MASTER BIOTECNOLOGIA BIOMEDICA — UPV
Modulo IV: ENFERMEDADES CARDIOVASCULARES
(Patrocinio Catedra Cardlovascular EVES / FERRER/ UPV)
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The major architectural components of the Biﬂ

mammalian nuclear envelope

Ribosomes ﬂ)}

Nuclear lamina
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Nuclear pore complex

Rough .
endoplasmic
reticulum

Nucleoplasm "

N. Envelope
Nuclear lamina
Perinuclear space

Outer nuclear
membrane

Chromatin

Inner nuclear
membrane

Nuclear pore complex

Cytoplasm S.L. Maidment & J.A. Ellis

sl i e Exp.Rev.Molec.Med. 2002



Lamin genes: Lamin A/C (splicing variants LMNA gene) M
Lamin B1 (LMNB1 gene) Bm
Lamin B2-B3 (splicing variants LMNB2 gene) @ o

Lamin A and Lamin C (alternative splicing)
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Lamin A/C maturation

Normal LMNA
gene
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Cytoplasm
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uclear Pore
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Chromatin‘—@<>

(CoollzlnlTIE

| A-type B-type DNA+
Lamins Lamins Histone BAF MAN1 LAP2a Nesprin SUN Emerin LBR LAP1 LAP2B

Nucleus

Figure 1 Schematic illustration of the mammalian nuclear envelope showing the localization of lamina and lamin-
interacting proteins. Chromatin can interact with both nucleoplasmic and NE-anchored A-type lamins
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Plasma membrane

SN
Larnna—actim TnkeT T Actin cytoskeleton
(nesprins?) Emerin

Nuclear positioning and cell migration

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



Chromatin organization, Gene expression, Signalling...

NE architecture / Nucleo-cytoplasmic link

Actin Plectin | termediate Filaments

Nesprins CYTOPLASM
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gene expression, signaling
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1
R-catenin act. TGFR/BMP signaling  E2F/Rb and Rb/MyoD pathways
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Schirmer and Foisner: Exp Cell Res. 2007 ;313(10):2167-79



ERK1/2 signaling OFF ERK1/2 signaling ON b g

Serum-starved cell Serum-stimulated cell (very early response)

Lamin A/C I_I

AP-1 target genes
repressed

Mitogen
stimulation

Mucleus

Cytoplasm

P —
Phospho-c-Fos Eu;.hng Phospho-c-Jun {Enﬂxgj? Phospho-ERK1/2

Gonzalez JM, et al. J Cell Biol. 2008 Nov 17;183(4):653-66
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Lamin A/C mutations linked to human diseases
(laminopathies)

Striated Muscle

Muscle and Neurons

Adipose Tissue

specific tissues

Adipocytes and Bone

Human Progeroid Syndromes
affecting multiple tissues
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Emery-Dreifuss Muscular Dystrophy/AD-EDMD
Dilated Cardiomyopathy/CMD1A
Limb-Girdle Muscular Dystrophy/LGMD1B

Charcot—Marie=Tooth disorder/AR-CMT2B1

Familial Partial Lipodystrophy

Mandibuloacral Dysplasia

1 in 4x1068 live births
Hutchinson-Gilford Progeria Syndrome el
Atypical Werner's Syndrome
Restrictive Dermopathy
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How do different mutations in LMNA ,a protein expressed
In most differentiated somatic cells, cause different
tissue-specific disease phenotypes?

AD-EDMD (280)
LGMD1B (95)

(8)  Progeroid DCM-CD (290) FPLD (227)
variants (20) (Striated muscles) (Adipose tissue) HGPS (26) RD (2)
W W L4 w y W
11 mut. 218 mutations R482 (B3%) G608 (96%) 2 mut.
all along the molecule + 16 mut. 1
7 v
| |
Lamin A
1 34 7080 :31* 243] 383 ¢ - 500 664
Lamin C
I:|_|:| ]‘:| ‘ 572
AR-EDMD (1) SFAk(1) (30) MAD (16) AR-HGPS (4)
(Muscle)
r L'

1 mut. 1 mut (100%) R527H (87%)

Worman and Bonne Exp Cell Res. 2007 313(10):2121-33
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Normal LMNA
gene
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Normal Splicing
(Exon 11 — Exon 12)

Mutant LMNA
‘ HGPS patient
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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
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Disease-causing mechanisms

Reduced mechanical
Structural hypothesis | stiffness and increased

fragility.

Gene Regulation Hypothesis

Cell Proliferation and Defective Differentiation Hypothesis p

DNA-repair Hypothesis p53

Prelamin A toxicity Hypothesis

3

p

\

Defective mechanotransduction
and enhanced cell death

Cell damage in mechanically Nesprin

stressed tissues

\
/

Chromatin organization = .
and gene expression e

c-Fos

Control of transcription factors < | SREBP1c

SMADS

LAP2a

pRb

Senescence, telomere shortening,
decreased capacity to propogate in
subculture, and decreased repair
capacity.

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



Summary of Mouse Models of Laminopathies

Mutations introduced inte Mouwse Lamin genes

Mutation Description Phenatype Eef
Lmna Lamin 4 and C Muall Postatal lethality associated with muscular [19]
S —— dysmophy and cardiomyopathy
LmI-EEPI-EEP Mis-sense mutation Posmatz] death associated with cardiomyopathy [25]
Lmns Mis-sense mutation Posmatal death associated with muscoalar dystrophy [24]
— and cardiomyopathy
Lmns Splicing mutation and inframea Early postnatal lethality and a model for progenia [54]
deletion of exon 9
Lmna ™ E A-type lamins are replaced by Heterozygotes die at § months with osteoponpsis, [55]
Erogerin alopecia. Homozygotes seversly retarded posmatal
— growth, death at 3 weaks
Lmns Lamin  only mice with no Lamin Chrertly normal [58]
A
Lmnbl Gene trap insertion into Lmmb] Perinatal lethal possibly due to respiratory failure [62]
Mutations in profeins associated with Lamin A
Emd ™™ Bull Mice overily normal but with slightly retarded [21,23]
mmscle regeneration
Zmpsteld Bull Mice retain farnesylated pre-lamin A They die at §— [69,74]
7 months and have b factures, osteoporosis,
mmscle weakness
Transgenic Limes
Lmna M3TIE cDBA with missenss mutation Expreszed in heart resulting in cardiomyopathy and [26]

Lmnas BAC GHEG

hBAC with 508z base change

early posmatal lathality
Mice show progressive loss of smooth muscle calls
in meadial layer of large ameries

[57]

LmnaG6t09G/G609G

Exp Cell Res. 2007 June 10; 313(10): 2144-2156.
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http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=17493612
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Zmpste24
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Farnesylation (FTase) l
(EAAK
C-terminal cleavage
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Journal of Lipid Research, Vol. 46, 2531-2558, 2005
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Therapeutic approaches

Fig. 2 Therapeutic options
to prevent the accumulation
of prenylated progerin. The
possibilities discussed
include compounds acting
on the mevalonate pathway
such as statins, and
aminobisphosphonates
(N-BPs). famesyltransferase
inhibitors (FTT),
geranylgeranyltransferase
inhibitors (GGTT), and
agents designed to block the
alternative splicing event
that leads to progerin
synthesis such as small
drugs or specific antisense
oligonucleotides (AS
oligos)

HMG-CoA LMNA transcript
G HMG-CoA reductase o
i aci Aberrant
Mevalonic acid o
1 Progerin mRNA
Isopentenyl-5-PP —
g Farnesyl-PP l
synthase
Gerany-p —
{}Fﬂmeﬁylpp Unprenylated
synthase Farnesyl transferase progerin

Farnesyl-PP

Geranylgeranyl-PP
synthase J'}

Geranylgeranyl-PP —____ »
Geranylgeranyl transferase |

Prenylated %
progerin

Osorio et al. Transgenic Res. 2009 Feb;18(1):7-15.
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FTI effects on HGPS fibroblast M
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Journal of Lipid Research, Vol. 46, 2531-2558, 2005
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Combination of statins and aminobisphosphonates
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Varela, Nature Medicine 14, 767 - 772 (2008)
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Synergistic effect of pravastatin and zoledronate on prelamin A accumulation in normal and HGPS fibroblast nuclei
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k

‘k |

Varela et al. , Nature Medicine 14, 767 - 772 (2008)
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Combined treatment with statins and aminobisphosphonates ameliorates Zmpste24-/- mouse progeroid phenotypes
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Splicing-Directed Therapy in a New Mouse Model of s
Human Accelerated Aging

Fernando G. Osorio,1 Claire L. Navarro,2 Juan Cadiﬁanos,1* Isabel C. Llr'Jpez-l'b.'Iejia,3
Pedro M. Quirés,’ Catherine Bartoli,” José Rivera,” Jamal Tazi,®> Gabriela Guzman,’
Ignacio Varela,' Danielle Depetris,” Félix de Carlos,® Juan Cobo,® Vicente Andrés,*
Annachiara De Sandre-Giovannoli,”” José M. P. Freije,’ Nicolas Lévy,*” Carlos Lopez-Otin'*

Hutchinson-Gilford progeria syndrome (HGPS) is caused by a point mutation in the LMNA gene that activates a
cryptic donor splice site and yields a truncated form of prelamin A called progerin. Small amounts of progerin
are also produced during normal aging. Studies with mouse models of HGPS have allowed the recent development
of the first therapeutic approaches for this disease. However, none of these earlier works have addressed the ab-
errant and pathogenic LMNA splicing observed in HGPS patients because of the lack of an appropriate mouse
model. Here, we report a genetically modified mouse strain that carries the HGPS mutation. These mice accumulate
progerin, present histological and transcriptional alterations characteristic of progeroid models, and phenocopy the
main dinical manifestations of human HGPS, including shortened life span and bone and cardiovascular aberrations.
Using this animal model, we have developed an antisense morpholino-based therapy that prevents the pathogenic
Lmna splicing, markedly reducing the accumulation of progerin and its associated nuclear defects. Treatment of
mutant mice with these morpholinos led to a marked amelioration of their progeroid phenotype and substantially
extended their life span, supporting the effectiveness of antisense oligonucleotide-based therapies for treating
human diseases of accelerated aging.

www.ScienceTranslationalMedicine.org 26 October 2011 VOL 3 Issue 106 106ra107
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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://lwww.progeriaresearch.org/tripledrugtrial.htmi



Pravastatin, Zoledronic acid and FTI clinical trial
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Table 1.

Patient characteristics at study entry

Characteristic

Mean SD. Minimum Median Maximum

Age at enrollment (y)
Height-age (y)
Weight (kg)

Standing height {cm)
standing height BMI

7.0 3 3 7 16
34 16 10 30 70
104 27 6.6 95 17.6

949 119 76.7 938 122.0
114 12 9.3 117 135

Z-scores for standing helghti —541 133 —-7.34 -543 -347

Z-scores for weught1

—10.18590 —-33.69 —-904 -530

Of the 25 participants, 11 (44%) were male, and 14 (56%) were female.

*Derived from age- and sex -adjusted reference values using 2000 Centers fo

Charts (41).

Table 3.

Effect of lonafamib on carotid artery density by ukrasound

Median density in pixels (range)

Control (n = HGIP) (n = HGIE) (n = Control vs
Site Percentile *
53) 22) 22) HG(P)—
. " 73.0 (28.0- 87.0(15.0- 72.0(2.0-
Intim a m edia 50 0.002
156.0) 242.0) 140.0)
Adventitia luminal 169.0 (95.0- 228.0(61.0- 170.0(70.0-
50 0.0004
near wall 237.0) 254.0) 252.0)
Adventitia deep near 166.0 (34- 167.0 (30.0- 121.0(12.0- 032
wall 254.0) 254.0) 215.0) ’

HG(E), HGPS end of therapy; HG(P), HGPS pretherapy.

#Based on Wilcoxon rank-sum test.

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







Microscopio confocal
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Como funciona el microscopio confocal
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| |

Microscopio de fluorescencia




Microscopio confocal
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Ventajas

=Permite obtener secciones opticas.
=Permite hacer reconstrucciones 3D.
=Permite hacer experimentos in vivo.
=No hay que hacer cortes histoldgicos

=Se pueden utilizar varios marcadores




Diferencias microscopia confocal y de
fluorescencia

Widefield Image Confocal Image

¥ Focus Lock . : ‘ Magpnification: [100X]
f— —— I— f——
Focus Brightness Z-Axis Position PMT Red Gain
Medium 25%

Pinhole Aperture Size:

“ Small ¢ Medium  Large 3 z
Scan Line Speed PMT Green Gain

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



Tipos de microscopio confocal
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SNX6 overexpression affects lamin A distribution

CFP-LMNA + SNX6-YFP
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The secretory and endocytic pathways
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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

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



Amino acid number

0 100 200 300 400 500 600 700 800
| | | | | | | ] |

Vps29/35 binding  PI(3)P binding Dimerization, curvature
SNX1 BAR 522 ~59 kDa

i

SNX2 PX BAR 520 ~59 kDa
SNX5 L PX BAR 404 ~47 kDa
SNX6 BAR 419 ~48kDa
Vps35 binding
Vps26A Arrestin — 327 ~38kDa
Vps268[ Arrestin ~—— 336 ~39 kDa
Vps35 binding

Vps29 182 ~20 kDa

Vps26 binding Vps29 binding
Vps35 «-solenoid 796 ~92 kDa

Current Opinion in Cell Biology

Bonifacino and Hurley Current Opinion in Cell Biology 2008, 20:427-436




Lamin A
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Anti-Lamin A/C
LAMIN A/C

YFP or SNX6

Cell transfected with: YFP YFPSNX6 SNX6CFP

SNX6 overexpression affects endogenous lamin A/C distribution




Percentage of cells showing alterations in Lamin A localization
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Anti-FLAG Anti-lamin A

+ FLAG-Prelamin A

Prelamin A and SNX6

+ FLAG-Prelamin A



HA-SNX6
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SNX6 overexpression disrupts lamin C localization

GFP-LMNC
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SNX6 does not disrupt lamin B1 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 A.

Efficiency of transfer (Forster Equation):
E=1/(1 + R¢/R,5)
R, is the so-called Forster distance at which the efficiency of transfer is 50%

458 nm 525-600 nm
514 nm
CFP YFP
Donor____ ____ _Acceptor £
< 10A i -

Distance (A) between donor and acceptor probes

Ro8= (8.79 X 10%3) k2n4d,J

k2 orientation factor

n refractive index of the solvent

®, quantum efficiency of the donor

Jga Overlap of the donor emission spectrum



FRET sensitized emission. 458 nm
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FRET Acceptor photobleaching.

458 nm 525-600 nm

Py L S

@ O o X

CFP YFP
CDEZ.pr_ _Xg:PepTor [BYeTiTe] —d\CCEPTOr

< 100A < 1004

1
-

CFP YFP
Donor e —Acceptor

< 100A



FRET sensitized emission.
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CFP-lamin A CFP-lamin A

YFP-SNX6+CFP-lamin A. In vivo confocal microscopy. 10-20 h
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1. In vivo-microscopy
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Crio-TEM
YFP-SNX6 transfected + anti lamin A/C immuno-gold labelling
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HOW ARE SNX6-LMNA ENTERING INTO NUCLEUS?

VIA ER?

U20S transfection (LMNA-CFP, HA-SNX6 and RTN)

VINDELOV REAGENT NUCLEI
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