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MicroRNA Expression Profiling in Cell and Mouse Models of Fabry
Disease to Identify Biomarkers for Fabry Disease Nephropathy

Namhee Jung, Saeyoung Park, Yeo Jin Jeon, Yoonyoung Choi, Sung-Chul Jung

Department of Biochemistry, School of Medicine,
Ewha Womans University, Seoul, Republic of Korea

Purpose: The main aim of this study was to compare and analyze expression profiles of microRNAs
(miRNAs) to establish miRNA signature of Fabry nephropathy related epithelial mesenchymal transition
(EMT).

Methods: Expression profiles of miRNAs in kidney tissue samples and cell lines from normal and Fabry
disease mouse model were examined by miRNA expression microarray analysis followed by quantitative
real-time polymerase chain reaction analysis (QRT-PCR).

Results: In the miRNA expression microarray analysis of Fabry mouse kidney tissues compared to wild
type mouse, 5 and 3 miRNAs among 1,247 miRNAs examined were up- and down-regulated, respec-
tively, Among them, miR-149-5p was down-regulated about 2-fold in Fabry kidney samples, The down-
regulations of miR-149-5p were observed in kidney tissues of under 35 week-old-Fabry mice, However,
this down-regulation was not observed in kidney tissues of 42 week-old Fabry mice. In SV40 MES 13
cells, mouse mesangial cells, treated with globotriaosylsphingosine (lyso-Gb3), miR-149-5p was also
downregulated, The down-regulation of miR-149-5p induced up-regulation of its target genes related to
EMT,

Conclusion: The miRNA expression array and qRT-PCR results show that miR-149-5p expression was
decreased in kidney tissues of Fabry mice compared to wild type mice under 35 weeks of age. Along
with the observation of miR-149-5p expression in Fabry disease cell models, these results indicate that
the down-regulated miR-149-5p were related to the biological response of mesangial cells to lyso-Gb3
and also have influence to the transcriptional up-regulation of its target genes. These results suggest
miR-149-5p might play important roles in the Fabry nephropathy.,

Key words: Fabry disease, MicroRNAs, Biomarkers
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V. a—Gal A¥= 8719 exonl@ FAE GLA 7%
of oaf wHs=r], GLAY F47 Fddolel st
A4 AL g4F, A9 714 (extracellular matrix)
Telal 7 grel o] Al A E-e] a-Gal A9 F

Q 5+ =41 globotriaosylceramide (Gb3) 2] %3]

=

S Y3t} Ghb3= 2 NI A E, A, Al Al
73 22 o] A5 o] s 22 &4 1 o] o)
A} 228 JERAITE Y Gb3zt 22 =) wkal Gh3

grobal 3l =<l SR B ED ok A~ 14 (globo-
triaosylsphingosine, lyso—Gb3) 3t &3 ol A
7 FRE ol glo] HEH e A2E Hlo] 2
EAAZ At Y.
A A gtEE e taEAl SeE e
g2 Al A4 (segmental) AFFAl A3
& AA A (global) AHA A3kE, A Al 95, 71
4249 AHste 5470 A 5 9. 27] 91FA
3 (podocyte) &4 ZAAM = A3 A (proximal
tubular epithelial cell) ol &3t A -3}el] w& AFFA)
9] 71 ol AFAS] o FEg Hojtee] stue
2l AA il Fxn A 59 QM 54S 7
Al gtek, AFEAl A7t 28 el whet gt gkt
7} 30—40tfell 2153, 1SS 2 H=dl ol If
B $x9] 7bg B ApG gele] At 2ap Ay
ORI SHolA A1 249 A3t S olslet
71 8 At AlEe] Al slo] 3 (Epithelial—
Mesenchymal Transition, EMT) 2] ¢Jgto] =11
Q&) o123t EMTE 9uta o7 Ay A 29 %4
219l E—cadherin®} 3] AJ3Z9] %A1 Vimentin
9wk zAo] whehx o] o] WY, o]2]s EMT
s 24 ske dAAYUSE 5 T microRNA
(miRNA) 7} gofgiti= Zlo] ole] A7& 53l TH=
B} gJLpe 1210

miRNAE 217094 24719 FEd 2B = (nu-
cleotide) & o]Fo#] ¢l v A F- 535 RNAZ,
AL ST AE, e QlojA Fasgh 9IS ot
vt 2 A 9tk miRNAE F-32 ARzl 9d7] A
o2 712 mRNA2] 3 untranslated region®l Zgs}
o] 3l mRNAS] &3l &2 5 Walisty, 474

N rlo rﬁ,
BT

A 159 Al 3%, ppl27~137, 2015 —

o Wil S Ads Aok Y. oln] AF
3t vkel 7] miRNAE EMT 7|deME a3t 9g
< 3l=dl E—cadherin® HAME A= ZEB13}
ZEB2+= miR—200 family®] %4 FHAZA4 miR—
2009 S EMT #1735 A5kl epithelial cell
oA ko] FrhEle] Qlgo] Hargnl glek. o] gje
E—cadherin® 2dS JASH= Twist$} Snaild]
#ol miR—-10b7} &S Frh= Basp Qp ),
e A Agke) X138 g2t A3t Gb34) lyso—
Gb39] A3} EMT 7149 @A v 5440171
AL, o]gh 7 A5H miRNAS] FnkAQl el W

glefl gk A v mw]Eich
whebA] B ATs stHE Y] nhes HES o
= miRNA expression microarraysS A-8A17 23k
el gk izt 7he] AA miRNAS] & zlol &
ARG, el zlolE KRl 54 miRNAE
A 3 3 miRNAS ¥7 FHAFe] whe=k W3}
= ARSI vk Bl Qjof i AA] It A
Al B RS stee] Fgke 3 gl B4l
Gb3%} lyso—Gb37} H71d ajjofdelA] 7|02 vpH
2 A3 AZ RS fFiosto] oA duEd Ade A
il
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2. M= Hi 2k

Abe el 29 A9 A Q) HK2 cell 3} mH-
2 3 A ESQD SV40 MES 132 B Ameri-
can Type Culture Collection (ATCC, Manassas,
VA) ellA] )8kl th. HK2 AIE+= 0.05 mg/mL BPE
(bovine pituitary extract) & 5 ng/mL EGF (human
recombinant epidermal growth factor), 181 50
ng/mL gentamicin®] £¢]7} Keratinocyte Serum
Free Medium (K—SFM) #jz|ellA] vijeFatsisn, SV40
MES 13 A3+ 5% fetal bovine serum (FBS), 1%
penicillin/streptomycin®] &°1%+ 3:1 mixture of
ATCC—formulated Dulbecco’s Modified Eagle’s
Medium (DMEM) ellA] il eFsti T,

3. Gb32} lyso-Gb3 A2|

AEE vk GAl ol 712 & Gb3 F2, lyso—
Gb3 (Matreya, Pleasant Gap, PA, USA) & A&l3st
Stk 30 uM Gb3 =2, 400 nM lyso—Gh3=2 E33t
ol 5o A &2 wiFAelA 24413 wiEAIR]
T dHo] 2o A& mjedE Hrkel & 7247 W%

A7

4. miRNA &1} miRNA expression microarray

miRNA+E Ambion mirVana microRNA isolation
kit (Ambion, Austin TX) & o]&3l AFA T2 &
ol wpz} FE319Ick AA RNAY quality HARE
Aglient bioanalyzer (Agilent Technologies, Santa
Clara CA)Z F3= 2t 2 ug® RNAZ SurePrint
G3 Mouse miRNA Microarray, Release 19.0, 8 x
60K (Agilent, Inc. Santa Clara, CA) S 333t}
Microarray A3¥& HIE 2 log2 fold change #°]
1.5 o1, —1.5 ¢]3tel miRNAE AH3k3ich

5. cDNA &

1 ng mRNAS} Oligo dT primer, Nuclease—free

waters Z%3lo] THE RNA denaturation mixg
70Cell 10%-7}F denaturation A17]13 G-l 2—-3%3t
¥ U2 Superscript Il reverse transcriptase (In-
vitrogen, Life Technologies, Carlsbad, CA, USA)
o} Egtsto] 42TCoA 17 80TCelM 10% 3=

245 AlFsto] cDNAE FHdakslth.
6. Real-time RT-PCR

Quantitative real—time RT-PCRS SYBR® Pre-
mix Ex Tag™ kits (TaKaRa Bio Inc., Shiga, Japan)
£ o] g3} ABI 7500 Fast Real-Time PCR sys-
tem (PE Applied Biosystems, Foster City, CA,
USA) ellA 3= Qlek. frdzke] oA 2l com-
parative Ct method (27%¢) whjog AAkE gt}

RE ZAX= AR (triplicate) 0.2 =4 Hqlch

\,
oM
=
Rl
n

1. A4 mousel} Fabry mouse model2| liver2}
kidney ME0|A 2] miRNA =Znjflz]

2 log2 fold change #t°] 1.5 o]4& Yehl+=
miRNAZE AH3}t) Wild type® Hemizygous type
9] grE wheA 7F AR A 2A O 2 HE A
RNAE %3] miRNA arrayE A3sh 23} Al
ZA 4 228 miRNAE 570, 8 23
miRNAT 3702 & 8712 miRNAZ} AE gt
ZAM= 6719 A 248 miRNA, 5719 skeF
A mRNAZF AEE0 0, 29 A%, & 227 3%
o7 279 mRNA= BolA] okskth(Fig. 1) (Table
D). grg By A% AhsE 18s90s W, EMTES
oF7|A17]= ¢l miRNAZ &3] &#% miR—9, miR—

o

)

BN
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10b, miR—29a, miR—141 =& miR—-200a 5°]
HE o7 oAF E]S)iflbl- miRNA array 23 ol&
FolAE Fesh apol7t vERA] kgt B
&3l A %‘sﬂ miRNAJ o] 78 vHE 24}
, miR—149-5p7} A EMT &2 $ A%
7 g T3 ARbEte] g2 ®Bavf glojA o]
oz growel AFS AN P

Agrshmzjzri

2. Fabry mouse model} HAF CHZEZE2| miR-
1492| Wik &0l

miRNA array 235 AEAs7] #8] miRNA
Real—time PCRE ©]&-3}o] miR—1499] H&ZS A
g2l IchFig. 2). & ¥ miR—149-5p2] W&z
< YH tjE A EQ! sno—202F normalizationd}tl
comparative Ct method (274 & o] &5}o] At
A% 399tk miRNA arrayoll 2€5HJ9 3555 3}
B mouset F4 tlZET mouse?] A% FA of|A
°] miR—149-5p %2 Real time PCROIAE miRNA
array 239} B]52E Atz ot 7S gl

35-week mouse kidney
UP, DOWN regulated probes count

H_K/ WK

HL/W_L

0 5 10

Count of probes

Fig. 1. MicroRNAs expression profiling of kidney and
liver tissues from Fabry mice. Compared with
normal mouse tissue samples, altered expres-
sion of 8 miRNAs in kidney and 11 miRNA in
liver with 1.5 fold change (log 2 fold change)
were found in Fabry mouse tissues by miRNA
microarray analysis (white, upregulation; gray,
downregulation; H_K, hemizygous kidney; W_K,
wild kidney; H_L, hemizygous liver; W_L, Wild
liver).

tH g nk-A0 FH I nlEEto] miR—-149-5p 33k
27 ool AstEEA] gl flal 218} 4257
o] w92 21 A A miR—-149-5p2] WS
=7 3kleh. aFAIRE, 425 w20 A 2 oAM=
st 2] vk9-40] miR—149-5p2] Ho Halzgko] FAH
izl v3) o A gdEE 3s 3 5 99

—11)1

o

3. DjEZ| M MZE D MA MEZZC|
miR-149-5p2| WsiZk 50|

S

miR—149-5p¢] WdAZFS HA| 24 @$7} ofd
A A& o1 F N 98 FollA Es] §
3 LA =T AT A E HK2 A E9) AFEA] ozt
AZQ1 SV40 MES 13 AlZE g 288t 7t
7] Aol Gb3 £, lyso—Gh3E #glalo] 72413t
ajeket ¥ miR—149-5p9] WEFS 4% An
SV40 MES 13l lyso—Gb3% 2|3t Z$-out &
Ao % miR—149-5p8] o] Zolte A& #F &
& AN (Fig. 3). HK2 AEoJM+= )2 miR-

Table 1. Example of the Differentially Expressed miRNA

List

Expression change in Systematic log2 fold
hemizygous Fabry mice name change
Up regulation in kidney miR—3960 1.68
miR—3102—5p 1.67

miR—574-5p 1.56

miR—3473b 1.53

miR—211-3p 1.50

Down regulation in miR—122-5p —1.58
kidney miR—149-5p -1.57
miR—709 -1.51

Up regulation in liver miR—451a 1.69
miR—142-5p 1.61

miR—31-5p 1.59

miR—362-3p 1.59

miR—34a—>5p 1.56

miR—144-3p 1.53

Down regulation in liver —miR—21a—3p —1.88
miR—671-5p -1.86

miR—-3096b—3p  —1.78
miR—1839-3p -1.66
miR—125a—5p -1.62
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Relative miR149-5p expression

- A8 9 491 ueyel vle oty WEE 98 sre) vhee AEZDIA microRNA B
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42 weeks

e

Relative miR149-5p expression

Relative miR149-5p expression

W3 H1 H2 H3

Relative miR149-5p expression

0
Wi w2 W3 H1

Fig. 2. Quantitative real—time RT—PCR analyses of miR—149—5p in wild type and Fabry
disease mouse (21, 35, and 42 week—old) kidney tissues. The relative expression
values were normalized against the inner control, sno—202. The calculation of relative
gene expression level was analyzed using the comparative Ct method (27*%"). Data
are presented as the mean*SE of at least three experiments (W: wild, H: hemizy-

H2 H3

Fig.

gous).

2 1 149-5p9] oFo] S7lsk= Aoz SH A

15 + 4. ME DHOMS| miR-149-5p2] EX A}
5] wsig 1ol
14

miR—149-5p°] &3] o] 2AH &= FAAES
" gHalal7] 98] miRNAS] B4 f48 5ahs 22
5 21399l miRDBE ©]&3}% miR—149-5p2] target2
Cont  Gb3 Iyso-Gb3 Cont  Gb3 Ilyso-Gb3 shelaloitt T4 FHAAR A=H oy FHx = A
HK2 SVAOMES13 Hell 9 Kif2as} Pagls 724 4313131 o]9]9
3. Quantitative real—time RT-PCR analyses of miR— %= EMT9} ##Hse] miR—149-5pY targetoZ &+

149-5p in SV40 MES 13 cells treated with Gb3
or lyso—Gb3. The relative expression values
were normalized against the inner control, sno—
202. The calculation of relative gene expression
level was analyzed using the comparative Ct
method (27%Y). Data are presented as the
meanxSE of at least three experiments.

#HZ G421 FoxmlZ Mmp9, 18] T miR1497} &

3t miR—200 familyoll 2J8] 245+ Zoz d#zl

EMTY F& 24 whilzol Zebl9] WalskS AlE I
=]

glof|A] Eeld) HTH Table 2, Fig. 4). o]5<] u
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Table 2. List of miR—149—-5p Target Genes
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Gene

Accession

symbol Gene description number Primer (5—3) Reference
Mmp9 matrix metallopeptidase 9 NC_000068.7 F: CTGGACAGCCAGACACTAAAG (24)
R: CTCGCGGCAAGTCTTCAGAG
Foxml forkhead box M1 NC_000072.6 F: CTGATTCTCAAAAGACGGAGGC (35)
R: TTGATAATCTTGATTCCGGCTGG
Zebl zinc finger E—box binding NC_000084.6 F: GCTGGCAAGACAACGTGAAAG (22)
homeobox 1 R: GCCTCAGGATAAATGACGGC
Kif2a kinesin heavy chain member 2A NC_000079.6 F: ATTTTCTCTCATTGACCTGGCTG miRDB
R: ACTCCTTGAGTGCTAAAAGGC
Pagl phosphoprotein associated with NC_000069.6 F: CAGGAAGCGTACTGAGCAGTG miRDB
glycosphingolipid microdomains 1 R: TCTCTGTCGCAAGTGGAACAC
Mmp? Foxml Zeb1
S0 - 200 - 30
=
% £ I F
;_; 60 - E. 150 - g " .
< b g
Z 40 I Z 100 p
E g %
2 2 2
£ 2] £ 50 2
& g 2
0 0 0 | —
Cont Gb3 Ivso-Gb3 Cont Gb3  lyso-Gb3 Cont Gb3 Ivso-Gb3
Kif2a Pagl
5 - 15 -
=1 =
s g
2, 2
2 g 5
2 -
AR e .
0 0
Cont Gb3  Iyso-Gb3 Cont Gb3  Ivso-Gh3

Fig. 4. Quantitative real—time RT-PCR analyses of Mmp9, Foxml, Zebl, Kif2a and Pagl genes in
SV40MES13 cells treated with Gb3 or lyso—Gb3. Expression levels were normalized against
expression of the housekeeping gene encoding glyceraldehyde 3—phosphate dehydrogenase
(GAPDH), and the results are reported as ratios of the marker gene expression versus GAPDH.
The calculation of relative gene expression level was analyzed using the comparative Ct method

(2*AAC

2 miR—149—-5p% A5 B AFEAl A
IE Z3 gl Fig. 49 7] SV40 MES 13
AEZof| Gb3¢} lyso—Gb3E 717+ A2t 49 BE X

A s waFel I A& 2 & Uik

A

Y). Data are presented as the mean®SE of at least three experiments.

5. £2 20| miR-149-5p2| EX QK|
arsizy SOl

A 2EE F3) 821 @ miR—-149-5p2] 324

5 i
AAES 3579 Phpad A% 248 tdoR %
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Fig. 5. Quantitative real—time RT-PCR analyses of Mmp9, Foxm1, Zebl, Kif2a and Pagl genes in wild
type and Fabry disease mouse (35 week—old) kidney tissues. Expression levels were normalized
against expression of the housekeeping gene encoding glyceraldehyde 3—phosphate dehydro-
genase (GAPDH), and the results are reported as ratios of the marker gene expression versus
GAPDH. The calculatlon of relative gene expression level was analyzed using the comparative

Ct method (27
H: hemizygous).
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AEt BT Qe ol s AFHAl &4 &
Aol MAYF O R ZYM e AU A Z EMT d4
o] AFH 1 Qlrk EMT &4-s 24 sk dolle= v
°] miRNAZ} #Hofgict. &3], FZole & H3S 53l
A9 o8] miRNA%, miR—1499] 71%<] tha] i8]
A+7F Es] R Qlrk gokskabd, miR—149
£ p539l 98 =4 ¥E= miRNAZ AKT-mTOR pa-
thwayS %3t tumor suppressor® 24344, apop-
tosisZ oF|A7)E 715 7RG s GIT1
o FOXM1#} 22 32 32k wdS oA A7
O % FHeh vAAE A9k, T3 diget Al A
olg} AHS AT 99} o] o] R
miR—149 o] rA|2 ] EMT d4-2 SAlsh= 7]
stelst vl 9lthd, 20159 Cell Researchel 2
2 902 miR-149 s}k 24 ddo] $<
of|A] EMTE op7|AZIthe d3E Kol Fo24 o]d
9] miR—1499) EMT %4 59l < darp?, o
2] A7 ABZE H|F50] Hol, E AYAx &g
miRNA expression microarray S %af A¥¥ miRNA
= %, miR—149-5p9] 13 o] stE 2 Al
A AAfstel A4 9aks & Aow FAH
miR—149-5p¢] Wlo] spH ey AL o] P&
54, 53] A& sk A2y skl 9Fs
= Aolgh= 7PS U5l Slal A A2l Gb3gh
lyso—Gb3& A gste] HljeFst § miR—149-5p2] &
& W3le} miR—149-5p ¥4 FAA THF W
H3E SA3ATE Gb39) lyso—Gb3E *]8]3F HK2
9} SV4OMES13 cellof| 42 miR—149—-5p #3& =
 SV40 MES 1314 lyso—Gb3E Ha] gk Z-$-oqk
Eo]H o miR—149-5p Hdo] &&= A & F
ot W, HK29 A9+ & o 5YskA miR-
149-5pe] wdo] F718telt. o9} o] He =7
9] Gb3%} lyso—Gb3& A2letsls wl M ¥ Rt
Fgol o A2, & A@AelA on] BxE {3t
microarray 239} Blw ] B wo| & H]S=s A3}
2 Ho] T3 YrF?. HK29} SV40 MES 13¢] Gb3
9} lyso—Gb3E AHs13& o, mRNA #5 ojz}

miRNAT A3 H2 27} o o] whe-& Hol=

[ex

o

Ao HE) g2 2, miR—149-5p2] o]
Z£olE SV40 MES 138 T42Z miR—-149-5p]
B A el g AvEgit), FREE miR-149-
5pet #ste] o] A =S vgCE Mmp9,
Foxml, Zebl& A%k X3, miRDB (http://
mirdb.org) & £3] EH 07 AZH FHIAE F AY
Aoz AW Kif2a9} Pagl S 729 AAsIgct &
3] Mmp9¢} Foxml 281 Zebl-& EMT @A 3
HAORE FEshe A8 ghe Zo0Z defA gtk

Mmp9, metalloproteinase< E—cadhering 34| 7]

- =
FQ WA eSS {58 transcription factor?
WS S/ Zebl oAl EMTY 8 BAALR
cancer°A = metastasis 9 #sto] W AF7} H
9}14_22, 24, 25, 35, 36)' 0:“}\0],@, ﬂ]i, mlR_149_5D~O/]
oFeF el AwE 274 AR e 2d ud
Fdo] #EHUY 538] 4 A= F ofd #8474
o] EMT¢} #Hd¥le] 9l H o % v]Fo] Kol miR-
149-5p7} stHe|el A o] Al 413} 9l EMTel
ME Fo% 88 & o= 7|gHh
olggt A7}t stE e vl FHAL A
7 gelsbr] 18, due vheid FHE 217
4273807 S AIA Btk 2158 355
3% A4 vke-2el Bls) miR—-149-5p2] L

ol @,

u e

lo,
N,

o

5p2 %4 FAA9 A, 3558 vk Al 27
oAl FIHAE o] Helds g sHe vk
ZA50] A w2 Ao vlg) = A=A Aok
o} ol opbE AE RdeA] & Z¥} 7] miR—
149-5p2] W&o] AE ¥z 7 2-HE ool ot
231, T3 v AEl] AR 2AS AFT o), 7 HE
& AR gkt AE 259 %3 vldo] tE]
wiol] Vet At Ao F5Erh
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obdel, AAl Ak sk o] Y W] Gb3st
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[

149-5p2] AAAEZA G 7Fs733 A miR—149—
5p9] WA A7F EMTE &3 stH o)X 2] Al-A]
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