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Abstract

Despite advancements in early detection and treatment, cancer continues to pose a threat to human health and is the IeadiQ
cause of death worldwide. According to recent research, the fibronectin type-Ill domain-containing (FNDC) protein family
has been implicated in several different human disorders. However, little is known regarding their expression and prognostic
significance in most human malignancies. We carried out a thorough cancer vs. normal expression study using the Oncomine
and Tumor Immune Estimation Resource (TIMER) databases, as well as a prognostic evaluation using the Kaplan-Meier (KM)
plotter and PrognoScan databases. Oncomine revealed that the mRNA expression levels of FNDC1, FNDC3A, and FNDC3B
were higher in most malignancies than in normal tissues, but the mRNA expression levels of FNDC4, FNDC5, FNDC7, and
FNDC8 were downregulated in most cancers when compared with normal tissues. In survival analyses based on KM Plotter
and PrognoScan, all members of the FNDC family displayed significant correlations with survival outcomes in breast, gastric,
and ovarian cancers. Furthermore, the whole FNDC family, except for FNDC7 and FNDC8, was found to have substantial
predictive effects in lung adenocarcinoma, but not in squamous cell lung cancer. In addition, potential connections between
several FNDC family members and survival results in liver and colorectal malignancies were discovered in this study. One
or more members of the FNDC family demonstrated statistically significant differences in expression between cancer and
normal tissues, suggesting that they could be used as prognostic biomarkers for specific cancers.

Abbreviations: DMFS = distant metastasis free survival, DSS = disease specific survival, FNDC = fibronectin type-IlI
domain-containing, FP = first progression, IDC = invasive ductal breast carcinoma, IL20RB = interleukin-20 receptor subunit
beta, KM = Kaplan-Meier, OS = overall survival, PPS = post progression survival, RFS = relapse free survival, TIMER = tumor

immune estimation resource.
Keywords: cancer, FNDC, mRNA expression, prognosis

1. Introduction

Cancer is the second most common cause of death and is a
serious public health concern worldwide. It is predicted that
there will increase of 27.5 million new cancer diagnoses each
year by 2040 worldwide, from 17 million in 2018.1"" Due to
the aging population, the trend toward environmental deterio-
ration, and the appearance of some undesirable behaviors and
habits, the burden of cancer has increased considerably world-
wide, even with advancements in cancer diagnosis and treat-
ment.”?! Therefore, there is a pressing need to investigate the
fundamental causes of cancer and develop possible biomarkers
to enhance the diagnosis, treatment, and prognosis of patients
with cancer.
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Fibronectin type III domain-containing (FNDC) proteins are
distinguished by the presence of at least 1 conserved fibronectin
type Il domain of fibronectin, an important type of extracellu-
lar matrix protein and a well-known tumorigenesis regulator.”!
From the UniProt Knowledgebase, the FNDC protein family
contains 11 proteins in humans, namely FNDC1, FNDC3A,
FNDC3B, FNDC4, FNDCS5, FNDC6 interleukin-20 receptor
subunit beta (IL20RB), FNDC7, FNDCS8, FNDC9, FNDCI10,
and FNDC11. Tissue development, cell adhesion, migration, and
proliferation are among the many roles they perform.*’! Some
studies have also shown that FNDCs are regulated by microR-
NAs!®8 and circRNA."”! Other processes, such as the regulation
of adipogenesis and osteoblast differentiation by FNDC3B,
regulation of FNDC4 by TGF-B,!!! and involvement of the
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corticoid receptor in the regulation of FNDCS5!'? expres-
sion, have also been discovered. General expression analyses
and functional findings are available for the genes FNDCI,
FNDC3A, FNDC3B, FNDC4, FNDCS5, and FNDCé6. FNDC1
was discovered to be a regulator of cardiovascular function
and to play a role in the death of cardiomyocytes triggered by
hypoxia in 1 study.">'¥ Moreover, FNDC1 has been linked to
an increased risk of arterial hypertension according to a quan-
titative trait loci study.!""! In contrast, the expression of FNDC1
was correlated with tumorigenesis in gastric,!'! breast,'” and
prostate!'¥! cancers. Expression analyses showed that FNDC3A
was upregulated in CRC,™ and downregulation of FINDC3A
expression reduced the ability of cervical cancer cells to pro-
liferate, migrate, and colonize their environment.!"! Epithelial-
to-mesenchymal transition is accelerated by FNDC3B, which
activates various pathways in various cancer cells, including
hepatocellular carcinoma,’! acute promyelocytic leukemia,?”!
and tongue squamous cell carcinoma cells.?!! FNDC4 is an
anti-inflammatory factor that is upregulated in patients with
inflammatory bowel disease.”*! Furthermore, FNDC4 operates
as an extracellular factor that increases the invasiveness of
HCC, in part by activating the PI3K/Akt signaling pathway,
as previously described.?”! To date, FNDCS has been the most
extensively researched FNDC primarily because it transports
the peptide hormone irisin, which has been postulated to stim-
ulate adipose tissue conversion.?3! Interleukin-20 receptor sub-
unit beta (IL2Z0RB/FNDC6) is a type II cytokine receptor with
a single-pass type I membrane protein, which plays a role in
the pathophysiology of chronic inflammation and autoimmune
disorders. However, little is known about FNDC6’s role in can-
cer. For example, in papillary renal cell cancer, FNDC6 overex-
pression is linked to increased migration and poor prognosis.*!

In brief, these findings suggest that some cancers can choose
members of the FNDC family as prognostic biomarkers or
potential therapeutic targets. However, a comprehensive analy-
sis of the transcriptional expression and prognostic relevance of
FNDC family members in human malignancies is currently lack-
ing. In this investigation, we 1% examined the changes in mRNA
expression of FNDC family members between cancer and nor-
mal tissues in common human tumors using the Oncomine
and tumor immune estimation resource (TIMER) databases to
determine if there were any differences. Second, we examined
the prognostic value using the Kaplan-Meier (KM) plotter and
PrognoScan databases.

2. Material and Methods

2.1. Oncomine database analysis

Oncomine (https://www.oncomine.org/resource/login.html),*!
an online microarray database that offers the most complete
spectrum of mutations, gene expression data, and clinical infor-
mation, can be used to identify novel biomarkers or new treat-
ment targets. Discrepancies in FNDC family mRNA expression
in common human malignancies were examined using the
Oncomine database. The thresholds for each malignancy and
gene were as follows: the fold change was 2, the P value was
0.01, the gene rank was in the top 10%, and the data type was
mRNA. The cancers, datasets, genes, sample sizes, ¢ test, fold
change, and P value were derived from studies that indicated
statistical differences. Thus, the Oncomine data platform was
terminated on January 17, 2022. Therefore, we also studied
the transcriptional expression of FNDC family members in the
TIMER database.

2.2. TIMER database analysis

It is possible to determine the clinical relevance between dis-
tinct immune cells and different cancer types using TIMER
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(http://timer.cistrome.org/),*! which is an excellent online tool.
Using a novel statistical method, TIMER calculates the number
of immune cells in the tumor microenvironment: B cells, CD4
T lymphocytes, CD8 T lymphocytes, neutrophils, macrophages,
and dendritic cells. These findings were confirmed through
pathological examinations. Gene expression and survival anal-
yses were performed using TIMER. The current version of
TIMER is available at TIMER2.0, and it contains 10009 sam-
ples from TCGA representing 23 different cancer types.

2.3. Kaplan-Meier plotter database analysis

To assess the prognostic roles of the FNDC family in these can-
cers, we used the KM plotter (http://kmplot.com/analysis/),?” an
online prognostic assessment database that can assess the effect
of 54k genes (proteins, DNA, mRNA, and miRNA) on survival
in 21 forms of cancer, including 7830 breast cancers, 2190 ovar-
ian cancers, 1440 gastric cancers, and 3452 lung cancers. Based
on the intermediate levels of mRNA expression, cancer patients
were separated into 2 groups: those with high expression and
those with low expression. For each gene, the required probe
ID was placed in the database separately for each high-and
low-expression group. Statistical significance was be reached P
value < .01. It was possible to summarize the information from
the KM plotter homepage in terms of cancer type, Affymetrix
ID, genes, survival results (with 95 percent confidence intervals),
HRs, and P value; some typical plots were also provided.

2.4. PrognoScan database analysis

The following qualities describe the PrognoScan database:
a large-scale collection of data, a systematic analytic method
for gene prognostic value, and tumor markers and proto-on-
cogenes that can be evaluated using this strong analytical
framework. The PrognoScan database (http://www.abren.net/
PrognoScan/)?¥ looks through a large number of publicly avail-
able cancer microarray datasets for correlations between gene
expression and patient prognoses, such as overall survival (OS),
relapse free survival (RFS), and disease free survival (DFS). The
criterion was raised to a P value of < .05 for Cox regression. We
chose datasets with a Cox P value of < .01 for research.

3. Results

3.1. The mRNA expression levels of the FNDC family in
human tumors

Oncomine was used to study changes in mRNA expression of
the FNDC family in various types of cancerous and non-can-
cerous tissues. As illustrated in Figure 1, the database had a
sum of 291, 426, 368, 362,292,257, and 347 unique analyses
for FNDC1, FNDC3A, FNDC3B, FNDC4, FNDCS, FNDC6
(IL20RB), and FNDCS8, respectively. Under the set threshold
conditions, FNDC7 did not yield any results. To date, the
Oncomine database does not contain any data for FNDC9,
FNDC10, and FNDC11. Therefore, we analyzed the expres-
sion and prognosis of FNDC1, FNDC3A, FNDC3B, FNDC4,
FNDCS, FNDC6, FNDC7, and FNDCS. In 42 studies, FNDC1
was placed in the top 10% of all genes, indicating a statistically
significant difference. Of the 42 studies, 39 revealed higher
expression levels in tumors than in normal tissues, with only
3 studies showing reverse outcomes. FNDC3A was shown to
be upregulated in malignancies in 14 studies, while it was also
found to be under-expressed in 4 studies. High expression of
FNDC3B was discovered in 52 studies of 13 cancers, and its
low expression was only found in 4 cancers and 16 studies.
Seven tumors had low levels of FNDC4 mRNA expression, as
demonstrated by 17 statistically significant and unique analyses.
FNDCS levels in tumors were lower than those in neighboring
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Figure 1. The mRNA expression levels of the FNDC family in human cancers. The number of analyses that meet the thresholds was shown in the colored cells.
The gene rank determines the cell color, which represents the importance of genes in cancer. The red and blue indicate over-expressed and under-expressed
respectively, and the brighter red or blue implies a gene with a higher or lower level of expression that is more statistically significant. FNDC = fibronectin type-Ill

domain-containing, KM = Kaplan-Meier.

normal tissues, as demonstrated by 8 analyses involving 3 dif-
ferent types of cancer; only 1 analysis revealed an increased
level. The expression of FNDC6 and FNDC8 was lower in can-
cerous tissues than in normal tissues in the majority of cases.
Overall, FNDC1, FNDC3A, and FNDC3B had significantly
higher levels of mRNA expression in most malignancies than in
nearby normal tissues, whereas FNDC4, FNDCS, FNDC6, and
FNDCS8 had significantly lower levels of expression.

As the second largest cause of death in the world, the number
of deaths and incidence of cancer is increasing every year. The
number of global cancer cases may increase by 60% in the next
20 years, according to the World Health Organization’s assess-
ment; thus, the prevention and control of cancer should not be
slackened.””” The most common cancers worldwide are lung,
breast, colorectal, prostate, gastric, and cervical. According to
the 2015 China Cancer Report, lung cancer, gastric cancer, col-
orectal cancer, liver cancer, breast cancer, and esophageal cancer
are the most prevalent malignancies in China, as opposed to
the global cancer spectrum,?”’ which may be related to culture,
dietary patterns, and low intake of nutrients in food and food
contamination.’!

For this reason, we were interested in the expression and
prognosis of the FNDC family in these 4 tumor types, including
breast, lung, gastric, and colorectal cancers, along with many
other prevalent solid tumors such as ovarian cancer and liver
cancer.

3.2. The expression level and prognostic value of the FNDC
family in breast cancer

Oncomine was used to investigate the expression of the FNDC
family of genes in ductal, tubular, and invasive breast carcino-
mas, and the results were promising. The analysis involved a
total number of 27 data sets. For FNDC1, 13 of the 45 analyses
showed significant differences between the groups of patients
with cancer and healthy individuals. Following analysis of the
Ma 4 dataset, we discovered that the FNDC1 gene was sig-
nificantly expressed in 3 different types of breast cancer: duc-
tal breast carcinoma in situ, invasive ductal breast carcinoma
(IDC), and IDC epithelia. In the other 6 databases, we reached
the same conclusion. According to the Radvanyi and Finak
databases, FNDC3A expression is elevated in both invasive
mixed and invasive breast carcinomas. Regarding FNDC3B,
only 1 out of 34 analyses showed significantly increased expres-
sion between the cancer and non-cancerous groups. FNDC3B
was shown to be overexpressed in invasive breast cancer, which
was identified by the Finak dataset, whereas we obtained the
opposite conclusion from other databases, including TCGA,
Radvanyi, and Gluck. It was found that the level of FNDC4
expression in IDC and mixed lobular and ductal breast car-
cinoma was low, and this was also found in databases such
as TCGA. According to TCGA database, FNDC6 was down-
regulated in intraductal cribriform breast adenocarcinoma.
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FNDCS8 was decreased in ductal breast cancer in situ, invasive
ductal and lobular breast cancer, and invasive mixed breast car-
cinoma in studies from TCGA database. For FNDCS5, cancer
tissues were not significantly different from the normal tissues.
Table 1 contains a list of all the reports that were statistically
significant.

Next, we investigated whether the FNDC family is associated
with the prognosis of breast cancer patients using the KM plot-
ter and PrognoScan software programs. The OS, RFS, distant
metastasis-free survival (DMFS), and post-progression survival
(PPS) for each gene in the KM plotter database were investi-
gated. All the significant results are shown in Figure 2. Increased
FNDC1 (Fig. 2a), FNDC3B (Fig. 2e), FNDC7 (Fig. 2j), and
FNDCS8 (Fig. 2k) levels implied worse prognosis. In contrast,
higher FNDC3A (Fig. 2b-d), FNDC4 (Fig. 2i), and FNDCS$
(Fig. 2f) predicted better survival for breast cancer patients.
Concerning FNDC6, There were 2 divergent consequences.
Higher expression of FNDC6 was accompanied by longer RFS,
whereas reduced FNDC6 expression revealed better DMFS. The
results are presented in Table S1, Supplemental Digital Content,
http://links.lww.com/MD/I34 of the supplementary file.

3.3. The expression level and prognostic value of the FNDC
family in lung cancer

Similarly, taking advantage of the Oncomine database, we
obtained relationships between FNDC family expression and
lung cancer, which mainly includes lung adenocarcinoma
and squamous cell lung carcinoma, but only FNDC1 and
FNDC6 displayed significant results under the set thresholds.
In light of Hou’s analysis, both FNDC1 and FNDC6 were
upregulated in squamous cell lung carcinoma, and FNDCé6
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was significantly increased in lung adenocarcinoma. Details
are presented in Table 2. Furthermore, we found that, with
FNDC7 exception, expression of the FNDC family was much
higher in lung cancer tissues than in normal tissues when we
utilized TIMER, another online website, to compare tumor
and normal expression (see Figure S1, Supplemental Digital
Content, http://links.Iww.com/MD/I31, which demonstrates
the mRNA expression levels of the FNDC family in human
cancers from TIMER).

The predictive relevance of the FNDC family in lung
cancer was later demonstrated using the KM plotter and
PrognoScan databases. Regarding lung cancer survival, the
KM plotter examined the influence of the FNDC family on
first progression (FP), OS, and PPS. Furthermore, RFS and OS
were assessed for every gene using PrognoScan. Except for
FNDC7 and FNDCS8, each member of the FNDC family was
correlated with statistically significant survival curves (Fig. 3).
Unfortunately, no gene, with the exception of FNDC3A, was
found to be statistically significant in patients with squamous
cell lung cancer. In patients with lung adenocarcinoma, no
genes from the FNDC family were shown to be associated
with PPS, whereas all members were found to be associated
with FP/RFS and OS. Higher FNDC3A expression is associ-
ated with better OS and FP rates (Fig. 3¢ and d). Conversely,
upregulated FNDC1 (Fig. 3a and b), FNDC4 (Fig. 3g and h),
FNDCS (Fig. 3i and j), and FNDC6é (Fig. 3k and 1) were asso-
ciated with worse survival in patients with lung adenocarci-
noma. It is worth noting that low and high expression level of
FNDC3B was associated with better FP and OS, respectively
(Fig. 3f and g). This may have been caused by the use of dif-
ferent probes. Table S2, Supplemental Digital Content, http://
links.lww.com/MD/I35 in the supplementary file contains all
specific prognostic analyses.

Datasets of FNDC family in breast cancer.

Gene Dataset Normal (Cases) Tumor (Cases) Fold change tTest Pvalue
FNDC1 Ma 4 Breast (14) Ductal Breast Carcinoma in Situ (11) 25.295 14.788 2.32E-13
Breast (14) Invasive Ductal Breast Carcinoma Stroma (9) 34.711 9.828 3.01E-7
Breast (14) Invasive Ductal Breast Carcinoma Epithelia (9) 2.552 3.796 .002
TCGA Breast (61) Mucinous Breast Carcinoma (4) 2.609 7.688 2.14E-10
Breast (61) Mixed Lobular and Ductal Breast Carcinoma (7) 2.285 5.287 8.75E-6
Breast (61) Invasive Lobular Breast Carcinoma (36) 2.804 7.353 4.62E-11
Breast (61) Male Breast Carcinoma (3) 2.616 5.393 9.46E-4
Breast (61) Invasive Breast Carcinoma (76) 2.897 7.942 412812
Turashvili Ductal Breast Cell (10) Invasive Lobular Breast Carcinoma (5) 19.676 3.648 .004
Lobular Breast Cell (10)
Karnoub Breast (15) Invasive Ductal Breast Carcinoma (7) 10.640 4160 2.49E-4
Curtis Breast (144) Tubular Breast Carcinoma (67) 3.301 10.453 5.86E-19
Richardson Breast (7) Ductal Breast Carcinoma (40) 4.822 6.049 3.40E-5
Finak Breast (6) Invasive Breast Carcinoma (53) 12.282 15.498 6.91E-13
FNDC3A Radvanyi Breast (8) Invasive Mixed Breast Carcinoma (3) 3.680 3.497 0.005
Finak Breast (6) Invasive Breast Carcinoma (53) 2.047 17.398 4.36E-16
FNDC3B Finak Breast (6) Invasive Breast Carcinoma (53) 3.980 10.909 1.11E-15
TCGA Breast (61) Intraductal Cribriform Breast Adenocarcinoma (3) —2.322 -18.767 8.26E-13
Radvanyi Breast (5) Invasive Mixed Breast Carcinoma (3) -3.307 —-4.083 .008
Gluck Breast (4) Invasive Breast Carcinoma (154) —2.106 —6.251 .002
FNDC4 Turashvili Ductal Breast Cell (10) Invasive Ductal Breast Carcinoma (5) 4774 -3.595 .004
Lobular Breast Cell (10)
TCGA Breast (61) Invasive Ductal Breast Carcinoma (389) —2.644 -12.653 6.30E-22
Breast (61) Mixed Lobular and Ductal Breast Carcinoma (7) —2.582 —5.422 2.64E-4
FNDC6 TCGA Breast (61) Intraductal Cribriform Breast Adenocarcinoma (3) 2.485 —7.213 3.22E-5
FNDC8 Radvanyi Breast (7) Ductal Breast Carcinoma in Situ (3) —7.826 —6.295 .001
Breast (7) Invasive Mixed Breast Carcinoma (2) —2.437 -4.100 .003
Breast (7) Invasive Lobular Breast Carcinoma (6) —2.468 —2.889 .008
Breast (7) Invasive Ductal Breast Carcinoma (16) -2.970 -3.532 .001

FNDC = fibronectin type-Ill domain-containing.
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Figure 2. Survival curves of the FNDC family in breast cancer. (a-h): prognosis analysis of the FNDC family obtained from the KM plotter database. (i-j): progno-
sis analysis of FNDC4, FNDC7 and FNDC8 obtained from the KM plotter database, respectively. DMFS = distant metastasis free survival, DSS = disease specific
survival, FNDC = fibronectin type-Ill domain-containing, KM = Kaplan-Meier, OS = overall survival, RFS = relapse free survival.

3.4. The expression level and prognostic value of the FNDC
family in gastric cancer

On the 1 hand, there’re 3 different datasets for the FNDC fam-
ily in gastric cancer in Oncomine. FNDC1 was shown to be
significantly elevated in diffuse gastric adenocarcinoma, gastric
intestinal type adenocarcinoma, gastric mixed adenocarcinoma,
gastric adenocarcinoma and gastric cancer from Cho, Wang
and DErrico datasets. However, the expression of FNDC3A,
FNDCS5, and FNDCS8 was significantly reduced in gastric using
the same 3 datasets. As shown in Table 3, the Oncomine database

did not show statistically significant data for FNDC3B, FNDC4,
FNDC6, or FNDC7. On the other hand, we found that each
member of the FNDC family showed differential expression
between stomach adenocarcinoma and normal tissue, as deter-
mined by TIMER (see Figure S1, Supplemental Digital Content,
http://links.lww.com/MD/I31, which demonstrates the mRNA
expression levels of the FNDC family in human cancers from
TIMER).

Next, we examined the relationships between members of
the FNDC family and the survival results of patients with gas-
tric cancer in the KM registry. This database provides OS, FP,
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Datasets of FNDC family in lung cancer.

Normal Fold
Gene Dataset (cases) Tumor (cases) change {tTest Pvalue
FNDC1  Hou Lung Lung Adenocarcino-  4.910  9.551 1.33E-14
(65) ma (45)
Lung  Squamous Cell Lung  5.481 7.571 7.571
(65) Carcinoma (27)
FNDC6  Hou Lung  Squamous Cell Lung  6.792  7.900 1.03E-8
(65) Carcinoma (27)

FNDC = fibronectin type-ll domain-containing.

and PPS data for the prognostic analyses of gastric cancer. Each
gene of the FNDC family was closely related to OS, FP, and
PPS, except for FNDC6, which was only associated with OS
in patients with gastric cancer. Lower FNDC3A levels (Fig. 4b)
indicated a worse prognosis, while low expression levels of
other genes (Fig. 4a and 4c-h) in the FNDC family implied bet-
ter OS. All the data are presented in Table S3, Supplemental
Digital Content, http://links.lww.com/MD/I36 in the supple-
mentary file.

3.5. The expression level and prognostic value of the FNDC
family in liver cancer

Only 4 out of 10 analyses met our threshold for FNDC4 in 3
out of 7 datasets from the Oncomine database, and all analyses
showed low expression of FNDC4. Furthermore, we obtained
the same results for FNDC4 expression in liver cancer from
TIMER (see Figure S1 d, Supplemental Digital Content, http://
links.lww.com/MD/131, which demonstrates the mRNA expres-
sion levels of the FNDC family in human cancers from TIMER).
Additionally, compared to normal liver tissues, FNDC3A and
FNDC4 showed lower expression, while FNDC3B and FNDC8
displayed higher expression in liver cancer. Significant statistical
differences in the prognostic results of the FNDC family in liver
cancer were observed only in the KM plotter. OS, RFS, pro-
gression-free survival (PFS), and disease-specific survival (DSS)
were analyzed in patients with liver cancer using a KM plotter.
With respect to liver cancer, high expression of FNDC1 (Fig. 5a
and b), FNDC3A (Fig. 5¢ and d), FNDCS5 (Fig. 5e and f), and
FNDC7 (Fig. 5h) was correlated with better prognosis, but
increased expression of FNDC6 (Fig. 5g) and FNDCS (Fig. 5i)
was correlated with poor OS and PFS, respectively. Table 4
shows all detailed datasets from the Oncomine database. All the
data are presented in Table S5, Supplemental Digital Content,
http://links.lww.com/MD/I38 in the supplementary file.

3.6. The expression level and prognostic value of the FNDC
family in colorectal cancer

In comparison to normal tissues, FNDC1 and FNDC3B were
highly expressed in colorectal cancer using the Oncomine data-
base. Moreover, low expression of FNDC35 and high expression
of FNDCS8 were observed in colon adenocarcinoma according
to the TIMER database (see Figure S1 e, Supplemental Digital
Content, http:/links.lww.com/MD/I31) which demonstrates the
mRNA expression levels of the FNDC family in human can-
cers from TIMER). We then took advantage of the PrognoScan
database to study the prognostic value of the FNDC family in
colorectal cancer. As shown in Figure 6, OS, DFS, and DSS sur-
vival curves of patients with low FNDC1 expression were asso-
ciated with the long survival time of colorectal cancer patients
(Figure 7a—c). Consistently, decreased FNDC3B expression was
associated with good OS (Fig. 7d). Nevertheless, higher FNDC35
(Fig. 7e and f) and FNDC?7 (Fig. 7g and h) showed better OS and
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DSS, and reduced FNDCS8 (Fig. 7i) predicted worse DSS. All the
data are presented in Table S6, Supplemental Digital Content,
http:/links.lww.com/MD/I39 in the supplementary file.

3.7. The expression level and prognostic value of the FNDC
family in ovarian cancer

In the Oncomine database, there are only 3 datasets for FNDC3A,
FNDC4, and FNDCS3, which indicate statistically notable dis-
tinctions between prostate tumors and normal tissues. In accor-
dance with Bonome analysis, FNDC3A was downregulated in
ovarian carcinoma. Meanwhile, the expression levels of FNDC4
and FNDCS were lower in ovarian serous adenocarcinoma in
the Yoshihara dataset. In addition, we observed the expression
of the FNDC family members, except FNDC7, in ovarian serous
cystadenocarcinoma, the most frequent type of ovarian cancer,
using TIMER (see Figure S1, Supplemental Digital Content,
http://links.lww.com/MD/I31, which demonstrates the mRNA
expression levels of the FNDC family in human cancers from
TIMER). Table 5 shows all detailed datasets from the Oncomine
database.

Next, we examined how the FNDC family was linked to ovar-
ian cancer patient survival outcomes using the KM plotter and
PrognoScan databases. Using the KM plotter database, we ana-
lyzed the survival outcomes of ovarian cancer patients, including
PFS, OS, and PPS. In addition, the PrognoScan database offers
significant prognostic results for patients with ovarian cancer.
As shown in Figure 6, all FNDCs have a strong connection to
the OS (Fig. 6a-g). Except for FNDCS, high expression of the
FNDC family members was associated with poor prognosis in
ovarian cancer patients (Fig. 6h). All the data are presented in
Table S4, Supplemental Digital Content, http:/links.lww.com/
MD/I37 in the supplementary file.

4. Discussion

Through the use of the Oncomine and TIMER databases, we
conducted a thorough examination of the mRNA expression
levels of the FNDC family members across a wide range of
cancer types in the current study. We focused on the most
prevalent types of cancer, such as breast, lung, gastric, ovar-
ian, liver, and colorectal cancers, as well as the most common
subtypes of each cancer type. As an additional search strat-
egy, we examined the predictive significance of this family in
patients with cancer using the KM plotter and PrognoScan
websites.

It is worth mentioning that the transcriptional expression
levels in certain additional solid tumors, such as esophageal,
kidney, leukemia, lymphoma, brain, and central nervous sys-
tem malignancies, exhibited substantial differences (Fig. 1). To
that end, we probed the predictive value of the FNDC family in
all cancers previously mentioned in the PrognoScan database
and found that the results in Table S7, Supplemental Digital
Content, http:/links.lww.com/MD/I40 in the supplemental file
were statistically significant. In summary, there were no signif-
icant predictive effects of FNDC family members in any of the
malignancies studied, except for blood cancer. In addition, some
members of the FNDC family have shown significant prognostic
outcomes in bladder and skin cancers. As shown in Figure S2,
Supplemental Digital Content, http:/links.lww.com/MD/132,
higher FNDC1, FNDCS5, and FNDC6 levels predicted worse
DSS in bladder cancer. Moreover, the expression of FNDC3A,
FNDC3B, FNDCS, and FNDC6 has been implicated in the
prognosis of blood cancers. Furthermore, the poor prognosis of
skin cancer patients was significantly associated with increased
FNDC3A (see Figure S2, Supplemental Digital Content, http://
links.lww.com/MD/I32, which demonstrates survival curves
of the FNDC family in bladder, blood and skin cancers via the
PrognoScan database).
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Figure 3. Survival curves of the FNDC family in lung adenocarcinoma. Survival analyses of FNDC3A (a, d), FNDC3B (e, f), FNDC4 (g, h), FNDC5 (i, j) and FNDC6
(k, 1) were downloaded from the KM plotter database. Survival analyses of FNDC1 (b, c) were downloaded from the PrognoScan database. FNDC = fibronectin
type-IIl domain-containing, FP = first progression, KM = Kaplan-Meier, OS = overall survival, RFS = relapse free survival.

Patients with stomach, breast, and prostate malignancies have it has been discovered to be strongly expressed in colorectal and
frequently been found to have FNDC1 upregulation in clini-  cervical cancers, among other malignancies.*'! In our study,
cal samples,®!731 and FNDC3B is increased in liver, lung, and  we found that FNDC3A was more common in most types of
colorectal cancers.[%32331 Qur expression analyses revealed that  cancers. For FNDC4, differential expression was not detected
the mRNA levels of FNDC1 and FNDC3B were significantly  in colorectal cancer tissues but increased in inflammatory
higher in most malignancies than in normal tissues, which is  bowel disease samples.”*! Similar to previously reported results
consistent with previous studies. In terms of FNDC3A, there are  in other studies, the majority of malignancies in our analysis
only a few recent studies on its significance to cancer, however,  had decreased mRNA expression. Contrarily, FNDCS5 has been
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Datasets of FNDC family in gastric cancer.
Gene Dataset Normal (Cases) Tumor (Cases) Fold change tTest Pvalue
FNDCH1 Cho Gastric Tissue (19) Diffuse Gastric Adenocarcinoma (31) 7.225 8.778 2.21E-10
Gastric Tissue (19) Gastric Intestinal Type Adenocarcinoma (20) 5194 5.969 3.85E-6
Gastric Tissue (19) Gastric Adenocarcinoma (4) 9.843 5111 .007
Gastric Tissue (19) Gastric Mixed Adenocarcinoma (10) 2.619 3.480 .003
Wang Gastric Mucosa (12) Gastric Cancer (12) 10.829 4578 7.41E-5
Gastric Tissue (3)
DErrico Gastric Mucosa (31) Gastric Intestinal Type Adenocarcinoma (26) 19.417 8.392 31E-11
Gastric Mucosa (31) Gastric Mixed Adenocarcinoma (4) 37.063 8.947 8.88E-5
Gastric Mucosa (31) Diffuse Gastric Adenocarcinoma (6) 10.855 4104 .003
FNDC3A DErrico Gastric Mucosa (31) Gastric Mixed Adenocarcinoma (4) —2.485 —-4.296 5.52E-4
FNDC5 DErrico Gastric Mucosa (31) Gastric Mixed Adenocarcinoma (4) —4.378 —4.063 5.74E-4
Gastric Mucosa (31) Gastric Intestinal Type Adenocarcinoma (26) —2.842 -3.285 9.66E-4
Cho Gastric Tissue (19) Gastric Intestinal Type Adenocarcinoma (20) -2.870 —-4.250 9.88E-5
Gastric Tissue (19) Diffuse Gastric Adenocarcinoma (31) —2.894 -4.614 5.55E-5
Gastric Tissue (19) Gastric Mixed Adenocarcinoma (10) —2.718 -3.303 .002
FNDC8 DErrico Gastric Mucosa (31) Diffuse Gastric Adenocarcinoma (6) -2.385 -3.366 .004

FNDC = fibronectin type-Ill domain-containing.
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Figure 4. Survival curves of the FNDC family in gastric cancer. Survival analyses of FNDC1 (a), FNDC3A (b), FNDC3B (c), FNDC4 (d), FNDC5 (e), FNDC6
(f), FNDC7 (g) and FNDC8 (h) were obtained from the KM plotter database. FNDC = fibronectin type-Ill domain-containing, KM = Kaplan-Meier, OS = overall

survival.
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Figure 5. Survival curves of the FNDC family in liver cancer. Survival analyses of FNDC1 (a, b), FNDC3A (c, d), FNDC3B (g), FNDC5 (g, h), FNDC®6 (i), FNDC7
() and FNDCS8 (k) were obtained from the KM plotter database. DSS = disease specific survival, FNDC = fibronectin type-Ill domain-containing, KM = Kaplan-
Meier, OS = overall survival, PFS = progression free survival, RFS = relapse free survival.

Datasets of FNDC family in liver cancer.

Normal Fold P
Gene Dataset (Cases) Tumor (Cases) change iTest value
FNDC4 Mas Liver Hepatocellular -2.664 -11.5632 2.68E-
(19 Carcinoma (38) 16
Liver Cirrhosis (58) -2.097 10242 1.49E-
(19 13
Roessler Liver Hepatocellular 2116 -5.764 4.82E-
(21) Carcinoma (22) 7
Wurm- Liver Hepatocellular -3.723 4771 1.01E-
bach (10) Carcinoma (35) 4

FNDC = fibronectin type-Ill domain-containing.

found to be highly expressed in a variety of cancerous tissues
and cells, including breast and kidney cancers.?**! Different
detection methods, sample sources, and histological types may
have led to contradictory results. Besides, we noticed that the
transcriptional expression levels of FNDCé6 varied depending
on the tumor type, with lower levels in esophageal, breast, and

prostate cancers and higher levels in lung and pancreatic cancers
being found in some cases. There were few datasets for FNDC7
and FNDCS in our analyses, and they have rarely been reported
so far.

Four distinct biochemical subgroups of breast cancer have
emerged in recent years through comprehensive transcriptional
profiling research: luminal A (ER+/HER2-/grade 1 or 2), lumi-
nal B (ER+/HER2-/grade 3), HER2 (HER2 + tumor) enriched,
and basal-like (ER-/PR-/HER2-). These subgroups have been
demonstrated to be consistent in their ability to predict therapy
sensitivity and survival results.*®! Thus, we used the KM Plotter
to examine prognostic outcomes based on the 4 intrinsic catego-
ries of disease.’”! All data are shown in Table S8, Supplemental
Digital Content, http://links.lww.com/MD/I41 in the supple-
mentary file, and all statistically significant survival curves are
displayed in Figure S3, Supplemental Digital Content, http:/
links.lww.com/MD/I33. Furthermore, decreased FNDC3Awas
found to be related with a poor RFS or OS in all subtypes
of patients apart from luminal B. It’s worth noting that high
FNDC3B expression was probably tied to completely opposite
survival outcomes in different breast cancer subtypes and sur-
vival analysis methods. For example, in patients with luminal
A classification, lower FNDC3B levels were accompanied by
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Figure 6. Survival curves of the FNDC family in ovarian cancer. Survival analyses of FNDC1 (a, b), FNDC3A (c, d), FNDC3B (e), FNDC5 (g, h), FNDC8 (i, j),
FNDC7 (k, I) and FNDCS8 (m, n) were obtained from the KM plotter database. Survival analysis of FNDC4 (f) was obtained from the PrognoScan database. FNDC
= fibronectin type-Ill domain-containing, KM = Kaplan-Meier, OS = overall survival, PFS, progression free survival.

worse RFS, while better OS and PPS were related to decreased
FNDC3B levels in patients with the same subtype. In addition,
only 1 significant prognostic analysis of FNDC4 was found in
the 4 intrinsic subtypes of breast cancer. Additionally, higher
FNDCS levels predicted better RFS and DMFS in basal patients.
Moreover, increased FNDC6 was associated with good RFS in
luminal B and basal patients, but poor PPS with high FNDCé6
was detected in basal patients. Analyses of the FNDC family
in breast cancer have already shown that increased FNDC3A
or FNDCS5 indicated good survival results (see Figure S3,
Supplemental Digital Content, http:/links.lww.com/MD/133,
which demonstrates the survival curves of the FNDC family in
different St Gallen subtypes of breast cancer). As a result, we
propose that FNDC3A could be used as a predictive biomarker
in the treatment of breast cancer, particularly in basal and lumi-
nal A subtypes. Additionally, FNDC5 may serve as a prognostic
biomarker for basal breast cancer.

Lung cancer is the main cause of cancer-related death in
China and around the globe.3¥ Lung cancer includes 2 subtypes:
squamous cell lung carcinoma and lung adenocarcinoma. Our
prognostic studies revealed that no gene was linked with OS
or PPS in patients with squamous cell lung cancer, nor was any
gene associated with PPS in patients with lung adenocarcinoma.
However, in lung adenocarcinoma, all members of the FNDC
family, except FNDC7 and FNDCS, are interrelated to RFS/OS
and FP. This leads us to believe that, for lung adenocarcinoma,
this set of genes can be used as a biomarker to predict prognosis,
rather than squamous cell lung cancer, as previously thought.

Furthermore, we found that members of the FNDC family
could be potential therapeutic targets or prognostic markers in
several cancers, in line with earlier reports.’>*! What’s more, we

10

had a few other new findings that upregulated FNDC3A mRNA
expression signified better OS in gastric and liver cancer patients.
FNDCT1 High expression was tightly correlated with poor prog-
nosis in ovarian cancer but with good RFS and PFS in liver
cancer. A potential interaction between FNDC3B and survival
outcomes has also been observed in ovarian and gastric cancer.
FNDC4 and FNDCE6 are relevant to survival curves in colorectal
and breast cancer. Regretfully, it seems that no significant sur-
vival results were related to the FNDC family in brain cancer.

Our research will help us to gain a better understanding of
the FNDC family’s expression levels and prognostic usefulness
in a few solid cancers. Moreover, our findings provide evidence
that members of this family can be used as new prognostic bio-
markers or prospective targets for cancer therapy in humans.
However, we only focused on the mRNA expression level of
FNDCs and its prognostic value and did not analyze its protein
expression levels and some probable signal routings. Sample
cohort studies are required to confirm the prognostic value of
this family, and additional studies are required to identify the
molecular pathways that underlie the development of malig-
nant malignancies. In summary, we conducted a systematic
analysis of not only the mRNA expression levels but also the
prognostic value of the FNDC family in a spectrum of typi-
cal malignancies, including breast, lung, gastric, ovarian, liver,
and colorectal cancers. Multiple members, including FNDC1,
FNDC3A, and FNDC3B, demonstrated significant expres-
sion changes between cancer and surrounding normal tissue
groups in the malignancies studied in this study. Furthermore,
we developed a new biomarker, FNDC3A, for the prognosis
of breast cancer, and lung adenocarcinoma might be able to
choose the FNDC family as a prognostic biomarker.
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Figure 7. Survival curves of the FNDC family in colorectal cancer. Survival analyses of FNDC1 (a, b, ¢), FNDC3B (d), FNDCS5 (g, f), FNDC7 (g, h) and FNDCS (i)
were obtained from the KM plotter database. DFS = disease free survival, DSS = disease specific survival, FNDC = fibronectin type-Ill domain-containing, OS

= overall survival.

Datasets of FNDC family in ovarian cancer.

Normal Tumor Fold P
Gene Dataset (Cases) (Cases) change tTest value
FND-  Bonome  Ovarian Surface Ovarian -3.084 —14.597 6.96E-
C3A Epithelium Carcinoma 10
(10) (185)
FNDC4  Yoshiha-  Peritoneum (10) Ovarian Serous -6.531 —6.750 2.80E—
ra Adenocarci- 7
noma (42)
FNDC5 Yoshiha-  Peritoneum (10) Ovarian Serous —6.535 -3.532 7.68E—
ra Adenocarci- 9
noma (40)

FNDC = fibronectin type-Ill domain-containing.
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