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Immune-related gene expression in skin, inflamed
and keloid tissue from patients with keloids
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Abstract. Keloids are a tumor-like fibroproliferative skin
disease that could cause disfigurement and disability. The
pathological mechanisms underlying this condition remain
unclear, particularly the progression from normal healthy skin
to inflammatory skin tissue, then keloid. In the present study,
three immune-related gene expression profiling datasets, were
obtained from normal skin tissue (N group), inflamed tissue
(I group) and keloid tissue samples from patients with keloids
(K group). This sample grouping represents the primary steps
of keloid formation, from normal to inflammatory, and finally
to keloid tissue. The expression levels of immune-related genes
were analyzed, and the differentially expressed genes (DEGs)
between the three groups were compared. Protein-protein
interaction networks were established using Cytoscape. Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
pathway enrichment analyses were carried out to determine
the main functions associated with the DEGs and keloid-
associated pathways. The results identified hub genes in the N
and I groups, including C-C motif chemokine receptor (CCR)
1, CCR7, CD40 ligand, C-X-C motif chemokine ligand 9, IL-6
and IL-10. The hub genes in the I and the K groups included
IL-10, IL-6, IL-13 and CD86. The expression levels of these
genes were verified using reverse transcription-quantitative
PCR. The results demonstrated that IL-6 expression levels
were significantly increased in the I group compared with
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the N group (P=0.0111). CCR7 levels significantly differed
between all three groups (P<0.017). The results of GO analysis
suggested that the hub genes in the I and N groups may be
associated with ‘regulation of lymphocyte activation’ and
“T-cell activation’. Similar results were also observed between
the I and K groups, which may play an important role in keloid
initiation and formation. In conclusion, CCR7, IL-10 and IL-6
may be important in keloid initiation and formation. These
findings provided insight into the pathogenesis of keloids and
may help identify novel immune-related therapeutic targets for
this condition.

Introduction

Keloids are abnormal fibrous hyperplasias that exceed the
initial injury area and invade adjacent healthy skin (1-3).
Due to limitations in the understanding of the pathogenesis
of keloids, clinical research progress into the prevention and
treatment of keloids has been relatively slow. All current treat-
ments are associated with recurrence. Therefore, it is necessary
to further examine keloid pathogenesis and lay the foundation
for the clinical exploration of new treatment options. The
study of disease-causing genes is indispensable in this regard.
The genetic theory of keloids has mainly been founded on
the discovery that keloids run in families (1,2). Keloids are
highly prevalent among certain ethnic groups (1,2). However,
numerous patients with keloids have no family history of this
condition (3,4). Thus, the characteristics of genes associated
with keloid formation require further exploration.

Keloid scars may result from skin lesions and irritants,
including trauma, insect bites, burns, surgery, skin punctures,
acne, hair folliculitis and herpes zoster infection (5). Infection
is also an important pathogenic factor in keloid formation (5).
Keloids often arise from skin infections, such as acne. It has
also been revealed that the number of inflammatory cells
and fibroblasts in the reticular layer of keloids is elevated (5).
In addition, pro-inflammatory cytokines, such as IL-1, IL-6
and TNF-a, are upregulated in keloid tissue, suggesting that
pro-inflammatory gene expression is increased and local-
ized inflammation is present in patients with keloids (6). The
involvement of other pro-inflammatory cytokines, such as
IL-4, IL-10 and IL-13, has also been reported in the litera-
ture (7,8). However, the association between the expression of
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various inflammatory factors and local gene expression is not
well understood.

In the present study, an analysis of immune-related genes,
the expression profiles and differentially expressed genes
(DEGs) found at different stages of keloid development was
used to identify hub genes. To describe the tumor gene expres-
sion characteristics of keloid development, healthy skin tissue,
inflamed tissue and keloid tissue samples were collected from
patients with keloids. A bioinformatics approach was adopted
to explore the differences in the expression of immune-related
genes in these samples and to identify potential hub genes at
different stages of keloid development.

Materials and methods

Patients. The present study was approved (approval no.JS-2907)
by The Medical Ethics Committee of Peking Union Medical
College Hospital in Beijing, China. Written and photographic
informed consents were obtained from all participants. A total
of 9 patients with keloids and inflammation next to their keloid
mass and healthy tissue around the keloid mass were enrolled
between January 2019 and March 2020. Basic demographic
information (sex and age) of the participants was collected,
and the condition of their keloids was assessed using the modi-
fied Vancouver scar scale (9) according to the type of keloid
lesions they had (Tables I and II). Patients <18 or >60 years
of age were excluded. Patients with severe systemic disease
were also excluded. No patients had other systemic disorders,
or received any drugs or other treatments that may affect the
study results (such as corticosteroids, 5-fluorouracil injection
or radiotherapy). There were 4 male and 5 female patients, and
their ages ranged from 24-37 years. The patients were divided
into two groups. Group 1 included 5 patients whose tissue
samples were used for high-throughput sequencing (Table I).
Group 2 included 4 patients whose tissue samples were used
for experimental verification (Table II). All samples were
collected from the chest region. Keloid samples (K group; K7,
K8, K9, K14, K36) were obtained from the inner zone of the
keloid tissue removed after surgery. Healthy skin samples (N
group; N7, N8, N9, N14, N36) were obtained from healthy skin
tissue that had to be removed during keloid resection. Inflamed
tissue samples (I group; 17,18, 19, 114, 136) were obtained from
the inflamed skin tissue after acute-stage in patients with
keloids and inflammatory lesions (Fig. S1) occurring outside
the keloid mass, which were removed during keloid resection.
The distance between the keloid and the surrounding healthy
skin tissue was 2-3 mm.

Hematoxylin and eosin (H&E) staining. H&E staining was
performed on the tissue samples. Following 10% formaldehyde
(Thermo Fisher Scientific, Inc.) fixation (12 h, 25°C), alcohol
dehydration, xylene transparency and paraffin embedding, the
tissue was cut into thin slices (5-8 pm in thickness). The slices
were then blanched in hot water, fixed to slides and dried at 45°C
in an incubator. Before staining, the paraffin wax was gradually
removed using xylene. Following another dehydration process,
the slides were stained (3 min, 25°C) with H&E.

Expression levels of immune-associated genes. The samples
from Group 1 were used for high-throughput sequencing. The

Oncomine Immune Response Research Assay kit (10) (Thermo
Fisher Scientific, Inc.; cat. no. A32881), was used according
to the manufacturer's protocol. TagMan® Quantitation kit
(Thermo Fisher Scientific, Inc.; cat. No. 4468802) was used for
quantification and dilution of the sample to 100 pM. Agarose
gel electrophoresis was used to identify RNA integrity. Ion
520™ & Ion 530™ kit (Thermo Fisher Scientific, Inc.; cat. no.
A27751) was used for sequencing. The nucleotide length was
100-200 bp and the sequencing direction was non-specific.
The data were analyzed by R package (Version 3.6.1, rstudio.
com/products/rstudio/download/) (11). incipal component
analysis (PCA). The analysis of DEG profiles using R package
(version 3.4.3, R Foundation for Statistical Computing) and
then dimension reduction analysis was performed. PCA is one
of the most widely used data dimension reduction algorithms.
PCA maps N-dimensional features to K-dimensional features,
which are new orthogonal features, also known as principal
components, and are K-dimensional features reconstructed
on the basis of the original N-dimensional features. The aim
of PCA is to identify a set of mutually orthogonal coordinate
axes sequentially from the original space. The selection
of new coordinate axes is closely related to the data itself.
This is equivalent to retaining only the dimension features
containing most of the variance, while ignoring the feature
dimensions containing almost O variance, so as to realize the
dimensionality reduction processing of data features. The
DEGs based on the I, K and N groups were analyzed.

Identification and functional annotation of DEGs. DEGs were
introduced into Kyoto Encyclopedia of Genes and Genomes
(KEGG) (12) and enriched into the signaling pathway map.
Significant DEGsinthe three datasets were defined as genes with
P<0.05 and log, (fold change) >1.5 or <1.5. The R package was
used to create the volcano map. The Database for Annotation,
Visualization and Integrated Discovery (DAVID) (13)
was used for functional and pathway enrichment analysis of
DEGs. KEGG is a database used to help understand complex
biological processes.

Determination of the hub genes. ‘Multiple proteins’ option
was selected to input proteins. Then the ‘SEARCH’ option was
selected to obtain the PPI map. STRING (14) is a database that
can predict protein-protein interactions (PPIs). It has powerful
protein performance retrieval functions and is usually used for
proteomics research, research into the molecular mechanisms
of disease and the discovery of new drug targets. Cytoscape
software (version 3.5.1) was initially used to establish a PPI
network (15). MCODE (16) (version 3.5.1) and Cytohubba
(version 3.5.1) was then used to further identify modules (17,18).
A hub gene is a gene that plays a crucial role in biological
processes. In related pathways, the regulation of other genes is
often affected by this gene (19). Therefore, a hub gene is often
an important target and research hotspot. Subsequently, the
hub genes were screened according to the network topology.

Reverse transcription-quantitative PCR (RT-qPCR). Tissue
samples from the I, K and N groups (n=4 in each group) were
used for RT-qPCR validation in three independent experi-
mental repeats. The primers used in this study are revealed
in Table III. Each tissue sample (200 mg) was placed into
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Table I. Characteristics of patients of group 1.

Table III. Primers and their sequences for PCR analysis.

Age of onset Onset time
Patients® (years) Sex mVSS (years)
K7,N7,17 24 Female 11 11
K8, N8, I8 32 Male 10 8
K9, N9, 19 37 Female 10 16
K14,N14,114 21 Male 9 6
K36,N36, 136 30 Female 10 9

*K, N and I samples were collected from a total of 5 patients. mVSS:
The Modified Vancouver Scar Scale is used for the descriptive assess-
ment of keloids, including melanin (M), height (H), vascularity (V)
and pliability (P).

Table II. Characteristic of patients of group 2.

Age of onset Onset time
Patients® (years) Sex mVSS (years)
K1,N1,1I1 25 Female 8 7
K2,N2,12 37 Male 10 9
K3,N3,13 26 Female 9 13
K4,N4,14 33 Male 11 10

K, N and I samples were collected from a total of 4 patients. mVSS:
The Modified Vancouver Scar Scale is used for the descriptive
assessment of keloids, including melanin (M), height (H), vascularity
(V) and pliability (P).

a 1.5-ml Eppendorf tube, and 1 ml TRIzol® (Invitrogen;
Thermo Fisher Scientific, Inc.) was added to the tube. After
blending vigorously for 30 sec, 0.2 ml chloroform was
added, and the tube was shaken vigorously for 30 sec. The
samples were incubated at room temperature for 3 min, then
centrifuged at 12,000 x g at 4°C for 15 min. In total, ~0.5 ml
of the colorless, upper aqueous phase was transferred into a
fresh Eppendorf tube. An equal volume of isopropanol was
added, and the samples were incubated at -20°C for 30 min.
The samples were then centrifuged at 12,000 x g at 4°C for
10 min. Traces of precipitated RNA could be observed at the
bottom of the tube. A volume of 1 ml 75% ethanol was added,
and the tubes were shaken. The samples were then centrifuged
at 7,500 x g at 4°C for 10 min. The supernatant was discarded.
The residual liquid was carefully absorbed using filter paper,
and the tube was then dried at room temperature for 5-10 min.
The precipitate was dissolved in 20 ul DEPC-treated water
(Thermo Fisher Scientific, Inc.). The concentration and purity
of RNA were then measured, and each sample was then stored
at -70°C. The following steps were completed according to the
instructions of the HiScript® IT One Step RT-PCR kit (Vazyme
Biotech Co., Ltd.): 50°C for 30 min; 94°C for 3 min; 94°C for
10 sec, 55°C for 1 min, 35 cycles; 72°C for 5 min, 4°C hold. The
fluorophore was SYBR Green kit (Vazyme Biotech Co., Ltd.).
The expression levels of the target genes were then obtained
using 224% method (20).

Primer Sequence (5'-3")
GAPDH-F GGAAGCTTGTCATCAATGGAAATC
GAPDH-R TGATGACCCTTTTGGCTCCC
CCRI1-F GACTATGACACGACCACAGAGT
CCRI1-R CCAACCAGGCCAATGACAAATA
CCR7-F TGAGGTCACGGACGATTACAT
CCR7-R GTAGGCCCACGAAACAAATGAT
CD40LG-F ACATACAACCAAACTTCTCCCCG
CD40LG-R GCAAAAAGTGCTGACCCAATCA
CD86-F CTGCTCATCTATACACGGTTACC
CD86-R GGAAACGTCGTACAGTTCTGTG
CXCL9-F CCAGTAGTGAGAAAGGGTCGC
CXCL9-R AGGGCTTGGGGCAAATTGTT
1IL-6-F GCAATAACCACCCCTGACCCA
IL-6-R CAGAAGAAGGAATGCCCATTAACAA
IL-10-F GACTTTAAGGGTTACCTGGGTTG
IL-10-R TCACATGCGCCTTGATGTCTG
MMP2-F TACAGGATCATTGGCTACACACC
MMP2-R GGTCACATCGCTCCAGACT
IL-13-F CCTCATGGCGCTTTTGTTGAC
IL-13-R TCTGGTTCTGGGTGATGTTGA

F, forward; R, reverse.

Western blot analysis. Tissue samples from the patients in
group 2 were then extracted. The tissue blocks were washed
2-3 times with pre-cooled PBS, and lysis buffer (Beijing
Solarbio Science & Technology Co.,Ltd.) was added to isolate
the total protein. Protein samples (50-100 pg/lane) were
resolved using SDS-PAGE on 10% gels, and then transferred
to PVDF membranes. Subsequently, the membranes were
blocked with 5% skimmed milk for 1 h (room temperature).
The primary antibody [anti-C-C motif chemokine receptor 7
(CCRT7) polyclonal antibody; 1:600; cat. no. 25898-1-AP; or
anti-GAPDH (1:20,000; cat. no. 10494-1-AP)] was applied
dropwise, and the samples were incubated overnight at 4°C.
HRP-conjugated Affinipure Goat Anti-Rabbit IgG (H +
L) secondary antibody (1:2,500; cat. no. SA0O0001-2) was
then added for 2 h at room temperature. All the antibodies
were from ProteinTech Group, Inc. GAPDH was used as
the internal reference protein. ImageJ software (National
Institutes of Health, version 1.8.0) was used to analyze the
gray values of the protein bands, which were normalized to
GAPDH.

Statistical analysis. The statistical analysis was carried out
using SPSS software version 22.0 (IBM Corp.). The unpaired
t-test was used to compare the differences between two
groups. One-way ANOVA was used to compare the differ-
ences between three groups. Following ANOVA, Bonferroni’s
correction was used to reduce the uncertainty of the results
obtained. P-values were considered to be statistically signifi-
cant at a Bonferroni corrected P<0.017. P<0.017 was considered
to indicate a statistically significant difference.
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Results

Histology of healthy, inflamed and keloid tissue from patients
with keloids. H&E staining of healthy, inflamed and keloid
tissue was analyzed to determine the tissue characteristics
and any morphological differences between the groups
(Fig. 1). The three groups of samples were not consistent in
morphology, representing the morphological changes of the
disease from normal skin to inflammatory tissue, and finally
keloid formation. The epidermis of healthy skin tissue was
thinner, while the dermis of healthy skin tissue around the
keloid mass was relatively loose, with irregular collagenous
bundles and fewer cells. The skin capillaries were scattered
throughout the fibrous tissue (Fig. 1A). In the inflamed tissue,
the epidermal layer was thicker, and the number of inflamma-
tory cells increased considerably. The collagen in the dermis
was disordered and dense. Scattered blood vessels were visible
in the fibrous tissue and appeared dilated and congested
(Fig. 1B). In keloid tissue, there were clear abnormalities and
heterogeneity in the epidermal layer. The peripheral epidermal
layer was subdivided, branch-like and visibly penetrated into
the dermis, forming a deep canine tooth-like appearance, while
the central epidermal layer was thick and flat. Collagen fibers
in the superficial layer of keloids were small and parallel to
the epidermis. The deep layer of the keloid was characterized
by a dense extracellular matrix and disordered collagen fibers.
Microvascular congestion and dilatation were not visible,
although the number of blood vessels was greater than that in
healthy tissue. There were also fewer inflammatory cells than
in inflammatory tissue (Fig. 1C).

Data quality evaluation. PCA was used to verify the
repeatability of the data within the groups. This analysis
demonstrated that the data in groups I and N were repeatable
(Fig. 2A). PCA also suggested that the distance between the
samples in the same group was very small and the that distance
between samples in different groups was relatively large in the
PC1 dimension (Fig. 2B). There were partial data intersections
between the N and the K groups (Fig. 2C). Through dimension
reduction analysis, the three groups of data were grouped
clearly, and further gene expression analysis was carried out.

Identification of DEGs among the three groups. To identify
differences in tumor gene expression between the N, I and
K groups, volcano maps were created (Fig. 3). There were
74 upregulated DEGs in the I group compared with the N
group, and 20 downregulated (Fig. 3A). In addition, 45 DEGs
were upregulated in the I group compared with the K group,
whereas 37 DEGs were downregulated (Fig. 3B). There were
20 upregulated and 14 downregulated DEGs in the N group
compared with the K group (Fig. 3C). Identification of DEGs
among the three groups was used to further identify hub genes.
There were several different hub genes in group I compared
with group K and group N, which may also indicate that tissue
inflammation is an important pathological stage in keloid
formation.

Analysis of the PPI network and hub genes. A PPI network of
the DEGs was constructed (Fig. 4A-C), and the most significant
modules (Fig. S2) and networks of hub genes (Fig. 4D-F) were

Figure 1. Histological images of healthy skin, inflamed tissue and keloid
tissue from the same patient. The three groups of samples were not consistent
in morphology, representing the morphological changes of the disease from
normal skin to inflammatory tissue, and finally forming keloids (A) H&E
staining of group N. Magnification, x100. (B) H&E staining of group I.
Magnification, x100. (C) H&E staining of group K. Magnification, x100. The
deep purple cells indicated by the red arrow are inflammatory cells. The blue
arrows indicate collagen fibers. H&E, hematoxylin and eosin.

identified using Cytoscape software. MCODE and Cytohubba
are two algorithms that screen for potential hub genes. The
most commonly used algorithm is Cytohubba, and thus our
subsequent validation was based on this. A total of 10 genes
were identified as hub genes with a degree of =10. In order to
provide more original data, the promising hub genes obtained
by bioinformatics algorithm analysis listed in Table I'V require
further PCR validation. The hub genes in the I and the N
group included CCR1, CCR2, SELL, IL10, CCR7, CD40LG,
CD69, CXCLS, IL-6 and CXCL9 (Fig. 4D; Table IV). All 10
hub genes were upregulated. The hub genes in the I and the
K group included IL-10, ITGAM, ITGAX, IL-2, IL-4, IL-6,
IL-13,1IL-17A, FOXP3 and CD86 (Fig. 4E; Table V). Of these,
three were downregulated, including ITGAM, ITGAX and
FOXP3. The other seven genes were upregulated. Hub genes
in the N and the K group included CD276, IL-6, S100A8,
FCGR2B, TWISTI1, CD68, TYROBP, MMP2, SNAI2
and TGFBI1 (Fig. 4F; Table VI). These 10 hub genes were
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Figure 2. PCA is one of the most widely used data dimension reduction
algorithms. By calculating the covariance matrix of the data matrix, the
eigenvalue eigenvector of the covariance matrix is obtained, and the matrix
composed of the corresponding eigenvectors of k features with the largest
eigenvalue (i.e., the largest variance) is selected. In this way, the data matrix
can be transformed into the new space and the dimension reduction of data
features can be realized. (A) PCA of samples between groups I and N. In
the figure, principal component 1 (PC1) and principal component 2 (PC2)
are used as the X-axis and Y-axis, respectively, to draw the scatter diagram,
where each point represents a sample. In such a PCA diagram, the farther the
two samples are from each other, the greater the difference is between the
two samples in terms of gene expression patterns. (B) PCA of groups I and K.
(C) PCA of groups N and K. PCA, principal component analysis.
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Figure 3. (A) A volcano map between groups I and N. The horizontal and
vertical coordinates represent the average value of each different gene
expression between groups I and N. The cutoff for log2 fold change >1.5 or
<-1.5 and P<0.05 were the screening criteria. Significantly upregulated DEGs
are shown in red, and significantly downregulated DEGs are shown in green.
(B) Volcano map plot between groups I and K. (C) Volcano map between
groups N and K.

upregulated. MCODE detected densely connected regions of
large PPI networks that may represent molecular complexes
(Fig. S1). These hub genes predicted using bioinformatics may
be important in keloid formation.
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Figure 4. PPI constructs the interactions between known and predicted proteins, and calculates the co-expression relationships of genes and function interaction
network among genes. (A) PPI network of DEGs in groups I and N. (B) PPI network of DEGs in groups I and K. (C) PPI network of DEGs in groups N and K.
(D) The hub genes were identified from the PPI network in groups I and N. (E) The hub genes were identified from the PPI network in groups I and K. (F) The
hub genes were identified from the PPI network in groups N and K. The larger circle, the darker color, the more it is associated with surrounding molecules.
The more important the gene, the easier it is to screen out. DEG, differentially expressed gene; PPI, protein-protein interaction.

Functional annotation of DEGs using Gene Ontology (GO) for GO and KEGG analyses. GO analysis revealed that,
and KEGG analyses. Cutoff values of log, fold change >1.5 compared with the N group, the I group was enriched in
or <-1.5 and P<0.05 were used as the screening criteria ~DEGs associated with biological process terms (BPs),
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Table IV. Differentially expressed genes between group I and
group N.

Table VI. Differentially expressed genes between group N and
group K.

Gene symbol Fold change P-value FDR P-value  Gene symbol Fold change P-value FDR P-value
CCR1 691 0.0005 0.0992 CD276 4.11 0.0347 0.5422
SELL 27.07 0.0109 0.1023 IL6 4.54 0.0497 0.5422
CCR2 10.06 0.0083 0.1023 S100A8 9.49 0.0333 0.5422
CD69 50.44 0.0108 0.1023 FCGR2B 329 0.0363 0.5422
CCR7 8.33 0.0352 0.1858 TWISTI 2.65 0.004 0.5422
IL10 6.34 0.011 0.1023 CD68 2.25 0.0144 0.5422
CD40LG 2548 0.002 0.1023 TYROBP 322 0.0375 0.5422
CXCLS8 15.68 0.0003 0.0992 SNAI2 3.68 0.0212 0.5422
IL6 18.85 0.0032 0.1023 MMP2 4.5 0.05 0.5422
CXCL9 9.34 0.0019 0.1023 TGFB1 447 0.0019 0.5422

FDR, false discovery rate.

FDR, false discovery rate.

Table V. Differentially expressed genes between group I and
group K.

Gene symbol Fold change P-value FDR P-value
IL10 35 0.0632 0.2704
ITGAM -1.95 0.4047 0.6442
L4 1.03 0.4634 0.6933
L2 342 0.3898 0.6351
ITGAX -143 0.2395 0.5070
IL6 4.15 0.1936 0.4479
IL13 14 0.6538 0.8268
IL17A 355 0.0361 0.2111
FOXP3 -5.51 0.0598 0.2704
CD86 4.52 0.0914 0.3307

FDR, false discovery rate.

such as ‘regulation of lymphocyte activation’ and ‘T-cell
activation’ (Fig. 5A). There was also enrichment for DEGs
associated with cell components (CCs) including ‘external
side of the plasma membrane’ and ‘plasma membrane
receptor complex’ (Fig. 5B). Molecular function (MF) terms
were markedly enriched in ‘cytokine receptor binding and
cytokine receptor activity’ (Fig. 5C). In addition, compared
with the K group, BPs in the I group included ‘T-cell activa-
tion’ and ‘response to chemokine’ (Fig. 6A). This group was
also enriched in DEGs associated with the ‘external side of
the plasma membrane’ and ‘early endosome’ CCs (Fig. 6B).
MFs were markedly enriched in ‘cytokine receptor binding’
and ‘receptor ligand activity’ (Fig. 6C). Several BP enrich-
ments were also observed in the N compared with the K
group, including ‘regulation of lymphocyte activation’ and
‘leukocyte cell-cell adhesion’ (Fig. S3A). CCs were also
markedly enriched in ‘secretory granule membrane’ and ‘late
endosome’ (Fig. S3B). There was no MF enrichment in the
N compared with the K group.

KEGG pathway analysis between groups I and N revealed
that all DEGs were primarily enriched in ‘cytokine-cyto-
kine receptor interaction’ and ‘viral protein interaction
with cytokine and cytokine receptor’ (Fig. 7A). A similar
result was obtained for the I and K groups (Fig. 7B). KEGG
pathway analysis in the N and K groups indicated that all
the DEGs were primarily enriched in ‘rheumatoid arthritis’
and ‘intestinal immune network for IgA production’
(Fig. 7C). In general, these enrichments were associated
with immune activation, suggesting that changes in gene
expression during the inflammatory phase may affect the
course and severity of disease. The functional annotations
obtained based on different algorithms are roughly the
same, because GO and predictions of KEGG are based on
screened genes.

Experimental validation of hub gene expression. The
expression of hub genes in the different groups was
validated using RT-qPCR. According to bioinformatics
analysis, primers were designed for the amplification of
the top 10 hub genes in each group (Fig. 4D-F). Hub genes
with Cq values ranging from 15-28 were considered highly
expressed. Cq values >28 were considered to indicate low
expression of the hub gene. The primers designed for the
hub genes in the I and the N groups were specific for CCR1,
CCR2, SELL, IL-10, CCR7, CD40LG, CD69, CXCLS,
IL-6 and CXCL9. The genes with a Cq value <28 included
CCR1, CCR7, CD40LG, CXCL9, IL-6 and IL-10 (Fig. 8).
The primers designed for the hub genes in the I and the K
groups were specific for IL-10, ITGAM, ITGAX, IL-2,1L-4,
IL-6, IL-13, IL-17A, FOXP3 and CD86. The genes with Cq
values ranging from 15-28 included IL-10, IL-6, IL-13 and
CD86 (Figs. 8 and 9; Table VII). The hub genes analyzed in
groups N and K included CD276, IL-6, SI00A8, FCGR2B,
TWISTI1, CD68, TYROBP, MMP2, SNAI2 and TGFBI. The
genes with Cq values ranging from 15-28 included CD68
and MMP?2 (Fig. 9).

Among the identified genes, IL-6 expression levels were
significantly upregulated in the I group compared with the
N group (P=0.0111). IL-6 expression levels were significantly
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Figure 5. GO, a database created by the Gene Ontology Consortium, consists of a set of pre-defined GO terms that define and describe the functions of genes
and proteins. (A-C) GO enrichment analyses of biological processes, cellular components, and molecular functions of differentially expressed genes between
groups I and N. The cutoff for log2 fold change >1.5 or <-0.5 and P<0.05 were used as screening criteria. GO, Gene Ontology; BP, biological processes;
CC, cellular components; MF, molecular functions.

upregulated in the K group compared with the N (P=0.0112).
Compared with that in healthy skin tissue, CCR7 expression

was upregulated in inflamed tissue and downregulated in
keloid tissue (Table VIII; Fig. 8). Western blot analysis revealed
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Figure 6. (A-C) Gene Ontology enrichment analyses of biological processes, cellular components, and molecular functions of differentially expressed genes
between groups I and K. The cutoff for log2 fold change >1.5 or <-0.5 and P<0.05 were used as screening criteria. GO, Gene Ontology; BP, biological processes;

CC, cellular components; MF, molecular functions.

that the relative expression levels of CCR7 were significantly
different in the normal, inflamed and keloid tissue (P<0.017;
Fig. 9D and E), indicating that CCR7 may be important in
keloid pathogenesis.

Discussion

Tumors are regulated by their local immune microenviron-
ment (21-24), and keloids share certain characteristics with
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transcription-quantitative PCR.

tumors. Abnormal expression of immune-related genes likely
underlies the formation of keloids. Aberrant gene expression
often originates from congenital risks, although external
stimuli, such as inflammation, may also be a trigger.

In the present study, to examine the pathogenesis of keloids,
healthy skin, inflamed and keloid tissue were collected from
patients with keloids and analyzed. Hub genes were identified in
the N group compared with the I group, including CCR1, CCR7,
CD40LG, CXCL9, IL-6 and IL-10. Pro-inflammatory effects
have previously been demonstrated in animal models of CCR1
neurological disease. For instance, Yan ef al (17) demonstrated
that CCR1 activation could promote an intracerebral inflam-
matory response in mice via the CCR1/topless-related protein

1/ERK1/2 signaling pathway. CCR1 may play a pro-inflam-
matory role in the formation of keloids. CD40LG is expressed
on the surface of T cells and regulates B-cell function by
activating CD40 on the surface of B cells. Non-hematopoietic
cells expressing CD40 can also activate CD40LG and trigger
a pro-inflammatory response (25). CD40LG may also play
a pro-inflammatory role in the formation of keloids. CXCL9
binds to CXCR3, affecting the proliferation of cells involved in
immune and inflammatory responses and chemotaxis of acti-
vated T cells. The CXCLD9, -10 and -11/CXCR3 axis regulates
the migration, differentiation and activation of immune cells,
such as cytotoxic T lymphocytes, natural killer cells and
macrophages. In addition, T helper (Th) 1 polarization via this
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axis also activates immune responses to IFN-y (26). These hub
genes may be important in the early stages of keloid forma-
tion, from healthy skin to the inflammation stage, although
further research is required to elucidate the role of each of
these hub genes.

The hub genes identified in the I group compared with
the K group included IL-10, IL-6, IL-13 and CD86. IL-10
has been reported to significantly inhibit the proliferation of
keloid fibroblasts (6,8,27). IL-10 expression was the highest in
inflamed tissue samples and lowest in the K group. The expres-
sion levels of IL-10 was firstly increased, then decreased in
the three groups. It may be hypothesized that the occurrence
and development of keloids may be associated with changes
in IL-10 expression, although the underlying mechanism
requires further study. High expression of IL-10 in inflamed
tissue may inhibit inflammatory damage in keloids and slow
down the progression of the disease. IL-13 and CD86 did not
differ significantly between the three groups, although there
was a trend towards increasing expression from healthy skin,
to inflamed and finally to keloid samples. Zhang et al (21)
suggested that the expression levels of IL-6 and IL-17 in
keloids were significantly increased. Keloid lesions also
exhibit enhanced IL-4/IL-13 signaling and a Th2-dominated

immune response (7). In the present study, the expression
levels of IL-6 were the lowest in the N group and significantly
increased in the I group compared with the N group. There
was no significant change in the I and the K groups. IL-6 is
a key pro-inflammatory cytokine. Upregulation of IL-6 in
keloid fibroblasts leads to an increase in downstream target
gene expression, including in genes associated with cell
proliferation and matrix synthesis (28). IL-6 upregulation in
keloids may lead to an intense inflammatory response and
subsequent production of more collagen fibers. The frequency
of Foxp3* regulatory T cells (Tregs) in keloid tissue is
significantly higher than that in peripheral blood. In addition,
macrophages from keloid tissue have a strong ability to induce
Foxp3 expression in circulating CD3* T-cells and may promote
Treg differentiation by upregulating Foxp3 expression (29).
CD86 is a T-lymphocyte activation antigen that participates
in T-lymphocyte proliferation and IL-2 production by binding
to CD28 or CTLA-4 (30). All these hub genes have different
functions in the initiation and regulation of immune responses.
They may be important in the later stages of keloid formation,
from the inflammatory stage to the keloid formation stage.
The roles played by several genes in keloid development
need to be explored further, including CCR1, CCR7, CD40LG,
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Table VII. Comparison of the median level of hub genes among various groups (N, I and K).
Mean value, IQR for:

Hub genes Group N Group I Group K P-value
CCR1 0.85,0.8-091 0.97,0.90-1.00 0.90,0.82-0.97 0.0600
CCR7 1.10,1-1.2 142,1.32-15 0.81,0.72-0.88 <0.0001
CD40LG 0.63,0.53-0.70 0.68,0.65-0.72 0.71,0.69-0.74 0.3030
CXCL9 0.76,0.70-0.86 0.95,0.85-1.00 0.93,0.81-1.00 0.0632
IL-6 0.81,0.73-0.89 1.13,1.00-1.27 1.13,1.11-1.28 0.0124
IL-10 1.06,1.00-1.18 1.18,1.05-1.28 0.88,0.73-1.00 0.0314
IL-13 0.61,0.56-0.67 0.60,0.53-0.68 0.67,0.61-0.71 04172
CD86 1.03,1.00-1.08 1.10, 1.00-1.20 1.05,1.00-1.2 0.5320
MMP2 0.91,0.86-0.98 0.91,0.80-1.00 1.03, 1.00-1.08 0.1072

Table VIII. Promising biomarkers of keloid via reverse
transcription-quantitative PCR.

Bonferroni's correction®

Gene Anova Nvs. 1 Ivs.K Nvs.K

CCR7 P<0.0001 0.0049 <0.0001 0.0071
IL-6 P=0.0124 0.0111 NS 0.0112
IL-10 P=0.0314 NS NS NS

“The P-value was considered statistically significant at a Bonferroni
corrected P-value below 0.017. NS, not significant.

CXCL9,IL-6,1L-10,IL-13,CD86 and MMP2. Inflammation is
an important mechanism in the pathogenesis of keloids. CCR7
is a receptor protein with a seven-pass transmembrane struc-
ture conjugated with allotrope G protein, which is expressed
in a variety of lymphoid tissue types (31). Under normal
physiological conditions, CCR7 could activate both B- and
T-lymphocytes, participate in the homing of T-lymphocytes,
affect the transport of T-lymphocytes in lymph nodes and
stimulate the maturation of dendritic cells (31). During the
inflammatory process, abnormal expression of CCR7 may
occur. The binding of chemokines to their receptors induces
leukocytes to move towards sites of inflammation. CCR7 is
important in the process of tumorigenesis and development
by promoting the invasion and migration of tumor cells. In
response to inflammatory stimulation, the expression of CCR7
increases to recruit more B- and T-cells to participate in the
immune response. In the present study, expression of CCR7
tended to increase in the I group. In the late stage of keloid
formation, the expression of CCR7 in the K group decreased
to a lower level compared with the other two groups. CCR7
expression was significantly different between the I and K
groups, which represents a transition of the patient from an
inflamed to a keloid state (P<0.0001). This difference was
more significant at the protein level, with the highest CCR7
protein expression levels being in the I group and the lowest in
the K group. This suggested that CCR7 may play an important

role during the formation of keloids. CCR7 may be a promising
biomarker for the treatment of keloid, although the specific
mechanism of action still needs to be further studied.

In the present study, BP terms were identified between
groups I and N, including ‘regulation of lymphocyte activa-
tion’ and ‘T-cell activation’. A similar result was observed
between groups [ and K. A study conducted by Huang et al (32)
suggested that upregulated mRNA transcripts were involved
in cell proliferation and tissue repair, whereas downregulated
transcripts were involved in apoptosis.

In the present study, KEGG pathway analysis between
groups [ and N revealed that the identified DEGs were primarily
enriched in ‘cytokine-cytokine receptor interactions’ and ‘viral
protein interactions with cytokines and cytokine receptors’, indi-
cating that these pathways may affect keloid formation. A study
performed by Zhong er al (27) identified target genes that were
associated with the MAPK and the hypoxia-inducible factor-1
signaling pathway. Immune regulation is crucial to the immune
response of the body, and cytokines are important in this
process. In the face of injury, inflammation or tumors, impaired
activation of the immune system through cytokines and their
receptors could dampen the immune response (33). Conversely,
excessively strong immune responses may trigger autoimmune
diseases. There are several important immune cytokines,
such as IL-2, -3, -4, -5, -6, -9, -10, -12, -13 and -14, as well as
IFN-v (24,33). In the present study, IL-6, IL-10 and IL-13 were
identified as playing an important role in patients with keloids.
In future, functional studies on these promising biomarkers may
be conducted via immune absorbent spot (ELISpot). In addition,
in future studies, cell functions of these promising biomarkers
may be studied. Furthermore, the ‘cytokine-cytokine receptor
interactions’ pathway was identified in the current KEGG anal-
ysis. These results suggested that the pathogenesis of keloids
may be associated with ‘cytokine-cytokine receptor interac-
tions’. Future research into the molecular mechanisms of keloid
pathogenesis should explore these possibilities. KEGG analysis
suggested that the pathogenesis of keloids was associated with
‘viral protein interactions with cytokines and cytokine recep-
tors’. These results suggested that the pathogenesis of keloids
may be related to viral infections. Future research into the
molecular mechanisms of keloid pathogenesis should explore
these possibilities.
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Despite the rigorous bioinformatics analysis involved in the
present study, there are some limitations. It was difficult to obtain
inflammatory tissue, which may have led to some deviation of
results. The remaining sample size was too small to continue
to use for PCR after sequencing, especially the inflammatory
tissue content, and considering, the result is more general using
other samples to perform the verification. The sample size in
the present study was small and should be increased in future
studies. Additionally, the present study lacks in-depth functional
experiments in cell and animal models.

In conclusion, immune-related DEGs were identified
in healthy skin, inflamed and keloid tissue samples from
patients with keloids. Certain of these hub genes may be key
in the formation of keloids, such as CCR7, IL-6 and IL-10
(Table VIII). These may represent important targets for drug
therapy and precise treatment of keloids. Regulating these key
genes may help prevent, alleviate or even cure keloids. These
results also provided further insight into keloid pathogenesis.
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