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Background: The association between leptin receptor (LEPR) polymorphisms and keloids is still unclear. Our study aimed to
explore the association between LEPR gene polymorphisms and keloids in the Chinese Han population.
Material/Methods: We implemented a case-control study in a cohort of 352 keloid patients and 299 healthy controls to analyze
the correlation between 4 SNPs (rs1137101, rs1938496, rs6588147, and rs7555955) and keloids. Genomic DNA
was extracted from peripheral blood by using TGuide M16 (Tiangen). Genotyping of LEPR SNPs was performed
using an improved multiple ligase detection reaction (iMLDR) by Shanghai Genesky Bio-Tech Co., Ltd.
Results: We found that patients caring the AA genotype of rs1137101 and the CC genotype rs1938496 tend to have
the increased risk of keloids (P=0.026, P=0.047). Carrying the GA, AA gene type, and G allele frequencies of
rs7555955, patients were more likely to have to keloids (P=0.030, P=0.016, P=0.018, respectively). There were
no significant differences in genotype distribution and allele frequencies of rs6588147 between cases and
controls. The association of rs1137101 and rs7555955 under dominant, recessive, and allele models exhibited
significant differences among family-history keloid patients, no-family-history keloid groups, and normal con-
trols (y?=6.471, P=0.039; x?=6.477, P=0.039; %?=6.197, P=0.045, respectively). Similarly, the OR of rs1137101
in the recessive model was significantly higher in patients with a family history of keloids than those in con-
trols. Nonetheless, there are significant ORs of rs1938496 and rs6588147 among the mild-moderate keloid,
severe keloid, and control groups.
Conclusions: The LEPR gene polymorphisms are associated with keloid formation and severity, especially in patients with a
positive family history.
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Background

Keloids are considered to be benign tumors because they con-
tinuously and aggressively grow outside the original wound [1].
Keloids are characterized by the excessive deposition of extra-
cellular matrix collagen, which is synthesized by the increased
number of fibroblasts [2]. The frequency of ritual practices of
scarification, tattooing, and piercing coupled with the predis-
position of the black skin to develop this anomaly make ke-
loids a serious problem for sub-Saharan Africans, particu-
larly when these lesions are located on uncovered areas [3].
However, the pathogenic mechanisms at the molecular level
are still unknown. Keloid scars are aesthetically unpleasant
and functional disabilities that cause physical and psycho-
logical pain. Genetic risk factors contribute to keloid forma-
tion by a higher prevalence in certain races, increased famil-
ial aggregation, parallelism in identical twins, and alterations
in gene expression [4].

Leptin consists of 167 amino acids; it is a product of the obese
gene and a member of the type | helical cytokine family [5].
Previous studies have indicated that leptin shows a great in-
crease during acute inflammation and infection, suggesting
that leptin is a pro-inflammatory cytokine. Meanwhile, leptin
promotes the activity of macrophage phagocytosis and pro-
vokes them to generate a variety of pro-inflammatory cyto-
kines, such as IL-1, TNF-c, and IL6 [6]. Many studies have dem-
onstrated that leptin may be involved in wound healing [7,8],
organ fibrosis, and scar formation by regulating fibroblasts,
keratinocytes, and inflammatory cells [9,10]. Seleit et al [11]
reported that leptin is overexpressed in both keloid and hy-
pertrophic scars when compared with normal skin. The ex-
pression of leptin is further associated with keloid patients
with a positive family history [12]. As a family member of the
cytokine receptors, the leptin receptor (LEPR) plays a key role
in leptin functions [13]. LEPR are widely expressed in basal
cell layer, fibroblasts, sebaceous gland cells, and vascular en-
dothelial cells [14]. In human and animal cell lines, LEPR has
been reported to have associations with both increased tumor
cell proliferation in vitro and in vivo and promotion of angio-
genesis in malignant and benign epithelial breast cells [15].
Zhai et al [16] found increased expression of leptin and LEPR
in keloids. The combination of leptin and LEPR stimulates fi-
broblast proliferation and collagen deposition and synthesis,
which also affects myofibroblasts and scar remodeling [17,18].
Recent genetic studies have focused on the relationship be-
tween keloid and single-nucleotide polymorphisms (SNPs) of
specific genes. Several polymorphisms in the LEPR gene may
affect the functionality of the receptor, modify its signaling ca-
pacity, and develop disease, including NEDD4 [19], IL-6 [20],
and ADAM33 [21]. However, the association between LEPR
polymorphisms and keloids is still unclear. Hence, we aimed
to explore the role of LEPR gene polymorphisms in Chinese
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patients with keloids by conducting a case-control study to
examine the association of 4 SNPs in the LEPR gene with ke-
loid phenotypes to provide genetic evidence for keloid suscep-
tibility loci in the Chinese Han population.

Material and Methods

Study Subjects

A total of 352 keloid patients and 299 healthy controls were
consecutively recruited from May 2015 to December 2016 at
the Department of Dermatology, the First Affiliated Hospital
of Harbin Medical University. All patients were self-reported
to be of Chinese Han ancestry and were examined by at least
2 dermatologists in an outpatient clinic. In this study, patients
with some symptoms and a hypertrophic scar of keloid were
excluded. These keloid scars were confirmed by whether they
proliferated outside the boundaries of the original wound and
made a continuous growth. The control groups were healthy
individuals without systemic disease, as well as autoimmune
and family history of keloids (including first-, second-, and
third-degree relatives). Participants were excluded if they
were obese. The clinical and demographic features were col-
lected by a standardized questionnaire and reviewed by ex-
perienced dermatologists. After obtaining written informed
consent, venous blood samples were collected from all keloid
patients and the control subjects. This study received approv-
al from the Ethics Committee of the First Affiliated Hospital
of Harbin Medical University.

The severity of keloids was categorized into mid-moderate
and severity [22,23], based on color, scar height, pliability,
pain, and itching of keloid scars. Each indicator was given 0-3
points according to the clinical assessment. A score of 0-10
points indicated mid-moderate keloids, while 11-15 points in-
dicated severe keloids.

SNPs Selection and Genotyping

The selection of LEPR SNPs was based on 3 main criteria: (i)
the SNPs are located in the 3’UTR of the LEPR gene; (ii) the
LEPR SNPs can regulate the expression of the corresponding
gene; (iii) the LEPR SNPs have been reported to be associat-
ed with diseases [5], although some have not been investi-
gated in keloid disease. The genomic DNA was extracted from
peripheral blood using TGuide M16 (Tiangen). Genotyping of
LEPR SNPs was performed with an improved multiple ligase
detection reaction (iMLDR) by Shanghai Genesky Bio-Tech
Co., Ltd. (http://biotech.geneskies.com/index.html). The prim-
er sequences of the selected SNPs are listed in Table 1. As a
result, a total of 4 SNPs (rs1137101, rs1938496, rs6588147,
and rs7555955) were included for genotyping in our cohort.
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Table 1. Primer sequences of the studied LEPR SNPs.

SNP Alleles MAF (1000g_CHBS) iMLDR primers sequences
5193849 o o1 ¢ 5-CAAGANTCTOTGGGCAMAGCTC-Y
56588147 G/a 016 . 5 GOAGGGTCAAGAGGCACTGAGA S
essoss o oo F. 5-TGTTTTICCAAAAGACCTTTGACCA-3'

R: 5’-TCACGGGATGTTATGTTTCTATTTTGA-3’

LEPR — leptin receptor; SNP — single nucleotide polymorphism; MAF — minor allele frequency; 1000g_CHBS — minor allele frequencies
from HapMap of Han Chinese in Beijing, China(CHB) or Human Genome Project; iMLDR — improved multiple ligase detection reaction;
F — forward; R — reverse.

Table 2. Demographic and clinical characteristics of study subjects.

Characteristics Case (n=352) Control (n=299) P-value
Age (years) 32.69+12.19 34.16+9.00 0.084
 Genger (Male/Female) 169/183 146/153 0835
CKeloidseverity
"""" Mild- moderate 282
"""" Severe 700
CRamilyhistoy
CYes s
"""" No 204

n — number.
Statistical Analysis

SPSS 19.0 (SPSS, Inc., Chicago, USA) was used for all statistical
analyses. The chi-square test was used to evaluate statistically
significant differences of clinical and demographic data between
patients with keloid and controls. Hardy-Weinberg equilibrium
test for genotyping data was performed using Plink (version 1.07).
For the allelic association between SNP and keloid, the P value
and the corresponding odds ratio (OR) were calculated using the
chi-square test implemented in Plink version 1.07 and Pearson’s
2x2 contingency table. In the stratified analysis, chi-square test
and ORs and 95% confidence interval (Cl) were used to test the
difference of genotype frequency between patients and controls.

Results

Distribution of Genotype and Allele Frequencies of LEPR
SNPs

We enrolled a total of 352 keloid patients and 299 healthy
controls in this study. All measurement data are expressed as
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meanzstandard deviation. In the case group, there were 183
females and 169 males with a mean age of 32.69+12.19 years.
In the control group, there were 153 females and 146 males
with a mean age of 34.16+9.00 years. The demographic and
clinical characteristics of all participants are listed in Table 2.
No significant differences were observed between the keloid
patients and controls for age and sex distributions. The mild-
to-moderate rate of keloids was 80%, and 16% of keloid cas-
es had a family history. The observed genotype frequencies of
all detected SNPs were consistent with the Hardy-Weinberg
of controls (P>0.05).

The results of allele frequency and gene type frequencies of
the 4 SNPs in cases and controls are shown in Table 3. The
AA genotype of rs1137101 and the CC genotype of rs1938496
were significantly different between patients with keloids and
the control groups (P=0.026, OR=4.790, 95% CI=1.053-21.785;
P=0.047, OR=2.115, 95% Cl=0.994-4.497; respectively). The
GA and AA gene types and G allele frequencies of rs7555955
showed significant differences between cases and controls
(P=0.03, OR=1.475, 95% CI=1.038-2.097; P=0.016, OR=0.660,
95% Cl=0.471-0.925; P=0.018, OR=1.420, 95% Cl=1.061-1.900,
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Table 3. The frequencies of genotypes and alleles in LEPR gene.

Keloid
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Normal controls

OR (95% ClI)

rs1137101

A e 1932% 66
e 73 77.56% 231
M no 313% 2
e 614 §722% 528
A 0 1278% 70
Crs1o3s49s
S m 3153% o8
o % 682% 10
ST 217 6165% 191
< 159 259% 118
S s45 7.41% 480
Crsesssla7
e 8 23.58% 61
@ 259 73.58% 231
m 0 284% 7
e 601 8537% 523
A 103 1463% 75
Cns7sssess
e 108 3068% 69
e 6 455% 10
M 28 6477% 220
s 40 1989% | 89
A s64 8011% 509

22.07% 0.386 0.845 (0.578-1.237)
77.26% 0.927 1.017 (0.704-1.471)
0.67% 0.026 4.790 (1.053-21.785)
88.29% 0.105 0.760 (0.546-1.059)
11.71%

32.78% 0.735 0.945 (0.679-1.314)
3.34% 0.047 2.115 (0.994-4.497)
63.88% 0.557 0.909 (0.661-1.251)
19.73% 0.210 1.187 (0.908-1.551)
80.27%

20.40% 0.330 1.204 (0.828-1.749)
77.26% 0.278 0.82 (0.572-1.175)
2.34% 0.690 1.220 (0.458-3.245)
87.46% 0.274 0.837 (0.608-1.152)
12.54%

23.08% 0.030 1.475 (1.038-2.097)
3.34% 0.435 1376 (0.615-3.08)

73.58% 0.016 0.660 (0.471-0.925)
14.88% 0.018 1.420 (1.061-1.900)
85.12%

LEPR — leptin receptor; SNP — single nucleotide polymorphism; OR — odds ratio; Cl — confidence interval; n — number.

respectively). However, there were no significant differences
in genotype distribution and allele frequencies of rs6588147
between cases and controls (P > 0.05).

Associations of LEPR SNPs with Keloid Severity and Family
History

We examined the associations between LEPR SNPs and keloid
severity (Table 4). Assessment of rs1137101 and rs1938496 re-
vealed that in the recessive models of inheritance, there were
significant ORs among mild-moderate keloid, severe keloid,
and control groups (32=12.191, P=0.002; x2=7.693, P=0.021).
Further statistical analysis of rs1137101 showed that in the
recessive model, the OR of the severe keloid group was sig-
nificantly higher than in the mild-moderate keloid group and
controls (OR=0.283, 95% Cl=0.084-0.955, P=0.031; OR=11.432,

95% Cl=2.168-60.176, P=0.000; respectively). However, we
found that in the recessive model of rs1938496, there was a
significant difference between the severe keloid groups and
control groups (P=0.005, OR=3.729, 95% Cl=1.415-9.830).
Notably, analysis of rs6588147 and rs7555955 showed that
in the dominant, recessive, and allelic models, the severe ke-
loid group had significantly higher ORs of mild-moderate ke-
loid and controls (P<0.01) (Table 4). In addition, no significant
ORs were found between mild-moderate keloid group and con-
trol group with LEPR SNPs.

Further, we evaluated the associations between the 4 LEPR
SNPs and family history of keloids (Table 5). The association
of rs1137101 in the recessive model and rs7555955 in the
dominant model and allele model was significantly different
among the family-history keloid patients, no-family-history
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Table 4. Associations between LEPR SNPs and keloid severity.

Mild-
moderate Severe Normal
Kleoid keloid controls P-value* P-value® OR(95% CI)® P-valuec OR (95% Cl)°
n n
rs1137101
Dominant 1.266 0.725
G 60/222 19/51 68/231 0.573 0.435 (0.700-2.288) 0.292 (0.399-1321)
Recessive 11.423 0.283
AA/GA+GG 6/276 5/65 2/297 0.002 0.000 (2.168-60.176) 0.031 (0.084-0.955)
Allele 0.641 1.561
G/A 498/66 116/24 528/70 0.180 0.082 (0.387-1.062) 0.084 (0.938-2.597)
rs1938496
Dominant 1.251 0.851
CT+CC/TT 106/176 29/41 108/191 0.705 0.408 (0.736-2.127) 0.554 (0.500-1.451)
Recessive 3.729 0.466
CC/CT4TT 16/266 8/62 10/289 0.021 0.005 (1.415-9.830) 0.087 (0.191-1.138)
Allele 1.461 0.768
T 122/442 37/107 118/480 0.200 0.08 (0.954-2.238) 0.224 (0.502-1.176)
rs6588147
Dominant 2.265 0.449
GA+AA/GG 65/217 28/42 68/231 0.007 0.003 (1.307-3.923) 0.004 (0.259-0.781)
Recessive 3911 0.153
AA/GA+GG 4/278 6/64 7/292 0.003 0.011 (1.272-12.028) 0.001 (0.042-0.560)
Allele 0.447 2.301
4 1 4 2 .001 4 5
G/A 95/69 06/3 523/75 0.00 0.000 (0.283-0.705) 0.000 (1.451-3.649)
rs7555955
Dominant 2.630 0.496
192 4 22 .001 4 5
GA+GG/AA 90719 34/36 79/220 0.00 0.000 (1.541-4.489) 0.009 (0.292-0.844)
Recessive 3.729 0.226
GG/GA+AA 8/274 8/62 10/289 0.003 0.005 (1.415-9.830) 0.002 (0.082-0.626)
Allele 2.451 0.491
G/A 98/466 42/98 89/509 0.000 0.000 (1.601-3.752) 0.001 (0.322-0.748)

LEPR — leptin receptor; SNP — single nucleotide polymorphism; OR — odds ratio; Cl — confidence interval; n — number. @ Randomized
comparison of mild-moderate keloid, severe keloid and normal controls; ® Severe keloid vs normal controls; ¢ Mild-moderate keloid vs

severe keloid.

keloid groups, and normal controls (rs1137101 recessive mod-
el: x2=6.471, P=0.039; rs7555955 dominant model: x2=6.477,
P=0.039; allelic model: %2=6.197, P=0.045). Similarly, the OR
of rs1137101 in the recessive model was significantly high-
er in patients with a family history of keloids than in control
groups (OR=8.100 95% Cl=1.323-49.603, P=0.008). Assessment
of rs7555955 demonstrated that in the dominant and al-
lele models, the keloid patients with family history (domi-
nant model: P=0.041, OR=1.830, 95% Cl=1.019-3.287; allele
model: P=0.043, OR=1.652 95% Cl=1.011-2.700) had sig-
nificant ORs as compared with both the controls and those
without family history (dominant model: P=0.036, OR=1.457,

95% Cl=1.025-2.073; allele model: P=0.039, OR=1.375 95%
Cl=1.015-1.864). Nonetheless, there were no significant ORs
of rs1938496 and rs6588147 among the family-history keloid
patients, no-family-history keloid groups, and normal controls.

Discussion

Keloids are benign fibro-proliferative tumors that are unique
to humans, resulting from abnormal healing of injured or irri-
tated skin. Keloid scars are thought to be a polygenic disease,
affected by both hereditary and environmental factors [24]. In
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Table 5. Associations between LEPR SNPs and family history of keloids.

Family-history No-family- Normal
kleoid history keloid controls P-value* P-value® OR(95%)CI® P-valuec OR (95%) CI
rs1137101
Codominant
7.533 4.070
alleles 3/46 8/227 2/231 0.051 0.029 (1.224-46.349) 0.078 (0.855-19.376)
AA/GG
Dominant 0.886 1.003
AAGA/GG 12/46 67/227 68/231 0.937 0.732 (0.444-1.768) 0.989 (0.683-1.472)
Recessive 8.100 4.154
AA/GA+GG o2 ) 2 0.039 0.008 (1.323-49.603) 0.052 (0.875-19.727)
Allele 0.893 0.907
G/A 101/15 513/75 528/70 0.839 0.709 (0.491-1.622) 0.581 (0.641-1.284)
rs1938496
Codominant
2.513 2.027
alleles 5/38 19/179 10/191 0.133 0.110 (0.813.7.769) 0.080 (0.918-4.478)
CC/TT
Dominant 0.931 1.136
CT+CC/TT 20/38 115/179 108/191 0.674 0.812 (0.516-1.680) 0.452 (0.815-1.584)
Recessive 2.726 1.997
CC/CTATT 5/53 19/275 10/289 0.111 0.067 (0.896-8.296) 0.078 (0.912-4.370)
Allele 1.118 1.201
T 25/91 134/454 118/480 0.436 0.654 (0.687-1.817) 0.198 (0.909-1.587)
rs6588147
Codominant
1.650 1.205
alleles 2/40 8/219 7/231 0.818 0.541 0.722
AA/GG (0.331-8.229) (0.430-3.380)
Dominant 1.529 1.163
GA+AA/GG 18/40 75/219 68/231 0.374 0.177 (0.824-2.838) 0.431 (0.798-1.696)
Recessive 1.490 1.167
AA/GA+GG 2/56 8/286 7/292 0.878 0.623 (0.302-7.359) 0.768 (0.418-3.260)
Allele 0.688 0.873
G/A 96/20 505/83 523/75 0.368 0.173 (0.401-1.180) 0.425 (0.624-1.220)
rs7555955
Codominant
1.886 1.482
alleles 3/35 13/193 10/220 0.530 0.353 0.363
GG/AA (0.494-7.192) (0.635-3.456)
Dominant 1.830 1.457
GA+GG/AA 23/35 101/193 79/220 0.039 0.041 (1.019-3.287) 0.036 (1.025-2.073)
Recessive 1.576 1.337
GG/GA+AA 3/55 13/281 10/289 0.712 0.496 (0.420-5.913) 0.497 (0.577-3.099)
Allele 1.652 1.375
G/A 26/90 114/474 89/509 0.045 0.043 (1.011-2.700) 0.039 (1.015-1.864)

LEPR — leptin receptor; SNP — single nucleotide polymorphism; OR — odds ratio; Cl — confidence interval. # Family-history keloid vs
no-family-history keloid vs normal controls; ® Family-history keloid vs normal controls; ¢ No-family-history keloid vs normal controls.
Bold fonts indicate the P values of codominant alleles in different groups.
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recent years, with the development of genome-wide associ-
ation study, we have made great progress in defining the ge-
netic basis of keloids. We have found various susceptibility
loci containing association of LEPR SNPs with keloids in the
Chinese Han population. In our present study, there were no
significant differences in genotype distribution and allele fre-
quencies of rs6588147 between patients with keloid and con-
trols. However, we found that patients carrying the AA geno-
type of rs1137101 and the CC genotype of rs1938496 tend to
have increased risk of keloids. Carrying the GA, AA gene type
and G allele frequencies of rs7555955 makes patients were
more susceptible to keloids.

However, it should be noted the severe keloid groups had sig-
nificantly higher ORs as compared with the mild-moderate ke-
loid and control groups. These differences can be ascribed to
the small sample size and/or disparities in the minor allele fre-
quencies. Assessment of rs1137101 and rs1938496 revealed
that in the recessive models of inheritance, there were sig-
nificant ORs among mild-moderate keloid, severe keloid, and
control groups. Analysis of rs6588147 and rs7555955 showed
that in the dominant, recessive, and allele models, the severe
keloid groups had significantly higher ORs compared to the
mild-moderate keloid group and controls. In addition, no sig-
nificant ORs were found between the mild-moderate keloid
group and control group with LEPR SNPs.

Further, we evaluated the associations between the 4 LEPR SNPs
and family history of keloids. The association of rs1137101
and rs7555955 in the dominant, recessive, and allele models
exhibited significant differences among family-history keloid
patients, no-family-history keloid groups, and normal controls.
Similarly, the OR of rs1137101 in the recessive model was sig-
nificantly higher in patients with a family history of keloids
than those in control groups. Nonetheless, there were no sig-
nificant ORs of rs1938496 and rs6588147 among the mild-
moderate keloid, severe keloid, and control groups.

CLINICAL RESEARCH

SNP rs1137101 (GIn223Arg) has been receiving increased re-
search attention; it is located in the intron region exon 4 of
LEPR and can alter the structure and function of LEPR protein.
This SNP has a significant association with knee osteoarthri-
tis in northwest Chinese population with Han ethnicity [25],
and obesity in Pacific Islanders [26]. LEPR rs6588147 is an in-
tron SNP. Slattery et al [5] found this SNP caused colon cancer
susceptibility among men. It was found to decrease the risk of
HCC in an eastern Chinese Han population [27]. SNP rs7555955
is the intronic region of the LEPR gene; it can regulate the ex-
pression of its corresponding protein. LEPR rs1938496 is a
3’UTP SNP, which may play an active role in post-transcription-
al gene regulation. However, our study only analyzed 4 SNPs
in the LEPR gene that were associated with the severity of ke-
loid disease. Further investigations are needed to identify oth-
er SNPs in the LEPR gene related to keloid severity.

Conclusions

In summary, our study confirmed that LEPR gene polymor-
phisms are associated with the development and progres-
sion of keloids in the northeastern Chinese Han population.
Genetic factors of LEPR might influence keloid severity, espe-
cially in patients with a positive family history. The 4 SNPs in
the LEPR gene could serve as biomarkers for early detection
and targeted therapeutics of keloids.

Availability of Data and Material
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