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The nuclear lamina underlies the inner 
nuclear membrane and consists of a 

proteinaceous meshwork of intermedi-
ate filaments: the A- and B-type lamins. 
Mutations in LMNA (encoding lamin A 
and C) give rise to a variety of human 
diseases including muscular dystro-
phies, cardiomyopathies and the prema-
ture aging syndrome progeria (HGPS). 
Duplication of the LMNB1 locus, lead-
ing to elevated levels of lamin B1, causes 
adult-onset autosomal dominant leuko-
dystrophy (ADLD), a rare genetic disease 
that leads to demyelination in the cen-
tral nervous system (CNS). Conversely, 
reduced levels of lamin B1 have been 
observed in HGPS patient derived fibro-
blasts, as well as fibroblasts and keratino-
cytes undergoing replicative senescence, 
suggesting that the regulation of lamin 
B1 is important for cellular physiology 
and disease. However, the causal rela-
tionship between low levels of lamin 
B1 and cellular senescence and its rel-
evance in vivo remain unclear. How do 
elevated levels of lamin B1 cause disease 
and why is the CNS particularly sus-
ceptible to lamin B1 fluctuations? Here 
we summarize recent findings as to how 
perturbations of lamin B1 affect cellu-
lar physiology and discuss the implica-
tions this has on senescence, HGPS and 
ADLD.

Introduction

In metazoans, the nuclear envelope 
consists of an inner and outer nuclear 
membrane, separated by a 40−50 nm 
perinuclear space. The nuclear envelope 
is spanned by nuclear pore complexes 
which facilitate transport between the 
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nucleus and the cytoplasm. Underneath 
the inner nuclear membrane lies a 15– 
20 nm thick proteinaceous meshwork: 
the nuclear lamina. The lamina consists 
of intermediate filament proteins: lamin 
A, lamin C and lamin B1 and B2. B-type 
lamins are ubiquitously expressed in all 
cell types, including embryonic stem cells, 
whereas expression of A-type lamins is 
restricted to somatic lineages. Although 
initially thought to mainly support the 
structural integrity of the nucleus, it is 
now becoming clear that the lamins play 
an important role in various cellular pro-
cesses, including DNA replication, cell 
cycle progression, chromatin organization 
and remodeling.1-3 Reflecting these diverse 
functions, mutations in lamina compo-
nents give rise to a wide variety of dis-
eases, collectively termed laminopathies.4,5 
Mutations in LMNA can cause muscular 
dystrophies, lipodystrophies, cardiomyop-
athies and, most prominently, the prema-
ture aging syndrome Hutchinson-Gilford 
progeria (HGPS). Most cases of HGPS are 
caused by a single heterozygous base pair 
substitution in the LMNA gene (G608G, 
GGC > GGT), that gives rise to a trun-
cated form of lamin A, called progerin.6,7

Although no dominant-acting mis-
sense or loss of function mutations have 
been identified in B-type lamins, dupli-
cation of the LMNB1 locus, leading to 
elevated lamin B1 protein levels, is asso-
ciated with adult-onset autosomal domi-
nant leukodystrophy (ADLD). ADLD is 
a rare genetic disease, similar to chronic 
progressive multiple sclerosis that affects 
myelination in the central nervous system 
(CNS).8 Akin to the molecular phenotype 
of ADLD, increased levels of lamin B1 
have also been observed in lymphoblasts 
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B1-depleted cells were more prone to 
senesce (as judged by SA-β-gal staining), 
than cells grown at high density. These 
results demonstrate that although reduced 
levels of lamin B1 impair cell proliferation, 
they do not trigger premature senescence 
in either primary or telomerase-positive 
fibroblasts, unless subjected to additional 
stress, such as growth at low cell density.14

Do these in vitro results bear any phys-
iological relevance in vivo? In the mouse, 
keratinocyte-specific depletion of Lmnb1, 
or hepatocyte-specific depletion of Lmnb1 
and Lmnb2, affected neither epidermal 
keratinocyte proliferation, the develop-
ment or maintenance of skin or hair,24 nor 
liver development and function, respec-
tively.25 In contrast, in vitro mouse embry-
onic fibroblasts derived from Lmnb1-null 
mice, exhibited nuclear architecture 
defects, karyotypic abnormalities and pre-
mature senescence.26 Therefore, lamin B1 
depletion alone does not trigger cellular 
senescence, unless the cells are exposed 
to additional stress: in the case of human 
lamin B1-depleted cells, growth under 
sparse conditions or in Lmnb1−/− mouse 
embryonic fibroblasts, growth under in 
vitro cell culture conditions.

To investigate what may lead to 
the impaired proliferation of lamin 
B1-depleted cells, we analyzed their cell 
cycle profile and consistently observed a 
slight increase in the percentage of cells 
in G2/M, as well as additional peaks to 
the right of the G2/M peak, suggesting a 
delay in mitosis and chromosomal insta-
bility.14 Consistent with these results, 
depletion of lamin B1 in mouse embry-
onic stem11 or HeLa cells27 led to mitotic 
defects, such as delayed pro-metaphase as 
well as abnormal mitotic spindle assembly. 
We speculate that these mitotic defects 
may ultimately lead to impaired chromo-
some segregation and karyotypic abnor-
malities. In conclusion, downregulation of 
lamin B1 is insufficient in triggering cel-
lular senescence, unless it is accompanied 
by additional stress.

Does the Loss of Lamin B1  
Correlate with Telomere  

Shortening?

Gradual erosion of telomeric DNA due 
to the end replication problem occurs 

normal fibroblasts in vitro. These find-
ings raise several important questions: (1) 
Are the low levels of lamin B1 in senescent 
cells a cause or a consequence of senes-
cence? (2) Does the loss of lamin B1 cor-
relate with telomere shortening? (3) Is loss 
of lamin B1 a common feature of different 
somatic lineages undergoing senescence 
and are these findings relevant in vivo; for 
example during normal aging of human 
skin? (4) How do elevated levels of lamin 
B1 affect cellular physiology and (5) why 
are the brain and CNS particularly sus-
ceptible to lamin B1 fluctuations?

Lamin B1 Loss and Cellular  
Senescence: Cause or  

Consequence?

The correlation between low levels of 
lamin B1 and senescence raised the ques-
tion whether lamin B1 depletion is a cause 
or a consequence of senescence. Previous 
studies investigated the consequences of 
lamin B1 depletion and led to conflict-
ing results: in one report, silencing of 
lamin B1 in HeLa cells led to apoptosis,22 
whereas recent work suggested that inhi-
bition of lamin B1 in WI-38 cells causes 
senescence.15 Conversely, overexpression of 
lamin B1 appeared to enhance prolifera-
tion and delay the onset of senescence,15 
whereas a second study showed that ele-
vated levels of lamin B1 triggered senes-
cence.9 To investigate the consequences of 
lamin B1 depletion or overexpression on 
cellular proliferation and senescence, we 
used constitutive or doxycyclin-inducible 
constructs to deplete (by shRNA) or over-
express lamin B1 in primary fibroblast 
lines and their telomerase-immortalized 
counterparts.14

In our hands, lamin B1-depleted cells 
have impaired proliferation, irrespective 
of whether they are primary cells or cells 
immortalized by telomerase. However, 
under normal cell culture conditions, we 
were unable to detect a significant increase 
in the numbers of cells staining positive 
for senescence-associated β-galactosidase 
(SA-β-gal) activity.14,23 To test whether 
lamin B1-depleted cells were more sus-
ceptible to senesce upon exposure to addi-
tional stressors, we grew lamin B1-depleted 
cells at low density (sparse) vs. sub-conflu-
ence. Interestingly, sparsely plated lamin 

and fibroblasts from patients with ataxia 
telangiectasia (AT), whose clinical 
traits include neurological defects.9 AT 
is caused by mutations in ATM (ataxia  
telangiectasia mutated), a protein kinase 
that controls early steps during DNA 
damage response signaling. As a result, 
AT patients are sensitive to radiation and 
predisposed to cancers. The complex rela-
tionship between elevated lamin B1 levels 
and impaired DNA damage response with 
neurological defects and cancer predispo-
sition remains elusive.

Interestingly, phenotypes associated 
with perturbations of lamin B1, such as in 
ADLD and AT, but also in mouse models 
lacking lamin B1, result in defects in the 
CNS.10,11 How do elevated levels of lamin 
B1 affect cellular physiology and what 
makes the CNS more susceptible to aber-
rant levels of lamin B1?

In contrast to the elevated levels of 
lamin B1 in ADLD and AT, low levels of 
lamin B1 have been observed in fibroblasts 
derived from patients with the acceler-
ated aging syndrome HGPS,12,13 senescent 
human primary,14 WI-38, HCA2 and 
BJ fibroblasts.15,16 In contrast to quies-
cence, cellular senescence is an irreversible 
growth arrest. Several pathways have been 
implicated in triggering senescence. Of 
particular relevance are persistent DNA 
damage foci associated with critically 
shortened or deprotected telomeres.17,18 
Telomeres cap the physical ends of lin-
ear chromosomes, consist of hexameric 
TTAGGG repeats and are bound by the 
shelterin protein complex.19 Due to the 
semi-conservative nature of DNA replica-
tion (the “end replication problem”), telo-
meres shorten throughout each replication 
cycle until critically shortened telomeres 
elicit a persistent DNA damage response 
that initiates cellular senescence.17 The 
“end replication problem” can be circum-
vented by the activation of telomerase, a 
ribonucleoprotein consisting of a reverse 
transcriptase (TERT) and its RNA moiety 
(TR).20 Telomerase is expressed in ~90% 
of cancers and embryonic stem cells and 
its expression immortalizes cells.21

Two rare diseases affecting the CNS 
have been associated with elevated levels 
of lamin B1, whereas reduced levels of 
lamin B1 have been observed in HGPS 
patient-derived fibroblasts and senescent 
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is correct, constitutive activation of p53 or 
Rb, in normal cells, should result in senes-
cence and lamin B1 reduction. Freund  
et al. demonstrated this by activat-
ing p53—using the MDM2-antagonist 
Nutlin-3a, or by overexpressing p16INK4a 
to induce pRb—in the absence of addi-
tional DNA damage. Both procedures 
triggered cellular senescence and led to 
a reduction in lamin B1.16 Interestingly, 
while formation of senescence-associated 
heterochromatin foci and SA-β-gal activ-
ity only became apparent 7–10 d after 
inducing senescence, loss of lamin B1 lev-
els was an early event during senescence 
and was apparent within 2 to 4 d.16 These 
results establish that loss of lamin B1 is a 

by removal of the shelterin component 
TRF2 (by expression of a dominant-neg-
ative allele of TRF2: TRF2ΔBΔM), also 
triggered senescence and a concomitant 
reduction in lamin B1.14 Lastly, senescence 
induced by persistent DNA damage (by 
ionizing radiation) or by expression of an 
oncogenic form of H-RAS (RASV12) trig-
gered senescence together with a loss of 
lamin B1.16

Taken together, these results suggest 
that DNA damage foci, caused by expres-
sion of oncogenic H-RAS and critically 
shortened or deprotected telomeres, lead 
to persistent activation of p53 and Rb, 
senescence and lamin B1 downregula-
tion (Fig. 1D). If this sequence of events 

during each replication cycle, ultimately 
culminating in replicative senescence.17 To 
investigate whether lamin B1 reduction 
correlates with telomere shortening, we 
serially passaged human primary dermal 
fibroblasts until they reached replicative 
senescence (after ~60 PD) and moni-
tored telomere length and lamin B1 levels 
throughout this time course. As shown 
in Figure 1A, telomere length gradu-
ally declined throughout the time course 
and correlated with a reduction in lamin 
B1 levels (Fig. 1B). In contrast, in cells 
immortalized by ectopic expression of 
telomerase, lamin B1 levels remained sta-
ble (Fig. 1C).14 Furthermore, induction of 
telomere-specific persistent DNA damage 

Figure 1. (A) in gel hybridization showing telomere shortening in primary dermal fibroblasts during continuous in vitro cell culture. A radiolabeled 
(ttAGGG)4 probe was used to visualize telomere repeats. Population doublings (PD) and molecular weight markers (kB) are indicated. (B) western 
blot shows lamin B1 (LB1), lamin A/C (LA and LC) and actin levels in primary dermal fibroblasts during a 60 PD time course (PDs are indicated on top). 
(C) western blot shows lamin B1, lamin A/C and actin levels in telomerase-positive dermal fibroblasts during extended in vitro culture (60 PD). (D) 
Schematic representation of signals (telomere shortening, telomere dysfunction, oncogene induction and severe DNA damage) that activate p53/rb 
signaling pathways and initiate cellular senescence. (E) Loss of lamin B1 during normal skin aging in vivo. immunohistochemistry of paraffin sections 
of normal human skin from (E) young (1 y) vs. (F) aged (over 60 y) individuals. Different skin layers are indicated: stratum corneum layer (sc); basal layer 
(bl); dermis (d), scale bar: 50 μm.
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affected by elevated levels of lamin B1, 
fibroblasts appear to be resistant. This 
situation is also mirrored in mice with tis-
sue specific Lmnb1 deficiency: depletion of 
Lmnb1 in liver or skin did not result in any 
abnormalities,24,25 whereas conditional 
forebrain specific deletion of Lmnb1 and 
Lmnb2 led to defects in neuronal migra-
tion and nuclear abnormalities.10

What makes the CNS so much more 
susceptible to fluctuations of the B-type 
lamins? Previous reports revealed signifi-
cantly lower levels of lamin A in cells from 
chicken and mouse brains, as well as neuro-
nal lineages derived from human induced 
pluripotent stem cells.34-36 More recently, 
it was shown that miR-9, a neural specific 
microRNA effectively suppresses lamin A 
expression in mouse and human neuronal 
lineages.37,38 Based on these observations, 
we speculated that reduced levels of lamin 
A may render these cells more susceptible 
to fluctuations of lamin B1.

Reduced Levels of Lamin A/C Ex-
acerbate the Consequences  
of Lamin B1 Overexpression

To investigate whether reduced levels of 
lamin A exacerbates the consequences of 
elevated lamin B1 levels, we generated 
cell lines expressing ~50% of their origi-
nal lamin A/C levels (by expression of a 
LMNA/C shRNA) and overexpressed 
lamin B1 (or a vector control) in these 
cells.14 Proliferation assays and growth 
analysis revealed that lamin A/C↓ cells 
were significantly more susceptible to 
lamin B1 overexpression than control 
cells: lamin B1↑lamin A/C↓ cells were 
severely impaired in their proliferation, 
arrested at G0/G1 and stained positive 
for SA-β-gal activity. They also showed a 
marked increase of DNA damage foci that 
co-localized with telomeres.

Telomere-associated DNA damage is 
particularly detrimental to cells, as it can-
not be repaired by conventional DNA 
repair machinery and may explain the 
severe growth defects of these cells. As 
described before, the subtle proliferation 
defect caused by lamin B1 overexpres-
sion in normal fibroblasts was rescued by 
expression of telomerase. To test whether 
the severe lamin B1↑lamin A/C↓-induced 
proliferation defect could be rescued by 

showed a marked reduction of lamin B1  
(Fig. 1F;14). Although the relationship may 
not be causal, the loss of lamin B1 corre-
lates with increased numbers of senescent 
cells (by β-gal staining)23 and shortened 
telomeres30,31 in skin from aged individu-
als. Based on these results, we concluded 
that lamin B1 reduction is a hallmark of 
senescent keratinocytes in vitro and in vivo 
and may be a useful marker for skin aging.

ADLD and the Consequences  
of Lamin B1 Overexpression

While lamin B1 loss is a characteristic of 
senescent fibroblasts and keratinocytes, 
elevated levels of lamin B1 have been 
associated with ADLD, a progressive and 
fatal neurological disorder. Patients with 
ADLD exhibit autonomic symptoms, such 
as bowel/bladder dysfunction, male impo-
tence, orthostatic hypotension and loss of 
fine motor skills starting at a mean age of 
~40 y. On a pathological level, ADLD is 
characterized by widespread myelin loss in 
the CNS.8,32 Although similar to chronic 
progressive multiple sclerosis (MS), sev-
eral features distinguish ADLD from 
MS: ADLD patients exhibit symmetrical 
myelin loss and show no indication of 
brain inflammation,33 whereas in multiple 
sclerosis, demyelination is asymmetrical 
and caused by an autoimmune response 
against myelin, leading to inflammation 
in the CNS.

To study the consequences of lamin 
B1 overexpression, we used doxycyclin-
inducible (lentivirus-based) or constitutive 
(retrovirus based) vectors to express physi-
ologically relevant levels of lamin B1. We 
used human fibroblast lines to perform 
these experiments, as they are more ame-
nable to genetic manipulation and provide 
a more tractable system (than, for instance, 
neuronal lineages) to accurately assess the 
consequences of elevated lamin B1 levels 
on cell proliferation. Overexpression of 
lamin B1 led to a very subtle prolifera-
tion defect in primary fibroblasts that was 
rescued by expression of telomerase or by 
inactivation of the p53 signaling path-
way.14 However, this subtle proliferation 
defect in fibroblasts may not be physi-
ologically relevant as ADLD patients do 
not show any overt skin problems. Thus, 
in contrast to the CNS, which is strongly 

marker for senescence in human primary 
fibroblasts and prompted us to investigate 
whether these findings are relevant to 
other cell types of the human body.

Is Loss of Lamin B1 a Common 
Feature of Different Somatic 

Lineages Undergoing Senescence 
and are these Findings Relevant 

In Vivo?

While fibroblasts reside in the dermis, 
keratinocytes populate the epidermal 
layer of the skin, form a protective bar-
rier against pathogens and UV radiation 
and are important in the pathogenesis of 
various diseases affecting cutaneous and 
mucosal epithelia.28 To investigate lamin 
B1 dynamics during replicative aging 
of keratinocytes, we passaged two pri-
mary keratinocyte lines in parallel with a 
telomerase-immortalized keratinocyte cell 
line (N/TERT-1)29 until the primary lines 
reached replicative senescence. Senescent 
keratinocytes exhibited flattened morphol-
ogy, stained positive for SA-β-gal activity 
and showed reduced levels of lamin B1 
by immunofluorescence microscopy and 
western blotting.14 Thus, loss of lamin B1 
characterizes both senescent fibroblasts 
and keratinocytes in vitro.

To test whether senescence-associated 
lamin B1 reduction occurs in vivo, Freund 
et al. induced senescence by irradiating 
mice and quantifying lamin B1 levels in 
liver sections.16 Irradiated mice exhibited 
lower mean lamin B1 (but not lamin C) 
staining intensities than non-irradiated 
controls 12 weeks after irradiation. These 
findings were extended by RT-PCR analy-
sis showing increased expression of senes-
cence-associated p16INK4a as well as lower 
levels of lamin B1 in liver, kidney, lung 
and skin of the irradiated mice. These 
results suggest that lamin B1 levels decline 
upon irradiation-induced senescence in 
murine cells in vivo.

To test whether lamin B1 levels decline 
in aged human tissues in vivo, we ana-
lyzed skin sections from one young 
(age 1) and several old individuals (age 
> 60) and compared lamin B1 levels. 
Consistent with our in vitro results, skin 
sections from the young donor exhib-
ited robust lamin B1 staining (Fig. 1E), 
whereas sections from aged individuals 
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involved in myelin biosynthesis but rather 
lead to accelerated senescence, which in 
turn downregulates these genes. Although 
speculative, this model would comple-
ment our in vitro findings with recent 
results from the ADLD mouse model  
in vivo.

Although it remains unclear how ele-
vated levels of lamin B1 (in the context 
of lower lamin A levels) lead to telomere-
associated DNA damage, this telomere 
damage, as well as those induced by the 
expression of progerin, are prevented 
by ectopic expression of telomerase (or 
inactivation of p53 signaling).14,50 These 
results provide insights into how differ-
ent lamin mutations can cause such a 
wide spectrum of human diseases. HGPS 
patients die of cardiovascular disease.51,52 
Our iPSC based model of HGPS revealed 
that lineages of mesenchymal origin, such 
as vascular smooth muscle cells (VSMC) 
express the highest levels of lamin A (and 
mutant progerin), and thus, may be more 
prone to progerin-dependent defects. In 
contrast, neural lineages express very little 
lamin A/progerin and remain unaffected 
in HGPS patients.36 However, in ADLD 
the low levels of lamin A/C in neuronal 
lineages renders them more susceptible to 
elevated levels of lamin B1.14

Together, these studies underscore the 
importance of the nuclear lamina in regu-
lating cellular proliferation and provide 
a framework as to how mutations in the 
nuclear lamina, or stochiomeric changes 
in lamina composition, lead to various 
human diseases. Understanding how 
progerin expression or lamin B1 overex-
pression independently cause telomeric 
DNA damage and cellular senescence will 
provide novel insights into the biology of 
telomeres and the nuclear lamina and may 
provide novel ways to treat laminopathies.

Conclusions and Perspectives: 
Loss of Lamin B1 is a Marker for 
Cellular Senescence In Vitro and 

In Vivo

Senescent cells accumulate with age in 
many tissues, in particular at sites of pre-
neoplastic42 or age related pathologies, 
such as impaired heart regeneration43 and 
in aging skin.23 However, many senescence 
associated biomarkers are non-specific 

by expression of telomerase. This pheno-
type was exacerbated by reducing lamin 
A/C. Overexpression of lamin B1 with 
reduced lamin A/C led to severe prolif-
eration defects, an increase in SA-β-gal 
positive cells, G1 arrest and telomere-asso-
ciated DNA damage. This more severe 
lamin B1-dependent proliferation defect 
was also rescued by telomerase expression.

How relevant are these results to the 
pathology of ADLD and what is the 
mechanism that leads to telomere-asso-
ciated DNA damage in the presence of 
elevated lamin B1 levels?

Previous reports suggested that ele-
vated levels of lamin B1 in oligodendro-
cytes lead to a premature differentiation 
arrest and suppression of myelin biosyn-
thesis (myelin-basic protein, proteolipid 
protein and myelin oligodendrocyte gly-
coprotein).44 A mouse model of ADLD 
that expresses additional copies of Lmnb145 

exhibited age-dependent histopathologi-
cal and behavioral defects, such as axon 
demyelination, seizures and motor defects. 
Proteomic and RT-PCR data revealed 
decreased transcript and protein levels of 
myelin proteolipid protein. Based on these 
results, the authors concluded that lamin 
B1 is an important modulator of genes 
involved in myelin biosynthesis.45

Are these in vivo results compatible 
with our in vitro studies? Our in vitro 
data suggests that increased levels of 
lamin B1 trigger cellular senescence by 
damaging telomeres. So what is the link 
between telomeric DNA damage, senes-
cence, myelination and cognitive defects? 
First, demyelination of neurons has been 
observed during human aging and in 
telomerase-deficient aged mice with criti-
cally shortened telomeres.46,47 Second, an 
age-dependent, DNA damage-response 
induced senescence-like state was recently 
described in several neuronal lineages in 
mouse.48 Third, and most strikingly, cog-
nitive function and myelination of the 
CNS was improved upon reactivation of 
telomerase in aged telomerase-deficient 
mice.49

Based on these results, we speculate 
that demyelination, due to increased neu-
ronal senescence during normal aging, 
may be accelerated by increased lamin B1 
expression. Lamin B1 overexpression may 
not directly regulate expression of genes 

telomerase, we introduced hTERT into 
lamin B1↑lamin A/C↓ cells (Fig. 2A). 
Lamin B1↑lamin A/C↓ cells expressing 
telomerase proliferated normally, despite 
retaining reduced levels of lamin A/C and 
overexpressing lamin B1. The restored 
proliferation of telomerase-positive lamin 
B1↑lamin A/C↓ cells was accompanied 
by a marked decrease of cells that stained 
positive for SA-β-gal activity (Fig. 2D). 
Taken together, these results demonstrate 
that the proliferation defect and premature 
senescence of lamin B1↑lamin A/C↓ cells 
is due to telomere-associated DNA dam-
age and can be prevented by telomerase 
expression. A small percentage (~2−4%) of 
telomerase-immortalized lamin B1↑lamin 
A/C↓ cells had doughnut shaped nuclei. 
This nuclear architecture defect is similar 
to the doughnut-shaped nuclei observed 
in cells treated with farnesyl-transferase 
inhibitors or cells overexpressing a non-
farnesylated version of lamin B1.39 We 
also observed a few cells in which the  
lamina-associated polypeptide 2 α 
(LAP2α) aggregated at one pole of the 
nucleus (Fig. 2E), similar to a redistribu-
tion of LAP2α previously reported in cells 
from a patient with fetal lethal akinesis, 
due a LMNA mutation, which resulted in 
depletion of lamin A/C.40,41 Nevertheless, 
the physiological significance of this 
LAP2α re-localization remains unclear.

Lamin B1 Overexpression,  
Cellular Senescence and ADLD

In contrast to reduced lamin B1 levels 
being associated with aging and senes-
cence, increased levels of lamin B1 are 
associated with ADLD and AT, two dis-
eases with severe neurological defects 
associated with CNS demyelination. In 
fibroblasts, we and others have shown 
that elevated levels of lamin B1 trigger 
senescence.9,14 In cells from AT patients, 
increased oxidative stress and activation 
of the p38 MAPK pathway is thought to 
lead to overexpression of lamin B1 and 
senescence,9 while in ADLD patients, a 
duplication of the LMNB1 locus results 
in elevated lamin B1 levels.8 So how do 
elevated levels of lamin B1 trigger senes-
cence? In fibroblasts, increased lamin B1 
caused a very subtle proliferation defect 
that was rescued by inactivation of p53 or 
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Figure 2. Ectopic expression of telomerase rescues severe proliferation defect of lamin B1↑lamin A/C↓ cells. (A) western blot showing telomerase, 
lamin B1 and lamin A/C levels in cells expressing pBABE-neo control or pBABE-neo-lamin B1 in the presence (shLA/C) or absence of reduced lamin 
A/C levels. Antibodies: telomerase (htErt), lamin B1 (LB1); lamin A/C (LA/C) and GAPDH loading control. (B) Growth curve of lamin B1↑lamin A/C↓ cells 
expressing either pBABE-hygro-htErt or pBABE-hygro control. (C) SA-β-gal staining of lamin B1↑lamin A/C↓ expressing pBABE-hygro-htErt or pBABE-
hygro (PH; phase contrast, BF; brightfield). Scale bar = 50 μm. (D) Quantification of SA-β-gal positive cells described in (C). (E) immunofluorescence 
microscopy reveals cells with doughnut shaped nuclei (top row, arrowheads) and LAP2α aggregates (bottom two rows, arrowheads) in telomerase-
positive lamin B1↑lamin A/C↓ cells. Antibodies: lamin A/C (red); LAP2α (green), DAPi (blue) and merged images. Scale bar: 20 μm.
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whether these findings are applicable to 
human tissues other than skin.
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markers, such as K
i
-67 may enable us to 

efficiently distinguish between quiescent 
and senescent cells.

It remains unclear what triggers senes-
cence in aged human skin. In vitro, loss of 
telomeric DNA during extensive prolifera-
tion of primary fibroblasts correlates with 
loss of lamin B1. In vivo, telomere length 
declines in aged skin30,31 and thus, corre-
lates with lamin B1 loss and senescence, 
but the causal relationship of these events 
remains to be established.

However, use of lamin B1 as a marker 
for senescence may not be restricted to 
skin: Freund et al. observed reduced lev-
els of lamin B1 in mouse liver sections 
and other tissues, including skin, kidney 
and lungs, after irradiation, suggesting 
that “loss of lamin B1” faithfully detects 
irradiation-induced senescence in differ-
ent tissues in vivo.16 It remains to be seen 

or hard to detect in vivo. For example, 
SA-β-gal activity has been widely used to 
identify senescent cells, but is notoriously 
difficult to detect in vivo. We and others 
have shown that loss of lamin B1 can serve 
as a marker for cellular senescence in vitro 
and in vivo.14-16 The reduction of lamin 
B1 levels that we observed in old skin14 is 
consistent with the reported increase in 
SA-β-gal positive cells in skin section of 
old individuals.23 Based on these results, 
loss of lamin B1 protein and mRNA levels 
may be useful in studying the contribu-
tion of senescence to skin aging or skin 
related pathologies. In this context, lamin 
B1 may also serve as a marker to assess 
the biological, rather than chronological 
age of human skin and possibly other tis-
sues as lamin B1 levels remain stable in 
quiescent cells.14-16 Thus, lamin B1 levels 
in conjunction with other proliferation 
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