
WO 2008/150186PCT/PT2008/000025 "A screening method for compounds that reduce ER stress"
The present invention relates to a cell comprising an Endoplasmic Reticulum (ER) stress element
operably linked to a reporter element and an exogenous gene 5 encoding a protein that induces ER
stress. Methods of screening using the modified cell, constructs used in the modified cell, the
candidate agents identified by the screen and uses thereof are also part of the invention. The
biological function of cells, and ultimately of tissues, organs and body, 10 depends on the correct
folding of a network of thousands of proteins. The amino acid sequence of a given protein contains the
required information to fold it into a functional, specific three-dimensional structure. In healthy cells,
proteins fold properly into their native conformation and, if they do not, the misfolding should be
corrected by chaperone proteins (Bukau B, Weissman J Horwich A. Cell. 15 2006125(3):443-51). In
protein misfolding disorders (PMDs) or conformational disorders (CDs), however, misfolding of a
protein results in its degradation (e.g. cystic fibrosis) or in its aggregation and accumulation as protein
deposits near the site of its cellular production or in diverse tissues (Soto C Estrada LD. Arch Neurol.
2008;65(2)184-9; Winklhofer KF Tatzelt J Haass C. EMBO J. 20 2008;27(2):336-49; Greciersen N. J
Inherit Metab Dis. 2006;29(2-3):456-70). There are certain mechanisms that are common to the vast
majority of protein conformational diseases including aggregate formation, altered transcriptional
regulation., mitochondrial dysfunction, induction of ER stress and impairment of 25 the
ubiquitin-proteasome system. Induction of ER stress is one of the most common mechanisms
associated with protein conformational diseases (Yoshida H. FEBS J. 2007;274(3):630-58). The ER is
a major protein-folding compartment in a eukaryotic cell and is second 30 only to the cytosol. Protein
folding in the ER is more complex than protein folding in the cytosol because proteins are
posttranslationally modified. Folding in the ER must couple protein-synthesis pathways operating
outside of the compartment with ER-assisted folding (ERAF) pathways in the lumen. Expression of a
mutant version of a protein, or even some-wild-type proteins, viral infection, energy or 35 nutrient
depletion, extreme environmental conditions, or stimuli that elicit excessive calcium release from the
ER lumen compromise protein-folding reactions in the ER, causing unfolded protein to accumulate and
initiate a cascade of signals that are transmitted to the cytoplasm and nucleus. When the protein-  WO
2008/150186PCT/PT2008/000025 2 folding demand on the ER exceeds the folding capacity of the
ER, a condition termed "ER stress" results (Malhotra JD Kaufman RJ Semin Cell Dev Biol.  2007;
18(6):716-31). ER stress' can also result from other conditions, namely when a protein that is
translated in the cytosol is misfolded and induces the 



5 recruitment of the folding machinery, leading to a deficit of folding assistance in the ER.
Chaperone-mediated folding imbalances that are associated with numerous misfolding diseases ,
(including diabetes, Huntington's disease, Alzheimer's 10 disease, Parkinson's disease, prion
encephalopathies, cystic fibrosis and many others), trigger the unfolded-protein response (UPR), using
both transcriptional and translational pathways to correct the problem and alleviate ER stress. This
adaptative response includes: 1) the transcriptional activation of genes encoding ER-resident
chaperones and folding catalysts; 2) protein degrading complexes 15 that augment ER folding
capacity and 3) translational attenuation to limit further accumulation of unfolded proteins in the ER.
Small-molecule modulators of folding-response pathways provide new pharmacological tools to adjust
these imbalances. Reprogramming stress pathways with drugs provides a potential new approach for
balancing ER-protein load with cellular-folding capacity, thus 20 correcting the underlying disease.
Some screening methods for identifying ER stress modulators exist, such as that described in
W02005/034737, which describes a mammalian screen involving the use of Inositol Requiring 1 (IRE1)
and/or X-box-binding protein-1 (XBP-1) as 25 specific markers of ER stress. However, these screens
do not represent a cheap, rapid throughput and sensitive system for identifying ER stress modulato,rs.
As there is an urgent need for therapeutic agents with the potential to prevent and/or treat ER
stress-related diseases and disorders, there is a high demand for 30 a rapid, throughput screening
method that retains sensitivity. The present invention provides such a sensitive, rapid and low-cost cell
screening platform for compounds that will be useful in the treatment of diseases or disorders related
to ER stress. 35 The first aspect of the invention provides a cell comprising an ER stress sensor
element ,operably linked to a reporter element and comprising an exogenous gene encoding a protein
that induces ER stress.  WO 2008/150186PCT/PT2008/000025 3 



In one embodiment, the cell is a eukaryotic cell. In a further embodiment, the cell is a yeast cell. In yet
a further embodiment, a Saccharomyces cerevisiae cell or any other Saccharomycetales yeast strain
is employed. 5 The ER stress sensor element can be any component of the signalling pathway known
to be activated in response to ER stress conditions, i.e. any component of the unfolded protein
response (UPR). An ER stress sensor element is the same as an ER stress marker. Components of
the UPR pathway are well known by 10 those skilled in the art and include all the generally designated
ER stress markers. An ER stress sensor element of the invention can be a yeast ER stress marker.
One way in which ER stress induces the UPR is by transcriptional activation of target genes. Another
way that the UPR is induced is by changes in 15 phosphorylation states, splicing patterns or protein
translation of specific genes and proteins. For example, ER stress induces the activation of IRE1 by
phosphorylation. Therefore, IRE1 phosphorylation is a marker of ER stress. In another example, Had/
XBP1 mRNAs are selectively spliced upon ER stress and, therefore, the splicing pattern of Hac1/XBP1
is a marker of ER stress. In a 20 further example, a marker for ER stress is ATF4 translation, as
translation of ATF4 is dependent on the activation of the UPR. Transcriptional activation induced by
the UPR can be used as an ER stress marker. In one embodiment, the ER stress sensor element is a
DNA sequence 25 corresponding to an unfolded protein response element (UPRE). When in use as
an ER stress sensor or marker the DNA sequence is transcriptionally activated. In a further
embodiment, the ER stress sensor element is a DNA sequence corresponding to the UPRE of the
Had, LHS1, PDI1 or KAR2 genes. 30 The MR2 UPRE of the invention may comprise i) the nucleic acid
sequence as set forth in SEQ ID NO:1, a nucleic sequence that is more than 95% homologous thereto
or to its DNA complement or counterpart RNA sequence, a variant, fragment or the complementary
strand thereof or ii) a nucleic acid sequence, especially DNA or RNA, which hybridises to the DNA
sequence of SEQ ID NO:1, 35 a nucleic acid sequence that is more than 95% homologous thereto or
a variant or fragment thereof.  WO 2008/150186PCT/PT2008/000025 4 This aspect of the invention
extends to a KAR2 UPRE comprising a nucleic acid sequence that is at least 96%, 97%, 98% or 99%
homologous with the DNA sequence of SEQ ID NO:1 or with its DNA complement or a counterpart
RNA sequence. 5 Hybridisation may occur under conditions of high stringency. As herein defined,
conditions of "high stringency", may be identified by those that: (1) employ low ionic strength and high
temperature for washing, for example 0.015 M sodium chloride/0.0015 M sodium citrate/0.1% sodium
dodecyl sulphate at 50[deg.] C.; (2) 



10 employ during hybridization a denaturing agent, such as forrnamide, for example, 50% (v/v)
formamide with 0.1%(tif/v bovine serum albumin/0.1% (WA,) Fico11/0.1% (w/v) polyvinylpyrrolidone/50
mM sodium phosphate buffer at pH 6.5 with 750 mM sodium chloride, 75 mM sodium citrate at
42[deg.] C.; or (3) employ 50%(v/v) formamide, 5xSSC (0.75 M NaCI, 0.075 M sodium citrate), 50 mM
sodium 15 phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5x Denhardfs solution, sonicated salmon
sperm DNA (50 [mu]g/m1), 0.1% (w/v) SDS, and 10% (w/v) dextran sulphate at 42[deg.] C., with
washes at 42[deg.] C. in 0.2xSSC (sodium chloride/sodium citrate) and 50% formamide at 55[deg.] C.,
followed by a high-stringency wash consisting of 0.1xSSC containing EDTA at 55(deg.] C. 20 The
percent identity of nucleic acid sequences may be determined as by comparing sequence information
using the GAP computer program, version 6.0 described by Devereux et al. (Mud. Acids Res. 12:387,
1984) and available from the University of Wisconsin Genetics Computer Group (UWGCG). The GAP
25 program utilizes the alignment method of Needleman and Wunsch (J. Mol. Biol. 48:443, 1970), as
revised by Smith and Waterman (Adv. Appl. Math 2:482, 1981). The preferred default parameters for
the GAP program include: (1) a unary comparison matrix (containing a value of 1 for identities and 0
for non-identities) for nucleotides, and the weighted comparison matrix of Gribskov and Burgess, 30
Nucl. Acids Res. 14:6745, 1986, as described by Schwartz and Dayhoff, eds., Atlas of Protein
Sequence and Structure, National Biomedical Research Foundation, pp. 353-358, 1979; (2) a penalty
of 3.0 for each gap and an additional 0.10 penalty for each symbol in each gap; and (3) no penalty for
end gaps. Other programs used by one skilled in the art of sequence comparison, may also be 35
used.  WO 2008/150186PCT/PT2008/000025 5 PCR amplification or commercial DNA synthesis and
hybridization. Appropriate ER stress sensor elements and reporter elements are known to a skilled
person. In yeast, the accumulation of unfolded proteins in the ER activates the production 5 of the Had
transcription factor, responsible for activating UPR target genes. A comprehensive study defined the
transcriptional scope of Had-mediated UPR in yeast to' comprise some 400 genes (-5% of the yeast
genome) Travers KJ Patil CK Wodicka L Lockhart DJ Weissman JS Walter P. Cell. 2000;
101(3):249-58). The best:understood upstream activation sequence to which Had binds, the 10
unfolded protein response element 1 (UPRE-1) was identified in the promoter of the UPR target Kar2.
However, less than 5% of the yeast UPR target genes contain this sequence element within its
promoters, two additional UPREs (UPRE2 and UPRE-3) also bind Hac-1, although sharing no
recognizable sequence similarity. The Hac-1 promoter itself contains an UPRE sequence and
responds to 15 ER stress to induce transcription of its downstream gene. The reporter element
comprises a nucleotide sequence coding for a polypeptide efficiently detectable by established
methods, preferably providing a readout that is compatible with a high throughput screening assay.
The reporter element is 



20 expressed when the ER stress sensor element to which it is operably linked is activated. Examples
of reporter elements include, but are not limited to, 8- galactoeidase, alkaline phosphatase, luciferase
and tagged prOteins. The reporter element can encode, for example, any fluorescent based marker
e.g. the yeast enhanced green fluorescent protein, as well as enzymes, immunological markers 25 or
any other example of selectable and screenable markers well known in the art. The reporter element is
operably linked to the ER stress sensor element and is therefore under the control of the ER stress
sensor element.   The ER stress sensor element can be inserted into any suitable vector, such as 30
an episomal, centromeric or integrative plasmid. The vector may be a yeast vector including a cosmid
or a yeast artificial chromosome. Expression of the reporter element can be proportional to the level of
ER stress to which the cell of the invention is subjected. 35 The exogenous gene can encode any one
of the human disease proteins known to induce pathological conditions which are, at least partially,
assocjated with induction of ER stress.  WO 2008/150186PCT/PT2008/000025 6 An exogenous gene
may be a foreign DNA sequence i.e. a DNA sequence encoding a protein not endogenously present in
a particular cell, or a DNA sequence that is endogenous to a particular cell but is not normally present
in that 5 location in the genome or is not normally under control of the same regulatory sequences or a
DNA sequence that is endogenous to a particular cell but that has been changed in order to carry a
disease-causing mutation. The exogenous gene may encode a protein including, but not limited to, 10
peptides (plaques); atrial natriuretic factor, CFTR (cystic fibrosis trinsrriembrane regulator), insulin
receptor, PS1 (Presenilin 1), transthyretin (TTR - over 45 mutants, whole or fragments), apolipoprotein
Al, SOD1 (superoxide dismutase 1), LDLR (low density lipoprotein receptor), gelsolin, tau (wild-type or
mutant), f3- galactosidase, 132-microglobulin, L2-microglobulin, cystatin c, lysozyme, fibrinogen 15
a-A chain, apolipoprotein Al, apolipoprotein All, FAH, Htt (huntingtin), immunoglobulin light chain,
insulin, calcitonin, a-synuclein (wild-type or mutant), parkin, PLP1 (proteolipid protein 1), Ig light chains
(whole or fragments), serum amyloid A (whole or 76-residue fragment), hemoglobin, androgen
receptor, ataxins, PrIpt (prion protein), APP (amyloid precursor protein), amylin, PERK, 20 VVFS1 or
A1AT (alpha 1-antitrypsin). The exogenous gene may also encode any other protein with a mutation
known to cause human disease or a protein with any combination of such mutations. The transthyretin
gene may comprise i) the nucleic acid sequence set forth in 



25 SEQ ID NO:2, a nucleic sequence that is more than 95% hornologOus thereto or to its DNA
complement or counterpart RNA sequence, a variant, fragment or the complementary strand thereof,
ii) a nucleic acid sequence, especially DNA or RNA, which hybridises to the DNA sequence of SEQ ID
NO:2, a nucleic acid sequence that is more than 95% homologous thereto or a variant or fragment 30
thereof or iii) a nucleic acid sequence, especially DNA or RNA, which, but for the degeneracy of the
genetic code,would hybridise to the DNA sequence of SEQ ID NO:2. The transthyretin gene according
to the invention may also encode a protein 35 comprising a mutation from valine to methionine at
position 50 or a protein comprising a mutation from leucine to proline at position 75 of the protein
encoded by SEQ ID NO:2. The mutation at position 50 correponds to a change of the codon GTG to
the codon ATG in the DNA sequence and the mutation at position  WO
2008/150186PCT/PT2008/000025 75 correponds to a change of the codon CTG to the codon CCG in
the DNA sequence. These aspects of the invention extend to a transthyretin gene comprising a 5
nucleic acid sequence that is at least 96%, 97%, 98% or 99% homologous with the DNA sequence of
SEQ ID NO:2 or with its DNA complement or a counterpart RNA sequence. The tau gene may
comprise i) the nucleic acid sequence set forth in SEQ ID 10 NO:3, a nucleic sequence that is more
than 95% homologous thereto or to its DNA complement or counterpart RNA sequence, a variant,
fragment or the complementary strand thereof, ii) a nucleic acid sequence, especially DNA or RNA,
which hybridises to the DNA sequence of SEQ ID NO:3, a nucleic acid sequence that is more than
95% homologous thereto or a variant or fragment 15 thereof or iii) a nucleic acid sequence, especially
DNA or RNA, which, but for the degeneracy of the genetic code, would hybridise to the DNA sequence
of SEQ ID NO:3. The tau gene according to the invention may also encode a protein comprising a 20
mutation from proline to serine, which corresponds to a change from cytosine to thymine at position
727 of SEQ ID NO:3. The invention further includes a protein comprising a mutation from proline to
leucine, which corresponds to a change from cytosine to thymine at position 728 of SEQ ID NO:3. The
invention also includes a protein comprising a deletion of the residue lysine, which corresponds 25 to a
deletion of the residues adenine, adenine and guanine (AAG) at positions 664-666 of SEQ ID NO:3.
The tau gene of the invention also includes a protein comprising a mutation from glycine to valine,
corresponding to a change from guanine to thymine at position 641 of SEQ ID NO:3, a mutation from
proline to leucine, which corresponds to a change from cytosine to thymine at position 728 



30 of SEQ ID NO:3, a mutation from valine to methionone, which corresponds to a mutation from
guanine to adenine at position 835 of SEQ ID NO:3 and a mutation from- arginine to tryptophan, which
corresponds to a mutation from cytosine to thymine at position 1042 of SEQ ID NO:3. 35 This aspect
of the invention extends to a tau gene comprising a nucleic acid sequence that is at least 96%, 97%,
98% or 99% homologous with the DNA sequence of SEQ ID NO:3 or with its DNA complement or a
counterpart RNA sequence.  WO 2008/150186PCT/PT2008/000025 8 The CFTR gene may comprise
i) the nucleic acid sequence get forth in SEQ ID NO:4, a nucleic sequence that is more than 95%
homologous thereto or to its DNA complement or counterpart RNA sequence, a variant, fragment or
the 5 complementary strand thereof, ii) a nucleic acid sequence, especially DNA or RNA, which
hybridises to the DNA sequence of SEQ ID NO:4, a nucleic acid sequence that is more than 95%
homologous thereto or a variant or fragment thereof or iii) a nucleic acid sequence, especially DNA or
RNA, which, but for the degeneracy of the genetic code, would hybridise to the DNA sequence of SEQ
ID 10NO:4. The CFTR gene according to the invention may also encode a protein comprising a
mutation that is a deletion of the residue phenylalanine at position 508 of the protein encoded by SEQ
ID NO:4. In a further embodiment, the CFTR gene may 15 also encode a mutation from glycine to
aspartic acid at position 551, a protein comprising a mutation from arginine to threonine at position 560
or a protein comprising a mutation from alanine to glutamic acid as position 561, of the protein
encoded by SEQ ID NO:4. 20 This aspect of the invention extends to a CFTR gene comprising a
nucleic acid sequence that is at least 96%, 97%, 98% or 99% homologous with the DNA sequence of
SEQ ID NO:4 or with its DNA complement or a counterpart RNA sequence. 25 Expression of the
exogenous gene generates a condition of ER stress in the cells of the invention, which results in all or
part of the features of the disease associated with the expression of that specific protein occurring
within the cell system. The ER stress sensor element is activated in response'to the ER stress that is
induced by expression of the exogenous gene. In this way, the cell of the 30 invention can represent a
model system of any particular ER stress-related disease or disorder depending on the exogenous
gene that is expressed. This cell allows for the targeted identification of compounds with potential 



therapeutic application. Expression of the exogenous gene (the disease protein) 35 can be achieved
by cloning of the desired cDNA into an appropriate vector using conventional recombinant DNA
technology, followed by introduction into the modified cell system.  WO
2008/150186PCT/PT2008/000025 9 The cells according to the invention can additionally comprise at
least one promoter. The promoter can be operatively linked to the exogenous gene encoding a protein
that induces ER stress. The promoter may be constitutive, inducible and/or specific for expression in a
cell of the invention. Preferably, the 5 promoter drives expression of the exogenous gene encoding a
protein that induces ER stress. In one embodiment, the promoter ist an inducible gal promoter. ER
stress refers to an imbalance between the demand that expression of proteins 10 makes on the ER
and the actual folding capacity of the ER to meet that demand. A response that counteracts ER stress
has been termed "unfolded protein response" (UPR).      The second aspect of the invention provides
a method of screening a candidate 15 agent for its ability to modulate ER stress comprising the steps
of:  a) contacting a cell of the first aspect of the invention with a candidate agent and  b) determining
the effect of the candidate agent on the level of expression of the reporter element. 20 In one
embodiment, the screen includes the exogenous gene of the cell being expressed Determining the
effect of the candidate agent on the level of expression of the 25 reporter element can be done, for
example, by comparing expression of the reporter element of the cell that has been contacted with the
candidate agent with expression of a reporter element in a second cell of the first aspect of the
invention, that has not been contacted with the candidate agent, and wherein the exogenous gene of
the second cell is also expressed. Alternatively, expression of 30 the reporter element of the cell that
has been contacted with the candidate agent could be compared with the expression of a reporter
element in a cell that has been contacted with an agent whose effect is known. A candidate agent is
any substance to be tested to determine any ability to 



35 increase or decrease the ER stress in a cell of the invention. These candidate agents include
known and unidentified compounds isolated from microorganisms, animals, plants or any other living
organisms which are used to extract possible effective modulator agents. A candidate agent can be a
small molecule including  WO 2008/150186PCT/PT2008/000025 10 natural or synthetic molecules,
including peptidomimetics, peptides or polypeptides or fragments thereof including binding peptides or
polypeptides, antibodies or fragments thereof, ribozymes and nucleic acids including double stranded
or single stranded DNA or RNA, a modification or derivative thereof, for 5 example, antisense
oligonucleotides, aptamers, siRNAs and ribozymes. A candidate agent can be part of a library that is
being screened, for example, a chemical library, a natural product library (including unidentified
compounds isolated from microorganisms, animals, plants or any other livihg organisms which 10 are
used to extract possible effective modulator agents), a phage display library, a cDNA library or a
siRNA library. Quantification of the reporter element expression can be carried out using
spectrophotometry, fluorimetry, luminescence, quantitative RT-PCR, Northern 15 blotting, Western
blotting, or any other detection method known by a skilled person. Modulation of ER stress is reflected
by an increase or decrease in reporter element expression/activity. Modulation of ER stress can be
represented by a 



20 decrease in reporter element expression that is caused by a decrease in ER stress. A candidate
agent that decreases ER stress may have direct potential for treating ER stress diseases or disorders.
Alternatively, modulation of ER stress can be represented, by an increase in 25 reporter element
expression that is caused by an increase in ER stress. A candidate agent that increases ER-stress can
be applied in treating infectious diseases, such as fungal infections, bacteria and/or other parasite
infections provided the agent increases ER stress in the disease causing organism and not the host. A
candidate agent that increases ER stress may also have indirect 30 potential for treating ER stress
diseases or disorders. For example, a siRNA candidate agent that results in an increase in ER stress
may be used to identify a gene that plays a role in the pathway of the ER stress disease that is being
represented in the cell and thus may identify a target for other candidate agents and/or screens. 35
Once a candidate agent has been identified as an ER stress modulator, specificity of the modulator to
a particular stress-inducing condition (i.e. the disease/disorder that is associated with the exogenous
gene encoding a protein that induces ER  WO 2008/150186PCT/PT2008/000025 11 stress) will be
evident by comparing the effect of the same compound in a condition of general chemical ER stress
induction (e,g. tunicamycin or thapsigargin treatment). 5 Indeed, it can be important to be able to
exclude compounds which act as general modulators of ER stress, as they can potentially interfere
with the normal physiology of the cell and therefore may not be the best candidates for therapeutic
applications. 10 As used herein, "contacting" the cell with a compound refers to exposing, incubating,
touching, associating or making the compound accessible to the cell. The methods of screening of the
invention provide a system for measuring toxicity in the form of ER stress and thus does not only
select for agents that reduce ER 15 stress. ER stress is representative of cellular dysfunction such as
aggregate formation, altered transcriptional regulation, mitochondrial dysfunction and impairment of
the ubiquitin-proteasome system caused by protein conformational diseases. Incubation of the cell
with a candidate agent that modulates ER stress should alleviate the cellular dysfunction and
consequently lead to a measurable 20 reduction in ER stress. Candidate agents may act anywhere
along the pathway of mutant protein dysfunction, either upstream, downstream or at a level of the ER.
Measurement of ER stress is a checkpoint for cellular dysfunction and reflects the general condition of
the cell upon expression of a specific disease protein together with treatment with a candidate agent. 



25 One of the advantages of the methods of screening of the invention is that, as discussed above, it
measures toxicity in the form of ER stress. This type of screen has advantages of selecting both for
compounds that interact with the protein expressed by the exogenous gene by also downstream or
upstream 30 targets. Furthermore, the simplicity of the screen means that it can be conducted
relatively cheaply and quickly. In the embodiment of the invention that uses a yeast cell for screening,
a mammalian cell line, for example a human cell line, can be generated that can 35 express the same
exogenous gene as the cell of the invention and this can be used to verify candidate compounds
obtained as a result of the screen using the yeast cell.  WO 2008/150186PCT/PT2008/000025 12
Efficacy of the candidate compounds can be determined by standard pharmaceutical procedures in
this mammalian platform of ER stress conditions, e.g., for determining the LD50 (the dose that is lethal
to 50% of the population) and the E350 (the dose that is therapeutically effective in 50% of the
population). 5 The therapeutic index is the ratio between toxic and therapeutic effects and can be
expressed as LD50/ED50. Preference will be given to compounds which exhibit large therapeutic
indices: The third aspect of the invention provides a candidate agent identified by a 10 method of
screening of the invention. The candidate agent selected by a screening method can be an activator or
an inhibitor and/or a transcriptional modulator, a translational modulator, a folding modulator, a protein
interaction modulator, a protein stability modulator, an aggregation modulator or any other modulator
that ameliorates the cellular dysfunction caused by expression of the 15 exogenous gene encoding a
protein that induces ER stress. The candidate agents identified by a screening method of the invention
can have potential use in medicine, biotechnology, veterinary, agriculture, industry, and any other field
where application of ER stress modulators is applicable. 20 The fourth aspect of the invention provides
a candidate agent identified by the method of screening of the invention for use in medicine. In one
embodiment, the candidate agents are for use in treating ER stress-related diseases or disorders. An
ER stress-related disease or disorder is a disease or disorder caused by or contributed to be ER
stress levels. For example, Alzheimer's disease, 25 atherosclerosis, atrial amyloidosis, cerebral
ischemia, cystic fibrosis, diabetes mellitus, familial Alzheimer's disease, familial amyloid
polyneuropathy I, familial ,amyloid -polyneuropathy III, familial amyotrophic lateral sclerosis (FALS),
familial hypercholestrolemia, Finnish hereditary systemic amyloidosis, fronto-temporal dementias,
GM1 g ang I iosidosis, haemodialysis-related amyloidosis, 30 haemodialysis-related amyloidosis,
hereditary cerebral amyloid angiopathy, hereditary non-neuropathic systemic amyloidosis, hereditary,
renal amyloidosis, hereditary tyrosinemia type I, Huntington's disease, immunoglobulin light chain
amyloidosis, inflammation, injection-localised amyloidosis, medullary carcinoma of the thyroid,
Parkinson's disease, Pelizaeus-Merzbacher disease, primary systemic 35 amyloidosis, secondary
systemic amyloidosis, senile systemic amyloidosis, sickle cell anemia, solid tumours, spinal and bulbar
muscular atrophy, spinocerebellar ataxias, spongiform encephalopathy, sporadic inclusion body
myositis, type II 



WO 2008/150186PCT/PT2008/000025 13 diabetes, viral infections, Wolcott-Rallison syndrome,
Wolfram syndrome or Z alpha 1-antitrypsin deficiency. The fifth aspect of the invention provides a
method for treating ER stress-related 5 diseases or disorders in a subject comprising the step of
administering a candidate. agent identified by the method of screening of the invention to the subject.
The subject is in need of such treatment or might benefit from such treatment. 10 In one embodiment,
more than one candidate agent identified by the method of the invention is administered to the subject.
In a further embodiment, the candidate agents are administered simultaneously, separately or
sequentially. The term "treatment" is used herein to refer to any regimen that can benefit a 15 human
or non-human animal in need of such treatment or that might benefit from such treatment. The
treatment may be in respect of an existing condition or may be prophylactic (preventative treatment).
Treatment may include curative, alleviation or prophylactic effects. 20More specifically, reference
herein to "therapeutic" and "prophylactic" treatment is to be considered in its broadest context. The
term "therapeutic" does not necessarily imply that a subject is treated until total recovery. Similarly,
"prophylactic" does not necessarily mean that the subject will not eventually contract a disease
condition. 25 Accordingly, therapeutic and prophylactic treatment includes amelioration of the
symptoms of a particular condition or preventing or otherwise reducing the risk of developing a
particular condition. The term "prophylactic" may be considered as reducing the severity or the onset
of a particular condition. "Therapeutic" may 30also reduce the severity of an existing condition. A
therapeutically effective amount of a candidate agent identified by the method of screening of the
invention is administered. The term "therapeutically effective amount" as used herein means an
amount capable of reducing or treating an ER 35stress-related disease or disorder. 



WO 2008/150186PCT/PT2008/000025 14 dose will depend upon a number of factors, including the
precise nature of the form of a candidate agent identified by the method of screening of the invention
to be administered. 5 The present invention is equally applicable to human and to veterinary medicine.
Route of administration may include; parenterally (including subcutaneous, intramuscular, intravenous,
by means of, for example a drip patch), some further suitable routes of administration include (but are
not limited to) oral(including 10 buccal and sublingual), rectal, nasal, topical, infusion, vaginal,
intradermal, intraperitoneally, intracranially, intrathecal and epidural administration or administration
via oral or nasal inhalation, by means of, for example a nebuliser or inhaler, or by an implant. 15 The
candidate agent identified by the method of screening of the invention can be deliverable as an
injectable composition, is administered orally, or is administered to the lungs as an aerosol via oral or
nasal inhalation. For administration via the oral or nasal inhalation routes, preferably the candidate 20
agent identified by the method of screening of the invention will be in a suitable pharmaceutical
formulation and may be delivered using a mechanical form including, but not restricted to an inhaler or
nebuliser device.      Further, where the oral or nasal inhalation routes are used, administration is by a
25 SPAG (small particulate aerosol generator) may be used. For intravenous injection, the candidate
agent identified, by the method of screening of the invention will be in the form of a parenterally
acceptable aqueous solution which is pyrogen-free and has suitable pH, isotonicity and stability. 30
Those of relevant skill in the art are well able to prepare suitable solutions using, for example, isotonic
vehicles such as sodium chloride injection, Ringer's injection, Lactated Ringer's injection.
Preservatives, stabilisers, buffers, antioxidants and/or other additives may be included, as required. 35
A candidate agent identified by the method of screening of the invention for oral administration may be
in tablet, capsule, powder or liquid form. A tablet may comprise a solid carrier such as gelatin. Liquid
compositions generally comprise a liquid carrier such as water, petroleum, animal or vegetable oils,
mineral oil or WO 2008/150186PCT/PT2008/000025 15 



synthetic oil. Physiological saline solution, dextrose or other saccharide solution or glycols such as
ethylene glycol, propylene glycol or polyethylene glycol may be included. 5 The candidate agent may
also be administered via microspheres, liposomes, other microparticulate delivery systems or
sustained release formulations placed in certain tissues including blood. Suitable examples of
sustained release carriers include semipermeable polymer matrices in the form of shared articles, e.g.
suppositories or microcapsules. Implantable or microcapsular sustained release 10 matrices include
polylactides (US 3,773,919; EP-A-0058481) copolymers of Lglutamic acid and gamma
ethyl-L-glutamate (Sidman et al, Biopolymers 22(1): 547-556, 1985), poly
(2-hydroxyethyl-methacrylate) or ethylene vinyl acetate (Langer et al, J. Biomed. Mater. Res. 15:
167-277, 1981, and Langer, Chem. Tech. 12:98-105, 1982). 15 Examples of the techniques and
protocols mentioned above and other techniques arid protocols which may be used in accordance with
the invention can be found in Remington's PharmaceuticalSciences, 18th edition, Gennaro, A.R.,
Lippincott Williams & Wilkins; 20th edition (December 15, 2000) ISBN 0-912734-04-3 and 20
Pharmaceutical Dosage Forms and Drug Delivery Systems; Ansel, H.C. et al. 7th Edition ISBN
0-683305-72-7 the entire disclosures of which is herein incorporated by reference. The actual amount
administered, and rate and time-course of administration, will 25 depend on the nature and severity of
what is being treated. Prescription of treatment, e.g. decisions on dosage etc, is ultimately within the
responsibility and at the discretion of general practitioners and other medical doctors, and typically
takes account of the disorder to be treated, the condition of the individual patient, the site of delivery,
the method of administration and other factors known to 30practitioners. The optimal dose can be
determined by physicians based on a number of parameters including, for example, age, sex, weight,
severity of the condition being treated, the active ingredient being administered and the route of
35administration.  WO 2008/150186PCT/PT2008/000025 16 encoding an ER stress sensor element, a
nucleotide sequence enboding a reporter element and a nucleotide sequence encoding an exogenous
gene into a cell. Thus, the cell is transformed. In one embodiment the nucleotide sequence encoding
an ER stress sensor element and a nucleotide encoding a reporter 5 element are introduced into the
cell on the same vector and the nucleotide sequence encoding an exogenous gene is introduced into
the cell on a different vector. In a further embodiment, all the nucleotide sequences are introduced into
the cell on the same vector. 



10 The vectors carrying the desired nucleic acid molecules can be integrated into the host cell
genome, either through homologous recombination into a specific genomic locus or through
non-homologous recombination into any site of the host cell genome. 15 The transformed cell can be
validated by growing the cell in the presence of the protein, which the exogenous gene encodes for.
Expression of the report element indicates successful transformation.   The invention also provides a
vector comprising a nucleotide sequence encoding 20 an ER stress element, a nucleotide sequence
encoding a reporter element and a nucleotide sequence encoding a gene that induces ER stress,
Preferred features for the second and subsequent aspects of the invention are as for the first aspect of
the invention mutatis mutandis. 25 Throughout the specification, unless the context demands
otherwise, the terms 'comprise' or 'include', or variations such as 'comprises' or 'comprising', 'includes'
or 'including' will be understood to imply the inclusion of a stated integer or group of integers, but not
the exclusion of any other integer or group of integers. In 30 contrast, the term "consisting of" means
the inclusion of a stated integer or group of integers, to the exclusion of any other integer or group of
integers.- It envisaged that where the term "comprising" is used, it is also possible to use the term
"consisting of'. 35 The present invention is described with references to the drawings, in which:  WO
2008/150186PCT/PT2008/000025 17 Figure 2 illustrates a 444 bp fragment containing the coding
region of the human TTR gene (SEQ ID NO:2). 5 Figure 3 illustrates the coding region of the human
Tau protein (isoforrif 3) (SEQ ID NO:3). Figure 4 illustrates the coding region of the wild type human
CFTR gene (SEQ ID t10:4). 10 Figure 5 illustrates growth and fluorescence signal of DGI-TAUP301L
cells on minimum medium with 2% galactose, with and without 2% DMSO.      Figure 6 illustrates
growth and fluorescence signal of DGI-TAUP301L cells on 15 minimum medium with 2% galactose
with or without 0.4 M choline. Figure 7 illustrates growth and fluorescence signal of DGI-TAUP301L
cells on minimum medium with 2% galactose with or without 100 pM salubrinal. 



20 Figure 8 illustrates growth and fluorescence signal of DGI-TAUP30112 cells on minimum medium
with 2% galactose with or without 10 pM DGI-T2008A. Figure 9 illustrates action of new compound
DGI-T2008A on ER stress signal in DGI-TAUP301L cells compared to control compounds. Figure 10
illustrates growth and fluorescence signal of DGI-TTR V3OM cells on minimum medium with 2%
galactose with or without 10 pM DGI-TT2008A. In the figures, where used, the expression "w.o"
indicates "without". The invention will now be further described by reference to the following Examples,
which are provided for the purposes of illustration only and are not to be construed as being limiting to
the invention. 35 examples Example 1 Yeast strain and transformation  WO
2008/150186PCT/PT2008/000025 18 In this study, we used the yeast strain Y00000 (MATa; his3A1;
leu2 AO; met15 0; ura3 AO) as a host cell for all the constructs and for yeast chromosomal DNA
isolation. Transformation of the yeast cells was performed accordingly to the LiAc method (Gietz, D.,
A. St. Jean, R.A. Woods and R.H. Schiestl. 1992, Nucleic 5 Acids Res. 20: 1425). Construction of the
ER sensor reporter plasmid A 141 bp fragment of the yeast KAR2 promoter (SEQ ID 140:1) was
amplified by PCR. The amplified fragment spans from nucleotides -136 to +5 (with reference 10 to the
transcription initiation site at +1) and comprehends one UPRE and two putative TATA sequences. The
primers used for PCR amplification contained restriction sites in the extremities so that the amplified
DNA fragment was digested and cloned into the multiple cloning site of the pGRU2 vector,
immediately upstream of the coding sequence of YEGFP. 15 



In the yeast Saccharomyces cerevisiae the Bip protein is the product of the KAR2 gene. Induction of
ER stress by the presence of an UPRE induces the production of Bip through the binding of HAC1
protein to a cis-acting UPRE present in the promoter of the MR2 gene. Cloning of the KAR2 UPRE
and basal promoter 20 upstream the YEGFP coding sequence allows the production of green
fluorescence signal as a measure of ER stress. Generation of the ER stress-reporter yeast strain The
ER stress sensor plasmid was transformed in the strain Y00000 and 25 validation of this sensor was
conducted by growing the transformed strain in the presence of tunicamycin. The induction of ER
stress was quantified by measurement of the green fluorescence signal in comparison to the same
cells grown in the absence of tunicamycin. The generated strain was named DISAGGREGATOR I
(DGI). 30 Cloning of the human Tau mutants The coding sequence of the human Tau protein (SEQ ID
140:3) was obtained from the IMAGE consortium and subcloned into the multiple cloning site of a
yeast episomal vector, under the control of the Gall promoter. Tau mutants (P301 L, 35 P3015, AK280
and Tetra mutant) were generated by site-directed mutagenesis. After transformation of these
constructs, expression of the Tau isoforms was induced by growing the cells on 2% galactose. Specific
detection of the Tau  WO 2008/150186PCT/PT2008/000025 19 protein and assessment of the correct
molecular weight was verified by Western blotting using a polyclonal antibody against Tau protein.
Generation of the yeast platform for the identification of modulators of ER stress 5 induced by the
expression of mutant Tau 



The episomal plasnnids containing the wild type and mutant Tau sequences under the control of the
Gall promoter were transformed into the ER stress-reporter yeast strain. 10 The generated strains
were named DISAGGREGATOR I - TAUVVT (DGITAUWT), DISAGGREGATOR I - TAUP 301L
(DGI-TAUP301L), DISAGGREGATOR I - TAUP301S (DGI-TAUP301S), DISAGGREGATOR I -
TAUAK280 (DGI-TAUAK280) and DISAGGREGATOR I - TAUTETRA (DGITAUTETRA). ER stress
induction upon expression of the Tau proteins was 15 validated by growing the cells on 2% galactose
and determining the increase in the green fluorescence signal. Screening assay validation Screening
was conducted with a DGI-TAUP301L yeast cell expressing the mutant 20 TAU-P301L protein under
the control of GAL1 promoter and containing the ER stress sensor reporter plasmid with GFP as
reporter, described above in the "Construction of the ER sensor reporter plasmid" section. Expression
of TAUP301L resulted in a cytotoxic response that triggers ER stress and hence fluorescence by the
reporter. The resulting fluorescent signal was normalised to 25 cell density and the normalised
fluorescence was used as a direct measure of ER stress level in the cells. A commercial library
containing 50 080 small molecules was screened along with 5 dipeptide molecules from an academic
collaboration and 208 extracts from a 30 propreitary natural extract collection. Active compounds, with
the potential to modulate the deleterious effects of TAU-P301L expression, were identified by their
ability to decrease normalised fluorescence, without influencing growth. Growth was determined by
measuring optical density (OD) of a culture. 35 DGI-TAUP301L cells were dispensed into 96-well
plates on minimum medium containing 2% galactose to fully express the mutant protein, together with
10 pM candidate compound. All liquid handing steps were performed using a Janus Automated
Workstation (Perkin Elmer). Plates were incubated for 2 days at 30 C  WO
2008/150186PCT/PT2008/000025 20 under shaking in a Liconic STX40 Automated Incubator. Growth
and fluorescence were monitored with a Victor 3V microplate reader (PE). In parallel, cells were
cultivated in the same conditions without compounds or with different control compounds. 5
Compounds already proven to be capable of alleviating ER stress were chosen as controls. Molecules
directly active against the TAU-P301L protein are not presently available but ER stress inhibitors are
already present on the market, such as chemical chaperones. Chemical chaperones (e.g. choline or
DMS0) 10 enhance the adaptive capacity of the ER and their addition to the culture medium results in
a decreased ER stress response. Another commonly used compound is salubrinal, identified as an
inhibitor of phosphatases that act on the eukaryotic translation initiation factor 2 subunit (eIF2a). The
resulting maintenance of protein phosphorylation results in enhanced protection from the adverse
effects of ER 



15 stress, mainly because elF2a phosphorylation causes a halt in protein synthesis. These
compounds were used to validate the cellular response of our screening and estimate the activity of
the screened compounds. Example 2.1: Effect of DMSO 20 DGI-TAUP301L cells were pre-grown on a
mixture of 2% galactose until reaching early exponential phase (00=1-2). The cells were washed three
times with water and then resuspended at 0.1 OD in selective medium containing 2% galactose, in
order to fully activate TAU-P301L expression. Cells were dispensed into 96-well plates and 4 pL
DMSO were added to the desired wells, to a final concentration of 25 2%. In parallel, DMSO was not
added to control wells. Growth and fluorescence were monitored for 2 days at 30 C under agitation.
Figure ,5 illustrates the results.   The amount of DMSO added to the wells (i.e. 4u1 per well) was
based on the 30 amount generally used in the literature to achieve alleviation of ER stress. Example
2.2: Effect of choline DGI-TAUP301L cells were pre-grown on a mixture of 2% galactose until reaching
early exponential phase (0D=1-2). The cells were washed once with Water and 35 then resuspended
at 0.1 OD in selective medium containing 2% galactose, in order to fully activate TAU-P301L
expression. Cells were dispensed into 96-well plates and choline was added to the desired wells, to a
final concentration of 0.4 M. In parallel, choline was not added to the control wells. Growth and  WO
2008/150186PCT/PT2008/000025 21 fluorescence were monitored for 2 days at 30 C under agitation.
Figure 6 illustrates the results.   The amount of choline added to the wells (i.e. to a final concentration
of 0.4M per 5 well) was based on the amount generally used in the literature to achieve alleviation of
ER stress. Example 2.3: Effect of salubrinal DGI-TAUP301L cells were pre-grown on a mixture of 2%
galactose until reaching 



10 early exponential phase (0D=1-2). The cells were washed once with water and then resuspended
at 0.1 OD in selective medium containing 2% galactose, in order to fully activate TAU-P301L
expression. Cells were dispensed into 96-well plates and salubrinal was added to the desired wells, to
a final concentration of 100 pM. In parallel, salubrinal was not added to the control wells. Growth and
15 fluorescence were monitored for 2 days at 30 C under agitation. Figure 7 illustrates the results.
The amount of salbrinal added to the wells (i.e. to a final concentration of 100pM per well) was based
on the amount generally used in the literature to achieve 20alleviation of ER stress. Example 2.4:
Effect of new compound DG1-T2008A DGI-TAUP301L cells were pre-grown on a mixture of 2%
galactose until reaching early exponential phase (0D=1-2). The cells were washed once with water
and 25 then resuspended at 0.1 OD in selective medium containing 2% galactose, in order to fully
activate TAU-P301L expression. Cells were dispensed into 96-well plates and compound DGI-T2008A
was added to the desired wells, to a final concentration of 10 pM. In parallel, DGI-T2008A was not
added to the control wells. Growth and fluorescence were monitored for 2 days at 30 C under
30agitation. Figure 8 illustrates the results. Compound DGI-T2008A was able to reduce the ER stress
signal by almost 50% at a concentration of 10 pM (Figures 8 and 9). Such a reduction was only
achieved by using a ten-fold concentration of salubrinal (100pM) (see Figure 9). 35 Choline and
DMSO resulted in only a 35% reduction of ER stress even when used at a much higher concentration
than the test compound. These results illustrate the robustness of the present invention for the
screening of ER stress alleviating compounds.  WO 2008/150186PCT/PT2008/000025 22 Generation
of stable mammalian cell lines expressing wild type and mutant Tau and assessment of ER stress
modulation by candidate compounds SH-SY5Y human neuroblastoma cells (ATCC) were grown on
DMEM 5 supplemented with 10% foetal calf serum. The coding sequences of human Tau (wild type
and mutants) were subcloned into the pcDNA3 mammalian expression vector, which was linearized
and transfected into SH-SY5Y cells. After growth in 3418 selective medium, pools of resistant cells
were obtained. Expression of the Tau protein and assessment of the correct molecular weight was
verified for each 



10 pool by Western blotting using a polyclonal antibody against Tau. Induction of ER stress upon Tau
expression was verified by detecting an increased production of the ER stress protein markers Bip and
ATF4 by Western blotting. Ma control, a pool of cells transfected with the empty vector was generated
and used for all the subsequent experiments. For the validation of hits from the DGI-TAUP301L 15
screening, SH-SY5Y cells stably expressing Tau P301L will be incubated in the presence and absence
of the candidate compounds and modulation of ER stress will be evaluated by the increase/decrease
in the protein level of ER stress markers. 20 Example 2 Yeast strain and transformation In this study,
we used the yeast strain Y00000 (MATa; his3111; leu2 AO; met15 0; ura3 AO) as host cell for all the
constructs and for yeast chromosomal DNA isolation. Transformation of the yeast cells was performed
accordingly to the LiAc 25 method (Getz, D., A. St. Jean, R.A. Woods and R.H. Schiestl. 1992, Nucleic
Acids Res. 20: 1425). Construction of the ER sensor reporter plasmid A 141 bp fragment of the yeast
KAR2 promoter (SEQ ID NO:1) was amplified by 30 PCR. The amplified fragment spans from
nucleotides -136 to +5 (with reference to the transcription initiation site at +1) and comprehends one
UPRE and two putative TATA sequences. The primers used for PCR amplification contained
restriction sites in the extremities so that the amplified DNA fragment was digested and cloned into the
multiple cloning site of the pGRU2 vector, 35 immediately upstream of the coding sequence of YEGFP
(yeast enhanced green fluorescent protein).  WO 2008/150186PCT/PT2008/000025 23 In the yeast
Saccharomyces cerevisiae the Bip protein is the product of the l<AR2 gene. Induction of ER stress by
any of the above mentioned conditions induces the production of Bip through the binding of HAC1
protein to a cis-acting UPRE present in the promoter of the KAR2 gene. Cloning of the KAR2 UPRE
and basal 5 promoter upstream the YEGFP coding sequence allows the production of green
fluorescence signal as a measure of ER stress. Generation of the ER stress-reporter yeast strain  The
ER stress sensor plasmid was transformed in the strain Y00000 and 10 validation of this sensor was
conducted by growing the transformed strain in the presence of tunicamycin. The induction of ER
stress was quantified bymeasurement of the green fluorescence signal in comparison to the same
cells grown in the absence of tunicamycin. The generated strain was named DISAGGREGATOR I
(DGI). 



15 Cloning of the human TM mutants A 444 bp fragment containing the coding region of the human
TTR gene (SEQ ID 2) was amplified by PCR using cDNA from human HepG2 cells as template. The
primers used for PCR amplification contained restriction sites in the extremities so 20 that the
amplified DNA fragment was digested and cloned into the multiple cloning site of an yeast episomal
vector, under the control of the GAL1 promoter. TTR mutants (V3OM and L55P) were generated by
site-directed mutagenesis. After transformation of the constructs, expression of TTR mutants was
induced by growing the cells on 2% galactose. Specific detection of the TTR protein and 25
assessment of correct molecular weight were verified by western blotting using a polyclonal antibody
against TTR. Generation of the yeast platform for the identification of modulators of ER stress induced
by the expression of mutant TTR 30 The episomal plasmids containing the wild type and mutant TTR
sequences under the control of the Gall promoter were transformed into the ER stress-reporter yeast
strain. ER stress induction upon expression of the TTR isoforms was validated by growing the cells on
2% galactose and determining the increase in the green fluorescence signal. 35 The generated strains
were named DISAGGREGATOR I - TTRVVT (DGITTRVVT), DISAGGREGATOR I - TTRV3OM
(DGI-1TRV30M) and DISAGGREGATOR 1- TTRL55P (DGI-TTRL55P).  WO
2008/150186PCT/PT2008/000025 24 Screening assay validation Screening was conducted using the
DGI-TTR V3OM yeast cell expressing the mutant TTR V3OM protein under the control of GAL1
promoter and containing the 5 ER stress sensor reporter plasmid with GFP as reporter, as described
above in the "Construction of the ER sensor reporter plasmid" section. Expression of TTR V3OM
results in a cytotoxic response that triggers ER stress and hence fluorescence by the reporter. The
resulting fluorescent signal is normalised to cell density and the normalised fluorescence is used as a
direct measure of ER stress 



10 level in the cells. Active compounds, with the potential to modulate the deleterious effects of TTR
V3OM expression, are identified by their ability to decrease normalised fluorescence, without
influencing growth. DGI-TTR V3OM cells were cultivated on minimum medium containing 2%  15
galactose to fully express the mutant protein, together with 10 pM of candidate compound. All liquid
handing steps were performed using a Janus Automated Workstation (Perkin Elmer). Plates were
incubated for 2 days at 30 C under shaking in a Liconic STX40 Automated Incubator. Growth and
fluorescence were monitored with a Victor 3V microplate reader (PE). In parallel, cells were cultivated
20 in the same conditions without candidate compounds. From a small molecule library, compound
DGI-TT2008A was found to reduce ER stress induced by the mutant TTR V3OM protein (Figure 10).
25 Compound DGI-1T2008A was abfe to reduce the ER stress signal by almost 25% at a final
concentration of 10pM. These results illustrate the efficiency of the present invention for the screening
of ER stress induced by the mutant TTR V3OM protein. Furthermore, these results validate the
versatily of the invention for different mutant proteins. 30 Generation of a stable mammalian cell line
expressing mutant TTR and assessment of ER stress modulation by candidate compounds HepG2
human hepatocyte cells (ATCC) were grown on RMPI 1640 supplemented with 10% theta! calf serum..
The coding sequences of human TTR (wild type and 35 mutants) were subcloned into the pcDNA3
mammalian expression vector, which was linearized and transfected into HepG2 cells. After growth in
0418 selective medium, pools of resistant cells were obtained. Expression of TTR protein and
assessment of the correct molecular weight were verified by western blotting  WO
2008/150186PCT/PT2008/000025 25 using a polyclonal antibody against TTR. Induction of ER stress
upon TTR expression was verified by detecting an increased production of the ER stress protein
markers Bip and ATF4 by western blotting. As a control, a pool of cells transfected with the empty
vector was generated and used for all the subsequent 



5 experiments. For the validation of hits from the DGI-TTRV3OM screening, HepG2 cells stably
expressing TTR V3OM will be incubated in the presence and absence of the candidate compound and
modulation of ER stress will be evaluated by the increase/decrease in the protein level of ER stress
markers. 10 Example 3 Yeast strain and transformation In this study, we used the yeast strain Y00000
(MATa; his341; leu2 AO; met15 A 0; ura3 AO) as host cell for all the constructs and for yeast
chromosomal DNA isolation. Transformation of the yeast cells was performed accordingly to the LiAc
15 method (Gietz, D., A. St. Jean, R.A. Woods and R.H. Schiestl. 1992, Nucleic Acids Res. 20: 1425).
Construction of the ER sensor reporter plasmid A 141 bp fragment of the yeast KAR2 promoter (SEQ
ID NO:1) was amplified by 20 PCR. The amplified fragment spans from nucleotides -136 to +5 (with
reference to the transcription initiation site at +1) and comprehends one UPRE and two putative TATA
sequences. The primers used for PCR amplification contained restriction sites in the extremities so
that the amplified DNA fragment was digested and cloned into the multiple cloning site of the pGRU2
vector, 25 immediately upstream of the coding sequence of YEGFP (yeast enhanced green
fluorescent protein). In the yeast Saccharomyces cereyisiae the Bip protein is the product of the KAR2
gene. Induction of ER stress by any of the above mentioned conditions induces 30 the production of
Bip through the binding of HAC1 protein to a cis-acting UPRE present in the promoter of the KAR2
gene. Cloning of the KAR2 UPRE and basal promoter upstream the YEGFP coding sequence allows
the production of green fluorescence signal as a measure of ER stress. 35 Generation of the ER
stress-reporter yeast strain The ER stress sensor plasmid was transformed in the strain Y00000 and
validation of this sensor was conducted by growing the transformed strain in the presence of
tunicamycin. The induction of ER stress was quantified by 



WO 2008/150186PCT/PT2008/000025 26 measurement of the green fluorescence signal in
comparison to the same cells grown in the absence of tunicamycin. The generated strain was named
DISAGGREGATOR I (DGI). 5 Cloning of the human CFTR mutants A 4720 bp fragment containing the
coding region of the wild type human CFTR gene (SEQ ID NO:4) was subdoned from the pNUT vector
(Tabcharani JA Chang XB Riordan JR Hanrahan JW. Nature. 1991352 (6336):628-31) into the
multiple cloning site of an yeast episomal vector, under the control of the GALA 10 promoter.
Additionally, four different CFTR mutants (AF508, G551D, R5607 and A561 E) were subdoned from
pNUT into the yeast episomal vector. After transformation of the constructs, expression of CFTR
isoforms was induced by growing the cells on 2% galactose. Specific detection of the CFTR protein
and assessment of correct molecular weight were verified by western blotting using an 15 antibody
against CFTR. Generation of the yeast platform for the identification of modulators of ER stress
induced by the expression of mutant CFTR The episomal plasmids containing the wild type and
mutant CFTR sequences 20 under the control of the Gall promoter were transformed into the ER
stress-reporter yeast strain. ER stress induction upon expression of the CFTR proteins was validated
by growing the cells on 2% galactose and determining the increase in the green fluorescence signal.
25 The generated strains were named DISAGGREGATOR I - CFTRVVT (DGICFTRVVT),
DISAGGREGATOR I - CFTRAF508 (DGI-CFTRAF508), DISAGGREGATOR I - CFTRG551D
(DGI-CFTRG551D), DISAGGREGATOR I - CFTRR560T (DGI-CFTRR560T), and DISAGGREGATOR
I - CFTRA561E (DGICFTRA561E). 30  27 CLAIMS  1. A yeast cell comprising an ER stress sensor
element operably linked to a reporter element and comprising an exogenous gene encoding a protein
that induces ER stress.  2. A cell according to Claim 1, in which the exogenous gene encodes anA13
peptide (plaque); 



5atrial natriuretic factor, CFTR (cystic fibrosis transmembrane regulator), insulin receptor, PS1
(Presenilin 1), transthyretin (over 45 mutants, whole or fragments), apolipoprotein AI, SOD1
(superoxide dismutase 1), LDLR (low density lipoprotein receptor), gelsolin, tau (wildtype or mutant),
I3-galactosidase, 132-microglobulin, L2-microglobulin, cystatin c, lysozyme, fibrinogen a-A chain,
apolipoprotein AI, apolipoprotein AII, FAH, Htt (huntingtin), immunoglobulin light 10chain, insulin,
calcitonin, a-synuclein (wildtype or mutant), parkin, PLP1 (proteolipid protein 1), Ig light chains (whole
or fragments), serum amyloid A (whole or 76-residue fragment), hemoglobin, androgen receptor,
ataxins, PrP (prion protein), APP (amyloid precursor protein), amylin, PERK, WFS1 or AlAT (alpha
1-antitrypsin).  3. A cell according to Claim 1 or 2, in which the ER stress sensor element is a DNA
15sequence from an unfolded protein response element.  4. A cell according to any of Claims 1, 2 or
3, in which the ER stress sensor element is a DNA sequence from the KAR2 unfolded protein
response element.  5. A method of screening a candidate agent for its ability to reduce ER stress
comprising the steps of: 20(a) contacting a cell according to any of Claims 1 to 4 with a candidate
agent, and (b) determining the effect of the candidate agent on the level of expression of the reporter
element.  6. A candidate agent identified by a method according to Claim S.  7. A candidate agent
identified by a method according to Claim 5 for use in medicine. 258.A method of producing a cell
according to any of Claims 1 to 4 comprising introducing a nucleotide sequence encoding an ER
stress element, a nucleotide sequence encoding a reporter element and a nucleotide sequence
encoding an exogenous gene into a cell. 



 27 
CLAIMS 

1. A yeast cell comprising an ER stress sensor element operably linked to a reporter element 

and comprising an exogenous gene encoding a protein that induces ER stress. 

2. A cell according to Claim 1, in which the exogenous gene encodes anAβ peptide (plaque); 

atrial natriuretic factor, CFTR (cystic fibrosis transmembrane regulator), insulin receptor, PS1 5 

(Presenilin 1), transthyretin (over 45 mutants, whole or fragments), apolipoprotein AI, SOD1 

(superoxide dismutase 1), LDLR (low density lipoprotein receptor), gelsolin, tau (wildtype or 

mutant), β-galactosidase, β2-microglobulin, L2-microglobulin, cystatin c, lysozyme, fibrinogen 

α-A chain, apolipoprotein AI, apolipoprotein AII, FAH, Htt (huntingtin), immunoglobulin light 

chain, insulin, calcitonin, α-synuclein (wildtype or mutant), parkin, PLP1 (proteolipid protein 1), 10 

Ig light chains (whole or fragments), serum amyloid A (whole or 76-residue fragment), 

hemoglobin, androgen receptor, ataxins, PrP (prion protein), APP (amyloid precursor protein), 

amylin, PERK, WFS1 or A1AT (alpha 1-antitrypsin). 

3. A cell according to Claim 1 or 2, in which the ER stress sensor element is a DNA 

sequence from an unfolded protein response element. 15 

4. A cell according to any of Claims 1, 2 or 3, in which the ER stress sensor element is a 

DNA sequence from the KAR2 unfolded protein response element. 

5. A method of screening a candidate agent for its ability to reduce ER stress comprising the 

steps of: 

(a) contacting a cell according to any of Claims 1 to 4 with a candidate agent, and 20 

(b) determining the effect of the candidate agent on the level of expression of the reporter 

element. 

6. A candidate agent identified by a method according to Claim 5. 

7. A candidate agent identified by a method according to Claim 5 for use in medicine. 

8. A method of producing a cell according to any of Claims 1 to 4 comprising introducing a 25 

nucleotide sequence encoding an ER stress element, a nucleotide sequence encoding a reporter 

element and a nucleotide sequence encoding an exogenous gene into a cell. 
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