1 g
2017-3-19



Journal of Fish Diseases 20186, 39, 741—-751 doi:10.1111/jfd. 12406

miR-122-5p as a plasma biomarker of liver injury in fish
exposed to microcystin-LR

M Florczyk', P Brzuzan', J Krom?, M Wozny' and A takomiak’

1 Department of Environmental Biotechnology, Faculty of Environmental Sciences, University of Warmia and

Mazury 1n Olsztyn, Olsztyn, Poland

2 Department of Salmonid Research in Rutki, Inland Fisheries Institute in Olsztyn, Olsztyn, Poland

IF=2.053



\ e

==Y

| MRS

ERMSR




3 ciadb B
' '/ WIRB=E

{ﬂmb@ Mﬁmuﬁﬁﬁ%b%MﬂWﬁ*%—
HE2ZImIREEAEF R . WoR, —FHAEHIER T e
A7 ﬁhﬁﬁﬁﬂﬁh¢ﬁ%$&?am¢% H H B
W W Bt RZE. APTESN, ASTRIALTH A 2B
s AR EY), —HEWE WIS R E Rl
B . RE NN E FH 22 e H 22 A R R
FEREAR S5 I N R, (HZEnES 58S, KRR
R 1) ) D 00 8 12 52 B




MRER

ST

microRNA Z T 4R A I — 2R FE 9IS RNA 7> T,

B H 2 DA AR 3 3 R AL A T £ 32 2 F R

T, BT microRNAKRIE R R FHRKFAE, B

A e — P E IR AR SV .

miRNA

%
Al
I

ES L oalllES Bt

ARLERLLEY



ok
MRE=

© EHEAENE: BN > HEER > BRak > EX

miR-122: HIBAFEKGIEFEED

HER: z015-09-07 09:32:14 #HiE: THHE a3 331 ik




v l-‘-lﬂI:,E
R B =

o0 :
Bai @B | miR-122 IRt

Rm 8 e HE & Bl #8m #E JXE FEs

B E s Ee s R 38, 6007 #ETHE
RS miR- 1 220 HE FESA

B, bl | SN - (EFERITAZERAZREY - 2015
ALTHAST-2ila &8 A AR T2 F1817, {8 B TALTRASTIEM S PRIEKF A H
EITE Al Re § Hiblla R MM T B4 g B R (R e B, miR-12278R/F .

wueshu baidu com -

SRR A RS BT iR 1 20N R R

THE  ipiNT  LiE - {TEHEESHFESNEY - 2013- #3184

EgmiE S TR 5 2 iR S A EE T M R E R E L — mE ) B i T 54 E S Fhfhat
PP i al = S T AR e E i ) S TR R HR. et EMNES

wueshu baidu com -

MBS EENE SR SRR RMEMIR- 122558 . BESER

ERE AT B - (REDEZESERE 2013 - w382

B ) £ L 428 RIA (i R)-1 2278 254 BT 445 1 RO 201k B HAE AT SIS Feal Rt R R
i SOMEMER BB gt T Z B0 525701250 g kg1 A TFETIR1 535,

wueshu baidu.com -

miR-122 FFiR{A KT 28440F) FEFA

i 22 miR-122{ B0 FT{R E AT40 10 4 Yt a5 P g R 52 i A w52
i 2R miR-122fE HE AR I YRS AN (PEHDEYS #ws 12
i 22 P microRMA-122 S AHEF A AR RAX RS SHESRE W52
EEEEEA

xueshu baidu. com -



k cindk
MRS %

P =
MESEEE

T HE 5% 7 (Microcystin, MC):2& —K B EVEE R R B S,
N AT ) 2 IR R . 5 B IR K I SRR Zx R 3 4 (Microcy stis
aeruginosa)/~A4E . BEAMAEPIRRE M. B R SR Z T 5 O B ER G 10
P, 30 5 B IR T U g e gk )

H  CooH

M p-Me-Asp (iso)

o
S
' NH,

Arg



EREHAHERSS B RRARSERANERY . FEFA

HINT |, B, - (RAIEREERY - 2014

Wi AERER LTSN MELFPN PINERSFRR0/ D RETIERES SRt
RAIDATEREIE. SIHMHERE WA AL RGN BMTETHRE

sueshu baidu. com -

=R AN RS R R ARINARTE.. GEFA

SRR BRIE | EUN - BUEMRSEETIT AN - 2013
2R R ERRHEA M EEA DAZT 0. HINHAST EEAKITT
K BT 5 K RIS (MCs)7EWHO I EARIRIE 1 Duy/LL i (8554 2480

¥ueshu baidu. com

INKIEREES R RF NN REM IR ERS].. FESFAR

#7T - FRoE - 2007

WEESF (Microcystins MCsIR BEOKMER PEN—SUE RS E SHRODF-CRE.
MCsHBH BRI AN S T REE S, SHESY. RES. W

xueshu. baidu.com

Gt REERER S S ENERSE RASHMG.. AEFA

W BRITE L BNE - (E=ZFEEEEERY - 2010 - W3 &3

B FETa i H B 3588 (ylutathione S-transferase GETIM1(GSTMTUFTI(GSTTEE S5
TEWMEEBESHF (microcysting MCs)ELA BERHA S ES PRITER. HIETERERERE. .

xueshu. baidu.com

MEESE A HEXIEI0EF30E) AESFA

S R AR SRS A A BRI AR PEEE Y #3511
WERSFERERASMHMER S S SIBEHAHXE F=ZFELF w31
EEESHEXIRI>>

wiashi haidin rom -



v M3 E

Despite the potential application of circulating
microRNAs as biomarkers of tissue injury in mammals, there
1s still a lack of research on the use of miRNAs to diagnose
liver damage 1n nonmammalian species such as fish.
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HH%, Coregonus lavaretus (Linnaeus, 1758)
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Therefore, 1n this study, we selected four abundant liver
miRNAs, which have been implicated in various biological
processes and considered previously as biomarkers of liver

Injury in mammals.

Table 1 Details of selected microRNAs of this study. The miRNA nomenclature followed the miRBase v. 21 (ssa; Salmo salar)

miRMNA miRMA sequence Putative biological process® miRMNA reference

ssa-miB-122-5p uggagugugacaaugguguuug Fatty-acid metabolism, maintenance MIMATO032301
of adult liver phenotype

ssa-miB-148a-3p ucagugcauuacagaacuuugu Promotes the hepatospecific phenotype, MIMATO032380
tumour suppressor

ssa-miRk-92a-3p uauugcacuugucccggcougu Cell proliferation, angiogenesis promoter MIMATO032708

ssa-let-Tc-5p ugagguaguagguuguaugguu Signal transduction MIMATDD32265

*Based on the literamire review; see text for details.
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Coregonus lavaretus
98.8 +8.5 g mean weight,
24.0 +0.7 cm mean length
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The fish were acclimated for 2 weeks at 10 °C. During the acclimation
period, the whitefish were fed four times a day . After acclimatization, the fish
were deprived of food for 2 days, then anaesthetized by immersion in etomidate
solution prior to injection.

LIt
Fifteen (Exposed) whitefish individuals received single intraperitoneal

injections of MC-LR,
11 control fish were injected with an equal volume of saline solution alone.
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1.Fish exposure to MC-LR

2.Collection of fish plasma samples

3.Total RNA extraction and reverse transcription
using the modified stem-loop method

4. microRNAs expression analysis using real-time
PCR

5.Statistical analysis
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Gross observations

No fish died during anaesthesia. During the entire study, there were no
discernible differences in the swimming behaviour of exposed fish and
control fish. No gross changes were observed in the livers of the control fish; the

liver was reddish brown and had tender structure. In contrast, the enlarged liver
of the MC-LR-challenged fish was readily apparent throughout the whole exposure
period. At 8 h post-injection, the livers were slightly redder than these from the

control group. However, a progressive development of discoloration of this
organ was observed after 24 and 48 h of the exposure . In some cases, the liver

structure of the exposed fish was partially liquefied.
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Figure 1 Gross appearance of whitefish liver and changes in plasma
levels of four miRNA examined in the study.(b) miR-122-5p, (c) miR-
148a-3p, (d) miR-92a-3p and (e) let-7c-5p
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Markers represent mean values (n = 5, except for control sample at
24 h and 48 h where n = 3) of expression ratios (R +SE), normalized by

cel-miR-39-3p as reference microRNA at each respective time of
the experiment. Data were analysed using REST 2009 software. Asterisks

denote exposure group means that are significantly different from control
group using a randomization test.
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Figure 2 Receiver operating characteristics (ROC) analysis of serum miRNAs as
liver injury risk biomarkers in whitefish exposed to MC-LR.
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The ROC curve analysis was conducted with MedCalc Statistical software version 15.2
(MedCalc software bvba; http://www.medcalc.org; 2015).
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To sum up, the results of our study suggest that miRNA-122 can be used
in environmental studies as a non-invasive biomarker to detect liver
damage in fish, as a promising alternative to today’ s gold standard
hepatotoxicity markers. Plasma levels of miRNA-122-5p in whitefish are
elevated within 8 h of exposure to MC-LR and show high specificity, with
an AUC value of 0.976 (P < 0.001).miR-148a-3p and miR-92a-3p,
although they respond more slowly to exposure to MC-LR and have lower
AUC values, also show potential and are worth further investigating.
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