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Abstract

Objective: To identify the LMNA gene mutation harbored by a patient with Dilated Cardiomyopathy
(DCM), and to investigate the effects and underlying mechanisms of this mutation on AC-16 cells.
Methods: Pathogenic genes and mutation sites in patients with DCM were identified by gene sequenc-
ing, and cardiac function was assessed using Electrocardiography (ECG) and echocardiography.
Plasmids harboring the LMNA c.929A > G mutation were constructed and transfected into cardio-
myocytes. Cardiomyocyte area was evaluated by phalloidin staining; ANP and BNP expression levels
were quantified by RT-qPCR; Results: The LMNA ¢.929A > G mutation was identified as the patho-
genic variant in this patient. This mutation resulted in the upregulation of hypertrophy-related genes
ANP and BNP, an increase in cardiomyocyte size. Conclusion: The LMNA ¢.929A > G mutation may
serve as a pathogenic factor for dilated cardiomyopathy, exhibiting specificity and distinct clinical
phenotypes. This mutation induces cardiomyocyte hypertrophy.
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1. 5|15

5k 4.0 L9 (Dilated Cardiomyopathy, DCM)J& —FfuCo L, e 32 BRFAE 2 70 00 2 BO00 5= 9 5K A
FR AT ReRsAG . thAh, IXFhDREREAS IOV R ) 2 R S s B R B Bk R AR R[]0 HE A
i, DCM I3 K LI7E 1/2500 3] 1/250 Z 1A][2] [3]. HHE9% AN [E DCM 7 43 N34 Fas A& 1 i 25,
CHBAMAPIREERREL4] [5], A 50 N5 DCM FHCHE F B HRkIE 6] [7].

LMNA J& DCM EUm L R F 55 8 LA, 5 DCM BT 6%~10% [8]. FERIALT ARG 1 S 4etalk
(1 q22.1 X%, A& 12 MR T, K% 57kb[9]. LMNA JER AL a BUAZ LT 5 A (Lamin), @ T v
bR 4 4 B U 5 [10]. Lamin-A Fl Lamin-C (&% FRN Lamin-A/C)2& F 21 a B Lamin, EA1REK
YRM, IS EAZ I ORZ R [11]. BE4h, — /N84 Lamin-A/C 1 NAZ B R AT TE RS [12] [13]. AR ¥E
ClinVar ## %, HETCAH 128 MEURTE LMNA 75 DCM K. 2] 19% (24/128)1738 55 3 80t L H
LR T, TTRESE mRNA AR LMNA ZEEE Rk %R, EHZ 56% (72/128)5 DCM FHK I
LMNA 78 72 s SR B — N R BR /N TG . BT A R K—HB 7 7E DCM. H (¥ 8500 /E F
RGTHEBTT, RS SLIIGIEN . AF LMNA 4253 53 DCM FINLEZ SAH IR, B A ek .

Bk T LMNA 255 () Z FE 41, LMNA DCM [HLHIF 78 [ LMNA Zhag s 2 it — 2 & 424k . Lamin-
A/C BEVIZIEIR N UM HE — 28 LMNA 8 5 5% ALBRFa[14] TR [15][16], LR ZMERA
BIR[1716 K. Lamin-A/C HENESHZRGIE, HilCLA W RIEN S MAPK-ERK [18]. AKT-
mTOR [19][20]. WNT/p-catenin [21]. MRTE-SRF [22]41 PDGF [23 i@ A0, T — A 7 i e idh e 2t
— B 7 Lamin-A/C 7E 5 Yt 20 21[24] [25]. FWIBRAL 2261 [271 R S63E PE 28] FIVE I

TEIXTURE LR, FRATE RARIE T 1 18T H DCM Jifsil, %558 7 HAEH LMNA ¢.929A > G B 55k, 44
JEfE LMNA ¢.929A > G A h, 4 AC16 NI R, B 5 0N4IMAE KA %, KR LMNA
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BT

c.929A > G g2 K DCM MR 2 —.
2. FESMH
2.1. IEERFIRIES 54

AW FERE T —ARYE A EY sk ALOHUR SIS BT 7 K2 DCM R . KA E
AR AR (S ml)yi AR o RO R R R A PR A B AT SO B R T . A0 0 7 R A PR 220325 i 2tk
(FE b5 2025-843). TS 5858 T aE R &

2.2. SEEOHARL

ANIRE ORI B )N ZAEYHIR A F] . Flag b2 difA HEE Cell Signaling Technology A ] .
HRP trie EPi b [eG iy B E D) =B A .

2.3. YRR S BRRIEE R

AC16 NG AR B iR e AR A IR A ] . dIES 5% CO, 1 37°CRE =M R 77
AHHLH S AT 2022 0.10 2R % 1000 kKU/L 82 A 10 g/L 858 = (1) DMEM = s R AT 85 7%
YR IR R 80%MIRA E, TEACERRT, FEJCHAZR IS P IR s U 24 h DLE S b BT 4 it
HIEAE BGAE E B 720 h AT« F Lipo3000 i Ji 4% Guik ek e R i e AC16 4. 5k
DNA #1 Lipo 3000 i7{|7£ Opti-MEM ik Ji [fiLi5 85 75k P AR R ] & e IR B9, HFE =R THIRGYIRE
20 4rh. B dna-JlG 5 G0 B4 I AEARHERE IR A R (37°C, 5% COL)WF B AT s, # % 36 h
JE AN AT RNA 4 B8 8R40 #T

2.4. Western Blot

81 & B B0 77 PMSF 1) RIPA 2RISR AN ARAE A ) B8 1, 6 BCA B2 (I e 350 el
E B WAL, AR IKIRE 10%~15% T bR e - SR IBE iR vk 4 1 J5 % 7% 2 PVDF g,
NC &, 5% A gy 1~2h, BEfE50 % TBS MRl —dt 4 CHRIEE f5, FIRAE =i & & 1) HRP
BB =P E 1 /e . R R ICBUE REUHEAT R, A Image T #AF I € B RIL K.

2.5. RT-qPCR

22 HR A1) s 7 () U P34 ) RNA-Easy I AC-16 20 FP U RNA. A 20 66 HHiFfE RNA
(R AT . X RNA #7565, FESEif %2 & PCR, L GAPDH 1E NS %3 . B SI¥F 50T

ANP (IE[f): 5-CGGAAGCTGTTGCAGCCTA-3'",

ANP (J2[f): 5'-GCCCTGGAGCGAGACCGA-3'.

BNP (IE[H]): 5-TTTGGGCAGAAGATAGACCG-3'.

BNP (J[f): 5-TGGCAGTTGGGCTGAA-3',

GAPDH (IE[f]): 5-AGTGCCAGCCTCGTCTCAT-3'".

GAPDH (< [f1): 5'-AGGGCCATCCACAGTCTTC-3's

2.6. WALRERNE

U HACE TRITC Fric BB TARRG [ 5 4 A5 I N BC i 4 1) S SE 3k T AR 07 s 40,
FILBOCHEE 1 he FHEH DAPI RS, =IEBOEH 3 min. (EHEETOCEMEBARE: JOLEM
B NERHBENIEE 3 MBI, Image J BRI SOV BR TR, HHEAT .
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2.7. Gt

JT 586 /b B = IR, KA Graph Pad Prism 9.5 #AFHEAT 04T, Fia a3 Lg% £ brdEiR(SEM)
FoN o WA 22 R AR RO X Student’s t K38 3EAT 23 M, = 2H B3 DY 4 8] 1) 22 R FH B0 DR 3607 22 43T (one-
way ANOVA)FI Tukey’s 556 5 X K 2 77 22 2 HT(two-way ANOVA)FI Tukey’s #5536, LLp<0.05 NERH
Gt R .

3. &R
3.1. KRS

KR ARPNIIE —AIEE R —% 59 F 51, [ “RIEMRMR. S5 S 47 T 2021 4F 6 A 4 HAE
o BRRT, HBERIMHOHELX AT, B OEmISASE, MKEEA, =202 X AT K& E KA
PEE BRI AR A OB COREYEE T FER(EF = 40%), XU 55 %= iE3E K(LAd =51 mm, LVd=
58 mm, RVd =32 mm. fENEEAR(ETREx L£4A17F0 83 * 59 mm)), 0= EEERE IEH(LVPWI = 11
mm) =R EE I 1(a). OEE: FALOE. OFEEE) . hEss SO, 5E 4t A F (A
1(b))e OEESEDR: ABEUUVLES 2 (1 (hsTnl) 68.80 pg/ml, WL [ TH MB (CK-MB) 1.9 ng/ml, A4
FI(MYO) 35.5 ug/L. BJG, f&k#E “HEy kAU SHAMERIERE” , HTEEDECHSE, R
RIPHE, WREEK . IRNEE. WA TRFEFLIS/RIGYT, (EfRstbvit, BEmR . R ERE, RGO
AR RE KA. T 2023 4F 1 H 18 H FATHIS K ARBESEAR, AR50 ERREHOZEE 1(0).
A O EIR(LAd =544 mm. LVd=64.3 mm. RVd=433 mm. #5NEHEK(ETE x 42N 80.5
*69.8 mm)), ‘LIJEETFR(EF=43%) (4 1(d)). Rf52 H, BEHREBIMR ., OFREAE, theboiEE
R EBLGEEE) + O RO 1e), LIFE RN A EY KA =60 mm, LVd=67 mm,
RVd =40 mm. 455 NEEK(E TR x £44EH 76 * 56 mm)), OIIHE R F(EF = 35%) (&1 1(D). /5 H
HT 2023 4E 04 H 26 HIF R O LKW, mAIRKRIET.

Bk, AIESEBBINTRES DCM AR R . BT % E &5 H 1 — N E T LMNA
c.929A > G KA (14 1(g)), &) HE )% (http://www.ncbi.nlm.nih.gov/snp) & B, ¢.929A > G 42 5+ 4 53 Lamin-
A/C 5 310 AL Z W f%(Glutamine, GIn, Q)8 & X N K Z B4 (Arginine, Arg, R) (p.GIn310Arg), LMNA ¢.929A >
G RAGHE LRAL R — P WA S, 178 e IR A B SCRAE T ATUB R I ABE . ExAC 88 2 R A HE
gnomAD ¥ B A BE . A H B 2 R UGS . FRATISE F AR S B S o i T B L S kAT ),
Hrh Mutation Tasters PANTHER . SIFT S0 Fi0il 12732 7 06k B PR 5 R =) %, {H polyphen2. PhD-SNP
TIINZAR S 0F JH R R R = o5 (2 1) IX SRR, LMNA ¢.929A > G RA4F 1] it 33 DCM.

oy 5

Table 1. Pathogenicity prediction of the LMNA ¢.929A > G mutation
3 1. LMNA ¢.929A > G SZE A B M T

Database Predicted results
Mutation Taster (https://www.mutationtaster.org/) Disease causing
PolyPhen-2 (http:/genetics.bwh.harvard.edu/pph2/index.shtml) Probably benign
PANTHER (http://www.pantherdb.org/tools/csnpScoreForm.jsp) Probably damaging
PhD-SNP (http://snps.biofold.org/phd-snp/phd-snp.html) Neutral
SIFT (http:/sift-dna.org) Deleterious
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Figure 1. Auxiliary examinations and sequencing results of the proband
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3.2. LMNA ¢.929A > G RES UL AR

N T WS LMNA ¢.929A > G A3 0 AR R I 77, FATHXT I BURL(NC). LMNA B A4 7Y )i
Fi(LMNA WT)F1 LMNA ¢.929A > G RAFA! FURL(LMNA Mut)# 445 AC16 0L, Hd LMNA WT
A LMNA Mut 775 Flag Fr¥bric. £l Flag Ar%5 8 H KIS UERE Gl D (14 2(a)). LMNA Mut J5i R % 44
Je, BEKAHSCIER ANP A1 BNP ZZ T 2(b)s Bl 2(c)). IR S5REEGL AC-16 40l NC KAk
LMNA WT JF ki (0o LRI A EL, 4% LMNA Mut G AL A A AR B B389 R (1 2(d)). X Beidi 5,
LMNA ¢.929A > G A G S ELO ALK .
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(a): Western blot 5| K% YLl (AC16) l & EHFR(NC). LMNA FFAE R Fiki(LMNA WT)E, LMNA AT i fi
(LMNA MUT)# 4+ AC16 LA Flag bR H RIS & . (b)F(c): AC16 J %% NC. LMNA WT 5 LMNA MUT
1 AC16 -4 ANP. BNP mRNA ] RT-qPCR 4 #7. (d): AC16 KFEH NC. LMNA WT 8{ LMNA MUT #J
AC16 U LA T B FR R S R B I 4H K /Mn = 6), **p < 0.01, ***p <0.001, ****p<(.0001,

Figure 2. The LMNA ¢.929A > G mutation inducing cardiac hypertrophy
[E 2. LMNA ¢.929A > G RESHLALBX
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4. g

AT —A7 DCM BE AT A, XALEE R P R . ERATBE T, — A%
SEI7E S (LMNA ZE R 1) ¢.929A > G)TEIZEH R4 o FRATR B0 A BEAE SCoRiEAT TR R, ok
RILBEAEA X LMNA ¢.929A > G RAARIE, &K — Mt miRAE, ARAZREZE DCM [HAHK
PERATReNL], FRATEEAT T 40 M 9250 A % 5 A8 e e I 5 D LA AR K 0% . R EE R IR, %
1) LMNA 2[R 55 DCM 1R & 2 [AF R R -

AT BB I EIAT TRV, AR EFH R AR LT B BT RO &t BFHWILF
SR ARG R LIRRAR . AR, BFESE, W COREMERR. R EREYT, e bl
I SRR A O AR O R IR ACRE IR o SR BRATTA fE 3RS 8 5 VR nl R Bt ) ISR A
BEBRATTME DARA S B3 o o i A A AT A AR S o KSR 16 SR AR L SR SE RS Y M, e BT A
T TR R OR R LT 4 P S0 To 73 475 it

H 1999 4 Fatkin D.Z5 N 2 ¥k4RE LMNA #1265 DCM LIk, F/0F 128 MEUHTE LMNA A4 &
5 DCM #3[29] [30]. AT HEF LMNA ¢.929A > G XFCoUL4RMI g2, FRAT T 1 Co VL2 M (K IE K
AHIRHER] ANP Al BNP ()R8 K FIGHM R AR, 25 SRR B, LMNA ¢.929A > G A2 0] e R ECO UK.
Antoine M %5 A M ZZH7E LMNA H222P /N, MAPK/ERK JABEBEREALIG N, F B LMNA KA A] DLk
S MAPK/ERK #1235 18]. MAPK 15 58 B0 55 ERK. P38 Fl INK i, CL17EIEH ARIEEELE T,
TEVATTAMIGTE . b PR TR R B 55 22 Al gt i ok 72 b R GBI E FH (31 (EASVE RIS, Davis %
AW L, O Fd ERK M5 Sl 2 i 0lEy 5K, ERK1/2 A REE4 & RECIRAS T OIE A K3k
) E T YUE R FR[32]-[34]. FETIXEEWEL, FATATLUME B LMNA ¢.929A > G KA T DCM 1]
AESE T ERK 55 3808 2010 WL4H LA K .

B, B DRI AR T Y IEAE RO TR YT BRI A4 1 O IE IS 76 PN RIS A% PR 0 1) — P A S 771351 [36]
Luke W.55 K I I B IR IRAR DG EE 9 (AAV9)id ik IR IR 4 B i 4 4 25 (ABE), 1T 7E -3 0E /s BB AL o SIZ R
LMNA c.1824 C > T BURRAZMI A FrARIE, B35 0068 MW B I K A 25 A [37]. Jl I LA -
#[A] LMNA ¢.929A > G SRR S 405 77 1L T BE N DCM 69T KB I A SR R 28 mi . R g7 v
PTG TR B0 ke KRR 72 SR R 458« BB, AT LBV T LIS DCM R 5E PRI 76 77 i
—AMRUF R . FE R G ER W — DR SO DG 0 B X L R B AL TR YT DCM I R R H -

B
2K LA T %8 136 S T HH DR N o B
P

[1] Merlo, M., Cannata, A., Gobbo, M., Stolfo, D., Elliott, P.M. and Sinagra, G. (2017) Evolving Concepts in Dilated Car-
diomyopathy. European Journal of Heart Failure, 20, 228-239. https://doi.org/10.1002/ejhf.1103

[2] Hershberger, R.E., Hedges, D.J. and Morales, A. (2013) Dilated Cardiomyopathy: The Complexity of a Diverse Genetic
Architecture. Nature Reviews Cardiology, 10, 531-547. https://doi.org/10.1038/nrcardio.2013.105

[3] Maron, B.J., Towbin, J.A., Thiene, G., Antzelevitch, C., Corrado, D., Arnett, D., ef al. (2006) Contemporary Definitions
and Classification of the Cardiomyopathies. Circulation, 113, 1807-1816.
https://doi.org/10.1161/circulationaha.106.174287

[4] Pugh, T.J, Kelly, M.A., Gowrisankar, S., Hynes, E., Seidman, M.A., Baxter, S.M., et al. (2014) The Landscape of Genetic
Variation in Dilated Cardiomyopathy as Surveyed by Clinical DNA Sequencing. Genetics in Medicine, 16, 601-608.
https://doi.org/10.1038/gim.2013.204

[5] Tobita, T., Nomura, S., Fujita, T., Morita, H., Asano, Y., Onoue, K., ef al. (2018) Genetic Basis of Cardiomyopathy and
the Genotypes Involved in Prognosis and Left Ventricular Reverse Remodeling. Scientific Reports, 8, Article No. 1998.

DOI: 10.12677/acm.2026.162590 1956 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.162590
https://doi.org/10.1002/ejhf.1103
https://doi.org/10.1038/nrcardio.2013.105
https://doi.org/10.1161/circulationaha.106.174287
https://doi.org/10.1038/gim.2013.204

TR 5E

[11]

[12]

[13]

[20]

[21]

[22]

[23]

[24]

https://doi.org/10.1038/s41598-018-20114-9

Orphanou, N., Papatheodorou, E. and Anastasakis, A. (2021) Dilated Cardiomyopathy in the Era of Precision Medicine:
Latest Concepts and Developments. Heart Failure Reviews, 27, 1173-1191.
https://doi.org/10.1007/s10741-021-10139-0

Millat, G., Bouvagnet, P., Chevalier, P., Sebbag, L., Dulac, A., Dauphin, C., et al. (2011) Clinical and Mutational Spec-
trum in a Cohort of 105 Unrelated Patients with Dilated Cardiomyopathy. European Journal of Medical Genetics, 54,

€570-e575. https://doi.org/10.1016/j.ejmg.2011.07.005

Zahr, H.C. and Jaalouk, D.E. (2018) Exploring the Crosstalk between LMNA and Splicing Machinery Gene Mutations
in Dilated Cardiomyopathy. Frontiers in Genetics, 9, Article 231. https://doi.org/10.3389/fgene.2018.00231

Cenni, V., Capanni, C., Mattioli, E., Schena, E., Squarzoni, S., Bacalini, M.G., ef a/l. (2020) Lamin a Involvement in Ageing
Processes. Ageing Research Reviews, 62, Article 101073. https://doi.org/10.1016/j.arr.2020.101073

Dechat, T., Adam, S.A., Taimen, P., Shimi, T. and Goldman, R.D. (2010) Nuclear Lamins. Cold Spring Harbor Perspectives
in Biology, 2, a000547. https://doi.org/10.1101/cshperspect.a000547

de Leeuw, R., Gruenbaum, Y. and Medalia, O. (2018) Nuclear Lamins: Thin Filaments with Major Functions. Trends in
Cell Biology, 28, 34-45. https://doi.org/10.1016/1.tcb.2017.08.004

Hozék, P., Marie-Josée Sasseville, A., Raymond, Y. and Cook, P.R. (1995) Lamin Proteins Form an Internal Nucleo-
skeleton as Well as a Peripheral Lamina in Human Cells. Journal of Cell Science, 108, 635-644.
https://doi.org/10.1242/jcs.108.2.635

Kolb, T., MaaB, K., Hergt, M., Aebi, U. and Herrmann, H. (2011) Lamin a and Lamin C Form Homodimers and Coexist
in Higher Complex Forms Both in the Nucleoplasmic Fraction and in the Lamina of Cultured Human Cells. Nucleus, 2,
425-433. https://doi.org/10.4161/nucl.2.5.17765

Antoku, S., Wu, W, Joseph, L.C., Morrow, J.P., Worman, H.J. and Gundersen, G.G. (2019) ERK1/2 Phosphorylation
of FHOD Connects Signaling and Nuclear Positioning Alternations in Cardiac Laminopathy. Developmental Cell, 51,
602-616.e12. https://doi.org/10.1016/j.deveel.2019.10.023

Lammerding, J., Fong, L.G., Ji, J.Y., Reue, K., Stewart, C.L., Young, S.G., et al. (2006) Lamins A and C but Not Lamin
B1 Regulate Nuclear Mechanics. Journal of Biological Chemistry, 281, 25768-25780.
https://doi.org/10.1074/jbc.m513511200

Guo, Y., Kim, Y., Shimi, T., Goldman, R.D. and Zheng, Y. (2014) Concentration-Dependent Lamin Assembly and Its
Roles in the Localization of Other Nuclear Proteins. Molecular Biology of the Cell, 25, 1287-1297.
https://doi.org/10.1091/mbc.e13-11-0644

Earle, A.J., Kirby, T.J., Fedorchak, G.R., Isermann, P., Patel, J., [ruvanti, S., et al. (2019) Mutant Lamins Cause Nuclear
Envelope Rupture and DNA Damage in Skeletal Muscle Cells. Nature Materials, 19, 464-473.
https://doi.org/10.1038/s41563-019-0563-5

Muchir, A., Pavlidis, P., Decostre, V., Herron, A.J., Arimura, T., Bonne, G., ef al. (2007) Activation of MAPK Pathways
Links LMNA Mutations to Cardiomyopathy in Emery-Dreifuss Muscular Dystrophy. Journal of Clinical Investigation,
117, 1282-1293. https://doi.org/10.1172/jci29042

Liao, C., Anderson, S.S., Chicoine, N.H., Mayfield, J.R., Academia, E.C., Wilson, J.A., et al. (2016) Rapamycin Re-
verses Metabolic Deficits in Lamin A/C-Deficient Mice. Cell Reports, 17, 2542-2552.
https://doi.org/10.1016/j.celrep.2016.10.040

Choi, J.C., Muchir, A., Wu, W., Iwata, S., Homma, S., Morrow, J.P., ef al. (2012) Temsirolimus Activates Autophagy
and Ameliorates Cardiomyopathy Caused by Lamin A/C Gene Mutation. Science Translational Medicine, 4, 144ral02.
https://doi.org/10.1126/scitranslmed.3003875

Le Dour, C., Macquart, C., Sera, F., Homma, S., Bonne, G., Morrow, J.P., et al. (2017) Decreased WNT/f-Catenin Signal-
ling Contributes to the Pathogenesis of Dilated Cardiomyopathy Caused by Mutations in the Lamin A/C Gene. Human
Molecular Genetics, 26, 333-343. https://doi.org/10.1093/hmg/ddw389

Ho, C.Y., Jaalouk, D.E., Vartiainen, M.K. and Lammerding, J. (2013) Lamin A/C and Emerin Regulate MKL1-SRF
Activity by Modulating Actin Dynamics. Nature, 497, 507-511. https://doi.org/10.1038/nature12105

Lee, J., Termglinchan, V., Diecke, S., Itzhaki, 1., Lam, C.K., Garg, P., et al. (2019) Activation of PDGF Pathway Links
LMNA Mutation to Dilated Cardiomyopathy. Nature, 572, 335-340. https://doi.org/10.1038/s41586-019-1406-x

Shah, P.P., Lv, W., Rhoades, J.H., Poleshko, A., Abbey, D., Caporizzo, M.A., et al. (2021) Pathogenic LMNA Variants
Disrupt Cardiac Lamina-Chromatin Interactions and De-Repress Alternative Fate Genes. Cell Stem Cell, 28, 938-954.¢9.
https://doi.org/10.1016/j.stem.2020.12.016

Cheedipudi, S.M., Matkovich, S.J., Coarfa, C., Hu, X., Robertson, M.J., Sweet, M., et al. (2019) Genomic Reorganization
of Lamin-Associated Domains in Cardiac Myocytes Is Associated with Differential Gene Expression and DNA Methylation

DOI: 10.12677/acm.2026.162590 1957 I A [ 2 3k

B


https://doi.org/10.12677/acm.2026.162590
https://doi.org/10.1038/s41598-018-20114-9
https://doi.org/10.1007/s10741-021-10139-0
https://doi.org/10.1016/j.ejmg.2011.07.005
https://doi.org/10.3389/fgene.2018.00231
https://doi.org/10.1016/j.arr.2020.101073
https://doi.org/10.1101/cshperspect.a000547
https://doi.org/10.1016/j.tcb.2017.08.004
https://doi.org/10.1242/jcs.108.2.635
https://doi.org/10.4161/nucl.2.5.17765
https://doi.org/10.1016/j.devcel.2019.10.023
https://doi.org/10.1074/jbc.m513511200
https://doi.org/10.1091/mbc.e13-11-0644
https://doi.org/10.1038/s41563-019-0563-5
https://doi.org/10.1172/jci29042
https://doi.org/10.1016/j.celrep.2016.10.040
https://doi.org/10.1126/scitranslmed.3003875
https://doi.org/10.1093/hmg/ddw389
https://doi.org/10.1038/nature12105
https://doi.org/10.1038/s41586-019-1406-x
https://doi.org/10.1016/j.stem.2020.12.016

TR S

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

in Human Dilated Cardiomyopathy. Circulation Research, 124, 1198-1213.
https://doi.org/10.1161/circresaha.118.314177

Auguste, G., Rouhi, L., Matkovich, S.J., Coarfa, C., Robertson, M.J., Czernuszewicz, G., ef al. (2020) BET Bromodomain
Inhibition Attenuates Cardiac Phenotype in Myocyte-Specific Lamin A/C-Deficient Mice. Journal of Clinical Investi-
gation, 130, 4740-4758. https://doi.org/10.1172/jci135922

Guénantin, A., Jebeniani, 1., Leschik, J., Watrin, E., Bonne, G., Vignier, N., ez al. (2021) Targeting the Histone Demethylase
LSD1 Prevents Cardiomyopathy in a Mouse Model of Laminopathy. Journal of Clinical Investigation, 131, e136488.
https://doi.org/10.1172/jci136488

Tan, C.Y., Wong, J.X., Chan, P.S., Tan, H., Liao, D., Chen, W, et al. (2019) Yin Yang 1 Suppresses Dilated Cardiomyo-
pathy and Cardiac Fibrosis through Regulation of Bmp7 and Ctgf. Circulation Research, 125, 834-846.
https://doi.org/10.1161/circresaha.119.314794

Heymans, S., Lakdawala, N.K., Tschope, C. and Klingel, K. (2023) Dilated Cardiomyopathy: Causes, Mechanisms, and
Current and Future Treatment Approaches. The Lancet, 402, 998-1011. https://doi.org/10.1016/s0140-6736(23)01241-2
Fatkin, D., MacRae, C., Sasaki, T., Wolff, M.R., Porcu, M., Frenneaux, M., et al. (1999) Missense Mutations in the Rod
Domain of the Lamin A/C Gene as Causes of Dilated Cardiomyopathy and Conduction-System Disease. New England
Journal of Medicine, 341, 1715-1724. https://doi.org/10.1056/nejm199912023412302

Shillingford, S.R. and Bennett, A.M. (2023) Mitogen-Activated Protein Kinase Phosphatases: No Longer Undruggable?
Annual Review of Pharmacology and Toxicology, 63, 617-636.
https://doi.org/10.1146/annurev-pharmtox-051921-121923

Davis, J., Davis, L.C., Correll, R.N., Makarewich, C.A., Schwanekamp, J.A., Moussavi-Harami, F., et al. (2016) A Ten-
sion-Based Model Distinguishes Hypertrophic versus Dilated Cardiomyopathy. Cell, 165, 1147-1159.
https://doi.org/10.1016/j.cell.2016.04.002

Kehat, I. and Molkentin, J.D. (2010) Molecular Pathways Underlying Cardiac Remodeling during Pathophysiological
Stimulation. Circulation, 122, 2727-2735. https://doi.org/10.1161/circulationaha.110.942268

Kehat, I., Davis, J., Tiburcy, M., Accornero, F., Saba-El-Leil, M.K., Maillet, M., ez al. (2011) Extracellular Signal-Regulated
Kinases 1 and 2 Regulate the Balance between Eccentric and Concentric Cardiac Growth. Circulation Research, 108,
176-183. https://doi.org/10.1161/circresaha.110.231514

Bravo, J.P.K., Liu, M., Hibshman, G.N., Dangerfield, T.L., Jung, K., McCool, R.S., et al. (2022) Structural Basis for
Mismatch Surveillance by CRISPR-Cas9. Nature, 603, 343-347. https://doi.org/10.1038/s41586-022-04470-1

Ma, H., Wang, Y., Jia, Y., Xie, L., Liu, L., Zhang, D., et al. (2025) Advances in Genetic Diagnosis and Therapy of
Hereditary Heart Disease: A Bibliometric Review from 2004 to 2024. Frontiers in Medicine, 11, Article 1507313.
https://doi.org/10.3389/fmed.2024.1507313

Koblan, L.W., Erdos, M.R., Wilson, C., Cabral, W.A., Levy, J.M., Xiong, Z., et al. (2021) In Vivo Base Editing Rescues
Hutchinson-Gilford Progeria Syndrome in Mice. Nature, 589, 608-614. https://doi.org/10.1038/s41586-020-03086-7

DOI: 10.12677/acm.2026.162590 1958 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.162590
https://doi.org/10.1161/circresaha.118.314177
https://doi.org/10.1172/jci135922
https://doi.org/10.1172/jci136488
https://doi.org/10.1161/circresaha.119.314794
https://doi.org/10.1016/s0140-6736(23)01241-2
https://doi.org/10.1056/nejm199912023412302
https://doi.org/10.1146/annurev-pharmtox-051921-121923
https://doi.org/10.1016/j.cell.2016.04.002
https://doi.org/10.1161/circulationaha.110.942268
https://doi.org/10.1161/circresaha.110.231514
https://doi.org/10.1038/s41586-022-04470-1
https://doi.org/10.3389/fmed.2024.1507313
https://doi.org/10.1038/s41586-020-03086-7

	LMNA c.929A > G突变与扩张型心肌病的相关性研究 
	摘  要
	关键词
	Association of the LMNA c.929A > G Mutation with Dilated Cardiomyopathy 
	Abstract
	Keywords
	1. 引言
	2. 方法与材料
	2.1. 临床资料收集与分析
	2.2. 实验材料
	2.3. 细胞培养与质粒转染
	2.4. Western Blot
	2.5. RT-qPCR
	2.6. 心肌表面积测定
	2.7. 统计分析

	3. 结果
	3.1. 临床特点
	3.2. LMNA c.929A > G突变导致心肌细肥大

	4. 讨论
	致  谢
	参考文献

