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Peptide and Uses Thereof

The present invention relates to use of a peptide secreted from B cells that has an inhibitory
effect on the migration of T cells (including auto-reactive T cells). This has applications in
the treatment and/or prophylaxis of the conditions associated with such T cells, most notably
type 1 diabetes mellitus.

introduction

Pancreatic islet-reactive T cells play a central role in beta cell destruction and thus in the
pathogenesis of type 1 diabetes (T10). In evidence, T cells comprise a major part of the
islet infilirate in & T1D pancreas, and immunosuppressive drugs that target T cells preserve
beta cell function. Understanding the mechanisms by which Islef-reactive T cells are
recruited from the blood, across inflamed endothelium, and into the pancreatic islet have
been poorly examined in T1D.

This is particularly relevant because healthy humans can also have circulating islet reactive
T cells that do no apparent harm. Therefore, we believe that in T1D, endogenous
mechanisms that prohibit the trafficking of reactive T cells into the pancreas fail; ang if such
regulatory pathways could be re-established it ray be possible to exclude auto-reactive T
cells and preserve beta cell function. The adipocyte-derived cytokine, adiponectin, has a
role to play in regulating T cell migration, but the piclure is more complex than that as
adiponectin’s circulating levels do not seem to fluctuate in T1D.

Surprisingly, we have found that a certain peptide can inhibit T cell migration. Although this
peptide is known, what we have shown is that adiponectin achieves its effects on T cell
migration by the induction of a mediator released from B lymphocytes. This mediator, 3
peplide, appears {o be an inhibitor of T cell trans-endothelial migration.

Summary of the Invention

The peptide has the sequence N-SVTEQGAELSNEER-C' or is an analogue thereof that
inhibits T lymphocyte migration.

Thus, in a first aspect, the present invention provides a method for treatment andior
prophytaxis of a condition associated with T cell mediated chronic inflammatory disease by
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administration of a peptide comprising N'-SVTEQGAELSNEER-C’ to a patient in need
thereof. The peplide may also be an analogue or variant thereof that inhibits T lymphocyte

migration.

The condition is, optionally, selected from the group consisting of T cell auto-reactivity, T call
mediated chronic inflammatory disease and autoimmune disease.  Alternatively, the
condition may be T cell auto-reactivity or T cell mediated chronic inflammatary disease or

autoimmune disease.

It will be appreciated that the terms T cell and T lymphocyte can be interchanged herain,
The migration of the T cells is, optionally, trans-endothelial. The endothelium is, optionalty,
that of the pancreatic microvasculature that separates the islet cells from the blood supply.

The peptide is, optionally, an isolated peptide. The peptide may be synthesized {i.e
chemically synthesized, for instance in the same way as a small molecule pharmaceutical)
or it may be produced recombinantly, for instance in a separate cellular system (cell culture)

or animatl.

The aminc acid sequence of the peptide that we have found to be useful is
SVTEQGAELSNEER (SEQ ID NO: 1). ‘This sequence may be comprised within a larger
peptide or protein, or a chimaeric or fusion protein, Alternatively, the peptide may consist
solely of SEQ 1D NO: 1. All of these fall within the definition of the peptide as used herein.
The peptide according to SEQ 1D NO: 1 represents amino acids 28-41 of the 14.3.3
zsta/delta (14.3.3.05) protein, which in turn is a 245 amino acid product of the YWHAZ gene.

it is also preferred that analogues or variants of the peptide can be used. Farticularly
preferred in this respect are analogues (or variants) based on conssrvative ‘amino acid
substitutions. The preferred peptide is 14 amino acids long, although the peptide can also
be as few as 13, 12, 11 or 10 amino acids or as many as 15, 16, 17 18, 19 or 20 amino
acids. Where amino acids are added or removed, these are preferably to or from the N
and/or C terminus of the peptide. Other modifications to the chemical structure that protect
the peplide from degradation or clearance in vivo are also preferred variants, for example
but not restricted to, PEGylation which utilises a linker or spacer as is known in the art. Most
preferably, any analogue should retain or improve upon the desired function, namely the
inhibition of T cell migration, compared to SVTEQGAELSNEER. This may he through
changes in affinity for cognate receptor(s) or changes that alter the pharmacokinetic profile
of the peptide /n vive. It will be appreciated that it is now within the skill of the art to modify
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peptide chemistry to increase the pharmacological ‘profile’ of peptides in vivo, and that these

changes are not based solely on amino acid substitution.

Reference herein will be made to the peptide, but it will be understood that this also
encompasses any analogues thereof, unless otherwise apparent.

The action of the peptide may be as an agonist of its cognate receptor(s).

The inhibition of the migration of the T cells may be the recruitment of said cells to the
pancreas, for instance from the blood.

Optionally, the T cells are auto-reactive T celis. These may preferably target the pancreas,
especially the islet cells of the pancreas. The T cells may be CD4+ or CD8+,

In a particularly preferred embodiment, the peptide serves to inhibit {i.e. reduce) the
recruitment of auto-reactive T cells to the islets of the pancreas.

it will be appreciated that the peptide acts upon the individual to which it is administered. As
such, the auto-reactivity of any T cells is reactivity against self (i.e. islet celis of the
pancreas) from that individual. The individual is a mammal, optionally, a rodent such as a
rat or mouse, or a primate, particularly an ape or human.

As the presence of the peptide serves to inhibit the migration of the T cells, increasing the
amount of peptide that the individual is exposed to will serve to further inhibit said migration.
Optionally, the level of inhibition of migration is such that migration is reduced by at least
50% (in terms of numbers of T cells that are recruited), but most preferably this reduction is
at least 80%. more preferably at least 70%, more preferably at least 80%. more preferably at
least 90%, more preferably at least 95%, more preferably at least 99% and most preferably
reduced to negligible levels. Ideally, of course, no T cells will migrate but this may hot be
realistic and in fact, all that is required is that normal function of the target tissue, forinstance
the islet cells, is largely preserved and/or returned (or at east as close to normal levels as
possible or desirable to alleviate the condition to be treated).

The present peptide is most useful, therefore, in treating a number of conditions. These
include those in which T cells play a role in pathology or conditions associated with T celj
auto-reactivity. These may include T cell mediated chronic inflammatory disease and
autoimmune disease. Diabetes melitus {type 1), is particularly preferred.  Also envisaged
are juvenile onset diabetes, rheumatoid arthritis and Crohn's disease, atherosclerosis,
psorfasis, inflammatory and fibrotic liver disease(s) including steatohepatitis and cirrhosis
and uveitis. The peptide therefore preferably functions to treat any of the above, but most
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preferably type 1 diabetes (T1D). The peptide may be considered as serving 1o rescue or
preserve residual pancreatic function. This may be lost function that has occurred due to
attack by the auto-reactive T cells. The peptide may be considersed as serving to improve
diabetic outcomes, i.e. a reduction in the symptoms of T1D. The peptide may also be
considered as serving to improve other morbidities associated with loss of pancreatic
function which include renal (e.g. nephropathy; diabetic kidney disease), neurological (e.g.
peripheral neuropathy) and cardiovascular complications (e.g. diabetic retinopathy and
cardio-cerebral disease due to accelerated atherosclerosis), associated with the loss of
pancreatic function (in turn) associated with T10. Therefore, the peptide may be most useful
in the treatment and/or prophytaxis of the above conditions, pariicularly T1D and iis co-
morbidities (as described).

The invention also provides a polynucieotide sequence coding for said peptide, which is also
useful in the treatment andior prophylaxis of any of the above conditions. The
polynucleotide may be DNA, RNA or a DNA/RNA hybrid. This polynuclectide encodes the
peptide or its analogue. Although there are a considerable number of possibie
combinations, we provide at least two examples of a polynuciectide that encode the amino
acid sequence of SYTEQGAELSNEER {SEQ ID NO: 1). These are:

3-AGU GUU ACU GAA CAA GGU GCU GAG UUA UCU AAU GAG GAG AGA-3'
(SEQ D NO: 2); or

3-AGC GUC ACC GAG CAG GGC GCC GAA UUG UCC AAC GAA GAG AGG-3'
(SEQ IDNO: 3).

The ahove sequences are only examples, and are given in RNA form, but the invention aiso
pravides for the DNA form (with T replacing U) and DNA/RNA hybrid form thereof. as well as
the complementary sequences of both the RNA, DNA and RNA/DNA hybrid forms (the
complementary sequences being in RNA, DNA or DNA/RNA). Variants having at least 80%
sequence homology are preferred, the variant encoding a peptide that is at least 50%, for
instance, as efficacious as SEQ ID NO: 1. Variants have at least functions 85% seguence
homology, at least 90% sequence homology, at least 95% sequence homology, at least 99%
sequence homology are also preferred (rounding to the nearest whole number). This may
be determined by programs such as BLAST, for instance.
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Also provided is a plasmid (i.e. a construct), comprising the polynucleotide which encodes
the peptide (or its analogue or variant). The polynucleotide is preferably operably linked to a
suitable promoter. The promoter may be a pancreas-specific promoter, for instance.

The polynucteotide encoeding the peptide may be delivered by administration of a suitable
vehicle containing the polynucleotide or to which it is bound. Examples include a so-cailed
gene gun where the polynucleotide may be attached to a gold particle fired through the skin.
Alternatively, and more preferably, the polynucleotide (for instance a plasmid comprising it)
could be encapsulated within a viral vector or capsid, Preferred examples include adenoviral

vectors. Those that target the pancreas are preferred.

Administration of the peptide may be by delivery of the peptide per se, for instance in the
form of a pharmaceutically acceptable formuiation, or by delivery and expression of the
polynuclectide enceding the peptide, for instance in the forms described above. These may
be delivered, for instance to the blood, by injection. This may be intramuscularly or
subcutanecusly. These may also be delivered via a mucosa, such as the oral. nasal or
rectal mucosa. These may also be delivered in the form of & spray or tablet or in the form of
a suppository. These may also be ingested orally into the stomach aithough in the case of
the peplide this may require the provision of the peptide in a pro-drug form to alleviate or
combat the effects of the Gl digestion.

Although usetful in one aspect, it will be appreciated that that it is not necessarily the case
that that the peptide or the polynuclectide encoding it is, or needs to be, targeted at or to the
pancreas (at least for T1D). Optionally, therefore, for peptide delivery, increasing systemic
presentatior in the blood plasma is all that is required. Delivery specifically to the pancreas
is not required. Nevertheless, in an alternative embodiment, delivery specifically to the
pancreas may be used as this could increase efficacy. The same applies for the

polynucieotide.

Direct targeling to the pancreas is envisaged, as part of a targeted gene therapy including
the polynucleotide encoding the peptide.

Also provided is a pharmaceutically-acceptable composition or preparation comprising the
peptide, the polynucleotide, the plasmid or the viral vector described herein. Optionally, the
pharmaceutically-acceptable composition comprises the peptide and is suitable for injection

or ingestion.

As explained above, methods of freatment andfor prophylaxis of the conditions above are
envisaged. particulatly condifions associated with T cell mediated chronic inflammatory
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disease, ihcluding T cell auto-reactivity, T cell mediated chronic inflammatory disease and
autoimmune disease. Diabetes mellitus (type 1), is particularly preferred. Also envisaged
are juvenile onset diabetes, rheumatoid arthritis and Crohn's disease, atherosclerosis,
psoriasis, inflammatory and fibrotic liver disease(s) including steatohepatitis and cirrhosis
and uveltis, as well as any of the above-mentioned morbidities. The methods may comprise
administering to a patient in need thereof a therapeutic amount of the peptide or
polynucleotide in any of the manners described herein.

Thus, provided is a method of treatment andfor prophyiaxis of a condition associated with T
cell mediated chronic inflammatory disease. including T cell auto-reactivity, T cell mediated
chronic inflammatory disease and autoimmune disease. In particular, the condition is
diabetes meliitus (type 1). However, the condition may also be selected from the group
consisting of: juvenile onset diabetes; rheumatoid arthritis; Crahn's disease: atherosclerosis:
psoriasis; inflammatory and fibrotic liver disease(s) including steatohepatitis and cirrhosis:
and uveltis. or the condition may be selected from the group consisting of nephropathy:
diabetic kidney disease; peripheral neuropathy; diabetic retinopathy; and cardio-cerebral
disease.

The methods may be for the treatment of said conditions or of the treatment of said
conditions. Alternatively, the methods may be for the prophylaxis of said conditions or may
be of prophylaxis of said conditions. Alternatively, the methods may be any combination
thereof.

Also provided is the peptide and/or the polynucleotide encoding it for use in the treatment
and/or prophylaxis of the conditions descried herein. Reference herein to methods includes
such use.

Brief Description of the Figures
The invention will now be described with reference to the Figures where:

Figure 1: Adiponectin inhibits the transendothelial cell migration of peripheral blood
lymphocytes (PBL);

Figure 2: Inhibition of AMPK with compound C restores the migration of PBL;

Figure 3: PBL from T1D patients are released from the inhibitory effect of adiponectin
on transendotheliat cell migration;
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Figure 4! The expression of adiponectin receptors on PBL is reduced in patients with
T™D;

Figure §: The expression of adiponectin receptors in T1D or healthy control subjects
correlates with the inhibition of lymphocyte migration by Adiponectin;

Figure 6: The expression of adiponectin receptors on different leukocyte subsets;
Figure 7: B cells mediate the adiponectin-induced inhibition of T cell migration;
Figure 8: B cells modulate PBL transmigration through secretion of a peptide;

Figure 9 shows the sequence of the secreted peptide and different isoforms of the
14.3.3 proteins;

Figure 10: Comparison of MS/MS parent ion miz 774.88 from B cell supernatants and a
synthetic version of the peptide;

Figure 11: The peptide inhibits T cell migration across endothelial cells in vitro; and

Figure 12: Absolute number of T cells in the inflamed peritoneum of wild type or B cell
knockout mice in the presence or ahsence of the peptide.

Figure 13: The effect of adiponectin (Aq) on the transendothelial cell migration of
peripheral blood iymphocytes.

{A} Dose response with an ECE0 of = 40nM conducted in static aghesion assay.

(B) The effects of 15 ugimi Ag on lymphocyte migration in a flow based assay (mimics
the flow of blood}.

{C) The inhibitory pathway is effective on endothelial cells isolated form different tissues
(HUVEC = Umbilical cord; HSAVEC = saphenous vein, HSEC = liver sinusoidal
endothelial cells; HDMEC = Dermal microvascular endothelium).

(D) The effects of an AMP-kinase inhibitor on the effects of adiponectin. AMPK is a
signalling adapter that is required for adiponectin-receptor signatling.

Figure 14: B cells are required for the adiponectin mediated inhibition of T cell
trafficking.

15pg/ml of Ag significantly reduced lymphocyte migration across endothelial cells. rermoving
B cells from the peripheral blood lymphocyte preparation completely inhibited this response.

het)
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This could be reconstituted using supernatants from Ag stimulated B cells could also
effectively inhibit lymphocyte migration, but this effect was lost when supernaiants were
prepared in the presence of Brefeldin-A, an inhibitor of B cell secretion. These data
demonstrate that a soluble mediator released from B cells is required.

Figure 15: a 14 amino acid peptide released from B cells regulates T cell trafficking
Figure 16: PEPITEM inhibits T cells transmigration

A)The synthetic peptide was highly effective at inhibiting the transmigration of lymphooytes,
while control peptides, including a scrambled version (randomized reorganisation of the
native peptide sequence), were ineffective at inhibiting lymphocyte migration.

B)The peptide had an EC50 of = 20pM. As it effectively inhibited lymphocyte migration
across endothelial cells, we cailed the agent PEPtide Inhibitor of Trans Endothelial
Migration; "PEPITEM.®

Figure 17: PEPITEM inhibits T cell migration AND promotes the recruitment of anti-
inflammatory reguiatory T cells

PEPITEM inhibits T cell migration across EC with the same pattern as adiponectin (A) His
effective at inhibiting the migration of memory CD4+ and CD8+ T cells, but it has no effect
neutrophiis, or manocytes (including CD16- and CD16+ subsets. Naive lymphocytes were
not assessed in this analysis as they do not adhere to the endothelial cell monolayer (B).
interestingly, the efficiency of the migration of regulatory T cells (T-regs), which have anti-
inflammatory functions, was increased by PEPITEM (C).

Figure 18: PEPITEM does not directly regulate T cell migration.

Again the most obvious mode of action of PERITEM was by directly regulating the migratory
functions of T cells. However, this was not the case, When PBL were treated with PEPITEM
and the agent was washed away prior to assay on endothelium, the efficiency of lymphocyte
migration was not effected. However, pre-reating the endothelial cells with PEPITEM
resulted in inhibition of lymphocyte trafficking. Thus, PEPITEM operates by stimulating
endothelial cells to release an agent that inhibits T cell trafficking.

Figure 19: The induction of sphingosine-1-phosphate {S1P) synthesis by endothelial
cells inhibits T cell migration.
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As PEPITEM did not directly inhibit lymphocyte migration we tested the hypothesis that a
known regulator of lymphocyte trafficking in other tissues, sphingosine-1-phosphate {(S1P),
was the terminal step in this pathway.

A) A S1P-receplor antagonist (W148), releases lymphocytes from the inhibitory effects
of adiponectin

B) A S1P-receptor antagonist (W146), releases lymphocyies from the inhibitory effects
of PEPITEM

C) Addition of exogenous S1P dose dependently inhibits T cell migration

D) Endothelial cell express sphingosine kinase-1 (SPHK1) but not sphingosine kinase-2
(SPHK2)

E) Aninhibitor of SPHK1 releases lymphocytes from the inhibitory effects of PEPITEM

Figure 20: S1F regulates the affinity of the lymphocyte integrin LFA-1 {CD11a/CD18; abf2)
when the cells are immobilised on ICAM and activated with IP10 (CXCL10)

(A} KIM127 for the intermediate affinity site and
(B} antibody 24 for the high affinity epitope on memory T cells treated with S1P.

Figure 21: Absolute number of T cells in the inflamed peritoneum of wild type or B cell
knockout mice in the presence or absence of the peptide.

A The recruitment of T cells into the peritoneum of Jh-/i- (B-cell knockout animals) was
greater at baseline (i.e. after challenge with PBS) than wild type animals. After challenge
with intraperitoneal injection with zymosan T cells Numbers increased in the wild type
animals, There was a dramatic and significant increase | T cell number in the B cell knockout
mice and this was significantly reduced in the presence of PEPITEM, but not the scrambiled
peptide.

B The recruitment of T cells into the liver of B-cell knockout animals after challenge with
none-typhoidal salmonella infection increased when compared to the wild type animals.

Figure 22: The adiponectin/fPEPITEM pathway is altered in patients with type 1
diabetes

In type-1-diabetic patients the expression of adiponectin receptors is significantly reduced
compared to healthy aged matched controls (A and B). The inhibition of lymphocyte
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trafficking by adiponectin correlates significantly with the level of expression of adiponectin
receptors on B cells (C), so that patient and healthy cohorts separate Into discrete clusters
on the correlation graph. Importantly, although patient lymphocyte are refractory to
stimulation by adiponectin (D), the inhibitory pathway can be recapitulated for these cells by
addition of exogenous PEPITEM

Detailed Description of the Invention

WO2007127835 relates to the histone deacetylase, HDACY. It sets out to identify the
phosphatase that dephosphorylates HDACT and finds that & number of protsins bound to
HDACY, including the peptide described herein as SEQ ID NO NO: 1. The focus of the
document is that a “target subunit” of the myosin phosphatase (MYPT1) also bound HDAC7Y
and as such the teaching is directed to the interaction between HDACT and Myosin
Phosphatase via this subunit of myosin phosphatase. There is no mention that our peptide
has any value, nor that it interferes with the HDAC7 - Myosin Phosphatase inieraction.
US2002164668 (A1) and US20030064411 (A1) disclose our peptide and pharmaceutical
preparations/compositions comprising it in relation to the treatment of Alzheimer's disease.
US20040053308 (A1) alsc discloses our peptide, but relates to the identification of proteins
and protein isoforms that are associated with kidney response to toxic effectors. However,

none of the prior art discloses the use of our peptide or analogues thereof,

We have been interested in the ability of the adipocyte derived cytokine, adiponectin, to
regulate the recruitment of human T cells to inflamed endothelium. Previously, adiponectin
deficient mice were shown to have a two-fold increase in leukocyte adhesion to endothelial
celfs and importantly, leukocyle recruitment was normalized by the addition of recombinant
adiponectin. In aur in vitro studies we used static transwell assays, as well as flow based
adhesion assays, to track the migration of T cells (which were in crude isolates of peripheral
blood lymphocytes [PBL]) across TNF-g and IFN-y stimulated endothslial cells. T cell
migration was dose dependently blocked by adiponectin (Figure 1).

The effect of adiponectin on T cell transmigration was mediated by signalling through the
adiponectin receptors (AR1 and AR2). AMP-activated protein kinase (AMPK) is a crucial
intermediate in the down stream signalling from AR1 and AR2 and when PBL were pre-
treated for 30 minutes with the AMPK inhibitor, compound C, the effects of adiponectin on
the inhibition of T cell migration were ablated, i.e. T cell migration returned to the levels

10
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observed in the absence of adiponectin (Figure 2). Compound C did not have any effects on
migration in the absence of adiponectin.

Importantly, we found that the adiponectin mediated inhibition of T cell migration was
significantly compromised in patients with T1D i.e, the ability of adiponactin to modulate T
cell recruitment in our i vitro migration assays was lost when PBL isolated from T1D were
used (Figure 3). We have now shown that both ARt and AR2 are significantly down
regulated on lymphocytes in T1D (Figure 4), and the levels of adiponectin mediated
inhibition of T cell migration in vitre correlate exquisitely with expression of these receptors in
T1D, to the extent that patient and healthy controt cohorts cluster independently when
receptor density is plotted against sensitivity to adiponectin in the endothelial cell
transmigration assay (Figure 5).

We do not believe that adiponectin represents a suitable target for regulating T cell
recruitment in T1D.  its concentration in the circulation is not altered in T1D, indicating that
aspects of adiponectin biology other than its bioavailability are important arbiters of function,
Moreover, adiponectin is a pleiotropic agent with important roles in metabolic homeostasis,
raising the possibility of serious off target side effects.

Rather, we believe that targeting pathways down stream of adiponectin, which regulate T
cell migration, would provide a therapeutic modality of greater precision. Thus, we have now
gone an to show unequivocally that adiponectin achieves its effects on T cell migration by
the induction of a novel mediator, which we believe is a peptide inhibitor of trans-endothelial
migration that is released from B lymphocytes. Importantly, B lymphocytes express
adiponectin receptors, so can respond in an appropriate manner o stimulation by this agent
{(Figure 8).

Mareover, the inhibition of T cell migration by adiponectin is lost f 8 cells are removed from
mixed lymphooyte preparations (PBL), and inhibition of T cell migration is regained if isolated
B cells are added to purified preparations of T cells (Figure 7a). Interestingly, natural killer
lymphocytes (NK cells), which also express high levels of adiponectin receptors {Figure 86)
are not capable of regulating the migration of T cells (Figure 7b), indicating that the
regulation of T cell migration is mediated exclusively by B lymphocytes and nof other ceilular
components of the PBL population.

B celis mediate their effects in this system by secretion of the peptide. Thus, supernatants
conditioned by adiponectin stimulated B cells, could effectively inhibit T cell migration (Figure
8). Moreover, the effects of conditioned supernatants were lost when Brefeldine A, which is

1!
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an inhibitor of B cell secretory pathways, was used to inhibit the release of the peptide from
B cells in to the conditioned medium, see {Figure 8).

We have now definitively identified the secreted peptide released from B cells in response to
adiponectin stimulation. Using mass spectrometric analysis adiponectin conditioned B cell
supernatant, as well as the relevant control supernatants were purified and analysed by LC-
MS/MS. Comparative analysis of a protein sequence database revealed a single candidate
peptide unique to the adiponectin conditioned B cell supernatant, described in Table 1,

below.
Elution  time Association
miz _ Scare | Modification _ Sequence
s {min) protein |
774.88 | 13.2 631 [ NA 14-3-3 zetaldelta | SVTEQGAELSNEER |

Table 1: Candidate peptide for the peptide revealed by comparative analysis of B ool
supernatants

Due to the statistically stringent nature of the fragmentation analysis, the software was able
to provide a definitive sequence with a high probability of accuracy and to identify the 14 3.3
zeta/delta {14.3.3.20) protein as the precursor protein. Indeed the peptide represents amino
acids 28-41 of the 14.3.3 {8 protein, which in turn is a 245 amino acid product of the YWHAZ
gen. Stringent database searches demonstrate that the peptide sequence is unique to this
protein and is not shared, even by the other six members of the 14.23.3 family of proteins
(Figure 9). The peptide is not a member of any known family of immuno-regulatory
molecuies and due fo its chemistry, has attractive therapeutic potential.

We have been able to successfully synthesise the peptide. Comparative analysis of the B
cell derived peptide and the synthetic version show identical mass: charge ratios in mass
spectrometry analysis, showing that the native peptide has not been subject {o post-
translational modification pricr to excision from the 14.2.3. zeta/delta protein and secretion
from B cells (Figure 10).

The peptide has efficacy both in vitro and in vivo. Using the synthetic peptide we constructed
a dose response curve in our in vitro assay of T cell migration (Figure 11). The peptide has
an EC50 of = 20pM in this assay. We have also utilised the peptide in an in vivo model of
acute, zymosan induced peritonitis (Figure 12).  In this model we first showed that the
knockout of B lymphocytes (the celilar source of the peptide) resulted in an increase in the

12
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recruitment of T lymphocytes into the peritoneal cavity. We then conducted the experiment
after injection of the peptide into the blood and peritoneum cavity of the B celi knockout
mice. The peplide was able to significantly reduce the recruitment of T cells to the
peritoneum after challenge with zymosan (Figure 12).

Without being bound by theory, we understand that the following represents the paradigm by
which PEPITEM regulates T cell trafficking across endothelial cells during inflammation:
Adiponectin, operating through the receptors Adipo-R1 and Adipo-R2 {AR1/2), stimulates the
release the immune-regulatory peptide, PEPITEM, from B cells, which are recruited to the
endothelial cell surface during inflammation. PEPITEM stimulates endothelial cells through
its cognate receptor, promoting the formation and release of sphingosine-1-phosphate
(81P). S1P in tumn stimulates T cells recruited to the endothelial cell surface during
Inflammation through the S1P-receptor(s) S1PR1/4, a signal that inhibits the ability of T cells
to traffic across the endothelial cell barrier and enter inflamed tissue.

The following Examples present experimental proofs for the function of this pathway in bath
in vitro and in vivo studies, demonstrate changes in pathway function associated with
chronic auto-immune disease in humans, and describe the identity the PEPITEM peptide.

Exampie 1

Adiponectin inhibits the transendothelial cell migration of peripheral blood
lymphocytes (PBL). Endothelial cells were cultured in low serum medium and stimulated
with TNF-o/lFN-y for 24 hours in the absence of adiponectin. PBL were isolated and treated
with adiponectin at 0.0001 {o 15ug/mi for one hour.

The results are shown in Figure 1, where part {(a) shows that PBL fransmigration was
significantly and dose dependently reduced by adiponectin in a static adhesion assay; par
{b) shows that adiponectin had an EC50 of 0.94ug/m! as determined by linear regression;
and part (¢} shows that Adiponectin was equally effective at inhibiting PBL migration iry a flow
based adhesion assay. Data is representative of at least three independent experiments
and were analysed using ttest, one-way ANOVA and Dunnett’s multiple comparisons post-
test. "p=0.01, *p<0.001, *p=0.0001.
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inhibition of AMPK with compound C restores the migration of PBL,

Endothelial cells were cultured in low serum medium and stimulated with TNF-a/IFN-y for 24
hours. Compound C was added to PBL af 10ug/m} for 30 minutes pricr {o -addition of
adiponectin at 15ug/ml for 1 hour. Adiponectin freatment induced a decrease of
transmigration, which was restored to normal, control levels in the presence of compound C.
The results are shown in Figure 2, where data is representative of three experiments and
were analysed using one-way ANOVA and Dunnef's multiple comparisons post-fest.
**ps(.001, **p<0.0001.

PBL from T1D patients are released from the inhibitory effect of adiponectin on
transendothelial cell migration.

Endothelial cells were cultured in low serum medium and stimulated with TNF-g/tFN-y for 24
hours in absence of adiponectin. The results are shown in Figure 3. Part a) shows that
Adiponectin-mediated inbibition of PBL transmigration is lost in T1D; and part b) shows that
the percentage of inhibition was calculated by dividing the percentage of transmigration with
adiponectin treatment by the percentage of transmigration of untreated PBL. n= 13 for HC
groups and n=12 for T1D group. Data was analysed using t-test and one-way ANGVA and
Bonferonni's multiple comparisons post-test. **p<0.0001.

The expression of adiponectin receptors on PBL is reduced in patients with T1D.

The frequency of PBL expressing adiponectin receptors AR1 or ARZ were determined for
each healthy or diseased subject and are shown in Figures 4a) and 4b), respectively. Data
s represented as mean + SEM and was analysed using ttest or Mann Whitney t-test when
data did not pass the Kelmogorov-Smirnov normality test,

The expression of adiponectin receptors in T1D or heaithy controf subjects correlates
with the inhibition of lymphocyte migration by adiponectin.

Figure Sa) shows the correlation between the expression of AR1 and inhibition of
lymphocyte rmigration, whilst Figure 5b) shows the correlation between the expression of
ARZ and inhibition of lymphocyte migration. Correlations were determined using linear
regression analysis.
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The expression of adiponectin receptors on different leukocyte subsets.

Figure Ba) and b) show the expression of AR1 (Figure 6a) and AR2 (Figure 6b) on different
cell types. Data is mean £ SEM and are representative of seven healthy controls, Data was
analysed using one-way ANOVA and Bonferonni's multiple comparisons post-hoc test.
*+n<0.0001.

B cells mediate the adiponectin-induced inhibition of T cell migration,

Figure 7a) shows that the migration of PBL is lost when they are depleted of B cells (Bs) and
regained when B cells are added back to isolated T cells. Figure 7b) shows that the
migration of natural killer cells is not affected by adiponectin and addition of NKs to T celis
does not regulate the migration of the T cells. Data is mean + SEM and are representative
of at least three independent experiments. Data was analysed using one-way ANOVA and
Bonferroni's multiple comparisons post-test. **p<0.001, **p<0.0001.

B cells modulate PBL transmigration through secretion of a peptide.

B cells were isolated and incubated in presence or absence of adiponectin at 15ug/ml,
Supernatant was taken after one hour and added to Bs-ve PBL which significantly restored
the adiponectin inhibition of PBL transmigration. For some experiments, B cells were freated
with Brefeldin A, an inhibitor of B cell secretion. These supernatants were not able io
regulate the migration of T cells. This is shown in Figure B, where the data is shown as
mean + SEM and is representative of three independent experiments analysed using one-
way ANOVA and Bonferroni's multiple comparison post test, **p<0.001, ns=non significant.

The sequence of the peptide was determined and it is shown in Figure 9 together with the
different isoforms of the 14.3.3 proteins. See also Table 1 abovea.

Comparison of MS/MS parent ion m/z 774.88 from B cell supernatants and a synthetic
version of the peptide.

The ion m/z 774.88 is a fragmentation product of the analysis protocol and is generally only
of use for identification using MS/MS, but can be an important parameter for comparison.
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A comparison of the Mass Spec profiles of parent ion m/z 774.88 from B cell supernatants
and & synthetic version of the peptide analysis is shown in Figure 10, revealing identical
mass: charge ratios. This confirmed sequence identity and showed that the peptide is not
subject to post-transiational modification prior to secretion.

The peptide inhibits T cell migration across endothelial cells in vitro.

PBL were freated with Adiponectin (15ug/ml as positive control) or the peptide at
concentrations between 0.001 and 10ng/iml, a scramble peptide was used as a negative
control (used 10ng/mi). Other bioactive peptides were also used to demonstrate specificity
of the peplide {iL.e. tetanus toxoid peptide (TTp) at 10ng/ml and pro-insulin (P1) at 10ng/mi).
The results are shown in Figure 11, Figure 11 a) shows that PBL transmigration was dose-
dependently reduced in presence of the peptide but not in the presence of the scrambled
peptide, TTp or Pi controls. Figure 11b) shows that the EC50 of the peptide (18.6pM) was
calculated using non linear regression analysis. Data is representative of three independent
experiments and was analysed using one-way ANOVA and Bonferroni’s muitiple comparison
postiest. "p=0.01, “p=0.001, **p<0.0001.

Absolute number of T cells in the inflamed peritoneum of wild type or B celi knockout
mice in the presence or absence of the peptide.

Leukocytes were collected from the peritoneum after 48 hours injection of zymosan (or PBS
as control) with or without the peptide or a scrambled peptide. T cells were identified by
expression of CD3. The peptide or a scrambled peptide was injected at a final concentration
of 30Cug / mouse.  The results are shown in Figure 12, where data for each group is the
mean and was analysed using one-way ANOVA and Bonferroni's multiple comparisons post-
test. *p=D.01.
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Example 2

This Example shows the results of further work undertaken and thus compliments Example
1.

The effect of adiponectin {AQ) on the transendothelial celi migration of peripheral
blood lymphocytes (PBL).

Refer to Figure 13. Endothelial cells were cultured in fow serum medium and stimulated with
TNF-a/IFN-y for 24 hours in the absence of adiponectin. PBL were isolated and treated with
adiponectin at 0.0001 to 15ug/ml for one hour. Part (a) shows that PBL transmigration was
significantly and dose dependently reduced by adiponectin in a static adhesion assay and
that adiponectin had an EC50 of ~40nM as determined by linear regression; and part (b)
shows that Adiponectin was equally effective at inhibiting PBL migration in a flow based
adhesion assay; and patt (¢} shows that Adiponectin is effective on endothelial cells isolated
from different tissues such as HUVEC (Umbilical cord), HSEC (hver sinusoidal endothelial
cells) and DMEC (Dermal microvascular endothelium) but not HSAVEC (saphenous vein). In
part (d), compound C, an AMP-kinase inhibitor, was added to PBL at 10ug/mi for 30 minutes
prior to addition of adiponectin at 15ug/mt for 1 hour. AMPK is a signalling adapter that is
required for adiponectin-receptor signalling. Adiponectin treatment induced a decrease of
transmigration, which was restored to normal control levels in the presence of compound C.
These data indicate that adiponectin has a strong capacity to regulate the transmigration of
fymphocytes through action on its receptors expressed on PBL. Data is a pool of at least
three independent experiments and were analysed using t-test one-way ANOVA and
Dunnett's multiple comparisons post-test **p<g0.01, ***p<0.001.

T cells do not posses Adiponectin receptors.

The simplest interpretation of the previous experiment is that T celis are under the direct
control of Aq. However, T celis lack the appropriate receptors. However, other leukocytes
do have Adipo-R1/2 and both menoeytes and B cells show high levels of expression.

Expression of both adiponectin receptors, AdipoR1 and AdipoR2, was measured on PEBMGC
by flow cytornetry using rabbit anti-human adiponectin receptor 1 and 2 antibodies (Phoenix
peptides). Adiponectin receptor expression is shown on the horizontal axis against pan
markers of PBMC sub-populations (vertical axis). AdipoR1 and AdipoR2 are highly
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expressed on monocytes (CD14+) and on B cells (CD19+) but at very low levels on T cells
{CD3+). This indicates that adiponectin cannot directly control T cell migration.

8 cells are required for the adiponectin mediated inhibition of T cel trafficking.

Refer to Figure 14. Endothelial cells were cultured in low serum medium and stimulated with
TNF-aAFN-y for 24 hours in the absence of adiponectin. PBL transmigration was measured
after removal of B cells using bead positive selection and after reconstitution with B celis that
were isolated using bead negative selection in presence or absence of adiponectin (15
pg/mi). Supernatants from adiponectin-treated B cells or B cell treated with Brefeldin A o
block protein secretion were added to PBL.

Removing B cells form the peripheral blood lymphocyte preparation completely inhibited this
response. This could be reconstituted using supematanis from Adiponectin stimulated B
cells that could also effectively inhibit lymphocyte migration, but this effect was lost when
supernatants were prepared in the presence of Brefeldin-A, an inhibitor of B cell secration.

These data demonsirate that a soluble mediator released form B celis is required.

Data is a pool at least three independent experiments and was analysed using one-way
ANCVA and Bonferroni’s multiple comparison post test. *ps0.08, ***p<0.001.

A 14 amino acid peptide released from B cells regulates T cell trafficking

Refer to Figure 15. B cells were isolated using negative selection and incubated -with
adiponectin for an hour. Supernatants were recovered and purified on a C18 columns to
remove large size proteins and acquired by mass spectrometry. The profeomic analysis
using mass spectrometry of supematants from AQ stimulated B cells revealed & 14 amino
acid peptide with the sequence SVTEQGAELSNEER, Comparing this to an in silico fibrary of
published and predicted sequences, the peptide demonstrated exact seguence homology to
a single human protein, and represents amino acids 28-41 of the 14.3.3 zeta/delta
{14.3.3.20) protein, which in turn is & 245 amino acid product of the YWHAZ gene. The
peptide is not @ member, nor is it related to, nor does it have sequence similarity to, any of
the known families of immune-reguiatory peptides. Analysis of synthetic peptide by mass
spectrometry showed an identical mass:charge ratio to the native peptide {miz=774.88),
demonstrating that the B-cell derived product was not subject to any form of post
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translational modification prior to release . These data indicate that the 14 amino acid
peptide identified is the mediator released by B cells under adiponectin stimulation,

PEPITEM inhibits T cells transmigration

Refer to Figure 16. Endothelial cells were cuitured in low serum medium and stimulated with
TNF-a/iFN-y for 24 hours in the absence of adiponectin. PBL were {reated with Adiponectin
(15pg/ml as positive control) or the peptide at concentrations between 0.001 and 10ng/ml, a
scramble peptide was used as a negative control (10ng/ml). Other bicactive peptides were
also used to demonstrate specificity of the peptide (i.e. tetanus toxoid peptide. (TTp) at
10ng/ml and pro-insulin (P1) at 10ng/mi). Part (a) shows that PBL transmigration was dose-
dependently reduced in presence of the peptide but not in the presence of the scrambled
pepiide, TTp or Pl controls.  Part (b) shows that the EC50 of the peptide (18.6pM) was
calculated using non linear regression analysis. The data indicates that PEPITEM is able to
inhibit PBL transmigration similarly to adiponectin. Data is a pool of at least three
independent experiments and was analysed using one-way ANOVA and Bonferroni's
multiple comparison post test. *p<0.08, **p<0.01, **p<0.001.

PEPITEM inhibits T cell migration AND promotes the recruitment of anti-inflammatory
regulatory T cells

Refer to Figure 17. Endothelial cells were cultured in low serum medium and stimulated with
TNF-a/tFN-y for 24 hours in the absence of adiponectin. PBL and the different subsets and
PEPITEM were added to different endothelial cells and transmigration was measured, The
different subsets were isolated using negative selection for Treg, CD4+ and CD8+ memory

and naive T cells. Positive selection was used to isolate the different monocyte subsets.

Part {a) shows that PEPITEM inhibits T cell migration across EC with the same patiern as
adiponectin on different endothelial cell type. Part (b) shows that PEPITEM is effective at
inhibiting the transmigration of memory CD4+ and CD8+ T cells, but it has no effect
neutrophils, or monocytes (including CD16- and CD16+ subsets. Naive lymphocytes were
not assessed in this analysis as they do not adhere to the endotheliai cell monolayer. Part
{c) shows the efficiency of the migration of reguiatory T cells ({Treg), which have anti-
inflammatory functions, was increased by PEPITEM. These data indicate that PEPITEM is
able to specifically modulate transmigration of memory T cells and Treg.
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Data is a pool of at least three independent experiments and was analysed using t-test and
one-way ANOVA and Bonferroni's multiple comparison post test. *p=0.05, *p<0.01,
***0n=0.001.

PEPITEM does not directly regulate T cell migration

Refer to Figure 18. Endothelial cells were cultured in jow serum medium and stimulated with
TNF-a/lEN-y for 24 hours in the absence of adiponectin. PERITEM was added with the PBL
on the endothelial cells or endothelial cells were pre-treated with PEPITEM and PBL added
after washes or PBL were pre-freated with PEPITEM, washed and added to the endothelial
celis.

When PBL were treated with PEPITEM and the agent was washed away prior to assay on
endothelium, the efficiency of lymphocyte migration was not affected, However, pre-treating
the endothelial cells with PEPITEM resulted in inhibition of lymphocyte trafficking. These
data indicate that PEPITEM operates by stimulating endothelial cells to release an agent that
inhibits T cell trafficking.

Data is a poot of three independent experiments and was analysed using paired t-fest
*p<0.05, *ps0.01.

The induction of sphingosine-i-phosphate (S1P) synthesis by endothelial cells
inhibits T .cell migration.

Refer to Figure 19, PBL or B cell depleted PBL transmigration across IFN-y/TNF-a treated
HUVEC was measured after blockade of S1P signaliing using S1PR antagonist {(W148, 10
pbM) in presence or absence of {part a) adiponectin (15 pg/mi) or (part b) PEPITEM. B cell
depleted PBL were pre-reated with S1P at different concentrations (0 - 100 UM} and
transmigration across IFN-y/TNF-a treated HUVEC was measured (part ¢). Levels of SPHK
and SPHKZ mRNA expression determined by real-time PCR of RNA from B cells and
HUVEC (part d, n=2) PBL transmigration was measured across IEN-W/TNF-a treated
HUVEC pre-treated with SPHK1 specific inhibitor (5uM) in presence of PEPITEM (10 ng/mi}
{parte).

The data shows that antagonism of the S1P receptor on T cells results in loss of adiponectin
and PEPITEM inhibition on T cell transmigration (part a, b). Part (¢) shows that addition of
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St to B cell depleted T cells restores the inhibition of transmigration; and part (d) shows
high expression of S1P kinase 1 and 2 in HUVEC (SPHK1 and 2); and part (e} shows that
inhibition of SPHK1 releases lymphocytes from the inhibitory effect of PEPITEM. These data
indicates that PEPITEM stimulates endotheiial cells to release S1P. which in turn inhibits
lymphocyte transmigration.

Data is'a pool of at least three independent experiments and was analysed using t-test and
one-way ANOVA and Bonferroni's multiple comparison post test.  *p<0.05, **020.01,
***ng0.001.

S1P reguiates the affinity of the lymphocyte integrin LFA-1.

Reter to Figure 20. 98 well plates were coated with 50ug/ml of recombinant ICAM overnight
at 4°C. The plate was blocked using PBS 4% BSA for an hour at room femperature and PBL
treated with IP~10 (10ng/ml} and/or S1P (10uM) were added for 30 minutes. Excess of
unbound PBL was washed and PBL were labelled for the intermediate affinity site of the
lymphocyte integrin LFA-1 (CD11a/CD18; al.B2) using the KIM127 antibody {10ug/mi) and
for the high affinity site using antibody 24 (10ug/mi) at 4 °C. The expression of both affinity
site was measured on memory T cells using mean fluorescence intensity (MFI). The data
shows that the expression of both intermediate and high affinity sites increased upon 1P-10
stimulation is down-regulated in presence of $1P. The data indicates that §$1P regulate
lymphocyte transmigration by modulating the affinity of the integrin LFA-1 that is essential to

lymphocyte transmigration. Data is a pool of two independent experiments.

Absolute number of T cells in the inflamed peritoneum of wild type or B cell knockout
mice in the presence or absence of the peptide.

Refer to Figure 21. In part (a), wild4type or B cell knock-out (Jh-/-} BALB/c mice were
injected with 100ug zymesan. Leukocytes were coliected from the peritoneum after 48 hours
injection of zymosan (or PBS as controf) with or without the peptide or a scrambled peplide,
T cells were identified by expression of CD3. The peptide or a scrambiled peptide was
injected at a final concentration of 300ug / mouse. The results are shown in part {a), where
data for each group is the mean and was analysed using one-way ANOVA and Bonferroni’s
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muitiple companisons. post-test. *p<0.01. In part (b), wild-type or B cell knock-out C56BL/8
mice were injected with Salmonella typhirium. After 5 days, liver were coliected and sections
stained for T celis. The data in part (b) shows the number of T celis per infection laci in fiver
sectipns.

The data shows that absence of B cells in mouse results in higher recruitment of T cells in
the peritoneum upon zymosan-induced inflammation  and Salmonella infection. This is
reduced in the zymosan treated B cell knock-out mice by PEPITEM but not by the scrambled
control. These data indicates that B cells are essential to regulate recruitment of T cells
during inflammation in vivo by release of PEPITEM at sites of inflammation.

The adiponectin/PEPITEM pathway is altered in patients with type 1 diabetes

Refer to Figure 22. The frequency of PBL expressing adiponectin receptors ART or AR2
were determined for each healthy or diseased subject by flow cytometry and are shown in
part (a) and (b}, respectively. Data is represented as mean + SEM and was analysed using
ttest or Mann Whitney t-test when data did not pass the Kolmogoroy-Smirnov normality test.
Endothelial cells were cultured in low serum medium and stimulated with TNF-a/lFN-y for 24
hours in the absence of adiponectin. PBL were isolated from healthy controls and patients
with type 1 diabetes and treated with adiponectin 15ug/mt for one hour. Fart {c) shows a
correlation between the expression of AdipoR2 and inhibition of lymphocyte migration,
Correlations were determined using linear regression analysis. Part (d) shows the
transmigration of PBL from newly diagnosed patient with type 1 diabetes, pre-treated with
adiponectin or PEPITEM (n=5). Data was analysed using t-test **p<0.01.

The results show in part {a and b), lower expression of both adiponectin receptors
{AdipoR1/Z) on PBL from patients with type 1 diabetes: and part (b) shows that the lower
expression of AdipoR2, the lower is the capacity of adiponectin to inhibit lymphocyte
transmigration; and in part {d), PEPITEM was stifl able to inhibit lymphocyte transmigration.

The data indicates that lymphocytes from patients with type 1 diabetes are released from the
inhibitory effects of adiponectin because they express lower adiponectin receptors and this
can be restored by exogenous addition of PEPITEM.
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Cilaims:

1. A method for treatment and/or prophylaxis of a condition associated with T cell
mediated chronic inflammatory disease by administration, to a patient, of a peptide
comprising N-SVTEQGAELSNEER-C’ (SEQ 1D NO: 1) or an analogue thereof that inhibits T

cell migration,

2. A method according fo claim 1, wherein the condition is selected from the group
consisting of T cell auto-reactivity, T cell mediated chronic inflammatory disease and
autoimmune disease.

3. A method according to claim 1 or 2, wherein the condition is diabetes melitus
(type 1).
4, A method according to claim 1 or 2, wherein the condition is selected from the group

consisting of: juvenile onset diabetes; rheumatoid arthritis; Crohn’s disease: atherosclerosis:
psoriasis; inflammatory and fibrotic liver disease(s) including steatohepatitis and cirrhosis;
and uveitis.

5. A method according to claim 1 ar 2, wherein the condition is selected from the group
consisting of nephropathy, diabetic kidney disease; peripheral neuropathy; diabetic
retinopathy; and cardio-cerebral disease.

8. A method according to any preceding claim, wherein the migration of the T cells is
trans-endothelial across the endothelium of the pancreatic microvasculature separating the
istef cells from the blood supply.

7. A method according te any preceding claim, wherein the T cells are auto-reactive T
cells:
8. A method according to claim 7, wherein the peptide serves to inhibit the recruitment

of auto-reactive T cells to the islets of the pancreas.

8, A method according to any preceding claim, wherein a polynucleotide sequence
encoding the peplide or analogue thereof is administered.

10, A method according to claim 9, wherein the polynucleotide is selected from the group
consisting of: SEQ 1D NO: 2; SEQ 1D NO: 3; the DNA form or DNA/RNA hybrid forms
thereof, and any complementary sequence thereof,
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11. A method according to claim 10, wherein the polynuclectide is operably linked to a

suitable promoter, for instance a pancreas-specific promoter.

12. A method according to any of claims 9 to 11, wherein a plasmid comprising the
polynucteotide is administered,

13. A method according to claim 12, ‘wherein a viral vector comprising the plasmid is

administered.

14, A method according to any preceding claim, wherein a pharmaceutically-acceptable
compaosition is administered, the composition comprising the peptide or analogue thereof as
defined in any of claims 1-8, the palynucleotide as defined in claims 9-10, the plasmid as
defined in claim 12 or a viral vector as defined in claim 13.

15 A peptide or analogue thereof as defined in any of claims 1-8, the polynuclectide as
defined in claims 9-10, the plasmid as defined in claim 12 or a viral vector as defined in
claim 13, for use in the methods of treatment and/or prophylaxis of a condition as defined in
any of claims 1-8.
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