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ABSTRACT

In diabetes mellitus, both inflammatory and growth factors play significant roles in the
development and progression of the disease and its associated complications. Diabetics frequently
show signs of chronic, low-grade inflammation. Insulin resistance and beta-cell dysfunction are
exacerbated by the high levels of pro-inflammatory cytokines prevalent in diabetes, such as TNF-a
and IL-6. High levels of the inflammatory marker C-reactive protein are linked to insulin resistance
and an increased risk of cardiovascular disease. An upsurge in in diabetes is caused by NF-«xB
activation. Complications and pathological processes in diabetes may be exacerbated by a
dysregulation of growth factors. The angiogenesis-related growth factor vascular endothelial growth
factor (VEGF) can be down-regulated in diabetes, resulting to poor tissue perfusion and diabetic
retinopathy. Disputes with insulin sensitivity, dysfunctional beta cells, and diabetic complications
have all been linked to disruptions in IGF signalling. An imbalance in PDGF signalling can cause
aberrant cell proliferation, fibrosis, and delayed wound healing. When NGF levels and signalling are
out of whack, it can lead to nerve injury and diabetic neuropathy. Acquiring an awareness of the
dynamic relationship between inflammatory and growth factors is essential to unravelling the causes
of diabetes and its consequences. Research into new therapeutic strategies for diabetes is actively
focusing on targeting these variables and associated signalling pathways. Controlling blood glucose
levels, making healthy lifestyle choices, and using effective medications are all essential components
of diabetes management.
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INTRODUCTION

Diabetes is a persistent medical ailment
that impacts the body's ability to regulate
blood sugar or glucose levels. The
classification of diabetes has three primary
categories: type 1 diabetes, type 2 diabetes,
and gestational diabetes [1]. Autoimmune
diabetes arises as a consequence of the
immune system's inadvertent attack on the
pancreatic cells responsible for insulin
production, leading to their destruction.
Insufficient insulin production leads to a
deficiency in glucose uptake by cells, hence
impeding its use for energy purposes. Type 1
diabetes is commonly identified throughout
childhood and early adulthood, necessitating
lifelong treatment with insulin injections.
Type 2 diabetes accounts for approximately
90% of all cases of diabetes in the United
States [2]. The pancreas can exhibit
insufficient insulin production or the body

may develop resistance to its effects, resulting
in elevated levels of blood glucose. There
exists a positive correlation between obesity,
insufficient physical activity, and harmful
dietary practises, and the likelihood of
acquiring type 2 diabetes is heightened as a
result. Modifications to one's lifestyle, oral
medications, and, in rare cases, insulin
injections, can all help control the disease.
Pregnancy-onset diabetes is temporary,
typically disappearing after delivery. It
develops when the body's capacity to properly
utilize insulin is disrupted by hormones
released during pregnancy. The health of both
mother and child depends on the vigilant
management of gestational diabetes [3].
Increased thirst and urination are two of the
most common signs of diabetes, along with
unusual weariness, blurred eyesight, poor
wound healing, and persistent infections.
Conversely, in the initial phases of type 2
diabetes, some patients may not suffer
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obvious symptoms. Heart disease, renal
failure, nerve damage, and vision impairment
are just some of the long-term effects that have
been linked to diabetes [4]. People with
diabetes face unique challenges, but they can
live normal lives with the help of medical
treatment, behavioral changes, and self-
management.

The progression and complications of
diabetes are influenced by inflammatory and
growth  factors. Inflammation is the
fundamental cause of diabetes. Inflammation
of a chronic, low grade is caused by diabetes,
especially type 2. Insulin resistance, beta-cell
dysfunction, and the complications of diabetes
are all caused by inflammation. Inflammatory
tumor necrosis factor-alpha (TNF-a) is
increased by diabetes. Insulin resistance is
caused by preventing insulin from doing its
job and preventing glucose from entering
cells. Another pro-inflammatory cytokine,
interleukin-6 (IL-6), is increased in diabetes
[5]. Beta-cell malfunction is associated with
insulin resistance. In diabetes, IL-6 may
contribute  to  persistent,  subclinical
inflammation. The inflammatory marker CRP
rises in people with diabetes. High CRP levels
are associated with insulin resistance and
cardiovascular issues. NF-xB controls
inflammatory responses. When diabetes is
present, it becomes active, causing the release
of inflammatory molecules [6]. Growth
factors are essential for cellular proliferation,
tissue repair, and blood vessel formation.
Problems in diabetes management may be
attributable to growth factor dysregulation.
Angiogenesis and new blood vessel
development are stimulated by VEGF.
Dysregulated ~ VEGF  levels  restrict
angiogenesis and hamper tissue perfusion in
diabetic retinopathy and wound healing. The
growth, development, and metabolism of cells
are all aided by IGFs like IGF-1. Diabetic
complications, including insulin resistance
and beta-cell dysfunction, can result from
disruptions in the IGF signaling pathway.
Tissue repair and cell proliferation are aided
by PDGF. Abnormal cell growth, fibrosis, and
wound healing have all been linked to PDGF
signaling dysregulation in diabetes. The
production of new nerve cells is kept at a
steady rate by NGF. Disruption of NGF
signaling can lead to nerve damage and
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diabetic neuropathy. There is a complex
interplay between inflammatory and growth
factors and diabetes. Diabetes and its
repercussions result from chronic
inflammation, which impairs the functioning
of growth factors and cellular processes.
Approaches to treat diabetes are being made
by focusing on these areas and the signals they
ought to communicate [7].

Inflammation

The impact of inflammation in the
initiation and reoccurrence of diabetes is
considerable. There exists a strong association
between chronic low-grade inflammation and
diabetes, suggesting a potential involvement
of this inflammatory state in the pathogenesis
and subsequent outcomes of the disease.
Individuals diagnosed with type 1 diabetes
experience the immune system's deliberate
targeting and subsequent destruction of the
beta cells located within the pancreas, which
are responsible for the production of insulin.
Insulin production is halted as a result of this
immune reaction. During this phase, the
production of pro-inflammatory cytokines,
including IL-1 and TNF-q, is initiated by the
inflammatory cells that infiltrate the affected
area, such as T cells and macrophages. These
cytokines sustain the inflammatory response
and facilitate the apoptosis of beta cells. Type
2 diabetes is characterized by the presence of
chronic, low-grade inflammation. The
secretion of inflammatory cytokines, such as
TNF-a and interleukin-6 (IL-6), is facilitated
by adipose tissue. These cytokines impede
cells' normal response to insulin and so lead to
insulin resistance [8]. Insulin resistance and
inflammation are both made worse by the
release of free fatty acids from adipose tissue.
Type 2 diabetes is characterized by insulin
resistance, which can be exacerbated by
inflammation. Reduced glucose absorption by
cells and increased glucose synthesis by the
liver are the results of pro-inflammatory
cytokine interference with insulin signaling
pathways. This leads to hyperglycemia and
adds fuel to the fire of chronic inflammation.
Diabetic problems can also be caused by
inflammation.  Diseases like  diabetes
nephropathy, diabetic retinopathy, and
diabetic neuropathy can be caused by chronic
inflammation in the body. Tissue damage is
exacerbated by the inflammatory mechanisms
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that cause it. These include the release of
reactive oxygen species, the malfunctioning of
endothelial cells, and the activation of
inflammatory cells. Inflammation in diabetes
can be exacerbated by variables such as
obesity and lack of physical activity. The
release of pro-inflammatory  chemicals
including adipokines from excess adipose
tissue, especially visceral fat, promotes
inflammation and insulin resistance. The
management of diabetes includes the
management of inflammation [9].

Cytokines and the immune system’s response
to diabetes

The vital part of cytokines in the immune
response and inflammation has received
considerable interest within the field of
diabetes research. The involvement of the pro-
inflammatory  cytokine IL-1 in the
pathogenesis of beta cell demise within the
pancreatic islets of individuals afflicted with
type 1 diabetes has been established. Findings
of triggering in other cytokines, such as IL-6
and TNF-a, may exacerbate insulin shortage
and inflammation in persons diagnosed with
type 2 diabetes [10]. The cytokine Interleukin-
6 (IL-6) is of significant importance in the
regulation of immunological and
inflammatory processes. There is a correlation
between increased levels of interleukin-6 (IL-
6) and the development of insulin resistance as
well as the onset of cardiovascular problems.
Moreover, it has been established that both
obesity and type 2 diabetes play a significant
role in the etiology of these diseases. Tumor
necrosis factor-alpha (TNF-a) is a cytokine
characterized by its pro-inflammatory
activities, which  contribute to the
pathogenesis of insulin resistance. The
molecule in question is involved in the
persistent low-level inflammation commonly
observed in individuals with obesity and type
2 diabetes, as well as the interference with the
normal functioning of insulin signaling
pathways.  Immune cells, specifically
neutrophils, are drawn towards sites of
inflammation as a result of the existence of IL-
8, a chemokine. Elevated levels of interleukin-
8 (IL-8), a pro-inflammatory cytokine, have
been noted in individuals diagnosed with
diabetes. The observed increase in IL-8 levels
has been demonstrated to exhibit a positive
correlation with elevated inflammation and its

related consequences. Nevertheless, it is
crucial to acknowledge that there is no direct
causal relationship between IL-8 levels and
the onset or presentation of diabetes [11].
Interleukin-10 (IL-10), which is classified as
an anti-inflammatory cytokine, can attenuate
both immune system reactivity and
inflammatory responses. This intervention
holds promise for improving insulin
sensitivity in those with type 2 diabetes and
mitigating the immunological response in
those with type 1 diabetes. There exists a
significant association between autoimmune
illnesses and interleukin-17 (IL-17), as the
latter is recognized as a pro-inflammatory
cytokine. It has a significant role in the
pathogenesis of inflammation and insulin
resistance in individuals with type 2 diabetes,
while also being associated with the apoptosis
of pancreatic beta cells in type 1 diabetes. The
impact of IL-22 on various organs and cell
types exhibits significant variability (Figure
1). The impact of diabetes on metabolic health
can be influenced by its ability to alter the
composition of gut microbiota and its
potential to provide protection to pancreatic
beta cells in individuals with type 1 diabetes
[12].

Interleukin-1p (IL-1p)

It's a cytokine, a signaling molecule
produced by the immune system in reaction to
inflammation. The genesis and progression of
certain diseases, including diabetes, have been
linked to their involvement in several
physiological processes. Interleukin-1 has
been the subject of research into its potential
role in the etiology of both type 1 and type 2
diabetes [12, 13]. There is a prevailing belief
that IL-1p is implicated in the demise of beta
cells responsible for insulin production in the
pancreas, which is a distinctive characteristic
of type 1 diabetes. The aforementioned
process elicits an autoimmune reaction
targeting beta cells through the induction of
immune cell activation and the synthesis of
additional pro-inflammatory cytokines. The
inflammatory response plays a crucial role in
the reduction of insulin production observed
in individuals with type 1 diabetes. Chronic
low-grade inflammation is thought to play a
role in the development of insulin resistance
and the progressive decline of pancreatic beta
cell function in individuals with type 2
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diabetes. Interleukin-1 beta (IL-1B) plays a
significant role in the initiation and
progression of the inflammatory response.
This study provides evidence that IL-1B
triggers the expression of the NF-xB cascades
in the presence of elevated glucose levels,
resulting in the induction of pericyte death
[14]. The muscle and liver are two tissues that
can be negatively affected, making them less
responsive to insulin. Moreover, IL-1B has
been demonstrated to influence beta cell
activity and survival, therefore contributing to
the gradual drop in insulin production
observed in type 2 diabetes. Following these
results, scientists have investigated IL-1pB
inhibitors for possible therapeutic application
in the management of diabetes. IL-1P
inhibitors, such as anakinra and canakinumab,
have shown encouraging results in clinical
trials for improving glycemic control and
preserving beta cell function in both type 1
and type 2 diabetes [15].

Interleukin-6 (1L-6)

Similar to IL-1, IL-6 has been the subject
of an investigation about its potential
involvement in diabetes, particularly type 2
diabetes. The development and progression of
type 2 diabetes have been attributed to chronic
low-grade  inflammation and  insulin
resistance, as indicated by previous research
[16]. The association between insulin
resistance and the pro-inflammatory cytokine
interleukin-6 (IL-6) has been established.
Empirical  evidence  substantiates the
hypothesis that IL-6 is implicated in the
pathogenesis of insulin resistance. Insulin
signaling pathways can be disturbed in various
tissues, including skeletal muscle, adipose
tissue, and the liver. This disruption can play
a role in diminished insulin sensitivity,
making it more challenging for the body to
respond normally to insulin and ultimately
contributing to increased blood sugar levels.
IL-6 is known to be secreted by adipose tissue
(fat tissue), and this is especially true in obese
people. The risk of developing type 2 diabetes
is raised when a person has both excess body
fat and elevated levels of IL-6 from adipose
tissue [16, 17]. The activity of pancreatic beta
cells may potentially be affected by IL-6. Low
insulin production and dysfunctional beta
cells have been linked to elevated IL-6 levels.
The inability of beta cells to produce enough
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insulin to keep blood sugar levels normal is a
major contributor to the development of type
2 diabetes. Anti-IL-6 antibodies are being
studied for their possible use in treating type 2
diabetes [17]. IL-6 hinders the metabolic
process of non-oxidative glucose, resulting in
compromised cellular glucose consumption. It
exerts inhibitory effects on lipoprotein lipase
(LPL), an enzymatic catalyst involved in the
hydrolysis of triglycerides inside the
circulatory system [18]. As a consequence,
there is an elevation in plasma triglyceride
concentrations. I1L-6 induces the activation of
SOCS proteins, hence impeding the signaling
cascade mediated by insulin receptors. The
aforementioned interference has the potential
to diminish the activation of insulin receptors
and hence impede the downstream
consequences  associated  with  insulin
signaling. The protein STAT5B functions as
both a signal transducer and a transcription
factor for the insulin receptor. IL-6 can induce
the activation of STATS5B via
phosphorylation, hence facilitating the
transcription process of insulin receptor genes.
Nevertheless, it has been observed that SOCS
proteins possess the ability to engage in
competition with STATS5B, inhibiting the
activation of the insulin receptor and
consequently exerting a detrimental impact on
insulin action [19]. Insulin sensitivity and
glycemic control can be enhanced in diabetics
by inhibiting I1L-6 activity, according to some
research. More study is required to determine
the efficacy and safety of IL-6 inhibitors as a
treatment strategy [20].

Interleukin-8 (I1L-8)

Through the luring and activating of
neutrophils and other immune cells to areas of
inflammation or injury, it contributes to the
inflammatory response. Although IL-8 isn't
directly linked to diabetes, it may have a role
in some of the illnesses and consequences that
are. Complications of diabetes, such as heart
disease, nephropathy (kidney disease), and
retinopathy  (eye illness), are often
accompanied by chronic inflammation. A rise
in inflammation and the escalating severity of
these ailments have both been linked to the
elevated IL-8 levels seen in patients with
diabetes. Evidence suggests that IL-8
promotes endothelial dysfunction, leukocyte
adhesion, and increased expression of other




Sayed Mohammed Firdous & Sourav Pal

197

inflammatory cytokines, all of which may
play a role in the etiology of diabetic
complications. [21, 22].

The role of IL-8 in the pathogenesis of
insulin resistance has been established by
experimental studies conducted in both
laboratory settings (in vitro) and living
organisms (in vivo). Previous research
conducted in laboratory settings has shown
that IL-8 has the ability to impede the process
of glucose uptake that is typically driven by
insulin in adipocytes. The inhibition is
facilitated by the stimulation of the mitogen-
activated protein kinase (MAPK) pathway,
resulting in a reduction in the phosphorylation
of the AKT protein. The AKT kinase plays a
critical role in insulin signaling, and its
phosphorylation is a prerequisite for the
facilitation of glucose uptake in response to
insulin stimulation. investigations conducted
in living organisms, known as in vivo
investigations, have also shown that levels of
interleukin-8 (IL-8) are increased in patients
who have insulin resistance. As an example, a
research study discovered that obese women
with poor glucose tolerance exhibited
significantly elevated levels of IL-8 compared
to lean women with normal glucose
tolerance. It is believed that the elevated levels
of IL-8 in insulin-resistant individuals
contribute to insulin resistance through a
variety of mechanisms. IL-8 can directly
inhibit the glucose uptake stimulated by
insulin in adipocytes. Second, IL-8 can
stimulate the production of additional pro-
inflammatory cytokines, including TNF-o and
IL-6. In addition to inhibiting insulin
signaling, these cytokines can contribute to
insulin resistance. Thirdly, IL-8 is capable of
attracting neutrophils to the site of
inflammation. Neutrophils release several
enzymes and other factors that can cause
tissue injury and contribute to the
development of insulin resistance [23].

Interleukin-13 (I1L-13)

Akin to IL-8, IL-13 is not directly linked
to diabetes but may be relevant in the context
of complications and diseases connected with
the disease. Particularly in asthma and atopic
illnesses, 1L-13 is well-known for its role in
allergic and immunological responses. New
evidence, however, reveals that IL-13 also

plays a role in the onset and progression of
diabetic sequelae such as nephropathy and
retinopathy. IL-13 has been linked to
increased renal inflammation and fibrosis
(tissue scarring) in diabetic nephropathy, two
factors that contribute to decreased kidney
function. By altering the microvasculature of
the retina and fostering inflammation there, it
may also play a role in the onset of diabetic
retinopathy. More research is needed to
completely understand IL-13's function in
reducing the risk of diabetes-related
complications [24, 25].

In vitro experiments have provided
evidence that 1L-13 exhibits a suppressive
impact on the uptake of glucose induced by
insulin in adipocytes and skeletal muscle cells.
The process of inhibition discussed is
enhanced by the activation of the Janus
kinase-signal transducer and activator of the
transcription (JAK-STAT) pathway, leading
to a decrease in the phosphorylation of the
insulin receptor substrate-1 (IRS-1) protein.
The kinase IRS-1 is a critical component in the
insulin signaling pathway, and its activation is
necessary for the facilitation of glucose uptake
stimulated by insulin. In vivo studies have
demonstrated that patients with insulin
resistance exhibit elevated levels of IL-13. IL-
13 possesses the capacity to augment the
transcription of genes linked to the biological
processes of lipogenesis and adipogenesis.
This event has the potential to lead to a higher
occurrence of obesity, hence acting as a risk
factor for insulin resistance [26].

Interleukin-17 (IL-17)

Empirical evidence suggests the
involvement of IL-17 in the initiation,
continuation, and worsening of diabetes and
its related consequences, however, a definitive
causal relationship has not been established.
The distinctive hallmark of type 1 diabetes is
the death of beta cells in the pancreas
responsible for generating insulin. Existing
research indicates a potential involvement of
IL-17 in this pathogenic process. The extant
body of research has yielded empirical
evidence indicating that IL-17 assumes a
prominent function in the recruitment and
activation of immune cells that selectively
target and inflict damage onto beta cells,
hence leading to a subsequent decline in
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insulin synthesis. The induction of IL-17 can
lead to inflammation in pancreatic islets,
which in turn can enhance the immune
response targeting beta cells. The association
between insulin resistance and IL-17, as well
as chronic low-grade inflammation, has been
shown in individuals with type 2 diabetes [27].
Type 2 diabetes is distinguished by the
presence of insulin resistance, a physiological
state  wherein cells exhibit diminished
responsiveness to insulin, resulting in the
aberrant accumulation of glucose inside cells
rather than its release into the bloodstream for
energy utilization. Insulin resistance and
pancreatic dysfunction can be exacerbated by
IL-17's ability to stimulate the production of
additional ~ pro-inflammatory  cytokines
including TNF-a and IL-6. The potential
therapeutic benefits of inhibiting IL-17
activity in diabetes are supported by its role in
the disease. Diabetes and its complications
have been studied, and drugs that block IL-17
or its receptors have been investigated as a
potential treatment. However, further study is
needed to completely understand the
complicated role of IL-17 in diabetes and to
determine the efficacy and safety of such
therapies [28,29].

Based on the study's findings, it is
postulated that IL-17 may potentially
contribute to the pathogenesis of insulin
resistance. The inhibitory effect of the
cytokine IL-17 on insulin-stimulated glucose
absorption has been found in adipocytes and
skeletal muscle cells. Moreover, it possesses
the capacity to induce the production of
several pro-inflammatory cytokines, such as
TNF-a and IL-6. Moreover, it has been
observed that these cytokines have the
capacity to hinder the signaling pathways of
insulin, hence contributing to the progression
of insulin resistance. In addition to the
aforementioned processes, it is noteworthy
that IL-17 has the capacity to stimulate the
synthesis of chemokines, which serve to
attract inflammatory cells to the specific
location of inflammation. The release of
substances by these inflammatory cells has the
potential to cause tissue damage and
exacerbate insulin resistance [30]. The
findings of a research study conducted on the
IDDM rat model, which is used to simulate
type 1 diabetes, revealed that the

Palestinian Medical and Pharmaceutical Journal (PMPJ). 2024; 9(2): 193-212

“Role of Inflammatory and Growth Factors in Diabetes Mellitus”

implementation of combination therapy using
anti-TCR, anti-IL-17A, and/or anti-IL-6
agents can effectively initiate a state of
remission in autoimmune diabetes. This
indicates that targeting IL-17A and 1L-6 may
be a potential treatment strategy for type 1
diabetes [31].

Interleukin-22 (1L-22)

Despite speculation of an unambiguous
association between I1L-22 and diabetes,
recent studies have shown promise in
illuminating its potential involvement in both
the development and management of the
disease and its consequences. Researchers
have discovered that IL-22 protects the
insulin-producing pancreatic beta cells in type
1 diabetes. Studies in animals have
demonstrated that IL-22 helps beta cells live
longer and function better, which protects
their ability to secrete insulin. As a result, IL-
22 may be useful as a therapeutic agent for
preventing beta cell dysfunction and treating
type 1 diabetes. The significance of IL-22 in
type 2 diabetes is more nuanced [32]. Some
research suggests that 1L-22 may improve
insulin sensitivity and glucose metabolism,
while other research suggests that it may
contribute to the development of insulin
resistance and chronic inflammation. Possible
determinants of IL-22's role in type 2 diabetes
include disease progression and the nature of
the cells and tissues at play. In addition, IL-22
has been linked to the regulation of gut
microbiota, which is coming to be seen as a
key role in diabetes pathogenesis and
progression. When it comes to metabolic
health and insulin sensitivity, IL-22 may have
an effect by altering the composition of the gut
flora. More studies are needed to completely
understand the processes and consequences of
IL-22 in various forms of diabetes, although
there is current research into the potential
therapeutic use of IL-22 or IL-22-based
therapeutics for diabetes. While 1L-22 has
shown promise in  preclinical and
experimental trials, further clinical research is
needed before these results can be translated
into viable treatments for human diabetes
[32,33].

The role of NLRP3 regulation in the
aetiology of diabetes has been investigated in
relation to the cytokine IL-22. According to a
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study, the activation of the NLRP3
inflammasome can be inhibited by IL-22,
leading to the improvement of renal damage
and fibrosis in diabetic nephropathy [34]. This
implies that IL-22 might exert a favourable
impact on diabetic nephropathy through the
modulation of NLRP3. In a separate
investigation, the involvement of the NLRP3
inflammasome in the long-term problems
associated with diabetes was examined. The
text suggests that there may be a connection
between the regulation of NLRP3 and issues
related to diabetes, as chronic hyperglycemia
has been found to increase the expression of
the NLRP3 modulator TXNIP [35].
Additionally, a study revealed that IL-22 has
the ability to regulate islet endoplasmic
reticulum (ER) stress and insulin secretion
[36]. This observation implies that IL-22
might have potential involvement in the
regulation of beta cell stress in diabetes.
According to the article, researchers
discovered that a fusion protein including an
anti-ANGPTL3 antibody and IL-22 exhibited
therapeutic effects in mice, leading to the
improvement of their condition. This finding
suggests that the administration of IL-22, in
conjunction ~ with  other  therapeutic
medications, may yield beneficial outcomes in
the treatment of diabetes complications. Based
on the aforementioned data, it may be inferred
that IL-22 potentially plays a role in the
modulation of NLRP3 in the pathogenesis of
diabetes, specifically in the context of diabetic
nephropathy. Nevertheless, additional
investigation is required in order to
comprehensively comprehend the
mechanisms and potential therapeutic
implications of IL-22 in the context of
diabetes [34, 37].

Interleukin-10 (I1L-10)

The immunomodulatory effects of 1L-10
in type 1 diabetes have been studied. IL-10 has
been proven in experiments to prevent the loss
of insulin-secreting beta cells in the pancreas,
therefore reversing type 1 diabetes. In the
pathophysiology of T1D, it can inhibit
immune cell activation and the production of
inflammatory cytokines. Still under study,
however, is IL-10's potential as a therapeutic
intervention  for type 1  diabetes.
Improvements in insulin sensitivity and
glucose metabolism have been shown with IL-

10 treatment of type 2 diabetes. Peripheral
tissues, including adipose tissue and skeletal
muscle, can benefit from IL-10's anti-
inflammatory and insulin-enhancing
properties. It has been demonstrated in studies
that IL-10 can generate an anti-inflammatory
milieu and reduce insulin resistance by
preventing the generation of pro-
inflammatory cytokines. The specific role and
therapeutic potential of IL-10 in diabetes are
still  being investigated, despite its
documented positive benefits in animal
models and some clinical research [38].

In the context of insulin resistance, I1L-10
has been found to have both beneficial and
detrimental effects. It can inhibit the
production and activity of pro-inflammatory
cytokines, such as IL-6 and TNF-a. By
suppressing these inflammatory mediators,
IL-10 helps maintain a balanced immune
response and prevent excessive inflammation,
which can contribute to insulin resistance.
Some studies suggest that IL-10 may improve
insulin  sensitivity in certain conditions.
Increased levels of 1L-10 have been associated
with enhanced insulin sensitivity, which
means cells are more responsive to insulin's
actions, leading to better glucose uptake and
utilization. IL-10 can influence the
polarization of macrophages, which are
immune cells involved in inflammation.
Macrophages can be polarized into two main
phenotypes: M1 (pro-inflammatory) and M2
(anti-inflammatory). 1L-10 promotes the M2
phenotype, which can help dampen
inflammation and improve insulin sensitivity
[39].

TNF-a

Inflammatory  and immunological
responses rely heavily on TNF-a, a pro-
inflammatory cytokine. Multiple
physiological and pathological processes,
including diabetes, have been linked to
the presence of TNF-a. Extensive study has
been conducted to investigate the involvement
of TNF-o in the advancement of diabetes,
particularly type 2 diabetes. The association
between TNF-a and insulin resistance has
been established, wherein insulin resistance is
defined as a state characterized by diminished
cellular responsiveness to the physiological
actions of insulin. Elevated levels of TNF-a
can lead to a decrease in glucose uptake and
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an increase in blood sugar levels due to its
impact on insulin signaling pathways in
various tissues, such as the liver, muscle, and
adipose tissue. Adipocytes are a type of
endocrine cell that has the ability to secrete a
diverse range of cytokines, one of which is
TNF-a [40]. In individuals who are afflicted
with obesity, adipose tissue experiences a
condition of inflammation, which is
distinguished by the release of TNF-a by
adipocytes. Upon the stimulation of TNF-a,
NF-x B is expressed, leading to a notable
increase in the expression of various pro-
inflammatory mediators such as IL-6, IL-1p,
and COX-2. These mediators play a role in the
worsening  of insulin  resistance and
inflammation. TNF-a has a diverse range of
impacts on the insulin signalling system. The
obstruction  of insulin  signalling s
distinguished by the hindrance of
phosphorylation events that involve insulin
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receptor substrate-1 (IRS-1). The interference
of insulin results in a decrease in the uptake of
glucose in muscle and adipose tissues, which
are two specialised tissues that are selectively
affected by insulin. Moreover, there is
evidence indicating that the cytokine TNF-a
elicits an upregulation in the expression of
suppressor of cytokine signalling 3 (SOCS3),
which functions as a suppressor of insulin
signalling. Elevated concentrations of SOCS3
have been observed to impede the
functionality of IRS-1 and play a role in the
progression of insulin resistance [41]. Adipose
tissue shows elevated TNF-o production in
obesity-associated diabetes. Disruption of
adipocyte  function and  dysregulated
adipokine release result from elevated TNF-a
production. Insulin sensitivity is influenced by
adipokines like adiponectin and leptin, and an
imbalance of these adipokines can lead to
insulin resistance [42].

INFLAMMATORY CELL

Ele’ (o (o |

Injured renal cell

INFLAMMATION

A/ Insulin resistance

Figure (1): Cytokines mediated immune response and incident of diabetes mellitus.

Growth factors and their role in diabetes
mellitus

Immune cell activation in diabetes
mellitus induces Th17 differentiation and the
recruitment of inflammatory cells. The
cytokines 1L-17 and IL-16 contribute to cell
damage and renal inflammation. TNF-a
induces SOCS3  expression,  thereby
compromising IRS and insulin resistance.
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Elevated levels of IL-8 and TNF-a induce
endothelial dysfunction by enhancing NO
production via IKK/NF-kf-mediated iNOS
expression and JNK- NF-xB pathways.
Autoimmune response induced by
proliferating cytokines and immune cells
targets B cells through IL-8, thereby
contributing to diabetic pathology.
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Different growth factors have been
investigated to see if they play a part in the
onset, progression, and consequences of
diabetes. Similar to insulin in structure,
Insulin-like Growth Factors (IGFs) are
peptide hormones. There would be no cell
development, proliferation, or differentiation
without them. Growth hormone controls IGF-
1 production, which occurs predominantly in
the liver. It's been linked to controlling blood
sugar levels, improving insulin sensitivity,
and preventing diabetes complications. The
protein called epidermal growth factor (EGF)
plays a crucial role in various biological
processes, including but not limited to cell
proliferation, wound healing, and tissue
regeneration. The investigation of EGF has
primarily been around chronic ulceration and
delayed wound healing associated with
diabetes. Platelet-derived growth factor
(PDGF) is a growth factor that facilitates
cellular proliferation and contributes to the
process of wound healing. Following tissue
damage, platelets and other cellular
components release it. The association
between PDGF and both mesangial cell
proliferation and extracellular matrix protein
deposition in diabetic nephropathy has been
established [43]. Furthermore, TGF-f has a
significant function in the immune system, in
addition to its involvement in cell formation
and differentiation. There exists a correlation
between the occurrence of both autoimmune
and non-autoimmune diabetes and this
particular phenomenon. Transforming growth
factor-beta (TGF-P) plays a significant role in
the advancement of complications associated
with diabetes, such as diabetic nephropathy
and diabetic retinopathy. This is achieved
through its involvement in immunological
regulation, fibrosis, and tissue remodeling.
Fibroblast growth factors (FGFs) encompass a
collection of growth factors that assume
pivotal roles in several biological processes,
including but not limited to cell proliferation,
angiogenesis, and tissue healing. Studies on
fibroblast growth factors 1 and 2 have focused
on their role in diabetic wound healing and
tissue regeneration. Neurotrophic growth
factor (NGF) promotes the health and
longevity of neurons. Diabetic neuropathy,
which is characterized by nerve degeneration
and dysfunction, may have its origins in NGF
(Figure 2) [44].

IGF-1

The major member of the IGF family,
IGF-1, has intimate ties to insulin. The liver is
the primary site of its production after being
stimulated by growth hormones. IGF-1 has
been linked to improvements in insulin
sensitivity. It can increase the cells' ability to
take up glucose and boost glycogen
production. Insulin resistance, a hallmark of
type 2 diabetes, may be exacerbated by low
IGF-1 levels or faulty IGF-1 signaling [45].
Insulin-producing pancreatic beta cells are
affected by IGF-1, both in their ability to
function and their likelihood of survival.
Some research suggests that a lack of IGF-1
can hinder beta cell function. IGF-1 has been
shown to increase beta cell proliferation and
insulin release. Changes in IGF-1 signaling
have been linked to the onset of diabetes
complications. There exists data suggesting
that the development of diabetes sequelae,
such as nephropathy, retinopathy, and
neuropathy, may be influenced by reduced
levels of IGF-1 or modifications in IGF-1
signaling [46]. The study conducted at a
population-based level reveals a correlation
between a variation in the promoter region of
the IGF-1 gene and its influence on gene
expression. The prevalence of the 192-base
pair allele deficiency in the population is
estimated to be around 12%. This specific
polymorphism has been linked to reduced
height, lower levels of IGF-1, and an increased
vulnerability to type 2 diabetes and
myocardial infarction. The etiology of these
disorders is postulated to be associated with a
genetic predisposition, leading to prolonged
exposure to low concentrations of IGF-I in
persons lacking the 192-bp allele [47].

Insulin-like Growth Factor Binding Proteins
(IGFBPs)

The regulation of the amount and activity
of IGFs in the human body is governed by a
group of proteins known as insulin-like
growth factor binding proteins (IGFBPs). The
IGFBPsplay a crucial role in the
transportation and modulation of the effects of
insulin-like growth factors (IGFs) on their
respective target organs [48]. Changes in the
expression and function of IGFBPs can have
an impact on the bioavailability and activity of
IGFs, a phenomenon that has been observed in

Palestinian Medical and Pharmaceutical Journal (PMPJ). 2024; 9(2): 193-212



202

individuals with diabetes. The concentrations
of IGFBP-1 exhibit an inverse relationship
with insulin levels. The levels of IGFBP-
lincrease in conditions characterized by
insulin  deficiency, such as fasting or
uncontrolled diabetes. Elevated
concentrations of IGFBP-1have been
associated with decreased expression of IGF-
1and the onset of insulin resistance. The
majority of the circulating IGF-1 is bound and
regulated by insulin-like growth factor
binding protein 3 (IGFBP-3). A robust
correlation has been demonstrated between
insulin resistance and metabolic diseases,
notably type 2 diabetes. Individuals with
insulin resistance and type 2 diabetes have
been found to exhibit decreased levels of
IGFBP-3. There is a significant amount of
knowledge yet to be acquired regarding the
intricate relationship between IGFs, insulin,
and the condition of diabetes [48, 49]. The
potential linkage between circulating IGFBP-
2 and the risk of type 2 diabetes could be
elucidated through insulin-regulated
pathways. Adenovirus-mediated 1GFBP-2
overexpression normalized insulin and
glucose levels in diabetes-prone animals and
prevented the metabolic effects of defective
insulin  signaling. IGFBP-2  operates
downstream of insulin since streptozocin-
induced type 1 diabetic rats showed these
benefits. Glucose homeostasis improved
regardless of diet and weight. IGFBP-2
increases GLUT4-mediated glucose uptake in
adipocytes in vitro, suggesting direct insulin-
signaling mechanisms [50].

EGF

The growth factor in question is of
significant importance in a range of cellular
activities, encompassing cell development,
proliferation, and tissue repair [51]. Diabetes
is frequently linked to compromised wound
healing, particularly in the context of chronic
wounds like diabetic foot ulcers. EGF plays a
crucial role in the modulation of the wound
healing mechanism, encompassing the
facilitation of cellular migration, proliferation,
and angiogenesis. In the context of diabetes,
the compromised synthesis and reactivity to
EGF can play a role in the hindered process of
wound healing and the development of
persistent ulcers. Diabetes can lead to various
skin disorders, including dry skin, infections,
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and poor skin integrity. EGF has been
investigated for its potential therapeutic role in
managing diabetic skin conditions. Topical
application of EGF or EGF-containing
products has shown promising results in
improving skin health and wound healing in
individuals with diabetes. The EGF binds to
the receptor tyrosine kinase EGF receptor
(EGFR or ErbB1) and activates it. Activation
of EGFR's intrinsic kinase activity requires
ligand interaction, which triggers dimerization
and autophosphorylation of the receptor. The
Ras/Raf/MEK/ERK pathway, the PISK/AKT
pathway, and the PLCy pathway are just a few
of the intracellular signaling cascades that are
activated when EGFR is expressed. Cellular
functions like proliferation, differentiation,
migration, and survival are all regulated by
these pathways [51,52].

PDGF

One of the many diabetic complications,
diabetic nephropathy, damages the kidneys.
Renal fibrosis and glomerulosclerosis
(scarring of the kidney's filtration units, the
glomeruli) both worsen as this condition
advances, and PDGF has been implicated in
both processes. PDGF stimulates the
proliferation of mesangial cells, which
produce extracellular matrix proteins and are
essential for glomerular shape and function.
Abnormal cell proliferation, fibrosis, and
compromised kidney function have all been
linked to elevated PDGF signaling. Multiple
intracellular signaling cascades are activated
when PDGFRs (Platelet-Derived Growth
Factor Receptors) are expressed [53]. These
include the PI3K/AKT pathway, the PLCy
pathway, and the Ras/RaffMEK/ERK
pathway. Cell proliferation, survival, and
migration are only some of the cellular
activities that are controlled by these
pathways. The aberrant proliferation and
migration of VSMCs is a common cause of
vascular problems in people with diabetes.
The triggering of vascular smooth muscle cell
(VSMC) proliferation and migration is
observed in response to PDGF, indicating
the potential involvement of this growth factor
in the pathogenesis of diabetic vascular
complications, including atherosclerosis and
restenosis.  Collagen, fibronectin, and
proteoglycans are only some of the ECM
components that PDGF can stimulate
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production of. Tissue fibrosis is a feature of
several diabetic diseases, including diabetic
nephropathy and diabetic retinopathy, and is
linked to increased ECM formation and
buildup. Recent studies have provided
evidence linking PDGF to the development of
insulin resistance. The findings of genetic
investigations and cell modeling have
provided evidence that heightened levels of
insulin induce hypomethylation of the CpG
region in the PDGF-A gene. This
hypomethylation event subsequently results in
the overexpression of PDGF-A and
augmented production of PDGF-AA in the
liver [54]. The expression of PDGF-AA is
additionally enhanced by the action of protein
kinase C (PKC), hence contributing to the
development of insulin resistance. This is
achieved by the reduction of IRS1 and insulin
receptor (INSR) abundance, as well as the
activation of PKC. The potential treatment
strategies for enhancing insulin sensitivity in
hepatocytes  include the utilization of
antibodies, PDGFR inhibitors, or metformin
to block the activity of PDGF-AA [54, 55].
Furthermore, the absence of PDGF-B in mice
with obesity resulted in a decrease in fasting
insulin levels and an improvement in hepatic
vascular endothelial transport. This led to
greater regulation of glucose levels in the body
and improved clearance of insulin. The
presence of elevated PDGF signaling in the
hepatic tissue of individuals afflicted with
obesity and type 2 diabetes plays a role in the
development of insulin resistance [55].
Complications of diabetes can form and
worsen due to PDGF's ability to interact with
inflammatory processes and angiogenesis. It
has been established that PDGF promotes
angiogenesis, and the development of new
blood vessels, and is implicated in the
recruitment and expression of inflammatory
cells like macrophages [56].

FGFs

Wound healing is hindered in people with
diabetes, while this is especially true for long-
standing ulcers like diabetic foot ulcers.
Scientific inquiry on the effects of FGFs on
wound healing has focused primarily on
Fibroblast Growth Factor 2 (FGF-2 or basic
FGF). Cell migration, proliferation, and the
development of new blood vessels are all
aided by fibroblast growth factor-2 (FGF-2).

FGF-based therapeutics, such as recombinant
FGF or FGF-containing wound dressings,
have demonstrated positive results in
accelerating wound healing in diabetic
patients. Impaired angiogenesis, or the
development of new blood vessels, is crucial
for tissue repair and organ function, but
diabetes can prevent it. Angiogenesis is
triggered by FGFs like FGF-2 and others in
the FGF family. They encourage the growth of
new Dblood arteries by increasing the
proliferation and migration of endothelial
cells. Inadequate angiogenesis and damaged
tissue repair may be caused, in part, by
diabetes-related impairments in FGF signaling
or FGF levels [57]. Diabetic retinopathy
appears as an ailment that damages the retina's
blood vessels and is a common complication
of diabetes. Research on FGFs has been
conducted about diabetic retinopathy, with a
focus on FGF-2. FGFRs plunge signals
throughout the cell, activating downstream
cascades like Ras/Raf/MEK/ERK,
PI3BK/AKT, and PLCy when expressed. A
cell's ability to divide, survive, and specialize
is controlled by these pathways. The function
of pancreatic beta cells may be regulated by
FGF signaling. It has been found that
fibroblast growth factors 1 and 21 (FGF1 and
FGF21) improve beta cell survival,
proliferation, and insulin secretion. The anti-
inflammatory capabilities of FGF21 may help
shield beta cells from damage caused by
cytokines. Insulin sensitivity in peripheral
tissues may be affected by FGF signaling.
Insulin sensitivity in adipose tissue, liver, and
skeletal muscle is improved by FGF21. It
improves insulin  signaling  pathways,
increases glucose absorption and utilization,
and decreases lipolysis (fat breakdown). The
metabolism and function of adipose tissue
may be affected by FGF signaling. For
example, FGF21 encourages the browning of
white adipose tissue, which in turn raises the
basal metabolic rate and improves other
metabolic indices. The insulin-related
adipokine adiponectin is secreted under the
control of FGF21 [58, 59].

NGF

Sensory neurons, in particular, rely on
NGF, a neurotrophic factor, for their
development, survival, and maintenance.
Nerve damage and dysfunction, known as
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diabetic  neuropathy, is a common
consequence of diabetes. Diminished NGF
levels have been linked to apoptosis (the death
of nerve cells) and poor neuron regeneration.
As a potential treatment for diabetic
neuropathy, restoring NGF levels or
increasing NGF signaling pathways has been
studied. Second, neuropathic pain,
characterized by anomalous sensations like
burning, tingling, or shooting pain, might be a
symptom of diabetic neuropathy [60]. The
NGF may play a role in controlling pain.
Increased pain sensitivity in diabetic
neuropathy may be caused by elevated levels
of NGF in the peripheral tissues and nerve
terminals. When NGF engages with the
receptor tyrosine kinases TrkA and p75NTR,
it triggers the corresponding cellular
responses. p75NTR can have pro-survival or
pro-apoptotic effects, depending on the
cellular environment and the presence of
additional co-receptors, whereas TrkA is the
high-affinity receptor responsible for the pro-
survival and trophic effects of NGF. Nerve
injury and decreased NGF availability in
peripheral tissues have been linked to diabetes
and other metabolic disorders. Sensory and
autonomic neurons in the periphery rely
heavily on NGF for their survival and
maintenance. Diminished NGF levels may
negatively impact these neurons, aggravating
the condition known as diabetic neuropathy.
Nerve damage is exacerbated by diabetes's
comorbid condition, chronic inflammation
[61]. NGF can stimulate the production of
inflammatory cytokines such as TNF-a and
interleukins, worsening nerve damage and
inflammation. Under pathological situations,
activation of p75NTR in the presence of NGF
can cause apoptosis of sensory neurons. This
may be one cause of diabetic neuropathy's
characteristic gradual sensory function decline
[62]. Numerous studies have demonstrated the
expression of NGF and its receptor TrkA in
various tissues, including the pancreatic
cells. Elevated levels of glucose have the
potential to significantly increase the release
of NGF, which in turn activates TrkA
receptors in B-cells to effectively improve
insulin production in response to glucose
stimulation [63]. There is evidence suggesting
that levels of NGF exhibit an inverse
correlation with insulin resistance. The ability
of NGF to mitigate insulin resistance has been

Palestinian Medical and Pharmaceutical Journal (PMPJ). 2024; 9(2): 193-212

“Role of Inflammatory and Growth Factors in Diabetes Mellitus”

observed in both in vitro and in vivo studies,
mostly through the expression of IRS1 [64].
Nevertheless, a study revealed a positive
correlation between levels of NGF and insulin
resistance, suggesting that this relationship
could be attributed to a compensatory
mechanism. The data presented indicate that
NGF functions as a safeguarding element in
the regulation of glucose metabolism and
insulin sensitivity, and also holds substantial
importance in the process of insulin release
triggered by glucose.

Transforming growth factor-beta (TGF- )

When discussing diabetes, TGF-p has
been linked to complications in both type 1
and type 2 cases. Regulatory T cells (Tregs)
are essential for immunological tolerance
maintenance  and  protection  against
autoimmunity, and TGF-p may enhance their
development. Smad proteins must be activated
for the TGF-signaling pathway to function.
Smad2 and Smad3 join Smad4 in complexes
after being phosphorylated by the type |
receptor, allowing them to enter the nucleus
[65]. Target genes that regulate many cellular
processes are controlled by these complexes'
transcriptional modification. However, in the
context of type 1 diabetes, TGF-f can also
contribute to the suppression of Tregs,
impairing their function and activating
autoreactive T cells that target beta cells.
TGF-f has been implicated in the
development of insulin resistance, a key
feature of type 2 diabetes. TGF-f stimulates
the production of extracellular ECM proteins,
such as collagen, fibronectin, and
proteoglycans, leading to tissue fibrosis. This
fibrotic process can lead to the dysfunction of
these tissues, impairing their ability to respond
to insulin properly [65, 66].

Vascular endothelial growth factor (VEGF)

Despite  VEGF's more  common
association with vascular growth and function,
it is also relevant to discuss the effects of
diabetes and its consequences. Retinal blood
vessel disease known as diabetic retinopathy
is a common consequence of diabetes. VEGF
is critically important in this disease. When
blood wvessel injury causes an ischemia
environment in the retina, the body responds
by increasing VEGF synthesis to promote new
vessel formation. The growth factor VEGF
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plays a significant part in the development of
diabetic retinopathy. In the retina, elevated
levels of VEGF are produced in response to
both chronic hyperglycemia and hypoxia.
When present in abundance, VEGF interacts
with VEGFR-2, leading to the formation of
receptor dimers and subsequent
autophosphorylation. This event triggers the
activation of multiple signaling pathways,
including the Ras/Raf/MEK/ERK system, the
PI3SK/AKT network, and the PLCy cascades.
These pathways all contribute to the
development of pathological angiogenesis.
The growth of aberrant blood vessels in the
retina is another result that might cause
blindness [67]. In diabetic nephropathy, there
is often a dysregulation of VEGF signaling,
leading to alterations in glomerular function
and increased permeability of blood vessels.
This can contribute to the development of
proteinuria and progressive kidney damage.
Several studies have indicated that
VEGFR1 exerts a negative regulatory effect
on the VEGF-Asignaling pathway. This
regulatory mechanism involves the inhibition
of VEGF-A binding to VEGFR2, hence
impeding the generation of mitogenic signals.
In contrast, it has been demonstrated that
VEGFR1 can generate mitogenic signals
through its interaction with signal-transducing
proteins under specific circumstances. Under
typical circumstances, VEGFR1lhas a
negative  regulatory effect on the
signaling pathways of VEGF-A  and
VEGFR2. This regulatory mechanism serves
to maintain a delicate equilibrium between

blood vessel creation and cellular migration.
Nevertheless, in the context of diabetic
kidneys, there is a notable reduction of around
40% in the expression of VEGFR1, which
subsequently results in an augmented
signaling pathway involving VEGF-A and
VEGFR2. In contrast, it has been determined
that VEGFR1 has a constructive role in
facilitating the signalling of VEGF-A and
VEGFR2 in certain primary tumour models
and cases of wet age-related macular
degeneration. The observed favourable impact
could potentially be attributed to the
regulatory role of VEGFR1 in modulating the
level of VEGF-A signalling perceived by
endothelial cells, hence leading to a
compensatory upregulation of VEGF-A
production. Recent research studies utilising a
VEGFR2 inhibitor in animal models of
diabetes have revealed notable enhancements
in several aspects of diabetic nephropathy,
such as enlargement of the mesangial matrix,
thickening of the basement membrane,
inflammation in the tubulointerstitium, and
reduction in albuminuria [68]. Anti-VEGF
drugs, namely intravitreal injections, have
been  formulated to  suppress the
overexpression of VEGF and mitigate the
proliferation of anomalous blood vessels and
subsequent leakage [69]. According to recent
findings, the application of a VEGFR2 kinase
inhibitor known as SU5416 to block VEGFR2
in diabetic mice during experiments resulted
in the emergence of histological features
resembling those observed in advanced cases
of Diabetic Nephropathy in humans [70, 71].
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Figure (2): Diabetes mellitus and signaling cascades of growth factor.

In diabetes mellitus, elevated growth
hormone levels (IGFBP1, IGFBP2) decrease
liver synthesis, resulting in a decrease in
hepatocellular mass, whereas elevated IGF1
levels stimulate ROS production and
subsequent inflammation. Impaired EGF
expression in diabetes mellitus delays wound
healing via PI3K downregulation and induces
neuroinflammation via ROS production.
Through the PISBK-mTOR and JAK/STAT
pathways, ER stress increases PDGFC
expression, which in  turn increases
proliferation and angiogenesis. TGF-B
expression is increased by the diabetic
upregulation of PKC. In contrast, FGF21
increases PI3K/Akt and Nrf2, both of which
promote inflammation via ROS.

Prospective therapeutic approach

Inflammatory and growth factors, in
particular, have been shown to play crucial
roles in the onset and progression of diabetes
mellitus and its consequences. In diabetes,
pro-inflammatory cytokines such as TNF-a
and IL-6 cause persistent low-grade
inflammation. Diabetes problems, including
insulin resistance and pancreatic beta-cell
malfunction, are aided by this inflammation.
IL-6 has the potential to improve the condition
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of diabetic nephropathy by impeding the
activation of NLRP3 inflammasome, which is
partially achieved by reducing the activity of
IL-17A. This observation implies that the
inhibition of the IL-6 receptor could serve as a
viable therapeutic approach for managing
diabetic nephropathy. The induction of
remission in autoimmune diabetes can be
achieved with the use of combination therapy
involving anti-TCR, anti-1L-17A, and/or anti-
IL-6 agents. These findings suggest that the
therapeutic targeting of IL-17A and IL-6
could potentially serve as a viable treatment
approach for type 1 diabetes. The activation of
the NLRP3 inflammasome can be inhibited by
IL-22, leading to the improvement of kidney
damage and fibrosis in diabetic nephropathy.
This observation implies that using IL-22
therapy could serve as a promising therapeutic
approach for managing diabetic nephropathy.
The protective impact of IL-10 is achieved by
the downregulation of pro-inflammatory

cytokine expression. Inflammatory
macrophages are polarised by IL-10. IL-10
enhances M2, thereby
minimizing inflammation and

improving insulin sensitivity. Growth factors
help with new cell development, wound
healing, and blood vessel formation. Recent
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findings using a VEGFR2 inhibitor in
experimental diabetic models demonstrated
improvements in diabetic nephropathy
features, including  mesangial  matrix
expansion, basement membrane thickening,
tubulointerstitial inflammation, and
albuminuria reduction [68]. Anti-VEGF
medications, such as intravitreal injections for
diabetic retinopathy, have been developed to
inhibit excessive VEGF activity and reduce
abnormal blood vessel growth and leakage.
The potential treatment strategies for
enhancing insulin sensitivity in hepatocytes
include the utilization of antibodies, PDGFR
inhibitors, or metformin to block the activity
of PDGF-AA. Inflammation frequently
interferes with the normal functioning of
growth factors, adding complexity to the
interplay between inflammatory and growth
factors. There is hope for the creation of novel
treatment strategies for diabetes by focusing
on these variables and associated signaling
pathways. In conclusion, the inflammatory
cytokines and growth factors played a crucial
role in insulin resistance.

CONCLUSION

In conclusion, extensive research has
confirmed that inflammatory cytokines and
growth factors exert a substantial influence on
the onset and progression of diabetes mellitus
and its related complications. The
development of insulin resistance and
malfunction of pancreatic beta-cells in
diabetes can be related to the presence of
chronic, moderate inflammation.  This
inflammatory response is predominantly
initiated by pro-inflammatory cytokines,
including TNF-o, and IL-6. The prospective
management of diabetic nephropathy and type
1 diabetes lies in the targeting of IL-6 receptor
and IL-17A, respectively. Additionally, the
use of IL-22 treatment exhibits promises in
alleviating kidney damage and fibrosis
associated with diabetic nephropathy. The
protective effects of 1L-10 can be attributed to
its ability to downregulate pro-inflammatory
cytokines and promote M2 macrophage
polarisation, potentially leading to an
improvement in insulin sensitivity. Growth
factors, such as VEGFR2, present potential
therapeutic avenues for the management of
diabetic nephropathy and diabetic retinopathy.
The improvement of insulin sensitivity could

potentially be achieved by inhibiting the
activity of PDGF-AA in hepatocytes. The
intricate interaction between inflammatory
and growth factors introduces a level of
intricacy, although the strategic focus on these
factors and their corresponding signaling
pathways presents new opportunities for
innovative approaches  to diabetic
therapeutics. In general, comprehending and
modulating the functions of inflammatory and
growth factors offer potential approaches to
address insulin resistance and its associated
outcomes in the context of diabetes.
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