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Background: Keloids represent chronic fibroproliferative skin disorders in which there is
deposition of extracellular components, especially type 1 collagen, fibronectin and elastin, in
excessive amounts. NEDD4 is associated with fibrosis found in abnormal wound healing
through increased fibroblast proliferation and regulation of type 1 collagen expression. The
exact etiology of keloid formation is undefined, but the role of genetic factors was
demonstrated.

Objective: To investigate the polymorphism of the NEDD4 gene rs8032158 in a sample of
Egyptian patients who have keloids.

Methods: The current case—control study was conducted in 160 unrelated subjects; 100
keloid patients and 60 ages and sex coincided with apparently healthy controls. All subjects
underwent a complete history, and weight and length were measured to calculate body mass
index (BMI). The Vancouver Scar Scale (VSS) was used to assess keloid severity. An
analysis of the polymorphism of the NEDD4 gene rs8032158 T/C was performed using
tagman allelic discrimination (real-time PCR).

Results: The rs8032158 CC genotype was observed significantly in keloid patients and
increased the risk of keloid development by approximately 2 times (p = 0.003, OR = 1.80).
The C allele significantly increased the risk of keloid development by approximately 2 times
(P =0.002, OR = 2.08). The carriers of the CC genotype were significantly associated with
severe keloid form and with the highest VSS values.

Conclusion: The polymorphism of the NEDD4 gene rs8032158 could participate in the
formation of keloids in the Egyptian population. The NEDD4 rs8032158 CC genotype may
have a role in keloid severity.

Keywords: NEDD4, keloid, gene polymorphism

Introduction

The keloid is defined as an aberrant of scar tissue proliferation that occurs at the site
of the skin lesion, eg at the site of a surgical incision and trauma, or spontaneously
without a history of trauma. The incidence of keloids varies among the different
racial groups, and its prevalence has been reported to be nearly 4-6% in the general
population, and is more common in women.' Additionally, the most severe keloids
have been observed in the subjects having positive family history, suggesting role
of genetic factors in keloid development.”
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Clinically, keloids are firm, gummy, shiny and fibrous
lesions that fluctuate from pink to skin-colored or red to
deep brown. These benign scars are not contagious and are
sometimes accompanied by itching. It is mainly the cos-
metic aspect of the lesion that causes the referral.?

Histologically, keloids have thick flattened epidermis
that was not caused by hyperproliferation, but possibly due
to abnormal early terminal differentiation, which affects
formation of stratum corneum.” The superficial dermis was
described by lymphocytes and active fibroblasts; the mid-
dle dermis had dense extracellular matrix (ECM) with
great numbers of fibroblasts, while the deep dermis was
poorly cellular and had hyalinized collagen bundles.’

Many studies were conducted to identify the main
responsible factors for the occurrence of keloids, however,
the mechanism of keloid formation still largely undefined.®
Keloid formation is a complicated and multifactorial pro-
cess that rests on environmental factors and genetic risk
factors.” Different genetic loci were reported to be asso-
ciated in keloid predisposition, but the exact genetic devia-
tions involved in the etiology have not yet been known.®

The human gene NEDD4 is situated on chromosome
15g21.3 and includes 30 exons that encode six NEDD4
transcriptional variant (TV) protein variants, all of which
have 100% identity from the first part (WW domain) to the
end part of the protein, which only differs in the
N-terminal region that includes the C2 domain.” It has
been shown that NEDD4 controls the growth of animals
by regulating insulin-like growth factor (IGF-1) signaling,
the loss of NEDD4 results in reduced signaling of IGF-1 in
mice, delayed embryonic development, growth reduction
and fetal lethality.'’

NEDD4 has been associated with the aetiopathogenesis
of fibrosis associated with abnormal wound healing inju-
ries through increased fibroblast proliferation and inva-
siveness, plus the regulation of the expression of type 1
collagen. Also, the activation of NEDD4 affects p27 pro-
tein cellular localization and its stability, suggesting its
role in contact inhibition. Additionally, NEDD4 prompts
B-catenin aggregation in the cytoplasm and upsurges the
transcriptional activity of transforming growth factorf
(TGFp)-catenin. "'

Moreover, the increased NEDD4TV3 in keloid acti-
vates signal transducer and activator of transcription factor
3 (STAT3)/nuclear factor-kB (NF-kB) in keloid keratino-
cytes and fibroblasts resulting in production of many pro-
inflammatory cytokines. NEDD4-TV3 also promotes the

regulation of insulin-like growth factor receptor signaling
(IGF-1R) that was involved in keloid pathogenesis.'?

In keloids, few studies investigated the polymorphism
of the NEDD4 gene rs8032158 in different populations
with controversial results.'¥'¢

The following current study aimed to shed light on the
possible association between SNP NEDD4 rs8032158 and
the keloid through the evaluation of its gene polymorph-
ism in Egyptian keloid patients, in addition to correlating
its estimated results with the available clinical aspects of

keloid lesions in those patients.

Materials and Methods

This was a case—control study that was conducted in 100
unrelated keloid patients of both sexes and aged between
15 and 70 years. In addition, 60 healthy unrelated volun-
teers by age and sex were included who had no family
history or keloids (control group). They were selected
from the Dermatology Outpatient Clinic, University
Hospitals of Menoufia during the period from January
2019 to May 2019. The laboratory part of the study was
carried out in the Department of Biochemistry, Faculty of
The
approved by the Ethical Cometti of Human Right in

Medicine, University of Menoufia. study was
Research at the University of Menoufia [in accordance
with the Declaration of Helsinki in 1975]. Informed writ-
ten consent (accepted and approved by the Ethical
Committee of Human Rights in Research at the
University of Menoufia) was obtained from all participants
in this study after informing them about the study.
Regarding participants under the age of consent, a parent
or legal guardian signed the consent forms. Exclusion
criteria included any subject who had keloids due to skin
disorders, hypertrophic scar syndrome, genetic or chromo-
somal disorders that included keloids as part of the dis-
order, eg Rubinstein Taybi syndrome. In addition,
pregnant and lactating women were excluded from the
study.

The people studied were subjected to a detailed history
and thorough general examination. BMI was calculated
using weight and height for each individual. BMI is cal-
culated by dividing body mass in kilograms (kg) by the
square of body height in meters (m), and is universally
expressed in units of kg/m*'’

A dermatological examination was performed to
determine the keloid site (for example, face, neck, leg
and abdomen). The Vancouver Scar Scale was used to

assess keloid severity. In which we evaluate four

submit your manuscript

650

Dove

Clinical, Cosmetic and Investigational Dermatology 2020:13


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

Dove

Farag et al

parameters:'® I-vascularity that is subdivided into normal
(0), pink (1), red (2) or purple (3). II-pigmentation; nor-
mal (0), hypopigmentation (1) or hyperpigmentation (2).
ITI-Flexibility that was subdivided into normal (0), flex-
ible (1), yield (2), firm (3) or contracture (4). Height 1V;
(normal), (0-2 mm), (2-5 mm) and more than (5) mm.
Every parameter included classified degree in the scale
that were added to get a total score range from O (descrip-
tive normal skin) to 13 (descriptive the worst imaginable
scar). The scars were classified as mild (0-3), moderate
(4-7) and severe (8-13)."

Under aseptic condition, 2 mL of venous blood was
taken from each subject and then transferred to the EDTA
tube for DNA extraction. Genotyping of the NEDD4 gene
polymorphism rs 8032158 (T/C):

Extraction of the DNA was done using a Quick-g Mini-
pre-DNA genetic DNA purification kit from Zymo
Research (USA). Elution and storage of the DNA were
then performed at —20 °C for other PCR procedures. The
NEDD4 gene was genotyped using an allelic discrimina-
tion assay using a real-time PCR technique using an
applied TagMan probe from Biosystems, USA. Thermo
Fisher Scientific has provided the Maxima qPCR Master
Mix probe, primers and probes. The probe sequence for
NEDD4 rs 8032158 was S'TTGGGAAAAAACTAGCT
TATAATAACVIC/FAMTATAGGTA GTTTA TAACATTT
ATTAA-3". Amount of master mix about 10 microliters
were added to 1.25 mL of the genotyping assay of the
mixture of primer/probe and amount of water without
DNase about 3.75 mL. Also about five microliters of
genomic DNA extract were used for each sample and
5 mL of water without DNase for the negative control
reaction. The following steps were used: initial denatura-
tion was made for ten minutes at 95 °C, followed by 40
cycles of: denaturation for 15 seconds at 94°C, annealed
from the primer for 60 seconds at 50°C, then extended for
2 minutes at 72° C and last extension for 1 minute at 72°C.
Analysis of data was done using a real-time 7500 PCR
instrument, version 2.0.1, Bio systems applied.

Statistical Analysis

The data were fed to compute them and analyzed by
statistical package for the statistical package of social
science software (SPSS) version 20 on the computer com-
patible with the International Business Machines (IBM).
Two types of statistics were made; (A): Descriptive statis-
tics: expressed as mean and standard deviation (X & SD),
as well as median and range for quantitative data or

number and percentage (No and%) for qualitative data
(B): Analytical statistics: Chi test-square (y%): it was used
to study the association between two qualitative variables,
Student’s #-test: it was used for the comparison between
two groups of normally distributed quantitative variables,
Mann—Whitney test (non-parametric test): it was used to
the comparison between two groups of quantitative vari-
ables not normally distributed, Spearman correlation test:
it was used for quantitative variables that were not nor-
mally distributed or when one of the variables was quali-
tative, the P value < 0.05 was statistically significant.

Results

The patients studied were 44 men (44.0%) and 56 women.
Their age ranged between 15 and 70 years and the BMI
ranged between 20.9 and 39.3 kg/m2. Among them 36
(36.0%) patients were smokers. They were comparable
with their controls with respect to their age (P = 0.516),
gender (P = 0.602), smoking (P = 0.952) and BMI
(P = 0.219). More than half (66, 66.0%) of our patients
had a positive family history of keloids. The most frequent
site of keloids were the extremities (48, 48%). Half of the
cases developed keloids after the operation (50, 50%)
(Table 1).

NEDD4 rs8032158 genotypes and allele distribution
(Figure 1) were analyzed in all participants. Compared to
the wild NEDD4 rs8032158 (TT genotype), the CC geno-
type was significantly observed in keloid patients [48
(48%) versus 16 (26.2)] and increased the risk of keloid
development by approximately 2 times (p = 0.003,
OR = 1.80). In addition, C Allele significantly increased
the risk of keloid development by approximately 2 times
(P =0.002, OR = 2.08) (Table 2; Figure 2).

The relationship between the NEDD4 rs8032158 gen-
otypes and the clinical and personal criteria studied of
keloid patients revealed a significant association of the
CC genotype with the severe keloid form and with the
highest VSS values (P <0.001 for both), it also showed a
significant association of CC genotype with smoking
(p=0.024) (Table 3).

Discussion

Compared to the proliferative scar and other pathological
scars, the keloid has a stronger genetic predisposition.?’
For identifying the role of NEDD4 in keloid formation, a
genome-wide association study (GWAS) has been done
and identified an association of a single nucleotide poly-
morphism (SNP) rs8032158 that is located in the NEDD4
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Table | Demographic and Clinical Characteristics of the Studied Subjects

Demographic Characteristics Cases (n=100) Controls (n=60) Test of Significance P-value
Age (years)
Mean * SD 35.50+£14.01 37.70%15.55 Mann—-Whitney=0.65 0.516
Median 32 40
Range 15-70 10-65
Sex [n (%)]
Males 44 (44.0) 30 (50.0) 2=0.54 0.602
Females 56 (56.0) 30 (50.0)
Smoking [n (%)]
Smokers 36 (36.0) 22 (36.7) 2+=0.01 0.952
Non-smokers 64 (64.0) 38 (63.3)
BMI
Mean + SD 29.91+5.64 28.64+4.45 t=1.24 0.219
Median 29.32 29.8
Range 20.9-39.3 21.3-38.1
Clinical data
Family history [No (%)]
Present 66 (66.0)
Absent 34 (34.0)
Site of lesion [No (%)]
Head and neck 12 (12.0)
Trunk 40 (40.0)
Limbs 48 (48.0)
Precipitating factors [No (%)]
Spontaneous 10 (10.0)
Operation 50 (50.0)
Burn 40 (40.0)
Duration of disease (years)
Mean +SD 3.88+2.94
Median 3
Range 1.254
VSS
Mean * SD 7.30+2.91
Median 7
Range 2-12
VSS classifications No (%)
Mild (0-3) 20 (20.0)
Moderate (4-7) 32 (32.0)
Severe (8-11) 48 (48.0)

Abbreviations: SD, standard deviation; VSS, Vancouver Scar Scale; BMI, body mass index; )(2, Chi-square test; t, Student’s t-test.

gene on chromosome 15 with keloid development in a
Japanese population. The authors investigated 517 patients
and 2385 healthy unaffected individuals.’

This study was the first to investigate the polymorph-
ism of the NEDD4 gene rs8032158 T/C in the Egyptian

population. We note significant differences between

genotypes and allelic distribution of NEDD4 polymorph-
ism rs8032158 T/C between the groups studied. The CC
genotype was observed significantly in keloid patients and
increased the risk of keloid development by approximately
2 folds. In addition, the C allele significantly increased the
risk of keloid development by approximately 2 folds too.
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Figure | Allelic discrimination plot of (rs8032158) gene polymorphism in both cases and controls [TT genotypes (red dots), TC genotypes (green dots) and CC genotypes

(blue dots)].

Confirming our result, Yang et al'® investigated 50
Chinese patients with keloids and 52 healthy unaffected
subjects. The authors observed a significant link between
the T/C NEDD4 polymorphism rs8032158 and the keloid.
They revealed a significant increase in the CC genotype in
keloid patients, and showed that the rs8032158 T allele
was associated with a reduced risk of keloid scarring. Also
Fujita et al'® examined 20 skin keloid specimens and
found that most of them have the risk C/C genotype in
rs8032158.

The NEDD4 gene has been linked to the pathogenesis
of fibrosis associated with abnormal wound healing
lesions, such as the keloid, through different signaling
pathways. In fibroblasts, NEDD4 regulates the expression
of collagen and fibronectin. This unusual regulation led to
the excessive increase of collagen and fibronectin in the
extracellular matrix that could pay to keloid formation and
progression.'!

In addition, the TV3 increases in keloid and is involved
in increase the activation of STAT3/NF-kB in keloid ker-
atinocytes and fibroblasts. Active STAT3/NF-kB is sug-
gested to stimulate inflammation and keloid formation

through the production of many proinflammatory

cytokines. Alternatively, it is possible that NEDD4-TV3
promotes keloid growth through activation of the mito-
genic pathway, because NEDD4-TV3 can act as a regula-
tor of insulin-like growth factor receptor signaling (IGF-
1R) that has also been implicated in keloid pathogenesis. '

Also, NEDD4 expresses an ubiquitin E3 ligase
enzyme with an HECT domain that participates in the
ubiquitin-mediated protein degradation process. It has
been reported that the activation of NEDD4 influences
the subcellular localization of p27 protein and its stabi-
lity, suggesting that it plays an important role in contact
inhibition. In addition, NEDD4 induces the aggregation
of B-catenin in the cytoplasm and increases the transcrip-
tional activity of TGFp-catenin.''

Therefore, as previously reported,'> we suggest that
SNP rs8032158 may have a role in irregular cell prolifera-
tion and matrix aggregation observed in keloids.

On the other hand, Zhu et al'* found that the SNP
rs8032158 is one of the SNPs that did not have a significant
association with keloid formation in their study in 714 keloid
patients in the Han China population. The authors found that
rs 2271289 located in the intron region of NEDD4 is sig-
nificantly associated with keloid development. It has been
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Table 2 NEED4 (rs8032158) Genotypes and Allele Frequencies in Keloid Patients and Control Group

2

NEDD4 (rs8032158) gene polymorphism Patients Controls x P- value OR (95% CI)
(n=100) (n=60)
No (%) No (%)
Genotypes
-CC 48 (48.0) 16 (26.7) 4.62 0.010 NA
-TC 42 (42.0) 30 (50.0)
-TT 10 (10.0) 14 (23.3)
Alleles (n=200) (n=60)
-C 138 (69.0) 31 (51.7) 9-61 0.002 2.08 (1.31-3-32)
-T 62 (31.0) 29 (48.3)
-CCvs TC+TT 7.11 0.008 2.54 (1.27-5.08)
-TT vs TC+CC 5.23 0.022 0.37 (0.15-0.89)
-CCvs TC 42 0.040 2.14 (1.03-4.47)
-CCvsTT 8.63 0.003 1.80
-TT vs TC 2.1 0.156 0.51 (0.20-0.89)

Note: NEDD4: neural precursor cell expressed developmentally down-regulated protein 4. n: Number. x2: Chi square test. OR: odds ratio. Cl: confidence interval

found that rs8032158 has a moderate link imbalance (LD)
with 152271289 according to HapMap3 (the haplotype map
of the human genome that describes patterns common human
genetics variations). They suggested NEDD4 that could be a
common genetic reason for the growth of keloids with multi-
ple populations in terms of Han and Japanese Chinese,
although the most important SNPs responsible for keloid
formation were not the same among them.

Also, in Chinese Han population, Zhao et al*' analyzed
the correlation between 4 NEDD4 SNPs (rs873549,
rs2118610, rs1511412, rs2271289) and keloids phenotypes
in 309 keloids cases and 1080 control individuals. The
authors revealed that rs2271289 is strongly associated

development and severity of keloids.

70 7

60
50 1
40

H Patients 30 A1

u Controls

Alleles

Genotypes

Figure 2 Distribution of NEDD 4 rs8032158 genotypes and allele frequencies in keloid
patients and control group. [(p=0.003, OR=1.80) and (P=0.002, OR =2.08) respectively].

In the current study, there was a significantly higher
prevalence of severe degree of keloid in carriers of CC
rs8032158 genotypes than TC and TT genotypes.
According to our study, Ogawa et al'> reported that the
severe keloid group had a significant OR with a dominant
inheritance mode of rs8032158 where CT + CC including
the risk allele C, compared to TT that does not contain the
risk allele C that had significant OR with both controls and
mild keloid group.

The relationship between the CC genotype and the C
allele and the severe form of keloid could be due to the
activation of NF-kB and STAT3 (the inflammation ampli-
fier). This inflammation amplifier activates and induces
NF-kB target genes, including chemokines and growth
factors’**® in non-immune cells such as keratinocytes,
fibroblasts and endothelial cells.**

The expression of NF-kB target genes such as CCL2 and
IL-6 is proinflammatory cytokines that control the inflamma-
tory process in response to trauma or injury. In addition, it
was found that CC genotypes cause a higher level of NEDD4
TV3 which, reportedly, acts strongly together with the RIP
adapter protein to cause NF-kB activation.'®

The role of the NEDD4 TV3 signaling pathway in the
aetiopathogenesis of the keloid is evaluated and its potential
role as a therapeutic objective is evaluated'®. Fujita et al'®
studied the immunohistochemical expression of NEDD4 in
different samples of normal and human keloid skin using an
anti-NEDD4 antibody that identifies all TVs types. They
that NEDD4 was
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Table 3 Expression of NEED4 rs8032158 Genotypes Regarding Demographic and Clinical Data in Keloid Patients.
Items NEDD4 rs8032158 Gene Polymorphism in Keloid Patients Kruskal-Wallis P-value
Test
CC (n=48) Meant SD | TC (n=42) Meant SD | TT (n=10) Meant SD es
Age (years) 37.71£14.17 34.38+14.85 29.60+8.23 0.80 0.455
BMI 30.48+3.44 29.2943.51 29.76+7.43 0.50 0.608
Duration of disease (years) | 3.15+2.24 4.63+3.51 4.20+2.94 1.76 0.239
A 8.96+2.58 5.95£2.22 5.00+2.83 10.81 <0.001*
Sex n (%) n (%) n (%) Ve
Males 18 (37.5) 20 (47.6) 4 (40.0) 0.96 0.619
Females 30 (62.5) 22 (524) 6 (60.0)
Smoking
Smokers 16 (33.3) 18 (42.9) 8 (80.0) 742 0.024*
Non-smokers 32 (66.7) 24 (57.1) 2 (20.0)
Site of lesion
Head and neck 6 (12.5) 4 (9.5) 2 (20.0) 7.79 0.100
Trunk 22 (45.8) 18 (42.9) 0
Limbs 20 (41.7) 20 (47.6) 8 (80.0)
Precipitating factors
Spontaneous 6 (12.5) 4 (9.5) 0 7.90 0.095
Operation 26 (45.2) 22 (52.4) 2 (20.0)
Burn 16 (33.3) 16 (38.1) 8 (80.0)
Family history
Present 32 (66.7) 30 (71.4) 4 (40.0) 3.57 0.167
Absent 16 (33.3) 12 (28.6) 6 (60.0)
VSS classification
Mild 6 (12.5) 8 (19.0) 6 (60.0) 60.28 <0.001*
Moderate 2 (4.2) 28 (66.7) 2 (20.0)
Severe 40 (83.3) 6 (14.3) 2 (20.0)

Note: *Significance.

Abbreviations: SD, standard deviation; VSS, Vancouver Scar Scale; BMI, body mass index.

keratinocytes and fibroblasts of both keloid and normal skin,
but quantitative PCR and electrophoresis showed that
NEDD4 TV3 was considerably more profuse in keloid skin
in comparison with normal skin tissue. In addition, keloid
samples from different anatomical sites had a higher expres-
sion of NEDD4 TV3 than in control samples obtained from
multiple sites. Therefore, the authors made an anti-NEDD4
antibody defined for amino acids 431-455 of TV3, this anti-
body recognized NEDD4 TV3. According to the RNA
results, there was a large difference between keloid and
normal skin during immunohistochemistry using the
TV3431-455 antibody and using the pan-NEDD4 antibody.
The NEDD4 TV3 signals were also obvious in the central
part of the core. In addition, they compared the expression of
NEDD4 TV3 in inflammatory lesions and areas of minor

inflammation (areas of mature scars) in the same patient.

Both keratinocytes and fibroblasts in inflammatory lesions
showed a higher expression of NEDD4 TV3 than in areas of
mature scars. These results suggest that NEDD4 TV3 is
definitely expressed in keratinocytes and keloid fibroblasts,
so these data suggest that NEDD4 TV3 could be a potential
therapeutic target for easy or excessive healing in keloid
patients.'®

Conclusions

NEDD4 rs8032158 gene polymorphism could participate
in keloid formation in Egyptian population. NEDD4
rs8032158 CC genotype may participate in keloid pheno-
type and may have a role in development of severe form of
keloid. NEDD4 rs8032158 SNP may serve as a biomarker
that aids in the prevention and prognosis as well as tar-
geted treatment for keloids.
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