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1
AUTOIMMUNE DISEASE TREATMENTS

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/US2014/037339, filed May 9, 2014, which
claims the benefit of U.S. Provisional Application No.
61/822,155, filed May 10, 2013, the content of each of which
1s incorporated herein by reference in 1ts entirety and for all
pUrposes.

REFERENCE TO A “SEQUENCE LISTING,” A
TABLE, OR A COMPUTER PROGRAM LISTING
APPENDIX SUBMITTED AS AN ASCII FILE

The Sequence Listing written 1n  file 48513-
S05COTUS_ST25.TXT, created Nov. 4, 2015, 17,270 bytes,
machine format IBM-PC, MS-Windows operating system, 1s
hereby incorporated herein by reference in 1ts entirety and
tor all purposes.

BACKGROUND OF THE INVENTION

Invasiveness 1s a pathogenic phenotype of fibroblast-like
synoviocytes (FLS) 1n rheumatoid arthritis (RA). See e.g.,
Noss, E. H., and Brenner, M. B., 2008. Immunological
reviews, 223:252-270; Bottini, N., & Firestein, GG. S. 2013.
Nat Rev Rheumatol, 9:24-33). FLS secrete components of
synovial fluid and provide structural and dynamic support to
the joint. In rheumatoid arthritis (RA) however, FLS assume
intrinsic invasive features, and mediate destruction of car-
tilage and bone. For example, FLS are an abundant source
of IL-6 1n the joints of subjects suflering RA. FLLS obtained
from patients with RA and cultured ex vivo or implanted into
immunodeficient mice display increased invasiveness coms-
pared to FLS from healthy subjects or patients with osteoar-
thritis (OA). See e.g., Bottini, N., & Firestein, G. S. 2013, 1d.
Targeting of FLLS 1s being considered as an option for

development of new therapies for RA. See e.g., Noss, E. H.,
and Brenner, M. B., 2008, Id.

Key proteins expressed by FLS include surface proteins,
¢.g., integrins, ICAM-1, VCAM-1, Cadherin-11, CD35, and
CD90, mtracellular proteins, e.g., vimentin, 6PGL, and
collagen proteins, e.g., Type IV collagen and Type V colla-
gen, as known in the art.

FLS behavior 1s controlled by a network of intracellular
signaling pathways, many of which rely upon reversible
phosphorylation of proteins on tyrosine residues. See e.g.,
Bottini, N., and Firestein, G. S. 2013, Id. Tyrosine phos-
phorylation results from the balanced action of protein
tyrosine kinases (P1TKs), which catalyze addition of phos-
phates on tyrosine residues, and phosphatases (PTPs), which

counter that action by tyrosine dephosphorylation. At least
50 PTPs are expressed in FLS (Stanford, S. M. et al., 2013.

Arthritis Rheum, 65:1171-1180), however little 1s known
about the involvement of PTPs in FLS functions. To identily
signaling mediators mvolved in promoting the unique
aggressive phenotype of RA FLS, we explored the role of a
PTP overexpressed in RA compared to OA FLS, PTPRK

(receptor tyrosine-protein phosphatase kappa).

There are provided herein, inter alia, methods and com-
positions for treatment of autoimmune disease including
imnvasiveness of FLLS 1n RA.
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2
BRIEF SUMMARY OF THE INVENTION

In a first aspect, there 1s provided a method of treating an
autoimmune disease 1n a subject 1n need thereof, the method
including administering to the subject an effective amount of
a PTPRK antagonist.

In another aspect, there 1s provided a method of decreas-
ing inflammation 1n a synovium of a subject in need thereot,
the method 1including administering to the subject an eflec-
tive amount of a PITPRK antagonist.

In another aspect, there 1s provided a method of decreas-
ing expression of PTPRK 1n a fibroblast-like synoviocyte,
the method including contacting said fibroblast-like syn-
oviocyte with an eflective amount of a PITPRK antagonist.

In another aspect, there 1s provided a decreasing TNF
activity, IL-1 activity or PDGF activity 1n a fibroblast-like
synoviocyte, the method including contacting the fibroblast-
like synoviocyte with an eflective amount of a PIPRK
antagonist.

In another aspect, there 1s provided a method of decreas-
ing i1nvasiveness or migration of a fibroblast-like synovio-
cyte, the method including contacting the fibroblast-like
synoviocyte with an effective amount of a PIPRK antago-

nist.
In another aspect, there 1s provided a pharmaceutical

composition including a PTPRK antagonist and a pharma-
ceutically acceptable excipient.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1F. TGF31-responsive PTPRK 1s required for
RA FLS mnvasiveness. F1G. 1A: Histogram depicts results of
PTPRK mRNA expression in FLLS measured by gqPCR.
Medianzinterquartile range (IQR) 1s shown. *, p<0.05,
Mann-Whitney test. Legend (left to right) OA FLS (n=12);
RA FLS (n=13). FIG. 1B: Western blotting of lysates from
3 RA and 3 OA FLS lines. FIG. 1C: Following treatment
with control (Ctl) or PIPRK ASO for 7 d, RA FLS mvaded
through Matrigel-coated transwell chambers 1n response to
50 ng/ml PDGF-BB for 24 hr. Graph shows median+IQR %

maximum number of cells per field. *, p<0.05, Mann-
Whitney test. Data from 4 independent experiments in

different FLS lines 1s shown. FIG. 1D: ASO-treated RA FLS

migrated through uncoated transwell chambers 1n response
to 5% FBS for 24 hr. Graph shows median£IQR % maxi-
mum number of cells per field. Data from 5 independent
experiments 1n different FLLS lines 1s shown. *, p<0.05,
Mann- Whitney test. FIG. 1E: ASO-treated RA FLLS migrated
out of a Matrigel sphere for 2 d 1n response to 10 ng/ml
PDGF or media alone. Left panel, graph shows mean+SD
cells per field. Data from 3 independent experiments in
different FLLS lines 1s shown. Significance was calculated
using the paired t-test. *, p<0.05. Right panel, representative
image. FIG. 1F: ASO-treated RA FLS were plated on
fibronectin (FN)-coated coverslips in the presence of 5%
FBS. Graphs show median+I(JR cell area after 15, 30 and 60
min. Data from 3 independent experiments 1n different FLLS
lines 1s shown. *, p<t0.05, Mann-Whitney test.

FIGS. 2A-2B. RPTPk promotes RA FLS migration
through dephosphorylation of SRC. FIGS. 2A-2B: RA FLS
migrated through uncoated transwell chambers 1n response
to 5% FBS 1n the presence of the SRC family kinase
inhibitor PP2 (FIG. 2A) or the phospholipase C gamma 1
inhibitor U73122 (FIG. 2B). Dimethyl sulfoxide (DMSQO) 1s

a control. Histograms depict median+xIQR % maximum
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number of cells per field. Data from 2 independent experi-
ments 1n different FLS lines 1s shown. *, p<0.05, Mann-
Whitney test.

FIGS. 3A-31. RPTPx 1s required for the pathogenic action

of RA FLS. FIGS. 3A-3E depict histograms of results of >

ASO-treated RA FLS which were stimulated with 50 ng/ml
TNFao for 24 hr or left unstimulated. Graph shows mean+SD
relative mRNA expression levels. *, p<0.03, paired t-test.
For each of FIGS. 3A-3E, left histogram group 1s unstimu-
lated, and right histogram group 1s TNFa stimulated; for
cach group, ordering 1s control ASO (Ctl ASO) and PTPRK
ASQO, left to nght. Legend: FIGS. 3A-3E: CXCL10 mRNA,
VCAM]I mRNA, MMP2 mRNA, MMP8 mRNA and
MMP13 mRNA, respectively. FIG. 3F: ASO-treated RA

FLS were intradermally implanted 1nto nude mice following
subcutancous 1njection of CFA. After 5 d, FLS 1nvasion
towards the inflammation site was measured by immuno-
histochemical staining of FLS 1n skin immediately adjacent
the CFA 1njection site. Graph shows median+IQR cells per
field. Data from 3 independent experiments in different FLS
lines 1s shown. *, p<0.05, Mann-Whitney test. Legend: Leit
histogram group (Ctl ASO); right histogram group (PTPRK
ASQO). FIG. 3G: Model depicting role of TGF3-dependent
RPTPx in RA pathogenesis. FIG. 3H-31: To induce PTPRK
expression, ASO-treated RA FLS were prestimulated with
50 ng/ml TGFP1 for 24 hr (or left unstimulated) in the
presence of ASQO. Cells were then stimulated with 50 ng/ml
TGFP1/PDGF/TNFa, or 50 ng/ml PDGF/TNFa, or leit
unstimulated for 24 hr. Graph shows meanxSD relative
mRNA expression levels for MMP13 mRNA (FIG. 3H) and
MMP14 mRNA (FIG. 3I). *, p<0.03, paired t-test. Legend:
FIGS. 3H-3I: left histogram group 1s unstimulated, middle
histogram group 1s PDGEF/TNFa stimulated, and right his-
togram group 1s TGFP1/PDGE/TNFa stimulated. For each
group, ordering 1s control ASO (Ctl ASO) and PTPRK ASO,
left to rnight.

FIG. 4. Following treatment with 2.5 uM Ctl or PTPRK
ASO for 7 days, RA FLS were stained with anti-beta-catenin
antibody, phalloidin and Hoechst and imaged by immuno-
fluorescence microscopy. Histogram FIG. 4 depicts propor-
tions of beta-catenin 1n cytosolic and nuclear fractions. Data
from 3 independent experiments in different FLLS lines 1s
shown. Significance was calculated using the Mann-Whit-
ney test. Legend: left group (cytosol); right group (nucleus).

Within each group the ASO employed was control ASO (Citl
ASQO) and PTPRK ASQO, 1 order left to right.

FIG. 5. RPTPx 1s expressed in RA synovial lining. Panels
show representative immunohistochemical staining of RA
synovial sections using anti-RPTPk (left panels) or control
IgG antibodies (rights panels).

FIGS. 6 A-6B. Knockdown of RPTPk, but not RPTPyu,
reduces RA FLS invasiveness. FIG. 6A: PIPRK 2 ASO
cnables eflicient knockdown of RPTPk. RA FLS were
treated with 2.5 uM Ctl or PITPRK_2 ASO for 7 days.
PTPRK expression was assessed by qPCR, normalized to
the housekeeping gene RPII, and plotted relative to the
PTPRK expression imn Ctl ASO-treated cells. Panel shows
meanzrange. Data from 2 independent experiments 1n dif-
terent FLLS lines 1s shown. Legend (histogram, left to right):
Control ASO (Ctl ASO) (SEQ ID NO:6); PIPRK_2 ASO
(SEQ ID NO:4). FIG. 6B: Following treatment with 2.5 uM
Ctl or PTPRK_2 ASO for 7 d, RA FLS mvaded through
Matrigel-coated transwell chambers 1n response to 50 ng/ml
PDGF-BB for 24 hr. Graph shows median+IQR % maxi-

mum number of cells per field. Data from 3 independent
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experiments 1n different FLLS lines 1s shown. Significance
was calculated using the Mann-Whitney test, *, p<t0.05.

0.03. Legend: see FIG. 6A.

FIGS. 7A-7G. RPTPk promotes IL-1 signaling in RA
FLS. Following treatment with Ctl ASO or PTPRK ASO for
7 days, RA FLS were stimulated with 50 ng/ml IL-1{3 for 24
h or left unstimulated. FIGS. 7A-7E depict histograms of
data for CXC10 mRNA, VCAMI1 mRNA, MMP2 mRNA,
MMP3 mRNA, and MMP13 mRNA, respectively. These
histograms depict mean+SD relative mRNA expression lev-
els. For each of FIGS. 7A-7E, histogram entries are (left to
right): unstimulated FLS with Ctrl ASO, unstimulated FLLS
with PTPRK ASO, IL-1 stimulated FLS with Ctl ASO, and
IL-1 stimulated FLS with PTPRK ASO. Significance was
calculated using the paired t-test *, p<0.05. FIGS. 7F-7G:
Representative 40x 1mages of mouse skin samples from
experiment described in Example 5 (e.g., FIG. 3C), showing

results from admimstration of Ctl ASO (FIG. 7F) and
PTPRK ASO (FIG. 7G). Arrows indicate mvading FLS

stained with an ant1 human Class I HLA antibody.

DETAILED DESCRIPTION OF TH.
INVENTION

(1]

I. Definitions

The terms “PTPR.,” “RPTP,” “rPTP” and the like refer, in
the usual and customary sense, to receptor-type protein
tyrosine phosphatases, which are found 1n nature as mem-
brane bound protein tyrosine phosphatases. In embodiments,
the RPTP 1s a mammalian RPTP (e.g. human, mouse, rat, or
other mammal). In embodiments, the RPTP 1s a human
RPTP. In embodiments, the RPTP refers to the protein
encoded by the gene PTPRK. It 1s understood that the term
“PIPRK” 1n the context of a gene refers to the gene
encoding receptor tyrosine-protein phosphatase kappa. It 1s
further understood that the terms “PTPRK.” “RPTPk.”
“RPTPk” and the like 1n the context of a protein refer to
receptor tyrosine-protein phosphatase kappa. In embodi-
ments, RPTP means the full length RPTP (e.g. the protein
translated from the complete coding region of the gene,
which may also include post-translational modifications). In
embodiments RPTP includes a fragment of the RPTP tull
length protein or a functional fragment of the full length
RPTP protein. In embodiments this definmition includes one
or all splice vanants of an RPTP. An RPTP may include all
homologs of the RPTP. In embodiments, PTPRK refers to
mammalian PTPRK. In embodiments, a PTPRK refers to a
human PTPRK. In embodiments, an RPTP includes all
splice variants of the RPTP. In embodiments, an RPTP may
referto 1, 2, 3,4, 5, 6,7, 8,9, 10, or more splice variants.

The terms “PTPR antagonist,” “RPTP antagonist” and the
like refer to an agent which reduces the level of activity or
a PIPR or the level of expression of a PTPR, e.g., RPTPk.
The term “PTPRK antagonist” refers to an agent which

reduces the level of activity or the level of expression of
RPTPk. A PTPR antagonist can be a RPTP binding agent, a

RPTP small molecule inhibitor, a RPTP allosteric inhibitor,
an anti-PTPR antibody, an anti-PTPR inhibitory nucleic
acid, an anti-PTPR RNAi1 molecule, or a PIPR ligand
mimetic, as disclosed herein. An “RPTP small molecule
inhibitor” 1s a small molecule which inhibits an RPTP. An

“PTPRK small molecule inhibitor” 1s a small molecule
which 1inhibits PTPRK. An “RPTP allosteric inhibitor” 1s a

molecule which can bind an allosteric site of an RPTP,

thereby inhibiting the RPTP. An “PTPRK allosteric 1nhibi-
tor” 1s a molecule which can bind an allosteric site of

PTPRK, thereby inhibiting the PTPRK. RPTP allosteric
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inhibitors (e.g., PTPRK allosteric inhibitors) can bind either
to the intracellular or extracellular regions of the RPTP (e.g.,
PTPRK) 1n regions of the protein that are not necessarily
binding sites for other ligands, as known in the art. In
embodiments, these agents do not directly compete for
binding with a ligand, but could cause a change in the
conformation of the protein that would affect either its
binding to ligands, 1ts activity, or other functions as known
in the art.

The terms “subject,” “patient,” “individual,” etc. are not
intended to be limiting and can be generally interchanged.
That 1s, an individual described as a “patient” does not
necessarily have a given disease, but may be merely seeking,
medical advice.

A “standard control” refers to a sample, measurement, or
value that serves as a reference, usually a known reference,
for comparison to a test sample, measurement, or value. For
example, a test sample can be taken from a patient suspected
of having a given disease (e.g. an autoimmune disease,
inflammatory autoimmune disease, cancer, infectious dis-
case, immune disease, or other disease) and compared to a
known normal (1.e., non-diseased) individual (e.g. a standard
control subject). A standard control can also represent an
average measurement or value gathered from a population of
similar individuals (e.g. standard control subjects) that do
not have a given disease (1.e. standard control population),
¢.g., healthy individuals with a sitmilar medical background,
same age, weight, etc. A standard control value can also be
obtained from the same individual, e.g. from an earlier-
obtained sample from the patient prior to disease onset. One
of skill will recognize that standard controls can be designed
for assessment ol any number ol parameters (e.g. RNA
levels, protein levels, individual RPTP levels, specific cell
types, specilic bodily fluids, specific tissues, synoviocytes,
synovial fluid, synovial tissue, fibroblast-like synoviocytes,
macrophage-like synoviocytes, and the like).

One of skill in the art will understand which standard
controls are most appropriate in a given situation and be able
to analyze data based on comparisons to standard control
values. Standard controls are also valuable for determining,
the significance (e.g. statistical significance) ol data, as
known 1n the art.

The terms “dose” and “dosage™ are used interchangeably
herein. A dose refers to the amount of active ingredient given
to an individual at each administration, or to an amount
administered 1n vitro or ex vivo. For the methods and
compositions provided herein, the dose may generally
depend to the required treatment for the disease (e.g. an
autoimmune, inflammatory autoimmune, cancer, infectious,
immune, or other disease), and the biological activity of the
RPTP binding agent, RPTP antagonist, anti-PTPR antibody,
ant1-PTPR inhibitory nucleic acid, anti-PTPR RNA1 mol-
ecule, or PTPR ligand mimetic. The dose will vary depend-
ing on a number of factors, including the range of normal
doses for a given therapy, frequency of administration; size
and tolerance of the individual; severity of the condition;
risk of side eflects; and the route of administration. One of
skill will recognize that the dose can be modified depending
on the above factors or based on therapeutic progress. The
term “dosage form™ refers to the particular format of the
pharmaceutical or pharmaceutical composition, and depends
on the route of admimstration. For example, a dosage form
can be 1n a liguid form for nebulization, e.g., for inhalants,
in a tablet or liquid, e.g., for oral delivery, or a saline
solution, e.g., for injection.

As used herein, the terms “treat” and “prevent” may refer
to any delay 1n onset, reduction 1n the frequency or severity
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of symptoms, amelioration of symptoms, improvement 1n
patient comiort or function (e.g. joint function), decrease in
severity ol the disease state, etc. The eflect of treatment can
be compared to an individual or pool of mdividuals not
receiving a given treatment, or to the same patient prior to,
or after cessation of, treatment. The term “prevent” gener-
ally refers to a decrease in the occurrence of a given disease
(e.g. an autoimmune, inflammatory autoimmune, cancer,
infectious, immune, or other disease) or disease symptoms
in a patient. As indicated above, the prevention may be
complete (no detectable symptoms) or partial, such that
fewer symptoms are observed than would likely occur
absent treatment.

By “eflective amount,” “therapeutically eflective
amount,” “therapeutically eflective dose or amount™ and the
like as used herein 1s meant an amount (e.g., a dose) that
produces eflects for which 1t 1s administered (e.g. treating or
preventing a disease). The exact dose and formulation will
depend on the purpose of the treatment, and will be ascer-
taimnable by one skilled in the art using known techniques
(see, e.g., Lieberman, Pharmaceutical Dosage Forms (vols.
1-3, 1992); Lloyd, The Art, Science and Iechnology of
Pharmaceutical Compounding (1999); Remington.: The Sci-
ence and Practice of Pharmacy, 20th Edition, Gennaro,
Editor (2003), and Pickar, Dosage Calculations (1999)). For
example, for the given parameter, a therapeutically effective
amount will show an increase or decrease of at least 5%,
10%, 15%, 20%, 25%, 40%, 50%, 60%, 75%, 80%, 90%, or
at least 100%. Therapeutic eflicacy can also be expressed as
“-fold” increase or decrease. For example, a therapeutically
effective amount can have at least a 1.2-fold, 1.5-fold,
2-fold, 5-fold, or more eflect over a standard control. A
therapeutically eflective dose or amount may ameliorate one
or more symptoms ol a disease. A therapeutically effective
dose or amount may prevent or delay the onset of a disease
or one or more symptoms of a disease when the effect for
which 1t 1s being administered 1s to treat a person who 1s at
risk of developing the disease.

The term “diagnosis™ refers to a relative probability that
a disease (e.g. an autoimmune, inflammatory autoimmune,
cancer, infectious, immune, or other disease) 1s present in the
subject. The term “prognosis™ refers to a relative probability
that a certain future outcome may occur 1n the subject with
respect to a disease state. For example, in the present
context, prognosis can refer to the likelihood that an 1ndi-
vidual will develop a disease (e.g. an autoimmune, mntlam-
matory autoimmune, cancer, infectious, immune, or other
disease), or the likely severity of the disease (e.g., extent of
pathological efiect and duration of disease). The terms are
not mtended to be absolute, as will be appreciated by any
one of skill in the field of medical diagnostics.

“Nucleic acid” or “oligonucleotide™ or “polynucleotide”
or grammatical equivalents used herein means at least two
nucleotides covalently linked together. The term “nucleic
acid” includes single-, double-, or multiple-stranded DNA,
RNA and analogs (dertvatives) thereof. Oligonucleotides are
typically from about 35, 6, 7, 8, 9, 10, 12, 15, 25, 30, 40, 50
or more nucleotides in length, up to about 100 nucleotides
in length. Nucleic acids and polynucleotides are a polymers
of any length, including longer lengths, e¢.g., 200, 300, 500,
1000, 2000, 3000, 5000, 7000, 10,000, or even longer.

Nucleic acids containing one or more carbocyclic sugars are
also included within one definition of nucleic acids. Modi-
fications of the ribose-phosphate backbone may be done for
a variety ol reasons, €.g., to increase the stability and
half-life of such molecules 1n physiological environments or
as probes on a biochip. Mixtures ol naturally occurring
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nucleic acids and analogs can be made; alternatively, mix-
tures of different nucleic acid analogs, and mixtures of
naturally occurring nucleic acids and analogs may be made.

A particular nucleic acid sequence also encompasses
“splice variants.” Similarly, a particular protein encoded by
a nucleic acid encompasses any protein encoded by a splice
variant of that nucleic acid. “Splice variants,” as the name
suggests, are products of alternative splicing of a gene. After
transcription, an imtial nucleic acid transcript may be
spliced such that different (alternate) nucleic acid splice
products encode different polypeptides. Mechanisms for the
production of splice variants vary, but include alternate
splicing of exons. Alternate polypeptides derived from the
same nucleic acid by read-through transcription are also
encompassed by this definition. Any products of a splicing
reaction, including recombinant forms of the splice prod-
ucts, are included 1n this definition. An example of potas-

sium channel splice variants 1s discussed in Leicher, et al.,
J. Biol. Chem. 273(52):35095-35101 (1998).

Nucleic acid 1s “operably linked” when 1t 1s placed into a
tfunctional relationship with another nucleic acid sequence.
For example, DNA for a presequence or secretory leader 1s
operably linked to DNA for a polypeptide 1t 1t 1s expressed
as a preprotein that participates in the secretion of the
polypeptide; a promoter or enhancer 1s operably linked to a
coding sequence 1f 1t aflects the transcription of the
sequence; or a ribosome binding site 1s operably linked to a
coding sequence 1f 1t 1s positioned so as to facilitate trans-
lation. Generally, “operably linked” means that the DNA
sequences being linked are near each other, and, 1n the case
of a secretory leader, contiguous and in reading phase.
However, enhancers do not have to be contiguous. Linking
1s accomplished by ligation at convenient restriction sites. If
such sites do not exist, the synthetic oligonucleotide adap-
tors or linkers are used in accordance with conventional
practice.

The term “probe” or “primer”, as used herein, 1s defined
to be one or more nucleic acid fragments whose specific
hybridization to a sample can be detected. A probe or primer
can be of any length depending on the particular technique
it will be used for. For example, PCR primers are generally
between 10 and 40 nucleotides 1n length, while nucleic acid
probes for, ¢.g., a Southern blot, can be more than a hundred
nucleotides 1n length. The probe may be unlabeled or labeled
as described below so that its binding to the target or sample
can be detected. The probe can be produced from a source
of nucleic acids from one or more particular (preselected)
portions of a chromosome, e.g., one or more clones, an
isolated whole chromosome or chromosome fragment, or a
collection of polymerase chain reaction (PCR) amplification
products. The length and complexity of the nucleic acid
fixed onto the target element 1s not critical. One of skill can
adjust these factors to provide optimum hybridization and
signal production for a given hybridization procedure, and to
provide the required resolution among different genes or
genomic locations.

The probe may also be 1solated nucleic acids immobilized
on a solid surface (e.g., nitrocellulose, glass, quartz, fused
silica slides), as 1n an array. In embodiments, the probe may
be a member of an array of nucleic acids as described, for
istance, 1 WO 96/17958. Techniques capable of producing
high density arrays can also be used for this purpose (see,

¢.g., Fodor (1991) Science 767-773; Johnston (1998) Curr.
Biol. 8: R171-R174; Schummer (1997) Biotechniques 23:
1087-1092; Kern (1997) Biotechniques 23: 120-124; U.S.
Pat. No. 5,143,854).
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A “labeled nucleic acid probe or oligonucleotide™ 1s one
that 1s bound, either covalently, through a linker or a
chemical bond, or noncovalently, through 1onic, van der
Waals, electrostatic, or hydrogen bonds to a label such that
the presence of the probe may be detected by detecting the
presence of the label bound to the probe. Alternatively, a
method using high aflinity interactions may achieve the
same results where one of a pair of binding partners binds to
the other, e.g., biotin, streptavidin.

The terms “identical” or percent sequence “identity,” 1n
the context of two or more nucleic acids or polypeptide
sequences, refer to two or more sequences or subsequences
that are the same or have a specified percentage of amino
acid residues or nucleotides that are the same (i.e., about
50% 1dentity, preferably 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or higher identity over a specified region, when
compared and aligned for maximum correspondence over a
comparison window or designated region) as measured
using a BLAST or BLAST 2.0 sequence comparison algo-
rithms with default parameters described below, or by
manual alignment and visual inspection (see, e.g., NCBI
web site at ncbi.nlm.mh.gov/BLAST/ or the like). Such
sequences are then said to be “substantially identical.” This
definition also refers to, or may be applied to, the compli-
ment of a test sequence. The definition also includes
sequences that have deletions and/or additions, as well as
those that have substitutions. Employed algorithms can
account for gaps and the like.

For sequence comparisons, typically one sequence acts as
a reference sequence, to which test sequences are compared.
When using a sequence comparison algorithm, test and
reference sequences are entered mto a computer, subse-
quence coordinates are designated, 1f necessary, and
sequence algorithm program parameters are designated.
Preferably, default program parameters can be used, or
alternative parameters can be designated. The sequence
comparison algorithm then calculates the percent sequence
identities for the test sequences relative to the reference
sequence, based on the program parameters.

A “comparison window”, as used herein, includes refer-
ence to a segment of any one of the number of contiguous
positions selected from the group consisting of from 20 to
600, usually about 50 to about 200, more usually about 100
to about 150 1n which a sequence may be compared to a
reference sequence of the same number of contiguous posi-
tions after the two sequences are optimally aligned. Methods
of alignment of sequences for comparison are well-known 1n
the art. Optimal alignment of sequences for comparison can
be conducted, e.g., by the local homology algorithm of
Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the
homology alignment algorithm of Needleman & Wunsch, J.
Mol. Biol 48:443 (1970), by the search for similarity
method of Pearson & Lipman, Proc. Nat'l. Acad. Sci. USA
85:2444 (1988), by computerized implementations of these
algorithms (GAP, BESTFIT, FASTA, and TFASTA i the
Wisconsin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by manual
alignment and visual inspection (see, e.g., Current Protocols
in Molecular Biology (Ausubel et al., eds. 1995 supple-
ment)).

A preferred example of algorithm that i1s suitable for
determining percent sequence identity and sequence simi-

larity are the BLAST and BLAST 2.0 algorithms, which are
described 1n Altschul et al., Nuc. Acids Res. 25:3389-3402
(197°7) and Altschul et al., J. Mol. Biol. 215:403-410 (1990),

respectively.




US 10,385,340 B2

9

The phrase “selectively (or specifically) hybridizes to™
refers to the binding, duplexing, or hybridizing of a mol-
ecule only to a particular nucleotide sequence with a higher
aflinity, e.g., under more stringent conditions, than to other
nucleotide sequences (e.g., total cellular or library DNA or
RNA).

The phrase “stringent hybridization conditions™ refers to
conditions under which a nucleic acid will hybridize to 1ts
target sequence, typically mn a complex mixture of nucleic
acids, but only weakly to other (i.e., non-target) sequences
(e.g., 10-1old less, 100-fold less, 1000-1old less, or even less
aflinity) or not at all (1.e., no detectable hybridization to a
sequence which 1s not a target sequence). Stringent condi-
tions are sequence-dependent and will be different 1n dii-
ferent circumstances. Longer sequences hybridize specifi-
cally at higher temperatures. An extensive guide to the
hybridization of nucleic acids 1s found 1n Tijssen, TECHNIQUES
IN BIOCHEMISTRY AND MOLECULAR BIOLOGY—HYBRIDIZATION WITH
NucrLelc Proges, “Overview of principles of hybridization
and the strategy of nucleic acid assays” (1993). Generally,
stringent hybridization conditions are selected to be about
5-10° C. lower than the thermal melting point (1) for the
specific sequence at a defined 10nic strength pH. The T 1s
the temperature (under defined 1onic strength, pH, and
nucleic concentration) at which 50% of the probes comple-
mentary to the target hybridize to the target sequence at
equilibrium (as the target sequences are present 1n excess, at
T, , 50% of the probes are occupied at equilibrium). Strin-
gent hybridization conditions may also be achieved with the
addition of destabilizing agents such as formamide. For
selective or specific hybridization, a positive signal 1s at least
two times background, preferably 10 times background
hybridization. Exemplary stringent hybridization conditions
can be as following: 50% formamide, 5xSSC, and 1% SDS,
incubating at 42° C., or, 5xSSC, 1% SDS, incubating at 65°
C., with wash 1n 0.2xSSC, and 0.1% SDS at 65° C. Exem-
plary “moderately stringent hybridization conditions™
include a hybridization 1n a butler of 40% formamide, 1 M
NaCl, 1% SDS at 37° C., and a wash 1n 1xSSC at 45° C. A
positive hybridization 1s at least twice background. Those of
ordinary skill will readily recognize that alternative hybrid-
ization and wash conditions can be utilized to provide
conditions of similar stringency. Additional guidelines for
determining hybridization parameters are provided 1n
numerous reference, e.g., and Current Protocols in Molecu-
lar Biology, ed. Ausubel, et al., John Wiley & Sons.

Nucleic acids may be substantially identical 11 the poly-
peptides which they encode are substantially identical. This
occurs, for example, when a copy of a nucleic acid 1s created
using the maximum codon degeneracy permitted by the
genetic code. In such cases, the nucleic acids typically
hybridize under moderately stringent hybridization condi-
tions.

An “inhibitory nucleic acid” 1s a nucleic acid (e.g. DNA,
RNA, polymer of nucleotide analogs) that 1s capable of
binding to a target nucleic acid (e.g. an mRNA translatable
into an RPTP) and reducing transcription of the target
nucleic acid (e.g. mRNA from DNA) or reducing the trans-
lation of the target nucleic acid (e.g., mRNA) or altering
transcript splicing (e.g. single stranded morpholino oligo). A
“morpholino oligo” may be alternatively referred to as a
“morpholino nucleic acid” and refers to morpholine-con-
taining nucleic acid nucleic acids commonly known 1n the
art (e.g. phosphoramidate morpholinio oligo or a “PMQO”).
See Marcos, P., Biochemical and Biophysical Research
Communications 358 (2007) 521-527. In embodiments, the
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binding (e.g. hybridizing) to a target nucleic acid (e.g. an
mRNA translatable into an RPTP) and reducing translation
of the target nucleic acid. The target nucleic acid 1s or
includes one or more target nucleic acid sequences to which
the mnhibitory nucleic acid binds (e.g. hybridizes). Thus, an
inhibitory nucleic acid typically 1s or includes a sequence
(also referred to herein as an “antisense nucleic acid
sequence’’) that 1s capable of hybridizing to at least a portion
ol a target nucleic acid at a target nucleic acid sequence. An
example of an inhibitory nucleic acid 1s an antisense nucleic
acid. Another example of an inlibitory nucleic acid 1is
s1IRNA or RNA1 (including their derivatives or pre-cursors,
such as nucleotide analogs). Further examples include
shRNA, miRNA, shmiRNA, or certain of their derivatives
or pre-cursors. In embodiments, the inhibitory nucleic acid
1s single stranded. In embodiments, the inhibitory nucleic
acid 1s double stranded.

An “anftisense nucleic acid” 1s a nucleic acid (e.g. DNA,
RNA or analogs thereof) that i1s at least partially comple-
mentary to at least a portion of a specific target nucleic acid
(e.g. a target nucleic acid sequence), such as an mRNA

molecule (e.g. a target mRNA molecule) (see, e.g., Wein-
traub, Scientific American, 262:40 (1990)), for example

antisense, SIRNA, shRNA, shmiRNA, miRNA (microRNA).
Thus, antisense nucleic acids are capable of hybridizing to
(e.g. selectively hybridizing to) a target nucleic acid (e.g.
target mRNA). In embodiments, the antisense nucleic acid
hybridizes to the target nucleic acid sequence (e.g. mRNA)
under stringent hybridization conditions. In embodiments,
the antisense nucleic acid hybridizes to the target nucleic
acid (e.g. mRNA) under moderately stringent hybridization
conditions. Antisense nucleic acids may comprise naturally
occurring nucleotides or modified nucleotides such as, e.g.,
phosphorothioate, methylphosphonate, and -anomeric
sugar-phosphate, backbone-modified nucleotides. An ““anti-
PTPR antisense nucleic acid” 1s an antisense nucleic acid
that 1s at least partially complementary to at least a portion
of a target nucleic acid sequence, such as an mRNA mol-
ecule, that codes at least a portion of the PTPR. An “PTPRK
antisense nucleic acid” 1s an antisense nucleic acid that 1s at
least partially complementary to at least a portion of a target
nucleic acid sequence, such as an mRNA molecule, that
codes at least a portion of RPTPk.

In embodiments, an antisense nucleic acid 1s a mor-
pholino oligo. In embodiments, a morpholino oligo 1s a
single stranded antisense nucleic acid, as 1s know 1n the art.
In embodiments, a morpholino oligo decreases protein
expression of a target, reduces translation of the target
mRNA, reduces translation imitiation of the target mRNA, or
modifies transcript splicing. In embodiments, the mor-
pholino oligo 1s conjugated to a cell permeable moiety (e.g.
peptide). Antisense nucleic acids may be single or double
stranded nucleic acids.

In the cell, the antisense nucleic acids may hybridize to
the target mRNA, forming a double-stranded molecule. The
antisense nucleic acids, interfere with the translation of the
mRNA, since the cell will not translate a mRNA that 1s
double-stranded. The use of antisense methods to inhibit the
in vitro translation of genes 1s well known i1n the art
(Marcus-Sakura, Anal. Biochem., 172:289, (1988)). Anti-
sense molecules which bind directly to the DNA may be
used.

Inhibitory nucleic acids can be delivered to the subject
using any appropriate means known in the art, including by
injection, inhalation, or oral ingestion. Another suitable
delivery system 1s a colloidal dispersion system such as, for
example, macromolecule complexes, nanocapsules, micro-
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spheres, beads, and lipid-based systems including oil-in-
water emulsions, micelles, mixed micelles, and liposomes.
An example of a colloidal system 1s a liposome. Liposomes
are artificial membrane vesicles which are usetul as delivery
vehicles 1n vitro and 1n vivo. Nucleic acids, including RNA
and DNA within liposomes and be delivered to cells 1 a
biologically active form (Fraley, et al., Trends Biochem. Sci.,
6:77, 1981). Liposomes can be targeted to specific cell types
or tissues using any means known in the art Inhibitory
nucleic acids (e.g. antisense nucleic acids, morpholino oli-
g0s) may be delivered to a cell using cell permeable delivery
systems (e.g. cell permeable peptides). In embodiments,
inhibitory nucleic acids are delivered to specific cells or
tissues using viral vectors or viruses.

An “s1RNNA” refers to a nucleic acid that forms a double
stranded RNA, which double stranded RNA has the ability
to reduce or mhibit expression of a gene or target gene when
the siRNA 1s present (e.g. expressed) in the same cell as the
gene or target gene. The siRNA 1s typically about 3 to about
100 nucleotides 1n length, more typically about 10 to about
50 nucleotides 1n length, more typically about 15 to about 30
nucleotides 1n length, most typically about 20-30 base
nucleotides, or about 20-25 or about 24-29 nucleotides 1n
length, e.g., 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30
nucleotides 1n length. siRNA molecules and methods of
generating them are described in, e.g., Bass, 2001, Nature,
411, 428-429; Elbashir et al., 2001, Nature, 411, 494-498;
WO 00/44895; WO 01/36646; WO 99/32619; WO
00/01846; WO 01/29058; WO 99/07409; and WO 00/44914.
A DNA molecule that transcribes dsRNA or siRNA (for
instance, as a hairpin duplex) also provides RNAi1. DNA

molecules for transcribing dsRNA are disclosed 1n U.S. Pat.
No. 6,573,099, and 1n U.S. Patent Application Publication

Nos. 2002/0160393 and 2003/0027783, and Tuschl and
Borkhardt, Molecular Interventions, 2:158 (2002).

The siRNA can be administered directly or siIRNA expres-
s1on vectors can be used to induce RNA1 that have different
design criteria. A vector can have inserted two inverted
repeats separated by a short spacer sequence and ending
with a string of T’s which serve to terminate transcription.

Construction of suitable vectors containing the desired
therapeutic gene coding and control sequences employs
standard ligation and restriction techniques, which are well
understood 1n the art (see Mamiatis et al., in Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Labo-
ratory, New York (1982)). Isolated plasmids, DNA
sequences, or synthesized oligonucleotides are cleaved, tai-
lored, and re-ligated in the form desired.

“Biological sample” or “sample” refer to materials
obtained from or dernived from a subject or patient. A
biological sample includes sections of tissues such as biopsy
and autopsy samples, and frozen sections taken for histo-
logical purposes. Such samples imnclude bodily fluids such as
blood and blood fractions or products (e.g., serum, plasma,
platelets, red blood cells, and the like), sputum, tissue,
cultured cells (e.g., primary cultures, explants, and trans-
formed cells) stool, urine, synovial tluid, joint tissue, syn-
ovial tissue, synoviocytes, fibroblast-like synoviocytes,
macrophage-like synoviocytes, immune cells, hematopoi-
ctic cells, fibroblasts, macrophages, T cells, etc. A biological
sample 1s typically obtained from a eukaryotic organism,
such as a mammal such as a primate e.g., chimpanzee or
human; cow; dog; cat; a rodent, e.g., guinea pig, rat, mouse;
rabbit; or a bird; reptile; or {fish.

A “biopsy” refers to the process of removing a tissue
sample for diagnostic or prognostic evaluation, and to the
tissue specimen itself. Any biopsy technique known 1n the
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art can be applied to the diagnostic and prognostic methods
disclosed herein. The biopsy technique applied will depend
on the tissue type to be evaluated (1.e., prostate, lymph node,
liver, bone marrow, blood cell, joint tissue, synovial tissue,
synoviocytes, fibroblast-like synoviocytes, macrophage-like
synoviocytes, immune cells, hematopoietic cells, fibroblasts,
macrophages, T cells, etc.), the size and type of a tumor (1.¢.,
solid or suspended (i.e., blood or ascites)), among other
factors. Representative biopsy techniques include excisional
biopsy, incisional biopsy, needle biopsy, surgical biopsy, and
bone marrow biopsy. Biopsy techniques are discussed, for
example, 1 Harrison’s Principles of Internal Medicine,
Kasper, et al., eds., 16th ed., 2005, Chapter 70, and through-
out Part V.

The terms “‘polypeptide,” “peptide” and “protein” are
used interchangeably herein to refer to a polymer of amino
acid residues. The terms apply to amino acid polymers 1n
which one or more amino acid residue i1s an artificial
chemical mimetic of a corresponding naturally occurring
amino acid, as well as to naturally occurring amino acid
polymers and non-naturally occurring amino acid polymer.

The term “amino acid” refers to naturally occurring and
synthetic amino acids, as well as amino acid analogs and
amino acid mimetics that function 1n a manner similar to the
naturally occurring amino acids. Naturally occurring amino
acids are those encoded by the genetic code, as well as those
amino acids that are later modified, e.g., hydroxyproline,
v-carboxyglutamate, and O-phosphoserine. Amino acid ana-
logs reters to compounds that have the same basic chemical
structure as a naturally occurring amino acid, 1.e., an «.
carbon that 1s bound to a hydrogen, a carboxyl group, an
amino group, and an R group, e.g., homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfonium. Such
analogs have modified R groups (e.g., norleucine) or modi-
fied peptide backbones, but retain the same basic chemical
structure as a naturally occurring amino acid. Amino acid
mimetics refers to chemical compounds that have a structure
that 1s different from the general chemical structure of an
amino acid, but that functions in a manner similar to a
naturally occurring amino acid.

Amino acids may be referred to herein by either their
commonly known three letter symbols or by the one-letter
symbols recommended by the IUPAC-IUB Biochemical
Nomenclature Commaission. Nucleotides, likewise, may be
referred to by theirr commonly accepted single-letter codes.

“Conservatively modified variants™ applies to both amino
acid and nucleic acid sequences. With respect to particular
nucleic acid sequences, conservatively modified variants
refers to those nucleic acids which encode identical or
essentially i1dentical amino acid sequences, or where the
nucleic acid does not encode an amino acid sequence, to
essentially identical sequences. Because of the degeneracy
of the genetic code, a large number of functionally 1dentical
nucleic acids encode any given protein. For instance, the
codons GCA, GCC, GCG and GCU all encode the amino
acid alanine Thus, at every position where an alanine 1is
specified by a codon, the codon can be altered to any of the
corresponding codons described without altering the
encoded polypeptide. Such nucleic acid variations are
“silent variations,” which are one species of conservatively
modified vanations. Every nucleic acid sequence herein
which encodes a polypeptide also describes every possible
silent variation of the nucleic acid. One of skill will recog-
nize that each codon 1n a nucleic acid (except AUG, which
1s ordinarily the only codon for methionine, and TGG, which
1s ordinarily the only codon for tryptophan) can be modified
to yield a functionally 1dentical molecule. Accordingly, each
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silent variation of a nucleic acid which encodes a polypep-
tide 1s implicit in each described sequence with respect to the
expression product, but not with respect to actual probe
sequences.

As to amino acid sequences, one of skill will recognize
that individual substitutions, deletions or additions to a
nucleic acid, peptide, polypeptide, or protein sequence
which alters, adds or deletes a single amino acid or a small
percentage of amino acids 1n the encoded sequence 1s a
“conservatively modified variant” where the alteration
results 1n the substitution of an amino acid with a chemically
similar amino acid. Conservative substitution tables provid-
ing functionally similar amino acids are well known in the
art. Such conservatively modified variants are 1n addition to
and do not exclude polymorphic variants, interspecies
homologs, and alleles disclosed herein.

The following eight groups each contain amino acids that
are conservative substitutions for one another: 1) Alanine
(A), Glycine (G); 2) Aspartic acid (D), Glutamic acid (E); 3)
Asparagine (N), Glutamine (Q); 4) Arginmine (R), Lysine (K);
5) Isoleucine (1), Leucine (L), Methionine (M), Valine (V);
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W); 7)
Serine (S), Threonine (1); and 8) Cysteine (C), Methionine
(M) (see, e.g., Creighton, Proteins (1984)).

A “label” or a “detectable moiety” 1s a composition
detectable by spectroscopic, photochemical, biochemical,
immunochemical, chemical, or other physical means. For
example, useful labels include °“P, fluorescent dyes, elec-
tron-dense reagents, enzymes (€.g., as commonly used 1n an
ELISA), biotin, digoxigenin, or haptens and proteins or
other entities which can be made detectable, e.g., by incor-
porating a radiolabel 1nto a peptide or antibody specifically
reactive with a target peptide. Any method known in the art
for conjugating an antibody to the label may be employed,
¢.g., using methods described 1n Hermanson, BIoCONTUGATE
TECcHNIQUES 1996, Academic Press, Inc., San Diego.

The term “recombinant” when used with reference, e.g.,
to a cell, or nucleic acid, protein, or vector, indicates that the
cell, nucleic acid, protein or vector, has been modified by the
introduction of a heterologous nucleic acid or protein or the
alteration of a native nucleic acid or protein, or that the cell
1s derived from a cell so modified. Thus, for example,
recombinant cells express genes that are not found within
the native (non-recombinant) form of the cell or express
native genes that are otherwise abnormally expressed, under
expressed or not expressed at all.

The term “heterologous” when used with reference to
portions of a nucleic acid indicates that the nucleic acid
comprises two or more subsequences that are not found 1n
the same relationship to each other 1n nature. For instance,
the nucleic acid 1s typically recombinantly produced, having,
two or more sequences irom unrelated genes arranged to
make a new functional nucleic acid, e.g., a promoter from
one source and a coding region from another source. Simi-
larly, a heterologous protein indicates that the protein com-
prises two or more subsequences that are not found in the
same relationship to each other in nature (e.g., a fusion
protein).

“Antibody” refers to a polypeptide comprising a frame-
work region from an immunoglobulin gene or fragments
thereol that specifically binds and recogmizes an antigen.
The recognized immunoglobulin genes include the kappa,
lambda, alpha, gamma, delta, epsilon, and mu constant
region genes, as well as the myriad immunoglobulin vari-
able region genes. Light chains are classified as either kappa
or lambda. Heavy chains are classified as gamma, mu, alpha,
delta, or epsilon, which in turn define the immunoglobulin
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classes, 1gG, IgM, IgA, IgD and IgE, respectively. Typically,
the antigen-binding region of an antibody will be most
critical 1n specificity and afhnity of binding. In embodi-
ments, antibodies or fragments of antibodies may be derived
from different organisms, including humans, mice, rats,
hamsters, camels, etc. Antibodies disclosed herein may
include antibodies that have been modified or mutated at one
or more amino acid positions to improve or modulate a
desired function of the antibody (e.g. glycosylation, expres-
s1on, antigen recognition, eflector functions, antigen bind-
ing, specificity, etc.).

An exemplary immunoglobulin (antibody) structural unit
comprises a tetramer. Each tetramer 1s composed of two
identical pairs of polypeptide chains, each pair having one
“light” (about 25 kD) and one “heavy” chain (about 50-70
kD). The N-terminus of each chain defines a variable region
of about 100 to 110 or more amino acids primarily respon-
sible for antigen recogmition. The terms variable light chain
(V,) and vanable heavy chain (V) refer to these light and

heavy chains respectively.

Antibodies exist, e.g., as mtact immunoglobulins or as a
number of well-characterized fragments produced by diges-
tion with various peptidases. Thus, for example, pepsin
digests an antibody below the disulfide linkages in the hinge
region to produce F(ab)',, a dimer of Fab which 1tself 1s a
light chain jomed to V,-C,1 by a disulfide bond. The
F(ab)', may be reduced under mild conditions to break the
disulfide linkage 1n the hinge region, thereby converting the
F(ab)', dimer mnto an Fab' monomer. The Fab' monomer 1s
essentially Fab with part of the hinge region (see Funda-
mental Immunology (Paul ed., 3d ed. 1993). While various
antibody fragments are defined in terms of the digestion of
an 1ntact antibody, one of skill will appreciate that such
fragments may be synthesized de novo either chemically or
by using recombinant DNA methodology. Thus, the term
antibody, as used herein, also includes antibody fragments
either produced by the modification of whole antibodies, or
those synthesized de novo using recombinant DNA meth-
odologies (e.g., single chain Fv) or those identified using
phage display libraries (see, e.g., McCaflerty et al., Nature
348:552-554 (1990)).

For preparation of suitable antibodies as disclosed herein
and for use according to the methods disclosed herein, e.g.,
recombinant, monoclonal, or polyclonal antibodies, many
techniques known 1n the art can be used (see, e.g., Kohler &
Milstein, Nature 256:495-497 (1973); Kozbor et al., Immu-
nology 1oday 4:72 (1983); Cole et al., pp. 77-96 1n Mono-
CLONAL ANTIBODIES AND CaNcCER THERAPY, Alan R. Liss, Inc.
(19835); Coligan, CurreNT ProTOCOLS IN IMMUNOLOGY (1991);
Harlow & Lane, ANTIBODIES, A LABORATORY MaNUAL (1988);
and Goding, MONOCLONAL ANTIBODIES: PRINCIPLES AND PRACTICE
(2d ed. 1986)). The genes encoding the heavy and light
chains of an antibody of interest can be cloned from a cell,
¢.g., the genes encoding a monoclonal antibody can be
cloned from a hybridoma and used to produce a recombinant
monoclonal antibody. Gene libraries encoding heavy and
light chains of monoclonal antibodies can also be made from
hybridoma or plasma cells. Random combinations of the
heavy and light chain gene products generate a large pool of
antibodies with diflerent antigenic specificity (see, e.g.,
Kuby, ImmunoLogy (374 ed. 1997)). Techniques for the pro-
duction of single chain antibodies or recombinant antibodies
(U.S. Pat. No. 4,946,778, U.S. Pat. No. 4,816,567) can be
adapted to produce antibodies to polypeptides as disclosed
herein. Also, transgenic mice, or other organisms such as
other mammals, may be used to express humanized or

human antibodies (see, e.g., U.S. Pat. Nos. 5,545,807;
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5,545,806; 5,569,825, 5,625,126; 5,633,425; 5,661,016,
Marks et al., Bio/Technology 10:779-783 (1992); Lonberg et
al., Nature 368:856-839 (1994); Morrison, Nature 368:812-
13 (1994); Fishwild et al., Nature Biotechnology 14:845-51
(1996); Neuberger, Nature Biotechnology 14:826 (1996);
and Lonberg & Huszar, Intern. Rev. Immunol. 13:65-93
(1993)). Alternatively, phage display technology can be used
to 1dentily antibodies and heteromeric Fab fragments that
specifically bind to selected antigens (see, e.g., McCatlerty

et al., Nature 348:552-534 (1990); Marks et al., Biotechnol-
ogy 10:779-783 (1992)). Antibodies can also be made bispe-
cific, 1.e., able to recognize two diflerent antigens (see, e.g.,
WO 93/08829, Traunecker et al., EMBO J. 10:3655-3659
(1991); and Suresh et al., Methods in Enzymology 121:210

(1986)). Antibodies can also be heteroconjugates, e.g., two

covalently joined antibodies, or immunotoxins (see, e.g.,
U.S. Pat. No. 4,676,980, WO 91/00360; WO 92/200373; and

EP 03089).

Methods for humanizing or primatizing non-human anti-
bodies are well known 1n the art (e.g., U.S. Pat. Nos.
4,816,567, 5,530,101; 5,8359,205; 5,585,089; 5,693,761;
5,693,762, 5,777,085; 6,180,370; 6,210,671; and 6,329,511;
WO 87/026771; EP Patent Application 0173494 Jones et al.
(1986) Nature 321:522; and Verhoyen et al. (1988) Science
239:1534). Humanized antibodies are further described 1n,
¢.g., Winter and Milstein (1991) Nature 349:293. Generally,
a humanized antibody has one or more amino acid residues
introduced 1nto 1t from a source which 1s non-human. These
non-human amino acid residues are often referred to as
import residues, which are typically taken from an import
variable domain. Humanization can be essentially per-
tormed following the method of Winter and co-workers (see,
¢.g., Morrison et al., PNAS USA, 81:6851-6855 (1984),
Jones et al., Nature 321:522-525 (1986); Riechmann et al.,
Nature 332:323-327 (1988); Morrison and O1, Adv. Immu-
nol., 44:65-92 (1988), Verhoeyen et al., Science 239:13534-
1536 (1988) and Presta, Curr. Op. Struct. Biol. 2:593-596
(1992), Padlan, Molec. Immun., 28:489-498 (1991); Padlan,
Molec. Immun., 31(3):169-217 (1994)), by substituting
rodent CDRs or CDR sequences for the corresponding
sequences of a human antibody. Accordingly, such human-
1zed antibodies are chimeric antibodies (U.S. Pat. No. 4,816,
56'7), wherein substantially less than an intact human vari-
able domain has been substituted by the corresponding
sequence from a non-human species. In practice, humanized
antibodies are typically human antibodies i which some
CDR residues and possibly some FR residues are substituted
by residues from analogous sites in rodent antibodies. For
example, polynucleotides comprising a first sequence cod-
ing for humanized immunoglobulin framework regions and
a second sequence set coding for the desired immunoglobu-
lin complementarity determinming regions can be produced
synthetically or by combining appropriate ¢DNA and
genomic DNA segments. Human constant region DNA
sequences can be 1solated in accordance with well known
procedures ifrom a variety of human cells.

A “chimeric antibody” 1s an antibody molecule 1n which
(a) the constant region, or a portion thereof, 1s altered,
replaced or exchanged so that the antigen binding site
(variable region) 1s linked to a constant region of a different
or altered class, eflector function and/or species, or an
entirely different molecule which confers new properties to
the chimeric antibody, e.g., an enzyme, toxin, hormone,
growth factor, drug, etc.; or (b) the variable region, or a
portion thereof, 1s altered, replaced or exchanged with a
variable region having a different or altered antigen speci-

10

15

20

25

30

35

40

45

50

55

60

65

16

ficity. The preferred antibodies of, and for use according to
the present disclosure include humanized and/or chimeric
monoclonal antibodies.

In embodiments, the antibody 1s conjugated to an “ellec-
tor” moiety. The eflector moiety can be any number of
molecules, including labeling moieties such as radioactive
labels or fluorescent labels, or can be a therapeutic moiety.
In one aspect the antibody modulates the activity of the
protein. Such eflector moieties include, but are not limited
to, an anti-tumor drug, a toxin, a radiocactive agent, a
cytokine, a second antibody or an enzyme.

The immunoconjugate can be used for targeting the
cllector moiety to an RPTPk positive cell, 1.e., cells which
express RPTPk, assay of which can be readily apparent
when viewing the bands of gels with approximately simi-
larly loaded with test and controls samples. Examples of
cytotoxic agents iclude, but are not limited to ricin, doxo-
rubicin, daunorubicin, taxol, ethidium bromide, mitomycin,
ctoposide, tenoposide, vincristine, vinblastine, colchicine,
dihydroxy anthracin dione, actinomycin D, diphteria toxin,
Pseudomonas exotoxin (PE) A, PE40, abrin, and glucocor-
ticoid and other chemotherapeutic agents, as well as radio-
1sotopes. Suitable detectable markers include, but are not
limited to, a radioisotope, a tluorescent compound, a biolu-
minescent compound, chemiluminescent compound, a metal
chelator or an enzyme.

Additionally, the recombinant proteins disclosed herein
including the antigen-binding region of any of the antibodies
disclosed herein can be used to treat inflammation. In such
a situation, the antigen-binding region of the recombinant
protein 1s joined to at least a functionally active portion of
a second protein having therapeutic activity. The second
protein can include, but 1s not limited to, an enzyme,
lymphokine, oncostatin or toxin. Suitable toxins include
doxorubicin, daunorubicin, taxol, ethidium bromide, mito-
mycin, etoposide, tenoposide, vincristine, vinblastine,
colchicine, dihydroxy anthracin dione, actinomycin D, diph-
teria toxin, Pseudomonas exotoxin (PE) A, PE40, ricin,
abrin, glucocorticoid and radioisotopes.

Techniques for conjugating therapeutic agents to antibod-
ies are well known (see, e.g., Amon et al., “Monoclonal
Antibodies For Immunotargeting Of Drugs In Cancer
Therapy”, 1n MoNocLONAL ANTIBODIES AND CANCER THERAPY,
Reisteld et al. (eds.), pp. 243-56 (Alan R. Liss, Inc. 19835);
Hellstrom et al., ANTmBoODIES For DRUG DELIVERY IN CONTROLLED
Druc DeLivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53
(Marcel Dekker, Inc. 1987); Thorpe, “Antibody Carriers Of
Cytotoxic Agents In Cancer Therapy: A Review” in Mono-
clonal Antibodies *84: Biological And Clinical Applications,
Pinchera et al. (eds.), pp. 475-506 (1985); and Thorpe et al.,
“The Preparation And Cytotoxic Properties Of Antibody-
Toxin Conjugates™, Immunol. Rev., 62:119-58 (1982)).

The phrase “specifically (or selectively) binds” to an
antibody or “specifically (or selectively) immunoreactive
with,” when referring to a protein or peptide, refers to a
binding reaction that 1s determinative of the presence of the
protein, oiten 1n a heterogeneous population of proteins and
other biologics. Thus, under designated immunoassay con-
ditions, the specified antibodies bind to a particular protein
at least two times the background and more typically more
than 10 to 100 times background. Specific binding to an
antibody under such conditions requires an antibody that 1s
selected for its specificity for a particular protemn. For
example, polyclonal antibodies can be selected to obtain
only those polyclonal antibodies that are specifically immu-
noreactive with the selected antigen and not with other
proteins. This selection may be achieved by subtracting out
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antibodies that cross-react with other molecules. A variety of
immunoassay formats may be used to select antibodies
specifically immunoreactive with a particular protein. For
example, solid-phase ELISA immunoassays are routinely
used to select antibodies specifically immunoreactive with a
protein (see, e.g., Harlow & Lane, Using Antibodies, A
Laboratory Manual (1998) for a description of immunoas-
say formats and conditions that can be used to determine
specific immunoreactivity).

As used herein, the term “pharmaceutically acceptable” 1s
used synonymously with “physiologically acceptable” and
“pharmacologically acceptable”. A pharmaceutical compo-
sition will generally include agents for bullering and pres-
ervation 1n storage, and can include buflers and carriers for
appropriate delivery, depending on the route of administra-
tion.

“Pharmaceutically acceptable excipient” and “pharma-
ceutically acceptable carrier” refer to a substance that aids
the administration of an active agent to and/or absorption by
a subject and can be 1included 1n the compositions disclosed
herein without causing a significant adverse toxicological
cllect on the patient. Unless indicated to the contrary, the
terms “active agent,” “active ingredient,” “therapeutically
active agent,” “therapeutic agent” and like are used synony-
mously. Non-limiting examples of pharmaceutically accept-
able excipients include water, NaCl, normal saline solutions,
lactated Ringer’s, normal sucrose, normal glucose, binders,
fillers, disintegrants, lubricants, coatings, sweeteners, fla-
vors, salt solutions (such as Ringer’s solution), alcohols,
oils, gelatins, carbohydrates such as lactose, amylose or
starch, fatty acid esters, hydroxymethycellulose, polyvinyl
pyrrolidine, polyethylene glycol, and colors, and the like.
Such preparations can be sterilized and, 1f desired, mixed
with auxiliary agents such as lubricants, preservatives, sta-
bilizers, wetting agents, emulsifiers, salts for influencing
osmotic pressure, bullers, coloring, and/or aromatic sub-
stances and the like that do not deleteriously react with the
compounds disclosed herein. One of skill in the art will
recognize that other pharmaceutical excipients are useful in
the methods and compositions disclosed herein.

Certain compounds disclosed herein can exist 1n unsol-
vated forms as well as solvated forms, including hydrated
forms. In general, the solvated forms are equivalent to
unsolvated forms and are intended to be encompassed within
the scope of the present disclosure. Certain compounds
disclosed herein may exist 1n multiple crystalline or amor-
phous forms. In general, all physical forms are equivalent
for the uses contemplated herein and are intended to be
within the scope of the present disclosure.

A “protein level of an RPTP” refers to an amount (relative
or absolute) of RPTP 1n 1ts protein form (as distinguished
from 1ts precursor RNA form). A protein of an RPTP may
include a full-length protein (e.g. the protein translated from
the complete coding region of the gene, which may also
include post-translational modifications), functional frag-
ments of the full length protein (e.g. sub-domains of the full
length protein that possess an activity or function in an
assay ), or protein fragments of the RPTP, which may be any
peptide or oligopeptide of the full length protein.

An “RNA level of an RPTP” refers to an amount (relative
or absolute) of RNA present that may be translated to form
an RPTP. The RNA of an RPTP may be a full-length RNA
suilicient to form a full-length RPTP. The RNA of an RPTP
may also be a fragment of the full length RNA thereby
forming a fragment of the full length RPTP. The fragment of
the full length RNA may form a functional fragment of the
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RPTP. In embodiments, the RNA of an RPTP includes all
splice variants of an RPTPR gene.

An “autormmune therapeutic agent” 1s a molecule (e.g.
antibody, nucleic acid, inhibitory nucleic acid, ligand
mimetic, small chemical molecule) that treats or prevents an
autoommune disease when administered to a subject 1n a
therapeutically eflective dose or amount. In embodiments,
an autoimmune therapeutic agent 1s an RPTP binding agent.
In embodiments, the therapeutic agent can bind to more than
one RPTP.

An “IAD therapeutic agent” 1s a molecule that treats or
prevents an itlammatory autoimmune disease (IAD) when
administered to a subject 1n a therapeutically eflective dose
or amount where the autoimmune disease 1s mediated by a

PTPR. Some non-limiting examples of an IAD therapeutic
agent include an IAD PTPR binding agent, anti-IAD PTPR

antibody, anti-IAD PTPR inhibitory nucleic acid, anti-PT-
PRK RNA1 molecule, and an IAD PTPR ligand mimetic. In
embodiments, IAD therapeutic agents are useful in methods
and compositions described herein relating to any autoim-
mune disease. In embodiments, the IAD therapeutic agent
can bind to more than one RPTP. In embodiments, the TAD
therapeutic agent can bind to RPTPk.

An “RPTP binding agent” 1s a molecule that binds (e.g.
preferentially binds) to one or more RPTPs, RNA that 1s
translatable to an RPTP, or DNA that is transcribable to an
RINA that 1s translatable to an RPTP. Where the molecule
preferentially binds, the binding 1s preferential as compared
to other macromolecular biomolecules present 1n an organ-
1sm or cell. A compound preferentially binds to as compared
to other macromolecular biomolecules present 1n an organ-

ism or cell, for example, when the preferential binding 1s
1.1-fold, 1.2-fold, 1.3-fold, 1.4-fold, 1.5-fold, 1.6-fold, 1.7-

fold, 1.8-fold, 1.9-10ld, 2-fold, 3-fold, 4-fold, 5-fold, 6-fold,
7-fold, 8-fold, 9-fold, 10-fold, 20-fold, 30-fold, 40-fold,
50-told, 60-fold, 70-fold, 80-fold, 90-fold, 100-fold, 200-
fold, 300-1fold, 400-fold, 500-fold, 600-fold, 700-fold, 800-
told, 900-1old, 1000-told, 2000-1old, 3000-told, 4000-fold,
5000-fold, 6000-tfold, 7000-fold, 8000-fold, 9000-fold,
10000 {fold, 100,000-told, 1,000,000-fold greater. In
embodiments, the RPTP binding agent preferentially binds
to one or more RPTPs. In embodiments, the RPTP binding
agent preferentially binds to one RPTP (e.g. RPTPK) 1n
comparison to one or more other RPTPs. In embodiments,
the RPTP binding agent preferentially binds to an RNA that
1s translatable to an RPTP (e.g. RPTPk) compared to an
RNA that 1s translatable to another RPTP nucleic acids. In
embodiments, the RNA 1s mRNA. In embodiments, the
RPTP binding agent 1s a protein, nucleic acid, ligand, ligand
mimetic, or a small chemical molecule. In embodiments, an
RPTP binding agent disrupts the interaction between an
RPTP and a physiological or natural ligand. In embodi-
ments, an RPTP binding agent binds a physiological or
natural ligand of the RPTP. In embodiments, an RPTP
binding agent binds the complex of an RPTP bound to a
ligand. In embodiments, the binding agent can bind to more
than one RPTP. An “RPTPk binding agent” or “PTPRK
binding agent™ 1s an RPTP binding agent that binds RPTPk.

An “anti-PTPR antibody” 1s an antibody, as disclosed
herein and well known 1n the art, directed to a PTPR. The
term “‘anti-PTPRK antibody™ and the like refer to an anti-
body directed to RPTPk.

An “anti-PTPR inhibitory nucleic acid” 1s an inhibitory
nucleic acid that 1s capable of hybridizing to target nucleic
acid sequence (e.g. an mRNA sequence) that is translatable
to a PTPR (e.g., RPTPk) or a target nucleic acid sequence
(e.g. a DNA sequence) that 1s transcribable to an RNA that




US 10,385,340 B2

19

1s translatable to a PTPR. The anti-PTPR inhibitory nucleic
acid 1s typically capable of decreasing the amount of PTPR
that 1s translated in a cell. An “anti-PTPRK 1inhibitory
nucleic acid” 1s an inhibitory nucleic acid that 1s capable of
hybridizing to target nucleic acid sequence (e.g. an mRNA
sequence) that 1s translatable to RPTPk or a target nucleic
acid sequence (e.g. a DNA sequence) that 1s transcribable to
an RNA that 1s translatable to RPTPk.

An “anti1-PTPR RNA1 molecule” 1s an siRNA, shRNA,
miRNA, shmiRNA, or other nucleic acid, as well known 1n

the art, that 1s capable of inducing RN A1 and hybridizing to
an RNA that 1s translatable to a PI'PR. The anti-PTPR RNA1

molecule 1s typically capable of decreasing the amount of
PTPR that 1s translated i a cell. An “anti-PTPRK RNA1
molecule” 1s an siIRNA, shRNA, miRNA, shmiRNA, or
other nucleic acid, as well known 1n the art, that 1s capable
of mducing RNAi1 and hybridizing to an RNA that 1s
translatable to a RPTPk.

An “PTPR ligand mimetic” 1s a PTPR binding agent that
1s designed to mimic, in structure or in binding mode, a
PTPR ligand or 1s capable of ihibiting the binding of a
natural or physiological ligand to an PTPR. In embodiments,
a PTPR ligand mimetic 1s a synthetic chemical compound,
peptide, protein, fusion protein (e.g., PITPR-Fc¢), peptidomi-
metic, or modified natural ligand. For example, a PTPR
ligand mimetic may bind the same amino acids or a subset
of the same amino acids on the PTPR that a natural ligand
of the PTPR binds during the physiological functioning of
the PITPR. PIPR ligand mimetics include biopolymers (e.g.
proteins, nucleic acids, or sugars), lipids, chemical mol-
ecules with molecular weights less than five hundred (500)
Daltons, one thousand (1000) Daltons, five thousand (5000)
Daltons, less than ten thousand (10,000) Daltons, less than
twenty five thousand (25,000) Daltons, less than fifty thou-
sand (50,000) Daltons, less than seventy five thousand
(75,000), less than one hundred thousand (100,000), or less
than two hundred fifty thousand (250,000) Daltons. In
embodiments, the synthetic chemical compound 1s greater
than two hundred fifty thousand (250,000) Daltons. In
certain embodiments, the PTPR binding agent 1s less than
five hundred (500) Daltons. In embodiments, a PIPR ligand
mimetic 1s a protemn. A “PTPRK ligand mimetic” 1s a
PTPRK binding agent that 1s designed to mimic, in structure
or 1n binding mode, a known RPTPk ligand or 1s capable of
inhibiting the binding of a physiological ligand to RPTPk. In
embodiments, the PTPR ligand mimetic 1s a PITPRK ligand
mimetic and inhibits the enzymatic activity of PTPRK. In
embodiments, the PTPR ligand mimetic 1s a PIPRK ligand
mimetic which binds at an allosteric site of PTPRK and
inhibits the enzymatic activity of PIPRK.

In embodiments, a PTPR ligand mimetic 1s a small
chemical molecule. The term “small chemical molecule”
and the like, as used herein, refers to a molecule that has a
molecular weight of less than two thousand (2000) Daltons.
In embodiments, a small chemical molecule 1s a molecule
that has a molecular weight of less than one thousand (1000)
Daltons. In other embodiments, a small chemical molecule
1s a molecule that has a molecular weight of less than five
hundred (500) Daltons. In other embodiments, a small
chemical molecule 1s a molecule that has a molecular weight
of less than five hundred (500) Daltons. In other embodi-
ments, a small chemical molecule 1s a molecule that has a
molecular weight of less than one hundred (100) Daltons. In
embodiments, the PTPR ligand mimetic 1s a small chemaical
molecule PTPRK ligand mimetic and inhibits the enzymatic
activity of PTPRK. In embodiments, the PTPR ligand

mimetic 1s a small chemical molecule PTPRK ligand
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mimetic which binds at an allosteric site of PI'PRK and
inhibits the enzymatic activity of PTPRK.

An agent may “target” an RPTP, a nucleic acid (e.g. RNA
or DNA) of an RPTP, or a protein of an RPTP, by binding
(e.g. preferentially binding) to the RPTP, nucleic acid (e.g.
RNA or DNA) of an RPTP, or protein of an RPTP. Where
preferentially binding, the agent binds preferentially com-
pared to its binding to other molecules of a similar form (e.g.
other RPTPs if the agent targets an RPTP). An agent
preferentially binds to a molecule, for example, when the
binding to the targeted molecule 1s greater than the binding
to other molecules of a similar form. In embodiments, tle

preferential binding 1s 1.1-fold, 1.2-fold, 1.3-fold, 1.4-fo.
1.5-fold, 1.6-1old, 1.7-fold, 1.8-1old, 1.9-1old, 2-fold, 3-1
4-fold, 5-fold, 6-fold, 7-1old, 8-fold, 9-fold, 10-fold, 20-1
30-1old, 40-fold, 50-fold, 60-fold, 70-fold, 80-fold, 90-1old,
100-told, 200-1o0ld, 300-fold, 400-fold, 500-tfold, 600-fold,
700-1old, 800-fold, 900-fold, 1000-fold, 2000-1old, 3000-
told, 4000-1old, 5000-fold, 6000-fold, 7000-fold, 8000-1old,
9000-1old, 10000 fold, 100,000-1old, 1,000,000-1old greater.
In embodiments, an agent targets an RPTP, a nucleic acid
(e.g. RNA or DNA) of an RPTP, or a protein of an RPTP,
when a binding assay or experiment (e.g. gel electrophore-
s1s, chromatography, immunoassay, radioactive or non-ra-
dioactive labeling, immunoprecipitation, activity assay, etc.)
reveals only an interaction or primarily an interaction with
a single RPTP, a nucleic acid (e.g. RNA or DNA) of a single
RPTP, or a protein of a single RPTP. An agent may also
“target” an RPTP, a nucleic acid (e.g. RNA or DNA) of an
RPTP, or a protein of an RPTP by binding to the RPTP,
nucleic acid (e.g. RNA or DNA) of an RPTP, or protein of
an RPTP, by decreasing or increasing the amount of RPTP
in a cell or organism relative to the absence of the agent, or
decreasing the interaction between the RPTP with a physi-
ological or natural ligand. A person having ordinary skill 1n
the art, using the guidance provided herein, may easily
determine whether an agent decreases or increases the
amount of an RPTP 1n a cell or organism.

II. Methods

In a first aspect, there 1s provided a method of treating an
autoimmune disease 1n a subject 1n need thereof, the method
including administering to the subject an effective amount of
a PTPRK antagonist.

In embodiments, the autoimmune disease 1s a fibroblast
mediated disease, arthritis, rheumatoid arthritis, psoriatic
arthritis, juvenile idiopathic arthritis, multiple sclerosis, sys-
temic lupus erythematosus (SLE), myasthenia gravis, juve-
nile onset diabetes, diabetes mellitus type 1, Guillain-Barre
syndrome, Hashimoto’s encephalitis, Hashimoto’s thyroid-
itis, ankylosing spondylitis, psoriasis, Sjogren’s syndrome,
vasculitis, glomerulonephritis, auto-immune thyroiditis,
Behcet’s disease, Crohn’s disease, ulcerative colitis, bullous
pemphigoid, sarcoidosis, psoriasis, ichthyosis, Graves oph-
thalmopathy, inflammatory bowel disease, Addison’s dis-
case, Vitiligo, asthma, scleroderma, systemic sclerosis, or
allergic asthma.

In embodiments, the autoimmune disease 1s arthritis. In
embodiments, the autoimmune disease 1s rheumatoid arthri-
t1s. In embodiments, the autoimmune disease 1s psoriatic
arthritis.

In embodiments, the disease 1s non-autoimmune arthritis.
In embodiments, the non-autoimmune arthritis 1s osteoar-
thritis.

In embodiments, the autoimmune disease 1s a fibroblast
mediated disease. The term “fibroblast mediated disease”™
and the like refer, in the usual and customary sense, to a
disease or disorder involving the presence or action of a
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fibroblast, either directly or via secretions from the fibro-
blast, as known 1n the art. In embodiments, the fibroblast
mediated disease 1s 1diopathic pulmonary fibrosis, fibrotic
lung diseases, scleroderma, liver fibrosis, liver sclerosis,
advanced glomerulonephritis, or nephrosclerosis.

In another aspect, there 1s provided a method of decreas-
ing inflammation 1n a synovium of a subject 1n need thereof,
the method including administering to the subject an etlec-
tive amount of a PTPRK antagonist.

Further to any aspect or embodiment of a method for
treating an autoimmune disease or a method for decreasing,
inflammation in a synovium, i embodiments the subject
presents with fibroblast-like synoviocytes that express high
levels of PTPRK relative to a standard control as disclosed
herein. In embodiments, the subject has rheumatoid arthritis.
In embodiments, the standard control 1s obtained {from a
disease free subject. In embodiments, the standard control 1s
obtained from a subject not having rheumatoid arthritis.

In another aspect, there 1s provided a method of decreas-
ing expression of PITPRK 1n a fibroblast-like synoviocyte,
the method including contacting the fibroblast-like synovio-
cyte (FLS) with an effective amount of a PI'PRK antagonist.

In embodiments, the method includes decreasing TNF
activity, PDGF activity or IL-1 activity. In embodiments, the
method includes decreasing TNF activity. In embodiments,
the method 1ncludes decreasing PDGF activity. In embodi-
ments, the method including decreasing 1L-1 activity.

In embodiments, the method includes decreasing expres-
sion of TNF activity, PDGF activity or IL-1 activity. In
embodiments, the method includes decreasing expression of
TNF activity. In embodiments, the method includes decreas-
ing expression of PDGF activity. In embodiments, the
method including decreasing expression of I1L-1 activity.

In another aspect, there 1s provided a method of decreas-
ing 1nvasiveness or migration of a fibroblast-like synovio-
cyte, the method including contacting the fibroblast-like
synoviocyte with an effective amount of a PTPRK antago-
nist.

Further to any aspect or embodiment of a method for
decreasing expression of PTPRK in a fibroblast-like syn-
oviocyte, decreasing TNF activity, IL-1 activity or PDGF
activity 1n a fibroblast-like synoviocyte, or decreasing
expression of TNF or ILL In embodiments, the fibroblast-
like synoviocyte 1s a rheumatoid arthritis fibroblast-like
synoviocyte. The term “rheumatoid arthritis fibroblast-like
synoviocyte” refers to an FLS constituted within or obtained
from a subject having rheumatoid arthritis or an FLS that
causes, extends or exacerbates RA or symptoms thereof. In
embodiments, the fibroblast-like synoviocyte expresses high
levels of PTPRK relative to a standard control (e.g., a
non-rheumatoid arthritis fibroblast-like synoviocyte).

Further to any aspect or embodiment disclosed above, in
embodiments the PI'PRK antagonist 1s an anti-PTPRK anti-
body, an anti-PTPRK inhibitory nucleic acid or a PTPRK
ligand mimetic.

In embodiments, the anti-PTPRK antibody 1s an anti-
PTPRK extracellular antibody. The term “extracellular anti-
body” 1n this context refers to an antibody which 1s directed
to an extracellular portion of a target molecule. For example,
RPTPK 1s expressed as a transmembrane precursor protein
that undergoes proteolytic cleavage to generate two non-
covalently attached subunits, an N-terminal extracellular
subunit, and a C-terminal subumt containing the intracellu-
lar and transmembrane regions and a small extracellular
region. Thus, an anti-PTPRK extracellular antibody 1s
directed to the extracellular portion of RPTPK.
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In embodiments, the anti-PTPRK antibody 1s an anti-
PTPRK dimer inhibiting antibody or an anti-PITPRK
dimerizing antibody. The term “dimer inhibiting antibody™
refers, in the usual and customary sense, to an antibody
which binds a target thereby inhibiting dimerization of the
target to form a dimer of target molecules. The term
“dimerizing antibody” refers, in the usual and customary
sense, to an antibody (e.g., a multivalent antibody, e.g., a
divalent antibody) which can bind a plurality (e.g., two)
target molecules, thereby forming a dimer of target mol-
ecules. In embodiments, the anti-PTPRK antibody i1s an
ant1-PTPRK dimer inhibiting antibody. In embodiments, the
ant1-PTPRK antibody 1s an anti-PTPRK dimerizing anti-
body.

In embodiments, the anti-PTPRK 1nhibitory nucleic acid
has at least 50% sequence identity (e.g., 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99% or even 100%) to a contiguous sequence of SEQ ID
NO:1 or SEQ ID NO:2 spanning at least 10 nucleotides (e.g.,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, or
gven greater).

In embodiments, the anti-PTPRK 1nhibitory nucleic acid
has at least 60% sequence 1dentity (e.g., 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or even
100%) to a contiguous sequence of SEQ ID NO:1 or SEQ ID
NO:2 spanning at least 10 nucleotides (e.g., 10, 11, 12, 13,
14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 277, 28, 29,
30, 31, 32, 33, 34, 35, 36, 377, 38, 39, 40, or even greater).

In embodiments, the anti-PTPRK 1nhibitory nucleic acid
has at least 70% sequence identity (e.g., 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99% or even 100%) to a
contiguous sequence ol SEQ ID NO:1 or SEQ ID NO:2
spanmng at least 10 nucleotides (e.g., 10, 11, 12, 13, 14, 13,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, or even greater).

In embodiments, the anti-PTPRK 1nhibitory nucleic acid
has at least 80% sequence identity (e.g., 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99% or even 100%) to a contiguous
sequence of SEQ ID NO:1 or SEQ ID NO:2 spanning at
least 10 nucleotides (e.g., 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, or even greater).

In embodiments, the anti-PTPRK 1nhibitory nucleic acid
has at least 90% sequence identity (e.g., 90%, 91%, 92%,
93%, 94%, 96%, 97%, 98%, 99% or even 100%) to a
contiguous sequence ol SEQ ID NO:1 or SEQ ID NO:2
spanmng at least 10 nucleotides (e.g., 10, 11, 12, 13, 14, 13,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, or even greater).

In embodiments, the anti-PTPRK 1nhibitory nucleic acid
has at least 50% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 10
nucleotides.

In embodiments, the anti-PTPRK 1nhibitory nucleic acid
has at least 60% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 10
nucleotides.

In embodiments, the anti-PTPRK 1nhibitory nucleic acid
has at least 70% sequence 1dentity to a contiguous sequence

of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 10
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid

has at least 80% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 10
nucleotides.
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In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 90% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 10
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 50% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 15
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 60% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 15
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 70% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 15
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 80% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 15
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 90% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 15
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 50% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 20
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 60% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 20
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 70% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 20
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 80% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 20
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 90% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 20
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 50% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 25
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 60% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 25
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 70% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 25
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid
has at least 80% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 25
nucleotides.

In embodiments, the anti-PTPRK inhibitory nucleic acid

has at least 90% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 25
nucleotides.

10

15

20

25

30

35

40

45

50

55

60

65

24

In embodiments, the anti-PTPRK 1nhibitory nucleic acid
has at least 50% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 30
nucleotides.

In embodiments, the anti-PTPRK 1nhibitory nucleic acid
has at least 60% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 30
nucleotides.

In embodiments, the anti-PTPRK 1nhibitory nucleic acid
has at least 70% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 30
nucleotides.

In embodiments, the anti-PTPRK 1nhibitory nucleic acid
has at least 80% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 30
nucleotides.

In embodiments, the anti-PTPRK 1nhibitory nucleic acid
has at least 90% sequence 1dentity to a contiguous sequence
of SEQ ID NO:1 or SEQ ID NO:2 spanning at least 30
nucleotides.

In embodiments, the PIPRK antagonist 1s an anti-PTPRK
inhibitory nucleic acid, wherein the anti-PTPRK inhibitory
nucleic acid has at least 90% sequence identity to an at least
10 nucleotide contiguous sequence of SEQ ID NO: 1, SEQ
ID NO:2 or a complementary sequence thereof

In embodiments, the PTPRK antagonist 1s a PTPRK
ligand mimetic, wherein the anti-PTPRK ligand mimetic 1s
a peptide or a small chemical molecule.

III. Pharmaceutical Compositions

In another aspect, there 1s provided a pharmaceutical
composition including a PTPRK antagonist and a pharma-
ceutically acceptable excipient.

In embodiments, the pharmaceutical composition 1s for
treating an individual who has a disease by administering to
the individual a pharmaceutical composition ncluding a
therapeutically eflective amount of a PTPRK antagonist and
a pharmaceutically acceptable excipient. In embodiments,
the pharmaceutical composition 1s for treating an individual
who may be at risk of developing a disease by administering
to the individual a pharmaceutical composition including a
therapeutically eflective amount of a PITPRK antagonist and
a pharmaceutically acceptable excipient. In embodiments,
the disease 1s an autoimmune disease or disorder, cancer, an
infectious disease (e.g. viral, bacterial, parasitic, etc.), an
obesity associated disease, a metabolic disease or disorder,
an inflammatory disease, an immune disease or disorder, or
a traumatic injury. In embodiments, the disease 1s an inflam-
matory autoimmune disease (IAD). In embodiments, the
disease 1s a disease associated with a patient’s joints. In a
certain embodiment, the inflammatory autoimmune disease
1s rheumatoid arthritis. In embodiments, increased expres-
s1on of one or more RPTPs 1s associated with a disease or a
risk of developing the disease. In embodiments, decreased
expression of one or more RPTPs 1s associated with a
disease or a risk of developing the disease. In embodiments,
the increased expression of a first RPTP and the decreased
expression of a second RPTP 1s associated with a disease or
a risk of developing the disease.

The PTPRK antagonist may be an anti-PTPRK antibody.
In embodiments, the PIPRK antagonist i1s an anti-PTPR
inhibitory nucleic acid. In embodiments, the anti-PTPR
inhibitory nucleic acid 1s an anti-PTPR RNA1 molecule. In
embodiments, the anti-PTPR inhibitory nucleic acid 1s an
antisense nucleic acid such as anti-PTPR antisense nucleic
acid. In embodiments, the PTPRK antagomist 1s a PIPR
ligand mimetic. In embodiments, the PTPR ligand mimetic
1s a peptide or a small chemical molecule. In embodiments,
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the PTPR ligand mimetic 1s an allosteric inhibitor. In
embodiments, the PTPRK antagonist 1s an anti-PTPRK
antisense nucleic acid. In embodiments, the PTPRK antago-
nist 1s ant1-PTPRK antisense nucleic acid.

In embodiments, the pharmaceutical composition 1s use-
tul for treating an individual who has or may be at risk of
developing an inflammatory autoimmune disease. In
embodiments, the pharmaceutical compositions are useful
for treating an individual who has an inflammatory autoim-
mune disease by admimstering to the individual a pharma-
ceutical composition including a therapeutically eflective
amount of a PTPRK antagonist and a pharmaceutically
acceptable excipient. In embodiments, the pharmaceutical
compositions are for treating an individual who may be at
risk of developing an autoimmune disease by administering,
to the individual a pharmaceutical composition including a
therapeutically effective amount of a PTPRK antagonist and
a pharmaceutically acceptable excipient. In embodiments,
the inflammatory autoimmune disease 1s an arthritis. In
embodiments, the autoimmune disease 1s fibroblast medi-
ated disease, arthritis, rheumatoid arthritis, psonatic arthri-
t1s, juvenile 1diopathic arthritis, multiple sclerosis, systemic
lupus erythematosus (SLE), myasthenia gravis, juvenile
onset diabetes, diabetes mellitus type 1, Guillain-Barre
syndrome, Hashimoto’s encephalitis, Hashimoto’s thyroid-
itis, ankylosing spondylitis, psoriasis, Sjogren’s syndrome,
vasculitis, glomerulonephritis, auto-immune thyroiditis,
Behcet’s disease, Crohn’s disease, ulcerative colitis, bullous
pemphigoid, sarcoidosis, psoriasis, ichthyosis, Graves oph-
thalmopathy, inflammatory bowel disease, Addison’s dis-
case, Vitiligo, asthma, scleroderma, systemic sclerosis, or
allergic asthma. In embodiments, the autoimmune disease 1s
rheumatoid arthritis.

The compositions disclosed herein can be administered by
any means known 1n the art. For example, compositions may
include administration to a subject intravenously, 1ntrader-
mally, 1ntraarterially, intraperitoneally, intralesionally,
intracranially, intraarticularly, intraprostaticaly, intrapleu-
rally, intratracheally, intranasally, intravitreally, intravagi-
nally, intrarectally, topically, intratumorally, intramuscu-
larly, intrathecally, subcutaneously, subconjunctival,
intravesicularlly, mucosally, intrapericardially, intraumbili-
cally, intraocularly, orally, locally, by imhalation, by injec-
tion, by infusion, by continuous infusion, by localized
perfusion, via a catheter, via a lavage, 1n a creme, or 1n a lipid
composition. Administration can be local, e.g., to the joint or
systemic.

Solutions of the active compounds as iree base or phar-
macologically acceptable salt can be prepared in water
suitably mixed with a surfactant, such as hydroxypropylcel-
lulose. Dispersions can also be prepared 1n glycerol, liquid
polyethylene glycols, and mixtures thereof and in oils.
Under ordinary conditions of storage and use, these prepa-
rations can contain a preservative to prevent the growth of
microorganisms.

Pharmaceutical compositions can be delivered via intra-
nasal or inhalable solutions or sprays, acrosols or inhalants.
Nasal solutions can be aqueous solutions designed to be
administered to the nasal passages in drops or sprays. Nasal
solutions can be prepared so that they are similar 1n many
respects to nasal secretions. Thus, the aqueous nasal solu-
tions usually are 1sotonic and slightly bullered to maintain a
pH of 5.5 to 6.5. In addition, antimicrobial preservatives,
similar to those used 1n ophthalmic preparations, and appro-
priate drug stabilizers, if required, may be included 1n the
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formulation. Various commercial nasal preparations are
known and can include, for example, antibiotics and anti-
histamines.

Oral formulations can include excipients as, for example,
pharmaceutical grades of mannitol, lactose, starch, magne-
sium stearate, sodium saccharine, cellulose, magnesium
carbonate and the like. These compositions take the form of
solutions, suspensions, tablets, pills, capsules, sustained
release formulations or powders. In embodiments, oral phar-
maceutical compositions will comprise an inert diluent or
assimilable edible carrier, or they may be enclosed 1n hard
or soit shell gelatin capsule, or they may be compressed into
tablets, or they may be incorporated directly with the food
of the diet. For oral therapeutic administration, the active
compounds may be incorporated with excipients and used 1n
the form of ingestible tablets, buccal tablets, troches, cap-
sules, elixirs, suspensions, syrups, waiers, and the like. The
percentage of the compositions and preparations may, of
course, be varied and may conveniently be between about 2
to about 75% of the weight of the unit, or preferably between
25-60%. The amount of active compounds 1n such compo-
sitions 1s such that a suitable dosage can be obtained

For parenteral administration in an aqueous solution, for
example, the solution should be suitably buflered and the
liquid diluent first rendered 1sotonic with suflicient saline or
glucose. Aqueous solutions, 1n particular, sterile aqueous
media, are especially suitable for intravenous, mtramuscu-
lar, subcutaneous and intraperitoneal administration. For
example, one dosage could be dissolved in 1 ml of 1sotonic
NaCl solution and either added to 1000 ml of hypodermo-
clysis fluid or imjected at the proposed site of infusion

Sterile injectable solutions can be prepared by incorpo-
rating the active compounds or constructs in the required
amount in the appropriate solvent followed by filtered
sterilization. Generally, dispersions are prepared by incor-
porating the various sterilized active ingredients mnto a
sterile vehicle which contains the basic dispersion medium.
Vacuum-drying and freeze-drying techniques, which yield a
powder of the active ingredient plus any additional desired
ingredients, can be used to prepare sterile powders for
reconstitution of sterile injectable solutions. The preparation
of more, or highly, concentrated solutions for direct injection
1s also contemplated. DMSO can be used as solvent for
extremely rapid penetration, delivering high concentrations
of the active agents to a small area.

There are provided methods of treating, preventing, and/
or ameliorating an autoimmune disorder 1n a subject in need
thereof, optionally based on the diagnostic and predictive
methods described herein. The course of treatment 1s best
determined on an 1ndividual basis depending on the particu-
lar characteristics of the subject and the type of treatment
selected. The treatment, such as those disclosed herein, can
be administered to the subject on a daily, twice daily,
bi1-weekly, monthly or any applicable basis that 1s therapeu-
tically eflective. The treatment can be administered alone or
in combination with any other treatment disclosed herein or
known 1n the art. The additional treatment can be adminis-
tered simultaneously with the first treatment, at a diflerent
time, or on an entirely different therapeutic schedule (e.g.,
the first treatment can be daily, while the additional treat-
ment 1s weekly).

Administration of a composition for ameliorating the
autoommune disease can be a systemic or localized admin-
istration. For example, treating a subject having an autoim-
mune disorder can include administering an oral or inject-
able form of PI'PRK antagonist on a daily basis or otherwise
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regular schedule. In embodiments, the treatment 1s only on
an as-needed basis, e.g., upon appearance of autoimmune

disease symptoms.

In embodiments, the PTPRK antagonist 1s an anti-PTPRK
antibody, an anti-PTPRK inhibitory nucleic acid or a
PTPRK ligand mimetic. In embodiments, the PTPRK
antagonist 1s an ant1-PTPRK antibody. In embodiments, the
PTPRK antagonist 1s an anti-PTPRK 1inhibitory nucleic acid.
In embodiments, the PTPRK antagonist 1s a PTPRK ligand
mimetic.

In embodiments, the PTPRK antagonist 1s an anti-PTPRK
extracellular antibody.

In embodiments, the anti-PTPRK antibody 1s an anti-
PTPRK dimer inhibiting antibody or an anti-PTPRK
dimerizing antibody.

In embodiments, the PTPRK antagonist 1s an anti-PTPRK
inhibitory nucleic acid, wherein the anti-PTPRK inhibitory
nucleic acid as set forth above, including all embodiments
thereof.

In embodiments, the PIPRK antagonist 1s a PTPRK
ligand mimetic, wherein the anti-PTPRK ligand mimetic 1s
a peptide or a small chemical molecule.

Any appropriate element disclosed 1n one aspect or
embodiment of a method or composition disclosed herein 1s
equally applicable to any other aspect or embodiment of a
method or composition. For example, the therapeutic agents
set forth 1n the description of the pharmaceutical composi-
tions provided herein are equally applicable to the methods
ol treatment and vice versa.

IV. EXAMPL.

L1
o

Experimental Methods

Statistics. Two-tailed statistical analyses were performed
using GraphPad Prism software (GraphPad Software, La
Jolla, Calif.). Unless indicated otherwise, a comparison was
considered significant 11 p was less than 0.05.

Preparation of FLLS. FLLS lines were obtained from the
UCSD Clinical and Translational Research Institute (CTRI)
Biorepository. Each FLS line used 1n this study had been
previously obtained from a diflerent patient with either RA
or OA. Discarded synovial tissue from patients with OA and
RA had been obtained at the time of total joint replacement

or synovectomy, as previously described. See e.g., Alvaro-
Gracia, J. M. et al., 1991. Journal of immunology 146:3365-

3371. The diagnosis of RA conformed to American College
of Rheumatology 1987 revised criteria. See e.g., Arnett, F.
C. et al., 1988. Arthritis and rheumatism 31:315-324. FLS
were cultured in DMEM (Mediatech, Manassas, Va.) with
10% fetal bovine serum (FBS, Omega Scientific, Tarzana,
Calif.), 2 mM L-glutamine, 350 ug/ml. gentamicin, 100
units/ml of penicillin and 100 pg/ml streptomycin (Life
Technologies, Carlsbad, Calif.) at 37° C. 1n a humidified 5%
CO, atmosphere. Cells 1n this study were synchronized in
0.1% FBS (serum-starvation media) for 48 hr prior to
analysis or functional assays.

Antibodies and Other Reagents. The rabbit anti-RPTPk
antibody was a kind gift from Axel Ullnch (Max Planck
Institute of Biochemistry). The anti-cadherin-11 antibody
was purchased from Life Technologies. All other primary
antibodies were purchased from Cell Signaling Technology

(Danvers, Mass.). Secondary antibodies were purchased
from GE Healthcare Life Sciences (Pittsburgh, Pa.). TGF{31,

TNFqa, IL-13 and PDGF-BB were purchased from eBiosci-

ence (San Diego, Calif.). Control non-targeting, anti-PT-
PRK and anti-PTPRM antisense oligonucleotides (ASO)

were purchased from Gene Tools, LLC (Philomath, Oreg.).
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Chemical ihibitors PP2 and U73122 were purchased from
EMD Millipore (Billerca, Mass.). Horseradish peroxidase

(HRP)-conjugated S protein was purchased from EMD
Millipore. Unless otherwise specified, chemicals and all
other reagents were purchased from Sigma-Aldrich.

Quantitative Real-Time RT-PCR (gPCR). PTPRK expres-

sion can be assessed by gqPCR normalized, e.g., to the
housekeeping gene RPII, and plotted relative to the PTPRK
expression 1n a control, e.g., Ctl ASO-treated cells. Follow-

ing treatment of RA FLS for a given time, e.g., 7 days, with
2.5 uM Ctl or PTPRK ASO, TGFB1 expression can be

assessed by qPCR, normalized to the housekeeping gene
RPII, and plotted relative to the TGFB1 expression 1 Ctl
ASO-treated cells.

Following cell synchronization for 48 hr, cells were
stimulated as indicated for 24 hr or left unstimulated. RNA
was extracted using RNeasy® Kits (Qiagen, Valencia,
Calif.). cDNA was synthesized using the SuperScript® 111
First-Strand Synthesis SuperMix for gRT-PCR (Life Tech-
nologies, Carlsbad, Calif.). gPCR was performed using a
Roche Lightcycler@ 480 (Indianapolis, Ind.), with 1ndi-
vidual primer assays and SYBR® Green qPCR Mastermix
purchased from SABiosciences/(Qiagen. Efliciency of the
primer assays was guaranteed by the manufacturer to be
greater than 90%. Each reaction was measured 1n triplicate
and data was normalized to the expression levels of the
house-keeping gene RNA Polymerase 11 (RPII) (Radonic, A.
et al., 2004. Biochemical and biophvsical research commu-
nications 313:856-862), also measured 1n triplicate. Absence
of genomic DNA contamination was confirmed using con-
trol reactions lacking the reverse transcriptase enzyme dur-
ing the cDNA synthesis step.

Sequences of ASOs disclosed herein include:

(SEQ ID NO:

PTPRK ASO: TCTTAATCACAACCTACCACAAGGA ;

(SEQ ID NO:

PTPRK 2 ASO: ACAGCAAAGTATGAGCATACCATCT ;

(SEQ ID NO:

PTPRM ASO: TAAAGACAACTTACTACATGGATGT ;

(SEQ ID NO:

Control ASO: CCTCTTACCTCAGTTACAATTTATA

Cell Lysis for Western Blotting and RPTPK Immunopre-
cipitation. RP TPk can be immunoprecipitated from RA FLS
using an anti-RPTPx antibody that recognizes the jux-
tamembrane region of the protein. Both the full-length
precursor (210 kDa) and membrane-bound intracellular
furin-cleavage product (110 kDa) can be detectable. RPTPk
1s expressed m RA synovial lining. The expression of

PTPRK and a positive control (e.g., ILL6) can be measured by
gPCR 1n RA and OA FLS lines following cell stimulation

with e.g., 50 ng/ml TNF or 2 ng/ml interleukin 1 (IL-1p) for
24 hr.

Cells were lysed 1n RIPA bufler (25 mM Tris-HCI pH 7.6,
150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1%
SDS) containing 1 mM phenylmethanesulfonyl fluoride, 10
ug/ml aprotinin, 10 pg/ml leupeptin, 10 ug/ml soybean
trypsin inhibitor, 1-10 mM sodium orthovanadate, 5 mM
sodium fluoride and 2 mM sodium pyrophosphate. Protein
concentration of cell lysates was determined using the Pierce
BCA Protein Assay Kit (Thermo Scientific, Rockiord, Ill. )

Immunohistochemistry of Synovial Tissue. Parailn
embedded slides of human RA synovial tissue were obtained
from the UCSD CTRI Biorepository. Slides were pretreated
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for 10 min with boiling citrate antigen retrieval butler (1.9
mM citric acid, 10 mM Tris-sodium citrate pH 6.0) before
being treated with 3% H,O, for 10 min. Slides were then
blocked with 5% goat serum for 1 hr at room temperature.
Rabbit anti-RP TPk antibody or goat anti-rabbit IgG (1:100
in 5% bovine serum albumin [BSA]) were mcubated with
the slides overnight at 4° C. The slides were then washed and

incubated with peroxidase-linked goat anti-rabbit IgG sec-
ondary antibody (Life Technologies, 1:300 1n 3% BSA) for

1 hr, and then incubated for 5 min with 3,3'-diaminobenzi-
dine substrate (Sigma-Aldrich). Slide images were obtained
using an Eclipse 801 microscope (Nikon, Melville, N.Y.).

FLS Treatment with ASO. Cells were treated with 2.5 uM
ASO for a total of 7 days. ASO was replaced in fresh culture
medium after 3 d and replaced in cell synchronization
medium after 5 days. After ASO treatment, cells can be
stimulated with additional agent, e.g., 50 ng/ml TGF{31, or
left unstimulated, 1n the presence of ASO for 24 hr.

FLLS Transwell Invasion Assays. The in vitro invasion
assays were performed 1n transwell systems as previously
described (Laragione, T. et al., 2008. Arthritis and rheuma-
tism 58:2296-2306; Tolboom, T. C. et al., 2005. Arthritis and
rheumatism 52:1999-2002). RA FLS were pre-treated with
ASO for 5 days, and synchromized 1n the presence of ASO
for an additional 2 days, and then subjected to the invasion
assays. FLS (2.5-5x10°) were resuspended in assay media
(DMEM with 0.5% BSA) and allowed to invade through BD
BioCoat™ GFR Matrnigel™ Invasion Chambers (BD Bio-
sciences) 1n response to S0 ng/ml platelet-derived growth
tactor BB (PDGF-BB) for 24 hr. For visualization, cells
were either pre-stained with 2 uM CellTracker Green™
(Life Technologies) or stained post-invasion with 2 uM
Hoechst (Life Technologies) for 30 min at room tempera-
ture. Fluorescence of invading cells on each membrane was
visualized using an Eclipse 801 microscope. Images were
acquired from 4 non-overlapping fields per membrane, and
invading cells 1n each field were counted using Imagel
software. Each experiment included 3-4 membranes per
sample.

FLS Transwell Migration Assays. The transwell migration
assays were performed similarly to the mnvasion assays. For
experiments with ASO, RA FLS were pre-treated with ASO
for 5 days, and synchronized in the presence of ASO for an
additional 2 days. For experiments with chemical inhibitors,
cells were synchronized for 48 hr and then pre-treated with
compound or dimethylsulfoxide (DMSQO) for 30 min. FLS
were allowed to migrate through uncoated transwell cham-
bers 1n response to 5% FBS for the times indicated in the
figure legend. For visualization, cells were etther pre-stained
with 2 uM CellTracker Green™ or stained post-invasion
with 2 uM Hoechst for 30 in at room temperature. Fluores-
cence ol migrating cells on each membrane was visualized
as above. EHach experiment included 3-4 membranes per
sample.

FLLS Modified Spheroid Migration Assay. The modified
spheroid migration assays were performed as 1n (Bartok, B.
et al., 2014. J Immunol 192:2063-2070). RA FLS were
pre-treated with ASO for 5 days, and synchronized in the
presence of ASO for an additional 2 days. Cells were
resuspended at a concentration of 1x10° cells/50 ul in
DMEM. Cells (2 pl) were mixed at 1:1 1n 4 mg/ml growth
factor-reduced BD Matrnigel Matrix (BD Biosciences),
pipetted as a spot i a 24-well tissue culture dish, and
incubated at 37° C. for 15 min to gel. Serum-starvation
medium with or without PDGF-BB (10 ng/ml) was added.
Cell movement concentrically was monitored after 2 d. At
the end of the experiment, cells were fixed and stained using,
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the Hemacolor staining kit (EMD Millipore). Images were
acquired from 4 fields per spot, and migrated cells were
counted using Imagel software.

FLS Spreading and Adhesion Assays. RA FLS were
pre-treated with ASO for 5 days, and synchronized in the
presence of ASO for an additional 2 days. Equal cell
numbers were then resuspended 1n FLS medium containing
3% FBS and allowed to adhere onto circular coverslips
coated with 20 ug/ml fibronectin (FN) at 37° C. for 15 min
(adhesion assays) or 15, 30 and 60 min (spreading assays).
Following the incubation period, cells were fixed 1 4%
para-formaldehyde for 5 min, permeabilized 1n 0.2% Triton
X-100 for 2 min, and stained with S U/ml Alexa Fluor® 568
(AF 568)-conjugated phalloidin and 2 ng/ml Hoechst for 20
min each (Life Technologies). Samples were imaged with an
Olympus FV101 Laser Scanning Confocal microscope
(Olympus, Center Valley, Pa.). Using the FV101 acquisition
soltware, each circular coverslip of cells was separated 1nto
four nine-pancled mega-images. Each panel (1024x1024)
was optically acquired with a 10x objective using the FV101
acquisition soitware and stitched together, through a 10%
overlap, with the Olympus FluoView™ 1000 imaging sofit-
ware. Total cell number and cell areas for each panel were
calculated using Image Pro Analyzer software (Media
Cybernetics, Rockville, Md.).

FLS Survival and Apoptosis Assay. RA FLS were pre-
treated with ASO for 5 days, and synchronized in the
presence of ASO for an additional 2 days. Cells were washed
and i1ncubated for an additional 24 h 1n serum-starvation
media. Adherent and non-adherent cells were collected and
stained with Annexin V-Alexa Fluor® 647 (AF 647) and
propidium 1odide according to the manufacturer’s mstruc-
tions (Biolegend, San Diego, Calif.). Cell fluorescence was
assessed by FACS using a BD LSR-II (BD Biosciences).

Synovial Micromass Organ Cultures. ASOs disclosed
herein can enable eflicient knockdown of RPTPk. For
example, RA FLS can be ftreated with 2.5 uM Ctl or
PTPRK_2 ASO for 7 days. PIPRK expression can be
assessed by qPCR, normalized to the housekeeping gene
RPII, and plotted relative to the PTPRK expression in Ctl
ASO-treated cells. Following treatment with 2.5 uM Citl or
PTPRK_2 ASO for 7 d, RA FLS can be assayed for invasion
through Matrigel-coated transwell chambers 1n response to
50 ng/ml PDGF-BB for 24 hr. PITPRM ASO enables eflicient
knockdown of PTPRM. RA FLS can be treated with 2.5 uM
Ctl or PIPRM ASO for 7 days. PI'PRM expression can be
assessed by qPCR, normalized to the housekeeping gene
RPII, and plotted relative to the PIPRM expression in Ctl
ASO-treated cells. Panel shows meanztrange. Following
treatment with 2.5 uM Ctl or PITPRM ASO for 7 d, RA FLS
can be assess for invasion through Matrigel-coated transwell
chambers 1n response to 50 ng/ml PDGF-BB for 24 hr.
Following treatment with ASO (e.g., Ctl ASO or PIPRK
ASO) and cell synchronization, RA FLS can be serum-
starved (FLS medium with 0.1% FBS) for an additional 24
hr. Cells can be collected and stained (e.g., with Annexin V
and PI), and cell fluorescence can be assessed by FACS.

Accordingly, synovial organ cultures were prepared as
described 1 (Kiener, H. P. et al., 2009. Arthritis and rheu-

matism 60:1305-1310). RA FLS were suspended 1n 1ce-cold
Matrigel Matrix (BD Biosciences) at 2x10° cells/ml.
Twenty-five-ul droplets of the suspension were placed onto
culture dishes coated with poly-2-hydroxyethyl-methacry-
late (Aldrich Chemical Co., Milwaukee, Wis.) and allowed
to gel for 30 minutes at 37° C. Gels were overlaid with FLS
culture medium supplemented with nonessential amino acid
solution, I'TS (Insulin-Transferrin-Selenium, Life Technolo-
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gies) and 0.1 mM ascorbic acid. The floating three-dimen-
sional culture was maintained for 3 weeks, with the medium

replaced twice per week. After 2 weeks, 2.5 uM Ctl or
PTPRK ASO was added to the medium to induce knock-
down (KD) of PIPRK expression during the final week of
culture. Micromasses were fixed in 10% neutral buflered
tormalin, embedded 1n parathn, sectioned at 6 micron-thick
sections, and stained with hematoxylin and eosin.

Beta-Catenin and SMAD3 Subcellular Localization
Assays. Following treatment with ASO (e.g., Ctl ASO or
PTPRK ASO over time (e.g., 5-7 days), RA FLS can be
stimulated with 50 ng/ml TGFp1 for 5, 15, 30 or 60 min, or
left unstimulated. Assay by Western blotting of cell lysates
can be conducted with anti-phospho-SMAD3 and anti-
SMAD3 antibodies, phalloidin and Hoechst and can be
imaged by immunofluorescence microscopy.

Accordingly, RA FLS were plated on glass coverslips.
Cells were pre-treated with ASO for 5 days, and synchro-
nized 1n the presence of ASO for an additional 2 days. Cells
were then stimulated with 50 ng/ml TGF31 for 30 min or 24
hr, or left unstimulated, and then fixed in 4% para-formal-
dehyde for 5 min, permeabilized 1n 0.2% Triton X-100 for
2 min, and stained for 1 hr each with anti-SMAD3 antibody
(Cell Signaling Technology) and anti-beta-catenin antibody
(BD Biosciences), and AF 488 goat anti-rabbit secondary
antibody and AF 647 goat anti-mouse secondary antibody
(Lite Technologies). Cells were then stained with 5 U/ml AF
S68-conjugated phalloidin and 2 ug/ml Hoechst for 20 min
cach. Samples were 1maged with an Olympus FV101 Laser
Scanning Confocal microscope (Olympus, Center Valley,
Pa.). Using the FV101 acquisition soitware, each circular
coverslip of cells was imaged by using 3 random fields of
view and acquiring a stitched nine paneled mega-image.
Each panel (1024x1024) was optically acquired with a 60x
objective using the FV101 acqusition software and stitched
together, through a 10% overlap, with the Olympus Flu-
oView™ 1000 imaging software. Each mega-image was
then further processed, post stitching, using Image Pro
Analyzer software (Media Cybernetics, MD). Using Image
Pro, the original mega 1images were used to first automati-
cally define nuclear localization by masking the Hoechst
nuclear signal then i1solating the fluorescence of either
SMAD?3 or beta-catenin signal localized within the nucleus
mask. Cytoplasmic signals were defined by removing the
masked nuclear signal from the images and thus quantifying
the remaining cytoplasmic signal of SMAD3 or beta-
catenin. Total area of nuclear and cytoplasmic fluorescence
label of either SMAD3 or beta-catenin were calculated.

COS-1 Transfection. cDNA encoding C-terminally HA-
tagged wild type (WT) or catalytically inactive (C1100S)
RPTPk (NM 008983.2) was cloned into the pcDNA3.1(+)
vector. COS-1 cells were cultured in DMEM with 10% FBS,
100 units/ml of penicillin and 100 pg/ml streptomycin. Cells
were transfected with Lipofectamine 3000 (Life Technolo-
gies) according to the manufacturer’s protocol, and har-
vested after 2 d for analysis.

In vitro Pull-Down Assay. HA-tagged WT RPTPK was
overexpressed 1 COS-1 cells. Cells were lysed in THE
buffer (20 mM Tris-HCI pH 7.5, 150 mM NaCl, 5 mM
EDTA pH 8.0 and 1% NP-40) containing 10 pug/mlL aproti-
nin, 10 ng/ml leupeptin, 10 ug/mlL soybean trypsin inhibi-
tor, and 1 mM phenylmethylsulfonyl fluoride. RPTPK was
immunoprecipitated using anti-HA antibody (Covance,
Princeton, N.J.). RA FLS were lysed in RIPA bufler con-
taining 10 ug/mL aprotinin, 10 ug/mL leupeptin, 10 ug/mL
soybean trypsin inhibitor, 1 mM phenylmethylsulfonyl fluo-
ride and 5 mM 10doacetamide. Lysates were treated with 10
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mM dithiothreitol for 10 min, and then diluted 10-fold 1n
bufler containing 25 mM Tris-HCI pH 7.6, 150 mM NacCl
and 1 mM ethylenediaminetetraacetic acid. Immunoprecipi-
tates were incubated with RA FLS lysates for 3 hr at 4° C.,
washed in the dilution bufler, and subjected to Western
blotting.

Substrate-Trapping Pull-down Assay. Substrate-trapping
1s a well-established technique to 1dentity substrates of PTPs
(Garton, A. J. etal., 1996. Mol Cell Biol 16:6408-6418). PTP
substrate-trapping mvolves mutation of a residue, typically
an aspartic acid essential for catalysis, in the catalytic
domain of the PTP. Substrates can bind the catalytic cleft,
but catalysis 1s not completed, leading to formation of a
complex 1n which the substrate 1s “trapped” by the PTP. SRC
1s the substrate of RPTPK 1n RA FLS. A substrate-trapping
mutant of 1IPTPK (D1051A) can trap SRC from RA FLS.
Agarose-bound S-tagged-1PTPk-D1031A can be incubated
in vitro with RA FLS lysates, and the pull-down can be
subjected to Western blotting and probed using HRP-con-

20 jugated S-protein. RA FLS can be stimulated with 100 uM

25

30

35

40

45

50

55

60

65

pervanadate for 15 min immediately prior to lysis. RPTPk
dephosphorylates a SRC Y327 phospho-peptide. Immuno-
precipitated wild type (WT) or catalytically mactive C1100S
(C/S) HA-tagged RPTPx can be incubated in vitro with SRC
pY 327 peptide for 30 min. The reaction can be stopped with
addition of Biomol Green.

Accordingly, cDNA (codon optimized for expression in £,
coli [Genscript, Piscataway, N.l.]) encoding a substrate-
trapping mutant of the catalytic domain of RPTPk (1PTPK-
D1051A, aa865-1156 of NP_002835.2) was cloned 1nto the

pET30c vector. S-tagged-1PTPK-D1051 A was 1solated from
E. coli using S-protein agarose (EMD Millipore). RA FLS
were lysed in RIPA bufler containing 10 ug/mL aprotinin, 10
ug/mL leupeptin, 10 ng/ml soybean trypsin inhibitor, 1 mM
phenylmethylsulfonyl fluoride and 5 mM i1odoacetamide.
Lysates were treated with 10 mM dithiothreitol for 10 min,
and then diluted 10-fold 1n bufler containing 25 mM Tris-
HC1 pH 7.6, 150 mM NaCl and 1 mM ethylenediaminetet-
raacetic acid. Agarose-bound S-tagged-1IPTPk-D1051A was
incubated with RA FLS lysates for 3 hr at 4° C., washed 1n
the dilution bufler, and subjected to Western blotting.

In vitro PTP Assay. HA-tagged WT and catalytically
iactive mutant C1100S (C/S) RPTPk were overexpressed
in COS-1 cells. Cells were lysed in HNE bufler (50 mM
Hepes, pH 7.4, 150 mM NaCl, 5 mM EDTA and 1%
Triton-X) containing 10 ug/ml aprotinin, 10 ug/mL leupep-
tin, 10 ng/ml soybean trypsin inhibitor, 1 mM phenylmeth-
ylsulfonyl fluoride. RPTPK was immunoprecipitated using
anti-HA antibody. Immunoprecipitates were washed exten-

sively in 50 mM Bis-Tris pH 6.0, and incubated with 50 mM
Bis-Tris pH 6.0 and 5 mM DTT for 30 min at 4° C.
Immunoprecipitates were divided into triplicate reactions
and 1ncubated with 0.2 mM phospho-SRC Y527 peptide
|[H-TSTEPQ-pY-QPGENL-OH] (Anaspec, Fremont, Calif.)
in 50 mM Bis-Tris pH 6.0, 5 mM DTT and 0.005%
Tween-20 at 37° C. for 30 min. Reactions were stopped with
the addition of Biomol Green (Enzo Life Sciences, Plym-
outh Meeting, Pa.), and absorbance of the solution was
measured at 620 nm using a Tecan M1000 plate-reader
(Tecan Systems, San Jose, Calif.). PTP activity was plotted
as absorbance following subtraction of absorbance from the
blank reactions (control anti-HA immunoprecipitations from
lysates of cells transfected with empty vector), also mea-
sured 1n triplicate.

In vivo Invasion Assay. The in vivo nvasion assay was
performed as described 1n (You, S. et al., 2014. Proceedings

of the National Academy of Sciences of the United States of
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America 111:550-555) Skin inflammation was induced 1n
athymic nude mice by subcutanecously injecting 120 ug

complete Freund’s adjuvant (CFA) 1n each flank. The next
day, 5x10° RA FLS pretreated with Ctl or PTPRK ASO were
intradermally 1mplanted 1.2 cm distance from the CFA
injection sites (each mouse was mnjected with Ctl ASO-
treated cells 1n one flank and PTPRK ASO-treated cells in
the contralateral flank). After 5 days, the skin regions
between the 2 injection sites was harvested, and FLS 1nva-
s1on from the implantation site towards the inflammation site
was assessed by immunohistochemical staining with an
anti-HLA Class I antibody (Abcam, Cambridge, Mass.) Skin
samples were frozen i optimal cutting temperature com-
pound (OCT), and 2 cryosections from immediately adja-
cent the CFA 1njection site were obtained from each skin
sample. Cryosections were fixed 1n 4% para-formaldehyde
for 10 min and pretreated for 10 min with boiling citrate
antigen retrieval bufler (1.9 mM citric acid, 10 mM Tris-
sodium citrate, pH 6.0) betore being treated with 3% H,O,
for 10 min. Slides were blocked with 5% BSA overnight at
4° C., then incubated with anti-human HL A Class I antibody
(1:200 1n 5% BSA) for 1 hr at room temperature. The slides

were then washed and incubated with peroxidase-conju-
gated anti-mouse 1gG from Vector Laboratories for 30 min
at room temperature, and then incubated for 5 minutes with
3,3'-diaminobenzidine substrate and stained with hematoxy-
lin. Samples were then 1maged using a BZ-9000FE micro-
scope (Keyence, Itasca, I11.). The numbers of mnvaded FLS,
recognized by staining with the anti-human HLA Class 1
antibody, in each 20x field were manually counted.
Experimental Results and Discussion

Example 1

PTPRK Expression 1s Upregulated in RA FLS

Comparison of PTP expression in FLLS from 3 RA and 3
OA patients revealed increased PITPRK mRNA in RA FLS.

PTPRK encodes the receptor PTPx (RPTPk), a transmem-
brane PTP reported to regulate cell growth and migration
through dephosphorylation of protein tyrosine kinases, cad-
herin family proteins, and beta-catenin. See e.g., Wang, S. E.

et al., 2005. Mol Cell Biol, 25:4703-4715; Novellino, L. et
al., 2008. Cell Signal, 20:872-883; Xu, Y. et al., 2009. J Cell
Biochem, 107:873-880. RPTPK 1s expressed as a transmem-
brane precursor protein that undergoes furin-mediated pro-
teolytic cleavage to generate two non-covalently attached
subunits, an N-terminal extracellular subunit, and a C-ter-
minal subunit contaiming the intracellular and transmem-
brane regions and a small extracellular region. See e.g.,
llang, Y. P. et al., 1993. Mol Cell Biol, 13:2942-2931.
RPTPx belongs to a transmembrane PTP subfamily, includ-
ing RPTPu(encoded by PTPRM), RPTPp (encoded by
PTPRT) and RPTPy (encoded by PITPRU), characterized by
an extracellular region of a Meprin-AS-protein PTPu
domain, an Immunoglobulin-like domain, and 4 Fibronectin
III-type repeats, and an intracellular region containing a
juxtamembrane region and two tyrosine PTP domains, of
which only the first has catalytic activity. See e.g., Andersen,
I. N. et al., 2001. Molecular and cellular biology, 21:71177-
7136. Although PTPRM 1s also highly expressed in FLS
(Stanford, S. M. et al., 2013. Arthritis Rheum, 65:1171-
1180), we did not detect diflerential expression of this gene,
or any other transmembrane PTP, between RA and OA FLS.

The expression of PTPRK was retested in a further set of
FLS lines from 13 RA and 12 OA patients, confirming
significantly increased (1.86-1old) PI'PRK expression in RA
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FLS (FIG. 1A). Using an antibody recognizing the RPTPk
intracellular juxtamembrane region, we detected the pres-
ence of both the RPTPk precursor (210 kDa) and C-terminal

cleavage product in RA FLS, and mmportantly, increased
expression of RPTPk protein in RA compared to OA FLS
(FIG. 1B).

To venily RPTPk expression 1n the primary rheumatoid
synovial lining, we performed immunohistochemistry on
synovial sections obtained from biopsies of RA patients.
RPTPk expression was detected in the rheumatoid syn-

ovium, with prominent expression 1 the synovial intimal
lining. See FIG. 5.

Example 2

PTPRK Overexpression in RA FLS 1s
TGFB1-dependent

It has been reported that RA FLS express higher levels of
TGFBI1 than OA FLS. See e.g., Pohlers, D. et al., 2007.
Arthritis Res Ther, 9:R39. As PTPRK 1s a reported TGFf/
SMAD target gene (Wang, S. E. et al., 2005, Id.), without
wishing to be bound by any theory we reasoned that the
increased PTPRK expression in RA FLLS may be due to
increased expression of TGFB1. Accordingly, PTPRK and
PTPRM mRNA expression in RA FLS were measured
following cell stimulation with 30 ng/ml recombinant
TGFPp1 for 24 hr. The expression of PIPRK, and as a
positive control IL.6, was measured by gPCR 1n 8 RA and 8
OA FLS lines following cell stimulation with 50 ng/ml TNF
or 2 ng/ml mterleukin 1 (IL-1f) for 24 hr. PTPRK, but not
PTPRM, expression was increased 1.90-1old 1n response to
treatment of cells with TGF{31 but not 1n response to the
inflammatory cytokines tumor necrosis factor (INF) or
interleukin 1 (IL-1).

We next confirmed the trend of increased expression of
TGFBI1 imn RA FLS. See e.g., Pohlers, D. et al., 2007. Id.
PTPRK and TGFB1 mRNA expression in FLS was mea-
sured, which provided a significant positive correlation
between the expression levels of PTPRK and TGFBI1 1n the
RA FLS (Spearman r=0.5824, p<0.05), but not in the OA
FLS.

We then tested 1f this was due to TGFBIl-mediated
upregulation of PTPRK, or to PTPRK-mediated potentiation
of TGFB1 expression. Cell-permeable antisense oligonucle-
otide (ASQO) enables eflicient knockdown of PTPRK expres-
sion in RA FLS. RA FLS were treated with 2.5 uM control
(Ctl) or PTPRK ASO for 7 days. After 6 days of ASO
treatment, cells were stimulated with 50 ng/ml TGFf(1, or
left unstimulated, 1n the presence of ASO for 24 hr. Accord-
ingly, we subjected RA FLS to knockdown of PTPRK
expression using cell-permeable antisense oligonucleotide
(ASO) targeted against PIPRK (PTPRK ASO), and found
TGFB1 expression was unaflected by PTPRK deficiency.
RA FLS were treated with 25 uM SB305124 or DMSO for
30 min, then stimulated with 10 ng/ml TGFp1 or leit
unstimulated for 24 hr, which showed that, in contrast,
treatment of RA FLS with the TGF{ type 1 receptor chemi-
cal inhibitor SB305124 reduced the basal and TGF{3-stimu-
lated levels of PTPRK.

Example 3
RPTPx Promotes Invasiveness of RA FLLS

We next tested 11 reduction 1n RPTPk expression could
inhibit the ex vivo imvasiveness of RA FLS, a phenotype
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correlated with radiographic damage 1 RA. See e.g., Tol-
boom, T. C. et al., 2005, Id. We subjected the ASO-treated

RA FLS to transwell invasion assays through Matrigel
matrix 1in response to platelet-derived growth factor (PDGF),
a prominent growth factor in the RA synovium that pro-
motes FLS mvasiveness. See e.g., Bottini, N., & Firestein,
G. S. 2013, Id. Following treatment with control (Ctl) or
PTPRK ASO for 7 d, RA FLS mvaded through Matrigel-
coated transwell chambers 1n response to 50 ng/ml PDGF-
BB for 24 hr. RA FLS treated with PTPRK ASO, compared
to control non-targeting ASO-treated cells, were signifi-
cantly less invasive in response to PDGF (FIG. 1C). The
cllect was replicated by treatment of RA FLS with a second
PTPRK-targeted ASO (PTPRK_2 ASO) (see e.g., FIG.
6A-6B), but not by treatment of cells with a PTPRM-
targeted ASO.

We next assessed the effect of PITPRK ASO on RA FLS
migration. PTPRK ASO-treated cells showed significantly
reduced migration in a transwell assay 1n response to 5%
tetal bovine serum (FBS) (FIG. 1D), and out of a sphere of
Matrigel 1n response to PDGF (FIG. 1E). We hypothesized
this eflect was due to increased cell death or reduced
cytoskeletal reorganization following RPTPk knockdown.
Treatment of RA FLS did not increase cell apoptosis or
necrosis, but significantly reduced cell spreading (FIG. 1F).

Example 4

RPTPx Promotes RA FLS Migration Through
Dephosphorylation of SRC

We 1vestigated the molecular mechanism by which
RPTPx knockdown impairs invasion and migration of RA
FLS 1n response to PDGF. We found no reduction in
expression ol the PDGF receptor (PDGFR) upon PTPRK
ASO treatment. We explored RPTPk candidate substrates
with a role 1 cell migration; e.g., RPTPk has been proposed
to interact with cadherin and catenin proteins. See e.g.,
Novellino, L. et al., 2008. Cell Signal, 20:872-883; Lilien, J.,
& Balsamo, J. 2005. Curr Opin Cell Biol, 17:459-463;
Anders, L. et al., 2006. Mol Cell Biol, 26:3917-3934.
Cadherin-11 1s highly expressed in FLS and 1s critical for
FLS 1nvasiveness and for formation and maintenance of the
synovial lining. See e.g., Noss, E. H., & Brenner, M. B.,
2008. Immunological rveviews, 223:252-270. We detected
basal tyrosine phosphorylation of cadherin-11 immunopre-
cipitated from RA FLS, which was unaflected by RPTPk
knockdown. Addltlonally,, RPTPk knockdown had no effect
on RA FLS ability to form a synovial lining layer in an 1n
vitro organ culture. Tyrosine phosphorylation of beta-
catenin has been proposed to promote cell migration and
regulate beta-catenin nuclear recruitment and transcriptional
activity. See e.g., Lilien, J., & Balsamo, J. 2005. Curr Opm
Cell Biol, 17:459-465. However we found no increase 1n
beta-catenin tyrosine phosphorylation, nor alterations in the
ratio of beta-catenin cytosolic/nuclear localization, upon
RPTPx knockdown (FIG. 4).

In mammary cells, RPTPk promotes receptor tyrosine
kinase (RTK) signaling pathways through dephosphory-
lation of the C-terminal inhibitory tyrosine residue (Y527 of
SRC) of SRC family kinases (SFKs). See e.g., Wang, S. E.
et al., 2005, Id. It 1s believed that dephosphorylation of this
site enhances SFK activity and promotes signaling of down-
stream RTKs, including growth factor-induced activation of

mediators of cell motility and invasion, phospholipase C-y
1 (PLCyl) and focal adhesion kinase (FAK). See e.g., Mitra,

S. K., Hanson, D. A., and Schlaepter, D. D. 2005. Molecular
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cell biology, 6:56-68; Yu, H. et al., 1998. Exp Cell Res,
243:113-122. We assessed by Western blotting 11 RPTPk

promotes RA FLS motility through SRC-dependent PDGEFR
signaling. Western blotting was conducted on ASO-treated
RA FLS lysates, and ASO-treated RA FLS stimulated with
50 ng/ml PDGF-BB for 30 min or left unstimulated. RA FLLS
treated with PTPRK ASO showed increased basal phospho-
rylation of SRC Y327, and reduced PDGF-induced phos-
phorylation of PLCyl (Y783) and FAK (Y925). The essen-
tial roles of SFK and PLCyl activity in RA FLS motility
were confirmed using pharmacological inhibitors of these
enzymes. Treatment with the SFK inhibitor PP2 (Hanke, .
H. et al., 1996. J Biol Chem, 271:695-701) or the PLCyl
inhibitor U73122 (Smith, R. 1. 1990. J Pharmaco! Exp Ther,
253:688-697) (FIGS. 2A-2B) abolished growth factor-in-
duced migration of RA FLS.

We next investigated 1 RPTPk directly interacts with
and/or dephosphorylates SFKs. HA-tagged RPTPk was
immunoprecipitated from COS-1 cells and incubated 1n vitro
with RA FLS lysates, and pull-down was subjected to
Western blotting. Both full-length RPTPk immunoprecipi-
tated from COS-1 cells and a recombinant substrate-trapping
mutant of the RPTPk catalytic domain (1PTPk-DI1051A)
precipitated SRC from RA FLS lysates in pull-down assays,
but not YES or FYN (SFKs also expressed mn FLS). Addi-
tionally, full-length RPTPk 1mmunoprecipitated from
COS-1 cells 1 vitro dephosphorylated a SRC phospho-
Y527 peptide, while a catalytically inactive mutant
(C1100S ) did not.

In line with previously reported data (Wang, S. E. et al.,
2003, 1d.), we found no direct effect of RPTPk on TGF3-

mediated signaling 1n FLS, as assessed by lack of eflect of
PTPRK ASO on TGFp1-induced phosphorylation and

nuclear recruitment of SMAD?3, suggesting that the RA FLS
phenotype mnduced by knockdown of RPTPk 1s not due to
direct inhibition of TGF signaling.

Example 5

RPTPx 1s Required for the Pathogenic Action of
RA FLS

As the rheumatoid synovium 1s characterized by patho-
genic overexpression of TNF and IL-1 (Bottini, N., and
Firestein, G. S. 2013, Id.), and SRC activation 1s known to
promote signaling through inflammatory cytokine receptors
(Kant, S. et al.,, 2011. Genes Dev, 25:2069-2078), we
assessed the eflect of PIPRK ASO on TNF and IL-1-
induced expression of genes encoding mediators of FLS
invasiveness. RPTPk deficiency significantly decreased

TNF- and IL-1-1nduced expression of several genes critical
for FLS invasion, CXCL10, VCAMI1, MMPR8 and MMP13

(FIGS. 3A-3E). See e.g., Noss, E. H., & Brenner, M. B.,
2008. Immunological reviews, 223:252-2'70; Bottini, N., and
Firestein, G. S. 2013, Id.; Laragione, T. et al., 2011. Arthritis
and rheumatism, 63:3274-3283; Seemayer, C. A. et al.,
2003. The American journal of pathology, 162:1549-1557.
MMP2 expression was not imnduced by cytokine stimulation
but was constitutively decreased following RPTPk knock-
down (FIG. 3C). No eflect was observed on the expression
of the mnflammatory cytokines IL6, IL8, or MMPI1 or
MMP3.

We then assessed, via Western blotting of lysates from
ASO-treated RA FLS stimulated with 50 ng/ml TNFa for 15
min or left stimulated, the eflfect of PIPRK ASO on TNF-
induced activation of mitogen-activated protein Kinases

(MAPKs) in RAFLS, and found PTPRK ASO reduced basal
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and TNF-induced phosphorylation of c¢-Jun N-terminal
kinase (JNK), but not ERK or p38. Anti-GAPDH served as
control. This phenotype 1s consistent with a role for RPTPk
upstream the activation of FAK, as FAK promotes down-
stream activation of JNK and production of MMPs. See e.g.,
Mitra, S. K., Hanson, D. A., and Schlaepter, D. D. 2005.
Molecular cell biology, 6:56-68.

We next examined whether PITPRK ASO mhibits the in
vivo 1nvasiveness of RA FLS. We induced skin intflamma-
tion 1 athymic nude mice by subcutaneously injecting

complete Freund’s adjuvant (CFA), then intradermally

implanted RA FLS pretreated with Ctl ASI or PIPRK ASO.
After 5 days, we monitored FLS invasion from the implan-
tation site towards the inflammation site. As shown in FIGS.
3F and 7F, PTPRK ASO treatment significantly reduced the
in vivo invasiveness ol RA FLS.

Without wishing to be bound by any one theory, the data
disclosed herein point to a model (FIG. 3G) in which
autocrine TGF{ upregulates of RPTPK expression in RA
FLS, in turn leading to increased RA FLS invasiveness
through activation of SRC and cross-activation of PDGF and
TNF- and IL-1 signaling.

Synergistic stimulation with TGFp and PDGF strongly
amplifies FLS responsiveness to TNF. See e.g., Rosengren,
S., Corr, M., and Bovle, D. L. 2010. Arthritis Res Ther,
12:R65). We reasoned that if our model 1s correct, the
contribution of TGFf3 to TNF signaling in this system might
be mediated through increased expression of PIPRK. We
stimulated ASO-treated RA FLS with TGF@1 for 24 hr to
increase PTPRK expression. We then co-stimulated cells
with further TGFp1, and TNF and PDGF for an additional
24 hr. Co-stimulation with TGFp1 dramatically induced
expression of key mediators of RA FLS invasiveness,
MMP13 (FIG. 3H) and MMP14 (FIG. 31), compared to cells
lacking stimulation with TGFp1. Furthermore, treatment
with PTPRK ASO completely abolished the TGF31-medi-
ated eflect.

Conclusion.

In this study based entirely on human primary cells from
RA patients, we report the first characterization of the role
of a transmembrane PTP 1n RA FLS. We found that RPTPk
1s overexpressed 1n FLS from RA patients compared to OA
patients, which results from increased production of TGFp
by these cells. Through dephosphorylation of the inhibitory
Y527 of SRC, RPTPK promotes RA FLS aggressiveness by
enhancing responsiveness to PDGFE, TNF and IL-1 stimula-
tion. RPTPk-deficient RA FLS display dramatically reduced
spreading, migration, mvasiveness and chemokine produc-
tion. Furthermore, we found that RPTPx 1s required for the
cross-activation of growth factor and inflammatory cytokine
signaling by TGF{} that has been reported to occur 1n RA
FLS.

Our observation that RPTPk promotes RA FLS aggres-
siveness 1S surprising compared to previous reports of
RPTPk as a tumor suppressor, suggesting that RPTPk con-
trols signaling in RA FLS cancer cells through different
mechanisms. PTPRK has been reported to mhibit prolifera-
tion of several types of cancer cells, presumably through
modulation of beta-catenin function or epidermal growth

factor receptor signaling. See e.g., Xu, Y. et al., 2009. J Cell
Biochem, 107:873-880; Julien, S. G., Dube, N Hardy, S.,

and Tremblay, M. L. 2011. Nat Rev Cancer; 11:35-49.
However we found no evidence of a role RPTPk 1n regu-
lation of beta-catenin function; neither RPTPx 1nhibited
migration or survival induced by growth factors in RA FLS.

Without further wishing to be bound by any theory, 1t 1s

believed that in the context of RA, inhibition of RPTPk 1n
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R A subjects carrying high expression of PITPRK at the FLS
level mitigates the pathogenic effects of FLS. The trans-
membrane nature of RPTPk suggests potential for modula-
tion through its juxtamembrane or extracellular domains.
Indeed inhibition by dimerization has been suggested for

other transmembrane PTPs (Majeti, R., and Weiss, A. 2001.
Chemical Reviews, 101:2441-2448) and an anti-RPTPk anti-
body targeted against the extracellular domain was reported

to modulate RPTPk activity (Anders, L. et al., 2006. Mo/
Cell Biol, 26:3917-3934). Deletion of Ptprk in the Long-
Evans Cinnamon rat leads to immunodeficiency of T-helper
cells (Asano, A. et al., 2007. Mamm Genome, 18:779-786),
suggestmg inhibition of RPTPk could provide a dual means
of affecting RA, targeting both T cell- and FLS-mediated

pathogenesis.
V. E

Embodiments

Embodiments include embodiments P1 to P15 following.

Embodiment P1. A method of treating a subject who has
or 1s at risk of developing an autoimmune disease, the
method comprising administering to the subject a therapeu-
tically eflective amount of an autoimmune therapeutic agent,
wherein the autoimmune therapeutic agent 1s an agonist or
an antagonist of PTPRK.

Embodiment P2. The method of embodiment P1, wherein
the autoimmune disease 1s an inflammatory autoimmune
disease and the autoimmune therapeutic agent 1s an IAD
therapeutic agent, the IAD therapeutic agent selected from
an anti-PTPRK antibody, an anti-PTPRK inhibitory nucleic
acid and a PTPRK ligand mimetic, wherein the IAD thera-
peutic agent targets PTPRK, or a fragment, agonist or
antagonist thereof.

Embodiment P3. The method embodiment P1 or embodi-
ment P2 wherein the autoimmune therapeutic agent 1s an
antagonist ol PTPRK.

Embodiment P4. The method of embodiment P2, wherein
the inflammatory autoimmune disease 1s mediated by cells
expressing PTPRK.

Embodiment P5. The method of embodiment P4, wherein
the cells are fibroblast-like synoviocytes.

Embodiment P6. The method embodiment P2 or embodi-
ment P3, wherein the inflammatory autoimmune disease 1s
arthritis, rheumatoid arthritis, psoriatic arthritis, juvenile
idiopathic arthritis, multiple sclerosis, systemic lupus ery-
thematosus (SLE), myasthenia gravis, juvenile onset diabe-
tes, diabetes mellitus type 1, Guillamm-Barre syndrome,
Hashimoto’s encephalitis, Hashimoto’s thyroiditis, ankylo-
sing spondylitis, psoriasis, Sjogren’s syndrome, vasculitis,
glomerulonephritis, auto-immune thyroiditis, Behcet’s dis-
case, Crohn’s disease, ulcerative colitis, bullous pemphig-
01d, sarcoidosis, psoriasis, ichthyosis, Graves ophthalmopa-
thy, inflammatory bowel disease, Addison’s disease,
Vitiligo, asthma, or allergic asthma.

Embodiment P7. The method of one of embodiments P2,
P3, or P6, wherein the inflammatory autoimmune disease 1s
rheumatoid arthritis.

Embodiment P8. The method of any one of embodiments
P1 to P7 wherein the method comprises decreasing, reduc-
ing, inhibiting, suppressing, limiting or controlling TNF and
PDGF activity.

Embodiment P9. A pharmaceutical composition compris-
ing an autoimmune therapeutic agent and a pharmaceutically
acceptable excipient, wherein the autoimmune therapeutic
agent 1s an agonist or antagonist of PTRPK.

Embodiment P10. The pharmaceutical composition of
embodiment P9 wherein the autoimmune therapeutic agent
1s an antagonist of PITPRK.
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Embodiment P11. The pharmaceutical composition of
embodiment P9 or embodiment P10, wherein the pharma-
ceutical composition comprises an IAD therapeutic agent
and a pharmaceutically acceptable excipient, wherein the
IAD therapeutic agent 1s an IAD therapeutic agent selected
from an anti-PTPRK antibody, an anti-PTPRK inhibitory
nucleic acid or PTPRK ligand mimetic.

Embodiment P12. The pharmaceutical composition of
embodiment P11, wherein the IAD therapeutic agent 1s an
ant1-PTPRK antibody.

Embodiment P13. The pharmaceutical composition of
embodiment P11, wherein the IAD therapeutic agent 1s an
ant1-PTPRK 1nhibitory nucleic acid.

Embodiment P14. The pharmaceutical composition of
embodiment P13, wherein the anti-PTPRK inhibitory
nucleic acid 1s an anti-PTPRK antisense nucleic acid.

Embodiment P15. The pharmaceutical composition of
embodiment P11, wherein the PIPRK ligand mimetic 1s a
peptide or a small chemical molecule.

Further embodiments include the following:

Embodiment 1. A method of treating an autoimmune
disease 1n a subject in need thereot, the method comprising
administering to the subject an effective amount of a PTPRK
antagonist.

Embodiment 2. The method of embodiment 1, wherein
said autoimmune disease 1s a fibroblast mediated disease,
arthritis, rheumatoid arthritis, psoriatic arthritis, juvenile
idiopathic arthritis, multiple sclerosis, systemic lupus ery-
thematosus (SLE), myasthenia gravis, juvenile onset diabe-
tes, diabetes mellitus type 1, Guillamm-Barre syndrome,
Hashimoto’s encephalitis, Hashimoto’s thyroiditis, ankylo-
sing spondylitis, psoriasis, Sjogren’s syndrome, vasculitis,
glomerulonephritis, auto-immune thyroiditis, Behcet’s dis-
case, Crohn’s disease, ulcerative colitis, bullous pemphig-
o1d, sarcoidosis, psoriasis, ichthyosis, Graves ophthalmopa-
thy, inflammatory bowel disease, Addison’s disease,
Vitiligo, asthma, scleroderma, systemic sclerosis, or allergic
asthma.

Embodiment 3. A method of decreasing intflammation in
a synovium of a subject 1in need thereof, the method com-
prising administering to the subject an eflective amount of a
PTPRK antagonist.

Embodiment 4. A method of treating osteoarthritis 1n a
subject 1n need thereot, the method comprising administer-
ing to the subject an effective amount of a PI'PRK antago-
nist.

Embodiment 5. The method of any one of embodiments
1, 2 or 3, wherein said subject comprises fibroblast-like
synoviocytes that express high levels of PIPRK relative to
a standard control.

Embodiment 6. The method of any one of embodiments
3 or 5, wherein said subject has rheumatoid arthritis.

Embodiment 7. A method of decreasing expression of
PTPRK 1n a fibroblast-like synoviocyte, the method com-
prising contacting said fibroblast-like synoviocyte with an
cllective amount of a PIPRK antagonist.

Embodiment 8. A method of decreasing TNF activity,
IL-1 activity or PDGF activity in a fibroblast-like synovio-
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cyte, the method contacting said fibroblast-like synoviocyte
with an eflective amount of a PIPRK antagonist.

Embodiment 9. The method of embodiment 8, consisting
ol decreasing TNF activity or IL-1 activity.

Embodiment 10. The method of any one of embodiments
8 or 9, wherein said decreasing comprises decreasing
expression of TNF or IL-1.

Embodiment 11. A method of decreasing invasiveness or
migration of a fibroblast-like synoviocyte, the method com-
prising contacting said fibroblast-like synoviocyte with an
ellective amount of a PTPRK antagonist.

Embodiment 12. The method of any one embodiments 7
to 11, wherein said fibroblast-like synoviocyte 1s a rheuma-
toid arthritis fibroblast-like synoviocyte.

Embodiment 13. The method of any one embodiments 7
to 12, wherein said fibroblast-like synoviocyte expresses
high levels of PIPRK relative to a standard control.

Embodiment 14. The method of one of embodiments 1 to
13, wherein said PTPRK antagonist 1s an anti-PIPRK
antibody, an anti-PTPRK inhibitory nucleic acid, PTPRK
allosteric imhibitor or a PIPRK ligand mimetic.

Embodiment 15. The method of embodiment 14, wherein
said anti-PTPRK antibody 1s an anti-PTPRK extracellular
antibody.

Embodiment 16. The method of embodiment 14, wherein
said anti-PTPRK antibody 1s an anti-PTPRK dimer inhibit-
ing antibody or a anti-PTPRK dimerizing antibody.

Embodiment 17. The method of embodiment 14, wherein
said anti-PTPRK inhibitory nucleic acid has at least 90%
sequence 1dentity to an at least 10 nucleotide contiguous
sequence of SEQ ID NO: 1, SEQ ID NO:2 or a comple-
mentary sequence thereof.

Embodiment 18. The method of embodiment 14, wherein
said ant1-PTPRK ligand mimetic 1s a peptide or a small
chemical molecule.

Embodiment 19. A pharmaceutical composition compris-
ing a PTPRK antagonist and a pharmaceutically acceptable
excipient.

Embodiment 20. The pharmaceutical composition of
embodiment 19, wherein said PTPRK antagonist 1s an
ant1-PTPRK antibody, an anti-PTPRK mhibitory nucleic
acid or a PI'PRK ligand mimetic.

Embodiment 21. The pharmaceutical composition of
embodiment 19, wherein said anti-PTPRK antibody 1s an
ant1-PTPRK extracellular antibody.

Embodiment 22. The pharmaceutical composition of
embodiment 19, wherein said anti-PTPRK antibody 1s an
ant1-PTPRK dimer inhibiting antibody or an anti-PTPRK
dimerizing antibody.

Embodiment 23. The pharmaceutical composition of
embodiment 19, wherein said anti-PTPRK inhibitory
nucleic acid has at least 90% sequence identity to an at least
10 nucleotide contiguous sequence of SEQ ID NO: 1, SEQ
ID NO:2 or a complementary sequence thereof

Embodiment 24. The pharmaceutical composition of
embodiment 19, wherein said anti-PTPRK ligand mimetic 1s
a peptide or a small chemical molecule.

V1. Sequences

receptor type, K (PTPRK},
(NCBI Accession No. NM 001135648.1):

(SEQ ID NO: 1)

GTCTCTCCGGCAGGAGGCGETGGECGECECCGCGCCCLGAGCCCGCATTCCTCAGAAGCGCCCGGAGCCCGC

GGGGECGACGTCACCCCCOGGCTCCGCCCCCOTCCCTCCCCGAGCAAAGTAACT CTTGACTAACAGGAGCAG

CCTCCGCCGAGCATGGAGAGCTGCCGCCGCGGCCGGECCLGGCLACGCTOGCGACGCTT TCGCCCCTGAGGT
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-continued

AGTTTGGCGACCGCGAAGAAGGAARAALAGEGCGEEECEEECEGCTGTCCTCTCACCGTCCTCACCCCGCGAG
GCCCGGECCCGECTCCTCCGTCGTGGATTTCGCOGGCGATCCCCCCOGGCAGCTCTT TGCAAAGCTGCTTGAAR
CTTCTCCCAAACTCGGCATGGATACGACTGCGEGCGGECEGCGCTGCCTGCTTTTGTGGCGCTCTTGCTCCT
CTCTCCTTGGCCTCTCCTGGGAT CGGCCCAAGGCCAGTTCTCCGCAGGTGGCTGTACTTTTGATGATGET
CCAGGGGCCTGTGAT TACCACCAGGAT CTGTATGATGACT TTGAATGGGTGCATGTTAGTGCTCAAGAGC
CTCATTATCTACCACCCGAGATGCCCCAAGGT TCCTATATGATAGTGGACTCTTCAGATCACGACCCTGG
AGARAAAAGCCAGACTTCAGCTGCCTACAATGAAGGAGAACGACACTCACTGCATTGATTTCAGTTACCTA
TTATATAGCCAGAAAGGACTGAATCCTGGCACTTTGAACATATTAGT TAGGGTGAATAAAGGACCTCTTG
CCAATCCAATTTGGAATGTGACTGGAT TCACGGGTAGAGATTGGCTTCGGGCTGAGCTAGCAGTGAGCAC
CTTTTGGCCCAATGAATATCAGGTAATATTTGAAGCTGAAGTCTCAGGAGGGAGAAGTGGTTATATTGCC
ATTGATGACATCCAAGTACTGAGTTATCCTTGTGATAAATCTCCTCATTTCCTCCGTCTAGGGGATGTAG
AGGTGAATGCAGGGCAAAACGCTACATTTCAGTGCATTGCCACAGGGAGAGATGCTGTGCATAACAAGTT
ATGGCTCCAGAGACGAAATGOAGAAGATATACCAGTAGCCCAGACTAAGAACATCAATCATAGAAGGTTT
GCCGCTTCCT TCAGATTGCAAGAAGTGACAARAAACTGACCAGGAT TTGTATCGCTGTGTAACTCAGTCAG
AACGAGGE T TCCGGETGTGTCCAAT TT TGCTCAACT TATTGTGAGAGAACCGCCAAGACCCATTGCTCCTCC
TCAGCT TCT T GG TG T TGGGCC TACATATTTGC TGATCCAACTAAATGCCAACTCGATCATTGGCGATGET
CCTATCATCCTGAAAGAAGTAGAGTACCGAATGACATCAGGATCCTGGACAGAAACCCATGCAGTCAATG
CTCCAACT TACAAA T TATGGCAT TTAGATCCAGATACCGAATATGAGATCCGAGTTCTACTTACAAGACC
TGGETGAAGGTGGAACGGOGGCTCCCAGGACCTCCACTAATCACCAGAACAALAATGTGCAGAACCTATGAGA
ACCCCAAAGACATTAAAGATTGCTGAAATACAGGCAAGACGGATTGCTGTGGACTGGGAATCCTTGGETT
ACAACATTACGCGTTGCCACACT T T TAATGTCACTATCTGCTACCATTACTTCCGTGGTCACAACGAGAG
CAAGGCAGACTGTT TGGACATGGACCCCAAAGCCCCTCAGCATGTTGTGAACCATCTGCCACCTTATACA
AATGTCAGCCTCAAGATGATCCTAACCAATCCAGAGGGAAGGAAGGAGAGTGAAGAGACAATTATTCARAAL
CTGATGAAGATGTGCCTGGTCCCGTACCAGTAAAATCTCTTCAAGGAACATCCTTTGAAAATAAGATCTT
CTTGAACTGGARAAGAACCT TTGGAT CCAAATGGAATCATCACTCAATATGAGATCAGCTATAGCAGTATA
AGATCATTTGATCCTGCAGTTCCAGTGGCTGGACCTCCCCAGACTGTATCAAATTTATGGAACAGTACAC
ACCATGTCT T TATGCATCTCCACCCTGGAACCACGTACCAGTTTTTCATAAGAGCCAGCACGGETCAAAGG
CTT T GG TCCAGCCACAGCCATCAATGTCACCACCAATATCTCAGCTCCAACTTTACCTGACTATGAAGGA
GITGATGCCTCTCTCAATGAAACTGCCACCACAATAACTGTATTGTTGAGACCAGCACAAGCCAAAGETG
CTCCTATCAGTGCTTATCAGATTGT TGTGGAAGAACTGCACCCACACCGAACCAAGAGAGALAGCCGGAGC
CATGGAATGC TACCAGGTTCCTGTCACATACCAAAATGCCATGAGTGGEGEGGETGCACCGTATTACTTTGCT
GCAGAACTCCCCCCLGLGAAACCTACCTGAGCCTGCCCCETTCACTGTGOGOTGACAATCGGACCTACCAAG
GCTTTTGGAACCCTCCTTTGGCTCCGCGCAAAGGATACAACATCTATTTCCAGGCGATGAGCAGTGTGGA
GAAGGAAACTAAAACCCAGTGCGTACGCATTGCTACAAAAGCAGCAGCAACAGAAGAACCAGAAGTGATC
CCAGATCCCGCCAAGCAGACAGACAGAGTGOTGAAAATAGCAGGAATTAGTGCTGGAATTTTGGTGTTCA
TCCTCCTTC T CCTAGT TGTCATATTAATTGTAAAAAAGAGCAAACTTGCTAARAARALCGCAALGATGCCAT
GGEGGAATACCCGOCAGGAGATGACTCACATGOGTGAATGCAATGGATCGAAGTTATGCTGATCAGAGCACT
CTGCATGCAGAAGATCCTCTT TCCATCACCTTCATGGACCAACATAACTTTAGTCCAAGATATGAGAACC

ACAGTGCTACAGCAGAGTCCAGT CGCCTTCTAGACGTACCTCGCTACCTCTGTGAGGGGACGGAATCCCC

TTACCAGACAGGACAGCTGCATCCAGCCATCAGGGTAGCTGATTTACTGCAGCACATTAATCTCATGAAG
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ACATCACACACCTATCGCT TC AR AGAGCAATATCAGAGCTTTT TTGAAGCGACACGTCAGCATCTTCRCATC

TAGCTAARAARAAGATCAARAATAGAGCAALAAAACCGATATGGAAACATTATAGCATATGATCACTCCAGAGT
GATTTTGCAACCCGTAGAGGATGATCCTTCCTCAGATTATATTAATGCCAACTATATTGATATTTGGCT G
TACAGGGATGGCTACCAGAGACCAAGT CATTACATTGCAACCCAAGGTCCCGTTCATGAAACAGTGTATG
ATTTCTGGAGGATGATT TGGCAAGAACAATCTGCTTGCATTGTGATGGTTACAAATTTAGTTGAGGTTGG
COGGGOET TARAATGCTATARAATATTGGCCTGATGATACTGAAGTTTATGGTGACTTCAAAGTAACGTGTGTA
GAAATGGAACCACTTGCTGAATATGTAGTTAGGACATTCACCCTGGAAAGGAGGGGGTACAATGAAATCC
GTGAAGTTAAACAGTTCCATTTCACGGGCTGGCCTGACCATGGAGTGCCCTACCATGCTACAGGGCTGCT
TTCCTTTATCCGGCGAGTCAAGT TATCAAACCCTCCCAGTGCTGGCCCCATCGTTGTACATTGCAGTGCT
GETGCTGGACGAACTGGCTGCTACATTGTGAT TGACATCATGC TAGACATGGC TGAAAGAGAGGGTGTT G
ITTGATATT TACAAT TGTGT CAAAGCCT TAAGATCTCOGGCGTATTAATATGGTCCAGACAGAGGAACAGTA
CATTTTTATTCATGATGCCAT TT TAGAAGCCTGCTTATGTGGAGAAACTGCCATACCTGTCTGTGAATTT
AAAGCTGCATATT T TGATATGAT TAGAATAGACTCCCAGACTAACTCTTCACATCTCAAGGATGAATTTC
AGACTCTGAATTCAGTCACCCCTCGACTACAAGCTGAAGACTGCAGTATAGCGTGCCTGCCAAGGAACCA
TGACAAGAACCGT T TCATGGACATGCTGCCACCTGACAGATGTCTGCCTTTTTTAATTACAATTGATGGG
GAGAGCAGTAACTACATCAATGCTGCTCTTATGGACAGCTACAGGCAACCAGCTGCTTTCATCGTCACAC
AATACCCTCTGCCAAACACTGTAAAAGACT TCTGGAGATTAGTGTATGATTATGGCTGTACCTCCATTGT
GATGTTAAACGAAGTCGACTTGTCCCAGGGCTGCCCTCAGTACTGGCCAGAGGAAGGGATGCTACGATAT
GGCCCCATCCAAGTGGAATGTATGTCTTGTTCAATGGACTGTGATGTGATCAACCGGATT TT TAGGATAT
GCAATCTAACAAGACCACAGGAAGGTTATCTGATGGTGCAACAGT TTCAGTACCTAGGATGGGCTTCTCA
TCGAGAAGTGCCTGGAT CCAAAAGG TCATTCT TGAAACTGATACTTCAGGTGGAAAAGTGGCAGGAGGAL
TGCGAGGAAGGGGAAGGCCOGACGATTATCCACTGCCTAAATGGLTGGCEGGECGAAGTGGCATGTTCTGTG
CTATAGGCATCGTTGTTGAAATGGTGAAACGGCAAAATGTTGTCGATGTTTTCCATGCAGTAAAGACACT
GAGGAACAGCAAGCCAAACATGGETGGAAGCCCCOGAGCAATACCGTT TCTGCTATGATGTAGCT TTGGAG
TACCTGGAAT CATCT TAGT TGGLTGAGACTCTTTAAAGTGCATCCATGAAGAAACCTGTCCATCTATTGA
GCCAGCAGCTGTTGTACCTGTTACACTTGTGCAGAAAGATTTTAATGTGGEEEEETGGGAGACTTTTACAT
T TGAGAGGTAARAAGTAT TT T T T T TATGAAGTTGTGTATCTTAATAARAAAGGACTGAATTAGTTTTTATTA
CTATAT TAAAGCATCAACATT TCATGCCACATAAATTATATTTAATAAGAACCAGATTGAAATGAGAACG
TATTGGTGT T TGTACAGTGAACATGCCACCTTTTTTCTCATGGTTTCAGTAGAGCAGCTACCACATGTTG
CATGAGTTCATACTTTCTACGTGGCATTTTTCTCCCTTTCTAAAATGAAAGCTGATGAATCTTAAAAGGA
AGAAGARAAGAR A GCTGTGCAAAT TCATAGTAAAGTTCGTTTTTTATATGTTTCCAGTGTAGCAGATCT
CTATATARAA T AT AT AAA TATATATAACTGGCT TATTTTCTTTTAATGTGCAATGATGGCTGGATCATTTA
AAGTTCTTTT TAGAAAATAACATAAGCCAAAGACTCAAGTGTAAATATGTCTATATGGAGAAAGCACATT
ATATTTATTGGT TACTTACAT TCCT TTTTTGATGGC TAAAATACTACCACCACACAATCATCTTTTTTTT
CCTGAAGARAAGC T T T T TCT T TAGCTAAAATCAAT TGTAAACGATTTTTGTAGATTATTTTTTGTATGTTT
TAGTGTAAGTAGAAGATAAACTT TT TATTCATAAACCAGGAAGCAATGTTCTTTATAGTGATTCTCTTGT
GlACATGCTTGTGAATTAAATTTGTGTAAAATCCCTTGGCAAT TGGGTCTTTTAATATAGGACCAAATTA
AAACATT T TGCTGAATATGTATAGT T T TTCACAATT TCATTAGGTAAATAATGGTTTGGTGATCATACAT
GAGAAATGTACACATTAAAAGGCCTTGCTGACAACTTGCACAATGTTGAACATAGCCTTTAAGCATCATT

TAAATTTTAAAGGAATGGAGT TTTTCAGCCTGTGGCCCAGCACTGGTCAAGAAAACALAGATGGCAACATA

TATGCT TTCAGGGT CAAAT TTGAGCAAACTGTAAACTGTCAGGGTGATAAAATGTTTCTCTTGATGTTTA
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CATGCACAAGCTTTGCGTTCTGACTATAAARAAGTGTGAACAAATCAATGCCAGATTCCTGTTTTGCGCAT
TGTCATGGGAT TCT TAAGTGAACCT I TCTAAATGTGOGTCTTGT TCACATGCTCCACGTAGCTGTAACTTC
ACATCATCAGCTTGCAGTT TGTAAT TGACTAAAGCATTCCAGTGTCCTCTTTCTAGATTGCCAGCTCATG
ACATGOETGCTTATAAAGAT TTAATTAAAGTAAGAATGARAATAAAGTTTTTATAATTATAACAGTTAALRD
FAVAVAVAVAVAVAVAVAVAVAVAVARS

Homo sapiens proteln tyrosine phosphatase, receptor type, K (PTPRK),
transcript variant 2 (NCBI Accession NM 002844 .3):

(SEQ ID NO: 2)

AGAAGCGCCCGLEAGCCCOGCOLLGLCEACGTCACCCCCOGCTCCGCCCCCGTCCCTCCCCGAGCAAAGTAAC

TCTTGACTAACAGGAGCAGCCTCCGCCGAGCATGGAGAGCTGCCGCCGCGLCCGLECCGECGACGCTGEGECE

ACGCTTTCGCCCCTGAGGTAGTT TGGCGACCGCGAAGAAGGAAAAAGGGECGEGEGECEEGECEECTGETCCTCTC

ACCGTCCTCACCCCGCGAGGCCCOGCCCOCTCCTCCOTCETGGATTTCGCGGCGATCCCCCCGGCAGCTC

TTTGCAAAGCTGCT TGAAACT TCTCCCAAACT CGGCATGGATACGACTGCGGCGGCGGCGCTGCCTGCTT

TTGTGGCGCTCT TGCTCCTCTCTCCTTGGCCTCTCCTGGGATCGGCCCAAGGCCAGTTCTCCGCAGGTGG

CTGTACTT TTGATGATGGT CCAGGGGCCTGTGAT TACCACCAGGATCTGTATGATGACTTTGAATGGGETG

CATGTTAGTGCT CAAGAGCCTCATTATCTACCACCCGAGATGCCCCAAGGTTCCTATATGATAGTGGACT

CTTCAGATCACGACCCTGGAGAAAAAGCCAGACT TCAGCTGCCTACAATGAAGGAGAACGACACTCACTG

CATTGATTTCAGTTACCTATTATATAGCCAGAAAGGACTGAATCCTGGCACTTTGAACATATTAGT TAGG

GTGAATAAAGGACCTCT TGCCAATCCAATTTGGAATGTGACTGGATT CACGGGTAGAGAT TGGCTTCGGG

CTGAGCTAGCAGTGAGCACCT TT TGGCCCAATGAATATCAGGTAATATTTGAAGCTGAAGTCTCAGGAGG

GAGAAGTGGT TATATTGCCATTGATGACATCCAAGTACTGAGT TATCCTTGTGATAAATCTCCTCATTTC

CTCCOGTCTAGGGGATGTAGAGGTGAATGCAGGGCAAAACGCTACATTTCAGTGCATTGCCACAGGGAGAG

ATGCTGTGCATAACAAGTTATGGCT CCAGAGACGAAATGGAGAAGATATACCAGTAGCCCAGACTAAGAD

CATCAATCATAGAAGGT TTGCCGCTTCCTTCAGATTGCAAGAAGTGACAAAALACTGACCAGGATTTGETAT

CGCTGTGTAACT CAGTCAGAACGAGGT TCCGGTGTGTCCAATTTTGCTCAACTTATTGTGAGAGAACCGC

CAAGACCCATTGCTCCTCCTCAGCT TCTTGGTGT TGGGCCTACATATTTGCTGATCCAACTAAATGCCAA

CTCGATCATTGGCGATGGTCCTATCATCCTGAAAGAAGTAGAGTACCGAATGACATCAGGATCCTGGACA

GAAACCCATGCAGTCAATGCTCCAACTTACAAATTATGGCATTTAGATCCAGATACCGAATATGAGATCC

GAGTTCTACT TACAAGACCTGGTGAAGGTGGAACGGGGCTCCCAGGACCTCCACTAATCACCAGAACAAL

ATGTGCAGAACCTATGAGAACCCCAAAGACATTAAAGATTGCTGAAATACAGGCAAGACGGATTGCTGETG

GACTGGGAATCCTTGGGTTACAACATTACGCGTTGCCACACTTTTAATGTCACTATCTGCTACCATTACT

TCCGTGET CACAACGAGAGCAAGGCAGACTGTTTGGACATGGACCCCAAAGCCCCTCAGCATGTTGTGAA

CCATCTGCCACCTTATACAAATGTCAGCCTCAAGATGATCCTAACCAATCCAGAGGGAAGGAAGGAGAGT

GAAGAGACAATTAT TCAAACTGATGAAGATGTGCCTGGTCCCGTACCAGTAAAATCTCTT CAAGGAACAT

CCTTTGAARAATAAGATCTTCT TGAACTGGAAAGAACCTTTGGATCCAAATGGAATCATCACTCAATATGA

GATCAGCTATAGCAGTATAAGATCATTTGATCCTGCAGTTCCAGTGGCTGGACCTCCCCAGACTGTATCA

AATTTATGGAACAGTACACACCATGTCTTTATGCATCTCCACCCTGGAACCACGTACCAGTTTTTCATAA

GAGCCAGCACGGTCAAAGGCTTTGGTCCAGCCACAGCCATCAATGTCACCACCAATATCTCAGCTCCAAC

ITTTACCTGACTATGAAGGAGT TGATGCCTCTCTCAATGAAACTGCCACCACAATAACTGTATTGTTGAGA

CCAGCACAAGCCAAAGGTGCTCCTATCAGTGCTTATCAGATTGTTGTGGAAGAACTGCACCCACACCGAA

CCAAGAGAGAAGCCGGAGCCATGGAATGCTACCAGGTTCCTGTCACATACCAAAATGCCATGAGTGGGEEG

TGCACCGTATTACTTTGCTGCAGAACT CCCCCCGLGAAACCTACCTGAGCCTGCCCCOGTTCACTGTGEET
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GACAATCGGACCTACCAAGGCTTTTGGAACCCTCCTTTGGCTCCGCGCAAAGGATACAACATCTATTTCC
AGGCGATGAGCAGTGTGGAGAAGGAAACTAAAACCCAGTGCGTACGCATTGCTACAALAAGCAGCAGCAAC
AGAAGAACCAGAAGTGATCCCAGAT CCCGCCAAGCAGACAGACAGAGTGGTGAAAATAGCAGGAATTAGT
GCTGGAATTTTGGTGTTCATCCTCCTTCTCCTAGTTGTCATATTAATTGTAAAAAAGAGCAAACTTGCTA
AARAACGCAAAGATGCCATGOGLAATACCCGGCAGGAGATGACTCACATGGTGAATGCAATGGATCGAAG
TTATGCTGAT CAGAGCACTCTGCATGCAGAAGATCCTCTTTCCATCACCTTCATGGACCAACATAACTTT
AGTCCAAGATATGAGAACCACAGTGCTACAGCAGAGTCCAGTCGCCTTCTAGACGTACCTCGCTACCTCT
GTGAGGGGACGGAATCCCCTTACCAGACAGGACAGCTGCATCCAGCCATCAGGGTAGCTGATTTACTGCA
GCACATTAATCTCATGAAGACATCAGACAGCTATGGGETTCAAAGAGGAATATGAGAGCTTTTTTGAAGGA
CAGTCAGCATCTTGGGATGTAGCTAAALAAAGATCAARAATAGAGCAAALARALACCGATATGGAAACATTATAG
CATATGATCACTCCAGAGTGATTTTGCAACCCGTAGAGGATGATCCTTCCTCAGATTATATTAATGCCAA
CTATATTGATGGCTACCAGAGACCAAGTCATTACATTGCAACCCAAGGTCCCGTTCATGAAACAGTGTAT
GATTTCTGGAGGATGATTTGGCAAGAACAATCTGCTTGCATTGTGATGOGTTACAAATTTAGT TGAGGTTG
GCCGGGETTAAATGC TATAAATATTGGCCTGATGATACTGAAGT TTATGGTGACTTCAAAGTAACGTGTGT
AGARAATGGLAACCACTTGCTGAATATGTAGT TAGGACATTCACCCTGGAAAGGAGGGGGTACAATGAAATC
COTGAAGT TAAACAGTTCCAT TTCACGGGCTGGCCTGACCATGGAGTGCCCTACCATGCTACAGGGCTGEC
TTTCCTTTATCCGGCGAGT CAAGTTATCAAACCCTCCCAGTGCTGGCCCCATCGTTGTACATTGCAGTGC
TGETGCTGGACGAACTGGC TGCTACAT TGTGATTGACATCATGCTAGACATGGCTGAAAGAGAGGGTGTT
GITGATATTTACAATTGTGTCAAAGCCTTAAGATCTCGGCGTATTAATATGGET CCAGACAGAGGAACAGT
ACATTTTTATTCATGATGCCATT TTAGAAGCCTGCT TATGTGGAGAAACTGCCATACCTGTCTGTGAATT
TAAAGC TGCATAT T T TGATATGATTAGAATAGACTCCCAGACTAACTCTTCACATCTCAAGGATGAATTT
CAGACTCTGAATTCAGTCACCCCTCGACTACAAGCTGAAGACTGCAGTATAGCGTGCCTGCCAAGGAACC
ATGACAAGAACCGTTTCATGGACATGCTGCCACCTGACAGATGTCTGCCTTTTTTAATTACAATTGATGG
GGAGAGCAGTAACTACATCAATGCTGCTCTTATGGACAGCTACAGGCAACCAGCTGCTTTCATCGTCACA
CAATACCCTCTGCCAAACACTGTAAAAGACTTCTGGAGAT TAGTGTATGATTATGGCTGTACCTCCATTG
TGATGT TAAACGAAGTCGACT TGTCCCAGGGCTGCCCTCAGTACTGGCCAGAGGAAGGGATGCTACGATA
TGGCCCCATCCAAGTGGAA TG TATGTCTTGTTCAATGGACTGTGATGTGATCAACCGGATTTTTAGGATA
TGCAATCTAACAAGACCACAGGAAGGT TATCTGATGOGTGCAACAGTTTCAGTACCTAGGATGGGCTTCTC
ATCGAGAAGTGCCTGGATCCAAAAGGTCATTCTTGAAACTGATACTTCAGGTGGAAALAGTGGCAGGAGGA
ATGCGAGGAAGGGGAAGGCCOGACGAT TATCCACTGCCTAAATGGTGGCGGGCGAAGTGGCATGTTCTGT
GCTATAGGCATCOTTGTTGAAATGGTGAAACGGCAAAATGTTGTCGATGTTTTCCATGCAGTAAAGACAC
TGAGGAACAGCAAGCCAAACATGOTGGAAGCCCCGGAGCAATACCGTTTCTGCTATGATGTAGCTTTGGA
GTACCTGGAATCATCTTAGTTGGGTGAGACTCTTTAAAGTGCATCCATGAAGAAACCTGTCCATCTATTG
AGCCAGCAGCTGTTGTACCTGTTACACTTGTGCAGAAAGATTTTAATGTGGGGEGEETGGGAGACTTTTACA
TTTGAGAGGTAAAAGTATTTTTTTTATGAAGT TGTGTATCTTAATARAAAAGGACTGAATTAGTTTTTATT
ACTATATTAAAGCATCAACAT TTCATGCCACATAAATTATATTTAATAAGAACCAGATTGAAATGAGAAC
GIATTGGTGT TTGTACAGTGAACATGCCACCTTTTTTCTCATGGTTTCAGTAGAGCAGCTACCACATGTT
GCATGAGT TCATACTTTCTACGTGGCATTTTTCTCCCTTTCTAAAATGAAAGC TGATGAATCTTAAAAGS

AAGAAGARADAGARAA AGC TG TGCAAA T TCATAGTAAAGT TCOGTTTTTTATATGTTTCCAGTGTAGCAGATC

TCTATAT AR A TATATAA A TATATATAACTGGC T TATTTTCTTTTAATGTGCAATGATGGCTGGATCATTT
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AAACGTTCTTTTTAGAAAATARACATAAGCCARAAGACTCAACTETAAATATATCTATATCCACAAACCACAT

TATAT T TAT TGGT TACT TACATTCCTTTTTTGATGGCTAAAATACTACCACCACACAATCATCTTTTTTT
TCCTGAAGARAGCTTTTTCTT TAGC TAARAATCAATTGTAAACGATTTTTGTAGATTATTTTTTGTATGTT
TTAGTGTAAGTAGAAGATAAACT TTTTATTCATAAACCAGGAAGCAATGTTCTTTATAGTGATTCTCTTG
TGTACATGCTTGTGAAT TAAATT TGTGTAAAATCCCTTGGCAATTGGGTCTTTTAATATAGGACCAAATT
AARLACATTTTGCTGAATATGTATAGTTTTTCACAATTTCATTAGGTAAATAATGGTTTGGTGATCATACA
TGAGAAATGTACACATTAARAAGGCCTTGCTGACAACTTGCACAATGTTGAACATAGCCTTTAAGCATCAT
TTAAATTT TAAAGGAATGGAGTT TT TCAGCCTGTGGCCCAGCACTGGTCAAGAAALCAAGATGGCAACAT
ATATGCTTTCAGGGTCAAATT TGAGCAAACTGTAAACTGTCAGGGTGATAAAATGTTTCTCTTGATGTTT
ACATGCACAAGC T T TGCOGT TCTGACTATAAAAAGTGTGAACAAATCAATGCCAGATTCCTGTTTTGCGCA
TTGT CATGGGAT TC T TAAGTGAACC T T TCTAAATGTGGTCTTGTTCACATGCTCCACGTAGCTGTAACTT
CACATCATCAGCTTGCAGT TTGTAATTGACTAAAGCATTCCAGTGTCCTCTTTCTAGATTGCCAGCTCAT

GACATGGTGCTTATAAAGATTTAATTAAAGTAAGAATGAAATAAAGTTTTTATAAT TATAACAGTTAAAL

FAVAVAVAVAVAVAVAVAVAVAVAVAVAN
PTPRK ASO:

(SEQ ID NO: 3)
TCTTAATCACAACCTACCACAAGGA.
PTPRK 2 ASO:

(SEQ ID NO: 4)
ACAGCAAAGTATGAGCATACCATCT.
PTPRM ASO:

(SEQ ID NO: 5)
TAAAGACAACTTACTACATGGATGT .
Control ASO:

(SEQ ID NO: 6)
CCTCTTACCTCAGTTACAATTTATA.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 6
<210> SEQ ID NO 1
<211> LENGTH: 6173
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1
gtctctececgyg caggaggcgg tggcggcgcece gcecgceccgagce ccgcattcect cagaagcegcec 60
cggagcccgce ggggcgacgt cacccceggce tceccgcecceccceceg tceccectcecceceg agcaaagtaa 120
ctcttgacta acaggagcag cctceccgecga gcatggagag ctgceccgcecgce ggceccecggcecgd 180
cgacgctggce gacgcttteg cceccecctgaggt agtttggcga ccgcgaagaa ggaaaaagdd 240
cgggcgggcyg gcectgtcectet caccgtecte accceccecgcgag gceccggecceyg ctectecgtce 300
gtggatttcg cggcgatcce cccggcagcet ctttgcaaag ctgcttgaaa cttcectceccaa 360
actcggcatg gatacgactg cggcggceggce gcectgcectget tttgtggcege tettgcectect 420
ctctecttgg ccectetectgg gatcggecca aggccagtte tceccecgcaggtg getgtacttt 480
tgatgatggt ccaggggcct gtgattacca ccaggatctg tatgatgact ttgaatgggt 540
gcatgttagt gctcaagagc ctcattatct accacccgag atgccccaag gttcectatat 600
gatagtggac tcttcagatce acgaccctgg agaaaaagcce agacttcagce tgcctacaat 660
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gaaggagaac

gaatcctggce

ttggaatgtyg

cttttggccc

ttatattgec

cctcecgtcecta

cacagggaga

accagtagcc

agaagtgaca

cggtgtgtcc

tcagcttett

tggcgatggt

agaaacccat

atatgagatc

tccactaatc

tgctgaaata

gcgttgccac

caaggcagac

accttataca

tgaagagaca

tcaaggaaca

tggaatcatc

tccagtggcet

tatgcatctc

ctttggtcca

ctatgaagga

accagcacada

cccacaccda

ccaaaatgcc

cctacctgayg

ccetecttty

gaaggaaact

agaagtgatc

tgctggaatt

caaacttgct

ggtgaatgca

ttccatcacc

agcagagtcc

ttaccagaca

tctcatgaag

gacactcact

actttgaaca

actggattca

aatgaatatc

attgatgaca

ggggatgtag

gatgctgtgc

cagactaaga

aaaactgacc

aattttgctc

ggtgttgggce

cctatcatcc

gcagtcaatg

cgagttctac

accagaacdada

caggcaagac

acttttaatg

tgtttggaca

aatgtcagcc

attattcaaa

tcectttgaaa

actcaatatg

ggacctcccce

caccctggaa

gccacagcca

gttgatgcct

gccaaaggtyg

accaagagag

atgagtggdgg

cctgecceccegt

gctcecgegca

aaaacccagt

ccagatcccy

ttggtgttca

dddaaacdca

atggatcgaa

ttcatggacc

agtcgecttce

ggacagctgc

acatcagaca
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gcattgattt
tattagttag
cgggtagaga
aggtaatatt
tccaagtact
aggtgaatgc
ataacaagtt
acatcaatca
aggatttgta
aacttattgt
ctacatattt
tgaaagaagt
ctccaactta
ttacaagacc
aatgtgcaga
ggattgctgt
tcactatctg
tggaccccaa
tcaagatgat
ctgatgaaga
ataagatctt
agatcagcta
agactgtatc
ccacgtacca
tcaatgtcac
ctctcaatga
ctcctatcag
aagccggagc
gtgcaccgta
tcactgtgygg
aaggatacaa
gcgtacgcat
ccaagcagac
tcectecttcet
aagatgccat
gttatgctga
aacataactt

tagacgtacc
atccagccat

gctatgggtt
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cagttaccta

ggtgaataaa

ttggcttcgy

tgaagctgaa

gagttatcct

agggcaaaac

atggctccag

tagaaggttt

tcgcectgtgta

gagagaaccyg

gctgatccaa

agagtaccga

caaattatgg

tggtgaaggt

acctatgaga

ggactgggaa

ctaccattac

agcccctcag

cctaaccaat

tgtgcctggt

cttgaactygy

tagcagtata

aaatttatgyg

gtttttcata

caccaatatc

aactgccacc

tgcttatcag

catggaatgc

ttactttgcet

tgacaatcgy

catctatttc

tgctacaaaa

agacagagtg
cctagttgtce

ggggaatacc

tcagagcact

tagtccaaga

ctcgctaccte

cagggtagct

caaagaggaa

-continued

ttatatagcc

ggacctcttyg

gctgagctag

gtctcaggag

tgtgataaat

gctacatttc

agacgaaatyg

gccgcettect

actcagtcag

ccadaagacccda

ctaaatgcca

atgacatcag

catttagatc

ggaacyggye

accccdadaadga

tccttgggtt

ttccgtggtce

catgttgtga

ccagagggaa

ccegtaccag

aaagaacctt

agatcatttg

aacagtacac

agagccagca

tcagctccaa

acaataactg

attgttgtgg

taccaggttc

gcagaactcc

acctaccaag

caggcgatga

gcagcagcaa

gtgaaaatag

atattaattg

cggcagygaga

ctgcatgcag

tatgagaacc

tgtgagggga

gatttactgc

tatgagagct

agaaaggact

ccaatccaat

cagtgagcac

ggagaagtgg

ctcctcecattt

agtgcattgc

gagaagatat

tcagattgca

aacgaggttc

ttgctcectece

actcgatcat

gatcctggac

cagataccga

tcccaggacce

cattaaagat

acaacattac

acaacgagag

accatctgcc

ggaaggagayg

Caaaatctct

tggatccaaa

atcctgcagt

accatgtctt

cggtcaaagyg

ctttacctga

tattgttgag

aagaactgca

ctgtcacata

ccccocgggaaa

gcttttggaa

gcagtgtgga

cagaagaacc

caggaattag

taaaaaagag

tgactcacat

aagatcctct

acagtgctac

cggaatcccec

agcacattaa

tttttgaagg

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

52



acagtcagca

aaacattata

ctcagattat

accaagtcat

gatgatttgg

ccgggttaaa

aacgtgtgta

gagggggdtac

tggagtgccc

cceteccagt

ctacattgtyg

caattgtgtc

catttttatt

ctgtgaattt

acatctcaag

ctgcagtata

acctgacaga

tgctgcetett

gccaaacact

gatgttaaac

gctacgatat

caaccggatt

acagtttcag

cttgaaactyg

gacgattatc

cgttgttgaa

gaggaacagc

agctttggag

gaaacctgtc

tttaatgtgg

ttgtgtatct

ttcatgccac

tgtacagtga

catgagttca

cttaaaagga

gtttccagtyg

tttaatgtgc

agactcaagt

CCCCCLtCLEtCLtLE

tcttgggatyg

gcatatgatc

attaatgcca

tacattgcaa

caagaacaat

tgctataaat

gaaatggaac

aatgaaatcc

taccatgcta

gctggccocca

attgacatca

aaagccttaa

catgatgcca

aaagctgcat

gatgaatttc

gcgtgcoctge

tgtctgectt

atggacagct

gtaaaagact

gaagtcgact

ggccccatcece

tttaggatat

tacctaggat

atacttcagy

cactgcctaa

atggtgaaac

aagdccaadacda

tacctggaat

catctattga

ggggtgggag

taataaaaag

ataaattata

acatgccacc

tactttctac

agaagaaaag

tagcagatct

aatgatggct

gtaaatatgt

gatggctaaa

53

tagctaaaaa
actccagagt
actatattga
cccaaggtcc
ctgcttgcat
attggcctga
cacttgctga
gtgaagttaa
cagggctgcet
tcgttgtaca
tgctagacat
gatctcggceyg
ttttagaagc
attttgatat
agactctgaa
caaggaacca
CLLtaattac
acaggcaacc
tctggagatt
tgtcccaggy
aagtggaatyg
gcaatctaac
gggcttctca
tggaaaagtyg
atggtggegg
ggcaaaatgt
tggtggaagc
catcttagtt
gccagcagct
acttttacat
gactgaatta
tttaataaga
CCLLCLCtcCctcCca
gtggcatttt
aaaagctgtyg
ctatataaat
ggatcattta

ctatatggag

atactaccac

US 10,385,340 B2

agatcaaaat

gattttgcaa

tatttggctyg

cgttcatgaa

tgtgatggtt

tgatactgaa

atatgtagtt

acagttccat

CECcctttatc

ttgcagtgct

ggctgaaaga

tattaatatg

ctgcttatgt

gattagaata

ttcagtcacc

tgacaagaac

aattgatggyg

agctgcetttc

agtgtatgat

ctgccctceag

tatgtcttgt

aagaccacag

tcgagaagtyg

gcadgadgdaa

gcgaagtggce

tgtcgatgtt

ccocggagcaa

gggtgagact

gttgtacctg

ttgagaggta

gtLttttatta

accagattga

tggtttcagt

Cctcececttte

caaattcata

atataaatat

aagttctttt

aaagcacatt

cacacaatca

-continued

agagcaaaaa

ccecgtagagyg

tacagggatg

acagtgtatg

acaaatttag

gtttatggtg

aggacattca

ttcacgggct

cggcgagtca

ggtgctggac

gagggtgttyg

gtccagacag

ggagaaactg

gactcccaga

cctcgactac

cgtttcatgg

gagagcagta

atcgtcacac

tatggctgta

tactggccag

tcaatggact

gaaggttatc

cctggatcca

tgcgaggaag

atgttctgtg

ttccatgcag

taccgtttet

ctttaaagtg

ttacacttgt

aaagtatttt

ctatattaaa

aatgagaacg

agagcagcta

taaaatgaaa

gtaaagttcyg

atataactgg

tagaaaataa

atatttattg

CCCCCCCLtCtEL

accgatatgyg

atgatccttc

gctaccagag

atttctggag

ttgaggttgyg

acttcaaagt

ccectggaaag

ggcctgacca

agttatcaaa

gaactggctyg

ttgatattta

aggaacagta

ccatacctgt

ctaactcttc

aagctgaaga

acatgctgcc

actacatcaa

aataccctct

cctceccattgt

aggaagggat

gtgatgtgat

tgatggtgca

aaaggtcatt

ggdgaaggcecyd

ctataggcat

taaagacact

gctatgatgt

catccatgaa

gcagaaagat

ttttatgaag

gcatcaacat

tattggtgtt

ccacatgttyg

gctgatgaat

CCLtttatat

Cttattttct

cataagccaa

gttacttaca

cctgaagaaa

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

54



gCLLLLCtcCctt

tagtgtaagt

attctcettgt

tttaatatag

taggtaaata

acaacttgca

tttttcagec

gggtcaaatt

catgcacaag

ttttgcgcat

ctccacgtag

agtgtcctct

aagaatgaaa

tagctaaaat

agaagataaa

gtacatgctt

gaccaaatta

atggtttggt

caatgttgaa

tgtggcccag

tgagcaaact

ctttgcgttc

tgtcatggga

ctgtaacttc

ttctagattyg

taaagttttt

<210> SEQ ID NO 2

<«211> LENGTH:
<212> TYPE:

6104
DNA

3

caattgtaaa
CCLCLtattc
gtgaattaaa
aaacattttg
gatcatacat
catagccttt
cactggtcaa
gtaaactgtc
tgactataaa
ttcttaagtyg
acatcatcag
ccagctcatg

ataattataa

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

agaagcgccc

gcaaagtaac

gCccggCccyycC

gaaaaagggc

tcctecegteyg

Cttctcceccaaa

cttgctcectc

ctgtactttt

tgaatgggtg
ttcctatatg

gcctacaatg

gaaaggactg

caatccaatt
agtgagcacc

gagaagtggt

tcctcattec

gtgcattgcc

agaagatata

cagattgcaa

acgaggttcc

tgctcectect

ctcgatcatt

atcctggaca

gdadgCcccyCcy

tcttgactaa

gacgctggcyg

gggcdgdgcegy

tggatttcgc

ctcggcatgy

tctecttggc

gatgatggtc

catgttagtyg

atagtggact

aaggagaacyg

aatcctggca

tggaatgtga

ttttggccca

tatattgcca

ctcegtcetag

acadgdgdgadgad

ccagtagccc

gaagtgacaa

ggtgtgtcca

cagcttctty

ggcgatggtc

gaaacccatg

gggcgacgtc
caggagcagc
acgctttege
ctgtcctcete
ggcgatcccc

atacgactgc

ctctecetggy

caggggcctg

ctcaagagcc

cttcagatca

acactcactg

ctttgaacat

ctggattcac

atgaatatca

ttgatgacat

gggatgtaga

atgctgtgca

agactaagaa

aaactgacca

attttgctca

gtgttgggcc

ctatcatcct

cagtcaatgc
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cgatttttgt
ataaaccagg
tttgtgtaaa
ctgaatatgt
gagaaatgta
aagcatcatt
gaaaacaaga
agggtgataa
aagtgtgaac
aacctttcta
cttgcagttt
acatggtgct

cagttaaaaa

acccccoggcet

ctcecgecgayg

ccectgaggta

accgtcctca

ccggcagcetc

Jgcggcgged

atcggcccaa

tgattaccac

tcattatcta

cgaccctgga

cattgatttc

attagttagyg

gggtagagat

ggtaatattt

ccaagtactyg

ggtgaatgca

taacaagtta

catcaatcat

ggatttgtat

acttattgtg

tacatatttyg

gaaagaagta

tccaacttac

-continued

agattatttt

aagcaatgtt

atcccttggce

atagttttte

cacattaaaa

taaattttaa

tggcaacata

aatgtttecte

aaatcaatgc

aatgtggtct

gtaattgact

tataaagatt

ddddadddad

ccgececcgt

catggagagc

gtttggcgac

ccecgegagy

tttgcaaagc

ctgcctgcett

ggccagttct

caggatctgt

ccacccgaga

gaaaaagcca

agttacctat

gtgaataaag

tggcttcecggy
gaagctgaag

agttatcctt

gggcaaaacyg

tggctccaga

agaaggtttyg

cgctgtgtaa

agagaaccgc

ctgatccaac

gagtaccgaa

aaattatggc

ttgtatgttt

ctttatagtg

aattgggtct

acaatttcat

ggccttgctyg
aggaatggag
tatgctttca
ttgatgttta
cagattcctyg
tgttcacatyg
aaagcattcc
taattaaagt

dadad

ccctccccga

tgccgecegeyg

cgcgaagaag

ccoeggeccygc

tgcttgaaac

ttgtggcgct

ccgcaggtgg

atgatgactt

tgccccaagyg

gacttcagct

tatatagcca

gacctcttgc

ctgagctagce

tctcaggagyg

gtgataaatc

ctacatttca

gacgaaatgyg

ccgcettectt

ctcagtcaga

caagacccat

taaatgccaa

tgacatcagg

atttagatcc

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6173

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

56



agataccgaa

cccaggacct

attaaagatt

caacattacg

caacgagagc

ccatctgcca

gaaggagagt

aaaatctctt

ggatccaaat

tcctgecagtt

ccatgtettt

ggtcaaaggc

tttacctgac

attgttgaga

agaactgcac

tgtcacatac

ccoegggaaac

cttttggaac

cagtgtggag

agaagaacca

aggaattagt

aaaaaagagc

gactcacatg

agatcctcett

cagtgctaca

ggaatcccct

gcacattaat

ttttgaagga

ccgatatgga

tgatccttcec

ttacattgca

gcaagaacaa

atgctataaa

agaaatggaa

caatgaaatc

ctaccatgct

tgctggceccc

gattgacatc

caaagcctta

tatgagatcc

ccactaatca

gctgaaatac

cgttgccaca

aaggcagact

ccttatacaa

gaagagacaa

caaggaacat

ggaatcatca

ccagtggctyg

atgcatctcc

tttggtccag

tatgaaggag

ccagcacaag

ccacaccygada

caaaatgcca

ctacctgagc

cctectttgy

aaggaaacta

gaagtgatcc

gctggaattt

aaacttgcta

gtgaatgcaa

tccatcacct

gcagagtcca

taccagacag

ctcatgaaga

cagtcagcat

aacattatag

tcagattata

acccaaggtc

tctgcttgcea

tattggccty

ccacttgctyg

cgtgaagtta

acagggctgc

atcgttgtac

atgctagaca

agatctcggc

S7

gagttctact
ccagaacaaa
aggcaagacg
cttttaatgt
gtttggacat
atgtcagcct
ttattcaaac
cctttgaaaa
ctcaatatga
gacctcccca
accctggaac
ccacagccat
ttgatgcctce
ccaaaggtgc
ccaagagaga
tgagtgggggy
ctgcccegtt
ctccecgcgcaa
aaacccagtg
cagatcccgc
tggtgttcat
aaaaacgcaa
tggatcgaag
tcatggacca
gtcgccttcet
gacagctgca
catcagacag
cttgggatgt
catatgatca
ttaatgccaa
ccgttcatga
ttgtgatggt
atgatactga
aatatgtagt
aacagttcca
CCLtcctttat

attgcagtgc

tggctgaaag

gtattaatat
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tacaagacct

atgtgcagaa

gattgctgtg

cactatctgc

ggaccccaaa

caagatgatc

tgatgaagat

taagatcttc

gatcagctat

gactgtatca

cacgtaccag

caatgtcacc

Cctcaatgaa

tcctatcagt

agccggagcec

tgcaccgtat

cactgtgggt

aggatacaac

cgtacgcatt

caagcagaca

cctceccecttcetce

agatgccatyg

ttatgctgat

acataacttt

agacgtacct

tccagcecatce

ctatgggttc

agctaaaaaa

ctccagagtyg

ctatattgat

aacagtgtat

tacaaattta

agtttatggt

taggacattc

tttcacgggc

ccggcegagtc

tggtgctgga

agagggtgtt

ggtccagaca

-continued

ggtgaaggtg

cctatgagaa

gactgggaat

taccattact

gcccecctcocagce

ctaaccaatc

gtgcctggtc

ttgaactgga

agcagtataa

aatttatgga

CCCtttcataa

accaatatct

actgccacca

gcttatcaga

atggaatgct

tactttgctg

gacaatcgga

atctatttcc

gctacaaaag

gacagagtgg

ctagttgtca

gggaataccc

cagagcactc

agtccaagat

cgctacctct

agggtagctyg

aaagaggaat

gatcaaaata

attttgcaac

ggctaccaga

gatttctgga

gttgaggttyg

gacttcaaag

accctggaaa

tggcctgacc

aagttatcaa

cgaactggct

gttgatattt

gaggaacagt

gaacggggct

ccccaaayac

ccttgggtta

tccgtggtca

atgttgtgaa

cadagydyaay

ccgtaccagt

aagaaccttt

gatcatttga

acagtacaca

gagccagcac

cagctccaac

caataactgt

ttgttgtgga

accaggttcc

cagaactccc

cctaccaagg

aggcgatgag

cagcagcaac

tgaaaatagc

tattaattgt

ggcaggagat

tgcatgcaga

atgagaacca

gtgaggggac

atttactgca

atgagagctt

gagcaaaaaa

ccgtagagga

gaccaagtca

ggatgatttyg

gccgggttaa

taacgtgtgt

ggagggggta

atggagtgcc

accctcccag

gctacattgt

acaattgtgt

acatttttat

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

58



tcatgatgcc

taaagctgca

ggatgaattt

agcgtgectyg

atgtctgcct

tatggacagc

tgtaaaagac

cgaagtcgac

tggccccatc

ttttaggata

gtacctagga

gatacttcag

ccactgccta

aatggtgaaa

caaqyccaaac

gtacctggaa

ccatctattyg

gggggtggga

ttaataaaaa

cataaattat

aacatgccac

atactttcta

aagaagaaaa

gtagcagatc

caatgatggc

tgtaaatatyg

tgatggctaa

ttagctaaaa

tagaagataa

tgtacatgct

ggaccaaatt

aatggtttygy

acaatgttga

ctgtggccca

ttgagcaaac

gctttgegtt

ttgtcatggy

gctgtaactt

tttctagatt

ataaagtttt

attttagaag

tattttgata

cagactctga

ccaaggaacc

CCCtttaatta

tacaggcaac

ttctggagat

ttgtcccagyg

caagtggaat

tgcaatctaa

tgggcttctc

gtggaaaagt

aatggtggcg

cggcaaaatyg

atggtggaag

tcatcttagt

agccagcagc

gacttttaca

ggactgaatt

atttaataag

CECLCCLLCLC

cgtggcattt

gaaaagctgt

tctatataaa

tggatcattt

tctatatgga

aatactacca

tcaattgtaa

acCtttttatt

tgtgaattaa

aaaacatttt

tgatcataca

acatagcctt

gcactggtca

tgtaaactgt

ctgactataa

attcttaagt

cacatcatca

gccagctcat

tataattata

59

cctgcettatg
tgattagaat
attcagtcac
atgacaagaa
caattgatgg
cagctgcttt
tagtgtatga
gctgecectcea
gtatgtcttyg
caagaccaca
atcgagaagt
gygcaggagygga
ggcgaagtgyg
ttgtcgatgt
ccoccecggagcea
tgggtgagac
tgttgtacct
tttgagaggt
agtttttatt
aaccagattg
atggtttcag
CCctcecttet
gcaaattcat
tatataaata
aaagttcttt
gaaagcacat
ccacacaatc
acgatttttyg
cataaaccag
atttgtgtaa
gctgaatatyg
tgagaaatgt
taagcatcat
agaaaacaag
cagggtgata
aaagtgtgaa
gaacctttct
gcttgcagtt
gacatggtgc

acagttaaaa
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tggagaaact

agactcccag

ccctcgacta

ccgtttecatyg

ggagagcagt

catcgtcaca

ttatggctgt

gtactggcca

ttcaatggac

ggaaggttat

gcctggatcce

atgcgaggaa

catgttetgt

tttccatgca

ataccgtttc

tctttaaagt

gttacacttg

aaaagtattt

actatattaa

aaatgagaac

tagagcagct

ctaaaatgaa

agtaaagttc

tatataactyg

ttagaaaata

tatatttatt

aAtCcttttttt

tagattattt

gaagcaatgt

aatcccecttgy

tatagttttt

acacattaaa

Ctaaatttta

atggcaacat

aaatgtttet

caaatcaatg

aaatgtggtc

tgtaattgac

ttataaagat

ddddaddddd

-continued

gccatacctyg

actaactctt

caagctgaag

gacatgctgc

aactacatca

caataccctce

acctccattg

gaggaaggya

tgtgatgtga

ctgatggtgc

aaaaggtcat

ggdgaaggcc

gctataggca

gtaaagacac

tgctatgatg

gcatccatga

tgcagaaaga

tttttatgaa

agcatcaaca

gtattggtgt

accacatgtt

agctgatgaa

gLLtttttata

gcttatttte

acataagcca

ggttacttac

tcctgaagaa

tttgtatgtt

tctttatagt

caattgggtc

cacaatttca

aggccttget

aaggaatgga

atatgcttte

cttgatgttt

ccagattcct

ttgttcacat

taaagcattc

ttaattaaag

dddd

tctgtgaatt

cacatctcaa

actgcagtat

cacctgacag

atgctgctct

tgccaaacac

tgatgttaaa

tgctacgata

tcaaccggat

aacagtttca

tcttgaaact

ggacgattat

tegttgttga

tgaggaacag

tagctttgga

agaaacctgt

ttttaatgtyg

gttgtgtatc

tttcatgcca

ttgtacagtyg

gcatgagttc

tcttaaaagyg

tgtttecagt

ttttaatgtg

aagactcaag

attccttttt

agctttttet

ttagtgtaag

gattctettg

CCLttaatata

ttaggtaaat

gacaacttgc

gtttttcagc

agggtcaaat

acatgcacaa

gttttgcgca

gctccacgta

cagtgtcctce

taagaatgaa

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6104

60



US 10,385,340 B2

61

62

-continued

<210>
<211>
<212 >
<213>
<220>
<223 >

SEQ ID NO 3

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 3

tcttaatcac aacctaccac aadda

<210>
<211>
<212 >
<213>
<220>
<223 >

SEQ ID NO 4

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 4

acagcaaagt atgagcatac catct

<210>
<211>
<212 >
<213>
<220>
<223 >

SEQ ID NO 5

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: b

taaagacaac ttactacatg gatgt

<210>
<211>
<212 >
<213>
220>
<223 >

SEQ ID NO o

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 6

cctcttacct cagttacaat ttata

25

25

25

25

What 1s claimed 1s:

1. A method of decreasing inflammation 1n a synovium of 5

a subject 1n need thereot, the method comprising adminis-
tering to the subject an eflective amount of a PTPRK
antagonist, wherein the PI'PRK antagonist 1s an anti-PTPRK
inhibitory nucleic acid capable of inhibiting PTPRK expres-
sion and wherein the PITPRK antagonist 1s delivered by
contacting a fibroblast-like synoviocyte 1n the subject.

2. The method of claim 1, wherein said subject comprises
fibroblast-like synoviocytes that express high levels of
PTPRK relative to a standard control.

3. The method of claim 2, wherein said subject has
rheumatoid arthritis.

4. The method of claim 1 wherein said anti-PTPRK
inhibitory nucleic acid has at least 90% sequence 1dentity to
an at least 10 nucleotide contiguous sequence of SEQ ID
NO:1, SEQ ID NO:2 or a complementary sequence thereof.

5. The method of claim 1, further comprising treating an
autoimmune disease 1n said subject.

50

55
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6. The method of claim 5, wherein said autoimmune
disease 1s a fibroblast mediated disease, arthritis, rheumatoid
arthritis, psoriatic arthritis, juvenile 1diopathic arthritis, mul-
tiple sclerosis, systemic lupus erythematosus (SLE), myas-
thema gravis, juvenile onset diabetes, diabetes mellitus type
1, Guillain-Barre syndrome, Hashimoto’s encephalitis,
Hashimoto’s thyroiditis, ankylosing spondylitis, psornasis,
Siogren’s syndrome, vasculitis, glomerulonephritis, auto-
immune thyroiditis, Behcet’s disease, Crohn’s disease,
ulcerative colitis, bullous pemphigoid, sarcoidosis, psoria-
s1s, 1chthyosis, Graves ophthalmopathy, inflammatory bowel
disease, Addison’s disease, Vitiligo, asthma, scleroderma,
systemic sclerosis, or allergic asthma.

7. The method of claim 2, wherein said PTPRK antagonist
decreases TNF activity, IL-1 activity or PDGF activity 1n
said fibroblast-like synoviocyte.

% o *H % x
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