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LEUKOCYTE ADHESIVE FUNCTION ASSAYS, DEVICES AND/OR USES

TECHNICAL FIELD

{0001} The present disclosure relates to assays, including but not limited to, leukocvie
adhesive function assays (LAFA), devices and/or methods of using such assayvs. The present
disclosure also relates to the uses of the disclosed embodiment in diagnostic, analvtic and/or
prognostic applications. The present disclosure also relates to assessing the abnormal activation
icukocvte adhesion molecules and/or chemokine receptors.  The present disclosure is also
related to stratifving, predicting and/or determining how one or more subjects are likely to
respond and/or is responding to a drug. The present disclosure also relates to one or more
methods of optimising a dosage regimen for one or more subjects taking a drug. In addition,
the present disclosure is also related to minimise or potentially reduce drug side eftects.
CROSS REFERENCE

{0002} This application claims priority to and is related to Australian Apphication No.
2016904169 entitled “Leukocyte Adhesive Function Assavs, Devices and/or Uses” filed on 14
October 2016, Thas application is mcorporated herein by reference n its entivety. In addition,
the other references or publications referred to in the present disclosure are also hereby
incorporated by reference in their entirety.

BACKGROUND

{0003} If a prior art publication is referred to herein, this reference does not constitute an
admission that the publication forms part of the common general knowledge in the art in
Australia or in any other country.

{0004} Leukocvie recruitment from the circulation to the surrounding tissue is one of the
carly but critical steps during the induction of mflammation. To be recruited from the fast
traveling blood stream, leukocyies vadergoing a sequence of interactions with blood vessel
endothelium, meluding tethering, rolling, slow rolling, firm adhesion, crawling and eventually
trans-endothelial migration. It understood that these leukocyte and endothelium interactions are
dependent on the physical interactions between specific membrane molecules (such as adhesion
molecules, chemockines and chemokine receptors), expressed by both leukocvies and
endothehal cells.

{00051 First, circulating leukocytes tether and roll along the endothelial surface via the
interaction between leukocvie-expressed PSGL-1 (P-selectin glycoprotein ligand-1) and its
endothchal ligands, P-selectin and E-selectin. Rolling leukocvies subsequently reduce their

rolling velocity as a result of chemokine mduced cell activation. This allows the interaction
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between leukocyte B2 and o4 integring with their endothelial higands, including intercellular
adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1), leading to
leukocyte firm adhesion on endothehal surface. Adherent leukocytes are able to use oL integrin
(CD11a) and oM integrin (CD11b) to interact with endothehal ICAM-1, allowing leukocyvies to
crawl on the endothelial surface before finding a site for leukocvie extravasation.

{0006} Under disease conditions, however, the functions of these adhesion molecules are
altered, leading to abnormal leukocyic recruitment and inflammation. Numerous studies have
demonstrated an abnormal appearance of leukocytes in tissue biopsy samples from patients with
mflammatory diseases, which 18 correlated with irreversible organ damage during discase
progression. For example, an ncreased a4l integrin expression and activity has been reported
on leukocytes from patienis with multiple sclerosis (MS), a chronic autoimmune disease
characterised by demyelination and degeneration of axons in the central nervous svstem, as a
result of increased leukocyte mfiltration across the brain blood barder (BBB). To attenuate the
o4 integrin activation, an anti-human o4 integrin antibody, Natalizumab, bas been developed.
{0007} Accordingly, Natalizumab therapy has been shown to reduce leukocyte infiltration
across the brain blood barner and, therefore, eliminate disease progression. Thus, identification
of such abnormality in feukocyte adhesive functions provides information on their potential to
leave circulation and their ability to cause tissue damage.

{0008} Despite its role in the disease pathogenesis, the ability to assess leukocyte adhesive
function 18 missing from the current monitoring and testing regimes being used in chnical
settings. In research laboratories, a parallel plate flow chamber technique may be used to study
feukocyie and endothelial cell imteractions. However, the existing technigues lack an ability to
accurately assess leukocyte migration and/or leukoevie adhesive function snder typical clinical
settings and time himits. For example, to study a specific subset of leakocytes, the celis in a
research laboratory usually need to be isolated from whole blood. The isolated leukocvyies are
then used for the flow chamber assay in the absence of other blood components {¢.g. red blood
cells and platelets), which are known to be key regulators of leukocyte recruitment. This
isolation process not only requires a large volume of human blood, but aiso alters the activation
status of the leukocvtes, which may affect and/or compromise the following assay.
Additionally, current imaging technigues lack the ability to quantitatively assess adhesive
functions of specific adhesion molecules, limiting their applications in clinical and drug
contexts.

{00091 There 15 a need m the art for solutions to one or more of these features and/or
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disadvantages. The present disclosure describes excraplary embodiments address one or more
of the features and/or advantages disclosed herein, The present disclosure 15 directed to solving
these and other problems disclosed hercin.  The present disclosure is also directed to
overcoming and/or ameliorating at least one of the disadvantages of the prior art as will becone
apparent from the discussion herein.
SUMMARY
{0010} Exemplary embodiments are to new uvses for leukocyie adhesive function assays
and devices.
{0011} Exemplary embodiments are to one or more leukocyte adhesive function assays for
assessing leukocvte migration under realistic physiological conditions or under conditions that
mimic, attermpt to mimic or sebstantially mimic in vive conditions.
{00121 Exemplary embodiments are to assays that measure the ability of leukocyvie to
adhere to endothelial cells, endothelial adhesion molecules, endothehial membrane proteins or
combination thereof. For example, under realistic physiclogical conditions or under conditions
that mimic, attempt to mimic or substantially minic in vivo conditions.
{0013} Exemplary embodiments are to leukocyte adhesive function assays requiring only a
small amount of whole blood, isolated leukocvies, cultured leukocytes and/or leukocyte cell
lines.
[0014] Exemplary embodiments provide a method {(or methods) to assess a subject’s
response, or potential response, to a drug treatment suttable for controlling progress of a
disease, wherein the drug is capable of altering levkocvte recnutment, adhesion and/or
migration, the method comprising the steps of:
obtaining a blood sample from the subject;
subjecting the blood sample to at least one levkocyte function assay (LAFA},
wherein the LAFA asscsses leukocyie recruitment, adhesion and/or migration to at least
one or morc of the following: at [cast one endothelial molecule and at least one cell; and
based at Ieast in part on one or more results of the at least one LAFA | assess a
subjoct’s respond, or potential response. to the drug treatment for controlling
progression of the disease.
{0015} Exemplary embodiments provide a method (or methods) to assess a subject’s
response, or potential response, to a drug treatment suitable for controlling progress of a
disease, wherein the drug is capable of altering leukocyte recruitment, adhesion and/or
nuigration, the method comprising the steps of’

obtaining a blood sample from the subject;
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subjecting the blood sample to at least one levkocyte function assay (LAFA),
wherein the at least one LAFA quantitatively and/or semi-quantitatively assesses
levkocyte recruitment, adhesion and/or migration under realistic physiclogical
conditions 1o at least one or more of the following: at least one endothelial molecule and
at Jeast one cell expressing an endothebal molecule; and
based at Ieast in part on one or more results of the at least one LAFA | assess a
subject’s respond, or potential response. to the drug treatment for controlling
progression of the disease.
{0016} Exemplary embodiments provide a method {or methods) to assess adhesive function
of one or more leukocytes molecules, the method comprising the steps of’
obtaining a blood sample from a subject;
subjecting the blood sample to at least one leukocvie function assav (LAFA},
whergin the at least one LAFA guantitatively and/or semi-guantitatively assesses
leukocyte recruitment, adhesion and/or migration under realistic physiological
conditions to at least one or more of the following: at least one endothelial molecule and
at least one cell expressing an endothelial molecule; and
based at least in part on one or more results of the at least one LAFA, assess a
level of activation of the one or more leukocytes molecules.
{0017} Exemplary embodiments provided methods for one or more of the followmg: (1)
predicting how a subject is likely to respond to a drug for controliimg progression of a disease,
(2} determiming whether a drag can be used to control and/or prevent progression of a disease in
a subject, (3} choosing a drug for preventing and/or controlling progression of a discase in a
subject, and (4} wdentifying a drug for preventing and/or controlling progression of a discase m

a subject, wherein the drug is capable of at least altering leukocvie adhesion of one or more

subjecting at least one blood sample obtained from the subject to at least one
leukocyte adhesive function assay in vitre; and

based on a result of the at least one assay, {(a) predicting how the subject is likely
to respond to the drug for controlling progression of the disease, (b) determining
whether the drug may be used to control and/or prevent progression of the disease in the
subject, (¢} choosing a drug for preventing and/or controlling progression of the discase
in the subject, and/or (d) entifving a drug for preventing and/or controlling
progression of the discase in the subject.

[0018] Exemplary embodiments provided methods for one or more of the followmg: (1)
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predicting how one or more subjects is likelv to respond to a drug for controlling progression of
a disease, (2} determining whether a drug can be used to control and/or prevent progression of a
disease in one or more subjects, (3} choosing one or more drug for preventing and/or
controlling progression of a disease in one or more subjects, and (4} identifying one or more
drugs for preventing and/or controlling progression of a discase and/or diseases in one or more
subjects, wherein the one or more drugs is capable of at least altering leukocvie adhesion of ong
or more leukoovte cells to an endothelial molecule, said methods comprising the steps of
subjecting at least one blood sample obtained from the one or more subjects to at
least one leukocyte adhesive function assay in vitro; and
based on a result of the at keast one assay, {(a) predicting how the one or more
subjocts is likely to respond to the dreg for controlling progression of the disease, (b}
determining whether the one or more drugs may be used to control and/or prevent
progression of the disease and/or diseases in the one or more subjects, (¢} choosing the
one or more drugs for preventing and/or controlling progression of the discase and/or
discases in the one or more subjects, and/or (d} identifying the one or more dmgs for
preventing and/or controlling progression of the disease and/or diseases in the one or
more subjects.
10019} Exemplary embodiments provided a method of {1} predicting how a subject is bikely
to respond to a drug for controlling progression of a disease, {2) determining whether a drug
can be used to control and/or prevent progression of a disease in a subject, (3) choosing a drug
for preventing or controlling progression of a discase in a subject, and/or (4} identifying a drug
for preventing or controlling progression of a disease in a subject, wheremn the drug is capable
of altering leukocyte adhesion to an endothehial molecule, said method compnising the steps of’
subjecting at lsast one blood sample obtained from the subject to at least one
levkocyte adhesive function agsay in vitro; and
based on a result of the assay, {(a) predicting how the subject 1s likely to respond
to the drug for controlling progression of the disease, (b} determining whether the drug
may be used to control and/or prevent progression of the disease in the subject, {c}
choosing a drug for preventing and/or controlling progression of the disease in the
subject, and/or (d) identitving a drug for preventing and/or controlling progression of
the disease in the subject.
{00201 Exemplary embodiments are to a method of determiming how a subject
administered a drug for controlling progression of a discase is responding to that drug, whercin

the drug is capable of altering leukocyte adhesion fo an endothelial molecule, said method
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comprising the steps of’

subjecting at least one bigod sample containing the drug obtained from the subject to at
least one leukocyte adhesive function assay in virre; and

based on a result of the assay, deternmining how the subject is responding to the drug.
{00211 Exemplary embodiments are to methods of determining how a subject admmistered
one or more drug for controlling progression of a discase s responding to that one or more
drog, wherein the ong or more drug is capabke of aliering leukocvte adhesion to at least one
endothelial molecule, said method comprising the steps of:

subjecting at least one biood sample containing the drug obtained from the subject to at
least one leukocyte adhesive function assay in virre; and
based on a result of the assay, determining how the subject is responding to the drug.
(00221 Exemplary embodiments, provide methods of optimising a dosage regimen tor at
least one subject taking one or more drugs for controlling progression of one or more diseases,
wherein the one or more drugs is capable of altering at least in part leukocvie adhesion to one or
more endothelial molecules, said method comprising the steps of:

subjecting at least one biood sample containing the drug obtained from the subject to at
least one leukocyte adhesive function assay in virre; and

based on a result of the assay, optimising the drug dosage regimen for the subject to
control progression of the disease.
{0023} Exemplary embodiments, provide a method of optimising a dosage regimen for a
subject taking a drug for controlling progression of a disgase, wherein the drug is capable of
altering leukocyie adhesion to an endothelial molecule, said method comprising the steps of

subjecting at least one blood sample containing the drug obtained from the subject to at
least one leukocyte adhesive function assay in visro, and

based on a result of the assay, optimising the drug dosage regimen for the subject to
control progression of the discase.
{0024} Exemplary embodiments provide methods of treating a patient with an effective
drug dose and/or dose range and reducing side cffects due to the administration the effective
drug dose and/or dose range, wherein the drug is capable of altering at least in part leukocyie
adhesion to one or more endothelial molecules, said method comprising the steps of:

{1y administering to the subject a known quantity of the drug for a period of time;

(2} after step (1), subjecting a blood sample obtained from the subjoct fo a leukocyie
adhesive function assay in vitro; and

(3) based at least in part on a result of the assay, repeating steps (1) and (2} until a
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minimum effective drug dose or drug does range for the subject may be determined.
{0025} Exemplary embodiments, provide a method of determining 8 minimum cffective
drug dose for a subject for controlling progression of a discase, wherein the drug is capable of
altering leukocyvte adhesion to an endothelial molecule, said method comprising the steps of
(1) admnistering to the subject a known quantity of the drug for a predetermined period
of time;
(2) after step (1}, subjecting a blood sample containing the drug obtained from the
subject to a leukocyte adhesive function assay in vitro; and
(3) based on a result of the assay, repeating steps (1) and (2} vntil a minimum etfective
drug dose for the subject can be determined for controlling progression of the disease.
10026} Exemplary embodiments provide one or more flow assays or one or more flow
devices for carrying out one or more of the methods as disclosed herein.
{0027} Exemplary embodiments provided methods of generating a leukocvie adhesion
profile for at least one subject, said methods comprising the steps of:
subjecting at least one blood sample to at least one leukocyte adhesive function
assay in vitro so as 1o assess the adhesion functions of different leukocyie subsets to one
or more different endothelial molecules: and
using the assay result for one or more of the following: identifving one or more
leukocyte abnormaklities; determination of personalised pathogenesis; identification of
one or more discase markers, identifving early signs of one or more discases; disease
prediction; disgase provention, assisting with carly and/or accurate diagnosis;
developing an effective and personalised treatment for the subject; monitoring the health
status} of one or more subjects; grouping different subjects regardless of disease;
developig a treatment for one or more subiects regardless of disease diagnosis;
recommending a treatment prior to discase diagnosis; recommending a treatment with
an unknown actiology and/or without diseasce diagnosis; and reconumending a treatment
where the discase diagnosis is unknown.
{0028} Exemplary embodiments, provide a method of generating a leukocyte adhesion
profile for a subject, said method comprising the steps of;
subjecting at least one blood sampie obtained from the subject to at least one
leukocvie adhesive function assay in virre so as to gquantitatively assess the adhesion
functions of different leukocyte subsets to one or more different endothelial molecules

at substantially the same time; and
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using the assay result for one or more of the following: identifying leukocyvie
abnormalities; determination of personalised pathogenesis; identification of new discase
markers for diseases; identifying carly signs of disease; discase prediction; discase
prevention; assisting with carly and accurate diagnosis; developing an cffective and
personalised treatment for the subject; momtonng the health (healthy status) of the
subject; grouping different subjects regardless of discase; and developing a treatment for
the subject regardless of disease diagnosis.
BRIEF DESCRIPTION OF FIGURES
{0029} Embodiments of the present disclosure are described, by way of example only, with
reference to the accompanying figures.
{0030] Figures 1A-1 Hluostrates divergent effects of Mn”" treatments on migration profiles
of CD4, CDB and CDI5 cells on VCAM-1 substrate, according to exemplary embodiments.
Figure 1A illustrates CD4 (Green), CD8 (Red) and D15 (Cvan) cells that were labelled with
antibodics conjugated to different fluorophores in whole blood, allowing simultancous
detection of these leukocyie subsets. Cell recruitment on VCAM-1 substrate was assessed using
microfluidic channels. In Figure 1A, representative screenshots of control (Ieft) and Mn®'
treated (right) blood samples are shown. Figure 1B: Ma®' shows the effects on the number of
interacting CD4, COS and D15 cells. Total interacting CB4 (Figure 1C), D8 (Figure 1D)
and CDI1S (Figure 1E) cells were divided into 4 groups according to their cell mean speed
(Smesnd: S, static cells {Spean < 5 wm/miny; C, crawling cells (Shean = 5-20 py/mind; SR, slow
rolling cels {Spean = 20-300 pm/min); and B, rolling cells {Spean = 300-6000 pm/mun). Mn"
effects on the number of cells in cach group were determined. Furthermore, Ma®" ¢ffocts on the
average speed (Figure 1F), dwell time (Figure 1G) and straightness (Figure 1H) of interacting
CD4, CB8 and CD15 cells were also assessed. In Figures 1B to 1H the data represents the mean
+ SEM of n=10 independent subjects per group. In Figure 10, an anti-human CDI16-BV510
antibody was introduced to identify CD16°CDIS" double positive cells (neutropbils). As a
result, the percentages of CD16'CD15" cells in the total CD15" cells were calculated in control
and the Mn®" treated samples and are iflustrate in Figure 11 In Figure 16 (n=4), *, p<0.05; **,
p<0.01.
{0031} Figures 2A-C: Illustrates Natalizumab nhibits CD4, CD8 and CDI13 cell
recnitiment on VCAM-1 substrate, according to certain exemplary embodiments. Using the
microfhuidic channel system descrbed 1o Example 1, blood was treated with various doses of
Natalizumab before being analysed. Natalizumab effects on the recruitment of control {(curcle}

and Mn”" treated (square) CD4 (Figure 2A), CD8 (Figure 2B) and CD15 (Figure 2C) cells were
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determined. The numbers above cach curve indicate the number of interacting cells without
Natalizumab treatment. Data represent mean + SEM of n=4-6 subjects per group.

{0032} Figures 3A-F: Shows the mhibitory effects of low (10 ug/ml) and high (300 ug/ml)
dose of Natalizamab on leukocyvte firm adhbesion on TNFo activated HUVEC, according to
cerfain exemplary embodiments. The effects of Natalizumab on leukocyte interaction with
TNFo activated HUVEC were assessed using a parallel plate flow chamber system. Leukocytes
were labelled with Hoochst33342 in whole blood before being used for the flow assay. The
images were acquired at high frame rates (2 frames per second) for 5 min to capture all types of
cell imteractions. Whole blood was treated without or with fow dose (10 ug/ml) of Natalizumab,
and the number of interacting leukocytes and their average speed were determined and shown
in Figure 3A and Figure 3B, respectively. In the same expenments, the effects of low dose
WNatalizumab on the portions of static, crawling, slow rolling and rolling cells were also assessed
(Figare 3(C). Data represent mean + SEM of n=7 subjects per group. In separate expenments,
high dose (300 ug/ml} Natalizumab effects on the number of interacting cells (Figure 3D), the
cell speed (Figure 3E) and the four cell interaction types (Figure 3F) were deternmined. Data
represent mean + SEM of n=6 subjects per group. *, p<0.05; **, p<0.01.

{0033} Figures 4A-F: Bluostrates low and high dose Natalizvimab alter cell migratory
behaviours of CD4 and CD15 cells, but not CD8 cells, on TNFg activated HUVEC. The effects
of Natalizamab on migratory behaviours of slowing moving (static and crawling) leukocvtes on
TNFo activated HUVEC was assessed using a parallel plate flow chamber system, according to
certain exemplary embodiments. P4, CDR and CDI15 cells were labelled with antibodigs
conjugated to different fluorophores m unprocessed whole blood, allowing simultancous
detection of these leukocyte subsets. Data was recorded as 3D image stacks at fow frame rates
(1 stack per 30 seconds} for 30 min, allowing the capture of detadled 3D movement of slow
moving cells, Human whole blood was treated without or with low dose (10 ug/ml) of
Natalizumab before being used for the flow assav. The number of imteracting CD4, CDS8 and
CD15 cells (Figure 4A), as well as their straightness (Figure 4B) and average speed (Figare 4C)
were determined. Data represent mean + SEM of n=5 blood donors/eroup. In separate
cxpertments, whole blood was treated without or with high dose (300 pg/ml) of Natalizumab
before the flow assays. Natalizumab effects on the number of mieracting celis (Figure 4D3),
straightness (Figure 4E} and speed (Figure 4F) were then assessed. Data represent mean + SEM
of 0=6 subjects per group. *, p<0.05; **_ p<0.01.

[0034] Figures SA-C: Shows common origin graphs show Mn’' inhibits the motility of

CD4 and CD3B cells, but not CD15 cells on VCAM-1 substrate. VCAM-1 induced leukocyie
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recruttment were studied using a microfluidic system, according to certain cxemplary
embodiments. Human blood was treated without or with S mM Mn”" before the assays. Images
were analysed and interacting cells were tracked. Common origin graphs for each leukocyte
subsct were obtained by normalizing detected tracks to the same coordinates of origin.

{0035} Figures 6A-C: shows common origin graphs show low and high dose Natalizumab
inhibits cell motibity of CD4 and CB13 cells, but not CD8 cells, on TNFg activated HUVEC,
Cell migratory behaviours on TNFo activated HUVEC were studied using a flow chamber
technique, according fo certain exemplary embodiments. Human whole blood was treated
without or with low (10 pg/ml) or high (300 pg/ml) dose of Natalizumab before being used for

the flow assays. Common origin graphs were generated as described in Figure 5.

10036} Figure 7. Shows point of care blood test flow chart, according to exemplary
embodiments.
{0037} Figures 8A and 8B: Shows ligand occupancy assay to examine Natalizumab

occupancy of a4 mtegrio on CD4 lvmphocytes, according to certain exemplary embodiments.
Cells were activated with or without SmM MnCl2 before being used for the ligand occupancy
assay. Cells were treated with vanious doses of Natalizumab and the MNataliznmab occupancy
was detected using a PE conjugated anti-human IgG secondary antibody. The percentage of PE
positive cell {A) and PE MFI of CD4 lyvmphocvtes (B} was determined by FACS. Data
represent mean £ SEM of n=3-4 subjects per group.

{0038} Figures 9A-H: Shows the effects of Mn® " treatments on migration profiles of CD4
and CD8 cells on MAJCAM-1 substrate, according to certain ex¢mplary embodiments. Blood
samples collected from healthy volunteers were treated with or without SmM Mn™ at room
teraperature for approximately 5 minutes, before being used for the LAFA. A: Mn™" effects on
the nuomber of mteracting CD4, CDE, CD15 and CDI19 cells. The average speed (B),
straightuess () and dwell time () of mteracting CD4, CDS, CD15 and £D19 celis were also
assessed. Based on their mean speed of migration, total interacting cells were divided nto static
(< 5 um/min}, crawling (5-20 um/ming, slow rolling (20-300 pm/min) and rolling cells (300-
6000 wm/min). The Mn effects on the aumber of each type of interacting cells were show in 9E
(CD4). 9F (CD8), 9G (CDI15) and 9H {CD19), respectively. Data ropresent mean = SEM of
n=14 imdependent subjects per group.

{00391 Figures 10A-D: [llostrates Vedolizumab weakens the mteraction between CD4 cell
and MAJCAM-1 substrate, according to certain exemplary embodiments. Using the
nucrofluidic channel svstem as in Figure 1. blood was treated with varnous doses of

Vedolizumab before being analysed. Vedolizumab effects on the number of interacting CD4
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(A) and CDS8 (C) cell, as well as the speed of CD4 (B) and CDS8 (D) cells were determined, in
the absence (Blue circles) and the presence (Red squares) of Mn"". The numbers above each
curve show the number of interacting cells and their speed without Vedolizumab treatments.
Data represent mean + SEM of n=3-4 subjects per group.

{00401 Figure 11; Tustrates higand occupancy assay to examine Vedolizumab occupancy
of 047 integrin on P4 lymphocytes, according to certain exemplary embodiments. Cells
were activated with or without 5mM Mn{l, before being used for the ligand occupancy assay.
Cells were treated with various doses of Vedolizumab and the Vedohizumab occupancy was
detected using a PE conjugated anti-human IgG sccondary antibody. The percentage of PE
positive CD4 cells was determined by FACS. Data represent mean + SEM of n=2 subjects per
roup.

{0041} Figure 12: Dustrates Vedolizamab cffects on leukocyte recruitment on VCAM-1
substrate, according 1o certain exemplary embodiments. Whole blood was treated with or
without 10 and 100pg/ml of Vedolizumab, before being use for the leukocyte adhesive function
assay. The number of mteracting CD4, CDS, CD15 and CD19 cells were then determined. Data
represent mean £ SEM of n=3 subjects per group.

{00421 Figure 13 Hustrates Natahzumab effects on leskocyte recruitment on MAJCAM-1
substrate, according to certain oxemplary embodiments. Whole blood was treated with or
without 10 pg/ml of Natalizumab, before being use for the leukocvte adhesive function assay
using MAJCAM-1 as substrate. The namber of interacting CD4 and D8 cells were then
determined. Data represent mean = SEM of n=4 subjects per group.

{0043} Figures 14A-13: Shows the etfects of Natalizumab and Vedolizumab on leukocvie
recruttment on P selectin and E selectin substrates, according to cerfain exemplary
embodiments. Blood was treated with either 10ug/ml Natabizumab or Vedohzumab before
being used for LAFA asalysis, using P selectin and E selectin as substrates. The number of
nteracting cells (A}, speed (B), dwell time (C) and straightness (D) were then determined, as
described in Example 1. Data represent mean + SEM of n=4-6 mdependent subjects per group.
*, p<0.03.

{0044} Figures 15A-C: Shows the assessment of leukocyvte CXCR1 and CXCR4 functions.
VCAM-1 were co-coated with either 1L-8 or SD¥Fla on the microfluidic channels, before being
used for LAFA analysis, according to certain exemplary embodiments. The number of
interacting B4, CD8 and CB15 cells (A), their average straightness (B} and dwell time (C)
were then determined, as described o Example 1. Data represent mean = SEM of n=6-8

independent subjects per group. ¥, p<0.05,
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{0045} Figures 16A-P: Shows divergent responses of €34 and CD8 cells from individual
IBD patients to Vedolizumab treatments, according to certain exemplary embodiments. Blood
samples were collected from paticnts with active inflammatory bowel disease. Blood was
treated with 0.1 pug/ml of Vedolizumab, before being analysed by LAFA exemplary
embodiments using MAJCAM-1 as adhesive substrate. The number of interacting CD4 (A} and
CDE (C) cells, and their speed (B and D} of IBD patient #1 were then determined as detaled in
Example 10. The same parameters for IBD patient #2 (E-H), patient #3 (I-L) and paticut #4 (M-
P} were also determined.

{0046} Figures 17A-B: Shows the detection of drug efficacy in MS patients undergoing
Natalizumab therapy, according to certain exemplary embodiments. Blood samples were
collected at various time points (2, 4, 6, 10 weeks) post Natalizamab infusion, and then
analysed by LAFA exemplary embodiments using VCAM-1 as adhesive substrate. The numnber
of CD4 interacting cells (Figure 17A) and their dwell time (Figure 17B) were then determined
as described in Example 1. Blood samples from patients on Copaxone therapy were incladed ag
a negative control group.

[0047] Figures 18A-I: Mustrates personal profile (leukocyte adhesion fingerprint) of vdfl
(ligand of VCAM-1) adhesive functions, according to certain exemplary embodiments. Six
blood samples were collected from a single healthy blood donor at different time-points during
a period of approximately three months. This blood donor was suffered from wisdom footh pamn
in the day when blood test 45 was conducted (squared). Blood test #4 was performed 7 days
before blood test #5. Blood was analysed by LAFA exemplary embodiments in the presence or
absence of SmM of Mn{C12 using VCAM-1 as substrate, as described m Examaples 1 and 4. The
number of interacting CD4 cells {(A), cell speed (B), straightness (C), dwell time (B} and dwell
time activation potential ratio (TAPR) (E} were then determined. The same parameters for
CD8 leukocytes {(F to J} were also assessed.

[0048] Figures 19A-F. [lustrates personal profile of ¢4B7 (ligand of MAJCAM-1)
adhesive functions, according to certain embodiments. Six blood samples were collected from a
single healthy blood donor at different time-points during a period of approximately three
months. This blood donor was suffered from wisdom tooth pamn in the day when blood test #5
was conducted (squared). Blood test #4 was performed 7 days before blood test #5. Blood was
analvsed by LAFA exemplary embodiments in the presence or absence of 5mM of MnCl; using
MAdJCAM-1 as substrate, as described in Examples 10 and 11. The number of interacting CD4
cells (A), cell speed (B), straightness (C), dwell time (D) and straightness activation potential

ratio {STAPR) (E) were then determined. The same parameters for CDE leukocytes (F to 1)
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were also assessed.

{00491 Figures 20A-L: IHustrates personal profile of PSGL-1 {hgand of P-sclectin}
adhesive functions, according to certain exemplary embodiments. Four blood samples were
collected from a single healthy blood donor at dufferent time-poutts during a period of
approximately six weeks. This blood donor was suffered from wisdom tooth pain in the day
when blood test #5 was conducted (squared). Blood test #4 was performed 7 davs before blood
test #5. Blood was analysed by LAFA exemplary embodiments using P-selectin as substrate, as
described m Examples 16. The number of imteracting CD4 cells (Figure 204), cell speed
(Figure 20B), straightness (Figure 20C) and dwell time were then determined. The same
parameters for CD8 leukocytes (Figures E to H} and CD15 levkocytes (Figures 201 to L) were
also assessed.

{00501 Figures 21 A-F: Shows the assessment of basal inflammatory status of o4f ! integrin
and o4B7 mtegrin in patients with multiple sclerosis (MS) and/or inflammatory bowel disease
(IBD), according to certain exemplary embodiments. Blood samples were collected from
healthy controls, MS and 1B patients, and then analysed by LAFA exemplary embodiments
using YCAM-1 and MAdCAM-1 as substraies, according to certain exemplary embodiments.
The Relative Straightness Index (R8T (Figure 21A}, Relative Speed Index (RST) (Figure 21B)
and Relative Dwell Time Index (RDTY) (Figure 210) on VUAM-1 substrate were calculated as
detailed 10 Examples 3 and 11, Simiarly, R8TT (Figure 21D, RSI (Figure 21E) and RDTI
(Figure 21F) on MAJCAM-1 were deternuned. Each dot on the graph presents one individual
subject. *: p<0.05, **: p<0.01, related to correspondent healthy controls.

{0051} Figute 22A-F: Ulustrates the assessment of Mo™ -induced activation potential of
o431 integrin and g4B7 integrn in patients with multiple sclerosis (MS) and inflammmatory
bowel diseases (IBD), according to certaim exemplary embodiments. Blood samples werg
collected from healthy controls, MS and IBD paticnts, and then analysed by LAFA exemplary
cmbodiments using YVCAM-1 and MAJCAM-1 as substrates. Straightness Activation Potential
Ratio (STAPR} (Figure 22A), Speed Activation Potential Ratio (SAPR) (Figure 22B) and
Pwell Time Activation Potential Ratio (BTAPR) (Figure 220) on VCAM-1 substrates were
calculated as detatled in Example 4. Simularly, STAPR (Figure 22D), SAPR (Figure 22E) and
ATAPR (Figure 22F) on MAJCAM-1 substraie were also determuned. Each dot on the graph

presents one individual subject. *: p<0.05, **: p<0.01, related to correspondent healthy
controls.
[0052] Figure 23: Shows Vedolizumab dose dependent inhibition of the recruitment of

CD4 teukocytes from IBD patients on MAJCAM-1 substrate, according to certain exemplary



WO 2018/068104 PCT/AU2017/051118

14

embodiments. Blood samples were collected from IBD patients, and then treated with a range
of doses of Vedolizumab before being used for LAFA exemplary embodiments using
MAdJCAM-1 as substrate. The Vedolizumab JC50 values were then determined in individual
IBD patients, as detailed in Example 12.

{00531 Figures 24A-H: To assess the functions of leukocvie expressing CXCRI and
CXCR4 m patients with multiple sclerosis (MS) and/or inflammatory bowel diseases (IBD),
according to certain exemplary embodiments. Blood was collected from healthy subjects (n=8),
MS patients (n=2) and IBD patients (n=4), and then used for LAFA exemplary embodiments
using VCAM-1 + [L-8 or VCAM-1 + SD¥F 1 as substrates, as detailed in Example 17. The
number of interacting CD4, CDE and D15 leukocytes (Figure 24A), cell speed (Figure 24B),
straightuess (Figure 24} and dwell time (Figure D) were then deteomined on YCAM-1 + 1L-8
substrates, as detailed in Example 1. Similarly, the parameters (Figures E-H) were also assessed
on YCAM-1 + SDFlqg substrates. *, p<0.05, ¥* p<0.01.

{0054] Figures 25A-D: Hlustrates the assessment of leukocyie PSGL-1 adhesive function in
MS and/or IBD patients, according to certain exemplary embodiments. Blood samples were
coliected from healthy controls (n=6), MS patients (n=2) and IBD patients (n=4}, and then
analvsed by LAFA exemplary embodiments using P and E selectin as substrates, as detailed in
Example 16, The number of interacting cells (Figure 25A), speed (Figure 25B), straightness
{Figure 25C) and dwell time (Figure 25D} were then determined as detailed in Example 16, *:
p<0.05.

{0055] Figure 26 Hlustrates a model to reduce the risk of Natalizumab induced PML,
according 1o certain exemplary embodiments. After drug infusion, Natalizumab saturation level
will be gradually reduced below maximal efficacy to a pont (e.g. 80%) where a full drug
ctficacy may still be maintained, this may be defined as Drug Redosimg Window. The reduction
of drug saturation to below maximal drug efficacy may lead to a reconstitotion of leukocyte
recruitment and/or immune response, which could allow the immune system to restore the
ability to respond to and eliminate JCV infection, leading to a reduced risk of PML. This drug
redosing window may be accurately identified m one or more subjects by LAFA exemplary
embodiments.

{00561 Figure 27; Hlustrate a flow chart for Image and Data analvsis. Images captured in
leukocyte adhesive function assay {(LAFA} were processed and analvsed using Trackmate from
Fiji image analysis software, according to certain exemplary embodiments. The outputs from
Trackmate were further analysed by a R program to generate descrptive statistics. The uscs of

the S programmes involved in the image analysis process was also indicated.
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{00571 The present disclosure 1s described in further detail with reference to one or more
embodiments, some examples of which are illustrated in the accompanying drawings. The
examples and embodiments are provided by way of explanation and are not to be taken as
limiting to the scope of the disclosure. Furthermore, features iHlustrated or described as part of
one embodiment may be used by themselves to provide other embodiments and features
itlostrated or described as part of one embodiment may be used with ong or more other
embodiments to provide further cmbodiments. The present disclosure covers these varations
and embodiments as well as other vaniations and/or moditications.

{0058} As mentioned, exemplary embodiments are to new uses for leukocyvte adhesive
function assays and/or devices.

{00591 A leukocyte adhesive function assay may be used to determine how one or more
subjects react or may react to a drug and/or combinations of drugs. In certain exemplary
embodiment’s onc of or more of the advantages discussed herein may be present when the
icukocvite adhesive function assay 1s to determine how one or more subjects react or may react
1o a drug and/or combinations of drugs. One or more of these advantages mav also be found in
other uses of the leukocyie adhesive function assay exemplary embodiments disclosed in this
application. An advantage of this is that the in vitro function assay may be used to predict the
effects of the drug in vive. An advantage of this is that drug non-responders may be
differentiated from drug responders by guantitatively assessing the activation levels of the drug
targets. Another advantage of this is that subjects may be treated on a personalised basis. That
is, a drug dosage regumen may be optinused, or substantially optimised, for each subject -
tailored to the mmdividual subject’s needs based at least in part on the result of the assay.
Another advantage is that the subject need not be admunistered the drug more than that
necessary 1o achieve a therapeutic effect. Yet ancther advantage is that uvowanted side-effects
causcd by some drugs may be reduced by administering the minmmum therapeutically effective
amount and/or range. This advantage may be pertinent to those drugs that have pathological
and/or life-threatening side-effects. By determining the minimum therapeutically effective
amount and/or range for a subject, such drugs may possibly be more safely administered with
less side effects. Another advantage of the leukocyte adhesive function assay is that it may
provide a more accurate asscssment of drag effectivengss, regardless of serum drug
concentration. Another advantage of the leukocyte adbesive function assay is that it may
provide a more accurate assessment of drug effectiveness and may not be dependent on serum

drug concentration. Exemplary LAFA embodiments directly assess the functional effects of a
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drug on leukocytes, offering a more effective assessment of drug effectiveness. Different from
conventional measurements of drug serum levels, certain LAFA embodiments provide a
functional readout to mdicate drug efficacy, which less subject to being interfered with by other
factors {(as compared to conventional approaches), mcluding but not hmited to drug serum
concentrations and/or anti-drug antibody. For example, the production of anti-drug antibody
may significantly reduce drug activity for certain drugs, which cannot be detected by simply
measuring drog blood serum levels. On the other hand, LAFA exemplary embodiments may
casilv detect these effects from anti~-drug antibodv, showing an accuracy and/or sensiivity
advantage of LAFA exemplary embodiments comparing to other conventional approaches.
{00601 For example, in certain exemplary embodiments a leokocyte adhesive function
assay may be used to for one or more of the following: (a) predict how a subject 1s likely to
respond o a drug for controlling progression of a discase, (b) deternune whether a drug may be
used to control or prevent progression of a disease in a subject: (¢} choose a drug for preventing
or controlling progression of a disease in a subject, and (d) identify a drug for preventing or
controlling progression of a diseasc in a subject.
{0061} In certain exemplary embodiments, there is provided a method of (a) predicting
how a sobject 15 likely to respond to a drug for controlling progression of a discase, (b}
determining whether a drug may be used o control or prevent progression of 3 disease ina
subject, {c) choosing a drug for preventing or controlling progression of a disease in a subject,
or (d) identifving a drug for preventing or controlling progression of a discase in a subject
wherein the drug i1s capable of altering leukocyte adhesion to an endothelial molecule, said
method comprising the steps of:
subjecting at least one blood sampie obiained from the subject to at least one
leukocyte adhestve function assay in vitro; and
based on a result of the assay, {a) predicting how the at keast ong subject is hikely

to respond to the drug for controlling progression of the discase, (b) determining

whether the drug may be used to control or prevent progression of the disease in the

subject, {¢) choosing a drug for preveuating or controlling progression of the disease in

the subject, or {d) identifving a drug for preventing or conirolling progression of the

disease in the subject.
{0062] The method {(or methods) may be used for personalised medicine.
10063} The method {(or methodsy may be used for distinguishing a drug responder from a

drug non-responder.
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{0064} The method (or methods) may be used for testing many subjects, for subject
stratification {patient grouping).
10065} The method {or methods} may comprise the step of, in accordance with the assay

result, trialling the drug on the subject for controlling progression of the disease.

{00661 The method (or methods) may comprise the step of, i accordance with the assay
result, treating the subject with the drug for controlhing progression of the disease.

{0067} The method (or methods) may comprise the step of, in accordance with the assay
result, determining an effective minimum therapeutic dose of the drug for the subject for
controlling progression of the disease whilst minimising unwanted side effects caused by the
drug. The drug dose may allow for restoration of minimal leukocyte cell interaction with
endothehal cells in vive so as to minimise or prevent pathologies such as progressive multifocal
leukoencephalopathy (PML). That is, the drug may be an immune-suppressive drug and the
minimal therapeutic drog dose may allow minimal restoration of immune response, while
maintaining sufficient drug cfficacy in vivo so as to minimise the risk of, for example, PML.
{0068} The method (or methods) may comprise the step of, in accordance with the assay
resulf, optimising a dosage regimen for the drug for the subject for controlling progression of
the disease, for example, by altering drug dosage or changing the length of time between
sequential drog administrations.

{00691 The method {or methods) may be used for predicting or determining whether a drug
(1e., compound, chemical, molecule, reagent, bislogic, antibody or other) may be useful for
controlling progression of a discase for which the drug has not previously been ndicated.

{0070} The assay or assays of the method {or methods) may comprise the step of
identifying an adhesion anomaly or abnormality or a drug target and then choosing an
appropriate drug for controlling progression of the discase based on the drog tareet.

10071} The assay or assays of the method {or methods) may comprise the step of
identifying an adhesion anomaly or abnormality or drug target and then choosing an appropriate
drug for controlling progression of the disease based on a reference database of drug targets and
drogs for those targets. In this way, the discase itself need not actually be diagoosed and/or
identified and/or known.

{0072} The assay or assays of the method (or methods) may comprise the step of building a
database of drug targets and drugs. The database may be built based on known drug targets and

drugs. The database may be bult based on in vive drug treatments.
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{0073} The assay of the method may comprise the step of assaving for more than one
adhesion anomaly or abnormality or drug target at the one time {¢.g. 2,3, 4,5,6,7, 8, % or 10
drug targets or more).

[0074] The assay or assays of the method {or methods) may comprise the step of assaving
for one or more of the following: one or more adhesion anomalies, one or more abnormalities,
and one or more drug targets. Forexample, atleast 2, 3.4, 5,6, 7, 8, 9 or 10 of the one or more
adhesion anomalics, one or more abnormalitics and/or one or more drug targets.

{0075} The method (or methods) may be a high throughput assay, testing for a plurality of
adhesion anomalics or abnormalities or drug targets at the one time,

[0076] The method {or methods} may be used to generate a leukocyte adhesion fingerprint
for a subject (personal profile for leukocyte adhesive functions).

{0077} The method (or methods) may be used to identify different leukoevte anomalies or

abnormalities in a subject.

{0078] The method {or methods) may be used for wdentifving discase markers.

{0079} The method {or methods) may be used to group individuals/subjects (regardiess of
disease).

{00801 The method {or methods) may be used to develop a treatment for a subject

regardiess of discase diagnosis.

{0081} The method (or methods) may be used for high throughput drug screening in vive or
n vitro.
{0082} The method {or methods) may be used for mdustry scale drug screening in

laboratory antmals.
{0083} For example, in exemplary embodiments a leukocyvie adhesive funchion assay may
be used to determine how a subject administered a drug for controlling progression of a disease
is responding to that drug.
[0084] In certain exemplary embodiments, there is provided a method of determining how
a subject administered a drug for controlling progression of a disease 1s responding to that drug,
wherein the drug is capable of altering leukocyte adhesion to an endothelial molecule, said
method comprising the steps of:

subjecting at least one blood sample contaming the drug obtained from the subject to at
least one leukocyte adhesive function assay in virre; and

based on a result of the assay, determining how the subject is responding to the drug.

{0085} The method (o1 methods) may be used for personalised medicine.
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{0086} The method {or methods) may be used for distinguishing a dmg responder from a
drug non-responder.
{O0RTY The method {or methods} may be used for testing many subjects, for subject
stratification {(paticnt grouping).
{0088} The method (or methods) may be used for high throughput drug screening in vive or
n vitro.
{0089] The method {or methods) may be used for mdustry scale drug screening in
laboratory antmals.
{00901 The method {or methods) may comprise the step of, in accordance with the assay

result, determining an effective munimum therapeutic dose of the drug for the subject for
controlling progression of the discase whilst minimising unwanted side effects caused by the
drug. The drug dose may aliow for restoration of munimal leukocyte cell mteraction with
endothelial cells in vivo so as to munimise or prevent pathologies such as progressive multifocal
leukoencephalopathy (PML).
{0091} The method (or methods) may comprise the step of, in accordance with the assay
resulf, optimising a dosage regimen for the drug for the subject for controlling progression of
the disease, for example, by aliering drug dosage or changing the length of time between
sequential drog administrations.
{0092} For example, in certain exemplary embodiments, a leukocvte adhesive function
assay may be used to optimise a dosage regimen for a subject taking a drug for controlling
progression of a discase.
{0093} In certain cxemplary embodiments, there 1s provided a method of optimising a
dosage regimen for a subject taking a drug for controlling progression of a discase, wherein the
drug 1s capable of altering leukocyte adhesion to an endothebal molecule, said method
comprising the steps of:

subjocting at least one blood sample containing the drug obtained from the subject to at
least one leakoevie adhesive fanction assay in vitre, and

based on a result of the assay, optimising the drug dosage regimen for the subject to
control progression of the discase.
10094} The method {or methods) may comprse the step of, in accordance with the assay
result, determining an effective minmmum therapeutic dose of the drug for the subject for
controlling progression of the discase whilst minimising unwanted side effects caused by the
drug. The drug dose mayv allow for restoration of minimal leukocvie cell interaction with

endothebial cells i vivo so as to munimise or prevent pathologies such as progressive multifocal
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leukoencephalopathy (PML). That is, the drug mayv be an imumune-suppressive drug and the
minimal therapeutic drug dose may allow minimal restoration of immune response, while
maintaining sufficient drug efficacy in vive so as to minimise the risk of, for example, PML.
{0095} The method {or methods) may comprise the step of, in accordance with the assay
result, optimising a dosage regimen for the drug for the subject for controliing progression of
the disgase, for example, by altering drug dosage or changing the length of time between
sequential drug admimstrations. Each time the assav is carried out, the dosage regimen or
minimum effective drug dose may be optimised accordingly.
{00961 The method {or methods) may provide an accurate assessment of drug
effectiveness, regardiess of serum drug concentration.
10097} For example, n certain exemplary embodiments other embodiments a leukocyie
adhesive function assay may be used to determine a minimum cffective drug dose for a subject
for controlling progression of a disease.
{0098] In certain exemplary embodiments, there is provided a method of determining a
minimum effective drug dose for a subject for controlling progression of a discase, wherein the
drug s capable of altering leukocyte adhcsion to an endothehal molecule, said method
comptising the steps of’

{1} admimistering to the subject a known amount of the drug for a predetermined period
of time;

(2) after step (1), subjecting a blood sample containing the drug obtained from the
subject to a leukoovie adhesive function assay in vitro; and

(3) based on a resulf of the assay, repeating steps (1) and (2} votil a minimum cffective
drug dose for the subject may be determined for controlling progression of the discase.
{00991 The method {or methods} may comprise mimmising unwanted side effects caused
by the drug.
{00100]  The method (or methods) may comprise the step of, in accordance with the assay
result, optimising a dosage regimen for the drug for the subject for controlling progression of
the disease (as described previcusly).
{00101} Drug sensitivity may be tested in the subject using 1C30 or 1C99 fo obtain the
mimmum effective drug dose.
{00102  The mimimum effective drug dose may allow for restoration of mimimal leukocyte
cell interaction with endothelial cells in vivo so as to minimise or prevent pathologies such as
progressive multifocal leukoencephalopathy (PML). That is, the drug may be an immune-

suppressive drug and the munimal therapeutic drug dose may allow mimmal restoration of
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mumune response, while maintaining sufficient drug efficacy in vive so as to minimise the rsk
of, for example, PML.

100103 In certain exemplary embodiments, there is provided a flow assay or flow device for
carrying out the method as described in other exemplary embodiments disclosed herein,

[00104] In some embodiments, the method may entail performing a leukocyte adhesive
function assay to identify a leakocvie adhesion abnormality, choosing a suitable drug based on
the natare of the levkocyte adhesion abnommality, and determining the effect of the drug on the
icukocvte adhesion abnoumality.

{00103} This may entail carrving out the following steps: 1. Subjecting a blood sample
obtained from the subject to leukocyie adhesive function assay to identify a leukocyie
abnormality; 2. Choosing a suitable drug candidate {or more than one drug candidate} that
could potentially be used for such an abnormality; 3. Treating a blood sample with the suitable
drog candidate in vitre at various doses; 4. Performing a further leukocvte adhesive function
assay to test the effect of the drug candidate on the leukocyte abnormality; 5. Choosing the best
or most effective drug for the subject; 6. Administering the drug to the subject; 7. Taking blood
from the subject at various time points post-drug administration; and, 8. Performing a leukocyte
adhesive function assay to confirm the drog effect in the subject.

100106  Determining the effect of a drug in a human subject may entail carryving out the
following steps: 1. Collecting blood from the subject; 2. Performing a first leukocvie adhesive
function assay to obtain a baseline; 3. Administering a drug to the subject; and, 4. Performing a
leukocyte adhesive function assay at various time points post-drug administration to detormine
the drug effect.

{00107}  Determining the effect of a drug 1w an animal model/laboratory anmimal subject
(mouse, primate ete} may entail carrying out the following steps: 1. Collecting blood from the
subject; 2. Performing a first leukocyvic adhesive function assay to obtain a basgline; 3.
Admunistering a drug to the subject at various doses {(each dose will be an independent assay);
and 4. Performing a leukocvte adhesive fumction assay at varicus time points post-drug
administration to determine the drug effect.

{00108]  Alternatively, an in vitro model may be used. This may entail carrving out the
following steps: 1. Collecting blood from a subject; 2. Treating the blood with the drug at
various doses; and, 3. Performing a leukocyte adhesive function assay at various time points
after the start of drug treatment, to determine the drug effects and time required to reach such
effects. This may be done n bigh throughput manuner.

[00109]  Drug
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{00110} It is to be understood that the term “drug” as used herein includes a compound,
chemical, molecule, reagent, bislogic, antibody, other moiety and combinations thereof that has
a physiological effect on the subject, regardless of whether the drug function is kanown or
unknown. Suitable tvpes of drugs that ay be utilised i the raethods described hercin provided
that the drug 1s capable of altering leukocvie adhesion to the endothelium molecule - regardless
of whether drug function is known or unkonown. In certain exemplary embodiments, the drug
may be an iohibitor or promoter {agonist) of leukocyie adhesion. In certain exemplary
embodiments, the drug 15 an inhibitor of leukocyte adhesion. For example, a drug mayv be
developed for a purpose that 1s not related to leukocyte adhesive functions. Once administrated
by a subiect or subjects, however, this drug may have multiple effects on this subject. Thus, by
analvsing blood samples from this subject after drug administration, the potential effects of this
drug on leukocyie adhesive functions may be determined. In addition, the drug effects on
leukocyte adhesive functions may also be projected by in vitro treatments of this drug with
blood samples before being analysed by LAFA cxemplary embodiments. Thus, LAFA
cxemplary cmbodiments offer a tool to identify the unknown and/or off-target and/or side
cttects of drugs and/or compounds on leukocvie adhesive functions.

{00111} In some embodiments the drug may directly interfere with the binding of the
leukocyte with the endothehial molecule. In some embodiments the drog may indirectly
interfere with the binding of the leukocvie with the endothehal molecule. In some embodiments
the drag may target, bind to, associate with or otherwise mterfere with a leukocyte adhesion
molecule or other binding maolecule of the loukocyte. In some embodiments, the drug may
target, bind to, associate with or otherwise mterfere with the endothelial molecule. In some
embodiments, the drag may target, bind to, associate with or otherwise interferc with both a
leukocyte adhesive molecule or other binding molecule and endothelial molecule. In vet other
embodiments, the drug may indirectly influence the adhesion/interaction between the leukocyte
and endothelial molecule by way of exerting tts effect upon another part or molecule of the
leukocyte adhesion pathway. In vet other embodiments, the drug may: regulate expression of a
gene that affects leukocovte adhesion {(for example the drug may act on intracellular signalling
pathways io regulate the cxpression of a gene that affects leukocyie adhesion); affect post-
translational modification of a gene product {(RNA or protein) that attects leukocvie adhesion:
regulate transportation or transiocation of a gene product that affects leukocvie adhesion; and/or
regulate the release from intracellular storage of a gene product that affects leskocyte adhesion.
{00112]  Suttable types of leukocyics inciude, but arc not limited to, one or more of the

following: neutrophils, eosinophils, basophils, CD4 T lymphocyies, CD8 T tvmphocytes, T
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regulatory cells, B lvmphocyvtes, dendritic cells, monocyvies and natural killer celis.

{00113]  Suitable tvpes of leukocyte adhesion molecules or other binding molecules of the
leukocvte mclude one or more of the following: selectins, integring, chemokines, chemokine
receptors and others tvpes of maolecules.

[00114]  Suitable tvpes of endothehal molecules include one or more of the following:
selectins, cell adhesion molecules (CAMs), chemokines, chemokine receptors and other types
of molecules.

{00115]  Suitable tvpes of leukocyic adhesion molecules include, but arc not imited to one
or more of the followmg: PSGL-1, L-selectin, o] mitegrin, o2 integrn, a3 integrin, o4 miegrin,
aS mtegrin, of imtegrin, a7integrin, of integrin, of mtegnn, al0 mtegrin, all integrin, ob
integrin oF integrin, gV mtegrin, oX mmtegrin, {D1la (ol integrin}, CD11b (oM integrin), 1
mtegrim, B2 integrin, B4 integrin, BS mtegrin, B6 integnn, B7 integrin B8 mtegnin, CD44, ESL-1,
D43, CDo66, CD15s and ALCAM.

{00116}  Suitable types of endothelial molecules include one or more of the following: E-
selectin, P-selecting VCAM-1, ICAM-1, ICAM-2, MadCAM-1, PECAM, GIvCAM-1, JAM-A,
JAM-B, JAM-C, JAM-4, JAM-L, CD34, CD99, VAP-1, L-VAP-2, ESAM, E-LAM, cadherins,
and hyaluronic acid.

{00117  Soitable types of chemokings and chemckine receptors inchude one or more of the
following: chemokines CCL1, CCL2, CCL3, CCL4, CCL3, CCle, CCLT7, CCLE, CCLY,
CCL10, CCL1E, CCLIZ, CCLI3, CCL14, CCL13, CCLi6, CCL17, CCL1S, CCL1Y, CCL20,
CCL2E, CCL22, CCL23, CCL24, CCL25, CCL26, CCL27, CXCLLCXCL2, CXCL3, CXCL4,
CXCLS, CXCL6, CXCL7, CXCLE, CXCLY, CXCL10, CXCLL, CXCL1Z, CXCLI3,
CXCLI4, CXCLIS, CXCLIs, CXCL2Z6, CX3CLY, XCLT and XCL2; chemokine receptors
CXCRI, CXCR2, CXCR3, CXCR4, CXCRS, OXCRs, CCR1, CCR2, CCR3, CCR4, CCRS,
CCRo, CCR7, CCRS, CCRY, CCRI0, CCR1E, CX3CR1 and XCR1L

{00118] In some cmbodiments the drug may regulate the activity of a cytokine or
chemokine.

{00119]  In some embodiments, the drug may alter post-translational modification of an
adhesion molecule or chemokine, alter protein membrane translocation of an adhesion
molecule, regulate the release of an adhesion molecule from intracellular storage, act on
miracelhdar signalling pathways to regulate the expression of an adhesion molecule or
chemokine gene, or regulate mobilisation of an adhesion molecule.

[001201  In some embodiments, the drug aticnuates leukocvie a4 integrin activation.

[00121] In some embodiments, the drug mterferes with the interaction between leukocvie
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a4 miegrin and its endothelial molecule. Examples of leukocvie a4 miegrin are odp7 integrin,
CDlla (ol integrm) and CD11b {(¢M integrin).

[00122]  In some embodiments, the drag mterferes with the interaction between leukocyie-
expressed PSGL-1 (P-selectin glycoproten higand-1) and its endothelial molecule, being P-
selectin and/or E-sclectin.

{00123} In some embodiments, the drug mterferes with the interaction between leukoeyte B2
mntegrim and ifs endothelial molecule.

{00124}  In some embodiments, the drug mterfercs with the interaction between intercellular
adhesion molecule-1 (JCAM-1} and/or vascular cell adhesion molecule-1 (VUAM-1} and
its/their leukocvie adhesion molecule.

{00125]  Examples of drugs include antibodies that target a specific leukocyte adhesion
molecule and/or binding molecule and/or endothelial molecule. For example, an anti-human
antibody that targets a specific leukocyvie adhesion molecule and/or binding molecule and/or
endothelial molecule.

[00126]  In certain embodiments, the drug is an antibody that interferes with the binding
between o4 integrin and its endothehial molecule. The drog may be an anti-human o4 integrin
antibody. In certain embodiments, the drug is Natalizomab.

[001271  In certain embodiments the drug is an antibody that mterfercs with the binding
between a4f7 integrin and MAJCAM-1. The drug may be Vedolizumab.

{00128 In embodiments the drug is an antibody that interferes with the binding between
CDlla (ol and ICAM-1. The drug may be Efalizumab or Odulimomab.

[00129]  In certain embodiments the drug is an anttbody that mterferes with the binding
between CD11b (oM) and ICAM-1. The drug mav be UK279, 276.

{00130} In certain embodiments the drug is an antibody that interferes with the binding
between B2 ntegrin and its endothelial molecule. The drug may be Erlizumab or Roverlizumab.
{00131} In certain embodiments the drug is an antibody that interferes with the binding
between B7 integrin tis endothelial molecule. The drug mayv be Etrolizumab.

{00132}  Yet other cxamples of suitable drugs include steroids such as glucocorticoids
{corticosteroids}. Suitable steroids include, but are not hmuted to, Budesonide, Cortisone,
Dexamethasone, Methylprednisolone, Prednisolone, Prednisone and/or combinations thereof.
{00133 Yet other examples of suitable drugs mclude non-steroidal anti-inflammatory drugs
{(NSAIDs). Suitable NSAIDs mclude, but are not imited to, Celecoxib, Etoricoxib, Ibuprofen,
Ketoprofen, Naproxen, Sulindac and/or combinations thereof.

100134]  Yet other examples of suitable drugs include mmmune selective anti-inflammatory
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derivatives (ImSAIDs). Suitable ImSAIDs include, but are not himited to, Sub-mandibular gland
peptide-T (SGP-T), and Phenvialanine-ghitamine-glycine (FEG) and/or combinations thereof.
{00135  Yet other examples of suitable drugs include bicactive compounds from plants
(including herbs}). Suitable compounds mclude, but are not lhimited to, Plumbagin (from
Plumbago zylanica) and Plumericin (from Himatanihus sucuuba) and/or combinations thereof
[00136]  Yet other examples of suitable drugs mchide those {(including related metabolites)
that may enter into the circulation to affect leukocyte biology and functions.

{00137}  Disease

{00138]  In the methods described herein the drug may be used to control progression of
certain suitable disease or discases. In some embodiments the drug is used o control a disease
involving abnormal levkocyie recruitment. In some cmbodiments the drug is used to control a
disecase imvolving mflammation. In some embodiments the drug may be used to control
progression of an astoimmune disease. In some embodiments the drug may be used to control
progression of an immunc-deficient disease. In some embodiments the drug may be used to
control progression of an infectious discase. In patients with infectious diseases, the immune
svstem is highly activaied due to the mvasion of foreign pathogens, leading to an elevated
mflammation and increased leukocyte adhesive functions. After the pathogen being eliminated,
the activated immune system may stil maintain its high level of activity, resulting in
unnecessary damages to tissucs. To address this issue, anti-adhesion therapics may be used to
attenuate the activated leukocoytes to reduce tissue damage. In certain exemplary embodiments,
the drug may be used for one or more of the following: to control at least in part progression of
certain diseases; to control at least in part a disease mvolving abnormal leukocyte recruitment;
to control a discase at least 1 part involving inflammation; to control progression at least in part
of an autoimmune disease; to control progression at least in part of an mmume-deficient
disease; and to control at keast in part progression of an infectious disease.

{00139]  Disecases of interest include but are not imited to:

{00140}  Inflammatory arthniis - ¢.g., rheumatoid arthritis, seronegative spondeloarthritites
{Beheets disease, Reiter's syndrome, eic.}, juvenile rheumatoid arthritis, vasculitis, psonatic
arthritis, polydermatomyositis, or combinations thercof.

{00141} Inflammatory dermatoses ~ ¢.8., psonasis, dermatitis herpetiformis, eczema,
necrotizing and cutancous vascehitis, bullous diseases, or combinations thereof.

1001421  Systemuic lupus ervthematosus {SLE), asthma, reperfusion mmjury, septic shock
(Sepsis), adult respiratory distress svndrome (ARDS), tissuc damage relating to tissue

transplantation, cardiopulmonary bypass, thermal mjury (bum), ncluding shock, pulmonary
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edema, or combinations thercof
{00143]  Other autormmune disorders such as glomerolonephritis, juvenile onset diabetes,

multiple sclerosis, allergic conditions, automnne thyroiditis, allograft rejection {e.g., rgjection
of transplanted kidney, heart, or liver), Crohn's discase, graft-versus-host disease, or
combinations thereof.

{00144}  Systemic inflammation, assoctated with the use of pump-oxygenator systems in
cardiopulmonary bvpass and hemodialysis. which may lead to organ dysfunction, termed the
post-pump syndrome or post-perfusion syndrome, diabetes, or combinations thercof.

{00145]  Other discases and clinical correlates of undesirable inflammatory responses
including those associated with hemolviic anemia, hemodialysis, blood transfusion, certain
hematologic malignancies, pnewmonia, post-ischemic myvocardial inflammation and necrosis,
barotrauma (decompression sickness), ulcerative colitis, wnflammatory bowel discase,
atherosclerosis, cvtokine-induced toxicity, necrotising enterocolitis, granulocyte-transfusion-
associated syndromes, Reynaud's syndrome, multiple organ injury syndromes sccondary to
septicemia or trauma, acute purulent meningitis, other central nervous system inflammatory
disorders, or combinations thercof,

[00146]  Other discases that affect white blood cells, may include but not limited to:
Lymphoma, Leukemia, Multiple myeloma, Myelodysplastic syndrome, Eosinophilia, Hodgkin
lymphoma, or combinations thereof.

{00147}  Autoimmune diseases may include but arg not hmuted to: Addison’s disease,
Agammaglobulinenua, Alopecia arcata, Amyioidosis, Ankylosing spondylitis. Anti-GBM/Anti-
TBM nephntis, Antiphospholipid syndrome (APS), Autoimmune hepatitis, Autoimmune mner
car discase (AIED), Awxonal & neuronal neuwropathy (AMAN}, Behcet's disease, Builous
pemphigoid, Castleman discase (D3, Celiac discase, Chagas disease, Chronic mflammatory
demyvelinating polvneuropathy (CIDP), Chronic recurrent multifocal osteomvelitis {CRMO),
Churg-Strauss, Cicatricial pemphigoid/benign nmucosal pemphigoid, Cogan’s syndrome, Cold
agglutinm disease, Congenital heart block, Coxsackie myocarditis, CREST syvndrome, Crohn’s
discase, Dermatitis herpetiformis, Demmatomyositis, Devic’s discase (neuromyelitis optica),
Discoid lupus, Dressler’s syndrome, Endometriosis, Hosinophilic csophagitis  (EoE),
Eosmophilic fascutis, Ervthema nodosum, Essential mixed crvoglobulinemia, Evans syndrome,
Fibromyalgia, Fibrosing alveolitis, Giant cell artentis {temporal arteritis), Giant cell
myocarditis, Glomerulonephritis, Goodpasture’s syndrome, Granulomatosis with Polyangiitis,
Graves® disease, Guillam-Barre syndrome, Hashimoto’s thyroiditis, Hemolvtic ancnua,

Henoch-Schonlein purpura (HSP), Herpes gestationis or pemphigoid gestationis (P(G),
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Hyvpogammalglobulinemia, IgA Nephropathv, fg(G4-related sclerosing discase, Inclusion body
myositis (IBM), Interstitial cystitis (IC), Juvenile arthritis, Juvenile diabetes (Type 1 diabetes),
Juvenile myositis (JM), Kawasaki disease, Lambert-Eaton syndrome, Leuvkocytoclastic
vasculitis, Lichen planus, Lichen sclerosus, Ligneous conjunctivitis, Linear IgA discase (LAD),
Lupus, Lyme discase chromic, Meniere’s disease, Microscopic polvangiitis (MPA), Mixed
connective tissue disease (MCTD), Mooren’s ulcer, Mucha-Habermann disease, Muitiple
sclerosis (MS), Myasthenia gravis, Myositis, Narcolepsy, Neuromyelitis optica, Neutropenia,
Ocular cicatncial pemphigoid, Optic necuritis, Palindromic theumatism (PR), PANDAS
(Pediatric  Autoimnmne  Neuwropsvchuatric  Disorders  Associated  with  Streptococcus),
Parancoplastic cerebellar degeneration (PCD), Paroxysmal nocturnal hemoglobinuna (PNH),
Parrv Romberg syndrome, Pars planitis {(peripheral uveitis), Parsonnage-Tumer syndrome,
Pemphigus, Penipheral neuropathy, Perivenous encephalomyelitis, Pemicious anenua (PA),
POEMS syndrome (polvneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy,
skin changes), Polvarterifis nodosa, Polymvalgia rheumatica, Polymyositis, Postmyocardial
mfarction syndrome, Postpericardiotomy svndrome, Pruwmary biliary curthosis, Primary
sclerosing cholangitis, Progesterone dermatitis, Psoriasis, Psoratic arthnitis, Pure red cell
aplasia (PRCA), Pvoderma gangrenosum, Raynaud’s phenomenon, Reactive Arthritis, Reflex
sympathetic dystiophy, Reiter’s syndrome, Relapsing polvchondritis, Restless legs syndrome
(RLS), Retroperitoneal fibrosis, Rheumatic fever, Rheumatoid arthritis (RA), Sarcoidosis,
Schmidt syndrome, Scleritis, Scleroderma, Sjogren™s syndrome, Sperm &  testicular
autoimmunity, Stiff person syndrome (SPS), Subacute bacterial endocarditis (SBE), Susac’s
svadrome, Sympathetic ophthalmia (50), Takavasu’s arteritis, Temporal arteritis/Giant cell
arteritis, Thromboeyitopenic purpura {TTP), Tolosa-Hunt syndrome (THS), Transverse myelitis,
Tvpe 1 diabetes, Ulcerative colitis (UC), Undifferentiated conmective tissug disease {(UCTD),
Uveitis, Vasculitis, Vitiligo, Wegener's granulomatosis (now itermed Granulomatosis with
Polvangiitis (GPA), or combinations thercof.

[00148]  Discases or disorders due to mmmunosuppression {(¢.g., due to AIDS, mavcer
chemotherapy, radiation therapy, corticostercid therapy, or other therapy for avtoimmune
disease}, congenital immunodeficiencies, or combinations thereof

[00149]  Infectious discases, include but not imited to: JICAM-I mediated infections such as
thinoviral infection, Amochic meningoencephalitis, Acuie rheumatic fever, Anthrax, atypical
mycobacterial disease, Avian influenza (Bird Flu), Babesiosis, Bacternial vaginosis, Balanitis,
Barmah Forest virus infection, Blastocystis infection, Botulism, Brucella infoction,

Campviobacter infection, Chickenpox and shmgles, Chikungunva virus, Cold sores (herpes
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simplex type 1), Common cold, Conjunctivitis, Cryptosporidium infection, Cviomegalovirus
{(CMV) nfection, Dengue fover, Giardia infection, Glandular fever, Gonorrhoea, Haemophilus
influenzae tyvpe b (Hib), Hepatitis, Hand, foot and mouth disease, Hendra virus mmfection,
Hydatid discase, Human papilloma virus (HPV), genital warts & related cancers, Japanese
encephalitis, Kunjin/West Nile virus infection, Kunjin/West Nile virus infection, Leprosy,
Legionella pneumoplila infection, Leptospirosis, Listenia infection, Lyme disease, Measles,
Meningococcal infection, Molluscum contagiosum. Mumps, Mvcoplasma genitalivm infection,
Mycoplasma pneumoniae infection, Middle East respiratory syndrome (MERS), Non-specific
urethritis (NSU), Norovirus infection, Parvovirus BI9 imfection, Plague, Pneumococcal
infection, Poliovirus infection, Psittacosis, ( fever, Rabies virus and Australian bat byssavirus,
Respiratory syncvtial virus {RSV) infection, Rickettsial infections, Roseola, Ross River virus
mfection, Rotavirus mfection, Rubella, Salmonella mmfection, School sores, Severe acute
respiratory syadrome, Shiga toxin producing Hacherichia coli {(S§TEC) and haemolytic uraemic
svidrome (HUS), Shigella infection, Smallpox, Staphvlococcus avreus including methicillin-
resistant Staphylococcus aurcus (MRSA), Streptococcal sore throat, Syphilis, Tetanus, Thrush,
Toxic shock swvndrome, Toxoplasma mfection, Trichomonas infection, Tuberculosis,
Tularaemia, Typhoid and paratyvphoid, Urinary tract mfection, Vibrio parahaemolvticus
infection, Viral gastroenteritis, Viral hacmorrbagic fevers, Viral meningitis, Viral respiratory
mfections, Warts, Whooping cough, Worms, Yellow fever, Yersinia infection, Yersinia
infection, Zika virus mfection, or combinations thercof

{00150}  Discases caused by red blood cell disorders, may include but not hmited o
Anenua, Anemia of chronic disease, Aplastic anemia, Autoimumune hemolytic anemia,
Thalassemia, Malarna, Sickle cell anemia, Polveythemia vera, Acute chest syndrome, Bahima
disease, Ervthroid dysplasia, Haemochromatosis tvpe 3, Hemoglobin Lepore syndrome,
Hemoglobin variants, Hemoglobinemia, Hemosiderinuria, Hereditary pyropoikilocytosis, HFE,
Methemoglobinemia hereditary  hacmochromatosis, Mcleod syndrome, Microcytosis,
Myomatous erythrocviosis syndrome, Poikilocvtosis, Polychromasia, Polveythemia, Porphyna,
Reticudocytopenia, Rh  deficiency  syndrome, Sick  cell  syndrome,  Spherocytosis,
Sulthemoglobinemia, Transient ervthroblastopenia of childhood, or combinations thereof.
{00151}  Discases caused by platelet disorders, may mclude but not limited to:
Thrombocytopenia, thrombocytopenia, Certain  genetic  disorders,  Atrial  fibrillation,
Hemophilia, von Willebrand discase, epistaxis, menorrhagia, petechiae, telangiectasias,
ecchvmoses, Post-Transfusion Purpura, Cyclic {cyclicaly Thrombocyviopenia, Disseminated

Intravascular  Coagulopathy, Thrombotic Thrombocytopenic Purpura, Henoch-Schénlein
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Purpura, Pseudothrombocyiopenia, , or combinations thereof.

{00152  In certain embodiments the drug is used o control progression of an inflammatory
disease. In certain embodiments, the drug is used to control progression of one or more of the
following: multiple sclerosis, Crohn’s discase, asthma, psoriasis and rheumatoid arthritis. In
cerfain embodiments, the drug is used to control progression of disease caused by one or more
of the following: organ transplant, stroke, myocardial infarction and traumatic shock.

{00153]  Blood sample

{00154}  In some cmbodiments, the lcukocvie adhesive function assay requiring only a small
amount of whole blood, sach as 5, 10, 13, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 150, 200,
300, 400, 500, 750 and 1,000ul.

{00155]  The method may comprise subjecting more than one blood sample obtained from
the subject to a leukocyte adhesive function assay or more than one leukocyte adhesive function
3553Y.

{00156}  The method may include the step of isclating the blood sample from the subject.
This may be achicved in various suitable ways. For example, blood may be obtained by
pricking a finger and collecting the drop/s, or by venepuncture. In certain embodiments a drop
of blood may be ased for the method. In certain embodiments, less than about 100 L. of blood
may be required for the leukocyie adhesive function assay, such as 5, 10, 15, 20, 30, 40, 30, 60,
70, 80, B0, or 100. In certain embodiments, less than about 100 ul. of blood may be required for
the leukocyte adhesive function assay, such as less than §, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90,
or 100,

{00157}  In some embodiments, the blood sample may be whole blood, whether processed or
not. In some other embodiments the blood sample 15 a processed sample whereby one or more
components of whole blood have been separated from ecach other. That is, in some
embodiments the blood sample may be whole blood, and in other embodiments the blood
sample may comprise or one or more white blood cell components of (processed/treated) whole
blood.

{00158]  In certain embodiments, blood components are not separated from the whole blood
sample so as to mimic blood in vive. In certain embodiments isolated blood cells, cultured
blood cells and/or blood cell lines may be used.

{00159  Anticoagulants that may be used to collect and store blood samples may include,
but are not imited to, heparin, EDTA, ACH, citrate, Hirudin, sodium polyvancthol sulfonate and
potassium oxalate/sodium fluoride.

[00160]  Leukocyte adhesive function assay and device
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{00161}  The leukocyte adhesive function assay may be various suitable type of assay. The
method may comprise carrying out more than one levkocyte adhesive function assay, to obtain
one or more results. The leukocyte adhesive function agsay may include one or more specific
tests to provide a collective result,

[00162]  In certain exemplary embodiments, the leukocyte adhesive function assay results
may be semi-quantitative and/or quantitative.

{00163}  The leukocyte adhesive function assay may achieve one or more of the following:
characterising leukocvie cell recruttment; characterising levkocyte cell tracking; characterising
leukocyte cell migratory behaviour — n a quantitative manner.

100164 In some ¢mbodiments, the levkocyte adhesive function assay may entail
quantitatively determining leukocyte sugration. This may include detecting, measuring or
observing leukocvie cell tethering, rolling, slow rolling, firm adhesion, crawling and/or trans-
endothelial migration. In some embodiments, the leukocyte adhesive function assay may entail
detecting, measuring or observing leukocvite cell average speed, displacement, acceleration,
deceleration, directionality, dwell time and/or straightness.

[00165]  Imteracting leukocyies may be characterised bv wav of velocity distribution. For
example, interacting leukocytes may be divided into five interaction types according to cell
mean speed {Smean): Static cells Spem < 5 pm/min), crawling cells (Smean = 5-20 um/min), slow
rolling cells {Smean = 20-300 wm/min}, and rolling cells (Spean = 300-6000 pm/mun). In addition,
a histogram may be used to show the distribution of cell velocity.

{00166]  In certain embodiments, the levkocvte adhesive fonction assay entails detecting,
measuring and/or ohserving leukocyte migration under realistic physiological conditions.
[00167] In some embodiments the assayv allows for simuliancous detection of different
leukocyte subsets.

100168 In certain embodiments, the leukocyte adhesive function assay involves a flow
assay.

[00169]  As part of the leukocyte adhesive function assay, the blood sample may be
premixed, pre-treated or pre-incubated with one or more cell stains, one or more chemicals (e.g.
such as mangancse which induces o4 integrin activation), one or more of the drugs (with or
without a detectable moiety), one or more antibodies, and/or one or more detectable moteties or
other reagents or agents.

[00170]  In some embodiments, the method may comprise treating subject (haman or animal)
blood with one or more drugs, reagents or agents in vitre, then carrying out the leukocvie

adhesive function assay.
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{00171}  In some embodiments, the method may comprise administering a subject with one
or more drugs, reagents or agents in vive, then carrving out the leakocvie adhesive function
assay.

{00172}  In some embodmments, the leukocyie adhesive function assay may assess leukocvte
nugration under realistic physiclogical conditions.

{00173}  In some embodiment, the leukocyvte adhesive function assay may utilise leukocvies
labelled with an antibody comjugated to a fhuorophore or other detectable moiety. In some
embodiments, the assay mayv entail detecting different subsects of leukocytes with subset-
specific antibodies conjugated to different fluorophores. For example, an antibody or antibody
cocktall and/or stain may be added to the blood sample. For example, fluorescently labelied
antibodies against specific leukocyte membrane markers may be added to the blood sample
before performung a flow assay.

{00174}  The leukocvte adhesive function assay or flow assay may utilise a suitable type of
equipment for detecting, measuring or chserving leukocyte migration etc, including for
detecting, measuring or obscrving leukocvie migration ctc under realistic physiological
conditions. Examples of suitable microfluidic assays and/or devices are described in the
following documents: US 8,940,494, US §380,443; US 7,326,563, W0 92/2174¢6;
Vaidyanathan R1, Shiddiky MJ, Rauf S, Dray E. Tay Z, Trau M.; Tunable "nano-shearing": a
phvsical mechanism to displace nonspecific cell adhesion during rare cell detection.; Anal
Chem. 2014 Feb 18:86(4):2042-9. doi. 10.1021/ac4032516. Epab 2014 Feb 4 - the entire
contents of which are incorporated herein by way of cross-reference.

{00175} A mucroflndic device mayv be used for carrving out a flow assay. In some
embodiments the flow assay entails using a microtluidic device having one, two, three, four,
five, six or more microfluidic channels, for example, for detecting different leukocvte subsets
and/or adhesion molecules.

{00176]  In some embodiments the blood sample may be assayed in a microfluidic device to
mimic blood flow in vive.

{00177} In some embodiments the flow assay entails pulling or pushing the blood sample
into one or more microfluidic channels, for example using a syringe purap, preferably at a shear
stress of approximately 0.5 1o 30 dyne/’cmz, mcluding 0.2, 03, 1,2,3,4,5,6,7,8,9, 10, 15, 20,
25,30, 40, 50, 60, 70, 80, 100, 150, 200, 300 dyne/cm”.

100178]  The levkocyte adhesive function assay may allow for visual analysis for
characterising fcukocyte cell migratory behaviour, characterising leunkoeyte cell tracking, or

characterising leukocvie cell recruitment by the endothelial adhesion molecule. Visual analysis
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may be carried out in any suitable way. For example, visualisation may be achicved using a
microscope and image recorder {¢.g. video or time-lapsed photography). Leukocyie migratory
behaviour, tracking, recnutment cic may be analysed by way of computer analysis of the
unages captured by the image recorder. The kinds and numbers of adhesive and/or non-
adhesive leukocvies may be determined and their mdividual velocities/behaviours may be
recorded and analysed in a quantitative manner.

{00179]  In some embodiments the loukocyte adhesive function assay entails acquiring
images at high frame rate over a period of time sufficient to capture all types of leukocyte cell
interactions. For example, the assay may entail acquiring images at 2 frames per second for 5
minutes to capture tvpes of cell interactions. In some cmbodiments the leukocyte adhesive
function assay may catal capturing detaled 3D movement of leukocvies. In some
embodiments the leukocyte adhesive function assay entails recordmg a fluorescence
microscopy thne series.

{00180}  The leukocoyte cell kinetic parameters are derived in the following manner: The
recorded image time series provides x, v and z (position} and t (fime) coordinaies of each
detected, interacting leukocvie cell. By hinking localizations of the same leukocvie cell between
several frames using mathematical algorithms such as 'nearest neighbouy', cells may be tracked
over time and various parameters obtained to characterize cell motion (such as track direction,
length, displacement, duration, straightness, mean speed, acceleration/deceleration,
directed/confined/random motion type). Those parameters may then be used to differentiate
motility behaviour of different levkocyte cell subpopulations or changes 1 motility upon drug
treatioent.

[00181]  Alternatively, other methods for detecting leukocyte cells may be used, as described
for example m: Nan Sun, Yong Ly, Ling (in, Guangyu X, and Donhee Ham, September
2012, Sohd-State and Biological Systems Interface; Sclid-State Device Resecarch Conference
(ESSDERC); DOL 10.1109/ESSDERC.2012.6343324;
http://people scas harvard eduw/~donhee/ESSDERC-ESSCIRC-2012-Ham pdf  (the entire
contents of which are hereby incorporated by way of cross-reference).

{001821  The endothelial molecule may be in the form of, tfor example, a recombinant protein
bound to a support or substrate. Put another wayv, in some embodiments the assay may mvolve
using g plorality of endothehial molecules fixed to a support or substrate {perhaps including a
lipid bilayer), and in other embodiments the assay may mvolve using actual cells expressing
such endothelial molecules. With regard to endothelial molecules tmmobolised to a support or

substrate, a number of technigques are referenced in Dobvun Kim and Amy Hermr, Protein
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immobilization techniques for miucrofluidic assays, Biomicrofividics, 2013, and is hercby
mcorporated by reference mn its entirety. Also, such molecules are described in the following
documents, the eatire contents of which are incorporated herein by way of reference: US
8.940.494; US 8,380,443, US 7,326,563, and W0 92/21746.

{00183]  Endothelial molecules that may be used as adhesive substrate (1.e., bound to a
support or substrate} in the leukocyte adhesive function assay mchude but not imited to one or
more of the following:

1. Adhesion molecules as already described herein;

Chemokines as mentioned herem;

[

(U9

Purified antigens and artificial antigen-presenting cell systom:
a. Purified antigens: 1) alpha, beta and epsilon toxing and 1t} antigen CFA/L
b. Artificial antigen-presenting cell systems disclosed in 1) Anna Thomas and
Marcela Maus, ¢ al, “A Cell-Based Artificial Antigen-Presenting Cell Coated with Anti-CD3
and CD2Z8 Antibodies Enables Rapid Expansion and Long-Term Growth of €CD4 T
Lymphocytes” Clinical Immunology, 2002, and 2} Turtle, C., Ruddell, 8., “Artificial antigen
presenting cells for use 0 adoptive immunotherapy” Cancer J, 2010 and these references are
hereby incorporated by reference n its entirety;

4, Other molecules (inchuding proteins) that may regudate celi-cell interactions; and

5. Chemokine receptors as disclosed herein.
{00184}  In some embodiments, the leukocyte adhesive function assay may entail detecting,
measuring or observing the interaction between leukocvte-expressed PSGEL-1 {P-selectin
glveoprotein higand-1) and its endothelial molecule, P-selectin and/or E-selectin.
{00185] In some embodiments, the leukocyte adhesive function assav may entail
quantitative assessment of o4 integrin adhesion functions.
{00186  In some embodiments, the leukocyte adhesive function assay may entail detecting,
measuring or observing increased leukocyvie a4 integrin expression and activity.
[00187]  In some embodiments, the leukocyte adhesive function assay may entail measuring,
detecting and/or observing the interaction between leukocvte o4 integrin and endothehial
VCAM-1.
{00188]  In some embodiments, the ieukocyie adhesive function assay may entail detecting,
measuring and/or observing the interaction between CB1la (ab integrin} and ICAM-1.
{00189  In some embodiments, the leukocyte adhesive function assay may entail detecting,
measuring or observing the interaction between CD11b (oM integrin) and ICAM-1.

[00190]  In some embodiments, the leukocyvie adhesive function assay may entail detecting,
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measuring and/or ohserving the interaction between a4f7 integrin and MAJCAM-1.

{00191} In someembodiment, the leukocyte adhesive function assay may entail detecting,
measuring and/or observing the interaction between mtercelhilar adhesion molecule-1 JCAM-
1} and/or vascular cell adhesion molecule-1 (VCAM-1) and their leukocyte adhesion molecule.
[00192]  In someembodiment, the leukocyvie adhesive function assay may entail detecting,
measuring and/or cbserving the interaction between leukocovie B2 indegrin and its endothehial
molecule.

100193  The leukoevie adhesive function assay may entail measuring one or more specific
subscts of leukocytes, such as CD4, CDE and CD15 cels.

[00194]  In some embodiments, the leukocyte adhesive function assay may entail detecting,
measoring or observing leukocvie migratory behaviours on cvtokine or chemokine {e.g. TNFu
and {L-4) activated primary cndothehial cells (e.g. HUVEC) or immobilised endothelial cell
fines (¢.g. human microcirculation endothehal cells (HMECH),

[00195]  In some embodiments, the leukocyte adhesive function assay may entail detecting,
measuring and/or observing the effects of the drug Natalizamab on leukocyie interaction with
TNFuo activated HUVEC.

[00196]  In some embodiments, the leukocvie adhesive function assav may entail detecting,
measoring and/or observing Natalizamab-specific binding to a4 micgrin on leukocyies.

{00197} In some embodiments, the leukocyte adhesive function assay may entail measunng,
detecting and/or observing the mhibitory effects of Natalizumab on o4 integrin functions.
[00198] In some embodiments, the levkocyte adhesive function assay may entail
simultancously detecting, measuring and/or observing different leukocyie subsets by labelling
the subscts with specific membrane markers. Such markers may be antibodies conjugated to
different fluorophores.

[00199]  The levkocyte adhesive function assay may include one or more controls. The
nature of the control/s emploved may depend on the nature of the assay and the nature of the
method emploving the essay. For cxample, the control may be a blood sample obtained from a
healthy individual who does not have a discase or disorder (e.g an nflammatory or
autoimmune discase). For example, the control may be a blood sample obtained from an
ndividual who is not under medical treatment with drugs (c.g. anti-inflammatory drug). For
example, the control may be a blood sampie obtained from the subject prior to being
administered the drug, prior to receiving drag treatment, or prior to being subjected to a dosage
regimen or during a dosage regimen. The control may be a blood sample comprising pooled

blood samples from different individuals {cohort),
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{00200}  In some embodiments the method/leukocyte adhesive function assay may entail
carrying out the following steps: 1. Pre-coating a flow channel with an endothelial molecule; or
if in endothelial cell models, seed and culture cells in the flow channel, and activate the
expression of endothelial adhesion molecules by treating the cclls with a reagent or
mflammatory cytokines or chemokines, e.g. TNFa; 2. Incubating the flow channel without or
with a drug at various doses {¢.g. small molecole, antibody etc), which alters endothehal
adhesion molecule functions; 3. Collecting blood from a subject; and, 4. Performing levkocyte
adhesive function assays at various time poinis post-drug treatment o determine the dmug
cttects (by companson to drug-free controls). An example of a suitable assay 18 described in.
[00201]  Dosage regimen

1002021  The dosage regimen may typically depend on the nature of the drug, the discase
condition and/or the subject’s characteristics. Optimising the drug dosage regimen may mvolve,
for example, modifying the: route of drug administration; galenic driug formulation; drug unit
dose; frequency of administration/length of time between adounistrations; drug lcading dose;
and/or length of treatment - as required judging by the assay rosult.

{00203}  Optioising the drug dosage regimen {e.g. of an immune-suppressive drug) may
mvolve allowing the drug senum level to decrease below maximal efficacy cach, a substantial
portion or a portion of the dosing cveles, but without comprising, or substantially
compromising, the drug efficacy. Once below maximal efficacy threshold, the mmmune
response of the subject mav be restored for certain a period of time before drug re-dosing, as
detailed in Example 7.

{00204]  In certain cxemplary embodiments, optimising the drug dosage regimen and/or
determining a minimum effective drug dose may mean that only a mintmouwm amount of the drug
need be administered and/or the time between sequential drug administrations may be
lengthened or shortened as required. In certain exemplary embodiments, optimising the drug
dosage regimen and/or determining a nunimum effective drug dose may mean that pathological
or fatal side-effect due to the drug may be minimised and/or elimunated. For example, the nisk
of progressive multifocal leukoencephalopathy {(PML), a fatal side effect of Natalizumab
therapy, may be reduced.

{00205]  Subject

1002061  The subject may be a mammal or any other suitable type of animal. Mammals
include humans, primates, livestock and farm animals {¢.g. horses, sheep and pigs), companion
amimals {¢.g. dogs and cats), and laboratorv test animals {c.g. rats, mice and rabbits). In certain

embodiments, the subject may be human.
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{002071  Treating a subject

[00208]  The subject may be treated 10 a conventional way known for that particular digease.
In addition, the subject may be treated in non- conventional way. For example, based on the
results from LAFA analysis, the suitability of a drug for the treatments of a subject with certain
diseases may be projected, even though the drug 1s usually not used for this particular disease.
[00209]  Natalizumab

{00210}  Certain cxemplary embodiments, find application with regard to Natalizumab
treatment of subjects with multiple sclerosis. For example, Natalizumab re-dosing in subjects
having multiple sclerosis is usually carried out once everv four weeks after the mitial nfusion.
The standard dose of Natalizumab is 300 mg per subject per infusion. Optinusing the drug
dosage regimen may involve, for example. reducing the amount of drug administered and/or
mereasing the length between adnunistrations - as required judging by the assay result.

{00211}  In some embodiments, the method may be carried out as a blood test, performed at
various time points post-Natalizumab infusion. Accordingly, the assay results may be used to
determine the need of Natalizumab re-dosing. The blood test may be conducted in individual
subjects 1o ensure drug effectiveness, faciliating the development of optimal/personalised
treatment regimen for individual subjects. The blood test may be conducted for many subjects
for patient stratification.

{00212]  Recent clinical data from extended dosing mierval (EDI) studies showed extended
interval of Natazamab therapy (up to 8 weeks) may not only suppress discase progression as
efficiently as standard ntervals (4 wegkg}, but also significantly reduce the risk of PML. These
finding suggest that EDI reduces the risk of PML although the mechanisms remains unknown.
It 1s reasonable to propose that once the serum level of Natalizumab reaches below a certain
threshold {(e.g. the 100% saturation threshold}, a minimal immune response may be restored to
reduce the risk of JCV infection. The methods described herein may quantitatively assess
Natalizumab cttectiveness, precisely mdicating the drug saturation level and the need for re-
dosing. Thus, the method may facilitate the restoration of immune response without comprising
the drug efficacy, allowing encugh immune response each, a substantial portion or a portion of
the dosing cvcles to effectively eliminate, nitigate and/or reduce risk of PMLL.

{00213]  Certain exemplary embodiments relate to the use of a leukocvie adhesive function
assay for detecting activation of a drug target, which may then be used to predict the ability of
the drug to control disease progression. The method/assay may also be used to predict whether
the drug mayv be used to control the progression of vet other discases not known to be treatable

using that drug. For example, Natalizomab may for some subjects be a usetul drug other than
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for treating multiple sclerosis and Crohn’s disease if an od integrin activation 1s detected in a
sabject.
100214]  Despite carly success in controlling disease activity in multiple sclerosis (M5}
paticnts, it was noted that 25.8% and 17.1% of Natalizumab recipients poorly and only partiaily
responded to the treatments. Up to date, the mechanism undertining such tow drug effectiveness
rate remains unknown. Althoogh the pathological role of a4 mtegrin was established in MS, it
is highly unlikely that the levels of o4 imtegnn activation would be the same in highly
heterogeneous patient population. This notion s supported by the findings that the magnitude of
the therapeutic etficacy of Natalizamab vaned dramatically between mdividual MS patients,
suggesting that the pathological role of o4 integrin may differ within these paticuts.
Accordingly, patienis with high level of ¢4 activation would be more likely to respond {o
Watalizumab therapy, comparing to patients with low or no v4 mtegrn activation. Certain
exemplary embodiments may be capable of guantitatively assessing the activation ad mtegrin,
providing an excellent tool to predict how likely a subject would respond to Natalizumab
therapy, facilitating patient stratification.
{00215] In cerain exemplary embodiments, there is provided a method of generating a
leukocyte adhesion profile for a subject, said method comprising the steps of
subjecting at least one blood sample obtained from the subject to at least one
leukocyte adhesive function assay in vitro so as to quantitatively assess the adhesion
functions of different leukocvie subsets to one or more different endothelial molecuoles
at substantially the same time; and
using the assay result for: identifying leukocvte abnormalities; determination of
personalised pathogenesis; identification of new discase markers for diseases;
wdentifving early signs of discase; discase prediction; disease prevention; assisting with
carly an accurate diagnosis; developing an effective and personalised treatment for the
subjoct; monitoring the health (healthy status) of the subject; groupmg subjects
regardless of disease; or developing a treatment for the subject regardless of disease
diagnosis.
{00216]  The method (or methods) may be carried out on a blood sample obtained from a
single subject. The method {or methods) may be carried out on blood samples obtained from a
plurality of different subjects. The subject {or subjects) may be a healthy subject. The subject
{or subjects) may have a disgase.
{00217}  The assay {or assays) may be carried out on a blood sample of a subject, and the

blood sample may be a whole blood sample or processed blood sampie.
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{00218}  The leukocyte adhesive function assay may be a flow {(cell} assay for quantitating

leukocyte cell migratory behaviour, lsukocvte cell tracking

[y

or leukocyte cell recruitment by the
one or more endothelial adhesion molecules and/or other related molecules and/or cells that are
expressing these molecules.

[00219]  The one or more endothelial molecules is/are m the form of a recombinant protein
bound to a support or substrate, or a cell system overexpressing the one or more endothehal
adhesion molecules.

{00220} Suitable types of leukocyvtes include, for example, those described disclosed herein.
{00221} Suitable types of leukocyte adhesion molecules or other binding molecules of the
leukocyte include, for example, those disclosed herein.

1002221  The one or more endothehial molecules may include. for example, those disclosed
herein.

[00223]  The method (or methods) may mnvolve assaying the adhesion of different leukocvte
subsets in mdividual flow channels, which may be pre-coated with specific endothelial
molecule substrates. As a resuft, cell migration profiles for cach, a substantial portion or a
portion of adhesion molecule on a specific leukocvte subset may be generated.

{00224}  The assay of the method {or methods) mayv comprise the step of identifving a drug
target and then choosing an appropriate drog for controlling progression of the disease based
the drug target.

[00225]  The assay (or assays) of the method (or methods) may comprise the step of
identifying a drug target and then choosing an appropriate drug for controlling progression of
the discasc based on a reference database of drug targets and drugs for those targets. In this
way, the disease 1isclf need not actually be diagnosed and/or idenuified and/or known.

{00226]  The assay (or assays} of the method (or methods) may comprise the step of building
a database of drug targets and drugs.

{00227}  The assay {or assays) of the method {or methods) may comprise the step of assaying
for more than one drug target at the one time {e.g., 2, 3,4, 5, 6, 7, 8, 9 or 10 drug targets or
more).

{00228}  The method (or methods) may be a high throughput assay, testing for a plurality of
drug targets at the one time.

{00229]  The method {(or methods} may have other features as descnibed for other
embodiments.

[00230]  Any of the features described herein may be combined in any combination with any

one or more of the other features described heremn within the scope of the invention.
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{00231}  Materials and Methods for Certain Exemplary Embodiments

{00232]  To realistically recapitulate human microcirculation, snprocessed human whole
blood was used in a microfluidic system to mimic blood flow in vitre. Different leukooyie
subsets were stmultancously detected by labelling the cells with specific membrane markers,
using antibodies conjugated to different fluorophores. The nteraction between leukocyie ad
mtegrin and endothelial VCAM-1 was examined, as was leukoeyte recruitment on VCAM-1
substrate, and cell kinetics was employed to characterise cell migratory behaviours, allowing a
quantitative assessment of a4 integrin adhesion functions.

{00233}  Materials and Methods

[00234]  Antibodies, chemical and reagents

100235] Hoaman recombinant YCAM-1 and TNFg were purchased from R&D Systems
{(Minneapolis, MN). Antibodies {Abs) agamst human leukocyte surface molecules, CD4-
Alexad88, CDS-PE, CD5-APC and CB16-BV510, were obtained from BD Biosciences (San
Diego, CA). Natalizumab {Tysabri) was purchased from Biogen (Cambridge, MA} The
alternative anti human a4 integrin Ab (Clone: 7.2R) was purchased from R&D Systems.
{00236]  Flow channel system to study VCAM-1 dependent leukocyte recruitment
{00237} Human blood was collected from healthy volunteers 1in hthium heparin blood
collection tubes, stored at room temperature, and used within 4 hours afier blood collection. To
study VCAM-1 dependent leukocyte recruitment, a Polyvmethyl methacrviate (PMMA)-bottom
microfluidic chip (channel Width=xDepthxLength: 1,000x200x18,000um} purchased from
Microfhuidic ChipShop (Jena, Germany) was emploved. Recombinant human VCAM-1 protein
(10pg/mly was gently loaded mto the channels and incubated overnight at 4°C. To identify
specific feukocvte subsets, 100 pl whole blood was mixed with the following antibody {Ab)
cocktail for 5 minutes (min) at room temperature anti-CD4-Alex488 (1:50 dilation}, anti-CDE&-
PE {1667} and anti-CD135-APC (1:33 .3}, The blood was then pulled mto the microfluidic
channels by a syringe pump (Harvard Apparatus, Holliston, MA) at a shear stress of 1.5
dyne/om’. To activate o4 integrin, whole blood was treated with 5 mM Mangancse chloride
(Sigma. 5t Louis, MO} for 5 min at room temperature. To study the inhibitory effects of
Natalizumab on o4 ntegrn functions, blood was incubated with various doses of Natalizimab
for 5 nun at room temperature before being used for the flow assay. In those experiments where
there was a need to distinguish neutrophils (CD15'CDI6") from eosinophils (CD15'CDI67), an
anti-human CD16-BYS10 Ab (1:50) was also included.

{00238]  Fluorcsconce microscopy time series were recorded on a DeltaVision Widefield

microscope {Applied Precision, Issaquab, WA) with a 10X objective and Olvmpus 1X71 base
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under critical illumination, with 20MHz camera readout speed and 4x4 pixel binning to
facilitate high speed image acquisition. Data acquisition was recorded at 2 frames per second
for 10 minutes, at the contre of the channel (9,000um from the channel inlet). The expeniments
were performed in a temperature controlled and cquilibrated environment (37 degrees Celsius
and 3% CG,).
[00239]  Cell tracking and data analysis
{00240} Cell tracking was accomplished using Imaris (Bitplane AG}) software. CUclis were
tracked automatically by detecting quality-filtered fluorescent spots in cach frame and then
finked with a maximum distance of 30um and maximum gap size of 2. The tracks were
subsequently checked manually and corrected for errors. Track parameters and statistics such as
dwell time, straightness and mean speed were then exported for statistical analysis in GraphPad
Prism.
[00241]  The mteracting cells were divided into five interaction types according to cell mean
speed (Smean): Static cells (Spean < 5 um/min}, crawling cels (Syean = 5-20 um/min), slow rolling
cells (Spean = 20-300 um/min), and rolling cells (Spean = 300-6000 pm/min). The half maximal
inhibitory concentration {(IC50) values of Natalizumab were calculated using R Studio.
Common origin graphs were obtained by with R Studio by normalizing the detected tracks io
the same coordinates of origin (0,0 um).
{00242]  Flow chamber assay to study leukocyte recruitment by endothelial cells
[00243]  To study lenkocyte recnttment by human blood vessel endothelial cells, a parallel
plate flow chamber system (Glycotech, Gaithersburg, MD) were used. Briefly, heparinised
human blood was first dituted 1:10 with Hank’s balanced salt solution (HBSS) containing Ca’’
and Mg To detect the types of cell interactions (including fast rolling), high frame rate
recording were used. Whole blood was labelied with Hoechst33342 only for 5 min at room
temperature before being used for the fow assay. Images were acquired only in the Hoechst
channel at a high frame rate (2 frames per second) for 5 min. For Natalizumab experiments,
blood was treated with either 10 or 300 ng/ml of Natalizamab at room temperature for 5 min.
Primary human umbilical vein endothehial cells (HUVEC) were coltured to 100% confluence
betore being trypsinised and sceded on a fibronectin-coated glass coverslip. The cells were then
cultured for an additional 24 hours before being activated with 10ng/ml of human tumor
necrosis factor o {TNFa) overnight. After this, the flow chamber was carefully placed onto the
coverslip and the blood was then pulled into the chamber at a shear rate of 150 57 by the
syringe pump. Cell tracking and data analysis were performed as mentioned herein.

[00244]  To further study cell migration behaviours in different leukocvte subsets,
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Hoechst33342 plus an antibody cocktail, containing anti-CD4-Alex488, anti-CD8-PE and anti-
CDI5-APC, were added to the whole blood, which were then mcubated for 5 min at room
temperature before the flow assay. The interaction between leukocytes and HUVEC were
recorded using a 20X 0.75 NA objective. Four-channel 3D z-stacks were recorded over a range
of 20um at Tum mtervals to account for the 3-dimensionality of the endothelial cell coated
surface. A low frame rate (1 frame per 30 secs) was used to detect the 3D movement of slow
moving cells, including static, crawling and slow rolling cells. Images were recorded at three
different posttions arranged perpendicular to the thiow direction. For visnalization and data pre-
processing, 3D data sets were deconvolved using SoftWoRx software (Applied Precision).
[00245] Fxample 1: Ma”" activates 481 integrin adhesive functions.

100246]  In this exemplary embodiment, (o assess the ability of leukocyte to interact with
endothelial VCAM-1, a microthndic svstem was emploved to mumic blood microcirculation in
vitro, which consists of a microfluidic pump and microfluidic chips. The bottom of the chup was
pre-coated with VCAM-1 protein {(10ug/ml) at 4°C overnight and whole blood was then
perfused through the channel at a flow rate of 10w/min, driven by the microfluidic pump.
Uniess otherwise stated the protocol used is set for in Appendix L

{00247}  Simultaneous detection of VUCAM-1 dependent recruitment of T4, CD8 and
D18 cells

[00248]  In the present example, to avoid cell 1solation and achieve simultaneous detection of
multiple specific leukocyte subsets, fluorescently Iabelled antibodies against specific leukocvie
membrane markers were added to human whole blood before performing the flow assay. As
shown in Figure 1A, CD4° (Green), CD8" (Red) and CD15° (Cyan) subpopulations of
feukocyites may be clearly distinguished. The numbers of mteracting CD4 and CDE cells are
similar, whereas the number of CD15 cells is significantly lower (p < 0.05} than CD4 and CD8
cells {Figure 1B}, In fact, no imteracting D15 cells were detected in 50% of the blood samples
analvsed. These results shocs that that VCAM-1 preferentially recruits C4 and CD8 cells
compared to CD15 cells in healthy control blood.

[00249]  Mn”", a van integrin activator, induces 041 integrin activation, therefore leading to
an increased binding activity to is ligand, VCAM-1. To test the ability of the system to detect
Mn?-induced leukocyte adhesive functions, whole blood was treated with Mo before being
used for the flow assay. Compared to untreated blood, Mn®" has no significant effect on the
number of mteracting CD4 cells, while a >50% reduction in CD8 cells was detected {Figure
iB). In contrast, Mn" " treatments induced an almost 3 fold increase in the number of interacting

CD13 cells (Figure 1B), showing a functional role of a4pl integrin on CDS cells to support
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cell interaction with VCAM-1.

[00250]  To characterise the cell migratory behaviours, a range of cell kinetic parameters
were utilised to assess the ligand binding activity of ad4Bl mtegrin. According to their mean
speed of migration, total interacting cells were divided 1nto static (< 5 pnv/min}, crawling (5-20
pm/min}, slow rolling (20-300 pm/mun) and rolling cells (300-6000 pm/min). In non-activated
blood, very little static CD4 cells (0.2 + 0.2 cells/mm”) were detected, while the majority of
interacting CD4 colls are slow rolling cells (68.8 + 16.1 cells/mm”, Figure 1C). Compared to
untreated controls, Mn™' treatment significantly increased the number of static CD4 cells to 2.9
+ 1.0 cells/mm’, p < 0.05. In contrast, the number of slow rolling and rolling CD4 cells was
markedly decreased by Mn®" (Figure 1C). These findings show that Mn®" enhances a4f1
integrin ligand binding ability and cell-VCAM-1 interaction, leading to a reduction of cell
migration speed. In CD8 cells, Mn®' significantly decreased the number of slow rolling (p <
(.05} and rolling {p < 0.01) CDZ cells, whereas no effect on static and crawling cells was
observed (Figure 1D). These findings show that Mn" treatments inhibit the ability of ¢4pl
mntegrin to support CDE cell rolling. In addition, the number of crawling and slow rolling CD15
cells was dramatically increased by Mn”" (Figure IE), showing a role of o4Bl integrin in
regulation of CD5 cell adhesive fumctions.

[00251]  To determine the overall effects of Mn®" on the speed of interacting cells. the
average speed of three leukocyte subsets in the presence and absence of Mn” were compared.
Mn®" treatments significantly reduced the speed of CD4 and CDS cells (Figure 1F), compared
to no Mn”" controls. Consistently, the common original graphs show that the motility of CD4
and CDR cells was markedly inhibited by Mo (Figure 5A and 5B). These results are in line
with the findings in Figures 1C-D, showing suppressive effects of Mn®" on cell migration,
[00252]  Additionally, Mn”™" treatments significantly increased the dwell time of interacting
CD4 and (D8 cells (Figure 1G), whereas the straightness of CD4 and CD8 cells were
significantly decreased by Mn”" (Figure 1H). Together, these results show that Mn®' treatments
mduce 041 mtegrin adhesive function, allowing a stronger ccll interaction with VCAM-1. On
the other hand, speed, motility, dwell time and straightoess of mteracting CD1S celis were not
affected by Mn®' (Figures 1F-1H, Figure 3C). These findings show that Mn’" treatments
enhanced the recruitment of CD13 cells without affecting their migratory behaviours,

{00253] Example 2: The use of multiple membrane markers to identify specific
feukocyte subsets

[002541  'The present cxample 1s directed to the identification of €15 and CD6 double

positive neutrophils in the assays, according to certain exemplary embodiments. The protocol
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set forth m appendix | was followed with following modifications made to perform the
expertments:

1. 3pl of anti-heman CB15-APC (BD, Cat#: 551376) and 2ud of anti-human CD16-
BV510 (BD, Cat#: 563830) were added to 100ul of human whole blood, and incubated at room
temperature for approximately 5 minutes, before being used for the assay,

2. A macro called “Multi_Channel jm™ was ased to track CD15CD16 dousble positive
cells in Fiji software.
{00255 Most of the micracting CD15 cells arc neutropbils. Eosinophils are a small
population of granulocyies that are known to not only have high expression level of a4 integrin,
but also be positive for D15 expression. To determine if the interacting £D15 ¢ells are
neutrophils or eosimophils, an additional fluorescently-labelled antibody against human CD16
was introduced to the assay, allowing the distinction between neutrophils (CD15'CD16") and
eosinophils (CD15'CD167). As shown in Figure 11, almost all interacting CD15 cells are also
{16 positive, indicating that most of these CD13 cells are neutrophils.
{002561  This strategy may be used to detect other specific leukocvte subsets, using 2, 3, 4 or
more mermbrane markers. For example, CD 14 and CD16 double positivity may be used to
identify mflammatory monocytes, whereas CP4 and D25 double positivity may be used to
wdentify CD4 T regulatory {Treg) lymphooyvies. Different fluorophore-conjugated antibodies
against CD14 and CDI6 {or CD4 and CD2S for Treg) may be added to the whole blood before
being used for LAFA analvsis. As a result, CD14CD16 double positive cells (inflammatory
monocyies) may be detected by the microscope and their adhesive function may then be
quantitatively assessed as described in Example 1.
{00257}  Example 3: Semi-quantitative assessment of basal inflammmatory status of adpl
integrin
100258]  The present example is directed to showing semi-quantitative assessment tools that
may be used in certain exemplary embodiments. In discase subjects, compared to healthy
subjects, the portion of activated o4B1 integrin molecules 18 increased, resulting m enhanced the
ability of white blood cell to bind to g4f1 integrin endothelial ligand {e.g. VCAM-1), and
increased leukocyte recruitment and/or inflammatory response.
[00259]  The following critena are used to define a healthy subject or healthy subjects:

1. Overtly healthy, as determined by medical evaluation mclading medical history.

]

. Women who arc NOT pregnant or currently lactating

(9]

. Mot being diagnosed of any autoimmune, inflammatory, hacmatologic and vascular

disorders
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4. Currently NOT taking prescribed medication, except for contraceptives

5. Currently NOT taking over-the-counter medications that may affect blood cell
functions, including anti-histamine drugs, aspirin efc. Vitamin supplements are acceptable for
this study

6. Currently do not have active cold, fever or known allergic reactions

7. No recent (last 3 years) smoking history.
{00260}  As shown i Figures 1G to 1H. a range parameter may be used to characterise the
basal inflammatory status of o4f1 integrin. The results herein shown that Mn®' treatments
significantly decreased the straightness and speed of CD4 and CDS cells on VCAM-1 substrate.
It is known that ¢4} integrin function is activated in subjects with autoimmuone disease, but it
is unclear how active the o4Bl integrin i1s in mdividual subjects. As shown in Figure 1H,
straightness is the best and most robust parameters that were affected by Mn™ treatments,
suggesting that the reduction of straightness may be a good marker for Mn”™" indeced ad
integrin activation. As Ma®' treatments chemically activated o4B1 integrin to a maximal level, it
is highly likely that the straightness valuc of leukocytes from a subject or subjects will fall
between the values of controls and Mn®' treated samples. The average straightness value of
untreated CD4 cells is 0.40 + 0.06, which was reduced to 0.16 + 0.03 by Ma®" treatments. Thus,
if the average straightness values of control and Ma”" treated leukocytes are arbitrarily set to be
10 and 1 (Relative Straightness Index (R8T respectively, it 18 highly Iikely that the RSI
values of leukocvtes from a subject or subjects will fall between 10 and 1, offering a semi-
quantitative approach to assess the basal inflammatory status and/or adhesive functions of adpl
mtegrn. fn this case, the closer the R8T is to 1, the more active is the patient’s g4Bl integrin,
the higher is the basal inflammatory status. Thus, the basal inflammatory status of a4fl integrin
in individual patients may be determined.
[00261]  In addition, in Figure 1F. if the average white blood cell speed of control and Mn®"
treated leukocytes are arbitranly set to be 10 and 1 (also referred to as Relative Speed Index
(RSD) respectively, the RSI value offers a semi-guantitative tool to assess od4Pl integrin
adhesive functions in an individual subject. For example, in P24 cells, the average white blood
cell speed is 135.7 and 17.9 pm/min in the absence and the presence of Mn®', these two data
points may be used to define 10 and 1 respectively for the RST values for CD4 cells. i the CD4
cell RSI value of a subject falls between 10 and 1, the closer the RSEis to 1, the more active 1s
the ¢4f1 mtegrin, and the higher is the basal cell inflammatory status.
[00262]  Similarly, in Figure LG, if the average dwell time of control and Mn’' treated

leukocytes are arbitranly set to be 1 and 10 (also referred to as Relative Dwell Time Index
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(RDTD) respectively, the RIVTT value will also offer a semi~-quantitative tool to assess adpl
miegrin adhesive functions. For example, in CD4 cells, the average white blood cell dwell time
is 1.53 and 3.52 minutes in the absence and the presence of Mn®', these two data points may be
used to define 10 and 1 respectively for the RDTT values of CD4 cells. In this case, the closer
the RDTlisto 1, the more active 1s 04f1 integrin,

[00263]  The basal inflammatory level of v4p1 integrin may be used as a semi-quantitative
tool to assess basal level of 4Pl integrin activation and/or basal mflammation status of a
subject or subjects, such as patients with multiple sclerosis, Crohn’s discase, colitis,
atherosclerosis, autoimmune thyroiditis, appendicitis, diverticulitis, sarcoidosis, dermatoses,
vasculitis, lupus and scleroderma or combinations thereof The RSI RDTI, RS tests or
combinations thercof in one or more leukocyte subsets, and the data generated may be used fo
assess the status of a subject as related to nflammatory disease states. With respect to other
cells, the methodology disclosed in this example may be used to set up a range parameter of
between | and 10 or some other suitable range parameter and/or evaluation tool for the RS,
RDTEand/or RSTL. Non-limiting cxamplcs of other cells that this may be done for include:
CD8 lymphoeyte, CD13S lenkoceyvies, neutrophils, CD19 B cells, and CD14 monocyte and so on.
Other methodologies may also be used for setting up a range parameter. For example, for cell
speed, a fixed speed of 500um/min can be defingd as 10, while 10pum/min can be defined as 1
for RS, so that RST values for mdividual subjects can be then deternuned. In addition, for
straightness, straightness values of 1 and 0.1 can be defined as 10 and 1 for RSTY, respectively.
[00264]  Example 4: Ma®" induced activation potential of o4 integrin

{00265]  The present example is directed to showing semi-quantitative assessment tools that
may be used in certain exemplary embodiments. Mn”" is an integrin activator, that enhances the
activity of leukocyte membrane o4 mtegrin, including 0Bl and a4f7 integrins. The difference
of leukocyte ability to bind to o4 integrin ligands in the presence and absence of Mn' " may then
be used to define the “activation potential” of a4 ntegrin, showing how much o4 integrin
activation may be induced by Ma”".

{00266]  Aschown in Figure 1F and Example 1, the ratio of the average speed between
untreated and Min”" treated cells on VCAM-1 substrate may be defined as “Speed Activation
Potential Ratio (SAPR)”, which may then be used to semi-quantitatively assess the activation
potential of ad4f1 integrin. For example, the average speed of CB4 cells 15 163 .9 and 23 1
am/min in the absence and presence of Mn®', respectively, for a particular subject’s tested
whoie blood. Thus, the SAPR value for the CD4 celis of this subject is 163.9/23.1 =7.1. Ju this

case, the lower the SAPR value is, the less is the activation potential, and the higher portion of
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o481 integrin is 1 an activated form. Stailarly, the same formula may be used to determine the
SAPR values of 0dB7 integrin using data in Figure 9, Example 10.

100267]  Asshown in Figure 16, the ratic of the average dwell time between untreated and
Ma®" treated cells on VCAM-1 substrate may be defined as “Dwell Time Activation Potential
Ratio (DTAPR)”, which may also be used to semi-guantitatively assess the activation potential
of 4Bl mtegrin. For example, the average dwell time of D4 cells is 1.43 and 4.03 minuotes in
the absence and presence of Mn™", respectively, for a particular subject’s tested whole blood.
Thus, the DTAPR value for the CD4 cells of this subject’s blood will be 1.43/4.03=0335 In
this case, the higher the DTAPR value 13, the less 15 the activation potential, and the higher
portion of g4B1 integrin is 10 an activated form. Similarly, the same formula may be used to
determine the DTAPR values of ¢4B7 infegrin using data in Figure 9, Example 10

[00268]  As shown in Figure 1H, the ratio of the average straightness between untreated and
Mn®" treated cells on VCAM-1 substrate may be defined as “Straightness Activation Potential
Ratio (STAPRY”, which may also be used to semi~quantitatively assess the activation potential
of c4fil mtegrin. For example, the average straightness of CD4 cells is 0.40 and 0.12 mthe
absence and presence of Mn™ ", respectively, for a particular subject’s tested whole blood. Thus,
the STAPR value for the CD4 celis of this subject’s blood will be 0.40/0.12 = 3.33. In this case,
the less the STAPR value is, the less is the activation potential, and the higher portion of adf1
integrin 1s i an activated form. Simularly, the same formula may be used to determine the
DFAPR values of 047 integrin using data in Figure 9, Example 10.

[00269]  The Mn"" induced activation potential of 041 and/or c4p7 integrin may be used as
a semi-quantitative tool to assess the portion of activated 4Pl and/or o7 integrin in a subject
or subjects, such as patients with multiple sclerosis, Crohn’s disease, colitis, atherosclerosis,
autcimmaune thyroiditis, appendicitis, diverticolitis, sarcoidosis, dermatoses, vasculitis, lupus
and scleroderma or combinations thereof The SAPR, DTAPR, DTAPR tests or combinations
thereof in one or more leukocyte subsets, and the data generated may be used to assess the
status of a subject as related to inflammatory disease states. The uses of Mn®" induced
activation potential ratio in clinical settings are discussed in Examples 21, 22, 24 and 25,
{00270] FExample 5: Natalivemab inhibits VCAM-1 dependent leukocyte recruitment
{00271]  The present example s directed to detect Natalizumab efficacy using leukocyte
adhesive function assay. The protocol set forth in Appendix 1 was used with the following
modifications to perform the experiments:

{00272} 1. Blood samples were treated with a range of doses of Natalizumab (Biogen,

Cambridge MA) at room temperature, before being used for LAFA analysis. For the Mn®"
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activated samples. blood was treated with Mn™" for approximately 5 min at room temperature,
before being treated with different doses of Natalizumab (e.g. 0.01,0.03,0.1,02,03, 1, 3 and
10ug/ml) for approximately 5 min at room temperatire in whole blood.

{00273}  Natalizumab, a neutralising anti-human o4 mtegnin antibody, is belicved to be one
of the most cffective treatment for patients with relapsing-remitting multiple sclerosis (RRMS).
Natalizumab inhibits od integrin ligand binding

[y

leadimg to a reduction of lewkocyte
recruitment. In the present example, therefore, the ability of the systemy, according io exemplary
embodiments, to detect the Natalizumab-induced decrease in wd integrin adhesive function
were tested. Blood samples were treated with a range of doses of Natalhizumab (06.01, 6.03, 0.1,
02,03, 1, 3 and 10 ug/ml) before being used for the flow assay.

[00274]  In the absence of Mo, 0.01 pg/mi of Natalizumab treatments had no effect on the
number of CD4 interacting cells (69.8 + 29 4 cells/mm’), compared to no Natalizumab controls
(105.6 + 20.5 cells/mm?, Figure 2A). On the other hand, this level of Natalizamab caused a
~50% reduction {p < 0.03) in the number of interacting CD% cells (36.9 + 10.1 cells/mm?),
compared to no Natalizumab controls (73.5 + 17.1 cells/mm”, Figure 2B). The increase of
Natalizumab dosage gradually reduced the number of CD4 and CD¥ interacting cells. At 0.3
ug/ml, Natalizumab completely mhibited VCAM-1 dependent recruitment of CD4 and CDR
cells (Figures 2A and 2B).

[00275]  Tn Mn®" treated blood, however, 0.3 pg/ml Natalizumab had no effects on the
recruitment of CD4 and CDS cells, compared to no Natalizamab controls (Figures 2A and 2B},
The minimum of Natalizumab dose required to completely inhibit the recruitment of Mo’
activated CD4 and CDS8 cells were determined to be 10 ug/mi (Figure 2A). In addition, Mn®
treatments induced an over 15 fold increase in Natalizamab IC30 values m both CD4 and CD8
cells (Figure 2D}, clearly indicating Mn”" induced activation on a4 integrin adhesive functions.
Interestingly, Mn”" activated CD$ cells showed a minor but significant (p < 0.03) increase in
IC50 values compared to (D4 cells, suggesting activated CD8 cells arc marginally more
resistant to Natalizumab than activated CD4 cells.

[00276]  In the absence of Mn". only a small number of interacting CD15 celis was
observed (Figure 1B). When treated with Natalizumab, the number of mteracting CD 15 cells
remained low and 0.3 pg/ml of Natalizumab led to a complete elimination of mteracting CD1S
cells (Figure 2C). In Mn" " treated blood, interestingly, 0.3 pg/ml of Natalizumab caused an 8-
fold decrease in the number of CD15 cells to 18.7 + 8.6 cells/mm’ (p < 0.01), compared with no
Natalizumab controls (135.0 = 35.1 cells/mm’, Figure 2C). In addition, a complete inhibition of

CDI5 cells recruitment was achieved at 7 pg/ml of Natalizamab (Figure 2C}. Consistently,
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1C30 values of Mn® " treated CD/13 cells are significantly lower than those of CD4 and CDR
cells (p < 0.05, Figure 2D). These results iHlustrate that Mn” -treated CD15 cells are more
sensitive to Natalizumab treatments, compared to U834 and CDE cells,

{00277}  These results clearly show the ability of LAFA exemplary embodiments to
accurately assess Natalizumab efficacy in vitro. Thus, LAFA exemplary embodimenis may be
used to assist the pharmacokinetics (PK) studies of certain drugs. Traditionally, PK studies for
most drugs are conducted based on the serum levels of the drugs or related drug metabolites.
However, guantity does not necessarily translate into functionality. Certain embodiments herein
are directed to technigues that may be used to assess the primary function of Natalizumab,
without regard, or substantially without regard to drug concentrations in the blood of the
subject, allowing a more accurate assessment of drug effectivensss. As a result, the techniques
discussed herein may be a useful tool to improve the accuracy of PK studies for new/other
drogs.

[00278] Example 6: Accuracy and/or sensitive advantage of LAFA

[002791  The present cxample is directed fo illustrate the accuracy and/or sensitivity
advantage of LAFA exemplary embodimentis to assess Natahzumab cfficacy, comparng to
conventional ligand occupancy assay, according to certain exemplary embodiments.

100280  To perform the higand occupancy assay, 100u! whole blood were treated with or
without SmM MnCl, for approximately 10 min at room temperature. A range of doses of
Natahizumab {¢.g. 0.001, 0.01, 0.1, 1, 10, 100 and 300 pg/ml) were then added to the blood, and
incubated for approximately 5 min at room temperature. Zul of anti-human CD4-Alexad8s
antibody was also added to detect CPD4 positive T Iymphocyies. After this, red blood cells were
fvsed using 35 mi of red blood tysis buffer (NH4{(1) to remove the red blood cells. Afier being
washed with PBS buffer for 3 times, a PE conjugated anti-human Ig( secondary antibody
{(1:5300 diluted) was added to the leukocyies and incubated for approximately 20 min at room
temperature in the dark. Cells were then washed with PBS buffer 3 times before being used for
the flow cytometric assay. Alexad88 was used to identify CD4 positive T lymphocvtes, and the
PE positivity and mean fluorcscence mtensity were used to assess the Natalizumab binding
capability to a4 integrin.

[00281] In control (untreated) blood, 0.001pg/ml of Natalizumab did not lead to a PE
positive CP4 lymphocytes (Figure 8A, circles), showing no Natalizumab binding to o4 mtegrin
was imduced by this dose of Natalizamab. On the other hand. the percentage of PE positive CD4
tymphocyies was gradually increased with the increase of Natalizumab doscs, and reached a

plateau of 73.9% at lpg/ml (Figure 8A). Additionally, comparing to lpg/mi, no further
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significant increase in the percentage of PE positive CD4 lymphocvies was detected at higher
doses of Natalizumab (Figure 8A), showing the binding of Natalizumab to o4 integrin was
saturated at 1pg/ml Consistently, the PE MFI of CD4 lymphocytes was gradually increased
with the increase of Natalizumab doses, and reached a plateau at Tug/ml (Figure 8B, circles),
showing that Natahzumab occupancy on o4 integrin was saturate at Iug/mi of Natalizumab.
[00282]  In Mn"" activated blood, the o4 integrin occupancy by Natalizumab was almost
identical to what was observed m untreated blood. As shown in Figure 8A and 9B {(squares),
both the percentage of PE positive (14 lyvmphocyies and PE MF{ was saturated at 1ug/ml of
Natalizumab, showing that Mn®" activation had no effects on the binding of Natalizumab to o4
integrin,

100283]  Together, these findings show that the conventional ligand occupancy assay failed
to detect the higher requirernent of Natalizumab to completely inhibit 04 integrin function m
Mn®" activated cells, comparing to untreated controls. On the other hand, the different doses
required to completely inhibit a4 integrin functions between Mn™" treated and untreated cells
were clearly detectable using LAFA analysis (Figure 2A). Thus, these data shows sensitivity
and accuracy advantages of LAFA excmplary embodiments over the conventional ligand
occupancy assay. Thus, the use of LAFA to accurately determine drug efficacy may be applied
to other drugs, including but not imited to PTG-100 and Bio-1211.

[00284]  Example 7: Model to reduce the risk of PML

[00285]  The present example 1s directed to use leukocyte adhesive function assay to
optimise Natalizamab treatment regimens and, therefore, reduce the risk of drug-induced side
cffect, including Progressive rouhtifocal leukooncephalopathy (PMEY

{00286]  Natalizumab suppresses the function of the immune system and, therefore, controls
disease progression, but it also put patients at the risk of side effects, such as PML, a rare and
frequently fatal discase caused by the infection of John Cunningham virus (JCV}.
Approximately 50% of multiple sclerosis patients worldwide are carryving JCV, and are at risk
of PML when on Natalizumab therapy.

{00287}  Aschown in Figure 2, LAFA may be used to accurately monitor Natalizumab
efficacy and, thus, may be used to determine the need for drug redosing. For example, if at the
maximal efficacy of Natalizumab, no cell interaction will be detected by LAFA, indicating no
need for drug redosing.

[00288]  However. once the drug efficacy reduces to below maximal efficacy (e.g. 100%),
cell mnteraction will gradually become detectable by LAFA exemplary embodiments. The

restoration of cell mteraction indicates a reconstitution of immune response, which mayv be
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beneficial for reducing the risk of PML. For example, after the dmg infusion, Natalizumab
saturation level will be gradually reduced below maximal efficacy to a point {(&.g. 95%, 90%,
80%, 70%. 60%, 50%, 40%, 30%, 20% or 10%} where a full drug efficacy may be maintained,
which may be defined as Drug Redosing Window (Figure 26). The reduction of drug saturation
to below maximal efficacy may lead to a reconstifution of leukocyvte recruitment and immune
response, which could allow the immune system to restore the ability to respond to and
eliminate JCV infection, leading to a reduced risk of PML.

[00289]  LAFA excmplary embodiments may be used as a tool to accurately determine the
drug redosing window on a subject by subject basis, allowing the necessary reconstitution of
tmmung response without compromising the drug efficacy. f a certain period (e.g. 1, 2, 3, 4, 5,
6 or 7 days) of the drug redoing window is allowed for cach, a substantial portion of, or a
portion of drug dosing cyele, the risk of PML in patients on Natalizumab therapy may be
effectively reduced. Patients on extended dosing interval (up to 5, 6, 7 or & weeks) are less
likely to have PML that standard dosing ioterval patients (4 weeks).

{00290]  Asshown in Tables I and 5, however, the Natalizumab sensitivity may vary
dramatically between individual subjects, suggesting that a fixed dosing interval may not work
or work as effectively for some subjects. This 1s supported by the data in Figure 17, showing
that different levels of Natalizumab efficacy was detected in a group of MS patients 4 weeks
post drug infusion. Thus, LAFA exemplary embodiments may be used to determine the drug
redosing window in mdividual subjects, leading to a more effective personalised treatment
regimens for individual patients and a reduction in the risk of PML because the dosing interval
may be extended in a subject.

{00291} FExample 8: Low (10ug/m}l} and high dose {300ug/mi} Natalizumab inhibits
feukocyte firm adhesion on TNFa activated-HUVEC

100292  The present example is directed to confirm that low and high dose of Natalizumab
have sinular effects on leukocvie adhesive functions. LAFA exemplary embodiments were used
to show there i1s no additional therapeutic benefit, or substantially no additional therapeutic
benefit, of high doses of Natalizumab, comparing 1o low doses.

{00293}  The recruitment of leukocvtes to the inflamed tissue involves a series of interactions
between leukocvies and endothelial cells, which 1s mediated by muliiple adhesion molecules
and their correspondent ligands. Natalizumab mhibition of o4 integrin abolished VUAM-1
dependent levkocyte recruitment is shown herein; therefore, the effects of o4 integrin blockage
on lcukocyte mteraction with endothehal cells were assessed i the next set of experiments.

Thus, to realistically recapitulate in vivo microcirculation, the effects of Natalizumab on the
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interaction between leukocyies and tumor necrosis factor o (INFa) activated human primary
HUVEC under flow conditions were studied next.

100294  The original phamacokinetics (PK) study m human suggested that the average of
Natalizumab serum level may reach 110 £ 52 pg/ml nght after the drug tnfusion. Thus, a hugh
dose of Natalizumab (300 pg/ml) was chosen to ensure the saturation of the drug efficacy. The
mean Natalizizmab seram level drops to ~10 pg/ml at day 28 after the initial mnfusion, at which
Natalizomab re-dosing s usually recommended, as disclosed in Rudick, R, A, and A
Sandrock. 2004, “Natalizumab: alpha 4-integrin antagomist selective adhesion molecule
mhibitors for MS. Expert review of neurotherapeutics”™ 4: 571-580 which 1s hereby mceorporated
by reference i its entirety. Therefore, a low Natalizumab dose (10 pg/mb) were also mchided
herein in the present example.

[00295]  Leukocytes were labelled with Hoechst33342 only in unprocessed human whole
blood and the high frame rate of 2 frames per sec was used, allowing the capture of the types of
mteracting cells. Compared to Natalizumab controls, no effects on the number of interacting
icukocvtes were detected, when treated with etther low (10 pg/mb) or high dose (300 ug/ml) of
Natalizumab (Figures 3A and 3D). Despite the fact that the average leukocvte migration speed
was shghtly decreased {p < 0.05) by low dose Natabizumab (Figure 3B), high dose of
Matalizumab significantly increased (p < 0.01) the cell speed, compared to no Natalizumab
controls (Figure 3E). Further cell kinetic analysis showed that 10 pg/ml of Natalizumab
significantly reduced the percentage of static cells (p < 0.03) from 43.6 + 7.3% {no Natalizumab
controls}) to 314 + 1.4%, while the portion of crawling cells was sigmificantly increased (p <
0.05) (Figure 3C). Similarly, an almost wdentical effect on the percentage of static and crawling
cells was also detected n ligh dose Natalizumab treated celis (Figure 3F). These findmgs show
that both low and high dose of Natalizumab are able to sappress leukocyte firm adhesion on
human endothelial cells in a similar manner.

[00296]  Low and high dosc Natalizumab alter CD4 and CD135, but not CDE&, cell migratory
behaviours on TNFa activated-HUVEC.

{00297}  To further characterise effects of the low and high dose Natalizumab on specific
fcukocvte subsets, fluorescently labelled anti-CD4, CDE and CD15 antibodies were added to
blood samples. Three dimensional (3D} image stacks were acquired at 1 frame every 30
seconds, providing 3D data sets of slow moving cells (static and crawling cells} over time. As
shown m Figures 4A and 4D, neither 10 ug/ml nor 300 ug/ml of Natalizamab affected the
nuwmber of micracting CD4, CD¥ and CD15 celis on TNFe-activated HUVEC. Compared to no

Watalizumab controls, both low and high dose of Natabizumab significantly reduced the
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straightness of CD4 (p < 0.05) and CD135 {(p < 0.01) cells, whercas no such offect on CD2 colls
were detected (Figures 4B and 4E). Additionally, compared to no Natabzumab controls, the
migration speed of D15 cells were significantly reduced by both low and high dose of
Natalizumab, while high dose of Natalizumab also caused a decrease m the speed of CD4 cells
(Figures 4C and 4F}. These findings illustrate an ability of Natalizumab to inhibit the motility
of these cells. On the other hand, no such effect on cell speed by either low or high dose of
Natahizomab were detected in CD8 cells (Figures 4C and 4F). Congistently, the nhibitory effect
of Natalizamab on CD4 and CD 15 cell moulity is also supported by the common origin graphs
{(Figure 6). Together, these results illustrate that the fow (10 pg/mi) and high (300 ug/mi) dose
of Natalizumab have almost identical effects on leukocyte migratory behaviours on TNFg-
activated HUVEC.

[00298] Example 9A; Natalizumab effectiveness test

{00299} The standard dose of Natalizumab i1s 300mg per patient per mfusion, generally
given once every 4 weeks. The approved dosing regimen for Natalizamab is based on serum
concentrations of the drug, assuming a similar efficacv and metabolism in a highly
heterogeneous patient population. However, it has been suggested that extended miterval dosing
(EID) up to 8 weeks may not only maintain the same treatment efficacy, but also reduce the risk
of progressive multifocal leukoencephalopathy (PML), a fatal side effect of Natalizomab
therapy. On the other hand, determining the optimal and/or personalised dosing intervals to
ensure drug effectiveness in individual patients is useful for such tmprovements. The present
disclosure provides such technology and capability. As described herein, certain exemplary
embodiments are directed to new technology that has been developed, allowing a fast and/or
accurate assessment of Natalizumab effectiveness, regardiess of serum drug concentrations.
{00300 A dose dependent reduction in the number of imnteracting cells were observed when
treated with Natalizumab (Figures 2A-20), providing a quantitative approach 1o assess
Natalizumab cffectivencss. The absence of interacting cells may be used as an ndicator for
positivity of Natalizumab effectiveness. In addition, the results showed that the IC50 values
between individual blood doncrs may vary up to 10 times (Table 1), illustrating there is a
significant difference in drug seositivity between different individuals.

{00301} TABLE 1 -~ IC50 values between individual blood donors. Blood was treated with
or without 5mM Mn™", before bemg treated with a series of doses of Natalizumab (0.001, 0.003,
0.01, 003,01, 03, 1, 3 and 10pug/ml). Subsequently, blood samples were analysed in VCAM-1
coated nucrofluidic channcls and the number of CD4, CD¥ and C15 interacting celis were

determined. The half maxamal inhubitory concentration (IC50) values of Natalizumab was then
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calculated. *, p<0.05, compared to the values of CD4 and CDS cells; #, p<0.03, compared to

the values of CD4 cells.

NC
IC50 (ug/ml) Donor | | Donor2 | Donor3 | Donor4 | Donor 5 | Average
CD4 0.006 0.022 0.014 0.064 0.046 $.030 £0.01
CD8 (.007 0.041 (.013 0.047 0.119 {.024 £0.01
P13 0.071 (.328 (.009 0.002 0.002 {.0824 40.06
M’
1C50 (ug/md) Donor I | Donor2 | Donor3 | Donord | Donor5 | Average
CD4 (.162 0.12 (3,349 1.705 0.15 (497 £0.30
DY (.603 0181 {.859 1818 0,429 (. 788 +0.284#
CD1s 0.675 $.106 0.013 0.237 0.009 0.088 0 04*

Table |
[00302]  Thus, to cnsure patient safety, Natalizumab ecffectivencss tests typically is

performed in individual patients. It was also noted that the mimimal Natalizumab concentration
required to completely block a4 integrin functions were found to be much lower than what is
currently recommended. These resulis illustrate that Natalizwmab may retain its effectiveness at
much lower level than what was previously recognised.

{00303} Thesc findings may be developed into a new blood test, performed at various time
points post-Natalizumab infusion. Accordingly, the test results may be used to determine the
need of Natalizumab re-dosing. This blood test may be conducted 1n individual patients to
ensure drug effectiveness, facilitating the development of optimal and/or personalised treatment
regimen for individual patients.

[00304] Example 9B: Natalizvumab sensitivity variability in a single healthy subject
from multiple tests.

{00305]  The present example is divected to assess Natahizumab sensitivity in a single subject
from muldtiple tests. Blood samples were collected from a single healthy subject every 1-2
weeks for 5 times. The samples were then used for the leukocyte adhesive function assay
analysis using YVCAM-1 as adhesive substrate to determine [C50 value for each test, according
to the protocol as described m Example 5. The 1050 valoe 1s exemplified using the Natalizumab
imhibitory effects on the number of CD4 interacting cells.

{00306]  Asshown in Table 2, the IC50 value from test 2 {0.2624ug/ml) is almost 6 time
higher than the value from test 4 (0.047ug/mi}, showing that the Natalizumab sensifivity in a
single healthy subject may vary dramatically over time. These results show a good sensitivity of
LAFA exemplary embodiments to determine the subtle differences of Natalizumab sensitive in

the same subject at different time points. These differences also demonstrated the need to
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monitor Natalizumab efficacy and determine the drug redosing window (detatied in Example 7}

in individual patients on regular basis.

Test Test t Test 2 Test 3 Test 4 Test5
IC50 (.0949 0.2624 0.05709 0.047 0.1932
{(ug/ml)

Table 2: In table 2 the 1C50 values 1n a single healthy subject from multiple tests are provided.
Blood samaples were collected from a single healthy subject every 1-2 weeks for 5 times. The
samples were then used for the leukocyte adhesive function assay, according to exemplary
embodiments, using YCAM-1 as adhesive substrate 1o deternune IC50 value for cach test,
according to the protocol in Appendix A. The 50 value is exemplified using the Natalizomab
inhibttory effects on the number of CD4 mteracting cells.
{00307  Example 14: Mn effects on leukocyte migration profile on MAdCAM-1
substrate.
{00308}  The present example is directed to assess the ability of leukocyte to interact with
endothelial MAJCAM-1. Based on the protocol as set forth in appendix A, the following
modifications were made to perform the experiments:
{00309 1. Human MAJdCAM-1 protein (R&D, Catalogue number: 6056-MC) was used to
pre-coat the microfluidic channel at a concentration of Spg/ml.
{00310] 2. The following antibodics were added to human whole blood sample to identify
spectfic leukocyte subsets:

CD4-Alexad88

CD8-PE

CD15-APC

CD19-BV510
100311} To charactense the cell migratory behaviours, a range of cell kinetic parameters
were utilised to assess the ligand binding activity of ad4B7 integrin. As shown in Figure 94,
Mo treatments did not affect the number of mteracting CD4, CBB, CB15 and CD19 cells on
MAJCAM-1 substrate, comparing to untreated controls. However, the average speed of CB4
and CD8 cells were significantly (p<0.01) reduced to 1672 £ 21 4 and 375.0 £ 64,1 pm/oun
respectively, comparing untreated controls (CD4, 1,227.3 &£ 115.0 and CD8, 2,248 8 £ 293 .2},
whereas no such reduction was detected in CD1S and CD19 cells (Figure 9B). These results
show that Mn’" may enhance the ability of ¢4B7 integrin to bind to MAACAM-1 substrate,
which may lead to a stronger cell-MAJCAM-1 interaction and a lower speed of mteracting

leukocytes.
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{003121  Based on their mean speed of migration, total inferacting cells were divided into
static {< 5 um/min}, crawling (3-20 wm/mm), slow rolling (20-300 pm/min} and rolling cells
(300-6000 wm/min), as described in detail in Example 1. As shown in Figures 9E and 9F, Mn”"
significantly {(p<0.01) increased the number of static, crawling, and slow rolling CD4 and CD8
cells, whereas the number of tast rolling CD4 and CDE cells was significantly reduced,
comparing to no Mn’' controls (Figures OF and 9F). These results are consistent with the Mn®
effects on cell speed, as shown in Figure 9B. No obvicus Mn”" effect on interacting CD15and
CD19 cells was detected (Figures 9G and 9H).
{00313]  Additionally, the straightness of interacting CP4, CD8 and CD19 cell was
significantly (p<0.01) reduced by Mn®" treatments, comparing to the untreated controls,
showing a stronger Mn"-induced cell and substrate interaction. Similarly, Mn®" also
significantly {(p<0.01) mcreased the dwell time of T4 and CD8 cells to 1358+ 11.4 and 138.8
+ 12.9 seconds respectively, comparing to antreated controls (CD4, 5341 + 6.0 and CD8, 142 +
1.8 seconds) (Figure 9D},
[00314]  Together, these findings demonstrated the ability of Mo to cnhance a4R7 integrin
activity and lead a stronger cell-MAdCAM-1 mteraction. These results also show an ability of
LAFA exemplary embodiments to accurately and/or quantitatively assess ¢4B7 integrin activity
using whole blood sample in vitro.
[00315]  In addition, the uses of LAFA mav be extended to assess adhesive functions of
other leukocyte adhesion molecules. In the present study the interaction of leukocyvie 0dBl and
o4fB7 integrin with endothelial VCAM-1 and MAJCAM-1 was investigated, and the ability to
quantitatively detect the activation and mhibition of ¢4 mtegrin bas been clearlv demonstrated
by the data. The techniques described herein may be easily exiended to other leukocyte
adhesion molecules well as other binding molecules of leakocytes, which are also involved in
the pathogenesis of many other hwman discases (c.g. Examples 16 and 21). For example, the
effects of leukocyie expressed chemokine receptors on leukocvie adhesive functions may also
be studied using the same techniques, as detatled m Examples 17 and 28, Ag a result, the
applications of LAFA cxemplary cmbodiments may be significantly extended into many other
drugs and human diseases.
{00316}  Potential applications include:

- Patient grouping/stratification for other existing drugs;

- Identification of new treatment targets in other human discases; and

- Extending applications for other existing drugs

{00317]  The candidates of these leukocvte adhesion molecules, their specific ligands, related
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discases, drugs targeting these molecules and drog manufacturers include those shown in Table

3 below.
[00318]

of mierest.

Table 3 - Other levkocyte adhesion molecule candidates, ligands, discases and drugs

Leukocyte Ad Company
Mols Ligands Diseases Drugs

Multiple  sclerosts,  Crohn's Biogen
adPlintegrin | VCAM-1 disease Natalizumab

Crobn's  disease, Ulcerative Mitlennium/
g4P7 integrin | MAJCAM-1 | colitis Vedolizumab | Genentech

Crohn's disease, Ulcerative Protagonist
odf7 integrin | MAACAM-1 1| colitis PTG-100

Biogen

A481 integrin | VCAM-1 Multiple sclerosis Bio-1211
B7 integrin Ulceractive colitis Etrolizamab Genentech
CD1la Asthma, Psoriasis, Genentoch/
{9 integrin} ICAM-1 Rheumatoid arthritis Efalizumab Xoma
CDila IMTIX
{0y integrin} ICAM-1 Transplant Odulimomab
Chiib Pfizer
{oy integrin} ICAM-T Stroke K279, 276

Myocardial mfarction, Genentech
B2 integrin Multiple Traumatic shock Erlizumab

MS, Myocardial mfarction, 1IC08
B2 integrin Multiple Traumatic shock, Stroke Roverlizumab

Table 3: List of drugs have been or are being developed. Note: Underlined drugs mean these

drugs are currently on the market.

[00319]
a4f7 integrin
{00320}

may be used i certain exemplary embodiments.

[00321]

Example 11: Semi-guantitative assessment of basal inflammatory status of

The present example is directed to showing semi-quantitative assessment tools that

As shown in Figures 9B to 9D, a range parameter may be used to characiernise the

basal inflammatory status of wdf7 integrn. In Figure 9B, if the average white blood cell speed

of control and Mn”" treated leukocytes are arbitrarily set to be 10 and 1 (also referred to as

Relative Speed Index (RS} respectively, the RS{ value offers a semi-quantitative tool to assess

a4fB7 integnn adhesive functions v an individual subject and/or one or more subjects. For

example, in CD4 cells, the average white blood cell speed is 1,127.3 and 167.2 pm/min in the

absence and the presence of Mn™', which may then be defined as 10 and | respectively, the RSI
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values for €4 cells. Ifthe CD4 ccll RS1 value of a subject falls between 10 and 1, the closer
the RSHis to 1, the more active 18 the 04B7 integrin, and the higher is the basal ecll
inflaramatory status.

[00322]  Similarly, in Figure 9C. if the average dwell time of control and Mn® treated
leukocytes are arbitranly set to be 1 and 10 (also referred to as Relative Dwell Time Index
(RDTH) respectively, the RDTI value will also offer a semi-quantitative tool (o assess o437
itegrin adhesive functions. For exampie, in CD4 cells, the average white blood cell dwell time
is 54.1 and 135.9 scconds in the absence and the presence of Mn™', which may then be defined
as 10 and 1 respectively, the RIDTT values for T4 cells. In this case, the closer the RDTlis 1o
10, the more active is adfB7 integnin,

100323 In Figure 9D, if the average straighiness values of control and M treated
leukocytes are arbitranly set to be 10 and 1 (also referred to as Relative Straightness Index
(RSTE) respectively, the RSTH offers a semi-quantitative approach to assess 047 mtegrin
adhesive functions. For example, in €4 celis, the average white blood cell straighiness is 0.76
and 0.60 in the absence and the presence of Mn™, which may then be defined as 10 and 1
respectively, the RSTI values for CD4 cells. In this case, the closer the R8T is to 1, the more

active s o4f7 mtegrin,

100324f  The basal inflammatory level of ¢4p7 integrin may be used as a semi-quantitative
tool to assess basal level of wd4B7 integrin activation and/or basal mflammation status of a

subject or subjects, such as patients with multiple sclerosts, Crohn’s disease, colitis,
atherosclerosis, autoimowune thyroiditis, appendicitis, diverticulitis, sarcoidosis, dermatoses,
vasculitis, lupus and scleroderma or combinations thereof. The RSI, RDTIL, R8T tests or
combinations thercot in one or more leukocyte subsets, and the data generated may be used to
assess the status of a subject as related to mflammatory disease states.

{00325]  Example 12: The detection of Vedolizumab efficacy

[00326]  'The present cxample 1s directed to detect Vedolizumab efficacy using leukocyte
adhesive function assay exemplary embodiments. Based on the protocol described in Example
16, the following modifications were made to perform the experiments:

{00327} 1. Blood samples were treated with a range of doses of Vedolizumab (Takeda) at
room temperature for approximately 5 minutes, before being used for LAFA exemplary
embodiments. For the Mn®" activated samples, blood was treated with Mn™" for approximately
5 minutes at room temperature, before being treated with different doses of Vedolizumab for
approximately 3 minuies at room temperature.

[00328]  Vedolizumab, a neutralising anti-human 0457 integrin antibody, is used for the
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treatmends of patients with nflanunatory bowel discascs, including Crohn’s disease and colitis.
Vedolizamab mhibits 04B7 mtegrin adhesive function, leading to a reduction of leukocyte
recritment. In the present study, therefore, the ability of a system according o certain
embodiments was used to detect the Vedolizumab-inhibited 047 integrin adhesive functions
using MAJCAM-1 as an adhesive substrate. Whole blood sampies were treated with a range of
doses of Vedolizumab in whole blood before being used for the lenkocoyte adhesive fanction
assay exemplary embodiments.

[00329]  Inthe absence of M’ ', no obvious Vedolizumab (range from 0.01 to 1pg/mi)
cttects on the number of mteracting CD4 and CD8 cells was detected (Figures 10A and 10C).
Comparing to no Vedolizomab controls {(906.7 + 27.6 wm/min), 0.01 pg/ml of Vedolizumab
treatments led to a reduction in the average cell speed to 411.5 £ 859 pm/min in D4 cells
(Figure 10B). Similarly, the cell speed of CD 8 cells was also decreased from 2,974.6 £ 8453
10 2,248.6 4+ 373.2 um/min by the same dose of Yedolizamab (Figure 10D). Thesc results show
(.01 pg/ml of Vedolizomab slightly enhances the interaction between CD4 and CDS cells with
MAACAM-1 substrate. The reduced speed of interacting CD4 cells was gradually increased and
reached to the same level as no Vedolizumab controls at 1 ug/mi, showmg that the hugh doses
(>=0.1 ug/ml) of Vedolizamab has mhibitory effects on the interaction between CEB4 cells and
MAdCAM-1 substrate (Figure 10B). On the other hand, the ncrease of Vedolizumab has no
effects on the speed of CD8 cells (Figure 10D).

[00330]  In Mn’" activated cells, however, the increase of Vedolizumab (from 0.1 to
10pg/ml) resulted in a gradually decreased number of interacting CD4 cells from 1294+ 303
cefls/mm” (no Vedolizumab control) to 16.9 + 5.8 cells/mm” (10ug/ml of Vedolizumab).
mdicating an inhibitory effect of Vedohzumab on CD4 cell recrutment on MAdCAM-1
substrate (Figure 10A). A similar Vedolizumab inhibitory effect was also observed in Mn®'
activated CDS cells (Figure 10C). The IC50 vatue for Mn"" activated D4 cells in individual
donors was calculated as described in Example 5. As shown in Table 4, the IC50 value for
donor 4 1s almost 2-fold higher than donor 2, showing a good ability of LAFA exemplary
embodiments to detect Vedolizumab sensitivity levels i different subjects.

{00331}  Additionally, the average speed of CD4 celis were gradually increased with the
increase of Vedolizumab concentrations and, at 10 pg/ml, the cell speed reached the same fevel,
or substantially the same levels, as no Vedolizumab controls (Figure 10B). This shows that
Vedolizumab inhibits @4B7 integrin functions, leading to a weaken cell interaction with
MAJCAM-1 and an increased cell speed. Similarly, the average speed of Mn®™ treated (DS

cells were also enhanced with the increase of Vedolizumab doses (Figure 10D), showmg a
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stmilar inhibitory effect of Vedolizumab on CDR cell recruitment on MAdCAM-1 substrate. It
was also noted that the Vedolizumab dose response curves are separated between CD4 cells
treated with and without Mn”", demonstrating the ability of certain exemplary embodiments to
accurately determine different levels of Vedolizumab seositivity (Figure 108},

{00332]  Together, these resulis show an abilitv of LAFA exemplary embodiments to
accurately and/or quantitatively assess not only the Vedolizumab efficacy, but also the subtle

differences in Yedolizumab sensitivity between different subjects.

Subject Subject 1 | Subject 2 | Subject 3 | Subject4 | Subject 5
IC50 0.6874 0.4913 0.5507 0.952 (3.4853
{ng/ml)

Table 4: Vedolizumab sensitivity in individual subjects. Whole blood was activated with Mn™"
before being treated with a range doses of Vedolizumab. Blood was then analysed by LAFA
and 1C30 values were then determined as described in Example 5.

{00333]  Additionally, the average speed of CD4 cells were gradually mereased with the
increase of Vedolizumab concentrations and, at 10 ue/ml, the cell speed reached the same level,
or substantially the same levels, as no Vedolizumab controls (Figure 13B). This shows that
Vedolizumab inlubits 04B7 imntegrin functions, leading to a weaken cell interaction with
MAdCAM-1 and an increased cell speed. Similarly, the average speed of Mn®' treated CDS
cells were also eshanced with the increase of Vedolizumab doses (Figure 13D), showing a
stmilar inhibitory effoct of Vedolizumnab on CDR cell recruttment on MAACAM-1 substrate. It
was also noted that the Vedolizumab dose response curves are separated between CD4 cells
treated with and withoat Mn”", demonstrating the ability of certain exemplary embodiments to
accurately determine different levels of Vedolizumab sensitivity (Figure 13B).

{00334}  Together, these results show an ability of LAFA exemplary embodiments to
accurately and/or quantitatively assess not only the Vedolizumab efficacy, but also the subtle
differences in Yedolizumab sensitivity between different subjects.

{00335} Example 13: The accuracy and/or sensitivity advantage of LAFA, comparing
{0 conventional ligand occupancy assay,

100336}  The present example is directed to show the accuracy and/or sensitivity advantage
of LAFA excmplary embodiments, according to certain exemplary embodiments, to assess
Vedolizumab efficacy as compared with conventional higand occupancy assay. Based on the

protocol described m Example 6, the following modifications to that protocol were made to

perform the experiments:
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{00337} 1. Whole blood was treated with a range of Vedolizumab doses (0.001,0.01, 0.1, 1,
10 and 100ug/ml) before being used for the cell preparation processes for FACS analysis,
[00338]  In the control cells, Vedolizumab doses lower than 0.01ug/mi did not cause PE
posttive T4 cells, showing that no Vedolizumab binding to its ligand (047 integnn) was
induced (Figure 11, circles). The increased doses of Vedolizumab gradually induced the ligand
binding, and reached a platcan of 50.7% of PE positive CD4 cells at lug/ml. The higher
Vedolizumab doses (up to 100ug/mly did not result in a significant increase of ligand binding,
showing the Vedolizumab ligand binding was saturated at pg/mi (Figure 11).
{00339] In Muo”" activated cells, the 04B7 integrin occupancy by Vedolizumab was almost
identical to what was observed in untreated cells. As shown in Figure 11 {squares), the
percentage of PE positive CDB4 lvmphocyies was also saturated at Tpg/ml of Vedolizumab.
These results show that the conventional ligand occupancy assay fatled to detect the Mn®'-
induced activation of g4p7 mtegrin, which was detectable using the LAFA exemplary
embodiments as shown in Figure 16 and Example 12. This example illustrates that LAFA
exemplary embodinments are a more accurate and/or more sensitive assay to determine
Vedolizumab efficacy in vitro, comparing to conventional higand occupancy assay.
{00340}  Example 14: Vedolizumab effects on leukocyte recruitment on VOAM-1
substrate
{00341}  The present example 1s directed to determine the effects of Vedolizamab on
leukocyte recruitment on VCAM-1 substrate. Whole blood samples were treated with low
{(10pg/ml} and high {(100ug/ml) dose of Vedolizumab before being used for the leukocyic
adhesive function assay, as described in Examples 1 and 12,
[00342]  Vedolizumab is a monoclonal antibody that specifically binds to a4p7 integrin,
without cross-reactivity against ¢4B1 integrin. Vedobizumab is not expected to affect leukocvie
recruttment on VCAM-1 subsirate. To confirm this, whole blood was treated with two doses of
Vedolizomab (10 and 100ug/mi} before being used for LAFA analysis.
[00343] A shown in Figure 12, no effect of Vedolizumab on the number of interacting CD4,
CDER, CD15 and CD19 cell was detected. These results show that Vedolizumab is not able to
affect leukocyte recruitment on VCAM-1 substrate, confirming a high septicity of Vedolizumab
1o its target molecule. These findings also show the ability of LAFA exemplary embodiments o
identify potential off-targets of one or more of the following: a drug, a small molecule, an
antibody, a peptide and a compound, during the drug development and/or screening processes.
100344  Example 15: Matalizumab effects on leukocyte recruitment on MAJCAM-1

substrate
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{003451  The present example is directed to deternune the cffects of Natalizumab on
leukocyte recruitment on MAACAM-1 substrate. Whole blood samples were treated with
10pg/ml of Natalizumab before being used for the leukocvte adhesive function assay, as
deseribed m Examples 5 and 12,
{00346}  Natalizumab is a monoclonal antibody agamst 4B 1 integrin, but is also known to
have a cross reactivity to edB7 integrin. Natalizvmab may also inhibit leukocyte recruitment on
MAACAM-1 substrate. To test this, healthy whole blood was treated with or without 10ug/ml
of Natalizumab before being used for LAFA analysis using MAJCAM-1 as substrate, and then
the number of interacting cells was determined.
100347} As shown 1a Figure 13, 10pg/ml of Natalizvumab almost completed inhibited (D4
and CB8 cell recruitment on MAACAM-1. These resulis also show an excellent ability of
LAFA exemplary embodiments to identify potential off-targets of one or more of the following:
a drug, a small molecule, an antibody, a peptide and a compound, during the drug development
and/or screening processes.
{00348]  FKxample 16: Natalizomab and Vedolizumab effects on lkeukoryte recroitment
on P selectin and K selectin substrates.
{00349]1  The present example 1s directed to use leukocyte adhesion assay exemplary
embodiments to detect Natalizumab and Vedolizumab effects on leukocyte recruitment on P
selectin and E sclectin substrates. The protocol set forth in Appendix I was used with the
following modifications to perform the experiments:

1. The microfluidic channels were pre-coated with a combination of human P-selectin
protein {(R&D Svstem, Catalogue number: ADP3) and human E-selectin protein (R&D Svystom,
Catalogue number: ADP1), at concentrations of 10ug/ml and 0 5pg/ml, respectively.

{00350] P selectin and E selectin are two adhesion molecules expressed by blood vessel
endothelial cells. P and E selectin selectively bind to their endothelial ligand, P-selectin
glveoprotein higand 1{PSGL-1), to induce lenkocvie tethering and rolling on blood vesscl
endothelium. As Natalizamab and Vedolizumab specifically binds to leukocyte ¢4 integrin,
either Natalizumab or Vedolizumab will affect the functions of leakocyte expressing PSGL-1.
Thus, Natalizamab or Vedolizinnab may not have an impact on leukocyte recruitment on P and
E selecun {(P5GL-1 ligand) substrates.

100351} As shown in Figure 14, except for a slight increase in the speed of CB15 cells by
Matalizumab treatments (Figure 148}, no other obvious effect of either Natahizumab or
Vedolizomab on the number of interacting cells, or speed, or dwell time or straightness was

detected, comparing to untreated controls. These results show that neither Natalizumab nor
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Vedolizumab may affect leukocvte recruitment on P and E selectin substrates.
{00352] In the Natalizumab and Vedolizumab efficacy tests {(described in Examples § and
123, little or no ¢ell mteraction will be detected if the drug efficacy is close or above maximal.
To exclude the possibility that blood cells may be damaged dunng the blood collection process,
the P and E selectin assay provides a suitable nternal control assay to ensure the viability of the
blood cells. Similarty, P and E selectin assays may also be used as an internal control for the
detection of efficacy for other anti-adhesion drugs, including but not limited to Etrolizumab,
Efalizumab, PTG-100 and Bio-1211.
{003531  Example 17: Assessment of the functions of leukocyte expressing CXCR1 and
CXCRA4.
100354]  The present example is directed to use leukocyte adhesive function assay exemplary
embodiments to assess the functions of leukocyte expressing CXCRY and CXCR4, and their
effects on leukocyie recnuibment on VCAM-1 substrate. The protocol set forth in Appendix |
was used with the following modifications to perform the experiments:
1. Microfluidic channels were pre-coated with one of the following substrate and/or

substrates before being used for the assays:

VCAM-1 (10ug/ml),

YVCAM-1 (10ug/mby + IL-8 (Jug/ml, R&D System, Catalogue number: 208-11),

VCAM-1 (10pg/ml) + SDFla (1pg/ml, R&D System, Catalogue number: 350-

NS)
{00355} IL-8 and 5DF-1g are two chemokines that may guide the migration of leukocytes
by forming a concentration gradient. 11.-8 1s shown to mainly induce neutrophil chemotaxis,
whereas SDF-1a predominantly regulates T lvmmphocyte chemotaxis. CXCR1Y and CXCR4,
receptors for IL-8 and SDF1g respectively, may be expressed on levkocyte membrane, and play
a role in the regulation of leukocyte migration. As a result, CXCR! and CXCR4 play a role in
the regulation of leukocyie migratory behaviours. In this example, 1L-8 and SDF1a was used as
adhesive substrate in combination with VCAM-1, 5o that the function of leukocyte expressing
CXCR1 and CXCR4 may be assessed.
{00356]  Comparing to VCAM-1 alone, SDFa plus VCAM-1 significantly (p<<0.03) reduced
the number of interacting CD4 and CD8 cells, whereas the number of CD15 cells was
significantly increased (Figure 154), showing an expression and function of CXCR4 on these
white blood cells. Consistently, SDF1a also significantly (p<0.05) reduced the straightness of
mteracting CD4 cells, showing that CD4 cells are able to receive signals from SDF 1o,

confirming the functional role of CXCR4 (Figure 15B). Additionally, the dwell time of



WO 2018/068104 PCT/AU2017/051118

N
2

mteracting CD 15 cells was significantly increased in the presence of VCAM-1 and 11L.-8,
comparing to VCAM-1 alone, showing a fimetional role of CXCRI1 m the regulation of CD1S
cell migratory behaviours {Figure 15C).

{00357]  Together, these results show the ability of LAFA exemplary embodiments to detect
the functions of chemokine receptors, and their effects on leukocyte migratory behaviours in
spectfic leukocyte subsets. A similar strategy may then be used to assess the functions of other
leukocyte expressing chemokine receptors and/or chemokines. ¥t has been shown that the
expression and function of certamn chemokine receptors and/or chemokines may be activated in
disease conditions. Thus, LAFA exemplary embodiments provides a suitable tool to
quantitatively identify these abnormal activations, which may then be used to develop optimal
treatments on personal basis and/or for one or morc subjects.

{00358]  Example 18: To predict the likelihood of IBD patients to respond to
Vedolizumab therapy.

{00359]  The present example is dirccted to vse leukocyte adhesive function assay exemplary
embodiments to predict the patient likelihood to respond to Vedolizumab therapy. Based on the
protocol described in Example 10, the following modifications were made to perform the
expertments:

1003601 1. Blood was taken from patients with active inflammatory bowel diseases, who are
currently not undergoing Vedohizumab therapy. To test the ability of patient leukocytes to
respond to Vedolizumab, blood treated with various doses Vedolizamab {e.g. 0.01, 0.03, 0.1,
0.3, 1, 3 and 10 ug/ml}, before being used for LAFA analysis.

{00361}  Comparing to untreated controls, Vedolizumab treatments (0. 1ug/ml) increased the
speed of interacting CD4 and CDR leukocytes in IBD patient #1 {(Figures 16A and 16}, even
though no obvious Vedolizumab effect on the number of mteracting CD4 and CD8 cells was
detected. These results indicated that Vedolizumab weakened the interaction between
leukocytes and MAdcAM-1 substrate, leading to an increase of cell speed. These findings also
demonstrated the ability of CD4 and CD8 leukocyies from patient #1 to respond to
Yedolizumab treatments in vitro, based on which it may be projected that patient #1 may be
fikely to respond to Vedolizumab therapy. This projection is consistent with conclusion
withdrawn m Examples 24 and 25, in which IBD patient #1 was also projected to respond the
best to Vedolizumab treatments.

100362  In IBD patient #2, the speed of CD4 leukocvies was also increased by Vedolizumab
treatments, comparnng to untreated controls, whereas no such effect was detected in CDR

leukocytes (Figures 16F and 16H). These results showed an ability of CD4 leukocyies from
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patient #2 to respond to Vedolizumab treatment in viiro, suggesting that IBD patient #2 may
also respond to Vedolizamab therapy.
100363  On the other hand, in IBD patient #3, no obvious effect of Vedohizumab on the
number of CD4 and CD8 leukocytes was detected (Figures 161 and 16K), companng to
untreated cells. Vedolizumab treatments did not change the average speed of CD4 cells, while
the speed of CD8 cell was sharply redoced (Figures 16J and 16L). These results showed the
lack of ability of lcukocytes from patient #3 to respond to Vedolizumab treatments in viiro.
Accordingly, 1t may be predicted that patient #3 may be unlikely to respond to Vedolizumab
therapy.
100364  For IBD patient #4, comparing to unireated controls, Vedohizumab treatments
caused a moderate reduction in the number of CD4 and CD8 levkocytes, showing an inhibitory
effect of Vedolizumab in the recruttment of CD4 and CDE cells on MAdCAM-1 substrate.
Based on these results, it may be projected that patient #4 would also respond to Vedolizumab
therapy.
{00365]  Together, the resulis 1 this cxample show an alibility of LAFA cxemplary
embodiments to stratify IBD patients that are likely to respond to Vedolizamab therapy, which
may potential lead to an increased clinical remission rate for Vedolizumab therapy m the
stratified patient population. Additionally, similar strategics may be used to predict how likely
patients would respond to other anti-adhesion therapies, mcluding, for example, one or more of
the following: PTG-100, Natalizumab, Bio-1211, Etrolizomab and Efalizumab. Other suitable
anti-adhesion therapies may also be evaluated using the procedures outline in this example
and/or other excroplary embodiments.
{00366] Example 19: Detection of drug efficacy in MS patients undergoing
Natalizumab efficacy
100367  The present example is directed to use leukocvte adhesive function assay exemplary
cmbodiments to assess Natalizumab cfficacy m multiple sclerosis (MS) paticnts undergoing
Natalizumab therapy, according to certain exemplary embodiments. Based on the protocol
described in Example 1, the following modifications were made to that protocol to perform the
CXPeriments:

1. Blood was taken from MS patients who are not currently undergoing Vedolizumab
therapy.
100368  Blood samples were collected at various time points (2, 4, 6, and 10 weeks) post
drug infusion, and then were analysed by LAFA exemplary embodiments using VCAM-1 as

adhesive substrate. MS patients on Copaxone therapy was used as negative control group, as
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Copaxone is unlikely to have anv impacts on o4 integrin functions.

[00369]  In the absence of Mn"", as shown in Figure 20A, a large number of interacting CD4
cells (326.9 celis/mm”} were detected in the Copaxone patients. On the other hand, only
background level of CD4 cells (11.5 cells/imm?”) was observed at week 2 after Natalizumab
infusion, showing that C4 cell mieraction with VCAM-1 substrate was completely, or
substantially, mhibited m this patient. Similarly, no obvicus CIM recruitment on VCAM-1
substrate was detected in blood samples collected at week 4 post drag infusion (Figure 20A3},
mdicating a 100% Natalizomab cfficacy.

[00370] At week 6 post Natalizumab infusion, however, a small number (23.9 cells/mm?) of
interacting CD4 cells was detected, and a more obvious CD4 cell recruitment (70.1 cells/mm?)
was observed at week 10 post dreg wnfosion, showing a lower Natalizumab efficacy than
maximum at these time ponts (Figure 204}, It was also noted that the dwell time of inferacting
CD4 cells was increased by Mn®" treatments at week 6 and 10 (not at week 2 and 4) post
Natahizomab infusion, confirming the drug efficacy was reduced below maxinum at week 6
and 10 {Figure 20B).

{00371]  Together, these results show an excellent ability and/or sensiivity of LAFA
exemplary embodiments to accurately and guantitatively assess drug efficacy in patients
undergoing Natalizumab therapy. As Natalizumab sensitivity may vary dramatically with time
and between mdividual subjects, LAFA exemplary embodiments provide a tast and accurate
tool to monitor drug efficacy on personal basis, facilitating the development of personalised
treatment regimens o maximise drug therapeutic bencfits and minimise drug-induced side
effects. Additionally, similar strategy may be used to monitor efficacy of other anti-adhesion
drugs, including one or more of the following: Vedolizumab, Efalizumab, PTG-100 and Bio-
1211, Other suitable anti-adhesion therapies may also be evaluated using the procedures
outline in this example and/or other exemplary embodiments,

1003721  Example 28: The uses of LAFA as point-of-care tests in clinical settings,
[00373]  The present example is directed to use levkocyte adhesive function assay exemplary
embodiments to develop a range of point-of-care tests.

{00374} For cxample, the techoigues described herein may be used to develop a point-of-
care blood test which detects the effectivences of Natalizamab in vitro. The blood test may
comprise an analysis device, a microthudic system {e.g. a microfluidic pump and a microfluidic
chip), analysis algorithi/s, data transmission platform and related reagents. As seen m Figure
7. users/patients may: 1. obtain a blood sample from a fingertip by a finger prick; 2. load the

blood mto a chip; 3. msert the chip into the analysis device; and 4. obtain a result.
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{00375} The point of carc blood test may allow dircct assessment of Natalizumab functions,
regardless of serum drug concentrations. No current technology has such capability. The blood
test will only require <100l (finger prick amount, ¢.g. 10, 20, 30, 40, 530, 60, 70, 80, 90, 100,
120, 140, 160, 180, 200, 250, 300, 330, 400. 500, 600, 700, 800, 900 and 1,000ul) of whole
blood and may provide results in under 30 minutes {e.g. 5, 10, 15, 20, 25, 30, 40, 50, 60, 90,
120, 180, 240 mimstes}. The blood test may be implemented into current treatment regimens as
it mayv be utilised at various time points post Natalizumab administration, nforming the need
for re~-dose Natalizumab infusions only when a reduction ot the drug effectiveness is detected
by the blood test. As a result, the blood test may faciitate the development of a personalised
treatment regimen for individual patients. It is aimed to adapt the blood test to be compatible
with existing devices and/or platforms, or even a smart phone to cnable remote data sharing
with GPs/specialists, leading to a significantly reduced workioad for busy MS specialists.
{00376}  In addition, other clinical applications may also be developed from LAFA
exemplary embodiments, including but not imited to:

1. Point of-care test to determine the efficacy of other drugs, including but not humited
10, Vedolizumab, Etrolizumab, Efalizumab, PTG-100 and Bio-1211.

2. Optimising treatment regimens on personal basis to reduce the risk of drug-induced

side effects.

(7S]

. Monitoring healthy status of a subject or subjects.

e

. Hdentitving markers for leskocyie adhesive functions 1n individual patients.

4

. Identifving altered leukocyte adhesive functions (related to healthy controls).

6. Projecting the likelihood of a subject or subject to respond to cortain therapies.

7. Recommending suitable treatments for a subject or subjects with unknown actiology
or without disease diagnosis,
{00377 Example 21: To create personal profile for leukocyte adhesive functions
{Leukocoyte adhesion fingerprint).
[00378]  The present example is directed to use levkocyte adhesive function assay exemplary
embodiments, according to cortain exemplary embodiments, to analyse multiple blood samples
collected from a single healthy subject at various time-points. The LAFA cxemplary
embodiments used in this example 1s detailed m Examples 1, 10 and 16, Blood samples were
analvsed by LAFA exemplary embodiments, asmg VCAM-1 (04Pl mtegrin ligand),
MAdJCAM-1 {04P7 integrin ligand} and P-sclectin (PSGL-1 ligand) as substrates. As a result, a
personal profile for basal level of leukocyte adhesive functions was created, as detailed in

Examples 3 and 11. Blood was also treated with 3mM MnCl, before being used for LAFA
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analvsis, so that the Man"" induced activation potential can be determined, as detailed in
Example 4.
100379]  Seven blood tests (from Testl to Test7?) were performed using LAFA exemplary
ecmbodiments. The blood samples were collected from a bealthy individual at various time-
points during a period of approximately three months, in week 1, week 9, week 11, week 12,
week 13, week 15 and week 16. The original goal of this example was to use the data from
these 7 blood tests to create a personal leukocyte adhesive function profile for this healthy
individual. However, this individual was suffered from wisdom tooth pain (inflamed gum near
the wisdom tooth) on the day when blood test #5 {week 13) was performed. As presented in
detail below, abanormal levkocvte activation was detected not only in blood test #5, but also in
blood test #4 (week 123, which was performed 7 days before blood test #5.
{00380}  On VCAM-1 substrate, very little vanation of CD4 and CDE ccll straightness was
observed amount in Tests#1-6. This demonstrates the ability of LAFA exemplary embodiments
to produce consistent results at different time poinds (Figures 18C and 18H). However, an
abnormally low leukocyte speed in resting CD4 and CD8 leukocytes was observed in blood test
#4 comparing 1o the results from other blood tests, indicating an activation of these leukocyies.
Furthermore, a high dwell time in resting CD4 and CDR cells was also detected (Figures 18D
and 181). Also the Dwell Time Activation Potential Ratio (DTAPR, described in Example 43 of
CD4 and CD38 cells was high in blood test #4, showing a high portion of activated o4pl
mtegrin, compared to other blood samples tested in the series. These findings show an abnormal
activation of ¢dP1 integrin on CD4 and CD8 leukocytes in blood test #4, which was performed
7 days before the gum inflammation. These results demonstrate the use DTAPR as a marker to
detect early signs of immune response 1n systemic and/or Jocal mflammation.
{00381}  On MAJCAM-1 substrate, little vartation in the average cell speed was detected in
CD4 and D8 leukocyies, showing a good consistency of LAFA exemplary embodiments {o
assess leukocvic adhesive functions. However, a low straightness was observed in resting CD4
cells in blood test #5, when the wisdom tooth pain occurred (Figure 19C). The dwell time of
resting CD4 cells was also abnormally high in test #5, compared to the values found from other
blood samples tested in the series (Figure 1993). The value of Straightness Activation Potential
Ratio (8TAPR) was low 1 both CD4 and CD8 leukocyies, showing a high portion of activated
a4B7 integrin on €D4 and CD8 leukocytes in blood test #5 (Figures 19E and 19]). These results
demonstrate the use of ATAPR as marker for the asscssment and/or prediction of mmmune
response in systemic and/or local inflammation.

[00382]  On P-selectin substrate, a high number of interacting CD4 and CDB cells were
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detected in blood test #4 and #5 and when compared to other tests results, shows an unusual
PSGL-1 (P-selectin higand) activation in these leukocytes (Figares 20A and 20E). Additionally,
the sumber of CB13 cells in blood test #5 is almost &-fold higher than the average of other
tests, indicating a highly activated PSGL-1 on CD15 leukocyie (Figure 201} The average cell
speed of CD4, CDB and CD1S cells were abnormally low in blood tests #4 and #3, suggesting a
strong mteraction between these leukocytes and P-selectin substrate {Figures 20C, 20G and
Z0K). The dwell time of CD8 and D15 cells was abnormally high in blood test #5, when
comparcd to other blood test results. This shows that PSGL-1 on CD8 and D15 leukocyies is
highly activated, leading to an enhanced mferaction between leukocytes and P-selectin
substrate.
{00383} Together, these findings demonstrate the ability of LAFA cxemplary embodiments
to create personal profile for basal level of inflammatory status in a subject. Despite a wisdom
tooth pain, several parameters of leukocyte migratory profile were not affected by this local
gum inflammation, incloding cell straightness on VCAM-1 substrate (Figures 18C and 18 H),
and cell speed in MAACAM-1 substrate (Figures 198 and 19G). These findings demonstrate a
good reproducibility of LAFA exemplary embodiments for detection of leukocyvie adhesive
functions.
{00384  Based on this basal level of inflammatory status, however, the effects of the gum
nflammation on a range of other parameters were clearly detectable up to 7 days before the
acute inflammation. Qur results clearly showed the activation of ¢4Bl integrin, v4AB7 integrin
and PSGL-1 in blood tests #4 and #5. It was also noted that the effecis of the local gum
flammation differ dramatically between different parameters in different leukocyte subscts.
Thus, these results show the potential uses of the changes in specific parameters on specific
leukocyte subsets to determine early sign of abnormal immune responses, which may then be
used to predict the likelihood of certain discases.
100385 Creation of “leakocyte adhesion fingerprint”
[00386] With the ability to assess adhesive functions of multiple leukocyte adhesion
molecules in specific leukocyte subsets, it becomes possible to quantitatively charactorise
icukocvie adhesive functions in much greater detail than ever before. The adhesive functions of
multiple leukocyte adhesion molecules may be studied 1n individual flow channels, which are
pre-coated with specific adhesive endothelial molecule substrates. As a result, cell migration
profiles for each adhesion molecule on a specific leukocyic subset may be generated. Combined
with advanced biomformatics, leukocyie adhesion fingerprints may be generated for individual

subjects/patients. The leukocvie adhesion fingerprint may serve as a vseful tool for identifving
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icukocvie abnormalitics. Thus, the potential applications for leukocyvie adhesion fingerprints
melude:

Determination of personalised pathogenesis

Identification of new diseasc markers for discascs

Identification of early signs of discases

Assist carly and accurate diagnosis

Disease prediction

Monitoring health status in healthy people (routine health check)
{00387]  Some embodiments are able to simultancously assess adhesive functions of multiple
leukocyvte adhesion molecules on muldtiple leukocvie subsets using unprocessed whole blood.
Potential applications of cortain exemplary embodiments may not be limited to certain
leukocyte molecules, or certain leukocvie subsets, or certain species of mammals.
[00388]  Example 22: To assess basal inflammatory status of leukocyte molecules in
patients with multiple selerpsis (MS) and inflammatory bowel diseases (IBD)
{00389] The present cxample is directed to identify abmormal activation of leukocyte
adhesive functions in patients with multiple sclerosis (MS) and/or inflammatory bowel diseases
(IBDY) patients, comparing with healthy subject controls, according to certain exemplary
embodiments. Blood samples were taken from MS and/or IBD patients, and then used for
leukocyte adhesion assav analysis using VCAM-1 and MAJCAM-1 as substrates, as detailed in
Examples 1 and 10. The basal inflammatory status of ¢4B1 integrin and o4f7 integrin were
calculated as detailed in Examples 3 and 11.
{00390]  To compare basal inflammatory status of healthy subject controls with patients with
MS and/or IBD, Relative Straightness Index (RSTT), Relative Speed Index (RSI) and Relative
Dwell Time Index (RDTH were employed, as detailed in Example 3 and 11. The critena used
in this example for selecting a health subject for use in the control group is set forth in example
3
{00391}  As shown in Figure 21A, significantly lower RSTI values in D4 and €CD8
leukocytes were observed in both MS and 1BD patients comparing to healthy controls, showing
an enbanced g4Pl integrim activation in MS and 1BD cclls. Sigmificantly lower RSI values in
CD4 and CD8 leukocytes were also detected in MS and IBD patients, indicating an abnormally
mereased basal inflammatory status of edfl mtegrin m MS and IBD cells (Figure 21B).
Consistenily, a reduced RDTI value was also detected in MS and IBD D4 and CD8 leukocyies
(Figure 21C). These resulis clearly show abnormal activation of o4p1 integrin in MS and IBD

patients,



WO 2018/068104 PCT/AU2017/051118

70
{003921 A shown in Figure 21D, significantly lower RSTI values were detected in CD4
leukocytes from IBD patients compared to healthy controls, showing a highly activated o4f7
integrin in £D4 leukocyies in IBD patients. Consistently, a lower RSEand RETI value was also
observed in CDM4 leukocyte from [BD patients. On the other, no such activation of gdB7 mtegrin
were observed in MS patients, showing a normal ad4B7 mtegrin function n MS CD4 leukocytes,
related to healthy controls.
{00393} Together, these results clearly show the ability of LAFA exemplary embodiments to
detect abnormal activation of 4P integrin and o4B7 mtegrin on specific leukocyie subsets in
MS and IBD patients. As shown in Figures 18C and §8H m Example 23, leukocvie straighiness
is not typically affected even by a local mflammation, such as wisdom tooth pain. Thus, the
lower RSTT values in MS and IBD leukocytes may be used as a specific disease marker for one
or more of the following: 1. Assist disease diagnosis, 2. Stratifyv patient subpopulations, 3.
Detect carly signs of discases, and 4. Optimise treatment conditions on personal basis. The uses
of RSTI, RSI and RDTI facilitates the application of the technology in clinical settings.
[00394] Example 23: To assess Mn -induced activation potential of leukocyte
molecules in patients with multiple sclerosis (MS) and inflammatory bowel diseases (1BD).
[00395]  The present example is directed to assess Mn”'-induced activation potential of
leukocyvte molecules in MS and IBD patients. Blood samples were taken from MS and IBD
patients, and then used for leukocyte adhesion assay analvsis using VCAM-1 and MAJCAM-1
as substrates, as detailed in Examples 1 and 10. The Mn™' activation potential of a4f1 integrin
and g4 B7 mtegrin was calculated as detailed in Example 4.
{00396]  To compare basal inflammatory status of healthy control with patients with MS and
IBD, Straightness Activation Potential Ratio {(STAPR), Speed Activation Potential Ratio
(5APR) and Dwell Time Activation Potential Ratio (DTAPR) were emploved, as detaled in
Example 4.
[00397]  As shown in Figurc 224, the STAPR value of IBD CD8 leukocvies on VCAM-1
substrate 13 significantly (p<0.01} lower than healthy controls, suggesting a high portion of
activated o4Bl integrin in IBD CD8 cells and lower Mn’'-induced activation potential.
Counsistently, comparing to healthy controls, a sigmificantly higher DTAPR valuecs in IBD CDR
feukocyites was observed (Figure 22C). It was noted that the DTAPR values of IBD CD4
leukocytes were also higher than healthy controls, suggesting a lower Mn® -induced activation
potential in IBD CD4 cells (Figure 22C). No obvisus difference in STAPR, SAPR or DTAPR
n MS and IBD patient on MAJCAM-1 substrate was detected, comparing to healthy controls

(Figures 22D 1o 22F).
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{00398} Together, these results clearly show the abiliy of LAFA exemplary embodiments to
detect abnormal Mn”'-induced activation potential of 041 intcgrin and ad4p7 integrin on
specific lenkoovie subsets in MS and IBD patients. Thus, STAPR, SAPR or DTAPR values
may be used as highly specific disease marker to: 1. Assist disease diagnosis, 2. Stratify patient
subpopulations, 3. Detect carly signs of diseases, and 4. Optimise treatment conditions on
personal basis. The uses of STAPR, SAPR or DTAPR should facilitate the application of
certain exemplary embodiments to chinical settings.

{00399]  Example 24: To use basal inflammatory status to predict the likelihood of a
subject or subjects to respond to anti-adhesion therapy.

100400  The present example is directed to use basal mflammatory status of leukocvte
molecules to predict the hkehihood of g subject or subjects to respond to anti-adhesion therapy,
including but not himited to monoclonal antibodies, small molecules, compounds and peptides.
The calculation of basal inflammatory status of leukocyte adhesion molecules is detailed in
Examples 3 and 11.

{00401}  In cxemplary embodiments, the basal inflammatory status of leukocyte molecules
may be used to stratify patient subpopulations with highly enbanced activity in these molecules,
mcluding but not limited to gdB1, 0487 integnin, gy integrin, oy integrin, CXCRI and CXCR4.
1004021 Several drugs {including bwt not limited tc Natalizumab, Vedohizumab,
Etrolizumab, PTG-100, Bio-1211 and Efalizumab) have been or are being developed to inhibit
the functions of leukocyte adhesive molecules, therefore, attenuate discase progression. Patient
sub-population with high basal mflammatory status may be predicted to be more likely to
respond to the treatments that inhibit the functions of these molecules.

{00403}  For example, as shown in Figure 21 A, IBD patient #1 had the lowest RST] value on
VCAM-1 substrate amount all 4 IBD patients, indicating patient #1 had the most activated g4f1
integrin. Based on this result, i can be predicted that IBD patient #1 may respond the best to
therapies that imhibit 04P1 integrin functions {¢.g. Natalizumab or Bio-1211).

{00404} Similarly, as shown i Figure 21D, IBD patient #1 also had the lowest RSTI value
on MAJCAM-1 substrate amount all 4 IBD patients, suggesting patient #1 had the most
activated o437 integrin. Based on this result, it can be predicted that patient #1 may respond the
best to therapies that inlubit 0dB7 mtegrnin functions (e.g. Vedolizumab or PTG-100).

{00405  Together, our results show the ability of R8T, RDTI and RSTT as marker to predict
the likelihood of a subject or subjects to respond to specific therapies.

[00406]  Accordingly, these data clearly show that LAFA may be used for patient

groupmg/stratification. For example, despite the fact that o4pl integnn is activated m MS
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patients, the basal intflammatory status of ¢4Ppl integrin may vary dramatically between
mdividual patients. The semi-quantitative tools generated herem allow the determination of the
level of activation of g4Bl mtegrin in individual paticots. As a result, patients with highly
activated odP! udegrin mayv be identified and scparated from patients with low or no a4ff7
integrin activation. It can then be projected that Natalizumab therapy will work more effectively
in MS patients with highly activated 0dB1 integrin, compared to other patient groups.

[00407] Example 25: To use Mn*-induced activation potential to prediet the likelihood
of a subject or subjects to respond to anti-adhesion therapy.

[00408]  The present example is directed to use Mn” -induced activation potential to predict
the bikehihood of a subject or subjects to respond to anti-adhesion therapy. including but not
Limited to monoclonal antibodices, small molecules, compounds and peptides. The calculation of
Muo” -induced activation potential {c.g. Straightness Activation Potential Ratio (STAPR), Speed
Activation Potential Ratic (SAPR) and Dwell Time Activation Potential Ratio (DTAPR)) of
leukocyte adhesion molecules is detailed in Example 4.

[00409]  In cxemplary embodiments, the Mn'' induced activation potential of specific
feukocyvie molecules may be also used to stratify patient subpopulations with enhanced portion
of activated form of these molecules {or low Mn”" induced activation potential), including but
not limited to cdPl integrin, cdB7 integrin, o3P integrin, aVP3 mtegrin, olLp2 integrin, allbp3
mtegrim, o6l mtegrin, alpBl mtegrin, ¢2f] integrin, ovP3 mtegrin and oSBT integrin.

[00410]  Several drugs (ncluding but not limited to Natahizumab, Vedolizumab,
Etrolizamab, PTG-100, Bio-1211 and Efalizomab} have been or are being developed to inhibit
the functions of leukocyvte adhesive molecules, thercfore, attenuate discase progression. Patient
sub-population with high portion of activated forms of these molecules (or low Mn”" induced
activation potential} may be predicted to be more likely to respond to the treatments that mhibit
the functions of these molecules.

{00411}  For example, despite no significant difference in STAPKR between healthy control
and IBD patients, IBD patient #1 had the lowest STAPR value amount all IBD patients,
suggesting a highest portion of activated o4B! integrin in this paticnt. Based on this result, it
can be predicted that IBD paticnt #1 may respond the best to therapies that inhibit o4l integrin
functions (¢.g. Natalizumab or Bio-1211}. This prediction is identical to the prediction based on
the RSTI values in Example 24, where the same patient (IBD #1) was predicted to respond the
best to anti- g4B1 integrnin therapies.

{004121  Together, our results show the ability of STAPR, SAPR and DTAPR as markers to

predict the hikelihood of a subject or subjects to respond to specific therapies.
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{00413] FExample 26: Recommendation of specific anti-adhesion therapy based on
resulis from leukocyte adhesive function assay (LAFA).

100414]  The present example is directed to use leukocvie adhesive function assay exemplary
cmbodiments to provide recommendations of specific therapies to patients with unknown
actiology and/or prior to disease diagnosis, after the discase diagnosis or combinations thercof.
[00415] LAFA exemplary embodiments may be used to directly assess the ability of
leukocytes from a subject or subject to respond to certain drugs, includiog but not himited to
monoclonal antibodies, small molecules, compounds and peptides. Based on these results, the
fikelihood of a subject or subjects to specific therapies may then predicted, as detailed
Example 18.

100416} AFA exemplary embodiments allow a quantitative assessment of the functions of
a range of lenkocyie expressing molecules, including but not limited o 4Bl integrim, odp7
integnn, PSGL-1, CXCRI1 and CXCR4, leading to a semi-guantitative assessment the basal
mflammatory status of these molecules, as detatled in Examples 3 and 11. Based on the basal
inflammatory status of these molecules, the hikelithood of a subject or subjects o specific
therapics may then predicted, as detailed m Example 24

{00417  Sumdardy, LAFA exemplary embodiments also offer a semi-quantitative tool to
assess Mn’ ~induced activation potential so that the portion of activated leukoeyte molecules on
spectfic leukocyte subsets may be determined. Based these resuits, the hikelihood of a subject or
subjects to specific therapies may then predicted, as detailed 1in Example 25,

{00418]  LAFA exemplary embodiments may be used to develop treatments for a subject {or
subjects) with unknown aetiology and/or prior to discase diagnosis. For example, comparing to
healthy controls, if altered o481 integrin activation 1s identified m a subject {or subjects), it may
then be predicted that anti o4 integrin therapy {(c.g. Natalizumab} mav be suitable for the
treatments for this subject and/or these subjects, prior to disease diagnosis in the subjects and/or
subjects.

[00419]  In exemplary embodiments, comparing to healthy controls, the detection of altered
adB1 integrin activity in one or more subjects may indicate that an anti o4 mtegrin therapy {¢.g.
Natalizumab) should be given to the one or more subjects for the treatment of these one or more
subjects. In exemplary embodiments, the detection of altered g4Bl integrin activity in one or
more subjects indicates that an antt o4 integrin therapy {¢.g. Natalizumab) should be given to
the one or more subjects in order to attenuate disease progression in the one or more subjects,
wherein the anti o4 integrin therapy is given to the one or more subjects, prior to discase

diagnosis in one or more subjects. In certain exemplary embodiments, the detection of the basal
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mflammatory status of a4B1 integrin activation state may be used to indicate an antt g4 integrin
treatment may be suitable for one or more subjects with unknown actiology and/or prior to
discase diagnosis, after the disease diagnosis or combinations thereof. In certain exemplary
embodiments, the detection of the Mn™ -induced activation potential of ¢4l integrin may be
used to mdicate an anti o4 integrin treatment may be suitable for one or more subjecis with
unknown aetiology and/or prior to disease diagnosis, after the disgase diagnosis or
combinations thereof.

{00420}  As shown in Table 3, a range of anti-adhesion drugs have been developed to inhibit
the functions of these leukocvie molecules, mimimmg to atienuate discase progression. Thus, a
similar strategy may be used to identify altered activation of other leukocvie molecules (e g. B}
integrin, B7 integrin, PSGL-1, CXCRI and/or CXCR4) 1o a subject and/or subjects, based on
which suitable treatment strategies may be developed with unknown actiology and/or prior to
discase diagnosis, after the disease diagnosis or combinations thereof.

{00421} In additton, LAFA cxemplary embodiments may be used to identify new
applications for certain drugs, including but vot limited to Natalizumab, Vedolizumab,
Etalizumab, Etrohizumab, PTG-100 and Bio~1211. For example, the application of Natalizumab
therapy 1s currently limited to MS and Crohn’s disease. Using the guantitative approaches
developed herem, blood samples from patients with other mflammatory diseases may be
analysed, leading to identification of patient populations with mereased o4 mtegrn functions,
as detailed n Examples 18, 2dand 25. Thus, an ability of Natalizamab therapy to control
discase progression in these patient populations is expected. As a result, the application of
Natalizumab therapy may be extended to other human discases.

{004221  Example 27: To Determine drug semsitivity of anti-adhesion therapies in
individual MS and IBD patients.

1004231 The present example is dirccted to use leukocyte adhesive functions assay
exemplary embodiments to determine levels of drug sensitivity in mdividual patients using
IC50 values, as detailed 10 Examples 5 and 12,

{00424]  For example, to quantitatively assess Natalizumab sensitivity in multiple sclerosis
(MS) patients, blood samples were collected from MS patients, and then used for LAFA
analvsis using VCAM-1 as substrate, as detailed in Example 5. As shown in Table 5, the
Natalizumab 1C50 value of patient #1 (0.2657ug/ml} 1s almost 4 fold higher than patient #2
{0.06843ug/ml), suggesting that patient #1 is 4 time more resistant to Natalizumab than patient
#2. In addition, the Natalizumab [1C50 value of patient #1 1s also higher than the average IC50

values in healthy control {0.03pg/mb), as shown in Table 1.
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Patient MS Patient #1 MS Patient #2
Natalizumab IC50(ug/ml) (3.2657 (3.06334

Table 3: Natalizumab 1C50 values of individual MS patients. Blood samples were coliected
from MS patients, and then used for LAFA using VCAM-1 as substrate, as detatled in Example
5. The K50 value for cach patient was then deternmined as detailed 1 Example 5.

{00425}  In another example, to guantitatively assess Vedolizumab sensitivity in paticnts
with, blood samples were collected from IBD patients, and then used for LAFA using
MAdCAM-1 as substrate, as detailed in Example 12, It was shown in Figure 10A and Example
12 that Vedolizumab did not inlubit the number of resting CD4 leukocvies on MAJCAM-1
substrate in healthy subjects. As show in Figure 23, however, the number of mteracting CD4
leukocvtes was gradually reduced with an increase of Vedohizumab concentrations, suggesting
the ability of Vedolizamab to mhibit the recruitment of IBD CD4 leukocvtes. The Vedolizumab
IC50 values were also detenmined m three individual IBD patients. As show in Table 6, the
Vedolizumab IC30 value was over 2.5 fold tugher wn patient #3 (2.373pg/ml) than patient #2

(1.00%ug/ml}, suggesting a large variability in Vedolizummab sensitivities amount different [BD

paticnts.

Patient 1BD patient #1 1BD patient #2 IBD patient #3
Vedolizamab  IC50 | 1.628 1.009 2.373

{ng/ml)

Table 6 Vedolizumab IC50 values of individual IBD patients. Blood samples were collected
from IBD patients, and then used for LAFA using MAJCAM-1 as substrate, as detailed in
Example 12. The 1IC50 value for cach patient was then deternined as detailed 1n Example 12.
[00426]  Together, these resolts show the ability of LAFA exemplary embodiments to use
U350 values to guantitatively assess different fevels of drug sensitivity in individual patients.
The results from LAFA exemplary embodiments may facilitate the development ot optimal
dosage regimens on personal basis for a wide range of drug and/or treatments.

{00427} Example 28: To assess the functions of leukocvie expressing CXCRI and
{XCR4 in patients with multiple sclerosis (M5} and inflammatory bowel diseases (IBD).
[00428]  The present example is directed to assess the functions of leukocyvie expressing
CXCR1 (L-8 receptor) and CXCR4 (SDF Lo receptor) in MS and IBD patients. Blood samples
were collected from patients, and then analysed by LAFA exemplary embodiments using
YCAM-1 + 1L-8 or VCAM-1 + SDF 1o as substrates, as detailed in Example 17.

[00429]  As shown in Figure 25, compared with healthy controls, the number of interacting

CD4 {(p<0.01} and CD135 (p<0.03) leukocytes was significantly increased in MS patients on
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YVCAM-1 + IL-8 substrates, suggesting an activated CXCRI functions in MS patients (Figure
25A). The mumber of interacting MS CD135 cclls on VCAM-1 + SDF1q substrates was
increased, suggesting an increased activity of CXCR4 on M5 CD15 leukocyies (Figure 25E).
{004301  In addition, comparing healthy controls, the dwell time of C34 and CD§ leukocyies
on YCAM-1 + SDFlg was significantly (p<0.05) increased n IBD patients, showing an
enhanced activation of CXCR4 in IBD CB4 and CD8 leukocytes. Consistently, the straighiness
of IBD CD4 and CD8 leukooyvte was reduced (almost reached statistically significance)
comparing to healthy, showing an enhanced ability of IBD CD4 and CDS8 cclls to receive
signals from SDF1u via CXCR4,

100431  Together, these resolts clearly show the ability of LAFA exemplary embodiments to
detect abnormal activation of leukocyvie expressing CXCR1 and CXCR4 in patients with M5
and IBD. Thus, these tests may also be used to assess the functions of other leukocvte
chemokine receptors i other discases. Based on the results from the assays, patients may then
be stratitied and/or more targeted therapies may then be developed on personal basis. For
example, if a inhibitory effect of a drug and/or a compound and/or antibody and/or peptide on
CXCRI funciion is wdentified by LAFA m the drug database (as detailed in Example 15), this
drug may be projected to have therapeutic benefit for a subject or subjects with enhanced
activation of CXCR1.

{00432]  Example 29: To assess the adhesive functions of leukocyte expression PSGL-1
in M5 and IBD patients.

{00433} The present example is directed to use loukocyie adhesive functions assay
exemplary embodiments to assess the adhesive function of leukocyte P-selectin glycoprotein
higand 1(PSGL-1, ligand for P and E selectin) 1n patients with multiple sclerosis (MS) and
mflammatory bowel diseases (IBD), as detailed in Example 16.

100434  Asshown in Figure 25A, comparing to healthy controls, an increased number of
CD4, CD8 and CD135 leukocyies was detected in MS patients, suggesting an clevated PSGL-1
function in these MS leukocytes. On the other hand, no changes in cell speed, straightness or
dwell time was detected in MS and IBD leukocytes was observed, comparing to healthy
controls (Figures 258 10 250).

004351 These results show the ability of LAFA exemplary embodiments to detect enhanced
PSGL-1 adhesive functions in patients with MS, but not IBD. Similar strategy may be used to
detected altered adhesive functions of sther adhesion molecules in other discases.

100436]  Example 38: Image and data analysis

The present example is directed to use to use Fijt image analvsis software and R studio to
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process and analvse tmages generated during leukocyte adhesive function assav (LAFA)

according to certamn exemplary embodiment, so that a range of cell kinetic parameters may

be determined and/or used to characterise the cell migratory behaviouss. In addition, toi the

example below other tmage software may be used to analyse the images and/or generate

results.

[00437]  For example, as shown in Figure 27 the images and data analysis process may

consist of the following steps:

L.

(9]

Raw TIF images captured with the microscope are opened in Fiji image analysis
software and reorganized into a time-lapse sequence.

{Correct scaling information is applied. Flow channel edges are removed from images by
cropping. An image flattening algorithia is applied to remove uneven background
fluorescence.

Image sequence 1s sphit into mdividual channels for analysis.

TrackMate plugin from Fiji software is used to track mdividual cells with a set cell size
and intensity threshold per channel.

The outputs from TrackMate are further analysed by R Statistical Software package to
convert the data to the destred measuring units for a range of cell kinetic parameters,
mehiding but not himited to cell numbers, speed, straightness, dwell time, diffusion
coefficient.

and to generate descriptive statistical graphs (¢, g. box-and-whisker plots of kinetic
parameters, speed distribution histogram, straightness distribution histogram, duration
histogram, dwell time distribution histogram, motility curves, commnion origin graphs,

appearance graphs).

{00438]  Further advantages of the claimed subject matter will become apparent from the

following exampies describing certain embodiments of the claimed subject matter.

[00439]  Example 1A method to assess a subject’s respounse, or potential response, to a drug

treatment suitable for controlling progress of a disease, whergin the drug 1s capable of altering

leukocyte recruitment, adhesion and/or mugration, the method comprising the steps of:

obtaining a blood sample from the subject;
subjecting the blood sample to at least one levkocyvte function assay (LAFA),
wherein the LAFA assesses leukocyte recruitment, adheston and/or migration to at least

one or moic of the following: at least one endothelial molecuie and at cast one cell: and
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based at least in part on one or more results of the at least one LAFA, assess a
subject’s respond, or potential response, to the drug treatment for controlling
progression of the discase.

[00440] 2A. A method to assess a subject’s response, or potential response, to a drug
treatment suitable for controlling progress of a discase, wherein the drug is capable of altering
leukocyte recruitment, adhesion and/or migration, the method comprising the steps of

obtaining a blood sample from the subject;

subjecting the blood sample to at least one levkocyte function assay (LAFA),
wherein the at least one LAFA guantitatively and/or semu-quantitatively assesses
levkocyte recruitment, adhbesion and/or migration under realistic physiological
conditions o at least one or more of the following: at least one endothelial molecule and
at Jeast one cell expressing an endothebal molecule; and

based at Ieast in part on one or more results of the at least one LAFA | assess a
subjoct’s respond, or potential response, to the drug treatment for controlling
progression of the disease.

{00441}  3A. The method of example 1A, wheremn the at least one LAFA is conducted on one
or more of the following substrates: VCAM-1, MAJCAM-1, P-Selectin, E-sclectin, 1E-8,
SDFlo and one or more cells expressing an endothelial molecule.

(004421 4A The method of example 1A, wherein the at least one LAFA is conducted on
two or morg of the following substrates: VCAM-1, MAJCAM-1, P-Scloctin, E-selectin, IE-8,
SDFla and one or more cells expressing an endothelial molecule.

{00443}  SA. The method of example 1A, wherein the at least one LAFA s conducted on
three or more of the following substrates: VCAM-1, MAdCAM-1, P-Seclectin, E-sclectin, 11-8,
SDFlu and one or more cells expressing an endothelial molecule.

100444  6A. The method of one or more of examples 1A-4A, wherein the at least one LAFA
measures one or more the following paramcters: a guantification of rolling leukocyte cells
detected, a quantification of adhesion leukocvie cells detected, a guantification of crawling
leukocyte cells detected, an average speed of individual leukocvie cells detected, an average
straightness of mdividual leukocvte cells detected, an average displacement of ndividual
feukocyie cells detected and an average dwell time of individual leukocyie cells detected.
[00445]  7A. The method of one or more of examples 1A-4A | wherein the at least one LAFA
measures two or more the following parameters: a quantification of rolling leukocyte cells
detected, a quantification of adhesion leukocvie cells detected, a guantification of crawling

leukocyte cells detected, an average speed of imdividual leukocvie cells detected, an average
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straightness of mdividual leukocvte cells detected, an average displacement of ndividual
leukocyte cells detected and an average dwell time of individual leukocyte cells detected.
100446  8A. The method of one or more of examples 1A-4A, wherein the at least one LAFA
measuwres four or more the following parameters: a quantitication of rolling leukocvie cells
detected, a quantification of adhesion lenkocvie cells detected, a quantification of crawling
leukocyte cells detected, an average speed of individual leukocvie cells detected, an average
straightness of individual leukocyte cells detected, an average displacement of mdividual
icukocvie celis detected and an average dwell time of individual leukocyte cells detected.
{00447]  9A. The method of one or more of examples 1A-4A, wherein the at least one LAFA
measures six or more the following parameters: a quantification of rolling leukocyte cells
detected, a quantification of adhesion leukocvic cells detected, a quantification of crawling
leukocvte cells detected, an average speed of mdividual leukocvie cells detected, an average
straightness of individual levkocyte cells detected, an average displacement of individual
leukocyte celis detected and an average dwell time of individual leukocyte cells detected.
{004481  10A. The method of one or more of cxamples 1A-9A, wherein the blood sample
from the subject 15 treated with Mn2+ and the at least one LAFA 1s conducted on the Mn2+
treated blood sample and the one or more results of that at least one LAFA are used for
generating one or more parameters that are used for generating one or more indexes.

[00449]  11A. The method of one or more of examples 1A-10A, wherein at least one healthy
blood sample is treated with Mn2+ and the at least one LAFA s conducted on the at least one
healthy Mu2+ blood treated sample and the one or more results of the at least one LAFA are
used for generating one o1 motre parameters that are used for generating one or more indexes.
{00450} 12A. The method of one or more examples TA-11A, wherein the one or more
results of the at least one LAFA from the blood sample from the subject is used as a control for
generating one or more parameters that are used for generating one or more indexes.

{00451}  13A. The method of one or more examples 1A-12A, whercin the one or more
results of the at least one LAFA fiom at least one healthy blood sample is ased as a control for
generating one or more parameters that are used for generating one or more indexes.

{00452]  14A. The method of one or more examples 1A-13A, wherein one or more of the
following one or more indexes is generated: a relative straightness mndex (RSTI), a relative
speed index (RSI) and a relative dwell time index (RDTE for the subject.

100453]  15A The method of one or more examples 1A-14A, wherein an activation potential

ratio of the subject’s blood is generated based on one or more resulis of the at least one LAFA
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from the blood of the subject divided by the one or more resulis of the at least one LAFA of
Mn2+ treat blood sample of the subject.
100454]  16A. The method of one or more of examples 1A and 15A, whergin the disease at
lcast in part involves one or more of the following: abnormal leukocvie recruitment, adbesion
and/or migration; progression of inflammation; progression of an autoimmune  state;
progression of an immune deficiency state; and progression of an mfectious state.
{00455)  17A. The method of one or more of examples 1A and 16A, wherein the disease at
icast in part mvolves multiple sclerosis (MS).
{00456]  18A. The method of one or more of examples 1A and 17A, wherein the discase at
least in part involves of inflarnmatory bowel disease (1BD).
100457]  19A The method of one or more of examples 1A-18A, wherein the ong or more
results of the at least one LAFA are used to stratify the subject and to assess a subject’s
respond, or potential response, to the drug treatment for controlling progression of the discase.
{00458]  20A. The method of one or more of examples 1A-19A, wherein the one or morg
results of the at least one LAFA are used to stratify the subject and to predict a subject’s
respond, or potential response, to the drag treatment for controlling progression of the disease.
[00459]  21A. The method of ong or more examples 1A-20A, wherein the at least one LAFA
is conducted under static or non-static conditions.
[00460]  22A. A system for perfornung the at least one LAFA based on the methods of one
or more examples 1A-21A.
{00461}  23A. A device for performing the at least one LAFA based on the methods of one
or more examples 1A-214A
[00462] Example 1B. A method to assess adhesive function of one or more leukocytes
molecules, the method comprising the steps of;
obtaining a blood sample from a subject;
subjecting the blood sample to at least one leukocyie function assay (LAFA),
whergin the at least one LAFA guantitatively and/or semi-guantitatively assesses
cukocyte recruitment, adhesion and/or migration under realistic physiological
conditions to at least one or more of the following: at least one endothelial molecule and
at least one cell expressing an endothelial molecule; and
based at least in part on one or more results of the at least one LAFA, assess a

level of activation of the one or more leukocytes molecules.
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{00463]  2B. The method of example 1B, wherein the at least one LAFA 15 conducted on one
or more of the following substrates; VCAM-1, MAJCAM-1, P-Selectin, E-selectin, IE-8,
S$DFla and one or more cells expressing an endothelial molecule.

[00464]  3B. The method of example 1B, wherein the at least one LAFA is conducted on two
or more of the following substrates: VCAM-1, MAdCAM-i, P-S¢lectin, E-selectin, 11-8,
SDFla and one or more cells expressing an endothelial molecule.

{00465]  4B. The method of example 1B, wherein the at least one LAFA is conducted on
three or more of the following substrates: VCAM-1, MAdCAM-1, P-Sclectin, E-selectin, 1L-8,
SDFlo and one or more cells expressing an endothelial molecule.

100466 5B, The method of one or more of examples 1B-4B8, wherein the at least one LAFA
measures one or more the following parameters: a quantification of rolling feukocyte cells
detected, a quantification of adhesion lenkocvie cells detected, a quantification of crawling
leukocyte cells detected, an average speed of individual leukocvie cells detected, an average
straightness of individual leukocyte cells detected, an average displacement of mdividual
fcukocvie celis detected and an average dwell time of individual leukocyie cells detected.
{00467}  6B. The method of one or more of examples 1B-4B, wherein the at least one LAFA
measures two or more the followmng parameters: a gquantification of rolling leukocyte cells
detected, a quantification of adhesion leukocyvie cells detected, a quantification of crawling
leukocvte cells detected. an average speed of mdividual leukocvie cells detected, an average
straightness of individual levkocyte cells detected, an average displacement of individual
leukocyte celis detected and an average dwell time of individual leukocyte cells detected.
{00468]  7B. The method of one or more of examples 1B-48, wherein the at least one LAFA
measures four or more the following parameters: a quantification of rolling leukocyte cells
detected, a quantification of adhesion leukocyte cells detected, a gquantification of crawling
leukocyvie cells detected, an average speed of individual leskoovie cells detected, an average
straightness of individual leukocyte cells detected, an average displacement of individual
leukocyte cells detected and an average dwell time of individoal leukocyte cells detected.
{00469]  #B. The method of one or more of examples 1B-48, wherein the at least one LAFA
measures six or more the following parameters: a quantification of rolling leukocyte celis
detected, a quantification of adhesion leukocyte cells detected, a guantification of crawling
leukocvte cells detected, an average speed of individual leukocyte cells detected, an average
straightuess of individual levkocvte cells detected, an average displacement of individual

leukocyte cells detected and an average dwell time of individual leukocyte cells detected.
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{004701  98. The method of one or more of examples 1B-9B, wherein the blood sample from
the subject is treated with Mn2+ and the at least one LAFA 1s conducted on the Mn2+ treated
blood sample and the one or more results of that at least one LAFA are used for generating one
or more parameters that are used for generating one or more indexes.
[00471]  10B. The method of one or more of examples 1B-10B, wherein at least one healthy
blood sample is treated with Mn2+ and the at least one LAFA s conducted on the at least one
healthy Mu2+ blood treated sample and the one or more results of the at least one LAFA are
used for generating one or more parameters that are used for generating one or more indexes.
{00472]  11B. The method of one or more examples 1B-11B, wherein the one or more results
of the at least ong LAFA from the blood sample from the subject is used as a control for
generating one or more parameters that are used for generating one or more indexes.
[00473]  12B. The method of one or more examples 1B-12B, wherein the one or more results
of the at least one LAFA from at least one healthy blood sample is used as a control for
generating one or more parameters that are used for generating one or more indexes.
{00474}  13B. The mcthod of one or more examples 1B-138, wherein one or more of the
following one or more indexes is generated: a relative straightness mndex (RSTI), a relative
speed index (RSI) and a relative dwell time index (RDTE for the subject.
1004751  14B. The method of onge or more examples 1B-14B, wherein an activation potential
ratio of the subject’s blood is generated based on one or more resulis of the at least one LAFA
from the blood of the subject divided by the one or more results of the at least one LAFA of
Mn2+ treat blood sample of the subject.
{00476]  15B. The method of one or more of examples 1B and 15B, wherein the level of
activation of the one or more leukocvies molecules 15 used to assess an adhesive function of the
one or more leukocvte molecules in the blood sample from the subject with respect o a discase
in the subject that at least in part mnvolves one or more of the following: abnormal leukocyte
recruitment, adhesion and/or migration; progression of inflammation; progression of ap
autoimmune state; progression of an immune deficiency state; and progression of an infectious
state.
{00477}  16B. The method of one or more of examples 1B and 168, wherein the discase at
least m part involves multiple sclerosis (MS).
[00478]  17B. The method of one or more of examples 1B and 17B, wheremn the discase at

least in part involves of inflammatory bowel disease (IBD).
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{00479]  18B. The method of one or more of examples 1B-188, wherein the one or more
results of the at least one LAFA are used to stratify the sobject and to assess a subject’s
respond, or potential response, o a drug treatment for controlling progression of the disease.
[00480]  19B. The method of one or more of examples 1B-198, wherein the one or more
results of the at least one LAFA are used to stratify the subject and to predict a subject’s
respond, or potential response, to the drug treatment for controlling progression of the discase.
{00481}  20B The method of one or more examples 1B-20B, wherein the at least one LAFA
is conducted under static or non-static conditions,
[00482]  21B. The method of one or more examples 1B-20B, wherein the one or more results
of the at least onc LAFA arc used to assess drug efficacy in the subject being treated with a
drug.
[00483]  22B. The method of one or more examples 1B-20B, wherein the one or more results
of the at least one LAFA are used to assess drug sensitivity in the subject being treated with the
drog.
{00484}  23B. The method of one or more of examples 1B-20B, wherein the method is used
o assess drug sensitivity in the subject, the method further comprising the steps of:

{1y administering to the subject a known gquantity of the drug for a predetermined period
of ime;

(2) after step (1), subjecting a turther blood sample from the subject to at least one
LAFA; and

(3) based on one or more results of the at least one LAFA | repeating steps (1) and (2} in
order to assess drug sensitivity in the subject.
{00485]  24B. The method of one or more of examples 1B-20B, wherein the method 1s used
to assess drug sensitivity of the subject, the method further comprising the steps of;

(1} adding in vitre to one or more portions of the blood sample from the subject one or
more known quantitics of a drug;

(2) after step (1), subjecting the one or more portions of the blood sample to at least one
LAFA; and

(3) based on one or more results of the at least one LAFA, determuning drug sensitivity
of the subject.
{00486  25B. The method of one or more of examples 1B-20B, whergin the method 18 used
to monitor drug efficacy in the subject, the method further comprising the steps of

(1) administering to the subject a known quantity of the drug for a predetermined period

of time;
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(2) after step (1), subjecting a further blood sample from the subject to at least one
LAFA and

(3} based on one or more results of the af least one LAFA, repeating steps {1} and (2} in
order to monitor drug efficacy 1o the subject.
[00487]  26B. The method of one or more of examples 1B-20B, wherein the method 1s used
to monitor drug efficacy of the subject, the method further comprising the steps of!

(1) adding in vitro to ong or more portions of the blood sample from the sabject one or
more known guantities of a drug;

(2 after step (1), subjecting the one or more portions of the blood samplie to at least one
LAFA: and

(3} based on one or more results of the at least one LAFA | determining drug efficacy of
the subject.
[00488]  27B. The method of one or more of examples 1B-20B, wherein the method 1s ased
to determing a muinimum effective drug dose for the subject, the method further comprising the
steps of:

(1) adounistering to the subject a known quantity of the drug for a predetermined penod
of time;

(23 after step (1}, subjecting a further blood sample from the subject to at least one
LAFA; and

(3) based on one or more results of the atf least one LAFA | repeating steps (1) and (2} in
order to determine the minamum effective drug dose in the subject.
{00489]  28B. The method of one or more of examples 1B-20B, wherein the method is used
to determine a minimum effective drug dose for the subject, the method further comprising the
steps of!

(1} adding in vitro 10 the blood sample from the subject a known quantity of a drug;

(2} after step (1), subjecting the blood sample with the known quantity of the drug to at
feast one LAFA; and

(3) based on one or morg results of the at least ong LAFA, repeating steps {1} and (2}
until a minimum effective drug dose for treating the subject is determined.
[00490]  29B. The method of one or more of the examples 1B-27B, wherein the method
reduces side effects in the subject being treated.
100491  30B. The method of one or more of examples 1B-28B, wherein the method is used
to determine the effect of a drug on the adbesive function of the one or more leukocyic

molecules in the blood sample from the subject.
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{00492]  31B. The method of one or more of examples 1B-29B, wherein the method is used
to identify disease markers of the subject.
1004931  32B. The method of one or more of examples 1B-298, wherein the method is used
to monitor the subject’s health over a period of time, the method further comprnising the steps
of:

(1) obtaining one or more further blood samples from the subject and subjecting the one
or more further blood samples to at least one LAFA; and

(2) repeating step (1) over a perind of time in order to monitor the subject’s health;

wherein the period of time between the one or more blood samples is at least one or
more of the following: 1 week, 2 weeks, 3 weeks, 1 month, 2 months, 3 months, 4 months, 5
months, 6 months, 1 year, or 2 vears.
(00494} A system for performing the at least one LAFA based on the methods of one or
more examples 1B-32B.
{00495} A device for performing the at least one LAFA based on the methods of one or
more exaraples 1B-32B.
[00496]  Example 1C. A method of {a) predicting how a subject 1s hkely to respond to a
drug for controlling progression of a disease, (b} determining whether a drug can be used to
control or prevent progression of a disease ina subject, {¢) choosing a drug for preventing
or controlling progression of a disease in a subject, or {(d) wdentifving a drug for preventing
or controlling progression of a discase in a subject wherein the drug is capable of altering
leukocyte adhesion to an endothelial molecule, said method comprising the steps of

subjecting at least one blood sample obtained from the subject to at lcast one
leukocyte adhesive function assay in vitro; and

based on a result of the assay, (a) predicting how the at least one subsect is likely
to respond to the drug for controlling progression of the disease, (b) determining whether the
drug can be used to control or prevent progression of the disease mn the subject. (¢}
choosing a drug for preventing or controlling progression of the discase i the subject, or (d}
identifving a drug for preventing or controlling progression of the disease i the subject.
{004971  2C. The method of example 1C, wherein the method is used for personalised
medicine.
{00498  3C. The method of example 1T, wherein the method s used for distinguishing a
drug responder from a drug non-responder.
[004991  4C. The method of example 1C, wherein the method is used for testing many

subjects, for subject stratification (patient grouping).
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{00500}  5C. The method of example 1C, comprising the step of, in accordance with the
assay result, inaling the drug on the subject for controlling progression of the disease.
100501 6C. The method of example 1€, comprising the step of. in accordance with the
assay result, treating the subject with the drug for controlling progression of the disease.
[00502]  7C. The method of example 1C, comprising the step of, in accordance with the
assay result, determining an effective minimum therapeutic dose of the drug for the subject for
controlling progression of the discase whilst minimizing unwanted side effects caused by the
drug.
{00503]  8C. The method of example 7C, wherein the drug dose allows for restoration of
nunimal leukocyte cell interaction with endothelial cells in vive so as to minimize or prevent
pathologies such as progressive multifocal leukoencephalopathy (PML).
[00504]  9C. The method of example 1C, comprising the step of, in accordance with the
assay result, optimizing a dosage regimen for the drug for the subject for controlling
progression of the disease, for example, by altering drug dosage or changing the length of time
between sequential drug administrations.
1005051 10C. The method of example 1C, wherem the method is used for predicting or
determining whether a drug (1.2, compound, chemical, molecule, reagent, biologic, antibody or
other) could be useful for controlling progression of a disease for which the drug has not
previously been indicated.
[00506] 11, The method of example 1C, wherein the assay of the method can comprise the
step of identifving an adhesion anomaly or abuormality or a drug target and then choosing an
appropriate drug for controlling progression of the discase based on the drug target.
(005077 12C. The method of example 1C, wheren the assay of the method can comprise the
step of identifving an adhesion anomaly or abnormality or drug target and then choosing an
appropriate drug for controlling progression of the disease based on a reference database of
drug tarsets and drugs for those tarpets.
{00508}  13C. The method of example 12C, wherein the method comprises the step of
building a database of drug targets and drugs.
{00509} 14C. The method of example 13C, wherein the database 1s built based on known
drug targets and drugs.
[00510f  15C. The method of example 13C, wherein the database 1s built based on in vivo

drug treatments.
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{00511} 16C. The method of example 1C, wherein the assay of the method comprises the
step of assaying for more than one adhesion anomaly or abnormality or drag target at the one
time, preferably 2,3, 4,5, 6,7, 8, 9 or 10 drug targets or more.
{00512]  17C. The method of example 1C, wherein the method is a high throughput assay,
testing for a plurality of adhesion anomalies or abnormalities or drug targets at the one time.
[00513] 18 The method of example 1€, wherein the method 1s used to generate a
leukocyte adhesion fingerprint for a subject.
[005141  19C. The method of example 1C, wheren the method is used to identify different
leukocyte anomalics or abnormalities in a subject.
100515 20C. The method of example 1€, wherein the method is used for identifying disease
markers.
(00516} 21C. The method of example 1€, wherein the method is used to group
individuals/subjects regardless of disease.
{00517} 22C. The method of example 1C, further comprising the step of developing a
treatment for the subject regardless of discase diagnosis.
{00518]  23C. The method of example 1C, wheremn the method is used for igh throughput
drug screening in vive or in vitro.
100519 24C. The method of example 1€, wherein the method is used for industry scale
drug screening in laboratory aramals.
(00520} 23C. A method of determining how a subject administered a drug for controlling
progression of a disease is responding to that drug, wherein the drug is capable of aliering
lcukocyte adhesion to an endothelial molecule, said method comprising the steps of
subjecting at ieast one biood sample containing the drug obtained from the subject to at least
one leukocyte adhesive function assay in vitre; and
based on a result of the assay, determining how the subject is responding to the drug.
[00521]  26C. The method of example 25C, wherein the method is used for personalized
medicine.
{00522} 27C. The method of example 25C, wherein the method 1s used for distinguishing a
drug responder from a drug non-responder.
{00523} 28C. The method of example 25C, wherein the method is used for testing many
sabjects, for subject stratification {patient grouping}.
{005247  29C. The method of example 25C, wherein the method is used for high throughput
drug.

{00525} screening in vivo or in vitro.
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{00526}  30C. The method of example 25C, wherein the method is used for industry scale
drug screening in laboratory animals.

1005271 31C. The method of example 25C, wherein the method comprises the step of, in
accordance with the assay result, determining an cffective mininwum therapeutic dose of the
drug for the subject for controliing progression of the disease whilst minimising unwanted side
effects kcaused by the drug.

{00528]  32(. The method of example 31C, wherein the drug dose allows for restoration of
minimal leukocyie cell interaction with endothelial cells m vivo so as to minumise or prevent
pathologies such as progressive multitocal leukoencephalopathy (PML).

100529 33C. The method of example 25C, comprising the step of, in accordance with the
assay result, optimising a dosage regimen for the drug for the subject for controlling
progression of the disease, for example, by altering drug dosage or changing the length of time
between sequential drag admimstrations,

{00530} 34C. A method of optimising a dosage regimen for a subject taking a drug for
controlling progression of a disease, wherein the drug is capable of altering leukocvic adhesion
to an endothelial molecule, said method comprising the steps of! subjecting at least one blood
sample containing the drug obtained from the subject to at least one leukocyte adhesive
function assay in vitro; and based on a result of the assay, optimising the drug dosage regimen
for the subject to control progression of the disease.

[00531]  33C. The method of example 34C, comprising the step of, in accordance with the
assay resulf, determining an effective minimuem therapeutic dose of the drug for the subject for
controlling progression of the discase whilst minimising unwanted side effects caused by the
drug.

{00532  36C. The method of example 34C, wherein the drug dose allows for restoration of
nunimal leuvkocyte cell interaction with endothelial cells in vivs so as {o minimise or prevent
pathologics such as progressive multifocal leukoencephalopathy (PML).

[00533]  37C. The method of example 34C, comprising the step of, in accordance with the
assay result, optimising a dosage regimen for the drug for the subject for controlling
progression of the disease, for example, by altering drug dosage or changing the length of time
between sequential drug adoinistrations,

[00534]  38C. The method of example 34C, wherein gach time the assay is carried out, the
dosage regimen or minimum effective drug dose is optimised accordingly.

[00535] 39C. The method of example 34C, whercin the method provides an accurate

assessment of drug effectiveness, regardiess of serum drug concentration.
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[00536]  40C. A method of determining a mimimum offective drug dose for a subject for
controlling progression of a discase, wherein the drug is capable of altering leukocyte adhesion
to an endothelial molecule, said method comprising the steps of

(1) admimistering to the subject a known amount of the drug for a predetermined period
of time;

(2) after step (1), subjecting a blood sample containing the drug obtained from the
subject to a leukoovie adhesive function assay in vitro; and

(3) based on a result of the assay, repeating steps (1) and (2} until a minimum cffective
drug dose for the subject can be determined for controlling progression of the disease.
{00537 41C. The method of exampie 40C, comprising minimizing unwanted side effects
caused by the drug.
[00538]  42C. The method of example 40, comprising the siep of, in accordance with the
assay result, optimizing a dosage regimen for the drug for the subject for controlling
progression of the disease.
[00539]  43C. The method of example 40C, wherein drug sensitivity is tested m the subject
using {C30 or IC99 to obtain the mimmum effective drug dose.
{00540  44C. The method of example 40C, wherein the minimum effective drug dose allows
for restoration of minimal leukocvie cell interaction with endothelial cells in vive so as to
minimize or prevent pathologies such as progressive multifocal leukoencephalopathy (PML).
[00541]  453C. The method of example 1C, wherein the method entails performing a
leukocyte adhesive function assay to wdentify a leukocvte adhesion abnormality, choosing a
suitable drug based on the nature of the leukocyte adhesion abunormality, and determining the
cttect of the drug on the levkocyte adhesion abnormality.
[00542]1  46C. The method of example 45C, comprising the following steps: 1. Subjecting a
blood sample obtained from the subject to a leukocyte adhesive function assay to identify a
leukocyie abnormality; 2. Choosing a suitable drug candidate (or more than one drug candidate)
that could potentially be used for such an abnommality; 3. Treating a blood sample with the
suitable drug candidate in vitro at various doses; 4. Performing a further leukocyte adhesive
function assay 1o test the effect of the drug candidate on the leukocyite abnormality; 5. Choosing
the best or most effective drug for the subject; 6. Admmistering the drug to the subject; 7.
Taking blood from the sobject at varicus time points post-drug administration; and, 8.
Performing a leukocvie adhesive function assay to confirm the drug effect in the subject.
[00543]  47C. The method of cxample 45C, wherein deternuining the etfect of a drug m a

human subject entails carryving out the following steps: 1. Collecting blood from the subject; 2.
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Performing a first leukocyie adhesive function assay to obtain a baschine; 3. Administering a
drug to the subiect; and, 4. Performing a leokocyte adhesive function assay at various time
points postdrug administration to determine the drug effect.
[00544]  48C. The method of example 45C, wherein determining the effect of a drug in an
amimal model/laboratory animal subject (mouse, primate etc) entails carrying out the following
steps: 1. Collecting blood from the subject; 2. Performing a first leukocvte adhesive function
assay to obtain a baseline; 3. Admunistering a drug to the subject at varicus doses (each dose
will be an independent assay); and 4. Performing a leukocyvie adhesive function assay at varous
time poits post-drug administration to determine the drug effect.
1005451  49C. The method of example 45C, wherein determining the effect of a drug is
carried out in vitro using the following steps: 1. Collecting blood from a subject; 2. Treating the
blood with the drug at various doses; and, 3. Performing a leukocyie adhesive function assay at
various time points after the start of drug treatment, to determune the drug effects and time
required to reach such effects.
[00546]  50C. The method of anv one of the preceding examples, wherein the drug directly
mierteres with the binding of the leukocyte with the endothelial molecule.
[00547]  S1C. The method of any one of examples 1C-49C, wherein the drug indirectly
interferes with the binding of the leukocyie with the endothehal molecule.
[00548]  52C. The method of any one of examples 1C-49C, wherein the drug can target, bind
to, associate with or otherwise interfere with a leukoeyte adhesion molecule or other binding
molecule of the leukocyte.
{00549]  53C. The method of any one of examples 1C-49C, wherein the drug can target, bind
to, associate with or otherwise interfere with the endothelial molecule.
[00550f  54C. The method of any one of examples 1C-49C, wherein the drug can target, bind
to, associate with or otherwise wderfere with both a leukocyte adhesive maolecule or other
binding molecule and endothelial molecule.
[00551]  55C. The method of any one of examples 1C-49C, wherein the drug can mdirectly
influence the adhesion/interaction between the leukocvie and endothelial molecule by way of
exerting its effect upon another part or molecule of the icukocvic adhesion pathway.
[00552]  S6C. The method of any one of examples 1C-49C, wherein the drug can: regulate
expression of a gene that affects leukocyte adhesion (for example the drug can act on
intracellilar signaling pathways to regulate the expression of a gene that affects leukoeyie
adhesion); affect postiranslational modification of a gene product (RNA or protein) that affects

leukocyte adhesion; regulate transportation or translocation of a gene product that affects
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lcukocyte adhesion; and/or regulate the release from intracellular storage of a gene product that
affects leukocyte adhesion.
100553]  57C. The method of any one of examples 1C-49C, wherein the levkocyie 5 3
neutrophil, eosinophil, basophil, CD4 T lvmphocyte, CDE T Iymphocvte, T regulatory ccll, B
lymphocytes, dendritic cell, monocyte or natural killer cell.
[00554]  58(C. The method of any one of examples 1C-49C, wherein the leukocvie adhesion
molecule or other binding molecule of the leukocyvte is a selectin, integrin, chemokine or
chemokine receptor.
[005537  59C. The method of any one of examples 1C-49C, wherein the endothelial molecule
is a selectin, cell adhesion molecule {CAM), chemokine or chemokine receptor.
100556f  60C. The method of any ong of example 1C-49, whergin the leukocyte adhesion
molecule is: PSGL-~1, L-selectin, al mtegnn, o2 integrin, o3 mntegrin, o4 integrin, o integrin,
ab integrin, o7 integrin, af integrin, af integrin, al0 integrin, all ntegrin, oD integnn, oF
mtegrn, oV integrn, aX ntegrin, CD1la (ol mtegring, CB11b (oM mntegrin), Pl integrin, P2
mtegrn, B4 imtegrin, B35 integnin, P6 uvegrin, B7 integrin, P8 imtegrin, €44, ESL-1, CD43,
CDo66, CDI5 or ALCAM.
[00557]  61C. The method of any one of examples 1C-49C, wherein the endothehal molecule
is: E-selectin, Pselectin, VCAM-1, ICAM-1, ICAM-2, MadCAM-1, PECAM, GIvCAM-1,
JAM-A, JAM-B, JAM-C, JAM-4, JAM-L, CD34, CD99, VAP-1, L-VAP-2, ESAM, E-LAM,
cadhenn, or hyaluronic acid.
{00558}  62C The method of example 59C, wherein the chemokine and chemokine receptor
are selected from the group conmsisting of: chemokine CCLIL, CCL2, CCL3, CCLA4, CCLS,
CCLo6, CCL7, CCLE, CCLY9, CCLI0, CCLIL, CCLI2, CCL13, CCLi4, CCLIS, CCLIS,
CCL17, CCL18, CCLI9, CCL20, CCL21, CCL22, CCL23, CCL24, CCL25, CCL26, CCL27,
CXCLLOXCL2, CXCL3, CXCL4, CXCL3, CXCL6, CXCL7, CXCLE, CXCLY, CXCLIO,
CXCLL CXCL1Z, CXCLI3, CXCL4, CXCLI5, CXCL16, CXCL26, CX3CLE, XCL1 and
XCEZ; chemokine receptor CXCRI, CXCR2, CXCR3, CXCR4, CXRS, CXCR6, CCR],
CCR2, CCR3, CCRY, CCRS, CCR6, CCRT, CCRE, CCRY, CCRIO, CCRIL, CX3CRI and
XCR1.
[00559]  63C. The method of any one of examples 1C-49C, wherein the drug can regulate
the activity of a cytokine or chemoking.
100560  64C. The method of any one of examples 1C-49C, wherein the drug can alter post-
translational modification of an adhesion molecule or chemokine, alier protein mentbrane

translocation of an adhesion molecule, regulate the release of an adhesion molecule from
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mtracellular storage, act on intracellular signalling pathways to regulate the cxpression of an
adhesion molecule or chemokine gene, or regulate mobilisation of an adhesion molecule.
1005611 65C. The method of any one of examples 1C-49C, wherein the drug atienuates
leukocvte a4 mtegrin activation.
[00562]  66C. The method of any one of examples 1C-49C, wherein the drug interferes with
the interaction between lenkocvte ad mtegrin and its endothelial molecule.
(003631 67 The method of any one of examples 1C-49C, wherein the drug interferes with
the interaction between leukocvie-expressed PSGL~1 (P-sclectin glycoprotein ligand-1) and its
endothehal molecule, being P-selectin and/or E-selectin,
100564  68C. The method of any ong of examples 1C-49C, wherein the drug interferes with
the mteraction between leukocyte £2 integrin and #ts endothehal molecule.
1005651 69C. The method of any ong of examples 1C-49C, wherein the drug mnterferes with
the mteraction between intercellular adhesion maolecule-1 (ICAM-1) and/or vascular cell
adhesion molecule- 1 (VCAM-1) and its/their leukocyte adhesion molecule.
{00366] 70, The method of any one of examples 1C-49C, wherein the drug is an antibody
that interferes with the binding between o4fl7 integrin and MAJCAM-1.
[00567]  71C. The method of example 70C, wherein the drug is Natalizumab.
{00568  72C. The method of any one of examples 1C-49C, wherein the drug is an antibody
that interferes g4p7 integrin and MAJCAM-1.
[005691  73C. The method of example 72C, wherein the drug 1s Vedolizumab.
{00570  74C. The method of any one of examples 1C-49C, wheremn the drug is an antibody
that interferes CD1Ha (L) and HCAM-1.
{00571} 73, The method of example 74C, wherein the drug 1s Efalizumab or Odulimomab.
[00572]  76C. The method of any one of examples 1C-49C, wherein the drug is an antibody
that interferes with the binding between CD11b (oM} and ICAM-1.
1005731 77C. The method of example 76, wherein the drug 1s UK279, 2746,
(00574} 78C. The method of any one of examples 1C-49C, wherein the drug is an antibody
that interferes with the binding between B2 integnin and its endothelial molecule.
{00575} 79C. The method of example 78C, wherein the drug 13 Erlizumab or Roverlizumab.
{00376] 80, The method of any one of examples 1C-49C, wherein the drug is an antibody
that interferes with the binding between P integrin and its endothelial molecule.
[00577]  81C. The method of example 80C, wherein the drug is Etrclizumab.
{00578  82C. The method of any one of examples 1C-49C, wherein the drug is a steroid

such as glucocorticoid (corticosteroid).
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[0053791 83 The method of example 82C, wherein the drug is a steroid such as Budesonide,
Cortisone, Dexamethasone, Methyvloreduisolone, Prednisolone, or Prednisone.

100580  84C. The method of any one of examples 1C-49C, whergin the drug is 3 non-
sterotdal anti-inflammatory drug (NSAID).

[00581]  83C. The method of example 84C, wherein the drug 1s Celecoxib, Etoricoxib,
Ibuprofen, Ketoprofen, Naproxen and Sulindac.

{00382]  #6(. The method of any one of examples 1£-49C, wherein the drug is an immune
selective anti-inflammatory dertvative (ImSA1D).

{00583] 87C. The method of example 86C, wherein the drug is Sub-mandibular gland
peptide-T (SGP-T) or Phenyvlalanine-ghutamine-glycine {(FEG).

100584  88C. The method of any ong of examples 1£-49C, wherein the drug is a bioactive
compound from a plant.

{00585)  89C. The method of example 88C, wherein the drug is Plumbagin {from Plumbage
ylanicay or Phumericin (from Himatanthus sucuubal,

{00586]  90C. The method of any one of examples 1C-89C, wherein the drug 15 used to
control a discase involving abnormal leukocvie recruitment.

[00587]  91C. The method of any one of examples 1C-89C, wherein the drug is used to
control a discase involving inflammation.

[00588]  92C. The method of any one of examples 1C-89C, wherein the drug 1s used to
control progression of an autoimmune dissase.

{00389  93C. The method of any one of examples 1C-89C, wherein the drug 15 vsed to
control progression of an immunc-~deficient disease.

[00590]  94C. The method of any one of examples 1C-89C, wherein the drug is used to
control progression of an infectious disease.

100591 95C. The method of any one of examples 1C-89C, wherein the drug is used to
control progression of multiple sclerosis, Crohn’s discase. asthma, psonasis or theumatoid
arthristis.

(003921 96C. The method of any one of examples 1C-89C, wherein the drug 15 vsed to
control progression of diseasc caused by organ transplant, stroke, myvocardial infarction or
traumatic shock.

[005931  97C. The method of any one of the preceding examples, wherein the blood sample
is whole blood.

[005941  98C. The method of any one of the proceding examples, wherein the leukocvie

adhesive function assay/result is semi-quantitative and/or guantitative.
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[005957  99C. The method of any one of the preceding cxamples, wherein the leukocyte
adhesive function assay achieves one or more of the following: characterizing leukocyte cell
recritment; characterizing levkocyte cell tracking; charactenizing levkocyte cell migratory
behavior, 1n a quantifative manner,

[00596]  100C. The method of any once of the preceding examples, wherein the leukocvie
adhesive function assay entails quantitatively determining leukocyte migration.

{00397] 101C. The method of example 100C, wherein leukocyte migration includes
detecting, measuring or observing leukocyie cell tethering, rolling, slow rolling, finm adbesion,
crawhng and/or transendothelial nugration.

100598  102C. The method of any one of the preceding examples, wherein the leukocyie
adhesive function assay entails detecting, measuring or observing leukocyie cell average speed,
displacement, acceleration, deceleration, directionality, dwell time and/or straighiness.

[00599]  103C. The method of any one of the preceding examples, wheren the lsukocvis
adhesive function assay entails detecting, measuring or observing leukocvte migration under
realistic physiological conditions.

[00600]  104C. The method of any one of the preceding examples, wherein the assav allows
for simultaneous detection of different leukocvte subsets.

100601 105C. The method of any one of the preceding examples, wherein the leukocyie
adhesive function assay involves a flow assay.

[00602]  106C. The method of any one of the preceding examples, wherein the leukocvte
adhesive function assay allows for visual analysis for charactenizing levkocvie cell migratory
behavior, characterizing leukocyie cell tracking, or characterizing leukocyte cell recruitment by
the endothelial adhesion molecule.

[00603]  107C. The method of any one of the preceding examples, wherein the endothelial
molecule i3 in the form of a recombinant protein bound to a support or substrate.

[00604]  108C. The method of any onc of the preceding cxamples, wheren the endothelial
molecule that can be used as adhestve substrate (1.e. bound 1o a support or substrate) in the
leukocyte adhesive function assay is sclected from the group comsisting of 1. An adhesion
molecule; 2. Chemokine; 3. Punfied antigen and antificial antigen-prosenting cell systeny; 4.
Other molecule that can regulate cell~cell mieraction; and 5. Chemokine receptor.

[006051  109C. The method of any one of the preceding examples (in so far as they are
relevant), wherein the leukocyte adhesive function assay entails detecting, measunng or
observing the interaction hetween leukocyte-cxpressed PSGL-1 (P-selectin glycoprotein ligand-

1) and iis endothelial molecule, P-selectin and/or E-selectin,
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[00606]  110C. The method of any onc of the preceding examples (in so far as they are

relevant), wherein the LAFA entail quantitative assessment of ¢ integrin adhesion function.
100607]  111C. The method of any one of the preceding examples (in so far as they are

relevant), wherein the LAFA entails detecting, measuring or observing increased leukocyic a
integrin expression and activity.

[00608]  112C. The method of any onc of the preceding examples (in so far as they arg
relevant), wherein the leukocyte adhesive function assay entails measuring, detecting or
observing the interaction between leukocyte a4 mntegrin and endothelial VCAM-1.

[00609]  113C. The method of any one of the preceding examples (in so far as they are
relevant), wherein the leukocyte adhesive function assay entails detecting, measuring or
observing the interaction between Dlla {ol integrin} and ICAM-1.

[00610]  114C. The method of any one of the preceding examples (in so far as they are
relevant), wherein the leukocyte adhesive function assay entails detecting, measuring or
observing the interaction between CD11b {oM integrin} and ICAM-1.

{00611} 115C. The method of any onc of the preceding examples (in so far as they are
relevant), wherem the leukocyvie adhesive function assay entails detecting, measuring or
observing the interaction between 047 integrin and MAJCAM-1.

100612  116C. The method of any one of the preceding examples (in so far ag they are
relevant), wherein the leukocyte adhesive function assay entails detecting, measuring or
observing the inferaction between ntercellular adhesion molecule-1 (ICAM-1) and/or vascular
cell adhesion molecule~-1 {(VCAM-1} and their leukooyvte adhesion molecule.

{00613}  117C. The method of any one of the preceding examples (in so far as they are
relevant), wherem the leukocyvie adhesive function assay entails detecting, measuring or
observing the interaction between leukocyte B7 integrin and its endothelial molecule.

100614  118C. The method of any one of the preceding examples (in so far as they are
relevant), wherein the leukocyte adhesive function assay entails measuring one or more specific
subsets of leukocytes, such as CD4, CD8 and CD135 cells,

{00615)  119C. The method of anvy one of the preceding examples (in so far as they are
relevant},

wherem the leukocyte adhesive function assay entails detecting, measuring or observing
leukocyte migratory behaviours on cytokine or chemokine (e.g. THFo and 1L-4) activated
primary endothelial cell {e.g. HUVEC) or immobilised endothelial ccli line {c.g. human

nucrocirculation endothelial cell (HMECH.
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{006167  120C. The method of any one of the preceding examples (in so far as they are
relevant), wherein the leukocyte adhesive function assay entails detecting, measuring or
observing the effects of the drug Natalizamab on the leukocyte interaction with TNFo activated
HUVEC.
{00617} 121C. The method of any one of the preceding examples (in so far as they are
relevant), wherein the leukocvte adhesive function assay entails detecting, measuring or
observing Natalizumab-specific binding to a4 ntegrin on leukocytes.
[006187  122C The method of any one of the preceding examples (in so far as they are
relevant), wherein the leukocvte adhesive function assay entails measuring, detecting or
observing the inhibitory effects of Natalizumab on the o4 integrin function.
{006197  123C. The method of any one of the preceding examples {in so far as they are
relevant), wheremn the leukocvie adhesive function assay entails simultaneously detecting,
measuring or chserving different leukocyvie subsets by labelling the subsets with specific
membrane markers.
[006207  124C The method of any one of the preceding examples (in so far as they are
relevant), wherein the method 1s carried out as a blood test, performed at various time poinis
post-Natabizamab mfusion, the assav results are used to determine the need of Natalizumab
redosing, and the blood test is conducted 1n individual subjects to ensure drug effectivengss,
facilitating the development of optimal/personalised treatment regimen for individual subjects.
{00621} 125C. The method of any one of the preceding examples (in so far as they are
relevant}, wherein the method facilitates the restoration of immune response without
comprising the drug efficacy, allowing enough immune response each dosing circle to
cttectively eliminate risk of PML.
1006221 126C. The method of example 1C, wherein when the leukocyte adhesive function
assay is used for detecting activation of a drug target, the ability of the drug to control discase
progression is predicted.
[00623]  127C. The method of example 1C, wherem the method/assay is used to predict
whether the drug can be used to control the progression of yet other diseases not known to be
treatable using that drug.
[00624]  128C. A method of generating a leukocyie adhesion profile for a subject, said
method comprising the steps of!

subjecting at least one blood sample obtained from the subject to at least one

leukocyte adhesive function assay in vitro so as to quantitatively assess the adhesion
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functions of different leukocyie subsets to onc or more different endothelial
molecules
at substantially the same time; and
using the assay result for: identifying leukocyie abnormalitics; determination of
personalised pathogenesis; identification of new discase markers for diseases;
identifying carly signs of disgase; disease prediction; disease prevention; assisting
with early an accurate diagnosis; developing an effective and personalised treatment
for the subject; monitoring the health (healthy status) of the subject; grouping
subjects regardiess of disease; or developing a treatment for the subject regardless
of dis¢ase diagnosis.
1006251 129C. The method of example 128(, when carried out on a blood sample obtained
from a single subject.
[00626]  130C. The method of example 128C, when carried out on blood samples obtained
from a plurality of different subjects.
{00627 131C. The method of anv one of examples 128C to 130C, whercin cach subjectisa
healthy subject.
[00628] 132, The method of example 128C or example 130C, wherein cach subject has a
discase.
{00629} 133C. The method of anv one of examples 128C to 132C, wherein the assay is
carried out on a processed blood sample.
{00630 134C. The method of any one of examples 128C to 133C, wherein the leukocyte
adhesive function assay is a flow (cell) assay for quantitating leukocvite cell migratory
behaviour, leukocyte cell tracking, or leukocyvte cell recrmtment by the one or more endothelial
adhesion molecides.
1006311 135C. The method of any one of examples 128 to 134C, wherein one or more
endothelial molecules is/are in the form of a recombination protein bound to a support or
substrate, or a cell system overexpressing the one or more endothelial adhesion molecules.
1006321 136C. The method of any one of examples 128C to 135C, wherein the leukocyies
are as described in cxample 57,
[00633]  137C. The method of any one of examples 128C to 133C, wherein leukocyte
adhesion molecules or other binding molecules of the leukocyte are as described in examples
58C and 60.
[006341  138C. The method of anv one of examples 128C to 135C, wherein onc or more

endothelial molecules are as described in examples 539 and 61,
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{006357  139C. The method of any one of examples 128C to 138C, when assaving the
adhesion of different leukocvie subsets in individual flow channels, which can be pre-coated
with specific endothelial molecule substrates, so that cell migration profiles for cach adhesion
molecule on a specific leukocyte subset can be generated.
[00636]  140C. The method ot any one of examples 128C to 139C, wherein the assay of the
method comprises the step of identifying a drug target and then choosing an appropriate drug
for controlling progression of the disease based the drug target.
{00637}  141C. The method of anvy onc of examples 128C to 140C, wherein the assay of the
method comprises the step of identitving a drug target and then choosing an appropriate drug
for controlling progression of the discase based on a reference database of drug targets and
drugs for those targets.
[00638]  142C. The method of example 141C, wheren the assay of the method comprises
the step of building a database of drug targets and drugs.
{00639 143C. The method of any one of examples 128C to 142C, wherein the assay of the
method comprises the step of assaying for more than one drug target at the one time {(e.g. 2, 3,
4,5,6,7, 8, 9 or 10 drug targets or more).
{00640  144C. The method of any one of examples 128C to 143C, wherein the method is a
high throughput assay, testing for a plurality of drug targets at the one time.
[00641]  Example 1. A method of (a) predicting how a subject is likely to respond to a drug
for controlling progression of a disgase, (b} determining whether a drag can be used to control
or prevent progression of a disease in a subject, {¢) choosing a drug for preventing or
controlling progression of a disease in a subject, or (d) identifving a drug for preventing or
controthing progression of a disease in a subject, wherein the drug 1s capable of altering
leukocyte adhesion to an endothelial molecule, said method comprising the steps of;
subjecting at least one blood sample obtained from the subject to at least one
leukocyte adhestve function assay in vitro; and
based on a result of the assay, (a) predicting how the at least one subject 1s hikely
to respond to the drug for controlling progression of the disease, (b} determuning
whether the drug can be used to control or prevent progression of the discase in the
subject, {¢} choosing a drug for preventing or controlling progression of the disease in
the subject, or (d} identifving a drug for preventing or controlling progression of the

disease in the subject.
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{006421 2D, A method of determining bow a subject administered a drug for controlling

progression of a disease 18 responding to that drug

g, wherein the drog is capable of altering
leukocyie adhesion to an endothelial molecule, said method comprising the steps of

subjocting at least one blood sample containing the drug obtained from the subject to at
least one leukocyie adhesive function assay in vifro; and

based on a result of the assay, determining how the subject is responding to the drug.
{00643}  3D. A method of optimising a dosage regimen for a subject taking a drug for
controlling progression of a disease, wherein the drug is capable of altering leukocvie adhesion
1o an endothelial molecule, said method comprising the steps of:

subjocting at least one blood sample containing the drug obtained from the subject to at
least one leukocyte adhesive function assay in virre; and

based on a result of the assay, optimising the drug dosage regimen for the subject to
control progression of the disease.
{00644}  4D. A method of determining a minimum cffective drug dose for a subject for
controlling progression of a disease, wherein the drug is capable of altering leukocvie adhesion
1o an endothelial molecule, said method comprising the steps of:

(1) administering to the subject a known guantity of the drug for a predetermined pertod
of ime;

(2) afier step (1), subjecting a blood sample containing the drug obtained from the
subject to a leukocvie adhesive fimetion assay in vitro; and

(3) based on a result of the assay, repeating steps (1) and (2} votil 3 minimum offective
drug dose for the subject can be determined for controlling progression of the discase.
[00645]  SD. A flow assav or flow device for carrving out the method as exampleed in any
one of examples 1 to 4.
100646 6D, A method of generating a leukocyte adhesion profile for a subject. said method
comprising the steps of:

subtecting at least one blood sample obiained from the subject to at least one

feukocyte adhesive function assay in vitro so as to quantitatively assess the adhesion

functions of ditferent leukocvte subscts to one or more ditferent endothelial molecules

at substantially the same time; and

using the assay resolt for: dentifying leukocyte abnormalities; determination of
personalised pathogenesis; identification of new discase markers for discases;
identifving early signs of discase; diseasc prediction; diseasc prevention; assisting with

carly and accurate diagnosis; developing an effective and personalised treatment for the
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subjoct; monitoring the health (healthy status) of the subject; grouping different subjects
regardless of disease; or developing a treatment for the subject regardless of discase
diagnosis.
[00647]
{00648]  The term ‘comprise’ and varants of the term such as ‘comprises’ or “comprising’
are used herein to denote the inclusion of a stated integer or stated mtegers but not to exclude
any other integer or any other integers, unless in the context or usage an exclusive nterpreiation
of the torm is required.
[00649] APPENDIX A
Protocol for leukocyte adhesive functions assay according to certain exemplary
embodiments {LAFA)
- VCAM-1 assays
1. Introduction
The following protocol may be used with certain exemplary embodiments to carry out LAFA
using VUAM-1 as substrate (VCAM-1 assays). Leokocyvte adhesive function assay is an assay
that may be used to assess the ability of leukocyvtes to interact with other molecules in blood,
under certain flow conditions. Leukocytes are typically visualised 1n the blood by labeling with
one or more fluorescent dyes, so that they may be detected by, for example, a fluorescent
nicroscope. Suitable variations of this protocol are contemplated 1n some exemplary

embodiments.

To mimic blood microcirculation in vitro, a microfluidic systerm may be used. which consist of
a microtluidic pump and microfluidic chips/channels. Adhesive substrates may be pre~-coated
on the bottom of mucroftuidic channels, and blood samples may then be perfused through the
channels, allowing leakocyies to interact with pre-coated adhesive substrates. These
interactions may then be recorded by a microscope, and the images may then be analysed by
suttable software. As a result, the cell interaction behaviours may be deseribed using a range of
cell kinetic parameters, from which the ability of leukocytes to interact with specific adhesive
substrate may be assessed. The assessment may be qualitative, semi-substantially quantitative,

quantitative or combinations thereof,

2. Reagents and material

ay Human VCAM-1 protein (purchased from R&D system, Caté: ADPS)
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After receiving the vial from R&D, VCAM-1 protein was reconstituted in HBSS bufferto a
concentration of Img/ml. The VCAM-1 solution was then aliquoted to 2ul per tube (0.5
centrifuge tube), and stored at -80°C freezer. When needed, one aliquot/tube of VCAM-1 is
thawed out and used within 8 hours. No repeated frecze-thaw allowed.
b} Hanks” balanced salt solution (HBSS) (Sigma, Cat#: Hi387)
{Ome package of HBSS powder is reconstituted into a 1L water, and stored at 4°C fridge.
¢y Microftuidic chips: {(Microftuidic ChipShop, Cat#: 01-0178-0152-61)
PMMA, Lad thickness (175um)}
Straight channel chip (16 parallel channels), Mim: Luer inferface
Width (1,000um)/Depth (200um)/Length (18mm)
d} Chip Inlets
1. Mini luer to luer adapter: can hold up to 70ul blood
. Mini luer to luer adapter plus 300ul tank: can hold up to 500ul blood
ey MnCly, (Sigma, Cat#: 450995)
Make 0.5M stock, use 1:100 dilution in whole blood (5:mM of final concentration).
)} Fluorescence markers
1. CD4-Alexad88 (BD, Cat#: 557695)
1. CDR-PE (BD, Cat#: 555633)
ui. CDIS-APC (BD, Cat#: 551376)
iv. CD19-BV510(BD, Cat#: 562947}

3. Microfieidic chip preparation
a. Thaw out the VCAM-1 protein from the -80°C freezer, and dilute 1t to a
coneentration of 10ug/ml with HBSS.
b. Use 15ul of the diluted VCAM-1 protein solation to pre-coat cach microflaidic
chanunel, at 4°C overnight.
c. Always leave the first channel on the chip empty for auto-focusing on the In{Cell.
d. Next day, channels need to be washed with HBSS once before being used for

LAFA.

4, Blood collection
a.  7-10 ml of whole blood via venepuncture is needed, which include 2mi m EDTA

tbe (for FBE), and Sml 1n Lithium Heparin tube (for LAFA).
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If a butterfly is used for blood collection, 1t 1s preferred to collect 2ml blood 1n
EDTA tube first, and then 5ml in heparin tube. If a syringe is used, the order
does not matter,

After collection, store blood tubes at room temperature (20°C).

Avoid vigorously shaking to the blood tubes as it may activate the blood cells.

5. Blood pre-treatment and labelling

o

For cach assay, 130w heparinised blood is needed.
In some expermments, blood needs to be activated by 5mM Mn for 5 min at room
temperature {RT), before being used for the assay.
The following markers can be added alone or in anv combination to the whole
blood, incubating for 3min at RT.

- CD4-Alexad88 (2ul/100u! whole blood)

- CD8-PE (1.5pl/100u whole blood)

- CD15-APC 3ul/100u! whole blood}

- CD9-BV310 (2u1/100ul whole blood)
Wiesting drug effects {e.g. Natalizumab), the drug needs to be added to the
blood for 10min at RT before the assay. in Mn experiments, the drug needs to be

added at least Smin afier the Mn treatment.

6. The assay

o

Io

a o o P

@ oo

h.

Place the chip mto the shde holder of the nCell 2200
Ture on both top and bottom heaters to 39°C (which gives 35.5°C to the slide)
Load the blood sample to the inlet of the chip
Connect the outlet of the chip to the microfluidic pump
Open up the protocol in InCell operating software
Find the focus plane
Start the pump/blood perfusion at 0.6ml/hour
- 10ml syringe
- 16G needle
Start the recording

Video analysis
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a. Open Fuy1 open-source image analysis software. Download and install the
version suitable for your operating system prior to starting the analysis if you

haven’t used Fyt before {https/fimagei net/Fiji/Bowaloads).

b. Open macro ‘Re-order Hyperstack.ym’ by dragging and dropping into Fiji.

¢. Open macro ‘Scale Crop Flatten Image . 1im” by draggimg and droppmmg into Fiji.
d. Open B&C wimdow (Image > Adjust > Brighiness/Contrast}.

¢. Open TrackMate plugin {Plugins > Tracking > Load a TrackMate File) and

select “TrackMate Template xm!™.
f. Close window blank (V3.

Open your tmages (Plugins > Bio-Formats > Bio-Fommats Importer), double-

&

click on the first image only, the rest will be loaded amtomatically.
h.  Tick “‘Group files with similar names’, press “OK’. Everyvthing else should be
unticked, View should be ‘Hyperstack”, Color mode should be “Default’.
i, Tick ‘File name contains’ and type “A* & in the respective box.
1. Click on macro tab “Re-order Hyvperstack o, press Run.
k. Chck on macro tab *Scale Crop Flatten Irnage.ajm’, press Run.
L In the B&C window, press “Auto” 1o see the channel edges. Adjust ROl o
mechide the channel center and exclude channel edges. Pregs "OK.
m. delect the channel to be analvsed {e.g. Dap1)
1. Inthe TrackMate window, press the green “left” arrow button until greved out.
This is the start panel of the TrackMate analysis wizard.
o. Press ‘Refresh source’
p. Press green ‘right’ arrow button or “Please wait’ button twice.
g. Set Threshold to
- .4 for Dapi
- 1.0 for FITC
- 3.6 for Cy3
- 3.6 for Cy5
r. Press green ‘nght’ arrow button or “Please wait’ button once, wait until detection
is finished.
s. Press green ‘right” arrow button or “Please wait” button eight times to finish the

remaining steps of the wizard.
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t.  Press “Analysis” bution, save the first table {Track statistics) as .csv file. Name
pattern should mehude experiment number and channel (Example:
Exptl Dapi Tracks.csv).
u. [iscard the second table (Links in tracks statistics).
v. Shave the third table (Spots in tracks statistics) as .csv file. Name pattern should
mclude expenment number and channel {Example: Exptl Dapi Spots.csv).
w. Repeat steps m-v for all other channels to be analysed.
x. TrackMate .csv files can then be analysed m R,
See Figure 27
e Re-order Hyperstack ijm
e Scale Crop Flatien Image ijm

»  TrackMate Template xml

8. Secomndary data analysis

a. OpenR

b. Open “FlowAnalysis GUE v6.R”, developed by StickyCell

¢. Goto the “FlowAnalysis” window

d. Choose “Full” from the “Analvsis Type” menu

g, {hck on “Browse Working Directory™ to choose the fold where the files to be

analysed are located.
f Chick on “Browse Control” to choose one Excel file, exported from “Trackmate”
g. Click on “Browse Patient” o choose another Excel file, exported from
“Trackmate”
h. Press “Analyse” button.
. All parameters will be generated 1n a sub-fold in the same fold.
See Figure 27
e FlowAnalysis GUI v6.R
{00650}  Reference throughout this specification to “one embodiment” or “an embodiment’
means that a particular feature, structure, or characteristic described in connection with the
embodiment is mchided in at least one embodiment of the present mnvention. Thus, the
appearance of the phrases ‘n one embodiment” or “in an embodiment’ m various places
throughout this specification are not necessarily all referring to the same embodiment.

Furthermore, the particular features, structures, or charactenistics may be combined in any
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suitable manner in one or more combinations,

In compliance with the statute, the mvention has been described in language more or less
specific to structural or methodical features. It is to be undersiood that the invention is not
timited to specific features shown or described simce the means herein described comprises
preferred forms of putting the invention into effect. The invention 1s, therefore, claimed n any
of its forms or modifications within the proper scope of the appended clamms (if any}

appropriately interpreted by those skilled in the art,
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CLAIMS

1.

A method to assecss a subject’s response, or potential response, to a drug freatment
suitable for controlling progress of a disease, wherein the druog is capable of altering
leukocyte recruitment, adhesion and/or migration, the method comprising the steps of:

obtaining a blood sample from the subject;

subjecting the blood sample to at least one leukocyte function assay (LAFA),
wherein the LAFA assesses leukocyte recruitment, adhesion and/or migration to at least
one or more of the following: at lcast one endothelial molecule and at least one cell; and

based at least in part on one or more results of the at lcast one LAFA, assess a
subject’s respond, or potential response, to the drug ftreatment for controlling

progression of the disease.

A method to assess a subject’s response, or potential response, to a drug treatment
suitable for controlling progress of a disease, wherein the drug is capable of altering
leukocyie recruitment, adhesion and/or migration, the method comprising the steps of:

obtaining a bloed sample from the subject;

subjecting the blood sample to at least one lecukocyie function assay (LAFA),
wherein the at least one LAFA quantitatively and/or semi-quantitatively assesses
leukocyte recruitment, adhesion and/or migration under realistic physiological
conditions to at least one or more of the following: at least one endothelial molecule and
at least one cell expressing an endothelial molecule; and

based at least in part on one or more results of the at least one LAFA, assess a
subjoct’s respond, or potential response, to the drug treatment for controlling

progression of the discase.

The method of claim I, wherein the at least one LAFA is conducted on one or more of
the following substrates: VCAM-1, MAdCAM-1, P-Selectin, E-selectin, 11-8, SDF1x

and one or more cells expressing an endothelial molecule.

The method of claim 1, wherein the at least one LAFA is conducted on two or more of
the following substrates: VCAM-1, MAJCAM-1, P-Selectin, E-selectin, [L-8, SDFlg

and one or more cells expressing an endothelial molecule.



WO 2018/068104 PCT/AU2017/051118

6.

9.

107
The method of claim 1, wherein the at least one LAFA is conducted on three or more of

the following substrates: VCAM-1, MAJCAM-1, P-Selectin, E-selectin, [L-8, 5DFlg

and one or more cells expressing an endothelial molecule.

The method of one or more of claims 1-4, wherein the at least one LAFA measures one
or more the following parameters: a quantification of volling leukocyte cells detected, a
quantification of adhesion lcukocyte cells detected, a quantification of crawling
leukocyte cells detected, an average speed of individual leukocyte cells detected, an
average straightness of individual leukocyte cells detected, an average displacerent of
individual leukocyte cclis detecied and an average dwell time of individual leukocyic

cells detected.

The method of one or more of claims 1-4, wherein the at least one LAFA measures two
or more the following parameters: a quantification of rolling leukocyte cells detected, a
quantification of adhesion leukocyte cells detected, a quantification of crawling
leakocyte cells detected, an average speed of individual leukocyite cells detected, an
average straightness of individual lenkocyte cells detected, an average displacement of
individual leukocyte cclis detecied and an average dwell time of individual leukocyic

cells detected.

The method of one or more of claims 1-4, wherein the at least one LAFA measures four
or more the following parameters: a quantification of rolling leukocyte cells detected, a
quantification of adhesion leukocyte cells detected, a quantification of crawling
leakocyte cells detected, an average speed of individual levkocyie cells detected, an
average straightness of individual leukocyte cells detected, an average displacement of
individual leukocvie cells detected and an average dwell time of individual leukocyte

cells detected.

The method of one or more of claims 1-4, wherein the at least one LAFA measures six
or more the following parameters: a quantification of rolling leukocyte cells detected, a
quantification of adhesion leukocyte cells detected, a quantification of crawling
leukocyte cells detected, an average speed of individual leukocyte cells detected, an

average straighiness of individual leukocyte cells detected, an average displacement of
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individual leukocyte cells detected and an average dwell time of individual leukocyte

cells detected.

The method of one or more of claims 1-9, wherein the blood sample from the subject is
treated with Mn2+ and the at least one LAVA is conducted on the Mn2+ treated blood
sample and the one or more results of that at least one LAFA are used for generating

one of more parameters that are used for generating one or more indexes.

The method of one or more of claims 1-10, wherein at least one healthy blood sample is
treated with Mn2+ and the at least one LAFA is conducted on the at least one healthy
Mn2+ blood treated sample and the one or more results of the at least one LAFA are
used for generating one or more parameters that are used for generating one or more

indexes.

The method of one or more claims 1-11, wherein the one or more results of the at least
one LAFA from the blood sample from the subject is used as a control for generating

one or more parameters that are used for generating one or more indexes.

The method of one or more claims 1-12, wherein the one or more results of the at least
one LAFA from at least one healthy blood sample is used as a control for generating one

or more parameters that are used for generating one or more indexcs.

The method of one or more claims 1-13, wherein one or more of the following one or
more indexes is generated: a relative straightness index (RSTI), a relative speed index

(RSI) and a relative dwell time index (RDTI) for the subject.

The method of one or more claims 1-14, wherein an activation potential ratio of the
subject’s blood is generated based on one or more resubts of the at least ong LAFA from
the blood of the subject divided by the one or more results of the at Ieast one LAFA of

Mn2+ treat blood sample of the subject.

The method of one or more of claims 1 and 15, wherein the disease at least in part

involves one or more of the following: abnormal leukocyte recruitment, adhesion and/or
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migration; progression of inflammation; progression of an aulotmmune state;

progression of an immune deficiency state; and progression of an infectious state.

The method of one or mwore of claims 1 and 16, wherein the disease at [east in part

involves multiple sclerosis (MS).

The method of one or more of claims 1 and 17, wherein the discase at least in part

involves of inflammatory bowel disease (IBD).

The method of one or more of claims 1-1%, wherein the one or more results of the at
least one LAFA are used to stratify the subject and to assess a subject’s respond, or

potential response, to the drug treatment for controlling progression of the discase.

. The method of one or more of claims 1-19, wherein the one or more results of the at

least one LAFA are used to stratify the subject and to predict a subjoct’s respond, or

potential response, to the drug treatment for controlling progression of the disease.

The method of one or more claims 1-20, wherein the at least one LAFA is conducted

under static or non-static conditions.

. A system for performing the at least one LAFA based on the methods of one or more

claims §-21.

3. A device for performing the at least one LAFA based on the methods of one or more

claims 1-21.
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