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Atopic dermatitis (AD) is a common skin condition that
affects both children and adults. Adipokines have been
shown to play a role in the pathogenesis of AD. In the
current study, the association between adiponectin gene
(ADIPOQ) polymorphisms and AD was investigated. In
addition, changes in serum adiponectin levels in AD pa-
tients were examined. Restriction fragment length poly-
morphism-PCR technique was used to genotype ADIPOQ
SNPs. The ELISA assay was used to measure serum Adi-
ponectin levels. A total of 324 participants (162 AD and
162 healthy controls) were included in the study. The
frequency of the GG genotype of rs3774261 was high-
er in the AD group (44.5%) than in the control group
(32.7%, P<0.05). Regarding the rs2241766 SNP, the fre-
quency of the GG genotype was higher in the AD group
(10.5%) than in the control group (3.1%), while the fre-
quency of the TT genotype was lower (P<0.001) in the
AD group (35.8%) than the control group (57.4%). More-
over, the GG haplotype of rs3774261 and rs2241766
significantly increased the risk of AD by about 2-fold
(P<0.05). Finally, serum adiponectin levels were lower in
the AD group than in the control group (P<0.05). These
results indicate an association of the rs2241766 and
rs3774261 SNPs with the risk of developing AD among
the population examined.
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INTRODUCTION

Atopic dermatitis (AD) is a common form of eczema
that affects both children and adults (Frazier & Bhard-
waj, 2020; Waldman ez al, 2018). In a recent systemat-
ic review, the prevalence of AD in adults ranged from
1.2% in Asia to 17.1% in Europe (Bylund ez al, 2020).
In the United States, the prevalence of AD is about 7%
with an estimated annual burden of more than 5 billion
per year (Drucker es al, 2017). Patients with AD have
dry, scaly and itchy skin with red-gray patches distrib-
uted in different parts of the body such as the hands,
feet and knees (Fishbein e a/, 2020). AD is thought to
be caused by a combination of factors that include the
immune response, genetic variability, exposure to cer-
tain stimuli such as skin irritants, air pollution, tobacco

smoke, and skin infection. (Chiesa Fuxench, 2017; Kan-
tor & Silverberg, 2017; Nutten, 2015). In addition, an
association between obesity and AD has been reported
(Ali et al., 2018; Hirt ez al., 2019).

The link between obesity and AD has been shown
to be mediated in part by adipokines (Jaworek & Szepi-
etowski, 2020; Jeong et al., 2015; Kelishadi ez al, 2017).
Adipokines include many peptides that are secreted from
adipose tissue into the bloodstream and target other or-
gans of the body to modify their function (Fasshauer &
Bliher, 2015). Adiponectin is the most abundant adi-
pokine in the circulation (Fang & Judd, 2018). Adiponec-
tin plays an important role in the body’s energy balance
by regulating fatty acid oxidation in muscles and glucose
production in the liver. (Fang & Judd, 2018). In addi-
tion, adiponectin has anti-inflammatory properties that
protect the body’s organs from chronic inflaimmation
(Choi et al., 2020). It has been shown that Adiponec-
tin levels are significantly reduced in patients with AD
compared to healthy people (Jung & Kim, 2020). Fur-
thermore, lower adiponectin levels have been reported
in extrinsic AD compated to intrinsic AD patients (Han
et al., 2016). In inflammatory human epidermal equiva-
lents in vitro model of AD, adiponectin has been shown
to inhibit the expression of key inflammatory mediators
and increase the expression of filaggrin (Seo & Seong,
2019). In the animal model of AD, adiponectin expres-
sion was found to be significantly lower in the group of
mice that developed severe dermatitis (Jeong ez al., 2015).
Adiponectin signaling has been linked to the regulation
of sebum production by human sebaceous glands and
thus can be used in the management of clinical condi-
tions such as atopic dermatitis where sebum secretion is
significantly reduced (Jung e al, 2017). Thus, previous
literature suggested a role for low adiponectin level in
the pathology of AD.

Adiponectin is encoded by the ADIPOQ gene located
on chromosome 3. Several single nucleotide polymot-
phisms (SNPs) are present in the ADIPOQ gene and
have been shown to be of clinical interest. Among 4DI-
POQ SNPs are 152241766 and rs3774261. The rs2241766
(45T/G) is a synonymous variant that affects the level
of adiponectin and has been shown to be associated
with several conditions such as cancer, cardiovascular
disease, and asthma. (Ding e/ a/, 2015; Zhou e/ al., 2013).
The 153774261 (712 G/A) is also associated with plasma
adiponectin level and has been shown to be associated
with clinical conditions such as diabetes, cardiovascu-
lar disease, and metabolic syndrome (de Luis Roman e#
al., 2021; Kanu et al., 2016; Saleh & Tayel, 2020; Yao et
al., 20106). In the current study, the association between
ADIPOQ 152241766 and rs3774261 SNPs and AD was
investigated. The expected findings may enhance our
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knowledge regarding the role of adipokine genes in the
development of AD.

MATERIALS AND METHODS

Study participants

A total of 162 patients with AD disease were recruit-
ed into this case-control study. In addition, 161 healthy
subjects were recruited to serve as a control group. The
control group was selected to roughly match the AD
group in age, BMI, and gender. Participants’ ages ranged
from 1 year to 60 years. Participants were drawn from
King Abdullah University Hospital, the Health Center of
the Jordan University of Science and Technology, and
the hospitals of the Ministry of Health in northern Jor-
dan. The diagnosis of AD was made by dermatologists
according to the UK Working Party’s Diagnostic Criteria
(Williams e# al., 1994). Exclusion criteria for the patient
group include uncontrolled concomitant systemic dis-
ease, presence of other skin diseases, pregnant or lactat-
ing women, and a BMI of 30 or more. Written informed
consent was obtained from the participants in accord-
ance with the guidelines of the Institutional Review
Board of Jordan University of Science and Technology.
A structured questionnaire interview was conducted to
collect data on the demographics of the study partici-
pants.

Blood sampling

Two blood samples were obtained from each per-
son. Five milliliters of whole blood were collected in
an EDTA tube for molecular analysis and another five
milliliters were collected in a plane tube for biochemical
analysis. After coagulation, blood serum was obtained by
centrifugation of samples at 500Xg. The storage condi-
tion for EDTA samples was —20°C and for serum sam-
ples was -80°C.

DNA Extraction

DNA extraction from whole blood was achieved us-
ing a Promega DNA Purification Kit (Cat #: A1125,
Madison, USA) according to the manual provided by the
manufacturer.

Genotyping of ADIPOQ SNPs

The 152241766 and 153774261 SNPs were genotyped
using restriction fragment length polymorphism-PCR
technology. PCR reactions were performed using a
master mix obtained from Promega and 5ng of tem-
plate DNA and 1 pM of each primer. For rs2241766,
the primers were forward: 5-GCAGCTCCTAGAAG-
TAGACTCTGCTG-3" and reverse: 5-GCAGGTCT-
GTGATGAAAGAGGCC-3'. For 1s3774261, the prim-
ers were forward: 5-“TGGCATTCAACCACATTITAC
-3, and reverse: 5-AAGCCTTCATTCTTCATCAG-3'.
PCR conditions for both SNPs were 5 min at 95°C,
followed by 35 cycles: denaturation for 40s at 95°C, an-
nealing (58°C for 1s3774261, and 60°C for rs2241766)
for 45s, and extension at 72° Celsius for 45s. The cy-
cles were then followed by a final 5 min extension at
72°C. The amplified PCR fragments (372 bp and 217 bp
for 1s2241766 and rs3774261 respectively) were detected
by agarose (1%) gel electrophoresis and visualized us-
ing UV light and ethidium bromide. The PCR products
were then digested with Swal for 152241766 and Rsa/ for

rs3774261. Details regarding the restriction conditions
and the sizes of the digested fragments were as previ-
ously described (Bruno ez al., 2021; Zhou et al., 2015).

Measurement of plasma adiponectin level

Adiponectin was measured in plasma using an ELISA
kit obtained from R&D Systems for Research Purpos-
es (DuoSet; Minneapolis, MN, USA) according to the
manual provided by the manufacturer. Changes in opti-
cal density were measured at 450 nm using an EIx800
microplate reader (BioTek Instruments, Winooski, VT,
USA). Adiponectin levels were measured in the samples
based on the use of a serial standard provided with the
kit (Khabour e# al., 2018).

Statistical analysis

Associations of ADIPOQ SNPs with AD, and Har-
dy—Weinberg equilibrium of rs2241766 and 1rs3774261
SNPs were performed using SNPstat statistical program.
Adiponectin serum levels between the AD group and
the control group were compared using the Student t-
test. Categorical analysis was computed using the Chi-
square test. A p-value of <0.05 was used to conclude
statistical significance. All collected data are presented in
the manuscript.

RESULTS

A total of 324 participants (162 AD and 162 healthy
controls) were included in the study. The percentage of
male participants in the AD group was similar to that of
the control group (50.5%, Table 1). The majority of par-
ticipants were children (75.3% in the control group and
76.5% in the AD group, P=0.792). The BMI (£S.D.)
for the AD group was 22.314.9 and the BMI for the
control group was 21.9+5.2 (P=0.476). Thus, all demo-
graphic variables were similar between the two groups.
Regarding serum adiponectin, the levels in the AD group
(2161%£1021) were significantly lower (P=0.036, Table 1)
than those in the control group (2412%1130).

Table 2 shows the genotypes and alleles of the ADI-
POQ SNPs. Regarding the 1s3774261 SNP, the fre-
quency of the GG genotype was higher in the AD
group (44.5%) than the control group (32.7%), while
the frequency of the AA genotype was lower in the AD
(11.7%) group than the control (20.4%) group (OR [95%
CI]: 2.36 [1.21-4.60], P<0.05). In addition, the frequen-
cy of the 183774261 G allele was enriched in the AD
(66.4%) group compared to the control (56.2%) group
(OR [95% CIJ: 1.54 [1.12-2.12], P<0.01). These results

Table 1. Demographics of the study sample

Control Patient

Variable N (%) N (%) P-value
Gender

e weon  mas
Female 80 (49.4) 80 (49.4)

m'i'otal 1 62 77777777777 162
Age groups
1-18 years 122 (75.3) 124 (76.5)

T 0.792
> 18 years 40 (24.7) 38 (23.5)

WIVBMI (mean £S.D.) 219(52) 22.3 (4.9) 0.476
serum adiponectin 241241130 2161+1021 0.036

(ng/mL)
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Table 2. Genotype and allele frequencies of rs3774261 and rs2241766 of ADIPQ gene in AD subjects and controls

Genotypes /Alleles Ef(tg/f)”t ﬁo&t};ol OR (95% CI) P-value

rs3774261 SNP

GG 72 (44.5) 53 (32.7) 1.00

GA 71 (43.8) 76 (46.9) 1.45 (0.90-2.35) 0.0320

AA 19 (11.7) 33 (204) 2.36 (1.21-4.60)

Allele G 215 (66.4) 182 (56.2) 1.00

Allele A 109 (33.6) 142 (43.8) 154 (1.12-212) 0.0078

rs2241766 SNP

T 58 (35.8) 93 (57.4) 1.00

TG 87 (53.7) 64 (39.5) 0.46 (0.29-0.73) <0.001

GG 17 (10.5) 5(3.1) 0.18 (0.06-0.52)

Allele T 203 (62.7) 250 (77.2) 1.00

Allele G 121 (37.3) 74 (22.8) 049 035-0700 <0001
Table 3. Haplotype analysis of the rs2241766 and rs3774261 SNPs and AD

rs3774261 rs2241766 Frequency OR (95% Cl) P-value

1 A T 0.31 1.00 -

2 G T 0.39 0.63 (0.40-1.00) 0.053

3 G G 0.22 1.75 (1.01-3.03) 0.047

4 A G 0.08 1.58 (0.92-3.57) 0.082

indicate an association between the rs3774261 SNP and
the risk of developing AD. Regarding the rs2241766
SNP, the frequency of the GG genotype was higher in
the AD group (10.5%) than in the control (3.1%) group
(OR [95% CIJ: 0.18 [0.06-0.52], P<0.001), while the fre-
quency of the TT genotype was lower in the AD group
(35.8%) than the group control subjects (57.4%). In
addition, the frequency of the rs2241766 G allele (OR
[95% CIJ: 0.49 [0.35-0.70], P<0.001) was enriched in
the AD group (37.3%) compared to the control group
(22.8%). These results indicate an association between
the 152241766 SNP and the risk of developing AD.

Regarding the effect of the s examined polymor-
phism on serum adiponectin levels, the GG genotype of
152241766 had lower levels than other genotypes in both
the AD and control groups (P<0.05). However, serum
levels of adiponectin were similar in the different geno-
types of the rs3774261 SNP (P>0.05).

When the haplotypes of the rs3774261 and 152241766
SNPs were considered (Table 3), the GG haplotype
significantly increased the risk of AD by about 2-fold
(P=0.047).

DISCUSSION

In the current study, the association between ADI-
POQ rs3774261 and 152241766 SNPs and AD was ex-
amined. The results showed that the G allele in both
SNPs was associated with an increased risk of AD in the
examined population.

Adiponectin is an abundant protein in the human
body that is secreted by adipose cells (Fang & Judd,
2018). The level of adiponectin has been shown to play
a role in the pathology of many conditions and diseases
such as obesity, diabetes, cardiovascular disease, chronic
inflammation, and others. (Maeda ¢z a/, 2020; Nguyen,

2020; Parida ef al., 2019; Yang et al, 2019). This role is
attributed to its effect on energy homeostasis and in-
flammation in the body (Choi e7 al., 2020).

The 153774261 and 152241766 are common polymor-
phisms in the ADIPOQ gene and have been shown to be
of clinical interest. The G allele of 152241766 has been
reported to decrease the level of adiponectin in the cir-
culation and is associated with an increased risk of meta-
bolic syndrome, heart diseases (Saleh & Tayel, 2020),
kidney diseases (Han ez al, 2020), and colorectal cancer
(Li et al., 2014). Similatly, the G allele of rs3774261 has
been reported to decrease the level of adiponectin in the
circulation and be associated with an increased risk of
heart disease (Kanu ez al, 20106), diabetes (Howlader ez
al., 2021; Ramya ez al., 2013), and prostate cancer (Dhill-
on et al., 2011). Moreover, in a body weight loss inter-
vention, non-G-allele cartiers for the rs3774261 SNP
showed a significant improvement in adiponectin level,
lipid profile and inflammatory markers compared to G-
allele carriers. (de Luis Roman ez 4/, 2021). In the cur-
rent study, the G allele of 152241766 and rs3774261 was
found to be associated with an increased risk of AD. In
support of this, the GG haplotype was found to increase
the risk of AD by approximately twofold. The reported
effect of these SNPs on the level of adiponectin could
explain the associations observed with AD.

The present results showed lower levels of adiponec-
tin in the serum of AD patients compared to healthy
subjects. This finding is consistent with previous lit-
erature that has indicated a role for adiponectin in the
development of AD (Han e/ a4/, 2016; Jaworek & Sze-
pietowski, 2020; Jung ef al, 2017). In addition, the ex-
pression of the ADIPOQ gene was reported to be sig-
nificantly reduced in a mouse model of AD (Jeong et al.,
2015). Moreover, in an /n vitro model of AD, the addi-
tion of adiponectin to epidermal cells has been shown to
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diminish the expression of inflammatory mediators (Seo
& Seong, 2019). Adiponectin signaling enhances sebum
secretion and subsequent protection of the skin against
AD (Jung e al., 2017). It has also been shown that lev-
els of other adipokines such as resistin and leptin affect
the risk of AD (Banihani ez @/, 2018; Farag et al., 2020,
Jaworek & Szepietowski, 2020; Kovacs e al, 2020; Seo
& Seong, 2019). Thus, a considerable amount of litera-
ture supports the role of adipokines in AD disease.

The current study has some limitations. The .4ADIPOQ
gene contains several polymorphisms and in the current
study, only 152241766 and rs3774261 were examined.
Thus, the inclusion of other SNPs in the .4ADIPOQ gene
is highly recommended in future studies. The majority
of AD patients in the study were children. Due to the
limited sample size, the stratification of patients into dif-
ferent age groups could not be applied. Thus, it is possi-
ble that the associations observed may differ in children
versus adults. Therefore, the current findings in different
age groups need to be confirmed. The current study was
conducted in Jordan and the results may be influenced
by the genetic background of the population. Therefore,
the results of the study should be confirmed in other
populations.

In conclusion, the 1s2241766 and rs3774261 SNPs of
the ADIPOQ gene may be associated with atopic derma-
titis among the Jordanian population.

Declarations

Conflict of Interest. The authors have nothing to de-
clare.

REFERENCES

Ali Z, Suppli Ulrik C, Agner T, Thomsen SF (2018) Is atopic derma-
titis associated with obesity? A systematic review of observational
studies. | Eur Acad Dermatol 1V enereol: |EADV 32: 1246-1255. htt-
ps://doi.org/10.1111/jdv.14879

Banihani SA, Abu-Alia KF, Khabour OF (2018) Association between
resistin gene polymorphisms and atopic dermatitis. Biomolecules 8: 17.
https://doi.org/10.3390/biom8020017

Bruno JB, Dal Ponte, ES, Retamoso V, Maurer P, Berro LF, Man-
fredini V, da Costa Escobar Piccoli J (2021) Association between
carriers of the G allele of the + 45T> G variant of the ADIPOQ
gene (rs 2241766) and the cardiometabolic profile in sickle cell trait.
Heliyon T: €06443. https://doi.org/10.1016/}.heliyon.2021.e06443

Bylund S, Kobyletzki LB, Svalstedt M, Svensson A (2020) Prevalence
and incidence of atopic dermatitis: a systematic review. Acta Derma-
to-1 enereolog 100: adv00160. https://dot.org/10.2340/00015555-3510

Chiesa Fuxench ZC (2017) Atopic dermatitis: disease background
and risk factors. Adv Exp Med Bio/ 1027: 11-19. https://doi.
org/10.1007/978-3-319-64804-0_2

Choi HM, Doss HM, Kim KS (2020) Multifaceted physiological roles
of adiponectin in inflammation and diseases. Inz | Mol Sci 21. htt-
ps://doi.org/10.3390/ijms21041219

de Luis Roman DA, Primo D, IZaola O, Gémez E, Loépez JJ (2021)
Adiponectin Gene Variant 153774261, Effects on lipid profile and
adiponectin levels after a high polyunsaturated fat hypocaloric diet
with mediterrancan pattern. Nutrients 13. https://doi.org/10.3390/
nul3061811

Dhillon PK, Penney KI., Schumacher F, Rider JR, Sesso HD, Pollak
M, Fiorentino M, Finn S, Loda M, Rifai N, Mucci LA, Giovan-
nucci E, Stampfer MJ, Ma ] (2011) Common polymorphisms in the
adiponectin and its receptor genes, adiponectin levels and the risk
of prostate cancer. Cancer Epidemiol Biomarkers Prev 20: 2618-2627.
https://doi.org/10.1158/1055-9965.cpi-11-0434

Ding Y, Yang H, He H, Shi H, He P, Yan S, Jin T (2015) Plasma adi-
ponectin concentrations and adiponectin gene polymorphisms are
associated with bronchial asthma in the Chinese Li population. Iran
| Allergy Asthma Immunol 14: 292-297

Drucker AM, Wang AR, Li WQ, Sevetson E, Block JK, Qureshi AA
(2017) The burden of atopic dermatitis: summary of a report for
the national eczema association. | Investig Dermatol 137: 26-30. htt-
ps://doi.org/10.1016/.jid.2016.07.012

Fang H, Judd RL (2018) Adiponectin regulation and function. Comp
Physiol 8: 1031-1063. https://doi.org/10.1002/cphy.c170046

Farag AGA, Hammam MA, Khaled HN, Soliman S, Tayel NR, El-
Shamendy AA, Shehata WA (2020) Resistin adipokin in atopic der-
matitis patients: A clinical, biochemical, and genetic study. | Cosmet-
ies Dermatol 19: 2929-2935. https://doi.org/10.1111/jocd. 13338

Fasshauer M, Bliher M (2015) Adipokines in health and disease.
Trends ~ Pharmacol ~ Sci 36:  461-470.  https://doi.org/10.1016/j.
tips.2015.04.014

Fishbein AB, Silverberg JI, Wilson EJ, Ong PY (2020) Update on
atopic dermatitis: diagnosis, severity assessment, and treatment se-
lection. | Allergy Clin Immunol In Practice 8: 91-101. https://doi.
org/10.1016/j.jaip.2019.06.044

Frazier W, Bhardwaj N (2020) Atopic dermatitis: diagnosis and treat-
ment. Aw Family Physician 101: 590-598

Han B, Wu WH, Bae JM, Son §J, Lee JH, Han TY (2016) Serum lep-
tin and adiponectin levels in atopic dermatitis (AD) and their rela-
tion to disease sevetity. | Am Acade Dermatol 75: 629-631. https://
doi.org/10.1016/].jaad.2016.04.036

Han Q, Geng W, Zhang D (2020) ADIPOQ 152241766 Gene poly-
morphism and predisposition to diabetic kidney disease. | Diabefes
Rese 2020: 5158497. https://doi.org/10.1155/2020/5158497

Hirt PA, Castillo DE, Yosipovitch G, Keri JE (2019) Skin changes in
the obese patient. | Am Acad Dermatol 81: 1037-1057. https://doi.
org/10.1016/j.jaad.2018.12.070

Howlader M, Sultana MI, Akter F, Hossain MM (2021) Adiponectin
gene polymorphisms associated with diabetes mellitus: A descriptive
review. Heliyon 7: ¢07851. https://doi.org/10.1016/j.heliyon.2021.
e07851

Jaworek AK, Szepietowski, JC (2020) Adipokines as biomarkers of
atopic dermatitis in adults. | Clin Med 9. https://doi.org/10.3390/
jem9092858

Jeong KY, ILee ], Li C, Han T, Lee SB, Lee H, Back SK, Na HS
(2015) Juvenile obesity aggravates disease severity in a rat model of
atopic dermatitis. Alergy Asthma Immunol Res T: 69-75. https://doi.
org/10.4168/aair.2015.7.1.69

Jung MJ, Kim HR (2020) Effect of weight reduction on treatment out-
comes for patients with atopic dermatitis. Awn Dermatol 32: 319—
326. https://doi.org/10.5021/ad.2020.32.4.319

Jung YR, Lee JH, Sohn KC, Lee Y, Seo Y], Kim CD, Lee JH, Hong
SP, Seo §J, Kim SJ, Im M (2017) Adiponectin signaling regulates li-
pid production in human sebocytes. P/oS One 12: ¢0169824. https://
doi.org/10.1371/journal.pone.0169824

Kantor R, Silverberg JI (2017) Environmental risk factors and their
role in the management of atopic dermatitis. Exp Rev Clin Immunol
13: 15-26. https://doi.org/10.1080/1744666x.2016.1212660

Kanu JS, Gu Y, Zhi S, Yu M, Lu Y, Cong Y, Liu Y, Li Y, Yu Y,
Cheng Y, Liu Y (2016) Single nucleotide polymorphism rs3774261
in the AdipoQ gene is associated with the risk of coronary heart
disease (CHD) in Northeast Han Chinese population: a case-control
study. Lipids Health Dis 15: 6. https://doi.org/10.1186/s12944-015-
0173-4

Kelishadi R, Roufarshbaf M, Soheili S, Payghambarzadeh F, Masjedi M
(2017) Association of childhood obesity and the immune system: A
systematic review of reviews. Childhood Obesity (Print) 13: 332-346.
https://doi.org/10.1089/chi.2016.0176

Khabour OF, Alomari MA, Abu Obaid AA (2018) The relationship
of adiponectin level and ADIPOQ gene variants with BMI among
young adult women. Dermato-Endocrinol 10: €1477902. https://doi.or
¢/10.1080/19381980.2018.1477902

Koviacs D, Fazekas F, Olah A (2020) Adipokines in the skin and in
dermatological diseases. Int ] Mol Sci 21. https://doi.org/10.3390/
1jms21239048

Li P, Liu H, Li C, Yang B, Kong Q, Zheng W, Li B, Jia B (2014)
An updated meta-analysis of the association between ADIPOQ
152241766 polymorphism and colorectal cancer. Tumonr Biol 35:
2491-2496. https://doi.org/10.1007/s13277-013-1329-3

Maeda N, Funahashi T, Matsuzawa Y, Shimomura I (2020) Adiponec-
tin, a unique adipocyte-derived factor beyond hormones. Atheroscle-
rosis 292: 1-9. https://doi.org/10.1016/j.atherosclerosis.2019.10.021

Nguyen TMD (2020) Adiponectin: Role in physiology and patho-
physiology. Int | Prevent Med 11: 136. https://doi.org/10.4103/ijpvm.
IJPVM_193_20

Nutten S (2015) Atopic dermatitis: global epidemiology and risk
factors. Ann Nutrition Metabol 66 (Suppl 1): 8-16. https://doi.
org/10.1159/000370220

Parida S, Siddharth S, Sharma D (2019) Adiponectin, obesity, and
cancer: clash of the bigwigs in health and disease. Inz | Mol Sei 20.
https://doi.org/10.3390/1jms20102519

Ramya K, Ayyappa KA, Ghosh S, Mohan V, Radha V (2013) Genetic
association of ADIPOQ gene variants with type 2 diabetes, obesity
and serum adiponectin levels in south Indian population. Gere 532:
253-262. https://doi.org/10.1016/j.gene.2013.09.012

Saleh AA, Tayel SI (2020) Role of adiponectin gene and treceptor poly-
morphisms and their mRNA levels with serum adiponectin level in
myocardial infarction. App/ Clin Geneties 13: 241-252. https://doi.
org/10.2147 /tacg.s282843


https://doi.org/10.1111/jdv.14879
https://doi.org/10.1111/jdv.14879
https://doi.org/10.3390/biom8020017
https://doi.org/10.1016/j.heliyon.2021.e06443
https://doi.org/10.2340/00015555-3510
https://doi.org/10.1007/978-3-319-64804-0_2
https://doi.org/10.1007/978-3-319-64804-0_2
https://doi.org/10.3390/ijms21041219
https://doi.org/10.3390/ijms21041219
https://doi.org/10.3390/nu13061811
https://doi.org/10.3390/nu13061811
https://doi.org/10.1158/1055-9965.epi-11-0434
https://doi.org/10.1016/j.jid.2016.07.012
https://doi.org/10.1016/j.jid.2016.07.012
https://doi.org/10.1002/cphy.c170046
https://doi.org/10.1111/jocd.13338
https://doi.org/10.1016/j.tips.2015.04.014
https://doi.org/10.1016/j.tips.2015.04.014
https://doi.org/10.1016/j.jaip.2019.06.044
https://doi.org/10.1016/j.jaip.2019.06.044
https://doi.org/10.1016/j.jaad.2016.04.036
https://doi.org/10.1016/j.jaad.2016.04.036
https://doi.org/10.1155/2020/5158497
https://doi.org/10.1016/j.jaad.2018.12.070
https://doi.org/10.1016/j.jaad.2018.12.070
https://doi.org/10.1016/j.heliyon.2021.e07851
https://doi.org/10.1016/j.heliyon.2021.e07851
https://doi.org/10.3390/jcm9092858
https://doi.org/10.3390/jcm9092858
https://doi.org/10.4168/aair.2015.7.1.69
https://doi.org/10.4168/aair.2015.7.1.69
https://doi.org/10.5021/ad.2020.32.4.319
https://doi.org/10.1371/journal.pone.0169824
https://doi.org/10.1371/journal.pone.0169824
https://doi.org/10.1080/1744666x.2016.1212660
https://doi.org/10.1186/s12944-015-0173-4
https://doi.org/10.1186/s12944-015-0173-4
https://doi.org/10.1089/chi.2016.0176
https://doi.org/10.1080/19381980.2018.1477902
https://doi.org/10.1080/19381980.2018.1477902
https://doi.org/10.3390/ijms21239048
https://doi.org/10.3390/ijms21239048
https://doi.org/10.1007/s13277-013-1329-3
https://doi.org/10.1016/j.atherosclerosis.2019.10.021
https://doi.org/10.4103/ijpvm.IJPVM_193_20
https://doi.org/10.4103/ijpvm.IJPVM_193_20
https://doi.org/10.1159/000370220
https://doi.org/10.1159/000370220
https://doi.org/10.3390/ijms20102519
https://doi.org/10.1016/j.gene.2013.09.012
https://doi.org/10.2147/tacg.s282843
https://doi.org/10.2147/tacg.s282843

Vol. 69

ADIPOQ gene polymorphisms and atopic dermatitis 677

Seo HS, Seong KH (2019) Adiponectin attenuates the inflammation in
atopic dermatitis-like reconstructed human epidermis. Ann Dermatol
31: 186-195. https://doi.org/10.5021/ad.2019.31.2.186

Waldman AR, Ahluwalia J, Udkoff J, Borok JF, Eichenfield LF
(2018) Atopic dermatitis. Pediatrics Rev 39: 180-193. https://doi.
org/10.1542/pir.2016-0169

Williams HC, Burney PG, Hay R]J, Archer CB, Shipley M], Hunter
JJ, Bingham EA, Finlay AY, Pembroke AC, Graham-Brown RA,
Atherton DA, Lewis-Jones MS, Holden CA, Hatrper JI, Champion
RH, Poyner TF, Launer J, David T] (1994) The U.K. Working
Party’s diagnostic criteria for atopic dermatitis. 1. Derivation of a
minimum set of discriminators for atopic dermatitis. Brit | Dermatol
131: 383-396. https://doi.org/10.1111/j.1365-2133.1994.tb08530.x

Yang L, Li B, Zhao Y, Zhang Z (2019) Prognostic value of adiponec-
tin level in patients with coronary artery disease: a systematic re-

view and meta-analysis. Lipids Health Dis 18, 227. https://doi.
org/10.1186/512944-019-1168-3

Yao M, Wu Y, Fang Q, Sun L, Li T, Qiao H (2016) Association of
ADIPOQ variants with type 2 diabetes mellitus susceptibility in eth-
nic Han Chinese from northeast China. | Diabetes Investig T: 853—
859. https://doi.org/10.1111/jdi.12535

Zhou W, Liu Y, Zhong DW (2013) Adiponectin (ADIPOQ) 152241766
G/T polymorphism is associated with risk of cancer: evidence from
a meta-analysis. Tumonr Biol 34: 493-504. https://doi.org/10.1007/
§13277-012-0574-1

Zhou Y], Zhang ZS, Nie YQ, Cao ], Cao CY, Li YY (2015) Associa-
tion of adiponectin gene variation with progtression of nonalcoholic
fatty liver disease: A 4-year follow-up survey. | Digestive Dis 16: 601—
609. https://doi.org/10.1111/1751-2980.12288.


https://doi.org/10.5021/ad.2019.31.2.186
https://doi.org/10.1542/pir.2016-0169
https://doi.org/10.1542/pir.2016-0169
https://doi.org/10.1111/j.1365-2133.1994.tb08530.x
https://doi.org/10.1186/s12944-019-1168-3
https://doi.org/10.1186/s12944-019-1168-3
https://doi.org/10.1111/jdi.12535
https://doi.org/10.1007/s13277-012-0574-1
https://doi.org/10.1007/s13277-012-0574-1
https://doi.org/10.1111/1751-2980.12288

