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Functional exploration of Lrtm1 gene in myogenic differentiation

Xiong Lei,Li Haoke ,Nie Mao,Deng Zhongliang
(Department of Orthopedics ,The Second Affiliated Hospital of Chongqing Medical University)
[ Abstract ]Objective : To observe Litm1 expression in C2C12 cells,to construct a lentiviral vector overexpressing Lrtm1 gene effectively
in C2C12 cells,to determine its role in myoblast differentiation and to explore the mechanism by which the expression level of Lrtml
protein is regulated. Methods :The differentiation of C2C12 cells was induced and the nucleus was stained by Hoechst. The mouse
Lrtm] gene was recombined with lentiviral vectors pLJM1-GFP. C2C12 cells which overexpress ectopic Lrtm] were selected. After
treating with C2C12-Lrtm1-DDK cell lines with MG132,the expression of endogenous Lrtm1 protein was observed. Results . Myotubes
had formed during its differentiation. The expression of Lrmtl and Myosin mRNA increased during differentiation.The recombinant
pLIM1-Lrtm1-DDK vector was successfully constructed and stable cell lines were screened. The results of real-time PCR at 144 h
showed that the Myogenin mRNA level in the Lrtm1-DDK group(272.1 + 18.22) was lower than that in the GFP group(332.41 £41.21)
(P<0.05). The Myosin mRNA level was significantly lower in Lrtm1-DDK group(76.11 + 10.47) than in GFP group(145.51 +10.02)
(P<0.05). Lrtm1 protein was degraded by the proteasome in C2C12 cells. Conclusion :Lrim] gene is highly expressed during myogenic
differentiation. Overexpression of Lrtm1 partially inhibits the expression of Myogenin and Myosin. Lrtm1 protein is degraded by the
proteasome.

[Key words]Lrtm1 gene;differentiation of skeletal muscle;lentiviral vector;sarcopenia
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WS IR

FTFZEA Lrtm1 (leucine—-rich repeats and trans—
membrane domains 1) B ST HRIEH D . Lrtml
BT ANGAAR 3p14.3 1R A GRS EE12 ) Lope—
z)imenez SFUIHIE | XSG RAMENR L & B BRI 0 F
FEH R B, Letm]1 7E R LA B B A A B DA a5 /) B
HhFRIAIE TR, Samata SFMHRIE , Litm1 5#1ZT
M3 HAT G R LR A M AN R AR IC 3 1
X5 T Ltm1 25 BRI TR LA AR DUAR SCH
T AR SO IR ARSE Letm1 P4 BB LB Litm
B Z PR R

1 #REFE

1.1 e R £ 59X 7)

C2C12 41 (/1N BV G WLEE AN ) W 5 o R 2 B 2
ML, NIRE HEK293T 4 [ rh ERk =B T 40 %

DMEM (H) BERREEZE P (PBS) B Trypsin—-EDTA Il
3 HyCLone A7l ;Age I EcoR I NG 1 NEB; DNA
BE IR 015030 &2 Takara; Litm1 -DDK BURL . TR H
ORIGENE; Lrtm1 #WriASUR. F CAEE ; Litm1 /N R —H0W H
Santa Cruz;pLIM1-GFP Hi 5 P K 24 A= 7y Bl 2% 2% Be 5t 1
psPAX2 pVSV-G Il B # R AW ; Polybrene Il B Santa Cruz;
FuGENE #4454 [ Progema; DNA Il 7 R M) 5E i
MG132 4 H Progema;Hoechst 4 H Invitrogen.,
12 7
1.2.1 S C2C12 WUNIAIML R 5040 e C2C12 MUILAAE
RiFETF 10%FBS i DMEM 7,16 h J5 WM i % FE 24 80% ,
T 2% Hy 1L 7E (HS)DMEM J3 Ak 35 FHkis6l - 3 fh 1 35 e B
(IR 24 h B4 1 K, Al a5 A S C2C12 sk, [
FERTIH] 15 Hoechst e EANAEAZ , 10 min J5 WAL S
122 qRT-PCR #ill Lrtm1 & mRNA FikKF  dggE o,
48.72.96 h AN IR RNA , L4MHOEE TR ITRNA
B BEANZEEE . 43 700 ng RNA HEAT I 5% (42 °C 15 min;
85 C 55)., qRT-PCR JZM %5144 95 C,2 min;95 C 10 s;
55 °C 20 5560 C 5 s;40 MEH  EE 3 RELE, ] 2-20
R X mRNA i, AC, =C,( H B EF ) -C (NS5 H
GAPDH) ,AAC=AC, (S22 -AC, (R RZE ) , 2246 /R S2ub 2]
H B mRNA & A IR s 5, 36519
I 1,
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£1 SEEIMES
WH Sl JATCEE
(bp)

Lrtm1 F:5-TGTTGAATGAGGGTTTGTGCT-3 139
R:5-TCCACGGAGTTTGATGATGG-3

DDK F:5-TGAGAAGATGGGAAGTAAGG-3 142
R:5-CTTGTCGTCATCGTCTTTGTAGT-3

Myogenin  F:5-CTGACCCTACAGACGCCCAC-3 162
R:5-TGTCCACGATGGACGTAAGG-3

Myosin F:5-CCAAGGGCCTGAATGAGGAG-3 153
R:5-GCAAAGGCTCCAGGTCTGAG-3

GAPDH F:5-TGGCCTCCAAGGAGTAAGAAAC-3 150

R:5-AGTTGGGATAGGGCCTCTCTTG-3

123 HAFRME ik PSR Litm] FERE L
At R AR AR e A AR A 4 #2538 Litm1 19240
fuk, K B AL Letml SEFT71G  FH G AREE I F Uk AT
PR KSR B PCR U= I K 1 164 bp,
SIS E A AR (I 1A) , pLIMI-GFP £ /A Age 1 |
EcoR 1 PIYIE(37 °C,60 min) MELIIES TG HEEE G FL K , &5
JWR pLIMI 2 MAOBUE P IS A 44 BE S B T Y
F MR (B 1B), LAk E Pk 8 AT R TR VA HE1 T B
W PCR, SEBGEE R 1~6 5|8 S ouBe M INi%HE Litm] L
(F10),

4 kb
3 kb
2 kb

1 kb
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MFPEE R SR, H Bk pLIM1-Lrtm1-DDK 5 GenBank
{58 /N Lrtm1 mRNA {5 H 5843,
124 1BIREMMSE ¥ HEK293T 401 15 10%FBS 1
DMEM ' £ 37 °C.5%CO, 1 AR R 7R A0 R 7%, 4% B fu—
GENE %% e300 156 B 5% Y 85 24 0okr pLIMI-Litm1-DDK F1
{1 %E JTURL (psPAX2 pVSV-G) il & ¥4 IR G . Bk T7 ik
pLIMI-Lrtm1-DDK ,psPAX2 .pVSV-G 3 F SR LA 2:2:1 A LE
P 5 Y30 Y 4l B R S ] ik 3R 3K T HEK293T ZH o
72 h S AN L R I, S O B U 4 R R AR
W, N AL AR A S FE IR SR i 44 Litm1 -DDK (LV) | GFP
(LV),LV(=)4 CI&17,
1.2.5 Western blot £ il 5 £ it ki pLIM1 -Lrtm1 -DDK 7
HEK293T ik #4520 1Y ki 24 44 pLIM1-Lrtm1-DDK | fH
Pt HE Bk pCMV6—Letm 1-DDK | BAE X} BB ki pLIM1-GFP
Wr 5 g HEK293T i b, #4 4 S5 I L AN AT T Western
blot #5:il , 59 2F- WA 1 h J5 A —$ (anti-DDK $i 4,
1:2 000;anti—-GFP HifAK | 1:2 000,4 CHFE 321 ; HSP70 Hifk,
1:2 000, & WIFE 1 h), FRABRAR S e B bn i i) —
(1:5 000), 9% E 1 h, H ChemiDOCTMXRS+ imanging
syetem 127 B E US4 Quantity One #4453 #1 4k
IR, 48T HEK293T ZHHeH (% Litm1 1 BTRIA
1.2.6 Letml1-DDK(LV) GFP(LV)J&Y: C2C12 LA
C2C12 MLALAN AR 35 F & 10% 4 117 (FBS) i) DMEM H
(% 1.5 mmol/L L-%4 [t , 100 U/mL FHE %, 100 pe/mL fik
BHE) ., HED g B K IRIE R LL 901 Y HL iR 3%
C2C12 #HMf 72 b, WBEEA DR IE )T, 10 mg/mL BERS 3R
e 96 h, WAL qRT-PCR # Lriml mRNA 7K F-3%
ik,
1.2.7  qRT-PCR & Lrtm1 Myogenin ,Myosin & K mRNA
KFEFRIL FES C12C12-Litm] ZH 1 C2C12-GFP 4 41 i %
5346 0.96.,120 144 h J5 , Wt &E Litm1-DDK(LV) ,GFP(LV)£H
YHMLITHEICE RNA 22N EE TR RNA Y3k B2 Fn 2
JE, 2B 700 ng RNA #7254 5% (42 °C 15 min;85 C5 s),
qRT-PCR JZR 24124 95 °C,2 min;95 °C 10 ;55 °C 20 5;60 °C
5 5340 MEFR, 48T C2C12 4R P ) Lrtm]1  Myogenin  Myosin
mRNA KPRk,
1.2.8  Western blot ¥l Lrtm1 Myogenin ,Myosin 25 [ Jit 7K
W33k S C12C12-Litm1 201 C2C12-GFP 2H 41 it 2 43
1£.0.96.120,144 h 5, BHRAMMEIREA . 5%MBEIEA- W40 1 h
J& A —4T (anti-DDK Hifk , 1:2 000,4 CHEH 7K anti-
Myosin, 1:2 000,4 “CH## & i 7 , anti—-Myogenin, 1:2 000,4 C
JF 117 ; anti-Tubulin, 1:2 000, 1 h) , FHIA SR 1t 48 464
FEARIE A —HL(1:5 000), ZIRIFE 1 h, 430 C2C12 40
Y Lrtm1 Myogenin , Myosin £ [ Fi/K-F-2 1k
1.2.9 W% Letml B RREAELL OWEEMIEME Litm] 2
R RS 0 - 76 C2C12-Litm 1-DDK 48} 2 th ] MG132 4k
¥ 0.8 h 51 Western blot K| Lrtm1 2 (4 fi#ik ., QWL

ANFE Leem1 4 R O - 78 C2C12 4R i 3834 Letm1 -
DDK JFi i35 £ ik 24 48 72 h, H| Western blot £:il] Lrtm1
FEATEL,
13 itk

A B R R T SPSS 19.0 G343 R A T Ak B
FAF RIS LAEL £ bRifE2E (v £ 5) FoR , ZREARIELLL
BB 7 2008, oA B LA 1.SD—t 5  SNK—¢
g, K gk i 2=0.05

2 % R

2.1 C2C12 @ fe ik 544t 22 ¥ Litml Myosin mRNA 7K -F
H

o

# C2C12 4N S04k 0,48 .72 .96 h J& , FH Hoechst 44
20 M A 55T 00 5% A0 A A5 15 450 5 I B oS JEL A MR L
qRT-PCR ¥ PYJEPE Lemt] mRNA 7KE3%35 (8 24 B), 4%
R BT LB R 96 h L P B2 -4
¥, DL 2me [pkg Myosin  Lrtm1 mRNA HKEEELER, LIOoh
ZH R0 IR 7R Myosin mRNA 7KF-3KikH1,48 h 2 .72 h#H (96 h
L0539 0 h 4159 (5.35 +2.24) (28.07 + 7.41) (77.05 + 3.09)
%, J7 2550 BT Myosin mRNA ik /K- HA G5 L (F=
210.000, P=0.000) , ZH [P PT L3 72 h 2% 48 h 41380 (1=
6.670,P=0.000),96 h 214 72 h 03411 (1,=14.390, P=0.000) .,
1E Lrtm1 mRNA /K-35, 48 h #H .72 h 41,96 h 43N
0 h 419 (14.27 £4.13) . (91.41 £10.21) . (141.5  12.73) 4% .
J5 225007 Litm1 mRNA 5K F-BAT Geit# 8 X (F=186.100,
P=0.000), ZH[H] WG A 72 h 2H% 48 h ZH4HN (£,=11.230,
P=0.000),96 h 2% 72 h 2030 (1,=14.390, P=0.000) ,
Myosin mRNA ik /KB 5 43 A0 B i 28 i, 5 SCik
B MFF , R BB T AT, Litml mRNA &35
KR RERf S A R A TIB A TR
2.2 FM 4 pLIM1-Letm1-DDK 42 HEK293T i, & ik

Sk B L FE A R S BB AS IE A 63K Loom ] &R 1 I K
T4 JFORL pLIM1-Lrtm1 -DDK ,pCMV6-Lrtm1 -DDK . pLIM1 -
GFP [BER 5% e /e HEK293T 40AE Y, 5 e )5 48 h, S 4 j
F DDK TR, 45 - 4P 3 7R, pLIM1-Lrtm1 -DDK 7£
HEK293T ZH e figfig ik Lml 8 1RT,
2.3 3 3 C2CI12-Lrim1-DDK #4 % tm #g %
23.1 qRT-PCR ¥ Lrtml mRNA %3k 7K F  pLIMI -
Litm 1 -DDK JEk: B 8055 A OBk A HEK293T 4 b fu
1295 EE JH pLIMI-GFP 2R AR TR AE Ay B4 X R 3 27 B Ik
YL F R 0 ST C2C12—=GFP F1 C2C12-Lrtm1-DDK 4
FE 2R A MR, WSCER 0 BR B RS [ B Leem1 (9 519
(Primer A 1 Primer B) % Lrmtl mRNA 7K 323K (F 4A |
B). LA GFP ZHAE A xF BB (BN 100%) , Lrtm1-DDK ZH A% Lrmtl
mRNA K535k GFP 414 (4.40 +0.86) x 10* (3.3 £ 1.1) x
10°* i, I LU Beit2% 26 57 (1,=12.350,P=0.00051,=16.450,
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1004

Myosin mRNA FHX} Fik it

0 48 72 96 (h)
a: 15 0 h 41H64L P=0.000;
b: 5 48 h 41 HL# P=0.000;
c: 5 72 h 4 R P=0.000

A. qRT-PCR Killl Myosin mRNA /K-8

100 A

Lrtm1 mRNA X} 33k i

0 48

72 96 (h)

a: 5 0h ZLHE P=0.000;b: 5 0 h ZHH#E P=0.000;¢: 5 0 h £ b4 P=0.000
B. qRT-PCR il Lrtim1 mRNA /K-
2 F5 C2C12 B ALAAa S L 7T Lrtm1.Myosin mRNA K FRik

P=0.000), #S0 1iR 2 #REE 4THEAR 0,96,120,144 h
J& , WCBRANMIAS T Letm1 mRNA 26357k (18 4C), LA GFP 4
Sk B S 87 B 1] £ Letm 1-DDK 209 Lrtm1 mRNA 7KF-43-51)
JHGEFP 2 (72.3 + 10.76)x10? (79.23 + 12.33)x102, (127.41 +
8.75)x10% (140 = 12.1)x10* £, J5 2253 H7 Lrtml mRNA #ik
I EA G475 X (F=93.450, P=0.000) , Lrtm1-DDK £ i)
PP EL82,96 h 2158 0 h 41380 (£,=9.792, P=0.000) , 120 h 41
96 h ZHIHIN (1,=15.750,P=0.000) , 144 h ZH#: 120 h 434 1m
(,=17.300,P=0.000) , &5F 7R ; Litm1-DDK 4B 1% T 401k
B 264 Ltm] mRNA 7KSF-4£ 0 h 3 335 19K P akse 7t
o

2.3.2 ¢RT-PCR #;ill Myogenin Myosin mRNA 7K 3 3% ik
3ok R 2 BRES S 4k 0.96,120 144 h J5 , W HR4H
JfLAG I Myogenin Myosin mRNA K ik/KF-, 455 QI 5A (B
I R Myogenin mRNA kK AE 144 h B} Lrtm1 -

DDK £ (272.1 + 18.22) %% GFP 41 (332.41 +41.21) Wi /> (P<
0.05) ,Myosin mRNA 7K F-7& 41k 144 h B} Lrtm1 -DDK £
(76.11 + 10.47) % GFP £H(145.51 + 10.02) B BIsi /> (P<0.05) .

pLIM1-Lrtm1-DDK = - - *
pCMV6-Lrtml-DDK = - + -
pLIMI-GFP = 4 - - Lrtml
55 kDI 1B:DDK
43 kD =-

B3 EHFRHA pLIM1-Lrtm1-DDK 7£ 293T 4Rkt g k%
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Western blot £ {l] Lrtm1 Myogenin Myosin SISy
T139bp | . CIEE ZENE 6 frs , AMEFEIR Y Letm 1 25 H BUAE 105 1] H B
(x10) AP 1615 5ME 144 h B, Ltm1-DDK Z1%% GFP 41 Myosin |
° Myogenin 25 FUBUKTMA . DA ES5RARII R 435 Lim]
i FLPH R Myogenin  Myosin £ [ 5t 6 34 KF | Bl id 23K Ltm 1
X . N .
i FERI AL A T PRI E A
£,
= 400 1
z
=
= 1
g X
5 &
0 B
GFP  Lrtml-DDK % 200 -
g
a: 4 GFP 4 L4 P=0.000 =
A. A3 Lrtm] mRNA /K-35 o
=
(x10%)
6 0
0 96 120 144 0 96 120 144(h)
1}
X : GFP Lrtm1-DDK

a: 5 GFP 21 144 h [LEE P<0.05
A A Myogenin mRNA K-k

Lrim] mRNA X} 2
(9%}

160 1
i
0+ )
GFP g
>~
z a
a: 5 GFP 41 H4 P=0.000 jé 80 1
B. Kl Lrtm1 mRNA 7K F-463% =
5|
(x10%) ] EL
ac =
150 =
IH 120 0
3 0 96 120 144 0 96 120 144(h)
g% GFP Lrtm1-DDK
z
z 007 a: 5 GFP 41 144 h F&¢ P<0.05
Tg 30 B. il Myosin mRNA IKF-Feik
]
0- & _ E i
0 95 120144 0 9 120 144(h) B 5 Lrtm1-DDK 485 GFP 22 Myogenin,
Myosin mRNA 7k 33k Eb 5
GFP Lrtm1-DDK
a: 5 GFP 4 0 h H# P=0.000;b: 5 Lrtm1-DDK £ 0 h Fb4¢ P=
C2C12-Lrtml-DDK - = - — + + + +

0.000;¢: 5 Lrtm1-DDK 41 96 h Fb 4% P=0.000;d: 5 Lrtm1-DDK
211120 h Hb4 P=0.000

C2C12-GFP + + + + - - - =
fHi(h) 0 96 120 144 0 96 120 144

C. Kell Litml mRNA K F-Fi% 43101 | .00k
4 Lrtm1-DDK A5 GFP £8 Lrtm1 mRNA 7k %k b5 180 kD—l - | 1B Myosin
2.4 i &3 Litm1-DDK 2 B 5§ Myogenin Myosin % & i 7K 34 kD _| - ---| 1B: Myogenin
;F‘élj ﬁ?jv@ 55 kD-l'— S A N S— “-'""| 1B : Tubulin
ARG i B 3K Letm 1 JE R LA Ak #3520 Myo—
genin Myosin &% F K P9340, 175 5534k C2C12-GFP 1 6 Lrtm1-DDK A5 GFP 48 Lrtm1.Myogenin,

C2C12-Lrtm1 F&5E FIRANERE 0,96 .120 144 h, W40 i, Myosin & 5 Bk TRk b5
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2.5 Lrtml & @ FUR-F Rk 2% & Bk i@ 3458 5

TE_FaR S b AT & AR 4048 0 b, Litm 1 2B
FIURZER A E (& 6), 5400 H mRNA /K55 235 (18
)AL A, I Letm D 2 15 2635 52 B 5 R B 5 &1 1
P AR 4R AR, Letm 1 B8R 1B 365K P32 15 1
IR . MG132 J2& 8 1 A i -1 B L MG 132
T AT M R Lem 2 UK, 455N E 7 BT
7RI MG132 J5 , Letm1 2 1 BUK F-225088

[ERE i + - - -
C2C12-Lrml-DDK - - + +
MG132(20 pmol/L) (h) — = 0

55 kD = .

43 kD = IB:DDK

7 TRESEARPRN Litml EERE

2.6 M-SR Litm]l & & R

2.6.1 WMEHMEME Ltm] A TFRE 2G5 Litm]
B T A T2 2 1 T A S VA s A LR AL, A Bk o
TR 5 A 2 5 M R 3 B (R R A7 AE TR i 3R A R 4L
th. 7E C2C12 A Rt i 3K Litm1-DDK JTkr 24 48
72 h JE AT A, Western blot #:30] Lrtm1 £ F K F-323K
W 8A Fizw, BEFE Yersf B 4K, Letm 1 ZE SRR B>, an
&l 8B itz , fEAIA MG132 J& , Litm1-DDK 2K Ll K {55 ik
BRI FRIR KT T8 . W] Litm ] 5226 (1 ERRIE #%
TPERREAEAE TR i FRB R G, HULRE AT 2 Ltm]
TSI,

pCMV6-Lrtml-DDK = = + + = + + = +
GFP = + = = + = = + =
fI(h) 24 24 24 24 48 48 48 72 72

& kD"l - = IB.DDK

26kD] = - -—

R kD'iﬁ-

A, K Letm1 85 A i KE£ R

I IB:GFP

- | IB: Tubulin

pCMV6-Lrtm1-DDK(33~388) = = + = = + = = +
pCMV6-Lrtml-DDK(1~388) = + = = 4 = = + =
GFP $ & @ 4 = = & = =
MG132(h) 00 0 4 4 438 838
a3 - T ] o0k
26 (D00 = = | .G
55 kD-I —-— — = I 1B : Tubulin

B. Kl Lrtm1 25 5Kk

8 C2C12 ffarhit %k Lrtm1 EE#®T Lrtm1 BEEBKERIE

304t it

g AE R FI TN BEFE A Letm1 5 ULk Y ¢
R, E AR R LR C2C12 4rf bk
TTAHCSESS B VL3R T Litm] mRNA 3
IKKAEY) Myosin AHLLZ T T2, 2 H Lrtm1 LR AT
REFIEES 5T U RS . B A e 5
PELU IR Leem 1 (8 B Mk AR BT A AT 8 B2 AR 3
A, HRgE T RSN A AR 1Y Lom] 58 S
TIUIREMIIR R, 8L AN Letm 1 ZE[H | 7E mRNA
DL SR B KA X L A3 AR 74 Myogenin
H1 Myosin" )52, & Blast 638 Lrtm1 Ji XF AL
AR BNFR - HIE . A E IR A TR, AT
i 5 LA 1 TR A KOV 52 85 1 BEHAE R A G
ARG ANFE A Letm] 5K 5 AS I Letm 1 26 11 5
TP — HEME S H mRNA R EACETHE A K
Fefil, R R S HAFY Leom D JED 5 s E 1Y
K ZRNIZARF] Lrtm 1 3 R 52 45 0 BLARA 35 4
ZRAR A5 BN 2 55 FH A B R 45 SO IS R 9 Lirtm 1
G

S I AR R B R R A M Ak ek b
B Lemt] J5 , TEARSMEET 2 4 mRNA K25+
B2, 43 AT D PR AT BB 2 bR 7E R o A A 40 i AR IS
Lrtm1 ) mRNA FikKP4 208 42185 I LUAMIE
S A Lrtml £/ J5H mRNA FikKE240 767
(2% % . 7F C2C12-Lrtm1 -DDK 41 i #% ' Lrtm1
mRNA ZKPAR & B8 1 53 ik 7K F ZIARAIG, #E)
Lrtm1 2 32 86 (AR RTETT R A B A0 150
MG132 45 Litm] R IBKE TR, EEEHA
X} Lrtm1 25 758 I8 #EVE AT LA Letm1 7
EHEESLY € BUINPRTEUs- AT Py B g =V NESSI
AOEFET R AL . Leem 2 (1 BE#RIAK
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