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METHODS AND COMPOSITIONS TO TREAT DRUG-INDUCED
DISEASES AND CONDITIONS

Related Applications

This application claims benefit under 35 U.S.C. § 119(e) of U.S. Provisional application
serial number 62/190,803 filed July 10, 2015 and U.S. Provisional application serial number
62/324,584 filed April 19, 2016, the disclosure of each which is incorporated by reference herein
in its entirety.

Government Interest

This invention was made with government support under R21 AI094027 awarded by the

National Institutes of Health. The government has certain rights in the invention.

Field of the Invention

The invention relates, in part, to methods and compounds useful to treat toxicity and

drug-induced diseases and conditions.
Background

Cirrhosis 1s a worldwide global health problem affecting up to 1% of the population and
the major risk factor for progression to hepatocellular carcinoma (HCC), one of the most
frequent and deadliest solid organ tumors. Although several etiological factors contribute to the
development of cirrhosis, hepatitis C, fatty liver and alcohol abuse are the most common causes.
Cirrhosis is characterized by an advanced stage of liver fibrosis. Currently, although liver
transplantation represents a cornerstone in the management of cirrhosis, its application is limited
by stringent selection criteria, high costs and donor graft shortage.

Liver injury can also be induced by accumulation of drugs. Drug-induced liver injury
(DILD) includes injury caused by medicinal herbs, plants, and nutritional supplements as well as
a number of drugs. Drug-induced injury mechanisms may include covalent binding of the drug
to cellular proteins resulting in immune injury, inhibition of cell pathways, blockage of cellular
transport pumps, induction of apoptosis, and interference with mitochondrial function, etc.
Overdoses with acetaminophen (Tylenol) leading to liver toxic effects have been reported as
leading cause of acute liver failure in the US and the UK. The FDA proposed to limit the
hepatotoxicity of acetaminophen by reducing its therapeutic index and minimizing the

combinational therapy.

Summary of the Invention
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According to one aspect of the invention, methods for treating toxicity and drug-induced
diseases and conditions in the liver and other organs and organ systems in a subject are
provided. The methods include administering to a cell and/or subject in need of such treatment
an MCJ-inhibiting compound in an amount effective to treat the toxicity and drug-induced
disease or condition in the cell and/or subject, respectively.

In one aspect of the invention, methods for treating a drug-induced disease or condition
in a subject are provided. The methods include administering to a subject in need of such
treatment an MCJ-modulating compound in an amount effective to treat the drug-induced
disease or condition in the subject. In some embodiments, the MCJ-modulating compound is an
MCJ-inhibiting compound that reduces MCJ polypeptide activity in the subject. In some
embodiments, decreasing the MCJ polypeptide activity comprises decreasing one or more of an
MCIJ polypeptide level or activity. In certain embodiments, the drug-induced disease or
condition is one or more of a drug-induced liver disease or condition and kidney disease or
condition, heart disease or condition, and cardiovascular disease or condition. In some
embodiments, the disease or condition is an acute disease or condition. In some embodiments,
the disease or condition is a chronic disease or condition. In certain embodiments, the MCJ-
modulating compound comprises one or more of a MCJ molecule, an anti-MCJ polypeptide
antibody or functional fragment thereof, and a small molecule MCJ inhibitor. In some
embodiments, the MCJ-modulating compound further comprises a targeting agent, optionally a
mitochondrial targeting agent. In some embodiments, the MCJ molecule is a variant MCJ
polypeptide or a polynucleotide that encodes a variant MCJ polypeptide. In some embodiments,
the small molecule MCJ inhibitor is a small interference RNA molecule (siRNA), small hairpin
RNA (shRNA) molecule, an antisense DNA oligo, a small guide RNA (sgRNA) molecule, a
transcription activator-like effector nuclease (talens) molecule. In certain embodiments, the
siRNA molecule comprising a nucleic acid sequence set forth herein as SEQ ID NO:7. In
certain embodiments, the siRNA molecule comprising a nucleic acid sequence set forth herein
as SEQ ID NO: 21. In some embodiments, the MCJ-modulating compound is administered in a
pharmaceutical composition, and wherein the pharmaceutical composition further comprises a
pharmaceutically acceptable carrier and optionally comprises one or more of a carrier agent, a
delivery agent, a labeling agent, and a targeting agent. In some embodiments, the carrier agent
comprises one or more of a nanocarrier, a cell-penetrating peptide, a polymer, a dendrimer, an
siRNA bioconjugate, and a lipid-based siRNA carrier. In certain embodiments, the
pharmaceutical composition additionally comprises a drug known to or suspected of inducing

the drug-induced disease or condition. In some embodiments, the drug-induced disease or
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condition comprises one or more of a drug-induced: cirrhosis, liver fibrosis, veno-occlusive liver
disease, idiosyncratic toxicity, Budd-Chiari syndrome, liver damage; kidney damage, drug
allergy, Acute Kidney Injury (AKI), fulminant hepatitis, cholestasis, cardiotoxicity, and alcohol
intake. In some embodiments, the inducing drug of the drug-induced disease or condition
comprises one or more of ethanol, a pharmaceutical agent, and a biological agent. In some
embodiments, the inducing drug enters the subject by an ingestion means, which optionally
comprises one or more of: inhalation, injection, absorption, implantation, infusion, drinking, and
eating. In certain embodiments, the pharmaceutical agent comprises a statin, an antidepressant,
an antibiotic, a benzodiazepine, nicotinic acid, tacrine, aspirin, quinidine, NSAIDs (including
but not limited to: aspirin, indomethacin, ibuprofen, naproxen, piroxicam, nabumetone),
acetaminophen, phenytoin, isoniazid, diclofenac, Augmentin (combination of
amoxicillin/clavulanic acid), minocycline, nitrofurantoin, fenofibrate, methamphetamine,
amphetamine, erythromycin, chlorpromazine, Cotrimoxazole (combination of sulfamethoxazole
and trimethoprim), amitriptyline, temazepam, diazepam, carbamazepine, ampicillin, rifampin,
estradiol, captopril, birth control pills (oral contraceptives), an anabolic steroid, disulfiram,
vitamin A, haloperidol, imipramine, tetracycline, phenytoin, methotrexate, amiodarone,
methyldopa, a chemotherapeutic agent, a contrast dye, a thiazine (including but not limited to
phenothiazine), chloramphenicol, digoxin, digitoxin, oxazepam, phenobarbital, quinidine,
vancomycin, theophylline, verapamil, an interferon (including but not limited to interferon beta
la), and warfarin. In certain embodiments, a biological agent is an herbal extract. In certain
embodiments the herbal extract comprises one or more of: Ma Huang, Kava Kava, chaparral,
valerian, horse chestnut extract, and Kava leaves. In some embodiments, the drug-induced
disease or condition is not a metabolic disease or condition of overweight, weight gain, obesity,
non-alcoholic fatty liver disease, diabetes, insulin-resistance, alcoholic fatty liver disease,
dyslipidemia, steatosis (e.g., liver steatosis, heart steatosis, kidney steatosis, muscle steatosis),
abeta-lipoproteinemia, glycogen storage disease, Weber-Christian disease, lipodystrophy; a liver
disease, liver inflammation, hepatitis, steatohepatitis, Hepatitis C, Genotype 3 Hepatitis C,
Alpha 1-antitrypsin deficiency, acute fatty liver of pregnancy, Wilson disease; a kidney disease;
a heart disease, hypertension, ischemia, heart failure, cardiomyopathy; poisoning; HIV; a
neurodegenerative disease, Parkinson’s disease, Alzheimer’s disease; or cancer. In some
embodiments, the subject does not have one or more of a metabolic disease or condition of
overweight, weight gain, obesity, non-alcoholic fatty liver disease, diabetes, insulin-resistance,
alcoholic fatty liver disease, dyslipidemia, steatosis (e.g., liver steatosis, heart steatosis, kidney

steatosis, muscle steatosis), abeta-lipoproteinemia, glycogen storage disease, Weber-Christian
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disease, lipodystrophy; a liver disease, liver inflammation, hepatitis, steatohepatitis, Hepatitis C,
Genotype 3 Hepatitis C, Alpha 1-antitrypsin deficiency, acute fatty liver of pregnancy, Wilson
disease; a kidney disease; a heart disease, hypertension, ischemia, heart failure, cardiomyopathy;
poisoning; HIV; a neurodegenerative disease, Parkinson’s disease, Alzheimer’s disease; and
cancer. In some embodiments, the MCJ-modulating compound is administered to the subject at
one or more of before, concurrently with, and after ingestion by the subject of a drug suitable to
induce the drug-induced disease or condition.

According to another aspect of the invention, methods of reducing a drug-induced
disease or condition in a cell are provided. The methods include contacting the cell with an
M(CJ-inhibiting compound in an amount effective to decrease an MCJ polypeptide activity in the
cell. In certain embodiments, decreasing the MCJ polypeptide activity comprises decreasing
one or more of a level or function of an MCJ polypeptide in the cell. In some embodiments, the
cell is in vitro, ex vivo, or in vivo. In some embodiments, the in vivo cell is in a subject and the
contacting comprises administering the MCJ-inhibiting compound to the subject. In certain
embodiments, the MCJ-inhibiting compound comprises a MCJ molecule, an anti-MCJ
polypeptide antibody or functional fragment thereof, or a small molecule MCJ inhibitor. In
some embodiments, the MCJ-inhibiting compound further comprises a targeting agent,
optionally a mitochondrial targeting agent. In some embodiments, the MCJ molecule is a
variant MCJ polypeptide or a polynucleotide that encodes a variant MCJ polypeptide. In certain
embodiments, the small molecule MCJ inhibitor is an siRNA molecule. In some embodiments,
the siRNA molecule comprising a nucleic acid sequence set forth herein as SEQ ID NO:7. . In
some embodiments, the small molecule MCJ-inhibitor molecule has the nucleic acid sequence
set forth herein as SEQ ID NO:21. In some embodiments, the cell is contacted with the MCJ-
inhibiting compound that is in a pharmaceutical composition, and wherein the pharmaceutical
composition further comprises a pharmaceutically acceptable carrier and optionally comprises
one or more of a carrier agent, a delivery agent, a labeling agent, and a targeting agent. In some
embodiments, the drug-induced disease or condition is one or more of a drug-induced liver
disease or condition and kidney disease or condition, a drug-induced cardiac disease or
condition. In certain embodiments, the drug-induced disease or condition is one or more of an
acute disease or condition and a chronic disease or condition. In some embodiments, the carrier
agent comprises one or more of a nanocarrier, a cell-penetrating peptide, a polymer, a
dendrimer, an siRNA bioconjugate, and a lipid-based siRNA carrier. In some embodiments, the
pharmaceutical composition additionally comprises a drug known to or suspected of inducing

the drug-induced disease or condition. In certain embodiments, the drug-induced disease or
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condition comprises one or more of a drug-induced: cirrhosis, liver fibrosis, veno-occlusive liver
disease, idiosyncratic toxicity, Budd-Chiari syndrome, liver damage; kidney damage, drug
allergy, Acute Kidney Injury (AKI), fulminant hepatitis, cholestasis, cardiotoxicity, and alcohol
intake. In some embodiments, the inducing drug of the drug-induced disease or condition
comprises one or more of ethanol, a pharmaceutical agent, and a biological agent. In some
embodiments, the inducing drug contacts the cell, thereby inducing in the cell the drug-induced
disease or condition. In certain embodiments, the pharmaceutical agent comprises statin, an
antidepressant, an antibiotic, a benzodiazepine, nicotinic acid, tacrine, aspirin, quinidine,
NSAIDs (including but not limited to: aspirin, indomethacin, ibuprofen, naproxen, piroxamin,
nabumetone), acetaminophen, phenytoin, isoniazid, diclofenac, Augmentin (combination of
amoxicillin/clavulanic acid), minocycline, nitrofurantoin, fenofibrate, methamphetamine,
amphetamine, erythromycin, chlorpromazine, Cotrimoxazole (combination of sulfamethoxazole
and trimethoprim), amitriptyline, temazepam, diazepam, carbamazepine, ampicillin, rifampin,
estradiol, captopril, birth control pills (oral contraceptives), an anabolic steroid, disulfiram,
vitamin A, haloperidol, imipramine, tetracycline, phenytoin, methotrexate, amiodarone,
methyldopa, a chemotherapeutic agent, a contrast dye, a thiazine (including but not limited to
phenothiazine), chloramphenicol, digoxin, digitoxin, oxazepam, phenobarbital, quinidine,
vancomycin, theophylline, verapamil, an interferon (including but not limited to interferon beta
la), and warfarin. In some embodiments, the biological agent is an herbal extract. In certain
embodiments, the herbal extract comprises one or more of: Ma Huang, Kava Kava, chaparral,
valerian, horse chestnut extract, and Kava leaves. In certain embodiments, the drug-induced
disease or condition is not a metabolic disease or condition of overweight, weight gain, obesity,
non-alcoholic fatty liver disease, diabetes, insulin-resistance, alcoholic fatty liver disease,
dyslipidemia, steatosis (e.g., liver steatosis, heart steatosis, kidney steatosis, muscle steatosis),
abeta-lipoproteinemia, glycogen storage disease, Weber-Christian disease, lipodystrophy; a liver
disease, liver inflammation, hepatitis, steatohepatitis, Hepatitis C, Genotype 3 Hepatitis C,
Alpha 1-antitrypsin deficiency, acute fatty liver of pregnancy, Wilson disease; a kidney disease;
a heart disease, hypertension, ischemia, heart failure, cardiomyopathy; poisoning; HIV; a
neurodegenerative disease, Parkinson’s disease, Alzheimer’s disease; or cancer. In some
embodiments, the cell does not have one or more of a metabolic diseases or conditions of
overweight, weight gain, obesity, non-alcoholic fatty liver disease, diabetes, insulin-resistance,
alcoholic fatty liver disease, dyslipidemia, steatosis (e.g., liver steatosis, heart steatosis, kidney
steatosis, muscle steatosis), abeta-lipoproteinemia, glycogen storage disease, Weber-Christian

disease, lipodystrophy; a liver disease, liver inflammation, hepatitis, steatohepatitis, Hepatitis C,
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Genotype 3 Hepatitis C, Alpha 1-antitrypsin deficiency, acute fatty liver of pregnancy, Wilson
disease; a kidney disease; a heart disease, hypertension, ischemia, heart failure, cardiomyopathy;
poisoning; HIV; a neurodegenerative disease, Parkinson’s disease, Alzheimer’s disease; and
cancer. In some embodiments, the cell is contacted with the MCJ-modulating compound at one
or more of before, concurrently with, and after contacting the cell with a drug suitable to induce
the drug-induced disease or condition.

According to yet another aspect of the invention, compositions that include an MCJ-
inhibiting compound and a pharmaceutically acceptable carrier are provided. In certain
embodiments, the composition additionally includes one or more of a carrier agent, a delivery
agent, a labeling agent, and a targeting agent. In some embodiments, the carrier agent comprises
one or more of a nanocarrier, a cell-penetrating peptide, a polymer, a dendrimer, an siRNA
bioconjugate, and a lipid-based siRNA carrier. In some embodiments, the pharmaceutical
composition additionally comprises a drug known to or suspected of inducing the drug-induced
disease or condition. In certain embodiments, the MCJ-inhibiting compound comprises a
targeting agent, optionally a mitochondrial targeting agent. In some embodiments, the MCJ-
inhibiting compound comprises a small molecule MCJ inhibitor. In certain embodiments, the
small molecule MCJ inhibitor is a small interference RNA molecule (siRNA), small hairpin
RNA (shRNA) molecule, an antisense DNA oligo, a small guide RNA (sgRNA) molecule, a
transcription activator-like effector nuclease (talens) molecule. In some embodiments, the small
molecule MCJ-inhibitor molecule has the nucleic acid sequence set forth herein as SEQ ID
NO:7. In some embodiments, the small molecule MCJ-inhibitor molecule has the nucleic acid
sequence set forth herein as SEQ ID NO:21. In some embodiments, the composition
additionally includes a drug suitable to induce a drug-induced disease or condition in at least one
of a cell and a subject when the drug is contacted with the cell or delivered into the subject,

respectively.

The present invention is not intended to be limited to a composition or method that must
satisty one or more of any stated objects or features of the invention. It is also important to note
that the present invention is not limited to the exemplary or primary embodiments described
herein. Modifications and substitutions by one of ordinary skill in the art are considered to be

within the scope of the present invention.

Brief Description of the Sequences
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SEQ ID NO:1 is amino acid sequence of human DNAJ domain-containing protein MCJ set forth
as GENBANK " Accession No. AAD38506.1:

MAARGVIAPVGESLRYAEYLQPSAKRPDADVDQQGLVRSLIAVGLGVAALAFAGRYAF
RIWKPLEQVITETAKKISTPSFSSY YKGGFEQKMSRREAGLILGVSPSAGKAKIRTAHRR
VMILNHPDKGGSPYVAAKINEAKDLLETTTKH.

SEQ ID NO:2 is mRNA sequence (complete CDS) of human DNAJ domain-containing protein
MCJ set forth as GENBANK® Accession No. AF126743.1:

ggtcaggaaagcetcaggcaageccaccctcaggeattacagetagactccgagettactgggcagteatctgattcgaccaacatcagtte
gcagggcttaageccagteccttacggeggctggggagggaccaggeccaagtatataaagetcectgagggtecgegttggctttgcg

cctgtgagtgtgattcaagaacgtcccagtgeecttggetectttcggagtgtgacceegtgcttgcacgggacacgttacccagetcgggt
gagaagggtatcttccgggaacctcgectttaatagcacaacgagegeagagtecactggatctgegagaagaaaccgegcetaactagttt
gtcectacggecgectegtagtcactgecgeggegecttgagtetcegggecgecttgecatggetgeecgtggtgtcatcgetecagttg

gcgagagtttgcgetacgetgagtacttgecagecctcggecaaacggecagacgecgacgtcgaccagcagggactggtaagaagttte
atagctgtaggactgggtgttgcagetcttgeatttgcaggtegetacgeatttcggatctggaaacctctagaacaagttatcacagaaactg
caaagaagatttcaactcctagcettttcatcctactataaaggaggatttgaacagaaaatgagtaggcgagaagetggtcttattttaggtata
agcccatctgetggeaaggctaagattagaacagetcataggagagtcatgattttgaatcacccagataaaggtggatctecttacgtage

agccaaaataaatgaagcaaaagacttgctagaaacaaccaccaaacattgatgettaaggaccacactgaaggaaaaaaaaagagggeg
acttcgaaaaaaaaaaaagccctgcaaaatattctaaaacatggtcttcttaattttctatatggattgaccacagtcttatcttccaccattaage
tgtataacaataaaatgttaatagtcttgctttttattatcttttaaagatctecttaaattct.

SEQ ID NO:3 is amino acid sequence of a mouse DNAJ domain-containing protein:

MATGGGVTSRESLRYAEYLPPSAQRSDADIDHTAGRRLIAVGLGVAAVAFAGRYAFQI
WKPLEQVITATARKISSPSFSSY YKGGFEQKMSKREASLILGVSPSAGKAKIRTAHKRIMI
LNHPDKGGSPY VASKINEAKDLLEASSKAN.

SEQ ID NO:4 is amino acid sequence of a human DnaJ (Hsp40) homolog of subfamily C set
forth as GENBANK " Accession No. AAH95400.1:

MAARGVIAPVGESLRYAEYLQPSAKRPDADVDQQRLVRSLIAVGLGVAALAFAGRYAF
RIWKPLEQVITETAKKISTPSFSSY YKGGFEQKMSRREAGLILGVSPSAGKAKIRTAHRR
VMILNHPDKGGSPYVAAKINEAKDLLETTTKH.

SEQ ID NO:5 is nucleotide sequence of human DnaJ (HSP40) homolog of subfamily C set forth
as GENBANK ® AccessionNo. BC095400.1:

agtctccgggecgecttgecatggetgecegtggtgteategetecagttggegagagtttgegetacgetgagtacttgecageecteggee
aaacggccagacgecgacgtcgaccageagagactggtaagaagtttgatagetgtaggectgggtgttgcagetettgeatttgcaggte
gctacgeatttcggatctggaaacctctagaacaagttatcacagaaactgcaaagaagatttcaactcctagettttcatcctactataaagg
aggatttgaacagaaaatgagtaggcgagaagetggtcttattttaggtotaageccatctgctggcaaggctaagattagaacagetcata
ggagagtcatgattttgaatcacccagataaaggtggatctecttacgtagcagecaaaataaatgaagcaaaagacttgctagaaacaacc
accaaacattgatgcttaaggaccacactgaaggaaaaaaaaagaggggacttcaaaaaaaaaaaaaaagecctgcaaaatattctaaaa
catggtcttcttaattttctatatggattgaccacagtcttatcttccaccattaagetgtataacaataaaatgttaatagtettgcettttattatctttt
aaagatctccttaaattctataactgatcttttttcttattttgtttgtgacattcatacatttttaagatttttgttatgttctgaattceccecctacacaca
cacacacacacacacacacacacgtgcaaaaaatatgatcaagaatgcaattgggatttgtgagcaatgagtagacctcttattgtttatattt
gtaccctcattgtcaatttttttttagggaatttgggoactctgectatataaggtgttttaaatgtcttgagaacaageactggctgataccetettgg
agatatgatctgaaatgtaatggaatttattaaatggtgtttagtaaagtaggggettaaggacttgttaaagaaccccactatctctgagaccecta
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tagccaaagcatgaggacttggagagcetactaaaatgattcaggtttacaaaatgagecctgtgaggaaaggttgagagaagtctgaggag
tttgtatttaattatagtcttccagtactgtatattcattcattactcattctacaaatatttattgaccccttttgatgtgcaaggcactatcgtgegte
ccctgagagttgcaagtatgaageagtcatggatcatgaaccaaaggaacttatatgtagaggaaggataaatcacaaatagtgaatactgt
tagatacagatgatatattttaaaagttcaaaggaagaaaagaatgtgttaaacactgcatgagaggaggaataagtggcatagagetagge
tttagaaaagaaaaatattccgataccatatgattggtgaggtaagtgttattctgagatgagaattagcagaaatagatatatcaatcggagte
attagagtgcagggtttctggaaagcaaggtttggacagagtggtcatcaaaggecagecctgtgacttacactgeattaaattaatttcttag
aacatagtccctgatcattatcactttactattccaaaggtgagagaacagattcagatagagtgcecagcattgtttcccagtattcctttacaaa
tettgggttcattccaggtaaactgaactactgeattgtttctatcttaaaatactttttagatatcctagatgeatctttcaacttctaacattctgtag
tttaggagttctcaaccttggcattattgacatgttaggccaaataattttttttgtgggaggtctcttgtgcgttttagatgattagcaataatcect
gacctgttatctactaaagactagtcgtttctcatcagttgtgacaacaaaaatggttccagatattgccaaatgecctttagaggacagtaate
gcecccagttgagaaccatttcagtaaaactttaattactattttttcttttggtttataaaataatgatcctgaattaaattgatggaaccttgaagt
cgataaaatatatttcttgctttaaagtccccatacgtgtectactaattttctcatgetttagtgtttteacttttctcctgttatcettgtacctaagaa
tgccatcccaatccccagatgtecacctgeccaaagtetaggeatagetgaaggecaagetaaaatgtatecctetttttctggtacatgeag
caaaagtaatatgaattatcagctttctgagagcaggcattgtatctgtettgtttggtgattacattggcacccaataaatatttgttgagegaaaa
aaaaaaaaaaa.

SEQ ID NO:6 is a Human MCJ cDNA sequence.
caccctcaggceactacagctagactccgagettactgggcagteatctgattcgaccaacatcagttcgecagggcttaageccagteectta
cggeggcctggggagggaccaggeccaagtatataaagetecctgagggtecgegttggctttacgectgtgagtgtgattcaagaacgt
cccagtgececttggetectttcggagtgtgacceegtgcttgecacgggacacgttacccagetcgggtgagaagggtatettccgggaacc
tcgectttaatagcacaacgagegeagagtecactggatctgcgagaagaaaccgegetaactagtttgteectacggecgectegtagte
actgcecgeggegecttgagteteccgggecgecttgecatggetgeccgtggtgtcatcgetecagttggcgagagtttgegetacgetgag
tacttgcagccctcggecaaacggecagacgecgacgtcgaccageagagactggtaagaagtttgatagetgtaggactgggtgttaca
gctettgeatttgcaggtegetacgcatttcggatctggaaacctctagaacaagttatcacagaaactgcaaagaagatttcaactcctagcet
tttcatcctactataaaggaggatttgaacagaaaatgagtaggcgagaagetggtcttattttaggtgtaageccatetgetggeaaggetaa
gattagaacagctcataggagagtcatgattttgaatcacccagataaaggtggatctecttacgtagecagecaaaataaatgaagcaaaag
acttgctagaaacaaccaccaaacattgatgcttaaggaccacactgaaggaaaaaaaaagaggggacttcgaaaaaaaaaaaageect
gcaaaatattctaaaacatggtcttcttaattttctatatggattgaccacagtcttatcttccaccattaagetgtataacaataaaatgttaatagt
cttgctttttattatcttttaaagatctecttaaattctataactgatcttttttcttattttgtttgtgacattcatacatttttaagatttttgttatgttctgaa
ttccceectacacacacacacacacacacacacacacacacgtgcaaaaaatatgatcaagaatgeaattgggatttgtgageaatgagta
gacctcttattgtttatatttgtaccctcattgtcaatttttttttagggaatttgggactctgectatataaggtgttttaaatgtcttgagaacaagea
ctggctgatacctettggagatatgatctgaaatgtaatggaatttattaaatggtgtttagtaaagtagggsttaaggacttgttaaagaaccce
actatctctgagaccctatagccaaagcatgaggacttggagagetactaaaatgattcaggtttacaaaatgagecctgtgaggaaaggtt
gagagaagtctgaggagtttgtatttaattatagtcttccagtactgtatattcattcattactcattctacaaatatttattgaccecttttgatgtge
aaggcactatcgtgcgtceectgagagttgcaagtatgaageagtcatggatcatgaaccaaaggaacttatatgtagaggaaggataaat
cacaaatagtgaatactgttagatacagatgatatattttaaaagttcaaaggaagaaaagaatgtgttaaacactgcatgagaggaggaata
agtggcatagagctaggctttagaaaagaaaaatattccgataccatatgattggtgaggtaagtgttattctgagatgagaattageagaaat
agatatatcaatcggagtgattagagtgcagggtttctggaaagcaaggtttggacagagtggtcatcaaaggecagecctgtgacttacac
tgcattaaattaatttcttagaacatagtccctgatcattatcactttactattccaaaggtgagagaacagattcagatagagtgccageattgtt
tcccagtattcctttacaaatcttgggttcattccaggtaaactgaactactgeattgtttctatcttaaaatactttttagatatcctagatgeatcttt
caacttctaacattctgtagtttaggagttctcaaccttggeattattgacatgttaggccaaataattttttttgtgggaggtctettgtgcgttttag
atgattagcaataatccctgacctgttatctactaaagactagtegtttctcatcagttgtgacaacaaaaatggttccagatattgecaaatgee
ctttagaggacagtaatcgcccccagttgagaaccatttcagtaaaactttaattactattttttcttttggtttataaaataatgatcctgaattaaat
tgatggaaccttgaagtcgataaaatatatttcttgetttaaagtccccatacgtgtectactaattttctcatgetttagtgttttcacttttetectgtt
atccttgtacctaagaatgccatcccaatccccagatgtccacctgeccaaagtetaggeatagetgaaggecaagetaaaatgtateectct
ttttctggtacatgcagcaaaagtaatatgaattatcagetttctgagageaggcattgtatctgtcettgtttggtgttacattggcacccaataaat
atttgttgagtgaatgaaaaaaaaaaaaaaaaaa.

The siRNA molecules below are also referred to as siMCJ oligos and are double stranded RNA
oligos.
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SEQ ID NO: 7 human siRNA sequence gaagatttcaactcctage.
SEQ ID NO: 8 human siRNA sequence ggcgagaagctggtcttattt.
SEQ ID NO: 9 human siRNA sequence gctaagattagaacagctcat.
SEQ ID NO: 10 human siRNA sequence gctcataggagagtcatgatt.
SEQ ID NO: 11 human siRNA sequence tttgggactctgcctatataa.
SEQ ID NO: 12 human siRNA sequence gttgcagctcttgeatttgca.
SEQ ID NO: 13 human siRNA sequence ctacgcatttcggatctggaa.
SEQ ID NO: 14 human siRNA sequence gcagggactggtaagaagttt.
SEQ ID NO: 15 human siRNA sequence gttgcagctcttgeatttgca.
SEQ ID NO: 16 human siRNA sequence cagataaaggtggatctcctt.
SEQ ID NO: 17 human siRNA sequence gctcataggagagtcatgatt.
SEQ ID NO: 18 human siRNA sequence gctaagattagaacagctcat.
SEQ ID NO: 19: human siRNA sequence gtttgatagctgtaggact.
SEQ ID NO: 20: human siRNA sequence tcacccagataaaggtgga.
SEQ ID NO: 21: human siRNA sequence gaagatttcaactcctagett.
SEQ ID NO: 22: mouse siRNA sequence gcgagaggctagtcttatt.

SEQ ID NO: 23 is a mouse MCJ cDNA sequence:
tcggagtcctgecagtgecatggetaccggtggeggegtgacctccagagaggggctgegetacgecgaatacctgectecttetgeccaa
aggtcggacgecgacatcgaccacacageggggagaaggttoctagetgtaggactaggtgttgcagetgttgcatttgcaggtegctat
gcatttcagatctggaaacctctagaacaagtaatcacggcaacagcaaggaagatttcctetccaagcttttcatectactataaaggagga
ttcgagcagaaaatgagtaagcgagaggctagtcttattttaggtgtaageccatctgetggeaaggecaagattagaacageacacaaga
gaattatgattttaaaccatccagacaaaggtggatctecttacttagcatccaaaataaatgaagcaaaagatttgetcgaageatccageaa
agctaactgatgctaaaggactgtacataccgagggaaaatggaacaaacgcacagetgtaaaagtecttcagaagaatgtggcacgteg
tcgtgttccatactgacccagtetgttttctgtcattaagtgtgcageaataaaagectggeagecttgcagecttggtetggcagggacttcat
ccgtcaaaaaaaaaaaaaaaaaaaaaaa.

Brief Description of the Drawings

Fig. 1A-B shows photomicrographic images and a graph demonstrating increased MCJ levels in
liver from cirrhosis patients. Immunohistochemistry results in Fig. 1A, left panel show MCJ
expression in liver from healthy control subjects (NL) (n=5) and in Fig. 1A, right panel, show
MC]J expression in liver from patients (n=16) with cirrhosis (hepatitis C). Fig. 1B is a graph
showing levels of MCJ expression determined for the healthy and the cirrhosis patients. The

results show a statistically significant increase in the levels of MCJ in cirrhotic livers.

Fig. 2A-B provides photomicrographic images and graphs showing use of acetaminophen
administration as a mouse model for drug-induced liver injury (DILI). Results are shown for
wild-type (WT) and MCJ knock-out (KO) mice that were administered acetaminophen i.p. Fig.
2 A shows results after 48 hours and shows the presence of macrophages in liver sections that
were examined by immunohistochemistry for F4/80 macrophage marker. Fig. 2A (left panel)
shows results for WT and Fig. 2A (right panel) shows results for MCJ KO. Fig. 2B, right graph
shows the levels of ALT and AST transaminase in serum. Results indicated that the KO mice

were more resistant to the damage induced by acetaminophen in the liver. Fig. 2B left panel
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shows lower F4/80 macrophage marker in the KO mice. The MCJ KO mice developed less
inflammation and had lower levels of transaminases than the WT mice. Fig. 2B (left panel) is
representative of one mouse for each genotype, Fig. 2B (right panel) shows the value for n=4

mice for each genotype.

Fig. 3A-C shows results from WT and MCJ KO mice that underwent bile duct ligation surgery,
utilizing duct ligation (BDL) mouse model for cirrhosis. Fig. 3A shows photomicrographic
images of the liver after 14 days. Tissue damage was indicated by the presence of macrophages
(F4/80) by IHC as a marker of the inflammation. Fig. 3A, left panel is image from one WT one
mouse and Fig. 3A, right panel is image from one MCJ KO mouse. Fig. 3B is a graph showing
the F4/80 positive staining value for n=4 mice for each genotype. Fig. 3C provides a survival
curve for WT and MCJ KO mice upon bile duct ligation surgery. MCJ KO mice are more

resistant to develop cirrhosis-type of liver damage

Fig. 4A-B provides graphs showing that MCJ shRNA (shMCJ) protected primary hepatocytes
from DCA-induced death. Fig. 4A shows oxygen consumption rate (OCR) values in primary
hepatocytes from WT mice transfected with control (WT) or shMCJ (shMCJ) expressing
plasmids. The results showed that shMCJ treatment reduced the OCR compared to WT. Fig.
4B shows Caspase-3 activity (marker for cell death) after DCA 100 uM treatment in primary
hepatocytes from WT mice transfected with control (WT) or shMCJ (shMCJ) expressing
plasmids. The results indicated that treatment with shMCJ reduced Caspase-3 activity compared

to WT.

Fig. SA-B provides micrographic images and graphs illustrating MCJ expression examined by
immunohistochemistry followed by further quantification. Fig. SA shows MCJ expression in
liver from healthy control subjects (controls) (n= 7) and from patients (DILI) (n=23) with drug-
induced liver injury was determined by immunohistochemistry. Fig. 5B shows expression of
MCJ in liver in control mice (n=3) and in mice treated with acetaminophen (APAP) for 24 or 48
h, as determined by Western blot analysis and the ratio of MCJ relative to GAPDH as control. *

2

denotes statistically significant (p <0.05). ** denotes statistically significant (p <0.01).

Fig. 6A-C provides graphs from studies demonstrating that MCJ protected hepatocytes from
acetaminophen-induced mitochondria dysfunction and death. Fig. 6A is a graph of ATP levels,

Fig. 6B is a graph of mitochondrial ROS levels, and Fig. 6C is a graph showing cell death
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measured by TUNEL assay in WT and MCJ KO primary hepatocytes treated with
acetaminophen (10mM) for 9 h (n=3). * denotes statistically significant (p <0.05), *** (p
<0.001).

Fig. 7 provides a blot of results demonstrating that MCJ siRNA (siMCJ) could be used to disrupt
MC]J expression in liver in vivo. Wild-type mice were administered siMCJ (1.7 mg/Kg) in
combination with Invivofectamine through 1.v. injection. Each mouse was harvested at the
indicated time after the administration. Liver was harvested and MCJ expression was

determined by Western blot analysis. GAPDH was used as loading control.

Fig. 8A-C provides a blot, photomicrographic images, and a graph illustrating Administration of
siMCJ prevented the acetaminophen-induced liver damage. Fig. 8 A shows a blot of results from
wild-type mice were given an i.v. injection of siMCJ (1.7 mg/Kg) in combination with
invivofectamine 3.0. (sitMCJ mice) or without siMCJ (Control mice). 20h later mice received an
1.p. dose of acetaminophen (360 mg/Kg). Mice were harvested 24 h later and MCJ expression in
liver was determined by Western blot analysis. Each lane of the blot represents liver from an
individual mouse (n=3). Fig. 8B-C show results from mice (n=5) that were treated and
harvested as described in Fig. 8A. Fig. 8B shows a representative H&E staining from a liver
section and Fig. 8C shows average (n=5) of liver damage. *, p <0.05. Statistical significance

was determined by Student's t test.

Fig. 9A-B shows a western blot and a graph illustrating that treatment with siMCJ after
acetaminophen prevented the acetaminophen-induced liver damage. For the study, wild-type
mice (n=3) were administered 1.p. dose of acetaminophen (360 mg/Kg). 24 h later, mice
received an i.v. injection of siMCJ (1.7 mg/Kg) in combination with invivofectamine 3.0.
(siMCJ mice) or without siMCJ (Control mice). 24 h later (48 h total after the acetaminophen
overdose) mice were harvested and liver and serum was collected. Fig. 9A shows MCJ
expression in liver as determined by Western blot analysis. Each lane of the blot represents an
individual mouse. Fig. 9B shows graph of ALT levels determined in serum, n=5. ** denotes

statistically significant (p <0.01) as determined by Student's t test.

Fig. 10 shows a western blot illustrating reduction of MCJ in human MCF7 cells transfected
with h-siMCJ. CoxIV (mitochondrial protein) and GAPDH levels were also examined as

controls (Vehicle)..
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Detailed Description

It has now been discovered that methods and compounds that reduce MCJ polypeptide
activity are useful to treat toxicity diseases and conditions. It has now been identified that by
reducing activity of MCJ (DnaJC15) the effects of toxicity on cells, organs, and organ systems,
can be mitigated, and that in the absence of MCJ polypeptide activity there is increased
mitochondrial function in the liver. A study in a mouse model of liver cirrhosis (Bile Duct
Ligation, BDL) in MCJ knockout mice have now demonstrated that MCJ deficiency protects
from the development of fibrosis. Using a mouse model for drug-induced livery injury (DILI)
that included administration of high doses of acetaminophen, MCJ polypeptide knockout mice
were shown to be more resistant to DILI than wild-type mice. In addition, it has now been
identified that treatment with siRNA for MCJ protects wild-type cells from toxic injury, for
example, though not intended to be limiting, administration of siRNA for MCJ was found to
protect wild-type hepatocytes from the development of toxic injury caused by acetaminophen.

Methylation-Controlled J protein (MCJ)/DnaJC15 is a member of the DnaJC subfamily
of co-chaperones. MCJ is a small protein of 150 amino acids and a unique member of the
DnalJC family. It contains a J-domain located at the C-terminus, as opposed to the common N-
terminal position, and its N-terminal region has no homology with any other known protein. In
addition, MCJ also contains a transmembrane domain while most Dnal proteins are soluble.
Phylogenetic studies have shown that MCJ is only present in vertebrates where it is highly
conserved (Hatle et al., 2007). The amino acid sequence of human DNAJ domain-containing
protein MCJ of GENBANK ® Accession No. AAD38506.1 is set forth herein as SEQ ID NO:1.
SEQ ID NO:2 is mRNA sequence of human DNAJ domain-containing protein MCJ set forth as
GENBANK ® Accession No. AF126743.1. GENBANK ™ Accession No. AAH95400.1 provides
amino acid sequence of a human Dnal (Hsp40) homolog of subfamily C, which is provided
herein as SEQ ID NO:4. SEQ ID NO:5 is nucleotide sequence of human DnaJ (HSP40)
homolog of subfamily C set forth as GENBANK® Accession No. BC095400.1. SEQ ID NO:6 is
a Human MCJ cDNA sequence.

It now has been determined that the level of MCJ polypeptide activity of cells
correlates with the presence or absence of a drug-induced disease or condition, and that an
decreased level of MCJ polypeptide activity corresponds to an reduction in risk of a subject
having a drug-induced disease or condition associated with ingestion of an inducing drug or

agent.. One of ordinary skill in the art will recognize that the terms such as higher, lower,
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decreased, reduced, increased, may represent relative levels or values as compared to control
levels or values.

The invention pertains, in part, to methods of reducing activity (e.g., levels and/or
function) of MCJ/DnaJC15 (also referred to herein as MCJ polypeptide) to reduce toxicity and
drug-induced diseases and conditions in cells, tissues, organs, and subjects. Compositions,
compounds, and methods of the invention may be used for treating a subject having, or at risk of
having a drug-induced disease or condition that may be characterized by presence of a drug or
agent that results in one or more of toxicity and damage to one or more of cells, tissues, organs,
and organ systems in a subject. Thus, methods and compounds of the invention are useful to
treat conditions in cells, tissues, and organs that are associated with drug-induced toxicity in a
subject. The invention in part, also relates to decreasing/inhibiting MCJ polypeptide activity
from an initial activity level in a subject to a lower activity level that is effective to reduce or
eliminate symptoms of and to treat a drug-induced disease or condition.

In certain embodiments of the invention, modulating MCJ polypeptide activity includes
reducing MCJ polypeptide function in a cell, tissue, and/or subject. Reducing MCJ polypeptide
function may result from a decrease in the amount of MCJ polypeptide and/or from a decrease in
activity of MCJ polypeptide in a cell, tissue, or subject. It will be understood that in some
embodiments methods of the invention reduce the activity of an MCJ polypeptide without
altering the amount of the MCJ polypeptide in a cell or tissue. A non-limiting example of a
method of the invention to reduce the activity of an MCJ polypeptide includes contacting the
MCJ polypeptide with an MCJ-inhibiting antibody or functional fragment thereof that binds to
the MCJ polypeptide and reduces its activity. It will be understood that in some embodiments,
methods of the invention reduce the amount of MCJ polypeptide in a cell or tissue, thereby
reducing MCJ polypeptide activity in the cell, tissue, or subject. A non-limiting example of a
method that reduces the amount of an MCJ polypeptide in a cell or tissue includes contacting the
cell and/or tissue with a small molecule inhibitor, such as an RNA inhibitor of MCJ molecule,
which reduces the amount of MCJ polypeptide in the cell or tissue, and concomitantly reduces
the amount of MCJ polypeptide activity in the cell and/or tissue.

Treatment methods of the invention may include administering one or more MCJ-
inhibiting compounds to a cell, tissue, or subject to reduce activity of an endogenous MCJ
polypeptide, to reduce an amount of an endogenous MCJ polypeptide, and/or to reduce both the
amount and activity of an endogenous MCJ polypeptide in the cell, tissue, and/or subject.

Molecules and compounds that inhibit an MCJ polypeptide function and/or reduce an

MC]J polypeptide level are referred to herein as MCJ-modulating molecules and compounds. An
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MCJ-modulating molecule or compound that decreases or reduces MCJ polypeptide activity is
also referred to herein as an MCJ -inhibiting molecule or compound. As used herein, the term
“molecule” used in reference to an MCJ-modulating molecule refers to a variant MCJ
polypeptide or fragment thereof, a small molecule MCJ inhibitor, an RNA interference
molecule, an antibody or fragment thereof, an MCJ polynucleotide. As used herein, the term
“compound” used in reference to an MCJ-modulating compound refers to a variant MCJ
polypeptide or fragment thereof, an small molecule MCJ inhibitor, an RNA interference
molecule, an antibody or fragment thereof, an MCJ polynucleotide that comprises an additional
element such as a labelling agent, targeting agent, delivery agent, sequence tag, etc. Thus, in
some embodiments of the invention, an MCJ-modulating compound consists of an MCJ-
modulating molecule, and in certain embodiments of the invention an MCJ-modulating
compound comprises an MCJ-modulating molecule and one or more additional elements.

The invention includes methods of administering an MCJ-inhibiting molecule or
compound to a cell, tissue, or subject in an amount effective to decrease MCJ polypeptide
activity in the cell, tissue, or subject as a treatment for a drug-induced disease or condition. As
used herein, a “drug-induced disease or condition” means a disease or condition that results from
ingestion by a subject of an agent (a “drug”) that results in organ damage and injury to the
subject. Examples of drug-induced diseases and conditions that may be treated with methods of
the invention include but are not limited to a drug-induced liver disease or condition, a drug-
induced kidney disease or condition, a drug-induced heart disease or condition, or a drug-
induced cardiovascular disease or condition, examples of which include but are not limited to:
cirrhosis, liver fibrosis, veno-occlusive liver disease, idiosyncratic toxicity, Budd-Chiari
syndrome, liver damage; kidney damage, drug allergy, Acute Kidney Injury (AKI), fulminant

hepatitis, cholestasis, cardiotoxicity, and alcohol intake.

Inducing Agents for Drug-induced Diseases and Conditions
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A drug-induced disease or condition results from ingestion of an agent that when present
in a subject results in the drug-induced disease or condition in the subject. Examples of types of
agents that when ingested may result in a drug-induced disease or condition include, but are not
limited to ethanol, a pharmaceutical agent, and a biological agent (non-limiting examples of
which are herbal extracts, herbal teas, herbal supplements, etc. A means of entry into a subject
of an agent that induces a drug-induced disease or condition may vary. An agent that results in a
drug-induced disease or condition may be administered to a subject under various
circumstances, non-limiting examples of which are administration to a subject as part of a
clinical treatment determined at least in part by a medical professional; as part of a treatment
determined by the subject; and as part of a treatment determined by the subject in conjunction
with a medical professional. An agent that results in a drug-induced disease or condition as set
forth herein may be administered by a medical professional or may be administered by a subject.

In some embodiments of the invention, a pharmaceutical or biological agent may be
administered to a subject to prevent or treat a clinical condition or disease and the agent may
secondarily induce a drug-induced disease or condition. In such instances, the pharmaceutical
agent or biological agent may be administered to a subject for imaging, to treat a condition, or
for another physiological reason, and the agent administered also results in a side effect in the
subject that is a drug-induced disease or condition induced by the agent. For example, although
not intended to be limiting, acetaminophen may be administered to a subject to reduce post-
surgical pain and may be effective to reduce the pain, but the acetaminophen may also induce a
drug-induced disease or condition as set forth herein such as acetaminophen-induced liver
damage, liver failure, etc.

As used herein, a “dose” used in reference to an inducing agent means the amount of the
agent per subject body weight (for example, in mg/kg and the like). A dose of an inducing agent
may be expressed as a single administration value or as a cumulative value of the amount of
agent per subject body weight over two or more administrations of the agent to the subject. A
dose of an inducing agent administered to a subject may be determined using routine procedures
that may take into account factors such as subject age, weight, timing, agent clearance, and
additional conditions, etc. In certain aspects of the invention, a drug-induced disease or
condition may result from administration to a subject of a dose that is at or above a threshold
dose of the pharmaceutical agent and/or biological agent that induces the drug-induced disease
or condition. A threshold dose of an inducing agent may be a predetermined amount of the agent
per subject body weight (for example, mg/kg) administered to a subject that is the dose at or

above which the drug-induced disease or condition is induced by the agent. A threshold dose of
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an inducing agent may refer to a single or cumulative amount of the agent that induces a drug-
induced disease or condition. For example, though not intended to be limiting, a pharmaceutical
and/or biological agent may result in a drug-induced disease or condition when administered to a
subject at or above the threshold dose for the agent, and not result in the drug-induced disease or
condition when administered to the subject a dose below the threshold level. In some
embodiments of the invention a threshold dose of an agent may be essentially the same in 2, 3,
4, 5, 6, or more subjects; may be essentially the same in a majority of subjects, or in all subjects.

In certain aspects of the invention, a drug-induced disease or condition may result from
administration or ingestion of an agent that results in an idiosyncratic response in a subject. In
certain embodiments of the invention, an idiosyncratic response may be the result of one or
more specific physiological, medical, genetic, and/or other characteristics of an individual
subject that result in an administered pharmaceutical or biological agent inducing a drug-
induced disease or condition in that subject, but not in a subject who lacks the characteristic. For
example, though not intended to be limiting, a dose of contrast dye may result in a drug-induced
disease or condition when administered to one subject but the same relative dose administered to
a second subject, or plurality of subjects does not result in the drug-induced disease or condition
in the second subject or plurality of subjects. In another non-limiting example, a dose of an
herbal extract such as Ma Huang or Kava Kava may be may be ingested by a first subject (or a
plurality of subjects) without resulting in a drug-induced disease or condition as set forth herein
in that subject or plurality of subjects, but an equivalent dose per subject body weight of the
same herbal extract ingested by a second subject may result in a drug-induced disease or
condition in the second subject. In some aspects of the invention, a drug-induced disease or
condition set forth herein results from one or more of an idiosyncratic or immunoallergic
pathogenesis in the subject who has ingested or has been administered a pharmaceutical agent
and/or biological agent that induces the drug-induced disease or condition. In some
embodiments of the invention, administration of a pharmaceutical or biological agent to a
subject may result in an idiosyncratic or immunoallergic pathogenesis induced in the subject
because of a physiological condition present in the subject that is not the basis for administering
the pharmaceutical or biological agent to the subject, and that may absent in a plurality, most, or
all other subjects.

A delivery means by which an agent that induces a drug-induced disease or condition
such as those described herein may enter a subject includes ingestion, which as defined herein
includes entry by means such as: inhalation, injection, absorption, implantation, infusion, oral

intake, drinking, eating, etc. Non-limiting examples of delivery by absorption include, but are
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not limited to: transdermal absorption, absorption across a mucus membrane, absorption through
a break in the skin or membrane, absorption into the eye, etc.

Numerous agents that when present in a subject may result in a drug-induced disease or
condition that can be treated by method and/or compound that reduces MCJ polypeptide
activity. Non-limiting examples of pharmaceutical agents that when present in a subject may
result in a drug-induced disease or condition include: a statin, an antidepressant, an antibiotic, a
benzodiazepine, nicotinic acid, tacrine, aspirin, quinidine, NSAIDs (including but not limited to:
aspirin, indomethacin, ibuprofen, naproxen, piroxicam, nabumetone), acetaminophen,
phenytoin, isoniazid, diclofenac, Augmentin (combination of amoxicillin/clavulanic acid),
minocycline, nitrofurantoin, fenofibrate, methamphetamine, amphetamine, erythromyecin,
chlorpromazine, Cotrimoxazole (combination of sulfamethoxazole and trimethoprim),
amitriptyline, temazepam, diazepam, carbamazepine, ampicillin, rifampin, estradiol, captopril,
birth control pills (oral contraceptives), an anabolic steroid, disulfiram, vitamin A, haloperidol,
imipramine, tetracycline, phenytoin, methotrexate, amiodarone, methyldopa, a chemotherapeutic
agent, a contrast dye, a thiazine (including but not limited to phenothiazine), chloramphenicol,
digoxin, digitoxin, oxazepam, phenobarbital, quinidine, vancomycin, theophylline, verapamil,
an interferon (including but not limited to interferon beta 1a), and warfarin.

Non-limiting examples of biological agents that when present in a subject may result in a
drug-induced disease or condition include herbal agents and extracts. Examples of herbal
extracts that may result in a drug-induced disease or condition as set forth herein include but are
not limited to: Ma Huang, Kava Kava, chaparral, valerian, horse chestnut extract, Kava extract,
and Kava leaves.

The presence in a subject of a drug-induced diseases and conditions resulting from
ingestion of a pharmaceutical agent, and/or a biological agent can be identified using routine
diagnostic methods such as blood tests, scans, urine tests, etc. that are used in the art to assess

organ function in subjects.

Subjects and Controls

In some aspects of the invention a subject is a human or vertebrate mammal including
but not limited to a dog, cat, horse, cow, goat, and primate, e.g., monkey. Thus, the invention
can be used to treat diseases or conditions in human and non-human subjects. In some aspects
of the invention a subject may be a farm animal, a zoo animal, a domesticated animal or non-

domesticated animal and methods of the invention can be used in veterinary prevention and
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treatment regimens. In some embodiments of the invention, the subject is a human and methods
of the invention can be used in human prevention and treatment regimens.

Non-limiting examples of subjects to which the present invention can be applied are
subjects who are diagnosed with, suspected of having, or at risk of having, a drug-induced
disease or condition. Methods of the invention may be applied to a subject who, at the time of
treatment, has been diagnosed as having a drug-induced disease or condition, or a subject who is
considered to be at risk for having or developing a drug-induced disease or condition. In some
aspects of the invention a drug-induced disease or condition is an acute drug-induced disease or
condition, and in certain aspects of the invention a drug-induced disease or condition is a
chronic drug-induced disease or condition.

In some embodiments of the invention, a subject does not have one or more of the
following metabolic diseases or conditions: overweight, weight gain, obesity, non-alcoholic fatty
liver disease, diabetes, insulin-resistance, alcoholic fatty liver disease, dyslipidemia, steatosis
(e.g., metabolic-based liver steatosis, heart steatosis, kidney steatosis, muscle steatosis), abeta-
lipoproteinemia, glycogen storage disease, Weber-Christian disease, lipodystrophy; metabolic
liver diseases such as liver inflammation, hepatitis, steatohepatitis, Hepatitis C, Genotype 3
Hepatitis C, Alpha 1-antitrypsin deficiency, acute fatty liver of pregnancy, and Wilson disease; a
metabolic kidney disease; a metabolic heart disease such as hypertension, ischemia, heart
failure, cardiomyopathy; poisoning; HIV; metabolic neurodegenerative diseases: such as
Parkinson’s disease, Alzheimer’s disease; physical exercise; and cancer.

In some embodiments of the invention, a subject may have, or have had, one or more of
the following metabolic diseases or conditions: overweight, weight gain, obesity, non-alcoholic
fatty liver disease, diabetes, insulin-resistance, alcoholic fatty liver disease, dyslipidemia,
steatosis (e.g., metabolic-based liver steatosis, heart steatosis, kidney steatosis, muscle steatosis),
abeta-lipoproteinemia, glycogen storage disease, Weber-Christian disease, lipodystrophy;
metabolic liver diseases such as liver inflammation, hepatitis, steatohepatitis, Hepatitis C,
Genotype 3 Hepatitis C, Alpha 1-antitrypsin deficiency, acute fatty liver of pregnancy, and
Wilson disease; a metabolic kidney disease; a metabolic heart disease such as hypertension,
ischemia, heart failure, cardiomyopathy; poisoning; HIV; metabolic neurodegenerative diseases:
such as Parkinson’s disease, Alzheimer’s disease; physical exercise; and cancer.

MC]J polypeptide activity (e.g., level of MCJ polypeptide and/or function of MCJ
polypeptide) can be determined and compared to control values of MCJ polypeptide activity
according to the invention. A control may be a predetermined value, which can take a variety of

forms. It can be a single cut-off value, such as a median or mean. It can be established based
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upon comparative groups, such as in groups having normal levels of MCJ polypeptide activity
and groups having reduced levels of MCJ polypeptide activity. Another example of
comparative groups may be groups having one or more symptoms of or a diagnosis of a drug-
induced disease or condition and groups without having one or more symptoms of or a diagnosis
of a drug-induced disease or condition. Typically, a control may be based on apparently healthy
normal individuals in an appropriate age bracket or apparently healthy cells.

It will be understood that controls according to the invention may be, in addition to
predetermined values, samples of materials tested in parallel with the experimental materials.
Examples include samples from control populations or control samples generated through
manufacture to be tested in parallel with the experimental samples.

In some aspects of the invention, values of MCJ polypeptide activity determined for a
subject may serve as control values for later determinations of MCJ polypeptide activity in that
same subject, thus permitting assessment of changes from a “baseline” MCJ polypeptide activity
in a subject. Thus, an initial MCJ polypeptide activity level may be present and/or determined
in a subject and methods and compounds of the invention may be used to decrease the level of
MC]J polypeptide activity in the subject, with the initial level serving as a control level for that
subject. Using methods and compounds of the invention, the MCJ polypeptide activity in the
subject may be decreased by at least 0.5%, 1%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90% or more compared to the initial level as a treatment for a drug-induced disease or

condition in the subject.

Treatment

In certain aspects of the invention, a subject may be administered an MCJ-inhibiting
compound at a time that is one or more of before, in conjunction with, and after the subject
ingests an agent that induces a drug-induced disease or condition. For example, if a subject is to
undergo a clinical treatment that includes at least administration of one or more pharmaceutical
agents and/or biological agents known to have the potential to, or suspected of having the
potential to result in a drug-induced disease or condition, the subject may be pre-treated with
administration of an MCJ-modulating compound that inhibits MCJ activity in cells of the
subject. In some embodiments of the invention, a subject may be administered an MCJ-
inhibiting compound in combination with an agent known to have the potential to, or suspected
of having the potential to result in a drug-induced disease or condition. Under certain

circumstances, a subject may be administered an MCJ-inhibiting compound after the subject is
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identified as having or is suspected of having ingested an agent know to have potential to, or
suspected of having the potential to induce a drug-induced disease or condition.

In some aspects of the invention, a subject is at risk of having or developing a drug-
induced disease or condition. A subject at risk of developing a drug-induced disease or
condition is one who has an increased probability of developing the drug-induced disease or
condition, compared to a control risk of developing the drug-induced disease or condition. In
some embodiments of the invention, a level of risk may be statistically significant compared to a
control level of risk. A subject at risk may include, for instance, a subject who is, will be, or has
been treated with a dose of a pharmaceutical agent known or suspect to have potential to result
in a drug-induced disease or condition; a subject who has ingested a biological agent known or
suspected to have potential to result in a drug-induced disease or condition; a subject who has a
preexisting disease and/or a genetic abnormality that makes the subject more susceptible to a
drug-induced disease or condition than a control subject without the preexisting disease or
genetic abnormality; a subject having a family and/or personal medical history of a drug-induced
disease or condition; a subject suspected of having ingested an agent such as a pharmaceutical
agent, biological agent, known to be an agent that can induce a drug-induced disease or
condition; and a subject who has previously been treated for the drug-induced disease or
condition. It will be understood that a preexisting disease and/or a genetic abnormality that
makes the subject more susceptible to a drug-induced disease or condition, may be a disease or
genetic abnormality that when present has been previously identified as having a correlative
relation to a higher likelihood of developing a drug-induced disease or condition. In certain
aspects of the invention, a drug-induced disease or condition as described herein may have one
or more of an idiosyncratic or immunoallergic pathogenic basis.

As used herein, the terms “treat”, “treated”, or “treating” when used with respect to a
drug-induced disease or condition may refer to a prophylactic treatment that decreases the
likelihood of a subject developing the drug-induced disease or condition, and also may refer to a
treatment after the subject has developed the drug-induced disease or condition in order to
eliminate or reduce the level of the drug-induced disease or condition, prevent the drug-induced
disease or condition from becoming more advanced (e.g., more severe), and/or slow the
progression of the drug-induced disease or condition in a subject compared to the subject in the
absence of the therapy to reduce MCJ activity.

The invention in some aspects relates to methods for modulating MCJ polypeptide
activity in a cell, tissue, and/or subject. As used herein the term “modulating” means changing a

level of an MCJ polypeptide activity (e.g., MCJ polypeptide level and/or function) in a cell. In
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some embodiments of the invention, changing MCJ polypeptide activity includes changing a
level of an MCJ polypeptide in a cell or tissue. Thus, decreasing activity of MCJ polypeptide in
a cell may include decreasing the level (e.g., amount) of the MCJ polypeptide in the cell. Thus,
some embodiments of the invention include methods of administering an MCJ-inhibiting
compound to a cell, tissue or subject in an amount effective to decrease MCJ polypeptide
activity in the cell, tissue, or subject as a treatment for the drug-induced disease or condition.
Drug-induced diseases and conditions such as cirrhosis, liver fibrosis, veno-occlusive liver
disease, idiosyncratic toxicity, Budd-Chiari syndrome, liver damage; kidney damage, drug
allergy, Acute Kidney Injury (AKI), fulminant hepatitis, cholestasis, cardiotoxicity, and alcohol
intake may be treated by administering an MCJ-inhibiting agent thereby decreasing MCJ-
polypeptide activity in a cell, tissue, or subject, to treat the subject.

Various MCJ-modulating compounds may be used in methods of the invention,
including MCJ-inhibiting compounds. Examples of MCJ-inhibiting compounds that reduce
MCIJ polypeptide amounts and/or activity include an MCJ molecule, which in some aspect of the
invention may be a variant MCJ or a polynucleotide that encodes a variant MCJ polypeptide; an
anti-MCJ polypeptide antibody or functional fragment thereof, and a small molecule MCJ
inhibitor. In certain aspects of the invention, a compound useful to treat a drug-induced disease
or condition is an MCJ polypeptide or a polynucleotide that encodes a variant MCJ polypeptide
that interferes with, thereby reducing, the activity of a wild-type, endogenous MCJ polypeptide.
In some aspects the invention a compound useful to treat a drug-induced disease or condition
includes an antibody or functional fragment thereof that binds to an MCJ polypeptide or other
cellular component and reduces the activity and function of an MCJ polypeptide. In some
aspects of the invention, a small molecule MCJ inhibitor is a small interference RNA (siRNA)
molecule, small hairpin RNA (shRNA) molecule, antisense DNA oligo, small guide RNA
(sgRNA) molecule, or a transcription activator-like effector nuclease (TALENS) molecule.
siRNA molecules for MCJ are also referred to herein as siMCJ oligos. A siRNA is a double-
strand RNA oligonucleotide (oligo) with 2 nucleotide 3’ end overhangs that activate RNA,
leading to the degradation of mRNAs in a sequence-specific manner dependent upon
complimentary binding of the target mRNA. It will be understood that siRNA molecules are
double-stranded RNA oligos, and as per standard practice in the art, the siRNA sequences
included herein are presented showing one strand. A short hairpin RNA (shRNA) contains a
loop structure and when delivered into a cell (for example, though not intended to be limiting as
part of a plasmid), is processed to siRNA in the cell, which leads to the degradation of mRNAs

in a sequence-specific manner dependent upon complimentary binding of the target mRNA.
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Methods of designing and using RNA interference molecules are known in the art, see for
example: J K. Joung & J.D. Sander 2013 Nature Reviews Molecular Cell Biology 14, 49-55; Ma
Y. etal 2014 FEBS J. Dec;281(23):5186-93; Peng, J. et al., FEBS J. 2015 Mar 3. doi:
10.1111/febs.13251; Niguita, G, et al., 2015 Front Bioeng Biotechnol. Mar 25, Vol 3, Article
37. doi: 10.3389/tbioe.2015.00037; and Lagana, A. Methods Mol Biol 2015;1269:393-412;
Methods Mol Biol 2014;1097:477-90. doi: 10.1007/978-1-62703-709-9 22; Adv Drug Deliv Rev
2015 Feb 7. pii: S0169-409X(15)00009-5. doi: 10.1016/j.addr.2015.01.007; and Methods Mol
Biol. 2015;1218:1-15. doi: 10.1007/978-1-4939-1538-5 1.

2

Non-limiting examples of a polynucleotide sequence that can be used in RNA
interference methods of the invention are set forth herein as SEQ ID NO:7 and SEQ ID NO: 21.
Additional sequences useful in some embodiments of RNA interference methods of the
invention are also provided and set forth herein as SEQ ID NOs:8-20, and 22. Additional
sequences useful in RNA interference methods of the invention may be prepared using design
criteria to identify sequences that inhibit human MCJ expression. Non-limiting examples of one
or more design criteria that may be used to prepare sequences for use in RNA interference
methods of the invention are (1) the sequence is unique for the gene of interest (which may be
identified using a BLAST search); (2) the sequence is more than 100 bp from a translation start
or end; (3) the sequence has not more than three adenines or thymidines in a row; (4) the GC
content of the sequence is greater than 30%; and (5) the ~19 nt target sequence may be flanked
in the mRNA with AA at 5’ end and in some instances, also with TT at the 3’ end. Additional
criteria to identify a target sequence and suitable sequences for use in RNA interference methods
of the invention are routinely used in the art.

In some embodiments, methods of the invention may include directly decreasing the
level of an MCJ polypeptide in a cell, tissue, or subject, for example, by delivering the MCJ
inhibiting compound into the cell, tissue or subject, to treat a drug-induced disease or condition.
To treat a drug-induced disease or condition in a subject, one or more cells may be contacted
with an MCJ-inhibiting compound, which results in a decreased level of activity of an MCJ
polypeptide in the cell. If the cell to be contacted with an MCJ-inhibiting compound is in a
subject, the MCJ-inhibiting compound can be administered to the subject. Cells in which MCJ
activity may be reduced using methods and MCJ-inhibiting compounds of the invention,

include, but are not limited to, liver cells, kidney cells, cardiac cells, and circulatory cells.

MCJ-inhibiting Molecules and Compounds
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MClJ-inhibiting compounds of the invention may be administered to a subject in an
amount and manner effective to reduce MCJ polypeptide amount and/or activity in the subject to
treat a drug-induced disease or condition. Methods of the invention, in some embodiments,
include administering one or more MCJ-inhibiting compounds a subject in need of such
treatment to reduce a drug-induced disease or condition in the subject. MCJ-inhibiting
compounds of the invention can be administered to reduce MCJ polypeptide activity in liver,
kidney, cardiac tissue, or other cells, tissues, and organs of a subject.

As used herein, the terms “protein” and “polypeptide” are used interchangeably and thus
the term polypeptide may be used to refer to a full-length protein and may also be used to refer
to a fragment of a full-length protein. As used herein with respect to polypeptides, proteins, or
fragments thereof, and polynucleotides that encode such polypeptides the term “exogenous”
means the compound is administered to a cell or subject and was not an “endogenous” molecule
that was naturally present in the cell or subject. It will be understood that an exogenous MCJ
polypeptide or MCJ polypeptide-encoding polynucleotide may be identical to an endogenous
MC]J polypeptide or MCJ polypeptide-encoding nucleic acid, respectively, in terms of its
sequence, but was administered to the cell or subject.

According to some aspects of the invention, full-length MCJ polypeptides or fragments
of full-length MCJ polypeptides may be administered in methods of the invention. Such MCJ
polypeptides and fragments may be variant MCJ polypeptides and in some aspects of the
invention, are reduced-function MCJ polypeptides that have a reduced or zero amount activity
compared to normal (e.g., control) MCJ polypeptide activity. Such variant MCJ polypeptides
when introduced into a cell may compete with endogenous MCJ, for example for targets, thus
reducing the activity of the endogenous MCJ polypeptide. Variant polypeptides and fragments
thereof may be natural fragments or may be synthesized using art-known methods, and tested for
function using art-known methods. For example see methods set forth in International Patent
Application No.: PCT/US2013/049885 and US Patent No. 8,354,237, the content of each of
which is incorporated herein by reference. Full-length variant MCJ polypeptides and fragments
thereof that are useful in methods and compositions of the invention may be recombinant
polypeptides.

A “variant” wild-type or mutant full-length MCJ polypeptide or a fragment thereof that
is useful in methods of the invention, may include deletions, point mutations, truncations, amino
acid substitutions and/or additions of amino acids or non-amino acid moieties. Modifications of
a polypeptide of the invention may be made by modification of the nucleic acid sequence that

encodes the polypeptide or alternatively, modifications may be made directly to the polypeptide,

23



10

15

20

25

30

WO 2017/011356 PCT/US2016/041663

such as by cleavage, addition of a linker molecule, addition of a detectable moiety, such as a
fluorescent label, and the like. Modifications also embrace fusion proteins comprising all or part
of the polypeptide's amino acid sequence.

A fragment of a full-length wild-type or variant MCJ polypeptide may comprise at least
up to n-1 contiguous amino acids of the full-length MCJ polypeptide having a consecutive
sequence found in an MCJ polypeptide or in variant thereof (with “n” equal to the number of
amino acids in the full-length MCJ polypeptide). Thus, for example, a fragment of a 150 amino
acid-long MCJ polypeptide would be at least 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, or 149
(including each integer in between) contiguous amino acids of the 150 amino acid MCJ
polypeptide.

In general, a variant MCJ polypeptide may include a polypeptide that has been modified
specifically to alter a feature of the polypeptide related to its physiological activity. MCJ
polypeptides can be synthesized with modifications and/or modifications can be made in an
MC]J polypeptide by selecting and introducing an amino acid substitution, deletion, or addition.
Modified polypeptides then can be tested for one or more activities (e.g., reducing MCJ-
polypeptide activity in a cell or subject and efficacy as a treatment of a drug-induced disease or
condition, etc.) to determine which modification provides variant polypeptide with desired
properties.

In some embodiments of the invention, a level or function of a MCJ polypeptide may be
reduced by genetically introducing an MCJ-inhibiting compound into a cell. Targeting agents
and methods may be used to aid in delivery of an MCJ-inhibiting compound to a specific cell
type, cell subtype, organs, spatial regions within a subject, and/or to sub-cellular regions within
a cell. Art-known methods such as genetic targeting may also be used in embodiments of the
invention to control of the amount of an MCJ-inhibiting compound in a cell and/or subject.
Some embodiments of the invention may include a reagent for genetically targeted expression of
an MCJ-inhibiting molecule, for example a variant MCJ polypeptide, wherein the reagent
comprises a vector that contains a nucleic acid that encodes the variant MCJ polypeptide or a
fragment thereof.

Certain aspects of the invention include methods of administering antibodies or antigen-
binding fragments thereof that specifically bind to an MCJ polypeptide and reduce MCJ
polypeptide activity. Such antibodies or antigen-binding fragments thereof may be administered
to a cell and/or subject to inhibit MCJ polypeptide activity in the cell and/or subject. The term

“antigen-binding fragment” of an antibody as used herein, refers to one or more portions of an
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antibody that retain the ability to specifically bind to an antigen (e.g., an MCJ polypeptide) and
reduce the antigen’s activity. One may prepare and test an antigen-binding fragment of an MCJ-
activity-inhibiting antibody for use in methods of the invention using art-known methods and
routine procedures. In some embodiments of the invention, antibodies are recombinant
antibodies, polyclonal antibodies, monoclonal antibodies, humanized antibodies or chimeric
antibodies, or a mixture of these. Examples of antibodies known to specifically bind the MCJ
polypeptide include, but are not limited to monoclonal antibodies 1) WN.F3, generated from
hybridoma N-MCJ 3C1.3F3, which was deposited under ATCC no. #PTA-8135; 11) WN.A12,
generated from hybridoma cell line N-MCJ 3C1.5A12, which was deposited under ATCC no.
#PTA-8133; and ii1)) WN.E4 generated from hybridoma cell line N-MCJ 2A2.5E4, which was
deposited under. ATCC no. #PTA-8134 (see US Patent No. 8,354,237, the content of which is
incorporated herein by reference). The WN.F3, WN.A12, and WN.E4 antibodies are examples
of antibodies that may be used in methods of the invention as MCJ-modulating compounds.
Additional antibodies for use in methods of the invention may be produced and tested using art-
known methods in conjunction with the disclosure herein and in the disclosure set forth in US
Patent No. 8,354,237, and see also, Hatle et al. Mol Cell Biol. 2007 Apr;27(8):2952-66, the
content of each of which is incorporated herein by reference.

Additional MCJ-modulating compounds that may be administered in treatment methods
of the invention include small molecules or chemicals that inhibit MCJ polypeptide activity.
Examples provided herein, though not intended to be limiting are RNA interference (RNA1)
molecules. RNAi molecules may be administered to cells, tissues and subjects to inhibit gene
expression. In RNA interference methods, RNAs may be administered to a cell and/or subject
and the RNA molecules bind to other specific mRNA molecules and decrease their activity,
thereby reducing the translation of the mRNA to protein. In some embodiments of the
invention, RN A1 methods are used to reduce expression of an MCJ polypeptide in a cell, tissue,
and/or subject. Thus, methods of the invention may include administrating of one or more
RNAi molecules to a cell and/or subject in an amount effective to reduce MCJ polypeptide
expression thereby reducing MCJ polypeptide activity in the cell and/or subject. Methods of
identifying and testing such small molecules, for example RNA interference molecules, may
include use of art-known library screening and testing procedures in conjunction with the
teaching provided herein. Examples of types of RNAi molecules that can be used in methods of
the invention to inhibit MCJ polypeptide activity include, but are not limited to small interfering
RNA (siRNA), small hairpin RNA (shRNA), antisense DNA oligo, small guide RNA (sgRNA),

and transcription activator-like effector nucleases (talens). Methods of designing and using
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RNAI1 molecules are known in the art, see for example: J.K. Joung & J.D. Sander 2013 Nature
Reviews Molecular Cell Biology 14, 49-55; Ma, Y. et al., 2014 FEBS J. Dec;281(23):5186-93;
Peng, J. et al., FEBS J. 2015 Mar 3. doi: 10.1111/febs.13251; Niguita, G., et al., 2015 Front
Bioeng Biotechnol. Mar 25, Vol 3, Article 37. doi: 10.3389/tbioe.2015.00037; Lagana, A.
Methods Mol Biol. 2015;1269:393-412; Methods Mol Biol 2014;1097:477-90. doi:
10.1007/978-1-62703-709-9 22; Adv Drug Deliv Rev 2015 Feb 7. pii: S0169-409X(15)00009-5.
doi: 10.1016/j.addr.2015.01.007; and Methods Mol Biol. 2015;1218:1-15. doi: 10.1007/978-1-
4939-1538-5 1.

MC]J polypeptide modulating compounds of the invention may be administered singly or
in combination with one or more additional compounds. An MCJ-inhibiting compound
administered to a subject or cell to treat a drug-induced disease or condition may act in a
synergistic manner with one or more other therapeutic agents or treatments and increase the
effectiveness of the one or more therapeutic agents or activities and/or to increase the
effectiveness of the MCJ-inhibiting compound in treating the drug-induced disease or condition.

Treatment methods of the invention that include administration of a MCJ-inhibiting
compound can be used prior to the onset of a drug-induced disease or condition and/or when the
drug-induced disease or condition is present, including at an early stage, mid-stage, and late
stage of the drug-induced disease or condition and all times before and after any of these stages.
Methods of the invention may also be to treat subjects who have previously been treated for a
drug-induced disease or condition with one or more other medicaments that were not successful,
were minimally successful, and/or are no longer successful at treating the drug-induced disease
or condition in the subject.

It will be understood that additional MCJ-modulating compounds can be identified and
used in methods of the invention. For example, candidate compounds can be can be tested for
their ability to decrease MCJ polypeptide activity (level and/or function) and their ability to treat

a drug-induced disease or condition using assays and methods presented herein.

Components of MCJ-inhibiting Compounds

MCJ-modulating compounds of the invention (such as compounds comprising a variant
MCJ molecule, an anti-MCJ polypeptide antibody or functional fragment thereof, a small
molecule MCJ inhibitor, etc.) described herein can be administered alone or in conjugation with
other components such as targeting agents, labeling agents, membrane-crossing delivery agents,

etc. in treatment methods of the invention. Thus, in some embodiments of the invention an
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MCJ-inhibiting compound includes an MCJ-inhibiting molecule and optionally one or more
additional components.

Targeting agents useful according to some embodiments of methods of the invention
may, include agents that direct an MCJ-inhibiting compound of the invention to and/or into a
cell to be treated such as a liver cell, cardiac cell, circulatory cell, kidney cell, hepatocyte, etc. A
targeting compound of choice will depend upon the nature of the drug-induced disease or
condition. In a non-limiting example, in some embodiments it may be desirable to target an
MCJ-inhibiting compound to and/or into a liver cell, or a kidney cell, etc. It will be understood
that in some embodiments of methods of the invention, an MCJ-inhibiting compound includes
just the MCJ-inhibitor molecule, without any additional attached molecules. For example, in
some aspects of the invention an RNAi molecule may be administered to a cell and/or subject in
a “naked” form, meaning no delivery molecules, labels, etc. attached to the RNAi1 molecule.

In cases where an MCJ-inhibiting molecule is attached to or in a composition with one or
more: cell or tissue-carrier agent, targeting agent, labeling agent, delivery agent, etc. a skilled
artisan will be aware of and able to select and use suitable agents for use in methods of the
invention. In some aspects of the invention, a carrier agent comprises one or more of a
nanocarrier, a cell-penetrating peptide, a polymer, a dendrimer, an siRNA bioconjugate, and a
lipid-based siRNA carrier.

In some aspects of the invention, a targeting agent may be a mitochondrial targeting
agent, which is part of an MCJ-inhibiting compound administered in methods of the invention.
Delivery agents for RNA1 molecules are well known in the art and include, but are not limited to
aptamers; galactosamine; NAcGalactosamine; PEG; cholesterol; lipids; cell-penetrating
peptides, including but not limited to cationic cell-penetrating peptides; nanocarriers, etc.
Targeting agents that may be used to deliver MCJ-inhibitor molecules and compounds of the
invention to mitochondria include, but are not limited to: Gramicidin S based mitochondrial
targeting agents, agents utilizing the carnitine-acylcarnitine translocase system, cytochromes,
malate dehydrogenase. Examples of targeting agents that may be used in some embodiments of
the invention are set forth in Diekert, K., et al., PNAS (1999) vol 96, No. 21, 11752-11757;
Addya, S, et al., J. Cell Biology, (1997) Vol. 139, No. 3, 589-599; Del Gaizo, V., et al., (2003)
Mol. Gen. and Metabol. Vol. 80, 170-180, the content of each of which is incorporated herein by
reference. Additional art known delivery and targeting means and procedures are described in
Ther Deliv. 2015 Apr;6(4):491-507. doi: 10.4155/tde.15.2, which discloses cationic cell-
penetrating peptides as vehicles; /nt J Mol Sci. 2015 Mar 6,16(3):5254-70. doi:
10.3390/1jms 1603525, which describes various delivery methods, such as use of naked siRNA
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for inhalation delivery; Nanomedicine (Lond). 2015 Apr;10(7):1165-88. doi:
10.2217/nnm.14.214, which discloses methods and materials for use of nanoparticles as a
delivery system for siRNA; Methods Mol Biol. 2015;1218:201-16. doi: 10.1007/978-1-4939-
1538-5 12, which discloses methods of targeting to selected cells (such as use of conjugation to
a peptide, an antibody etc); Bioengineered. 2014 May-Jun;5(3):152-4. doi: 10.4161/bioe.28062.
Epub 2014 Feb 3, which describes the use of copolymers (also referred to as plyplexes) for
delivery; Curr Pharm Biotechnol. 2014;15(7):659-72, which describes use of liposomes,
nanoparticles, and lipid nanoparticles for delivery; and Adv Drug Deliv Rev. 2014 Feb;66:110-6.
doi: 10.1016/j.addr.2013.12.008. Epub 2013 Dec 30, which describes use of liposomes and
nanoparticles for delivery means, the contents of each of which is incorporated herein by
reference.

Labeling agents may be used in methods of the invention to determine the location of
MCIJ polypeptides in cells and tissues and also, may be used to assess the cell, tissue, or
organelle location of treatment compounds that have been administered. Procedures for
attaching and utilizing labeling agents such as enzymatic labels, dyes, radiolabels, etc. are well

known in the art.

Effective amounts for Treatment Methods

MCJ-modulating compounds of the invention, (e.g., that comprise an anti-MCJ antibody
or functional fragment thereof, a variant MCJ polypeptide-encoding polynucleotide, a variant
MCIJ polypeptide, a small molecule MCJ inhibitor molecule, etc.) are administered to a subject
in an effective amount for treating the drug-induced disease or condition. An “effective amount
for treating a drug-induced disease or condition” is an amount necessary or sufficient to realize a
desired biologic effect. For example, an effective amount of a compound of the invention could
be that amount necessary to (i) slow or halt progression of the disease or condition; or (ii)
reverse, reduce, or eliminate one or more symptoms of the drug-induced disease or condition. In
some aspects of the invention, an effective amount is that amount of an MCJ-inhibiting
compound that when administered to a subject in need of a treatment of a drug-induced disease
or condition, results in a therapeutic response that prevents and/or treats the drug-induced
disease or condition. According to some aspects of the invention, an effective amount is that
amount of an MCJ-inhibiting compound that when combined or co-administered with another
therapeutic treatment for a drug-induced disease or condition, results in a therapeutic response
that prevents and/or treats the drug-induced disease or condition. In some embodiments of the

invention, a biologic effect of treating a subject with an MCJ-inhibiting compound may be the
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amelioration and or absolute elimination of symptoms resulting from the drug-induced disease
or condition. In some embodiments of the invention, a biologic effect is the complete
abrogation of the drug-induced disease or condition, as evidenced for example, by a diagnostic
test that indicates the subject is free of the drug-induced disease or condition.

Typically an effective amount of an MCJ-inhibitor compound to decrease MCJ
polypeptide activity will be determined in clinical trials, establishing an effective dose for a test
population versus a control population in a blind study. In some embodiments, an effective
amount will be that results in a desired response, e.g., an amount that diminishes a drug-induced
disease or condition in cells, tissues, and/or subjects with the drug-induced disease or condition.
Thus, an effective amount to treat a drug-induced disease or condition that can be treated by
reducing MCJ polypeptide activity, may be the amount that when administered decreases the
amount of MCJ polypeptide activity in the subject to an amount that that is less than the amount
that would be present in the cell, tissue, and/or subject without the administration of the MCJ-
inhibiting molecule. In certain aspects of the invention the level of MCJ activity present in a
cell, tissue, and/or subject that has not been contacted with or administered a MCJ-inhibiting
compound is referred to as a “control” amount. In the case of treating a drug-induced disease or
condition the desired response may be reducing or eliminating one or more symptoms of the
drug-induced disease or condition in the cell, tissue, and/or subject. The reduction or
elimination may be temporary or may be permanent. It will be understood that the status of a
drug-induced disease or condition can be monitored using methods of determining MCJ
polypeptide activity, symptom evaluation, clinical testing, etc. In some aspects of the invention,
a desired response to treatment of the drug-induced disease or condition also can be delaying the
onset or even preventing the onset of the drug-induced disease or condition.

An effective amount of a compound that decreases MCJ polypeptide activity may also be
determined by assessing physiological effects of administration of the compound on a cell or
subject, such as a decrease of a drug-induced disease or condition following administration.
Assays and/or symptomatic monitoring of a subject can be used to determine efficacy of a
pharmaceutical compound of the invention and to determine the presence or absence of a
response to a treatment. An example, though not intended to be limiting: is the use of an art-
known test of liver function to determine the status of a drug-induced disease or condition in a
subject before and after treatment of the subject with an MCJ-inhibiting compound. It will be
understood that the amount of an MCJ-inhibiting compound that is administered to a subject can
be modified based, at least in part, on such determinations of disease and/or condition status.

The amount of a treatment may be varied for example by increasing or decreasing the amount of
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an MCJ-inhibiting compound, by changing the composition of the MCJ-inhibiting compound
administered, by changing the route of administration, by changing the dosage timing and so on.
The effective amount of an MCJ-inhibiting compound will vary with the particular condition
being treated, the age and physical condition of the subject being treated; the severity of the
condition, the duration of the treatment, the nature of the concurrent therapy (if any), the specific
route of administration, and additional factors within the knowledge and expertise of the health
practitioner. For example, an effective amount may depend upon the desired level of MCJ
polypeptide activity that is effective to treat the drug-induced disease or condition. A skilled
artisan can empirically determine an effective amount of a particular MCJ-inhibiting compound
of the invention without necessitating undue experimentation. Combined with the teachings
provided herein, by selecting from among various MCJ-inhibiting compounds and weighing
factors such as potency, relative bioavailability, patient body weight, severity of adverse side-
effects and preferred mode of administration, an effective prophylactic or therapeutic treatment
regimen can be planned that is effective to treat the particular subject.

An MCJ-inhibiting compound that is administered using methods of the invention is also
referred to herein as a “pharmaceutical compound”. A pharmaceutical compound dosage may
be adjusted by an individual health care provider or veterinarian, particularly in the event of any
complication. A therapeutically effective amount typically varies from 0.01 mg/kg to about
1000 mg/kg, from about 0.1 mg/kg to about 200 mg/kg, or from about 0.2 mg/kg to about 20
mg/kg, in one or more dose administrations daily, for one or more days. The absolute amount
will depend upon a variety of factors including a concurrent treatment, the number of doses and
the individual subject parameters including age, physical condition, size and weight. These are
factors well known to those of ordinary skill in the art and can be addressed with no more than
routine experimentation. In some embodiments, a maximum dose can be used, that is, the
highest safe dose according to sound medical judgment.

Methods of the invention may in some embodiments include administering 1, 2, 3, 4, 5,
6,7, 8,9, 10, or more doses of an MCJ-inhibitor compound. In some instances, a
pharmaceutical compound of the invention, (e.g., an anti-MC]J antibody or functional fragment
thereof, a variant MCJ polypeptide-encoding polynucleotide, a variant MCJ polypeptide, a small
molecule MCJ inhibitor, such as an RNA interference molecule, etc.) can be administered to a
subject at least daily, every other day, weekly, every other week, monthly, etc. Doses may be
administered once per day or more than once per day, for example, 2, 3, 4, 5, or more times in
one 24 hour period. As described elsewhere herein, an MCJ-inhibitor compound may be

administered to a subject in advance of administration to the subject of an agent known to
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induce a drug-induced disease or condition, in conjunction with an administration to the subject
of an agent known to induce a drug-induced disease or condition, after administration to the
subject of an agent known to induce a drug-induced disease or condition, or any combination of
these times.

Methods of the invention, in some aspects, include administration of a pharmaceutical
compound alone, in combination with one or more other MCJ-inhibiting compounds, and/or in
combination with other drug therapies or treatment regimens that are administered to subjects
with a drug-induced disease or condition. Pharmaceutical compounds may be administered in
pharmaceutical compositions. Pharmaceutical compositions used in methods of the invention
may be sterile and contain an amount of an MCJ-inhibiting compound that will reduce an MCJ
polypeptide activity to a level sufficient to produce the desired response in a unit of weight or
volume suitable for administration to a subject. A dose administered to a subject of a
pharmaceutical composition that includes an MCJ-inhibiting compound to reduce MCJ
polypeptide activity can be chosen in accordance with different parameters, in particular in
accordance with the mode of administration used and the state of the subject. Other factors
include the desired period of treatment. In the event that a response in a subject is insufficient at
the initial doses applied, higher doses (or effectively higher doses by a different, more localized

delivery route) may be employed to the extent that patient tolerance permits.

Administration methods

A variety of administration routes for a MCJ-inhibiting compound are available for use
in methods of the invention. The particular delivery mode selected will depend at least in part,
upon the particular condition being treated and the dosage required for therapeutic efficacy.
Methods of this invention, generally speaking, may be practiced using any mode of
administration that is medically acceptable, meaning any mode that produces effective levels of
treatment of a drug-induced disease or condition without causing clinically unacceptable adverse
effects. In some embodiments of the invention, an MCJ-inhibiting compound may be
administered via an oral, enteral, mucosal, percutaneous, and/or parenteral route. The term
“parenteral” includes subcutaneous, intravenous, intramuscular, intraperitoneal, and intrasternal
injection, or infusion techniques. Other routes include but are not limited to nasal (e.g., via a
gastro-nasal tube), dermal, vaginal, rectal, and sublingual. Delivery routes of the invention may
include intrathecal, intraventricular, or intracranial. In some embodiments of the invention, a
compound of the invention may be placed within a slow release matrix and administered by

placement of the matrix in the subject. In some aspects of the invention, an MCJ-inhibiting
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compound (such as an anti-MCJ antibody or functional fragment thereof, a variant MCJ
polypeptide-encoding polynucleotide, a variant MCJ polypeptide, or a small molecule MCJ
inhibitor, etc.) may be delivered to a subject cell using nanoparticles coated with an delivery
agent that targets a specific cell or organelle, a non-limiting example of which is a
mitochondrion. Various delivery means, methods, agents are known in the art. Non-limiting
examples of delivery methods and delivery agents are additionally provided elsewhere herein.

In some methods of the invention one or more MCJ-inhibiting compounds may be
administered in formulations, which may be administered in pharmaceutically acceptable
solutions, which may routinely contain pharmaceutically acceptable concentrations of salt,
buffering agents, preservatives, compatible carriers, adjuvants, and optionally other therapeutic
ingredients. In some embodiments of the invention an MCJ-inhibiting compound may be
formulated with a pharmaceutical agent for simultaneous administration. Non-limiting
examples are formulations that include an MCJ-inhibiting compound and an acetaminophen
compound, and formulations that include an MCJ-inhibiting compound and a contrast dye.
According to methods of the invention, an MCJ-inhibiting compound may be administered in a
pharmaceutical composition. In general, a pharmaceutical composition comprises an MCJ-
inhibiting compound and a pharmaceutically-acceptable carrier. Pharmaceutically-acceptable
carriers are well-known to those of ordinary skill in the art. As used herein, a pharmaceutically-
acceptable carrier means a non-toxic material that does not interfere with the effectiveness of the
biological activity of the active ingredients, e.g., the ability of the compound such as an anti-
MC]J antibody or functional fragment thereof, variant MCJ polypeptide-encoding
polynucleotide, variant MCJ polypeptide, or a small molecule MCJ inhibitor molecule, etc. to
treat the drug-induced disease or condition. Numerous methods useful to administer and deliver
antibodies, polypeptides, polynucleotides, small molecules, RNAi molecules, etc. for therapeutic
use are known in the art.

Pharmaceutically acceptable carriers include diluents, fillers, salts, buffers, stabilizers,
solubilizers and other materials that are well-known in the art. Exemplary pharmaceutically
acceptable carriers are described in U.S. Pat. No. 5,211,657 and others are known by those
skilled in the art. Such preparations may routinely contain salt, buffering agents, preservatives,
compatible carriers, and optionally other therapeutic agents. When used in medicine, the salts
should be pharmaceutically acceptable, but non-pharmaceutically acceptable salts may
conveniently be used to prepare pharmaceutically-acceptable salts thereof and are not excluded
from the scope of the invention. Such pharmacologically and pharmaceutically-acceptable salts

include, but are not limited to, those prepared from the following acids: hydrochloric,
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hydrobromic, sulfuric, nitric, phosphoric, maleic, acetic, salicylic, citric, formic, malonic,
succinic, and the like. Also, pharmaceutically-acceptable salts can be prepared as alkaline metal
or alkaline earth salts, such as sodium, potassium or calcium salts.

Some embodiments of methods of the invention include administering one or more MCJ-
inhibiting compounds directly to a tissue. In some embodiments, the tissue to which the
compound is administered is a tissue in which the drug-induced disease or condition is likely to
arise, non-limiting examples of which are the liver, kidney, cardiac tissue. Direct tissue
administration may be achieved by direct injection or other means. Many orally delivered
compounds naturally travel to and through the liver and kidneys some embodiments of treatment
methods of the invention include oral administration of one or more MCJ-inhibiting compounds
to a subject. MCJ-inhibiting compounds, either alone or in conjunction with other agents, may
be administered once, or alternatively they may be administered in a plurality of administrations.
If administered multiple times, the compounds may be administered via different routes. For
example, though not intended to be limiting, a first (or first several) administrations may be
made via oral administration and one or more additional administrations may be oral and/or
systemic administrations.

For embodiments of the invention in which it is desirable to administer an MCJ-
inhibiting compound systemically, the MCJ-inhibiting compound may be formulated for
parenteral administration by injection, e.g., by bolus injection or continuous infusion.
Formulations for injection may be presented in unit dosage form, e.g., in ampoules or in multi-
dose containers, with or without an added preservative. The MCJ-inhibiting compound
formulations (also referred to as pharmaceutical compositions) may take such forms as
suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain formulatory
agents such as suspending, stabilizing and/or dispersing agents.

Preparations for parenteral administration include sterile aqueous or non-aqueous
solutions, suspensions, and emulsions. Examples of non-aqueous solvents are propylene glycol,
polyethylene glycol, vegetable oils such as olive oil, and injectable organic esters such as ethyl
oleate. Aqueous carriers include water, alcoholic/aqueous solutions, emulsions or suspensions,
including saline and buffered media. Parenteral vehicles include sodium chloride solution,
Ringer's dextrose, dextrose and sodium chloride, lactated Ringer's, or fixed oils. Intravenous
vehicles include fluid and nutrient replenishers, electrolyte replenishers (such as those based on
Ringer's dextrose), and the like. Preservatives and other additives may also be present such as,
for example, antimicrobials, anti-oxidants, chelating agents, and inert gases and the like. Lower

doses will result from other forms of administration, such as intravenous administration. In the
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event that a response in a subject is insufficient at the initial doses applied, higher doses (or
effectively higher doses by a different, more localized delivery route) may be employed to the
extent that patient tolerance permits. Multiple doses per day may be used as needed to achieve
appropriate systemic or local levels of one or more MCJ-inhibiting compounds.

In yet other embodiments, methods of the invention include use of a delivery vehicle
such as biocompatible microparticle, nanoparticle, or implant suitable for implantation into the
recipient. Exemplary bioerodible implants that are useful in accordance with this method are
described in PCT Publication No. WO 95/24929 (incorporated by reference herein), which
describes a biocompatible, biodegradable polymeric matrix for containing a biological
macromolecule. Such delivery means are well known in the art and can be used to achieve
sustained release of an MCJ-inhibiting molecule in a subject, and may be selected not to
degrade, but rather, to release by diffusion over an extended period of time.

Both non-biodegradable and biodegradable polymeric matrices can be used in methods
of the invention to deliver one or more MCJ-inhibiting compounds to the subject. In some
embodiments, a matrix may be biodegradable. Matrix polymers may be natural or synthetic
polymers. A polymer can be selected based on the period of time over which release is desired,
generally in the order of a few hours to a year or longer. Typically, release over a period
ranging from between a few hours and three to twelve months can be used. The polymer
optionally is in the form of a hydrogel that can absorb up to about 90% of its weight in water
and further, optionally is cross-linked with multivalent ions or other polymers.

In general, MCJ-inhibiting compounds may be delivered in some embodiments of the
invention using the bioerodible implant by way of diffusion, or by degradation of the polymeric
matrix. Exemplary synthetic polymers for such use are well known in the art. Biodegradable
polymers and non-biodegradable polymers can be used for delivery of MCJ-inhibiting
compounds using art-known methods. Bioadhesive polymers such as bioerodible hydrogels (see
H. S. Sawhney, C. P. Pathak and J. A. Hubell in Macromolecules, 1993, 26, 581-587, the
teachings of which are incorporated herein) may also be used to deliver MCJ-inhibiting
compounds for treatment of a drug-induced disease or condition. Additional suitable delivery
systems can include time-release, delayed release or sustained release delivery systems. Such
systems can avoid repeated administrations of an MCJ-inhibiting compound, increasing
convenience to the subject and the medical care professional. Many types of release delivery
systems are available and known to those of ordinary skill in the art. (See for example: U.S. Pat.

Nos. 5,075,109; 4,452,775 4,675,189; 5,736,152; 3,854,480; 5,133,974; and 5,407,686 (the
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teaching of each of which is incorporated herein by reference). In addition, pump-based
hardware delivery systems can be used, some of which are adapted for implantation.

Use of a long-term sustained release implant may be suitable for prophylactic treatment
of subjects and for subjects at risk of developing a recurrent drug-induced disease or condition,
for example subjects receiving an ongoing treatment with a pharmaceutical agent that has a
known side-effect of inducing a drug-induced disease or condition. Long-term release, as used
herein, means that the implant is constructed and arranged to deliver a therapeutic level of an
M(CJ-inhibiting compound for at least 30 days, 60 days, 90 days or longer. Long-term sustained
release implants are well-known to those of ordinary skill in the art and include some of the
release systems described above.

Therapeutic formulations of MCJ-inhibiting compounds may be prepared for storage by
mixing the molecule or compound having the desired degree of purity with optional
pharmaceutically acceptable carriers, excipients or stabilizers [Remington's Pharmaceutical
Sciences 21% edition, (2006)], in the form of Iyophilized formulations or aqueous solutions.
Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages and
concentrations employed, and include buffers such as phosphate, citrate, and other organic acids;
antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium
chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl
or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular
weight (less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as
glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides,
and other carbohydrates including glucose, mannose, or dextrins; chelating agents such as
EDTA,; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as
sodium; metal complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as

TWEEN®, PLURONICS® or polyethylene glycol (PEG).

Assessing Treatments

Assessment of efficacy of candidate MCJ-inhibiting molecules and compounds to
decrease activity of an MCJ polypeptide in a cell or tissue may also be done using assays of the
invention in cells from culture--e.g., as screening assays to assess candidate MCJ-inhibiting
compounds for their ability to reduce MCJ polypeptide activity. MCJ-inhibiting compounds that

reduce MCJ polypeptide activity in a cell, tissue, or subject may be used in the treatment of a
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drug-induced disease or condition or as a pretreatment for a drug-induced disease or condition
(e.g., to prepare a cell or subject for subsequent treatment with an agent known to induce a drug-
induced disease or condition).

Suitable assays may include means to determine MCJ polypeptide activity, including but
not limited to determining levels of polynucleotides that encode MCJ polypeptides and/or
determining levels of MCJ polypeptides and/or MCJ polypeptide activity in cells, tissues, and
subjects. Levels of MCJ polypeptide-encoding polynucleotides and polypeptides and their
activity can be determined in a number of ways when carrying out the various methods of the
invention. In some embodiments of the invention, a level of MCJ polypeptide-encoding
polynucleotide or polypeptide or their activity is measured in relation to a control level of MCJ-
polypeptide-encoding polynucleotide or polypeptide or their activity, respectively, in a cell,
tissue, or subject. One possible measurement of a level of MCJ polypeptide-encoding
polynucleotide or polypeptide is a measurement of an absolute level of the MCJ-polypeptide-
encoding polynucleotide or polypeptide. This could be expressed, for example, in MCJ-
polypeptide-encoding polynucleotide or polypeptide per unit of cells or tissue. Another
measurement of a level of MCJ polypeptide-encoding polynucleotide or polypeptide is a
measurement of the change in the level and/or activity of MCJ-polypeptide-encoding
polynucleotide or polypeptide over time. This may be expressed in an absolute amount or may
be expressed in terms of a percentage increase or decrease over time. Activity assays for MCJ
polypeptides may also be used to assess efficacy of an MCJ-inhibitor molecule or compound. In
addition, in certain embodiments of the invention, an antibody or antigen-binding fragment
thereof, or other compound that specifically binds MCJ polypeptides may be used to assess a
level of MCJ polypeptides present after treatment with an MCJ inhibitor compound.

In some embodiments of the invention, a decrease in an MCJ polypeptide activity level
in a cell or tissue, may be a decrease of more than 0.2%, more than 0.5%, more than 1.0%,
2.0%, 3.0%, 4.0%, 5.0%, 7.0%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
or 100% including all values in this range. A decrease in MCJ polypeptide activity after contact
with an MCJ-inhibiting compound may indicate efficacy of the MCJ-inhibiting compound to
treat a drug-induced disease or condition in a subject.

As will be appreciated by those of ordinary skill in the art, the evaluation of a treatment
of the invention also may be based upon an evaluation of the symptoms or clinical end-points of
a drug-induced disease or condition and such evaluations can be used in conjunction with
methods of the invention to assess the status of a drug-induced disease or condition and/or the

efficacy of a treatment of a drug-induced disease or condition. Antibodies or antigen-binding
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fragments or other compounds that specifically bind MCJ polypeptides may be used to assess a
level of MCJ polypeptides after treatment with an MCJ inhibitor compound. Antibodies or
antigen-binding fragments or other compounds that specifically bind MCJ polypeptides may be
used to assess a level of MCJ polypeptides after administration of an MCJ inhibitor compound

in a treatment method of the invention.

Kits
Also within the scope of the invention are kits that comprise MCJ-inhibiting compounds

and instructions for their use in methods of the invention. Kits of the invention may include one
or more of an MCJ-inhibiting compound such as an anti-MCJ antibody or functional fragment
thereof, a variant MCJ polypeptide-encoding polynucleotide, a variant MCJ polypeptide, or a
small molecule MCJ inhibitor, etc., which may be used to treat a drug-induced disease or
condition. Kits containing MCJ-inhibiting compounds can be prepared for use in treatment
methods of the invention. Components of kits of the invention may be packaged either in
aqueous medium or in lyophilized form. A kit of the invention may comprise a carrier being
compartmentalized to receive in close confinement therein one or more container means or
series of container means such as test tubes, vials, flasks, bottles, syringes, or the like. A first
container means or series of container means may contain one or more compounds such as an
anti-MCJ antibody or functional fragment thereof, a variant MCJ polypeptide-encoding
polynucleotide, a variant MCJ polypeptide, or a small molecule MCJ inhibitor, etc. A second
container means or series of container means may contain a targeting agent, a labelling agent, a
delivery agent, etc. that may be included as a portion of an MCJ-inhibiting compound
administered in an embodiment of a treatment method of the invention.

A kit of the invention may also include instructions. Instructions typically will be in
written form and will provide guidance for carrying-out a treatment embodied by the kit and for

making a determination based upon that treatment.

Methods to Identify Candidate Compounds

Certain aspects of the invention include methods of identifying and/or screening
candidate compounds that reduce MCJ polypeptide activity in cells, tissues, and/or subjects.
Methods can include contacting a candidate compound with cells or tissues and/or administering
the candidate compound to a subject and determining an amount of MCJ polypeptide activity
before and after contact of the cells, tissues, and/or subject with the candidate compound. A
decrease in the amount of MCJ polypeptide activity in comparison to a suitable control is

indicative of a compound capable of decreasing the level of MCJ.
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An assay mixture useful to assess a treatment candidate for a drug-induced disease or
disorder comprises a candidate compound. The candidate compound may be an antibody, a
small organic compound, small molecule, polypeptide, DNA molecule, RNA molecule, etc., and
accordingly can be selected from combinatorial antibody libraries, combinatorial protein
libraries, small organic molecule libraries, or any other suitable source. A candidate DNA or
RNA molecule may be designed based on art-recognized parameters for molecules useful to
reduce gene expression. Typically, to test candidate compounds, a plurality of reaction mixtures
is run in parallel with different compound concentrations to obtain a different response to the
various concentrations. Typically, one of these concentrations serves as a negative control, i.e.,
at zero concentration of compound or at a concentration of compound below the limits of assay
detection.

A variety of other reagents also can be included in an assay mixture to test a candidate
compound. These may include reagents such as salts, buffers, neutral proteins (e.g., albumin),
detergents, etc., which may be used to facilitate optimal protein-protein and/or protein-
compound binding. Such a reagent may also reduce non-specific or background interactions of
the reaction components. Other reagents that improve the efficiency of the assay such as
protease inhibitors, nuclease inhibitors, antimicrobial agents, and the like may also be used. The
order of addition of components, incubation temperature, time of incubation, and other
parameters of the assay may be readily determined. Such experimentation merely involves
optimization of the assay parameters, not the fundamental composition of the assay. Incubation
temperatures typically are between 4°C and 40°C. Incubation times may be minimized to
facilitate rapid, high throughput screening, and typically are between 0.1 and 10 hours. After
incubation, variables such as the presence, amount of an MCJ polypeptide, and/or the activity of
an MCJ polypeptide can be detected by any convenient method available to the user. For
example, the amount and/or activity of a MCJ polypeptide after contact with a candidate

compound can be determined using standard methods and as described herein.

The following examples are provided to illustrate specific instances of the practice of the
present invention and are not intended to limit the scope of the invention. As will be apparent to
one of ordinary skill in the art, the present invention will find application in a variety of

compositions and methods.

Examples
Example 1
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Experiments and studies were performed to assess the effects of reducing activity of
MCJ (DnaJC15) on drug-induced damage and injury in cells, organs, and organ systems. The
results indicated that in the absence of MCJ there is increased mitochondrial function in the
liver. Studies were performed in a mouse model of liver cirrhosis (Bile Duct Ligation, BDL) in
MC]J knockout mice and the results demonstrated that MCJ deficiency protected the mice from
the development of fibrosis. Experiments that included a mouse model for drug-induced liver
injury (DILI) with administration of high doses of acetaminophen, demonstrated that MCJ
knockout mice were more resistant to DILI than mice that had normal MCJ polypeptide
expression/activity. In addition, experiments were performed that demonstrated that treatment
with siRNA for MCJ protected wild-type cells from drug-induced (toxic) injury. Results showed
that siRNA for MCJ protected wild-type hepatocytes from the development of toxic injury

caused by administration of acetaminophen.

Material and Methods

Human Samples

Forty-seven patients with liver cirrhosis and hepatocellular carcinoma (HCC) with preserved
liver function and corresponded to either Barcelona Clinic Liver Center (BCLC) stage A (n=34)
and B (n=13) were provided by Dra. Erica Villa (University of Modena and Reggio Emilia,
Modena, Italy). Healthy human liver samples were used as controls (n=13). Further
information is provided in the original study (Villa, E. et al., 2015, Neoangiogenesis-related
genes are hallmarks of fast-growing hepatocellular carcinomas and worst survival. Results from
a prospective study._Gut. 2015 Feb 9. doi: 10.1136/gutjnl-2014-308483 - Epub). Informed
consent was obtained from all the patients included in the study, accordingly with the ethical

principles embodied in the Declaration of Helsinki.

Animals.

Three-month-old male (C57BL6), MCJ wild type (WT) and MCJ-knockout (KO) mice were
used in the study. Animal procedures were approved following the CIC bioGUNE Animal
Facility’s guidelines with AAALAC certificate.

Immunohistochemistry
Paraffin embedded liver samples were sectioned, dewaxed and hydrated. All procedures were
done according to standard protocols with EnVision+ System HRP (Dako, Denmark). Finally,

samples were incubated with Vector Vip substrate (Vector, USA) for color development.
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Images were taken with a 10X or 20X objective from a microscope AXIO Imager A1 (Carl
Zeiss AG, Germany). Quantification of staining intensity, average sum of intensities and stained
area percentage of each sample were calculated using FRIDA software (FRamework for Image

Dataset Analysis) http://bui3.win.ad.jhu.edu/frida/.

RNA Isolation and Real-time Polymerase Chain Reaction (RT-PCR).

Total RNA was isolated using Trizol (Invitrogen, USA). One to two pg of total RNA was
treated with DNAse (Invitrogen) and reverse transcribed into cDNA using M-MLV Reverse
Transcriptase (Invitrogen). Then, qPCR was performed using iQ™ SYBR® Green Supermix
(BioRad, USA) using the CFX Connect™ RT-PCR Detection System (BioRad). Expression

levels were normalized to the average level of GAPDH mRNA in each sample.

Animal cirrhosis experimental models and in vivo drug treatment

MCJ wild type (WT) and MCJ-knockout (KO) mice bred in the animal facility at the CIC
bioGUNE were used. Animal procedures were approved by the CIC bioGUNE Animal Care
and Use Committee. Bile duct ligation was performed as previously described (Fernandez-

Alvarez S, et al., (2015) Lab Invest. 95, 223-36.). At least 5 animals per group were used.

Characterization of liver damage
Alanine aminotrasnferase (ALT) aspartate aminotransferase (AST) and bilirubin were
determined in serum samples using the Selectra Junior SpinLab 100 analyzer (Vital Scientific)

and the SpinReact reagents according to manufacturer’s protocols.

Isolation and Culture of Primary Hepatocytes.

Primary hepatocytes were isolated from male WT MCJ-KO mice via collagenase perfusion as
described (see: Barbier-Torres L, et al., (2015) Oncotarget. 6, 2509-23). Adhered cells were
maintained in MEM with 10% fetal bovine serum (FBS).

Measurements of oxygen consumption rate and extracellular acidification rate

Primary MCJ-WT mouse hepatocytes were seeded respectively in a collagen I coated XF24 cell
culture microplate (Seahorse Bioscience), at 2.0 x 10" cells per well. Measurements of oxygen
consumption rate (OCR) and extracellular acidification rate (ECAR) were performed after
equilibration in assay medium for 1h. After an OCR and ECAR baseline measurement,

oligomycin (1uM), carbonyl cyanide 4-(trifluoromethoxy) phenylhydrazone (FCCP) (3uM) and

40



10

15

20

25

30

WO 2017/011356 PCT/US2016/041663

rotenone (RO) (1uM) solutions were sequentially added to each well to reach working
concentrations, and changes in the OCR and ECAR were analyzed. The normalize data were
expressed as pmol of O, per minute or milli-pH units (mpH) per minute, per pg protein for

primary hepatocytes.

Invitro silencing

Primary MCJ-WT mouse hepatocytes were transfected with 2 mg of shMCJ or unrelated
ShControl using Jetprime reagent (Polyplus) for 24 hours. Certain of the experiments included
use of an shMCJ that included an siRNA having SEQ ID NO: 22 that was included in and
delivered as part of a plasmid per standard shRNA procedures. Primary hepatocytes were
treated with Deoxycholic acid (DCA) 100mM for two hours. Triplicates were used in each

experiment.

Apoptosis Measurement
Caspase 3 activity assay was performed as previously described [Barbier-Torres L, et al., (2015)

Oncotarget. 6, 2509-23].

Statistical Analysis
All experiments were performed in triplicate. Data are expressed as mean £ SEM. Statistical

significance was estimated with Student’s t test. A p value < 0.05 was considered significant.

Results

Results indicated that there was an increase in MCJ levels in liver in subjects with
cirrhosis. Fig. 1A-B shows photomicrographic images and a graph demonstrating that livers of
cirrhosis patients had increased MCJ levels. Immunohistochemistry results in Fig. 1A, left panel
show MCJ expression in liver from healthy control subjects (NL) (n=5) and in Fig. 1A, MCJ
expression in liver from patients (n=16) with cirrhosis (hepatitis C). Fig. 1B is a graph showing
levels of MCJ expression determined for the healthy and the cirrhosis patients. The results show
a statistically significant increase in the levels of MCJ in cirrhotic livers.

Results of experiments performed to assess effect of the presence of MCJ on severity of
liver injury in a mouse model of drug-induced liver injury (DILI) demonstrated that a decreased
level of MCJ resulted in a reduced amount of drug-induced liver injury versus the amount of
drug-induced liver injury in a wild-type mouse with a normal MCJ level. Fig. 2A-B provides

photomicrographic images and graphs showing use of acetaminophen administration as a mouse
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model for drug-induced liver injury (DILI). Results are shown for wild-type (WT) and MCJ
knock-out (KO) mice that were administered acetaminophen i.p. Fig. 2A shows results after 48
hours and shows the presence of macrophages in liver sections that were examined by
immunohistochemistry for F4/80 macrophage marker. Fig. 2A (left panel) is representative of
WT, Fig. 2A (right panel) is representative for MCJ KO. Fig. 2B, right graph shows the levels
of ALT and AST transaminase in serum. Fig. 2B (left panel) is representative of one mouse for
each genotype. Fig. 2B (right panel) shows the value for n=4 mice for each genotype. Results
indicated that the KO mice were more resistant to the damage induced by acetaminophen in the
liver. Fig. 2B left panel shows lower F4/80 macrophage marker in the KO mice. The MCJ KO
mice developed less inflammation and had lower levels of transaminases than the WT mice.

Results of experiments performed to assess effect of the presence of MCJ on severity of
cirrhosis-type liver damage in a mouse model of cirrhosis-type liver damage demonstrated that a
decreased level of MCJ resulted in a reduced amount of cirrhosis-type liver damage versus the
amount of cirrhosis-type liver damage in a wild-type mouse with a normal MCJ level. Fig 3A-
C shows results from WT and MCJ KO mice that underwent bile duct ligation surgery, utilizing
duct ligation (BDL) mouse model for cirrhosis. Fig. 3A shows photomicrographic images of the
liver after 14 days. Tissue damage was indicated by the presence of macrophages (F4/80) by
IHC as a marker of the inflammation. Fig. 3A, left panel is image from one WT one mouse and
Fig. 3A, right panel is image from one MCJ KO mouse. Fig. 3B is a graph showing the F4/80
positive staining value for n=4 mice for each genotype. Fig. 3C provides a survival curve for
WT and MCJ KO mice upon bile duct ligation surgery. MCJ KO mice are more resistant to
develop cirrhosis-type of liver damage

Results of experiments performed to measure oxygen consumption rate (OCR) values in
liver cells to assess whether administration of MCJ shRNA would protect liver cells from
cirrhosis-type damage. The administration of MCJ shRNA reduced the amount of cirrhosis-type
damage compared to the level of cirrhosis-type damage in wild-type mice not administered MCJ
shRNA. Fig. 4A-B provides graphs showing that MCJ shRNA (shMCJ) protected primary
hepatocytes from DCA-induced death. Fig. 4A shows oxygen consumption rate (OCR) values
in primary hepatocytes from WT mice transfected with control (WT) or shMCJ (shMCJ)
expressing plasmids. The results showed that shMCJ treatment reduced the OCR compared to
WT. Fig. 4B shows Caspase-3 activity (marker for cell death) after DCA 100 uM treatment in
primary hepatocytes from WT mice transfected with control (WT) or shMCJ (shMCJ)
expressing plasmids. The results indicated that treatment with shMCJ reduced Caspase-3

activity compared to WT.
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Example 2

Mitochondria are the main energy source in hepatocytes and play a major role in
extensive oxidative metabolism and normal function of the liver. They control signaling
pathways that mediate hepatocyte injury, since impaired mitochondrial functions affect cell
survival and contribute to liver disease. Notably, altered mitochondrial functions have been
documented in a variety of chronic liver diseases including drug-induced liver injury (DILI).
The goal of the studies was to determine whether MCJ, a endogenous negative regulator of
mitochondrial respiration, has an effect on DILI and the development of drugs that can inhibit

MC]J function to protect or cure liver injury.

Materials and Methods

See Materials and Methods in Example 1 for additional methods and details.

Liver histology and Immunohistochemistry for MC.J.

Paraffin-embedded liver samples were sectioned, dewaxed, and hydrated.
Immunohistochemistry (IHC) was performed using an anti-MCJ antibody and nuclei were
counter-stained with hematoxylin. Quantification of staining area of each sample was analyzed
using the Frida software and represented as the % of the stained area relative to the total area
(power field). Ten fields per sample were pictured and analyzed. For liver histology, liver
sections from paraffin-embedded tissue were stained with hematoxylin and eoxin (H&E

staining). Frida software was used for quantification.

Analyses in primary mouse hepatocytes.

Primary hepatocytes were isolated from WT and MCJ KO mice via collagenase perfusion. Cells
were cultured in MEM media and treated with acetaminophen 10mM for different time points.
ATP levels were measured using the kit ATPLite (Perkin Elmer). Mitochondrial ROS was
measured with MitoSOX reagent (Thermo Fisher Scientific) used for fluorescence microscopy

analysis. Cell death was quantified with the TUNEL assay (Roche).

Western blotting analysis.
Analysis for MCJ expression in liver by Western blot analysis was performed as previously
described (REF) using a specific anti-MCJ antibody. Expression of GAPDH was used as a

control. Band intensities were quantified using the ImagelJ software and normalized to the
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control (GAPDH).

Intravenous (i.v.) administration of siRNA.

siMCJ oligos (double strand RNA oligos, see for example, SEQ ID NO: 22) containing the
designed sequence were synthesized for in vivo studies (Ambion invivo siRNA). As a delivery
system Invivofectamine 3.0 (Life Technology) was used because it is claimed to obtain high
efficiency of in vivo delivery of siRNA into hepatocytes. Following the recommendation of the
manufacturer, 1.7 mg/Kg was used in combination with invivofectamine 3.0. Preparation of
siRNA with the Invivofectamine was performed as recommended by the manufacturer. Mice

were administered with a single i.v. dose of siMCJ/invivofectamine in 150 pl.

Results
Increased MCJ expression in liver caused by drug-induced liver injury (DILI) in human and
mice.

Because mitochondrial function is severely impaired in liver of patients with Drug-
Induced Liver Injury (DILE), MCT expression was examined in liver biopsy obtained from these
patients as well as healthy control subjects. Expression was examined by
immunohistochemistry foliowed by further quantification {see Methods). The results revealed
that MCI expression was statistically bigher in liver from DILI patients (Fig. SA).

The expression of MCJ in the mouse liver was also examined using a mouse model of
DI where a single high dose of acetaminophen (APAP) 15 provided to the mice, leading to
severe Hiver damage (high transaminases, tissue damage) within 36-48 h. Acetaminphen-
induced liver injury is the second most common cause of acute liver failure, often requiring hiver
transplant as only treatment. Analysis of MCT expression as determined by Western blot
analysis showed significantly higher levels of MCJ in liver from APAP-treated mice compared
with control mice (Fig. SB).

Together these data showed that drug-induced liver damage causes an increase in MCJ
levels in the liver both tn human patients and in mice. These data also suggested that disrupting

MCJ expression and/or function could be used as a therapeutic approach.

Lack of MICJ protects hepaiocyies from acefaminophen-induced mitochondria dysfunction and
death.
Considering the negative role of MCJ in mitochondria function and the elevated

expression of MCJ in livers with DILY studies were performed to investigate whether the lack of
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MCI could protect mitochondria function in hepatocytes upon treatment with acetaminophen
{APAP). Hepatocytes were isclated from livers of WT mice or MCJ KO mice and treated with
APAP. As fast as 9 h after treatment the levels of ATP in WT hepatocytes were markedly fow
in WT hepatocytes, but remained higher in MCJ KO hepatocytes (Fig. 6A). It has been
previously shown that APAP leads to generation of mitochondrial ROS and this is a cause that
mediates hepatocyte cell death. Unexpectedly, lack of MCJ in MCJI KO hepatocytes prevented
the generation of ROS (Fig. 6B} Thus, lack of MCJ 15 sufficient to maintain normal
mitochondrial function in hepatocytes in response to APAP, and prevents the generation of
ROS. Correlating with these effects, MCJ KO hepathocytes were found to be more resistant to
cell death caused by APAP (Fig 6C).

These data support a conclusion that disrupting MCJY expression and/or function can

protect liver from drug-induced damage.

MCT siRNA (5iMCJ) can be used 1o disrupt MCJT expression in fiver in vivo
(pharmacodynamics).

Based on positive results from recent trial using siRNA to target liver molecules (REF),
siRNA for MCJ (siMCJ) was used in a strategy to reduce the levels of MCJ in the liver. To
determine the efficacy and pharmacodynamics of siMC]J pilot studies were performed in which
wild-type mice maintain in normal conditions were administered a single i.v. dose of siMCJ in
combination with invivofectamine (as a delivery system), and mice were then harvested at
different periods of time. The levels of MCJ in the livers of those mice were examined by
Western blot analysis. As soon as 24 h after the administration of siMC]J, the levels of
endogenous MCJ in the liver were almost undetectable (Fig. 7). The levels of MCJ remained
very low for at least 7 days, and even after 9 days of administration there was not a full
restoration of MCJ levels (Fig. 7). Thus, siMCJ was highly efficient in suppressing MCJ protein

expression for an extended period of time.

Administration of siMCJ prevents the acetaminophen-induced liver damage.

Studies were performed to investigate the effect of siMCJ in DILI treatment using the
acetaminophen (APAP) mouse model. The results described above herein show that MCJ
expression can be targeted by administration of siMCJ. Therefore additional studies were
performed that tested whether one single siMCJ administration could protect livers from
damaged caused by administration of acetaminophen. Wild-type mice received a dose of siMCJ

together with invivofectamine. Control mice did not receive siMCJ. After 20 h, all mice were
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then administered with a i.p. dose of acetaminophen as described above. Mice were harvested
24 h after acetaminophen administration. Levels of MCJ in the liver were examined by Western
blot analysis. The levels of MCJ in APAP-mice treated with siMCJ were markedly reduced
relative to APAP-mice that did not get siMCJ (Fig. 8A). At the time of harvesting, it was
already obvious based on the color of the liver (lighter color in livers after acetaminophen
administration) that mice treated with siMCJ could be protected from acetaminophen-induced
damage. These observations were confirmed by histological analysis of liver tissue sections,
where livers from APAP-mice show areas of clear tissue damage, but these areas were almost
not detected in livers from APAP-mice treated with siMCJ (Fig. 8B). Quantification of the
damage area in the livers provided evidence of the protective effect of siMCJ from
acetaminophen-induced liver injury (Fig. 8C). Thus, blocking MCJ expression with siMCJ in

vivo protects from the damaging effects of acetaminophen in the liver.

Treatment with siMCJ after acetaminophen prevented the acetaminophen-induced liver damage.
Currently, the only treatment for patients who are admitted into the intensive care unit
with acute hepatic failure due to overdose of acetaminophen (the second leading cause of acute
liver injury) is N-acetylcysteine (NAC). NAC has a hepatoprotective effect but only when
administered within 8 h after the uptake of acetaminophen. After 8 h, the effect of NAC is
minimal to known and the only option is liver transplant. To determine whether siMCJ could be
used as a treatment in cases where patients after longer periods of time post-acetaminophen
overdose, experiments were performed in which mice were first administered the high dose of
acetaminophen. Then, 24 h later an i.v. injection with siMCJ and invivofectamine was given to
a cohort of mice (siMCJ mice). 24 h later (48 h after administration of acetaminophen) mice
were harvested and levels of MCJ in the livers were determined by Western blot analysis, and
the levels of transaminases in blood was measured as a diagnosis for liver failure. The levels of
MC]J in the liver in mice treated with siMCJ were almost undetectable (Fig. 9A), showing the
efficacy to eliminate the presence of this protein the liver. More importantly, the levels of ALT
(one of transaminases measured in patients) were drastically lower in mice that were treated

with siMCJ (Fig. 9B).

Example 3
A human siMCJ has been tested in a human MCF7 cell line in vitro. Transfection of the human

cell line cells with a small amount of h-siMCJ (SEQ ID NO: 21) was sufficient to knockdown
MCIJ protein expression (Fig. 10), while not affecting the levels of CoxIV, another
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mitochondrial protein. Transfection methods included transecting human MCF7 cells transfected
with h-siMCJ (5 nM) and after 30 h cells were harvested and MCJ expression was examined by
Western blot analysis using an anti-human MCJ antibody. CoxIV (mitochondrial protein) and
GAPDH were also examined as controls. The results demonstrated the use of siRNA to reduce

MCJ protein expression.

Equivalents

Although several embodiments of the present invention have been described and
illustrated herein, those of ordinary skill in the art will readily envision a variety of other means
and/or structures for performing the functions and/or obtaining the results and/or one or more of
the advantages described herein, and each of such variations and/or modifications is deemed to
be within the scope of the present invention. More generally, those skilled in the art will readily
appreciate that all parameters, dimensions, materials, and configurations described herein are
meant to be exemplary and that the actual parameters, dimensions, materials, and/or
configurations will depend upon the specific application or applications for which the teachings
of the present invention is/are used. Those skilled in the art will recognize, or be able to
ascertain using no more than routine experimentation, many equivalents to the specific
embodiments of the invention described herein. It is, therefore, to be understood that the
foregoing embodiments are presented by way of example only and that, within the scope of the
appended claims and equivalents thereto; the invention may be practiced otherwise than as
specifically described and claimed. The present invention is directed to each individual feature,
system, article, material, and/or method described herein. In addition, any combination of two
or more such features, systems, articles, materials, and/or methods, if such features, systems,
articles, materials, and/or methods are not mutually inconsistent, is included within the scope of
the present invention.

All definitions, as defined and used herein, should be understood to control over
dictionary definitions, definitions in documents incorporated by reference, and/or ordinary
meanings of the defined terms.

The indefinite articles “a” and “an,” as used herein in the specification and in the claims,
unless clearly indicated to the contrary, should be understood to mean “at least one.”

The phrase “and/or,” as used herein in the specification and in the claims, should be
understood to mean “either or both” of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively present in other cases. Other elements

may optionally be present other than the elements specifically identified by the “and/or” clause,
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whether related or unrelated to those elements specifically identified, unless clearly indicated to
the contrary.
All references, patents and patent applications and publications that are cited or referred

to in this application are incorporated herein in their entirety herein by reference.

What is claimed is:
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Claims
1. A method for treating a drug-induced disease or condition in a subject, the method
comprising administering to a subject in need of such treatment an MCJ-modulating compound

in an amount effective to treat the drug-induced disease or condition in the subject.

2. The method of claim 1, wherein the MCJ-modulating compound is an MCJ-inhibiting
compound that reduces MCJ polypeptide activity in the subject.

3. The method of claim 2, wherein decreasing the MCJ polypeptide activity comprises

decreasing one or more of an MCJ polypeptide level or activity.

4. The method of any one of claims 1-3, wherein the drug-induced disease or condition is
one or more of a drug-induced liver disease or condition and kidney disease or condition, heart

disease or condition, and cardiovascular disease or condition.

5. The method of any one of claims 1-4, wherein the disease or condition is an acute

disease or condition.

6. The method of any one of claims 1-4, wherein the disease or condition is a chronic

disease or condition.
7. The method of any one of claims 1-6, wherein the MCJ-modulating compound
comprises one or more of a MCJ molecule, an anti-MCJ polypeptide antibody or functional

fragment thereof, and a small molecule MCJ inhibitor.

8. The method of claim 7, wherein the MCJ-modulating compound further comprises a

targeting agent, optionally a mitochondrial targeting agent.

9. The method of claim 7 or 8, wherein the MCJ molecule is a variant MCJ polypeptide or
a polynucleotide that encodes a variant MCJ polypeptide.

10. The method of claim 7 or 8, wherein the small molecule MCJ inhibitor is a small

interference RNA molecule (siRNA), small hairpin RNA (shRNA) molecule, an antisense DNA
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oligo, a small guide RNA (sgRNA) molecule, a transcription activator-like effector nuclease

(talens) molecule.

11. The method of claim 10, wherein the siRNA molecule comprises a nucleic acid sequence

set forth herein as SEQ ID NO :21.

12. The method of claim 10, wherein the siRNA molecule comprises a nucleic acid sequence

set forth herein as SEQ ID NO:7.

13. The method of any one of claims 1-12, wherein the MCJ-modulating compound is
administered in a pharmaceutical composition, and wherein the pharmaceutical composition
further comprises a pharmaceutically acceptable carrier and optionally comprises one or more of

a carrier agent, a delivery agent, a labeling agent, and a targeting agent.

14. The method of claim 13, wherein the carrier agent comprises one or more of a
nanocarrier, a cell-penetrating peptide, a polymer, a dendrimer, an siRNA bioconjugate, and a

lipid-based siRNA carrier.

15. The method of claim 13, wherein the pharmaceutical composition additionally comprises

a drug known to or suspected of inducing the drug-induced disease or condition.

16.  The method of any one of claims 1-15, wherein the drug-induced disease or condition
comprises one or more of a drug-induced: cirrhosis, liver fibrosis, veno-occlusive liver disease,
idiosyncratic toxicity, Budd-Chiari syndrome, liver damage; kidney damage, drug allergy, Acute

Kidney Injury (AKI), fulminant hepatitis, cholestasis, cardiotoxicity, and alcohol intake.

17. The method of claim 16, wherein the inducing drug of the drug-induced disease or

condition comprises one or more of ethanol, a pharmaceutical agent, or a biological agent.
18. The method of claim 17, wherein the inducing drug enters the subject by an ingestion

means, which optionally comprises one or more of: inhalation, injection, absorption,

implantation, infusion, drinking, and eating.
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19. The method of claim 17, wherein the pharmaceutical agent comprises a statin, an
antidepressant, an antibiotic, a benzodiazepine, nicotinic acid, tacrine, aspirin, quinidine,
NSAIDs, aspirin, indomethacin, ibuprofen, naproxen, piroxicam, nabumetone, acetaminophen,
phenytoin, isoniazid, diclofenac, Augmentin, a combination of amoxicillin/clavulanic acid,
minocycline, nitrofurantoin, fenofibrate, methamphetamine, amphetamine, erythromycin,
chlorpromazine, Cotrimoxazole, a combination of sulfamethoxazole and trimethoprim,
amitriptyline, temazepam, diazepam, carbamazepine, ampicillin, rifampin, estradiol, captopril,
birth control pills, oral contraceptives, an anabolic steroid, disulfiram, vitamin A, haloperidol,
imipramine, tetracycline, phenytoin, methotrexate, amiodarone, methyldopa, a chemotherapeutic
agent, a contrast dye, a thiazine, phenothiazine, chloramphenicol, digoxin, digitoxin, oxazepam,
phenobarbital, quinidine, vancomycin, theophylline, verapamil, an interferon, interferon beta la,

and warfarin.

20. The method of claim 17, wherein the biological agent comprises an herbal agent.

21.  The method of claim 20, wherein the herbal agent comprises one or more of: Ma Huang,

Kava Kava, chaparral, valerian, horse chestnut extract, Kava extract, and Kava leaves.

22.  The method of any one of claims 1-21, wherein the drug-induced disease or condition is
not a metabolic disease or condition of overweight, weight gain, obesity, non-alcoholic fatty
liver disease, diabetes, insulin-resistance, alcoholic fatty liver disease, dyslipidemia, steatosis,
liver steatosis, heart steatosis, kidney steatosis, muscle steatosis, abeta-lipoproteinemia,
glycogen storage disease, Weber-Christian disease, lipodystrophy; a liver disease, liver
inflammation, hepatitis, steatohepatitis, Hepatitis C, Genotype 3 Hepatitis C, Alpha 1-antitrypsin
deficiency, acute fatty liver of pregnancy, Wilson disease; a kidney disease; a heart disease,
hypertension, ischemia, heart failure, cardiomyopathy; poisoning; HIV; a neurodegenerative

disease, Parkinson’s disease, Alzheimer’s disease; or cancer.

23.  The method of any one of claims 1-21, wherein the subject does not have one or more of
a metabolic disease or condition of overweight, weight gain, obesity, non-alcoholic fatty liver
disease, diabetes, insulin-resistance, alcoholic fatty liver disease, dyslipidemia, steatosis, liver
steatosis, heart steatosis, kidney steatosis, muscle steatosis, abeta-lipoproteinemia, glycogen
storage disease, Weber-Christian disease, lipodystrophy; a liver disease, liver inflammation,

hepatitis, steatohepatitis, Hepatitis C, Genotype 3 Hepatitis C, Alpha 1-antitrypsin deficiency,
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acute fatty liver of pregnancy, Wilson disease; a kidney disease; a heart disease, hypertension,
ischemia, heart failure, cardiomyopathy; poisoning; HIV; a neurodegenerative disease,

Parkinson’s disease, Alzheimer’s disease; and cancer.

24, The method of claim 1, wherein the MCJ-modulating compound is administered to the
subject at one or more of before, concurrently with, and after ingestion by the subject of a drug

suitable to induce the drug-induced disease or condition.
25. A method of reducing a drug-induced disease or condition in a cell, the method
comprising contacting the cell with an MCJ-inhibiting compound in an amount effective to

decrease an MCJ polypeptide activity in the cell.

26. The method of claim 25, wherein decreasing the MCJ polypeptide activity comprises

decreasing one or more of a level or function of an MCJ polypeptide in the cell.

27. The method of claim 25 or 26, wherein the cell is in vitro, ex vivo, or in vivo.

28.  The method of claim 27, wherein the in vivo cell is in a subject and the contacting

comprises administering the MCJ-inhibiting compound to the subject.
29. The method of any one of claims 25-28, wherein the MCJ-inhibiting compound
comprises a MCJ molecule, an anti-MCJ polypeptide antibody or functional fragment thereof, or

a small molecule MCJ inhibitor.

30. The method of claim 29, wherein the MCJ-inhibiting compound further comprises a

targeting agent, optionally a mitochondrial targeting agent.

31 The method of claim 29 or 30, wherein the MCJ molecule is a variant MCJ polypeptide
or a polynucleotide that encodes a variant MCJ polypeptide.

32. The method of claim 29 or 30, wherein the small molecule MCJ inhibitor is an siRNA

molecule.
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33. The method of claim 32, wherein the siRNA molecule comprises a nucleic acid sequence

set forth herein as SEQ ID NO: 21.

34. The method of claim 32, wherein the siRNA molecule comprises a nucleic acid sequence

set forth herein as SEQ ID NO:7.

35.  The method of any one of claims 25-34, wherein the cell is contacted with the MCJ-
inhibiting compound in a pharmaceutical composition, and wherein the pharmaceutical
composition further comprises a pharmaceutically acceptable carrier and optionally comprises

one or more of a carrier agent, a delivery agent, a labeling agent, and a targeting agent.

36.  The method of any one of claims 25-35, wherein the drug-induced disease or condition is
one or more of a drug-induced liver disease or condition and kidney disease or condition, a drug-

induced cardiac disease or condition.

37.  The method of any one of claims 25-36, wherein the drug-induced disease or condition is

one or more of an acute disease or condition and a chronic disease or condition.

38. The method of claim 37, wherein the carrier agent comprises one or more of a
nanocarrier, a cell-penetrating peptide, a polymer, a dendrimer, an siRNA bioconjugate, and a

lipid-based siRNA carrier.

39. The method of claim 37, wherein the pharmaceutical composition additionally comprises

a drug known to or suspected of inducing the drug-induced disease or condition.

40.  The method of any one of claims 25-39, wherein the drug-induced disease or condition
comprises one or more of a drug-induced: cirrhosis, liver fibrosis, veno-occlusive liver disease,
idiosyncratic toxicity, Budd-Chiari syndrome, liver damage; kidney damage, drug allergy, Acute

Kidney Injury (AKI), fulminant hepatitis, cholestasis, cardiotoxicity, and alcohol intake.

41. The method of claim 25-39, wherein the inducing drug of the drug-induced disease or

condition comprises one or more of ethanol, a pharmaceutical agent, and a biological agent.
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42.  The method of claim 40, wherein the inducing drug contacts the cell, thereby inducing in

the cell the drug-induced disease or condition.

43, The method of claim 40, wherein the pharmaceutical agent comprises a statin, an
antidepressant, an antibiotic, a benzodiazepine, nicotinic acid, tacrine, aspirin, quinidine,
NSAIDs, aspirin, indomethacin, ibuprofen, naproxen, piroxicam, nabumetone, acetaminophen,
phenytoin, isoniazid, diclofenac, Augmentin, a combination of amoxicillin/clavulanic acid,
minocycline, nitrofurantoin, fenofibrate, methamphetamine, amphetamine, erythromycin,
chlorpromazine, Cotrimoxazole, a combination of sulfamethoxazole and trimethoprim,
amitriptyline, temazepam, diazepam, carbamazepine, ampicillin, rifampin, estradiol, captopril,
birth control pills, oral contraceptives, an anabolic steroid, disulfiram, vitamin A, haloperidol,
imipramine, tetracycline, phenytoin, methotrexate, amiodarone, methyldopa, a chemotherapeutic
agent, a contrast dye, a thiazine, phenothiazine, chloramphenicol, digoxin, digitoxin, oxazepam,
phenobarbital, quinidine, vancomycin, theophylline, verapamil, an interferon, interferon beta la,

and warfarin.

44, The method of claim 40, wherein the biological agent comprises an herbal extract.

45. The method of claim 40, wherein the herbal extract comprises one or more of: Ma
Huang, Kava Kava, Comfrey, germander, chaparral, valerian, horse chestnut extract, Kava

extract, and Kava leaves.

46.  The method of any one of claims 25-45, wherein the drug-induced disease or condition is
not a metabolic disease or condition of overweight, weight gain, obesity, non-alcoholic fatty
liver disease, diabetes, insulin-resistance, alcoholic fatty liver disease, dyslipidemia, steatosis,
liver steatosis, heart steatosis, kidney steatosis, muscle steatosis, abeta-lipoproteinemia,
glycogen storage disease, Weber-Christian disease, lipodystrophy; a liver disease, liver
inflammation, hepatitis, steatohepatitis, Hepatitis C, Genotype 3 Hepatitis C, Alpha 1-antitrypsin
deficiency, acute fatty liver of pregnancy, Wilson disease; a kidney disease; a heart disease,
hypertension, ischemia, heart failure, cardiomyopathy; poisoning; HIV; a neurodegenerative

disease, Parkinson’s disease, Alzheimer’s disease; or cancer.

47.  The method of any one of claims 25-46, wherein the cell does not have one or more of a

metabolic diseases or conditions of overweight, weight gain, obesity, non-alcoholic fatty liver
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disease, diabetes, insulin-resistance, alcoholic fatty liver disease, dyslipidemia, steatosis, liver
steatosis, heart steatosis, kidney steatosis, muscle steatosis, abeta-lipoproteinemia, glycogen
storage disease, Weber-Christian disease, lipodystrophy; a liver disease, liver inflammation,
hepatitis, steatohepatitis, Hepatitis C, Genotype 3 Hepatitis C, Alpha 1-antitrypsin deficiency,
acute fatty liver of pregnancy, Wilson disease; a kidney disease; a heart disease, hypertension,
ischemia, heart failure, cardiomyopathy; poisoning; HIV; a neurodegenerative disease,

Parkinson’s disease, Alzheimer’s disease; and cancer.

48.  The method of claim 25, wherein the cell is contacted with the MCJ-inhibiting
compound at one or more of before, concurrently with, and after contacting the cell with a drug

suitable to induce the drug-induced disease or condition.

49. A composition comprising an MCJ-inhibiting compound and a pharmaceutically

acceptable carrier.

50. The composition of claim 49, further comprising one or more of a carrier agent, a

delivery agent, a labeling agent, and a targeting agent.
51. The composition of claim 50, wherein the carrier agent comprises one or more of a
nanocarrier, a cell-penetrating peptide, a polymer, a dendrimer, an siRNA bioconjugate, and a

lipid-based siRNA carrier.

52.  The composition of claim 50, wherein the pharmaceutical composition additionally

comprises a drug known to or suspected of inducing the drug-induced disease or condition.

53. The composition of any one of claims 49-52, wherein the MCJ-inhibiting compound

comprises a targeting agent, optionally a mitochondrial targeting agent.

54. The composition of any of claims 49-53, wherein the MCJ-inhibiting compound

comprises a small molecule MCJ inhibitor.

55. The composition of claim 54, wherein the small molecule MCJ inhibitor is a small

interference RNA molecule (siRNA), small hairpin RNA (shRNA) molecule, an antisense DNA
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oligo, a small guide RNA (sgRNA) molecule, a transcription activator-like effector nuclease

(talens) molecule.

56.  The composition of claim 55, wherein the small molecule MCJ-inhibitor molecule has

the nucleic acid sequence set forth herein as SEQ ID NO: 21.

57.  The composition of claim 55, wherein the small molecule MCJ-inhibitor molecule has

the nucleic acid sequence set forth herein as SEQ ID NO:7.
58. The composition of claim 49, wherein the composition further comprises a drug suitable

to induce a drug-induced disease or condition in at least one of a cell and a subject when the

drug is contacted with the cell or delivered into the subject, respectively.

56



WO 2017/011356 PCT/US2016/041663

1/7

Fig 1A

I R
Hl Cithosis
L
= E0
=
3 @ 40
o
T 201
8







WO 2017/011356 PCT/US2016/041663

F4180

*

Y
a9

F4180 positive staining

+

T
WT MCJ KO

3/7

Fig. 3A

WT MCJ KOQ
R

Percent survival

pocd
ok =
o
o
o
-
=
k.
Y
e
-

Days after BDL



WO 2017/011356 PCT/US2016/041663

4/7

Fig. 4A
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Fig. 5B
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