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5 mmol/L i Z MR s S e %, G D GH ARG NN 18 5 75 B YL 0% ;. Western blot VA5l GCDH K 13835 7K ¥
MTT A AN AR G , Hoechest 33342 YL Ak AN I T, Western blot y2: 46 0 40 i 8 T ) 28 BLAE b Caspase3 K-,
GER WHEREETE AT AU ITA M GCDH 535 ( P<0.01) o MTT M Hoechest 33342 Y (66 I 4% 4H 1] 44 i 375
PE R AL T e 25 TeGe 2 8 L (P>0.05 ) . Caspase3 85 [1 835 TE 4 20 8] lL AR 22 AN EGe 47 X (P>0.05) .
518 GCDH PR PTBR A R A0 & FOH - 4n B JC B 2 B Ve -

[ MEL/RILRIZE, 2017, 19(9) : 1014-1019]
[E8IA ] R WHEET A DA, 40iEistE; BRL 4000

Effect of glutaryl-CoA dehydrogenase gene silencing and high-concentration lysine
on the viability of BRL hepatocytes

GAO Jin-Zhi, ZHANG Cai, YI Qin, YING Yan-Qin, LUO Xiao-Ping. Department of Pediatrics, Tongji Hospital Affiliated
to Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430030, China (Luo X-P, Email:
xpluo@tjh.timu.edu.cn)

Abstract: Objective  To investigate the effect of glutaryl-CoA dehydrogenase (GCDH) gene silencing and
accumulation of lysine metabolites on the viability of hepatocytes. Methods  BRL cells were divided into normal
control group, negative control group, and GCDH silencing group. The shRNA lentiviral vector for silencing GCDH
gene was constructed, and the BRL hepatocytes in the GCDH silencing group and the negative control group were
infected with this lentivirus and negative control virus respectively, and then cultured in a medium containing 5 mmol/L
lysine. Immunofluorescence assay was used to measure the infection efficiency of lentivirus. Western blot was used
to measure the expression of GCDH protein. MTT assay was used to evaluate cell viability. Hoechest33342 staining
was used to measure cell apoptosis. Western blot was used to measure the expression of Caspase-3, an index of cell
apoptosis. Results The lentivirus constructed effectively silenced the GCDH gene in hepatocytes (P<0.01). MTT assay
and Hoechest 33342 staining showed no significant differences in cell viability and apoptosis between groups (P>0.05).
There was also no significant difference in the expression of Caspase-3 protein between groups (P>0.05). Conclusions
GCDH gene silencing and accumulation of lysine metabolites may not cause marked hepatocyte injury.

[Chin J Contemp Pediatr, 2017, 19(9): 1014-1019]
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B MR R AE 1 Y (glutaric aciduria type 1,
GA1) J&— M Je (O fA B v AL s, P %
MR R A=A, BIEHIXEEIT2Y 17106474, [H
NHTIL A S0 2 1764708, [ EA B A JBE S
fif ( glutaryl-CoA dehydrogenase, GCDH ) J& {4 4
M. BMEIR . R R IC R R SRR,
Frrhifi @ IR AR & E R . GAL R A gk
f5 GCDH 19 2 (4 & A= %8 242 B GCDH 1 1 Bk 1%,
A FEO AR A S, AU R 3-
FEH N R S AEAR N BRI BOR Y. GAL W 7ER
JU6~36 A H I R | S . TR SRR S 1
R Kk A EIs fa & BT 2 W, 2
s fen 4 I 3ot BE AN AL R 2 i . BRIk A 2O
JIE GCDH &t JMR 5, iy B R 2 R A
e E A E . JFETE GAL &Zth i A
HEAMO, HIEN TN GAL Z REE ., A
1M GA1 B JLIm KRR IR s . BETE s P
HUBIE 5 A S 7 oG 4 20460 495 B e R R B, A
5T GA1 BUR 2 ST AT A i s ) 22 S0k, AT BD T
34k GALIRYT IR AR SR AR Y B AK YR . a2
A 1 T AR B AS LT S I A 5 A 4 o SRR 4
MORE TR R A T, BRI AT 2, 1R Tk
PRCRME LLRIIE, PRI AR A R FAE R Bk A=
A6 1 40 B BRL-3A 2l Y ( big rat liver-3A cells )
PEATWRSE, AR, A, 2R/, Ay
I 5 2RI % ShRNA 1255 35 28 A HE 1) T Bk
GCDH HEPH, 18 55 R R i 22 TT 25 5 o TR P A 2
MR 5 5 I DI AR EE GAL Bl 224540 2 M A 5 A A P
N T E—BHEGE GAT X IER GV E T, ARBT5E
T shRNA 1A R B AU BRL TR AR, 4L
[ 0ER GCDH DY, 55 e v J32 #6121 B 77 40
GA1 R RBWy, i MTT Hl Hoechst 33342 5l
UM VE S T DL, ) Western blot 61 sz ik
AL JH T SR bR Caspase3 K-, DLt — 2 3F
Y IS 1

1 HRSH®

1.1 BRL FF4EAfsEF:

WA IBGE RAFA0M (PR RE E AR ) |
3 T 37 CKE R, 1000r/min 50> 2 min J&5
A R R B R AL B AN ( 90%DMEM

R R I +10% G4 g, ¥ A 32 E Gibico
INFED) TR N 5 x 10Y SLERE T 6 FLAR.
YA 2 90% mhA RS (S5 Gibico 22 H] )
THAEAR,
1.2 (2K ERBCRATHAE R BRI

AL R A BE 24 30% s BEHL 3 by 1E 5 X BRAH
FHP X REZH AT GCDH UUBRZH,  1E H X6 RE 2 200 il Tt
AT An] 4b BE, BH T BE 20 A1 GCDH 3t 2k 41 43 1)
IFI 4 XoF JYE 48 5 2 R 445 45 40 1) 0 BR GCDH £ 1A 11y
shRNA 129 a5 e (L 7 LI R A 22 AR A fR
] ) P TS O i S e AR R AL (MOT= JR
BEEL/ AUBEEL ) M 20, 12NE R IAAR B kA et
WOE A, B T72h J5RAPOL B M ( HA

OLYMPUS ) WRZLBHMEXT FRZH A1 GCDH {0 2R 2H JRk gL

1.3 Western blot i£#:ill GCDH & B 3&RiAKF

MR YL 72 h JE FEBE 3R 3L, PBS MR k40 i
25, AR R SR A = Ep P, S0W
AR 10s, VK E#E 10min, TE 3K,
200 mA SDS-PAGE Hi ik ( ¥R 47 ik 75 V Fl 43 25 I
120 V fH LK ), F% B 45 min 2 PVDF € I
FERRS 4°C—Bt ( B-actin St FREA T REPLIAIN [ 36
Santa Cruz 2], GCDH Ryt Z wwkepriaiy g
R =8 LY ARARRAR, LL1:100 ke ) 05
BHK, 2P0 (BUR S A AW EEARIC F PR =4t
I FA st P A2 S M AR Y H ARG B A, DL 1:3000
k) W8 1h, ECL (4, UVP Labworks FRAH,
Labworks 4.6 X428 f AT G % BB . AR AR 5K
ik 3 A PATHEA, AL R 3R, K
MZERLL GCDH AIXTT B-actin AN F AR IR
1.4 MTT 28R & 1

BRL il 2 2 528 s 72 h J5 A& 53T 96
FLAR, Z3 AR5 IR B 5 mmol/L #H &R (36
Sigma 2y A ) BYREFRILREFE 24 h 547 MTT K0
FRLAIML (90 pL #5555 ) fin 5 mg/mL MTT ( EH
Amresco 2 ) ) 10 pL, 37°C. 5%CO, % 3% 46 v i
A 4h g, # DMSO ZiRFEIKED 15 min, 570 nm
P | 630 nm S REPR I 2 2 FLOGEE (A (0D
H) o B 3ANEAL, BALEMTER 6 K.
1.5 Hoechst 33342 & 4H A E 1=

BRL 41 221895 7 B YL 72 h J5 B35 T 96
FUAR, 435 FH M B R FE A 5 mmol/L i 20 iR 1Y)
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B3R F5 97 24 h J5 4T Hoechst 33342 K, 37 °C ikt
I, LU 10 pg/mL Hoechest 33342 (3% [H Sigma
AT TEEANME 10 min, 4% ZERHEE ., ROLREE
AL 10 min, PBS PRI 50 Wi TR,
R 3 R AL, RLREPLERE 10 MLEFI 4,
1155 Hoechest 33342 Jefa fHEAZ L9, 2&AN 2500
SR 6 K
1.6 Western blot #:il] Caspase3 F&ixKF

BRL 41l it 2212 9% B¢ S Y 72 h J5 AL AR 3% T
6 FLMR, 4L A& 5 mmol/L i & R 1Y 35 37 FL 1 97
24 h Ja R BUE R, KR 1.3 /A5 ((Caspase3
St R 2 e BEPUA I A 52 [ Santa Cruz 24w, LA
1:500 #ke ) o BRHBWRIIIRI 3 MPATHEA,
SIS AT B 3R, Kl 25 SR DL Caspase3 A X
T B-actin AR RAEH RN,

TEH X B

{88 B

O WAL

B 1 (255 EEE BRL 4 ( x200)

[HPEXT BE2H

1.7 FitFESR

iz ] SPSS 17.0 Geit B A X B A 48122 00
Mro THEGERAE + FrifEE (x+s) Fom, W
] LR ST AR A ¢ K55 224l ] U BCR A
& 2200, LRI HL R B SNK-q #6556 .
P<0.05 WA G E L,

2 #R

2.1 BRL FF4HRatEFR S5 BmE L

MOI=20 B, 3 & W58~ o] WYL 5 BRL
2 055 T % FEZH BRL 40 i 1 S AR £ £ 9K,
MHEEER R, RSP YO8 RMEE Tl
DLUBAE X IR 20 A1 GCDH JTERZH 90% L) BRL ZifiEg
BOSOL, BRI RIS, WE 1,

GCDH LR 2H

¥

MOI=20 B}, £ AMMEFECES N M AR M, M EHR A,

HRATOEIE LT . it T i I AN TE SO BT T R AR D, SRRBIN BZE A GCDH BB SAE R3k 90% LA

E, HANME RS

22 1B/RER4E BRLFMAM GCDH EARIX
b/ g

%4 GCDH FE AR & LR EF A G E
M (F=196.17, P<0.01) o 5 1E% X} RALRIFA M XT

MR %, GCDH JTER4 GCDH fEH Rk & i &
TR (P<0.01) 5 T 1E &% BB 2H 55 R %) R 2H 8] H

A, GCDH EHFR A FEE R LS IT2#E L(P>0.05 ),
NE
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GCDH el e — — 43 kD GCDH FEIAW /0 Hl 5 mmol/L #i 2 ik % BRL I 40 i

B-actin  e— D S_— D
RN e O
Gt o
\Q\\ g@

[ r
0.8+
0.6+
0.4+
ab
0.2+
0

IEHEXIRAE BITEXTIRZE GCDH HIBRA

GCDH/B-actin

.

2 Western blot # il &% H 48 8 GCDH & B &RiA7K
F Lﬁ%%?ﬂfﬂiﬂ@(‘(‘DH%ﬁ%Lrﬂiwﬂ Tﬁ%%éﬂéﬂﬂ
i GCDH #& K Le i ge it B (n=3)
P<0.01; b7R5HMERTIRAL FEE, P<0.01,

2.3 GCDH ERREK =K EH M &H BRL
bRk 3 aEA )

4% kb B2 1] OD {492 5 R 4o 2 7 X
(P>0.05) , BASAb BEZE 5] 40 75 PTG (8 2% 57

TEH T R

[P HE 2

- ...

IHPERCR M, WAk 1.

Fz1 MTT #&il&%H BRL 42 OD fELbE  (x=xs)

215 n oD 1H
1E 6 Rl 6 0.540 + 0.020
IEHXHRZ +5 mmol/L #i2 R 6 0.528 + 0.028
P MR 2 6 0.529 + 0.040
[ FRZH. +5 mmol/L i 5fR 6 0.522 + 0.023
GCDH VLB 6 0.517 +0.034
GCDH JLERZ +5 mmol/L #1512 6 0.520 + 0.017

F1{i 0.322

P 0.890

2.4 GCDH ERMEESREHRIERXT % H BRL
BH4mpa A TR 220

25 20 4 M R A R G L, R LB S R
WY RS X s R (E3) o SdiEiE s
AN LB HE 95% LA b, HASH IR b2 55T
it X (P>0.05) , Uil GCDH 35 U8 /0 il
5 mmol/L i Z FR X BRL JIF- 41 B A% JE 745 5 Wi 2 R 0
W, W2,

GCDH JiZk4

o ...

3 KAIEAMAN Hoechest 33342 S (920 s,

TR i 2 P2 X B e F

%200 ) L AN R AR A e R LB SR
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% 2 Hoechest 33342 &% H BRL A IEE#%LE

BiltkE:  (x+s)

2151 n EHAZ L]
TEH T IR AL 6 0.963 +0.007
TEHXFHRLH +5 mmol/L Hi2 iR 6 0.954 +0.017
B e o) B 6 0.953 +0.014
AP X HB AT +5 mmol/L #i 22 6 0.953 +0.011
GCDH JitEk4l 6 0.950  0.012
GCDH JTER4H +5 mmol/L #iZ R 6 0.947 + 0.009

F1l 0.638

PiE 0.675

25 HEERIEMAT GCDH MEASHMEITEA
Caspase3 FirKF

2 5 mmol/L i 2 IR X5 3% J5, GCDH Ut #K 41
55 B4 X6 BR 21 ] Caspase3 Rk KFE B 27T
it L (P>0.05) , W] GCDH K ik s bl
5 mmol/L fiZ R %t BRL AL - JCs ], ULIE] 4,

Caspase 3 11 kD
Caspase 3 = 17 kD
p-Caspase 3 "y < 32 LD

Bractin A G 3 kD

" §
X IR

1.0~ B GCDH kel

0.8
i i
X 0.6
i
= 044
=

0.2 1

0 m

Caspase3-11 kD Caspase3-17 kD  Caspase3-32 kD

B 4 Western blot #:ill GCDH i 2k H 5B 1433 BB A
i8] Caspase3 FiAKFEL  FENHRIKSHE; FENS

R (n=3) .
3 i

GA1 & —Fp i Ye iR B Mt (L s, 248 %0
5 GCDH 19 3L A & A= 2878 3 80 GCDH i 14 B
MBI AP . GCDH L T4k AR N, GCDH
BEs AR, BEAR. BEAR/REEG, 1k

TR, 3FREIN R . I R R AL 2
WETE . GCDH J 24T Bk, FFAE. O
JIE . IR A gE M BEEE S & SRR A AN
RER O B AR e, AMEe G5 & VERT % 1
ARSI ER PR SMEMAES. GALR
JriaEE PR AR AN 2R AR PR S
I S i b e A A RE R4 P X GAT &
BURIAOFRTT, B BRIN 2 AN X — KRB E .
B GAT Ay R 80 32 22 A8 5 R Sk s fE 42
Jei 4k 5 1 A SCIRAR Ry = 1 0 22 2R G A0 mAE KL
EEW AR REEM 2 RGN, LR E
WA ARAE, LR MR A0 Y R
PRI FR GCDH 2 H R FR /N R T GAL TR A=
PR K BORMR Ry E s 2 RGBTl i
RRALAGHI AT 5% 2 BT TC s ', GCDH JE R b
AN IR 30 d RS A S 0 1 S fil L BOIR A
L EZ STV B WS R TR E R AR €l TP 3 i | LN
A TE B B0 7. GCDH SEFH /N ARG 15d
I 2 PR i S 2 S0 T A i 21 2 P 38 D
PEA B ORI 0 35 B B RAIG, BRSSO, (1
G L 2 A SR N B 1 B 5 I L T A
HEZHASIA W ML, A B T8 GAL IR TR I
RS .

P 300 AR 2 31 S 48 45 0 1] U0 2R GCDH JE A 1Y
shRNA 18255 8 R e AR FRaCiR IR 408, 454
Mk BE 2R (5 mmol/L ) 35 35 FR 48 AT A A
GA1 PEREE XSO 22 e i, I F1 % 40
MBI A BT T GAL M2 et pLe ¥ A T
PE— W55 GAL XHIFAE B VE T, AR5 4%
HrHL A TR GCDH JE Ry shRNA 1895 2 /844 BRL
JFANMZR, 456 i vk B IR 15 35 IR AL AL
PN BRI 6T 40 M 305 T R T P e 7 B BRL T
N IR % T GCDH 28 A ULBRRCR Y3 . /i
WIBF e GAL SUIRIR M oo R v, B X R
FE M5 mmol/L J 2 TR B 77 5 X 1 28 70 40 A %

SR B TTER GCDH i K18 55 7 11 #2820 I
77, H 5 mmol/L #i & Bk — e i iz s 7E
I ARSI T, MTT 1 Hoechst 33342 4t {752
55, Caspase3 7K F I 32 J 7 41 22 R A Gt SR A
X2 L 45 AN B 4

XELAF ST AR N TE GAL BB ILHIHZ, JtH
JESUIR A JE B HL A 2% B 402 5 B i . i
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MR P I /R . 3 ek — e & i ik,
GAT1 7] 434y 5 43 1 U VIS 43 I 78 2 b A= fb R AL
R A fb R R AN PR BRI TCAH G, AR
ik TR . 3 R R E S R iR
JEAHH M, CODH S22 14 3 5 Py 1) g
5 S I M I 3R 5 T P P R A P AR, T s
TR TR R 3 BRI R R E
RAETELRARN, dE—B 558 BRI, AR5
RV A% 12 5 ORC1/2. ODC, OGC 45 & Fif
MR EPA R, REFEEIRE A TE GAL BL
P2 L ZURT I B 2 T REAS — BT S A
VAEAE 22 520 o TR IR A5 17 9 B0t I e A
G 2R AR A e 22 5 0 PR 2 B e 2k
WA TR PRI AR, 7EMG 2 220t Ak
YITGAR F LR M iR AR AR, AR
HRIC B LR T 2 GCDH R, YRR Tt
GCDH Jh PG, _EUa i AW & R 2R H
W AT RESE GAT £BLAN 2 2R AIE 4 246345 2 S 1k
(AL

A BIF 5% M 4 A shRINA 18 955 75 2 74 400 i) 90 R
GCDH J:[H, 18584 BRL IFAIIL R, 4565
W W R B SR IR B ST, GAL T AN B FE A AR
W5 AN 5 22 5 B 10 28 OB R X FE R 9 GAL BB
UG 20 LR R 2 2453 40 25 S PR L . Ay
GA1 RIS AL B K

(& £ X k]

[11  Govender R, Mitha A, Mubaiwa L. A review of patients with
glutaric aciduria type 1 at Inkosi Albert Luthuli Central Hospital,
Durban, South Africa[J]. S Afr Med J, 2017, 107(3): 201-204.

[2]  Tsai FC, Lee HJ, Wang AG, et al. Experiences during newborn
screening for glutaric aciduria type 1: diagnosis, treatment,
genotype, phenotype, and outcomes[J]. J Chin Med Assoc, 2017,
80(4): 253-261.

[3]  YangL, Yin H, Yang R, et al. Diagnosis, treatment and outcome

(4]

[3]

(6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

-1019-

of glutaric aciduria type I in Zhejiang Province, China[J]. Med
Sci Monit, 2011, 17(7): 55-59.

Jafari P, Braissant O, Bonaf¢ L, et al. The unsolved puzzle of
neuropathogenesis in glutaric aciduria type I[J]. Mol Genet
Metab, 2011, 104(4): 425-437.

Boy N, Miihlhausen C, Maier EM, et al. Proposed
recommendations for diagnosing and managing individuals with
glutaric aciduria type I: second revision[J]. J Inherit Metab Dis,
2017, 40(1): 75-101.

Zinnanti W], Lazovic J, Wolpert EB, et al. A diet-induced mouse
model for glutaric aciduria type I[J]. Brain, 2006, 129(Pt 4):
899-910.

Seminotti B, da Rosa MS, Fernandes CG, et al. Induction
of oxidative stress in brain of glutaryl-CoA dehydrogenase
deficient mice by acute lysine administration[J]. Mol Genet
Metab, 2012, 106(1): 31-38.

Seminotti B, Ribeiro RT, Amaral AU, et al. Acute lysine
overload provokes protein oxidative damage and reduction
of antioxidant defenses in the brain of infant glutaryl-CoA
dehydrogenase deficient mice: a role for oxidative stress in GA I
neuropathology[J]. J Neurol Sci, 2014, 344(1-2): 105-113.

Gao J, Zhang C, Fu X, et al. Effects of targeted suppression of
glutaryl-CoA dehydrogenase by lentivirus-mediated shRNA and
excessive intake of lysine on apoptosis in rat striatal neurons[J].
PLoS One, 2013, 8(5): 63084.

Braissant O, Jafari P, Remacle N, et al. Immunolocalization of
glutaryl-CoA dehydrogenase (GCDH) in adult and embryonic
rat brain and peripheral tissues[J]. Neuroscience, 2017, 343:
355-363.

Kolker S, Valayannopoulos V, Burlina AB, et al. The phenotypic
spectrum of organic acidurias and urea cycle disorders. Part 2:
the evolving clinical phenotype[J]. J Inherit Metab Dis, 2015,
38(6): 1059-1074.

Wang Q, Li X, Ding Y, et al. Clinical and mutational spectra of
23 Chinese patients with glutaric aciduria type 1[J]. Brain Dev,
2014, 36(9): 813-822.

Sauer SW. Biochemistry and bioenergetics of glutaryl-CoA
dehydrogenase deficiency[J]. J Inherit Metab Dis, 2007, 30(5):
673-680.

Sauer SW, Opp S, Hoffmann GF, et al. Therapeutic modulation
of cerebral L-lysine metabolism in a mouse model for glutaric
aciduria type I[J]. Brain, 2011, 134(Pt 1): 157-170.

(A )



