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Some LMNA mutations responsible for insulin-resistant
lipodystrophic syndromes are associated with periph-
eral subcutaneous lipoatrophy and faciocervical fat ac-
cumulation. Their pathophysiologic characteristics are
unknown. We compared histologic, immunohistologic,
ultrastructural, and protein expression features of en-
larged cervical subcutaneous adipose tissue (scAT) ob-
tained during plastic surgery from four patients with
LMNA p.R482W, p.R439C, or p.H506D mutations versus
cervical fat from eight control subjects, buffalo humps
from five patients with HIV infection treated or not with
protease inhibitors, and dorsocervical lipomas from
two patients with mitochondrial DNA mutations. LMNA-
mutated cervical scAT and HIV-related buffalo humps
were dystrophic, with an increased percentage of small
adipocytes, increased fibrosis without inflammatory
features, and decreased number of blood vessels, as
compared with control samples. Samples from patients
with LMNA mutations or protease inhibitor–based ther-
apy demonstrated accumulation of prelamin A, altered
expression of adipogenic proteins and brown fat-like
features, with an increased number of mitochondria
and overexpression of uncoupling protein 1 (UCP1).
These features were absent in samples from control
subjects and from patients with HIV not treated with
protease inhibitors. Mitochondrial DNA–mutated

cervical lipomas demonstrated inflammatory fibro-
sis with distinct mitochondrial abnormalities but
neither UCP1 expression nor prelamin A accumula-
tion. In conclusion, Enlarged cervical scAT from
patients with lipodystrophy demonstrated small adi-
pocytes, fibrosis, and decreased vessel numbers. How-
ever, only cervical fat from patients with LMNA muta-
tions or who had received protease inhibitor therapy
accumulated prelamin A and exhibited similar remod-
eling toward a brown-like phenotype with UCP1 over-
expression and mitochondrial alterations. (Am J Pathol

2011, 179:2443–2453; DOI: 10.1016/j.ajpath.2011.07.049)

A-type lamins, encoded by the LMNA gene, are ubiq-
uitous nuclear intermediate filament proteins involved
in the structural and functional integrity of the nucleus.
Mutations in LMNA cause inherited laminopathies in-
cluding progeroid phenotypes and lipodystrophies,
with metabolic alterations and early cardiovascular com-
plications (reviewed in Mattout et al1). Among them, the
Dunnigan-type familial partial lipodystrophy (FPLD2; OMIM
151660), due primarily to LMNA p.R482 heterozygous sub-
stitutions, is characterized by gradual atrophy of subcuta-
neous adipose tissue (scAT) in the extremities, trunk, and
gluteal areas, occurring after puberty, in contrast to exces-
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sive adipose tissue deposition in the face, chin, and neck.2,3

The primary metabolic alterations are insulin resistance,
impaired glucose tolerance or diabetes, and dyslipidemia
with marked hypertriglyceridemia.4,5 Metabolic laminopa-
thies, due to non–codon 482 LMNA mutations, are charac-
terized by severe metabolic alterations but atypical clinical
lipoatrophy.6

Although the pathophysiologic mechanisms involved
in laminopathies are not fully understood, alterations in
the posttranslational maturation of prelamin A are impor-
tant pathogenic events.7–9 Indeed, before being assem-
bled in the nuclear lamina as mature lamin A, prelamin A
undergoes several maturation steps including addition of
a farnesyl group followed by a proteolytic cleavage by
the metalloprotease Zmpste24. We and others have dem-
onstrated that FPLD2 and metabolic laminopathies are
associated with an abnormal accumulation of prelamin A,
possibly due to misrecognition of the mutated protein by
Zmpste24.10,11 That LMNA mutations can lead to lipoat-
rophy in most scAT depots, but to lipohypertrophy in the
faciocervical area, remains poorly understood but could
be linked to differences in fat depot physiologic features.
It has been suggested that prelamin A accumulation may

Table 1. Characteristics of Patients and Controls

Sex Age (years) BM

Controls
F 48 24.5
M 69 23.9
M 40 27.5
F 54 22.1
M 82 24.8
F 87 23
F 65 27.3
M 62 23

Patients with LMNA mutations
F* 21 28.7

F* 28 23

F† 33 28.3

F‡ 56 22.7

HIV-infected patients
M 59 23.1
M 43 23.7
M 55 24.8
M 55 26.4
M 44 41.3

Patients with tRNALys m.8344A�G
mtDNA mutation

M 52 33.9
M 54 26

*p.R482W.
†p.R439C.
‡p.H506D.
F, female; M, male; ARV, antiretroviral drug; HOMA-IR, homeostasis mo

reverse transcriptase inhibitors: TDF, tenofovir; 3TC, lamivudine; ABC, ab
inhibitor: NVP, nevirapine. Protease inhibitors: DRV, darunavir; RTV, rito
raltegravir.
elicit different effects in body fat areas, depending on the
level of local activation of the adipogenic factor peroxi-
some proliferator–activated receptor-� (PPAR�).10

Partial lipodystrophies with peripheral lipoatrophy
but increased cervical fat (buffalo hump) are also ob-
served in HIV-infected patients receiving antiretroviral
therapy, primarily the thymidine analogues nucleoside
reverse transcriptase inhibitors and HIV protease in-
hibitors (reviewed in Caron-Debarle et al12). Some pro-
tease inhibitors, in particular, ritonavir, widely used,
can induce cellular prelamin A accumulation,11 via di-
rect inhibition of the zinc metallopeptidase Zmp-
ste24.13 Accordingly, the presence of prelamin A has
been observed in lipoatrophic abdominal scAT from
HIV-infected patients receiving a protease inhibitor–
based therapeutic regimen.11

We and others have previously reported the pres-
ence of mitochondrial abnormalities in cells and/or li-
poatrophic adipose tissue from patients with LMNA
mutations or HIV infection11,14 –16 Moreover, patients
with mutations in mitochondrial DNA (mtDNA)–encoded
tRNALys can develop dorsocervical non-encapsulated fat
masses,17–19 which suggests that mitochondrial dysfunc-
tion could also have a role in LMNA- and HIV-linked lipo-

Localization of
collected fat Lipodystrophy

Anterior neck No
Lateral neck No
Anterior neck No
Anterior neck No
Lateral neck No
Anterior neck No
Anterior neck No
Anterior neck No

Anterior neck Lipoatrophy of lower limbs, faciocervical
fat accumulation

Anterior neck Lipoatrophy of lower limbs and trunk,
faciocervical fat accumulation

Anterior neck Lipoatrophy of lower limbs, faciocervical
fat accumulation

Anterior neck Lipoatrophy of lower limbs, faciocervical
fat accumulation

Dorsocervical Lipoatrophy of limbs, buffalo neck
Dorsocervical Lipoatrophy of limbs, buffalo neck
Dorsocervical Buffalo neck
Dorsocervical Buffalo neck
Dorsocervical Buffalo neck

Dorsocervical Lipomas in neck, chin, and shoulders
Dorsocervical Lipomas in neck, scalp, chin, calves,

and thorax
(table continues)

essment of insulin resistance; NA, not available. Nucleoside or nucleotide
d4T, stavudine; ZDV, zidovudine. Non-nucleoside reverse transcriptase
V, indinavir. CCR5 inhibitor: MVC, maraviroc. Integrase inhibitor: RAL,
I

del ass
acavir;
navi; ID
dystrophies.
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Thus far, histologic features of LMNA-mutated scAT
have not been reported, with the exception of an ultra-
structural analysis that revealed nuclear alterations in
some lipoatrophic adipocytes.20 In the present work, we
studied alterations of enlarged cervical adipose tissue
from patients with LMNA mutations at the histologic, im-
munohistologic, ultrastructural, and protein expression
levels. These fat samples were compared with buffalo
humps from HIV-infected patients, treated or not with
protease inhibitors, with cervical lipomas due to mtDNA
mutations and with cervical fat from control subjects.

Materials and Methods

Subjects

Cervical scAT samples were collected during plastic sur-
gery in patients and during surgery performed to treat be-
nign thyroid or parotid diseases (H-100 sc-7196) in eight
control patients without diabetes. Four women had
heterozygous LMNA mutations, either p. R482W, leading to
a typical FPLD2 phenotype,21,22 (and unpublished data) or
p.R439C or p.H506D, leading to metabolic laminopathies.6

These four women demonstrated marked subcutaneous

Table 1. Continued

Diabetes HOMA-IR
Triglyc

(mmo

No NA NA
No NA NA
No NA NA
No 0.7 0.7
No 1.4 1.5
No 1.3 1.2
No 3.9 1.3
No 1.5 2.7

Yes 18.1 3.7

Yes 13.5 3

Impaired glucose tolerance 4.3 1.8

Impaired fasting glucose 3.5 2.6

No NA NA
No NA NA
No NA NA
No 1.8 2.
Yes Insulin therapy 2.

No NA 1.
No NA NA
limb lipoatrophy with muscular hypertrophy and fat accu-
mulation in the face and neck that had developed progres-
sively after puberty. Lipodystrophy was associated with in-
sulin resistance and hypertriglyceridemia. We also
collected accumulated dorsocervical fat samples (buffalo
humps) from five HIV-infected men currently receiving (n �
2) or not receiving (n � 3) protease inhibitor–based antiret-
roviral therapy. These patients developed mixed lipodystro-
phy with peripheral lipoatrophy but increased dorsocervical
fat. In addition, two unrelated men were referred because of
myopathy and multiple lipomatosis due to the mtDNA
tRNALys m.8344A�G mutation18 (and unpublished data).
Both men underwent surgical removal of a large dorsocer-
vical lipoma, clinically similar to a buffalo hump.18 Charac-
teristics of patients and control subjects are given in
Table 1. Informed consent was obtained from all patients and
control subjects, according to our local ethics committee.

Adipose Tissue Histology

Light microscopy and immunohistochemical studies
were performed as previously described.23 In brief,
light microscopy was performed using 10% zinc-for-
mol–fixed paraffin-embedded 5-mm tissue sections
stained with hemalum-phloxine for morphologic stud-

Nonalcoholic
steatohepatitis Other

NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA
NA NA

NA No

Yes No

Yes Pelvic muscle weakness

No No

Current ARV
NA TDF, 3TC, ABC, DRV, RTV
NA d4T, 3TC, IDV, RTV
NA ZDV, 3TC, NVP
NA TDF, 3TC, ABC
Yes NVP, MVC, RAL

NA Myopathy, sensory polyneuropathy
No Myopathy
erides
l/L)

5

2
5

7

ies and with Sirius Red to detect collagen fibers. The
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adipocyte mean areas, index of fibrosis, and number of
lipogranulomas were determined using a semi-auto-
matic image analysis system (Mercator; Explora Nova,
La Rochelle, France) in three randomly chosen re-
gions. The ratio of fibrosis to total adipose tissue sur-
faces defined the index of fibrosis.

For immunohistochemical studies, tissue sections
were probed using antibodies directed against the pro-
inflammatory macrophages marker CD6823–25 (1:300;
Dako Corp., Carpenteria, CA), the inflammatory cytokines
IL-6 (IL6, MAB206 1:50) and tumor necrosis factor-� (h-
TNF�, MAB610 1:50) (both from R&D Systems Europe,
Ltd., Abingdon, Oxfordshire, England), the mitochondrial
respiratory chain proteins cytochrome c oxidase subunits
2 (COX2) and 4 (COX4) (A-6404, 1:100 and A-21348,
1:100; Molecular Probes, Inc., Eugene, OR), a mitochon-
drial antigen (MU213-UC, 1:50; BioGenex Laboratories,

FPLD 
LMNA p.R482W

mtDNA-mutated lipom

Co

HIV-infec
PI-treated

Figure 1. Cervical fat from patients with LMNA- or HIV-related lipodystrop
fibrosis. Light microscopy analysis of cervical adipose tissue, stained with S
tissue (magnification, �10) from patients with LMNA-linked and HIV-related
clusters of small adipocytes. Note the excess of fibrosis in patient samples a
Inc., San Ramon, CA), and the vascular marker CD34
(endothelial cells) (clone QBEnd-10) and �-smooth mus-
cle actin (�-SMA, staining the media layer of arteries,
clone 1A4) (both from Dako SA, Trappes, France).

Ultrastructural analysis was performed on fat samples fixed
in 2.5% glutaraldehyde in 0.1 mmol/L cacodylate buffer (pH
7.4) at 4°C. Fragments were then post-fixed in 1% osmium
tetroxide, dehydrated using graded alcohol series, and em-
bedded in epoxy resin. Semi-fine sections (0.5 �m) were
stained using toluidine blue. Ultrastructure sections (60 nm)
were contrast-enhanced using uranyl acetate and lead citrate,
and examined using a JEOL 1010 electron microscope
(JEOL, Ltd., Tokyo, Japan) with a MegaView III camera (Olym-
pus Soft Imaging Systems GmbH, Münster, Germany).

mRNA Assays

Total RNA was extracted from samples stored in liquid

LMNA p.H506D

RNALys m.8344A>G

ls

 Metabolic Laminopathies 
LMNA p.R439C

atients
Non PI-treated

with mitochondrial lipomatosis demonstrates a dystrophic phenotype with
to detect collagen fibers. Representative photographs are shown. Adipose

rophies or with mtDNA mutated lipomas had a heterogeneous structure with
ared with control samples, with bundles of fibrosis in FPLD2.
as t

ntro

ted p

hies or
irius Red
nitrogen using the RNeasy Lipid Tissue Minikit (Qiagen SA,
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Courtaboeuf, France). mRNA expression was measured
using real-time RT-PCR on the LightCycler system (Roche
Diagnostics France SA, Meylan, France), as previously de-
scribed.25 The following primers were used: for TATA-bind-
ing protein (used as an internal standard for mRNA expres-
sion): forward, 5=-GCTCACCCACCAACAATTTAG-3=, and
reverse, 5=-GAGCCATTACGTCGTCTTCC-3=; and for CD68:
forward, 5=-TCAGCTTTGGATTCATGCAG-3=, and reverse, 5=-
AGGTGGACAGCTGGTGAAAG-3=.

Western Blot Analysis

Frozen fat tissue (300 mg) was solubilized in 500 �L 2.5X
Laemmli buffer containing 150 mmol/L dithiotreitol. Ly-
sates were subjected to SDS-PAGE, blotted onto nitro-
cellulose membranes, and probed using antibodies di-
rected against the adipocyte transcription factors PPAR�,
sterol regulatory element-binding protein 1 (SREBP-1)
(K-10 sc-367) and prelamin A (sc-6214) (all from Santa
Cruz Biotechnology, Inc., Santa Cruz, CA), lamin A/C
(MAB-3211; Chemicon International, Inc., Temecula,
CA), COX2 and COX4 (A-6404 1:100 and A-21348,
1:100; Molecular Probes, Inc.), mitochondrial voltage-de-
pendent anion channel (VDAC/porin, Ab-5 PC548; Merck
KGaA, Darmstadt, Germany), and UCP1 (ab10983; Ab-
cam, Ltd., Cambridge, England). The antibodies were
detected using a chemiluminescence detection kit (Am-
ersham Pharmacia Biotech SA, Les Ulis, France). �-Actin
(A5441; Sigma-Aldrich Corp., St. Louis, MO) was used as
an index of the cellular protein level.

Quantifications, normalized to �-actin expression, were
performed by using the ChemiGenius2 image analyzer and
software (Ozyme, St. Quentin en Yvelines, France), and
were expressed in fold changes versus control.

Statistical Analysis

All results were from triplicate experiments, and are ex-
pressed as mean � SEM.

Results

Patient Cervical Adipose Tissue Presents a
Dystrophic Phenotype with Fibrosis but No
Inflammation

In the eight controls, fat samples were composed of
several lobules with mature univacuolar adipocytes de-
lineated by sharp thin capsules without fibrosis, as evi-
denced at Sirius Red staining. The disposition and size of
control adipocytes were overall homogeneous (Figure 1).
In contrast, adipose tissue from patients with LMNA mu-
tations, HIV infection, receiving protease inhibitor therapy
or not, or mtDNA mutations had a heterogeneous struc-
ture with clusters of small or normal-sized adipocytes
(Figure 1). In addition, marked fibrosis was present in
cervical scAT from all patients and demonstrated fibrotic
bundles and/or fibrotic thickening of fat lobules (Figure 1).
These areas did not represent scar fat because the pa-

tients had not undergone previous fat surgery.
In agreement with these observations, the mean adi-
pocyte size measured in patient cervical fat was lower
than in control fat (ie, 1734, 1968, and 1692 �m2 for
patients with LMNA mutations, HIV infection, or mtDNA
mutations, respectively, versus 2988 �m2 for control sub-
jects) (Figure 2A). In addition, a higher index of fibrosis
was observed in fat from all patients as compared with
control subjects (ie, 44.5, 25.6, and 17.5 for patients
with LMNA mutations, HIV infection, or mtDNA muta-
tions, respectively, versus 2.9 for control subjects)
(Figure 2B).

At the ultrastructural level, control cervical scAT dem-
onstrated adipocytes with thin and regular cytoplasm and
small intercellular areas. In fat from all patients, irregular
cell outlines were observed, with thickened peripheral
rims of cytoplasm and interstitial edema with compact
and thick fibrils of collagen invading the intercellular area
(Figure 3).

In samples from control subjects and patients with
LMNA or HIV-linked lipodystrophy, only rare macro-
phages were observed. Accordingly, in these cases, only
a few cells were stained with CD68, a marker of proin-
flammatory macrophages (Figure 4A). In addition, mRNA
expression of CD68 and labeling of the proinflammatory

Figure 2. Quantification of adipocyte size and of fibrosis in cervical fat from
patients and control subjects. Adipocyte size (A) and index of fibrosis (B) in
cervical adipose tissue from control subjects and patients with FPLD2, met-
abolic laminopathies, HIV-linked lipodystrophy either protease inhibitor-
treated or not, and mtDNA mutated lipomas. All results were obtained from
triplicate measurements and are expressed as mean � SEM for the control
group and each patient.
cytokines IL-6 and TNF-� was similar in cervical fat from
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patients with LMNA mutations or HIV infection and from
control subjects (data not shown).

Conversely, in the mtDNA-mutated lipomas, ultra-
structural analysis revealed adipocytes with disrupted
cell membranes, variably fragmented cytoplasmic rims,
and large fat droplets lying free in the connective tissue,
with numerous macrophages (Figure 3). Accordingly, in
these samples, we observed many lipogranulomas, ie,
CD68-positive macrophages organized into crown-like
structures surrounding involutionary adipocytes (Figure 4, A
and B), and CD68 mRNA expression was increased as
compared with that in control samples (data not shown).

In contrast to data previously reported in lipoatrophic
areas from patients with LMNA mutations,20 we did not

FPLD 
LMNA p.R482W 

Metabo

Contro

LMNA p.H50

mtDNA mutat

HIV-in

tRNALys  m

*

m

*

*

PI-treated

Figure 3. Electron microscopy analysis of cervical adipose tissue from pati
intercellular fibrosis. Cervical adipose tissue from control subjects showed thin
rims of cytoplasm (stars) and compact and thick fibrils of collagen invading
droplets lying free in the connective tissue (arrow) and numerous macrop
�20,000, except for far right column �5000.
detect ultrastructural alterations in the nucleus architec-
ture of cervical adipocytes in the patients with LMNA
mutations (data not shown).

Considered together, these data demonstrate that the
dystrophic phenotype of enlarged cervical adipose tis-
sue is not associated with inflammatory features in pa-
tients with lipodystrophy with LMNA mutations or HIV
infection.

Patient Cervical Adipose Tissue Demonstrates
Fewer Vessels Than Does Control Fat

As shown in Figure 5, the surface occupied by blood
vessels was decreased in patient samples as com-

aminopathies
LMNA p.R439C LMNA p.H506D

Control

A

A

A

A

A

Metabolic Laminopathy
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d patients
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h LMNA-linked or HIV-related lipodystrophies or mtDNA mutations reveals
gular cytoplasm and light intercellular areas. In contrast, thickened peripheral
ercellular area (arrowheads) were observed in fat from patients. Large fat
) were observed in mtDNA-mutated lipomas. A, adipocyte. Magnification,
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nohistologic staining with the endothelial cells marker
CD34. In addition, the surface occupied by small ar-
teries, stained using �-SMA, was also decreased in all
patient samples as compared with control samples
(data not shown, and Figure 5B). The results were
similar when we evaluated the number of vessels and
small arteries in the adipose tissue areas excluding
fibrosis (data not shown).

Enlarged Cervical Adipose Tissue from Patients
with LMNA Mutations or Protease
Inhibitor–Treated HIV Infection Demonstrates
Altered Expression of Adipogenic Factors,
Increased UCP1 Level, and Prelamin A
Accumulation

The adipogenic transcription factors SREBP-1 and
PPAR� revealed the same altered pattern of protein
expression in patients with LMNA mutations or pro-
tease inhibitor–treated HIV infection: SREBP-1 was in-

Figure 4. Enlarged cervical fat from patients with LMNA- or HIV-related
lipodystrophies does not exhibit inflammatory features. A: Tissue sections
were probed using antibodies directed against CD68, a marker of proinflam-
matory macrophages. Note the presence of crown-like structures surround-
ing involutionary adipocytes (ie, lipogranulomas) in lipomas from patients
with mtDNA mutations (arrows). Magnification, �20. B: Quantitative anal-
ysis of lipogranulomas. Results were obtained from triplicate measurements
and are expressed as mean � SEM for each subject. The number of lipogran-
ulomas was high in fat from mtDNA-mutated lipomas but low in cervical fat
from control subjects and patients with LMNA mutations or HIV infection.
creased and PPAR� was underexpressed as compared
with control samples (Figure 6). In buffalo humps from
HIV-infected patients without current protease inhibitor
treatment, expression of adipogenic genes was not
significantly different from that in control subjects. In
contrast, mtDNA-mutated lipomas demonstrated a de-
crease in SREBP-1 protein expression as compared
with control fat.

Prelamin A accumulation was specific of samples
from patients with LMNA mutations or HIV infection
receiving protease inhibitor– based therapy (Figure 6),
whereas expression of mature lamin A and lamin C in
these patients was not different from that in control
subjects (data not shown).

In addition, sustained increased UCP1 expression
was observed in cervical fat from patients with LMNA
mutations or protease inhibitor–treated HIV infection,
but not in control subjects or in patients with mtDNA
mutations or with HIV infection without current protease
inhibitor therapy (Figure 6).

Altogether, these results indicate that enlarged cer-
vical scAT from patients with LMNA mutations or pro-
tease inhibitor–treated HIV infection presents a spe-
cific phenotype with altered expression of adipogenic
factors associated with UCP1 overexpression and
prelamin A accumulation.

Control
Metabolic Laminopathies 

LMNA p.R439C

HIV-infected patientsmtDNA mutated lipomas
tRNALys  m.8344A>G

B

A

2000

1000

0

3000

4000

αSMA staining surface/mm2

PI-treated Non PI-treated

mtDNA mutated lipomas
HIV-infected patients

Control subjects
Patients with LMNA mutations

2000

1000

0

3000

CD34 staining surface/mm2

Figure 5. Patient cervical fat demonstrates a decreased number of vessels as
compared with fat from control subjects. A: Tissue sections were probed
using antibodies directed against CD34, a marker of endothelial cells. Mag-
nification, �20. B: Quantification of �-SMA (a marker of the media layer of
arteries) and CD34-stained surfaces in samples from control subjects and

from patients with LMNA mutations (blue), HIV infection (green), or mtDNA
mutations (pink).



2450 Béréziat et al
AJP November 2011, Vol. 179, No. 5
Enlarged Cervical Adipose Tissue from Patients
with LMNA Mutations or HIV Infection with
Protease Inhibitor–Based Therapy
Demonstrates Brown Fat-Like Features with
Increased Mitochondrial Density

Ultrastructural analyses evidenced an increased number
of mitochondria in enlarged cervical scAT from patients
with LMNA mutations or with HIV infection receiving cur-
rent protease inhibitor therapy as compared with control
subjects (Figure 7A). The density of mitochondria was
even higher in mtDNA-mutated lipomas, which was con-
firmed at immunohistologic staining (Figure 7B).

However, the protein expression of the voltage-depen-
dent anion channel (VDAC/porin), a marker of the mito-
chondrial outer membrane, and the mtDNA-encoded
subunit 2 of the respiratory chain complex IV (COX2)
were decreased in patients with LMNA mutations or HIV
infection receiving current protease inhibitor treatment,

as compared with control subjects (Figure 8). In mtDNA-
mutated lipomas, overexpression of VDAC/porin was ob-
served, with reduced protein expression of COX2,
whereas nuclear encoded protein COX4 was compensa-
torily overexpressed (Figure 8; see also Supplemental
Figure S1 at http://ajp.amjpathol.org). In samples from
HIV-infected patients not receiving protease inhibitor
treatment, mitochondria were not increased, and VDAC/
porin and COX2 expression were decreased or similar to
that in controls.

Considered together, these results provide evidence
that enlarged cervical adipose tissue from patients with
LMNA mutations or protease inhibitor–treated HIV infec-
tion exhibits brown fat-like features which associates in-
creased mitochondria density and increased UCP1 ex-
pression.

Discussion

The present study revealed that accumulated cervical fat

Figure 6. Cervical adipose tissue from patients
with LMNA mutations or HIV infection currently
treated using protease inhibitors demonstrates al-
tered adipogenic factors and increased UCP1 ex-
pression with prelamin A accumulation. Adipose
tissue lysates were submitted to Western blot anal-
ysis using antibodies directed against SREBP-1,
PPAR�, prelamin A, UCP1, or �-actin (used as an
index of total protein expression). Representative
blots from triplicate experiments are shown, and
quantifications are expressed as fold changes ver-
sus control values. The accumulation of prelamin
A is associated with increased expression of UCP1
in enlarged cervical fat from patients with LMNA
mutations or HIV infection treated using a pro-
tease inhibitor–based therapeutic regimen. C, con-
trol subject fat samples.
in patients with lipodystrophy is not due to a simple com-

http://ajp.amjpathol.org
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pensatory increase in triglyceride stores but to a peculiar
structural remodeling of adipose tissue with small adi-
pocytes and fibrosis. In addition, enlarged cervical scAT
from patients with LMNA mutations or HIV-infection
treated using protease inhibitor–based therapy demon-
strates a highly similar phenotype exhibiting some brown
fat–associated characteristics.

The pathophysiologic mechanisms of partial lipodystro-
phies, leading to lipoatrophy in some body areas together
with fat accumulation in other fat depots, have not been
clearly defined. Insofar as lipoatrophy, in patients with
LMNA mutations or who received HIV antiretroviral therapy,
it has been proposed that it could result from altered ex-
pression of adipogenic factors,10,20 premature cellular
aging,11,26 mitochondrial alterations with oxidative
stress11,14,15, and low-grade adipose tissue inflammation.25

However, to date, the pathophysiology of increased cervi-
cal fat in partial lipodystrophies has not been defined.

We observed similar alterations in patients with LMNA
mutations or HIV infection treated with protease inhibitor–
based therapy. First, fat tissue architecture was similarly
altered, with adipocytes of heterogeneous and reduced
size and noninflammatory fibrosis without increased an-
giogenesis. Second, cervical fat demonstrated accumu-
lation of prelamin A and altered expression of adipogenic
factors, with increased SREBP-1 and decreased PPAR�.

Figure 7. Cervical adipose tissue from patients with LMNA mutations or
protease inhibitor–based treated HIV infection demonstrates an increased
number of mitochondria. Electron microscopy analysis (magnification,
�20,000) (A) and immunohistochemical analysis using antibodies directed
against mitochondria (magnification, �40) (B) in cervical adipose tissue
samples. Increased density of mitochondria (arrows) was observed in all
patient samples, but was maximal in mtDNA-mutated fat.
Third, enlarged cervical fat tissue demonstrated mito-
chondrial proliferation with altered expression of several
mitochondrial proteins, and enhanced UCP1 expression,
which suggests that some adipocytes, although univacu-
olar, could develop a brown-like phenotype in both situ-
ations. However, the observation that despite severe
mitochondrial dysfunction there is no prelamin A accu-
mulation and UCP-1 expression in samples from patients
with mtDNA mutations suggests that increased prelamin
A and UCP-1 expression are independent of mitochon-
drial dysfunction.

Thus, prelamin A accumulation without defects in ex-
pression of A-type lamins, which occurs secondary to
LMNA mutations or protease inhibitor therapy 10,11, could
be an important initial pathophysiologic event involved in
the abnormalities observed in enlarged cervical scAT
from patients with LMNA mutations or HIV infection
treated using protease inhibitor–based therapy. In vitro,
prelamin A sequesters SREBP-1 at the adipocyte nuclear
envelope, leading to decreased PPAR� expression and
altered adipocyte differentiation.10,27 However, Guallar
et al28 did not observe decreased PPAR� expression in
buffalo humps in HIV-infected patients. In their study,
buffalo hump samples were compared with abdominal
control scAT,28 whereas in the present study, cervical
control scAT was used. Accumulation of prelamin A was
also reported in lipoatrophic fat from patients with LMNA
mutations, with decreased PPAR-gamma mRNA expres-
sion at the thigh level.20 In transgenic p.R482Q-LMNA
mice, epididymal fat pads also demonstrated heteroge-
neous adipocyte size and decreased PPARG gene ex-
pression.29 Therefore, LMNA mutations could lead to sim-
ilar alterations in adipogenic gene expression in both
lipoatrophic and enlarged fat regions.

Buffalo humps from HIV-infected patients not cur-
rently receiving protease inhibitor therapy exhibited a

Figure 8. Patient cervical fat demonstrates alterations of mitochondrial protein
expression. Adipose tissue lysates were submitted to Western blot analysis using
antibodies directed against the mitochondrial proteins VDAC/porin, COX2
(mtDNA-encoded), and �-actin, used as an index of total protein expression.

Representative blots from triplicate experiments are shown, and quantifications
are expressed as fold changes versus control values. C, control subject fat samples.
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similar dystrophic pattern, although without major al-
terations in the level of adipogenic factors and mito-
chondrial proliferation and without increased prelamin
A and UCP1 expression. Cervical fat masses due to
mtDNA mutations exhibit distinctive features, with in-
flammatory fibrosis and, as previously described,30 a
dramatic compensatory increase in mitochondrial den-
sity, in the absence of prelamin A accumulation or
UCP1 expression, previously reported as highly vari-
able between patients.17,19

Of note, vascular and skin tissues from patients with
LMNA-linked progeria, characterized by defects in prelamin
A maturation, demonstrated fibrotic features.31,32 In addi-
tion, human p.L59R LMNA-mutated fibroblasts did not dem-
onstrate the physiologic decrease in collagen production
during aging.33 Therefore, LMNA mutations and/or altered
prelamin A maturation could lead to altered extracellular
matrix production, which could participate in adipose tissue
dystrophy. However, inasmuch as we observed that adi-
pose tissue fibrosis was also present in mtDNA-mutated
lipomas and in buffalo humps from patients not treated
using protease inhibitors, a role for prelamin A in that setting
is not likely.

A role for local inflammation in adipose tissue fibrosis
in obese patients has been proposed.34 Indeed, inflam-
matory alterations of adipose tissue are now recognized
as important determinants in the metabolic complications
of obesity,35 and studies of adipose tissue from obese
patients strongly suggest that activated macrophages
secreting inflammatory cytokines could lead to excessive
synthesis of extracellular matrix components by adi-
pocytes. In addition, hypoxia is considered an initiator of
obesity-linked adipose tissue fibrosis.34,36 Our results favor
distinct pathophysiologic mechanisms in enlarged cervical
fat associated with LMNA mutations or HIV infection. In-
deed, we have observed a decreased number of vessels
but no increased inflammation. Accordingly, previous re-
ports have demonstrated that mRNA expression of inflam-
matory genes was unaltered in buffalo humps in HIV-in-
fected patients,28 and expression of inflammatory genes
was significantly lower in dorsocervical versus abdominal
scAT in HIV-infected patients with lipodystrophy.37

Recent studies have provided evidence for the pres-
ence of brown adipocytes in cervical fat from adult con-
trol subjects, characterized by numerous mitochondria
expressing UCP1 (reviewed in Fontini and Cinti38). In
dorsocervical fat or buffalo humps in HIV-infected pa-
tients, conflicting results have been reported insofar as
mtDNA content and UCP1 mRNA expression.28,37,39 The
present study provides new data that could explain, in
part, these discrepancies, because we observed that
only buffalo humps in patients receiving protease inhibi-
tor–based therapy demonstrated UCP1 overexpression.

A white-to-brown adipocyte transdifferentiation was
proposed to occur inside of some white fat depots.40–42.

Of note, brown fat from LMNA-mutated FPLD mice dem-
onstrated a white-like appearance, which was presumed
to be due to the reduced potential of adipose precursor
cells.29 Therefore, one hypothesis, which needs further

investigation, could be that prelamin A accumulation
could participate in the transdifferentiation process of
white to brown adipocytes.

The present study has some limitations. Few patients
were included, and the study design was cross-sectional.
Patients were of different sexes according to their under-
lying disease. However, when we compared the results
obtained in male and female control subjects, we did not
observe significant differences (data not shown). In ad-
dition, we did not perform any in vivo or ex vivo measure-
ments to translate the clinical relevance of the increased
level of UCP1.

In conclusion, enlarged cervical scAT in patients with
either LMNA mutations or HIV infection with protease
inhibitor–based therapy presents a peculiar but similar
structural remodeling of adipose tissue with brown fat-like
features. Accumulation of prelamin A, observed in both
groups of patients, probably resulted in UCP1 expression
through unknown mechanisms. Increased fibrosis, de-
creased vessel numbers and adipocyte size, and mito-
chondrial dysfunction in the absence of inflammation
were also observed, independent of prelamin A accumu-
lation and UCP1 overexpression, this phenotype being
different from that reported in abdominal subcutaneous
fat from patients with lipoatrophy or obesity.
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