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This study investigates the role of Janus Kinase 1 (JAK1) enzyme on neutro-
phils ability to spread and migrate towards chemoattractant. Neutrophils
stimulated by the presence of chemoattractant can spread along the blood
vessels wall and then migrate towards the chemical signal in a process known
as chemotaxis. Isolated neutrophils from healthy volunteers were incubated
with JAK inhibitor 1 in order to block JAK1 enzyme activity. The neutrophils
ability to spread and undergo directed migration was assessed on glass co-
verslips and Dunn Chemotaxis chamber respectively. After stimulation by N-
Formylmethionyl-leucyl-phenylalanine (fMLP), neutrophils treated with JAK
inhibitor 1 showed the limited capability to spread. The reduced spreading
area suggested that the spreading mechanism may have been disrupted. Neu-
trophils treated with JAK inhibitor 1 were recorded with shorter migration
distance and appeared to have non-directed migration towards fMLP. The in-
troduction of JAK inhibitor 1 has disturbed the spreading ability of neutro-
phils and limits their capacity to undergo migration towards the chemical sig-
nal site. The findings suggest that JAK1 enzyme may have a vital role to play
in neutrophils ability to spread and undergo migration.
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tissue injury or any inciting inflammatory signals.
For neutrophils to arrive at the inflammation site,
it has to undergo systemic activation mediated by
molecules such as immune complexes, chemo-

kines, cytokines, complement factors, opsonized
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particles and other biologically active mediators
(Ramaiah and Jaeschke, 2007). In resting state,
neutrophils are spherical in shape and poorly ad-
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herent (Lokuta et al, 2003). In response to inflam-
matory stimuli, neutrophils rapidly changed their
morphology and became polarized before subse-
quently migrating towards the inflammatory medi-

INTRODUCTION

ator. Cell spreading is one of the neutrophils main
characteristic of the inflammatory reaction. The

Neutrophils are the most abundant circulating
white blood cells that facilitate the early stage of
inflammatory reaction. In the circulation, the aver-
age diameter of mature neutrophils is about 7-
10pm with segmented nucleus, and its cytoplasm
is enriched with secretory vesicles and granules
(Nathan, 2006; Borregaard, 2010). Neutrophils
protect our body against foreign microorganisms,
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ability for neutrophil to spread is the focal point in
determining the rate of neutrophils extravasation
both physiologically and pathologically. Neutro-
phils flatten on the endothelial cells in response to
chemical signals after rolling along the endothe-
lium (Dewitt et al, 2013). Transition of neutrophils
morphology from the spherical shape is accompa-
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nied by the rapid expansion of its plasma mem-
brane. Neutrophils recruitment also requires mi-
gration through blood vessels walls that involves
paracellular and transcellular migration (Woodfin
et al, 2011). Neutrophils directed migration or also
known as chemotaxis towards the site of inflam-
mation is regulated by a number of chemoattract-
ants which includes bacterial by-product such as
N-formyl-methionyl-leucyl-phenylalanine  (fMLP),
chemokines, and complement proteolytic frag-
ment C5a (Zlotnik and Yoshie, 2000).

In neutrophils, activation of the cell-surface recep-
tor leads to re-organization of the actin cytoskele-
ton that drives cell motility (Glogauer et al,, 2000).
The ability to rearrange the actin cytoskeleton in
the presence of inflammatory stimuli is an im-
portant functional response of activated neutro-
phils. Neutrophils released their granule compo-
nents such as metal-binding proteins, peroxidases,
and hydrolytic enzymes when spreading over bio-
logical surfaces or transmigrating into inflamed
tissue. Selectins and their counter-receptors medi-
ate the first contact of neutrophils with the endo-
thelium followed by the cells rolling along the en-
dothelial wall of postcapillary venules and integ-
rin-mediated arrest (Zarbock and Ley, 2008). Ja-
nus kinase (JAK) is intracellular, non-receptor ty-
rosine kinases that transduce cytokine-mediated
signals through the Janus kinase and signal trans-
ducers and activators of transcription (JAK-STAT)
pathway (Yamaoka et al, 2004). This JAK-STAT
signalling pathway has been implicated in convert-
ing inactive epithelial cells to migratory cells. In
mammals, responses for cells migration are acti-
vated by chemoattractant proteins including
chemokines through binding to the seven-trans-
membrane G-protein-coupled receptors (GPCRs)
and activation of the JAK-STAT pathway that trig-
gers chemotactic responses. Inhibiting JAK or JAK
kinase domain mutation causes defects in both re-
sponses. JAK plays a vital role in the signalling of
numerous cytokines that have been implicated in
the pathogenesis of inflammatory diseases and im-
mune disorders (Soriano et al, 2003). JAK inhibitor
had been discovered and developed to inhibit the
function of JAK enzyme in the immune system and
inflammation disorders (Clark et al, 2014). Alt-
hough neutrophils play a beneficial role in our
body, their improper activation may lead to tissue
damage during an autoimmune or exaggerated in-
flammatory reaction (Németh and Mdcsai, 2012).
Therefore, JAK1 enzyme was selected as the
target to study its role in neutrophils spreading

and chemotaxis ability by introducing JAK
inhibitor 1.
MATERIALS AND METHODS

Blood collection
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Human neutrophils were isolated from the blood
of healthy volunteers as approved by UniKL Re-
search Ethics Committee with the informed con-
sent of participants. Butterfly needles were used in
order to ensure that neutrophils are less or not ac-
tivated during the collection process. The blood
taken was then transferred into a universal con-
tainer with 10pl of heparin to prevent coagulation.

Neutrophils isolation from whole blood

Heparinized blood (10ml) was mixed with 5ml
Dextran (6% in Balanced Salt Solution (BSS)) and
allowed to sediment for 30-45 min at room tem-
perature. Dextran will cause the red blood cells
(RBCs) to form aggregates and sediment at the bot-
tom of the tube while the white blood cells remain
suspended in solution (Heit et al, 2008). After sed-
imentation, the white blood cells and plasma in the
middle layer was carefully removed and centri-
fuged at 2000rpm for 1 min. Contaminating RBCs
were removed by suspending the cells in 1ml of
double distilled water for 20 sec. This step will
cause hypotonic lysis, and the osmolarity of the
neutrophils was immediately restored by adding
25ml BSS (pH 7.4) to the cells. The cells were then
centrifuged at 2000rpm for 1 min. After that, the
supernatant was removed and the pellet was re-
suspended in 5ml Hepes Buffered Krebs (HBK).
The cells were centrifuged for the second time
(2000rpm for 1 min) to remove any remaining
RBCs, and the pellet containing neutrophils was
washed and resuspended in 1ml of HBK with Bo-
vine Serum Albumin (BSA) (Dewitt and Hallett,
2002).

Incubation of neutrophils with JAK inhibitor 1

JAK inhibitor 1 was purchased from Santa Cruz Bi-
otechnology Inc. The cell-permeable JAK inhibitor
1 was introduced to the isolated neutrophils and
labelled as treated group. 1pl of JAK inhibitor 1 was
added to 1ml of isolated neutrophils (in HBK with
BSA) and incubated at 37°C for 30 min. The isolated
neutrophils of the positive and negative groups
were also incubated at the same temperature and
duration accordingly.

Neutrophils spreading and data collection

Six wells multi-dish (Thermo Fisher Scientific)
with a modified glass bottom were used to record
the spreading capability of the neutrophils. Cell
spreading is determined by observing the changes
of cells shapes and morphology under the micro-
scope. HoloMonitor™ M3 microscope was used to
record neutrophils spreading in real time. 100pL of
neutrophils were loaded in the six wells multi-dish
and allowed to adhere onto the glass bottom for
about 3 min. 10pL of chemoattractant (1mM fMLP
diluted in DMSO) was added to the neutrophils.
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The results were recorded in the form of continu-
ous still images. Image] software was used to ana-
lyze and measure the cells spreading area.

Setting-up the cells migration chamber

Dunn Chemotaxis Chamber was used to record the
migration capability of neutrophils towards chem-
oattractant (1mM fMLP). Isolated neutrophils
were carefully seeded onto a clean thick glass co-
vers slips. The glass covers slips were used to en-
sure dimensional stability. Then, both of the annu-
lar wells were filled with control medium and the
cover slips loaded with neutrophils were inverted
onto the chamber in an offset position, and leaving
a narrow filling slit at one edge for entrance to the
outer well. After firmly placing the glass cover slips
on the face of the chamber and blotting up any ex-
cess medium, it was sealed in place using wax mix-
ture (Vaseline:paraffin in a ratio of 1:1) around the
edges except for the filling slit. In order to set up a
chemotactic gradient, the medium was then
drained from the outer well using a syringe and re-
placed with fMLP solution. The slit was finally
sealed with the wax mixture.

Recording neutrophils directed migration be-
haviour

The Dunn Chemotaxis Chamber was placed under
the microscope (40X magnification) for a time-
lapse recording of neutrophils migration towards
fMLP chemotactic gradient. The focus was posi-
tioned at the outer edge of the chamber’s bridge to
coincide with the recording field so that the direc-
tion of increasing chemoattractant concentration
is outwards in the images. Continuous still images
of migrating neutrophils were captured every 30
sec and recorded for 30 min. Images of the cells
were examined and analysed using ibidi® Chemo-
taxis and Migration tool and Image] software.

Statistical analysis

The data was analyzed using One-way ANOVA and
Student’s t-test to evaluate significant differences
among the different groups and expressed as
mean#S.E.M. p<0.05 is considered as significantly
different.

RESULTS
Neutrophils spreading area

Spreading area refers to the surface area of a neu-
trophil when the cell changes its shapes and be-
comes flat. The isolated neutrophils were divided
into three different groups of; JAK inhibitor 1
treated group, positive control, and negative con-
trol. The spreading area of 100 randomly selected
neutrophils from each group was measured. All re-
sults for the spreading area were expressed as
mean+S.E.M. The spreading area for the negative
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control group was measured after neutrophils
were completely attached to the glass cover slips,
whereas the positive control and JAK inhibitor 1
treated group were measured after fMLP has been
introduced to the attached neutrophils.

The positive control group (209.61um?) presented
a bigger spreading area than the JAK inhibitor 1
treated group (129.48um?2) (Figure 1), whereas the
negative control group demonstrated the smallest
spreading area (71.22um?2). The morphological
changes of neutrophils observed under the micro-
scope happened after the chemoattractant (fMLP)
has been introduced to the cells. Neutrophils in the
negative control group mostly have the same mor-
phology (Figure 2a and 2b) and its diameters were
measured in the range of 8um to 11pm. In some in-
stances, some of the cells may have undergone
spreading without adding chemoattractant, but the
increase in its sizes was less than 0.5um from its
normal size. Adding fMLP caused neutrophils to
change its shapes with visible lobes of granules. In-
creased in surface area were rapidly noticeable for
neutrophils in the positive control group. Most of
the neutrophils exhibited different morphological
shapes during spreading (Figure 2c). The surface
area of a spreading neutrophil was measured ac-
cording to the X- and Y-axis. Some of the cells
spread more paralleled to the X-axis and some cells
spread more along the Y-axis. In order to deter-
mine the effect of JAK inhibitor 1 on neutrophils,
the lipid soluble JAK inhibitor 1 was incubated
with neutrophils and allowed to permeate. fMLP
was introduced after the neutrophils treated with
JAK inhibitor 1 has attached to the glass cover slip.
The spreading area of the JAK inhibitor 1 treated
group was evidently smaller as compared to the
positive control group (Figure 2d). Neutrophils
treated with JAK inhibitor 1 also required longer
time to undergo spreading.

Neutrophils Spreading Surface Area
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Figure 1: Measurement of neutrophils spread-
ing areas after fMLP stimulation. The data is ex-
pressed as meanzS.E.M. (*p<0.05)
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Figure 2: The size of neutrophils for (a & b) negative control group. (c) Positive control group
and, (d) JAK inhibitor 1 treated group after fMLP stimulation

Accumulated distance of migrating neutro-
phils

Neutrophils from each of the tests group were ob-
served under the microscope. The migrating ability
of neutrophils treated with JAK inhibitor 1 was rec-
orded and compared to the positive control group.
fMLP was used as chemoattractant to track neutro-
phils movement and the data was analyzed using
Image] Software for manual cell tracking. The
mean accumulated distance of neutrophils treated
with JAK inhibitor 1 was recorded at 4.25um (Fig.
3). This distance was shorter than the accumulated
distance of 27.52um travelled by neutrophils in the
positive control group. The migration of neutro-
phils was observed after the introduction of fMLP.
As recorded, neutrophils either from JAK inhibitor
1 treated group or the positive control group still
possessed the ability to migrate towards the fMLP
gradient. However, the migration capability of JAK
inhibitor 1 treated neutrophils has been relatively
disrupted to a certain extent (Fig. 4a).

Distance of Neutrophils Migration
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20
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Figure 3: Average accumulated distance of neu-
trophils migration. The data are expressed as
mean#S.E.M. (*, p<0.05)

Directed migration and centre of mass

Analysis using IBIDI Chemotaxis and Migration
Tools Software showed that majority of neutro-
phils has migrated out from the centre of the mi-
gration plot (0, 0) (Fig. 5a and 5b). However, the
distance of JAK inhibitor 1 treated neutrophils was
obviously shorter than the positive control group.
The total distance travelled by all JAK inhibitor 1
treated neutrophils and the positive control group
are 18.94um and 51.35um, respectively.

In order to determine the directed migration of
neutrophils, movements of the cells from the cen-
tre of mass was plotted. The centre of mass (Fig. 5a
and 5b) represents the average point of cells end-
points after migration towards the fMLP source.
The X and Y values indicate the direction in which
the group of neutrophils primarily travelled. The
centre of mass for neutrophils treated with JAK in-
hibitor 1 has only moved slightly away from the
(0,0) coordinate, whereas neutrophils in the posi-
tive control group have moved further from the
centre of the grid. This result implies that the mi-
gration ability of neutrophils treated with JAK in-
hibitor 1 has been compromised and less directed.
This suggests a weak migration response to the
fMLP source.

DISCUSSION

Activation of neutrophils by chemoattractant dur-
ing inflammation leads to the cells leaving the
blood vessel towards the site of inflammation.
Physiological behaviour of neutrophils towards
chemoattractant involves spreading as one of their
main characteristics. Similar to IL-8, fMLP induces
adherence and migration, degranulation, and toxic
oxygen metabolites production in neutrophils
(Stevenson et al, 2004), and is also well known in
inducing calcium flux and chemotaxis (Sogawa et
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Figure 4: Neutrophils migration towards fMLP source (labelled X). (a) Distance travelled by
neutrophils treated with JAK inhibitor 1, and (b) distance for positive control group
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Figure 5: Neutrophils migration plots and the centre of mass. The (0,0) coordinate in a plot (a)
and (b) indicates the centre of the plot

al,, 2011). Neutrophils secrete adhesive molecules
that help it to adhere to and spread on glass (Ber-
tram et al, 2012).

Adding chemoattractant (fMLP) activates the cells
to spread to its maximum capacity. However, most
of the negative control neutrophils were able to
maintain its original spherical shape without the
presence of chemoattractant. Neutrophils are cir-
cular-spherical before any shape or morphological
changes, and unstimulated neutrophils were
proven to be in spherical shape (Selz, 2011). Rest-
ing non-adherent neutrophils are circular cells of
about 7um to 9um in diameter. Neutrophils
demonstrated limited ability to spread along the X-
and Y-axis after the introduction of JAK inhibitor 1.
Spreading neutrophils have bigger cells surface
area as compared to the cells that did not spread.
Ca?+ influx will initiate the spreading mechanism in
neutrophils (Dewitt et al,, 2013). With the present
of chemoattractant that binds and activates GPCRs,
dissociation of the GPCR-specific Ga subunit from
the shared Gy dimer will occur. This action will
continue with the hydrolysis of PIP; into IP3 and
DAG by PLCB. IP3 was involved in releasing Ca2*
from ER (Hillson et al, 2006; Ishak, 2012). In the
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presence of Ca2+, the cytoskeleton system of cells
will begin with the spreading process.

In neutrophils, one of the main cytoskeleton sys-
tems involved in shape changes is actin cytoskele-
ton. In order for neutrophils to migrate, the inter-
action between calcium ion and actin cytoskeleton
is compulsory. Actin cytoskeleton is required for
cell crawling, which is the nature of cell motility in
multicellular organisms. The crawling motion of
cells or migration is a highly synchronized process
involving the cytoskeleton contraction, F-actin
polymerization, and cellular adhesion to the sur-
rounding tissue (Chodniewicz and Zhelev, 2003).
These processes are signalled by GPCR. The find-
ings implicate that activation of tyrosine kinase by
chemoattractant receptors may possibly provide
an alternative signalling pathway for F-actin
polymerization.

JAK1 enzyme has been classified as a member of
protein-tyrosine kinases (PTK) and is character-
ized by the presence of a second phosphotransfer-
ase-related domain immediately N-terminal to the
PTK domain (Ren et al, 2013). Prior studies indi-
cated that tyrosine kinases could be responsible
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for GPCR signalling in neutrophils. Neutrophils ex-
press three members of the Src tyrosine kinase
family which are Fgr, Hck, and Lyn (Lukashova et
al,, 2003). Deficiency in Src-family kinases may re-
duce the fMLP-induced activation of the Janus Ki-
nase and p38 MAP kinases. It is believed that JAK1
has a significant role in the JAK-STAT signal trans-
duction process for cellular migration (Igaz et al,
2001; O'Shea et al, 2002). It is expected that JAK
inhibitor 1 disrupts the activity of JAK1 enzyme
thereby interfering with the JAK-STAT signalling
pathway. Activation of Src-family kinases in neu-
trophils by G-protein-coupled receptors are likely
to occur parallel to the PI3Ky and PLCf pathways
(Futosi et al, 2013), and this is possibly mediated
through the interaction of Src-family kinases with
either G-protein-coupled receptors or G-protein
subunits. The deficiency of Src-family kinases indi-
cates Janus Kinase involvement in GPCR signalling
and points towards JAK1 as one of the tyrosine ki-
nase proteins involves in spreading capability of
neutrophils.

The shorter average distance of migration suggests
that JAK inhibitor 1 did not inhibits neutrophils mi-
gration completely, but rather limits the distance.
JAK1 was involved in the migration of neutrophils
when chemoattractant induced the JAK-STAT sig-
nalling pathway that is critical for G-protein stimu-
lation (Soriano et al, 2003). This will then resulted
in triggering cascade of protein activation that
leads to instigation and clustering of integrin in-
side the lipid raft where conformational changes
occur in the extracellular domain of activated in-
tegrin. Interaction with ICAM protein on endothe-
lial cells happened with the activated integrin
causing neutrophils to adhere and migrate (Wood-
fin et al, 2011). The rise in Ca2+* causes membrane
up-regulation and upshift in affinity of $2-integrin
MAC-1 which is known to participate in both arrest
and migration of neutrophils (Solovjov et al,
2005). The migration of neutrophils involves intra-
cellular integrin trafficking and uropod detach-
ment, both of which are calcium dependent (Eddy
etal, 2000).

In addition, the JAK-STAT signalling pathway also
helps in cells polarisation. It has been suggested
that the presence of chemotactic stimulus will acti-
vate PI3K along the region of the cells facing the
chemoattractant and bring about the production of
PIP3 that leads to directed migration of cells
(Wong et al, 2010). A synchronization of events
along the pathway such as cells rolling to arrest
and the polarization is achieved by the influx of
Ca?+ initiated by chemokine signalling that is trans-
duced by the JAK-STAT signalling pathway. This
leads to integrin binding that orchestrates the lo-
calized release of calcium and arrest, which trig-
gers a global increase in calcium and migration.

Reezal Ishak et al, Int. ]. Res. Pharm. Sci., 9(4), 1033-1040

Within this region, high affinity integrin and stress
activated calcium channels may function together
as effective force transducers that guide the direc-
tion of the cytoskeletal contractile force (Schaff et
al, 2008). It is proposed that in fMLP-stimulated
neutrophils, PI3K produces PIP3 at the leading
edge that causes redistribution of cellular proteins
such as F-actin and provides direction for cells
movement. The PIP3 acts as leukocyte navigation
and the localized production of PIP3 at the leading
edges are apparently vital for directed and persis-
tent movement (Karunarathne et al, 2013).

CONCLUSION

In this current work, it can be strongly implicated
that JAK inhibitor 1 may have disrupted the JAK-
STAT signal transduction process which acts as the
first translator that take the signal from the cells
surface, and starts moving it down the chain of
command, and causing cell to spread and subse-
quently migrate. However, the restricted capabili-
ties of neutrophils to either change its shape and
spread, and undergo migration towards chemoat-
tractant suggested the existence of alternative
mechanisms for signalling pathway or the involve-
ment of other enzymes. This finding is valuable in
understanding neutrophils behaviour during the
inflammation process and as a potential cellular
target to fight inflammatory disorders.

Acknowledgements

The author gratefully acknowledges Universiti
Kuala Lumpur and the Final Year Project course for
providing financial support towards completing
this research works.

REFERENCES

Bertram, A., Zhang, H., von Vietinghoff, S., de Pablo,
C., Haller, H., Shushakova, N. and Ley, K., 2012.
Protein kinase C-0 is required for murine neutro-
phil recruitment and adhesion strengthening un-
der flow. The Journal of Immunology, 188(8),
pp-4043-4051.

Borregaard, N., 2010. Neutrophils, from marrow to
microbes. Immunity, 33(5), pp.657-670.

Chodniewicz, D. and Zhelev, D.V., 2003. Chemoat-
tractant receptor-stimulated F-actin polymeri-
zation in the human neutrophil is signalled by 2
distinct pathways. Blood, 101(3), pp.1181-1184.

Clark, ].D., Flanagan, M.E. and Telliez, ].B., 2014.
Discovery and development of Janus Kinase
(JAK) inhibitors for inflammatory diseases: Min-
iperspective. Journal of Medicinal Chemis-
try, 57(12), pp-5023-5038.

Dewitt, S. and Hallett, M.B., 2002. Cytosolic free
Ca2+ changes and calpain activation are re-
quired for {3 integrin-accelerated phagocytosis

© International Journal of Research in Pharmaceutical Sciences



by human neutrophils. The Journal of Cell Biol-
ogy, 159(1), pp.181-189.

Dewitt, S., Francis, RJ. and Hallett, M.B., 2013. Ca2+
and calpain control membrane expansion during
rapid cell spreading of neutrophils. Journal of
Cell Science, 126(20), pp.4627-4635.

Eddy, R.., Pierini, L.M., Matsumura, F. and Maxfield,
F.R, 2000. CaZ+-dependent myosin II activation
is required for uropod retraction during neutro-
phil migration. Journal of Cell Science, 113(7),
pp.1287-1298.

Futosi, K., Fodor, S. and Mdcsai, A., 2013. Reprint of
Neutrophil cell surface receptors and their intra-
cellular signal transduction pathways. Interna-
tional Immunopharmacology, 17(4), pp.1185-
1197.

Glogauer, M., Hartwig, J. and Stossel, T., 2000. Two
pathways through Cdc42 couple the N-formyl re-
ceptor to actin nucleation in permeabilized hu-
man neutrophils. The Journal of Cell Biol-
ogy, 150(4), pp.785-796.

Heit, B., Liu, L., Colarusso, P., Puri, K.D. and Kubes,
P., 2008. PI3K accelerates but is not required for,
neutrophil chemotaxis to fMLP. Journal of Cell
Science, 121(2), pp.205-214.

Hillson, E.J.,, Dewitt, S. and Hallett, M.B., 2006.
IP(3)-Induced Cell Spreading of Human Neutro-
phils Requires Ca (2+) Influx. In Molecular Biol-
ogy of the Cell, 17(Suppl. L45).

Igaz, P., Toth, S. and Falus, A., 2001. Biological and
clinical significance of the JAK-STAT pathway;
lessons from knockout mice. Inflammation Re-
search, 50(9), pp-435-441.

Ishak, R., 2012. Calpain-1: Investigating its role in
murine neutrophils (Doctoral dissertation, Car-
diff University). Available:
http://orca.cf.ac.uk/37448/

Karunarathne, W.A., Giri, L., Patel, A.K., Venkatesh,
K.V. and Gautam, N. 2013. Optical control
demonstrates switch-like PIP3 dynamics under-
lying the initiation of immune cell migra-
tion. Proceedings of the National Academy of Sci-
ences, 110(17), pp.E1575-E1583.

Lokuta, M.A. Nuzzi, P.A. and Huttenlocher, A,
2003. Calpain regulates neutrophil chemo-
taxis. Proceedings of the National Academy of
Sciences, 100(7), pp-4006-4011.

Lukashova, V., Chen, Z., Duhé, R/, Rola-Pleszczyn-
ski, M. and Stankov3, J., 2003. Janus Kinase 2 ac-
tivations by the platelet-activating factor recep-
tor (PAFR): roles of Tyk2 and PAFR C termi-
nus. The Journal of Immunology, 171(7),
pp-3794-3800.

© International Journal of Research in Pharmaceutical Sciences

Reezal Ishak et al, Int. ]. Res. Pharm. Sci., 9(4), 1033-1040

Nathan, C., 2006. Neutrophils and immunity: chal-
lenges and opportunities. Nature Reviews Immu-
nology, 6(3), p-173.

Németh, T. and Mécsai, A., 2012. The role of neu-
trophils in autoimmune diseases. Immunology
Letters, 143(1), pp.9-19.

0O'Shea, ].J.,, Gadina, M. and Schreiber, R.D., 2002.
Cytokine signalling in 2002: new surprises in the
Jak/Stat pathway. Cell, 109(2), pp.S121-S131.

Ramaiah, S.K. and Jaeschke, H., 2007. Role of neu-
trophils in the pathogenesis of acute inflamma-
tory liver injury. Toxicologic Pathology, 35(6),
pp.757-766.

Ren, Y. Zhang, Y., Liu, RZ.,, Fenstermacher, D.A,
Wright, K.L., Teer, J.K. and Wu, ], 2013. JAK1
truncating mutations in gynecologic cancer de-
fine new role of cancer-associated protein tyro-
sine kinase aberrations. Scientific Reports, 3,
p.-3042.

Schaff, U.Y., Yamayoshi, 1., Tse, T., Griffin, D., Ki-
bathi, L. and Simon, S.I., 2008. Calcium flux in
neutrophils synchronizes 32 integrin adhesive
and signalling events that guide inflammatory
recruitment. Annals of Biomedical Engineer-
ing, 36(4), pp.632-646.

Selz, K.A., 2011. A third measure-metastable state
in the dynamics of spontaneous shape change in
healthy human's white cells. PLoS computational
biology, 7(4), p.e1001117.

Sogawa, Y., Ohyama, T., Maeda, H. and Hirahara, K,
2011. Inhibition of neutrophil migration in mice
by mouse formyl peptide receptors 1 and 2 dual
agonists: indication of cross-desensitization in
vivo. Immunology, 132(3), pp.441-450.

Solovjov, D.A, Pluskota, E. and Plow, E.F., 2005.
Distinct roles for the o and 8 subunits in the func-
tions of integrin aMB2. Journal of Biological
Chemistry, 280(2), pp-1336-1345.

Soriano, S.F., Serrano, A. Hernanz-Falcon, P., de
Ana, A.M. Monterrubio, M. Martinez-A, C,,
Rodriguez-Frade, ].M. and Mellado, M., 2003.
Chemokines integrate JAK/STAT and G-protein
pathways during chemotaxis and calcium flux re-
sponses. European Journal of Immunol-
ogy, 33(5), pp-1328-1333.

Stevenson, N.J., Haan, S., McClurg, A.E., McGrattan,
M.J., Armstrong, M.A., Heinrich, P.C. and John-
ston, J.A., 2004. The chemoattractants, IL-8 and
formyl-methionyl-leucyl-phenylalanine, regu-
late granulocyte colony-stimulating factor sig-
nalling by inducing suppressor of cytokine sig-
nalling-1 expression. The Journal of Immunol-
ogy, 173(5), pp-3243-3249.

1039


http://orca.cf.ac.uk/37448/

Reezal Ishak et al, Int. ]. Res. Pharm. Sci., 9(4), 1033-1040

Wong, C.H.,, Heit, B. and Kubes, P., 2010. Molecular
regulators of leucocyte chemotaxis during in-
flammation. Cardiovascular Research, 86(2),
pp.183-191.

Woodfin, A., Voisin, M.B., Beyrau, M., Colom, B,
Caille, D., Diapouli, F.M,, Nash, G.B., Chavakis, T.,
Albelda, S.M., Rainger, G.E. and Meda, P., 2011.
The junctional adhesion molecule JAM-C regu-
lates polarized transendothelial migration of
neutrophils in vivo. Nature Immunology, 12(8),
p.761.

Yamaoka, K., Saharinen, P., Pesu, M., Holt, V.E., Sil-
vennoinen, 0. and O'Shea, ].J., 2004. The janus ki-
nases (jaks). Genome Biology, 5(12), p.253.

Zarbock, A. and Ley, K., 2008. Mechanisms and con-
sequences of neutrophil interaction with the en-
dothelium. The American Journal of Pathol-
ogy, 172(1), pp.1-7.

Zlotnik, A. and Yoshie, 0., 2000. Chemokines: a new
classification system and their role in immun-
ity. Immunity, 12(2), pp.121-127.

1040 © International Journal of Research in Pharmaceutical Sciences



	ISSN: 0975-7538
	IJRPS | https://ijrps.com
	INTRODUCTION
	MATERIALS AND METHODS
	Neutrophils isolation from whole blood
	Incubation of neutrophils with JAK inhibitor 1
	Neutrophils spreading and data collection
	Setting-up the cells migration chamber
	Recording neutrophils directed migration be- haviour
	Statistical analysis
	RESULTS
	Figure 2: The size of neutrophils for (a & b) negative control group. (c) Positive control group and, (d) JAK inhibitor 1 treated group after fMLP stimulation
	Directed migration and centre of mass
	DISCUSSION
	Figure 4: Neutrophils migration towards fMLP source (labelled X). (a) Distance travelled by neutrophils treated with JAK inhibitor 1, and (b) distance for positive control group
	CONCLUSION
	Acknowledgements
	REFERENCES


