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Introduction: Numerous studies have elucidated adiponectin as a negative impact on
inflammation and tissue fibrosis. However, little is known about the relevance between
adiponectin and inflammatory factors in keloid.

Methods: To clarify whether adiponectin plays a role in the inflammation and fibrosis of
keloid, 50 patients with keloid and 50 healthy subjects were enrolled, We examined the
serum and mRNA expression levels of adiponectin, TGF-f1, CTGF, IL-6 and TNF-a in
normal skin tissues and keloid tissues by ELISA and qPCR, respectively. Correlation
analysis between serum concentration of adiponectin with Vancouver Scar Scale (VSS)
scores and the age of patients with keloid was evaluated, and the adiponectin concentrations
in patients with keloid between different genders were measured. We further examined the
effects of adiponectin on TGF-f1 mediated expression of collagen I, FN and MMP-1 in
normal fibroblasts (NFs) and keloid fibroblasts (KF's).

Results: We discovered that lower serum concentration and mRNA expression of adipo-
nectin, but higher TGF-f1, CTGF, IL-6 and TNF-a levels were measured in patients with
keloid compared with those in normal controls. Furthermore, there was a strong inverse
correlation between the serum adiponectin levels and VSS scores in patients with keloid, but
not in ages, and there was no statistically difference between different genders. Moreover,
adiponectin attenuated TGF-f1 mediated expression of collagen I and FN, and upregulated
the expression level of MMP-1 in KFs, but not in NFs. In addition, the inhibitory effect of
adiponectin on TGF-B1 was attenuated by AMPK inhibitor Compound C, but not PI3K/Akt
inhibitor LY294002.

Discussion: Adiponectin may exert an anti-inflammation and anti-fibrosis role in the
development of keloid. One of the underlying mechanisms may be the activation of the
AMPK signaling pathway.
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Introduction
Keloid is an inflammatory and fibroproliferative disease featured by overexpression
of extracellular matrix (ECM), particularly collagen. Therefore, inflammation and
fibrosis may be involved in the pathogenesis of keloid,' but the molecular mechan-
ism underlying keloid formation remains unclear.

Multiple cytokines and inflammatory factors are participates in keloid formation.
Transforming growth factor B (TGF-f)/Smad signaling pathway has been demonstrated
to be a key player in the development of keloid. TGF-B1 can serve as a driver in wound
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healing, tissue repair and excessive ECM accumulation.' TGF-
B1 can also directly activate Smad signaling and trigger inflam-
matory and fibrotic genes overexpression.” Connective tissue
growth factor (CTGF) is a downstream factor of the TGF-B1/
Smad signaling pathway and the overexpression of CTGF is
critical for the maintenance of keloid fibrosis.® Inflammatory
factors of interleukin (IL)-1, IL-6, Interferon (INF)-f and
tumor necrosis factor-o (TNF-o) are upregulated in keloid,
which promote fibroblast proliferation, migration, signal trans-
mission of inflammatory response and subsequent uncon-
trolled collagen production.*” The existing data suggest that
IL-6 mediated inflammation is a key player and may be con-
sidered as a common causative factor for the development of
keloid.® TNF-a may be the cause of keloid formation.”
Furthermore, IL-4 and IL-17 are also important mediators of
keloid fibrosis and inflammation, and IL-10 was found to be
able to inhibit the proliferation of keloid fibroblasts (KFs).* '

Adiponectin, a cytokine that is predominantly secreted by
adipose tissues, acts actually as an important biomarker in
metabolism, vascular homeostasis, cell proliferation and tis-
sue remodeling. Interestingly, the adiponectin serum concen-
tration is far more than most other plasma cytokines,
accounts for 0.01% of total serum proteins.!" In addition to
its role in tissue remodeling and cell proliferation, adiponec-
tin is also a key regulator of controlling inflammation and
anti-fibrosis in the fibrosis diseases.'? Our previous research
found that adiponectin suppressed the progression of CTGF-
induced keloid fibrosis.'* To our knowledge, no studies have
yet to explore the relationship between adiponectin and
inflammatory factors in keloid. In this research, we compared
the expression of adiponectin and inflammatory factors TGF-
B1, CTGF, IL-6 and TNF-o in patients with keloid and
healthy control individuals, and detected whether adiponec-
tin affects KFs fibrosis induced by TGF-B1, the upstream
factor of CTGF, to further discuss the correlation between
adiponectin and keloid pathogenesis.

Patients and Methods

Patients

Fifty patients with keloid (23 males, 27 females, aged 21-53
years, the average age is 31.88 years) were recruited from the
Department of Dermatology, the First Affiliated Hospital,
Zhejiang University School of Medicine. The lesions ranged
from 2.5 to 36 cm? in surface area. They were found on the ear
(6 cases), mandible (3 cases), chest (18 cases), back (5 cases),
upper arm (6 cases), shoulder blades (8 cases), umbilicus (4
cases), and vulva (6 cases). Furthermore, some patients may

have multiple lesions, and 26 cases were caused by trauma, 10
cases by surgery, 3 cases by infections, 5 cases by folliculitis, 4
cases by ear piercing, and 2 cases had no obvious cause among
the 50 cases. The course of illness is 1-12 years, with an
average of 6.2 years. The inclusion criteria: 1. The 50 patients
with keloid were recruited by the Department of Dermatology,
the First Affiliated Hospital, Zhejiang University School of
Medicine from January 2019 to January 2020. 2. Each of the 50
patients was diagnosed by two experienced doctors. 3. Prior to
this research, no patient had received keloid treatment within 6
months, and no other autoimmune or chronic organic diseases.
4. Intervention measures. The keloid and part of the surround-
ing normal tissues were excised by surgery, and then radio-
therapy combined with local steroid injection was performed.
The exclusion criteria: 1. Before the study, the patients had
local or systemic medication or treatment within half a year. 2.
The patients suffered from severe heart, liver, kidney and blood
system diseases, or tumor and immune-related diseases. As
controls, 50 subjects (25 males, 25 females, aged 23—55 years,
the average age is 32.27 years) were healthy individuals. All
the cases and controls were collected using uniform criteria,
and there was no statistically significant difference in the gen-
eral data of the two groups (P>0.05). This study was approved
by the Clinical Research Ethics Committee of the First
Affiliated Hospital, Zhejiang University (Approval number
2019-464) and was conducted in accordance with the
Declaration of Helsinki. Written informed consent was pro-
vided by all patients and healthy controls.

Reagents

Recombinant human TGF-B1 and recombinant human adi-
ponectin were purchased from Sino Biological (Beijing,
China). Adenosine 5'-monophosphate-activated protein
kinase (AMPK) inhibitor (Compound C) was obtained
from Calbiochem (Merck Kgaa, Darmstadt, Germany),
and phosphatidylinositol 3 kinase-protein kinase/protein
kinase B (PI3K/Akt) inhibitor (LY294002) was purchased
from Selleckchem (Houston, TX, USA).

Cell Source and Culture

Specimens were obtained from ten patients (5 males and 5
females, aged 2548 years) with keloid and the adjacent nor-
mal skin tissues, cell cultures were established as described
previously.” Briefly, the isolated skin specimen was placed in
sterile petri dishes and washed with phosphate-buffered saline
(PBS), then incubated with 2.5 mg/mL dispase II (Hoffman-La
Roche, Indianapolis, IN, USA) overnight at 4°C. On
the second day, the specimen was removed from the epidermis
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and subcutaneous tissues, and the dermis was manually cut as
much as possible and then seeded in 6-well plates. The incuba-
tion conditions were at 37°C in 5% CQO2. Fibroblasts were
grown in DMEM with 10% fetal serum. The medium was
exchanged three to four times every week. When reaching
70-90% confluence, the fibroblasts were passaged or cryopre-
served. Cells at passage three to four were used in the subse-
quent experiments. And the supernatant was collected.

Enzyme-Linked Immunosorbent Assay
(ELISA)

Collected 4 mL cubital venous blood from all subjects on an
empty stomach for more than 8 h, then placed in antic-
oagulation tubes, centrifuge at 1000 x g for 20 min after
standing still, took the supernatant. The plasma concentra-
tions of adiponectin, TGF-B1, CTGF, IL-6, and TNF-a, or
cell culture supernatant concentrations of FN, and MMP-1
were quantitated by ELISA, using assay kits (Sangon bio-
tech, Shanghai, China) in accordance with the manufac-
turer’s instructions, collagen I ELISA Kit was from MSK
Biotechnology Company (Wuhan, China). The absorbance
of colored products was determined by using a microplate
reader set to 450 nm (Thermo Scientific, Pittsburgh, PA,
USA). The experiments were routinely conducted in dupli-
cate and independently repeated three times.

Quantitative Real-Time RT-PCR (qPCR)
Analysis

Specimens were obtained from ten patients (5 males and 5
females, aged 2548 years) with keloid and the adjacent nor-
mal skin tissues, removed from the subcutaneous tissues, and
then cut as much as possible. Total RNA was isolated from the
keloid tissues, the adjacent normal skin tissues and the col-
lected normal fibroblasts (NFs) or keloid fibroblasts (KFs) by
using TRIzol reagent following the manufacturer’s directions.

Table | Primers Used in qPCR

The RNA concentration (OD260/0D280, ratiol.8-2.0) was
then measured by Nanodrop 2000 Spectrophotometer. The
High Capacity cDNA Reverse Transcription Kits was used to
synthesis the cDNA. The expression levels of target genes
were assessed using the primer sequences are shown in Table
1 and performed using the ABI 7500 System (Applied
Biosystems). The PCR reaction conditions were as follows:
10 min at 95°C, 40 cycles at 94°C for 15 sec and then 60°C for
1 min. The relative mRNA levels of target genes were deter-
mined using the comparative threshold cycle (CT) method

using the 2744¢T

equation. GAPDH was used as an internal
control gene. The experiments were repeated five times for

each experimental condition.

Statistical Analysis

Measurement data are presented as means + SE. Statistical
significance among multiple groups was used by one-way
ANOVA with Dunnett’s tests multiple comparisons. The
t test was employed to comparing the differences between
the two groups. Pearson’s correlation was used for correla-
tion analysis. All data were analyzed with the statistical
software GraphPad Prism 5.0 software (GraphPad
Software, SanDiego, CA, USA). And P values <0.05
were considered to indicate a statistical difference.

Results

Comparison of Clinic Data

We compared the differences in clinical features, clinic infor-
mation of cases and controls. And found that there were no
significant differences in terms of gender, ages, body mass
index (BMI, kg/m?), systolic blood pressure (SBP, mmHg),
diastolic blood pressure (DBP, mmHg), fasting blood glucose
(FBG, mmol/L), triglyceride (TG, mmol/L), cholesterol (TC,
mmol/L) between the patients with keloid and controls (all P>
0.05). However, noticeable differences were observed in the

Gene Forward (5'-3') Reverse (5'-3') Product Size (bp)
Adiponectin GGAGAACCTGGAGAAGGTGC GTACAGCCCAGGAATGTTGC 171bp
TGF-51 CACCCAGCCCACGAATCATCTCC GGGCCCCCTTCTCTCTACCTG 185bp
CTGF GCGAAGCTGACCTGGAAGAGAAC GGCCGTCGGTACATACTCCAC 147bp
IL-6 TGTGTGAAAGCAGCAAAG AGTCTCCTCATTGAATCCA 101bp
TNF-o. TGTAGCCCATGTTGTAGCAAACC GAGGACCTGGGAGTAGATGAGGTA 158bp
Collagen | AGCCAGCAGATCGAGAACAT TCCTTGGGGTTCTTGCTGAT 245bp
FN GCCAGATGATGAGCTGCAC GAGCAAATGGCACCGAGATA 142bp
MMP-| GTGTGGAGTGCCTGATGTG CTGCTTGACCCTTGGAGAC 293bp
GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC 226bp
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Table 2 Comparison of Clinic Data

Keloids and Controls

Between Patients with

Clinic Data Patients with Controls P value
Keloids (n=50) (n=50)

Gender

Male 23 25 0.231

Female 27 25 0.184
Age 31.88 + 8383 32.27 + 941 0.246
BMI 21.32 + 2.56 2291 + 3.06 0.443
SBP 121.68 £ 13.25 127.95 £ 17.74 0.782
DBP 79.58 + 9.52 82.09 + 8.42 0.691
FBG 436 £ 0.79 532+ 1.44 0.524
TG 1.35 £ 0.43 1.27 £ 0.58 0.585
TC 473 £ 1.28 5.04 + 0.93 0.854
Family history 19 2 < 0.001
of Keloid

Abbreviations: BMI, body mass index, kg/mZ; SBP, systolic blood pressure, mmHg;
DBP, diastolic blood pressure, mmHg; FBG, fasting blood glucose, mmol/L; TG,
triglyceride, mmol/L; TC, cholesterol, mmol/L.

family history of keloid between the two groups (P <0.001), as
shown in Table 2.

Serum Concentrations of Adiponectin,
TGF-B1, CTGF IL-6 and TNF-a

Adiponectin is reported to be widely expressed in var-
jous tissues and organs.'* But so far, little is known
about the serum concentration of adiponectin, neither
the association between adiponectin and inflammatory
factors in keloid tissues. Therefore, we measured the
expression of adiponectin, TGF-B1, CTGF, IL-6 and
TNF-a in peripheral blood between patients with keloid
and normal controls by ELISA. We noticed that the
serum expression levels of adiponectin in keloid group
(2.06 £ 0.99 ng/mL) were lower than the control group
(8.95 = 2.66 ng/mL), and there were statistically signif-
icant differences (P < 0.01). However, the higher serum
levels of TGF-B1 (928.44 + 200.02 pg/mL), CTGF (8.71

+ 3.02 ng/mL), IL-6 (117.60 £+ 36.82 pg/mL) and TNF-a
(92.27 £ 21.49 pg/mL) in peripheral blood were mea-
sured in patients with keloid compared with those in
normal controls (TGF-f1 was 408.10 + 104.69 pg/mL,
CTGF was 2.72 + 1.19 ng/mL, IL-6 was 47.46 + 15.28
pg/mL, and TNF-a was 39.65 + 9.91 pg/mL), and the all
differences were statistically significant (P < 0.01), as
shown in Table 3 and Figure 1.

The mRNAs Expression of the
Adiponectin, TGF-1, CTGEF, IL-6 and
TNF-a

To further confirm the expression of adiponectin and
inflammatory factors in patients with keloid. We exam-
ined the gene expression levels of adiponectin, TGF-$1,
CTGF, IL-6 and TNF-a between the patients with keloid
and controls by qPCR. As shown in Figure 2, adiponec-
tin (2A) genes expression in keloid tissues (0.422
+0.064) was decreased than that in normal controls
(1.040+0.156), P<0.05. However, compared with the
normal controls, the TGF-f1 (2B), CTGF (2C), IL-6
(2D) and TNF-a (2E) mRNA expression showed
a marked increase in keloid tissues (TGF-B1 was 2.348
+0.361 in keloids and 0.934+0.090 in normal controls,
CTGF was 1.938+0.397 in keloids and 0.898+0.120 in
normal ones, IL-6 was 2.074+0.411 in keloids and 0.898
+0.096 in normal ones, and TNF-a was 2.133+0.374 in
keloids and 0.936+0.112 in normal ones), all P<0.05,
respectively.

Compared the Serum Concentrations of
Adiponectin with Vancouver Scar Scale
Scores, Ages and Genders in Keloid

Patients
The Vancouver Scar Scale (VSS) was first introduced in
1990,'> which was designed to measure pathological scars,

Table 3 To Compare the Expression of Adiponectin, TGF-B1, CTGF, IL-6 and TNF-a in Peripheral Blood Between Patients with

Keloids and Controls

Cytokines Patients with Keloids (n=50) Controls (n=50) P value
Adiponectin (ug/mL) 2.06 + 0.99 895 + 2.66 < 0.0l
TGF-B1 (pg/mL) 928.44 + 200.02 408.10 = 104.69 <00l
CTGF (ng/mL) 871 £ 3.02 272 £ 1.19 < 0.0l
IL-6 (pg/mL) 117.60 + 36.82 4746 + 15.28 <00l
TNF-a (pg/mL) 9227 £ 2149 39.65 £ 9.91 <00l
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Figure | The serum concentrations of adiponectin (A), TGF-BI (B), CTGF (C), IL-6 (D) and TNF-a (E) in normal controls and tissues from keloid were detected by ELISA.
Data represent three independent experiments. **P<0.0] compared with the control group.

including the parameters pigmentation, vascularity, pliability,
and height. VSS has been widely used to evaluate the severity
of keloid. In the study, the correlation analysis between serum
levels of adiponectin with VSS scores and ages in keloid
patients was used by Pearson’s correlation. As shown in
Figure 3A, a strong negative correlation was noticed between
the serum adiponectin concentration and VSS scores (r =
—0.71, P<0.01). Furthermore, no significant association
between serum expression of adiponectin and ages was
obtained (r = 0.032, P>0.05), as shown in Figure 3B. Next,
we measured the serum concentrations of adiponectin in
patients with keloid between different genders using ¢ test
and found that there was no statistical difference (P>0.05,
Figure 3C).

Adiponectin Attenuated TGF-3|-Mediated
Expression of Collagen | and Fibronectin
(FN), and Upregulates the Expression of
Matrix Metalloproteinase (MMP)-1 in KFs by
AMPK Signaling Pathway

It is known to us that TGF-B1 plays an important role in
the inflammation and fibrosis of keloid.'® Our previous
research found that adiponectin down-regulated CTGF,
a downstream target factor of the TGF-1/Smad signaling
pathway, induced keloid pathogenesis.'> However,
whether adiponectin suppressed TGF-B1-induced inflam-
matory response and fibrosis in keloid is unclear. So, we

examined the supernatant concentration and mRNA
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Figure 2 The mRNAs expression of adiponectin (A), TGF-B1 (B), CTGF (C), IL-6 (D) and TNF-a (E) in normal controls and tissues from keloid was detected by qPCR.

Data represent three independent experiments.*P<0.05 versus the control group.

levels of type I collagen, FN and MMP-1 in KFs and NFs
by ELISA and qPCR, respectively. Here, adiponectin was
applied at Sug/mL as described previously,'® and TGF-p1
was 10ng/mL for 24 h in the experiments. Furthermore,
the results discovered that adiponectin attenuated TGF-$1
mediated protein and mRNA expression of collagen
I (4A, 4D) and FN (4B, 4E), and upregulated the MMP-
1 (4C, 4F) expression in KFs, but not in NFs. However,
when KFs and NFs were preincubated with Compound
C (10 uM as described previously,'*> an AMPK inhibitor),
or LY294002 (10 uM as described previously,'® a PI3K
inhibitor) for 24 h, the inhibitory effect of adiponectin on

TGF-B1 in KFs was attenuated by Compound C, but not
LY294002, as shown in Figure 4.

Discussion

Keloid is a kind of chronic inflammatory and fibroproli-
ferative disease after injury and inflammation with abnor-
mal

accumulation of ECM, particularly collagen,

inflammatory cell infiltration, and aggregation of a large
number of cytokines and inflammatory factors.'”'®
Excessive fibrosis might play a central role in the occur-
rence of keloid development.'® In addition, inflammatory

response is one of the essential characters of keloid,?* but

submit your manuscript

912

Dove

Journal of Inflammation Research 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Luo et al

A R2=-0.71
20-
15
(2}
o
[¢]
@ 104
23
2
54
c I I 1 ) 1
0 1 2 3 4 5

Serum concentration of adiponectin (pg/mL)

C adiponectin

E°]

24- °®

= g Tl bl |

S 3 ®ere LT

T DY | n

fi ISP e

n

8 % Ny

E1]  ®eqqe® "Sggun®

=

20 T T
male female

B R2=0.032
50+
40- o2 e
s ° .0 .
0 30d % o %00
S g3, 0 %slee’
S 20 ) S K o®
[ ]
104
c L L L] L] 1
0 1 2 3 4 5

Serum concentration of adiponectin (pg/mL)

Figure 3 Correlation analysis between serum concentration of adiponectin with VSS scores (A) and ages (B) in keloid patients were measured by Pearson’s correlation.
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the detailed mechanisms of keloid fibrosis and inflamma-
tion are not fully elucidated.

Various cytokines participate in the process of keloid
tissue fibrosis and inflammation, among which TGF-f is
one of the most critical factors.'"” TGF-B belongs to the
TGF-B superfamily. It is well known that there are three
different isomers, including TGF-B1, TGF-2 and TGF-$3
in mammalian cells, and TGF-B1 is the most important
pathogenic factor of keloid.” Furthermore, TGF-1 is also
actively participated in the regulation of multiple tissue,
organ fibrotic diseases and inflammation.”’ Numerous
lines of evidence have discovered that CTGF is
a downstream effector of the TGF-f1/Smad signaling
pathway, and also a critical regulator of tissue remodeling
and fibrosis.** In addition, CTGF could induce the expres-
sion TGF-B1, which induces more expression of CTGF.>*
Other than that, inhibition of CTGF reversed fibrosis.?* It
is reported that keloid expressed more proinflammatory
cytokines, such as IL-6, IL-1, and TNF-a, and contained
more inflammatory cells than physiological scars and

normal skin tissues, revealing that continuous upregulation
of proinflammatory factors may be another key factor in
the formation of keloid.* Moreover, IL-6 mediated inflam-
mation is an important player for the development of
keloid.** And TNF-o was reported to induce NF-kB acti-
vation in KFs, which disclosed more sensitivity than fibro-
blasts from normal skin.*’

Adiponectin is mostly secreted by adipose tissue and
has a negative impact on inflammatory and tissue
fibrosis.”® Studies have shown that adiponectin suppressed
the production of TNF-a by macrophages, inhibiting its
biological activity, moreover, adiponectin decreased the
synthesis of IL-6 and IL-18 and exert anti-inflammatory
effects.”’*® Recent researches found that adiponectin also
has a strong anti-fibrotic effect on various tissues and
organs.”’ In skin tissues, the serum level of adiponectin
in patients with scleroderma was a negative correlation
with disease activity, severity, and duration. In addition,
adiponectin could antagonize the TGF-B/Smad signaling
pathway and down-regulate TGF-f induced expression of
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pathway. KFs and NFs were preincubated with Compound C (10 pM, an AMPK inhibitor), or LY294002 (10 pM, a PI3K inhibitor) or without inhibitors for 24 h. After
stimulation with or without adiponectin (APN, 5 pg/mL) in the presence of TGF-B1 (10 ng/mL) for 24 h, the supernatant concentration and mRNA levels of type | collagen
(A and D), FN (B and E), and MMP-I (C and F) in KFs and NFs were examined by ELISA and qPCR, respectively. Data represent at least three independent experiments.
*P<0.05 versus the control group, **P<0.01 versus the control group; *P<0.05 versus the TGF-BI group, *P<0.01 versus the TGF-BI group; *P<0.05 versus the TGF-BI
+adiponectin group, #*P<0.01 versus the TGF-pl+adiponectin group. The results are shown as means%SE.

type I collagen and a-SMA, therefore inhibiting the occur-
rence of scleroderma fibrosis.*

In the former study, we discovered that the expression
of adiponectin was obviously decreased in keloid tissues
compared with those in normal controls, furthermore,
adiponectin inhibited CTGF-mediated KFs proliferation,

migration and the over-accumulation of ECM."* But the
correlation between adiponectin and inflammatory factors
in keloid remains largely unknown. In this research, we
noticed that the serum and mRNAs expression of adipo-
nectin were decreased in keloid, but TGF-B1, CTGF, IL-6
and TNF-a was increased compared with that in normal
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skin tissues, revealing that adiponectin may inhibit the
inflammatory response of keloid. Moreover, Pearson’s
correlation test discovered that there was a strong inverse
relationship between the serum adiponectin concentration
and VSS scored in patients with keloid. In addition,
adiponectin attenuated TGF-f1 mediated expression of
collagen I and FN, but upregulated the MMP-1 expres-
sion in KFs by AMPK signaling pathway, but not by
PI3K signaling pathway, suggesting that adiponectin
may exert an anti-fibrosis effect on the development of
keloid.

According to these findings, we speculate that the low
expression level of adiponectin in keloid tissues correlates
with keloid development and formation. Taken together,
adiponectin might play a critical role in inhibiting keloid
fibrosis and inflammatory. One of the underlying mechan-
isms may be the activation of the AMPK signaling path-
way. Therefore, adiponectin could be a therapeutic target
in keloid pathogenesis. However, the sample size of this
research is small. Infurther studies, we will expand the
sample size and confirmed the role of adiponectin
in vivo with keloid animal models.
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