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Abstract

Background: The incidence and mortality of lung cancer are the highest among all cancers. Patients with systemic
sclerosis show a four-fold greater risk of lung cancer than the general population. However, the underlying
mechanism remains poorly understood.

Methods: The expression profiles of 355 peripheral blood samples were integratedly analyzed, including 70 cases
of lung cancer, 61 cases of systemic sclerosis, and 224 healthy controls. After data normalization and cleaning,
differentially expressed genes (DEGs) between disease and control were obtained and deeply analyzed by
bioinformatics methods. The gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis were performed online by DAVID and KOBAS. The protein—protein interaction (PPl) networks
were constructed from the STRING database.

Results: From a total of 14,191 human genes, 299 and 1644 genes were identified as DEGs in systemic sclerosis
and lung cancer, respectively. Among them, 64 DEGs were overlapping, including 36 co-upregulated, 10 co-
downregulated, and 18 counter-regulated DEGs. Functional and enrichment analysis showed that the two diseases
had common changes in immune-related genes. The expression of innate immune response and response to virus-
related genes increased significantly, while the expression of negative regulation of cell cycle-related genes
decreased notably. In contrast, the expression of mitophagy regulation, chromatin binding and fatty acid
metabolism-related genes showed distinct trends.

Conclusions: Stable differences and similarities between systemic sclerosis and lung cancer were revealed. In
peripheral blood, enhanced innate immunity and weakened negative regulation of cell cycle may be the common
mechanisms of the two diseases, which may be associated with the high risk of lung cancer in systemic sclerosis
patients. On the other hand, the counter-regulated DEGs can be used as novelbiomarkers of pulmonary diseases. In
addition, fat metabolism-related DEGs were consideredto be associated with clinical blood lipid data.
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Background

One in six people dies of cancer worldwide and the can-
cer burden is increasing each year [1]. In 2018, approxi-
mately 9.6 million people worldwide died of cancer,
from which lung cancer was the most commonly diag-
nosed cancer [1, 2]. There is some evidence that patients
with autoimmune diseases have an increased risk of can-
cer due to immune system disorders [3, 4]. Dozen of
autoimmune diseases could increase the incidence and
mortality of lung cancer [5-9], but the underlying regu-
lations of the associated genes’ expression remain un-
clear. The accumulated gene expression data of related
diseases in recent years havebrought opportunities to
provide clues of mechanism of expressional regulation.

The immune system plays different roles in combat-
ting different diseases. Autoimmune diseases and can-
cers have certain correlations and differences. Both
lung cancer and systemic sclerosis are associated with
pulmonary fibrosis [10, 11], and the early diagnosis is
challenging. In addition, pulmonary manifestations of
lung cancer and systemic sclerosis are easy to be con-
fused with each other, even with the help of radio-
logical and histopathological evaluation. The major
risk factors for lung cancer include external risk fac-
tors such as smoking, occupational exposure, air pol-
lution, ionizing radiation and diet, as well as internal
risk factors e.g. genetics and lung disease history [12,
13]. Although systemic sclerosis is a rare disease, re-
cent studies have shown that it is linkedto an in-
creased risk of lung cancer [14, 15]. A meta-analysis
of 16 studies involving more than 7000 patients re-
vealed that, compared with the general population,
scleroderma patients had a significantly higher risk of
lung cancer (RR 4.35; 95% CI 2.08, 9.09) [16]. A rela-
tionship of immune abnormalities in systemic scler-
osis and lung cancer is unclear and needs to be
investigated to understand the risk association be-
tween these two diseases. Although recent studies
have shown certain gene signatures of systemic scler-
osis or lung cancer [17-19], the accuracy and stability
of the results need to be improved due to their small
sample size.

Here, we conducted a comprehensive analysis to clar-
ify the relationship of immune-related genes between
systemic sclerosis and lung cancer from an intersection
of 14,191 genes from four datasets (n > 15). Using data
from international sources, we discovered evidence of
common gene expressional changes between systemic
sclerosis and lung cancer, and identified the correspond-
ing biological processes. Most importantly, we discov-
ered immune genes with opposite expressional trends in
systemic sclerosis and lung cancer. Together with rich
functional annotation, these findings will help revealing
the development mechanisms of the two diseases.
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Methods

Data sources and patients

DNA microarray analysis is a reliable technology for
analyzing gene expression profiles. The gene expression
profiling of lung cancer and systemic sclerosis whole
blood samples were used in this study. For systemic
sclerosis, which is a rare disease, we used the accumu-
lated data from many years. We considered necessary to
have large sample sizes to reduce batch differences
(number of patients >15) and included more healthy
controls to provide a reliable reference. The accession
and platform information for 61 patients with systemic
sclerosis, 70 patients with lung cancer, and 224 normal
healthy individuals is presented (Table S1).

Patients with systemic sclerosis from January 1, 2018 to
December 1, 2020 in the Department of Rheumatology
and Immunology of Shenzhen People’s Hospital was diag-
nosed by two or more experienced doctors according to
the 2013 classification criteria for systemic sclerosis. Pa-
tients with complications were excluded. The data of
healthy controls were collected from the data manage-
ment platform of Shenzhen People’s Hospital and
matched with each sample according to age (+1 year).

Integration of microarray data

All packages were executedin R software (version 4.0.1).
Data normalization and DEGs identification was per-
formed using limma package (P value <0.05). The RRA
package was utilized to analyze common DEGs (P value
<0.05). Genes with up- or down-regulated expression in
three chips were used in subsequent analysis. The pack-
ages are publicly available in the Comprehensive R
Network. The 299 and 1644 DEGs were identified in
systemic sclerosis and lung cancer, respectively, of which
64 DEGs overlapped, including 36 co-upregulated DEGs,
10 co-downregulated DEGs and 18 DEGs with opposite
regulatory trends. Pheatmap package was used to gener-
ate heatmaps.

Functional annotation and pathway mapping

DAVID Bioinformatics Resources 6.8 (https://david.
ncifcrf.gov/) was employed for functional annotation of
the DEGs primarily associated with either systemic scler-
osis or lung cancer [20]. Pathways were enriched from
these DEGs using web-based knowledge databases
KEGG, GO and BioCarta [21]. KEGG pathway mapping
was utilized to generate toll-like receptors signaling
pathways.

Data analysis and statistical analysis

Microsoft Excel 2013 was used to store and organize
data. GraphPad Prism 5 was used to generate graphics.
The DEGs for each disease were derived by comparison
with sex- and age-matched controls (within 10%
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difference). DEG was defined as gene with fold change >
1.2 or<0.8. Mean fold change of important genes was
visualized by color intensity (P<0.05), red for up-
regulation, and green for down-regulation.

Statistical analysis was conducted using SPSS 17.0 software
(SPSS, Chicago, USA). The t-test was applied while compar-
ing groups. The significance level was set at P < 0.05.

Results

Improving the robustness of gene expression profiles
The whole process of a comprehensive gene expression
analysis of primary systemic sclerosis or primary lung can-
cer is presentedin Fig. 1. At first, the disease and control
data were compared for each group, and then the differ-
ences between the two diseases were analyzed. The gene
expression profiles of peripheral blood from 61 patients
with primary systemic sclerosis, 70 patients with primary
lung cancer, and 224 normal healthy individuals were ob-
tained from the Gene Expression Omnibus database
(Table S1). The datasets with a number of patients below
15 were excluded to reduce batch differences between dif-
ferent experiments. The collected data were pre-processed
to meet analysis requirements. To improve reliability of
disease analysis, after standardization of the data (Fig. 2a),
a principal component analysis was performed (Fig. 2b).
All outliers outside the interface of the two diseases were
removed (separated by red dotted lines in Fig. 3, listed in
Table S1). The obtained gene expression data enabled us
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to systematically identify and mine important disease-
related genes.

Genomic expression integration and comparison

Based on the principal component analysis, we examined
DEGs identified in four groups screened by the limma
package (fold change >1.20/ fold change <0.80 and P-
value < 0.05) (Fig. 4), and performed a cluster analysis of
the top-ranked genes (Fig. S1). The number of upregu-
lated genes was equal to that of downregulated genes in
each set of data. To improve the reliability of identifica-
tion of disease-related genes, the DEGs of each group
were analyzed and integrated into co-upregulated or co-
downregulated genes according to different disease types
(Fig. 5a). Overall, 299 DEGs were screened from the sys-
temic sclerosis data (Group I and Group II), including
228 up-regulated genes and 71 down-regulated genes.
Additionally, 1644 DEGs were screened from the lung
cancer data, including 991 upregulated genes and 653
downregulated genes (Group III and Group IV). The re-
sults showed that DEGs in lung cancer were about five
times as those DEGs in systemic sclerosis.

The acquisition of common DEGs in all patients laid a
solid foundation for our analysis of the differences and
links between the two diseases. Unlike the above analysis
revealing commonalities of all patients with the same
disease, not only the same regulatory trend but also the
distinction between systemic sclerosis and lung cancer
attracted our great interest. We investigated 299 DEGs

SSc 20 cases SSc 41 cases LC 16 cases LC 54 cases
\
NC 10 cases NC 69 cases NC 113 cases NC 32 cases
Group | Group Il ’ Group Il | Group IV
. DEGs DEGs DEGs DEGs
- h - i}
SSc LC
DEGs DEGs
\
SScvs LC
Fig. 1 A scheme of systemic sclerosis (Group | and Group Il) and lung cancer (Group Il and Group V) gene expression analysis. SSc: systemic
sclerosis, LC: lung cancer, NC: normal control, DEG: differentially expressed gene
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in systemic sclerosis and 1644 DEGs in lung cancer. Fi-
nally found 64 overlapping DEGs, which accounted for
22.07 and 4.02% of the total DEGs in systemic sclerosis
and lung cancer. It indicated that there is a small pro-
portion of overlapping DEGs between the two diseases.
Among the overlapping DEGs, 36 co-upregulated DEGs,
10 co-downregulated DEGs, and 18 DEGs with opposite
regulatory trends were identified, and details of the
changes were displayed (Fig. 5b and 6). Co-upregulated

DEGs accounted for the largest proportion, while a few
genes were co-downregulated. Most of the DEGs with
opposite regulatory trends were upregulated in systemic
sclerosis but downregulated in lung cancer.

Gene expression overlap shared by both systemic
sclerosis and lung cancer

Considering the above fact that co-up-regulated and co-
down-regulated genes were dominant (72%) in the above
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Fig. 3 Two-dimensional (@) and three-dimensional (b) principal component analysis, showing in relationship between disease and normal samples

comparative analysis, we subsequently focused on the
gene expression overlap between systemic sclerosis and
lung cancer. First, we performed a functional enrichment
analysis to explore the same intrinsic mechanisms of
both diseases. Through the analysis of 36 co-upregulated
DEGs distribution, these DEGs were found to come
from different pathways (Fig. 7). Most of the DEGs (24/
36) were related to regulation of innate immune re-
sponse (GO: 0045088). Except for CISH, the top 12
DEGs were all associated with innate immune response
showing its critical role in fighting both diseases. Sec-
ondly, these DEGs are mainly mediated by a series of
cytokine signaling pathway (GO: 0019221), including
regulation of cytokine secretion (GO: 0050707) and
cytokine secretion involved in immune response (GO:
0002374). Other GO terms include cellular response to
interferon-gamma, response to virus, myeloid leukocyte
activation, regulation of B cell proliferation, response to
fatty acid, cytokine-cytokine receptor interaction, and
regulation of peptidyl-tyrosine phosphorylation. These
terms were characterized by antiviral, immunomodula-
tory, and anti-tumor properties.

Further enrichment analysis showed that the co-up-
regulated DEGs are mainly enriched in cytokine-
mediated signaling pathway, regulation of innate im-
mune response, cellular response to interferon-gamma
and response to virus (Fig. 8a). Among them, innate im-
munity is located in the core position, which connects

regulation of B cell proliferation, myeloid leukocyte acti-
vation and cellular response to interferon-gamma
(Fig. 8b). These results indicate that cytokine-mediated
signaling pathway and regulation of innate immune re-
sponse were the key biological processes in both sys-
temic sclerosis and lung cancer compared with healthy
controls. The co-upregulated DEGs were involved in a
series of cytokine-mediated signaling pathways, affecting
various receptors on the cell surface. Through KEGG
pathway analysis, we found that TLR2, TLR4, TLR6,
TLRS8, IFNAR1, IFNGR2 and IRF7 in toll-like receptors
signaling pathway were significantly upregulated in both
diseases, thereby affecting the innate immunity of cells
(Fig. 8c).

On the other hand, GO enrichment analysis of 10
co-down-regulated DEGs vyielded three terms: signal-
ing by interleukins, response to growth factor and
lymphocyte activation, each term contained three
DEGs (Fig. 9a), the all three being significant (Fig. 9b).
The down-regulation of signaling by interleukins indi-
cates that the communication between lymphocytes
may be weakened, which may influencethe function of
lymphocytes. Despite lower significance compared
with signaling by interleukins, reduced growth factor
and lymphocyte activation also weakened the function
of immune system. The down-regulation of these
terms may affect the maturation, proliferation and ac-
tivation of immune cells.
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Potential differential pathways between systemic sclerosis
and lung cancer

To identify the core gene expression differences between
systemic sclerosis and lung cancer, we compared the
most important DEGs with the opposite trends. The ex-
pression difference of DEGs in the two diseases was vi-
sualized by the total lengths of blue and green columns
(Fig. 10). Most genes were up-regulated in systemic
sclerosis and down-regulated in lung cancer, except for
CTSK and MYLIP. The top DEGs with the greatest dif-
ferences were GIMAP7, CX3CR1, MYLIP and ASFIA.

Among them, GIMAP7 was the most significantly down-
regulated in lung cancer, CX3CR1 was the most upregu-
lated and MYLIP was the most downregulated in
systemic sclerosis.

Therefore, we performed an enrichment analysis to
further identify the potential mechanisms of these asso-
ciations. Using databases including KEGG, GO, and Bio-
Carta, six terms were enriched. The signaling pathways
of DEGs were primarily enriched in regulation of mito-
phagy (P =0.027), followed by chromatin binding, posi-
tive regulation of protein targeting to the
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mitochondrion, phosphoprotein and fatty acid metab-
olism (Fig. 11a and b). The DEG list was imported
into STRING database (http://string-db.org) to ex-
plore their interrelationships and calculate the charac-
teristics of the network (Fig. 11c), with a total of 18
DEGs. Except that CTSK is isolated, a complex net-
work was constructed, in which MYLIP and CDC23
had the highest confidence.

MYLIP is involved in low density lipoprotein receptor
(LDLR) degradation, also considering that the co-

upregulated DEGs ACADM, NOC3L and AASDH are in-
volved in fatty acid metabolism. This implies that fatty acid
metabolism may be associated with the disease process. We
retrospectively analyzed lipid data from 32 patients with sys-
temic sclerosis, healthy controls were individually matched
according to sex and age. The concentrations of triglycerides,
total cholesterol, high density lipoprotein cholesterol (HDL-
C), and low density lipoprotein cholesterol (LDL-C) are
shown, and overall levels in healthy individuals are within
normal reference ranges (Fig. 12).
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Discussion
Lung cancer has the highest morbidity and mortality
among all cancers [1, 12], and its early diagnosis has sig-
nificant challenges. Pulmonary symptoms of various dis-
eases interfere with the diagnosis of lung cancer,
especially some autoimmune diseases that can increase
the incidence of lung cancer. Blood-based biomarkers
would be very useful for early diagnosis of lung cancer.
Disease-related gene expression characteristics in per-
ipheral blood mononuclear cells (PBMC) have been de-
scribed in several types of cancer. However, RNA-
stabilized whole blood technology could be more applic-
able and powerful in the clinic. We conducted a com-
prehensive study of immune-related genes in systemic
sclerosis and lung cancer based on gene expression pro-
filing in whole blood. Our results show that systemic
sclerosis and lung cancer share a common trend of
change in innate immunity and cell cycle regulation,
while in some pathways there are opposite characteris-
tics. These results improve our understanding of the dif-
ferent strategies of the immune system to combat lung
cancer and systemic sclerosis, and prompt further devel-
opment of biomarkers based on gene expression in per-
ipheral blood for early detection of lung diseases.
Pulmonary manifestations are known to occur in all
autoimmune diseases that have standardized incidence
ratios greater than 2.0, indicating that autoimmune

process can lead to lung cancer susceptibility [8]. Sys-
temic sclerosis is one of the connective tissue diseases
with the highest mortality rate [11, 22], and it has re-
cently been reported that patients with systemic sclerosis
have an increased risk of lung cancer [23, 24], but the in-
trinsic gene connection is unclear. Our results reveal
that genes related to innate immune response and re-
sponse to virus were co-upregulated significantly in pa-
tients with systemic sclerosis and lung cancer. And the
expression of genes related to negative regulation of cell
cycle and transcription factor activity decreased consid-
erably. In contrast, the expression of genes related to
mitophagy regulation and chromatin binding showed a
clear opposite trend. Although the fold changes of DEGs
just ranged from 0.46 to 2.66, these changes were evi-
dent and stable in all patients in this study, providing
some reliable support for the intrinsic association be-
tween systemic sclerosis and lung cancer. It has been
previously reported that certain genes may be critical in
the pathogenesis of systemic sclerosis (chemokine CCL2
and CXCL4 [25]) and lung cancer (including EGFR and
HER2 [26, 27]), but our results are more convincing in
terms of reliability and universality owing to the large
sample size. It has also been hypothesized that certain
treatments for systemic sclerosis (e.g., immunosuppres-
sants) may lead to a decline in immunity, which in turn
increases the cancer risk [28]. However, this cannot
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explain the higher degree of pulmonary fibrosis in lung In a recent study of the demographic and clinicopath-
cancer patients. In summary, this evidence provides ological characteristics of lung cancer in patients with
some support for the potential immune system associ-  systemic sclerosis, 1.4% patients developed systemic
ation between systemic sclerosis and lung cancer. sclerosis before the onset of lung cancer (~13years
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averagely) [29]. The distribution of histological types of
cancer is similar to that of the general population, most
of which are adenocarcinomas, followed by squamous
and small cell carcinomas. This is consistent with the re-
ported histological pattern of systemic sclerosis-
associated lung cancer [30]. Notably, none of these pa-
tients ever smoked, suggesting that systemic sclerosis is
an independent risk factor for lung cancer. The study
confirmed a lack of common cancer driver for gene mu-
tations in these patients, further supporting the possible
role of chronic autoimmune inflammation in carcino-
genesis of systemic sclerosis-related lung cancer. How-
ever, the study did not reveal changes in disease-related
genes.

Although innate immunity is enhanced in both dis-
eases, its effect on the diseases is complicated. Excessive
innate immunity may negatively affect systemic sclerosis,
while it may contribute to the elimination of cancer

cells. On the other hand, among the 10 significantly co-
downregulated genes, PDCD4 and YES1 are related to
apoptosis [31, 32], while NCR3 and CD69 are related to
cell killing [33, 34]. It can be speculated that the loss of
relevant roles is one of the common pathogenic causes.
Both PDCD4 and RUNX3 are tumor suppressor genes
[35-37], and their co-downregulation may be one of the
causes of lung cancer.

Among the counter-regulated DEGs, ACTL6A and
CTSK belonged to mitophagy regulation, ASFIA,
NOC3L and ACTL6A belonged to chromatin binding.
Although ACTL6A is involved in both pathways, in fact
it is a component of chromatin remodeling complexes
and is indirectly involved in transcriptional activation or
repression [38], the significance remains to be deter-
mined. CTSK displays potent endoprotease activity
against fibrinogen [39], plays an important role in extra-
cellular matrix degradation, its counter-regulation in
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lung cancer and systemic sclerosis may lead to different
effects on the extracellular matrix. NOC3L is a homolog
of nucleolar complex protein 3, may be required for adi-
pogenesis. ASF1A functions as a histone chaperone in
nucleosome assembly and disassembly [40]. As chroma-
tin binding proteins, NOC3L and ASF1A may be indir-
ectly related to diseases.

GIMAP (GTPase of the immunity-associated protein)
gene family encodes unique GTPases, most of which
functions are unknown. Abnormal expression of GIMAP
family members in cancer tissues has also been reported
in non-small cell lung cancer, and qPCR analysis showed
downregulation of GIMAP6 and GIMAPS in lung cancer

tissues [41]. Another report showed that downregulation
of GIMAP7 at both protein and mRNA levels observed
in serum and tissue samples of oral cancer patients may
imply that GIMAP7? has an anticancer effect [42]. Down-
regulation of GIMAP gene may regulate immune cell
viability or development affecting cancer progression
[43], however, high expression of GIMAP7 in systemic
sclerosis has not been reported, which needs further
exploration.

The important role of chemokine receptors in disease
pathogenesis has caused much attention. In peripheral
blood, chemokine receptor CX3CR1 is present on the cell
membrane of monocytes and leukocytes [44, 45], it is not
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only involved in cell chemotaxis, but is also related to cell  sclerosis may help to recruit immune cells to the site of
adhesion [46]. The arrival of inflammatory cells from the inflammation, giving CX3CR1 an important role in the
peripheral circulation to the site of inflammation is a dy-  pathogenesis and development of inflammatory response
namic, multistep process in which CX3CR1 plays a crucial  in autoimmune diseases. Animal experiments and preclin-
role [47]. An increased level of CX3CR1 in systemic ical studies with blocking CX3CR1 signaling showed good
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anti-inflammatory effects. However, a decreased level of
CX3CR1 in lung cancer may be related to immune weak-
ness and attenuate cell adhesion, which may be associated
with cell metastasis. The co-expression characteristics of
CX3CR1 and GIMAP7 may play an overlapping role in
the occurrence and development of both diseases. Anti-
silencing function protein 1 homolog A (ASF1A) is an
abundant histone remodeling chaperone in meiosis phase
2. Recent studies uncover Asfla as a tumor-intrinsic sup-
pressor of immune checkpoint blockade through suppres-
sion of GM-CSF expression [48]. Functional analysis of
another study showed that the interaction between ASF1A
and E2 ubiquitin-binding enzymes was associated with
tumorigenesis [49].

Myosin regulatory light chain interacting protein (MYLIP,
also named IDOL) is an important ubiquitin E3 ligase, which
mediates low density lipoprotein receptor (LDLR) degrad-
ation through ubiquitination reaction and affect blood lipid
levels [50]. Previous reports indicated the LDLR-related pro-
tein (LRP1B) was discovered as a putative tumor suppressor
and frequently inactivated in lung cancer cells [51, 52]. It
may be related to the upregulation of protein MYLIP which
mediates LDLR degradation. In this study, dyslipidemia was
found to be fairly common in systemic sclerosis patients,
with an average increase in triglycerides of 64.4% (P =0.012)
and a predominant decrease (17.0-26.7%) in total choles-
terol, HDL-C and LDL-C, which may be associated with
changes of lipoprotein receptor. A recent study in Cell Re-
ports revealed that short chain fatty acids in the gut and
blood can regulate macrophages to suppress bacterial infec-
tion by activating free fatty acid receptor 2 (FFAR2) [53].
Therefore, the relationship between fat metabolism and im-
mune regulation requires more investigation. In addition, the

increased level of chain fatty acid CoA ligase 1 (ACSL1) may
contribute to abnormal lipid level.

Conclusion

Our study detected the association and differences in
immune-related genes between systemic sclerosis and
lung cancer using multiple cohorts based on different
populations, which will help us understand the relation-
ship of autoimmune diseases and cancers, as well as the
mechanisms by which the immune system responds to
different diseases. The DEG overlap between systemic
sclerosis and lung cancer may partly explain the clinical
lung phenotypic association, and the counter-regulated
DEGs may provide potential molecular diagnostic
markers and biological clues for the two diseases. How-
ever, further studies are needed to reveal how the identi-
fied gene signatures relate to the pathogenesis of both
diseases.
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