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ABSTRACT

Diabetes mellitus is a disorder of the metabolic system that is diagnosed by hyperglycemia and glucose intolerance. Diabetic patients are
frequently prone to developing oral health complications, such as being at a higher risk for developing oral precancerous conditions, like
lichen planus, leukoplakia, and erythroplakia. Insulin-like growth factor-I (IGF-I) is a peptide hormone with a structure similar to insulin and
belongs to the family of growth factors that play a vital role in the development of embryonic, postembryonic, and normal physiological

functions of the human body. IGF-I, through autophosphorylation of its

receptor, activates the mitogen-activated protein kinases pathway

that leads to the expression of IGF-I hormone. In oral premalignant conditions, like lichen planus, submucous fibrosis, leukoplakia, and
erythroplakia, the levels of the IGF-I hormone are increased. Subsequently, IGF-I can be used as a marker for early detection of malignancy

in oral premalignant lesions.
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Introduction

Diabetes mellitus is a disorder of the metabolic system which
is diagnosed by chronic hyperglycemia and intolerance to
glucose which is either the result of deficiency of insulin
or impaired action of insulin or both. Diabetic patients
are frequently prone to developing oral health infections.
These infections include periodontitis, gingivitis, and
angular chelitis. In addition to this, diabetes may act as a
potent etiological factor for developing oral leukoplakia,
erythroplakia, and oral lichen planus (OLP).%?

The insulin-like growth factor (IGF) is a family that consists
of three ligands, three receptors and IGF-binding proteins.
The ligands include peptide hormones such as insulin,
IGF-I, and IGF-Il. The three receptors are insulin receptor,
IGF-I receptor (IGF-IR), and IGF-Il receptor or mannose-
6-phosphate. This signaling has a significant role to play in
the embryonic as well as postembryonic developmental
period and is a vital molecule in the maintenance of normal
physiology of an adult.? IGF-I and IGF-Il regulate proliferation
of cell, cell differentiation, and apoptosis. IGF-I is a single
chain 70 amino acid, nonglycosylated peptide, weighs about
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7.6 kD and has four domains, known as A, B, C, and D. IGF-I
has a structure similar to insulin. The IGF-I that circulates in
the body is secreted mainly from the liver, but some other
tissues, namely fat tissues, also contribute to the secretion.
Growth hormone and insulin regulate its biosynthesis from
the liver (Figure 1).*

When IGF-I binds to its receptor, it results in the
autophosphorylation of its receptor. Autophosphorylation
occurs on three chains of tyrosine and activates the intrinsic
tyrosine kinase activity of the IGF-IR. This activated IGF-IR
then phosphorylates other substrates that contain tyrosine.
Insulin receptor substrate-1 (IRS-1) is the predominant
isoform of this hormone. Multiple tyrosine domains
are located in YMXM motif of IRS-1 that are linked with
proteins that contain Src homology 2 (SH2) domains like
phosphoinositol 3’ (P13) kinase, growth factor receptor-
bound protein-2 (Grb-2), noncatalytic region of tyrosine
kinase adaptor protein, and synaptophysin. IRS-1 adapter
protein can therefore bring these proteins together, which
contain SH2 domains and regulate their activity. When IGF-IR
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is activated, it also causes the phosphorylation of the Shc
adapter protein. The Shc protein then couples with Grb-2
protein. Grb-2 contains SH2 and SH3 domains and is linked
to mSos, which is guanine nucleotide exchange protein
that converts the Ras-Guanosine diphosphate (GDP) into
its active form. In turn, the activated Ras-GDP activates
a cascade of reactions, which leads to mitogen-activated
protein (MAP) kinase. The MAP kinases activate the nuclear
transcription which ultimately leads to the expression of the
IGF-I gene. Mutations within the expressions of this IGF-I
gene leads to a spectrum of disorders of growth hormone in
humans such as growth hormone insensitivity syndrome and
Laron syndrome.®> Some of the features of Laron syndrome
include short limbs, frontal bossing, hypoplastic maxilla and
mandible, malocclusion of teeth, and increased enamel
thickness.®

IGF-I has a vital part in the maintenance of immune
functions and controls the proliferative activity of immune
cells, cellular differentiation, apoptosis, and autophagy by
binding to IGF-IR. Conversely, IGF-I prevents the apoptosis
pathway by stimulating the release of cytokines that are
anti-apoptotic in nature. After the activation of IGF-IR, IGF
initiates the phosphorylation of two pathways: extracellular
signal-regulated kinase (ERK) pathway and phosphoinositide
3-kinase/mammalian target of rapamycin (PI3K/mTOR)
pathway. These two pathways play an important role in
autophagy. ERK pathway stimulates autophagy, but the
stimulation of P13K/mTOR pathway inhibits autophagy
(Figure 2).” Due to this, IGF-I has been linked to the
pathological transformations observed in oral premalignant
conditions, such as lichen planus, leukoplakia, erythroplakia,
and submucous fibrosis.” This narrative review discusses the
increased incidence of oral leukoplakia and erythroplakia,
along with the OLP among patients of diabetes mellitus and
the relationship with IGF-1 signaling in oral premalignant
lesions. Electronic literature databases, such as PubMed
and Google Scholar, were searched using the Medical
Subject Headings terms such as IGF-I, diabetes mellitus, oral
leukoplakia, erythroplakia, OLP, and oral submucous fibrosis
(OSMF) in different combinations. All research papers in
English language having full-texts available were accessed
and included in this review. Research papers published in
languages other than English and whose full texts were not
available were excluded from the study.

Diabetes Mellitus and Oral Premalignant Lesions

Correlations between diabetic patients and oral
inflammatory and precancerous lesions, like oral leukoplakia,
erythroplakia, and OLP, has been a well-established fact.®® In
diabetes mellitus, the breakdown of oxidative equilibrium
occurs resulting in elevation of glucose, abundant formation
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of oxygen free radicals, and the glycation of proteins that
depress the activity of antioxidant enzymes. This process
leads to significant damage in the biological structure of
pancreas at the molecular level. The oxygen free radicals and
oxidative stress have animportant function in the progression
of oral premalignant conditions, such as leukoplakia and
erythroplakia, toward malignancy.' Individuals with diabetes
are at increased risk for periodontal disease, salivary gland
dysfunction, dental caries, mucosal abnormalities, and oral
burning, all of which can negatively impact patient quality
of life. The bidirectional relationship between diabetes and
periodontal disease is of particular importance due to the
negative effect of periodontitis on glycemic control and the
potential benefit of periodontal therapy on glycemic control.
A study conducted in Hungary also suggested a link between
diabetic patients and leukoplakia and erythroplakia.'
Another study conducted in India reported a correlation
between diabetes mellitus and developing leukoplakia. This
study showed that hyperglycemia increases the chances
of malignancy in the oral variant of leukoplakia.?* A high
prevalence of oral leukoplakia has been reported in diabetic
patients as compared to nondiabetics according to a study
in China.®® An association has been suggested between OLP
and diabetes mellitus that could be due to the dysfunction in
endocrine system in diabetes mellitus that may be due to an
immune-deficiency and thus contributes in the progression
of OLP.2 Another study conducted among the Pakistani
population indicated that diabetics were 2.5 times more likely
to develop OLP than nondiabetics. This study concluded that
a significant association exists between diabetes mellitus
and developing OLP, with a female predilection and buccal
mucosa as the most commonly affected sites among diabetic
subjects.

IGF-1 and Oral Submucous Fibrosis

OSMF is a precancerous lesion of the mouth which is
identified by the inflammatory condition and fibrosis of the
oral mucosal tissues resulting in trismus, which is limited
mouth opening.>*® A study reported that IGF-I directly
stimulates the proliferation of fibroblasts and synthesis
of collagen which is important in the fibroproliferative
process of OSMF. When normal buccal mucosa and OSMF
buccal mucosa specimens obtained from cell culture were
compared, it was found that very minute levels of IGF-I
were present in normal buccal mucosa samples, while in
OSMF samples, an increased expression of IGF-I was seen
in the cytoplasm of fibroblasts, inflammatory cells, and
endothelial cells.?”*® A study conducted among the Indian
population reported that prevalence of erythroplakia among
diabetes mellitus patients was 3.2%, while in case of OSMF,
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Figure 1. Actions of IGF-I on different tissues of the human body. IGF-1 is synthesized in the liver under the action of growth hormone from the
hypothalamus. In the thyroid gland, it regulates hematopoiesis and immune cell function. IGF-1 promotes the differentiation of macrophages. In the
cardiovascular system, IGF-1 acts as a vasodilator and helps in the development and protection of heart muscles. IGF-1 has an essential role in
stimulating cell proliferation, differentiation, and lipid accumulation. IGF-1 stimulates the release of insulin from B-cells of the pancreas. IGF-1 also

promotes ovarian folliculogenesis and testicular function and integrity. IGF-1
role of IGF-1 on the different tissues of the human body.

,M1,and M2: phenotypes of macrophages. Blue arrows represent the

a nonsignificant and inverse relationship between OSMF and
diabetes mellitus was recorded.®

IGF-I and oral lichen planus

OLP is a potentially malignant disorder and a disease
of the immune system which is identified by infiltrating
T lymphocytes in the lamina propria associated with
degenerating keratinocytes and disrupting basement
membrane of the oral mucosa. Studies have documented
that OLP patients have disturbances in glucose metabolism
and show increased expressions of IGF-1R in lesional tissue
as compared with controls. It is, therefore, speculated that
IGF-1 signaling may participate in the immune-regulatory
mechanisms concerned with OLP.?%

IGF-I and oral leukoplakia

Oral leukoplakia is a white patch or plaque on the inside of
mouth that cannot be characterized clinically or pathologically
as any other disease.?? Increased IGF-IR has shown to be
associated with tumor cell proliferation, migration, invasion,
and metastasis. Inastudy conducted in Turkey, biopsy samples
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of 38 patients of oral squamous cell carcinoma (OSCC), 32
patients having leukoplakia of oral cavity and 15 patients
with oral fibrous hyperplasia were selected. The results of
this study demonstrated an elevated expression of IGF-IR
in OSCC and oral leukoplakia samples, thus suggesting an
increased expression of IGF-IR in neoplastic cell proliferation
and malignancy.?® Subsequently, IGF-IR can be used as a
marker for early detection of malignancy.?

IGF-I and oral erythroplakia

Erythroplakia is characterized by any lesion of the oral
mucosa that presents a bright red velvety patch that cannot
be characterized clinically or pathologically as any other
recognizable condition.*® A study conducted among the
Indian population determined the levels of IGF-I in patients
diagnosed with erythroplakia and OSCC. The study concluded
that positive correlation existed between increased IGF-I
levels and premalignant lesions like erythroplakia. As the
expression of IGF-I protein was found to be elevated in
erythroplakia as compared to OSCC, this study indicated that
serum IGF-I levels were increased in conditions which have
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Figure 2. Dual role of IGF-I in stimulation and inhibition of autophagy. The key signaling pathways have been discussed in this review. IGF-I can
activate ERK and P13K/mTOR signaling pathways that are involved in the stimulation and inhibition of autophagy, respectively, IGF-I and IRS.

a better prognosis such as erythroplakia and OSCC stage |,
whereas the levels of IGF-I protein were downregulated in
conditions with poor prognosis, such as OSCC stage IV.%

Conclusion

A higher incidence of oral leukoplakia, erythroplakia, and
OLP has been reported in diabetic patients as compared
to nondiabetic individuals, and thus early diagnosis and
treatment planning of diabetes mellitus can reduce the
risk of developing oral premalignant lesions. IGF-I is also
associated with oral premalignant lesions. Regular screening
of diabetes mellitus and regular examination of oral cavity
can help clinicians as well as patients in early identification of
any underlying oral pathology.
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