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Background: Obesity is one of the main causes of preventable death. Complications of
childhood obesity include cardiovascular risk, impaired glucose tolerance, type 2 diabetes
mellitus, and acanthosis nigricans (AN; associated with obesity as a manifestation of
cutaneous insulin resistance). An interaction between AN and obesity as well as a detailed
mechanism for the pre- and co-obesity appearance of AN in children are still to be
revealed.
Purposes: This research tries to assess involvement of the insulin/insulin-like growth factor
(IGF) receptor pathway in childhood pre- and co-obesity AN via a study of the association of
polymorphisms of the INSR, IRS1, and IGF1R genes with pre- and co-obesity AN.
Methods: In total, 99 children with pre- and co-obesity AN and 100 healthy controls were
genotyped and analyzed by the polymerase chain reaction-restriction fragment length
polymorphism method.
Results: Intergroup frequency differed starkly for INSR His1085His and IGF1R IVS7-20, but
not in the IRS1 Ala804Ala or IGF1R Thr766Thr genotypes. The T allele of INSR His1085His
and C allele of IGF1R IVS7-20 both conferred a starkly( p=0.04 and 2.84E-6 = 2.84 x 107,
respectively)higher risk for AN.
Conclusion: The above findings suggest that certain genetic variants in insulin/insulin-like
growth factor (IGF) receptor pathway might be correlated with the appearance of AN prior
to or concurrent with obesity, and also reveal the insulin/IGF receptor pathway as crucial in
pre- and co-obesity AN.
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1. Introduction

Obesity is one of the leading causes of preventable death.
With the increasing intake of high-calorie food and a
sedentary lifestyle, pediatric obesity looms ever more prev-
alent and is exerting a major impact on public health in the
21° century. This universal trend of pediatric obesity is re-
ported not only in Occidental countries (up to 25% of children
in the USA), but also in Oriental nations like Taiwan [1]. There
is no denying that obese children tend to become obese
adults, especially those whose obesity lasts to their adoles-
cence. Complications of obesity include cardiovascular risk,
hypertension, dyslipidemia, endothelial dysfunction, type 2
diabetes mellitus and impaired glucose tolerance, acanthosis
nigricans (AN), hepatic steatosis, precocious puberty, hypo-
gonadism and polycystic ovary syndrome, obstructive sleep
disorder, orthopedic complications, cholelithiasis, and pseu-
dotumor cerebri [2—4].

AN is a hyperpigmented, velvety cutaneous thickening
easily observed on certain parts of the body, including the
axillae, sides of the neck, groin, antecubital and popliteal
surfaces, umbilical area, and, in more severe cases, even
spread over the whole body and mucosal surface. In the
literature, AN is reported to be closely associated with obesity
as a manifestation of cutaneous insulin resistance [5]. In
addition, endocrinopathies, malignancy (most frequently
gastric carcinoma in adults), genetic syndromes, and the use
of drugs may also lead to the development of AN [6—10].

From a clinical viewpoint, it is taken for granted that
obesity often comes prior to the appearance of AN of cuta-
neous insulin resistance. Interestingly, from questionnaires
given to child patients with AN that we met in the China
Medical University Hospital, a large proportion (about 50%) of
their AN syndromes appeared prior to or together with obesity,
which we will describe as pre- and co-obesity AN (PCOAN).

This clinical observation may challenge the traditional
rationale that elevated insulin concentration owing to exces-
sive weight gain and subsequent insulin resistance in obese
people results in both direct and indirect activation of insulin-
like growth factor (IGF-1) receptors on keratinocytes and fi-
broblasts, leading to epidermal proliferation and the appear-
ance of AN [11]. Insulin and leptin resistance have been
proved to be responsible for a failure of appetite and sup-
pression of excessive energy intake [12]. Also, defective insu-
lin binding and post-insulin receptor function, plus genetic
defects within the insulin receptor gene, have been docu-
mented in patients with AN [13—-16].

From our clinical experience and limited previous reports,
we hypothesized that differences in the genetic background of
the insulin/IGF receptor and its associated signaling pathway
in these children with PCOAN should play a key role in
excessive weight gain and AN, no matter which occurred first.
Insulin resistance itself may precipitate excessive weight gain
via a failure to prevent redundant energy intake, facilitating
the concurrent emergence of AN arising from epidermal pro-
liferation. Fig. 1 plots an overall flowchart of our hypothesis.

To understand the genomic role of insulin/IGF receptor
pathway-related genes in PCOAN, we chose four single
nucleotide polymorphisms (SNPs) from three genes—INSR
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Fig. 1 — Postulated mechanisms for the pathogenesis of
pre- and co-obesity acanthosis nigricans. CNS = central
nervous system; EGFR = epidermal growth factor receptor;
FGFR = fibroblast growth factor receptor; IGF = insulin-like
growth factor; IGFR = insulin-like growth factor receptor;
IGF-1R = insulin-like growth factor receptor 1; IR = insulin
receptor; SNP = single nucleotide polymorphism. Note.
From Acanthosis nigricans: A practical approach to
evaluation and management, by S.P. Higgins, M. Freemark,
and N.S. Prose, 2008, Dermatol Online J 14(9), p.2. Credit to
S.P. Higgins, Copyright 2008, Name of Copyright Holder:
The Regents of the University of California, Davis campus,
UCDHS Department of Dermatology.

Other factors

His1085His (rs1799817), IRS1 Alag804Ala (rs1801123), IGFIR
IVS7-20 (rs2272037), and IGFIR Thr766Thr (rs3743262)—and
probed their genotypic distribution in a Taiwanese child
population with PCOAN.

2. Materials and methods
2.1. Study population and sample collection

The children and adolescents (5—18 years old) were recruited
to the study group from the Department of Pediatrics at the
China Medical University Hospital in central Taiwan. Body
mass index (BMI) was calculated as weight (in kilograms)
divided by height (in meters) squared. All participants with a
BMI above the 95th percentile for age and gender were clas-
sified as obese on the basis of BMI category by the Department
of Health of Taiwan. A morning serum after an 8-hour fast was
obtained for glucose and insulin measurement. Insulin resis-
tance was determined using the Homeostasis Model Assess-
ment for Insulin Resistance (HOMA-IR) index in the fasting
state. Detailed medical and family histories were obtained for
all participants, and physical examinations were performed.
All the participants showed normal thyroid and adrenal
function. Controls, enrolled from the Department of Family
Medicine, were free of obesity, AN, and other obesity-related
diseases. Each person donated samples with informed con-
sent. This study was approved by the Institutional Review
Board Committee of China Medical University Hospital.
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2.2 Genotyping assays

Genomic DNA was prepared from peripheral blood leukocytes
by a QlAamp Blood Mini Kit (Blossom, Taipei, Taiwan), and
then processed as reported in previous studies [17—25]. Briefly,
the following primers were used: INSR C3255T rs1799817, 5'-
TTGGGTGAGGGCTTGGGTGGAAG-3 and 5-CCTGTGTCCTCT
GTCGCTCTGTG-3'; IRS1 C2412T rs1801123, 5'-CTCCTACTACT
CATTGCCAAG-3' and 5-CAGACAAGTAGCCAGACTGAT-3;
IGF1R 1VS7-20(C/T) 1s2272037, 5'-GACCTCCCATTATAGAAA
GTG-3 and 5-CCAGTGAGCTTGCGAAGAAG-3'; and IGFIR
C2298T 153743262, 5'-TCCACGGTTA AGATTCTTCTG-3' and
5'-TCCACTAGGTTGTGAGGAAG-3'.

The following cycling conditions were performed: one
cycle at 94°C for 5 minutes; 35 cycles of 94°C for 30 seconds,
58°C for 30 seconds, and 72°C for 30 seconds; and final
extension at 72°C for 10 minute. Polymerase chain reaction
(PCR) products, except IGFIR IVS7-20(C/T) rs2272037, were
studied after digestion with MspA1l, Hphl, and Dralll, re-
striction enzymes for IRS1 C2412T rs1801123 (cut from
189+257 bp A type into 125+132+189 bp G type), IGF1R C2298T
153743262 (cut from 432 bp T type into 181+251 bp C type), and
INSR C3255T 151799817 (cut from 418 bp T type into 92+326 bp
C type), respectively. The PCR product of IGF1R IVS7-20(C/T)
152272037 was purified using QIAEX II (Qiagen, Hilden,
Germany) and applied to direct sequencing for SNP type
detection. Direct sequencing used a BigDye 3.1 Terminator
cycle sequencing kit (Applied Biosystems, Foster City, CA,
USA) with an ABI 3100 Genetic Analyzer (Applied Biosystems).

2.3. Statistical analyses

Our study selected only those matches with all SNP data (case/
control = 99/100) for final analysis. Pearson’s two-sided Chi-
square or Fisher’s exact test was used to compare the geno-
type distribution between cases and controls. Data were
recognized as statistically significant at p < 0.05.

3. Results

Table 1 outlines the clinical characteristics and analysis of the
99 child patients with PCOAN and the 100 healthy controls,
groups similar in gender at enrollment. The control group
were of a greater age, but even so had a lower BMI, serum

Table 1 — Clinical and biochemical features of the pre-

obesity and co-obesity AN patients (PCOAN) and control
groups.

PCOAN group Control group p

Age 10.8 (4—18) 24 (19—40) <0.0001
Sex (male/female) 55/44 50/50 0.435

BMI (kg/m?) 307 (22.4-44.2) 20.1(18-22)  <0.0001
Fasting glucose (mg/dL) 101.1 (77—327) 815 (64-96)  <0.0001
Fasting insulin (pIU/ml) 21.1 (3.9-77.9) 10.3 (6.3—12.4) <0.0001
HOMA-IR 54(37-213) 1.8(0.8-26)  <0.0001

Data are presented as mean (range).
HOMA-IR = Homeostasis Model Assessment for Insulin Resistance.

fasting glucose, insulin level and HOMA score (p < 0.005), i.e.,
had higher insulin sensitivity. Defining insulin resistance as a
fasting insulin level above 15 plU/ml, none of the controls but
61 of the 99 patients in the PCOAN group were insulin-
resistant. Fourteen patients had impaired fasting glucose,
and four fulfilled the criteria for diabetes (Table 1). These
differences are detailed in the Discussion section.

Table 2 shows the genotype frequencies of INSR His1085His
(rs1799817), IRS1 Ala804Ala (rs1801123), IGF1R IVS7-20
(rs2272037), and IGFIR Thr766Thr (rs3743262) in the controls
and patients with PCOAN. The genotype distributions of various
genetic polymorphisms of INSR His1085His and IGF1R IVS7-20
differed significantly in PCOAN patients versus controls
(p = 0.046 and 8.77E-6 = 8.77 x 107°, respectively), whereas
those for IRS1 Ala804Ala or IGF1R Thr766Thr did not (p > 0.05)
(Table 2). The distributions of INSR His1085His *C homozygote/
heterozygote/T homozygote in the controls and patients with
PCOAN were 36.0%/53.0%/11.0% and 18.2%/61.6%/20.2%,
respectively (Table 2). The proportions of IRS1 Ala804Ala *C
homozygote/heterozygote/T homozygote in controls and pa-
tients with PCOAN were 53.0%/30.0%/9.0% and 39.4%/47.5%/
13.1%, respectively (Table 2). The proportions of IGF1R IVS7-20
*A homozygote/heterozygote/G homozygote in controls and
patients with PCOAN were 36.0%/51.0%/13.0% and 80.8%/18.2%/
1.0% respectively (Table 2). The IGF1R Thr766Thr *C homozy-
gote/heterozygote/T homozygote proportions in controls and
patients with PCOAN were 43.0%/40.0%/17.0% and 32.6%/46.5%/
20.9%, respectively (Table 2). Polymorphisms of IGF1R IVS7-20
and INSR His1085His thus correlate significantly with PCOAN.

Table 3 shows the frequencies of IRSI Ala804Ala
(rs1801123), IGFIR IVS7-20 (rs2272037), IGF1R Thr766Thr
(rs3743262), and INSR His1085His alleles (rs1799817) for con-
trols and patients with PCOAN. Allele frequency distributions
of INSR His1085His and IGF1R IVS7-20 *C are associated with
higher susceptibility to PCOAN. Distributions of the INSR
His1085His C/T allele in controls and patients with PCOAN

Table 2 — Distributions of IRS1, INSR, and IGF1R genotypes

among pre-obesity and co-obesity AN patients and
control groups.

Genotype Controls Patients p?
INSR His1085His (rs1799817) 0.0462
cC 36 (36.0) 18 (18.2)
CT 53(53.0) 61 (61.6)
TT 11 (11.0) 20 (20.2)
IRS1 Ala804Ala (rs1801123) 0.2516
AA 53 (53.0) 39 (39.4)
AG 38 (38.0) 47 (47.5)
GG 9(9.0) 13 (13.1)
IGF1R IVS7-20 (rs2272037) 8.77E-6
=877 x10°°
cc 36 (36.0) 80 (80.8)
CT 51(51.0) 18 (18.2)
TT 13 (13.0) 1 (1.0)
IGF1R Thr766Thr (rs2272037) 0.4253
cc 43 (43.0) 28 (32.6)
CT 40 (40.0) 40 (46.5)
TT 17 (17.0) 18 (20.9)

Data are presented as n (%).
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Table 3 — Distributions of IRS1, INSR, and IGF1R alleles

among pre-obesity and co-obesity AN patients and
control groups.

Allele Controls Patients p
INSR His1085His (rs1799817) 0.0255
Allele C 125 (62.5) 97 (49.0)

Allele T 75 (37.5) 101 (51.0)

IRS1 Alag04Ala (rs1801123) 0.1025
Allele A 144 (72.0) 125 (63.1)

Allele G 56 (28.0) 73 (36.9)

IGF1R IVS7-20 (rs2272037) 2.84E-6

=284 x10°°

Allele C 123 (61.5) 178 (89.9)

Allele T 77 (38.5) 20 (10.1)

IGF1R Thr766Thr (rs2272037) 0.2043
Allele C 126 (63.0) 96 (55.8)

Allele T 74 (37.0) 76 (44.2)

Data are presented as n (%).

were 62.5%/37.5% and 49.0%/51.0%, respectively (Table 3).
Distributions of the IRS1 Ala804Ala A/G allele in controls and
patients with PCOAN were 72.0%/28.0% and 63.1%/36.9%,
respectively. The proportions of the IGFIR IVS7-20 C/T allele in
controls and patients with PCOAN were 61.5%/38.5%
and 89.9%/10.1%, respectively. Distributions of the IGF1R
Thr766Thr C/T allele in controls and patients with PCOAN
were 63.0%/37.0% and 55.8%/44.2%, respectively.

4, Discussion

AN reportedly shows a strong ethnic influence and is common
in children and adolescents, especially among populations
with high rates of adult diabetes [26,27]. However, two recent
reports have challenged those who describe AN as a reliable
predictor of hyperinsulinemia [28,29]. Hirschler et al reported
the BMI of patients with AN as being significantly greater than
that of participants without AN, whereas neither fasting
immunoreactive insulin nor the HOMA-IR index differed in
Hispanic individuals [28]. A Japanese study found a significant
difference between AN-positive and AN-negative groups in the
duration of obesity, as well as the age and percent overweight
[30]. We proposed a clinical observation in a large proportion of
PCOAN patients that AN may occur prior to or concurrent with
the appearance of obesity, and then investigated its possible
mechanism via a pioneering genetic approach.

According to the results shown in Table 1, we can provide
some explanations and annotations for the data presented and
the stories behind them. Both groups had a similar gender
distribution, which prevents gender bias: females were re-
ported to have a higher peripheral insulin sensitivity than
males [31]. The PCOAN group had a younger age and higher
serum fasting glucose and insulin levels than the control group.
Blunted insulin sensitivity in the PCOAN group supports our
hypothesis that PCOAN may stem from an indigenous genetic
difference in the insulin/IGF receptor pathway, since insulin
sensitivity tends to decline with age [32]. In our cohort, 30% of
patients with PCOAN showed no insulin resistance, implying
that other factors (such as epidermal growth factor receptor,
fibroblast growth factor receptor, and leptin) play a key role in

such non-insulin-resistant patients [33]. By contrast, the use of
fasting serum insulin level or HOMA-IR as an indicator of in-
sulin resistance may be inappropriate if the glucose clamp test
is viewed as a gold standard. However, it is nigh on impossible
to perform a clamp test in obese children, owing to the parents’
wishes and technical aspects [34]. The PCOAN group man-
ifested a higher HOMA-IR index than the controls, i.e., higher
insulin resistance. No consensus was reached on a cut-off
value for HOMA-IR in obese children, but a value above 3 was
generally considered to denote insulin resistance [35,36].

Previous genetic studies of AN have focused largely on the
B-adrenergic receptor and discuss the association of AN with
obesity, cardiovascular disease, and type 2 diabetes [37—47].
Our paper first evaluated another pathway closely related to
obesity—the insulin/IGF receptor—and its genetic association
with PCOAN. Of the four SNPs probed in this study, we can
report the variant INSR His1085His and IGF1R IVS7-20 geno-
types as being positively correlated with susceptibility to
PCOAN (see Tables 2 and 3). This suggests that both insulin
and IGF receptor subpathways are involved in PCOAN, in
addition to involvement of their downstream genes and
crosstalk between them, meriting further investigation.

At the cellular molecular level, insulin interacts with not
only the insulin receptor, but also the IGF receptor, activating
downstream effectors and even crosstalking with each other
[48]. Along with the aforementioned insulin resistance that
might resultin failure to suppress excessive energy intake, with
ensuing obesity, this concept fits our results showing a strong
correlation of the insulin/IGF receptor pathway with PCOAN. It
is well known that most obesity may originate from a disturbed
interaction between genetics and the environment that cannot
be explained by a single factor; our study specified one genetic
factor, related to the insulin/IGF receptor pathway, as playing a
particular role in the complex pathogenesis of obesity, under
scrutiny of the patients’ phenotype and genotype association.

Future molecular studies are needed to elucidate the
complex relationship between polymorphisms and PCOAN. A
genetic population study of AN, like an association study, can
derive correlations among AN and other diseases, such as
obesity and diabetes mellitus. Our preliminary data not only
provide evidence that the T allele of INSR His1085His and C
allele of IGFIR IVS7-20 are correlated with the appearance of
AN proceeding or concurrent with obesity, but also reveal that
the insulin/IGF receptor pathway may play a leading role in
PCOAN in Taiwan.
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