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ABSTRACT

In this study, to further understand the mechanism of animal growth and to develop a miniature transgenic animal
model, we constructed and tested tetracycline-inducible RNAi system using shRNA targeting the mRNA of mouse
insulin-like growth factor (mIGF-1) or mouse growth hormone receptor (mGHR) gene. Quantitative real-time PCR
analysis of mouse liver cell (Hepalclc?7) cells transfected with these vectors showed 85% or 90% of expression inhi-
bition effect of IGF-1 or GHR, respectively. In ELISA analysis, the protein level of IGF-1 in the cells expressing the
shRNA targeting IGF-1 mRNA was reduced to 26% of non-transformed control cells. Unexpectedly, in case of using
shRNA targeting GHR, the IGF-1 protein level was decreased to 75% of control cells. Further experiments are needed
to explain the lower interference effect of GHR shRNA in IGF-1 protein. Accumulated knowledge of this approach
could be applicable to a variety of related biological area including gene function study, gene therapy, development
of miniature animals, etc.
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tem ZabE|ur A ] wljol, Abghe] AE T of2] JHA
of| /] L}E}= gene-silencing 7] %S & 199810l Fire &
o] ¢Jaf dsRNA°l o3 A Solxow FHz T3S
AAE 4= ASS Ao 2 AU o] F 2001
Elbashir 5°] X7 AMENA 21~25 mer?] siRNA (sh-
ort interfering RNA)E ©]-&3dto] A Ho]2<Ql od o
A7} 7Vssiths AMEE Baskqlt) olelgh 22 F7]¢]
SIRNA= 2|30l A e 7ol gHdo] 7hsshal, Al&skal
a8402 ¥4 FHAAE knock-downAlZ 4 = &
e 7Y, =2 34 83 siRNA g&°] GAIRE &
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3% IGF-1 (GenBank accession No. NM_010512.4) -
Z1A9} GHR (GenBank accession No. NM_010284.3)¢ll
gk RNA M 4192 ClontechAFe] 224l 2= 138l
RNAIi Target Sequence Selector (http://www.clontech.com/
KR/Support/Online_Tools)E ©]-&3alo] =%3}31th RNA
I AEe 7 frdAte] (DNA A9 5 open reading
frame F-RFe] 7N LS ZE O skl At
Atk Zh el ikl AA ¥ RNA (M A<D ohA

Table 1. Designed shRNAs targeting the mRNA of mIGF-1 and mGHR genes

Target gene siRNA target sequence

shRNA sequence

mIGF-1 siRNAi-342
CTGTGACTTCTTGAAGATA

Mouse IGF-I

Top Strand (66 bp)
5'-gatccGCTGTGACTTCTTGAAGATATTCAAGAGATATCTTCAAGAAGTCACAGTIT
TITACGCGTg-3'

Bottom Strand (66 bp)
5'-aattcACGCGTAAAAAACTGTGACTTCTIGAAGATATCTCITGAATATCTTCAAGA
AGTCACAGCg-3'

mIGF-1 siRNAi-674
CTGACATGCCCAAGACTCA

Top Strand (66 bp)
5'-gatccGCTGACATGCCCAAGACTCATTCAAGAGATGAGTCTTGGGCATGTCAGTTT
TTTACGCGTg-3'

Bottom Strand (66 bp)
5'-aattcACGCGTAAAAAACTGACATGCCCAAGACTCATCTCTTGAATGAGTCTITGGG
CATGTCAGCg-3'

mGHR siRNA-1197
TCCAGATCTTCTCAAGGAA

Mouse GHR

Top Strand (66 bp)
5'-gatccGTCCAGATCTTCTCAAGGAATTCAAGAGATTCCTTGAGAAGATCTGGATTT
TTTACGCGTg-3'

Bottom Strand (66 bp)
5'-aattcACGCGTAAAAAATCCAGATCTTCTCAAGGAATCTCTTGAATTCCTTGAGAA
GATCTGGACg-3'

mGHR siRNA-1358
CAGACAGACTTCTAAGCAA

Top Strand (66 bp)
5'-gatccGCAGACAGACTTCTAAGCAATTCAAGAGATTGCTTAGAAGTCTGTCTGTIT
TITACGCGTg-3'

Bottom Strand (66 bp)
5'-aattcACGCGTAAAAAACAGACAGACTTCTAAGCAATCTCTTGAATTGCTITAGAA
GTCTGTCTGCg-3'
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shRNA Sequence Designer (http://www.clontech.com/KR/
Support/Online_Tools) Z=2131-& o]-&3}o] shRNA 1t
A MEE gAledon, Z47ke] shRNA H A a2
T2 3|AL vho] @ yotol] o]Fsle] eHgstqlth. dE oli-
gonucleotide 5> BamHI &} Wh- sense, loop, anti-
sense, AL T4 A EQl 6 base®] poly T 2 EcoRI #2}
debt 2 S E o] Q1= top strand oligonucleotide®} ©]
o} 41 x| EQl bottom strand oligonucleotide® 77t
9] single-strand “7-3=¢|tH(Table 1).

Oligonucleotide (20 uM)E- T4 polynucleotide ki-
naese®} PCR 7]7|& ©]&3}lo] 37 ColA] 30&7F RESA
A4 5 ko] Q715 QIAkEl sk3lar, o F 95Tl 2
w3k 7k = PCR 71719] #Hs& WL, 1A17F 59t A
A8l kg LEE $H50] double-strand T-%¢] oligonu-
deotideE @/d3I3tt. o] 5] shRNA double-strand
oligonucleotide== 7+ %] 5°]#<l albumin promo-
ter®] %7 3}l tetracyline-controlled transcriptional su-
ppressor (tTs) sequence’} == 9131, TREmod/U6p
promoter = 3oll shRNA AE-& E=Ye F AU+ te-
tracycline inducible retrovirus vectorQl pTetRNAi-X-
ATINWS}F A 29sk3ivt 242he] 7538 vectord] 72+
Fig. 13} 7t}
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A7 shRNA F27F WAl € retrovirusE A4tst7]
13k packaging A1 GP2 293 (Clontech, USA)°ll A
Z3et 717Fe] pTetRNAi-mIGF1i-ATINW, pTetRNAi-
mGHRi-ATINW vector®} 35 -2 2}Q1 VSV-G (vesi-
cular stomatitis virus G glycoprotein)7} 323 pVSV-G
(Clontech, USA)E calcium phosphate "' 2.2 co-tr-
ansfections} 3t} 48A]7ko] A F virusgE T35}o]
7l ZufAIQl polybrene (5 ng/mL; Sigma, USA)S #
74t % 24A)17F el #H]E E 1x10°71] HepalceleZ Al
3ol AN T EE-E G418 (600 1 g/mL; Sigma,
USA)o]l H7lE wjgdoz 257 Al A S AX &
AL dold AlEFE S-S & AN AR
& GP2 293 (Clontech, USA) A% 10%2] FBS (fetal
bovine serum; HyClone, USA)$} penicillin (100 U/mL) -
streptomycin (100 pg/mL) (Pen/Strep; GibcoBRL, USA)
o] %17}4l Dulbecco's Modified Eagle Medium (DMEM,
4.5 g/L glucose, GibcoBRL, USA)°l A wlj 33t om,
Hepalcle7 A3+ 10% FBS7F 37FE Alpha minimum
essential medium ( a-MEM, GibcoBRL, USA)ollA] %k
skttt g9 7F AIEZE 1 pg/mLe doxycyclineo] 3
ZHAAY F7EA A e wf kol A 48A4)3F wl ka3t
A3lel ARE-EF doxycycline< tetracycline®| &4
A induction®] &ES FolFE 22 deiA o
(Cunningham 5, 1997), A&l AH&& doxycycline®] =
A #%(1 ng/mL)¥ Urlinger & (2000)¢] X9} i A
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Fig. 1. Construction of pTetRNAi-mIGF1i-ATINW and pTetRNAi-mGHRi-ATINW retrovirus vectors. CMV/MSV LTR, cytomegalovirus/mouse
sarcoma virus hybrid promoter long terminal repeat; TREmod/U6p, derived from modified Tet response element and human U6 small nuclear
promoter; mIGFli, mouse IGF-1 shRNA; Albp, albumin promoter; tTS, tetracycline-controlled transcriptional suppressor; IRES, internal
ribosome entry site; Neo®, neomycin resistant gene; WPRE, woodchuck hepatitis virus post-transcriptional regulatory element; mGHRi, mouse

GHR shRNA. Length of each sequence is not drawn to scale.

Table 2. Mouse shRNA primers used in real-time PCR analysis

Gene Sequence Product size (bp)
mIGF-1 5'-CTTCTACCTGGCGCTCTGCTTG-3' (+) 208
5'-ATCACAGCTCCGGAAGCAACAC-3' ()
5-TGAGGCACTTCAAAGTCTTGCC-3' (+)
mGHR 5-GTGCTCTTCCCACCTTGGATTT-3 () 223
mCAPDH 5'-AATGCATCCTGCACCACCAACT-3' (+) 230

5'-TTCAGCTCTGGGATGACCTTGC-3' ()
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TAe] ofH] AS Fel ATk widd Al =N E
total RNAE -2]3}o] quantitative real-time PCRS 4
Alstgien, sl FAste] mIGF-19] wiet ELISAE
A AT

WA MXEUY total RNAT AXE TRI reagent (Ta-
KaRa, Japan)® A 2|ste] #2]atitt. #2]3 RNAZT-
H DNAE A4FsH7] 918t ImProm-1I Reverse Trans-
cription System Kit (Promega, USA)S AM&-33itt. m-
IGF-1 ¥ mGHR 74+¢] knock-down A5-& &<135}7]
$13te] quantitative real-time PCR< =331+t W&
of ARg3E 2} A Atell tighk So]4 <l PCR primer A<
& Table 29} 3t

Bio-Rad 3|AHUSA)2] CFX96™ real-time PCR detec-
tion systeme ©]-8-35to] UG samples 4712 EA
real-time PCRS Fa3tglom, & #g& 23] whe 4
3tk PCR W52 IQ™ SYBR Green qPCR Master
mix (Bio-Rad, USA) 10 uLel Zt7} 5 pmol®] +¢} — st-
rand primer, “12]31 ¢cDNA template 30 ngS Yol %A
20 pLE2 F33ATE AES] total RNAA mIGF-1 2
mGHR f+73d2ke] g% 2dds 54517 #18te] in-
ternal control?l mGAPDH®} $H7| quantitative real-time
PCRS 4-3J3}¥ ). Quantitative real-time PCR ZA¥}E
CFX manager software® -AJsto] Ctghs ZAAsIGle
), CtatollA] mGAPDH +73A}e] Ctahe reference® 7
3t mIGF-1 2 mGHR 3AA+2] Ctake targete= 43t
5 2T W% (Livak¥} Schmittgen, 2001)& AHg&-3lo] 3
THOE mIGF-1 2 mGHR fr7d#ke] 4 Jrs vl
ST

ELISA 23> R&D systems (USA)2] Mouse/Rat IGF-
I ELISA kits ©]-&3alo] HAE3ITh 96 well platecl Ca-
librator Diluent RD5-38 bufferS 50 pL® ¥ & =+
H]% sample?} standardE 50 pLA F7}sle] 29
microplate shaker 7oA 2A17F REG-AIZT WhG- 2A17F
¥ wash buffer® 43] $AIgF U5 100 nLe conjugate
£ 7t welldll #H7Fste] 2A17F < A9 microplate
shaker “gell A WHSAIZITE 43] F=AISE 7} wellol| substrate
100 nLE #H7kste] 2o 301t W28k %, stop solu-
tion 100 nLE 9 W& Faagly 2w g
g 7 450 nmé] oM FHEE S
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SER 4843 s¢t APtk TetRNAI-mIGF1i-342,
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Fig. 2. Efficiency of mIGF-1 knock-down using mIGFli shRNA in
Hepalclc7 and Hepalclc7-TetRNAi-mIGF-1i-ATINW cells using
quantitative real-time PCR analysis. (-), cell was grown in the
doxycycline-free media for 48 hrs; (+), cell was grown in the media
supplemented with doxycycline (1 ug/mL) for 48 hrs.

A3L(Fig. 2), doxycyclineell °]3F F%=% shRNA 3 0]
o] F0}4] knock-down i &S & 7} Tk

Tetracycline %92l Retrovirus Vector SystemS 0|&
$F mGHRi® Knock-Down &3} Y

TetRNAi-mGHR1i-641, 1197, 1358-ATINW A Eoj| A
mGAPDH 73Akell tha mGHR k2] oA A=E
dajA ez A Av, dAFEo] 90.4%, 90.3%, 93.4%
Ao Iy A4 aiE YERATKFig. 3). =3, m-
GHR r7dA}o] A= 1ete] mGHRE] A o] A7|HA]
Ao mIGF-19] el s VI == mIGF-1 7]
2] A EE AEE o] Ful¥oz e A7, w
HAFg 8ol 86.7% 88.9%, 91.9% ALl W oA g
FERI S THFig. 3). A7A 22 doxycyclines 48413+ *
2 A TetRNAi-mIGF1i-674-ATINWo Al 7} 32 853%
o] JA| g8 e O™, TetRNAI-mGHR1i-1358-ATI-
NWellA 71 58 934%°] A &5 el Arh(Fig.
3). ol A3z, mIGF-1 F+AA 2 mGHR A=
target siteo] gk Z}7}e] shRNA vectors- Al
total RNA F5=0llA Autd oz =0 uty oz &%
UeteR, Zb fFxke] S doxycydline 24 &t
knock-downA|717] 918t 23}k vector system$ls &<l
& ATk

B £F0|AM 2 mIGF-1i2 mGHRi9 Knock-Down &
g %o =l

7} shRNA®| ©]g RNA Gl 41 9] knock-down &&
< quantitative real-time PCR W' o2 glst &, ool
2 FEollde] gA a8S AAskLA mIGF-19] tigh
ELISAE A3t

Hepalclc7-TetRNAi-mIGF1i-342-ATINW$} He-
palclc7-TetRNAi-mIGF1i-674-ATINW A| 3¢ doxycy-
dineS 1 pg/mLel FEZ 4847k Bk A3 F, wjF
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Fig. 3. Efficiency of mGHR and mIGF-1 knock-down using mGHRi shRNA in Hepalclc7 and Hepalclc7-TetRNAi-mGHRi-ATINW cells
using quantitative real-time PCR analysis. (-), cell was grown in the doxycycline-free media for 48 hrs; (+), cell was grown in the media
supplemented with doxycycline (1 ug/mL) for 48 hrs.

o] £3E mIGF-1 T8 < ELISA WO 34 500 -
gk A3}, dzpe] AlEelA = doxycycline ﬂﬂ = O]-X] o _ 450 | 26
& sk Aelg A7k 247} 3708 pg/ml, 967 pg/ml  E 20 s
2 UEehkal, $2ke] AlEE 7Jr7P 378.6 pg/mL, 97 pg/ & o v
mi.o] hS ERISIEg 4. 5 kel hRNAC W 8
o %A ARt Hd A a8 73.9%, 744%= 57 S 200 2093
= A=, o= doxycycline®ll .Q]%L =29l shRNA 2 7 150
doz dla) w4 fade wa oAl wud Szl 2w
A Lolva 98 FHehs Astolk 50
ojol waf mGHROﬂ Eﬂiﬂ' shRNA7} =}¥ Hepalclc7- 0 w
TetRNAi-mGHRi-1197-ATINW<} Hepalclc7-TetRNAi-m- N N
GHRi-1358-ATINW A Z o] A= mIGE-1 wld oFo] A & & & & & &
Ao Al EZAME doxycycline A E]E a4 282 499 R€ <€ &£ & & &
= 5 [e)
A ﬂ;& 7§T7]; LZ‘}Z]—L 3;—472 pg/mL, 266 pg/mLi= rERst Fig. 5. ELISA analysis of mIGF-1 in Hepalclc7 and Hepalclc7-
aL, FAke] M= Zb2t 287.9 pg/mL, 209.3 pg/mL= %4 TetRNAi-mGHRi-ATINW cells. (-), cell was grown in the doxycy-
E]?i‘:]'(Fig 5). Z}7ZF shRNAS] vz =320 A 9] m’ﬁ cline-free media for 48 hrs; (+), cell was grown in the media su-
AA BE-2 23.4%<} 27.3%2X4], mIGF-1¢] sk shRNAZ} pplemented with doxycycline (1 ng/mL) for 48 hrs.
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Fig. 4. ELISA analysis of mIGF-1 in Hepalcle7 and Hepalele- . 7o iﬂl] FAEE HAsle)] ﬁ;ﬁi}t_e’t;?cz}
TetRNAi-mIGF-1i-ATINW cells. (-), cell was grown in the doxycy- cline =4 <! retrovirus VeCtOI' Systema Y oralAr ©

cline-free media for 48 hrs; (+), cell was grown in the media su- Ark #E AFelA AREEE virus vectors EHA| %‘:5
pplemented with doxycycline (1 ng/mL) for 48 hrs. retrovirus vector=24], % FL4A ClxtEo] A|AHE HE



104 &3]

2 AESde YehlA ko, A
nome O QPGS LQiElo] A&%]l
o] 7Fs gk miiAIR YA 9Av(Tai®t Kasahara, 2008).
A gl 28}, AEFT] 2" ol delsks fdRke] V)
T AT 58 fAAb] 274 mE A SolHel Uy
oJAlol] ¥k Ao glelA shRNA®l &gk A&l
Az B oAs 2 AR g2 5 Ak ol
7]1E9] A 2d 2 system?! tetracycline inducible
system©|} ecdysone inducible system= RNAi system
of =Yt} sh= A7 A= AT (Van de Wetering
, 2003; Gupta &, 2004). = A-ollA= Ake] system
S EQiekeletl, o] system®] ZETEWMAZ = HPEA O
2 ARE-E= reverse tetracycline controlled transactiva-
tor (rtTA) ™4l tetracycline-controlled transcriptional si-
lencer (tTS)E AH&-3F3Th tTSE Tet repressor protein
(TetR)¥} Kid-1 protein (SDKid-1)¢] KRAB-AB silencing
domain®] &3 FENEA 7} 3 transcriptional supp-
ressor= 21-§-3H} (Freundlieb -5, 1999; Witzgall 5, 1994).
2hg 7124E 2has] A EH, DoxZt §l W tTS Tet
operator sequences (TetO)¢} Z%atil KRAB-AB do-
main< TetO sequence®] promoter downstream®l| Al 7
28l transcription suppressor® 2H-8-3HH(Zhu &, 2001,
2002). =3}, promoter”} A€ TRE H-%1:= U6 promo-
ter®} H1 promoter®] TATA box$} initiation site AF©]9]]
A tet- operator A Fo] AYH FEjo|th I ATl -
=3t tetracycline fr=%]¢] RNAi retrovirus vector sys-
temS ©]8-¢ Z+7+2] shRNAC 918k 214374 =1 -4}
o] B AAE in vitro gl &1G A}, v GEA
1 A HAC] knock-down &EE UER= Ao=
215 20+=tl, mIGF-1 shRNA7} mGHR shRNAE A}-&-
g 95t RNASH ©ild = BESolA a84<] o
d A S dehde Zler ATk Quantita-
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= % 90% ol FAA B oA g8S5 YEhiih
E3h, mIGF-1¥F mGHR %ol tet shRNAS] w2l
FrolAe] BE oA S FQlskr] flste] ELISAS
AR A3, mIGE-1014= o 74% wd dl oA |
7, mGHROIA = oF 25% A %o] vz kel oA &
5 Yehl= oz g1EIt) o= Al wdshs
A4 T GHREM IGF-15 ©]-8-3 23] knock-down©]
H a&45& Sshs ditolth. GHRET IGF-10] 4
ol oA Bk & e UEhitE A9 Lupu &
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A" AF Aol 7P A Aol BEE,
IGE- 10] A% P79} GHRYF A&y A7 wo= 4
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