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Abstract: The rising world-wide health and the economic burden were caused by diabetes and
associated complications. Cataract genesis and retinopathy are eye-catching forms of diabetes, which
are the most important cause of blindness in the workforce. Notwithstanding various research and recent
advances, it is still important to thoroughly elucidate the disease's exact pathophysiology and establish
new and effective treatment methods for this chronic disorder. Highly preserved protein families (HSPS)
act as defensive moles, which play a wide range of functions and can be manifested in response to
various cell stresses. Numerous recent studies have demonstrated their presence in multiple eye
conditions [1], including diabetic retinopathy. Earlier identification and timely treatment of visual DR
has reduced visual loss incidence and development. To develop new successful preventative strategies
in the early stages of DR, a multidisciplinary approach is needed. Moreover, clinical trials have shown
correlations between diabetic complications and altered HSP and anti-HSP circulating levels. This
makes HSP a therapeutic opportunity that is exciting and could be useful as a clinical biomarker.
However, this research area is still very young, and further studies are needed both in the field of
experimental diabetes and in humans to gain a complete understanding of HSP relevance.

Keywords: heat shock proteins; diabetes; diabetic retinopathy; molecular chaperons; small heat shock
proteins (SHSPs).
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1. Introduction

Ritossa in 1962 from Italy revealed Heat shock proteins (HSPs), a group of proteins
highly conserved that are expressed under different types of stress responses [1]. Heat shock
proteins can also be termed as stress proteins and are multi-molecular complexes that work as
molecule chaperone proteins under normal growth conditions and regulate role in protein
rendering, misfolding accumulation of proteins, and changes in cell physiology [2]. Many HSP
family members constitutively function as molecular chaperones [3], peptide stabilizers during
growth, hypoxia under stress, resynthesizes during cell repair, and research on their role in
many disease areas, including adding, cancer, immunology, signaling, etc. have also been
enumerated. It is observed that in recent times, HSPs are easily multiplied in different HSPs in
response to cell stress as their most significant role is to defend cells against the adverse effects
of stress. The factors triggered by species that initiate from bacteria to living organisms can
trigger HSPs, which are the proteins most conserved among species [4]. Many other diseases
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and pathogens are often controlled with a variety of factors such as solar radiation, heavy metal
or ethanol therapy, ischemia, hypoxia, and the genes of these proteins. Protein synthesis
reductions are seen in a heat shock state, while hyperthermia increases in HSP, mRNA, and
protein synthesis. The total protein synthesis under hot shock conditions is decreased. At the
same time, the first few hours of hyperthermia are enhanced by HSP mRNA and protein
synthesis [5]. In contrast, certain stages of protein synthesis, such as RNA splicing, are
inhibited at high temperatures [6].

2. Role of Heat Shock Proteins in Diseases

Conventional Growing research indicates that HSPs may play a significant role in
diseases, such as non-alcoholic fatty liver disease (NAFLD) [7], Huntington disease [8], and
type 2 diabetes avoiding insulin resistance and developing type 2 diabetes. The transgenic over-
expression of HSPs, on the other hand, has an advantage in animal obesity or metabolic disease
models [9-15]. Especially in developing obesity, resistance to insulin, and type-2 diabetes, it is
known for skeletal HSP muscle levels. Since skeletal muscle is the key fiber responsible for
insulin-stimulated glucose [16], the expression of HSP in the skeleton during obesity, insulin
resistance, and type 2 diabetes has been studied by several researchers. Skeletal muscle
expression HSP72 (HSP70 in animals) is reversed compared to the proportion of body fat and
blood glucose in healthy individuals [17,18]. In comparison, the skeletal muscles in all patients
with diabetes type 2 and patients with insulin resistance decreased dramatically in HSP72,
MRNA, and protein expression. Many have also reported that the expression levels of HSP72,
through the development of obesity and metabolic diseases (i.e., insulin resistance and type 2
diabetes), are closely linked with adiposity. Glucose can also partially control HSP levels of
expression [18-21].

Numerous studies have depicted their role in ocular disease, including Diabetic
Retinopathy (DR), where hyperglycemia is the main pathogenic factor [21]. Hypoxia-inducible
factor 1 (HSF 1) acts as an angiogenesis stimulator resulting in upregulation [22], but HSF-1
is further split into HSFlalpha (Oxygen Dependent) and HSF 1beta (Nuclear Sub Unit) [23]
subunits. In Diabetic Retinopathy (DR) HSF-1 and Vascular endothelial growth factor (VEGF)
plays the most important role in various stages [24]. It is seen that HSF 1 modulates the
expression of chaperones to respond to high-temperature stress, oxidative stress, and
proteotoxic agent exposure [25-27]. HSF1 is a transcription regulator, as an inactive monomer
HSF1 free of repression by chaperones contributes to HSF1 trimerization and activation, HSF1
continues in the cytoplasm. HSF1 is later transported to the matrix, where it binds to protected
heat shock elements and transcribes target genes, including HSPs. For the quality regulation of
protein, HSP's are important with the aid of the protein folding or the leading of malfunctioning
proteins in sufficient degradation, like the proteasome and or the lysosome [28]. The research
recommends assessing patients with ischemic eyes the following variables in the serum of
diabetic patients and the degree of HSP70 and HSF-1alpha [29].

3. Role of Heat Shock Proteins in Diseases

3.1. Heat shock protein 27 (HSP-27).

HSP 27 is also called beta-1 (HSPB1) or HSP25 heat shock protein. It is one of the least
evolved and stressful HSPs [30-33]. For example, HSP 27 expression in rat hippocampus and
visual systems has been increased after optic nerve transaction hyperthermia [34,35]. In four
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separate models of retinal degeneration, Chidlow et al. tested the expression level HSP 27. The
expression used an AATE model, N-Methyl-d-aspartate (NMDA) mediated excitotoxicity
[36], and a chronic hyper-fusion pattern via bilateral carotid occlusion. The phenomenon used
is an acute axonal optic nerve crush model. An increased expression of HSP 27 at protein and
MRNA levels in the retina was observed in all identified models [37]. HSP 27 may play a
significant part in pathological pathways in the case of glaucoma. Higher serum titers of HSP
27 antibody were identified in Glaucoma patients [38,39]. In retinas of glaucoma patients, an
improvement in HSP 27 may also be found [40]. HSP 27 is also protective for apoptosis
avoidance. Intracellular HSP 27 is observed to bind cytochrome ¢ and inhibit cytochrome c
mediation of Apaf-1 interactions with procaspase 9 in human leukemia cell U937 (the cells are
myelomonocyte cells, which can be inducted into macrophages) [41]. Furthermore, HSP 27 is
a cytoskeleton stabilizer that supports actin filaments during oxidative stress. The inhibition of
HSP 27 in a light-induced retinal degeneration pattern has also caused a defensive effect on
photoreceptor cells [42].

Glaucoma is the most prevalent cause of permanent vision loss, in addition to age-
related macular degeneration and retinopathy, and will rise further by 2030 [43]. Glaucoma is
a multi-factorial condition characteristic of retinal ganglion cell depletion and optic nerve
degeneration [44]. The present research is nevertheless based on many pathways that lead to
glaucoma, elevated intraocular pressure [45], oxidative stress [46], and excitotoxicity [47], as
well as immunological processes. Several reports have shown that the auto-antimicrobial titers
against various proteins and antigens are changed by glaucoma patients, including
phosphatidylserine [47], neuron-specified enolases [48], Calcium Protein B (S100B) [49] and
Heat Shock Proteins (HSP) [50-52]. HSPs have a well-maintained structure and are caused by
multiple physiological and environmental stressors. The chaperone acts by stabilizing new
proteins and replenishing proteins that have been weakened by multiple stresses [53].

3.2 Heat shock protein 47 (HSP 47) or serpin H1.

The collagen-specific chaperone, the glycoprotein present in ER, is the heat shock
protein 47 (HSP47). In specific, HSP47 inhibits collagen aggregation by pro-collagen binding
in RE and promotes a helix's formation three times. Collagen ripening includes studies in the
gene ablation of confirmed HSP47 because the HSP47 deficient cells limited auto aggregate
procollagen in ER. In the context of diabetes, a great deal of research focused on the role of
HSP47 in diabetic neuropathy, both in neuropathy and as a key determining factor of renal
failure, as an inappropriate accumulation of extracellular matrix elements such as collagen [54].
In DM, much of the study focuses on the significance of the HSP47 for DN, a hallmark of
diabetic neuropathy and a primary determinant for loss of renal function in excessive deposition
of extracellular matrix components, such as collagen. The kidney tissue analysis of DN patients
found that the improved manifestation of HSP47 was found in the sclerotic glomeruli through
the overproduction of type 111 and type IV kidney-residing collagen. Similarly, in the advanced
expression of collagen in the experimental DN, glomerulosclerosis, and interstitial tubules
fibrosis, simultaneous growth in tubular epithelial cells has also been achieved in type 111 and
type 1V exposures [55].

Further, in the transformation to epithelial-mesenchymal disorders, HSP 4 7 is the
leading case renal fibrosis is underlying progressive kidney failure, like DN. Overexpression
of DM-induced HSP47 was involved in the development of Era. Not only the transfer of growth
factor B 1(TGF-B-1) and collagen, but the activation of HSP 47 was also resisted by the
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regulator of AGE in test diagnosis of OPB-9195. Furthermore, mesangial cell vulnerability to
AGEs led to the expression of HSP47 by TGF-B1 [56]. Although in vitro experiments on
proximal tubular molecules demonstrate that signal activation molecules are involved, the
kinases of extra cells (ERK 1/2) and Jun kinase (JNK), which are regulated by the signals, are
not thoroughly elucidated. And if the TGF-B1 induces HSP47 is intracellular.

The potential role of HSP47 in other chronic DM complications is limited. However,
the development of collagen in both human and experimental diabetes was important in the
healing process, and the expression of HSP47 decreased in injuries. It indicates that the DM
sense may require inadequate HSP47 induction. In other chronic DM complications, the
potential function of HSP47 is limited. However, in both human and experimental diabetes,
collage production was substantial, and the expression of HSP47 in injuries declined. It shows
that the context of DM may need insufficient HSP47 induction.

3.3. Heat shock protein D1-heat-shock protein60 (HSP 60).

HSP60 is predominantly found in mitochondria and can be found both on cytosol
surfaces and the nucleus. Because of their risks to mitochondria, HSP60 is regulated and
transmitted to the cell membrane and Golgi devices. The HSP60 internalizes lipid endosomes
in the cell membrane via the raft membrane. Besides, Golgi vesicles can transfer free soluble
HSP60 molecules to the extracellular environment. A potential biomarker of inflammatory
diagnosis in the brain cells may be the free or exosomal bound HSP60. Narcotic extracellular
expression of HSP60 was observed in various inflammatory disorders, including cancer,
diabetes, atherosclerosis, rheumatoid arthritis, neuro-inflammatory disease, target tissues, and
body fluids blood, saliva, and urine.

Heat- shock protein60 is the target for atherosclerosis T-cells and antibody reactions,
human HSP 60 leads to trigger gene expression and further leads in promoted Thl (T-helper-
cell-1) cytokines IL-12 (Interleukin 12) and IL-15 (Interleukinl15, autologous HSP 60). Patients
with diabetes, atherosclerosis, and cardiomyopathy are found to suffer from this condition.
Further experiments show that HSP 60 is translocated from mitochondria, a human HSP 60
housing gene, linked to a green fluorescent (GFP) protein bound at the C-terminal. Within
DH5a in E, the plasmid replicates and purified with a plasmid extraction clear of Endotoxin
(DH5a). Human cervical cancer cell lines transfected by endotoxin-free DNA have been shown
to impact HSP 60 expression in mammalian cells, resulting in a regulated stress therapy without
the undesirable effect created by DH5a endotoxin.[57] The HSP 60-GFP DNA is found to be
endotoxin or lipopolysaccharide expression in mammalian cells. The transfected HelLa cells
and the translocation of the HSP 60-GFP signal [57] are stressed by high-glucose and sodium
azide. The translocation of HSP 60-GFP from mitochondria can be related to high-glucose. The
findings confirm that published evidence indicating higher glucose levels may play a part in
translocating HSP 60 to extracellular fluids and mitochondria. It was also found that fluorescent
confocal microscopy can help detect the HSP 60 biomarker's movement under stress and
therapy. In contrast, serum HSP60 levels were substantially increased due to increased
mitochondrial and inflammatory stress in patients with type 2 diabetes and morbid obesity.
Type 1 diabetes testing was performed with the altered HSP60 peptide p277 (DiaPep277)
variant with very high reactivity. The high serum level HSP60 also raises the risk of systemic
obesity. HSP60 can also constitute a future therapeutic goal for and complications of diabetes.
Interestingly, in certain tissues such as the brain, coronary, and subcutaneous adipose, type 2
diabetes shows a reduced expression of the intracellular HSP60. Importantly, a drop in
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intracellular specific HSP60 levels typically in diabetic people detected and avoided by
administered adiponectin is closely associated with inflammation, mitochondrial, reactive
oxygen species production, and insulin resistance.

3.4. HSP70 or heat shock protein A.

Active Heat shock proteins are considered anti-inflammatory and regulated both by the
TLR-2 (Toll-like Receptor) and TLR-4 activation [58,59]. HSP70 includes negative regulatory
factors (NEFs), which play a part in the shipment, and supply of protein organelles. The brain's
cortex is comparatively small in HSP70 and HSP27; both proteins are strongly inducible due
to different stressors. This encompasses physical stressors [60, 61], ischemia [62],
hyperthermia [63], nerve injuries [64,65], and mentally stressful disorders [66]. May include:
the central nervous system, the expression of the two proteins is also regulated [67, 68]. The
Hsp70 multigene family consists of Hsc70 and Hsp70 cyto- and nuclear-located, Grp78
endoplasmic reticulum, and Hsp75. During normal development, Hsc70 is abundantly
expressed. In comparison, the Hsp70 levels are controlled by development and triggered in all
living organisms in response to several stressful stimuli. The protein is active and constituent
(Hsc70) in various chaperoning processes, such as refolding misfolded or aggregated proteins,
avoiding protein aggregation, plying and assembly, and facilitating ubiquity degradation of
multi-subunit proteins. They also engage in the intracellular membrane translocation of
proteins and interaction with signals. Hsp70 chaperones function by keeping existing and
newly synthesized chains in a state that is responsible for plying into the media after publication
[69]. Hsp70 binds unfolded proteins or partly folded them typically by contact between the
chaperone and the expanded polypeptide segments with a net hydrophobic character.
Furthermore, HSPA/HSP70 contributes to oxidation stress due to stress; it blocks APP and
inhibits inflammation. HSP70 raises the glucose level and, with the oxidation of MMP-9 DM-
induced mitochondrial defects, contributes to complex development between HSPA/HSP-70
and the metallopeptidase9 (MMP-9) matrix [70]. Chaperoning of MMP-9 into mitochondrial
and enhanced mitochondrial damage caused by MMP-9 is the main function of HSPA/HSP70,
although low levels of anti-HSPA in Type 2 patients are recorded. Finally, HSP plays an
important function in diabetic patients' cellular stress conditions. The serum level affects the
tissue in the systemic phase as the serum level increases. For HSP-mediated drugs, the
systematic way of administration is better because they are less intrusive and less stressful for
diabetes patients [71].

3.5.  HSP90 or heat shock protein C (HSPC).

The most widely described heat shock inducers are which inhibit the function of
HSP90, they are broadly classified into five subcategory- (1) cytosol inducible (HSPC1 or
HSP90AAL), (2) cytosol inducible (HSPC2 or HSPAAZ2), (3) cytosol constitutive (HSPC3 or
HSPAB1), (4) ER (HSPC4 or GRP94), and (5) mitochondrial (HSPC5 or TRAPL). In the
unstressed cell, the activity of HSF-1 is under tight negative regulation by a complex of
proteins, which includes HSP90, a major constituent of this complex [72]. HSP 90 is found in
cytosol and nucleus, possessing an ATP N-terminal binding domain necessary for most of its
cell functions [72]. Some HSP90 inhibitors bind in the chaperaonic A TP cycle, which leads to
a degradation of non-foldable client proteins and binds HSP90 to a stress-sensitive factor, heat
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shock factor 1 (HSF-1) for silence of the transcription factor and HSP9O0 inhibition for HSF-1,
stress respite and release [73].

ATP hydrolysis-driven molecular chaperone, which allows embryo proteins to fold up
and mature, is one target for new molecular therapeutic agents: the heat shock protein 90
(HSP90). In addition to the importance of several HIVV/AIDS diseases [74] to malaria [75], to
neurodegenerative disorders, it has a key role in the mechanism of various oncogenic pathways
[76,77]. A detailed analysis has been carried out of a mechanical life cycle of HSP90, including
HSP40 and HSP40, HSP protein organization, and HSP protein interaction (HPI) [78,79] after
protein coordination and a co-chaperone is developed [80]. In recent times this binds to ATP
and completes the natural cycle using the exothermic ADP formation to help the protein ripen.
On the other hand, the protein is released by adding an enzyme to the ATP-binding site, leading
to ubiquitination and proteasomal degradation [81]. Therefore, HSP90 inhibitors' classic
molecular synthesis entails depleting client protein and up-regulating other heat shock proteins
[82]. The description of the role and locations of various heat shock proteins is given in Table
1.

Table 1. Description of role and locations of heat shock proteins.

Types of HSPs Molecular mass Location Role
kDa
HSP 27 34 or lower Cytoplasm Prevent protein unfolding aggregation and accumulation of
proteins
HSP 47 35-54 kDa Cytosol Chaperonin intermediate filament
HSP 60 (monomer) 55-64 kDa Mitochondria | Protein assembly by folding heterologous protein complex
HSP 70 (monomer) 65-80 kDa Cytoplasm Helping Protein folding in the endoplasmic reticulum
HSP 90 (monomer) 81-90 kDa Nucleus Helping myosin folding

4. Association of HSPs and Diabetes

The leading cause of preventable blindness amongst employees is diabetic retinopathy,
a microvascular complication of diabetes. In another third of patients living with diabetes, this
disease is also related to an increased risk for life-through systemic artery complications,
including stroke, coronary heart, and cardiac failure. Recent studies have shown that the Hsp
and crystalline pathophysiology of this complication could play a significant role. The essential
feature of diabetic retinopathy has been crystalline upregulation in the retina, in particular,
Alpha-As and Alpha-B-crystalline. Various models, including streptozotocin and diabetes
caused by alloxan, have demonstrated this upregulation. During the progression of diabetes,
certain Hsps, including crystallines, are greatly reregulated in the retina. Two human
upregulated diabetic retina proteins were subtype 1A and subtype 8 of HS70 in a comparative
analysis of the proteomic map of normal diabetic rats and streptozotocin-induced retinas. While
the expression of Hsp90 was known to be upregulated under different stress conditions, the
levels of HS25 in the retina of streptozotocin were decreased. In yet another study investigating
Hsp90's immunoreactivity in the OLETF diabetes rats, the levels of Hsp90 were significantly
elevated at age 24 weeks. This distinction may explain Hsp90's variations in diabetes type 1,
multiple functions during various diabetes stages, or interindividual heterogeneity in the
reaction of diabetes. Furthermore, the above section was suggested as a biomarker for
microvascular diabetes complications to investigate potential anti-IgG antibodies. 363 people
with diabetes of Type 1 have analyzed levels of anti-HS27, and 168 have concluded that
vasculosis is not an adjunct of Type 1 [83].
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5. Autoimmunity and HSP
5.1. In type 1 diabetes.

An autoimmune event results in the loss and subsequent decrease in insulin production
of type 1 cells of the pancreatic islet beta [84]. HSPs constitute one of the possible antigens for
the production of autoimmunity. For instance, T-cells, which recognize HS 60, can transmit
the production of insulitis and hyperglycemia in mouse models of autoimmune diabetes (e.g.,
mice), anti-immune HSP 60 to beta-cell damage, as well as to young prediabetic NOD mice
[85]. It is important to locate the target antigens responsible for autoimmune events to monitor
beta-cell damage through immunotherapy. Vaccination of HSP 60 and related peptide p277
has effectively prevented diabetes in mice and streptozotocin-treated animals [86]. This
immunotherapy can also be used to alter the immunity balance between the T-helper type 1(Th-
1) pathogenic autoimmune response and a defensive response of the T-helper type 1 (Th2)
antibody. It is proposed that, in addition to HS60, HSP70 and p277 [87] similarly improve
autoimmunity in recent cases for child and adult with type 1 diabetes. The autoimmune
diabetes-prompting case is asymptomatic; HSP autoimmunity can be manipulated and altered
in the future. Raz et al. [88] reported better protection of B -cell activity in type 1 diabetes in
patients administered daily doses of p-277 extracted from HSP 60. Patients treated with
Peptide-p277 (P-p277) still required 20% less insulin than the other group. While this therapy's
effects include regular doses, these findings show the possibility for treatment for Type 1
diabetes in changing HSP autoimmunity.

5.2. In type 2 diabetes.

The study reported HSP72 as only one out of 17 genes out of >5,000 early records of
reduced expression of HSP72 in type 2 diabetes [89], which was slightly lower in insulin-
resistant vs. stable controls [90]. Since no correlation exists between HSP72 mRNA and the
rapid accumulation of plasma glucose or insulin, it is unlikely that the chronic rise of plasma
glucose in diabetes patients results in improvements in the expression of HS72. Any results
support the theory that diminished HSP72 expression triggers the progression of type 2 diabetes
and insulin resistance, at least in part. HSP72 expression has been reported to influence insulin
susceptibility through a direct association with GLUT4 [91]. In patients with diabetes versus
controls, no reduction has been reported in GLUT4 gene expression. Specifically, in type 2
muscle pathological examination and monitored patients, the intramuscular amounts of
triglyceride were also evaluated. The patient population is made up of intramuscular
triglycerides. These findings identify the role of HSP in the etiology of insulin resistance caused
by obesity and the identification of decreased HSP72 mRNA diabetes expression.

6. Angiogenesis in Diabetes

The development of a new (microvascular) capillary network in response to hypoxia or
other causes is angiogenesis. The angiogenesis mechanism requires local secretion of both
hypoxic and promoting pericytes angiogenic factors, which cause endothelial sprouting and
neovessel sprouting. This mechanism varies from the development and development of current
arterial structures in response to acute arterial occlusion (i.e., exercise-induced stress) or
physical forces. Earlier, the exhibition of irregular blood vessels in glomeruli in patients who
have long-term type 1 diabetes was published. These effects were subsequently observed in
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patients with type 2 diabetes. The angiogenesis idea was first called the sprout from pre-
existing vessels in previous vascular tissue of endothelial cells (ECs). This definition has
recently been generalized to include the development and restructuring process, which turns an
initial vascular system into a complex network typical of mature vasculatures. Angiogenesis is
a complex multi-stage mechanism involving the degradation, growth, survival, migration, and
morphological changes in the extracellular matrix (ECM) of the ECs and their anastomosis into
a vascular system. The perivascular ECM plays a key role in evaluating proliferative, invasive
ECM during angiogenesis and local vascular cell survival responses. The variations in ECM
dynamics and local vascular cells work to control the formation of new blood vessels. To
encourage this wide variety of pro- and anti-angiogenic factors in an angiogenic mechanism
must take concerted and synergistic action to assemble functional vessels of blood. Diabetes
pathophysiologies include elevated glycemia, non-enzymatic glycemia, and lipoxidation,
systemic inflammation, increased ROS, and hyperinsulinemia. Vascular cells are also exposed
to abnormally elevated ROS signaling molecules for patients with diabetes, leading to unwieldy
signaling pathways. The paradox that vascular dysfunction and prolonged angiogenesis co-
exist in various species seems to be a special function of the disease pathogenesis [67-69].

7. Oxidative Stress in Diabetes

Due to enhanced free radicals, the abnormal condition of imbalance in the cell redox
mechanism generates oxidative stress, and unpaired electrons are reacting to cell molecules to
destroy cell structure and integrity. Endogenous enzymatic and non-enzymatic antioxidants
sustain the continuous accumulation of reactive oxidative species (ROS) under power. The
retina is high in fatty acid and very susceptible to diabetes oxidative injury. Additional
oxidative binds the four principal pathways in diabetic retinopathy, including activation of PKI,
polyol, and hexosamine and the development of AGEs, which are known as significant causing
factors in developing diabetic retinopathy. The ingestion of NAD+ by polyol indicates the
antioxidant protection is weakened and the oxidative stress is rising more. High glucose levels,
and the subsequent fructose increase due to the increased polyol pathway, contribute to the
production of AGEs that cause cell dysfunction via their unique receptors. Oxidative stress is
also at the core of diabetic retinopathy pathogenesis [10,82,92].

7.1.Production of ROS.s

Cellular respiratory development of reactive oxygen species is a natural physiological
process. For instance, in enzyme processes, the cytosolic Nox and the Cytochrome p450 or
xanthine oxidase, ROS also can be produced. ROS produces both enzyme and non-enzyme
pathways in the diabetic system, and Nox and mitochondrial ETC pathways constitute their
prominent source [10,82,93].

7.2.Cytosolic ROS production.

The Nox enzyme family constitutes the primary source of cyto-SR production, Nox2
being an active contributor to the generation of retinal ROS in diabetes. Nox2 is a highly
regulated membrane-associated enzyme that catalyzes the reduction of lelectron oxygen by
oxidation of cytosolic NADPH into superoxide anion. The cytosolic subunit P47phox,
P67phox, and Small GP-1 are the holoenzyme, and P22phox and GP-91phox are the membrane
subunits. Relevant guanine exchange factors and GTPase activating proteins mediate

https://biointerfaceresearch.com/ 14203


https://doi.org/10.33263/BRIAC116.1419614224
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC116.1419614224

activation/deactivation of Racl. Rac1-Nox2 is triggered in the early stages of diabetes in the
signaling axis in the retina and its capillary cells to promote intracellular ROS. TIAM (T-
lymphoma invasion and metastasis genes), which is inhibited by the guanine factor, attenuates
Racl activation and retinal ROS generation. The initial event preceding mitochondrial damage
is triggered by Racl-Nox2-ROS. While in the early stage of the disease, the concomitant
growth in biogenesis/repair of mitochondrial DNA (mtDNA) compensates the mitochondrial
damage from ROS, sustained mtDNA biogenesis and repair processes are overcome with
sustained hyperglycemia, and a vicious ROS-type cycle causing damage to the mitochondria
[82,93].

7.3. Mitochondrial ROS.

As previously described, mitochondria also constitute the key endogenous source of
free radicals, and mitochondrial ROS is produced most frequently during oxidative
phosphorylation in the ETC. Complex | and complex Il1 electron leaking contribute to a partial
oxygen reduction, resulting in superoxide formation, gradually converting it into hydrogen
peroxide. Low ROS concentrations are essential in intracellular signaling, but excess ROS
production oxidizes cellular lipids, protein, and DNA. High-circulating glucose enhances ETC
electron flow in the pathogenesis of diabetic retinopathy and decreases complex Il activity to
an improved generation of ROS [10,82,93].

8. HSP and Inflammation

Insulin resistance can result from inflammation alone. Analysis has identified a strong
causal association among chronic inflammation, obesity and insulin resistance over the past
few years. In insulin-sensitive organs of the liver, skeletal muscles, and adipose tissue,
adipocytes or macrophages secrete inflammatory cytokines (e.g., TNF-alpha) that activate Jun
amino-kinase (JNK) and I-B-kinase (IKK) JNK and IKK both inhibit and interact with the
downstream signaling function of the insulin receptor. Excess deposition of lipids in the liver
and adipocytes that increases lipid metabolites results from deficient insulin action (ceramide
and diacylglycerol). Ses lipids specifically improve the insulin signals by activating JNK and
IKK. Genetically interloping with JNK or IKK, a pharmacologic agent or an exercise defends
against resistance to obesity insulin.

In type 2 diabetes, insulin-sensitive factor heat shock (HSF-1) decreases HSP
expression and decreases HSP. Besides, a delayed HSP reaction is associated with impaired
wound care of the diabetic disease. In animal models, the restoration of insulin production
raises HSPs, while the interruption of insulin reporting results in the activation of glycogen
synthase kinase-3 (GSK-3). Upon activation, GSK-3 prevents nuclear translocation through
HSF-1 phosphorylate sequences 303 and 307, thus reducing HSPs. Also, the reduction of
insulin signaling suppresses the activity of HSF-1 through MAP kinase pErkl expression
(mitogen-activated extracellular regulated kinase), and JNK deactivates HSF-1 [92].

9. Heat Shock Proteins and Protein Moonlighting

Moonlighting proteins are specific that differ from other multifunctional proteins since
they conduct Two or more unique and unrelated roles, i.e., they are not promiscuous enzyme
activities, where under various circumstances, different reactions are catalyzed by the same
active site. Moonlighting contradicts the normal idea that enzymes act in a cell's intracellular
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or extracellular environment and stay in that position. One of the major classes of moonlighting
proteins known to date is enzymes and intracellular chaperones, which have different effects
on the cell's extracellular part [93]. In glycolysis, glucose breaks down, and energy is produced
in the form of ATP, which latterly enters into citric acid cycles, the pathway of the pentose
phosphate, and protein and DNA metabolism; there are typical "housekeeping proteins.” A 3-
phosphate dehydrogenase (GAPDH) glyceraldehyde is the first to be seen on the surface of
pathogenic streptococci. Later, several additional intra-cell/surface enzymes, such as other
GAPDHSs, phosphoglycerate kinase, and enolase, were observed. Some intracellular surface
proteins (ICSPs) consist of chaperones (HSSP60/ HSP70), elongating factors (EF-Tu), and
histone Protein Synthesis (EF-Tu) (H1). In humans and other animals, some proteins act as cell
receptors. In glycolysis within the cell, GAPDH catalyzes the conversion of D-glyceraldehyde
3-phosphate to 3-phospho-D-glyceroyl phosphate in most cells but acts as a cell transferrin
receptor in mammals that help in iron uptake. HSP60 is a chaperone that promotes the import
of mitochondrial protein into the cell and is a high-density lipoprotein cell surface receptor due
to its apo-lipoprotein a-poA-Il affinity [94]. In humans, pyruvate kinase 3 (PK3) isoform two
of the sperm head membrane, glutathione S-transferase Mu 3, triosephosphate isomerase and
fructose-bisphosphate aldolase, and plays a second role in interactions with egg protein zona
pellucida. In bacteria, this mechanism of intracellular/surface moonlighting proteins has been
commonly observed. The cytosolic proteins on the cell surface are typically used to form and
create bonds with the host species by bacteria and other pathogens. Many of these proteins play
important roles in inflammation, invasion, virulence, and biofilms formation. Colonizing
includes host adhesion and attachment to proteins in the extracellular matrix or mucin, a
member of the epithelial mucosal coating, multiple surface proteins including Fibronectin,
Lamin and/or collagen. Additional moonlighting proteins are connected explicitly to proteins
in the host cell surfaces. These relations contribute to an attachment of the host. Listeria uses
alcohol acetaldehyde, Listeria adhesive protein that binds to intestinal epithelial cells (LAP).

The theoretical ability of extracellular HSPs to affect ecology and physiology has
grown in these proteins' biological structures and functions. The treatment of cells with distilled
HSPs indicates, as discussed, cell activity close to that of pro-inflammatory cytokines. Despite
debate about the likelihood that pathogens in packaged goods could be responsible for at least
some of the pro-inflammatory effects of HSPs [95]. It is a recent pattern to suggest at least that
such HSPs are secreted [96] proteins with major human-like acts such as a tumor, coronary
heart disease, diabetes mellitus, and rheumatoid arthritis (HSP10, thioredoxin, HSP 27, BiP)
or antiviral (HSP 60, HSP80, HSP90) and other anti-inflammatory actions. Moreover, HSPs
can bind peptides to modulate immune responses that can have repercussions for various
diseases, including cancer [97], to have a direct effect upon cells. HSP70 can be used in an
expressed membrane. It has been clear that the HSP70 membrane exploitation has importance
in analytical, therapeutic, and imaging potential in the management and treatment of patients
with cancer [98]. Taken together, the observations that HSPs can be located in the extracellular
compartments and cell-dependent compartments have led to a new theory designating such
proteins as lunar proteins (proteins that are capable of 'escape’ cells and interact with various
cell types to create many biological effects). This has culminated in the development of a
paradigm. The proteins can also be labeled ‘inflammatory’ receptors for inflammatory
mediators [99]. A variety of studies highlighted in this edition [100] and several studies that
have demonstrated, and continue to demonstrate, many HSPs in the body fluids of people and
animals support this new paradigm [101].
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10. Diabetes and HSP: Proteins Glycation

A long-term rise in glucose is one of the serious causes of secondary diabetes
conditions, such as angiopathy, neuropathy, retinopathy, a protective mechanism for
antioxidants, and lipid-profile diseases. The major cause is the beginning of a sequence of
reactions, which contribute to the production of Schiff-base, amadori products, and protein
glycation AGEs. In patients suffering from Type 1 and Type 2 diabetes, certain tests
demonstrated reduced expression of HSPs. One of the most important causes for the onset of
diabetic problems was the reduction in chaperones' presence. Therefore, researchers aim to
design and adapt different methods to the speech of HSPs, like chemical and medicinal
compounds, some exercise, and thermo-therapy. Exercise is vital in patients with diabetes to
activate HSPs. Studies indicate that the beneficial effects of exercise on diabetes have possibly
been linked with HSP upregulation [102-104]. The effects of hot water were analyzed as a
physical parameter in the expression of HSP70 induction. Several experiments show that
HSP70 is glycated and lacks its chaperone function in the presence of elevated blood glucose
concentrations. In addition to the decrease in the HSPs expression previously recorded in
diabetes, glycation often decreases the activity, which is exacerbated by changes in their
composition. Glycated HSPs are detected (due to misfolding) by quality control mechanisms
and are rapidly eliminated from circulation.

For diabetes, this protein is not identified by monoclonal glycemia, and the test kit
cannot also identify and measure this deflected protein concentration. Proposed mechanisms
that affect living cells include direct impairment in the glycation of the target protein
production, changes in the oxidative or carbonyl stress that leads to initiation of signal
transduction deleterious pathways.

11. Diabetic Retinopathy & Heat Shock Protein

Diabetic retinopathy is vision impairment. The major population of type 1 diabetes is
threatened by diabetes retinopathy (DR). However, the cases as per the Union Heath Ministry
first diabetes and diabetic retinopathy survey prevalence of DR is 16.9% as per 2015-2019.
The cases may rise to more than a billion by 2045 (WHO Report). The major populations aged
between 20-74 years are seen under this that is one-third of the population is affected [102].
Diabetes retinopathy is classified under diabetic molecular edema (DMO) or proliferative
diabetic retinopathy (PDR). DR is indicated by retinal new vascularization and formulation of
microaneurysms, leading to a loss in vision [103]. DR is the fifth major reason that causes loss
in vision, but vision impairment might increase with respect to the population as per the present
era. As per the studies, heat shock protein (HSP) is leading with a major role in recovering
insulin resistance [104]. Their major role is to maintain cellular function HSP elements role is
oxidation inflammation and apoptosis. HSPs are a group of proteins that placed an efficient
role in the site of protection, and the modulation is tested on an animal model for diabetes
mellitus (DM) [105]. According to the report, HSP and anti-HSP antibodies are a perfect
aptitude for using serum biomarkers of DM complications. HSPs are some of the highly
evolutionary proteins in living organisms, and in any organism in which they were found, there
is a hot-shock effect from archaebacteria to higher eukaryotes like humans. Although most heat
shock response characteristics are the same, variations between organisms and species, such as
the perfect temperature induced by the reaction, occur [106].
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Crystallin belongs to the small HSP class in the retina-alpha-crystalline family.
Although once synonymous with the lens, its expression and function have become apparent
in other tissues, including ocular tissue such as the retina. Crystallin expression can be of
interest to retinal growth, as are other heat shock proteins. Many cells in Mdller, called
peripapillary glial cells (PPGCs) next to the optic nerve's head, display alpha B-crystalline
while the retinal development is in progress. [107]. In retinal pigment epithelium, alpha B-
crystalline is also expressed at particular stages during rat retinal development [108] instead of
alpha A-crystalline. The RT-PCR quantitative study reveals that about 20 multiple crystalline
genes have been expressed in adult mouse retinas. In the ganglion cell wall's nuclei, inner and
outer layers, and inner parts of the photoreceptors, alpha A- and alpha B crystalline are
expressed at low levels in the absence of stress [109]. It has been suggested to lead to a vector
transport of Rhodopsin from the Golgae system into the rod's outer portion through their
representation in the retinal photoreceptors [110]. Of note, the recent research reveals that the
retinal pigment epithelium of alpha b-crystalline, pericytes, endothelial cells, and astrocytes
[111] have alpha B-crystalline expression[112]. This study also shows that retinal pigment
epithelium may be secreted. In nonpathological circumstances, cellular location variability may
indicate or may be because of species distinctions or strains [113].

12. HSPs in Normal Eye

The human fetal retina is contained in HSP70 in week 20-33 of growth, the same period
of progress. In week 20-33 of development, the human fetal retina is present in HSP70, and the
same duration of progress is established in nuclear layers. This may mean that the role of
HSP70 is significant in normal retinal development [114], which is the same as an examination
of the rat retina. In addition, another rat study found that retinal defense involves cells with
HSP70 in bright light by Tezel and Wax was incubated with the HSP 27 antibody with a human
retina. The cells were destroyed, and HSP 27 antibodies were suggested, and HSP 27 was
avoided [115]. This caused death by the cells and suggested that the HSP 27anticorps prevented
HSP 27 by binding. The discovery of HSP 27 in the normal retina is also endorsed. The retinal
neuron failure by HSP 27antibodymediatedapoptoses in the ganglion cell layer was similarly
observed by Tezel and Wax, which indicates that HSP 27 plays a significant part here. While
there have not been many HSP tests on the human retinal tissue, several HSPs in the retina
have been seen in many animal studies. Eyes of rat embryos were analyzed by Tanaka et al.
HSC 70, HSP84, and HSP86 mRNAs were located in the rat embryo's retina. It was noticed
that all three HSPs were located at high magnification on the neuroblastic layer of the retina.
In the retinal pigment epithelium, HSP84 was also detected. In the mature rat retina, however,
only HSC70 and HSP86 have been identified. Other animal experiments have also detected
HSP70 close to that previously observed in HSP40 and HSP90.

13. Role of HSP in DR

Diabetes contributes to reductions in insulin-reliable organs (skeletal muscles, heart,
liver, monocytes) in some heat shock proteins like HSP70 (HSP72) and heme oxygenase
(HSP32). At the same time, the levels of HSPB2, HSPB3, and HSPB5 (a-B-crystalline)
increased without improvements in the expression and decreased in the level of HSPBL1 in the
heart [116], with streptozotocin-induced (STZ-induced) diabetes. Similar improvements have
been observed in the level of small heat shock proteins [117]. In retinal and crystalline lens
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diabetes caused by STZ, two crystallines (a¢A and aB crystallines, HSPB4 and HSPBS,
respectively) have been expressed. The expression of HespB1 remained unchanged and the
expression of HSPB6 was decreased, and HSPB8 increased, respectively [118,119]. Related
changes were observed in the retina of Ins2Akita in all crystalline forms [120].

Increased levels of a-crystalline have been found to enhance cell survival for diabetes
of the first type. During diabetes, however, expressed crystalline undergoes multiple post-
translator modifications, which reduces the association with pro-apoptotic Bax protein and thus
cannot prevent retinal cell apoptosis even increased crystalline expression.

14. HSP & Apoptosis

The form of death during embryogenesis is important, or programmed cell death is
essential, and cell homeostasis is ensured latterly in the organism. Since treating with
cytotoxins, apoptosis is a highly prevalent form of death of the cell.

Stress death Stress Apoptosis
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Figure 1. Representation of the intrinsic or mitochondrial trajectories and the direction of the extrinsic or death-
receptor tract.

Two mechanisms describe apoptotic processes regulated by a family of cysteine
proteases called caspases-intrinsic or mitochondrial trajectories & the direction of the extrinsic
or death-receptor tract. The two signal transduction cascades converge at caspase-3, leading to
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the usual morphological and biochemical changes to the apoptotic cell. Cytochrome C interacts
with the cytosome cytosome activation apoptotic protease (pro-caspase-9 and factor 1 (App-
1), Caspase-3 leads to complex activation (Figure 1) [121]. Other mitochondrial proteins, S-
mac and H-tra2, are responsible for apoptosis that neutralizes the apoptotic proteins' promoters.
The mitochondrial molecule is associated with IAPs. The external pathway is regulated by the
plasma membrane proteins of the TNF-receptor family called death receptors and contributes
to the direct activation of receptor-proximal caspase-8 or caspase-10 death-mediated-signaling-
compounds. Caspase-8 may activate or cleave the down-stream cascade directly in an active
form called t-Bid, which links extrinsic to intrinsic apoptotic routes through mitochondrial
permeability.

HSPs revealed that the activation of caspases inhibits apoptosis. The excessive
expression of HSSP 27, HSP 70 or HSP 60, and HSP 90 either inhibits apoptosis in several
different cell models and prevents the caspase activation of various cellular tension, including
the accumulation of malfunctions in protein reactive oxygen species (ROS) or DNA damage.
HSPs may block the intrinsic and extrinsic apoptotic pathways at three levels by interfering
with key proteins: (i) the mitochondria upstream, modulating signaling trajectories; (ii)
Regulating the activation of apoptogen molecules at mitochondrial stage; (iii) post-
mitochondrial, by preventing later-phase apoptosis by any known drug or protein survival
enhancement.

14.1. Role of heat shock proteins 27 in apoptosis.

Many heat shock proteins cause the inhibition of IKK beta and JNK. They are capable
of suppressing NF-kappa B activation and are apparent in inhibiting IKK-beta activation.
According to recent research, HSP 27 is already aware of a p38 mitogen-activated protein
kinase (p38 MAP kinase) phosphorylation; HSP binds tightly to IKK beta to inhibit tumor
necrosis (TNF treatment) activation [122]. HSP 27's over-expression is detected by HSP 27
gene-suppressing transfection, while TNF mediated activation of IKK-betas; by comparison,
protein-further expression transfect small RNA-interfering potentials of TNFs, which are IKK-
beta-activating. HSP 27 does not influence PKC-mediated potential effects on IKK-beta
activation so far but, because PKC causes the activation of p38 MAP kinases, HSP 27 is
expected to inhibit IKK-beta activation by PKC.

14.2. Role of heat shock proteins 72 in apoptosis.

An inhibitor of this pro-apoptotic kinase HSP72 [123] can shield cells from apoptosis
regarding JNK while activating another. HSP72 binds to JNK and inhibits the JNK kinase
SEK1 and mitogen active protein kinase 7 (MKK7) from being activated. Other researchers
claim that HSP72 prevents the inactivation of INK-focused phosphatase stress-mediated [124],
thus retaining JNK in a dephosphorylated and inactive condition. HSP72's impact is not
affected by its actions in ATPase but is not mediated by protein replenishment [125]. This
demonstrates physiologically significance. The HSP72 has the potential to inhibit JNK-
activation; the anti-sense of the HSP72 mRNA reduces the likelihood of a heat shock that
inhibits INK-mediated apoptosis caused by stress [126]. Since PKC activates JNK via SEK1
or MKK7 [127], HSP72 would further inhibit JNK activation triggered by PKC. The expression
of Hs 72 in patients with insulin resistance has been shown to be poor in skeletal muscles, so
it is the opposite of assessing insulin resistance [128, 129]. However, it is seen that this genetic

https://biointerfaceresearch.com/ 14209


https://doi.org/10.33263/BRIAC116.1419614224
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC116.1419614224

determinant may be a genetic determinant of diabetes risk or that the legacy of a decreased
capacity to synthesize HSP72 can increase the risk of insulin resistance since JNK function is
up-regulated. In the same study, the expression of Hesp72 is also shown to be low in insulin
resistance. These also suggest that induction of hydrogen shock protecting Insulin receptor
substratum 1 (IRS-1) against inhibitors, serum phosphorylation and help to maintain insulin
sensitivity could remove the activation of IKK beta and JN K induced by diacylglycerol and
cytokines. This shows that the heat shock promotes the sensitivity of insulin.

15. Diminished Wound Healing in Diabetes and the Possible Role of HSPs

A diabetic foot ulcer is a big diabetes concern and poses a significant medical problem
worldwide [130]. It affects about 170 million people worldwide. There are many considerations
in the care of people who have diabetes. Hyperglycemia contributes to elevated immune cell
glycosylation, such as neutrophils and macrophages, normal activity and chronic inflammatory
predisposition, and increased toxicity sensitivity. Glycosylation of erythrocytes increases their
rigidity, which in microvasculature can predispose local ischemia. These conditions predispose
to microtrauma, foot defects, and ischemia [131], leading to their susceptibility to ulcers and
deficiency of wound care in diabetes. Diabetic wound healing pathophysiological contains
decreased or compromised development of the factor [132], angiogenesis [133] and leucocyte
activity and chemotaxis [134], the migration and proliferation of keratinocytes and fibroblasts,
epidermal neurological functions [135], collagen deposition, re-epithelialization, tissue
granulation formation [136] and a re-modeling of the tissue through the matrix. Moreover,
reducing the blood vessels within the wound edge contributes to tissue hypoxia and injury cure.
There may also be some involvement in developing oxidative stress, irregular oxide, and
disrupted redox status [137]. The importance and expression of HSPs as a defensive factor in
the healing of wounds shows their importance for wounds' reaction. Diabetic states have a
delayed expression of HSP72 at the protein level, irrespective of epithelial cells and
inflammatory cells being upregulated by mRNA during the wound healing process.
Alternatively, expression of HSP70 in the wound bed in the person with diabetes improved
after a pause, indicating that the chronically open curative injury contributes to a higher HSP
induction than a normally curative injury. Similarly, the levels of HSP70, HSP 60, and HSP 27
were increased in skin fibroblasts, patients with diabetic nephropathy [138]. Insulin
administration and normalization of blood glucose levels could avoid the symptoms of diabetes
[139].

16. Medicinal Drugs for Raising HSP Levels

Bimoclomol is an investigational medication that can increase membrane fluidity and
increase the HSF-1 function, thereby increasing HSP70 levels. Bimoclomol has been noted to
improve wound cure, minimize tissue injury, mitigate complications in diabetes, and increase
insulin sensitivity in diabetes animal models [140]. Examples include hexamethyl glutaryl
(HMG) metabolites CoA-reductase, carvediline, lipoic acid, and pentoxifyl metabolites. The
low HSP72 standardization in 6 out of 9 patients with a low HSP72 level of leukocyte in
patients suffering from type 1 diabetes and neuropathy has been linked with lipoic acid
administration. The clinical neuropathy improvement was due to this finding in these patients.
The rise in HSP has been reported as a workout, carvedilol, and thiazolidinediones.
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Thiazolidinediones are related to the increased mechanism in HSP70 levels in the pancreatic
beta-cell, and the anti-inflammatory activity is related [141].

In clinical trials, outstanding effects on diabetes are consistent with medications that
recover endothelium oxide, such as beta-adrenergic blockers, angiotensin enzyme conversion
inhibitors; HMG-CoA reduces inhibitors and thiazolidinediones. Close-infrared therapy
releases nitric oxide in the blood-vessel and thus increases diabetic neuropathy. Lastly, oral or
intravenous administration of HSPs is somewhat inefficient as HSPs are predominantly
intracellular molecules. However, the liposomal transmission of HSP72 into renal tubular cells
has been reported as impeding the activation of the NF-kB factor of tumor necrosis and thus
impeding ischemic-induced apoptosis. Bimoclomol is a unique medication that causes the
expression of HSP. These drugs boost retinopathy for diabetes, neuropathy, nephropathy,
accident remedies, cardiac ischemia, and insulin resistance in the in vivo model. Bimoclomol,
through diabetes, increases the fluidity of negatively charged membrane lipids by upregulating
HSP72 by HSF-1 disease. This effect is responsible for Bimoclomol one HSP's fatty acid
structure and the membrane target cells' fluidity [142].

The lowering of the HSF-1 activation temperature cap into the physiological range
causes indomethacin and other anti-inflammatory pharmaceutical products and sodium
salicylate of DNA-binding activities for the HSF-1 gene itself. The synthesis and release of
hyperphosphorylate in tissue and inflammatory conditions were shown. The HSF-1 stimulates
and binds DNA, so it might be possible to make an HSP protein synthesis. In addition to
indomethacin and arachidonic acid, phospholipase A2 decreases the thermal threshold for
HSF-1 activation. Antiulcer geranylgeranylacetone was classified as a gastroprotection
activation, HSP-1, and HSP 70 gene activation. Butyrate has been shown to improve HSP25 in
rat calls and resistance to oxidative stress [143].

The heat shock response is strongly induced in a group of proteasome inhibitors by
MG-132, lactacystin, and bortezomib. Some increase the number of malfunctions contributing
to the HSF 1-dependent transcription, leading to unique HSP expression for proteasome drug
pathways. Celastrol, potentially by transcriptional activation of proteasome inhibition, can also
assist hyperphosphorylation and HSF-1. The new HSP induction to activate HSF-1 is
tetracyclic acid. The origin is also linked to a rise in oxygen and reactive redox species. In
conjunction with inhibitors such as radicicol and benzoguinone ansamycins, HSP90 and HSF-
1 have been recommended, which activate HSF-2 and induce HSP expression [144].

17. HSP Proteins in Diabetic Retinopathy as a Therapeutic Option

In an animal model, pharmacological induction of HSP72 expression increases the
insulin response in type-2 diabetes. HSP72 mRNA is observed to be declining. Without HSP72,
C-Jun N-terminal kinases (JNK), and IKK phosphorylates IRS-1 in Ser-307, the active insulin
receptor is a weak substrate that inhibits the insulin signaller transduction via Akt (also called
protein kinase B). HSP72 stops JNK and IKK from phosphorylating and triggers the activation
of Akt, which plays two main roles in insulin-regulated glucose metabolism [145].

17.1. Translocation of glucose conveyors types 4 from the cytoplasm to the plasma
membrane.

Glucose transfer into cells is a mechanism mediated by GLUTS. Insulin-dependent
glucose absorption mainly mediated by the GLUT4 carriers, mainly expressed in mature
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muscle and fat tissues, is triggered by two different pathways in response to insulin: | to recruit
transporters to the cell surface from intracellular ponds, & (ii) to increase the carrier's function.
Wortmannin inhibits these mechanisms individually. Inhibition of p38 mitogen-activated
protein kinase (MAPK), on the contrary, says that MAPK p38 is involved exclusively in
pathway-regulating activation of GLUT4 insulin stimulation. The divergence between the
translocation of GLUT4 and operation and suggested GLUT4 regulatory structures is evident
[146].

17.2.  Promotes glycogen synthesis by GSK-3 inactivation through serine phosphorylation.

Glycogen synthase kinase 3 (GSK-3) is a protein kinase enzyme that controls glycogen
synthesis in reaction to insulin. In various biological pathways, studies include GSK-3. GSK-
3 phosphorylates are easily phosphorylated in serine 21 in GSK-3a or serine 9 in GSK-3f3 that
stimuli with insulin or other growth factors further inhibit the GSK-3 kinase function. The
implication is that threonine kinase B phosphorylates in phosphatidylinositol 3-Kinase (PI3K)
are phosphorylated in vitro and in vivo PI3K-PKB signaling cascade decreases development
factors. GSK-3 activity suppresses cell proliferation and cell viability since it is downstream
from the PI3K-PKB pathway. This research recognizes GSK-3 phosphorylation, and the
inactivity is independent of a PI3K-PKB functional process, and cAMP-dependent protein
kinase-A (PKA) substrates are also used as serins-21 in GSK 3 alpha and 9 in GSK-3-beta.
PKA is functionally active in all GSK-3 isoforms, phosphorylates, and inactivates. As a result,
PKA acts parallel to PKB as a GSK-3 kinase and regulates a GSK-3 multifunctional enzyme
[147].

18. HSP70 for the Long-Term Treatment in Type 2 Mellitus Diabetes

Physical workout can modulate HSP70, but workout can lead to cell tension, increasing
long-term exercise iHSP70 in muscle, liver, kidneys, and heart skeletal development. Besides,
another analysis found in the attenuation of HSP72 due to the exercises in skeletal-muscles, an
animal model well-characterized as reflecting a person's condition with T2DM, is capable of
showing a partial increase in insulin resistance in the body, a significant rise by a study in the
appropriate animal concentration within exercise community compared to 50 percent on
average higher in the heart.

18.1. Translocation HSP70 modulation by hot tub therapy (HTT) as a clinical goal of T2DM.

Strategies for modulation of HSP70 in T2DM sustain and increase HSP70 expression
and avoid progression to more extreme T2DM. Several experiments indicate its ability to
restore insulin sensitivity. HSP70 has the potential to become the therapeutic target in Type-2-
DM treatment, considering many of its functions. The hot tub therapy (HTT) method regulates
HSP70. The HTT procedure does not entail rigorous physical training, so it helps patients with
T2DM who cannot exercise. A study conducted reveals that HTT diabetes, HSP 70, can be
treated, the lipid profile, antioxidant, insulin secretion increased, and AGE is greatly decreased
instead of the untreated diabetes model. However, HTT affects muscle mass and blood glucose
levels significantly. The lipid profile also improved as triglyceride (TG) levels, total cholesterol
(TC) and low-density cholesterol lipoproteins (LDL-c) increases significantly. However, HTT
showed deterioration in all three lipid profiles. For HTT, on the other side, the reduction in
HDL-c in diabetic form was substantially increased [148].
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18.2. Modulation of HSP70 as a therapeutic target in T2DM by HSP70 internasal
administration.

Direct HSP70 administration raises the body HSP70 level. HSP70 administration is a
plant derivative known as Medicago sativa; the alpha HSP70 composition is identical to the
body naturally developed HSP70, so it has little variation. An alpha HSP 70 analysis in the DM
animal model indicates a decline in hemoglobin A1C (HbA1C). Since there was no size and
less time for analysis, the result was not important.

Alpha HSP70 administration also impacts the enhancement of insulin response. Intra-
peritoneal testing of the hypothesis was performed before the HSP70 was provided in diabetic
models. The insulin sensitivity indicated a 14% and 40% increase after 10 pg and 40 pg,
respectively, after administering an HSP 70. This reveals reduced blood glucose levels after
treatment of aHSP70 and reduced insulin levels after aHSP70. Reduced blood glucose levels
are supported by lowered insulin sensitivities and increased insulin use by the body [147,148].

19. HSP70 Suppression of New Therapeutics: ROS, Antioxidants, and Hexosamine
Pathway

Physical Glutamine, an amido-transferase of fructose-6-phosphate, is the pace
determination step of the hexosamine biological pathway that is used in the overproduction of
fructose 6-phosphate as an alternative mechanism to glycolysis by the excessive N-acetyl
glucosamine and inhibition of TGF and B gene expression of fructoses. This overexpression
contributes to multiple detrimental metabolic, endothelial and retinal neuron apoptosis
diseases. Suitable compounds have been identified to alleviate metabolic and functional defects
in diabetic retinopathy. Instead of inhibiting the hexosamine pathway only, cardio-vascular
symptoms triggered by hyperglycemia, such as antioxidant suppression, are suppressed in
WAS-406 (2-acetamide-1,3,6-tri-O-acetyl-2,4-dideoxy-alpha-D-Xylo-hexopyranose). Rhein,
a rhubarb-isolated anthraquinone drug, reduces the hexosamine receptor and effective in
treating experimented diabetic nephropathy. Benfotiamine converts fructose-6 phosphate into
pentose-5 phosphates, which reduces the flow by the hexosamine pathway. Benfotiamine,
lipid-soluble thiamine, can also clinically help inhibit diabetic bacteria from evolving and
progressing due to vascular damage from hyperglycemia in tandem with AGE progression and
PKC pathways. A study demonstrates that benfotiamine can also prevent hyperglycemia-is
associated with NF-kappaB activation, leading to activating the transketolase pentose-
phosphate pathway-enzyme, further conversion of glyceraldehyde-3-phosphate and fructose-6
phosphate into pentose-5, and other sugars [148].

Other tests have also been studied in animal models, including vitamins C and E, in
addition to lipoic acids. Many of them have seen advances in biochemistry, and diabetes and
diabetic problems are not established. The possible advantage of vitamin E has been
demonstrated in DR by non-enzymatic pathways by its free radical scavenger behavior in the
cell's extracellular part. Trolox is a vitamin E water-soluble and strong antioxidant. By reducing
membrane lipid peroxidation, Trolox has shown prevention in the depletion of pericytes in
diabetic rats partly.

20. Immunohistochemical Analysis Under HSP-60 and HSP-27

Chronic retina ischemia induces lowered vascular perfusion and is considered,
particularly in normal intraocular tension, to be a cause of glaucoma pathogenesis. Apoptosis
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in glaucomatous optic neuropathy is a retinal cell mortality mechanism. Immunohistochemical
research showed that HSP 60 and HSP 27 are relatively higher in glaucoma than in human non-
glaucomatous skin. In glaucoma optic neuropathy, HSP 60 and HSP 27 may also be part of a
protective mechanism. High levels of HSP 27 and HSP72 in retinal ganglion cells are shown
after an ischemic phase is induced by elevated intraocular pressure. The elevated intraocular
pressure in the animal model was found primarily in glia cells due to HSP 27 and the
phosphorylated HSP 27 [148]. It indicates that HSP72 is associated with improved survival of
retinal ganglion cells in the animal model of acute glaucoma. In vivo and in vitro retinal models,
however, glaucoma is associated with strong serum sHSP antibodies that promote retinal cell
apoptosis. The HSPs can stimulate the T cells, which facilitate apoptosis in the retinal ganglion.
HSPs can also be exposed to increased expression in glaucoma eyes as immune targets
inducing neural apoptosis, diminishing HSPs' protection.

21. Laser Therapy

Laser therapy choices continue to grow for retinal disease, and ST laser may be used
for retinal disease treatment. More optimization of laser settings would be required for ST laser
to work as a mono-therapy. The dosing of laser therapies is more complex than medical
decisions of structured dosing regimens; the common techniques are laser strength and machine
automatic density. A boring option for the future is to upright those genetic pathways with
complex algorithms for laser therapy. We need more studies on how laser power contributes to
gene regulation improvements, leading to potential laser therapy that may upregulate those
gene pathways selectively. The transmission of viral vectors to particular cell populations may
also be imagined in the future and induced explicitly by specific laser wavelengths or electricity
settings. On request, the ophthalmologist would temporarily check therapy gene expression in
cells triggered by laser. Laser phototherapy was the first retinal disease therapies and laser
therapies, such as ST laser, emerge as additional therapeutic options for retinal disease via
continued analysis on laser interaction with the retinal tissue [58].

22. Way Forward

Whenever hot, cold, ischemia or glucose, or other lack of oxygen, HSPs are under
tension in any cell or body. Heat shock proteins provide thermo-tolerance of a cell or organism.
This reaction provides heat protection and can guard against a whole other lethal stress by
means of a process called cross-tolerance.

Recently, metformin, a widely used diabetes drug, has been identified as a modulator
for inflammation linked to ER tension. These results specifically shed new light on this agent
and add another positive statement for the global debate on metformin status (gestational
diabetes mellitus) GDM therapy. In particular, a promising path for future study is the
prophylactic use of the compound to avoid GDM. Different chemicals have been shown to
minimize ER tension and enhance insulin signaling, including tauroursodeoxycholic acid
(TUDCA) and 4 phenylbutyrate (4-PBA). TUDCA GDM therapy may be a promising policy
for reducing inflammation and enhancing the tolerance to peripheral insulin. While this
approach sounds appealing, it would be a far-reaching therapy.

In the mechanism of adapting endogenous stress to many tissues, chaperones play a
significant role. However, the modified chaperone function has been related to the development
of many diseases; hence a recent and evolving pharmaceutical development area has been
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chaperone modulators [149]. Recently, HSP9O0 inhibitors have been a promising method for
battling multiple cancers. On the other hand, chaperone induction activation has proven
successful in healing from various disorders, such as ischemia, cardiac diseases, diabetes, and
neurodegeneration [150]. Different HSP modulators have already been developed in clinical
phases. Due to the positive findings, particular chaperone modulators may be potential industry
blockbusters for multiple therapeutic indications.

Diabetic retinopathy reduction is simple if the levels of blood sugar and blood pressure
are kept under control. These two causes play a significant role in delaying the disease's
progression. Meeting the eye specialist at least once a year for a full eye test is strongly
recommended if you have diabetes.

23. Conclusions

HSP experiments have significant drawbacks in diabetes complications. Changes in
HSP expression in the DM-complicated target organ can be hard to understand because
increased expression can indicate the direct involvement of HSPs in the pathogens,
countervailing cytoprotective reactions, and the two at separate stages of the disease. A
potentially contradictory interpretation can be provided of the contrasting effect of intra/extra-
cell HSPs on HSP diabetic complications [150]. Thus, intracellular or extracellular intervention
studies are essential for a deep understanding of HSP's DM complications function. It is also
increasingly understood that HSPs act in a network and, thus, abnormal HSP clusters are very
relevant. HSPs can also be produced out of the cells in Extracellular vesicles (EV), representing
an important new cell to cell approach. There is a particular concern with the potential use of
HSPs as therapeutic targets. Because DM triggers disrupted protein aggregation, oxidative
pressure, altered mitochondrial bioenergetics, and apoptosis, the boosting of the HSP
cytoprotective machinery tends to be a strategy that is ideal for preventing and/or minimize the
production of DM complications. Furthermore, the recent identification in cancer research of
compounds that can simply and safely increase/decrease HSP levels paved the way for
pharmacologic intervention tests, which often target HSPs in other pathological situations,
including DM-related complications. The method of tissue targeting may also be important, as
pharmacological control of DM complications in different vascular beds may have adverse
effects. In diabetes, factors such as inflammation, glycemia, and beta-cell survival can cause
serious HSP complications. To understand the role and complications of HSPs and their
antibodies in diabetes at the very least, future research on functional foods influencing the level
of anti-HSP antibodies is necessary. In HSP extracellular changes, a comparatively low
transient stress response is unfortunately noticeable. It may serve as a signaling reaction instead
of a higher intracellular HSP. HSPs are a protein group suffocated by their molecular mass (in
kilodaltons; kDa). In a broad range of conditions, including protein reaction, in many
physiological modifications, Chaperones provide adequate cell activity and function.
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