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The major architectural components of the 

mammalian nuclear envelope

S.L. Maidment & J.A. Ellis

Exp.Rev.Molec.Med. 2002

Nuclear lamina

N. Envelope



Lamin genes: 

Lamin A

Lamin C

Head Rod Domain Tail

Lamin A/C (splicing variants LMNA gene)

Lamin B1 (LMNB1 gene)

Lamin B2-B3 (splicing variants LMNB2 gene)

Lamin A and Lamin C (alternative splicing)

Lamin A/C are ubiquituosly expressed proteins which 
form Type V intermediate filaments
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FUNCTIONS

LAMIN A/C



Hutchinson & Worman. Nat. Cell Biol. 6: 1062-1067. 2004

Structural

Nuclear positioning and cell migration



Schirmer and Foisner: Exp Cell Res. 2007 ;313(10):2167-79 

Chromatin organization, Gene expression, Signalling...



González JM, et al. J Cell Biol. 2008 Nov 17;183(4):653-66



Striated Muscle Emery–Dreifuss Muscular Dystrophy/AD-EDMD 

Dilated Cardiomyopathy/CMD1A

Limb-Girdle Muscular Dystrophy/LGMD1B

Muscle and Neurons Charcot–Marie–Tooth disorder/AR-CMT2B1

Adipose Tissue Familial Partial Lipodystrophy

Adipocytes and Bone Mandibuloacral Dysplasia

Human Progeroid Syndromes

affecting multiple tissues

Hutchinson–Gilford Progeria Syndrome

Atypical Werner's Syndrome

Restrictive Dermopathy

Lamin A/C mutations linked to human diseases 

(laminopathies)
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1 in 4x106 live births



How do different mutations in LMNA ,a protein expressed 

in most differentiated somatic cells, cause different 

tissue-specific disease phenotypes?

Worman and Bonne Exp Cell Res. 2007 313(10):2121-33
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Hutchinson–Gilford Progeria Syndrome

• Premature ageing

• Alopecia

• Loss of subcutaneous fat

• Myocardial infarction or stroke by an average age of 13 years 

• Premature atherosclerosis

• dramatic loss of vascular smooth muscle cells.

• increased fibrous material

• calcification

• breaks in elastin structure 

• intimal thickening



Disease-causing mechanisms

Structural hypothesis

Gene Regulation Hypothesis

Cell Proliferation and Defective Differentiation Hypothesis

DNA-repair Hypothesis

Reduced mechanical 

stiffness and increased 

fragility. 

Defective mechanotransduction 

and enhanced cell death

NesprinCell damage in mechanically 

stressed tissues

Chromatin organization 

and gene expression

Control of transcription factors

c-Fos

SREBP1c

SMADS

LAP2α

pRb

p53

Prelamin A toxicity Hypothesis

Verstraeten et al Curr Med Chem. 2007;14(11):1231-48 

Senescence, telomere shortening, 

decreased capacity to propogate in 

subculture, and decreased repair 

capacity.



Exp Cell Res. 2007 June 10; 313(10): 2144–2156. 

Summary of Mouse Models of Laminopathies

LmnaG609G/G609G

http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=17493612


(Cleavage site for Zmpste24 deleted)

Normal LMNA
gene

Normal Splicing
(Exon 11 – Exon 12)

6611 606 656

Pre-Lamin A

50 amino acid deletion in HGPS

1 606 611

Pre-Progerin

Deletion of 150 Nucleotides
Deletion of 50 amino acids

Mutant LMNA
HGPS patient

1 606 656

FTase

Farnesylated Pre-Lamin A

Zmpste24

ICMT

1 606 656
647

Zmpste24

1 606 647

Mature Lamin A

CSIM

Aberrant Splicing
Exon 11 – Exon 12

FTase

Zmpste24

ICMT

1 606 611

Farnesylated Progerin
661

CSIM

C-OCH3
661

C-OCH3

CSIM

Deletion site

CSIM

1 606 611

Mature Progerin

C-OCH3

Zmpste 24 Knock out Mice

Normal Splicing
(Exon 11 – Exon 12)

6611 606 656

Pre-Lamin A

50 amino acid deletion in HGPS

1 606 656

FTase

Farnesylated Pre-Lamin A

CSIM

661

CSIM

Zmpste24

Farnesylated Pre-Lamin A



Zmpste24 -/-

Journal of Lipid Research, Vol. 46, 2531-2558, 2005 



Therapeutic approaches

Osorio et al. Transgenic Res. 2009 Feb;18(1):7-15. 



Zmpste -/- Lmna +/-

Journal of Lipid Research, Vol. 46, 2531-2558, 2005 

Nature. 2005 Sep 22;437(7058):564-8. 



Fong et al. Science 2006 (311)5767,1621 - 1623

FTI treatment



The effects of an FTI on the frequency of misshapen 

nuclei in human HGPS fibroblast

FTI treatment reverses the nucler morphology alterations 

resulting from the expression of GPF-progerin

FTI effects on HGPS fibroblast

Journal of Lipid Research, Vol. 46, 2531-2558, 2005 



Pereira et al. Mech Ageing Dev. 2008 Jul-Aug;129(7-8):449-59. 



Varela, Nature Medicine 14, 767 - 772 (2008) 

Combination of statins and aminobisphosphonates



Varela et al. , Nature Medicine 14, 767 - 772 (2008) 

Synergistic effect of pravastatin and zoledronate on prelamin A accumulation in normal and HGPS fibroblast nuclei 



Varela et al. , Nature Medicine 14, 767 - 772 (2008) 



Varela et al. , Nature Medicine 14, 767 - 772 (2008) 



Varela et al. , Nature Medicine 14, 767 - 772 (2008) 

Combined treatment with statins and aminobisphosphonates ameliorates Zmpste24-/- mouse progeroid phenotypes 









Trial Medications at a Glance

Pravastatin (marketed as Pravachol or Selektine) is a member of the drug class of statins. It is 

usually used for lowering cholesterol and preventing cardiovascular disease. 

Zoledronic acid is a bisphosphonate, usually used as a bone drug for improving osteoporosis, 

and to prevent skeletal fractures in people suffering from some forms of cancer.

Lonafarnib is an FTI (Farnesyltransferase inhibitor), a drug that can reverse an abnormality in 

Progeria cells in the laboratory, and has improved disease in Progeria mice.

All 3 drugs block the production of the farnesyl molecule that is needed for progerin to create 

disease in Progeria

http://www.progeriaresearch.org/tripledrugtrial.html



Gordon et al PNAS 2012 October 9; 109(41): 16666–16671. 

Pravastatin, Zoledronic acid and FTI clinical trial





Microscopio confocal

Prototipo de Marvin Minsky, 1955

Marvin Minsky, 1927

“Scanning confocal microscope”

http://en.wikipedia.org/wiki/Image:Minsky.jpg
http://en.wikipedia.org/wiki/Image:Minsky.jpg


Como funciona el microscopio confocal

Fluorescencia

Fotón de 

menor 

energía

Absorción 

Fotón de 

mayor 

energía

Estado basal

Estado excitado

Microscopio de fluorescencia

Objetivo

Muestra

Espejo dicroico



Pinhole

(agujero)

Microscopio confocal

Punto 

en foco

láser

pinhole

microscopio

detector

muestra

espejos de 

escaneado



Confocal projection of a region of 
the internal elastic lamina

Video of 3-D reconstruction of 
MRA internal elastic lamina

Imaging and 3-D reconstruction
of internal elastic lamina with 

confocal microscopy



Ventajas

Permite obtener secciones ópticas.

Permite hacer reconstrucciones 3D.

Permite hacer experimentos in vivo.

No hay que hacer cortes histológicos

Se pueden utilizar varios marcadores



Diferencias microscopia confocal y de 

fluorescencia

http://www.microscopyu.com/tutorials/java/virtual/confocal/index.html



Tipos de microscopio confocal

Espectral Multipinhole

Pinhole

Muestra



IP- nucleus

Autoflorescence-Erythrocytes



CFP-LMNA + SNX6-YFP

SNX6 overexpression affects lamin A distribution





van Vliet et al Progress in Biophysics & Molecular Biology 83 (2003) 1–45

The secretory and endocytic pathways

SNX6

Sorting Nexin 6 (SNX6)

SNX6 is a membrane-associated protein that is 

found in the endosomes.

SNX6 could be a component of the retromer, a 

complex of proteins related to the recycling of  

transmembrane receptors from endosomes 

to the trans-Golgi network

.



Bonifacino and Hurley Current Opinion in Cell Biology 2008, 20:427–436
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Cell transfected with:

SNX6 overexpression affects endogenous lamin A/C distribution



0

5

10

15

20

1

YFP 

YFPSNX6

p<0,05

Percentage of cells showing alterations in Lamin A localization



+
 F

L
A

G
-P

re
la

m
in

 A
 

Anti-FLAG Anti-lamin A

YFP-SNX6

YFP

HA

HA-SNX6

+
 F

L
A

G
-P

re
la

m
in

 A
 

Prelamin A and SNX6



GFP-LMNC +

HA-SNX6HA

SNX6 overexpression disrupts lamin C localization
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Fluorescence resonance energy transfer (FRET) microscopy imaging of living cells

FRET: radiationless transfer of energy between a donor and an acceptor 

chromophore molecule when they are within the range 10-100 Å.

Efficiency of transfer (Förster Equation):

E=1/(1 + R6/R0
6)

R0 is the so-called Förster distance at which the efficiency of transfer is 50%

R0
6= (8.79 x 1023) 2n-4dJda

2 orientation factor

n refractive index of the solvent

d quantum efficiency of the donor

Jda overlap of the donor emission spectrum
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SNX6eYFP

Lamin A eCFP
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CFP-lamin A

YFP-SNX6+CFP-lamin A. In vivo confocal microscopy. 10-20 h

CFP-lamin A
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U2OS transfection (LMNA-CFP, HA-SNX6 and RTN)

VINDELOV REAGENT NUCLEI 

ISOLATION

HOW ARE  SNX6-LMNA ENTERING INTO NUCLEUS?

VIA ER?
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