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ABSTRACT 
JAK-STAT pathway transduces a multitude of signals for many cellular activities like hemopoiesis, 
lactation, fertility and development of immature embryo, immunity & mammary gland, etc. Jaks are 
cytoplasmic tyrosine kinases. There are several types of cytokines and growth factors which activates 
Jak tyrosine kinases. Jak activation depends upon ligand induced receptor multimerization. Alteration 
in JAK-STAT pathway confers hematological as well as non-hematological malignancies. The most 
common hematological malignancy is the myeloproliferative neoplasms (i.e chronic myeloid leukemia, 
polycythemia vera, essential thrombocythemia and primary myelofibrosis) in which abnormal stimu-
lation of JAK-STAT pathway occurs. Therefore, this review not only presents the Anatomy, Physiology 
and Pathological effects of Jak 2 and STAT proteins but also deliberately assesses JAK-STAT signaling 
role in normal cellular events and in hematological neoplasms. 
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INTRODUCTION 
The Janus kinase-signal transducer and activator of 
transcription (JAK-STAT) is the most significant intra-
cellular cascade pathway. It transduces a multitude of 
signals for many cellular activities like hemopoiesis, 
lactation, fertility and development of immature 
embryo, immunity & mammary gland etc.1,2,3 
 
Structure and Functions of Jak 
Janus is a Latin word. Jak gene has two domains i.e. 
JH1 and JH2 that resembles the two faces of the Ro-
man God “Janus” from which their name is derivated.3 
Jaks are cytoplasmic tyrosine kinases. These kinases 
are capable of binding with a certain type of cell sur-
face receptors that in turn cause transfer of extracellu-
lar signals to the nucleus which automatically stimu-
late or inactivate transcription of the target genes.2,3 
 There are four cytoplasmic tyrosine kinases which 
are Jak 1, Jak 2, Jak 3 and TYK 2. There are several 
types of cytokines and growth factors that activates Jak 
tyrosine kinases e.g. erythropoietin, thrombopoietin, 
granulocyte–monocyte colony stimulating factor, 
interleukins, interferon, etc. Jak activation depends 
upon ligand induced receptor multimerization.2-5 
When a ligand binds with its receptor, two Jak mole-
cules come into close vicinity. This binding leads to the 
dimerization of the surface receptor subunit. Upon 
activation, tyrosine kinases auto-phosphorylate or tra-
ns-phosphorylate cytoplasmic domains of receptor 
complex. These activated Jak receptor complexes sub-
sequently phosphorylate cytoplasmic transcriptional 

factors such as STATs, PI3k etc. Consequence of phos-
phorylation of STAT proteins is in the form of dimeri-
zation. Eventually STAT dimer enters in nucleus and 
attack with the DNA molecule on promoter region. As 
a result, translation of specific sequence leads to the 
for-mation or activation of specific proteins as shown 
in figure 1.1,4,5,6 
 Each Jak molecule comprises of seven defined 
homology regions known as Janus homology domains 
(JH) 1 to 7. N-terminal (JH 7) of Jak molecule has a 
receptor binding site while C-terminal (JH 1) is 
responsible for catalytic activity.1,3 These regions have 
four functional domains, which includes a FERM 
(band 4.1, ezrin, radixin, moesin), an SH2 (Src homo-
logy 2) like domain, a tyrosine kinase and kinase-like 
pseudokinase domain.4,6-8 
 JH 5 to JH 7 (along with part of JH 4) regions en-
compass FERM domain. It is responsible for the regu-
lation of catalytic activity and also brings about an 
association with cytokine receptor. SH2 domain cons-
titutes the JH 3 and part of JH 4 regions as shown in 
figure 2.4,6,7,9 Although the exact function of SH2 do-
main is not clear, some studies suggest that it acts as 
scaffolds. JH 1 domain has tyrosine kinase activity so it 
is called as kinase domain. JH 2 domain has a con-
siderable structural similarity with JH 1, but it does 
not have enzymatic activity. This is the reason naming 
the JH 2 as pseudokinase domain.4 Among all Jaks, 
Jak 2 shows an important role in stem cell production 
and hematopoiesis. By contrast Jak1 and Jak3 are 
helpful in the regulation of lymphopoiesis.1,6 
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Fig. 1: Jak-STAT Signaling pathways facilitated by JAKs. Ligand binding to cytokine receptor induces receptor 
dimerization. JAKs, subjected to transphosphorylation and eventually phosphorylate STAT proteins. The activated 
STATs dimer enterinto the nucleus, where they trigger the promotergene. As a result, translation of specific sequence 
leads to the formation or activation of specific proteins. Adapted from Jatiani et al.4 

 

 
 

Fig. 2: Structure of Janus kinases (JAKs). JAKs contain 4 
functional domains i.ea FERM, an SH2, a pseudo-
tyrosine kinase and a catalytically active tyrosine 
kinase domain. Adopted from Wang et al.9 

 
STAT proteins 
STATs are cytoplasmic transcriptional factors that play 
a part in gene expression. There are seven different 
types of STAT (STAT 1, 2, 3, 4, 5a, 5b and 6) proteins. 
They are primarily activated via membrane receptor 
complex that are linked with Jak tyrosine kinases. 
Once STAT protein reaches to the nucleus, it binds 
with DNA recognition motif (GAS) in the promoter 
region and starts to activate translation of a specified 
sequence that helps in regulation of the gene expres-
sion.1,3,6 

 STAT proteins can be dephosphorylated by a num-
ber of negative regulators such as nuclear phospha-
tases. Subsequently, these inactivated STAT proteins 
transported out of the nucleus by anexporter (Ran GTP 
complex). To control the Jak-STAT pathway activat-
ion, three main negative feedback mechanisms have 
been proposed. These include suppressor of cytokine 
signaling (SOCS), protein tyrosine phosphatases (PT-
Ps) and protein inhibitors of activated STATs (PIAS).1 

Simplest of all these mechanisms is tyrosine phospha-
tases. These proteins can attch to phosphorylated re-
ceptors, Jaks or STAT proteins to deactivate signaling 
molecules. SOCS proteins directly adhere to Jak or 
receptor complex to suppress the Jak kinase activity. 
PIAS proteins attach to phosphorylated STAT dimers 
and blocks the DNA binding as shown in figure 3. 
There are some other mechanisms which inclued in 
the regulation of Jak-STAT pathway like endosomal 
degradation of Jak-receptor complex etc1,2,6,10 
 
METHODS 
Literature related to Jak-Stat pathway is available on 
Pubmed and Google scholar. 
 We included those studies that focus on regulation 
and mutations of Jak-Stat pathway especially Jak 2 
mutation in hematological neoplasms, all the studies 
focusing at Jak 2 mutation related to non hematologi-
cal malignancies were excluded. 
 
RESULTS 
A huge number of research data related to Jak-Stat 
pathway regulation and mutations found since 2000 to 
uptill now. After title and abstract screening, we found 
that a certain number of literature is present on Jak 2 
mutation in hematological neoplasms it present. 
 
DISCUSSION 
Role of Jak and STAT proteins with hematological 
neoplasms, alteration in Jak-Stat pathway confers the 
hematological as well as non hematological malignan-
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Fig. 3: In Jak-STAT signaling pathway negative regulation is carried out by PTP, SOCS and PIAS proteins. Adopted from 
Furqan et al.1 

 
cies.3 The most common hematological malignancies 
include the myeloproliferative neoplasms (i.e. chronic 
myeloid leukemia, polycythemia vera, essential thro-
mbocythemia and primary myelofibrosis) in which 
abnormal activation of Jak-Stat pathway is seen. These 
hematological diseases are clonal defect of multipotent 
hemopoietic stem cell. Until 2005, genetic cause of 
these hematological diseases was not clear.In the year 
2005, a single point mutation (JAK2V617F) in the 
cytoplasmic tyrosine kinase JAK2 gene was proposed 
by several researchers in most of patients with PV, ET 
and PMF.4,6,10 Jak 2 gene is situated on chromosome 
9p.24 This gene has 25 exons that produce a protein of 
about 1132 amino acids.10,11 Jak 2 V617F is a somatic 
point mutation (G to T) at position 1849 in exon 14 of 
Jak 2 locus. This mutation causes the substitution of a 
valineto phenylalanine at position 617 in pseudokinase 
JH 2 domain. As a result, it directly activates Jak-
STAT pathway and causes cytokine independent pro-
liferation of multipotent hemopoietic progenitor un-
controlled cell growth.4,10 
 All triggering factors such as point mutations, del-
etions and/or insertions in Jak2 gene result in myelo-
proliferative neoplasms that can further progress into 
leukemias and myelodysplastic syndromes. V617F mu-
tation arises in 95% of polycythemia vera, 50-60% of 
essential thrombocythemia and 30-50% of primary 
myelofibrosis patients.4,10,12 Majority of PV patients 
(95%) show V617F mutation while the remaining cases 
(5%) of PV exhibits Jak2 gene exon 12 mutation.10 
Other mutations in the Jak2 gene such as exon 13 and

15 also exhibits the same disease symptoms.4,12 
 Mutation in Jak2 gene showed frame shift, miss-
ense and point mutations. Jak2 exon 14 has H606Q, 
H608Y, V617I, and C618R. Jak2 exon 12 lesions com-
prises K539L, F537-K539 delinsL, N542-E543del, 
I540-E543delinsKK, V536-F547 dup, T514M, N533Y, 
H538Q, F547L and L545V.4,10,12 
 Mutations in Jak2 exon 13 contain F557L, R564L, 
R564Q, V567A, G571S, G571R, L579F, H587N and 
S591L. Jak2 exon 15 mutation includes I645V and 
L624P.4,12 
 Jak2 mutation is commonly seen in Philadelphia 
negative myeloproliferative neoplasms. For many 
years, it was presumed that Jak2 mutation and BCR-
ABL translocation were mutually not present. Though, 
recently few cases of CML (Philadelphia positive) pati-
ents have been reported in which concomitant Jak2 
V617F mutation is seen.13,14 Carranza C et al., Nadali F 
et al., Hassan A et al., Krämer A et al. and few other 
studies described the co-exsitance of both BCR-ABL 
translocation and Jak2 mutation in the same patient. 
In these studies, patients were initially diagnosed as 
BCR-ABL positive with chronic myeloid leukemia. 
Later on, Jak2 mutation developed after treatment 
with tyrosine kinase inhibitor (Imatinib).13-16 Litera-
ture is still debating on the possibility of both muta-
tions on a single clone. 
 Mechanism of co-existance of two diseases in same 
patients is still unclear. Researchers are unanswerable 
to this question that how the same mutation can cause 
3 different phenotypical diseases?10 They have propo-
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sed the hypothesis to explain the process of the disease 
in myeloproliferative neoplasms. One of the most 
common hypothesized models is the dose response 
gene theory. The basic concept of the theory is based 
on allelic load. Many researchers have explained it 
with the mutant allele levels. High mutant allele level 
is seen in PV while low level in ET and PMF. Its mean 
that mutant allele load in hemopoietic stem cells leads 
to the patients homozygous or heterozygous state. Pat-
ients with ET and PMF show disease heterozygosity 
while PV shows homozygosity.10,17 
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