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Abstract : Objective To explore the potential mechanism of A-type lamin gene (LMNA) regulates the ex-
pression of iron-only hydrogenase-like protein 1(IOP1) in autophagy. Methods Transfected the LMNA spe-
cific or IOP1 specific siRNA into humanembryonic kidney 293 T cells (HEK293T cells). Analyze the expres-
sion level of LMNA and IOP1 by RT-PCR and Western Bwhlotting, then,analyze the expression level of the
marker genes of autophagy, including LC3B [[ /LC3B [ , p62, ATG5-ATG12 complex, ATG5, ATG12 and
FOXO3a. Results Both mRNA and protein level of IOP1 were down-regulated in LMNA specific siRNA
transfected HEK293T cells, LC3B [[ /LLC3B [ was also up-regulated. LC3B [ /LC3B | , FOXO3a, ATG5,
ATG12 and ATG5-ATG12 complex were up-regulated,p62 was slightly down-regulated in IOP1 specific siR-
NA transfected HEK293T cells. Conclusion [LMNA gene can regulate the expression of IOP1 gene,and then
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participate in the regulation of autophagy.

Key words: A-type lamin gene;

R (HGPS) 2l T A B 21 )2 35 1 1Y 4 Y
P (LMNA) % A 5485 e A S B B2 1 26 1
LF) L E A MAZ Y HE RG] R B B R RRAE Y R
- BT & B, 6 WA S ) A A ) 7R
(MG132)4b 3 HGPS 35 1 il £F 4k 240 f . 7] LA &L
A A 1) S R S LMINA K [R R0 40 i B
Wit 22 ) £F 7E — 2 1R R H = B AR R 5 AL ARSI
B OB MERR S g A% 3 1 (TOPD) & — F ik Bt
B, EES 5005 M 0% R R AR
B A R 2 A R AT 5 R & B LMINA fil IOP1
Z B AT REAATEAH B O R AR B HIR I Z
(] R ) 2 AT 4 L ) e T Y R L A
i HGPS HR R AbfF 4 . BHRIET .

1 #RE5RA%E

1.1 FEZME ARG S 4 i (HEK293T) g 4 52 45
A IR 4 ME (FBS) | i B DMEM £ 3% 3% | Lipo-
fectamine RNAIMAX, IOP1-siRNA (ID: HSS148890) .
LMNA-siRNA (ID; HSS106094) % 50 nmol/L [ 1 %t
M8 NC-siRNA (12935400) #Wy H 2£ [ Thermo Fisher
Scientific 24 7). ¢DNA & Wik 7 & (PrimeScript™
RT reagent Kit with gDNA Eraser) ¥ | H 4~ Takara
/Fl. RIPA Zif# W . PMSF. 5 X Loading Buffer
WEEHESREYHEARAARAF., TGX Stain-
Free FastCast Acrylamide i& 5] & W H 2 [E Bio-Rad
AT, 0.2 pmol/L PVDF g 4 4% [ Merck Milli-
pore 2wl . 4+ ML 78 & A (BSA) I [ 4= T 49 T &
i) By A BR 23 \) . AP Aric — 4t A & & Pro-
teintech 2 &), NBT/BCIP Iy H 3 Sigma 2\ #,
IOP1 $if& . Lamin A/C $i{k.LC3B T $i{k.LC3B I
ik . FOXO3a Hidk . p62 Hi ik . ATG5 ATG12 Hi ik,
GAPDH Hifk¥y {2 E CST A F], %6 & PCR
{XHL5 S LightCycler 480,14 H & 1% [RA #]

1.2 Jiik

1.2.1 40jE¥%3E HEK293T 7 37 C,5% CO, 1
FRAE P 10% FBS it DMEM 85 33 345 3%
1.2.2 siRNA T8 ¥ HEK293T $#:5 T 6 1L
B, 2 40 i %5 Bk F) 30% ~50% mE AT g, H
Lipofectamine RNAIMAX # YL 2 ¥ ¥ 5 50 nmol/L
) TOP1-siRNA, LMNA-siRNA & 50 nmol/L [
Xf B NC-siRNA, H THBCE RNA 40 e 7 5% 44 Jm
AShUtE A THRREEAMMAMAEL )G 96 h
Wk

1.2.3 #tE s PCR ORI B E #7280 =
PCR, J&{#i ] Trizol ¥ #2& B 40 M & RNA ., % it cDNA

iron-only hydrogenase-like protein 1;

regulation

A Ik F) £ (PrimeScript™ RT reagent Kit with gD-
NA Eraser) (#EA/EBLH] L 1 pg RNA HI TSk &
% cDNA, X J5 % | SYBR Green 3 7F LightCycler
480 Y 2% F AT 99O E # PCR, 10P1 3 19 & £ 51
YEE R 5'-GAA AAA AGG GCG GGA AGT GPC
R-3"F1 5-GCT CCC GTC ATC TTC AAT GC-3',
LMNA S 2 &8l 955 R 5'-TGG ACG AGT
ACC AGG AGC TT-3"f1 5'-ACT CCA GTT TGC
GCT TTT TG-3', W& 3N GAPDH [ & &5 ¥ )7
5k 5'-TGC ACC ACC AAC TGC TTA GC-3'#15'-
GGC ATG GAC TGT GGT CAT GAG-3', %
.95 °C 1 min BiAS P95 °C 5 s 48 PE,55 C 30 s
BAL72 °C 30 s FEAH I FR AL 40 TR,
1.2.4 Western Blotting W4 )5, It A RIPA
24 W S PMSF, 7K |24 f# 30 min, il A 5 X Loading
Buffer,100 ‘C /K ¥ 10 min, {fi J§ TGX Stain-Free
FastCast Acrylamide i #| & e Hl 12% PAGE . B
VK JE B R %) 0. 2 pmol/L PVDF fi£,3% BSA
FREMA 1T hJE, mA—$i.4 CHEF LR .1 X TBST
EEVE 3 WJE A AP BRI X B —H . i IEE 1 h,
i3 NBT/BCIP ¥ i {4,
1.3 SEitsghbm SR SPSS19. 0 #4347 58 3 2%
BT PHALIE LR A ¢ K g i AT BT, DL P <
0.05 N ZESFAGI¥E L,
2 & ES
2.1 7F HEK293T th T#t LMNA {3235 %F IOP1 fl
Y A WER R A SCRR R E AE /D BUh R LMINA
NG A A PR EY Z — LC3BII/LC3B 1 1y
Fefl B3RS R T R4 K B LMNA 5 F 1Y
KR ARCAE HEK293T % Ju it o] LMNA 5 A (1
siRNA,ZEMi A I LC3B I /LC3B [ W) F kK. %
YeEf PCR A Mr g R ILE 1A, 5 NC X R4 AR L . 7
YL TR LMNA R siRNA 52841, LMNA
B mRNA TR EF 85% ., LMNA & 11 /K F B
WL WLE 1B,

A — 38 33 Western Blotting £ Jll] LC3B
I /LC3B I (X e (B 1B) , 45 B @R . 5 NC &
W2 A He, LC3B 11 /LC3B T (1% b il b 3, 3 W 78
HEK293T i LMNA JE P (1) 3R k7K mT DL _E 3
Y [ WK . BR e TR LMNA L ) siRNA
7 HEK293T 1 ,10P1 ) mRNA %% 37Kk - F1 8 [ 7K
AR A, X R B LMNA & TOPL & K fil [
Wit 2 [H) W] BEAFTE R 5 C &R o



EfrhhE¥£F2021F7 A% 4245% 148 Int ] Lab Med,July 2021, Vol. 42,No. 14

+ 1685 -

CINC

ol CJLMNA-siRNA

K 1.0

#®

+=

o *

X 0.57 ﬂ

=

= *

0.0 T I I T
A LMNA 10P1

LMNA-s i RNA

Lamin A/C

—

==
——

T —_—— | 03B |
————— — | C3B |

. - S GAPDH
B - =

.5 NC X4, P<<0. 05,
1 £ HEK293T fiF#f LMNA EFEHRIE

W—— | OP1

2.2 {£ HEK293T 1 T4t TOP1 (3 ik % LMNA 3t
HiysZm % T4 HEK293T T4t LMNA 3 [H (1
35, T0P1 JER B mRNA &% 5% 7K F AL 8 1 7K W
N E A SCAE HEK293T i YL it [ TOP1 3 A 1y
SIRNALFET A I LMNA R H B F B AFE., 5 NC
SRR A L FERE Y T #) TOPT 1) siRNA 1Y 5256 44
B TOPT JE P 9 mRNA (B 2A) FEE K 8 F
P4, UL 2B, 4R, LMNA B 9 mRNA F18 (4K
SR W ek s, 25 R R W)L 7 HEK293T th T4k
TOP1 3£ 4 i Rk AR5 LMNA LR 1) 335 K-,

129
g 1. 09
X L
*%0.8'
)
%0.6-

2 0. 4
o

*

0. 21 ' I——'—l

0.0
A NC 10P1-s iRNA B
.5 NC A B4 s, " P<<0.05,

& 3

3 3 it

R B 1 2 AR R RIBRL I 4L i ) Ak i 7 R
MR —KREA .S H5 AL A BT R, R,
P B HL 7 1% 35 . DNA A A& & LA B 3k PR 3% 58 3
S AR AR L 7 LR A0 AN /0N B AN R T
BRAKBT R 1 NAF-1 #9235, 1 LB A e Bk &
F NEET 12554 S M- AWS 2Rl
WYY XSRS HE R B A AR AT A A 40 M
hREHEEEN. HE.IOPL HHEERNEREEAR
TR — B R S5 R A0 G, e LA 56
38

AW ST AR IE o AE AR ER T R b B NARL 3

W=

“ ATG5-ATG12

A S TG 1 2

NG
=1 10P1-siRNA
08
K] 1. 04
#®
&=
Z
£ 0.5
-4
= *
ool L L 1 |
A 10P1 LMNA
NC I0P1-siRNA

B e (0P
m u Lamin A/C

P W -\ oDH
B 2

TE: 5 NC PRl b, © P<<0. 05,
& 2 £ HEK293T s F# I0P1 EE K FKIE

2.3 £ HEK293T T4 TOP1 % 4 1 32 35 % 41 g
FHRERIEI O T —2 058 LMNA 2 H (I0P1 3
PKLF W 2 )5 A 10 I8 450G 3R L AR SCHE G e T H0 1n)
IOP1 M siRNA [ HEK293T 1 (IOP1 3% [H 1y %
IEIKEREIESE R L Bl 3A) , 38 i Western Blotting 4
W22 A 40 i [ v B bR & 9 LC3B 11 /LC3B 1 . p62,
ATG5-ATG12 E 4 ATGS fil ATG12, 455 B R
(" 3B), LC3BI /LC3B 1 % [ L Tt & , FOXO3a.
ATG5.ATG12, ATG5-ATG12 & & 1k & 11 K F T+
. p62 K T A RE K. IR A A K F
LTt

10P1-s iRNA NC
EEE | op1

10P1-siRNA

m— s _C3B [
(IR -—— | o]

S —— G2

S )03

S — GAPDH

& HEK293T i F# I0P1 EEMRIEGHE B BWREYWRIZERL

N2 TOPT 3 (K75 i 4 v A TR V5 D B — 4~ 5
DL, 25 W A0 44 e TR R 1) A2 o 1 . R NART R H
ARG HE P TOPT 5 AR ] B8 7 41 i 5 2 v fe 2L
PERY . 55 40, TOPT 2 R 1 55 — A A2 [a] I8 2 X
IOP2(i,n] NARF)fig 5 A K% 2F |2 8 1 R /K4 & 45
AU LMNA R A8 2 S8 HGPS MR —
ROWLL 2 5 . WEoT R B A% 4F 2 85 10 1 4
Ji A AR o BB AE A0 W A2 B4 ] mTOR 24
YA O] LLrG B D Ab 3R S R DA R 2 fi 40 i
o5 B A AR S T

A SCAE HEK293T o % L il ) LMNA JE [ 11
siRNA ZJ& . 4 i [ W (4 b5 9 2 — LC3B I /LC3B



- 1686 -

Elliie E¥RE2021 £ 7 AF 255 U8

Int J Lab Med.,July 2021, Vol. 42,No. 14

1 & E s F R, BB TOPL 59 mRNA # 5% K F Fi
HKAR I T 8, X R BRI LMNA 3G i 3%
5] LA RS TOPT S R KKF, 2, T
IOP1 B ) £ ih, A4 52 LMNA JE K 1Y 3R 387K
F. X EI LMNA LR X TOPL 3 K77 78 B [ f 3
FEXFR.

J T it — RV TOPT 26K 15t 2 55 8 2 40 g
H b A5 AE HEK293T rh % gt [n) TOP1 X [ (1)
siIRNA, FL 8 A% TOP1 5 7 ) 338 7K, b i &
WEbR YR IRIE N . 45 R WoR, LC3BI /LC3B | &
HHAE . FOX03a, ATG5 . ATG12, ATG5-ATG12 &
B AR KT8 p62 2 KT IS BRI

TEVEFLS W an b, LC3 B A nl Lk ATG4 87 4)
R LC3-1 .S AW E . LC3- 1 it ATG7 .ATG3
Ml ATG12-ATG5-ATG16L £ 1K 5 5 3¢ s o w5
Tk £ B e (PED 3 43 25 4 3% A8 Sy CA g4 i A 1LC3
(AP LC3-11). Bk, LC3BII/LC3B I & H HLfH K,
PER AWK . p62 & LC3-11 1 AR & M
5 LC3 I AR,

FOXO3a & FOXO ¥ g W ¥Rz —. 1F
MMz e ArErh RE EEEN. PR kM,
FOXO3A " DLE #2 5 FH Wi A 3¢ 5 1 )3 2l 1 o
LC3B.ATGI12 £5 4, iF 1M 006 40 i A W, 08 92 A 45 e
%% 240 M Y R AR

LR X SR AN AR 7 R I 45 S AR SR
£ HEK293T f T-48 LMNA K 19 %35 )5 . 7] g
o N R TOPL e By R Gk, iF i bR B St T
FOXO3a ) & 35 K . e 2 5 80 A W A ¢ I Y
#ik,

Zi BTk, 78 HEK293T H LMNA J [K /] L i
2 TOP1 SEH () 2 3k, dE 10 2 5 P04 40 i ) wes oo 72
1M LMNA JE PR 58 3 o] Fp g 42 98 4 TOP1 JE R ) 3Rk
B AR A SR A A A S 3 I R R A A DG
(453 BIL ] 6 A 2 IR AT .

2% Uk

[1] REDDY S.COMAI L. Recent advances in understanding
the role of lamins in health and disease[ J]. F1000Res,
2016,5(1) :1-10.

[2] DE LEEUW R,GRUENBAUM Y.MEDALIA O. Nucle-

ar lamins: thin filaments with major functions[ ] ]. Trends

Cell Biol,2018,28(1) :34-45.

[3] KHADIJA S,CHEN F,HADDEN T. Biology and regula-

tory roles of nuclear lamins in cellular function and dys-

function[J]. Recent Pat Endocr Metab Immune Drug Dis-

[4]

(5]

[6]

L7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

cov,2015,9(2):110-120.

WORMAN H. Nuclear lamins and laminopathies[]]. J
Pathol,2012,226(2) :316-325.

HARHOURI K, NAVARRO C, DEPETRIS D, et al.
MG132-induced progerin clearance is mediated by auto-
phagy activation and splicing regulation[J]. EMBO Mol
Med,2017.,9(9) :1294-1313.

SHARMA A,PALLESEN L,SPANG R,et al. Cytosolic
iron-sulfur cluster assembly (CIA) system: factors,
mechanism,and relevance to cellular iron regulation[ J]. ]
Bio Chem,2010,285(35) :26745-26751.

RAMOS F,CHEN S, GARELICK M, et al. Rapamycin
reverses elevated mTORCI signaling in lamin A/C-defi-
cient mice, rescues cardiac and skeletal muscle function,
and extends survival[ ] ]. Sci Transl Med,2012,4(144) :1-
25.

ZHANG C. Essential functions of iron-requiring proteins
in DNA replication, repair and cell cycle control[J]. Pro-
tein Cell,2014,5(10) :750-760.

BAI F, MORCOS F, SOHN Y, et al. The Fe-S cluster-
containing NEET proteins mitoNEET and NAF-1 as che-
motherapeutic targets in breast cancer[ ] ]. Proc Natl Acad
Sci US A,2015.,112(12):3698-3703.

NECHUSHTAI R,KARMI O,ZUO K,et al. The balan-
cing act of NEET proteins: iron, ROS, calcium and me-
tabolism[ J]. Biochim Biophys Acta Mol Cell Res, 2020,
1867(11) .1-17.

ZHAO W,FANG B,NIU Y,et al. Narl deficiency results
in shortened lifespan and sensitivity to paraquat that is
rescued by increased expression of mitochondrial super-
oxide dismutase[ J]. Mech Ageing Dev,2014,138(7):53-
8.

BARTON R, WORMAN H. Prenylated prelamin A in-

ul

teracts with Narf, a novel nuclear protein[J]. J Biol
Chem,1999,274(42):30008-30018.

BARTH S,GLICK D, MACLEOD K. Autophagy: assays
and artifacts[ J]. ] Pathol,2010,221(2):117-124.

ZHAO J,BRAULT J,SCHILD A, et al. FoxO3 coordi-
nately activates protein degradation by the autophagic/ly-
sosomal and proteasomal pathways in atrophying muscle
cells[J7. Cell Metab,2007,6(6) :472-483.

WARR M,BINNEWIES M.,FLACH J.et al. FoxO3a di-
rects a protective autophagy program in haematopoietic
stem cells[ ] ]. Nature,2013,494(7437) :323-327.

L1 Y,WANG H,PEI F, et al. FoxO3a regulates inflam-
mation-induced autophagy in odontoblasts[J]. J Endod,
2018,44(5):786-791.

(s B #:2020-09-23 &8l H #:2021-01-17)



