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Introduction
In recent years, for the lesion site, studies at the molecular level of 

drugs targeting protein molecules has been a major research method 
for exploiting new, high-efficiency drugs with low toxicity [1]. Janus 
kinases (JAKs) are important signal transducers of many cytokines, 
growth factors and interferon. In recent years, it has been found in 
cancer cells and cells transfected with oncogenes that there would 
be a significant enhancement in the expression of JAKs. Also, the 
expression of JAKs has a close relationship with inflammation and 
autoimmune diseases and immune rejection of the allograft following 
formation [2]. With the research development of JAKs, a large number 
of safe, high-efficiency and highly selective JAKs inhibitors have 
been designed, which can selectively block JAKs signal transduction 
systems. According to clinical trial results, JAKs have high selectivity, 
high bioavailability, therapeutic activity and are well tolerated, which 
makes the treatment of diseases using JAKs possible [3].

The Structure and Function
Compared to other tyrosine kinases, JAKs are a family of non-

receptor tyrosine kinases that are relatively large molecules (120-
130kDa). There are four family members of JAKs: JAK1, JAK2, 
JAK3, and TYK2. JAK1, JAK2 and TYK2 exist in various tissues and 
cells (Figure 1), while JAK3 only exists in the marrow and lymphatic 
system. The four JAKs possess seven different domains (Figure 1). 
The JAK homology region (JH1) is the kinase domain and the more 
proximal region is JH2, which is functionally equivalent to negative 
regulatory factors and is an inactive pseudokinase domain. In addition, 
there are also five kinds of N-terminal domains (JH3-JH7), mainly 
involved in the binding of receptors. In the JAK family, there is a high 
degree of homology and highly homologous binding to the catalytic 
domain can be observed. One of the functional structures is JH1 and 
JH2, with JH1 being the active catalytic region. Though JH2 does not 
decide the catalytic action, it is considered to play an important role. 
When stabilising and confirming JAK, JH3 and JH4 domains (SH2) are 
considered to play a primarily structural role, while JH5-JH7 domains 
(FERM domain) have shown interactions with the extracellular domain 
of the cytokine receptors directly and JH1 [4].

JAKs transmit extracellular stimuli through signals that are 
generated by the relevant receptors [5]. Receptors and/or JAKs 
selectively activate signal transduction and signal transducer and 

activator of transcription (STAT) proteins by phosphorylation sites 
near the SH2 domain [6]. 

JAK1 signal conduction mainly relies on a variety of cytokines, 
making them phosphorylated and increasing their ability to activate 
downstream signalling molecules. A variety of cytokines, such as 
INF-A, INF-B, INF-Y, IL-6, and IL-7, can be applied to JAK proteins 
to make them phosphorylated. By activating its downstream STAT 
signalling molecules, the JAKs/STATs pathway continues to activate 
and initiate the proliferation and differentiation of the haematopoietic 
system without exception. With in-depth studies of the JAK-STAT 
pathway, the role of JAK1 in solid tumours has gradually been taken 
seriously. At present, many studies have shown that JAK1 plays an 
important role in the treatment of breast cancer, prostate cancer, 
head and neck cancer, kidney cancer, uterine sarcoma and malignant 
melanoma [7,8].

JAK2 is widely distributed in the cytoplasm of cells that are 
involved in signal transduction of the haematopoietic and immune 
systems. It is critical to generate red blood cells and activate immune 
cells. Epidermal growth factor, platelet-derived serum factor, and 
colony stimulating factor are all involved in the signal transduction 
pathways associated with JAK2, which induce cellular proliferation, 
differentiation and apoptosis. The JAK2 and STAT families contain 
several members constituting multiple signal transduction pathways, 
such as JAK2/STAT3, JAK2/STST5. The JAKs/STATs pathway induces 
receptor dimerisation through ligands and receptors on the cell surface 
bind to each other. Receptor dimerisation causes phosphorylation of 
each other, thereby activating JAK. The activated, phosphorylated JAK 
receptors form the binding sites on the receptor and phosphorylate 
STAT. Homologous or heterologous dimers are formed by the activated 
STAT moving to the nucleus, and combining with gene expression 
promoters to regulate gene expression. Through the signalling pathway, 
JAK2 is involved in the development, differentiation and apoptosis 
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of haematopoietic cells, as well as many kinds of reactions that are 
generated by immune and inflammatory processes [9].

JAK3 is a key cell signalling molecule in the immune response, 
which is specifically distributed in the lymphatic system [10]. In the 
lymphatic system, interleukin-2 (IL2) can activate JAK3 within a 
very short period of time. After a period of signal transduction, JAK3 
can dephosphorylate and become inactive, so that signals generating 
quenching facilitate the next round of stimulus signal transmission. 
Thus, the inhibition of JAK3 activity will prevent side effects caused by 
damage to other tissues [11,12].

JAKS Inhibitors Overview
According to the differences between homologous subtypes of 

JAKs proteins and interaction between inhibitors and JAKs, which 
occur via contact with the ATP-binding region and the different 
functions with inhibitors, JAKs inhibitors can be divided into three 
categories. The first is a pan-JAKs inhibitor, which has a similar degree 
of inhibition to JAK1, JAK2 and JAK3. The second is the selective 
inhibitor, which targets JAK2 protein, and is mainly used for anti-
tumour therapy. The third is the selective inhibitor which is targeted to 
the JAK3 protein, and is most commonly used for anti-inflammatory 
and immunosuppressive therapy. Since the pairing of JAKs with given 
cytokine receptors is determined by the chain associated with specific 

receptor, due to particular cytokines possibly being associated with 
the pathogenesis of certain diseases, other modulators may cause 
undesirable side effects. Therefore, it is necessary to develop appropriate 
inhibitors. Even though the structures of all four JAK family members 
had been reported, and structure−activity relationships of JAKs are 
known, it is still a challenge for medicinal chemists to develop JAKs 
inhibitors because of the similarities between these enzymes. Since the 
ATP-binding domain consists of 120 amino acids, protein isoforms 
of JAKs have only 9 different amino acid residues [13]. Therefore, the 
first generation of non-selective JAKs inhibitors were small molecule 
compounds. However, with the continuous access to biological protein 
crystals data, many research institutions developed second generation 
inhibitors of different subtypes with a broader spectrum, which can 
inhibit single JAKs proteins with high selectivity [14,15]. Currently, the 
first generation of non-selective inhibitors has been divided in terms of 
structure into pyrrolopyrimidine compounds (Ruxolitinib, Tasocitinib, 
INCB-28050), pyrrolopyridine, pyrrolopyrazine etc. Among them, 
Ruxolitinib from Novartis has been approved for the treatment of 
myelofibrosis disease, and Pfizer's Tasocitinib has been approved 
for the treatment of rheumatoid arthritis. The second generation of 
targeted JAK2 inhibitors includes Lestaurtinib, AZD1480, SB1518, 
SAR302503, and for JAK3 includes VX509 and R348 (Table 1). The 
pharmacological effects and clinical application of these compounds 
are as follows.
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Figure 1: family members of JAKs.

Name Targets Phase Company
pan-JAKs inhibitors
Ruxolitinib / INCB-18424, INC-424 JAK1, JAK2, JAK3 2011 Filed Incyte
Tasocitinib / tofacitinib, CP-690550 JAK1, JAK2, TYK2 2012 Filed Pfizer
Baricitinib/ INCB-28050, LY-3009104 JAK1, JAK2 Phase III Incyte
GLPG-0634 JAK1, JAK2 Phase II Galapagos
CYT-387 JAK1, JAK2, TYK2 Phase II Cytopia
AT-9283 JAK2, JAK3, BCR-ABL Phase II Astex
INCB-16562 JAK1, JAK2 Preclinical Incyte
Selective JAK2 inhibitors
Pacritinib/ SB-1518 JAK2/FLT3 Phase III S*Bio
Lestaurtinib / CEP-701 JAK2/PDGFR Phase III Caephalon
AZD-1480 JAK2 Phase II AstraZeneca
SAR-302503/ TG-101348 JAK2/RET Phase II Sanofi-Aventis
LY-2784544 JAK2 Phase II Lilly
BMS-911453 JAK2 Phase I Bristol-Myers Squibb
NS-018 JAK2 Phase I Nippon Shinyaku
TG02/ SB-1317 JAK2/CDK, FLT3 Phase I S*Bio
SB-1578 JAK2/FLT3 Phase I S*Bio

XL-019 JAK2 Phase I
(Termination) Exelixis

AG-490 JAK2 Tools compounds No company
Selective JAK3 inhibitors
R-348 JAK3 Phase I Rigel
VX-509 JAK3 Phase I Vertex
NC-1153 JAK3 Preclinical Texas Uni.

Table 1: Investigation of JAKs inhibitors.
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Pan JAK3 Inhibitors
Ruxolitinib 

Ruxolitinib (INCB18424, INC424) [16] is a JAKs inhibitor which 
was the first FDA-approved inhibitor for the clinical treatment of 
myelofibrosis [17]. It was developed by Novartis and U.S. Incyte 
Biopharmaceutical Company. Ruxilitinib is in clinical phase studies, 
for indications including other types of cancer (such as lymphoma 
and pancreatic cancer), polycythaemia vera and plaque psoriasis. How 
to synthesise this product has not yet be described in the literature. 
Ruxolitinib, which uses a hinged pyrrolo pyrimidine heterocycle 
(Figure 2) as a pharmacodynamic substituent, is able to interact with 
JAKs.

According to the literature, Ruxolitinib is specific for JAK1 and 
JAK2, as shown using the kinase method. However, JAK1 is involved in 
other JAKs receptor pairings, including JAK3; therefore, we can adjust 
the same cytokines as JAK3 signalling. In terms of kinases, the potential 
advantage of specificity is not obvious. However, in efficacy, the subtle 
changes are clinically obvious. Ruxolitinib is a Pan JAKs inhibitor. In 
pre-clinical studies, it has been shown that Ruxolitinib can efficiently 
inhibit JAK1 (IC50:3.3nM), and JAK2 (IC50:2.8nM) and weakly inhibit 
TYK2 (IC50:19 nM), and JAK3 (IC50:428 nM) [18]. Observed in about 
70% of patients, dysfunction of JAK-STAT signalling is characteristic 
of some myeloproliferative neoplasms. Mutations in JAK2 caused 
a number of phenomena. Therefore, the use of JAK2 inhibitors is a 
viable therapeutic strategy for these patients. Ruxolitinib can be used 
for the treatment of myeloproliferative neoplasms and has become a 
promising method for the treatment of bone marrow fibrosis. Although 
the use of JAK2 inhibitors is compelling in the treatment of bone 
marrow fibrosis in the presence of the activating mutation JAKv617F, 
the number of cells expressing V167F alleles would not decrease with 
the treatment of Ruxolitinib. Cytokine-dependent regulation of JAK1 
causes some side effects when using Ruxolitinib. In whole blood assays, 
it has been shown that Ruxolitinib can inhibit cytokine stimulation by 
IL-6 (mediated through JAK1) and TPO (mediated through JAK2). 
In the in vitro experiments, it has been shown that Ruxolitinib can 
inhibit growth and promote apoptosis in cell lines and primary patient 
samples carrying JAK2V617F. In mouse models of JAK2V617F-
driven myeloproliferative disease, treatment with ruxolitinib resulted 
in reduced splenomegaly and improved survival [16]. In addition, in 
double-blind plaque psoriasis patients, ruxolitinib was used in phase II 
trials, and patients with topical ruxolitinib cream all had good results 
for the safety and tolerability of doses, compared with the solvent 
control groups.

Studies have found that a concentration of Ruxolitinib of less than 
1 nmol/L can inhibit JAK2 and the selectivity to JAK2 is 500 times 
higher than that for other kinases. Ruxolitinib can inhibit JAK2V627F 
mutant FDCP and BaF/3 cell proliferation with an IC50 100-130nmol. 
The inhibitory effect of Ruxolitinib on cell proliferation has a good 
correlation with the reduction of JAK2 and STAT5 phosphorylation 
levels of BaF/3 cells in this model. It has been shown that the inhibition 

is mediated by blocking the JAK/STAT channel. By collecting 
JAK2V617F-positive patients with polycythaemia vera cells for colony 
formation analysis, we found that Ruxolitinib inhibited cytokine-
dependent erythroid progenitor cell colony formation (IC50=67nmol); 
in normal cells of healthy donors, the colony formation IC50 was greater 
than 400 nmol/L. At the same time, rat pharmacokinetic experiments 
showed good bioavailability. In the literature, a study gave SD and 
Long-Evans rats a single dose of 14C-Ruxolitinib orally. The studies 
of mass balance and metabolism were conducted in CByB6F1 hybrid 
mice, SD rats and beagle dogs. The route of administration was orally 
(mouse, rat, dog) or via intravenous injection (rat). The results have 
shown that Ruxolitinib in SD and Long-Evans rats showed similar 
tissue distribution and the concentrations in animal gastrointestinal 
region, bladder, bile, kidney cortex, medulla of kidney, liver, aorta, 
adrenal, pigment layer and the skin reached a peak within 4 hours after 
drug administration. In SD rats, except for the aorta, skin and liver, 
drugs can be completely removed from most tissues. In rats, the results 
for the oral route were similar to the intravenous administration with 
regard to the route of elimination and levels. The elimination rates 
were 92% and 87%, respectively. Drugs were excreted after 12 hours. 
Ruxolitinib was also eliminated from dogs very quickly. The amount of 
drug in the urine and faeces was assessed and found to be 34-36% and 
55-58%. There were small differences between species for Ruxolitinib 
metabolism, mainly including hydroxylated metabolites, ketones 
or O-glucuronide substances. In mice and dogs, however, gender 
differences of Ruxolitinib following serum pharmacokinetics studies 
were very small. Because the male rats possess specific CYP2C11, 
CYP2C13, and CYP3A2 enzymes and female rats only possess a specific 
CYP2C12 enzyme, the male rats produce more data on circulating 
levels than female rats. 

The final approval of the drug was based on two clinical trials 
regarding safety and efficacy data in 528 patients. All patients in the 
two trials presented with splenomegaly and ineffective reaction or 
resistance to existing myelofibrosis drugs or failed bone marrow 
transplantation. Patients were randomly assigned to receive placebo 
(sugar pill), Ruxolitinib, or the most effective drugs (such as 
hydroxyurea or glucocorticoid). The results showed that Ruxolitinib 
was a more effective treatment for patients whose spleen volume had 
reduced by more than 35%; that was higher than the other two groups. 
The data regarding abdominal discomfort, night sweats and bone (or 
muscle) pain, as well as other symptoms associated with myelofibrosis, 
reduced by more than 50% in patients [19]. The most serious adverse 
reactions to Ruxolitinib include thrombocytopenia, anaemia, fatigue, 
diarrhoea, difficulty breathing, headaches, dizziness and nausea [19].

Tasocitinib 

Tasocitinib (Tafacitinib, 2) [20] is a JAKs inhibitor for the treatment 
of moderate to severe rheumatoid arthritis (RA) which was developed 
by Pfizer. In November 2012, Tasocitinib was approved by the FDA, 
who stated that it can mainly be applied to patients with RA who have 
an inadequate response to methotrexate or cannot tolerate the drug. 
Tasocitinib potently inhibits the enzymatic activity of JAK1 (3.2 nM), 
JAK2 (4.1nM) and JAK3 (1.6 nM), with weaker effects on TYK2 (19 
nM) [21]. Tasocitinib uses hydrogen bond interactions with the hinge 
region, thereby making this possible. It can also interact directly with 
the glycine rich loop (P-loop). In the presence of Tasocitinib, the 
piperidinemethyl group binds in a lipophilic pocket in the C-terminal 
lobe at the base of the active site via van der Waals interactions with key 
residues. Tasocitinib can exquisitely interact with JAKs because of the 
high degree of shape complementarity of JAKs and Tasocitinib (Figure 
3) [22].
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Figure 2: Structure of Ruxolitinib.
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When Pfizer developed the JAKs inhibitors, they obtained 
the lead compounds CP-35266 (A) with the help of virtual library 
screening. Medicinal chemists developed new compounds with 
pharmacophores based on the pyrrolopyrimidine pharmacophoric 
subunit of CP-352664. The pyrrolopyrimidine ring is assumed to be 
the hinge-binding element of the molecule and early exploration is 
based on the relationship between structure and activity around it. 
It has been found that when they choose to replace this heterocycle 
or make additional substitutions around the ring, this will generally 
reduce the potency. A substitution at C-3 is tolerated in JAK3 potency. 
However, these modifications often resulted in suboptimal metabolic 
stability, as indicated by human liver microsome incubations and/or 
diminished cell potency. As a consequence of this initial survey, efforts 
should be focused on optimisation of the amino head-group in order to 
achieve program objectives. There are already data showing that these 
modifications should be put in an N-methylcycloalkyl head-group to 
obtain compound B.

According to the structure-activity relationships, it has been 
reported that compound libraries are obtained with substituted 
2'-position of compound B. The compound with methyl substitution 
will show good results. Then, using natural products such as synthon 
can solve the question of two enantiomers of compounds C. Natural 
terpenoids "carvone" with the desired cyclohexyl can meet the 
requirements of low cost and stereochemistry. Due to the substituent 
effects of cyclohexane and stereochemistry, we can use the (S) - 
carvone (D) as raw material; in this way, we found that all of the 

derivatives obtained were all-cis configuration. Compound E, using 
the isopropenyl group as a synthetic handle, will guide the compound 
to combine with the large pocket. As the characteristic properties of 
the drug, it is necessary to reduce the complexity and increase the 
stereochemistry of new analogues by introducing the corresponding 
substituents such as piperidine to support compound F. The piperidine 
also facilitated synthetic access to this active site pocket, which is now 
known to project towards the glycine rich loop (P-loop) of the kinases. 
Therefore, it is crucial to avoid unnecessary lipophilic side chains and 
reduce the molecular weight. Finally, the cyanoacetamide side chain of 
tofacitinib was found to possess the best attributes for JAKs (Figure 4) 
[22]. According to the literature, there are more than 1000 synthetic 
analogues of the original lead molecule CP-352664.

The Tasoitinib molecule comes from compound 3 by multiple 
structural optimisations. At the beginning, it was found that Tasoitinib 
has a potent inhibitory effect on JAK3 (minimum inhibitory 
concentration of 1 nmol • L-1), but the inhibition of JAK2 and JAK1 was 
1% and 5% of JAK3, respectively. CP-690550 is considered a specific 
inhibitor of JAK3. Recombinant separate kinases and biochemical 
experiments have shown that Tasoitinib is a non-selective JAKs 
inhibitor. The difference in Tasoitinib’s inhibitory activity to JAKs is 
only 4 to 10 times [23,24].

Preclinical animal studies have shown that Tosoitinib can inhibit 
the joint tissues of rat models, producing inflammatory mediators 
and STAT1-dependent genes. It can improve the condition of the rat 
markedly. For rheumatoid arthritis (RA), after given the remitting 
anti-rheumatic drugs (DMARDs) and finding them to be an ineffective 
treatment for RA, the patients were given Tasoitinib. In a phase II study, 
it has been shown that the level reaching ACR20 (Tender and swollen 
joint count reduced by at least 20%, and 3 of the other 5 RA severity 
indexes improved by at least 20%) was 67% among the RA patients 
who only take Tasoitinib compared with 25% in the placebo group. The 
rate of ACR20 was 59% in the group being treated with Tasocitinib and 
methotrexate, but only 35% in the group receiving methotrexate [25]. In 
addition, In addition, in a 12-month phase III clinical trial, 717 patients 
with moderate to severe RA using methotrexate, were also randomly 
given Tasocitinib (5mg and 10mg ,bid, po), adalimumab (40mg, one 
Monday times, sc) or placebo. Three months later, the results showed 
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that the body function of patients improved significantly in the two 
groups of Tasocitinib with HAQDI (Health Questionnaire Disease 
Index). Six months later, the rate of ACR20 in the four groups was 
511.5%, 52.5%, 47.2%, 28.3% respectively [25,26]. Common adverse 
reactions to Tasocitinib include elevated blood cholesterol levels, 
neutropenia, upper respiratory tract infection, headache and diarrhoea 

[27,28].

Tasocitinib is the treatment of choice for moderate to severe 
rheumatoid arthritis; also, as reported in the literature, it has a certain 
effect on moderate to severe ulcerative colitis. For ulcerative colitis 
(UC), the study of Tasocitinib is in phase II; the double-blinded, 
placebo-controlled study included patients with moderately to severely 
active UC. Patients were given tofacitinib at doses of 0.5, 3, 10, or 15 
mg or placebo twice daily for 8 weeks. Clinical response occurred in 
32%, 48%, 61%, and 78% of patients, respectively, compared with 42% 
in the placebo group. Clinical remission occurred in 13%, 33%, 48%, 
and 41% of patients, respectively, compared with 10% in the placebo 
group. These data show that patients with moderately to severely active 
UC receiving tofacitinib were more likely to have a clinical response or 
remission than those receiving placebo. For the treatment of UC, the 
study of Tofacitinib has entered phase III [29]. 

Baricitinib

Baricitinib (INCB-28050, LY3009104,9) [30], which was co-
developed by Incyte and Lilly, can be a treatment for rheumatoid 
arthritis, inflammatory diseases and cancer. Baricitinib, which uses 
a hinged pyrrolopyrimidine heterocycle as a pharmacodynamic 
substituent, interacts with JAKs [31]. It is a hetero aryl group substituted 
pyrrolopyrimidine compound (Figure 5). Its synthesis method has not 
yet been reported in the literature [22]. 

The in vitro experiments have shown that it has a good oral 
availability of JAK1/JAK2 inhibitor (IC50, JAK1: 59nM, JAK2: 57nM), 
with little activity against JAK3. In the experiments, Baricitinib 
demonstrated good tolerability and appropriate efficacy [31]. In 
November 2010, Incyte recruited 100 patients with rheumatoid arthritis 
who participated in a six-month double-blind, placebo-controlled, 
single and multiple ascending measurement study, progressing to a 

phase II clinical trial [32]. Patients were administered doses of 4mg, 
7mg and 10mg once per day for 12 weeks. The studies showed that 
Baricitinib can significantly improve the ARC20 (59% ARC20, 35% 
ARC50, and 16% ARC70). In the same conditions, patients were given 
placebo. It has been found that the improvements of ARC20, ARC50, 
and ARC70 are 32%, 13% and 3%, respectively. The main side effects 
of Baricitinib such as mild or moderate decreases in haemoglobin 
are similar to the performance of placebo. The phase III studies of 
Baricitinib are currently underway. Rodents with arthritis have been 
tested using Baricitinib and Ruxolitinib. The results have shown 
that both Baricitinib and Ruxolitinib have appropriate efficacy. By 
increasing the dose of Baricitinib in rat experiments, the histological 
and radiographic signs of the disease in rats will increase. Baricitinib 
is a drug that deserves development and research. A comparison 
of Tasocitinib, Ruxolitinib, and Baricitinib is shown in Table 2. As 
shown in Table 2, the pyrrolopyrimidine group is the most important 
pharmacophore for JAKs inhibitors. 

GLPG-0634

GLPG-0634 is an oral JAKs inhibitor for the treatment of 
rheumatoid arthritis, which was developed by Galapagos. The structure 
of GLPG-0634 has not yet been announced; however, it is known to 
belong to the class of triazolopyridine. The structure of a GLPG-0634 
analogue is shown in Figure 6 [33].

The studies of GLPG-0634 are now in Phase II. Preclinical studies 
have shown that GLPG-0634 is a JAK1 and JAK2 inhibitor (JAK1: 
10 nM, JAK2: 28 nM, JAK3: 810 nM). GLPG-0634 shows excellent 
therapeutic activity in vitro and in vivo studies of rheumatoid disease 
models [34]. The Galapagos Company is focusing on the research 
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Figure 5: The structure of Baricitinib.

Inhibition of JAKs IC50 (nM)
Structure Pharmacophore

JAK1 JAK2 JAK3 TYK2

Tasocitinib 3.3 2.8 19 428
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SCH3

OO

pyrrolopyrimidine

Table 2: Comparison of Tasocitinib, Ruxolitinib, Baricitinib.
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and development of GLPG-0634, because of its high inhibitory effect 
on JAK-1/2, meaning that it can improve the safety of treatment of 
rheumatic diseases and reduce side effects such as anaemia. Compared 
with JAK3 inhibitors, it has better outcomes. Phase I studies were 
carried out in Belgium in May 2010, including double-blind, placebo-
controlled, single and multiple dose escalation study programmes (N = 
40); this research ended in June, 2011. The following phase II studies 
were conducted in Eastern Europe [32]. A total of 36 patients with RA 
were recruited into the studies. Patients were given GLPG0634 200μg 
(qd), 100μg (bid) or placebo. As a result, both the groups of GLPG0634 
reached the primary endpoint of the expected indicators. Galapagos 
Company Development Senior Vice Piet WigeRinck pointed out 
that although the time of the trial was short, GLPG-0634 had already 
shown more effectiveness than the previously reported initial drugs 
for the treatment of RA. In the future, if GLPG-0634 can maintain 
its high efficiency and good security in long-term clinical studies, 
it may become a "heavyweight" therapeutic agent for RA and other 
inflammatory diseases. 

CYT-387
CYT-387 is a drug developed by Cytopia for the treatment 

of idiopathic myelofibrosis (Figure 7). It is an amino pyrimidine 
compound. CYT-387 can strongly inhibit the JAKs kinase (JAK1:11nm, 
JAK2:18nm, TYK:17nm) [35,36]. Currently it is still in l phase II study. 

Preclinical studies have shown that this drug has higher activity in 
the cell model, the main sample of patients and animal models. In 2010, 
it completed phase I/II clinical trials and the results of these clinical 
trials were updated in 2012. Experiments have shown that, in the 36 
patients with high risk primary myelofibrosis, polycythaemia vera 
myelofibrosis and primary thrombocytosis after bone marrow fibrosis, 
there were no grade 4 non-haematological adverse reactions, and there 
were grade 2 cases with 3 non-haematological adverse reactions, 2 cases 
with elevated alkaline phosphatase, 2 cases with headache, 1 case of 
serum lipase, and 1 case with prolonged QTc; a total of 36% (13 cases) 
emerged from the first effective limiting including Light-headedness 
and hypotension, 22% (8 cases) had grade 3/4 thrombocytopenia 
and one case reported grade three anaemia with sudden onset. In 
effectiveness, the symptoms of anaemia improved the response rate 
to 63%; overall, 37% of patients had splenic volume decreased by at 
least 50%. The conclusion is that the CYT-387 in the treatment of bone 
marrow fibrosis has a significant effect and good tolerance. The main 
side effects are headache and hypertension. At present, the company 
is carrying out an phase II clinical study with an increased sample set 
[37,38].

Selective JAK3 Inhibitors
Pacritinib

Pacritinib (SB-1518, 12) is an oral active JAK2 (IC50: 22nM) 

inhibitor developed by S*BIO company. Pacritinib (Figure 8) belongs 
to the class of macrocyclic aminopyrimidine compounds [39]. 

Pacritinib can be the treatment of primary myelofibrosis, 
polycythaemia vera after bone marrow fibrosis and idiopathic 
thrombocythaemia myelofibrosis. SB-1518 has received orphan drug 
status in Europe and the United States for the treatment of these diseases 

[40]. The data of phase I and II clinical trials have shown that Pacritinib 
has good activity and tolerability in the treatment of myelofibrosis. 
Currently, a double-blind and placebo-controlled Phase III study 
is being launched in myelofibrosis patients with splenomegaly. The 
primary purpose of these studies is to display significant differences 
between Pacritinib and placebo in reducing the size of the spleen [41]. 

AZD-1480

AZD-1480 is a small molecule JAK2 inhibitor developed by 
AstraZeneca for the treatment of bone marrow fibrosis and hyperplasia 

[42,43]. It belongs to the group of amino pyrimidine derivatives (Figure 
9). 

The in vitro studies have shown that AZD-1480 is a highly efficient 
inhibitor of JAK2 (IC50: 0.26 nM). Clinical findings of phase I studies 
in 80 patients with primary myelofibrosis indicated that AZD-1480 
has good tolerance. In preclinical studies, experiments on mice with 
cancer have been conducted in vivo. The data have shown that AZD-
1480 can significantly inhibit the growth of IL-6, and can effectively 
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inhibit the STAT3 signalling pathway in solid tumours. It has been 
confirmed that in human tumour cells, JAK2 plays an important role 
in basal regulation and in the activation of cytokine-induced STAT3. 
If JAK2 activity can be inhibited, tumorigenesis can be suppressed as 
well. Other selective JAK2 inhibitors are listed in Table 3.

Selective JAK3 Inhibitors
R-348 

R-348 is a JAK3 inhibitor which was developed by the Rigel 
pharmaceutical company in cooperation with Stanford University 

[51]. We cannot determine its structure from the literature. R-348 can 
treat autoimmune diseases, including psoriasis, rheumatoid arthritis 
(RA) and graft rejection. Currently, R-348 is in phase I research for 
keratoconjunctivitis sicca. Preclinical test results have shown that 
R-348 can effectively prevent the development of OAD and reduce 
the infiltration of mononuclear cells. R-348 also has a great impact 
on reducing the level of IgG antibodies. In a heteRoRopic heart 
transplantation model test, R-348 was found to effectively prevent 
acute allograft rejection and inhibit the systemic immune response, 
whilst prolonging the survival rate of transplantation organisms.

VX-509 

VX-509 is a novel oral selective JAK3 inhibitor developed 

by VeRtex for the treatment of rheumatoid arthritis. We cannot 
determine its structure from the literature. VX-509 strongly inhibits 
JAK3; the strength of this inhibition is 25-100 times that of other 
kinases. Researchers have found that the largest dose of the product is 
150 mg/day in a phase I 14 day clinical study and phase II study of 200 
rheumatoid arthritis patients. Patients who used methotrexate in the 
early stages can achieve the basic requirements of ACR20 and improve 
the DAS28 index by using VX-509 after 12 weeks of treatment. The 
results were similar to those for Tasocitinib alone [52]. The comparison 
of several JAKs inhibitors for the treatment of rheumatoid arthritis is 
shown in Table 4. Because the target of VX-509 is different to other 
inhibitors, VX-509 is expected to show superior performance for the 
treatment of rheumatoid arthritis. A larger clinical trial is underway.

Currently, JAK3 inhibitors are being investigated by medicinal 
chemists and immunologists [53]. In addition to the JAK3 inhibitors 
above, there are a variety of such inhibitors reported in the literature, 
such as 2-naphthyl ketone compounds, quinoline derivatives, and two 
methyl xanthine compounds. However, because these compounds do 
not have high selectivity for JAK3 and large side effects, we have not 
reported them. New JAK3 selective inhibitors will play an important role 
in organ transplantation. JAK3 inhibitors have important significance 
in organ transplantation and the treatment of autoimmune diseases.

Name Targets Structure Type of Structure /Function /Side effects Company /Phase

SAR-302503/ TG-
101348 JAK2/RET

H
N

N

N
H
N

O
N

S
NH

O

O Aminopyrimidines;
Drug of Ph chromosome-negative 
myeloproliferative neoplasms [44,45]; Nausea, 
diarrhoea, anaemia [46]

Sanofi-
Aventis
Phase II

LY-2784544 JAK2 N
N

N

F
Cl

N
O

N
H

NHN Imidazolepyrazole;
Polycythaemia vera, essential-
Thrombocythaemia;
Tumour lysis syndrome [47]

Lilly
Phase II

BMS-911453 JAK2

N

N
N

N N
H

NN

O

N Pyrrole imidazopyridine; 
Inhibited CD34 + from bone marrow fibrosis;
Not determined [48]

BRistol-
MyeRsSquibb 

Phase I

XL-019 JAK2

N

N

N
H

N
O

HN

O
H
N

Pyrrole amides;
Myeloproliferative disorders [49];
Phenomenon of central and peripheral 
neuropathy

Exelixis 
PhaseI 

(termination)

AG-490 JAK2

N

N
H

O
HO

HO

Styrene amine;
Specific JAK2 antagonist [50];
Tools compound

No reports of 
clinical studies 

Table 3: Presentation of other selective JAK2 inhibitors.
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Conclusion
About twenty years have passed since JAKs inhibitors were first 

identified. Now, small molecular JAKs inhibitors have been shown to 
be the most promising drugs for the treatment of immune-mediated 
diseases. The first generation of non-selective targeting drugs of JAKs 
have shown clinical efficacy against a broad spectrum of autoimmune 
diseases. However, the JAKs drugs that have appeared on the market 
recently also show some clinical side effects; what is worse, these side 
effects may limit their clinical application. In terms of the clinical side 
effects, the second generation of selective JAK2 inhibitors (such as 
JAK2 or JAK selective inhibitor) has been exploited to reduce these side 
effects. These JAK2 inhibitors can not only improve the selectivity of 
JAK, but can also, at the same time, increase the security of its clinical 
application. However, the final effects of their clinical application need 
further trial data. 
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