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A METHOD FOR TREATING OBESITY

~ FIELD OF THE INVENTION

The invention're)lates to a method and pharmaceutical composition for treating a disease or condition
associated with elevated hypothalamic T cell protein tyrosine phosphatase (TCPTP) such as obesity,

weight gain, type 2 diabetes mellitus, insulin sensitivity, impaired glucose tolerance, and inflammation.

INCORPORATION BY REFERENCE
This patent application claims priority from:
- Australian Provisional Patent Appllcatron No 2009905521 titled "A method for treating obesrty"

filed 11 November 2009, and

- Australian Provxslonal Patent Application No 2010903177 titled "A method for treatmg obesny"
filed 16 July 2010.
The entlre content of theses apphcatrons is hereby mcorporated by reference

The followmg patent specifications and documents are referred to herein:

- United States Patent No 7504389 titled "Protein tyrosme phosphatase inhibitors and methods of
use thereof”, »

- United States Patent No 7,381,736 titled "Thiazole and thiadiazole inhibitors of tyrosine

- phosphatases"”,

- United States Patent Publication No 2004/0121353 titled "Modulation of TCPTP signaJl ,
transduction by RNA interference"”,
- International Patent Publication No WO 94/02178 tttled "Ta.rgetmg of hposomes to the blood-

_ brain barrier",

- Zhang, S et al., J Am Chem Soc 131:13072- 13079 (2009),
- -Silva, GA,, BMC Neuroscience 9(suppl 3): S4 (2008), and
- Mathupala, SP Expert Opin Ther Pat 19:137-140 (2009).

The entire content of these specifications and documents is also hereby incorporated by reference.

BACKGROUND TO THE INVENTION | |
Obesity is increasing at an alarming rate worldwide and is a major risk factor for type 2 diabetes mellitus,
cardiovascular disease and the metabolic syndrome. It is now widel); appreciated that obesity is
characterised by a state of chronic inflammation and that this, in turn, is causally linked to the
development of insulin resistance; a major hallmark of type 2 diabetes. Also; it is known that adipose
tissue-derived pro-inflammatory cytokirles, or the activation of inflammatory pathways due to
endoplasmic reticulum (ER) stress associated with overnutrition, suppresses insulin signalling

downstream of the insulin receptor (IR) protein tyrosine kinase (PTK)'"™*. Further, although insulin
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resmtance in liver, muscle and fat (the penpheral insulin target tissues responsnble for glucose
homeostasis) is a key pathologlcal feature of type 2 dlabetes recent evidence also pomts towards

"central” insulin resistance being an lmportant contributing factor to disease progression*’

~ An added pathological feature linked to the inflammatory state of obesity is leptin resistance; Leptin is an

adipocyte-derived hormone, which acts in the hypothalamus to activate the Janus kinase 2 (JAK2) PTK
that signals via substrates such as STAT3 (signal transducer and activator of transcription 3) to suppress

food intake, increase energy expenditure decrease body weight and improve glucose tolerance®’. In

’ prmcnpal leptin should be an effective anti-obesity agent, however, mﬂammatlon/ER stress also

suppresses the leptin signal by promoting the expression of negative regulators such as SOCS3
(suppressor of cytokme signalling 3) and the prototypic protein tyrosine phosphatase

. PTP] B4 ]0—17

Approaches almed at overcoming msulm and leptm resistance are attractive strategies for the treatment of
obesity and type 2 diabetes. One approach for enhancmg msulm and/or leptin sensitivity and alleviating
insulin and/or leptin resistance may involve the inhibition of protein tyrosine phosphatases (PTPs) that
otherwise dephosphorylate and inactive the IR or JAK2 PTKs, or their respective downstream target
substrates such as IR shbstrate-l (IRS-1) and STAT3. The ER-targeted PTP1B is a physiological negative
regulator of the IR PTK in liver and muscle and JAK?2 in the hypothalamus to regulate glucose
homeostasis, food intake and energy expenditure'*'*?*, Accordingly, considerable attention has been
focused on PTP1B as a target for the development of novel therapeut:cs for the treatment of type 2
diabetes and obeSIty25 32

In addition, another olosely related phosphatase, TCPTP (T cell PTP), has been.identi'ﬁed as a negative
regulator of insulin action, working coordinately with PTP1B to control the intensity and duration of IR
phosphorylation and activation®. It has also been found that TCPTP (also known as PTPN2)
dephosphorylates and inactivates STAT3 in a eellular context™. In work leading to the present invention,
the applicant has found that TCPTP acts in the brain to control food intake, energy expenditure, body

" weight and insulin sensitivity, at least in part by controlling leptin sensitivity. Further, the present
.applicant has now found that hypothalamic TCPTP expression is increased in obese mice indicating that

elevated TCPTP expression is also a contnbutmg factor to hypothalamlc leptin and/or msulm resnstance
in obesity/type 2 dlabetes '
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SUMMARY OF THE INVENTION

The present invention provides a method for treating a disease or condition associated with elevated

- hypothalamic T cell protein tyrosine phosphatase (TCPTP) in a subject, said method compiising )

administering the subject with an agent which inhibits the activity or expression of TCPTP, wherein said
agent is administered, adapted and/or formulated in a manner ensuring that an effective amount of said

agent is delivered to the hypothalamus and inhibits the activity and/or expression of hypothalamic

- TCPTP.

The method of the first aspect is suitable for a disease or condition associated with elevated hypothalamic
TCPTP such as, for example, obesity (particularly, high fat diet-induced obesity (DIO)), weight gain, type

.2 diabetes mellitus, insulin resistance, impaired glucose tolerance, and inflammation.

In a second aspect, the present invention provides a pharmaceutical composition comprising an agent

which inhibits the activity or expression of TCPTP optionally in combination with a pharmaceutically-
acceptable carrier, diluent or excipient, wherein said agent is adapted and/or formulated in a manner
ensuring that, upon administration of the composition to a subject, an effective amount of said agent is

delivered to the hypothalamus and inhibits the activity and/or expression of hynothalamic TCPTP.
Preferably,isaid composition further comprises a PTP1B inhibitor.
In a third aspect, the present invention provides a method for alleviating or preventing leptin resistance in

an obese or overweight subject, said method comprising administering the subject with an agent which

inhibits the activity or expression of TCPTP, wherein said agent is administered, adapted and/or

‘ formulated in‘a manner ensuring that an effective amount of said agent is delivered to the hypotilalamus

and inhibits the abtivity and/or expression of hypothalamic TCPTP.

In a fourth aspect, the present invention provides a method for sensitising a subject to weight loss through
dieting, the method comprising administering the subject with an agent which inhibits the‘ activity or
expression of TCPTP, wherein said agent is aiiministered_, adapted and/or formulated in a manner
ensui‘ing that an effective amount of said agent is delivered to the hypothalamus and inhii;its the acti\iity

and/or expression of hypothalamic TCPTP.

In a fifth aspect, the present invention provides n dieting kit comprising foodstuffs and a pharmaceutical

composition according to the second aspect.
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BRIEF DESCRIPTION OF THE ACCOMPANYING FIGURES

Figure 1 provides a schematic diagram of the mechanism by which agents such as insulin and leptin
suppress appetite; the diagram shows that in the arcuate nucleus (ARC), these agents inhibit orexxgemc
neuropeptlde Y (NPY)/agoutl-related peptide (AgRP) neurons while stlmulatmg anorexngemc

proopiomelanocortin (POMC) neurons:

Figure 2 shows the increase in hypothalamic TCPTP and SOCS3 levels following high fat fed (HFF) '

obese Mice (ie relative to low fat chow fed lean mice). Quantlﬁed results shown are means + SE

- *p<0 05;

Figure 3 provides a gél image showing that TCPTP expression in the brain was ablated in .
TCPTPloxlox:Nestin-Cre transgenic mice (heremaﬁer referred to as bram-specuﬁc TCPTP KO (BTKO)

_ mice), whereas control (loxlox) mice showed unaltered TCPTP expressnon in the brain, mcludmg

hypothalamus, and four other tissues. The experiment was conducted usmg tubulin expressnon as a

control, because tubulin is not expected to be altered as a result 6f Cre recombinase activity;

Figure 4.provides graphical results showing the increased insulin sensitivity and glucose tolerance

exhibited by BTKO mice. Results shown are means + SE. *p<0.05;

Figure S provides graphical results showing increased oxygen consumption, enefgy expénditure‘ and
decreased food intake in BTKO mice; monitored using a Comprehensive Lab Animal Monitoring Systém
(CLAMS; Columbus Instruments ~lnfernatiqnal Inc, Columbus, OH, United States of America). Results -
shown are means + SE. *p<0.05, ** p<0.01;

‘ Figure 6 provides_the results of experimentation designed to assess leptin sensitivity in BTKO mice. The

results in A) indicated that by virtue of a decrease in body weight following intraperitoneal (ip)
administration of leptin, and B) increased STAT3 phosphorylation following bolus ip leptin

administration, leptin sensiti\?ity in BTKO mice was increased relative to control (loxlox) mice. Results

 shown in A ‘are means + SE. *p<0.05;

'Figure 7 provides graphical results showing the blood glucose, plasma insulin and plasma leptin levels in
fed (low fat chow dlet) and fasted BTKO mice and control (onlox) mice. Results shown are means + SE.

#p<0.05;

Figure 8 provides a dxagrammatnc representation of the coordmated regulatxon of hypothalamnc signalling
by TCPTP and PTP1B. In partlcular the figure shows that they act coordinately to attenuate
JAK2/STATS signalling;
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Figure 9:provides further graphical results demonstrating thaf, in BTKO mice on a high fat diet .(23%
fat), there was a decreased weight gain (relative to control (Joxlox) mice), and following the cessation of
high fat feeding after about 20 weeks (replaced with low fat chow diet), BTKO showed an enhanced level

of weight loss. Results shown are means + SE. *p<0.05;

Figure 10 provides a gel image of hypothalamic TCPTP (both 48 kDa and 45 kDa forms) and actin
expression in the hypothalamus of low fat chow fed control mice. The results in A) .show that the TC45
form is relativély enriched in the hypothalamus when compared to TCPTP expression in the whole brain,
and in B) shows that TCPTP i§ expressed\in the ARC and ventrorriedialnuéleus (VMN) regions of the

hypothalamus which are critical for leptin signalling;

Figure 11 provides graphlcal results demonstratmg that TCPTP protem A) and B) and mRNA C)

expression is mduced by leptm A) and B) in Chinese Hamster Ovary cells overexpressing the leptin

‘ receptor (CHO-LRD) in vitro and C) in vivo. Results shown i m B), and C) are means + SE. "‘p<0 05,

utp<0 05;

Figure 12 provides a schematic diagram and graphical results showing the effect of TCPTP deﬁcieocy on
leptin-induced expression of POMC (the preoursor of a—melanooyte-stimu]ating'l_iormone; o-MSH), NPY
and AgRP. In these experimeots,vmice were injected with leptin and the mRNA levels of POMC, AgRP
and NPY were assessed using real time PCR. The results indicate that TCPTP déﬁciency enhances the
effects of leptin on the expression of POMC and AgRP which mediate leptin's effects on food intake,

energy expenditure and glucose homeostasis. Results shown are means + SE. *p<0.05;

Flgure 13 provides the results of experiments invelving the administration of a TCPTP mhlbltor

, ("Compound 8"; Zhang, S et al. J Am Chem Soc 131:13072-13079 (2009)) depicted at A). As shown in

A), Compound 8 was injected into the lateral ventricle of mice by intracerebral injection (icv), along with
ip administration of leptin. The results shown at A) suggest that Compound 8 enhances the effects of
leptin o,i_.x STAT3 phosphorylation. Thé graphical results shown at B) and C) were achieved following
equivalent administration of _Compouhd 8 and le.ptin. administered IP for two consecutivo days, wherein -
body weight and energy expenditure was regularly monitored. The results indicate that TCPTP inhibition
with Compound 8 enhances the effects of leptin in suppressing body weight and increasing energy
expenditure. The results shown at D) indicate that Compound 8 has no effect on the body weight of
BTKO mice demonstrating that this compound specifically inhibits TCPTP (ie without inhibiting _
PTP1B). Quantified results shown are means + SE. *p<0;05, **p<0.01, ***p<0.001; and

Flgure 14 provndes results obtained usmg 8-10 week old BTKO and lox/lox male httermates that were fed
a high fat diet for 12 weeks: wherein body weights were determined weekly (A); (B) Leptm sensitivity on
body weight measured; (C) msqlm tolerance tests conducted following fasting for 4 h; and blood glucose
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and plas_rﬁa insulin levels measured following 6 h fasting. Results shown are means + SE. *p<0.05,.
**5<0.01, ***p<0.001.

DETAILED DESCRIPTION OF THE INVENTION

- In addition to regulatihg carbohydrate/lipid/protein metabolism in the periphery, insulin acts in the

~ hypothalamus via the phosphatidylinositol 3-kinase (PI3K) pathway in areas such as the arcuate nucleus

(ARC) to reduce food intake and lower blood glucose levels™**“’, The IR is expressed in the ARC in
anorexigenic (appetite-suppressing) POMC, as well as oirexigé'nic NPY and AgRP neuropeptide
expressing neurons*' . Agents such as insulin and leptin that suppress appetite inhibit orexigenic
NPY/AgRP neurons whilst stimulating anorexigenic POMC neurons (Figure 1)"34%4, Further, recent
$tqdies have ;hown that IR expression in AgRP neurons is required for the suppression of hepatic glucose
output, wherein hypothalamic IR signalling promotes interleukin-6 (IL-6) release from Kupfer celis in the
li.ver Which, in turn, acts on hepatocytes to promote STAT3‘phosphorylation and thus suppress

. . 7
gluconeogenic gene expression®®>**,

As mentioned above, TCPTP has been identified as a negative regulator of insulin action, working

+-coordinately with PTP1B to control the intensity and duration of IR phosphorylation and activation’ o

TCPTPisa ubiquifous tyrosine-specific phosphétase which exists as two splice variants: a 48 kDa form
(TC48) that, like PTPIB, is targeted to the ER and a4s kDa variant (TC45)* that is targeted to the
nucleus by a nuclear localisat'ion.signaj (NLS). Despite an apparent exclusive nuclear localisation in
resting cells, TC45 can exit the nucleus in fesponse to varied stimuli and, therefore, access substrates both
in the nucleus and cytoplasni‘g'ﬂ. Cytoplasmic substrates for TC45 include the IR* and JAK1/3%2 PTKs
and nuclear substrates include STAT family members®>**, such as STAT3¥. TC45's spatial isolation in

the nucleus may be essential for the initiation of signal transduction at the cell surface and its nuclear exit

_may x_'épresent a negative feedback loop for the suppression.of signalling.

In work leading to the present invention, the present applicant has found that high fat diet-induced obesity
(DIO) increases TCPTP expression in the hypothalamus (but not in the liver, muscle or fat) by ~ 2 ‘fold
(Figure 2). This increase in TCPTP expression is similar to that seen for SOCS3 (Figure 2) and that
previously reported for PTP1B™. Increases in hypothalamic SOCS3 and PTP1B have been implicated in
the development of leptin resistance and, possibly, central insulin resistance in the obese state'*" and,
accordingly, given TCPTP's capaciiy to dephosphoxj{late and inactivate the IR-and STATS3, the applicant
considers that increases in TCPTP expression in the brain similarly contribute to disease progression. To
address TCPTP's role in insulin and lepiin signalling in the brain, TCPTP "floxed" mice (lox sites
flanking exons 4 and 5 encoding the catalytic domain) on a C57BL/6 background were generated and
then brgd with Nestin-Cre (Cre recombinase expressed from the nestin promoter-enhancér) transgenic
mice (CSTBL/6) to delete TCPTP specifically in neuronal cells (TCPTPloxlox;Nestin-Cre: BTKO).
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Having confirmed that TCPTP expression is unaltered in "floxed" mice (data not shown), observed that

~ TCPTP is specifically ablated in the brain on the Nestin-Cre background (Figure 3), and found that the

gross phenotype, behaviour and life expectancy of BTKO mice appears to be normal, studies involving
the comparison of chow fed floxed control, heterozygous (TCPT Plox+;Nestin-Cre) and BTKO mice
resulted in BTKO mice that were about 10-20% smaller (data not shown). This difference in body weight
coincided with a decrease in epldidymal fad pad mass and decreased bone density (data not shown) that

was consistent with that previously repotted for brain-specific PTP1B KO mice' and the established role _

- for hypothalamic leptin signalling in promoting bone i'esorption via sympathetic control of osteoblasts®"

S, The BTKO micé also had significantly improved insulin sensmvnty and glucose tolerance as measured
by insulin tolerance tests (I'IT) and glucose tolerance tests (GTT) (Figure 4). In addmon, oxygen
consumption and energy expenditure were increased and food consumption decreased in BTKO mice ‘
(Figure 5) and, ﬁnally, leptin sensmwty, as monitored by the suppression of food intake (data not shown)
and body weight (Figure 6a) after intraperitoneal (ip) leptm administration as well as _hypothalamlc

"STAT3 phosphorylation in response to bolus ip leptin administration, were increased in BTKO mice

(Figure 6b) Further, the BTKO mice showed reduced levels of plasma leptin (Figure 7). Moreover the

) BTKO mice showed reduced blood glucose and plasma insulin following fasting (Figure 7). Taken )
- together these results indicate that TCPTP is an integral regulator of neuronal signalling to affect body

weight and peripheral insulin sensitivity. In pamcnlmj, these results indicate that TCPTP is a key regulator
of hypothalamic leptin sensitivity and, while not wishing to be bound by theory, the present applicant
therefore believes that TCPTP acts in concert with PTP1B to coordinately attenuate JAK2/STAT3

v signalling; wnth PTPIB acting on JAK?2 in the cytoplasm and the TC45 form of TCPTP regulating

STAT3 in the nucleus (Figure 8).

Accordmgly, hypothalamic TCPTP represents a novel target for therapeutic agents for treating obesity, -
weight gain and type 2 diabetes mellitus, since the inhibition of activity and/or expression of this enzyme
promotes weight loss by increasing energy expenditure and suppressing food intake, enhances glucose
homeostasis and insulin sensitivity and thus decreases fasting hyperglycaemia. With dieting for weight
loss, the inhibition of hypothalamic TCPTP activity and/or expression, also offers an obese or overweight
subject with the possibility of an increasedirate of weight loss. Indeed, it has been found that in BTKO

" mice on HFF, there was a decreased weight gain (relative to control (/oxlox) mice), and followmg the

cessanon of HFF after about 20 weeks (replaced with low fat chow diet), BTKO showed an enhanced
level of weight loss (Figure 9).

Thus, in a first aspect, the present invention provides a method for treating a disease or condition
assoc1ated with elevated hypothalamnc T cell protein tyrosine phosphatase (TCPTP) in a subject, said
imethod comprising administering the subject with an agent which inhibits the activity or expression of
TCPTP, wherein said agent is administered, adapted and/or formulated in a manner ensuring that an
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effective amount of said agent is delivered to the hypothalamus and inhibits the activity and/or expression
of hypothalamic TCPTP.

The method of the first aspect is suitable for a disease or condition associated with elevated hypothalamic
TCPTP such as, for example, obesity (partrcularly DIO) weight gain, type 2 diabetes mellitus, insulin

resistance, lmpalred glucose tolerance, and mﬂammatlon

Preferably, the agent administered in the method of the first aspect specifically inhibits the activify or

expression of TCPTP; by the ter_ln "specifically inhibits", it is to be understood that the agent acts so as to

substantially exclusively inhibit the activity and/or expreseion of TCPTP with no or only a minimal effect
on other mammalian proteins such as the closely related phosphatase, PTP1B. By way of an example, an
agent that may be regarded as one which specrﬁcally inhibits TCPTP activity may show an ICs, for -
TCPTP inhibition of < 10 pM, preferably < 1 pM and, more preferably, <50 nM, and an ICso for the
inhibition of another PTP such as PTP1B of > 100 uM, preferably > 200 uM.

Suitable agents for inhibiting TCPTP include: small organic compounds which inhibit TCPTP activity
such as certain phosphonic acid derivatives described in US Patent No 7,504,389 (the entire content of

- which is to be regarded as incorporated herein by reference), and arornatic amino acid derivatives and o-

and p-substituted benzoic acid derivatives described in Zhang et al."' (the entire contents of which is to be
regarded as incorporated herein by reference), or inhibit the formation of the TC45 form (ie "allosteric
1nh1b1tors") or otherwise "lock up"” the TCPTP in an inactive form (nb. TCPTP is known to regulate its
actrvrty by an mtramolecular mechanism that may be targeted by a suitable agent’®); antisense
oligonucleotides targeting TCPTP (eg as available from Isis Pharmaceuticals, Inc, Carlsbad, CA, United

- States of America); and interference RNA (siRNA) targeting TCPTP such as that described in US Patent
" Publication No 2004/0121353 (the entire content of which is to be regarded as incorporated herein by

reference).

Preferably, the agent administered in the method of the first aspect speciﬁcally inhibits the activity or
expression of the TC45 form of TCPTP. One specific example of such an agent is Compound 8 described-
in Zhang et al." (and depicted at Figure 13A). Compound 8 is a competitive TCPTP inhibitor wnth aK;of

4. 3:!:0 2nM and ICs of 8. 7ﬂ:1 .4 nM for TCPTP and aK of 34+2.8 nM for PTPIB ''.

Since the hypothalamus is "behind" the blood-brain barner (BBB), the agent must be either adapted
and/or formulated in a manner such that at least some of said agent crosses the BBB so that an effective
amount is delivered to the hypothalamus and inhibits the activity and/or expression of hypothalamic
TCPTP, or ntherwise the agent musf be adrninistered to the brain of the subject (eg by intracerebral or
intracerebroventricular administration through intracerebral implantation or convection-enhanced

delivery). An agent that is adapted to cross the BBB may be inherently adapted to do so by its lipophilic
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nature or is conjugated or modified in a manner to enable the agent to cross the BBB (eg by conjugating

- the agent to carrier-mediated transporters such as glucose and amino acid carriers, or by conjugating to a

lipophilic moiety to increase BBB permeability). Altematlvely, or additionally, an agent may be
formulated in a manner to enable the agent to cross the BBB (eg by formulating the agent into
nanoparticles as described in Silva, GA. BMC Neuroscience 9(suppl 3):S4 (2008)'5(the entire content of
whlch is to be regarded as mcorporated herein by reference) or liposomes as described in International
Patent Publrcatron No WO 94/02178 (the entire content of which is to be regarded as incorporated herein
by reference). Sultable strategies for enabling antisense oligonucleotides and siRNA targeted to TCPTP to
cross the BBB, including conjugation to a cholesterol moiety (or similar lipophilic molecule) ora cell
penetratmg peptide, are descrlbed in Mathupala, SP. Expert Opin Ther Pat 19:137-140 (2009) (the entire

~content of which is to be regarded as incorporated herein by reference).

The agent may be provided in any suitable pharmaceutical compbsition (optidnally including a

pharmaceutically-acceptable carrier, diluent or excipient) and dosage form (eg for oral, buccal, nasal,

" intramuscular and intravenous administration). Typically, such a composition will be administered to the

sub_]ect in an amount which is effective to achieve a desired therapeutic effect, and may therefore provide

* between about 0.01 and about 100 pg/kg body weight per day of the agent, and more preferably, from.

0.05 and 25 pg/kg body welght per day of the agent. A suitable composmon may be intended for single

_daily administration, multiple daily administration, or controlled or sustained release, as needed to

achieve the most effective results. However, notwithstanding the above, it will be understood by persons

skilled in the art that the administered amount and frequency of administration for any particular subject

may be varied and will depend upon a variety of factors including the activity of the particular agent;r the
metabolic stability and length of action of the agent, the age, body weight, general health, sex, diet, mode
and time of administration, rate of excrerion of the agent, and the severity of the disease or condition to be
treated. .
Sirrce TCPTP acts coordinately with the hypothalamic PTP1B, the agent may be used in combination
with a PTP1B irrhibitor; that is, an inhibitor of PTP1B activity and/or expression. Suitable PTP1B
inhibitors are well known to persons skilled 1n the art and include, for example, PTP1B inhibitors which
are small organic molécules such as Trodusquemine (MSI-. 1436; Genaera Corporation, Southampton, PA,
United States of America) which i§ highly selective for PTP1B and is capablé of' crossing the BBB,
certain phosphonic acid derivatives described in US Patent No_‘7,504,3‘89, thiazole and thiadiazole
derivatives described in US Patent No 7,381,736 (the entire content of which is to be regarded as
incorporated herein by reference), derivatives of 1,4-bis(3-hydroxycarbonyl-4-hydroxy1)styrylbenzene as
described by Shrestha ez al. (2008)*, and such compounds that inhibit so-called hypothalamic
endoplasmic reticulum (ER) stress associated with obesify”. Other suitable PTP1B inhibitors include
antisense oligonucleotides (ASOs) targeting PTP1B such as those presently being developed by Isis
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Pharmaceuticals® *. The PTP1B inhibitor may be administered shortly before, shortly after or

‘concurrently with the TCPTP inhibitor so'as to achieve a combination therapy.

Alternatively or additionaliy, the agent may be used in combination with leptin. In particular, it has been
reported that in some subjects having undergone a Roux-en-Y gastric bypass (RYGBP), plasma leptin
levels are signiﬁcantly reduced (relative to_BMI-matchedl controls) su'ggesting that thése subjects are in a
"leptin sensitive" state®. It is therefore anticipated that such subjects would achieve further weight loss
when administered leptin, and accordingly, leptin and a TCPTP inhibitor may represent a useful
combina‘tior_)Atherapy. The leptin may therefore be administered shortly before, shortly after or

concurrently with the TCPTP inhibitor so as to achieve a combination therapy.

In a second aspect, the presént_ invention provides a pharmaceutical composition comprising an agent
which inhibits the activity or expression of TCPTP optionally in combination with a pharmaceutically-
acceptable carrier, diluent or excipient, wherein said agent is adapted and/or formplated in a manner
ensuring that, upon administration of the composition to a subject, an effective amount of said agent is

delivered to the hypothalamus and inhibits the activity and/or expression of hypothalamic TCPTP.
Preferably, said composition further comprises‘a PTP1B inhibitor as described above.

For use with subjects who have RYGBP and are in a leptin sensitive state, said composition may

preferably further comprise leptin.

The composition may also further comprise other useful compounds and/or substances such as an appetite

suppressing agents such as amphetamine, norepinephrine, serotonin and dopamine uptake modulators.

In a third aspect, the presént'invention provides a method for alleviating or preventing leptin resistance in
an obese or overweight subject, said method comprising administcrihg the subject with an agent which

inhibits the activity or expression of TCPTP, wherein said agent is administered, adapted and/or

~ formulated in a manner ensuring that an effective amount of said agent is delivered to the hypothalamus

and inhibits the activity and/or expression of hypothalamic TCPTP.

Since leptin resistance in obese or overweight subjects promotes eating, conservation of energy and
development of hyperglycaemia, it can be extremely difficult for such subjects to lose weight through

dieting. The present invention therefore offers a means to "sensitise” obese or overweight subjects to

~ weight loss through dieting.

Thus, in a fourth aspect, the present invention provides a method for sensitising a subject to weight loss

through dieting. the method comprising administering the subject with an agent which inhibits the activity .
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or expiession of TCPTP, wherein said agent is administered, adapted and/or formulated in a manner
ensuring that an effective amount of said agent is delivered to_ihe hypothalamus and inhibits the activity

and/or expression of hypothalamic TCPTP.

In a fifth aspect, the present invention provides a dieting kit comprising foodstuffs and a pharmaceutica]

composition according to the second aspect.

The foodstuffs may be low fat and/or low in kiloJoules and may be provided in the form of ready-made
meals for a dietary program. ' ’

The invention is hereinaﬁér described by way of the following non-limiting e)iamples.
EXAMPLES

Example 1 TCPTP expression in the hypothalamus

In a preliminary study it had been found that TCPTP is expressed in the hypothalamus. Further, the
results of that study indicated that the TC45 variant is relatively enriched in the hypothalamus when
compared to TCPTP expression in the whole brain (Figure 10A). It has also been fourid that TCPTP is
strongly expressed in both the ARC and VMN regions of the hypothalamus (Figure 10B). The study of
this example is desngned to assess whether TC45 is expressed abundantly in leptin receptor isoform b »
(LRb)- and IR-expressing neurons of the ARC and gain insight into the neurons and hypothalamic regions
in which TCPTP regulates leptin and insulin signalling.

Materials and Methods ) .
Determining the effect of TCPTP expression on obesity

Since hypothalamic TCPTP expression is increased in response to diet-induced obesity similarly to that

~ seen for SOCS3 (Figure 2) and previously reported for PTP1B'*'6, SOCS3 and PTP1B are implicated in

the development of hypothalamic leptin and insulin resistance. Given TCPTP's capacity to negatively
regulate STAT3 and the IR*** and the enhanced leptin sensitivity and lpptin-induced STAT3
phosphorylatioxi in BTKO m‘ice, the present applicant considers that increases in TCPTP expression in the
obese state‘ promotes leptin and insulin insénsitivity, and i:iius coriti‘ibutés to disease progression. To
confirm this, hypothalamnc TCPTP expression will be assessed in other rodent models of obesity
including Ob/Ob (leptin deﬁcient) and Db/Db (LRb mutant) mice by 1mmunobiot analysis.

Next, the molecular mechanism by which obesity induces TCPTP expression will be investigated. Since it
has previously been shown that interleukin 4 (IL-4) can promote TCPTP expression in a negatii/e
feedback loop for the suppression of STAT6 signalling, it has been hypothesised that TCPTP functions in
a negative feedback loop to inhibit leptin signalling. This possibility is consistent with finding that ‘
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TCPTP levels are not increased in the peripheral tissues of high fat fed mice (data not shown) and the
primary target tlssue for leptin bemg the hypothalamus

- Accordingly, TCPTP expression will be assessed by immunoblot analysis in a Chinese hamster ovary

(CHO) cell line that stably overexpresses the LRb*’ after leptin stimulation ( 100 ng/ml) for 0-24 h. If
TCPTP expression is altered, the contribution of individual pathways will be assessed using ,
phannacological inhibitors (2 pM CMP6 to inhibit JAK2, 100 nM wortmannin to inhibit PI3K, or 50 uM
PD98059 to inhib.it MAPK ERK1/2 activation) or by the specific stable knockdown of STAT3 by RNA
intefferen_ce (RNAI) using short-hairpin RNA (shRNA). The impact of leptin on TCPTP mRNA v/s _
protein stability will also be assessed by real-time PCR (AACt) and 35S-methionine pulsechase labelling
respectively®’. Subsequently, whether or not leptin enhances TCPTP expression in vivo will be
investigated by administering leptin (1-2 pg/g body weight/day) to wild type C57BL/6 mice over 3-5
days. If the hypothesis is correct, it will be expected that 'there will be no difference in TCPTP expression'
in Ob/Ob mice. However, if TCPTP expression is increased in Ob/Ob mice, then the impact of fatty acids

~ (0.25 mM palmitate C16:0), hyperglycemia (25 mM glucose), hyperinsulinemia (1 pM insulin) or
inflamimatory cytokines such as TNF (50 ng/ml TNF) on TCPTP expression (12-72 h) will be determined.

" Determining TCPTPs role in insulin and leptin sensitivity using BTKO mice

It has been shown that TCPTP (TC48 and TC45) is expressed in the hypothalamus (Figures 3 and 10) and
that STAT3 and the IR can serve as TCPTP substrates® *. Further, the applicant's preliminary studies
indicate that BTKO mice exhibit reduced body weight and food intake, increased energy expenditure and v

 leptin sensitivity and enhanced leptinéinduced hypothalamic STAT3 phosphorylation (Figures 4-6).

Further, followmg HFF diet, BTKO mice showed an enhanced level of welght loss as compared to
control (loxlox) mice. To confirm that TCPTP regulates hypothalamic IR and/or STAT3 signalling to
control body weight and ghicose homeostasis, the followmg experiments will be conducted:

1. - Recognition of STAT3 as a substrate in response to leptin

TCAS5's capacity to desphosphorylate STAT3, as opposed to JAK2 or indeed the LRb in response to

leptin, will be assessed initially by determining whether transiently overexpressed TC45 (Llpofectamme '
2000; Invitrogen Corporatlon, San Diego, CA, United States of America) suppresses leptin induced LRb
(pY1138; binds STAT3; Santa Cruz Biotechnology Inc, Santa cruz, CA, United States of America), JAK2
(leOO?/leOOS BioSource International Inc, Camarillo, CA, United States of America) or STAT3
(pY705 Cell Signalling Technology, Inc, Danvers, MA, United States of Amenca) phosphorylation in
response to leptin (10ng/ml) in LRb-CHO or SH-SY5Y: cells. Further, the ability of the ER-targeted TC48
fo regulate leptin signalling will be assessed. In addition, a determination will be made of whether the »
corresponding "substrate trapping" mutant forms of TCPTP (ie D182A), which have the capacity to form
stable complexes with tyrosine phosphorylated substrates ina cellular context and prevent
dephosphorylation of substrates by endogenous PTPs57 n enhance leptin-induced LRb, JAK2 or STAT3
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phosphorylation in cell lysates by immunoblot analysis using phosphorylation-speciﬂc antibodies. Also, it
will be determined as to whether the trapping mutants have the capacity to form stable complexes with
LRb, JAK2 or STAT3 in TCPTP immunoprecipitates and whether or not these complexes occur in the
nucleus or cytoplasm ‘(eg by using immunofluorescence microscopy) Moreover, an ass'essm'ent will be
made to determine whether TCPTP stable knockdown by RNAI in SH-SYS5Y cells using TC45 and TC48,
or TC48-spec1ﬁc shRNA lentiviral particles results in enhanced leptin-induced LRb, JAK2 or STAT3

_phosphorylatton Finally, it will be determined whether transient PTP1B knockdown by RNAi usmg

small-interfering RNAs (Dharmacon, Inc, Lafayette, CO, Umted States of America) in control v/s TCPTP
stably knocked-down cells results in additive increases leptm signalling as described previously®* ¢

2. Regulation of leptin-induced hypothalamic signalling

Using serum starved CHO-ObR cells left unstimulated or stimulated with recombinant murine leptin
(10ng/ml) for 0-12 h, 1t has been found, followmg 1mmunoblot analysrs as quantified by densitometry,
that TCPTP expressron is mduced by leptin in vitro (Figure 11 A and B). This has also been confirmed in -
vivo using C57BL/6 mice fasted for 18 h, left untreated or injected with leptin (5 ug/g Bw,

intraperitoneal (ip)), wherein the hypothalam1 were thereafter extracted and processed for real-time PCR
(AACY) to measure Ptpn2 expression (Fi lgure 11C). Further, it has been found that leptin sensitivity and
leptin-induced STAT3 phosphorylation are increased in BTKO mice. Further characterisation of these
mice will allow for a more definitive/thorough assessment of the pathways modulated and the

hypothalamic regions and neurons in which TCPTP may function to regulate leptin signalling,

~ Accordingly, this experiment will assess TCPTP’s potential to regulate leptin-induced LRb, JAK2 and

STAT3 phosphorylation and signalling in vivo using BTKO v/s TCPTPloxlox control mice.

8-12 week old male BTKO and control mice will be fasted (18 h) and then injected ip with saline or
murine leptin (1-2 pg/g; PeproTech Inc, Rocky Hill, NJ, United States of America) and hypothalami _
isolated at 15-60 min and processed in RIPA buffer for immunoblot analysis monitoring for LRb Y1138,

JAK2 Y1007/Y1008 and STAT3 Y705 phosphorylation. Léptin-induced PI3K/Akt signalling (Akt S473

phosphorylation) and the suppression of AMPK activity (T172 phosphorylation) will also be monitored

- by immunoblot analysis since these pathways in'ay occur downstream of JAK2 but in par'vallel'to STATS3;

it is expected that STAT3 but not PI3K/Akt or AMPK will be altered. STAT3 phosphorylation will also -

be examined by THC using hypothalamic sections after intracerebroventricular (icv) administration of

leptin (0.01-0.1 pug; 15-45 min; in 1 pi) or aCSF. To measure leptin icv-induced responses (0.01-0.1 pg;
45-60 min), the expression of the orexigenic Npy and Agrp, which are elevated after fasting and |
suppressed by leptin, and the anorexigenic neuropeptide precursor Pomcl, which is induced by leptin,

will be assessed by quantitative (AACt) real time PCR (TagMan™ Gene Expression; Applied Biosystems,
Foster City, CA United States of America) If necessary, hypothalamic sections could be incubated with
leptin and neuropeptide secretion measured by radioimmunoassay (RIA). Leptm/STAT3 signalling
promotes POMC and suppresses AgRP but other leptin pathways regulate NPY'18 Accordmgly, if TCPTP
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acts exclusively via STAT3; it will be expected that POMC/AgRP responses will be exacerbated, but

NPY responses will be unaltered and, indeed, this was observed in preliminary experiments where mice

.A were injected with leptin and the mRNA levels of POMC, AgRP and NPY assessed using PCR. The

results shown in Figure 12 indicate that TCPTP deficiency enhances the effects of leptinon the
expression of POMC and AgRP (buf not NPY) which mediate leptin's effects on food intake, energy

~ expenditure and glucose homeostasis.

3 | Regulation of insulin-induced hypothalamic signalling

To assess TCPTP’s potential to regulate hypothalamic insulin signalling, IR Y1162/Y1163
phosphorylation (target site of TCPTP) and PI3K/Akt signalling (Ai(t pS473) will be monitored in
isolated hypothalami from 8-12 week old chow fed BTKO and control mice (TCPTPlox/lox) by
immunoblot analysis after IP saline or insulin (0-120 min, 1mU/g) administration in 18 h fasted mice.
Insqlin-ihduced PI3K/Akt signalling will also be examined after icv administration of aCSF or insulin
(10-50 nM; 15-45 mip) by IHC staining for pAkt (pS473) in hypothalamic sections and by assessing
hypothalamic Npy, Agrp aﬁd Pomc] expression by real time PCR (after 45-120 min of ip 1.0 mU/g
insulin). Since insulin can act in AgRP neurons to induce hepatic interleukin 6 (IL-6) release (from
Kuppfer cells) and STAT3 phosphdrylation in hepatocytes for the suppression of hepatic glucose output,
hypothalamic IRB Y1162/Y1163 phosphorylation and P}3K/Akt signalling will be correlated with hepatic
STAT3 (pY705) phosphorylation by i;nmuhoblot analysis and liver JL-6 expression by quantitative
(AACt) real time PCR (TagqMan™ Geﬁe Expreésion) 2-3 h after icv administration of insulin (0-50 nM);

_ hepatic /L6 levels and STAT3 phosphorylation should be increased if hypothalamic insulin- sugnallmg is

elevated”’. Increased hepatic STAT3 signalling results in reduced gluconeogemc gene expression
[glucose-6 phosphatase (G6pc), PEPCK (Pckl), fructose-1-6-bisphosphatase (F bpI)1*® and this will also
be monitored by real-time PCR (TaqManTM Gene Expression).

4 . The e;ﬂ?ct of neuronal TCPTP deficiency on DIO and insulin sensitivity

Preliminary studies have indicated that hypothalamic TCPTP expression is increased by high fat diet-
induced obesity, and timat neuronal TCPTP deficiency enhances hypothalamic leptin sensitivity in chow
fed mice. Accordingly, it is consideréd that increases in hypothalamic TCPTP expression contributes to
the developtﬁ'ent of obesity and the associated central Iebtin/insulin resistance, peripheral glucose
intolerance and insulin resnstance In particular, and while not wishing to be bound by theory, the present
apphcant believes that elevated hypothalamic TCPTP levels contribute to the development of obes:ty and
type 2 diabetes. To confirm this, an investigation will be undertaken to ‘determine whether TCPTP-
deficiency protects from the development of DIO and insulin resistance. In particular, male v/s female
BTKO and control (TCPTPlox/lox) mice will be housed mdmdually after weamng (3 weeks) and fed a
high fat diet (23% fat; 45% energy from fat) for 6, 12 and 20 wks; body welghts and food intake will be

monitored and body composition (lean and fat mass) measured using a dual energy X-ray absorptlometry

(DEXA) instrument. The results obtained will be correlated with liver and fat pad masses (epididymal,
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infrarenal, suboutaneous, brown adipose tissue), liver and muscle triglycerides (GPO-Trinder, Sigma

.Ald'rich Corporation, St Louis, MO, United States of America) and s"enjm glucose, insulin (RIA; Linco

Research, Inc, St Charles, MO, United States of America ), FFAs (NEFA-Kit-U, Wako Chemicals USA
Inc, Richmond, VA, United States of America) and adipokines (l_eptin, adiponectin, resistin (Linco), TNF
(R&D Systems, Inc, Minneapolis, MN, United States of America) by ELISA) from fasted (18 h) and fed

mice. The impact of TCPTP deficiency on glucose homeostasis will be measured using insulin (ITTs) and

glucose (GTTs) tolerance tests and insulin sensitivity (glucose infusion rate) and glucose turnover
determined in anaesthetised mice during fasting and hypermsulmaemlc euglycaemic clamps Metabolic
measurements for actlvnty and energy expendlture will be performed using a 12 cage environmentally
controlled CLAMS. The effect of neuronal TCPTP deficiency on obesity-induced central leptin resistance
in mice fed a high fat diet for 6, 12 or 20 weeks will also be assessed by determining the effects of leptin
on food intoke and body weight; food intake and body weight Baselines will be established and leptin
(0.5-1.0 pg/g) administered ip twice daily for 3 days with food intake and body weights being monitorod :
daily for up to 7 days as shown in Figure 6. These results will be correlated with an assessment of leptin-
induced STATS3 signalling. Finally, recent studies have indicated that leptin sensitivity and glucose
tolerance are restored after changing high fat fed mice to a standard chow diet, so accordingly, it will be
assessed as to whether BTKO mice have any vadvantage in the loss if body weight/adiposity and the

restoration of leptm and whole body insulin sensmwty when high fat fed (23% fat; 45% energy from fat)

obese mice (20 weeks) are returned to a chow diet (4.6 % energy from fat) It is predicted that hlgh fat fed

. BTKO will exhibit obesity resistance and maintain insulin/leptin sensitivity, or have delayed onset of

obesity and insulin/leptin resistance as well as enhanced restoration of normal body weight and glucose

homeostasis due to elevated hypothalamic insulin and leptin signalling. -

* Results from preliminary experiments using 8-10 week old BTKO and lox/lox male littermates that were

fed a high fat diet for 12 weeks are shown at Figure 14: (A) body weigﬁts were determined weekly; (B)
Leptin sensitivity on body weight measured (mice were injected ip with leptin (2pg/g body weight/day)
during the indicated period and body weights determined; (C) Mice were fasted 4 h and insulin tolerance
tests performed (0.5 mU insulin/g BW) and (D) Mice were fasted for 6 h and blood glucosc and plasma
insulin levels were measured. The results showed that TCPTP deficiency protects mice from the

development of leptin resistance and obesity and the development of msulm resistance.

5. Ascertaining the effect of aT CPTP inhibitor on body weight and energy expenditure
Preliminary experiments were conducted using Compound 8 (described in Zhang et al.''), a TCPTP
inhibitor, to assess the effect of inhibiting TCPTP on the body weight and energy expenditure of mice.

Mice were administered with Compound 8 (1.5 pl, 0.2 nmol) or aCSF (1.5 ) by injecting into the lateral

ventricle of C57BL/6 or BTKO mice by intracerebral mjectlon (icv), along with ip admlmsu'atlon of
leptin (1 0 ng/e) or PBS as a control. The results shown at Figure 13 indicate that Compound 8 enhances
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the effects of leptin on STAT3 phosphorylation (F igure 13 A), and enhances the effects of leptin in

suppressing body weight (Figure 13 B) and increasing energy expenditure (Figure 13 C). The results

~ shown in Figure 13 D indicate that Compound 8 has no effect on the body weight of BTKO mice

demonstrating that this compound specifically inhibits TCPTP (ie without inhibiting PTP1B).

Throughout this specification the word "comprise", or variations such as "comprises"' or "comprising”,
will be understood to imply the inclusion of a stated element, integer or step, or group of elements,
integers or steps, but not the exclusion of any other element, integer or step, or group of elements,

integers or steps.

All publications mentioned in this specification are herein inborporaied by reference. Any discussion of ‘
documents, acts, materials, devices, articles or the like which has been included in the present .-

specification is solely for the purpose of providing a context for the present invention. It is not to be taken

. as an admission that any or all of these matters form part of the prior art base or were common general

knowledge in the field relevant to the present invention as it existed in Australia or elsewhere before the

priority date of each clalm of this apphcatlon

It will be appreciated by persons skilled in the art that numerous variations and/or modifications may be
made to the invention as shown in the specific embodiments without departing from the spirit or scope of
the invention as broadly described. The present embodiments are, therefore, to be considered in all

respects as illustrative and not restrictive.
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CLAIMS

1. A method for treating a disease or condition associated with elevated hypdthalamip T cell

protein tyrosine phosphatase (TCPTP) in a subject, said method éomprising administering the subject
with an agent which inhibits the activity or expression of TCPTP, wherein said agent is administered,
adapted and/or foﬁnulated in a manner ensuring tha( an effective amount of said agent is delivered to

the hypothalamus and inhibits the activity and/or.expreséion of hypothalamic TCPTP.

2. The method of claim 1, wherein the agent specifically inhibits the activity oi' expression of
" TCPTP variant TC45. |
3. The method of claim 1 or 2, wherein the disease or condition is selected from the group

consisting of obesity, weight gain, type 2 diabetes mellitus, insulin sensitivity, impaired glucose

" tolerance, and inflammation.

4. The method of claim 1 or 2, wherein the disease or condition is diet-induced obesity (DIO).

5. The method of any one of claims 1 to 4, wherein the method further comprises administering a
PTPIB inhibitor. ' ‘ |

6. ‘The method of c;laim 1 or 2, wherein the disease or condition is reduced plasma_-lebtin levels

associated with a Roux-en-Y gﬁsh'ic bypass (RYGBP).
7. The method of claim 6, wherein the method further comprises administering leptin.

8. The method of any one of claims 1 to 7; wherein the agent is adapted and/or formulated in a

* manner such that at least some of said agent, when administered to the subject, crosses the blood-brain

barrier.

9. A pharmaceutical composition comprising an agent which inhibits the activity or expression
of TCPTP optionally in combination with a pharmaceutically-acceptable carrier, diluent or excipient,
wherein said agent is adapted and/or formulated in a manner ensuring that, upon administration of the
composition to a subject, an effective amount of said agent is delivered to the hypothalamus and
inhibits the activity and/or expressioh o f hypothalamic TCPTP. -

10. - The composition of claim 9, wherein the agent specifically inhibits the activity or expression

of TCPTP variant TC45.
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11. vThe_ composition of claim 9 or 10, wherein the composition further comprises a PTP1B
inhibitor.

12. The composition of claim 11, wherein the ~composition further comprises leptin.

13. The composition of any one of claims 9-to 12, wherein the agent is adapted and/or formulated

in a manner such that at least some of said agent, when administered to the subject, crosses the blood-

brain barrier.

14. A method for.alleviating or preventing leptin resistance in an obese or overweight subject,
said method comprising édministering the subject with an agent which inhibits the activity or
expression of TCPTP, wherein said agent is administered, adapted and/or formulated in a manner

ensuring that an effective amount of said agent is delivered to the hypothalamus and inhibits the

' activity and/or expression of hypothalamic TCPTP.

15. A method for sensitising a subject to weight loss through dieting, the method comprising
administering the subject with an agent which inhibits the acﬁvity or expression of TCPTP, wherein
said agent is administered, adapted and/or formulated in a manner ensuring that an effective amount of ’
said agent is delivered to the hyﬁotha]_amus and inhibits the activity and/or expression of hypothalarﬁic
TCPTP.

16. The miethod of claim 14 or 15, wherein the agent speciﬁcally inhibits the activity or

_ expression of TCPTP variant TC45.

17. The method of any one of claims 14 to 16, wherein the method ﬁuther compnses
admlmstenng a PTP1B inhibitor.

18. The method of any one of claims 14 to 17, wherein the agent is adapted and/or formulated in a
manner such that at least some of said ageht, when administered to the subject, crosses the blood-brain

barrier.

19. A dieting kit comprising foodstuffs and a pharmaceutical composition according to any one of

claims 9 to 13.
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