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Introduction: Adipose tissue secretes various bioactive peptides/proteins, immune molecules and inflammatory
mediators which are known as adipokines or adipocytokines. Adipokines play important roles in the main-
tenance of energy homeostasis, appetite, glucose and lipid metabolism, insulin sensitivity, angiogenesis, im-
munity and inflammation. Enormous number of studies from all over the world proved that adipocytokines are
involved in the pathogenesis of diseases affecting nearly all body systems, which raises the question whether we
can always blame adipocytokines as the triggering factor of every disease that may hit the body.

Objective: Our review targeted the role played by adipocytokines in the pathogenesis of different diseases af-
fecting different body systems including diabetes mellitus, kidney diseases, gynecological diseases, rheumato-
logic disorders, cancers, Alzheimer’s, depression, muscle disorders, liver diseases, cardiovascular and lung dis-
eases.

Methodology: We cited more than 33 recent literature reviews that discussed the role played by adipocytokines
in the pathogenesis of different diseases affecting different body systems.

Conclusion: More evidence is being discovered to date about the role played by adipocytokines in more diseases
and extra research is needed to explore hidden roles played by adipokine imbalance on disease pathogenesis.

1. Introduction gut-derived substances, adipocyte hypoxia/death, and mechan-

otransduction (a process where the cell responds to mechanical stimuli

Adipose tissue produces different bioactive substances e.g. pep-
tides/proteins, immune molecules, and inflammatory mediators known
as adipokines (if they are only produced by the adipose tissue) or adi-
pocytokines (if mainly, but not only, produced by adipocytes).
Adipokines function via autocrine, paracrine, and endocrine pathways
[1].

Adipokines are secreted in response to different factors including

in the form of electrochemical activity that may occur due to extra-
cellular matrix remodeling) [2].

Inflammation which is associated with metabolic diseases (meta-
flammation) is reported in many tissues that play a role in nutrient
regulation [2]. Xu and the team proved that inflammation of the adi-
pose tissue initiate signaling pathways that were found to disturb the
metabolic homeostasis [3]. However, inflammation was found to be
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useful for proper adipose tissue expansion and remodeling; which in
turn has a useful effect on metabolism. This was proved through in vivo
experiments done in three different mouse models under a high-fat diet
challenge [4].

Adipokines are classified as either pro-inflammatory or anti-in-
flammatory. In the case of obesity, pro-inflammatory cytokines were
found to be elevated at the expense of the anti-inflammatory cytokines
[5], which promotes a persistent, low- grade inflammatory response
[6]. This adipokine imbalance is thought to be the link between obesity,
and different metabolic disorders or other diseases [5], for example, a
chronic state of insulin resistance in obese individuals was found to be
triggered by proinflammatory effect of macrophages [7].For the
aforementioned reasons adipokines are described as “regulators” of
body homeostasis [6].

Since adipokines play important roles in the maintenance of energy
homeostasis, appetite, glucose and lipid metabolism, insulin sensitivity,
angiogenesis, immunity, and inflammation [8], a huge number of stu-
dies from all over the world proved that adipocytokines are involved in
the pathogenesis of diseases affecting nearly all body systems which
raises the question whether we can always blame adipocytokines as
triggering, catalytic or modulating factors that take part in every dis-
ease that may hit the body (see Table 1).

In physics, a Theory of Everything [9] is a hypothetical single, sci-
entific theory in physics that fully explains and links together all phy-
sical aspects of the universe [10]. The vast effect of adipocytokines on
all body systems and many diseases pushes us to put the same hy-
pothesis: are they the “Theory of Everything”, for medicine?

2. Methodology:

In the coming review, we scan the role played by adipocytokines in
the pathogenesis of different diseases affecting different body systems.
Data were collected from previous literature reviews run during the
year (2019) and chosen through both PubMed and Google scholar
search engines (around 33 papers). We excluded literature reviews, of
languages other than English.

3. Discussion:
3.1. Adipocytokines and Metabolic Diseases
o Insulin Resistance/Diabetes Mellitus

Tumor necrosis factor a (TNF-a), resistin, and interleukin-6 (IL-6)
are immunoinflammatory mediators that cause insulin resistance. On
the other hand, adiponectin plays an opposite role by improving insulin
sensitivity, increasing glucose uptake and decreasing liver gluconeo-
genesis, and suppressing pro-inflammatory mediators (IL-6) and TNF-a
[11]. Due to obesity and subsequent adipose tissue inflammation, se-
creted immunoinflammatory cytokines slow down the insulin signaling
chain and glucose translocation, leading to the onset of insulin re-
sistance and diabetes [12], while the level of circulating adiponectin is
reduced in obesity [13]. Omentin, another adipokine, induces adipo-
nectin expression, resulting in increased insulin-mediated glucose up-
take [14], the same effect was found with apelin [15].

Another immunoinflammatory mediator is interleukin-1 (IL-1),
which works in two directions: to cause postprandial inflammation and
postprandial increase in insulin secretion, besides, it stimulates glucose
uptake in immune cells [16].

For resistin, it plays a role in reducing phosphorylation of insulin
receptors when these receptors bind to insulin, which finally leads to
insulin resistance and ends in blocking glucose translocation and a
hyperglycemic state [17]. RBP4 (Retinol binding protein 4) serum level
positively correlates with insulin resistance as well [18]. Similarly,
leptin was found to affect glucose metabolism through the modulation
of glucagon secreted by a-cells of the pancreas [19] while visfatin
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concentration was related positively to the presence of diabetes [20] as
it increased TNF followed by a TNF-mediated insulin resistance in
adipocytes [21]

o Lipid Disorders

Adiponectin was positively and independently associated with
higher HDL-C (High-density lipoprotein cholesterol) levels; which
confirmed its protective role [22]. Marsche et al. found that hypoadi-
ponectinemia was associated with reduced cholesterol efflux capacity
in macrophages in adults, leading to less HDL formation [23]. Higher
adiponectin level was also proved to be related to lower triglycerides
[24]. On the other side, Singh et al. proved that plasma resistin levels
positively correlated with triglycerides and serum apolipoprotein B
(Apo B) levels [25], while visfatin correlated positively with total
cholesterol, triglycerides and LDL-C (Low-density lipoprotein choles-
terol) [26].

3.2. Adipocytokines and Kidney
® Renal Failure

Hyper-resistinemia correlated positively with a reduction in renal
function [27]. In the same context, high levels of resistin were found in
patients with chronic renal failure (CRF) and/or associated clinical
complications [28]. Higher serum resistin levels were observed in el-
derly patients with advanced chronic kidney disease (CKD), particularly
those on hemodialysis [29].

o Diabetic Kidney Disease

Kim et al. postulated that in kidneys of patients with diabetes, the
expression of AdipoR1 and AdipoR2 (adiponectin receptors) sig-
nificantly decreased when compared to those of controls, even at an
early stage of chronic kidney disease and this decrease was maintained
throughout the progression of all CKD stages compared to non-diabetic
kidneys, and they related this down-regulation of adiponectin receptors
to the increased insulin resistance in diabetes [30].

However, a marked increase in the level of adiponectin was re-
corded in patients with either chronic kidney disease (CKD) or end-
stage renal disease (ESRD), and this upregulation of circulating adipo-
nectin was explained as a compensatory mechanism to delay further
renal injury [31].

3.3. Adipocytokines and Fertility/Gynecology
® Polycystic Ovary Disease

Serum adiponectin concentration in women with polycystic ovary
was found to be less than control subjects [32]. Moreover, adiponectin
concentration was found to decrease in follicular fluid [33] and gran-
ulosa cells [34] of this category of patients.

e QOvarian Cancer

Li et al. explained that epithelial ovarian cancer patients with
AdipoR1-positive (Adipocytokines receptor-positive) expression sur-
vived longer than those with AdipoR1-negative expression [35]. An-
other study by Hoffmann et al. showed that adiponectin decreased
epithelial ovarian cancer cell proliferation. They also postulated using
AdipoR1 as a prognostic factor for the aforementioned epithelial
ovarian cancer as it becomes down-regulated in the cells of this ma-
lignancy [36].

e Cervical and Endometrial Cancers
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Table 1
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Protective and Pathological Roles Played by Different Adipocytokines in Different Diseases.

Adipocytokine  Protective effect Diseases involved
Adiponectin Insulin resistance, diabetes & obesity [11-13], hyperlipidemia [22], Cervical & endometrial cancer [37,38], joint inflammation [64], bone erosion in
diabetic kidney disease [30], polycystic ovary [32], ovarian cancer, rheumatoid arthritis [65], SLE with renal involvement [87]
gestational diabetes [39], systemic sclerosis [74], breast cancer [98], lung
cancer [99], colon cancer [100], thyroid cancer [106], prostate cancer
[108,109], glioblastoma [113], AIS [129], Duchene Muscular Dystrophy
[132], pulmonary hypertension [149], obstructive sleep apnea [151],
atherosclerosis [11], hypertension [158], preeclampsia [41-44], COVID-19
[164]
Adipsin Systemic sclerosis with PAH [83], SLE with renal involvement [87]
Apelin Insulin resistance, diabetes & obesity [11-13], rheumatoid arthritis [69],
systemic sclerosis: protects against cardiac, renal, lung and skin
complications [84]
Chemerin Systemic sclerosis: skin sclerosis, digital ulcers, kidney failure [79-81]
CTRP-3 Systemic sclerosis: prevents cardiac remodeling [86]
CCL-2 Atherosclerosis [142]
CCL-4 IVDD [48]
FABP4 Osteoarthritis [72]
Ghrelin IVDD [47], colon cancer [105]
IL-1 Immunoinflammatory (glucose metabolism) [16]
IL-6 Insulin resistance &diabetes [11,12], psoriasis [89], atherosclerosis [142], COVID-
19 [164]
IL-8 Atherosclerosis [142]
IL-12 Immunoinflammatory (insulin resistance)[55]
IL-1f Insulin resistance & diabetes in rheumatoid arthritis [56], psoriasis [90],

Interferon-y
Leptin
with renal involvement [87]

Lipocalin-2

MCP-1

Nesfatin-1

Omentin Insulin resistance, diabetes & obesity [11-13], rheumatoid arthritis [70],
psoriasis [95], SLE [87], atherosclerosis [147]

PAI-1

Progranulin

RBP4

Resistin Alzheimer’s [120]

TNF-a

Vaspin Systemic sclerosis: protective effect against digital ulcers [82]

Visfatin Systemic sclerosis [78]

Colon cancer [103], Alzheimer’s [117], Obesity& lipodystrophy [125], SLE

atherosclerosis [142]

Atherosclerosis [142]

Osteoarthritis and rheumatoid arthritis [51,53], systemic sclerosis [75], psoriasis
[91], hepatic affection [137-140], hypertension [152], atherosclerosis [143],
interstitial pulmonary fibrosis [161]

Osteoarthritis [68], psoriasis [94]

Monocytes infiltration (atherosclerosis) [134]

Osteoarthritis [71]

Systemic sclerosis with PAH [82], increased appetite [126]

Psoriasis [93]

SLE [87], IVDD [45]

Insulin resistance &diabetes [18], atherosclerosis [18]

Insulin resistance &diabetes [11,12], hyperlipidemia [25], kidney failure [27,28],
gestational diabetes [40], IVDD [48], rheumatoid arthritis& osteoarthritis [47,58],
systemic sclerosis complications: PAH, DVT, PE, digital ulcers [76,77], SLE with
renal involvement [87], psoriasis [92], Alzheimer’s [118], major depression &
bipolar [122,123], NAFLD&NASH [125], diabetic microvascular complications
[154], atherosclerosis and cardiovascular disease [155], sepsis [162], acute
pancreatitis [163]

Insulin resistance &diabetes [11,12], psoriasis [88], vasoconstriction [156],
atherosclerosis [142], coronary artery disease [144,145], COVID-19 [164]

Insulin resistance &diabetes [17], hyperlipidemia [25], IVDD [46], rheumatoid &
osteoarthritis [66], joint damage in rheumatoid arthritis [67], atherosclerosis
[157], diastolic hypertension [20]

Abbreviations in the table: AIS, Adolescent idiopathic scoliosis; IVDD, Intervertebral disc degeneration; NAFLD, Non-alcoholic fatty liver disease; NASH, Non-
alcoholic steato-hepatitis; CTRP-3, C1q tumor necrosis factor related protein 3; FABP4, Fatty acid-binding protein 4; IL-1, Interleukin 1; IL-6, Interleukin 6; IL-8,
Interleukin 8; IL-12, Interleukin 12; IL-1f, Interleukin 1f; MCP-1, Monocyte chemoattractant protein 1; PAI-1, Plasminogen activator inhibitor 1; RBP4, Retinol
binding protein 4; TNF-a, Tumor necrosis factor alpha; PAH, Pulmonary artery hypertension; DVT, Deep venous thrombosis; PE, Pulmonary embolism; SLE, systemic

lupus erythematosus; CCL-2, Chemokine legend 2; CCL-4, Chemokine legend 4.

Xie et al. reported that low adiponectin levels inhibited the pro-
liferation of malignant cells of the cervix, inhibited proto-oncogenes
e.g. c-myc, and Bcl-2 and activated apoptosis through enhancing the
expression of p53 [37], the same effect was observed with endometrial
cancer [38].

e Gestational Diabetes

A meta-analysis done by Bao et al. showed that circulating adipo-
nectin levels during the first or early second trimester of pregnancy
were significantly lower in women who developed gestational diabetes
mellitus [39]. On the contrary, resistin level is positively correlated to
gestational diabetes-related complications [40].

® Preeclampsia

Adiponectin deficiency was found to be involved in the process of
preeclampsia and endothelial dysfunction [41]. Adiponectin role is the
attenuation of the excessive inflammatory response in the wall of the
blood vessels of the placenta through inhibition of NF-kB (nuclear
factor kappa-light-chain-enhancer of activated B cells) signaling (it is a
protein complex that controls transcription of deoxyribonucleic acid
(DNA) and cytokine production), decreasing CRP (C-reactive protein)
and increasing nitric oxide [42] via activating endothelial nitric oxide
synthase and inhibition of superoxide in endothelial cells [43]. Besides,
adiponectin mediated the process of trophoblast invasion by modula-
tion of MMP/TIMP (matrix metalloproteinase to tissue inhibitor of
metalloproteinase) balance (this is a ratio between active extracellular
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matrix proteolytic enzymes and their inhibitors) [44].
3.4. Adipocytokines and Rheumatology
o Intervertebral Disc Degeneration (IVDD)

It was found that progranulin (an adipokine) expression is increased
in peripheral blood sera and disc tissues of patients with intervertebral
disc degeneration (IVDD) and its blood levels were positively correlated
with clinical symptoms [45]. Shi et al. reported increased levels of
visfatin in nucleus pulposus tissue in more severe IVDD grades than less
severe grades [46]. Finally, ghrelin similarly is proved to have a role in
nuclear pulposus degeneration [47]. Another study by Li and colleagues
showed that resistin binds to toll-like receptor 4 (TLR4) that leads to an
increase in chemokine ligands 4 (CCL4) expression in nucleus pulposus
cells, causing macrophage infiltration [48]. Human resistin also directly
binds to adenylyl cyclase-associated protein 1 (CAP1) receptors in
monocytes and white adipose tissue (the type of adipose tissue re-
sponsible for energy homeostatsis) and ends in upregulating the tran-
scription of inflammatory cytokines [49].

o Rheumatoid and Osteoarthritis

A study by Francisco et al. confirmed the expression of leptin re-
ceptors in osteoblasts and chondrocytes and described the role of leptin
in cartilage catabolism and joint inflammation [50]. In a study by
Scotece et al., higher serum leptin levels have been linked to erosion of
cartilage and bone in patients with osteoarthritis [51], while similar
relations to synovitis, bone marrow lesions and osteophytes were there
[52]. Similarly, a significant positive correlation exists between leptin
levels and rheumatoid arthritis activity [53]. There are reports that the
production of leptin in obese patients with rheumatoid arthritis was
directly proportional to the ACPA (anti-citrullinated protein/peptide
antibody) production thus suggesting that leptin may play a role in
favor of the humoral response in rheumatoid arthritis [54]. As shown in
a meta-analysis by Gajewski and colleagues, levels of circulating leptin
are significantly higher in rheumatoid arthritis patients than controls
[53]. Leptin plays a proinflammatory role by increasing the production
of TNF-a, IL-6, IL-1P, and IL-12, which, in turn, increase the expression
of leptin in adipose tissue [55]. Moreover, IL-1p is associated with in-
sulin resistance in patients with rheumatoid arthritis. In a study by
Ruscitti et al., rheumatoid arthritis patients with type 2 diabetes mel-
litus, treated with Anakinra- interleukin 1 receptor antagonist — showed
a significant improvement in HOMA2-%p, HOMA2 — IR (markers of
insulin resistance) and glucagon, in comparison with patients treated
with TNF inhibitors. This proves the pathological role played by IL-1f
as a mediator of insulin resistance and type 2 diabetes mellitus in pa-
tients with rheumatoid arthritis [56].

Resistin, on the other side, stimulates the migration of endothelial
progenitor cells (EPCs) into synovium via promoting vascular en-
dothelial growth factor (VEGF), leading to rheumatoid arthritis angio-
genesis [57]. Hyper-resistinemia was detected in patients with either
rheumatoid arthritis or osteoarthritis [58] indicating the catabolic role
of resistin [59]. Resistin was found to be inversely correlated with bone
mineralization in patients with hip or lumbar spine fractures [60].
Leptin was found to increase the secretion of osteocalcin (a hormone
that is important for bone mineralization) by osteoblasts while resistin
was found to decrease this hormone [60]. The levels of resistin in serum
showed a positive and independent association with both cartilage and
bone marrow lesions observed on magnetic resonance imaging in pa-
tients with knee osteoarthritis [61]. In one study on knee osteoarthritis
patients, the synovial fluid resistin level was found to be strongly re-
lated to joint dysfunction and weakly related to joint pain [62]. Other
positive correlations have been observed between resistin and in-
flammatory factors (IL-6, matrix metalloproteinase-1 (MMP-1), and
matrix metalloproteinase-3 (MMP-3) in synovial fluid of osteoarthritis
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patients [63].

Adiponectin was found to induce the production of oncostatin M, a
proinflammatory cytokine, in human osteoblasts [64]. On the other
side, it increased bone erosions by promoting osteopontin production in
the synovial tissue of patients with rheumatoid arthritis; this osteo-
pontin subsequently recruits osteoclasts that end in bone erosion [65].
Regarding visfatin, it was found to be overexpressed in both plasma and
synovial fluid of both rheumatoid and osteoarthritis patients [66]. In
rheumatoid arthritis, serum visfatin levels correlated with radiographic
joint damage [67]. Lipocalin-2, another adipokine in osteoblasts and
chondrocytes in osteochondral junctions of osteoarthritis patients is
considered a catabolic adipokine [68]. Researchers found a strong ne-
gative association between apelin and metalloproteinase-9 (MMP-9)
level in patients with rheumatoid arthritis [69] while omentin, was
associated with lower levels of MMP-3 in the same group of patients
[70], which proves its protective role. Another adipokine, nesfatin-1
showed elevated levels in serum and synovial fluid of patients with
knee osteoarthritis and had a significant association with disease se-
verity [71], similarly plasma and synovial fluid levels of fatty acid-
binding protein 4 (FABP4) are significantly higher in osteoarthritis
patients than in healthy controls [72].

o Systemic Sclerosis

In human skin biopsy, adiponectin activity is measured in fibrotic
tissue by measuring cellular phosphorylated adenosine monopho-
sphate-activated protein kinase (AMPK) level, which was considerably
decreased in patients with systemic sclerosis compared to healthy
control [73]. Adiponectin is an anti-fibrotic molecule, and its decreased
level seems to be one of the factors exacerbating fibrosis in the early
stage of systemic sclerosis [74]. On the other hand, leptin acts as a
chemokine that calls macrophages into adipose tissue, creating a local
inflammatory niche in patients with systemic sclerosis [75].

Resistin, on the other side, induces smooth muscle cell proliferation
and endothelial cell migration that may end in vasoconstriction in pa-
tients with systemic sclerosis. Resistin-induced angiogenesis and im-
mune response potentiated the development of pulmonary artery hy-
pertension (PAH) in this group of patients. Furthermore, there was a
positive correlation between the prevalence of digital ulcers in patients
with systemic sclerosis and higher resistin level [76]. Also, resistin level
may be one of the factors explaining the higher prevalence of deep
venous thrombosis and pulmonary thromboembolism in patients with
systemic sclerosis than the general population [77]. It has been found
also that an increase of visfatin level in serum, induced regression of
skin lesions in late-stage diffuse cutaneous systemic sclerosis
(i.e. greater than 6 years duration) [78]. Moreover, chemerin recruits
dendritic cells and natural killer cells. These cells combat pathogens but
may exacerbate inflammation in skin lesions and fibrosis in systemic
sclerosis patients [79]. Chemerin seems to be involved in the devel-
opment of skin sclerosis in the early stage of systemic sclerosis (disease
duration < 1 year). There is a reported association between serum
chemerin levels and the presence of digital ulcers in patients with
systemic sclerosis [80]. As a clue of its effect on internal organs in
patients with systemic sclerosis, chemerin level increased in patients
with impaired renal function; this can be explained by direct damage of
kidneys or reduced chemerin clearance in this group of patients [81].
On the other hand, serum vaspin levels were significantly decreased in
systemic sclerosis patients with digital ulcers compared with those
without, suggesting that there may be a protective role of vaspin against
digital ulcer development [82]. Besides, an elevated serum level of
adipsin in systemic sclerosis was associated with vascular involvement,
especially pulmonary artery hypertension (PAH), and can be used as a
potential biomarker for pulmonary artery hypertension [83]. Other
studies reported that apelin may improve renal, myocardial, and lung
fibrosis [84]. It was also shown that skin fibrosis is inhibited by apelin
and that expression of apelin was significantly reduced in systemic
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sclerosis [85]. Omentin level, on the other hand, was positively corre-
lated with disease duration and right ventricular systolic pressure, so
that it can be used as a biomarker of pulmonary vessel involvement in
systemic sclerosis with pulmonary artery hypertension (PAH) [68].
CTRP-3 (Clq TNF related protein 3), another adipokine, showed a
useful effect on the cardiovascular system through improving patholo-
gical vascular remodeling [86].

o Systemic Lupus Erythematosus

In a study by Chougule et al., adipokines were found to play a role in
low-grade inflammation in systemic lupus erythematosus. There was
found a statistically significant elevation in progranulin, adipsin, and
resistin levels in this group of patients compared to the control subjects.
However, leptin and omentin showed a significant reduction. In pa-
tients with systemic lupus with renal involvement adiponectin, adipsin,
and resistin were significantly elevated, with a significant reduction in
leptin. Adiponectin levels positively correlated with disease activity in
contrast to leptin [87].

3.5. Adipocytokines and Psoriasis

A positive correlation between TNF-a and psoriasis severity was
found [88]. IL-6 also increases in psoriasis [89], while interleukin 1
(IL-1P) showed a positive correlation with the psoriasis area and se-
verity index (PASI), before and after treatment [90]. Leptin level [91],
resistin level [92] and PAI-1 (plasminogen activator inhibitor-1) [93]
increase in psoriasis. A significant increase in tissue lipocalin — 2 levels,
but not in serum, was reported in psoriasis [94]. On the contrary lower
levels of omentin-1 were reported in psoriasis [95].

3.6. Adipocytokines and Cancers
® Breast Cancer

In breast cancer, there is deregulation of adipokines secretion, so the
net result is a reduction in the anti-proliferative effect of adiponectin on
breast cells [96]. It was found that adiponectin is also able to regulate
breast cancer cell migration and invasion [97]. Many studies re-
cognized adiponectin as an inhibitor of cancer growth in estrogen re-
ceptor-negative breast cancers; while adiponectin at lower concentra-
tions might promote tumor growth and progression in estrogen
receptor-positive breast cancers [98].

® Lung Cancer

Adiponectin may exert an anti-proliferative effect through CREB
down-regulation (CREB is a protein involved in tumorigenesis and
stands for: cAMP response element-binding protein). It was proved that
physiological concentrations of adiponectin significantly decreased cell
proliferation of human lung adenocarcinoma [99].

e Colon Cancer

Low adiponectin serum concentration has been strongly associated
with increased risk of colorectal adenoma or early colorectal cancer
[100]. AdipoR1 and AdipoR2 are upregulated secondary to low adi-
ponectin in colorectal cancer and are associated with positive lymph
node involvement. AdipoR1 expression, specifically, is correlated to
tumor size during the early stages of colorectal cancer [101]. Also, Choe
and colleagues observed that a high expression level of mRNA of some
of the genes related to the adipokine gene family had unfavorable
outcomes in colorectal cancer patients and was related to the staging
and mortality of this type of cancer [102].

Similarly, Paik and colleagues showed that a low tissue leptin ex-
pression in colorectal cancer tissue samples is associated with a more
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advanced disease while a high tissue leptin expression is associated
with a favorable overall survival and diseases free survival [103]. Jeong
and the team also found that leptin expression was inversely associated
with the lymph node stage [104], while ghrelin and its receptor were
significantly higher in cancer cell lines and colorectal cancer tissue
[105].

e Thyroid Cancer

A Study by Dossus and the team reported that low levels of circu-
lating adiponectin which usually accompanies obesity, are associated
with higher thyroid cancer risk [106]. The mechanism of this was
discussed in an in vivo study performed on the thyroid cancer mouse
model. In this study high fat diet was found to increase cell proliferation
in the thyroid by two main mechanisms: either increasing cyclin D1 (a
protein involved in enhancing cell cycle progression) and retino-
blastoma protein phosphorylation (retinoblastoma protein is a tumor
suppressor protein that is inhibited by phophorylation) or chronic ac-
tivation of JAK2/STAT3 signaling pathway (a chain of interactions
between cell proteins involved in processes such as immunity, cell di-
vision, cell death and tumor formation) [107].

e Prostate Cancer

Several studies highlighted the inverse association between adipo-
nectin and risk of prostate cancer or high-grade prostate cancer in-
cluding a study by Tan and colleagues [108] and a meta-analysis by Liao
and team [109]. Adiponectin was found to play a role in blocking
carcinogenesis through inhibiting proliferation and promoting apop-
tosis. Adiponectin also inhibits vascular endothelial growth factor- a,
thus inhibiting cancer neovascularization [110]. Adiponectin was also
found to have anti-proliferation effects on prostatic cancer cells [111].
Adiponectin induces cell cycle arrest of prostatic epithelial and stromal
cell lines and induces apoptosis by increasing caspase-3 and down-
regulating of Bcl2 (B cell lymphoma) gene [112].

o Other Tumors

Porcile and colleagues showed that adiponectin inhibited cell pro-
liferation of human glioblastomas cell lines, by inducing growth arrest
within G1-phase. Moreover, they observed that adiponectin negatively
regulated Insulin-like Growth Factor 1 (IGF-1) action abolishing the
IGF-1-induced proliferation of glioblastoma cell lines [113].

4. Adipocytokines and Central Nervous System
o Effect on Hippocampus

Irving and Harvey investigated treating cultured hippocampal
neurons with leptin and found that leptin has distinct effects on dif-
ferent AMPA receptor subunits (these are amino propionic acid re-
ceptors which are subtypes of glutamate receptors that act through
affecting the flow of calcium and sodium ions, therefore responsible for
fast synaptic transmission) [114]. Leptin is also involved in regulating
neuronal morphology [115]. Alterations in hippocampal neuron mor-
phology have also been reported in vivo following dietary changes in
leptin levels [116].

e Effect on Alzheimer’s Disease

Research tackling Alzheimer's disease indicates that leptin prevents
the destructive effects of amyloid 3 (APB) plaque aggregation on hip-
pocampal synaptic plasticity and glutamate receptor trafficking (re-
ceptor trafficking involves the intracellular movement of receptors from
sites of synthesis to the plasma membrane, where they function).
Furthermore, treatment with leptin prevents AB-driven internalization
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of the AMPA receptor subunit [117]. On the other side, High resistin
levels were detected in the plasma of patients with Alzheimer's disease
[118]. Increased activity of toll-like receptor 4 (TLR4), a resistin re-
ceptor, was observed both in the initial neurodegenerative processes in
Alzheimer's disease and during disease progression [119]. However,
neuroprotective effects of resistin in Alzheimer's disease were observed
as well, including its role in avoiding oxidative stress, mitochondrial
dysfunction, and cell vulnerability to stress [120].

o Effect on Depressive Mood

Disturbances in adipokine secretion play a role in the pathogenesis
and clinical outcome of mental disorders in psychiatric patients, par-
ticularly with mood disorders [121]. Higher resistin levels in blood
accompanied melancholic subtypes of major depressive disorders [122]
and bipolar disorders [123] via inhibition of norepinephrine and do-
pamine release in the hypothalamus [124].

4.1. Adipocytokines and Appetite

Leptin was found to play a great role in controlling the fat content in
the human body so that low leptin effect due to the mutant leptin gene
or mutant leptin receptor gene, can end in obesity; moreover, some
patients with obesity may have resistance to leptin action or relative
leptin deficiency. Similarly, patients with lipodystrophies have low
leptin levels. Leptin acts as an anti-obesity hormone that suppresses the
appetite and hunger response through controlling the hypothalamus;
meanwhile, it increases energy expenditure and has a potentiating ef-
fect on the thyroid axis and sympathetic activity. All of these me-
chanisms end in decreasing obesity and body fat [125].0n the other
side, omentin expression in both visceral and subcutaneous adipose
tissue was found to have a positive correlation with the expression of
neuropeptide Y (NPY), the most potent appetite-stimulating peptide,
suggesting that omentin may play a role in appetite modulation [126].

4.2. Adipocytokines and Muscles

Adiponectin has been shown to influence calcium entry in cardio-
myocytes through the regulation of sarcoplasmic reticulum calcium
ATPase (SERCA) function. This proves that adiponectin may be linked
to muscle contractile function [127]. Moreover, adiponectin appears to
play a role in regulating muscle mass and acts as a critical signal for
muscle regeneration and suppression of proteolysis [128]. In a study of
adolescent idiopathic scoliosis (AIS), a common form of spinal defor-
mity, it was mentioned that adiponectin deficiency was involved in
unequal bilateral development of the paravertebral muscles that ended
in the development of lateral curvatures of the spine [129].

It has been highlighted that reductions in adiponectin and/or adi-
ponectin signaling could mediate deleterious effects on skeletal muscle
through decreasing autophagy, which is the natural way of degradation
of the unnecessary or dysfunctional cellular components [130].

Adiponectin potentiates satellite cells, a population of stem cells
involved in adult skeletal muscle regeneration following trauma [131].
Another study by Lecompte and colleagues proved that human dys-
trophic myotubes in Duchene muscular dystrophy show a local decrease
in adiponectin secretion; also, they proved the presence of an anti-in-
flammatory effect of adiponectin in skeletal muscle [132].

The effect of training on skeletal muscles was discussed as well. It
was found that training has a significant effect in reducing circulating
CRP, leptin, and resistin levels. In a study by Marcelino-Rodriguez and
the team, the risk of elevated serum resistin concentrations was lower in
subjects who spent more than 20 min/day engaging in physical activity
while the risk was higher in subjects with a more sedentary lifestyle
[133].

Besides, significant correlations were observed between changes in
abdominal fat mass after training and corresponding changes in MCP-
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1(monocyte chemoattractant protein-1: a chemokine that regulates
migration and infiltration of monocytes during infection), leptin, adi-
ponectin, and resistin levels [134].

4.3. Adipocytokines and Liver Diseases

Dysfunction of adipocytes that occurs in obesity ends in the release
of a large number of pro-inflammatory factors including leptin [135].
Leptin causes free fatty acids to move to the liver and skeletal muscles
[136]; which in turn causes hepatic oxidative stress [137], inflamma-
tion [138], fibrosis [139] and hepatocyte apoptosis [140]. Resistin also
plays a role in the pathogenesis of the non-alcoholic fatty liver disease
(NAFLD) and its advanced variant, non-alcoholic steatohepatitis
(NASH), through its role in inducing hepatic necro-inflammation and
steatosis. For the aforementioned reasons resistin is considered a good
predictive marker of NAFLD and NASH and is found to be strongly
associated with the severity of hepatic inflammation and fibrosis [141].

4.4. Adipocytokines and Cardiovascular Diseases:
e Atherosclerosis

Beinsberger and colleagues suggested many immunopathogenic
mechanisms that explain the role of systemic inflammation and adi-
pocytokines in atherosclerosis. They highlighted an increase in en-
dothelial- activating cytokines: interleukin IL-1f, IL-6, tumor necrosis
factor TNF-a, and interferon-y; this is followed by binding of neu-
trophils, monocytes, and platelets to the cytokine-activated en-
dothelium leading to their activation. They added that this binding and
activation of these 3 types of cells is potentiated by the neutrophil and
monocyte chemokines, IL-8 and CCL2 (Chemokine ligand 2). All these
reactions end in the formation of a proinflammatory medium that fa-
cilitates the formation of pro-atherogenic oxidized low-density lipo-
protein [142]. Ghantous and colleagues clarified that leptin promotes
hypertension, angiogenesis, and atherosclerosis [143]. A study by Ku-
mari et al. showed a high TNF-a level in coronary artery disease [144].
Moreover, another study lead by the same author showed that TNF-a/
IL-10 ratio may also be responsible for coronary artery disease in the
north Indian population [145]. Aroor and colleagues highlighted that
IL-6, through its inflammatory effect, plays a role in the endothelial cell
damage within blood vessels that ends in vascular dysfunction and
atherosclerosis [146]. Omentin, on the contrary, was found to have
cardiovascular protective effect by slowing the atherosclerotic lesion
formation [147].

o Pulmonary Hypertension

Adiponectin suppresses smooth muscle cell proliferation and mi-
gration. This occurs by the inhibition of the AMPK (5" AMP-activated
protein kinase) activation and mTOR (mammalian target of rapamycin)
activity; both are needed to boost cell growth and proliferation. The
mTOR pathway promotes the induction of growth factors including fi-
broblast growth factor (FGF) that ends in vascular smooth muscle cell
proliferation [148]. In the same context, a significant increase in adi-
ponectin level was observed in patients with idiopathic pulmonary ar-
terial hypertension (IPAH) than control subjects. Similarly, a significant
correlation has been reported between serum adiponectin concentra-
tion and pulmonary vascular resistance [149], which was justified by
the reflex increase in adiponectin level due to adiponectin resistance in
this group of patients [150]. The same concept was proved by Doma-
gata-Kulawik and colleagues who found that the median serum adipo-
nectin levels were significantly reduced in obstructive sleep apnea pa-
tients compared to healthy subjects [151]. Other adipocytokines that
were found to play a role in PAH accompanying systemic sclerosis in-
clude resistin [76], omentin [82], and adipsin [83].
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e Other Vessels

Elevated levels of leptin are associated with hypertension; this was
justified by chronic activation of the sympathetic nervous system by
high levels of leptin [152]. Moreover, leptin resistance was documented
in obesity-related hypertension due to reduced leptin receptor expres-
sion and altered signal transduction pathways especially in the elderly
[153].

On the other side, elevated serum levels of resistin are associated
with diabetic microvascular complications mediated by its role in
causing endothelial dysfunction [154], besides, it has a significant role
in atherosclerosis and cardiovascular disease occurrence [155]; this is
explained as resistin mediates different molecular pathways e.g. an-
giogenesis, thrombosis migration, proliferation of the vascular smooth
muscle cells and increasing MCP-1 and sVCAM-1 (soluble vascular cell
adhesion molecule-1) expression in vascular endothelial cells [40].
TNF-a, another adipocytokine, has been shown to induce impairment of
nitric oxide-mediated vasodilatation in the small arteries found in the
visceral fat of obese patients, which ends in vasoconstriction [156].
RBP4 (retinol-binding protein 4) serum level also, positively correlates
with pro-atherogenic conditions [18], while visfatin is markedly ele-
vated during atherosclerosis and its elevation was associated with de-
creased levels of L-arginine and nitric oxide [157] and associated with
higher diastolic blood pressure [20]. Finally, adiponectin was found to
lower serum triglyceride levels that lead to improving endothelial
dysfunction [24]; higher adiponectin meant less atherosclerosis and
vascular disorders [11]. Besides, adiponectin inhibited the harmful ef-
fect of the renin-angiotensin system on the vascular system, ending in
controlled blood pressure [158].

4.5. Adipocytokines and Interstitial Pulmonary Fibrosis

In idiopathic pulmonary fibrosis, measuring adiponectin/leptin
ratio is helpful to assess the course of the disease and predict the in-
tensity of fibrosis [159]. Leptin per se induces human lung fibroblasts to
transdifferentiate into myofibroblasts, which are responsible for col-
lagen production [160]. Also, leptin promotes pulmonary fibrosis by
inhibiting autophagy [161].

4.6. Adipocytokines and Other Diseases

Higher resistin was associated with sepsis, septic shock [162], and
acute pancreatitis (as a part of sepsis progression ) [163] including
disease severity, tissue necrosis, and clinical outcome.

4.7. Adipocytokines and COVID-19

A recent review from Italy following the COVID-19 pandemic
highlighted the role played by both IL-6 and TNF-a as proinflammatory
cytokines that may exacerbate the condition of the patient infected with
COVID-19 through what is known as “cytokine storm”. This finding
encouraged the use of IL-6 and TNF-a inhibitors as a possible mode of
treatment for this group of patients. Besides, the study highlighted the
role played by adiponectin to prevent the infection and improve the
outcome of the patients through downregulating the inflammatory re-
sponse and decreasing the production of IL-6 and TNF-a. The study
indicated that during the cytokine storm there will be a decrease in
adiponectin level and that diet containing ®3- polyunsaturated fatty
acid can increase the level of adiponectin, thus favors the resolution of
inflammation [164].

5. Conclusion
In summary, adipose tissue can be recognized as an active endocrine

organ. More adipocytokines are being discovered and considered as an
important surrogate marker to reflect cardiovascular risk and other
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metabolic abnormalities. Besides, they can be regarded as a good bio-
marker in atherosclerosis, systemic inflammation, obesity, and dia-
betes. It regulates inflammation from anti-inflammatory to pro-in-
flammatory state with immunomodulatory properties; in addition to
playing an essential role in rheumatology and cancers. Association of
adipocytokines with insulin resistance, obesity, lipid profile, tumor
pathogenesis, endothelial dysfunction, etc. highlights the active role
played by these factors in the pathophysiology of a wide spectrum of
diseases and open a new window for novel clinical diagnostic and
therapeutic options, which require larger clinical trials to explore all
these implications. However, further and prolonged research is needed
to answer the question of our article: if adipocytokines are the hidden
theory behind every disease that may affect our body.
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