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The Nuclear Envelope Dynamics and the Nuclear Envelopathies
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Abstract The nuclear envelope (NE) is composed of outer and inner nuclear membranes, nuclear pore

complexes (NPC) and lamina underneath. The NE is dynamic during the cell cycle with disassembly in early
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mitosis and reassembly at the end of mitosis. Increasing evidences indicate that the dynamics of the NE is related
to many diseases or syndromes, called the nuclear envelopathies, which are mainly resulted from mutations or
deletion of the genes encoding lamins and lamin-associated proteins. A type lamins, the significant components
of the nuclear lamina, have been recognized to be closely related to the nuclear envelopathies. The main types
of the nuclear envelopathies include: Hutchinson-Gilford progeria syndrome (HGPS), restrictive dermopathy
(RD), Emery-Dreifuss muscular dystrophy (EDMD), dilated cardiomyopathy (DCM), dunnigan familial partial
lipodystrophy (FPLD), mandibuloacral dysplasia (MAD), etc. Here we mainly introduce the NE dynamics and

summarize the recent research progress of the nuclear envelopathies.
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The nuclear envelope consists of a double-layered nuclear membrane, the nuclear pore complexes and the lamina underneath. The inner nuclear
membrane, containing many transmembrane proteins such as LBR, MAN1, Emerin and SUN1/2, plays significant roles in the nuclear structure integrity
and chromatin organization by binding to the lamina and chromatin directly.
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Fig.1 The nuclear envelope and main components
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The dynamic changes and localizations of the chromatin/chromosomes, the nuclear membrane and the microtubule skeleton during a cell cycle are

presented. Microtubules and LBR were labeled by immunofluorescence staining using anti o-tubulin (green) and LBR (red) antibodies. The chromatin/

chromosomes were count-stained by DAPI for DNA.
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Fig.2 The nuclear envelope dynamics during the cell cycle
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Table 1 Clarification and brief introduction of nuclear envelopathies

TRNEATI IS 4 Tk

The name of laminopathies

HIe

Related mutations

HER
Symptoms

Hutchinson-Gilford
Progeria Syndrome

(HGPS)
Generalized Restrictive Dermopathy
Progeria (RD)

Familial Partial Lipo-
Dystrophy (FPLD)
Diseases specific

for adipose tissue
Mandibuloacral Dysplasia

(MAD)

Emery-Dreifuss Muscular

Dystrophy (EDMD)
Diseases specific
for muscular
tissue
Dilated Cardiomyopathy
(DCM)

Approximately 90% patients are caused by
the C-T mutation of the 608 codon of LMNA

Heterozygous and homozygous mutations
in ZMWSTE24 lead to most cases of RD.
Several patients are caused by the LMNA
c.1968+1G>A4

75% cases are resulted from R482Q/L/W
mutations in exon8 of LMNA while few

cases in exonll, 1 or 3

The R527 mutation of LaminA/C results
in most cases of MAD. Several cases result
from P248L, L94P and W350Temination
codon mutations as well

X-linked EDMD, the most common form,
is caused by mutations of EMD; autosomal
dominant EDMD is the most variable type;
autosomal recessive is resulted from the
H222Y mutation in LMNA

DCM is mainly caused by N195K and
H222P mutations in LMNA. More than 20
mutation types have been found in LMNA

Serious multi-organ progeria syndromes:
alopecia, lack of subcutaneous fat, severe

atherosclerosis, cardiovascular diseases

Growth retardation in uterus, rigid skin, lung
function hypoplasia, lack of adipose tissue. The
majority of patients are dead in 4 months after
birth

Lack of subcutaneous fat and inhomogeneous
distribution, insulin resistance diabetes,
hypertriglyceridemia and atherosclerosis

Teeth defect, fat metabolism abnormalities,
dermatrophy in hands and feet, palate
hypoplasia, alopecia, insulin resistance diabetes
and premature senility

Slowly progressive muscle contraction obstacles
and function loss, conduction disturbance of
skeletal muscle and cardiac muscle, dysplastic

cardiac muscle

Ventricular dilatation, impaired cardiac muscle
contraction, cardiac arrhythmia, conduction
disturbance of cardiac muscle




WS S S LA A SR AE

1277

FEEM, EEEH T lamin A G608GHRAR ik 1 [
U8 Fllamin BAN[A] PS4, lamin ATEZE [T — R A EH1E
e B, T e A A T lamin A, B AR KR W2,
IMilamin Af{)G608GRAZ, i3k Jé HAk [F)lamin ATG
AT RGP ), S Eamin AZE LT lamin
B, ki B LSS BE f1 . 8 N LB 14
B A 1L, 4 R ) S5 AL AR AT AR R AN RN, 25 B R
JES (R A5 48 Btk Ak o FRUBE NN K R 4T 21 )R . %
FLE BRI LT e G 0 ST AL BB 3 5 SR A
o501 ] I 25 5 RS 4L B B I I AR 1k . AR AP REFR 1)
N F 291 s hiae /A . DNABERET) T I,
FERH AR E BT, — 2B 5 A i lamin4h 45 1K P 2 15
5 1 W Emerin. Man 155 #5578 HUCEE Y I _E B2, ] Bp
7 [ 43 B AR B B i DA KGR 20 S R P21 1) vy
FETEAGET o AFIX SO G B2 R AR I R RO A2 R
RAMEER, HIRREY . BE IR, 74
—Fh F2EAE 5 BAF1R AR AT ¢, BAF15E4% [ 3R 7 4
MAZIE AR AR T BRI, R A Fllamin ASE

Normal LA Processing
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N-Tail coiled domain NLSlgGdomain C-Tail
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-:_.—J/1 -:4“-
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[
Carboxylmethyl transferase T

HGPS LA Processing
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¢, W B0 A% R AR 1 W Emerin. ManlZ5 (1 47 5
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RD LA Processing

370 4255256066566?4 134 370 425 664
1 1 1

Deletion

Farnesyltransferase l

ZMPSTE 24 Carboxylmethyl transferase l Carboxylmethyl transferase l
646 ! 6(;6 656

TEIEHE LT, # 3% )5 flamin A (LA) mRNAHE 5EH# P8 lamin AT {4 Pre-lamin A, #R J5 2814 0% J& He i 7 I (farnesyltransferase) fif A0 (2 11, 752
66107 2 I 20 1) O i b — AN KR 07 s B S, 728 D) BERCE1 8% ZMPSTE24 M AE I, VIBRIAAX =2 JE 1% SRS, 7Eik AL A5 i
(carboxylmethyl transferase){E 1 I, 7EF ez bm b—ANHAE; 55, 7R8I UIZMPSTE 24(0/EHTF, DIERBiRI 42 1154 2 LR, B il 646
ANE AR Flamin Ao fEHGPSHH A, B T8 K T 606-656 1L 950N B, b f f — P BY VI IGVE R A, T B A2 Ak A JE FEAL T lamin
A(Progerin). MI{ERDIAA, HT-ZMPSTE 2415 R BRAZ, GRS J5 — B I8 YIETAEAT, filiPre-lamin ABY U1 o

Pre-lamin A undergoes post translation modifications after transcription from LMNA in normal cells. First, Pre-lamin A is farnesylated by the
farnesyltransferase at 661 amino acid followed by deletion of its last three amino acids by RCE1 or ZMPSTE24; then, a methyl is added to the
farnesylated lamin A at 661 amino acid by the carboxylmethyl transferase; and finally, the maturation of lamin A is achieved by the deletion of its last
15 amino acids catalyzed by the enzyme ZMPSTE24. In contrast, due to there is a deletion in Pre-lamin A from amino acid 606 to 656 in HGPS, the
deletion of its last 50 amino acids cannot be carried out. While in RD patients, the Pre-lamin A cannot be correctly processed because that ZMPSTE24
is mutated or deleted.

El3 Lamin AIEESIJLURHGPS. RDHFEHIHENXE
Fig.3 The splicing processes of lamin A in normal, HGPS and RD cells
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