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Acute lymphoblastic leukemia (ALL) has been one the major childhood cancers across the world
causing high morbidity including in adults. The precursor lymphoblasts of both B- and T-cell lines
developing into leukemia due to abnormal gene fusions has been well established by various
research groups. Among the non-receptor tyrosine kinases that are responsible for ALL, the janus
kinase-1 (JAK-1) has been implicated due to amino acid substitutions. Especially, the V658F
mutation in JAK-1 is one of the most commonly observed amino acid substitutions in clinical
samples of ALL. In this study the mutant JAK-1 (V658F) has been chosen for detailed analysis on
its druggability. Our results suggest that the mutation containing flap/loop of JAK-1 has a 3.1 A
deviation in the C-alpha atoms of Val658 (wild type) and Phe658 (mutant). This structural deviation
gives us enough selectivity for designing small molecule inhibitors that would specifically target
only the mutant form of JAK-1 sparing the wild type as a potential therapeutic approach for ALL
treatment. The V658F mutant JAK-1 inhibitor is currently under evaluation for future testing.
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Lcukemia is a type of blood cancer in the bone

marrow that results in the production of a high
number of abnormal blood cells called blasts or
leukemia cells. Some symptoms include bleeding
and bruising, bone pain, fatigue and fever and
these symptoms mainly occur due to lack of
normal blood cells.In general diagnosis is usually
done either by blood tests or bone marrow biopsy
[1, 2]. The exact cause of leukemia is unknown
[3]. Combination of some genetic factors and
environmental factors are believed to play a role in
causing leukemia [4, 5]. Risk factors mainly
include smoking, radiation, chemicals and also
prior chemotherapy. People with a family history
of leukemia are at a higher risk. There are four
main types of leukemia which include: acute
lymphoblastic leukemia (ALL), acute myeloid
leukemia (AML), chronic lymphocytic leukemia
(CLL) and chronic myeloid leukemia (CML).
Leukemias and lymphomas both belong to a
broader group of tumors that affect the blood, bone
marrow which are known as tumors of the
hematopoietic and lymphoid tissues [6, 7].
Treatment involves chemotherapy, radiation
therapy, targeted therapy, and bone marrow
transplant. In addition to these, supportive care is
needed. The success rate of treatment depends
upon the type of leukemia and also the age of the
person. The survival rate for a five-year old is
57% in the United States. In children under 15, the
five-year old survival rate is greater than 60% or
even about 90%, depending upon the type of
leukemia. In children with acute leukemia who are
cancer-free after five years, there is a chance of
cancer likely to return [8].

In 2015, leukemia was present in almost
2.3 million people worldwide and caused nearly
353,500 deaths [9, 10]. It is the most common type
of cancer in children, about three-quarters of
leukemia cases in children are of acute
lymphoblastic type. However, about 90% of all
leukemias are diagnosed in adults, with CLL and
AML and it is most common in adults [11].
Clinically, leukemia is subdivided into a large

variety of groups. Generally they are classified into
acute and chronic types [12].

ALL is a cancer of the lymphoid line of
blood cells characterized by the development of
large numbers of immature lymphocytes.
Symptoms mainly include tiredness, pale skin
color, fever, easy bleeding or bruising, enlarged
lymph nodes, or sometimes even leads to bone
pain. In acute leukemia, ALL increases rapidly
and slowly becomes fatal within weeks or months
if it is left untreated [13]. In most cases, the cause
for acute lymphoblastic leukemia is unknown.
Genetic risk factors may include Down syndrome,
Li-Fraumeni syndrome. Environmental risk factors
may include significant radiation exposure or prior
chemotherapy. The mechanism involves multiple
genetic mutations which results in rapid cell
division. The excessive immature lymphocytes in
the bone marrow interfere with the production of
new red blood cells, white blood cells, and
platelets. Diagnosis is generally based upon blood
tests and bone marrow examination [14]. ALL is
typically treated initially with chemotherapy is
aimed at bringing about remission.Which is further
followed by chemotherapy over a number of years.
Treatment usually includes intrathecal
chemotherapy since systemic chemotherapy can
have limited penetration into the central nervous
system as the central nervous system is a common
site for the relapse of acute lymphoblastic
leukemia. Treatment includes radiation therapy if
spread to the brain, Stem cell transplantation may
be used if the disease reoccurs then we need to
follow the standard treatment [15]. Additional
treatments such as Chimeric antigen receptor T
(CAR-T) cell immunotherapy are also in use.

Janus kinase (JAK) is a family of
intracellular, non-receptor tyrosine kinases
(120-140 kDa) that transduce cytokine-mediated
signals via the JAK-STAT pathway [16]. Janus
kinase consists of two domains in which one
domain exhibits the kinase activity, while the other
domain negatively regulates the kinase activity of
the first [17]. The four JAK family members are:
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JAK-1, 2, 3 and Tyrosine kinase-2 (TYK-2). The
JAK autophosphorylation induces a
conformational change within itself, enabling it to
transduce the intracellular signal by further
phosphorylating and activating transcription
factors called STATs (Signal Transducer and
Activator of Transcription, or Signal Transduction
And  Transcription). The activated STATs
dissociate from the receptor and form dimers
before translocating to the cell nucleus, where they
regulate transcription of selected genes [18].
Disrupted JAK-STAT signaling may lead to a
variety of diseases, such as skin conditions,
cancers, and disorders affecting the immune
system [19-28]. JAK inhibitors (tofacitinib,
baricitinib, upadacitinib and filgotinib) are used in
the treatment of atopic dermatitis, rheumatoid
arthritis, psoriasis, polycythemia vera, alopecia,
essential thrombocythemia, ulcerative colitis,
myeloid metaplasia with myelofibrosis and vitiligo
[29-31].

In this study, we performed an extensive
Bioinformatics and Computational survey of all
the transcript variants of JAK-1 gene and the
3-dimensional structural analysis, respectively
with a goal to target all the variants with a single
small molecule inhibitor with reasonable
selectivity and possibly lowest side effects. This
potential therapeutic approach may result in new
drugs for ALL treatment in the future.

Materials & Methods:

NCBI search & sequence alignment: The
nucleotide sequences of 8 JAK-1 variants were
searched for using NCBI RefSeq. The FASTA
sequences of all the 8 variants were then aligned
against each other using the Clustal Omega server
in order to understand the length and conserved
domains within these sequences. This multiple
sequence alignment gives us an understanding
about how all the 8 variants were differentially
spliced.

Computing the RNA secondary structure: RNAfold

web server will predict secondary structures of
single stranded RNA or DNA sequences. The
FASTA sequences were pasted into the box in
order to build the secondary structures.

Secondary structure analysis of protein: The 3-D
models for the two JAK-1 isoforms were built by
using the SWISS MODEL server. These models
were then downloaded and analyzed using
PyMOL.

Results and Discussion:

NCBI search revealed 8 variants of JAK-1: The
RefSeqGene for human JAK-1 with accession no:
NG 023402.2 was taken as the original gene
sequence that is unspliced in order to understand
the full length of the gene. The full length gene
contains 2,41,524 base pairs and is located on
chromosome number 1. A search was performed
using NCBI databases such as Gene and
Nucleotide, which resulted in a list of 8 variants of
JAK-1. Variants 4 and 5 are the longest (Table 1).
These 8 variants were further sequence aligned
using Clustal omega server.

NCBI Accession Number | Length (bp)

NM _002227.4 5,092
NM 001320923.2 5,015
NM 001321852.2 5,018
NM 001321853.2 5,277
NM 001321854.2 5,193
NM 001321855.2 5,176
NM 001321856.2 4,931
NM 001321857.2 5,089

Table 1. List of 8 JAK-1 transcript variants from NCBI.
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Figure 2. Clustal omega alignment of JAK-1 isoforms.
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Multiple sequence alignment of JAK-1 mRNA
transcript variants: The nucleotide sequences of
all 8 JAK-1 variants were aligned against each
other using the CLUSTAL-OMEGA server in
order to understand the length and conserved
domains within these sequences. Variants 4 and 5
are the longest (Table 1) and showed proper
alignment from the 5'-end to the 3'-end while the
other variants were not properly aligned at the
5'-end but were absolutely aligned at the 3'-end.
This multiple sequence alignment gives us an
understanding about how the 8 variants were
differentially spliced post-transcription.

Variant | MFE (kcal/mol.) | Diversity
1 -1608.32 1340.92

2 -1533.00 1368.23

3 -1534.05 1231.20

4 -1655.12 1304.88
-1627.81 1536.48

6 -1629.69 1187.29

7 -1514.48 1357.97

8 -1602.21 1337.11

Table 2. Mean free energy (MFE) values of variant mRNAs.

Secondary structure analysis of mRNA transcript
variants of JAK-1: The secondary structure
analysis of all the 8 mRNA transcript variants of
JAK-1 was performed to wunderstand their
structural diversity as well as their stability. As
shown in Table 2, the thermodynamic minimum
free energy values of each variant along with their
corresponding ensemble diversity values were
compared and analyzed. Among the 8 variants,
variant 4 shows higher stability relatively and
variant 7 shows the least stability relatively with an
energy difference of 141 kcal/mol. between the

two variants. Based on our studies in this article,
we conclude that all the 8 mRNA transcript
variants of JAK-1 possess similar profiles of
stability and the two protein isoforms have more
than 99% amino acid sequence homology.
However, the structural analysis of wild type vs.
the V658F mutant of JAK-1 confirmed that the
structural deviation of 3.1 A can be leveraged for
the design of selective inhibitors that bind to the
V658F mutant form of JAK-1 sparing the wild
type. It is noteworthy to mention that the selective
inhibitors will only work if the patient is
heterozygous for mutant JAK-1 so that if the
mutant form is inhibited, the wild type can
function. On the other hand, if the patient is
homozygous for mutation, then the inhibitor may
not work as expected. Currently we are in the
process of synthesizing a library of analogs based
on a lead molecule that was identified in silico.
The structure-activity relationship studies in this
regards will be published in the future issues of
TCABSE-J.
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