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NARRATIVE REVIEW

Adipokines: Diagnostic and prognostic markers for oral diseases

Saman Zafar Chaudhry, Sarah Ghafoor

Abstract

Adipose tissue or fat tissue is a loose connective tissue Taple-1: Characterisation of three types of adipocytes.

that consists mainly of adipocytes. Adipocytes are
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alpha and interleukin-6 are some important adipokines
associated with oral diseases, such as dental caries,
periodontal diseases, recurrent aphthous stomatitis,
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oral cancers, oral premalignant lesions, Sjogren’s
syndrome, Kawasaki disease and Behcet'’s disease. The
current narrative review was planned to focus on the
pathophysiological role of adipokines in oral diseases and
their role as biomarkers for early diagnosis and prompt
treatment.
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Introduction

Adipokines are proteins or cell signalling molecules
secreted by adipose tissue and regulate key physiological
processes. They act in paracrine, autocrine and even in
endocrine fashion. Adipose tissue is classified into three
types; white adipose tissue (WAT), beige adipose tissue and
brown adipose tissue (BAT) on the basis of their respective
secretory adipose tissues consisting of white, beige and
brown adipocytes, respectively. The three types of
adipocytes differ on the basis of characteristics (Table 1).
Adipokines are classified depending on their respective
secretory adipose tissues.!2 White and beige adipocytes
reside within the white depots, whereas brown adipocytes
resides within the brown depots. Beige adipocytes (brite
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WAT: White adipose tissue, SWAT: Subcutaneous white adipose tissue, vWAT: Visceral white adipose tissue,
Myf5: Myogenic factor 5, UCP1: Uncoupled protein 1.

adipocytes) have the potential to switch from white to
brown adipocytes, and the process is known as browning
or beigeing of WAT.

Pro-inflammatory and anti-inflammatory adipokines, such
as leptin, apelin, adiponectin, chemerin, omentin,3 visfatin,
resistin, interleukin-6 (IL-6), IL-10, tumornecrosis factor-
alpha (TNF-a) and irisin are mainly derived from WAT.4
Fibroblast growth factor-21 (FGF-21), myostatin-E, vascular
endothelial growth factor-alpha (VEGF-a), and bone
morphogenic protein-8b (BMP-8b) are derived from BAT.!
Insulin-like growth factor-1 (IGF-1), IL-6, meteorin-like
(Metrnl), insulin-like growth factor binding protein-2
(IGFBP-2), neuregulin-4 (NRG-4), nerve growth factor (NGF)
and Slit homologue 2-C fragment (SLIT2-C) are secreted by
brown/beige adipocytes(1). More than 600 adipokines
have been identified and the list is fast growing. Adipokines
are present in all biological fluids, including saliva, gingival
crevicular fluid (GCF), serum, plasma, cerebrospinal fluid
(CSF), synovial fluid, circulation and breast milk, making its
distribution noteworthy.5 Adipokines play significant roles
as biomarkers, therapeutic agents, inflammatory mediators
and immune molecules in diagnosis and prognosis of oral
diseases, such as dental caries, recurrent aphthous
stomatitis (RAS), periodontal diseases, oral cancers,
Sjogren’s syndrome (SS), oral premalignant lesions,
Kawasaki disease (KD) and Behcet's disease (BD) (Table 2).
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Table-2: Oral diseases and their respective adipokines.
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S.No.  Oral Diseases

Adipokines

1 Dental caries

2 Periodontal diseases

3 Recurrent aphthous stomatitis
Oral cancers

Leptin
IL-6
TNF-a
Adiponectin
Chemerin
Leptin
Resistin
Visfatin
Vaspin
Irisin
Adiponectin,

—

( i Saliva flow rate

+ Sialic acid, urea,

calcium, phosphate,
immunoglobulins and
peroxidase activity

'

Dental Caries

* Obesity

.

| 4 Bacterial
‘colonization

¢1mmune response

b

Periodontal diseases

(* Oral Microbiota

Leptin
Visfatin
Chemerin
ZAG
5 Oral premalignant lesions Chemerin
Visfatin
IL-6
TNF-a
6 Kawaski disease Resistin
7 Sjogren’s Syndrome Adiponectin
8 Behcet's Disease Adiponectin
Leptin
Resistin
Visfatin

IL-6: Interleukin-6, ZAG: Zinc-alpha macroglobulin, TNF-a: Tumour necrosis factor-alpha.

The current narrative review was planned to provide an up-
to-date information on roles of different adipokines in oral
diseases. For this purpose, the research papers published
in the last six years (2016-2021) were accessed using
Google Scholar and PubMed databases. Studies published
in the English language were included, while those in any
other language were excluded. Medical subject headings
(MeSH) terms used for the search included adipokines,
adipose tissues, Sjogren’s syndrome, oral cancers, oral
premalignant lesions, Kawasaki disease and recurrent
aphthous stomatitis. They were used interchangeably
during the search.

Role of adipokines in dental caries

Dental caries is caused by interaction of oral bacteria that
results in the formation of fermentable carbohydrates and
acidity, leading to tooth decay.¢ In Pakistan, the prevalence
of dental caries is 60-80% and it is commonly affecting
children aged 8-12 years.” The prevalence of dental caries
reported in Karachi and Sargodha is 71.7%8 and 45.9%8 in
children aged 6-14 years and 3-12 years, respectively. The
prevalence of dental caries in Islamabad is 44.4% in
children aged 5 years.8 A study conducted in Khyber
Pakhtunkhwa (KP) has shown 31.5% prevalence of dental
caries in adults aged 25-45 years.?
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Figure: Relationship of obesity, oral microbiota and adipokines with dental caries
and periodontal diseases.

Leptin is expressed in serum, saliva, GCF and gingival tissue
of humans, and in healthy and inflamed pulp cells of both
humans and rats.’0 Leptin increases the expression of
chemokine cc motif ligand 20 (CCL20) which is enhanced
by invasion of caries-related bacteria, such as streptococcus
mutans, into dentinal tubules. Dentin pulp complex
increases the production of macrophages in response to
caries and leptin regulates monocyte function through
protein kinase C (PKC)-dependent pathways'0. Moreover,
leptin increases proinflammatory cytokines, such as IL-6
and TNF-a, as an immune reaction to caries.”.m It is
suggested that leptin as well as IL-6 and TNF-a can be used
as biomarkers for dental caries.’0

Obesity is a chronic multifactorial condition that can be
classified into childhood obesity and adolescent obesity.!2
A decrease in salivary flow has been reported in childhood
obesity. Saliva of obese child has decreased concentration
of sialic acid, phosphate, urea, calcium, proteins, peroxidase
activity and immunoglobulins compared to normal-weight
child.’3 Saliva in less quantity and quality provokes
streptococcus (S.)mutans and lactobacillus (L.) species to
promote caries in obese humans(13)(Figure).

Role of adipokines in periodontal diseases

Gingivitis is a non-destructive gum disease that is
characterised by inflammation of gingiva due to build-up
of plaque-containing bacteria on the teeth and
surrounding tissues. If gingivitis is left untreated, it leads to
periodontitis. The prevalence of periodontitis is 20-50%
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around the world with the highest prevalence in the elderly
population (82%), followed by adults (73%) and
adolescents (59%).14 The prevalence of periodontitis is high
among population of 18-30 years of age in Pakistan.1> The
local prevalence data of mild gingivitis and mild
periodontitis is 46.6% and 11% respectively, and that of
severe gingivitis and severe periodontitis is 4% and 6.7%
respectively.16

Adipokines identified for periodontal diseases includes
visfatin, chemerin, adiponectin, resistin and leptin.1”
Adipokines present in saliva or GCF of periodontitis
patients may or may not be associated with systemic
diseases, such as obesity, diabetes, cardiovascular diseases
and immune diseases. Visfatin in periodontitis causes
inflammation and destruction by slightly increasing the
levels of TNF-a.18

Chemerin, an adipokine identified in GCF of patients with
chronic periodontitis, plays the role of chemoattractant
protein. It attracts all the inflammatory cells to the site of
inflammation. Chemerin is released in an inactive form and
undergoes degradation of its C terminal, resulting in active
form. It has three receptors, G protein coupled receptor 1
(GPR1), chemokine receptor-like 1 (CMKLR1, also known as
ChemR23), and C-C chemokine receptor-like 2 (CCRL2).
CCRL2 interacts and binds chemerin with ChemR23.19
Adiponectin has also three receptors; adiponectin receptor
1 (adipoR1), adiponectin receptor 2 (adipoR2) and T
cadherin receptor.20 Adiponectin plays anti-inflammatory
role in chronic periodontitis by suppressing inflammation
and promoting periodontal healing and osteogenesis.
Resistin is a cysteine-rich protein and a pro-inflammatory
adipokine that plays a role in inflammation through nuclear
factor kappa light chain enhancer of activated B cells (NF-
KB) pathway.2!

Obesity can also accelerate periodontal disease. One of its
type is known as chronic periodontitis (CP), which is a
chronicinflammatory destructive disease of periodontium
that occurs due to subgingival plaque accumulation and
results in clinical attachment loss, tooth mobility and even
tooth-loss. Obesity causes an increase in the production of
adipokines from adipose tissues, and subsequently obese
individuals have increased levels of leptin and decreased
levels of adiponectin. Vaspin is used as a novel biomarker
for obese CP individuals.22 The microbial concentration of
certain periodontal pathogens, such as aggregatibacter
actinomycetemcomitans, fusobacterium nucleatum ss
vincentii, prevotella melaninogenica, treponema
socranskii, parvimonas micra, prevotella intermedia,
eubacterium nodatum and tannerella forthytia, is higher in
obese individuals compared to non-obese individuals.’3
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Role of adipokines in recurrent aphthous stomatitis
Recurrent aphthous stomatitis (RAS) is an inflammatory
condition characterised by recurrent painful round or oval
ulcers with yellow centres and erythematous margins on
the non-keratinised oral mucosa. The prevalence of RAS is
1.2% in Pakistan. Females are most commonly affected and
mean age for RAS is 31-40 years.23 Irisin, a recently
identified myokine, also acts as an adipokine in saliva of
patients with RAS. Levels of irisin accompanied by
interferon-gamma (IFN-y) and IL-2 are found to be raised in
patients with RAS. The role of irisin in RAS is such that it
converts the adipose tissue macrophages from pro-
inflammatory state (M1) into anti-inflammatory state (M2)
with increased production of pro-inflammatory cytokines,
such as IL-2, IL-5, IL-6, IL-8 and TNF-a, and decreased
production of anti-inflammatory cytokines IL-10 and
transforming growth factor-beta (TGF-B) in peripheral
blood of RAS patients compared to healthy individuals.24

Role of adipokines in oral cancers

Oral cancers are sixth most common malignancies
worldwide. The prevalence of oral cancer in Pakistan is 75%
and it is higher in males compared to females.25 The
prevalence of oral squamous cell carcinoma (OSCC) in
Pakistan is 95% with males of 4th-5th decade being
affected more than the females.26 The intracellular effects
of adipokines are mediated by receptors that activate
different signalling pathways, including peroxisome
proliferator activated receptor (PPAR) pathway, Janus
kinase (JAK) signal transducer and activator of transcription
(STAT) pathway and phospatidylinositol kinase (P13).27
Chemerin, leptin, visfatin and ZAG are adipokines that are
used as biomarkers for diagnosis of OSCC. Chemerin is an
adipokine involved in tumorigenesis by cell differentiation,
proliferation, invasion, progression and angiogenesis.
Serum and salivary chemerin levels are elevated along with
matrix metalloproteinase-9 (MMP-9) in patients of OSCC.28
Salivary visfatin levels are higher in patients with OSCC.29
Leptin is associated with staging of OSCC, and its serum
levels are elevated in initial stages of OSCC. Leptin is not
involved in cell invasion, but only in cell migration and
proliferation of cell lines in OSCC.30 ZAG belongs to
macroglobulin family, and its levels in saliva of OSCC
patients are found to increased.3’

A study has reported that serum adiponectin, leptin,
visfatin and IL-6 concentrations vary in both benign tumors,
such as pleomorphic adenoma (PA) and Warthin’s tumour
(WT), and malignant tumours such as acinic cell carcinoma
(ACCQ). Serum adiponectin and serum leptin levels have
been found to be higher in PA and WT compared to ACC.
Serum visfatin levels have been found to be equal in both
benign tumours and malignant tumours, whereas serum
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IL-6 levels are found to be the same in both PA and WT, but
significantly low in ACC.32

Role of adipokines in oral premalignant lesions

Oral premalignant lesions include leukoplakia,
erythroplakia, oral submucous fibrosis (OSMF) and oral
lichen planus (OLP). OSMF is a premalignant lesion that is
characterised by vertical bands on the buccal mucosa due
to abnormal collagen deposition. OLP is a chronic
inflammatory premalignant disease that affects the oral
cavity and varies from whitish or reddish bilateral bands or
patches to painful burning sores. Its different types include
ulcerative, atrophic, papular, plaque, bullous and reticular.26
The prevalence of oral premalignant lesions in Pakistan is
0-50% with OSMF being the most common, followed by
OLP and leukoplakia. OSMF commonly affects males of
third and fourth decade, whereas OLP affects middle-aged
females more than males.26 In patients with atrophic OLP
and speckled leukoplakia, serum and salivary levels of
chemerin  are  elevated along with  matrix
metalloproteinase-9 (MMP-9).28 Patients with bullous
erosive lichen planus have high levels of salivary visfatin
than controls.29 Adipocytokines IL-6 and TNF-a act as
inflammatory and angiogenic mediators for tumour
growth and progression. Serum and salivary levels of IL-6
and TNF-a are upregulated in oral precancerous lesions,
such as leukoplakia, erythroplakia, OSMF and OLP.33

Role of adipokines in Sjogren’s syndrome

Sjogren’s syndrome (SS) is an autoimmune disorder which,
affects the exocrine glands of the body, mainly the salivary
glands and lacrimal glands, causing dysfunctional changes
and resulting in dry eyes and dry mouth. SS is of two types;
primary SS and secondary SS. The local prevalence rate of
primary SS and secondary SS is 0.3-0.4% respectively,
predominantly affecting females aged 40-50 years.34
Salivary adiponectin levels in SS are higher than the
controls. Therefore, salivary adiponectin can be used as a
biomarker for diagnosis of S5.35

Role of adipokines in Kawasaki disease

Kawasaki disease (KD) is a chronic inflammatory
mucocutaneous disease characterised by inflammation of
blood vessels throughout the body. It mainly affects lymph
nodes (LNs), causing symptoms in oral cavity, nose and
throat. The local prevalence of KD is 70 per 100,000
children, mainly of 1-5 years of age.36 Resistin binds to toll-
like receptor-4 (TLR-4) and regulates the secretion of
inflammatory cytokines, such as IL-14, IL-2, IL-6, which in
turn increases the expression of resistin. Serum resistin
levels are found to be elevated in KD compared to
controls.37
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Role of adipokines in Behcet’s disease

Behcet’s disease (BD) is a rare chronic inflammatory disease
characterised by oral and genital ulcers, uveitis, skin lesions,
joint pain, gastrointestinal and neurological involvement.
This disease in Pakistan presents most commonly with oral
ulcers.38 It is predominant in young to middle aged men
and women. Serum adiponectin, leptin and resistin levels
are found to be upregulated, whereas serum visfatin levels
are down-regulated in patients of BD.39

Conclusion

Altered adipokines levels are associated with oral diseases,
such as dental caries, periodontal diseases, oral cancers,
oral premalignant lesions, RAS, SS, KD and BD. Adipokines
as biomarkers are key regulators and indicators for
predicting, diagnosing and measuring the progress of oral
diseases. Oral diseases need to be detected in earlier stages
for better understanding of pathophysiological role of
adipokines, better prognosis and treatment opportunities.
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