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miR133a Down-Regulates the Expression of Gdnf Gene to
Inhibit the Development of Ureteric Bud

Lii Zhongshi, Mao Zhaomin, Weng Yaguang, Zhou Qin*
(The School of Laboratory Medicine, Chongqing Medical University, Chongigng 400016, China)

Abstract The present study predicted and testified that miR133a could regulate glial cell line derived
neurotrophic factor (Gdnf), a protein generated by metanephrogenic mesenchyme (MM), which is of great
importance in the development of ureteric bud (UB) and investigated inhibitory effect of miR133a towards the
development of UB. Bioinformatics analysis displayed the high conservation of the Gdnf mRNA 3’ untranslated
regions (3'UTR) between different species and predicted that miR133a could probably bind to it. The results of
luciferase assay confirmed that miR133a could directly target Gdnf mRNA 3'UTR. The results of Real-time PCR
and Western blot revealed that miR133a down-regulated the expression of Gdnf both at mRNA and protein levels.
Furthermore, we found significant reduction in the ability of miR133a treated cells to contribute to ureteric bud
formation in embryonic kidney rudiments culture system. Taken together, our results suggest that miR133a might
inhibit the formation of ureteric bud through its binding to complementary sequences in the Gdnf mRNA 3'UTR.
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MRz, 25 TIRZ K& MR AE, 5] 404 i 5
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& B I 45 Gdnf(glial cell line derived neurotrophic
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(3'UTR)]. % Ye48 ), FI1xPBSZE 1 i i ¥k 40 fg,
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1.6 Real-time PCR
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California Santa Cruz genome database) X} Lt " A~ [A]4)
R B FE . Gdnf mRNA 3'UTR4:K:3£2 743 bp, 7E
N TR HREEAE . A0 55N Rl ) e P £k <7 (B
1o B 5, FATI AR H #8455 7E Gdnf mRNA 3'UTR
T 1E ImiRNAs.  FATHF] A = D miRNA T K 5
(miRWalk. microRNA .org fll TargetScan)ZE & 757,
2 3L [F HO I miRNA(KE2A), B FEmiRNA133a.
miRNA133bHAImiRNA96. FH, miR133af) fl 7
51 5 Gdnf mRNA 3'UTRI¥) &5 & /7 51, 75 A [F 9 Fh
2 [ S A 57 (R (E2B) . iX L6 4t B R W, Gdnf mRNA
3'UTRE RS, 1 HmiR133a% 0] B84 1] 45 & Gdnf
mRNA 3'UTR.
2.2 miR133a#[@45E& T Gdnf mRNARI3'UTR

7 W FimiR133asE 15 GE B B £ #2817 Gdnf
mRNAFI3'UTR, FATS W IR 45 B G g v 3 o
pcDNA3. I-luciferase-3'UTR. pRL-SV40(N 2 Jiii $i)
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J KL (EI3A)BIHEK293 T il . 5 X0 R ZH bk A, it 3%

eI WEIEYETIES
Table 1 The list of the primers

K] 44 7 Clk7 2l
Gene name Primer sequence

) Upstream primer: 5'-ATT TCA GGT CCC GGA AGC TCT GTG AGA GGT TAG TC-3'
miR1330 Downstream primer: 5'-TGC ACC ACC ACC GGA TGT TGA GCA TGT GAC CTG TG-3'

) Upstream primer: 5-ATT TCA GGT CCC GGA GTC TGA ATG TAC ATG TGA CC-3'
miki33a Downstream primer: 5-TGC ACC ACC ACC GGA TTC TTG GAT CTG ACC ATT GC-3'

) Upstream primer: 5'-ATT TCA GGT CCC GGA AAC AGA GCA GAG ACA GAT CC-3'
k%6 Downstream primer: 5-TGC ACC ACC ACC GGA CAG GCA GTG AAA GGT GAT CT-3’
RO Upstream primer: 5'-ATT TCA GGT CCC GGA GTG TGT CTG TGT GTC TGT CG-3’

Downstream primer: 5'-TGC ACC ACC ACC GGA AGG AGG AGG TGA AGG GAA TG-3'
Upstream primer: 5'-CTT GGT ACC GAG CTC CGG TGT GGA TGT ATC TGA CC-3'
Downstream primer: 5'-TGC TGG ATA TCT GCA CGA CCG AGA CAT CAG AGA GG -3’
Upstream primer: 5-TGC TAC AGT GCG AAG AAA GCG TGC TAC GTT CCC AGG AAA TGT-3'

Gdnf-3'UTR-WT

Gdnf-3'UTR-Mutl

Gdnf-3'UTR-Mut2

Gdnf-Real-time

18S-Real-time

Downstream primer: 5'-GCA AAC ATT TCC TGG GAA CGT AGC ACG CTT TCT TCG CAC TGT-3’
Upstream primer: 5'-TGC CCA GAG TGG AAG ATA ACG TGC TAC ATG GCG GAG GCA GAG-3'
Downstream primer: 5'-CTG CCT CTG CCT CCG CCA TGT AGC ACG TTA TCT TCC ACT CTG-3'
Upstream primer: 5'-CGG AGG CAG AGG CAG AAG AA-3'

Downstream primer: 5'-GCC ACC CTG AAG TGC TCA GA-3'

Upstream primer: 5'-GTA ACC CGT TGA ACC CCATT-3'

Downstream primer: 5'-CCA TCC AAT CGG TAG TAG CG-3'
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Zebrafish |

Shade N E EEEmEs

Score inrange =166 167-277 278-388 389-499 500-611 612-722 723-833 834-944 =945

Bl £¥EEZ 9 Gdnf mRNA 3'UTRE E4IHE RO 4R 714
Fig.1 Bioinformatic analysis of the conservation of Gdnf mRNA 3'UTR

(A)
microRNA.org
miRwalk miR32 miR28 miR7b
miR142 miRI182 miR145 miR7a miR330
miR195 miR146a miR143
miR298 miR484 miR33 miR15a miR340 miR216b
miR204 miR211 miR363 miR200a miR542 miR92b
miR9 miR25 |miR326 miR1192 miR216a
miR23b miR34c miR129 miR361 miR125a
miR495 miR367
miR145 miR146b miR346
miR708
miR92a
miR30a miR30b
miR30d miR30f
miR133¢  miR507
miR384 miR1271
(B) TargetScan

Seed 1 (54 bp) Seed 2 (97 bp)

—W%K

miR133a  3'- GUCGACCAACUUCCCCUGGUUU 5" miR133a 3'-GUCGACCAACUUCCCCUGGUUU-5'

Human 5’'A

Chimpanzee 5'A
Mouse 5" Al

-3 5’ A 3’
-3' 5 IA-_3I
-3 5 G 3
Cow 5'G 3 5! G 3

Conserved sequence - CAGUGC -AAGAAAGGGACCAAG CAGA -UGGAAGAU - AGGACCAAG

A SAEYME B ST Gdnf mRNA 3'UTR |45 6 (17 /EmiRNA; B: miR133a7E Gdnf mRNA 3'UTR LA ReI1145 607 i o
A: the prediction of the potential miRNAs which can target the 3'UTR of Gdnf mRNA through three bioinformatics websites; B: the potential binding
sites of miR133a towards the 3'UTR of Gdnf mRNA.

E2 $4E2F N Gdnf mRNA 3'UTR EZABImIRNAKmiR133a5HES L5
Fig.2 Bioinformatic analysis of the putative miRNAs binding on Gdnf mRNA 3'UTR and putative target sites for miR133a
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(A) pcDNA3.1-Gndf

Gndf 3'UTR

©

|SV40-Prom0teH Luciferase }

WT GGACCAA GGACCAA
Mutl CGTGCTA GGACCAA
Mut2 GGACCAA CGTGCTA
Mut2+Mut2 CGTGCTA CGTGCTA T

pdsAAV
CB Promoter '_| miRNA H EGFP

B)

0.201

0.154

0.104

0.054

Luciferase activity (ratio)

'_

Luciferase activity (ratio)

NNNNNNNNNNNN\N

Mut2 Mutl+Mut2

Ar PG R0 BT FURL R 581 B 980t B B A S I AR I AE 5 S 1 A IR B miRNA K BRI HEmiRNAL miR133b. miR133a.
miR96. miR9-3)2 J&, 1EH Gdnfl 5 3k 98 6 BREVER B4k, *P<0.05, 5% R LA C: 98 F MR 15 350 A D ZE 4% T 4 i miRNA B
miR133a)G, IEH Gdnftl i B =A> Gdnfil 1 5 51 RASE AR DO R BHE VEI A2, *P<0.05.
A: The schematic diagram of the plasmids used in the luciferase report assay; B: the luciferase activity of the wild type Gdnf reporter vector after the
transfection of different plasmids of miRNA (control miRNA, miR133b, miR133a, miR96, miR9-3), *P<0.05 vs control group; C: the luciferase activity
of the wild type and the mutant type Gdnfreporter vector after the transfection of control miRNA or miR133a, *P<0.05.

E3 miR133a$8[E45 4 T Gdnf mRNAKI3'UTR

Fig.3 miR133a targets mRNA 3'UTR of Gdnf

IEmiR133af 5256 240 9% 6 LU AE B3 F F%(P<0.05), T
Al 7B AEmiRN AR 26 % EUAE A8 TE 48 it 2 22 7 (K
3B). K3'UTR_E ImiR133aff 45 & 7 41 58 4% e (B
3A), SIS LA 2 22 7 e g2 e (E3C). 45
PR, XS W, miR133afi ELRELE & T Gdnf
mRNAHJ3'UTR.
2.3 miR133a N iAGdnfEImRNAFE R R

B8 J5, AR S T miR133ak2 75 68 % o) g 1 1A
2 U5 YEGdnfE: A 1) 2 35 F$miR133a mimicHl
93 4 X6t HEL(100 nmol/L) 73 7 % 4k 21 J 15 18 IR 7] 78 i
Y MImK34H . % YemiR133a)5, Gdnf mRNAJK F
(P<0.05)F1 8 1 B /K P B 22 T BR(EI4AFI E4B). 1t
45 LR, miR133afe DI EME T I GdnflIRIA
2.4 miR133aHFIE SHMREFHLXE

R4 /T AW, FEMRE K B A2 Gdnfih J5 B
LR 151 70 5 24H 2 s 1 EDIR ) 70 03 40 i 5 i PR 2F
ITRIBR, 75 SR E S AR R E5Y i+ Lk
B9 & IR, miR133afl ] Gdnfit) 215, FoAITH: 3546 I
TmiR133aX Hi JRE 5 K B R m. K ES
IR 7 EUOMR SR F5: IR B 141, IR0 R 2 Ak

miR133a0 [ 14 %5 HE 7 Jo1) e G 3] 29 4 5% 75 1) IR 1 4.
g, gE RN, 5XIRA M L, miR133akbBE4 )
PR 2F BUE T 2 /D (P<0.05)(EISAFTEISB). LL
S5 RFR A, miR133aREM I L B R A ik FE e
IREFHIRE -

3 i1

MR 2L 50 20 R I AR A 7 G R IR TR TR
R SR E FHELES KR E LR, 5
BRI E O E AL, TR KB R E -
PG AE R R P A LA O 55 20
AT, B anGdnfali o O RN i 5 IR IR 8] 78 ot 48
Py WA T R R PR 2R B B R I T
W FLGAnfi) I 42 00 28 X R TUI0 B 8, 0 2 R
ERRE LRI NEE. CHIRER, GdnfrEM 7L
SNV 5 B R B R b AR AAAE R B IEIR A 7S
SRARBE . VRN R, HLRES A R R R A
Ji b [P R et 2 IR U 52 4%, ¥ PI3K (phosphatidyl
inositol-3-kinase) MIEKR (extracellular signal-related

kinase) {5 5 it i, 17 2 4 R 2 40 M 0 3 7% AN
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(A) B)

1.0 Control miR133a

Gdnf | —-— S— 24 kDa

0.5

B-Tubulin | WSS S | 55 kD2

Relative expression of Gdnf

T
Control miR133a
A: Real-time PCRA I #% 44 %] I miRNA BimiR 133a /5 % GdnfiImRNAZK {40, *P<0.05, 5% 2 BL 5 B: 4 o 1 B vk e I e e x Jid
miRNABmiR 133a 5 % GdnfEE [ K 520 .
A: the mRNA level of Gdnf after the transfection of control miRNA or miR133a measured by Real-time PCR, *P<0.05 vs control group; B: the protein
level of Gdnf after the transfection of control miRNA or miR133a measured by Western blot.

El4 miR133a#l#H|GdnfEimRNAFIE 5 Bk F
Fig.4 miR133a decreases the mRNA and protein level of Gdnf

(A)

CalbindinD28K Laminin Merge

20 pm 20 um

Control

miR133a

20 pm

i iy
20 pm 20 pm

(B)

—_
wn
N

1.04

*
) i

Control miR133a

CalbindinD28K/laminin

S

A GBI AR B 7 Ak 1 T SR A2 e o I miRN A BmiR 133a 5 P A 5 71 475 0L, CalbindinD28K I B Hh i R B 24° (K b 5470, laminin(J=
AR RN R H S IR R 78 A0 ML B T N BRI AR S, B STt AE R E B 4 M1, CalbindinD28K Hilaminin 3 (1 EE
ARG R G 2P R B I OL, *P<0.05, Sixf AL L

A: the immunofluorescence detection of embryo kidney after the transfecction of control miRNA or miR133a in the process of dissociation and
reaggregation, CalbindinD28K is the marker of ureteric bud, laminin is the marker of renal vesicles generated from the cap mesenchymal during the
embryo kidney development; B: Histogram shows the semi-quantitive analysis of the immunofluorescence results, the ratio between CalbindinD28K
and laminin represents the the development of ureteric bud, *P<0.05 vs control group.

El5 miR133ax#IRE % BRI
Fig.5 The effect of miR133a on the development of ureteric bud
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[ P #miR 133a, Ff H 3R A RE4E G miR133all) Gdnf
mRNA 3'UTRJFFIAE 2 MR s BEAR T IX 3R
T miR133afE ¥ ] 4% & Gdnf mRNA 3'UTRIEZ 5
PRAE TR B I TE AT BEME o

BN % FmiR133af i 78 3 B4 Fp T H e i
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P L SR BRATT B R I, Gdnf mRNA
3'UTRAF fEmiR133aff] 45 & 7 s 15 XK 6 & B
WEEE ARG, o % iAmiR133akE 4 & 2 0
Gdnf7% 25 B4R 15 2 DR 3004 1) 2 e Bl v Pk o TR BN,
miR133afE N Gdnf mRNAFIE [ K T. E 5k

'XP?%;&B&I# miR 133aid G 0% 41l 4 PR 28 1K
o IXECHHE, ARG T HTA K T miRNAFI
Gdnf{”ﬁﬁ%ﬁ’]ﬁﬁn LSy HAIESE 7 miR133afE
P #L 5 Gdnf mRNA, T GdnfRi5, & 5 RS Hi R
EUENRE, Nt SIS R E MR R0 L
PR T S0 LAl
Gdnf mRNA 3'UTR& 77 45 & H fhmiRNA?
miR133a/2& 75 G896 7544 P 8 42 Gdnf 35 K1 3R 18 J i bR
BEIHERE? IXLLHL T ZAEmiR 133aE K Fil B /) AR
B EAEIRN IO TE o
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