Circulating microRNAsS,
potential biomarkers for
drug-induced liver injury

=i
d

Circulating microRNAs, potential biomarkers for

drug-induced liver injury

Kal Wang®, Shile Zhang, Bruz Marzolf, Pamela Trobsch, Amy Brightman, Zhiyuan He, Leroy E. Hood®, and David J. Galas

Irstitute for Syrhems Biology, 1840 Horth 3éth Srest, Seatthe, WA G810

Coeribirted by Leroy E. Hood, Jarmary 16, 2005 bt Tor revies Decsmibssr 8, 20080

Drug-induced Fver Injury is a freguent side effect of many druegs,
constitutes 3 significant threat to patient health and hai an
OO scosomic impact on health care expenditures. Numer-
ous efforts have been made to identity rellable and predictive
arkers bo detect the early signs of drug-ind uoesd infury to the lener,
ani ol tha most vulnerablo sfgaes in the body. Thade studies have,
hiriaver, not dolhvered any mone Informatiee candidabes than tha
PR aminotrasteraes markers that havo boon avallable for ~30
waars, Uking acetaminophen overdose-induced lver injuny in the
mouse 35 @ model system, we have observed highly signiticant
dfferences in the spectrum and kevels of meoroRMAS I Bath Iener
tiswes and in plasma between controd and owerdosed animals,
Baed on our survey of microRMA expression among marmal
tswey, some of the microBNAL, like messenger RMALS, divplay
restricbesd tissue distributions. A nember of elevated drodating
mTOHNAS in plasma collected from acotmmi

animals are highly expeosied in the leer, We have demanstrated
hat specific microfNA spades, such ak mir-122 and mir-192, both
are anriched in tha lver thsue and exhibil dose- and axposurs
duration-dependent changes in the plasma that parallel serum
amirmiransierase evels and the U gy ol Iver degs -
ation, but their changes can be detected significantly earlier. These
findings suggest the potential of using specific droulating microR-
[T tive and ind; v ol kers for drug-isduced ver
npary.
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rug-indwocd liver imjury & a scriowi clinical problom and
e lcading cause of drugs beng remaved from the market

injury if it = promptly diageosed and NAC is adménistered within
B=10h affter 1he initial ingestion {11). However, acclamimophen
ovordose wually produces cither 80 immediale symploms or
nonspocific intestinal irrifation d‘url'? the first M4 h afier :u:lp::
tiom, followed by the onset of liver fxilure. Thas, the need for
carly and accarale blood-bascd dag for aecl phen
ovordase & aculc.

The most commoaly used dingnestic test for acetaminophen
overdose & 1o determing the activity of certain hepatocellular
cnrymes, sspartate aminolransferase (AST or SGOT) amd ala-
nine amimtramfcrase (ALT or SGPT), in the blesd {12).

Ideally, the patient may disclose the amount ingested and the
lime of ingestion; however, this informalion s often unrcliable
(13). The levels of acclaminophen in the blood combined with
the Rumack-Malibhew somogram, a disgram to sscss the risk of
hepatotoxicity based om blood mlbu'rﬁinnphen concentration
(14}, cam abso be used as guidance o predict tisise mjury (15).
Beeause the time of imgestion often @ nod reliable, and the blood
sceiaminophen level usually peaks daring the fimst few hours
afier imgestion, & low serum acetaminophen level does not

lsde a high level of scetaminophen exposure. The level of
mn NAPQI-prodeia sdducts correlates well with the serem
aminodramsferase kevels and has been demonstmted as 3 good
indicator for acctaminephen loxicity (16). However, the profein
adducts are measurcd by high-performance liquid chromatog-
raphy or mass spoctrometry (17) asd are mod used routinely mn
mast climics.

MicroRNAs (miRNA) arc small rcgulatory, noncoding
HEMNAs It is belicved that miENAs primandy aflloct the stability
of mRNA andior the initisson snd progression of profein
translation, bat hrosder regulaiors roles have been sappesied
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Microarray-based analysis
of microRNA expression
levels reveals candidates
for early markers of
disease

A literature Review

Wang et al., PNAS 2009
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Plasma MicroRNA as Predictive Markers

Goal:

 ldentify early signs of acetaminophen-induced injury to the liver

Approach:
e Compare mice with and without overdose-inducing drug treatment

e Profile microRNAs in plasma and liver using the Agilent miRNA
microarray and Agilent labeling, hyb, and wash Kkits

e Find microRNAs that correlate to dose, exposure, and liver injury

e Confirm predicted expression changes using SYBR green-based gPCR

Wang et al., PNAS 2009
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Circulating miRNAs as Early Predictors of Liver Injury
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Drug exposure response:

e ALT, a commonly-used diagnostic indicator
for acetaminophen overdose, did not
respond to 1 hour treatment

e mir-122 and mir-192 had elevated
expression levels after only one hour

- After 3 hours, ALT, mir-122, and mir-192
all showed responses to drug treatment
proportional to dosage

Drug dosage response:

- mir-122 and mir-192 dosage sensitivity
began at 75 mg/kg

e ALT sensitivity began at 150 mg/kg

@ Circulating miRNAs showed earlier
and more sensitive responses to
dosage and exposure than a
commonly used diagnostic marker

Wang et al., PNAS 2009
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Features of Plasma and Liver microRNA Expression
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e Correlation of miRNA expression among
biological replicates:

— Without drug: r = 0.95 to 1.00 (N=4)

— With drug: r = 0.73-0.99 (N=4),
(suggesting some variation in drug response)
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e Dynamic range of miRNA expression
levels in both plasma and liver:

— 4 orders of magnitude

— Consistent with various tissues and cell types
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Wang et al., PNAS 2009 44 miRNAs showing a 2x change between
control and drugged plasma samples.
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In Summary

= Profiles of circulating microRNAs in the plasma, based on Agilent
microarray analysis, revealed novel biomarkers predicting drug-induced
liver injury

e Selected microRNAs appeared more effective as biomarkers than a
commonly used diagnostic marker:

— Earlier response to drug
— Increase sensitivity to drug dosage

/The authors state: \

— Our results, although preliminary, strongly suggest that a more
comprehensive study of circulating miRNAs and their association with
various physiopathological conditions may lead to another dimension
in the discovery of biomarkers in the blood for many physiological and

\ pathological conditions, including toxicity. /

Open Genomics Wang et al., PNAS 2009
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