ISO 9001:2015
ISO 21001:2018

SMJ- Sohag Medical Journal, VVol. 28 No(3) 2024

Print ISSN1687-8353 Online ISSN2682-4159

Review Article

Pathophysiology of Insulin Resistance and
Related Skin Diseases ( Review Article)

Asmaa Rafat Lotfy !, Mary Atef Shokry®, Amera Ahmed Genedy ?,
Doaa Gaber Abdelbaset ® | Esraa salah Ismail *

\.Department of Medical Physiology, Faculty of Medicine, Sohag University,

2 Department of Medical Biochemistry, Faculty of Medicine, Sohag University,
3 Department of Dermatology, Venereology, and Andrology, Faculty of Medicine, Sohag
University,

mstract

~

Insulin resistance is characterized by decreased sensitivity of insulin-targeting tissues to elevated
physiological hormone levels. The liver secretes glucose into the blood during a fast to sustain
euglycemia and supply energy to tissues that require glucose. Insulin released by pancreatic B-cells
stimulates anabolism and inhibits catabolic processes following food consumption. Insulin resistance
may be due to inherited, acquired, and mixed causes. Skeletal muscle, the liver, and adipose tissue are the
three main locations of insulin resistance. Up to 70% of tissue glucose absorption occurs in muscle,
Energy substrates must be processed by the liver. lipolysis is insulin-sensitive. Moreover, insulin plays a
critical role in skin physiology and homeostasis, while its precise involvement in insulin signaling is still
up for debate. In a healthy state, insulin controls the balance between keratinocyte proliferation and
differentiation, which is necessary for the development of the epidermal structure. High levels of
proinflammatory cytokines stimulate p38 Mitogen activated protein kinases in chronic inflammatory
diseases (e.g., acne or psoriasis).
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Introduction

Insulin resistance is a condition characterised by
decreased sensitivity of insulin-targeting tissues to
elevated physiological hormone levels. It is
believed to be the causative agent of numerous
illnesses, such as atherosclerosis, type 2 diabetes,
metabolic syndrome, and nonalcoholic fatty liver
disease (NAFLD). The main clinical sign of type 2
diabetes (T2DM) which is non-physiologic
increased blood sugar levels, comes before insulin
resistance. Insulin levels rise in prediabetes to
satisfy  typical insulin  requirements, which
eventually results in T2DM, hyperglycemia, and
persistent hyperinsulinemia.

Although hereditary factors and increased body fat
are the primary causes of insulin resistance. Since
there is no widely recognized insulin resistance test,
the condition's clinical definition is still unclear.
The metabolic consequences of insulin resistance,
delineated in the metabolic syndrome categories and
insulin resistance condition, are a clinical indicator
of insulin resistance. @

Biochemistry of insulin hormone:

Pancreatic islets of Langerhans beta cells produce
the polypeptide hormone known as insulin. It
controls the levels of blood glucose. When the
insulin receptor interacts to insulin, the receptor
auto-phosphorylates,  which attracts  adaptor
molecules like insulin receptor substrates (IRS1-6)
or Shc. Following their phosphorylation, these
molecules serve as binding sites for a number of
signaling cascades, including those triggered by
mitogen-activated protein kinase (MAPK) and
phosphoinositide 3-kinase (P13-K). These routes
govern not only the way that proteins, lipids, and
carbs are metabolized but also the regulation of
proliferation, differentiation, and apoptosis in order
to manage mitogenic responses. By inhibiting the
serine phosphorylation of IRS 1, insulin signaling is
down regulated, making cells resistant to insulin. ®
Only exons 2 and 3 of the gene for human insulin
contribute to the coding of mature insulin. The three
exons of the gene are divided by two introns. Exon
1 regulates insulin expression and comprises the 5’
untranslated region. Exon 2 encodes a portion of the
linking peptide (C-peptide) and the signal peptide
(B-chain). The remainder of the C-peptide and the
A-chain are finally encoded by exon 3. The four
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domains that make up pre pro insulin, the single-
chain progenitor of fully developed insulin, are the
carboxy-terminal A-chain, the B-chain, the C-
peptide, and the amino-terminal signal peptide. The
A-chain (which has 21 residues) and the B-chain
(30 residues) are two different peptide chains make
up mature insulin. Two disulfide bonds connect
them at locations A7-B7 and A20-B19 between the
cysteine residues. Furthermore, the A-chain
contains an intra-chain disulfide link that joins
residues A6-A11. The three a-helices that make up
insulin's core structure are stabilized by these three
disulfide bonds.

Physiological insulin signaling :

The liver secretes glucose into the blood during a
fast in order to sustain euglycemia and supply
energy to tissues that require glucose. This process,
known as the generation of glucose by the liver,
uses fatty acids and glycerol from fatty tissue to
break down hepatic glycogen (glycogenolysis) and
create glucose  (gluconeogenesis). ©  Insulin
released by pancreatic B-cells stimulates anabolism
and inhibits catabolic processes following food
consumption. Insulin enhances the uptake of
glucose by a number of glucose-consuming tissues,
including adipose and skeletal muscle tissues,
during glucose metabolism. This, in turn, facilitates
the liver, skeletal muscle, and Glycogen production
in adipose tissue and lipid. Furthermore, insulin
inhibits lipolysis in adipose tissue and the
production of gluconeogenic genes, which both
reduce hepatic glucose production. Additionally,
insulin inhibits the release of glucagon from
pancreatic a-cells and decreases appetite through
the central nervous system. ©

Etiology

Insulin resistance may be due to inherited, acquired,
and mixed causes. An acquired etiology, such as
increased visceral fat accumulation associated with
ectopic fat deposition and spillover from
subcutaneous fat accumulation accounts for the vast
majority of individuals with insulin resistance.
Other causes such as the aging process, lack of
physical activity, nutritional imbalance,
pharmaceuticals (atypical antipsychotics, Anti-
adrenergic, glucocorticoids, inhibitors of proteases,
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inhibitors of selective serotonin reuptake, and some
insulins that are exogenous); high-sodium diets;
toxicity of glucose; The toxicity of lips brought on
by an excess of free fatty acids in the blood. )

Types

Type-A resistance to insulin is marked by extreme
insulin resistance brought on by mutations in the
insulin- receptor gene, which results in impaired
regulation of glucose, ovarian virialization, and a
condition called acanthosis nigricans. ®

Type-B insulin resistance is characterized by severe
impairment of the insulin action triggered by the
formation of autoantibodies to insulin receptor with
resultant abnormal glucose balance,
hyperandrogenism, and acanthosis nigricans. ©
There is another way to classify insulin resistance,
and it is based on where an insulin receptor is
malfunctioning. There are pre-receptor, receptor,
and post-receptor etiologies in this categorization
system. ©

Pathophysiology

Skeletal muscle, the liver, and adipose tissue are the
three main locations of insulin resistance. Chronic
calorie excess causes the body's tissues to develop
resistance to insulin signaling. The
hyperinsulinemic-euglycemic clamp indicates that
as much as 70% of glucose elimination occurs in
skeletal muscle, which is a sizable reservoir for
glucose in the bloodstream. Reduced muscle tissue
absorption of glucose is a direct consequence of
muscular insulin resistance. De novo lipogenesis
(DNL) takes place in the liver after glucose is
transported there from muscle. Insulin resistance
also develops in the liver as a result of elevated
glucose substrate as shown in figure 1. Elevated
DNL levels raise the amount of plasma triglycerides
and produce an environment with too much energy
substrate, which makes the body more insulin
resistant and leads to ectopic deposits of lipids. %
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Figure 1. Mechanisms of insulin resistance."

Skeletal Muscle Tissue

Up to 70% of tissue glucose absorption occurs in
muscle, which serves as the main location for
glucose disposal following calorie intake and
transformation to glucose. In myocytes fatty acids
build up in muscle tissue when there is a persistent
calorie excess. An intramyocellular fatty acid called
diacylglycerol alerts the cell to excess energy.
Protein kinase C theta (PKC-theta) is activated by

18

diacylglycerol, which reduces proximal signaling of
insulin.  Impaired muscle tissue absorption of
glucose and lowered translocation of glucose
transporter type 4 (GLUT4) to the cell membrane
are the direct outcomes. The liver receives the extra
glucose in the blood and uses it for storage or
metabolism. @2

Hepatic Tissue
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Energy substrates must be processed by the liver. It
uses, stores, and produces glucose and packages,
recirculates, and produces fatty acids. These
functions are negatively impacted if the liver
develops insulin resistance, which has serious
metabolic repercussions. The liver receives extra
circulating glucose when muscular tissue becomes
insulin resistant. The liver tissue goes through a
similar procedure as skeletal muscle when it detects
an overabundance of energy substrate, especially
diacylglycerol. Protein kinase C epsilon (PKC-
epsilon) is activated in the liver by the
diacylglycerol  concentration, which  reduces
proximal insulin signaling. ¥

Insulin-independent  mechanisms allow extra
glucose to get into hepatocytes, where it stimulates
DNL through substrate push to produce additional
fatty acids. The extra fatty acid is either deposited in
the liver or spread throughout the gastrointestinal
tract as ectopic fat. Further contributing to
circulating fatty acid and ectopic lipid accumulation
include immune-mediated proinflammatory
alterations and excessive lipolysis from fatty tissue,
which the liver re-esterifies. Lastly, the liver
continues to  produce additional glucose,
contributing to the circulating glucose surplus, due
to a malfunction in the normal insulin-mediated
inhibition of gluconeogenesis. 4

Adipose Tissue

Researchers discovered that lipolysis is insulin-
sensitive. Circulating free fatty acids (FFAS) rise
when insulin fails to inhibit lipolysis in insulin-
resistant adipose tissue, particularly abdominal
adipose tissue. Increased levels of circulating FFAs
have a direct impact on both liver and muscle
metabolism, aggravating insulin resistance in these
areas and causing beta-cell malfunction brought on
by lipotoxicity. ™

Role of Inflammation in Insulin Resistance

The overall chronic inflammatory reaction brought
on by altered cytokine production and activation of
inflammatory signaling pathways is the primary
cause of obesity-induced IR. @ Increased
macrophage infiltration brought on by obesity aids
in the generation of cytokines. IR is linked to the
inflammatory response in two ways. First, IR is
caused by the direct serine phosphorylation of IRS1
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in hepatocytes and myocytes, which is triggered by
inflammatory signaling intermediates. Second,
inflammatory cell infiltration within adipose tissue
may modify adipocyte lipid metabolism, with TNF-
o increasing lipolysis and alterations in the
production of cytokines such as I1L-6. "

Relation between insulin resistance and skin
diseases

It's interesting to note that cytokines and other
inflammatory mediators can cause IR by activating
IRS kinases. “® Moreover, insulin plays a critical
role in skin physiology and homeostasis, while its
precise involvement in insulin signaling is still up
for debate. In a healthy state, insulin controls the
balance between keratinocyte proliferation and
differentiation, which is necessary for the
development of the epidermal structure. High levels
of proinflammatory cytokines stimulate p38
Mitogen-activated protein kinases in chronic
inflammatory diseases (e.g., acne or psoriasis),
which activates IR by serine phosphorylating IRS.
This results in the blockage of differentiation and an
increase in basal keratinocyte proliferation. ‘%

e Androgenetic alopecia (AGA)

Androgenetic alopecia (AGA) is a prevalent pattern
of hair loss affecting both men and women. The
pathogenesis of AGA is multifactorial including
genetics, androgen sensitivity, and environmental
factors. The prevalence varies by gender and race,
with over half of elderly males and 15% of
postmenopausal women affected. “® Androgens,
particularly dihydrotestosterone (DHT), play an
important role in the pathophysiology of AGA by
binding to androgen receptors on androgen-
sensitive follicles, resulting in follicular shrinkage
Y- Clinically, men typically have bitemporal and
vertex hair loss, which leads to total baldness. The
frontal hairline is often retained in women, and full
baldness seldom develops. ¢?

Metabolic syndrome (MS) is a set of metabolic
disorders  that includes  central  obesity,
hypertension, glucose intolerance, insulin resistance
(IR), and dyslipidemia. ®® The relationship between
AGA and MS remains unclear. However, IR has a
pathogenic effect on the miniaturization of hair
follicles. Vasoactive chemicals linked to endothelial
dysfunction in IR disrupt microcirculation, cause
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perifollicular vasoconstriction, and promote smooth
muscle cell proliferation in the vascular wall. This
syndrome causes microvascular insufficiency, local
tissue hyfoxia, and gradual shrinkage of hair
follicles. ¥

Hyperinsulinemia contributes to local androgen
synthesis, either directly from cholesterol or by
converting testosterone to DHT. DHT suppresses
adenyl cyclase activity, which slows the anagen
cycle and may be responsible for follicle shrinking
in AGA. ® Matilainen et al. found that men with
early AGA have considerably higher levels of
hyperinsulinemia.

e Hirsutism

Hirsutism, the presence of terminal hairs in females
in a male-like pattern, is a common clinical cond-
ition that affects 5-10% of women of reproductive
age. Hirsutism is extremely distressing for patients
and has a significant negative impact on their
psychosocial development.

Hirsute women usu-ally present with excessive
growth of terminal hair at the sides of the face,
upper lip, chin, upper back, shoulders, and upper
abdomen. Ferriman and Gallwey developed a score
for clinical assessment of hirsutism. 7

The two most common causes of hirsutism include
polycystic ovary syndrome (PCOS) and idiopathic
hirsutism (1H).®)

PCOS is characterized by hyperandrogenism and
chronic anovulation in addition to many clinical
features such as hirsutism, acne, polycystic-appear-
ing ovaries, obesity, and acanthosis nigricans.
Epidemiologic studies indicate that hyperinsuline-
mia and insulin resistance are frequent in both pati-
ents with IH and PCOS and are associated with an
increased risk of glucose intolerance, dyslipidemia,
and cardiovascular disease ¥

Insulin resistance and compensated hyperinsulin-
emia are the most common features of PCOS, and
insulin resistance-lowering drugs are usually used to
manage PCOS. ®V

* Skin tags (acrocordons)

Skin tags are skin-coloured to deep brown sessile or
pedunculated papillomas that usually appear on the
neck, axillae, eyelids, and, less commonly, the trunk
and groin. They typically measure between 1 mm
and 1 cm in diameter. ®? The exact cause of skin
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tags is yet unknown. Skin rubbing, hormone
imbalance, obesity, metabolic syndrome, and other
disorders were described as contributory factors. ¢
Previous research revealed that skin tags were
associated with problems in glucose metabolism,
including type 2 diabetes, hyperinsulinemia, and
insulin resistance. 43

« Acanthosis nigricans (AN)

Acanthosis nigricans is a pigmented hyperkeratosis
of the neck and flexures. ©® It is associated with
hyperinsulinemia and malignancy. Children with
AN are between 1.6 times and 4.2 times more
vulnerable to having hyperinsulinemia. ¢
Friction may play a role in the development of AN,
which is proved by its location, most probably thro-
ugh inflammation. This may occur via the inhibitory
antagonistic effects of inflammation on certain PP-
ARs. In fact, a dominant, negative mutation in PPA-
R-y appears to be responsible for an insulin resista-
nce syndrome also associated with AN. ¢

* Ear lobe creases (ELCs)

It has been observed that ear lobe creases (ELCs)
are associated with coronary artery disease (CAD),
an observation first published by Frank in 1973.
Other studies have evaluated this association later.
(40.4D) The presence of ELCs is a predictor of future
cardiac events in a 10-year follow-up. “? In fact,
ELCs are thought to be a more important predictor
than diabetes, hypertension, hypercholesterolaemia,
&igarette use, a family history of CAD, and obesity.
* Xanthelasma

About 50% of patients with xanthelasma have an
abnormal lipid profile. “Y  Xanthelasma is
associated with low serum HDL cholesterol and
decreased subclass HDL2 particles or raised serum
apolipoprotein B concentrations. “* *®) Xanthelasma
is associated with a history of CVD and with
increased levels of plasma cholesterol and LDL
cholesterol, principally in young males. It is also
associated with fatty liver, which can be a feature of
insulin resistance. *

* Acne

Acne may be a part of diseases that are also
associated with insulin resistance. “” This is the
case in seborrhoea-acne-hirsutism-androgenetic alo-
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pecia (SAHA) syndrome, polycystic ovarian syndr-
ome (PCOS), and hyperandrogenism, IR, and acan-
thosis nigricans (HAIR-AN) syndrome. “® PCOS
represents the most common and well-known
clinical scenario that links IR and acne. Indeed,
PCOS shows acne in 70% of cases. About 19% to
37% of women with moderate to severe acne meet
this disorder's criteria. ¢ %0

* Psoriasis

Psoriasis is a chronic inflammatory disease of the
skin that is now considered a systemic autoimmune
disorder .® Patients with psoriasis are at elevated
risk of developing cardiovascular and metabolic
diseases, including diabetes, as well as metabolic
syndrome. ®? Also, overweight and obesity are
exacerbating factors for psoriasis itself ‘59

Summary And Conclusion

The current review found numerous pathways of in-
sulin resistance in liver, adipose, and muscular tiss-
ue. It also described the creation of insulin resista-
nce in various tissues as well as significant variati-
ons in insulin signaling. Skeletal muscle energy
consumption and glucose metabolism depend on
normal insulin activity. Insulin resistance is mostly
the underlying pathologic mechanism of metabolic
syndrome which is significantly associated with
many skin diseases such as psoriasis, acne, hirsute-
ism, skin tags and acanthosis nigricans.
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