor tissues than normal tissues
(P <0.05) (Fig. 2). The expression of COL1A42-001,
COLI1A2-002, COL1A42-004, COL1A2-005, COL1A42-
007, COLI1A2-008, COLIA2-011, COL4A41-004,
COL6A5-003 and COL6A5-004 transcripts were
found significant for LUSC. The COLI1A42-001
transcript was found high in tumor tissues than in
normal tissues whereas COLI1A2-002, COLIA2-004,
COL1A42-005, COL142-007, COLI1A2-008, COL1A2-
011, COL4A1-004, COL6A5-003 and COL6AS5-004
were found high in normal tissues than tumor tissues
(P <0.05) (Fig. 3).

Pathological stage plot analysis

The transcripts have a significant relationship with
OS also analysed for pathological stage. COL6A6-
001, COL6A46-002, COL1141-001 and COL11A41-007
transcripts were analysed for LUAD. COL1A42-001,
COL1A42-002, COL1A2-004, COL1A2-005, COL1A2-
007, COLI1A2-008, COLIA2-011, COL4A41-004,
COL6A5-003 and COL6A5-004 transcripts were
analyzed for LUSC. COL6A46-002, COL11A41-001 and
COL11A41-007 transcripts were found significant to
distinguish pathological stages for LUAD. On the
other hand, only COLIA2-005 transcript was found
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Fig 1 — Comparison of Kaplan-Meier OS curves of the high and low expression of genes have a significant relationship with OS for lung
adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC) among forty six collagen genes
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significant to distinguish pathological stages for
LUSC (P <0.05) (Fig. 4). The transcripts found
significantly stratifying patients pathological stages
for LUAD are as follows in detail: COL6A46-002
transcript; the corresponding p-value is 0.00596. As
this value is well below the conventional 0.05
threshold for statistical significance, it implies that
there is a statistically significant difference in the
means across the four stages. Stages I & IV are

Table 1 — Collagen gene transcripts and their overall survival
statistical significance in LUAD and LUSC
Lung Adenocarcinoma (LUAD) Lung Squamous Cell

Carcinoma (LUSC)
Gene Transcripts of P Gene Transcripts of P
the gene value the gene value
COL6A4P2 COLIA2
COL6A44P2-001 N, S COLIA2-001 P <0, 05
COL644P2-002 N, S COLI1A42-002 P <0,05
COL6A44P2-003 N, S COLI1A42-003 N, S
COL6A4A4P2-004 N, S COLIA2-004 P <0, 05
COL644P2-005 N, S COLI142-005 P <0,05
COL6A4P2-006 N, S COL142-006 N, S
COL6A6 COL1A42-007 P <0, 05
COL6A46-001 P <0, 05 COLIA2-008 P <0,05
COL646-002 P <0, 05 COLIA2-009 N, S
COL646-003 N, S COL142-010 N, S
COL7A1 COLIA2-011 P <0, 05
COL7A41-001 N, S COLIA2-012 N, S
COL7A41-002 N, S COLI1A2-201 N, S
COL7A1-003 N,S COL4A41
COL7A41-004 N, S COL4A41-001 N, S
COL741-005 N, S COL441-003 N, S
COL7A41-006 N, S COL441-004 P <0, 05
COL7A41-007 N, S COL4A41-005 N, S
COL7A41-008 N, S COL4A41-006 N, S
COL741-009  N,S COL542
COL7A41-010 N, S COL5A42-001 N, S
COLI1141 COL5A42-002 N, S
COLI11A41-001 P <0, 05 COL5A42-201 N, S
COL1141-002 N,S COL6AS
COLI1141-003 N, S COL6A45-001 N, S
COLI1141-004 N, S COL6A45-002 N, S
COLI1AI-005 N,S COL6A45-003 P <0, 05
COLI1141-006 N, S COL6A5-004 P <0, 05
COL1141-007 P <0, 05 COL6A45-201 N, S
COLI141-008 N,S COL2841
COLI1A1-201 N, S COL2841-001 N, S
COLI1141-202 N, S COL2841-002 N, S
COL1941 COL2841-003 N, S
COLI941-001 N, S COL2841-004 N, S
COLI1941-002 N, S COL28A41-005 N, S
COL1941-003 N, S COL2841-006 N, S
COL1941-004 N, S
COLI941-006 N, S
COL2241
COL2241-001 N, S
COL2241-002 N, S
COL2241-003 N, S
COL2241-004 N, S
COL2241-006 N, S
COL2241-007 N, S
COL2241-201 N, S

notable for their sharply defined peaks, suggesting
more uniform or specific measurements within these
stages. This may indicate a more consistent
observation or response in these groups. Stages Il &
IIT have broader peaks, suggesting a slightly wider
spread of central data values compared to Stages | &
IV. COL11A1-001 transcript; the corresponding
p-value is 0.03. Since this result is below the
conventional significance threshold of 0.05, it
indicates that there is a statistically significant
difference in the means among the four stages. Stages
I & IV have more pronounced double peaks in their
distributions, indicating the possible presence of two
distinct subgroups within these stages. The
interquartile ranges (IQRs) are relatively consistent
across all stages, suggesting a similar distribution of
mean data values for each stage.

For COL11A1-007 transcript the corresponding
p-value was 0.0582. This result is slightly above the
conventional 0.05 significance threshold, suggesting
that the group means may not be statistically different
at the 0.05 level. However, it is close enough to
warrant further investigation or discussion of possible
trends or practical significance. The medians across
the stages appear to have shifted upward from Stage I
to Stage IV. The IQRs for Stage I, II and IV are
relatively similar, while Stage III has a slightly more
extended IQR, suggesting a wider spread of mean
data values.

The transcripts found significantly stratifying
patients pathological stages for LUSC are as follows
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Fig 2 — Comparative analysis of the tissue-specific differential

expression of COLG6A6-001 COL646-002 COL11A1-00] and
COL11A41-007 transcripts which were found significant among
COL6A4P2 COL6A6 COL741 COL11A1 COLI19A1 and COL2241
genes in lung adenocarcinoma (LUAD) using GEPIA2, These fourty
one box plots are based on 483 LUAD samples (marked in red) and
347 normal samples (marked in grey), (*indicates P <0, 05)
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Fig 3 — Comparative analysis of the tissue-specific differential expression of COLIA2-001 COLI1A2-002 COLI1A2-004 COLI1A2-005
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COLIA2 COL5A42 COL6AS and COL28A1 genes in lung squamous cell carcinoma (LUSC) using GEPIA2, These fourty-one box plots are
based on 486 LUSC samples (marked in red) and 338 normal samples (marked in grey), (*indicates P <0,05)

in detail; COL1A2-005 transcript; a p-value of 0.0517
is just above the conventional significance level of
<0.05. This means that the observed differences in the
data across
significance. The medians across stages appear to
shift upward from Stage I to Stage IV. The IQRs for
Stage I, Il and IV are relatively similar, while Stage
Il has a slightly longer IQR, suggesting a wider
spread of mean data values.

Although lung cancer treatment includes many
treatment options such as mutation-based targeting,
immunotherapy
development of today's technologies, it still cannot be
. Collagen plays an important
role in not only in providing tensile strength and
elasticity to the lung tissue but also in maintaining a
niche for cells for proper cellular functions, and
regulating differentiation and proliferation processes.

Therefore, the analysis of collagen for in lung cancer
is critical. The current study raises some important
points for future research. One of these is related to
collagen VI which is found highly abundant in the
extracellular matrix of the mammalian lung and is
required for the establishment and maintenance
normal lung structure and function'’. To date, there is
limited information about on the role of collagen VI
in lung development or disecase. Mereness et a
have observed that the absence of collagen VI is
associated with  dysregulated
polarization. Increased apoptosis was also observed in
collagen VI
deficiency'®. In addition to these findings, it has been
elucidated that collagen VI promotes lung epithelial
and wound
phosphoinositide 3-kinase (PI3k) and cell division
control 42 homolog (CDC42) downstream of the

I.ZO
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through
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expression of COL6A46-002 COL1141-001 and COLI11A41-007
transcripts which were found significant in lung adenocarcinoma
(LUAD) (p<0,05), (B) Comparative analysis of pathological stage
expression of COLIA2-005 transcript which was found significant
lung squamous cell carcinoma (LUSC) using GEPIA2 (p<0,05)

interaction with Pl  integrins®. Our study
demonstrated the importance of COL6A44P2 and
COL6A6 genes in predicting overall survival in lung
adenocarcinoma. Furthermore, detailed analysis
revealed that transcript levels of COL6A46-001 and
COLG6A6-002 were higher in normal tissues than in
lung adenocarcinoma tissues. Also, COL6A46-002
transcript stratify patients with pathological stages.
Both evaluating these data and the information that
Collagen VI interacts and binds with other matrix
components and is responsible for maintaining tissue
organization and structure by connecting cells and
matrix components with one another, can be quite
significant to investigate the alteration of this collagen
type in cancer tissues'’.

Another important finding in our study relates to
collagen XI. Type XI collagen is thought to be
important because of it contributes to fibrillogenesis
by controlling the lateral growth of collagen II
fibrils*’. Type II collagen is the main component of
airway cartilage and its expression is extremely
important as it accounts for 95% of the total collagen
present there”. Therefore, the status of type XI
collagen, which helps type II collagen fibrillogenesis,
could be important in type II collagen. Two
transcripts of this collagen, COLIIA1-00] and
COL1141-007, were found to be higher in lung
adenocarcinoma tissues compared to normal tissues
according to our analysis. Since fibrils are of broad
biomedical importance and play central roles in
normal and disease-related conditions such as
embryogenesis, tissue repair, fibrosis, and tumor
invasion, performing detailed analysis of these
COLI11A41-001 and COL11A1-007 transcripts in lung
adenocarcinoma may be clinically relevant’. In
addition, COL11A41-001 and COL11A1-007 transcript
levels stratify patients with pathological stages.

Regarding lung squamous cell carcinoma analysis,
COL1A2-001 transcript was highly more expressed in
lung squamous cell carcinoma tissues, whereas other
COL1A2-002, COL142-004, COL1A2-005, COLI1A2-
007, COLIA2-008 and COLI1A2-0011 transcripts
were more highly expressed in normal tissues.
Collagen 1 accumulation has been linked to
desmoplasia which is associated with many
malignancies®®. In fact, the desmoplasia found in
metastatic foci is known to facilitate metastases. In
addition, increased expression of type I collagen and
many of its modifying enzymes has been reported to
correlate with the risk of metastasis®. Another
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important role of fibrillar collagens including collagen I
is to provide the basis for the accumulation and
migration of various immune cells in the tumor. Besides
being chemotactic for monocytes and neutrophils, type |
collagen and collagen fragments have been shown to
reduce cytotoxicity against cancer cells when
macrophages were cultured on type I collagen’. Type I
collagen has also been determined as a promoter of
Epithelial-Mesenchymal Transition (EMT)™,
Considering all these data, our findings especially
related to lung squamous cell carcinoma analysis
COL1A42-001 transcript was found high in lung
squamous cell carcinoma tissues. On the other hand,
COL1A42-002, COL1A2-004, COLI1A2-005, COLIA2-
007, COLIA2-008 and COLIA2-0011 transcripts were
found high in normal tissues. Among these transcripts,
COL1A42-005 also found significant to stratify patient’s
pathological stages. Ultimately, different isoforms of
collagen may exert tumor-inhibitory or tumor-promoting
effects. A critical question to be addressed in detail in
future research is how these different isoforms of type I
collagen exert their tumor-inhibitory or tumor-
promoting effects.

Finally, another important indication in the present
study is related to collagen IV. Among the transcripts of
collagen IV, the expression difference of COL4A41-004
was found to be significant when comparing normal
tissues with tumor tissues. According to the analysis,
COLA4A1-004 was higher in normal tissues than in tumor
tissues. As one of the main components of the basement
membrane and the primary source of alveolar-capillary
membrane strength, collagen IV plays an essential role
in coordinating alveolar morphogenesis®®***% In
addition to its fundamental roles, it induces the
expression of the EMT transcription factors such
as Snail and Slug”. Revert et.al*® concluded that
3-[4"-methoxy-3,2'-dimethyl-(1,1';4',1 "terphenyl-2"-
yllpropionic acid or TI12, which targets the
mesenchymal Goodpasture antigen-binding protein
(GPBP) induces collagen IV expansion is a first-in-class
drug candidate to treat cancer by selectively targeting
the collagen IV. As several methods are reported in the
literature to address the increased expression of collagen
IV has been associated with chemoresistance and
epithelial-to-mesenchymal transition (EMT), studying
this collagen type is important, especially in order to
properly address the role of the COL4A41-004 transcript
outlined above®' ™.

Conclusion
The number of transcripts in cells provides
information about gene activity and expression levels.

Transcript information can be used to determine
which specific gene expression changes are associated
with cancer and which genes are active during cancer
development. As not all transcripts that contribute to
transcript diversity are equally likely to contribute to
protein diversity, it is critical to underscore the
importance of prioritizing target candidates in the
diagnosis and treatment of cancer. As the result of our
above analysis, the priority is COL6A6-001, COL6AG6-
002, COL11A1-001 and COL11A1-007 transcripts for
LUAD, and COL1A2-002, COL1A2-004, COL1A2-
005, COL1A2-007, COL1A2-008, COL1A2-011,
COL4A1-004, COL6AS5-003 and COL6AS-004 for
for Lung squamous cell carcinoma (LUSC).
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