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Abstract  

Protein Tyrosine Phosphatase 1B (PTP1B) stands as a pivotal enzyme in 

cellular signallingpathways, exerting significant influence on metabolism, 

insulin sensitivity, and cellular proliferation. This review comprehensively 

explores the pharmacological and chemical dimensions of PTP1B, 

highlighting its crucial role in regulating cellular processes. The structural 

elucidation of PTP1B has unveiled key insights into its function and 

inhibition. Its catalytic domain, featuring a conserved signature motif, 

serves as a target for pharmacological intervention. Various small 

molecule inhibitors have been developed to modulate PTP1B activity, with 

promising implications for treating metabolic disorders such as diabetes 

and obesity. Additionally, the structural diversity of PTP1B inhibitors 

offers opportunities for rational drug design and optimization. Beyond 

their therapeutic relevance, PTP1B inhibitors have emerged as valuable 

tools for probing cellular signallingnetworks. By selectively perturbing 

PTP1B function, researchers can dissect the intricate interplay between 

tyrosine phosphorylation and dephosphorylation events, shedding light on 

disease mechanisms and identifying novel drug targets. Furthermore, the 

review explores the diverse applications of PTP1B inhibitors in preclinical 

and clinical settings, ranging from basic research to drug discovery 

endeavours. The multifaceted roles of PTP1B inhibitors extend beyond 

metabolic disorders, encompassing cancer, inflammation, and 

neurodegenerative diseases. In conclusion, this review underscores the 

pivotal importance of PTP1B in cellular physiology and disease 

pathogenesis. By elucidating its pharmacological and chemical aspects, 

this comprehensive examination provides valuable insights into the 

development and application of PTP1B-targeted therapies for a myriad of 

human ailments. 
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Introduction 

Protein Tyrosine Phosphatase 1B (PTP1B), a regulatory protein encoded by the PTPN1 gene, 

wields significant influence over cellular signaling pathways, encompassing a diverse range 

of cellular processes, such as growth, metabolism, and differentiation. This review aims to 

elucidate the multifaceted functions of PTP1B, delve into the underlying mechanisms of its 

actions, and explore its clinical implications in health and disease (Tonks, 2006).Due to its 

pivotal role in regulating signaling pathways relevant to metabolic disorders, cancer, and 

inflammatory diseases, PTP1B has emerged as a highly sought-after target for therapeutic 

intervention. Consequently, extensive research has been devoted to developing 

pharmacological strategies to hinder PTP1B activity, culminating in the identification of 

numerous small molecule inhibitors and promising therapeutic candidates. 

Small molecule inhibitors of PTP1B primarily target the enzyme's catalytic domain and 

competitively inhibit its phosphatase activity. These inhibitors are designed to mimic the 

structure of phosphotyrosine substrates and interact with the active site of PTP1B, thereby 

blocking its enzymatic function. Several classes of PTP1B inhibitors have been developed, 

including aryl sulfonamides, benzofuran derivatives, biphenylcarboxylic acids, and salicylic 

acid derivatives (Zhang et al., 2017; Krishnan et al., 2018). 

Mechanism of Action 

PTP1B inhibitors have a therapeutic effect by preventing the dephosphorylation of crucial 

signallingmolecules, such as insulin receptor substrates (IRS) and receptor tyrosine kinases 

(RTKs). This results in increased insulin signalling, improved glucose metabolism, and 

reduced inflammation. By inhibiting PTP1B activity, these inhibitors promote insulin 

sensitivity, glucose uptake, and glycogen synthesis in insulin-responsive tissues, thereby 

alleviating insulin resistance and hyperglycemia that are associated with obesity and type 2 

diabetes mellitus (T2DM) (Klaman et al., 2000; Owen et al., 2015). 

Clinical Development 
Several PTP1B inhibitors have advanced into clinical development for the treatment of 

metabolic disorders and cancer. These inhibitors have undergone preclinical testing for 

safety, efficacy, and pharmacokinetic properties in animal models and early-phase clinical 

trials in human subjects. While some PTP1B inhibitors have shown promising results in 

preclinical studies, their clinical development has been hampered by challenges such as off-

target effects, poor bioavailability, and limited efficacy in human trials. Further research is 

needed to optimize the pharmacokinetic and pharmacodynamic properties of PTP1B 

inhibitors and evaluate their long-term safety and efficacy in larger clinical trials(Goldstein, 

2002; Zhang et al., 2004). 

Role in Signal Transduction 

Signal transduction is an indispensable process through which cells convert external signals 

into internal responses, ultimately regulating a myriad of cellular functions, including 

proliferation, differentiation, and metabolism. PTP1B plays a pivotal role in signal 

transduction by functioning as a negative regulator of tyrosine phosphorylation events 

(Elchebly et al., 1999). 

Dephosphorylation of Receptor Tyrosine Kinases (RTKs) 

RTKs are cell surface receptors activated upon ligand binding, leading to tyrosine 

phosphorylation in their cytoplasmic domains. This event initiates downstream 

signallingcascades for cell growth, survival, and differentiation. PTP1B negatively regulates 

RTK signallingby dephosphorylating activated receptors, thereby attenuating downstream 

pathways. (Neel and Tonks, 1997). 

Modulation of Insulin Signalling pathway 

PTP1B plays a key role in insulin signalling, facilitating insulin receptor autophosphorylation 

and insulin receptor substrate protein phosphorylation. This initiates a cascade of downstream 

signalling events, regulating glucose uptake, glycogen synthesis, and gene expression. 
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PTP1B's dephosphorylation of specific tyrosine residues on IRS proteins can contribute to 

insulin resistance in obesity and type 2 diabetes mellitus (Elchebly et al., 1999). 

Regulation of Janus Kinase (JAK) Signalling 

JAKs, also known as cytoplasmic tyrosine kinases, are responsible for transmitting signals 

from cytokine receptors to the nucleus, where they regulate immune responses, 

hematopoiesis, and inflammation. Recent studies have shown that the protein tyrosine 

phosphatase 1B (PTP1B) interacts directly with and dephosphorylates JAKs, negatively 

regulating the JAK-STAT signalling pathway. Dysregulation of PTP1B-mediated JAK 

dephosphorylation has been linked to inflammatory diseases and cancer (Tiganis, 2013). 

Crosstalk with Other Signallingpathways 

PTP1B interacts with various signalling pathways, including receptor tyrosine kinases 

(RTKs), insulin signalling components, and Janus kinases (JAKs). It also influences 

signalling events by modulating the activity of other protein phosphatases or scaffolding 

proteins involved in signal transduction. For example, it has been demonstrated to 

dephosphorylate components of growth factor receptor-mediated signalling pathways, such as 

the epidermal growth factor receptor (EGFR) pathway (Julien et al., 2011). 

Regulation of Insulin Signalling 

Insulin signalling, crucial for glucose uptake, glycogen synthesis, and lipid metabolism, 

operates by binding to its receptor and activating downstream signalling pathways, like the 

PI3K-Akt and MAPK pathways. PTP1B, a negative regulator, dephosphorylates key 

components of the insulin signalling cascade, such as IRS proteins, attenuating insulin 

signalling and leading to insulin resistance and impaired glucose metabolism (Elchebly et al., 

1999). 

Regulation of Energy Homeostasis 

PTP1B plays a significant role in maintaining energy balance by regulating appetite, energy 

expenditure, and body weight in the hypothalamic neurons of the central nervous system. 

Genetic and pharmacological manipulation of PTP1B in animal models has demonstrated its 

potential as a target for combating obesity and related metabolic disorders (Zhang et al., 

2004). 

Regulation of Appetite 

PTP1B is located in the ARC and VMH, which are essential for appetite regulation. Research 

indicates that when PTP1B is absent or blocked in these areas, neuropeptide signalling is 

affected, leading to increased POMC and reduced AgRP/NPY expression. As a result, food 

intake decreases and resistance to obesity induced by diet improves.(Bence et al., 2006; Tsou 

et al., 2014). 

Impact on Body Weight Regulation 

PTP1B plays a crucial role in the regulation of body weight by integrating signals from 

peripheral tissues and the CNS to modulate energy balance. Genetic deletion or inhibition of 

PTP1B results in reduced adiposity, improved insulin sensitivity, and resistance to diet-

induced obesity. Conversely, overexpression of PTP1B in the CNS leads to hyperphagia, 

obesity, and metabolic dysfunction, highlighting the importance of PTP1B in the central 

regulation of body weight (Elchebly et al., 1999; Zabolotny et al., 2002). 

Implications in Obesity and Metabolic Disorders 

The dysregulation of protein tyrosine phosphatase 1B (PTP1B) has been linked to obesity and 

metabolic disorders. PTP1B overexpression and activity have been observed in obesity, 

insulin resistance, and type 2 diabetes mellitus (T2DM), leading to dysregulated energy 

balance and metabolic dysfunction. Pharmacological inhibition or genetic deletion of PTP1B 

has shown promise in improving energy homeostasis, insulin sensitivity, and body weight 

control in preclinical models, suggesting its potential as a therapeutic target for obesity and 

related metabolic disorders (Julien et al., 2007; Zabolotny et al., 2008; Owen et al., 2015). 

PTP1B, which affects glucose metabolism, also regulates lipid metabolism. Research on 

PTP1B-deficient mice indicates that PTP1B plays a role in adipogenesis, lipid storage, and 
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energy balance, as they exhibit reduced adiposity, increased energy expenditure, and 

improved lipid profile. PTP1B modulates the activity of key regulators of lipid metabolism, 

such as PPARγ and SREBPs, through its interactions with insulin signalling pathways 

(Klaman et al., 2000). PTP1B is a critical regulator of energy balance and metabolism, and 

increased levels of it are associated with obesity and insulin resistance (Klaman et al., 2000; 

Cheng et al., 2002). This results in impaired insulin signaling, glucose intolerance, and 

dysregulated lipid metabolism. Genetic deletion or inhibition of PTP1B improves insulin 

sensitivity, glucose tolerance, and energy balance in animal models of obesity and T2DM, 

indicating its potential as a therapeutic target for metabolic disorders. Insulin signalling, 

crucial for glucose uptake, glycogen synthesis, and lipid metabolism, operates by binding to 

its receptor and activating downstream signalling pathways, like the PI3K-Akt and MAPK 

pathways. PTP1B, a negative regulator, dephosphorylates key components of the insulin 

signalling cascade, such as IRS proteins, attenuating insulin signalling and leading to insulin 

resistance and impaired glucose metabolism (Elchebly et al., 1999; Zabolotny et al., 2008). 

PTP1B also negatively regulates insulin signaling by dephosphorylating insulin receptor 

substrate (IRS) and attenuating downstream signaling events. Elevated PTP1B expression 

and activity contribute to the development of insulin resistance and T2DM. Pharmacological 

inhibition or genetic deletion of PTP1B improves insulin sensitivity and glucose homeostasis, 

suggesting its potential as a therapeutic target for T2DM(Klaman et al., 2000; Owen et al., 

2015). 

Role in Various Diseases 

PTP1B has been linked to the development of various diseases, including obesity, T2DM 

(type 2 diabetes mellitus), cancer, and inflammatory disorders. Dysregulation of PTP1B 

activity results in abnormal signalling pathways, metabolic dysfunction, and immune system 

dysregulation, emphasizing its importance as a potential target for therapy in these diseases. 

Cancer 

PTP1B has been identified as a potential regulator of cancer development, with its role 

depending on the cellular context. While it can inhibit growth factor signalling and suppress 

tumor growth in some cases, its overexpression has been linked to oncogenic phenotypes like 

enhanced cell proliferation, survival, and metastasis. PTP1B also modulates signalling 

pathways involved in tumor progression, such as receptor tyrosine kinase (RTK) and Janus 

kinase (JAK) signalling. Targeting PTP1B may offer therapeutic benefits in cancer treatment 

by inhibiting tumor growth and metastasis(Julien et al., 2007; Tonks et al., 2006). 

Inflammatory Disorders 

PTP1B has been linked to the regulation of immune responses and inflammatory signalling 

pathways. Increased PTP1B expression and activity have been observed in inflammatory 

disorders such as rheumatoid arthritis, inflammatory bowel disease, and atherosclerosis. 

PTP1B regulates cytokine signalling pathways through its interactions with Janus kinases 

(JAKs) and signal transducer and activator of transcription (STAT) proteins. Pharmacological 

inhibition or genetic deletion of PTP1B attenuates inflammatory responses and improves 

disease outcomes in preclinical models, suggesting its potential as a therapeutic target for 

inflammatory disorders (Zabolotny et al., 2002; Zhang et al., 2004). 
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Chemistry:

 
Fig:1Protein Structure of PTP1B 

Researchers have conducted studies using computer-based methods to examine the 

interactions and mechanisms of six various natural compounds with PTP1B, utilizing docking 

and molecular dynamics simulations to assess inhibition (Baskaran &Baddireddi, 2019). The 

first crystal structure of PTP1B, a non-receptor PTP, was reported in 1994 (Barford et al., 

1994). PTP1B's structure comprises three domains, including the N-terminal Catalytic 

Domain, Regulatory Domain, and C-terminal Domain (Villamar-Cruz et al., 2021; Simoncic 

et al., 2006). The PTP1B enzyme consists of 435 amino acids and has an approximate 

molecular weight of 45 kDa. 

PTP1B comprises eight alpha helices and twelve beta strands, as reported by Tautz et al. 

(2013). Its structure contains a catalytically active site that is surrounded by various loops, 

including the WPD loop, Qloop, pTyr-loop, and E-loop, among others, as described by Yang 

et al. (2001). PTP1B has a unique pattern that features a specific conserved Catalytic WPD 

loop, which is shared by other PTPs from various microorganisms. This presents a challenge 

in developing potential drugs that are selective for the enzyme, as it shows significant 

similarity to TCPTP, as noted by Barford et al. (1995) and Fauman and Saper (1996). Studies 

have demonstrated that the activity of PTP1B is regulated by conformational changes in the 

WPD loop.The availability of substrate to the WPD loop facilitates enzyme activity, leading 

to conformational changes that enable the WPD loop to assume a closed conformation 

(Wiesmann et al., 2004). This activation is bolstered by other domain regions, including the 

R-loop, P loop, pTyr recognition loop, Q-loop, S-loop, Loop 11, α-3 helix, α-6 helix, and α-7 

helix (FIG:211) (Yang et al., 2001; Olmez and Alaknet, 2011). The amino acids that 

designate the Loops are given in following table: 

Name of Loop  Amino Acid with Sequence number 

WPD loop Tyr176-Pro185 

R-loop  Val113-Ser118 

P loop His214-Arg221 

pTyr recognition loop Tyr46-Val49 

Q- loop Gln262 

S-loop Leu204-Gly209 

Loop 11 Lys150-Tyr153 
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α-3 helix Glu186-Glu200 

α-6 helix Ala264-Ile281 

α-7 helix Ser285-Ser295) 

 

Researchers have developed various inhibitors aimed at the catalytic active site, but only a 

few have progressed to clinical trials. The challenge of selectivity, due to structural similarity 

with other PTPs, as well as issues with permeability and a conserved active site, has hindered 

the development of inhibitors. However, Wiesmann et al. identified a non-catalytic inhibitor 

that targets an allosteric site located approximately 20 Å away from the catalytic site. This 

site comprises the α-3 helix, α-6 helix, and α-7 helix. Some studies have shown that 

inhibition of the allosteric site induces a conformational change in the enzyme that renders it 

inactive, distorting the WPD loop (Wiesmann et al., 2004; Olmez and Alaknet, 2011). 

The details of Allosteric inhibitors are given in the following section. 

Allosteric inhibition of PTP1B 

Wiesmann et al. in 2004 initially uncovered a novel allosteric site during their examination of 

a few Benzofuran derivatives on PTP1B. During this study, compound 1(Fig:2) did not 

exhibit time-dependent inhibition, and it displayed significant reversibility and a consistent 

low compound-to-protein stoichiometry. The mechanism of this binding was confirmed 

through X-ray crystallography, and the first allosteric inhibition of PTP1B was reported. The 

benzofuran-based compounds 1 and 2 (Fig:2) were found to exhibit allosteric inhibition, with 

IC50 values of 22 and 8uM, respectively, which is 40-fold greater than benzbromarone, a 

previously reported inhibitor (Wiesmann Et al 2004). 

Further, Kamerlin et al. (2006) investigated the mechanism of the novel allosteric inhibitors 

i.e. compound 3 (Fig:2)through targeted molecular dynamics. The molecular dynamics 

simulation of the complex revealed that the closure of the WPD loop was completely 

prevented, leading the enzyme to adopt a catalytically inactive conformation. This 

inactivation is attributed to the inhibition of the α3-helix rearrangement relative to the α7-

helix (Kamerlin et al., 2006). Subsequently, Kamerlin et al. (2007) extended this allosteric 

inhibition study. They utilized the compound for the development of force field parameters 

and examined the mobility of the WPD loop with the inhibitors. Results indicated that the 

said inhibitor significantly reduced the mobility of the WPD loop and restricted flexibility in 

the S loop of the enzyme (Kamerlin et al., 2007). 

In the year 2008, a study was conducted by Muthusamy et al. to investigate the tannins 

present in Cichorium intybus and their impact on glucose uptake and PTP1B inhibition. The 

study analyzed both the methanolic extract of Cichorium intybus (CME) and the detannified 

extract (CME/DT) using radiolabeled glucose uptake and lipid accumulation assays to 

examine the effects on glucose transport and adipocyte differentiation in 3T3-L1 cells, 

respectively. The results showed that CME failed to inhibit glucose uptake in inhibitor-

treated cells, while CME/DT showed the opposite effect. Additionally, the study found that 

the PTP1B enzyme was inhibited by CME, while CME/DT did not exhibit this activity. This 

suggested that the tannins present in the extract were responsible for inhibiting the PTP1B 

enzyme. The effects of CME and CME/DT on the insulin signallingcascade were further 

examined using immunoprecipitation and western blot techniques. The results indicated that 

the important markers of insulin signalling, such as IR beta and IRS1, were phosphorylated 

when treated with CME, whereas their expression was very low in the presence of CME/DT. 

This suggested that the tannins present in the extract exhibited PTP1B inhibition activity 

(Muthusamy et al., 2008).In 2010, researchers performed solvent-solvent fractionation on 

CME and subsequently subjected it to 2-deoxy-D3 [H]-glucose uptake studies. Based on the 

results, the butanol-soluble fraction was isolated for column chromatography, which led to 

the identification of CGA. (Muthusamy et al., 2010) Subsequently, in 2012, Baskaran et al. 

investigated the molecular interactions between PTP1B allosteric site and compound 5, 

CGA(4) and CHA(6) (Fig:2), which are caffeoyl derivatives. Using computational tools, they 
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performed molecular docking and dynamic studies, demonstrating that the ligand-protein 

complex was stable and restricted the mobility of the WPD loop, thereby inactivating the 

enzyme. (Baskaran et al., 2012). 

 
Fig:2 PTP1B Allosteric Inhibitors (Compound no 1-6) 

Building upon the work of Weismann et al., Tang et al. designed and synthesized 15 novel 

sulfathiazole-based derivatives from compound 1(Fig:3). Among these, six compounds 

exhibited significant PTP1b inhibitory activity, demonstrating selectivity over other PTPs. 

Among these, compound 7 (X= , L=, R1=, R2= R3=)(Fig:3) was found to be the most active, 

with an IC50 value of 3.2uM and displaying non-competitive inhibition of PTP1B. 

Additionally, the compound was found to have insulin-sensitizing effects when tested in vivo 

in insulin-resistant mice, as reported by Tang et al. (2013).Krishnan et al (2014) demonstrated 

the binding of the previously reported phosphatase PTP1B inhibitor, Trodusquemine (8) 

(Fig:3), to the allosteric site, which distorted the C terminus. Subsequent research revealed 

that this inhibitor antagonized HER2 signallingand inhibited tumorigenesis in breast cancer. 

Furthermore, the authors identified two sites, Alpha 9 and Alpha 7 extended, where 

Trodusquemine (8) (Fig:3), a cholestane-based compound, bound to the space between these 

two sites and distorted the enzyme, resulting in its inactivity. 

The inhibitory activity of lupine triterpenes, including Lupeol, lupenone, betulin, and 

betulinic acid (09) (Fig:3), was investigated for their potential to inhibit PTP1B by Jin et al. 

(2016). The researchers conducted molecular docking and MD studies to evaluate the binding 

allosteric site of these triterpenes and found that they demonstrated hydrophobic interactions 

with amino acids Ala189, Leu192, Phe196, Phe280, Trp291, and Leu294 present in the 

allosteric site. The enzyme inhibition assay revealed that all these triterpenes were non-

competitive inhibitors of PTP1B enzyme, with IC 50 values of 5.6 uM, 13.7 uM, 15.3 uM, 

and 1.5 uM, respectively. 
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Ottanàand co-workers designed and synthesized novel (4-oxothiazolidin-3-yl)methyl benzoic 

acid derivatives (10) (Fig:3) for PTP1B allosteric inhibition. Two different series with 

substitutions at C2 and different aryl substitutions at C5 of Thiazolidine-4-one were designed. 

In vitro studies on PTP1b showed that all compounds possessed significant inhibitory 

activity. Out of these compounds, three compounds were the most effective PTP1B 

inhibitors, with IC50 values ranging from 1.5 µM to 1.9 µM. The study also revealed that 

some compounds exhibited reversible binding with PTP1B enzyme, while the remaining 

compounds showed a mixed pattern of inhibition, both reversible and irreversible. Kinetic 

studies of the designed molecules were conducted to determine the type of inhibition, which 

revealed that the compounds inhibit the enzyme in both competitive and non-competitive 

manners. Furthermore, the insulin mimetic activity of the compounds on HEP G2 cells 

showed that compounds from series 5 increased IR beta phosphorylation levels, indicating 

that these compounds behaved as insulin mimetics. However, compounds from series did not 

exhibit such activity (Ottanà et al, 2016). 

Fig:3 PTP1B Allosteric Inhibitors (Compound no 7-11) 

In 2019, Ottana et al. introduced a new series of 3-aryl-5-arylidene-2-thioxo-4-

imidazolidinones (11) (Fig:3), which replaced the thiazolidine ring with an imidazole ring. 

These non-carboxylate PTP1B inhibitors were found to be reversible and non-competitive at 

micromolar concentrations, as revealed by kinetic studies. Furthermore, docking studies 

showed that these molecules fit into the allosteric site of PTP1B. It was also discovered 

thatthese agents acted as insulin sensitizing agents when evaluated by cellular assays on liver 

HEPG2 cells. The study was conducted by Ottana et al. (2019). 

In 2017, Zargari et al investigated the binding of three flavonoids—Morin (MOR)(14), 2′-

Methoxykurarinone (MOK) (13), and 6,8-diprenylorobol (DPO) (12) (Fig:4)—at the 

allosteric site of the PTP1B enzyme. The molecular interaction between these flavonoids and 

the enzyme was examined through molecular docking and dynamics studies, as well as free 

energy landscape and cluster analysis. According to the molecular docking analysis, DPO had 

the lowest binding energy of -8.3 kcal/mol, followed by MOK (-6.5 kcal/mol) and MOR (-5.3 

kcal/mol). The molecular dynamics study also yielded positive results for all three flavonoids, 

as demonstrated by the cluster analysis cutoff at 1.15 A (Zargari et al, 2017). 

 
Fig:4 PTP1B Allosteric Inhibitors (Compound no 12-14) 
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Kostrzewa et al. (2018) examined small peptide-like molecules (15-18) (Fig:5) for their 

capacity to inhibit PTP1B activity at an allosteric site. Through molecular docking studies of 

four dipeptides and tripeptides, the researchers identified specific amino acids that bound to 

the allosteric site. These compounds were assessed for their ability to inhibit PTP1B using an 

in-vitro assay, which showed that they reduced enzymatic activity and decreased the viability 

of MCF7 breast cancer cells in the presence of the inhibitors (Kostrzewa et al., 2018). 

Fig:2 PTP1B Allosteric Inhibitors (Compound no 15- 18) 

Researchers, including Morishita et al. (2017), designed a library of novel substituted 

benzoylsulfonamide compounds (19)(Fig:6) for the purpose of testing them as inhibitors of 

PTP1B. Among these compounds, 19(Fig:6)displayed potent and selective inhibitory activity 

against the PCP1B enzyme, with an IC50 value of 0.25 µM. Additionally, 18K was 

determined to be a non-competitive inhibitor that binds to the allosteric site of the enzyme. 

The oral absorption of 19(Fig:6) was found to be high, resulting in a significant reduction of 

blood glucose levels with no reported significant side effects (Morishita et al., 2017). 

In 2017, Punthasee and colleagues investigated the conjugate composed of 5-aryl-1,2,5-

thiadiazolidin-3-one 1,1-dioxide(20)(Fig:6)previously designed with an electrophilic α-

bromoacetamide. The time-dependent loss of activity of PTP1B was observed with one of the 

compounds 20. Mass spectrometry of the inactivated enzyme revealed that the modification 

at C121 was the primary change in the structure, which suggests allosteric inhibition of the 

enzyme. (Punthasee et al, 2017) 

In 2018, Eto et al conducted a pharmacological evaluation of bipenyl-benzoylsulfonamide 

compounds(19) (Fig:6) against the PTP1B enzyme for their inhibitory effects. The compound 

19(Fig:6) was found to inhibit PTP1B with an IC50 value of 0.28 ± 0.01 mM. Furthermore, it 

was observed that this compound increased the phosphorylation of IR signallingat the same 

concentration where it inhibited PTP1B, indicating its potential to reduce insulin resistance. 

However, the compound did not show adipocyte differentiation. The study's highlight was 

that compound 19(Fig:6) inhibits PTP1B at an allosteric site without PPARS agonist activity, 

which enhances its impact as an antidiabetic agent by improving insulin signallingin hepatic 

cells and muscles. Additionally, the compound demonstrated anti-obesity effects, which is a 

difficulty faced by many antidiabetic agents (Eto et al, 2018). 

Qin et al (2018) conducted a study on Flavonolignans from Silubum Marianum(21) (Fig:6), 

and a total of nine compounds were evaluated for their non-competitive inhibitory effect on 

PTP1B. The kinetic analysis of compounds 1 to 5 demonstrated the non-competitive 

inhibition of PTP1B, and the molecular docking study further supported the inhibitory 

activity against the PTP1B enzyme. The results of this study were published in (Qin et al, 

2018) 

Shinde et. Al in 2018 developed a receptor-based pharmacophore. In this virtual screening 

protocol authors used two pharmacophores for identification of PTP1B inhibitor which must 

determine selectivity and permeability toward enzyme. the molecular docking and MD 

studies were performed to establish the allosteric inhibition mechanism of enzyme. For the 

same 23 molecules had potential inhibitory activity and out of them 10 was found to possess 

good permeability with potential inhibitory property. This study had given idea about the 

presence of hydrophobic region, hydrogen bond acceptor region and hydrogen bond donor 
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region. It also indicated the exact distance between all the regions.The study had well 

explained the use of receptor-based pharmacophore generation for a potent and selective 

inhibitor targeting allosteric site. (Shinde et al., 2018). 

Shi et al. (2019) investigated a N-atom augmented product of radicicol. The inhibition of 

PTP1B through allosteric site was evaluated by molecular docking studies, Mutagenesis and 

enzymological studies. Out of several compounds, compound 22(Fig:6) showed an increased 

insulin signallingand glucose uptake in a dose-dependent manner. The authors suggested that 

pyrrolopyrazoloisoquinolone can be modified to increase the potency and selectivity of the 

agents (Shi et al., 2019). 

 

 

Fig:6 PTP1B Allosteric Inhibitors (Compound no 19-22) 

In 2019, Bhaskaran et al. selected six natural products based on their in-vitro antidiabetic 

activity for further evaluation. The study aimed to examine the potential of Aloe emodin 

glycoside (AEG)(23), 3β-taraxerol (3BT)(24) (Fig:7), chlorogenic acid (CGA)(4), cichoric 

acid (CHA)(6)(Fig:3), (3β)-stigmast-5-en-3-ol (SGS)(25), and methyl lignocerate 

(MLG)(26)(Fig:7) as PTP1B allosteric inhibitors through molecular docking, molecular 

dynamic simulation, and homology modelling. The results of the study showed that AEG, 

3BT, CGA, and CHA bound more effectively to the allosteric site of PTP1B than SGS and 

MLG. The docking study comparison of these compounds on the active site and allosteric site 

indicated that the compounds exhibited favourable binding at the allosteric site. The study 

findings emphasized the significance of the α-7 helix of PTP1B and its coordination with the 

WPD loop, Loop11, α-3 helix, and α-6 helix (Bhaskaran et al 2019). 

 

Fig:7 PTP1B Allosteric Inhibitors (Compound no 23-26) 
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In 2022, Friedman et al employed a terpanoid called amorphadiene (AD)(27)(Fig:8), which 

had been previously isolated from a microbial culture, for the purpose of PTP1B inhibition. 

The researchers conducted an evaluation of the allosteric inhibition of PTP1B by 27 through 

molecular dynamics simulations. The simulations suggested that AD(27) bound to two 

adjacent sites on the allosteric influence C terminus. This binding was distinct from that of 

other allosteric inhibitors. Upon binding to this site, AD(27) distorted the α7 helix, which 

initiated the closure of the WPD loop and resulted in the observed inhibitory activity. The 

authors of the study proposed that the AD(27) scaffold could be utilized for the development 

of novel derivatives (Friedman et al, 2022).(Fig:8) 

 

 

 

 

 

 

 

 

Fig:8 PTP1B Allosteric Inhibitors (Compound no 27) 

Discussion 
This review article delves into the complex pharmacological and chemical aspects of the 

Protein Tyrosine Phosphatase 1B (PTP1B) enzyme, emphasizing its significance as a 

potential therapeutic target for various diseases. Through a comprehensive analysis, several 

key points emerge. The review explores the pharmacological aspects of PTP1B, including its 

role in cellular signaling pathways and its involvement in diseases such as obesity, diabetes, 

and cancer. By elucidating the mechanisms underlying PTP1B's action, the article provides 

valuable insights into its potential as a therapeutic target for these conditions. In-depth 

analysis of the chemical structure of PTP1B and its catalytic mechanism enhances our 

understanding of its function within cellular signaling networks. By elucidating the 

interactions between PTP1B and its substrates, the review elucidates the molecular basis of 

its regulatory role in cellular processes. The article also discusses the development of 

inhibitors and modulators targeting PTP1B, highlighting their potential for therapeutic 

intervention. By summarizing the structure-activity relationships of known inhibitors, the 

review provides valuable insights into the design and optimization of novel PTP1B-targeted 

therapeutics. The review also explores the clinical implications of targeting PTP1B in the 

treatment of metabolic disorders, cancer, and autoimmune diseases. By examining preclinical 

and clinical studies, the article evaluates the efficacy and safety of PTP1B inhibitors in 

therapeutic applications, providing valuable guidance for future drug development efforts. 

Conclusion 
In conclusion, your review article provides a comprehensive overview of the pharmacology 

and chemistry of the PTP1B enzyme, highlighting its significance as a therapeutic target in 

various diseases. Through a detailed analysis of its structure, function, and pharmacological 

relevance, the article underscores the potential of PTP1B inhibitors and modulators for the 

treatment of metabolic disorders, cancer, and autoimmune diseases. By synthesizing existing 

knowledge and identifying future research directions, your review contributes to the 

advancement of PTP1B-targeted drug discovery efforts, paving the way for the development 

of innovative therapeutics with clinical utility. 
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