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ABSTRACT:

One of our society's biggest health challenges is type 2 diabetes mellitus. In order to control this
chronic condition and its associated problems, novel therapies are being developed despite the wide
range of alternatives available for existing medication treatments. Since protein tyrosine
phosphatase 1B (PTP1B) is an essential component of a negative regulator in the insulin and leptin
signaling pathways, it is a promising therapeutic target for a number of human disorders, including
type 2 diabetes (T2DM) and obesity. PTP1B inhibitors improve insulin receptor sensitivity and can
treat illnesses linked to insulin resistance. Type 2 diabetes mellitus and the group of cardiovascular
risk factors known as the "metabolic” syndrome are strongly linked to resistance to the cellular
action of insulin, a fundamental pathophysiological defect that accompanies the global obesity
epidemic. The creation of new pharmaceuticals that lessen insulin resistance may be crucial for
treating and preventing diabetes as well as lowering the cardiovascular risk profile that goes along
with it. Research on the function of protein-tyrosine phosphatase PTP1B in the cell has now
demonstrated unequivocally that it is a crucial negative regulator of the tyrosine phosphorylation
cascade, which is essential to the insulin signaling pathway. In over nourished situations, PTP1B
inhibition also decreases the amount of triglycerides stored in adipose tissue and is not linked to any
apparent harm. In general, these investigations have cleared the path for the commercialization of
PTP1B inhibitors, which could potentially function as an innovative kind of "insulin sensitizer" for
the treatment of type 2 diabetes and the metabolic syndrome.

Introduction

inhibitors are among the various medication groups now

Globally, the prevalence of diabetes mellitus (DM), a
chronic multifactorial illness, is rising [1]. According to
the American Diabetes Association's classification
published in 2021, diabetes mellitus (DM) can be
broadly classified into four categories: type 1 DM, type
2 DM, gestational DM, and specialized kinds of DM
resulting from various causes. Of those, type 2 diabetes
accounts for 90-95% of all instances of the disease [2].
It is the most common kind of diabetes. This kind of
diabetes usually has a history of insulin resistance and
gradually decreased pancreatic B cell insulin
production. Hyperglycemia, or persistent blood glucose
levels, is the result of these anomalies [3, 4].Biguanides,
sulfonylureas, thiazolidinediones (TZD), meglitinides,
dipeptidyl peptidase 4 (DPP-4) inhibitors, a-glucosidase
inhibitors, and sodium-glucose cotransporter 2 (SGLT2)
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licensed for the treatment of type 2 diabetes [5]. In spite
of the large number of type 2 DM medications that are
already licensed, over 7,000 clinical trials are filed to
explore novel formulations [6]. Even if the number of
therapeutic choices has increased over the past few
decades, the therapies that are currently available have
shown limitations and downsides. Even though
metformin is the medication most frequently
administered to people with type 2 diabetes, little is
known about how it works. Additionally, using it is
linked to adverse gastrointestinal consequences [7].
Other now licensed medications for the treatment of
type 2 diabetes also have a number of drawbacks, such
as hypoglycemia, changes in body weight, an increased
risk of cardiovascular disease, and urinary tract
infections [5]. Furthermore, 4.2 million deaths
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worldwide were attributed to diabetes in 2019,
according to the International Diabetes Federation [8].
Therefore, in order to treat type 2 diabetes and the
related micro- and macrovascular problems, new
therapeutic strategies are required. In comparison to the
treatments that are now in use, the innovative emerging
therapies are anticipated to show added value, such as
the possibility of weight loss, the absence of
hypoglycemia risk, better drug delivery techniques, and
a reduction in the frequency of usage [6].

The translation of the metabolic insulin signal is a
multifaceted process (Figure 1). To put it briefly, when
insulin binds to the insulin receptor (IR), tyrosine
residues are autophosphorylated, which activates and
recruits insulin receptor substrate (IRS) proteins. As a
result, the intracellular signaling molecules protein
kinase B (PKB; also called Akt) and
phosphatidylinositol 3-kinase (PI3K) are activated,
which encourages the translocation of the glucose
transporter vesicles to the membrane and glucose
uptake [9] (Figure 1).
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Figure 1: Diagram showing how protein tyrosine phosphatase 1B (PTP1B) negatively regulates the insulin and leptin
signaling pathways. Reproduced from Image bank [27]. GLUT4: glucose transporter 4; IR: Insulin Receptor; IRS: Insulin
Receptor Substrate; JAK2: Janus Kinase 2; ObR: Leptin Receptor; PDK-1: 3-phosphoinositide Dependent protein
Kinase-1; PI3K: Phosphatidylinositol 3-kinase; PKB: Protein Kinase B; PTP1B: Protein Tyrosine Phosphatase 1B.

One potential treatment target for type 2 diabetes is the
enzyme protein tyrosine phosphatase 1B (PTP1B),
which is a negative regulator of the insulin signaling
pathway. [10]. As a negative regulator of insulin
signaling, PTP1B dephosphorylates IRS and IR, which
reduces insulin signaling as a result. As a result, PTP1B
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inhibition ~ will raise insulin  sensitivity and
phosphorylate IRS and IR [11]. Furthermore, PTP1B is
a leptin signaling negative regulator and is thought to be
a possible target for obesity (Figure 1). Insulin
resistance and obesity are associated with physical
inactivity. Over time, obesity and a genetic
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susceptibility lead to insulin resistance and f cell
failure, which reduce insulin secretion and eventually
result in type 2 diabetes [9].

PTP1B is an intriguing therapeutic target since it can
function both positively and negatively in several
signaling pathways. As a result, researchers have
focused on finding and using PTP1B modulators to treat
diabetes, obesity, and even cancer [12].Elchebly and
Comeau et al.'s studies have demonstrated that mice
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lacking PTP1B are protected from diet-induced obesity,
as shown in Figure 2. In contrast, PTP1B-knockout
mice show insulin sensitivity and glycemic control, are
resistant to obesity, and have significantly lower
triglyceride levels [13-15]. Thus, PTP1B inhibitors
could be new medications used to treat obesity and type
2 diabetes. In clinical studies, no effective and selective
PTP1B inhibitor has yet been discovered.

Ce

Figure 2. PTP1B metabolism mechanisms and implications for insulin and leptin signaling pathways. Reproduced with
the permission from [16].

Protein Tyrosine Phosphatase 1B

The primary role of the numerous enzymes known as
PTPs, which are made up of over 100 distinct proteins,
is to inhibit the activities of protein tyrosine kinases
(PTKSs) [17]. Since the first PTP was purified in 1988, a
total of 125 PTPs have been identified in the human
genome [18]. The highly conserved catalytic domain of
this superfamily, which consists of about 240 amino
acids and bears the active site characteristic motif
C(X)5R [19], also known as Cys-X5-Arg [20] and
(IV)HCXAGXXR(S/T)G, is what distinguishes it. A
catalytic cysteine found in the signature motif is
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essential to the phosphatases' ability to catalyze the
removal of the phosphate moiety from the
phosphotyrosine substrate. Based on the specificities of
its protein tyrosine, the superfamily is divided into three
classes: class I, class Il, and class I1l. The enzymes of
class Il, which includes the dual specificity PTPs, may
also remove phosphate groups from phosphotyrosine
residues and phosphoserine and phosphothreonine
residues. Class | is made up of the traditional PTPs.
Low molecular weight PTPs are included in class 111, to
sum up (Figure 3).
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Figure 3. Traditional PTPs. The 37 members of the vast family of tyrosine phosphatases known as the classical PTPs are
further classified into 16 non-transmembrane (cytosolic) PTPs and 21 transmembrane receptor-like PTPs based on where
they are found in the cell. While receptor-like PTPs contain one or two catalytic domains and an intrinsic catalytic
cysteine residue, non-transmembrane phosphatases only have one. Reproduced with the permission from [21].

PTP1B as a Potential Therapeutic Target

PTP1B has gained attention as a potential therapeutic
target due to its involvement in a number of clinical
diseases, including cancer and metabolic disorders [22].
But there are obstacles in the path of every
achievement. Numerous obstacles have to be overcome
in the course of creating selective PTP1B inhibitors,
notwithstanding the enormous efforts made in this
regard. The original plan was to use tiny compounds
that mimicked phosphotyrosine to target the catalytic
region, but this approach presented two significant
difficulties. The members of the PTP family share a
highly conserved catalytic domain, making them a very
closely linked family. Targeting the catalytic domain of
PTP1B caused suppression of other members of the
family, which could have serious unintended off-target
adverse effects. For example, PTP1B and T cell protein
tyrosine phosphatase (TC-PTP), the most closely related
classical PTP, are 72% identical overall. Moreover, the
catalytic sites of PTP1B and TC-PTP are 94% identical
[23, 24]. While TC-PTP-deficient pups died in infancy
from severe anemia and elevated general inflammation,
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PTP1B-deficient mice demonstrated better insulin
sensitivity and resistance to HFD-induced obesity [25].
This suggests that PTP1B inhibitors with extreme
selectivity are required. Cell permeability and
bioavailability presented the second difficulty. Small
compounds that mimicked phosphotyrosine were
employed to target the catalytic site, but their cellular
permeability was limited due to their high charge
density and positive charge [26].

Protein tyrosine phosphatase 1B (PTP1B): Clinical
Significance

Protein tyrosine phosphates are categorized based on
mechanism or locations as Class | (Classical PTPs),
Class Il (LMW-PTP), Class I11(CDC25B), Asp-Based
Phosphatases (EYA1, EYA2, EYAS3, and EYA4), His-
Based Phosphatases (UBASH3)[27,28,29]. Non-
receptor PTPs with its location are PTP-1B, PTP-SL,
SHP-1, SHP-2, STEP [30, 31]. Protein tyrosine
phosphatase 1B (PTP1B) is negative modulator of
insulin and leptin signaling pathways and have major
impact on maintaining various metabolic disorders [32].
Insulin receptor (IR) signal transduction pathway is
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expressed in various cells and tissues [33]. Protein
tyrosine phosphatase (PTP1B) inhibitors mediated
dephosphorylation of the intracellular part of the
receptor leads to desensitization. Desensitization of
receptors leads to prolonging insulin effect thus has
opened new targets for treatment of diabetes Mellitus
[34]. By modifying, it improves the sensitivity of the
insulin receptor. Experimental investigations have
disclosed the role of MFGES8 in regulating insulin
signaling [35]. PTP1B is attractive target over existing
therapies as it improves glucose homeostasis and insulin
signaling without lipid buildup in the liver. Having an
impact on endothelial dysfunction helps to treatment
and management of cardiovascular complications [36].
Recent studies have disclosed Phosphoeleganin a dual
inhibitor of protein tyrosine phosphatase 1B (PTP1B)
and aldose reductase (AR) enzymes as novel approach
for treatment of dibetes millutus[37].PTP1B inhibitors
including diaminopyrroloquinazoline, triazines,
piperazinylpropanols, phenylsulphonamides, thiazoles,
isothiozolidiones and thiazolodinone have promising
potential [38].PTP-1B inhibitors could thus be
promising drugs for treatment of diabetes Mellitus,
obesity, resistance and cardiovascular complications
[39, 40, and 41].

Protein tyrosine phosphatase 1B (PTP1B) inhibitors:
Phase Il clinical trial of Ertiprotafib has disclosed
PTP1B and lkappaB kinase beta (IKK-beta) inhibitor
potential dual PPARalpha/PPARgamma agonism.
[42,43]. MSI-1436 a PTP1B selective inhibitors have
shown promising effects against Equine metabolic
syndrome (EMS)[44].Microbial origin-based compound
Trivaric acid is a potential PTP1b inhibitor and show its
effect by stimulating IR/IRS/Akt/GLUT2 pathway and
enhanced glucose consumption in HepG2 cells [45].
Experimental investigations have discloed
Fumosorinone (FU) isolated from Isaria fumosorosea as
potent PTP1b inhibitor [46]. Fucosterol downregulates
expression of PTP1B and activation the insulin
signaling pathway thus showing potential as antidibetic
agent [47]. Investigations results disclosed that o-
methyl artoflavanocoumarin  (MAFC), a natural
flavanocoumarin as mixed type PTP1B inhibitor [48].
Didymin  (isosakuranetin ~ 7-O-rutinoside) strongly
inhibits a-glucosidase and protein tyrosine phosphatase
1B (PTP1B) [49]. Poncirin, an orally active flavonoid
activates PI3K/Akt signaling pathway and shows
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potential in management of relaed complications in
diabetes mellitus [50]. Ursonic acid from Artemisia
Montana inhibits PTP1B and activates the PI3K/Akt
signaling pathway. Ursonic acid is non-competitive
inhibitor of PTP1B and a-glucosidase[ 51] studies
suggested fungal metabolites such as fumosorinone A,
nordivaricatic acid with some modifications may be
developed as novel PTP1B  inhibitors[52].
Thiazolidinedione derivatives (lobeglitazone) as PTP1B
inhibitors [53]. coumarins, isolated from Angelica
decursiva showed potent PTP1B and a-glucosidase
inhibitory activities [54]. Sudies provide a novel
scaffold mixed 3,3'-bisindoles, di-indolinone, 1H-2,3-
dihydroperimidine  derivatives as novel PTP1B
inhibitors [55]. Studies disclosed that Safranal potently
inhibits PTP1B and improved glucose tolerance in type
2 diabetic KK-A(y) mice [56].

Further Challenges and Perspectives of PTP1B
Inhibitors

Approximately 500 PTP1B inhibitors have been
discovered or produced during the last few decades,
including 248 phenolics, 159 terpenoids, 40 alkaloids,
24 fatty acids, and 17 steroids. They mostly obstruct
PTP1B's catalytic active site [57]. For instance, PTP1B
inhibitors with oxidizing characteristics or the capacity
to produce oxidative chemicals, which result in PTP1B
inactivation, were given careful consideration since
tyrosine phosphatases' catalytic cysteine is frequently
oxidized, which causes their inhibition [58].
Furthermore, PTP1B is a metal-modulated enzyme;
PTP1B phosphatase activity is lost in response to
PTP1B inhibitors that contain metal ions, such as Zn?",
Fe?*, Cu?*, Cd?*, and Mg®*". However, as both PTP1B
inhibitor types work against all PTPs, it is to be
expected that they have minimal specificity.
Unprecedented growth of molecular target based
USFDA approved have forecasted the promising future.

Conclusions

Diabetes and cardiovascular disease are two
pathological processes in which PTP1B is implicated.
In contrast to current insulin sensitizing tactics, it has
been observed that blocking PTP1B function improves
glucose metabolism and boosts insulin responsiveness
without raising lipid metabolism or accumulating lipids
in the liver. This is better than current pharmacological
methods for treating diabetes since it would avoid
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adverse effects including weight gain and hepatic
steatosis. PTP1B is a very desirable single therapeutic
target for cardiovascular diseases due to its involvement
in the development of cardiovascular disturbances such
as endothelial dysfunction, impaired cardiac function,
and aberrant angiogenesis. But because PTP1B is
widely expressed and involved in many physiological
systems, systemically targeting it could have
unfavorable off-target side effects that could restrict its
application in the future. Therefore, to maximize the
therapeutic benefits of inhibiting PTP1B while lowering
the risk of potential off target side effects, it is essential
to develop novel strategies to specifically target tissues
of interest, such as the cardiovascular system or insulin-
sensitive tissues, in addition to overcoming the
difficulties inherent in synthesizing potent and selective
small molecule inhibitors for PTP1B. In near future
Molecular targets based drugs have paved the way
towards the permanent treatment and related
complications in type 2 diabetes mellitus.
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