
DERIVATIVES OF 1-PHENYL-2-PYR1DINYL ALKYL ALCOHOLS AS
PHOSPHODIESTERASE INHIBITORS FIELD OF THE INVENTION
The present invention relates to inhibitors of the
phosphodiesterase 4 (PDE4) enzyme. More particularly,
the invention relates to compounds that are
derivatives of 1-phenyl-2-pyridinyl alkyl alcohols,
methods of preparing such compounds, compositions
containing them and therapeutic use thereof.
BACKGROUND OF THE INVENTION Airway obstruction
characterizes a number of severe respiratory diseases
including asthma and chronic obstructive pulmonary
disease (COPD). Events leading to airway obstruction
include oedema of airway walls, increased mucous
production and inflammation. Drugs for treating
respiratory diseases such as asthma and COPD are
currently administered through inhalation. One of the
advantages of the inhalatory route over the systemic
one is the possibility of delivering the drug directly
at site of action, avoiding any systemic side-effects,
thus resulting in a more rapid clinical response and a
higher therapeutic ratio. Inhaled corticosteroids are
the current maintenance therapy of choice for asthma
and together with bronchodilator beta2-agonists for
acute symptom relief, they form the mainstay of
current therapy for the disease. The current
management of COPD is largely symptomatic by means of
bronchodilating therapy with inhaled anticholinergics
and inhaled beta2- adrenoceptor agonists. However,
corticosteroids do not reduce the inflammatory
response in COPD as they do in asthma. Another class
of therapeutic agents which has been widely
investigated in view of its anti-inflammatory effects
for the treatment of inflammatory respiratory diseases
such as asthma and COPD is representedby the
inhibitors of the enzymes phosphodiesterases (PDEs),
in particular of the phosphodiesterase type 4
(hereinafter referred to as PDE4). Various compounds
acting as PDE4 inhibitors have been disclosed in the
prior art. However, the usefulness of several PDE4
inhibitors of the first - generation such as rolipram
and piclamilast has been limited due to their
undesirable side effects. Said effects include nausea
and emesis due to their action on PDE4 in the central
nervous system and gastric acid secretion due to the
action on PDE4 in parietal cells in the gut. The cause
of said side effects has been widely investigated. 



It has been found that PDE4 exists in two distinct
forms representing different conformations, that were
designated as high affinity rolipram binding site or
HPDE4, especially present in the central nervous
system and in parietal cells, and low affinity
rolipram binding site or LPDE4 (Jacobitz, S et al MoI.
Pharmacol, 1996, 50, 891-899), which is found in the
immune and inflammatory cells. While both forms appear
to exhibit catalytic activity, they differ with
respect to their sensitivity to inhibitors. In
particular compounds with higher affinity for LPDE4
appear less prone to induce side-effects such as
nausea, emesis and increased gastric secretion. The
effort of targeting LPDE4 has resulted in a slight
improvement in the selectivity for the
second-generation PDE4 inhibitors such as cilomilast
and roflumilast. However, even these compounds are not
provided with a good selectivity towards LPDE4. Other
classes of compounds acting as PDE4 inhibitors have
been disclosed in the prior art. For example, EP
1634606 discloses, among others, ketone derivatives
like benzofuran or 1,3-benzodioxole derivatives. WO
9402465 discloses, among others, ketone derivatives of
general formulawherein Ri is lower alkyl and R2 may be
alkyl, alkenyl, cycloalkyl, cycloalkyl, cycloalkenyl,
cyclothioalkyl or cyclothioalkenyl. WO 9535281 in the
name of Celltech Therapeutics concerns tri-substituted
phenyl derivatives. Both applications are silent about
the problems of the side effects associated with
inhibition of HPDE4 and do not report data regarding
affinity toward HPDE4 and LPDE4. Therefore, although
several PDE4 inhibitors have been disclosed so far,
there is still a need for more efficacious and better
tolerated compounds. In particular, it would be highly
advantageous to provide more selective compounds, e.g.
endowed with a higher affinity toward the LPDE4 with
respect to the affinity to HPDE4, in order to
attenuate or avoid the side effects associated with
its inhibition. The present invention addresses these
issues by providing PDE4 inhibitors having an improved
selectivity toward LPDE4. As a matter of fact, it has
now been found that providing a PDE4 inhibitor with an
additional moiety interacting with the active site of
the PDE4, 



there is an improvement in the selectivity of the
inhibitors towards LPDE4. The PDE4 inhibitors of the
present invention efficaciously act upon inhalation
administration and could be characterized by a good
persistency in the lung and a short systemic duration.
SUMMARY OF THE INVENTION The invention is directed to
compounds acting as inhibitors of the
phosphodiesterase 4 (PDE4) enzyme, methods of
preparing saidcompounds, compositions containing them
and therapeutic use thereof. In particular the
invention is directed to derivatives of 1-phenyl-2-
pyridinyl alkyl alcohols of general formula (I) (I)
wherein: Z is selected from the group consisting of
(CH2)m wherein m = 0, 1 or 2; (CH2)nO wherein n=1 , 2
or 3; O(CH2)p wherein p=0, 1, 2 or 3; CH2SO2; CHNR6;
CH2NR6; NR6 wherein R6 is H or a linear or branched
(C1-C4) alkyl; OCOR4R5; and CR4R5 wherein R4 is
independently selected from H or a linear or branched
(C1-C4) alkyl, preferably methyl, optionally
substituted by a (C1-C4) cycloalkyl and R5 is
independently selected from the group consisting of -
linear or branched (C1-C4) alkyl, preferably methyl; -
phenyl; - benzyl; - NH2; and - HNCOOR', wherein R' is
linear or branched (C1-C4) alkyl,preferably t-butyl.
Ri and R2 are different or the same and are
independently selected from the group consisting of -
H; - linear or branched (C-i-C ) alkyl, optionally
substituted by one or more substituents selected from
(C3-C7) cycloalkyl or (C5-C7) cycloalkenyl; 



- (C3-C7) cycloalkyl; - (C5-C7) cycloalkenyl; - linear
or branched (C2-C6) alkenyl; and - linear or branched
(C2-C6) alkynyl. R3 is one or more substituents
independently selected from the group consisting of H,
CN, NO2, CF3 and halogen atoms. A is a ring system,
that is a mono- or bicyclic ring which may be
saturated, partially unsaturated or unsaturated, such
as aryl, (C3-C8) cycloalkyl or heteroaryl, said ring
system A having 5 to 10 ring atoms in which at least
one ring atom is a heteroatom (e.g. N, S or O), in
which the optional substituent Rx on the A ring system
may be one or more, may be the same or different, and
is independently selected from the group consisting
of: - linear or branched (Ci-C ) alkyl optionally
substituted by one or more (C3-C7) cycloalkyl; -
linear or branched (C2-C6) alkenyl optionally
substituted by one or more (C3-C7) cycloalkyl; -
linear or branched (C -C ) alkynyl optionally
substituted by one or more (C3-C7) cycloalkyl; -
(C5-C7) cycloalkenyl; - phenyl; - (C3-C7)
heterocycloalkyl;- OR7 wherein R7 is selected from the
group consisting of - H; - (C1-C10) alkyl optionally
substituted by one or more (C3-C7) cycloalkyl; -
(C3-C7) cycloalkyl; - (C1-C4) alkyl-(C3-C7)
heterocycloalkyl; - CO (Ci-C 6) alkyl; - COO (Ci-C 6)
alkyl; - phenyl; - benzyl; - (C1-C10) alkyl-NR R
wherein R and R9 are independently selected from the
group consisting of H, linear or branched (Ci-C 6)
alkyl and they form with the nitrogen atom to which
they are linked a saturated, partially saturated or
unsaturated ring, preferably NRSR is linked to
(C1-C10) alkyl forming for example 



saturated, partially saturated or unsaturated
piperidine, oxazine, imidazole rings, wherein these
rings are optionally substituted by (C1-C4) alkyl; and
- halogen atoms; - CN; - NO2; - NR10R11 wherein R10
and Rn are different or the same and are independently
selected from the group consisting of - H; - linear or
branched (Ci-C 6) alkyl, optionally substituted with
phenyl or (C3-C7) cycloalkyl; - COC6H5; - CO-(Ci-C 4)
alkyl;- COO-(Ci-C 4) alkyl; - CONH-(Ci-C6) alkyl-Ri2,
wherein R12 is selected from the group consisting of -
H; - (C1-C4) alkyl; - CONH (C1-C4) alkyl-N(Ci-C 4)
alkyl; or they form with the nitrogen atom to which
they are linked a saturated or partially saturated
ring, preferably a piperidyl ring; - (C1-C4)
alkyl-NRioRn; - COR12 wherein R12 is phenyl or linear
or branched (C1-C6) alkyl; - oxo; - HNSO2R13 wherein
R13 is (C1-C4) alkyl or a phenyl optionally
substituted with halogen atoms or with a (C1-C4) alkyl
group; - SO2R14 wherein R14 is (C1-C4) alkyl, OH or
NR10R11 wherein R10 and R11 are as defined above; -
SOR15 wherein R15 is phenyl or (C1-C4) alkyl; - SR16
wherein R16 is H, phenyl or (C1-C4) alkyl; - COOR17
wherein R17 is H, (C1-C4) alkyl, phenyl or benzyl; and
- (CH2)qORi8, wherein q=1 , 2, 3 or 4 and Ri 8 is H or
(C1-C4) cycloalkyl. and pharmaceutically acceptable
salts and N-oxides on the pyridine ring thereof. The
invention also encompasses the pharmaceutically
acceptable salts 



and/or solvates thereof. The invention further
involves the corresponding N-oxides on the pyridine
ring. The invention further comprises a process for
the preparation ofcompounds of general formula (I).
The present invention also provides pharmaceutical
compositions of compounds of general formula (I) alone
or in combination with in admixture with one or more
pharmaceutically acceptable carriers. In a further
aspect the present invention provides the use of the
compounds of general formula (I) as a medicament. In a
further aspect the present invention provides the use
of the compounds of general formula (I) for the
manufacture of a medicament. In particular the present
invention provides the use of the compounds of general
formula (I) for the prevention and/or treatment of any
disease characterized by phosphodiesterase 4 (PDE4)
overactivity and/or wherein an inhibition of PDE4
activity is desirable. In particular the compounds of
general formula (I) alone or combined with other
active ingredients may be administered for the
prevention and/or treatment of a disease the
respiratory tract characterized by airway obstruction
such as asthma and COPD. In a further aspect the
present invention provides the use of compounds of
general formula (I) for the preparation of a
medicament for the prevention and/or treatment of an
inflammatory disease, disorder or condition
characterized by or associated with an undesirable
inflammatory immune response or induced by or
associated with an excessive secretion of TNF-a and
PDE4. Moreover the present invention provides a method
for prevention and/or treatment of any disease wherein
PDE4 inhibition is required, said method comprises
administering to a patient in need of such treatment a
therapeutically effective amount of a compound of
general formula (I). DEFINITIONS The term "halogen
atoms" as used herein includes fluorine,
chlorine,bromine, and iodine, preferably chlorine. As
used herein, the expression "linear or branched (Ci-C
x) alkyl" where x is an integer greater than 1, refers
to straight-chained and branched alkyl groups wherein
the number of constituent carbon atoms is in the range
1 to x . Particular alkyl groups are methyl, ethyl,
n-propyl, isopropyl and 



t-butyl. Optionally in said groups one or more
hydrogen atoms can be replaced by halogen atoms,
preferably chlorine or fluorine. The derived
expressions "(C2-C6) alkenyl" and "(C2-C6) alkynyl",
are to be construed in an analogous manner. As used
herein, the expression "(C3-Cx) cycloalkyl", where x
is an integer greater than 3, refers to cyclic
non-aromatic hydrocarbon groups containing from 3 to x
ring carbon atoms. Examples include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl.
Optionally in said groups one or more hydrogen atoms
can be replaced by halogen atoms, preferably chlorine
or fluorine. As used herein, the expression "(C3-C7)
heterocycloalkyl", refers to cyclic non-aromatic
hydrocarbon groups containing one or more heteroatoms
(e.g. N, S or O), optionally substituted by one or
more (C1-C4) alkyl. The derived expressions "(Ci-C x)
cycloalkoxyl" is to be construed in an analogous
manner. The derived expression "(Cs-Cx) cycloalkenyl",
where x is an integer greater than 5, is to be
construed in an analogous manner. As used herein, the
expression "ring system" refers to mono- or bicyclic
ring systems which may be saturated, partially
unsaturated or unsaturated, such as aryl, (C3-C8)
cycloalkyl or heteroaryl, having 5 to 10 ring atoms in
which at least one ring atom is a hereoatom (e.g. N, S
or O). Examples of suitable monocyclic systems include
phenyl, pyridyl,piperazinyl, piperidinyl, morpholinyl,
cyclopentyl, cyclohexyl, cyclohexenyl, cycloheptyl,
dioxane, imidazole and imidazolidine. Examples of
suitable bicyclic systems include naphthyl,
quinolinyl, isoquinolinyl, indenyl, fluorene,
benzimidazole, benzimidazolidine, xanthine and the
partially- or fully- hydrogenated derivatives thereof.
DETAILED DESCRIPTION OF THE INVENTION The invention is
directed to a class of compounds acting as inhibitors
of the phosphodiesterase 4 (PDE4) enzyme. Said class
of compounds inhibits the conversion of cyclic
nucleotides, in particular cyclic adenosine
monophosphate (cAMP), into their inactive
5'-mononucleotide forms. In the airways, the
physiological responses to elevated intracellular
levels of cyclic nucleotides, in particular of cAMP,
lead to the suppression of 



the activity of immune and pro-inflammatory cells such
as mast cells, macrophages, T lymphocytes, eosinophils
and neutrophils, resulting in a decrease of the
release of inflammatory mediators which include
cytokines such as IL-1 , IL-3 and tumor necrosis
factor -alpha (TNF-a) . It also leads to an airway
smooth muscle relaxation and a decrease in oedema. The
catalytic site of PDE4 has been previously identified:
it mainly comprises a hydrophobic region in which two
sub-pockets are present, e.g. S0 and Si, and a
hydrophilic region containing the metal ions Zn2+ and
Mg2+, that in turn comprises the sub-pocket S2
spreading around the metal ions and a sub-pocket S3
which branches approximately 90 from the middle of the
hydrophobic pocket. Most of the compounds of the prior
art are provided with a moiety able of interacting
with the sub-pockets So and Si of the hydrophobic
region such as a substituted catechol group and with
another moiety able of indirectlyinteracting with the
metal ions of the S2 sub-pocket, for example a
heterocycle such as pyridine or pyrrolidone. The
present invention is directed to compounds which were
designed so that they could maintain the interactions
with the sub-pockets S0 and Si by means of the
substituted catechol moiety and the interaction with
the metal ions region by means of the pyridine ring
like other known PDE4 inhibitors but differ for the
presence of a further group able of establishing an
additional interaction with the sub-pocket S3. In
particular the present invention relates to
derivatives of 1-phenyl-2- pyridinyl alkyl alcohols of
general formula (I) (I) Pharmaceutically acceptable
salts include those obtained by reacting the main
compound, functioning as a base, with an inorganic or
organic acid to form a salt, for example, salts of
hydrochloric acid, sulfuric acid, phosphoric acid,
methane sulfonic acid, camphor sulfonic acid, oxalic
acid, maleic acid, succinic acid and citric acid. It
will be apparent to those skilled in the art that the
compounds of general formula (I) may contain
asymmetric centers. Therefore the invention also
includes the optical stereoisomers and mixtures
thereof. Where the compounds according to the
invention have at least one asymmetric center, they
may accordingly exist as enantiomers. Where the 



compounds according to the invention possess two or
more asymmetric centers, they may additionally exist
as diastereoisomers. It is to beunderstood that all
such isomers and mixtures thereof in any proportion
are encompassed within the scope of the present
invention. The compounds of general formula (I) were
found to show an in vitro inhibitory activity toward
the PDE4 enzyme in the nM range and they turned out to
be endowed of a good activity in the lungs upon
intra-tracheal administration in an animal model of
COPD. They also exhibited in some cases sustained
pulmonary levels in the lungs, while no detectable
plasmatic levels were found which is an index of a
short systemic action. One possible explanation for
the unexpectedly high selectivity of these compounds
for LPDE4 in comparison to HPDE4 is that they all
feature a moiety which could fit into the S3
sub-pocket of the catalytic site of the PDE4 enzyme
through the A substituent. As it can be appreciated
from the results reported in the Example 13, a
compound representative of the invention was indeed
found about 1319-fold more selective toward LPDE4
versus HPDE4. A preferred group of compounds of
general formula (I) is that wherein the 2-pyridinyl
ring is substituted in 3 and 5 with two atoms of
chlorine, according to the general formula (II) (II)
wherein Ri, R2, Z and A are as defined above.
Advantageously when Ri or R2 is H, the other
substituent on thecatechol group is different from H.
Preferably Ri and R2 are both different from H. A
first group of more preferred compounds of general
formula (II) is that in which: Ri and R2 are as
defined above; Z is (CHb)n wherein n is 0; and A is as
defined above. A second group of more preferred
compounds is that in which: Ri and R2 are as defined
above; Z is CHR5 wherein R5 is linear or branched
(C1-C4) alkyl, preferably methyl; and A is as defined
above. A third group of more preferred compounds is
that in which: 



Ri and R2 are as defined above; Z is CR4R5 wherein R4
and R5 are both linear or branched (C1-C4) alkyl and
they form a ring with the carbon atom to which they
are linked having 3, 4, 5 or 6 carbon atoms,
preferably having 3 carbon atoms; and A is as defined
above. In one of the preferred embodiment A is
substituted and Rx is selected from the group
consisting of linear or branched (d-C ) alkyl, linear
or branched (C2-C6) alkenyl, linear or branched
(C2-C6) alkynyl or OR7 wherein R7 is as defined above.
In another preferred embodiment A is substituted and
Rx is a group able of improving the aqueous solubility
of the whole molecule such as NR10R11 or HNSO2R13
wherein R10, Rn and R13 are as defined above. In a
particular embodiment of the invention, when A is a
heteroaryl ring, the ring is preferably selected from
the group consisting of pyrrole, pyrazole, furan,
thiophene, imidazole, oxazole, isoxazole, thiazole,
pyridine, pyrimidine,pyrazine and pyran, imidazole,
imidazolidine and more preferably pyridine. According
to a preferred embodiment the present invention
provides the compounds reported below:
(continued)(continued)(continued)(continued)(continued
)(continued)(continued)(continued)Advantageously the
compounds of the invention are characterized by
selectivity toward LPDE4 higher than that toward HPDE4
as obtained by the determination of their IC50. In the
case of LPDE4, the IC50 is the molar concentration of
the test compound producing 50% inhibition of cAMP
disappearance, assessed as described in Cortijo J et
al Br J Pharmacol 1993, 108: 562-568, while in the
case of HPDE4, the IC50 is the molar concentration of
the test compound producing 50% inhibition of the
binding of [H3] rolipram, assessed as described in
Duplantier AJ et al J Med Chem 1996; 39: 120-125.
Preferably the HPDE4/LPDE4 IC50 ratio for the
compounds of theinvention is higher than 5, preferably
higher than 10, more preferably higher than 20 and
even more preferably higher than 100. The compounds of
general formula (I) may be prepared conventionally
according to methods disclosed in the art. Some of the
processes which can be used are described below and
reported in Scheme and should not be viewed as
limiting the scope of the synthetic methods available
for the preparation of the compounds of the invention.
Scheme R3 



(1) (2) (3) a base + a condensing agent a base a base
(5) For instance, according to a particular embodiment
of the present invention (scheme), the compounds of
general formula (5) may be prepared according to a
process which includes the following steps: 1st step _
Reducing an ethanone derivative of general formula (1)
to give an alcohol derivative of general formula (2)
(route A).The reaction may be carried out by using
sodium boron hydride (NaBH ) in a solvent such as
methanol at room temperature under nitrogen
atmosphere. 2nd step - Adding a suitable acid of
formula AZCOOH to a solution of the alcohol derivative
of general formula (2) to give a compound of general
formula (5). The reaction is carried out in the
presence of a suitable strong base such as lithium
diisopropylamide (LDA), NaH, dimethylaminopyridine
(DMAP) and in the presence of a condensing agent such
as 1-Ethyl-3-[3- dimethylaminopropyl]carbodiimide
hydrochloride (EDC) and N-hydroxybenzotriazole (HOBT)
in a solvent such as dichloromethane under nitrogen
atmosphere. Other solvents may be used, such as
dimethylformamide (DMF), tetrahydrofuran (THF),
chloroform, dioxane and any other aprotic solvent
known to those skilled in the art. In a particular
embodiment, the reaction may also be carried out in
absence of solvents. In case the carboxylic acid
A-Z-COOH bears reactive groups like hydroxyl,
carboxyl, thio or amino groups, they may need to be
protected by protecting groups such as
t-butoxycarbonyl, benzyl, benzyloxycarbonyl, methyl,
trimethylsilyl and similar and, at a certain step of
the synthesis, deprotected to obtain again the free
reactive group; the deprotected group may be then
reacted with suitable reagents like alkylating,
acylating, sulphonylating agents or similar. The
protection and deprotection of functional groups is
described in "Protective Groups in Organic Chemistry"
3rd edition, T.W. Greene and P.G.M. Wuts,
Wiley-lnterscience ( 1999) and "Protecting Groups",
P.J. Kocienski, Georg Thieme Verlag (1994). 



Compounds of general formula (5) may be also prepared
by adding a suitable acyl chloride of general formula
A-Z-COCI or a suitable isocyanate ofgeneral formula
A-Z-NCO to a solution of the alcohol derivative of
general formula (2), with a suitable base in a
stoichiometric or a catalytic amount, according to
procedures well known to the skilled person. The
alcohol derivative of general formula (2) may
alternatively be prepared by reacting a benzaldheyde
derivative of formula (3) with a methylpyridine
derivative of formula (4) (route B) using lithium-bis-
(trimethylsilyl)-amide (LiHMDS) or similar strong
bases and a solvent such as tetrahydrofuran (THF) or
other aprotic solvents. Intermediates of general
formula (3) and (4) are commercially available or may
be prepared according to methods available in the
literature and well known to the person skilled in the
art. The N-oxides on the 2-pyridinyl ring of the
compounds of general formula (5) may be prepared
according to methods available in the literature and
well known to the skilled person. For instance they
may be prepared by dissolving the compound of general
formula (5) in CH2CI2 or CHCb, then adding an
oxidizing agent such as m-chloro perbenzoic acid
(mCPBA) to the resulting solution. Other oxidizing
agents which may be used are hydrogen peroxide,
perbenzoic acid and peracetic acid. For those
compounds in which A is a ring substituted with a
functional group sensitive to oxidation, the
corresponding N-oxides are alternatively prepared by
carrying out the oxidation step before the 2nd step of
the route A. The present invention also provides
pharmaceutical compositions of compounds of general
formula (I) in admixture with one or more
pharmaceutically acceptable carriers, for example
those described in Remington's Pharmaceutical Sciences
Handbook, XVII Ed., Mack Pub., N.Y., U.S.A.
Administration of the compounds of the present
invention may be accomplished according to patient
needs, for example, orally, nasally,parenterally
(subcutaneously, intravenously, intramuscularly,
intrasternally and by infusion), by inhalation,
rectally, vaginally, topically, locally, transdermal^,
and by ocular administration. Various solid oral
dosage forms may be used for administering compounds
of the invention including such solid forms as
tablets, gelcaps, capsules, caplets, granules,
lozenges and bulk powders. The compounds of the
present invention may be administered alone or
combined with various pharmaceutically acceptable
carriers, 



diluents (such as sucrose, mannitol, lactose,
starches) and excipients known in the art, including
but not limited to suspending agents, solubilizers,
buffering agents, binders, disintegrants,
preservatives, colorants, flavorants, lubricants and
the like. Time release capsules, tablets and gels are
also advantageous in administering the compounds of
the present invention. Various liquid oral dosage
forms may also be used for administering compounds of
the invention, including aqueous and non-aqueous
solutions, emulsions, suspensions, syrups, and
elixirs. Such dosage forms can also contain suitable
inert diluents known in the art such as water and
suitable excipients known in the art such as
preservatives, wetting agents, sweeteners, flavorants,
as well as agents for emulsifying and/or suspending
the compounds of the invention. The compounds of the
present invention may be injected, for example,
intravenously, in the form of an isotonic sterile
solution. Other preparations are also possible.
Suppositories for rectal administration of the
compounds of the present invention may be prepared by
mixing the compound with a suitable excipient such as
cocoa butter, salicylates and polyethylene glycols.
Formulations for vaginal administration may be in the
form of cream, gel, paste, foam, or spray formula
containing, in addition to the active ingredient, such
suitable carriers as are known in the art. For topical
administration the pharmaceutical composition may be
inthe form of creams, ointments, liniments, lotions,
emulsions, suspensions, gels, solutions, pastes,
powders, sprays, and drops suitable for administration
to the skin, eye, ear or nose. Topical administration
may also involve transdermal administration via means
such as transdermal patches. For the treatment of the
diseases of the respiratory tract, the compounds
according to the invention are preferably administered
by inhalation. lnhalable preparations include
inhalable powders, propellant-containing metering
aerosols or propellant-free inhalable formulations.
For administration as a dry powder, single- or
multi-dose inhalers known from the prior art may be
utilized. In that case the powder may be filled in
gelatine, plastic or other capsules, cartridges or
blister packs or in a reservoir. A diluent or carrier,
generally non-toxic and chemically inert to the 



compounds of the invention, e.g. lactose or any other
additive suitable for improving the respirable
fraction may be added to the powdered compounds of the
invention. Inhalation aerosols containing propellant
gas such as hydrofluoroalkanes may contain the
compounds of the invention either in solution or in
dispersed form. The propellant-driven formulations may
also contain other ingredients such as co-solvents,
stabilizers and optionally other excipients. The
propellant-free inhalable formulations comprising the
compounds of the invention may be in form of solutions
or suspensions in an aqueous, alcoholic or
hydroalcoholic medium and they may be delivered by jet
or ultrasonic nebulizers known from the prior art or
by soft-mist nebulizers such as Respimat(r).The
compounds of the invention may be administered as the
sole active agent or in combination with other
pharmaceutical active ingredients including those
currently used in the treatment of respiratory
disorders, e.g. beta2-agonists, corticosteroids and
anticholinergic or antimuscarinic agents. The dosages
of the compounds of the present invention depend upon
a variety of factors including the particular disease
to be treated, the severity of the symptoms, the route
of administration, the frequency of the dosage
interval, the particular compound utilized, the
efficacy, toxicology profile, and pharmacokinetic
profile of the compound. Advantageously, the compounds
of general formula (I) may be administered for
example, at a dosage comprised between 0.001 and 1000
mg/day, preferably between 0.1 and 500 mg/day. When
they are administered by inhalation route, the dosage
of the compounds of general formula (I) is
advantageously comprised between 0.01 and 20 mg/day,
preferably between 0.1 and 10 mg/day. Preferably, the
compounds of general formula (I) alone or combined
with other active ingredients may be administered for
the prevention and/or treatment of any obstructive
respiratory disease such as asthma, chronic bronchitis
and chronic obstructive pulmonary disease (COPD).
However the compounds of general formula (I) may be
administered for the prevention and/or treatment of
any disease wherein PDE4 inhibition is required. Said
disease include: allergic disease states such as
atopic dermatitis, urticaria, allergic rhinitis,
allergic conjunctivitis, vernal 



conjunctivitis, eosinophilic granuloma, psoriasis,
inflammatory arthritis, rheumatoid arthritis, septic
shock, ulcerative colitis, Crohn's disease,
reperfusion injury of the myocardium and brain,
chronic glomerulonephritis, endotoxic shock, cystic
fibrosis, arterial restenosis, artherosclerosis,
keratosis, rheumatoid spondylitis, osteoarthritis,
pyresis, diabetes mellitus,pneumoconiosis, toxic and
allergic contact eczema, atopic eczema, seborrheic
eczema, lichen simplex, sunburn, pruritus in the
anogenital area, alopecia areata, hypertrophic scars,
discoid lupus erythematosus, systemic lupus
erythematosus, follicular and wide-area pyodermias,
endogenous and exogenous acne, acne rosacea, Beghet's
disease, anaphylactoid purpura nephritis, inflammatory
bowel disease, leukemia, multiple sclerosis,
gastrointestinal diseases, autoimmune diseases and the
like. They also include neurological and psychiatric
disorders such as Alzheimer's disease, multiple
sclerosis, amylolaterosclerosis (ALS), multiple
systems atrophy (MSA), schizophrenia, Parkinson's
disease, Huntington's disease, Pick's disease,
depression, stroke, and spinal cord injury. The
present invention will now be further described by way
of the following non-limiting examples. I=XAMPLES
EXAMPLE 1 Preparation of 3,5-dichloro-4-methylpyridine
(Intermediate (4) of scheme) Diisopropylamine (70 mL,
500 mmol) was dissolved in dry tetrahydrofuran (THF)
(500 mL), the solution was cooled to - 10 C and butyl
lithium (2.5 N in hexane, 210 mL, 525 mmol) was added
dropwise under stirring. After 30 minutes the solution
was cooled to -20 C and 3,5-dichloropyridine (66.6 g,
450 mmol) in tetrahydrofuran (200 mL) was added
dropwise. The solution was stirred at -10 C for 30
minutes, cooled to -70C and added dropwise with
iodomethane (50 mL, 1.6 mol) in tetrahydrofuran (100
mL). The reaction mixture was allowed to warm to room
temperature, quenched with water ( 100 mL) and
extracted with diethyl ether (3 x 100 mL); the
combined organic layers were dried over sodium
sulphate (5 g) and evaporated to dryness. The crude
product was crystallized twicefrom aqueous ethanol
than from hexane to afford 3,5-dichloro-4-
methylpyridine (49.9 g, 306 mmol, 68 % yield) as a
white solid. MS/ESI 162-164-166 m/z [MH] +. EXAMPLE 2 



Preparation of 2-(3
>5-dichloro-pyridin-4-yl)-1-(3,4-dimethoxy-phenyl)-
ethanone (Intermediate (1) of scheme) A solution of
3,5-dichloro-4-methyl-pyridine (2.06 g, 12.7 mmol) in
dry tetrahydrofuran (30 ml) was cooled down to -78C
then a 1.8 M solution of lithium diisopropylamide in
tetrahydrofuran (7.4 ml, 13.3 mmol) was added dropwise
under stirring, keeping the temperature below -700C.
The resulting solution was stirred for 30 min., then a
solution of 3,4-dimethoxy-benzoyl chloride (2.55 g,
12.7 mmol) in dry tetrahydrofuran (20 ml) was added
dropwise, maintaining the temperature below -700C.
After stirring for 15 min. ice (20 g) was added,
followed by further 500 ml of water. The mixture was
extracted with ethyl acetate (2 x 50 ml), the combined
organic layers were dried over sodium sulphate and
evaporated under reduced pressure to give an oil that
was purified by flash chromatography (Eluent: ethyl
acetate/petroleum ether from 10/90 to 30/70 v:v). 2.1
grams (6.4 mmol, 52% yield) of the title compound were
obtained as a white solid. MS/ESI+ 326-328-330 m/z
[MH] +; 1H NMR (CDCI3 calibrated at 7.26 ppm) 3.91 and
3.95 (2s, 6H), 4.62 (s, 2H), 6.91-6.95 (d, 1H),
7.53-7.54 (d, 1H), 7.67-7.75 (dd, 1H), 8.49 (s, 2H).
The following intermediates were prepared using said
route with suitable solvents:Table 1 EXAMPLE 3
Preparation of
2-(3,5-dichloro-pyridin-4-yl)-1-(3,4-dimethoxy-phenyl)
- ethanol (Intermediate (2) of scheme) Route A Sodium
boron hydride NaBH (45.2 mg, 2.5 eq.) is added to a
suspension of 2-(3,5-dichloro-pyridin-4-yl)-1
-(3,4-dimethoxy-phenyl)- ethanone (150 mg, 1 eq.) in
CH3OH (5 ml), at room temperature under nitrogen
atmosphere. The mixture is stirred at room temperature
overnight, then the reaction is quenched with water
and extracted with EtOAc. The organic layer is dried
over Na2SO4 and the solvent is evaporated. The crude
is purified by flash chromatography on silica gel in
gradient elution from petroleum ether/EtOAc 9/1 v/v to
petroleum ether/EtOAc 7/3 v/v, to obtain 75 mg of the
title compound (50% yield). MS/ESI+ 328-330-332[MH] + 



The following intermediates were prepared using said
route with suitable solvents:Table 2 EXAMPLE 4
Preparation of 2-(3,5-dichloro-pyridin-4-yl)-1
-(3,4-dimethoxy-phenyl)- ethanol (Intermediate (2) of
scheme) Route B 3,5-Dichloro-4-methylpyridine (500 mg,
1 eq.) is dissolved in dry THF (2 ml_) under nitrogen
atmosphere at -60 C. LiN(TMS)2 ( 1.0M in THF, 3.38 mL,
1. 1 eq.) is added dropwise via syringe, keeping the
temperature below -55C. The mixture turns yellow and
is stirred at -60 C for about 30 minutes. Then a
solution of 3,4-dimethoxybenzaldehyde (51 3 mg, 1 eq.)
in dry THF (2 mL) is added dropwise via syringe,
keeping the temperature below -55C. After the addition
the mixture is slowly warmed to room temperature and
stirred at room temperature for about 2h. Then it is
quenched with water and extracted with EtOAc. The
organic layer is dried over Na SO and the solvent is
evaporated. The crude is triturated with Et2O, and
filtered to obtain 741 mg of the title compound as a
white solid (73% yield). MS/ESI 328-330-332 [MH]
+EXAMPLE 5 Preparation of
(S)-2-(4-isobutyl-phenyl)-propionic acid
2-(3,5-dichloropyridin-
4-yl)-1-(3,4-dimethoxy-phenyl)ethyl ester (compound 1)
( 1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide
hydrochloride) (EDCHCI) (345 mg, 3 eq.) is added to a
solution of 2-(3,5-dichloro-pyridin-4-
yl)-1-(3,4-dimethoxy-phenyl)-ethanol (200 mg, 1 eq.),
(S)-2-(4-isobutylphenyl)- propionic acid (148 mg, 1.2
eq.) and 4-dimethylaminopyridine (DMAP) (37 mg, 0.5
eq.) in dry CH2CI2 (8 ml_) at room temperature under
nitrogen atmosphere. The mixture is stirred at room
temperature overnight, then it is treated with a
saturated solution of NH4CI (20 ml) and extracted with
EtOAc (2x20 ml). The combined organic layer are dried
over Na2SO4 and the solvent is evaporated. The crude
is purified by flash chromatography on silica gel in
gradient elution (from petroleum ether/EtOAc 9/1 v/v
to petroleum ether/EtOAc 7/3 v/v) to yield 259 mg of
pure compound. The following compounds were prepared
using said route with suitable reagents: Table 3
(continued)Me Me MS/ESI 446-448-450 [MH] + 



1H NMR (CDCb calibrated at 7.26 ppm) d: 8.42(s* . 2H);
7.26(m * , 3H); 7.17(m*, 2H); 6.89(dd*, 1H); 6.82(d *
. 1H); 6.79(d*, 1H); 6.14(dd*. 1H); 3.89(s* , 3H);
3.80(s* , 3H); 3.61 (dd*, 1H); 3.58 and 3.55(ABq ,
2H); 3.29(dd* . 1H). Me Me MS/ESI+ 472-474-476 [MH] +
NMR (CDCb calibrated at 7.26 ppm) d: 8.45(s*, 2H);
7.34- 7.26(m*, 5H); 6.79(m*, 2H); 6.68(m* . 1H);
6.15(dd* , 1H); 3.89(s*, 3H); 3.80(s*, 3H); 3.49(dd*.
1H); 3.15(dd*, 1H); 1.54(m* . 1H); 1.43(m* , 1H);
1.22(m*, 1H); 1.1 0(m*, 1H). Me Me o- MS/ESI+
492-494-496 [MH] 1H NMR (CDCb calibrated at 7.26 ppm)
d: 8.47(s*. 1H); 7.72(dd*, 1H); 7.54(d*, 1H);
7.04(dd*, 1H); 7.01 (d* , 1H); 6.89(d* . 1H); 6.88(d*
, 1H); 6.34(dd*, 1H); 3.95(s* , 3H); 3.93(s* . 3H);
3.91(s*. 3H); 3.89(s*. 3H); 3.82(dd* . 1H); 3.41 (dd*,
1H). CHF2 cyclopropyl- HN' b0C MS/ESI 637-639-641 [MH]
methyl H NMR (CDCb calibrated at 7.26 ppm) d: 8.21 (s*
. 2H), 'r.36- 7.22(m*. 3H), 7.16(m*, 3H), 7.00(m*.
2H), 6.65(dd * . 1H), 6.09(dd*, 1H), 5 3 1(br* s*,
2H), 3.93(d* , 2H), 3.54 (dd* , 1H), 3.17(dd*. 1H),
1.40(s* . 9H), 



1.30(m*, 1H); 0.68(m*, 2H), 0.42(m*. :2H).
(continued)(continued)Novel AS160-like protein, test
systems, methods and uses involving it for the
identification of diabetes type 2 therapeutics The
present invention relates to novel AKT substrate
160kDA-like protein (AS 160-like protein); a method of
identifying a substance altering glucose uptake of a
cell comprising contacting a test system comprising
novel AKT substrate 160kDa-like protein (AS1 60-like
protein) with a test substance, and identifying a test
substance as a substance altering glucose uptake of a
cell by detecting a signal indicative for altered
glucose uptake of a cell; a test system comprising a
gene coding for the AKT substrate 160 kDa-like protein
(AS1 60-like protein) and an inducible promoter
providing for controllable expression of the gene; the
use of the test system for the identification of a
substance improving glucose uptake into a cell; and
the use of AS160-like protein in a model for type 2
diabetes. Diabetes mellitus is a metabolic disorder
characterized by hyperglycemia and other signs, as
distinct from a single illness or condition. The World
Health Organization recognizes three main forms of
diabetes: type 1, type 2, and gestational diabetes
(occurring during pregnancy), which have similar
signs, symptoms, and consequences, but different
causes and population distributions. Ultimately, all
forms are due to the beta cells of the pancreas being
unable to produce sufficient insulin to prevent
hyperglycemia. Type 1 is usually due to autoimmune
destruction of the pancreatic beta cells which produce
insulin. Type 2 is characterized by tissue-wide
insulin resistance, particularly of insulin-sensitive
tissues comprising adipose tissue, liver and skeletal
muscle, and varies widely; it sometimes progresses to
loss of beta cell function. Gestational diabetes is
similar to type 2-diabetes, in that it involves
insulin resistance caused by hormones of
pregnancy.Types 1 and 2 are incurable chronic
conditions, but have been treatable and are usually
managed with a combination of dietary treatment and
medicaments including insulin supplementation.
Diabetes can cause many complications such as
hypoglycemia, ketoacidosis or nonketotic hyperosmolar
coma. Serious long-term complications include
cardiovascular disease (doubled risk), chronic renal
failure (diabetic nephropathy is the main cause of
dialysis in developed world adults), retinal damage
(which can lead to blindness and is the most
significant cause of adult blindness in the
non-elderly in the developed world), nerve damage (of
several kinds), and microvascular damage, which 



may cause erectile dysfunction (impotence) and poor
healing. Poor healing of wounds, particularly of the
feet, can lead to gangrene which can require
amputation - the leading cause of non-traumatic
amputation in adults in the developed world. Because
insulin is the principal hormone that regulates uptake
of glucose into most cells from the blood (primarily
muscle and adipocytes), deficiency of insulin or the
insensitivity of its receptors plays a central role in
all forms of diabetes mellitus. Insulin is released
into the blood by b- cells in the pancreas in response
to rising levels of blood glucose (e.g., after a
meal). Insulin enables most body cells (about 2/3 is
the usual estimate, including muscle cells and adipose
tissue) to absorb glucose from the blood. Type 2
diabetes mellitus is due to a combination of defective
insulin secretion and insulin resistance or reduced
insulin sensitivity of insulin-sensitive tissues,
particularly adipose tissue, liver and skeletal
muscle. In the early stage the predominant abnormality
is reduced insulin sensitivity, characterized by
elevated levels of insulin in the blood. At this
stage, hyperglycemia can be reversed by a variety of
measures and medications that improve insulin
sensitivity or reduce glucose production by the liver,
but as the disease progresses, the impairment of
insulin secretion worsens, and therapeutic replacement
of insulin often becomes necessary.Usually, type 2
diabetes is first treated by attempts to change
physical activity, the diet (generally to decrease
carbohydrate intake), and weight loss. The usual next
step, if necessary, is treatment with oral
antidiabetic drugs. As insulin production is initially
only moderately impaired in type 2 diabetics, oral
medication can still be used to improve insulin
production, to regulate inappropriate release of
glucose by the liver and to substantially attenuate
insulin resistance. Adequate treatment of diabetes in
early the stage, particularly improvement insulin
sensitivity of adipose tissue, liver and skeletal
muscle, may protract, retard and/or prevent
progression of the disease. Accordingly, a first
object of the invention was to better understand the
molecular background involved in the glucose
metabolism, thus helping to better search for new
potential drugs improving insulin sensitivity of
cells, particularly of cells of skeletal muscle,
adipose tissue and/or liver, which are the main
insulin-sensitive tissues. Surprisingly, two novel
isoforms (isoforms 2 and 3) of AKT substrate 16OkDa
(AS 160, also referred to as Tbc1 D4 or AS160, isoform
1) have now been identified by the inventors. In the
following, the term "AS160-like protein", refers to
either or both novel isoforms of AS160 i.e. to
isoforms 2 and/or 3. According to one embodiment, the
term "AS160-like protein" refers to both isoforms,
according to another, it refers to isoforms 



2 and according to yet another embodiment, it refers
to isoform 3. According to a preferred embodiment, the
term "AS 160-like protein" refers to isoforms 2.
AS160, isoforms AS160, isoform 2 is expressed in the
six main insulin-sensitive tissues, i.e. adipose
tissue, liver, skeletal muscle, heart, brain and
pancreatic tissue (see Figure 2 A, B). In contrast to
this, the isoform 1 of AS160, is predominantly
detected in skeletal muscle and heart. The third
isoform (AS160, isoform 3), lacking exon 12 of AS160
(Figure 1) is also mainly expressed in heart and
skeletal muscle. (Figure 2 C). As an ineffective
insulin action is a hallmark of type 2 diabetes,
AS160-like protein provides anovel target to study the
molecular basis of insulin-resistance in
insulin-sensitive tissues. Additionally, AS160-like
protein may be used to identify substances which could
improve glucose uptake, and therefore insulin
sensitivity, in the relevant tissues. Components of
the intracellular signal transduction pathway
involving AS1 60-like protein were identified which
allows for studying interaction of a substance with
the respective signal transduction pathway at
different levels. It could be shown that
insulin-stimulated signal transduction relating to AS1
60-like protein involves phosphorylation of AS160 and
AKT, involvement of PI3K (PI3-kinase) and MEKK/ERK
kinases. Unexpectedly, the inventors found that
overexpression of AS1 60-like results in enhanced
translocation of GLUT4 to the plasma membrane and
increase in glucose uptake. They also found that a
test system involving AS1 60-like protein may be used
to study glucose uptake of cells under high glucose
conditions. This may be particularly important for a
diabetes model or for the identification of a suitable
therapeutic for the treatment and/or prevention of
diabetes, as this disease is characterized by
increased levels of glucose in the blood. Accordingly,
testing a substance capable of altering, particularly
improving, glucose uptake under this condition (high
glucose) might be beneficial for the identification of
a new therapeutic. Accordingly, AS1 60-like protein
may be used in a method of identifying a substance
altering, particularly increasing, glucose uptake of a
cell and, therefore, having a potential for the
treatment or prevention of type 2 diabetes. Therefore,
the present invention provides in a first aspect a
method of identifying a substance altering glucose
uptake and/or GLUT4 translocation of a cell comprising
(a) contacting a test system comprising AKT substrate
160kDa-like protein (AS1 60- like protein) with a test
substance, and(b) identifying a test substance as a
substance altering glucose uptake and/or GLUT4
translocation of a cell by detecting a signal
indicative for altered glucose uptake of a cell.
"Altering glucose uptake of a cell" in the context of
the present invention means a 



change, either increase or decrease, of glucose uptake
of a cell. Preferably the glucose uptake of a cell is
increased. In the context of the present invention,
the glucose uptake of a cell is altered, i.e.
decreased or increased in comparison to a control, if
the glucose uptake of a cell contacted with the (test)
substance is significantly lower or higher,
respectively, than that of the control (e.g. the same
cell not contacted with the (test) substance). The
person skilled in the art knows statistical procedures
to assess whether two values are significantly
different from each other such as Student's t-test or
chi-squared test (see also Examples for suitable test
methods). In a preferred embodiment of increased
glucose uptake, the glucose uptake of a cell amounts
to at least 110 %, preferably to at least 125 %, more
preferably to at least 150 %, 160 %, 170 %, 180 % or
190 %, still more preferably to at least 200 % and
most preferably to at least 300 % of the control. As
detailed above, for the treatment or prevention of
type 2 diabetes it is particularly important to modify
glucose uptake of an insulin-sensitive tissue.
Accordingly, it is preferred that the method of the
invention allows for the identification of a substance
altering, preferably increasing, the glucose uptake in
at least one, preferably at least two, more preferably
at least three or at least four or at least five or at
least six insulinsensitive tissue(s). Examples of
insulin-sensitive tissues include, without limitation,
adipose tissue, liver, skeletal muscle, pancreatic
tissue, myocardium, vascular smooth muscle and active
mammary gland.However, the six main insulin-sensitive
tissues are adipose tissue, liver skeletal muscle,
heart, brain and pancreatic tissue. Accordingly, the
substance preferably alters, more preferably
increases, glucose uptake in at least one, two, three,
four, five or six or more of these tissues, i.e.
adipose tissue, skeletal muscle, heart, brain,
pancreatic tissue and/or liver. If glucose uptake is
altered, preferably increased, in one tissue, this
could be, for example, any of: adipose tissue, liver,
heart, brain, pancreatic tissue or skeletal muscle. If
glucose uptake is altered, preferably increased, in
two tissues, this could be, for example, adipose
tissue and liver; adipose tissue and skeletal muscle;
or liver and skeletal muscle, or any other combination
of two of the six main insulinsensitive tissues as
listed above. If glucose uptake is altered, preferably
increased, in three tissues, this could be, for 



example, adipose tissue, liver and skeletal muscle or
any other combination of three of the above-listed six
main insulin-sensitive tissues. If glucose uptake is
altered, preferably increased in four tissues, this
could be, for example, adipose tissue, liver, skeletal
muscle and brain or any other combination of four of
the above-listed six main insulin-sensitive tissues.If
glucose uptake is altered, preferably increased in
five tissues, this could be, for example, adipose
tissue, liver, skeletal muscle, brain and heart, or
any other combination of five of the above-listed six
main insulin-sensitive tissues. The main cell types
present in adipose tissue, liver, heart, brain,
pancreatic tissue and skeletal muscle are adipocytes,
hepatocytes, heart muscle cells, neuronal cells
pancreatic cells, beta cells and skeletal muscle
cells, respectively. Accordingly, the substance
preferably alters, more preferably increases, glucose
uptake in at least one, two or three of these cell
types, i.e. adipocytes, hepatocytes and/or skeletal
muscle cells. If glucose uptake is altered, preferably
increased, in one cell type, this could be, for
example in adipocytes, hepatocytes, heart muscle
cells, neuronal cells pancreatic cells, beta cells or
skeletal muscle cells. If glucose uptake is altered,
preferably increased, in two cell types, this could
be, for example, adipocytes and hepatocytes;
adipocytes and skeletal muscle cells; or hepatocytes
and skeletal muscle cells or any other combination of
the main cell types present in the six main
insulin-sensitive tissues as listed above. If glucose
uptake is altered, preferably increased, in three cell
types, this could be, for example, adipocytes,
hepatocytes and skeletal muscle cells or any other
combination of the above listed main cell types
present in the six main insulin-sensitive tissues as
listed above. If glucose uptake is altered, preferably
increased in four, five or more of the main cell types
as listed above for the six main insulin-sensitive
tissues, this can be any combination of four, five or
more of those cell types.As detailed above, the method
of the invention involves a test system comprising
AS160-like protein. Acording to one embodiment
(isoform 2 of AS160), AS160-like protein is derived
from AKT substrate 16OkDa (AS160), wherein in
comparison to AS160 the sequence encoded by exons 11
and 12 in AS160 is missing in AS160-like protein (see
also Figure 1). According to another embodiment
(isoform3 of AS160), AS160-like protein is derived
from AKT substrate 16OkDa (AS 160), wherein in
comparison to AS160, the sequence lacks exon 12. 



Additionally, further mutations may be present as
detailed below. AS160 (AKT substrate 16OkDa; NM_014832
(EMBL)) was originally identified as a substrate of
the protein kinase AKT in 3T3 adipocytes (Kane et al.,
2002). Additional studies demonstrated that AS160 also
plays a role in skeletal muscles of mice, rats and
humans. Insulin, contraction or AICAR
(5-aminoimidozole-4-carboxamide 1 b- - ribonucleoside,
cAMP-dependent protein kinase (cAMPK) activator)
increase phosphorylation of AS1 60 on two sites (Ser
588 and Thr 642) which lie in characteristic motifs
predicted for AKT phosphorylation (RXRXXS/T) (Kane et
al., supra). A prominent feature of AS160 is the
presence of a GTPase activating domain for Rab
proteins. These small G-proteins are required for
membrane trafficking. In this context, recent data
provide evidence that AS160 links signals downstream
of AKT with the insulin-stimulated translocation of
GLUT4 (Sano et al., 2003). AS160 activation is reduced
in patients with type Il diabetes, resulting in an
impaired GLUT4 translocation (Karlsson et al., 2005b).
Overexpression of full-length AS160 in adipocytes did
not alter the basal or insulin-stimulated
surface-to-total distribution of GLUT4 indicating that
the amount of AS160 seems not to be rate-limiting
(Zeigerer et al., 2004; Sano et al., 2003).
Experiments with mutant AS1 60 (containing 4 mutated
phosphorylation sites) showed that GLUT4 translocation
is markedly reduced (Sano et al., 2003). Additionally,
a functional GAP (GTPase-activating protein) domain of
AS160 is required for GLUT4 translocation.AS 160.
isoforms 2: In the gene encoding novel isoform 2 of
AS160, exons 11 and 12 are missing in comparison to
the full-length AS160 gene (see Examples 1 and 2). In
case of the human gene, the nucleotides encoding amino
acids 678 to 740 are missing in comparison to the
human full-length AS160 as defined by the sequence
NM_014832 (see EMBL data base). Furthermore, two
mismatches were identified at positions nt 606
(silent) and nt 3827 (Ala - >VaI). In addition, the
clone of Example 2 contained a 3 bp deletion (nt
2594-2596) that was also found in human placenta cDNA
but not in human brain cDNA. For the expression clone
of the isoform lacking exons 11 and 12, which was used
in the Examples, the deleted 3bp sequence was
reintroduced to resemble more closely the full length
sequence of NM_014832 (EMBL). The resulting DNA
sequence encoding isoform 2 of AS160 (SEQ ID NO: 1) is
given in the following: DNA Sequence encoding isoform
2 of AS160 (SEQ ID NO: 1)
ATGGAGCCGCCCAGCTGCATTCAGGATGAGCCGTTCCCGCACCCCCTGGAGCCC
GAGCCGGGCGTCTCAGCTCAGCCCGGCCCCGGGAAGCCAAGCGATAAGCGGTT
CCGGCTGTGGTACGTTGGGGGGTCGTGCCTGGACCACAGGACCACGCTGCCTAT
GCTGCCCTGGCTCATGGCCGAGATCCGCAGGCGCAGCCAGAAGCCCGAGGCGG 



GCGGCTGCGGGGCGCCGGCGGCCCGAGAGGTGATCCTGGTGCTCAGCGCGCC
CTTCCTGCGTTGCGTCCCCGCGCCGGGCGCTGGGGCCTCGGGGGGCACTAGTC
CGTCGGCCACGCAGCCCAACCCGGCGGTATTCATCTTCGAGCACAAGGCGCAGC
ATATCTCGCGCTTCATCCACAACAGCCACGACCTCACCTACTTTGCCTACCTGA
TC
AAGGCGCAGCCCGACGACCCCGAGTCGCAGATGGCCTGCCACGTTTTCCGCGC
CACAGACCCCAGCCAGGTTCCTGATGTTATTAGCAGCATAAGGCAATTATCTAA
A
GCGGCCATGAAAGAGGATGCCAAACCCAGCAAAGATAATGAGGACGCCTTTTAC
AACTCTCAGAAGTTTGAAGTCCTGTACTGTGGAAAGGTGACCGTGACCCACAAG
A
AGGCCCCCTCAAGCCTCATCGATGACTGCATGGAGAAGTTCAGCCTGCACGAAC
AGCAGCGCCTGAAGATCCAAGGCGAGCAGCGCGGTCCGGACCCAGGAGAGGAC
CTGGCTGACTTGGAGGTGGTGGTGCCCGGGTCCCCCGGAGACTGCCTGCCGGA
GGAGGCTGACGGCACCGACACCCACCTTGGCTTACCTGCCGGGGCCAGCCAGC
CTGCCCTGACCAGCTCTCGGGTCTGCTTCCCTGAGCGGATTTTGGAAGATTCTG
G
CTTTGATGAGCAGCAGGAGTTTCGGTCTCGGTGCAGCAGTGTCACCGGCGTGCA
ACGGAGAGTTCACGAGGGCAGCCAGAAATCCCAGCCGCGACGGAGACACGCGA
GCGCACCCAGTCACGTCCAGCCCTCGGACTCGGAGAAGAACAGGACCATGCTCT
TCCAGGTTGGGCGATTTGAGATTAACCTTATCAGTCCAGACACTAAATCAGTTG
TG
CTAGAAAAGAATTTTAAAGATATCTCCTCTTGTTCTCAGGGTATAAAGCATGTG
GA
TCACTTTGGCTTTATCTGCCGGGAGTCTCCAGAGCCTGGACTTAGCCAGTATAT
TT
GTTATGTATTCCAGTGTGCCAGCGAATCTCTGGTTGATGAGGTAATGCTGACTC
T
GAAACAGGCCTTCAGTACGGCGGCTGCCCTGCAGAGTGCCAAGACGCAGATTAA
ACTGTGTGAGGCCTGCCCGATGCACTCTTTGCATAAGCTCTGTGAAAGGATTGA
A
GGTCTCTACCCACCAAGAGCCAAGCTGGTGATACAGAGGCATCTCTCATCACTG
A
CAGATAATGAGCAAGCTGACATCTTTGAAAGAGTTCAGAAAATGAAGCCAGTCA
G
TGACCAGGAAGAAAATGAACTTGTGATTTTACACCTGAGGCAGCTGTGTGAAGC
C
AAGCAGAAGACACACGTGCACATCGGGGAAGGCCCTTCTACTATTTCAAATAGT
A
CAATCCCAGAAAATGCAACAAGCAGTGGAAGGTTCAAACTTGACATTCTGAAAA
AT
AAAGCTAAGAGATCCTTAACTAGCTCCCTGGAAAATATCTTCTCAAGGGGAGCT
AA
CAGAATGAGAGGTCGGCTTGGAAGTGTGGACAGTTTTGAACGGTCCAACAGTCT
T
GCTTCAGAGAAGGACTACTCACCAGGGGATTCTCCACCAGGGACACCGCCAGCG
TCCCCACCGTCCTCAGCTTGGCAAACGTTTCCCGAAGAGGATTCCGACTCCCCG
CAGTTTCGAAGACGGGCACACACGTTCAGCCACCCACCTTCAAGCACAAAGAGA
A
AGCTGAATTTGCAGGATGGGAGGGCTCAGGGTGTGCGTTCCCCTCTGCTGAGGC
AGAGCTCCAGTGAACAGTGCAGTGATGGAGAAGGGAGAAAAAGGACCTCATCTA
CCTGCAGCAATGAGTCCCTAAGTGTGGGAGGAACCTCTGTCACTCCTCGCCGGA
TCTCCTGGCGGCAGCGCATTTTCCTCAGGGTTGCTTCTCCCATGAACAAATCTC
C 



CTCAGCAATGCAACAGCAAGATGGATTGGACAGGAACGAGCTGCTGCCACTGTC
CCCCCTCTCTCCAACCATGGAGGAGGAACCGCTGGTTATATTCCTGTCTGGGGA
GGATGACCCAGAAAAGATTGAAGAAAGAAAGAAATCAAAAGAACTGAGGAGCTT
G
TGGAGAAAAGCTATACACCAACAAATCTTGTTACTTCGAATGGAAAAAGAAAAC
CA
GAAACTTGAAGGAGCAAGCAGAGATGAACTCCAGTCCAGAAAAGTTAAATTAGA
C
TATGAAGAAGTTGGTGCATGTCAGAAAGAGGTCTTAATAACTTGGGATAAGAAG
TT
GTTAAACTGCAGAGCTAAAATCAGATGTGATATGGAAGATATTCATACTCTTCT
TA
AAGAAGGAGTTCCCAAAAGTCGACGAGGAGAAATTTGGCAGTTTCTGGCTTTAC
A
GTACCGACTCAGACACAGATTGCCTAATAAACAACAGCCTCCTGACATATCCTA
TA
AGGAACTTTTGAAGCAGCTCACTGCTCAGCAGCATGCGATTCTCGTGGATTTAG
GAAGGACGTTTCCTACTCACCCTTACTTTTCAGTACAGCTTGGGCCAGGACAGC
TG
TCACTGTTTAACCTCCTGAAAGCCTATTCTTTGCTGGACAAAGAAGTGGGATAC
TG
TCAGGGGATCAGCTTTGTGGCTGGAGTCCTGCTTCTGCACATGAGTGAAGAGCA
A
GCCTTTGAAATGCTGAAATTCCTCATGTATGACCTCGGCTTCCGCAAGCAGTAC
A
GACCTGACATGATGTCGCTGCAGATTCAAATGTACCAGCTGTCCAGGCTCCTTC
A
TGACTATCACAGAGATCTCTACAATCACCTTGAAGAAAATGAAATCAGCCCCAG
TC
TTTATGCTGCCCCCTGGTTCCTCACATTGTTTGCCTCTCAGTTTTCATTAGGAT
TT GTAGCCAGAG I I I I
IGATATTATTTTTCTTCAGGGAACTGAAGTTATATTCAAGGTT
GCACTCAGCCTACTGAGCAGCCAAGAGACACTTATAATGGAATGTGAGAGCTTT
G
AAAATATTGTTGAGTTTCTTAAAAACACGCTACCTGATATGAATACCTCTGAAA
TGG
AAAAAATTATTACCCAGGTTTTTGAGATGGATATTTCTAAGCAGTTGCATGCCT
AT
GAGGTGGAATATCATGTGCTACAGGATGAGCTTCAGGAATCTTCATATTCCTGT
G
AGGATAGTGAAACTTTGGAGAAGCTGGAGAGGGCCAATAGCCAACTGAAAAGAC
AAAACATGGACCTCCTAGAAAAATTACAGGTAGCTCATACTAAAATCCAGGCCT
TG
GAATCAAACCTGGAAAATCTTTTGACGAGAGAGACCAAAATGAAGTCTTTAATC
CG
GACCCTGGAACAAGAAAAAATGGCTTATCAAAAGACAGTGGAGCAACTCCGGAA
G
CTGCTGCCCGCGGATGCTCTAGTCAATTGTGACCTGTTGCTGAGAGACCTAAAC
T GCAACCCTAACAACAAAGCCAAGATAGGAAATAAGCC The translated
amino acid sequence via EditSeq (Lasergene) (SEQ ID
NO: 3) of novel isoform 2 of AS160 is given in the
following:
MEPPSCIQDEPFPHPLEPEPGVSAQPGPGKPSDKRFRLWYVGGSCLDHRTTLPM
LP
WLMAEIRRRSQKPEAGGCGAPAAREVILVLSAPFLRCVPAPGAGASGGTSPSAT
QP
NPAVFIFEHKAQHISRFIHNSHDLTYFAYLIKAQPDDPESQMACHVFRATDPSQ
VPDVI
SSIRQLSKAAMKEDAKPSKDNEDAFYNSQKFEVLYCGKVTVTHKKAPSSLIDDC
MEK
FSLHEQQRLKIQGEQRGPDPGEDLADLEVWPGSPGDCLPEEADGTDTHLGLPAG
A
SQPALTSSRVCFPERILEDSGFDEQQEFRSRCSSVTGVQRRVHEGSQKSQPRRR
HA 



SAPSHVQPSDSEKNRTMLFQVGRFEINLISPDTKSVVLEKNFKDISSCSQGIKH
VDHF
GFICRESPEPGLSQYICYVFQCASESLVDEVMLTLKQAFSTAAALQSAKTQIKL
CEAC
PMHSLHKLCERIEGLYPPRAKLVIQRHLSSLTDNEQADIFERVQKMKPVSDQEE
NELV
ILHLRQLCEAKQKTHVHIGEGPSTISNSTIPENATSSGRFKLDILKNKAKRSLT
SSLENIFSRGANRMRGRLGSVDSFERSNSLASEKDYSPGDSPPGTPPASPPSSA
WQTFPEED SDSPQFRRRA
HTFSHPPSSTKRKLNLQDGRAQGVRSPLLRQSSSEQCSDGEGRKRTSSTCSNES
LS
VGGTSVTPRRISWRQRIFLRVASPMNKSPSAMQQQDGLDRNELLPLSPLSPTME
EEP
LVIFLSGEDDPEKIEERKKSKELRSLWRKAIHQQILLLRMEKENQKLEGASRDE
LQSRK
VKLDYEEVGACQKEVLITWDKKLLNCRAKIRCDMEDIHTLLKEGVPKSRRGEIW
QFLA
LQYRLRHRLPNKQQPPDISYKELLKQLTAQQHAILVDLGRTFPTHPYFSVQLGP
GQLS
LFNLLKAYSLLDKEVGYCQGISFVAGVLLLHMSEEQAFEMLKFLMYDLGFRKQY
RPD
MMSLQIQMYQLSRLLHDYHRDLYNHLEENEISPSLYAAPWFLTLFASQFSLGFV
ARVF
DIIFLQGTEVIFKVALSLLSSQETLIMECESFENIVEFLKNTLPDMNTSEMEKI
ITQVFEM
DISKQLHAYEVEYHVLQDELQESSYSCEDSETLEKLERANSQLKRQNMDLLEKL
QVA
HTKIQALESNLENLLTRETKMKSLIRTLEQEKMAYQKTVEQLRKLLPADALVNC
DLLLR DLNCNPNNKAKIGNKP As 160. isoform 3: In the gene
encoding novel isoform 3 of AS160, exon 12 is deleted
compared to full length AS160 gene. This exon
corresponds to amino acids 733 to 740 with respect to
NM_014832 (see EMBL data base). The resulting DNA
sequence encoding isoform 3 of AS1 60 (SEQ ID NO: 22)
is given in the following: DNA Sequence encoding
isoform3 of AS160 (SEQ ID No: 22)
ATGGAGCCGCCCAGCTGCATTCAGGATGAGCCGTTCCCGCACCCCCTGGAGCCC
GAGCCGGGCGTCTCAGCTCAGCCCGG
CCCCGGGAAGCCAAGCGATAAGCGGTTCCGGCTGTGGTACGTTGGGGGGTCGT
GCCTGGACCACAGGACCACGCTGCCTA
TGCTGCCCTGGCTCATGGCCGAGATCCGCAGGCGCAGCCAGAAGCCCGAGGCG
GGCGGCTGCGGGGCGCCGGCGGCCCGA
GAGGTGATCCTGGTGCTCAGCGCGCCCTTCCTGCGTTGCGTCCCCGCGCCGGG
CGCTGGGGCCTCGGGGGGCACTAGTCC
GTCGGCCACGCAGCCCAACCCGGCGGTATTCATCTTCGAGCACAAGGCGCAGCA
TATCTCGCGCTTCATCCACAACAGCC
ACGACCTCACCTACTTTGCCTACCTGATCAAGGCGCAGCCCGACGACCCCGAGT
CGCAGATGGCCTGCCACGTTTTCCGC
GCCACAGACCCCAGCCAGGTTCCTGATGTTATTAGCAGCATAAGGCAATTATCT
A AAGCGGCCATGAAAGAGGATGCCAA 



ACCCAGCAAAGATAATGAGGACGCCTTTTACAACTCTCAGAAGTTCGAAGTCCT
G TACTGTGGAAAGGTGACCGTGACCC
ACAAGAAGGCCCCCTCAAGCCTCATCGATGACTGCATGGAGAAGTTCAGCCTGC
ACGAACAGCAGCGCCTGAAGATCCAAGGGGAGCAGCGCGGTCCGGACCCAGGAG
AGGACCTGGCTGACTTGGAGGTGGT GGTGCCCGGGTCCCCCGGAGACTGCCT
GCCGGAGGAGGCTGACGGCACCGACACCCACCTTGGCTTACCTGCCGGGGCCA
GCCAGCCTGCCCTGACCAGCTCTCGGG
TCTGCTTCCCTGAGCGGATTTTGGAAGATTCTGGCTTTGATGAGCAGCAGGAGT
T TCGGTCTCGGTGCAGCAGTGTCACC
GGCGTGCAACGGAGAGTTCACGAGGGCAGCCAGAAATCCCAGCCGCGACGGAG
ACACGCGAGCGCACCCAGTCACGTCCA
GCCCTCGGACTCGGAGAAGAACAGGACCATGCTCTTCCAGGTTGGGCGATTTGA
GATTAACCTTATCAGTCCAGACACTA
AATCAGTTGTGCTAGAAAAGAATTTTAAAGATATCTCCTCTTGTTCTCAGGGTA
TAA AGCATGTGGATCACTTTGGCTTT
ATCTGCCGGGAGTCTCCAGAGCCTGGACTTAGCCAGTATATTTGTTATGTATTC
CA GTGTGCCAGCGAATCTCTGGTTGA
TGAGGTAATGCTGACTCTGAAACAGGCCTTCAGTACGGCGGCTGCCCTGCAGAG
TGCCAAGACGCAGATTAAACTGTGTG
AGGCCTGCCCGATGCACTCTTTGCATAAGCTCTGTGAAAGGATTGAAGGTCTCT
A CCCACCAAGAGCCAAGCTGGTGATA
CAGAGGCATCTCTCATCACTGACAGATAATGAGCAAGCTGACATCTTTGAAAGA
G TTCAGAAAATGAAGCCAGTCAGTGA
CCAGGAAGAAAATGAACTTGTGATTTTACACCTGAGGCAGCTGTGTGAAGCCAA
G CAGAAGACACACGTGCACATCGGGG
AAGGCCCTTCTACTATTTCAAATAGTACAATCCCAGAAAATGCAACAAGCAGTG
GA AGGTTCAAACTTGACATTCTGAAA
AATAAAGCTAAGAGATCCTTAACTAGCTCCCTGGAAAATATCTTCTCAAGGGGA
G CTAACAGAATGAGAGGTCGGCTTGG
AAGTGTGGACAGTTTTGAACGGTCCAACAGTCTTGCTTCAGAGAAGGACTACTC
A CCAGGGGATTCTCCACCAGGGACAC
CGCCAGCGTCCCCACCGTCCTCAGCTTGGCAAACGTTTCCCGAAGAGGATTCCG
ACTCCCCGCAGTTTCGAAGACGGGCA
CACACGTTCAGCCACCCACCTTCAAGCACAAAGAGAAAGCTGAATTTGCAGGAT
G GGAGGGCTCAGGGTGTGCGTTCCCC 



TCTGCTGAGGCAGAGCTCCAGTGAACAGTGCAGCAATCTTTCGTCAGTTCGACG
C ATGTACAAGGAGAGTAATTCTTCCT
CCAGTCTTCCAAGTCTTCACACTTCCTTCTCTGCCCCTTCCTTCACTGCCCCCT
CT TTCCTGAAAAGCTTTTACCAGAAT
TCAGGTAGACTGTCCCCACAGTATGAAAATGAAATCAGACTGATGGAGAAGGGA
G AAAAAGGACCTCATCTACCTGCAGC
AATGAGTCCCTAAGTGTGGGAGGAACCTCTGTCACTCCTCGCCGGATCTCCTGG
CGGCAGCGCATTTTCCTCAGGGTTGC
TTCTCCCATGAACAAATCTCCCTCAGCAATGCAACAGCAAGATGGATTGGACAG
G AACGAGCTGCTGCCACTGTCCCCCC
TCTCTCCAACCATGGAGGAGGAACCGCTGGTTGTATTCCTGTCTGGGGAGGATG
ACCCAGAAAAGATTGAAGAAAGAAAG
AAATCAAAAGAACTGAGGAGCTTGTGGAGAAAAGCTATACACCAACAAATCTTG
TT ACTTCGAATGGAAAAAGAAAACCA
GAAACTTGAAGCAAGCAGAGATGAACTCCAGTCCAGAAAAGTTAAATTAGACTA
T
GAAGAAGTTGGTGCATGTCAGAAAGAGGTCTTAATAACTTGGGATAAGAAGTTG
TTAAACTGCAGAGCTAAAATCAGATGT GATATGGAAGATATTCATACTCTT
CTTAAAGAAGGAGTTCCCAAAAGTCGACGAGGAGAAATTTGGCAGTTTCTGGCT
T TACAGTACCGACTCAGACACAGATT
GCCTAATAAACAACAGCCTCCTGACATATCCTATAAGGAACTTTTGAAGCAGCT
CA CTGCTCAGCAGCATGCGATTCTCG
TGGATTTAGGAAGGACGTTTCCTACTCACCCTTACTTTTCAGTACAGCTTGGGC
CA GGACAGCTGTCACTGTTTAACCTC
CTGAAAGCCTATTCTTTGCTGGACAAAGAAGTGGGATACTGTCAGGGGATCAGC
T TTGTGGCTGGAGTCCTGCTTCTGCA
CATGAGTGAAGAGCAAGCCTTTGAAATGCTGAAATTCCTCATGTATGACCTCGG
C TTCCGCAAGCAGTACAGACCTGACA
TGATGTCGCTGCAGATTCAAATGTACCAGCTGTCCAGGCTCCTTCATGACTATC
A CAGAGATCTCTACAATCACCTTGAA
GAAAATGAAATCAGCCCCAGTCTTTATGCTGCCCCCTGGTTCCTCACATTGTTT
GC CTCTCAGTTTTCATTAGGATTTGT
AGCCAGAGTTTTTGATATTATTTTTCTTCAGGGAACTGAAGTTATATTCAAGGT
TGC ACTCAGCCTACTGAGCAGCCAAG
AGACACTTATAATGGAATGTGAGAGCTTTGAAAATATTGTTGAGTTTCTTAAAA
ACA CGCTACCTGATATGAATACCTCT 



GAAATGGAAAAAATTATTACCCAGGTTTTTGAGATGGATATTTCTAAGCAGTTG
CA TGCCTATGAGGTGGAATATCATGT
GCTACAGGATGAGCTTCAGGAATCTTCATATTCCTGTGAGGATAGTGAAACTTT
G. GAGAAGCTGGAGAGGGCCAATAGCC
AACTGAAAAGACAAAACATGGACCTCCTAGAAAAATTACAGGTAGCTCATACTA
AA ATCCAGGCCTTGGAATCAAACCTG
GAAAATCTPTGACGAGAGAGACCAAAATGAAGTCTTTAATCCGGACCCTGGAAC
AAGAAAAAATGGCTTATCAAAAGAC
AGTGGAGCAACTCCGGAAGCTGCTGCCCGCGGATGCTCTAGTCAATTGTGACCT
GTTGCTGAGAGACCTAAACTGCAACC
CTAACAACAAAGCCAAGATAGGAAATAAGCCATAATTGAAG (SEQ ID
NO:22) The translated amino acid sequence via EditSeq
(Lasergene) (SEQ ID NO:23) of novel isoform3 of AS160
is given in the following:
MEPPSCIQDEPFPHPLEPEPGVSAQPGPGKPSDKRFRLWYVGGSCLDHRTTLPM
LP WLMAEIRRRSQKPEAGGCGAPAAR
EVILVLSAPFLRCVPAPGAGASGGTSPSATQPNPAVFIFEHKAQHISRFIHNSH
DLTYF AYLIKAQPDDPESQMACHVFR
ATDPSQVPDVISSIRQLSKAAMKEDAKPSKDNEDAFYNSQKFEVLYCGKVTVTH
KKA PSSLIDDCMEKFSLHEQQRLKIQ
GEQRGPDPGEDLADLEVWPGSPGDCLPEEADGTDTHLGLPAGASQPALTSSRVC
F
PERILEDSGFDEQQEFRSRCSSVTGVQRRVHEGSQKSQPRRRHASAPSHVQPSD
SEKNRTMLFQVGRFEINLISPDTKSV VLEKNFKDISSCSQGIKHVDHFGF
ICRESPEPGLSQYICYVFQCASESLVDEVMLTLKQAFSTAAALQSAKTQIKLCE
ACPM HSLHKLCERIEGLYPPRAKLVI
QRHLSSLTDNEQADIFERVQKMKPVSDQEENELVILHLRQLCEAKQKTHVHIGE
GPST ISNSTIPENATSSGRFKLDILK
NKAKRSLTSSLENIFSRGANRMRGRLGSVDSFERSNSLASEKDYSPGDSPPGTP
PAS PPSSAWQTFPEEDSDSPQFRRRA
HTFSHPPSSTKRKLNLQDGRAQGVRSPLLRQSSSEQCSNLSSVRRMYKESNSSS
SL PSLHTSFSAPSFTAPSFLKSFYQN
SGRLSPQYENEIRLMEKGEKGPHLPAAMSP.VWEEPLSLLAGSPGGSAFSSGLL
LP.T NLPQQCNSKMDWTGTSCCHCPP
SLQPWRRNRWLYSCLGRMTQKRLKKERNQKN.GACGEKLYTNKSCYFEWKKKTR
N LKQAEMNSSPEKLN.TMKKLVHVRK 



RS..LGIRSC.TAELKSDVIWKIFILFLKKEFPKVDEEKFGSFWLYSTDSDTDC
LINNSLLT YPIRNF.SSSLLSSMRFS
WI.EGRFLLTLTFQYSLGQDSCHCLTS.KPILCWTKKWDTVRGSALWLESCFCT
.VKSK PLKC.NSSCMTSASASSTDLT
.CRCRFKCTSCPGSFMTITEISTITLKKMKSAPVFMLPPGSSHCLPLSFH.DL.
PEFLILFF FRELKLYSRLHSAY.AAK RHLWNVRALKILLSFLKTRYLI.
IPLKWKKLLPRFLRWIFLSSCMPMRWNIMCYRMSFR
NLHIPVRIVKLWRSWRGPIA
N.KDKTWTS.KNYR.LILKSRPWNQTWKIF.RERPK.SL.SGPWNKKKWLIKRQ
WSNSG SCCPRML.SIVTCC.ET.TAT LTTKPR.EISHN. (SEQ ID
NO:23) The term "AS 160-like protein" refers to both
or either of isoforms 2 or 3 of AS160. The term
"isoform 2 of AS160" refers to a protein, whose gene
is a naturally occurring variant of the AS160 gene in
which exons 11 and 12 are deleted. The term "isoforms
3 of AS160" refers to a protein, whose gene is a
naturally occurring variant of the AS160 gene, in
which exon 12 is lacking in comparison to the
full-length AS160. Additionally, short mismatches may
be present in the AS 160-like protein, if the sequence
of AS160-like protein is compared to that of AS160. A
short mismatch is intended to relate to an addition,
deletion, or substitution of up to 5 adjacent amino
acids, preferably up to 4, more preferably up to 3,
still more preferably up to 2, most preferably up to 1
adjacent amino acid. Within the naturally occurring
AS160-like protein there may by up to 5 additions,
deletions, and/or substitutions, preferably up to4,
more preferably up to 3, 2 or 1 additions, deletions,
and/or substitutions in comparison to AS160. Exemplary
deletions and substitutions are those mentioned above,
namely a deletion of 1 amino acid at a position
corresponding to that encoded by nt 2594-2596 of the
human AS160 gene or a substitution (e.g. Ala (r) VaI)
at a position corresponding to that encoded by nt
3827-3829 of the human AS160 gene. It is noted that it
is intend that the AS160-like protein or the nucleic
acid coding the same may also be derived from species
other than human including, but not limited to mammal,
such as monkey, rodent (e.g. mouse or rat), dog, cat,
cattle, pig, horse, sheep, goat or to avian, such as
chicken or to amphibian, such as frog; however, the
mammalian or human amino acid and nucleic acid
sequences are preferred. The positions in AS160 or
AS160-like protein sequences of species other than
human corresponding to positions of the human
sequences specified herein may be determined by
sequence alignments as 



known to the skilled practitioner. In one embodiment
of the invention AS160-like protein comprises or
consists of the sequence of a naturally occurring
AS160-like protein (such as SEQ ID NO: 3 or SEQ Id NO:
23) and C- and/or N-terminal additions, such as short
C- and/or N-terminal sequences of at most 30, 25, 20,
15, 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1 amino acids
heterologous to the protein as defined below.
Accordingly, the feature "AS160-like protein" relates
to, e.g.: 1) a protein encoded by a nucleic acid
comprising or having 90% or more, preferably 95% or
more, more preferably 97% or more, more preferably 99%
or more sequence homology with a nucleic acid sequence
according to SEQ ID NO:1 or SEQ ID NO: 22 2) a protein
encoded by a nucleic acid comprising or having the
nucleic acid sequence according to SEQ ID NO:1 or SEQ
ID NO: 22,or 3) a protein encoded by a nucleic acid
hybridizing with a nucleic acid having the nucleic
acid sequence according to SEQ ID NO:1 or SEQ ID NO:
22 under conditions of stringency, or4) a protein
having the amino acid sequence according to SEQ ID
NO:3 or SEQ ID NO: 23, or 5) a protein having an amino
acid sequence of 95% or more, preferably 97% or more,
more preferably 98% or more, more preferably 99% or
more and preferably 99,5% or more sequence homology
with SEQ ID NO:3 or SEQ ID NO: 23, 6) a protein having
an amino acid sequence of known AS160 (preferably, of
human AS 160 and more preferably of AS 160 according
to the sequence NM_014832 (see EMBL data base) but
lacking amino acids 600 to 800, preferably lacking the
amino acids 650 to 770, more preferably lacking the
amino acids 670 to 750, more preferably the amino
acids 675 to 745 and most preferably lacking the amino
acids 678 to 740 when compared to this AS 160 amino
acid sequence, or 7) a protein having an amino acid
sequence of known AS160 (preferably, of human AS 160
and more preferably of AS 160 according to the
sequence NM_014832 (see EMBL data base) but lacking
the amino acids encoded by exon 12, preferably lacking
amino acids 733 to 740. 8) a functional fragment or a
functional derivative of one of the AS 160-like
proteins as defined above under 1 to 7, the above
proteins preferably having at least one of the
functional characteristics of AS 160-like protein as
specified above and below. A fragment is a protein
that carries one or more end-terminal (n- and/or
c-terminal) or internal deletions of one, two or more
amino acids, when compared to the full-length 



protein. A functional fragment of a protein is any
fragment of this protein having at least one and
preferably two or more of the functional
characteristics of the full-length protein. The term
derivative of a protein comprises any type of
modification of the protein in comparison to the
naturally-occurring form (in the context of present
application especially in comparison to AS 160-like
according to SEQ ID NO:3 or SEQ ID NO:23),that is not
a deletion. A functional derivative of a protein is
any derivative of this protein having at least one and
preferably two or more of the functional
characteristics of the unmodified protein. Present
invention also comprises functional derivatives of
fragments of AS1 60-like protein. The determination of
homology of amino acid or nucleic acid sequences can
e.g. be made by use of the program GAP (GCG Program
Package, Genetic Computer Group 1991 ) or any other of
the programs known in the art. Isolated
polynucleotides and oligonucleotides can be used for
hybridizing at different conditions of stringency. A
nucleic acid molecule can hybridise to another nucleic
acid molecule when the single stranded forms of both
molecules can anneal under suitable reaction
("annealing" or hybridisation) conditions (depending
on temperature and ionic strength of the surrounding
medium) to form a new double stranded nucleic acid
molecule. Hybridisation requires that the two
annealing nucleic acid molecules comprise
complementary sequences. Depending on the selected
annealing conditions, the stringency conditions,
mismatches between the bases are possible without
preventing double strand formation. The term
stringency describes reaction conditions that
influence the specificity of hybridisation or
annealing of two single stranded nucleic acid
molecules. Stringency, and thus specificity of a
reaction depends, inter alia, of the temperature and
bufferconditions used for a reaction: Stringency, and
thus specificity, can e.g. be increased by increasing
the reaction temperature and/or lowering the ion
strength of the reactionbuffer. Suitable conditions of
stringency for the hybridisation of nucleic acids
depend on the length, the type of nucleic acid and
their degree of complementarity. Thevariables are
known in the state of the art. The greater the degree
of similarity or homology between two annealing
nucleotide sequences, the greater the melting
temperature for hybridisation products of nucleic
acids with those sequences. The relative stability of
nucleic acid hybridisation is dependent according to
the type of the single stranded nucleic acids forming
the double strand: RNA:RNA>DNA:RNA>DNA:DNA. For
hybridisation products of greater than 100 



nucleotides in length, equations for calculating the
melting temperature are known in the art. For shorter
hybridisation products (e.g. oligonucleotides) the
calculation of the melting temperature is dependent on
the length, wherein mismatches become more important.
Conditions of low stringency (and thus low reaction
and hybridisation specificity) exist for example, if a
hybridisation is performed at room temperature in
2xSSC-solution. Conditions of high stringency comprise
e.g. a hybridisation reaction at 68C in OIxSSC and 0,1
% SDS solution. In the context of present invention
the term "hybridising under conditions of stringency"
refers to conditions for the performance of the
hybridisation reaction and the following washing
procedure, at which nucleotide sequences with a
certain complementarity typically remain hybridised.
The choice of such conditions for a given set of
nucleic acids lies within the skill of the average
artisan, and suitable protocols can be found in well
known literature for standard methods like, for
example, "Current Protocols in Molecular Biology",
John Wiley & Sons, N.Y. ( 1989), 6.3.1 to 6.3.6.
Hybridisation under conditions of stringency within
the different aspects of present invention is
preferably understood to be: Hybridising a labelled
probe with a nucleic acid sample to be analysed at
65C, or in the case of oligonucleotide probes, at 5C
below the annealing or melting temperature of the
duplex consisting of oligonucleotide and sample
(annealing and melting temperature are in the
following understood to be synonyms) over night in
5OmM TrispH 7,5, 1M NaCI, 1% SDS, 10% Dextran Sulfate,
0,5 mg/ml denatured salmon or herring sperm DNA.
Washing for 10 minutes in 2xSSC at room temperature.
Washing for 30 minutes in 1xSSC/0,1 %SDS at 65C (or in
the case of oligonucleotides: 5C below the annealing
temperature). Washing for 30 minutes in 0,1xSSC/0,1
%SDS at 650C (or in the case of oligonucleotides: 50C
below the annealing temperature). In one embodiment,
the AS160-like protein is encoded by a nucleic acid
comprising, essentially consisting of or consisting of
the sequence of SEQ ID NO: 1 or of SEQ ID NO: 23.
"Essentially consisting of relates to a nucleic acid
encoding a protein consisting of the sequence encoded
by SEQ ID NO: 1 or 23 and short C- and/or Nterminal
sequences of at most 30, 25, 20, 15, 10, 9, 8, 7, 6,
5, 4, 3, 2, or 1 amino acids homologous or
heterologous to the protein. These sequences may
results from the genetic manipulations, e.g. the use
of particular restriction sites, or may be needed for
the purification of the protein, e.g. tags such as
His-tag, Strep-tag, Arg-tag, c-myc-tag 



or Flag-Tag. The feature "heterologous amino acid" or
"amino acid heterologous to the protein" refers to any
amino acid which is different from that amino acid
located adjacent to a naturally occurring As160-like
protein, AS160 protein or a splice variant thereof.
Therefore, the AS160-like protein encompassing at
least one heterologous amino acid refers to a protein
which is different from any naturally occurring AS1 60
protein or splice variant thereof. A functional
characteristic of novel AS 160-like protein can be any
characteristic of the AS 160-like protein as specified
herein. Examples of such functional characteristics
encompass, but are not limited to, e.g.: its tissue
distribution, its implication in insulinstimulated
signal transduction modulation such as modulation and
especiallystimulation of insulin-stimulated glucose
uptake, a modulation and especially stimulation of the
phosphorylation of AS160 and AKT, a modulation and
especially stimulation of activity of PI3K
(PI3-kinase) and MEKK/ERK kinases, modulation and
especially stimulation of the translocation of GLUT4
to the plasma membrane, the interaction of AS160-like
protein with other proteins, e.g. the interaction of
AS160-like protein with GLUT4 and any other of its
functional characteristics, especially as depicted in
the context of this application and the experimental
results given below. According to a preferred
embodiment, the test system is in a cell. A cell-based
system is advantageous, because it allows for easy
amplification of the test system by propagating the
cells and cellular mechanisms, e.g. signal
transduction components downstream of insulin or
downstream or upstream of AS160-like protein, as these
may be used in order to detect a signal indicative for
altered glucose uptake of a cell. Examples of cells
suitable in the context of the present invention
include without limitation L6 cells, 3T3 adipocytes,
HEK 293, 745-A, A-431 , atrial myocytes, BxPC3, C5N,
Caco-2, Capan-1 , CC531 , CFPAC, CHO, CHO K 1, COS-1 ,
COS-7, CV-1, EAHY, EAHY 926, F98, GH3, GP&envAM12,
H-295 R, H-4-II-E, HACAT, HACAT A 13 1, HEK, HEL,
HeLa, Hep G2, High Five, Hs 766T, HT29, HUV-EC R24,
HUV-EC-C, IEC 17, IEC 18, Jurkat, K 562, KARPAS-299, L
929, LIN 175, MAt-LYLU, MCF-7, MNEL, MRC-5, MT4, N64,
NCTC 2544, NDCK M, Neuro 2A, NIH 3T3, NT2/D1 , P19,
primary neuronal cells, primary dendritic cells,
primary human or mammalian myoblasts, primary
adipocytes, primary keratinocytes, SF9, SK-UT-1 , ST,
SW 480, SWU-2 OS, U- 373, U-937, rhabdomyosarcoma (RD)
and Y-1. Other suitable cells are known to the one of
skill in the art. However, preferably the test system
is in a cell of an insulin-dependent tissue such as
adipose tissue, liver, skeletal muscle, myocardium,
vascular smooth muscle and active 



mammary gland, preferably skeletal muscle, adipose or
liver, since these are the main insulin-dependent cell
types in the mammalian body. Particularly suitable
cells include skeletal muscle cell, adipocyte and/or
hepatocyte, as these cells might best reflect the
response to a substance in the tissues relevant in
type 2 diabetes.Cells that are cultured directly from
an animal or a person are known as primary cells. With
the exception of some cell lines derived from tumours,
most primary cell cultures have limited lifespan.
After a certain number of population doublings cells
undergo the process of senescence and stop dividing,
while generally retaining viability. An established or
immortalised cell line has acquired the ability to
proliferate indefinitely either through random
mutation or deliberate modification, such as
artificial expression of the telomerase gene. There
are numerous well established cell lines
representative of particular cell types and it is
within the knowledge of the skilled person to select a
suitable cell line. Accordingly, in a preferred
embodiment of the invention the cell is a cell line. A
cell line is a population of cells propagated in
culture that are derived from, and therefore
genetically identical to, a single common ancestor
cell. Preferred cell lines are L6 cells (see
Examples), HEK 293 cells (primary human embryonic
kidney), 3T3 cells (murine embryonic fibroblasts), CHO
cells (Chinese hamster ovary), COS-7 cells (African
green monkey cell line), HeLa cells (human epithelioid
cervical carcinoma), JURKAT cells (human T-cell
leukaemia), BHK 2 1 cell (hamster normal kidney,
fibroblast), and MCF-7 cells (human breast cancer).
Preferred cell lines of skeletal muscle, liver or
adipose tissue include without being limited thereto:
Skeletal muscle: L6 cells (see also Examples), C2C12
(mouse), preferably DSM ACC2853 (see below). Adipose
tissue: 3T3 adipocytes, brown adipocyte cell line
HIB-1 B), line F44-2A, those disclosed in US patent
NO: 6,071 ,747. Liver: BNL CL.2 (mouse, BALB/c), BNL
SV A.8 (mouse), RLC-18 (rat) WRL 68.A particularly
preferred cell line encompassing a gene coding for
isoforms 2 of AS160 under the control of a
tetracycline-responsive promoter system
(L6-GLUT4myc-tetRAS160- like) was deposited under the
Budapest Treaty on the International Recognition of
the Deposit of Microorganisms for the Purposes of
Patent Procedure at the "Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH" (DSMZ),
Inhoffenstra be 7 B, 38124 Braunschweig, GERMANY under
the accession number DSM ACC2853 (referred to as
L6-GLUT4myc-tetR-AS160-like) was deposited on June 20,
2007. In order to screen for AS1 60-like protein, and
especially isoforms 2 of AS1 60-mediated 



effects, the results obtained with the afore-mentioned
cell line may be compared to those obtained with the
same cell line, but lacking a introduction of a gene
coding for AS1 60-like protein (L6-GLUT4myc-tetR)
which was also deposited under the Budapest Treaty on
the International Recognition of the Deposit of
Microorganisms for the Purposes of Patent Procedure at
the "Deutsche Sammlung von Mikroorganismen und
Zellkulturen GmbH" (DSMZ), Inhoffenstra be 7 B, 38124
Braunschweig, GERMANY under the accession number DSM
ACC2852 (referred to as L6-GLUT4myc-tetR) on June 20,
2007. Both cell lines (L6-GLUT4myc-tetR-AS1 60-like
and L6-GLUT4myc-tetR) have been prepared as detailed
in Example 2. Briefly summarized, the
tetracycline-repressor (TR) was isolated from pCDNA3.1
(+)/TR (Invitrogen), cloned into the Nhel and Notl
sites of plRESpuro2 as shown in Figure 3 to obtain
plRESpuro2/TR which was transfected into L6 cells (rat
skeletal muscle cells) stably expressing GLUT4myc
(L6-GLUT4myc, described in Wang et al. 1998). For
L6-GLUT4myc-tetR-AS1 60-like cells, pCDNA5 vector
(Invitrogen) containing the AS160, isoforms 2 gene was
additionally introduced into the cells. Analogously, a
cell line expressing isoforms 3 of AS1 60-like protein
can be prepared using similar procedures according to
standard protocols known to the person skilled in the
art.For cultivation, cells may be grown and maintained
at an appropriate temperature and gas mixture
(typically, 37C, 5% CO2) in a cell incubator. Culture
conditions vary widely for each cell type, and
variation of conditions for a particular cell type can
result in different phenotypes being expressed. Aside
from temperature and gas mixture, the most commonly
varied factor in culture systems is the growth medium.
Recipes for growth media can vary in pH, glucose
concentration, growth factors, and the presence of
other nutrient components. Antibiotics can also be
added to the growth media. Amongst the common
manipulations carried out on culture cells are media
changes and passaging cells. However, selection of
suitable conditions is known to the skilled person.
The cell or cell line may be genetically engineered to
include the test system of the invention. The test
system may be located in a transient or stable
transfected cell or cell line. The procedure for
introducing a transgene into a recipient cell is
called transfection. Transfection with DNA yields
stable as well as unstable (transient) cells or cell
lines. Transient cell lines reflect the survival of
the transfected DNA in extrachromosomal form; stable
cell lines result from the integration into the
genome. The transgenes can be introduced into the
cells by a variety of means known to those 



knowledgeable in the art, and adapted to each cell
type. Recombinant DNA cloning techniques well known in
the art for introducing and expressing a nucleic acid
molecule can be used to introduce and express the
transgenes. Cells can be transfected using any
appropriate means, including viral vectors, chemical
transfectants, electroporation, calcium phosphate
co-precipitation and direct diffusion of DNA. A
suitable method for introducing a tests system into a
recipient cell is detailed in Example 2 and may be
adapted to the respective recipient cell. As used
herein, vectors are agents that transport the
transgene into the cell and may include appropriate
transcriptional and translational control signals such
as a promoter.Vectors can be plasmid, viral or others
known in the art. The promoter can be inducible or
constitutive, general or cell specific, nuclear or
cytoplasmic specific promoter. Selection of promoters,
vectors and other elements is a matter of routine
design within the level of ordinary skill in the art.
Many such elements are described in the literature and
are available through commercial suppliers. Usually,
the method of transfer includes the transfer of a
selectable marker to the cells. Suitable promoters and
vectors are disclosed in the Examples and the present
description. In general, a cell line is transfected by
any of the means mentioned above, wherein the
transgene is operatively linked to a selectable
marker. Following transfection cells are grown e.g.
for some days in enriched media and then switched to
selective media. Transfected cells exhibit resistance
to the selection and are able to grow, whereas
non-transfected cells die in general. Examples for
selective markers include puromycin, zeocin, neomycin
(neo) and hygromycin B, which confer resistance to
puromycin, zeocin, aminoglycoside G-418 and
hygromycin, respectively, and/or any of the selective
markers used in the Examples. However, other selection
methods known to the skilled person may be also
suitable. In the step b) of the method of the present
invention a test substance is identified as a
substance altering glucose uptake of a cell by
detecting a signal indicative for altered glucose
uptake of a cell. The signal may be any suitable
signal which is indicative for altered glucose uptake
of a cell; however, the signal may by any component or
part of the insulin-stimulated signal transduction
relating to AS160-like protein. Particularly, it may
be the degree of phosphorylation of AS160 or AKT,
activity of PI3K (PI3-kinase) or MEKK/ERK kinases,
translocation of GLUT4 to the plasma membrane or
increase in glucose uptake of a cell. Suitable methods
for measuring the aforementioned components of the
AS160-like protein signal transduction pathway are
known in the art and are also detailed in the
Examples.Preferably, the detectable signal is the
amount of AS160-like protein (isoforms 2 and/or 



3) expressed in a cell, phosphorylated AKT,
phosphorylated AS160-like protein, GLUT4 translocation
to the plasma membrane, GLUT4 distribution in a cell
or glucose uptake by a cell. As could be shown in the
examples, all these signals correlate with the glucose
uptake of a cell, preferably a cell of an
insulin-sensitive tissue. The detectable signal may be
the amount of AS160-like protein in a cell, as the
amount of this protein is indicative for glucose
uptake. If the amount of this protein is increased,
the glucose uptake of a cell, particularly an
insulin-sensitive cell, is increased, too. Methods of
determining the amount of a particular protein are
known to the skilled person and include e.g. Western
blotting and detection with specific antibodies, which
may be carried out as detailed in the Examples. A
specific antibody is also provided in the Examples.
Alternatively, an anti-AS160-like monoclonal or
polyclonal antibody may be produced in accordance with
the knowledge of the skilled person and detected by
enzyme-linked immunosorbent assay (ELISA),
radioimmunoassay (RIA), and fluorescence activated
cell sorting (FACS). A variety of other techniques
known in the art can be used to quantify the amount of
a given protein. These include, but are not limited to
immunological techniques such as an ELISA or RIA, or
quantitative analytical techniques such as
spectroscopy or flame chromatography. Alternatively,
the amount of AS160-like-mRNAs could be determined by
a hybridization method or a nucleic acid amplification
method instead of the amount of protein. Such methods
are known to the artisan and include the dot blot
hybridization method, the Northern hybridization
method or the RT-PCR method. An alternative detectable
signal may be the amount of phosphorylated AKT and/or
phosphorylated AS160-like protein, as the degree of
phosphorylation of these proteins is indicative for
glucose uptake. If the amount or degree of
phosphorylation is increased, the glucose uptake of a
cell, particularly an insulin-sensitive cell, is
increased, too. Methods of determining the amount or
degree of phosphorylation areknown to the skilled
person and include the use of antibodies specific for
these phosphorylated proteins as detailed in the
Examples. A further detectable signal may be GLUT4
translocation to the plasma membrane or GLUT4
distribution in a cell, as the degree of translocation
of GLUT4 is indicative for glucose uptake. If the
amount or GLUT4 in the plasma membrane is increased,
the glucose uptake of a cell, particularly an
insulin-sensitive cell, is increased, too. Methods of
determining GLUT4 translocation to the plasma membrane
or GLUT4 distribution in a cell are known to the
skilled person and include the use myc-tagged GLUT4 in
an In-cell- Western technique or in a ACUMEN
technique. These methods may be carried out as
detailed in the Examples. 



Alternatively, glucose uptake of a cell could be
determined, e.g. by using labeled glucose or a labeled
glucose derivative. Suitable labels include e.g.
detectable tags, radio-active isotopes such as 3H or
14C or fluorescence markers. Such labeled glucose or a
labeled glucose derivatives include without limitation
2-fluoro-2-deoxy-D-glucose, 2-deoxy[ u C] glucose and
[14C]methylglucose. Preferably, radio-labeled 2-
deoxyglucose is used. This method may be carried out
as detailed in the Examples. As detailed above, the
method of the invention may be used in order to test
as substance under high glucose condition, which
better reflects the situation in a patient suffering
from diabetes. High glucose conditions are those with
elevated glucose concentration. The normal / safe
level for glucose in the blood of a human is between
3.5 and 7.8 mM. Accordingly, a high glucose condition
is a condition with glucose concentration above the
normal level. Particularly, the glucose concentration
used for the method of the invention may be at least
10 mM, preferably at least 15 mM, more preferably at
least 25 mM glucose. The substance tested with the
method of the invention may be any test substance or
test compound of any chemical nature. It may be
already known as a drug or medicament for a disease
other than type 2 diabetes. Alternatively, it may be a
knownchemical compound not yet known to have a
therapeutic effect. In another embodiment the chemical
compound may be a novel or so far unknown chemical
compound. In another embodiment of the screening
methods of the invention, the test substance is
provided in the form of a chemical compound library.
Chemical compound libraries include are plurality of
chemical compounds and have been assembled from any of
multiple sources, including chemically synthesized
molecules and natural products, or have been generated
by combinatorial chemistry techniques. They are
especially suitable for high throughput screening.
They may be comprised of chemical compounds of a
particular structure or compounds of a particular
creature such as a plant. In the context with the
present invention the chemical compound library is
preferably a library comprising proteins and
polypeptides or small molecules. Advantageously, the
method of the present invention is carried out in a
robotics system e.g. including robotic plating and a
robotic liquid transfer system, e.g. using
microfluidics, i.e. channelled structured. In another
embodiment of the present invention, the method is
carried out in form of a high-through put screening
system. In such a system advantageously the screening
method is automated and miniaturized; in particular it
uses miniaturized wells and microfluidics controlled
by a roboter. High-throughput screening (HTS), is a
method for 



scientific experimentation especially used in drug
discovery and relevant to the fields of biology and
chemistry. HTS allows a researcher to effectively
conduct millions of biochemical, genetic or
pharmacological tests in a short period of time, often
through a combination of modern robotics, data
processing and control software, liquid handling
devices, and sensitive detectors. Through this process
one can rapidly identify active compounds
whichmodulate a particular biomolecular pathway;
particularly a substance altering the glucose uptake
of a cell. In essence, HTS uses an approach to collect
a large amount of experimental data on the effect of a
multitude of substances on a particular target in a
relatively short time. A screen, in this context, is
the larger experiment, with a single goal (usually
testing a scientific hypothesis), to which all this
data may subsequently be applied. For HTS, cells
comprising AS1 60-like protein or a nucleic acid
coding for the same may be seed in a tissue plate,
such as a multi well plate, e.g. a 96-well plate. Then
the cell in the plate is contacted with the test
substance for a time sufficient to stimulate and
generate a suitable detectable signal as defined
above. The test substance may be different from well
to well across the plate. After incubation time has
passed to allow generation of the signal, measurements
are taken across all the plate's wells, either
manually or by a machine. Manual measurements may be
necessary when the researcher is using microscopy to
(for example) seek changes the wells' test compounds,
looking for effects that a computer could not easily
determine by itself. Otherwise, a specialized
automated analysis machine can run a number of
experiments on the wells (such as analyzing light of a
particular frequency). In this case, the machine
outputs the result of each experiment e.g. as a grid
of numeric values, with each number mapping to the
value obtained from a single well. Depending upon the
results of this first assay, the researcher can
perform follow up assays within the same screen by
using substances similar to those identified as active
(i.e. altering glucose uptake of a cell) into new
assay plates, and then re-running the experiment to
collect further data, optimize the structure of the
chemical compound to improve the effect of the
compound on the cell.Automation is an important
element in HTS's usefulness. A specialized robot is
often responsible for much of the process over the
lifetime of a single assay plate, from creation
through final analysis. An HTS robot can usually
prepare and analyze many plates simultaneously,
further speeding the data-collection process. A
further subject of the invention relates to a test
system for the identification of a substance for
improving glucose uptake into a cell, the test system
comprising 



a gene coding for the AKT substrate 160 kDa-Iike
protein (AS160-like protein) or functional variant
thereof; and an inducible promoter providing
controllable expression of the gene, wherein the
activation of AS160-like protein effects a detectable
signal. It is noted that all features of this test
system may be further defined as detailed in
connection with the method of the invention. The test
system is particularly useful as it allows for
identification of a substance improving (i.e.
increasing) glucose uptake of a cell or as a model for
studying type 2 diabetes. The combination of
AS160-like protein and an inducible promoter providing
controllable expression of the gene allows for
determining effects in identical cells with and
without AS160-like protein. Accordingly, differences
in signaling obtained in cells expressing AS1 60-like
protein in comparison to those not expressing
AS160-like protein may be assigned to AS160-like
protein. As AS160-like protein may be used to identify
new potential drugs for type 2 diabetes (as detailed
above) or as a key protein in the main
insulin-sensitive tissues, these test system may be
used to obtain news insights in the pathophysiology
and therapy of type 2 diabetes. Preferably, the test
system of the invention is located in a cell,
particularly a genetically engineered cell. The cell
any be any of the cells disclosed in the context of
the methodof the invention. Particularly the gene
and/or the promoter may be introduced into the
genetically engineered cell. The test system of the
invention comprises an inducible promoter providing
controllable expression of the gene. Controllable
expression of the gene means that the expression can
be induced or repressed upon a chemical or physical
stimulus to the test system which can be applied as
intended by the investigator or experimenter.
Promoters represent critical elements that can work in
concert with other regulatory regions (enhancers,
silencers, boundary elements/insulators) to direct the
level of transcription of a given gene. An inducible
promoter is activated in response to either the
presence of a particular compound, i.e. the inducer
(chemical stimulus) or to a defined physical
condition, e.g. elevated temperature (physical
stimulus). Inducible promoters are a very powerful
tool in genetic engineering because the expression of
genes operably linked to them can be turned on or off
as desired. There are a series of chemically-regulated
promoters, including promoters whose transcriptional
activity is regulated by the presence or absence of
alcohol, tetracycline, steroids, metal and other
compounds. Physically-regulated promoters include
promoters whose transcriptional activity is regulated
by the presence or absence of light and low or high
temperatures. 



Preferably, chemically-regulated promoters should be
derived from organisms distant in evolution to the
cell where its action is required. Thus, promoters to
be used in mammalian cells are mostly derived from
organisms such as yeast, E. coli or Drosophila.
Particular examples are alcohol-regulated promoter
system (alcohol dehydrogenase I (alcA) gene promoter
and the transactivator protein AIcR);
tetracycline-regulated promoter system (tetracycline
repressor protein (TetR), tetracycline operator
sequence (tetO), tetracycline transactivator fusion
protein (tTA), which is the fusion of TetR and a
herpes simplex virus protein 16 (VP16)
activationsequence, the promoter system disclosed in
Example 2); steroid-regulated promoter systems
(steroid-responsive promoter, e.g. promoters based on
the rat glucocorticoid receptor (GR) or promoters
based on the human estrogen receptor (ER)); or
metalregulated promoters derived from metallothionein
genes from yeast, mouse and human. However, the
inducible promoter is preferably a
tetracycline-inducible promoter, more preferably the
promoter system as described in Example 2. A further
aspect of the invention relates to the use of a tests
system comprising AS160-like protein for the
identification of a substance altering, particularly
improving, glucose uptake into a cell as already
detailed above in the context of the method are test
system of the invention. The test system used may be
further specified as described in above with respect
to the method or test system of the invention. Also in
accordance with the above disclosure AS160-like
protein may be used in a model for type 2 diabetes,
wherein the above details with respect to the method
or test system of the invention are to be applied
accordingly. A further embodiment of the invention
concerns a polypeptide consisting or essentially
consisting of the amino acid sequence according to SEQ
ID NO: 3 or 23 or being encoded by a sequence
according to SEQ ID NO: 1 or 22. In another
embodiment, the invention concerns a polynucleotide
consisting of or essentially consisting of
polynucleotide sequence according to SEQ ID NO: 1 or
22 or encoding a polypeptide according to SEQ ID NO: 3
or 23. Yet another embodiment of the invention
concerns an antibody or functional fragment thereof,
specifically binding to a polypeptide consisting or
essentially consisting of theamino acid sequence
according to SEQ ID NO:3 or 23 or being encoded by a
sequence according to SEQ ID NO:1 or 22. The
preparation of suitable antibodies or functional
fragments thereof is well known in the art, e.g. by
immunizing a mammal, for example a rabbit, with AS
160-like protein or a fragment thereof, where
appropriate in the presence of, for example, Freund's
adjuvant and/or aluminium hydroxide gels (see, for
example, Diamond, B.A. et al. 



(1981 ) The New England Journal of Medicine: 1344-1
349). The polyclonal antibodies which are formed in
the animal as a result of an immunological reaction
can subsequently be isolated from the blood using well
known methods and, for example, purified by means of
column chromatography. Suitable procedures to produce
monoclonal antibodies are well known in the art as
well (see e.g. Winter, G. & Milstein, C. (1991 )
Nature, 349, 293-299 and literature for standard
methods listed below). In the context of present
invention, the term antibody or antibody fragment
comprises also recombinant antibodies or
antigen-binding parts thereof, e.g. chimaeric,
humanized, multifunctional, bispecific, oligospecific
or single-stranded antibodies or antibody F(ab) or
F(ab)2 fragments (see, e.g. EP-B1-0 368 684, WO
88/01649, WO 93/06213, WO 98/24884, US 4,816,567 or US
4,816,397). A specific anti AS 160-like antibody
according to the invention should interact more
strongly with AS1 60-like protein than with the
isoform 1 of AS1 60 under standard laboratory
conditions (e.g. in a Western Blot or the like).
According to one embodiment, the specific anti AS
160-like antibody interacts more strongly with novel
isoform 2 of AS 160, as identified herein, than with
one or both of the isoforms 1 or 3 of AS 160 protein
under standard laboratory conditions (i.e. a specific
AS 160, isoform 2 antibody). According to another
embodiment, the specific anti AS 160-like antibody
according to the invention interacts more strongly
with isoform 3 of AS160 than with one or both of the
isoforms 1 or 2 of AS160 protein under standard
laboratory conditions (i.e. a specific AS 160, isoform
3 antibody). According to another embodiment, the
invention concerns a cell heterologously expressing a
polypeptide consisting or essentially consisting of
the amino acidsequence according to SEQ ID NO: 3 or 23
or being encoded by a sequence according to SEQ ID NO:
1 or 22 or a cell stably or transiently transfected
with a polynucleotide consisting of or essentially
consisting of polynucleotide sequence according to SEQ
ID NO: 1 or 22 or encoding a polypeptide according to
SEQ ID NO: 3 or 23. The cell can be any procaryotic or
eucaryotic cell capable of being stably or transiently
transfected with a nucleic acid vector and of
expressing a heterologous gene. These comprise
principally primary cells as well as cells from a cell
culture, preferably a eucaryotic cell culture
comprising cells derived either from multicellular
organisms and tissue (such as HeLa, CHO, COS, SF9 or
3T3 cells) or from single cell organisms such as yeast
(e.g. s. pombe or s. cerevisiae), or a procaryotic
cell culture, preferably Pichia or E. coli. Cells and
samples derived from tissue can be gained by
well-known techniques, such as taking of blood, tissue
punction or surgical techniques. 



Another aspect of the invention concerns a siRNA
(small inhibitory RNA) capable of negatively
interfering with expression and/or activity of any of
AS160 like isoforms 2 and/or 3, e.g. specific for or
in part complementary to at least a part of the DNA
sequence SEQ ID NO:1 or SEQ ID NO.22: The term "siRNA"
refers to small inhibitory RNAs that induce the RNA
interference (RNAi) pathway (for the RNAi interference
pathway, see e.g. Elbashir et al., Genes and
Development (2001 ) 15: 188-200, Tuschl. et al.,
(1999), Genes and Development, 13: p. 3 191-3197 or
Zamore et al, Cell (2000) vol. 101 , p.25-33). In the
context of present invention the term "siRNA"
comprises duplexes of two separate strands, as well as
single strands that can form hairpin strucures
comprising a duplex region, socalled shRNAs - short
hairpin RNAs. siRNA molecules can vary in length (in
general 15 to 35, 18 to 30 or 20 to 25 nucleotides in
length); however, the choice of the appropriate length
is well known in the art. Moreover, siRNAs can vary in
their degree of complementarity to their target mRNA
in the antisense strand. The choice of the appropriate
degree of complementarity is also well known in the
art. siRNAs may haveunpaired overhanging bases on the
5' and/or the 3 " end of the sense strand and/or the
antisense strand. Design and preparation of siRNAs for
a given cDNA sequence are well known in the art see,
for example Elbashir et al. (2001 ) Nature 4 11:
494-498 (see especially p.497, right column, for
preparation of siRNA and siRNA transfection into
cells), and Tuschl et al. (1999) Genes and Development
13: 3191-3197). Methods for application of siRNA
include chemically synthesized or in vitro transcribed
siRNA, e.g. duplex or shRNA, which are than to be
transfected or injected into cells or transgenic
animals. SiRNA can also be expressed from expression
vectors or PCR products in cells or transgenic
animals, wherein the term expression vector refers to
any kind of vector system useful for driving
expression of siRNAs (either duplex or shRNA) and
comprises shuttle vectors as well as viral, such as
retro-and lentiviral vectors, as well known in the
art. According to another aspect, the invention refers
to the use of the AS 160-like protein (isoforms 2 and
or 3) or the nucleic acid sequence thereof, for
generating a siRNA, either duplex or shRNA, able to
negatively interfere with expression and/or activity
of AS 160-like protein (isoforms 2 and/or 3). The
following figures and examples shall illustrate the
present invention, but should not be understood as
limiting the scope of the invention. FIGURES Figure 1
shows a comparison of the three different isoforms of
AS160. Novel AS160- 



like protein (isoform 2 as well as novel isoform 3)
has been identified on the basis of quantitative RT
PCR (Taqman) using primers SEQ ID NO 7, 8, 9 for
isoform 2. Fulllength AS160 (amplified with primers
SEQ ID NO 19, 20 and 2 1) is depicted in (A), the AS1
60-like protein, isoform 2, which lacks the exons 11
and 12 in (B). Isoform 3 isshown in (C) (amplified
with primers SEQ ID NO 16, 17, 18). Phosphorylation
sites Ser-588 and Thr-642 (underlined) and mismatches
T202 and T1275 (italic) are shown. Figure 2 (A and B)
shows expression of AS160 isoforms (Taqman). Using
specific primers (Primers SEQ ID NO 4, 5, 6 and/or 19,
20, 2 1) for full-length AS160 , primers SEQ ID NO
7,8, 9 for AS160-like and primers 16, 17, 18 for
isoform 3), the expression of the three different
isoforms was examined. mRNA levels of AS160 isoforms
are normalized against expression of endogenous RPL37a
mRNA (amplified with primers SEQ ID NO 10, 11, 12).
Data are representative for five different human
donors. Figure 3 shows a schematic presentation of
cloning strategy for cloning of isoforms 2 of AS160.
The tet-repressor derived from pCDNA3.1 (+)/TR was
cloned into Nhel and Notl sites of plRESpuro2
generating plRESpuro2/TR. Figure 4 shows that
expression of isoforms 2 of AS1 60 in L6-GLUT4myc
cells is tetinducible. RIPA (radio immuno
precipitation assay) extracts were analyzed with
SDSPAGE and western blot analysis. Cells were
incubated in the absence of doxycycline (- isoform2)
or in the presence of doxycycline (+isoform2) for 48
hours. Expression of AS160-like was detected with a
specific AS160 antibody (Upstate, Cat No.: 07-741 ) .
Figure 5 shows insulin stimulated AKT activation in
L6-GLUT4myc cells with or without expression of
isoforms 2 of AS1 60. Phosphorylation of AKT at Ser
473 was confirmed with an anti-pAKT (Ser 473) antibody
(Biosource, Cat No.: 44-621 G). Figure 6 shows
phosphorylation of AKT and isoform2 of AS160 (In-cell
western). An In-cell western analysis was performed in
a 96 well plate. Cells were pre-treated with
doxycyclin for 48 hours to induce the expression of
isoform2 of AS160 (+ isoform2 of AS160). Insulin was
incubated for 20 minutes. The phospho-AKT antibody
detects the phosphorylation of AKT at Ser 473
(Biosource, Cat No.: 44-621 G). The phosphoAS160
antibody (Biosource Cat No.: 44-1 071 G) is specific
for the phosphorylation site at Thr 642. Standard
deviations represent 8 reading points. *P values <
0.001 vs. - AS160-like. RU represents relative units.
Figure 7 shows the effect of isoform2 of AS160 on
insulin stimulated glucose uptake. Uptake of
2-deoxyglucose is measured in response to insulin.
Insulin was incubated for 20 minutes. Standard
deviations are representative for 8 reading points. *
P<0.001 vs. - isoform2 of AS160 -like values. Figure 8
shows dose-dependency of glucose uptake.
Doxycyclin-dependency was investigated with uptake of
2-deoxyglucose of L6-GLUT4myc cells containing
isoform2 



of AS160. Doxycyclin was incubated for 48 hours.
Insulin was incubated for 20 minutes. Standard
deviations are representative for 8 reading points.
Figure 9 shows the effect of isoform2 of AS160 on
IGF-1 and AICAR stimulated glucose uptake. Uptake of
2-deoxyglucose is measured in response to IGF-1 (A)
and AICAR (B). IGF-1 was incubated for 20 minutes.
AICAR was incubated for 2 hours. Standard deviations
are representative for 4 to 8 reading points. *P<0.05
vs. - isoform2 - values. Figure 10 shows the effect of
isoform2 of AS160 on metformin-stimulated glucose
uptake. Uptake of 2-deoxyglucose is measured in
response to insulin (left) and metformin (right).
Metformin was incubated during starvation period (3
hours), insulin was incubated for 20 minutes. Standard
deviations are representative for 4 reading points. *
P<0.05 vs. -AS160-like values, **P<0.001 vs.
-AS160-like values. Figure 11 shows the effect of AKT
inhibitors. 10 mg RIPA extract were separated by
SDS-PAGE and analyzed by western blotting with a pAKT
(Ser 473) specific antibody (Biosource, Cat No.:
44-621G) (A). Cells were pre-incubated with either
wortmannin(20OnM; Upstate, Cat No.: 12-338) or the AKT
inhibitor CaIb. (50 mM, Calbiochem, Cat No.: 124005)
for 1 hour and subsequently stimulated with insulin
(10 nM) for 20 minutes. Uptake of 2-deoxyglucose (B)
was measured in response to insulin and AICAR alone
and in combination of wortmannin plus insulin or AICAR
(Biomol). Insulin was incubated 20 minutes, AICAR was
incubated for 2 hours. *P<0.001 vs. -10 nmol insulin.
Figure 12 shows the time-dependency of glucose uptake.
The uptake of 2- deoxyglucose was measured after 5,
15, 30 minutes. Cells were pre-treated with doxycyclin
in order to induce expression of AS160-like protein or
left untreated. Standard deviations were obtained from
8 independent values. Figure 13 shows the effect of
MEKK/ERK inhibitor on glucose uptake. Expression of
isoform2 of AS1 60 was induced with doxycyclin for 48
hours (+AS160-like). Cells were starved for 4 hours.
The MEKK/ERK inhibitor U01 26 ( 10 mM, 20mM, Upstate
Cat No.: 19-147) was incubated in starve medium.
Subsequently, cells were stimulated for 20 minutes
with the indicated insulin concentrations. * P<0.05
vs. -AS160-like. Figure 14 shows the induction of
insulin-resistance (glucose uptake). To induce
insulinresistance cells were incubated in the presence
of high glucose and insulin overnight (right), or
incubated under normal conditions (left). Induction of
isoform2 - expression was performed by incubation of
doxycyclin for 48 hours. Insulin was incubated for 20
minutes. Standard deviations represent 8 reading
points. *P< 0.05 vs. - isoform2 of AS160. 



Figure 15 shows induction of insulin-resistance
(In-CeII western). To induce insulinresistance cells
were incubated in the presence of high glucose plus
insulin overnight or incubated under normal
conditions. Induction of isoform2-expression was
performed by incubation of doxycyclin for 48 hours.
Activation of AKT was determined with an antibody
recognizing Ser 473 (Biosource Cat No.: 44-621G). The
phospho-AS160antibody is directed against the Thr 642
site. * P<0.05 vs. 100 nM insulin under normal
conditions. Figure 16 shows the effect of metformin on
glucose uptake. Expression of isoform2 of AS160 in all
wells was induced with doxycyclin for 48 hours.
Insulin-resistance was induced overnight. Metformin
(800 mM) was incubated overnight. Cells were starved
for 4 hours and subsequently stimulated with different
insulin concentrations under indicated conditions.
*P<0.05 vs. appropriate values without compound.
Figure 17 shows the effect of metformin on
phosphorylation of AKT and AS1 60, isoform 1 (In-cell
Western). Expression of isoform2 of AS160 in all wells
was induced with doxycyclin for 48 hours.
Insulin-resistance was induced overnight. Metformin
(800 mM) was incubated overnight. Cells were starved
for 4 hours and subsequently stimulated with different
insulins with the indicated conditions. RU represents
relative units. Figure 18 shows an analysis of GLUT4
translocation (ACUMEN). Cells were incubated with
doxycyclin to induce expression of AS160-like protein
or left untreated. Insulin was incubated for 20
minutes. Standard deviations were obtained from 8
single values. *P< 0.05 vs. L6-GLUT4-myc + 100 nM
insulin. #P< 0.05 vs. - isoform2 of AS160 + 100 nM
insulin. Figure 19 shows a graphic presentation of
GLUT4 distribution (ACUMEN). Histograms were obtained
on the basis of laser-scanning fluorescence cytometry
after different conditions. The curves represent total
cell counts (DNA marker). Cells left of the arrow
shown in lighter grey are negative for myc-GLUT4
staining. Cells right of the arrow shown in lighter
grey represent the cell population that display
translocated myctagged GLUT4 at the plasma
membrane.Figure 20 shows the location of the forward
and reverse primers for PCR-cloning of isoform2 of AS1
60 from human testis cDNA on the DNA sequences
upstream and downstream of the isoform2 - coding
Sequence (SEQ ID NO: 13). Primers are typed bold and
underlined by dotted lines; the AS160-like coding
sequence is underlined by a solid line. Figure 2 1
shows an immunofluorescence based analysis of the
intracellular localization of myc-GLUT4 and isoform2
of AS160 under basal and insulin stimulated
conditions. Rat myoblast cells were incubated with
insulin (100 nM) for 20 minutes 



prior to treatment for immunofluorescence-microscopy.
EXAMPLES Example 1: Expression of AS160 isoforms in
different tissues Bioinformatical analysis of ESTs
indicated the presence of three isoforms of AS160
(Figure 1A ,B, C). Figure 1 presents a schematic
overview of AS160 and the new isoforms identified. The
expression of these different AS1 60-isoforms was
investigated with quantitative RT-PCR in different
tissues. Commercially available RNAs of five different
human donors were reverse transcribed and examined
using Taqman PCR with specific primer pairs (for
full-length AS160 SEQ ID NO: 4,5 and 6, (or
alternatively 19,20 and 2 1) for AS160-like SEQ ID NO:
7,8 and 9, for isoform 3 SEQ NO: 16, 17 and 18). For
this, aliquots of total cellular RNA were subjected to
first-strand DNA synthesis. Reverse-transcribed cDNA
was used as a template for amplification. A common
probe was used to determine the overall AS160
expression in insulin-sensitive tissue(adipose,
muscle, liver, heart, brain). Endogenous mRNA
expression of the ribosomal gene RPL37a (Homo sapiens
ribosomal protein L37a, mRNA, cDNA clone MGC:26772)
was used to normalize mRNA levels (SEQ ID NO: 10, 11
and 12). Based on specific primer pairs the expression
of distinct isoforms could be distinguished. Relative
mRNA expression methods were calculated with the
deltadelta CT method (Yuan et al., 2006). The
following primers and probes were used:The results of
this RT-PCR are shown in Figure 2 . lsoform 1
(NM_014832_v1 ; EMBL) represents full-length AS160.
Full-length AS160 as well as isoform 3 are mainly
expressed in heart and skeletal muscle (Figure 2 A and
B). Isoform 2,, which represents the AS160-like, is
mostly expressed in adrenal and thyroid glands, but
also in lung kidney and brain (Figure B) . Expression
is also detected in adipose tissue and in the liver
(Figure 2 A). In comparison to full-length AS160 and
isoform 3, AS160-like is only slightly expressed in
skeletal muscle. The data might indicate a specific
function of distinct isoforms in different tissues. In
the following experiments the inventors focused on the
examination of isoform 2 (AS160-like), since it is
novel and shows highest overall expression in most
tissues. Example 2: Cloning of novel AS160-like
protein expression construct and establishment of a
tetracycline-inducible AS160-like protein expression
systemAS160-like insert (SEQ ID NO: 1) was amplified
from human testis cDNA (Clontech, Cat# 7 117-1 ;
Lot#2100009) using primers according to figure 2 1
(SEQ IDs 14 and 15); the obtained PCR fragment (see
figure 2 1, the insert is underlined) was used as a
template for generating a fragment corresponding to
the coding sequence having gateway sequences for
cloning. The insert was cloned into pDONR221
(Invitrogen) 



and subsequently into the expression vector pCDNA5-TO
(Invitrogen) by means of standard methods. Sequencing
analysis revealed that in comparison to full-length
AS160 (NM_014832; EMBL) exons 11 and 12 are missing in
AS160-like (Figure 1) . Two mismatches were identified
at positions nt606 (silent) and nt3827 (Ala VaI). In
addition, this clone contains a 3 bp deletion (nt
2594-2596), that was also found in human placenta cDNA
but not in human brain cDNA. For the expression clone
of the isoform lacking exons 11 and 12 the 3bp
deletion was repaired to resemble more closely the
full length sequence of NM_014832 (EMBL). L6 myoblasts
(rat skeletal muscle cells) stably expressing glucose
transporter 4 (GLUT4) with an exofacially directed
myc-tag (GLUT4myc) (L6-GLUT4myc, described in Wang et
al. 1998) were subsequently used for tetracycline
(tet) -inducible expression of AS160-like protein. For
this purpose the T-REx system from Invitrogen was
used. The regulatory plasmid in this system controls
the constitutive expression of the tet-repressor
(tet-R) under the control of a CMV (cytomegalovirus)
promoter. In the absence of tetracyline (or
doxycycline) the repressor binds to specific
tetracyclineoperator sequences (TetO2) and thereby
represses expression. Addition of tetracycline (or
doxycycline) induces expression of the protein of
interest. To allow a stable integration of the
tet-system in L6-GLUT4myc cells the tet-repressor was
isolated from pCDNA3.1 (+)/TR (Invitrogen) and cloned
into the Nhel and Notl sites of plRESpuro2 as shown in
figure 3. The sequence of plRES-puro2/TetR is given in
the following as SEQ ID NO: 2.Sequence:
plRES-puro2/TetR (SEQ ID NO: 2)
GACGGATCGGGAGATCTCCCGATCCCCTATGGTCGACTCTCAGTACAATCTGCT
C
TGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGC
T
GAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAAT
T
GCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGG
C
CAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTAC
GGG
GTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAA
TG
GCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGT
ATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGACT
A
TTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTAC
GC
CCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACA
T
GACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTAT
TA
CCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACT
C
ACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCA
C
CAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAA
A 



TGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAA
CTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAGGG
AG
ACCCAAGCTTGGTACCGAGCTCGGATCGATATCTGCGGCCTAGCTAGCGTTTAA
A CTTAAGCTTACC ATG
TCTAGATTAGATAAAAGTAAAGTGATTAACAGCGCATTAG
AGCTGCTTAATGAGGTCGGAATCGAAGGTTTAACAACCCGTAAACTCGCCCAGA
A
GCTAGGTGTAGAGCAGCCTACATTGTATTGGCATGTAAAAAATAAGCGGGCTTT
G
CTCGACGCCTTAGCCATTGAGATGTTAGATAGGCACCATACTCACTTTTGCCCT
TT
AGAAGGGGAAAGCTGGCAAGATTTTTTACGTAATAACGCTAAAAGTTTTAGATG
TG
CTTTACTAAGTCATCGCGATGGAGCAAAAGTACATTTAGGTACACGGCCTACAG
A
AAAACAGTATGAAACTCTCGAAAATCAATTAGCCTTTTTATGCCAACAAGGTTT
TTC
ACTAGAGAATGCATTATATGCACTCAGCGCTGTGGGGCATTTTACTTTAGGTTG
C
GTATTGGAAGATCAAGAGCATCAAGTCGCTAAAGAAGAAAGGGAAACACCTACT
A
CTGATAGTATGCCGCCATTATTACGACAAGCTATCGAATTATTTGATCACCAAG
GT
GCAGAGCCAGCCTTCTTATTCGGCCTTGAATTGATCATATGCGGATTAGAAAAA
CA
ACTTAAATGTGAAAGTGGGTCCGCGTACAGCGGATCCCGGGAATTCAGATCTTA
T TAA
GCGGCCGCATAGATAACTGATCCAGTGTGCTGGAATTAATTCGCTGTCTGCG
AGGGCCAGCTGTTGGGGTGAGTACTCCCTCTCAAAAGCGGGCATGACTTCTGCG
CTAAGATTGTCAGTTTCCAAAAACGAGGAGGATTTGATATTCACCTGGCCCGCG
G
TGATGCCTTTGAGGGTGGCCGCGTCCATCTGGTCAGAAAAGACAATCTPTTGTT
GTCAAGCTTGAGGTGTGGCAGGCTTGAGATCTGGCCATACACTTGAGTGACAAT
G
ACATCCACTTTGCCTTTCTCTCCACAGGTGTCCACTCCCAGGTCCAACTGCAGG
T
CGAGCATGCATCTAGGGCGGCCAATTCCGCCCCTCTCCCTCCCCCCCCCCTAAC
GTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTGA
T
TTTCCACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTG
T
CTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGG
T
CTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACA
A
CGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGACAGGTGCC
TCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCC
AGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAA
G
CGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATC
T
GATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAA
C
GTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGAT
A
AGCTTGCCACAACCCACAAGGAGACGACCTTCCATGACCGAGTACAAGCCCACG
GTGCGCCTCGCCACCCGCGACGACGTCCCCCGGGCCGTACGCACCCTCGCCGC
CGCGTTCGCCGACTACCCCGCCACGCGCCACACCGTCGACCCGGACCGCCACA
TCGAGCGGGTCACCGAGCTGCAAGAACTCTTCCTCACGCGCGTCGGGCTCGACA



TCGGCAAGGTGTGGGTCGCGGACGACGGCGCCGCGGTGGCGGTCTGGACCAC
GCCGGAGAGCGTCGAAGCGGGGGCGGTGTTCGCCGAGATCGGCCCGCGCATG
GCCGAGTTGAGCGGTTCCCGGCTGGCCGCGCAGCAACAGATGGAAGGCCTCCT
GGCGCCGCACCGGCCCAAGGAGCCCGCGTGGTTCCTGGCCACCGTCGGCGTCT
CGCCCGACCACCAGGGCAAGGGTCTGGGCAGCGCCGTCGTGCTCCCCGGAGTG
GAGGCGGCCGAGCGCGCCGGGGTGCCCGCCTTCCTGGAGACCTCCGCGCCCC
GCAACCTCCCCTTCTACGAGCGGCTCGGCTTCACCGTCACCGCCGACGTCGAGT
GCCCGAAGGACCGCGCGACCTGGTGCATGACCCGCAAGCCCGGTGCCTGACGC
CCGCCCCACGACCCGCAGCGCCCGACCGAAAGGAGCGCACGACCCCATGGCTC
CGACCGAAGCCGACCCGGGCGGCCCCGCCGACCCCGCACCCGCCCCCGAGGC
CCACCGACTCTAGAGCTCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGC
C
ATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCC
C
ACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGT
CATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAA
G
ACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAA
GAACCAGCTGGGGCTCGAGTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAAT
G
TATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCAT
GG
TCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATA
CG
AGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCAC
A
TTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAG
C
TGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCT
CTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAG
CGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATA
A
CGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAA
GGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAA
AAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCA
GGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCT
TACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCAATG
C
TCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGT
G
TGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTC
T
TGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAA
CAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTG
GCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAA
G
CCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACC
G
CTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAG
G
ATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGA
A 



AACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAG
AT
CCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAAC
TTG
GTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCT
AT
TTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGG
A
GGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACC
GGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAG
TGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGC
TA
GAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAG
G
CATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCA
ACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTC
CT
TCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGG
T
TATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTC
TG
TGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGA
G
TTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTT
A
AAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTA
C
CGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAG
C
ATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGC
C
GCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTT
TT
TCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATT
TGA
ATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGT
GC CACCTGACGTC Subsequently plRESpuro2/TR was
transfected into L6-GLUT4myc cells. Clones stably
expressing the regulatory plasmid were selected with
0.5 mg/ml puromycin (InvivoGen). L6-GLUT4myc cells
containing AS160-like were grown in MEMs (PAN)
supplemented with 10% fetal calf serum (FCS) (PAA,
tet-free), 2 mg/ml blasticidin (Calbiochem), 0.5 mg/ml
puromycin (InvivoGen), 200 mg/ml hygromycin
(Invitrogen). Functionality of the tet-repressor was
controlled with a tetracycline-inducible GFP
expression plasmid (pCDNA5/TO-GFP). In the absence of
tetracycline (or doxycyclin) only a small number of
cells express GFP. Addition of doxycyclin increases
the number of GFP expressing cells about 10 fold (data
not shown). To obtain a tet-inducible expression of
the isoform2 of AS160, the pCDNA vector from
Invitrogen containing the gene of isoforms 2 of AS1 60
was used. Selection of stable clones was performed
with hygromycin (200 mg/ml, Invitrogen). Expression of
isoform2 of AS160 was examined via western blot
analysis with an AS160-specific antibody recognizing
full-length AS160 and isoform2 of AS1 60. Expression
of isoform2 of AS160 was induced with 1 mg/ml
doxycyclin (Sigma). Functionality of the tetrepressor 



was investigated with addition of doxycyclin ( 1
mg/ml, Sigma) and subsequent western blot analysis.For
all examples L6-GLUT4myc cells containing isoform2 of
AS160 were grown in MEMs (PAN) supplemented with 10%
fetal calf serum (FCS) (PAA, tet-free), 2mg/ml
blasticidin (Calbiochem), 0.5mg/ml puromycin
(InvivoGen), 200mg/ml hygromycin (Invitrogen).
Expression of isoform2 of AS160 was induced with
1mg/ml doxycyclin (Sigma). L6-wildtype (wt) (ATCC:
CRL-1458) cells were grown in MEMs + GlutaMax (Gibco)
supplemented with 10% FCS (PAA, tet-free) and 1%
penicillin/ streptomycin (PAA). L6-GLUT4myc cells were
grown in MEMs + GlutaMax (Gibco) supplemented with 10%
FCS (PAA, tet-free), 1% penicillin/streptomycin (PAA)
and 2 mg/ml blasticidin (Calbiochem). All cells were
grown at 37C and 5% CO2 . L6-GLUT4myc cells containing
isoform2 of AS160 were incubated in starve medium
(MEMs) 3-4 hours prior to each experiment. For Western
blot analysis proteins were separated on SDS-PAGE gels
(4-12% resolving gel, Invitrogen), transferred to PVDF
membranes (Roche) and blocked with Roti-Block(r)
(Roth) for 1 hour. Membranes were incubated with
primary antibodies overnight. The anti-AS160 antibody
was from Upstate. Membranes were washed in TBST and
incubated with the appropriate secondary horseradish
peroxidase conjugated antibody (Santa Cruz).
Immunoreactive bands were visualized with LumiLight
(Roche) and detected with Lumi-lmager (B hringer
Ingelheim). Analysis of the functionality of the
tet-repressor revealed that isoform2 of AS160 is
expressed only in the presence of doxycycline (Figure
4). In order to examine tetracycline- and
insulin-dependent expression of isoform2 of AS1 60
protein in L6-GLUT4myc cells containing AS160-like, a
western blot analysis was performed. The expression of
AS160-like protein was induced with 1 mg/ml doxycyclin
for 48 hours as described above. Subsequently, the
cells were stimulated with insulin (5 nM to 50 nM;
Sanofi-Aventis) for 20 minutes. Cell extracts
wereprepared, separated via SDS-PAGE and transferred
to a PVDF membrane as described above. Figure 4 shows
a representative western blot of doxycyclin-inducible
expression of AS1 60-like protein in L6-GLUT4myc cells
containing the AS160-like transcript. Incubation with
insulin induced the phosphorylation of AKT (Ser 473)
(Figure 5). Expression of the isoform2 of AS160 had no
effect on the activation of AKT. Example 3:
Phosphorylation of AKT and AS160 To study
phosphorylation of AKT and AS160 the cells described
in Example 2 were used. AS160 is activated by
phosphorylation on critical motifs (RXRXXS/T). Known
phospho-sites in AS1 60 are Ser 570, Ser 588, Thr 642
and Thr 751 (Sano et al., 



2003). One of the kinases responsible for the
activation of AS160 is AKT (Kane et al., 2002). In
order to determine the activation status of the
isoform2 of AS160 the In-cell western blot technique
was used. This method allows the detection of specific
proteins directly in 96 well plates without
preparation of cell extracts. The specific antibody
used in this assay recognizes the phosphorylated Thr
642 phosphorylation site of AS1 60 and AS160-like
protein. For this, cells were seeded into 96-well
plates (black, Nunc) and grown for 48 hours. Cells
were starved for 3-4 hours with MEMs (PAN) containing
2% horse serum (Cambrex). After removal of medium
cells were fixed in 3.7% freshly prepared para
formaldehyde (Sigma) for 20 minutes. Cells were
permeabilized with PBS + 0.1 % Triton-X-100. Blocking
was performed with Odyssey blocking buffer (Licor)
overnight at 4CC. Primary antibodies were incubated
for 2 hours at room temperature. The antiphosphoAKT
(Ser 473, Cat No.: 44-621 G) and the anti-phosphoAS160
(Thr 642, Cat No.: 44-1 071 G) were from Biosource.
After incubation of the primary antibody, cells were
washed with PBS + 0.1 % Tween20. The secondary
anti-rabbit-lgG-800-CW antibody (Rockland Cat No.: 6 1
1-131-122) was incubated for 1 hour. For detection
ofDNA TO-PRO3 dye (Molecular Probes, Cat No.: T3605)
was used. Fluorescence signals (Figure 6) are
presented as relative units (RU). As a control the
dose-dependent phosphorylation/activation of AKT on
Ser 473 was determined in the same experimental
setting. Insulin induces AKT phosphorylation and
phosphorylation of full-length or isoform2 of AS160 in
a dose-dependent manner (Figure 6 A and B). No
phosphorylation of AS160 or isoform2 of AS160 protein
was observed in cells without doxycyclin-induced
expression of AS160-like protein. Example 4: Effect of
isoform2 of AS1 60 protein on glucose uptake To
examine glucose uptake of the cells, the respective
cells were plated in 96 well Cytostar-T scintillating
microplates (Amersham). After 48 hours cells were
serumstarved (3-4 hours) and treated with inhibitors
as indicated. Uptake of 2-deoxyglucose (0.01 MBq per
well, Amersham) was performed as already described
(Voss et al., 2005). Nonspecific uptake was determined
in the presence of 40 mM cytochalasin B (Calbiochem).
This value was subtracted from all other values.
Measurement occurred in a Wallac Microbeta counter
(Perkin Elmer). Uptake of 2-deoxyglucose is presented
as counts per million (cpm). The uptake of
2-deoxyglucose in L6-GLUT4myc cells expressing isoform
2 of AS160 was examined in response to insulin (Figure
7). The data show that expression of isoform2 of AS160
increases the uptake of glucose up to 4 fold after
stimulation with insulin (concentration of 50 nM
insulin). Without expression of isoform 2 of AS1 60 



insulin induces glucose uptake up to a maximum of 2
fold. The increase of glucose uptake in these cells
was induced by doxycyclin in a dosedependent manner
(Figure 8) which correlated with isoform2 of AS160
protein levels.From the literature it is already known
that IGF-1 (insulin like growth factor-1 , R&D
Systems, Cat No.: 291-G1 ) and the AMPK
(5'-AMP-activated protein kinase) activator AICAR
(5-Aminoimidazole-4-carboxaide
1-beta-D-ribofuranoside, Biomol Cat No.: El- 330) also
stimulate glucose uptake in skeletal muscle cells
(Ciaraldi et al., 2002). Therefore, we examined the
effects of the expression of isoform 2 of AS1 60 on
IGF-1 and AICAR stimulated glucose uptake (Figure 9).
In the absence of isoform 2 of AS160, compared to
insulin the uptake of glucose in cells stimulated with
IGF-1 is higher (3 fold) than after stimulation with
insulin (2 fold) (Figure 9 A). The uptake of glucose
in cells stimulated with AICAR is lower ( 1.5 fold)
than the uptake of cells stimulated with insulin
(Figure 9 B). Expression of isoform 2 of AS160 protein
further increased the uptake of glucose after
stimulation with IGF-1 (up to 5 fold), whereas no
additional effect of expression of isoform 2 of AS160
was observed after stimulation with AICAR. These data
indicate that stimulation of glucose uptake can occur
via AMPK in a manner independent of isoform 2 of AS1
60 and via AKT in an isoform2-dependent manner.
Thereby the cell system can be used to differentiate
between isoform2-dependent and -independent effects.
Example 5: Effect of Metformin on glucose uptake The
glucose-lowering effects of metformin
(dimethylbiguanide) in type 2 diabetes are already
well documented (Karlsson et al., 2005a); however, its
exact mechanism of action is uncertain despite its
known therapeutic benefits. We examined the effect of
isoform 2 of AS160 protein on glucose uptake after
stimulation with different concentrations of
metformin, wherein the test was carried out as
described above (Figure 10). In comparison to insulin,
the expression of isoform2 of AS160 protein has no
increasing effect on glucose uptake. This effect seems
to be comparable with the effect observed after
stimulation with AICAR. These data suggest that
metformininduced effects are also independent from
isoform 2 of AS1 60 protein and might be mediated by
AMPK..Example 6: Effect of AKT inhibitors To obtain a
more detailed analysis of the signaling cascade
leading to the activation of isoform 2 of AS160, two
different inhibitors were tested. Wortmannin (Upstate
Cat No.: 12-338) is an already well established
compound known to inhibit at the level of the
PI3-kinase (PI3K) and subsequently leading to a
reduced phosphorylation of AKT, which signals
downstream of PI3-kinase (Okada et al., 1994). The
second compound used is
1L-6-hydroxymethyl-chiro-inositol
2-(R)-2-O-methyl-3-O-octadecylcarbonate 



(abbreviated with AKT inhibitor CaIb.; Calbiochem Cat
No.: 124005). This compound is described as a
selective inhibitor of AKT only weakly interfering
with PI3K (Hu et al., 2000). As expected, Western blot
analysis revealed that wortmannin completely abrogated
the phosphorylation of AKT (Ser 473) (Figure 11 A).
The AKT inhibitor CaIb. had no effect on the
phosphorylation of AKT (Ser 473) (Figure 11 A). To
examine the efficacy of the AKT inhibitor CaIb., an
analysis of signaling molecules downstream of AKT is
required, because the phosphorylation of AKT might not
directly correlate with the activity of AKT.
Phosphorylation of AKT on Ser 473 was detected with a
phosphospecific antibody from Biosource (Cat No.:
44-621 G). Wortmannin was also able to completely
abrogate the uptake of glucose of L6- GLUT4myc cells
expressing isoform 2 of AS160, whereas glucose uptake
of AICAR stimulated cells remained nearly unchanged
(Figure 11 B). So far, the process of glucose uptake
appears to be mediated by the PI3K-AKT signaling
pathway. Example 7: Time-dependency of glucose uptake
of L6-GLUT4-myc cells expressing isoform2 of AS160The
contribution of isoform2 of AS160 responsible for
improved glucose uptake might be the acceleration of
the translocation of GLUT4 to the plasma membrane, a
higher overall amount of GLUT4 protein at the membrane
or an impaired endocytosis. In order to elucidate this
mechanism a time-dependent analysis of glucose uptake
in cells expressing isoform2 of AS160 with or without
induction of isoform2 of AS160 was performed. Glucose
uptake at 3 different time-points was investigated (5,
15, 30 minutes). Cells were stimulated with 2
different insulin concentrations (10 nM, 50 nM).
Figure 12 shows that the maximum of glucose uptake is
already observed after 5 minutes stimulation with 50
nM insulin. A difference between L6-GLUT4myc cells
expressing isoform2 of AS160 and cells without
isoform2 of AS1 60 expression could not be detected.
These data suggest that isoform 2 of AS160 does not
accelerate glucose uptake within the examined time
points. Another potential reason for the enhanced
uptake of glucose in the presence of isoform2 of AS1
60 might be an increased amount of GLUT4 at the plasma
membrane. Translocation of GLUT4 is a key event in the
induction of glucose uptake. Example 8: Effect of
MEKK/ERK inhibitor U0126 To study the role of
mitogen-activated kinases (MAPK) in the negative
regulation of insulin-signaling as well as a
contribution to insulin-resistance in skeletal muscle
cells, we examined the effect of a commonly used
MEKK/ERK inhibitor U0126 ( Upstate Cat No.: 19-147 ;
DeSilva et al., 1998) on glucose-uptake. Incubation of
cells with the 



MEKK/ERK inhibitor U0126 (10 mM, 20 mM) revealed a
significantly improved uptake of glucose after
additional stimulation with 5 nM insulin. This effect
mainly occurred in cells expressing isoform2 of AS160
(Figure 13). This finding indicates that the MEKK/ERK
kinases also negatively influence insulin signaling
and glucose uptake in an isofomn2-dependent manner in
the cell model used. Similar data were recently
published by the group of J. Zierath (Bouzakri and
Zierath,2007) for a TNF-s induced insulin-resistance
cell model, which speculate that silencing of
especially MAPK4 could be a novel approach to restore
appropriate insulin signaling in skeletal muscle
cells. Example 9: Establishment of an
insulin-resistance cell model As in type Il diabetes
peripheral insulin-resistance becomes immanent, we
aimed to establish a cell-based insulin-resistance
model that allows studying the molecular basis of
insulin-resistance and in parallel allows developing
strategies to restore insulin-sensitivity.
Cell-culture based models of insulin-resistance are
already well established for adipocytes (Nelson et
al., 2002; Greene et al., 2001 ) and L6 myotubes
(Walgren et al., 2003). In this model, cells were
grown under high glucose/insulin conditions (25 mM
glucose + 10 nM insulin) overnight to induce insulin
resistance (Walgren et al., 2003). Compared to cells
grown under normal glucose conditions (Figure 14,
left), glucose uptake of cells treated with high
glucose and insulin, is markedly reduced (Figure 14,
right). Expression of isoform 2 of AS160 slightly
improves glucose uptake but is not able to restore
insulin sensitivity. In-cell western blot analysis
revealed that also under high glucose plus insulin
conditions AKT (Ser 473, Biosource Cat No.: 44-621 G)
and AS160 (Thr 642, Biosource Cat No.: 44-1 071 G) are
still phosphorylated in a dose-dependent manner
(Figure 15). However the phosphorylation signal is
decreased to 72% compared to untreated conditions
(normal GIc). In addition, the effect of metformin
under high glucose conditions was examined. For this
purpose metformin (800 mM) was incubated overnight
under normal conditions and in parallel under high
glucose plus insulin conditions (25 mM glucose + 10 nM
insulin).Isoform2-expression was induced in all wells.
Figure 16 shows that metformin significantly enhanced
basal glucose uptake under normal conditions.
Additional stimulation with different insulin
concentrations with exception of 100 nM insulin did
not further improve glucose uptake under normal
conditions, indicating that metformin has no
sensitizing effect. Under high glucose plus insulin
conditions metformin significantly increased basal
glucose uptake as well as glucose uptake after
stimulation with 5, 10 and 50 nM insulin 



(Figure 16, right). However, the maximum of glucose
uptake under insulin-resistant conditions does not
exceed the basal levels after metformin stimulation,
demonstrating again that metformin action in muscle is
independent from insulin-stimulated glucose disposal.
Parallel examination of the phosphorylation status of
AKT and AS160 under normal und insulin-resistant
conditions revealed that treatment of cells with
metformin has no effect on activation of AKT or AS160
(Figure 17). These data indicate that metformin
mediated effects do not depend on AKT or AS160
activation. Example 10: Examination of GLUT4
translocation Although the cell-based glucose uptake
is very reproducible and allows for a highly sensitive
screening of compounds, it might still be improved for
a high throughput screening (HTS). One of the
rate-limiting steps in this context is the usage of
radioactively labeled glucose in the uptake
experiments. To provide an improved basis for this
assay in HTS screening, we examined the correlation
between increased glucose uptake and translocation of
GLUT4 to the plasma membrane. For this purpose, a
technique suitable for screening of compounds was
applied. Laserscanning fluorescence microplate
cytometry (ACUMEN technique, LIT) allows the distinct
multiparametric analysis of single fluorescent cells
in microplates (Bowen andWylie, 2006). For
laser-scanning fluorescence microplate cytometer
(Acumen) cells were plated in 96 well plates (Biocat,
black). Serum-starved cells were treated as indicated.
Briefly, cells were fixed in 3.75 % para-formaldehyde
(Sigma) for 20 minutes. Subsequently, quenching
occurred with 100 nM NH CI. Cells were blocked with an
adequate blocking solutions for a minimum of 1 hour.
Primary antibody (monoclonal anti-myc 9E10, Santa
Cruz, sc-40) was incubated for 1 hour. The secondary
goat-anti mouse IgG (Alexa Fluor 488, Molecular
Probes) was incubated in the presence of Sytox-orange
for 1 hour (Bowen and Wylie, 2006). Based on this
highly sensitive procedure it is possible to screen
various cell numbers for plasma-membrane based
GLUT4-myc-display. Cells were counter-stained with a
DNA dye (SytoxOrange) to confirm equal cell numbers.
As an additional control, the parental cell lines,
L6-wt and L6-GLUT4-myc were included in this
experiment. The ACUMEN experiment revealed a
significantly increased translocation of GLUT4 to the
plasma membrane (-15 %) (Figure 18). As expected GLUT4
translocation is already slightly induced after
stimulation with 100 nM insulin alone. Translocation
is also increased in cells that contain the AS160-like
expression cassette, but were not induced with
doxycyclin. This phenomenon probably results from a
leaky promoter. 



A graphic presentation of GLUT4 translocation obtained
with the laser-scanning fluorescence microplate
cytometer (ACUMEN) is shown in figure 19. In these
histograms the curves represents the total number of
detected cells stained with a DNA marker
(SytoxOrange). Cells left of the arrow shown in
lighter grey do not display plasma-membrane bound
GLUT4. Cells right of the arrow shown in lighter grey
represent the population of cells that display the
myc-tagged GLUT4 at the plasmamembrane. Example 11:
Localization of GLUT4 and isoform2 of
AS160Immunofluorescence based analysis was applied to
detect the localization of GLUT4- myc and AS160-like
in the rat myoblast cell line
L6-GLUT4-myc-tetR-AS160-like. Cells were grown on
sterile cover slides in 12 well plates. Expression of
isoform2 of AS160 was induced with doxycyclin
treatment for 48 hours. Serum-starved cells were
treated with 100 nM insulin for 20 minutes or were
left untreated. After stimulation, cells were fixed in
3.75 % para-formaldehyde (Sigma) for 20 minutes.
Subsequently, cells were permeabilised with 0.1%
TritonXIOO in PBS (Icon Biomedicals) or left
unpermeabilised (as indicated) for 5 minutes at room
temperature. The permeabilisation procedure allows the
detection of intracellular localized compartments.
Membranebound proteins are visualized without
permeabilising the cells. Blocking of cells occurred
for a minimum of 1 hour in PBS + 1% BSA (USB). Primary
antibodies (monoclonal anti-myc, Santa Cruz, sc-40 and
polyclonal anti-AS160 Upstate) were incubated
overnight. The secondary antibodies used are
anti-rabbit Alexa488 to detect isoform2 of AS160 and
anti-mouse A546 to detect GLUT4-myc. Incubation
occurred for 1 hour (dark). Cells were mounted in 15
ml Dako Cytomation Fluorescent Mounting Medium
(DakoCytomation), examined by confocal laser-scanning
microscopy with Leica DM IRE2 and analyzed with Leica
DM SDK software. Pictures obtained are shown in Figure
2 1. The data indicate that isoform2 of AS160 and
GLUT4-myc are both localized in the peri-nuclear
compartment of cells under basal conditions. Insulin
stimulation (100 nM) induces the translocation of
GLUT4-myc to the plasma membrane. isoform2 of AS160
protein remains in the peri-nuclear compartment.
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Gene targeting: A Practical Approach, 2nd Ed., Joyner
AL, ed. 2000. IRL Press at Oxford University Press,
New York;Claims: 1. A method of identifying a
substance altering glucose uptake of a cell comprising
(a) contacting a test system comprising AKT substrate
160kDa-like protein (AS160- like protein) or
functional variant thereof with a test substance, and
(b) identifying a test substance as a substance
altering glucose uptake and/or GLUT4 translocation to
the plasma membrane of a cell by detecting a signal
indicative for altered glucose uptake of a cell. 2.
The method of claim 1, wherein glucose uptake of the
cell is increased or decreased, preferably increased.
3. The method of claim 1 or 2, wherein the substance
alters glucose uptake and/or GLUT4 translocation to
the plasma membrane in at least one, two or three
insulinsensitive tissues. 4. The method of claim 3,
wherein the insulin-sensitive tissue is adipose
tissue, skeletal muscle and/or liver. 5. The method of
any of claims 1 to 4, wherein the substance alters
glucose uptake and/or GLUT4 translocation to the
plasma membrane of a hepatocyte, an adipocyte and/or a
skeletal muscle cell. 6. The method of any of claims 1
to 5, wherein the AS1 60-like protein is mammalian and
preferably human AS1 60-like protein. 7. The method of
any of claims 1 to 6 , wherein the AS 160-like protein
is isoform 2 of AS160.8. The method of any of claims 1
to 6, wherin the AS 160-like protein is isoform 3 of
AS160. 9. The method of any of claims 1 to 8, wherein
the AS160-like protein comprises or consists of the
sequence encoded by SEQ ID NO: 1 or 22. 10.. The
method of any of claims 1 to 9, wherein the test
system is in a cell. 11. The method of claim 10,
wherein the cell is a skeletal muscle cell, an
adipocyte and/or hepatocyte, particularly a skeletal
muscle cell. 12 . The method of claim 10 or 11,
wherein the cell is a cell from a cell line. 13. The
method of any of claims 1 to 12, wherein the
detectable signal is the amount of AS160-like protein
expressed in a cell, phosphorylated AKT,
phosphorylated AS160-like protein, GLUT4 translocation
to the plasma membrane, GLUT4 distribution in a cell
or glucose uptake by a cell. 14. The method of any of
claims 1 to 13, wherein the test compound is provided
in the form of a chemical compound library. 



15. The method of any of the claims 1 to 14, wherein
the method is carried out in a robotics system.16. The
method according to any of the claims 1 to 15, wherein
the method is a method of high-through put screening.
17. A test system for the identification of a
substance for improving glucose uptake and/or GLUT4
translocation to the plasma membrane of a cell, the
test system comprising a gene coding for the AKT
substrate 160 kDa-like protein (AS160-like protein) or
functional variant thereof; and an inducible promoter
providing for controllable expression of the gene,
wherein the activation of AS160-like protein or
functional variant thereof effects a detectable
signal. 18. The test system of claim 17, wherein the
test system is located in a cell, particularly a
genetically engineered cell. 19. The test system of
claim 18, wherein the gene and/or the promoter is/are
introduced into the genetically engineered cell. 20.
The test system of any of claims 17 to 19, wherein the
inducible promoter is a tetracycline-inducible
promoter. 2 1. The test system of any of claims 17 to
20, wherein the test system is further defined as in
any of claims 3 to 11. 22. Use of a tests system
comprising AS160-like protein for the identification
of a substance altering, particularly improving,
glucose uptake and/or GLUT4 translocation to the
plasma membrane of a cell.23. The use of claim 22,
wherein the test system is further defined as in any
claims 3 to 13 and 14 to 2 1. 24. Use of AS160-like
protein or a functional variant thereof in a model for
type 2 diabetes. 25. Use of a cell heterologously
expressing AS 160-like protein or a functional variant
thereof as or in a model for type 2 diabetes. 26. The
use of claims 24 or 25, wherein use involves a test
system defined as in any claims 3 to 13 and 14 to 2 1.
27. The method, use or test system according to any of
the preceding claims 9 to 26, wherein the AS 160-like
protein is isoform 2 or isoform 3 of AS160 protein.
28. A polypeptide consisting or essentially consisting
of the amino acid sequence according to SEQ ID NO: 3
or 23 or being encoded by a sequence according to SEQ
ID NO: 1 or 22. 29 A polynucleotide consisting of or
essentially consisting of polynucleotide sequence
according to SEQ ID NO: 1 or 22 or encoding a
polypeptide according to 



SEQ ID NO: 3 or 23. . 30. An antibody specifically
binding to a polypeptide according to claim 28.. 3 1.
A cell heterologously expressing the polypeptide
according to claim 28.32. A cell stably or transiently
transfected with a polynucleotide according to claim
29. 33 A siRNA able to negatively interfere with
expression and/or activity of AS160- like protein. 34.
Use of a nucleic acid coding for AS160-like protein or
a nucleic acid sequence of AS160-like protein for
generating a siRNA. 35. A siRNA according to claim 33
or a use according to claim 35, wherein the AS160-
like protein is isoform 2 or 3 of AS160 protein. 




