Raft-like microdomains play a key role in
mitochondrial impairment in lymphoid cells from
patients with Huntington’s disease
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Abstract Huntington’s disease (HD) is a genetic neurode-
generative disease characterized by an exceedingly high
number of contiguous glutamine residues in the translated
protein, huntingtin (Htt). The primary site of cell toxicity is
the nucleus, but mitochondria have been identified as key
components of cell damage. The present work has been car-
ried out in immortalized lymphocytes from patients with
HD. These cells, in comparison with lymphoid cells from
healthy subjects, displayed: i) a redistribution of mitochon-
dria, forming large aggregates; i7) a constitutive hyperpolar-
ization of mitochondrial membrane; and #ii) a constitutive
alteration of mitochondrial fission machinery, with high apop-
totic susceptibility. Moreover, mitochondrial fission mol-
ecules, e.g., protein dynamin-related protein 1, as well as
Hitt, associated with mitochondrial raftlike microdomains,
glycosphingolipid-enriched structures detectable in mito-
chondria.lill These findings, together with the observation
that a ceramide synthase inhibitor and a raft disruptor are
capable of impairing the peculiar mitochondrial remodeling
in HD cells, suggest that mitochondrial alterations occurring in
these cells could be due to raftmediated defects of mitochon-
drial fission/fusion machinery.—Ciarlo, L., V. Manganelli, P.
Matarrese, T. Garofalo, A. Tinari, L. Gambardella, M
Marconi, M. Grasso, R. Misasi, M. Sorice, and W. Malorni.
Raftlike microdomains play a key role in mitochondrial im-
pairment in lymphoid cells from patients with Huntington’s
disease. J. Lipid Res. 2012. 53: 2057-2068.
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Huntington’s disease (HD) is a genetic neurodegen-
erative disease that is seemingly due to the expansion of a
trinucleotide repeat in the IT15 gene. This results in an
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exceedingly high number of contiguous glutamine resi-
dues in the translated protein, huntingtin (Htt) (1). The
disease can occur in homozygous and heterozygous pa-
tients carrying the same CAG expansion length, but de-
spite a similar age at onset, it progresses more rapidly in
the homozygote (2).

The primary site of cell toxicity is the nucleus (3). Mito-
chondria have, however, been identified as key compo-
nents of the series of events leading to cell injury (4). For
instance, recent studies in animal models highlighted a
direct mitochondrial toxicity that may specifically contrib-
ute to the occurrence of the clinical phenotype (5). The
key role of mitochondrial dysfunction seems to be due, or
to be associated with, the accumulation of mutant Htt frag-
ments at the mitochondrial membrane (6, 7). This sug-
gested that the mechanisms of cell death that lead to the
progression of the disease could rely on metabolic impair-
ment. In fact, accordingly, it has been hypothesized that
cell loss as a pathogenic mechanism of HD could be due to
disturbances of cell death pathways. Both apoptosis and
autophagy have been taken into account (8, 9). Apoptosis,
the programmed process of cell death associated with the
activation of specific proteases, i.e., caspases, and involving
mitochondria-mediated release of apoptogenic factors,
appears as pivotal. Autophagy, a tentative cytoprotection
pathway of the cell also leading to cell death as final event,
appeared involved as well (10).
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In the present study, on the basis of data in the litera-
ture (6, 11, 12), we focused on the possible role of mito-
chondrial features in lymphoblastoid cell lines obtained
from HD patients. In particular, we analyzed the impli-
cation of the mitochondrial raft-like microdomains (13)
in the above-described processes. In these dynamic struc-
tures, some molecules, including gangliosides (GD3,
GM3), low levels of cholesterol, the voltage-dependent an-
ion channel-1 (VDAC-1), and the fission protein hFisl, are
constitutively present. By contrast, in T cells, some pro-
teins of the Bcl-2 family (i.e., truncated Bid, t-Bid, and
Bax) as well as protein dynamin-related protein 1 (Drpl)
are recruited to these mitochondrial raft-like micro-
domains only upon CD95/Fas triggering (13). These are
glycosphingolipid-enriched structures, which can partici-
pate in the apoptotic cascade, being recruited to the mito-
chondria under pro-apoptotic stimulation. In particular, it
has been hypothesized that lipid raft recruitment to the
mitochondria could have a role in the morphogenetic
changes leading to organelle fission, a prerequisite for
apoptosis execution (14, 15). In the present work we report
that the high susceptibility to apoptosis of lymphoid cells
from HD patients is associated with raft-mediated defects
in mitochondrial fission machinery.

MATERIALS AND METHODS

Cells and treatments

Human lymphoblastoid cells from healthy subjects (HS) and
HD patients were acquired from Coriell Institute for Medical Re-
search (Camden, NJ). Epstein-Barr virus immortalized cell lines
included two unexpanded normal cells from HS, here consid-
ered as controls, and two cell lines from HD patients with highly
expanded CAG repeats (70-120). Superimposable results were
obtained with the two cell lines from HS and with those obtained
from HD patients. Cells were maintained in RPMI 1640 medium
(both Gibco-BRL, Life Technologie) containing 20% fetal calf
serum (FCS) plus 100 U/ml penicillin, 100 mg/ml streptomycin,
at 37°C in a humified 5% CO, atmosphere.

Apoptosis was induced by incubating cells at a concentration
of 5x 10° per ml by adding 1 mM staurosporin (STS) (Sigma-
Aldrich) for 2 h at 37°C. To analyze the effect of sphingolipid
depletion or raft alteration on STS-induced cell death, cells were
pretreated with 30 uM fumonisin B1 (FB1) (Sigma) (inhibitor of
ceramide synthase) for 24 h or 2 mM methyl-B-cyclodextrin
(MBC) (Sigma) (lipid raft disruptor that removes cholesterol
from membranes) for 20 min at 37°C. After treatments, cells
were collected and prepared for the experimental procedures
described below.

Cell death assays

Quantitative evaluation of apoptosis was performed by flow
cytometry after double staining using FITC-conjugated annexin
V/Trypan blue (Eppendorf), which allows discrimination among
early apoptotic, late apoptotic, and necrotic cells.

Flow cytometry analysis of the redox balance

Cells (5 x 105) were incubated with 1 uM of dihydroethidium
(DHE) (Molecular Probes) for superoxide anion detection (16).
After 20 min at 37°C, cells were washed and immediately ana-
lyzed on a cytometer.

2058 Journal of Lipid Research Volume 53, 2012

Electron microscopy

For transmission electron microscopy (TEM) examination,
human lymphoblastoid cells from HS and HD patients were fixed
in 2.5% cacodylate-buffered (0.2 M, pH 7.2) glutaraldehyde for
20 min at room temperature and postfixed in 1% OsO, in caco-
dylate buffer for 1 h at room temperature. Fixed specimens were
dehydrated through a graded series of ethanol solutions and em-
bedded in Agar 100 (Agar Aids) (13). Serial ultrathin sections
were collected on 200-mesh grids and then counterstained with
uranyl acetate and lead citrate. Sections were observed with a
Philips 208 electron microscope at 80 kV (Philips Co.).

Immunoelectron microscopy

Thin sections from HS and HD cells were collected on gold
grids, treated with PBS containing 1% (w/v) gelatin, 1% BSA, 5%
FCS, and 0.05% Tween 20 and then incubated with anti-Htt poly-
clonal antibody (Cell Signaling) diluted 1:10. After washing for
1 h at room temperature, unstained sections were labeled with
goat-anti-rabbit IgG-gold conjugate 10 nm (1:10) for 1 h at room
temperature. Negative controls were incubated with the gold-
conjugate alone (15). A quantification of gold particles was also
carried out by evaluating at the electron microscopy at least 20
different fields at high magnification (20,000x) and analyzing
at least 50 cells on different grids. Gold particles in the cell cyto-
plasm or associated with mitochondria were evaluated. Results
obtained are expressed as mean * standard deviation of gold par-
ticles per cell.

Mitochondrial membrane potential in living cells

The mitochondrial membrane potential (MMP) of controls
and treated cells was studied by using 5-57,6-6’-tetrachloro-
1,1",3,3"-tetraethylbenzimidazol-carbocyanine iodide (JC-1) (Mo-
lecular Probes) probe. In line with this method, living cells were
stained with 10 pM of JC-1, as previously described (17). Tetram-
ethylrhodamine ester 1 pM (Molecular Probes, red fluorescence)
was also used to confirm data obtained by JC-1.

Sucrose-gradient fractionation

Lipid raft fractions from lymphoid cells derived from HD pa-
tients or HS were isolated as previously described (13). Briefly,
cell lysates were centrifuged for 5 min at 1,300 g. The supernatant
fraction (postnuclear fraction) was subjected to linear sucrose
density gradient (5-30%) centrifugation. After centrifugation,
the gradient was fractionated, and 11 fractions were collected
starting from the top of the tube. The fraction samples were
loaded by volume.

Immunoblotting analysis of fractions

All the fractions, obtained as reported above, were subjected
to SDS-PAGE. The proteins were electrophoretically transferred
onto PVDF membranes (Bio-Rad) and probed with anti-hFisl
polyclonal antibody (Alexis Biochemicals, 1.17449/d), anti-OPA1
monoclonal antibody (BD Biosciences Pharmingen, clone 18),
anti-Drpl monoclonal antibody (BD Biosciences Pharmingen,
clone 8), anti-Bak polyclonal antibody (Santa Cruz Biotechnol-
ogy, clone G-23, sc-832), anti-Bax monoclonal antibody (Santa
Cruz Biotechnology, clone N-20 sc:493), anti-Bid polyclonal anti-
body (R&D Systems, Inc.), or anti-Htt polyclonal antibody (Cell
Signaling Technology). Bound antibodies were visualized with
HRP-conjugated anti-rabbit IgG or anti-mouse IgG (Sigma), and
immunoreactivity was assessed by chemiluminescence reaction,
using the ECL Western detection system (Amersham Biosciences).
Densitometric scanning analysis was performed by Mac OS X
(Apple Computer International), using NIH Image 1.62 software.
The density of each band in the same gel was analyzed, values were



totaled, and then the percent distribution across the gel was
detected.

Preparation of fractions from mitochondria

Lymphoid cells from HD patients or HS were collected by cen-
trifugation. Mitochondria were isolated as previously reported
(18). After evaluation of the protein concentration by Bradford
Dye Reagent assay (Bio-Rad), mitochondria fractions were ana-
lyzed by Western blot analysis using the anti-Htt polyclonal
antibody (Cell Signaling), as reported above. The purity of mito-
chondrial preparations was assessed by Western blot by checking
the subunit IV of cytochrome ¢ oxidase (COX-1V), using anti-
COX-IV monoclonal antibody (Molecular Probes).

Alternatively, mitochondria were detergent-solubilized accord-
ing to Skibbens et al. (19). Briefly, mitochondria were lysed with
1 ml of extraction buffer (25 mM HEPES, pH 7.5, 0.15 NaCl, 1%
Triton X-100, and 100 kallikrein U/ml aprotinin) for 20 min on
ice. Lysates were collected and centrifuged for 2 min in an ALC
microfuge at 12,000 rpm at 4°C. Sovranatants, containing Triton
X-100-soluble material, were collected; pellets were subjected to
a second centrifugation (30 s) in order to remove the remaining
soluble material. The pellets were then solubilized in 100 pl of
buffer containing 50 mM Tris-HCI, pH 8.8, 5 mM EDTA, and 1%
SDS. DNA was sheared by passage through a 22 gauge needle.
Both Triton X-100-soluble and -insoluble material were analyzed
by Western blot as described above by checking Htt using a spe-
cific anti-Htt polyclonal antibody (Cell Signaling).

TLC immunostaining analysis

Briefly, Triton X-100-soluble and -insoluble fractions from
mitochondria were extracted twice in chloroform-methanol-
water (4:8:3) (v/v/v) and subjected to Folch partition by the
addition of water, resulting in a final chloroform-methanol-
water ratio of 1:2:1.4 The upper phase, containing polar gly-
cosphingolipids, was purified of salts and low-molecular-weight
contaminants using Bond Elut C18 columns (Superchrom).
The eluted glycosphingolipids were dried down and separated
by high-performance TLC, using aluminum-backed silica gel 60
(20 x 20) plates (Merck, Darmstadt). Chromatography was per-
formed in chloroform-methanol-0.25% aqueous KCI (5:4:1)
(v/v/v). The dried chromatograms were soaked for 90 s in a
0.5% (w/v) solution of poly(iso)bytyl methacrylate beads (Poly-
sciences) dissolved in hexane. The plates were immunostained
for 1 h at room temperature with GMR19 anti-GD3 MoAb
(Seikagaku Corp.) and then with HRP-conjugated anti-mouse
IgM (Sigma Chemical Co.). Immunoreactivity was assessed by
chemiluminescence reaction, using the ECL Western detection
system (Amersham Biosciences) (20).

Immunofluorescence analysis

Cells were stained with MitoTracker-Red 1 pM (Molecular
Probes) for 45 min at 37°C. After washing in PBS, cells were fixed
and permeabilized as stated elsewhere (14). Samples were incu-
bated with anti-Drpl polyclonal antibody (Santa Cruz Biotech-
nology) for 1 h at 4°C, followed by Alexa Fluor 488-conjugated
anti-mouse IgG (Molecular Probes). Alternatively, fixed and per-
meabilized cells were incubated with anti-Drpl polyclonal anti-
body (Santa Cruz Biotechnology), followed by incubation with
AlexaFluor 488-conjugated anti-rabbit IgG for an additional
30 min. After the washings, cells were incubated for 1 h at 4°C
with anti-GD3 monoclonal antibody (Seikagaku), followed by
AlexaFluor 594-conjugated anti-mouse IgM (Molecular Probes).
All samples were counterstained with Hoechst 33342, mounted
with glycerol-PBS (2:1), and analyzed by using an Olympus fluo-
rescence microscope (Olympus Corporation).

Data analysis and statistics

All samples were analyzed with a FACSCalibur cytometer (BD)
equipped with a 488 argon laser and 633 visible red diode laser.
At least 20,000 events were acquired. Data were recorded and
statistically analyzed by a Macintosh computer, using CellQuest-
Pro Software. Statistical analysis of apoptosis data and morpho-
metric analysis were performed by using Student’s #test or
one-way variance analysis by using Prism program (version 4) by
GraphPad for Macintosh. All data reported were verified in at
least three different experiments and reported as mean = SD.
Only P values of less than 0.01 were considered as statistically
significant.

RESULTS

Analysis of apoptosis, reactive oxygen species, and
mitochondrial membrane potential

We first compared the apoptotic susceptibility of lym-
phoid cells from HD patients with that of lymphoid cells
from HS. In particular, we evaluated: 7) annexin V cell
positivity, i) reactive oxygen species (ROS) generation, and
i) mitochondrial membrane potential. We used stauro-
sporin (STS) as a representative pro-apoptotic stimulus
known in the literature as an inducer of ROS production
and mitochondria-mediated cell death (21). As far as apopto-
sis was concerned, we found that lymphoid cells from HD
patients displayed significantly higher levels of “spontaneous
apoptosis” with respect to those from HS and that they were
significantly more susceptible to STS-mediated apoptosis
(Fig. 1A). Accordingly, we found a significant difference
in ROS production between cells from HD patients and
HS, either untreated (basal conditions) or after STS ad-
ministration (Fig. 1B). Because mitochondria are thought
to be the target and the source of ROS, we evaluated in
our experimental system the possible changes of MMP,
a key event in mitochondrial homeostasis maintenance
(22). Data obtained by flow cytometry analysis were in line
with the above results (Fig. 1C). In fact, it is well known
that MMP alterations are associated with apoptosis prone-
ness or execution. In particular, an increase of MMP, i.e.,
hyperpolarization of MM (MMH), has been found to be a
determinant in apoptotic susceptibility (23), whereas mito-
chondrial membrane depolarization (MMD) represents a
“point of no return” in the apoptosis execution (24). In
our experimental model of HD, we found that indepen-
dently of any treatment, a hyperpolarization of mito-
chondrialmembrane (MM) was detectable in asignificantly
higher percentage of cells from HD patients in compar-
ison to cells from HS (Fig. 1C, black and gray full bars,
respectively). After treatment with STS, according to apop-
tosis data (Fig. 1A), the percentage of cells with MMD
was significantly higher in cells from HD patients than
in cells from HS (Fig. 1C, black and gray empty bars,
respectively).

Mitochondrial features

The results reported above were further supported by
TEM analyses (Fig. 2). Ultrastructural studies showed the
following: in the absence of any pro-apoptotic stimulation,
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Fig. 1. Analysis of apoptosis, ROS, and mitochon-
drial membrane potential. A: Biparametric flow cy-
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mitochondria were often redistributed (clustered and/
aggregated) at one pole of the cells from HD patients
(Fig. 2A). In particular, mitochondria displayed marked
electrondensity and coalescence (Fig. 2B). Under apop-
totic stimulation, HD cells undergoing apoptosis showed
bolstered mitochondrial structural alterations, with the
formation of large bundles of packed mitochondria
(Fig. 2C, D). “Normal” mitochondrial morphology in in-
tact cells from HS and typical features of apoptosis in
STS-treated cells from HS are shown in Fig. 2E, F.

Localization of Htt in mitochondrial raft-like
microdomains

A preliminary analysis was performed to clarify whether
mutated Htt may be present in lipid microdomains. Su-
crose gradient fraction preparation (Fig. 3A) and related
densitometric analysis (Fig. 3B) clearly displayed the pres-
ence of mutated Htt in buoyant low-density detergent-
resistant fractions (i.e., fractions 5-6) of cells from HD
patients only. These fractions correspond to lipid micro-
domains (13).

A recent hypothesis is that the mutated Htt impairs mi-
tochondrial function, resulting in increased oxidative
stress and consequent cytotoxicity. Several lines of evidence
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line, the percentage of cells with depolarized mito-
chondria is reported.

support the notion that energy production impairment
and mitochondrial dysfunction play a key role in the
pathogenesis of HD (25). According to this, we found that
Htt was associated with the mitochondrial fraction in cells
from HD patients but not in cells from HS (Fig. 3C). In
fact, analysis of crude mitochondria preparations obtained
from HD and HS lymphoid cells, subjected to 3-8% Tris-
acetate gradient gel electrophoresis, revealed a 340 kDa
positive band, detected by anti-Htt polyclonal antibody
(Fig. 3C, top panel) in HD cells but not in HS cells.
Furthermore, to demonstrate that Htt was present in
mitochondrial raft-like microdomains, we performed the
same analysis in both Triton X-100-insoluble and -soluble
fractions, obtained from mitochondria from the same
cells. The analysis revealed that Htt was almost completely
recruited to Triton X-100-insoluble fractions in HD cells,
corresponding to raftlike microdomains (20), whereas it
was absent in mitochondrial preparations from HS (Fig. 3C,
bottom panel). Moreover, we analyzed the distribution of
GD3, a paradigmatic ganglioside component of raft-like
microdomains (13). As expected, it was present almost ex-
clusively in the insoluble fractions, confirming the pres-
ence of ganglioside molecules in mitochondrial raft-like
microdomains of lymphoid cells from HD patients.



Transmission immunoelectron microscopy confirmed
this association. In fact, gold particles labeling Htt, which,
as expected, is poorly expressed in lymphoid cells, were
barely detectable in the cell cyoplasm but substantially un-
detectable as associated with mitochondria in control cells
from HS (Fig. 3D). By contrast, gold particles were often
visible in close contact with mitochondria in sections from
cells from HD patients (Fig. 3E; a representative micro-
graph obtained from negative controls, i.e., gold labeling
without primary antibody, is shown in Fig. 3F). Morpho-
metric analyses carried out on these sections indicated
that ¢) as expected, few gold particles were detectable
either in sections of lymphoid cells from HS (control sam-
ples) or in sections of cells from HD patients. However,
i) HD cells displayed gold labeling of Htt associated with
mitochondria. In particular, quantitative evaluation of
each cell at the EM indicated that in cells from HS, gold
particles labeling Htt, distinguishable from ribosomes for
their regular shape and their electrodensity, were few and
scattered through the cell cytoplasm (mean value: 24 + 5
particles per cell), whereas gold particles were substan-
tially undetectable in close proximity of mitochondria
(mean value: 1 + 1 per cell). By contrast, in cells from HD
patients, gold particles detectable in the cell cytoplasm
were significantly less than in sections from HS (mean

Fig. 2. Mitochondrial features. A: At the ultrastruc-
tural level, mitochondria from HD cells appeared as
clectron-dense, coalescent organelles forming aggre-
gates at one pole of the cell (inset and upper right
panel). B: After treatment with STS, cells from HD
patients showed chromatin aggregation typical of
apoptosis as well as bolstered mitochondrial struc-
tural alterations characterized by the formation of
large bundles (inset and middle right panel). C: Nor-
mal mitochondria from HS lymphoid cells. D: Con-
trol lymphoid cell undergoing apoptosis.

value: 10 £ 2 per cell, P< 0.01), whereas gold particles visible
as associated with mitochondria were significantly more
than in HS (mean value: 14 + 3 per cell, vs. 1 + 1, P< 0.01;
see histogram in Fig. 3G).

Bcl-2 family pro-apoptotic proteins

We investigated whether mitochondrial raft-like micro-
domains were directly involved in the mechanism leading
to the high susceptibility of HD cells to apoptosis. With
this aim, we primarily focused on the Bcl-2 family death
promoters Bak, Bax, and Bid, which represent indispens-
able effectors of the mitochondrial-mediated apoptotic
pathway. We analyzed the distribution of these proteins in
fractions obtained by a 5-30% discontinuous sucrose gra-
dient. As shown in Fig. 4, in cells from HS, Bak was present
in fractions 6-11 and Bax in fractions 7-11, but both pro-
teins were virtually absent in the fractions corresponding
to raftlike microdomains. By contrast, in cells from HD
patients, either Bak or Bax appeared almost completely
restricted at buoyant low-density detergent-resistant frac-
tions (4-6). Furthermore, we analyzed the distribution of
Bid, a proapoptotic protein of the Bcl-2 family that acts
directly on mitochondrial membranes to facilitate the
release of apoptogenic factors. Bid, as full-length protein,
was almost entirely present in Triton X-100 soluble fractions

Microdomains in cells from Huntington patients 2061
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of cells from HS (Fig. 4). Conversely, in cells from HD pa-
tients, Bid was processed into the active form (truncated-
Bid, t-Bid), which was present in the buoyant low-density
Triton X-100-resistant fractions only. Thus, in cells from
HD patients, the active form of Bid, i.e., t-Bid, is constitu-
tively recruited to the buoyant low-density Triton X-100-
resistant fraction.

Furthermore, to confirm that the Bcl-2 family death pro-
moters Bak, Bax, and Bid were present in mitochondrial
raft-like microdomains, we performed the same analysis in
both Triton X-100-insoluble and -soluble fractions, ob-
tained from mitochondria from the same cells, according to
Malorni et al. (20). The analysis of these samples revealed
that Bak, Bax, and t-Bid were almost completely recruited
to Triton X-100-insoluble fractions, corresponding to raft-
like microdomains, in lymphoid cells from HD patients.

Mitochondrial fission machinery

It has recently been hypothesized that mitochondrial
fission can sensitize cells to apoptosis induction. In addi-
tion, mitochondria remodeling in terms of structural
modifications, i.e., their curvature changes, as well as their
fission process, could be under the influence of several
molecules, including lipid microdomains (13). We thus
analyzed the possible localization of fission proteins both
in buoyant low-density Triton X-100-resistant fractions. As
shown in Fig. 5A, the analysis of the distribution of hFisl
and OPAI, two molecules involved in the mitochondrial
fission machinery (26, 27), revealed that in cells from HD
patients, these proteins were detectable in fractions 4-11
(hFisl) and 5-11 (OPA1l). Hence, at variance with cells
from HS, in cells from HD patients, both OPA1 and hFisl
were found in fractions corresponding to raft-like micro-
domains (Fig. 5A, compare first lanes with second lanes in
upper and central panels; in Fig. 5B the corresponding
densitometric analyses). Important findings were detected
as far as Drpl was concerned. This is a further key mole-
cule involved in mitochondrial fission (28), and it is nor-
mally recruited to mitochondrial raft-like microdomains
only under apoptotic stimulation (14, 15). Strikingly, we
found that it was almost entirely restricted to Triton X-100-
soluble fractions in cells from HS (Fig. 5A, first lane in
bottom panel), whereas it was also detected in the buoyant
low density detergentresistant fractions in cells from HD

patients (Fig. 5B, second lane in bottom panel; in Fig. 5B,
corresponding densitometric analyses). This indicates that
in HD cells, Drpl was constitutively localized in mitochon-
drial raft-like microdomains. Furthermore, to confirm that
hFis, OPA1, and Drpl were present in mitochondrial raft-
like microdomains, we performed the same analysis in
both Triton X-100-insoluble and -soluble fractions, ob-
tained from mitochondria. The analysis of these samples
revealed that hFisl and OPA1 were highly enriched in Tri-
ton X-100-insoluble fractions, whereas Drpl was recruited
to Triton X-100-insoluble fraction, corresponding to raft-
like microdomains, in lymphoid cells from HD patients
(Fig. 5C).

The immunofluorescence analysis (Fig. 5D) indicated a
preferential mitochondrial localization of Drpl in HD
samples (right panel) whereas in the HS sample, Drpl was
mostly ditributed in the cytoplasm. In agreement with the
above biochemical data, Drpl showed an evident colocal-
ization with GD3 in cells from HD patients only (left
panel).

Mitochondrial raft-like microdomains and apoptotic
susceptibility

On the basis of the results reported above, we assessed
the implication of raftlike microdomains in the HD cell
susceptibility to mitochondria-mediated apoptosis. With
this aim, two different agents capable of perturbating mi-
crodomain integrity have been considered: FBI1, a cer-
amide synthase inhibitor (29, 30), and MBC, a raft
disruptor (13, 31). We found that either FB1 or MBC,
when administered before STS treatment, were capable of
significantly hindering apoptosis in HS as well as in HD
cells (Fig. 6A, compare with values found in HS and HD
cells treated with STS alone, represented by dotted and
dashed lines, respectively). Accordingly, FB1 and MBC sig-
nificantly reduced apoptosis-associated ROS production
(Fig. 6B; compare with values found in HS and HD cells
treated with STS alone, represented by dotted and dashed
lines, respectively). Interestingly, these two compounds
also reduced mitochondrial aggregation (when analyzed
by TEM, not shown), the mitochondrial membrane hyper-
polarization (Fig. 6C) (which was detectable in HD cells
independently of any treatment, see Fig. 1C), or the loss of
MMP that follows STS treatment (Fig. 6C, compare with

Fig. 3. Localization of Htt at mitochondrial raft-like microdomains. A: Western blot analysis of sucrose gradient fractions. Cells from HD
patients or from HS were lysed, and the supernatant fraction was subjected to sucrose density gradient. After centrifugation, the gradient
was fractioned, and each gradient fraction was recovered and analyzed by Western blot using an anti-Htt polyclonal antibody. B: Densito-
metric analysis of sucrose gradient fractions. The columns indicate the percent distribution across the gel of fractions 4, 5, and 6 (buoyant
low-density TX-100-resistant fractions, TX-I) and 9, 10, and 11 (TX-100-soluble fractions, TX-S), as detected by densitometric scanning
analysis. C: Mitochondria from HD or HS cells were analyzed by Western blot and probed with anti-Htt polyclonal Ab or with anti-COX-IV
MoAb. Mitochondria from HD or HS cells were solubilized by detergent as reported in Materials and Methods. Both Triton X-100-soluble
(S) and -insoluble (I) fractions were analyzed by Western blot and probed with anti-Htt polyclonal Ab. Alternatively, Triton X-100-soluble
(S) and -insoluble (I) fractions from mitochondria were subjected to ganglioside extraction. The extracts were run on high-performance
TLC aluminum-backed silica gel and were analyzed for the presence of GD3 by TLC immunostaining analysis, using an anti-GD3 MoAb
(GMR19). D-F: Transmission immunoelectron micrographs (without uranyl acetate-lead citrate counterstaining). In cells from HS, gold
particles labeling Htt were very few and dispersed in the cytoplasm (arrows in D). In cells from HD patients, gold particles were detectable
at the mitochondrial level (arrows in E). A representative micrograph of negative control samples stained only with gold-conjugated sec-
ondary antibody is shown in F. Results of morphometric evaluations of gold particles detected in the cytoplasm or associated with mitochon-
dria are shown in G. Note the significant difference in the presence of cytoplasmic and mitochondria-associated gold particles between
lymphoblastoid cells from HS and HD patients.
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values found in HS and HD cells treated with STS alone,
represented by dotted and dashed lines, respectively).

DISCUSSION

In the present work we analyzed the peculiar cell model
represented by immortalized lymphocytes from patients
with HD. These cells, in comparison with their “normal”
counterparts (lymphoid cells from HS), displayed some
important differences: 7) a constitutive disparity in ROS/
reactive nitrogen species (RNS) generation and mitochon-
drial structural features, and ) a higher susceptibility to
mitochondria-mediated apoptosis. Investigating the sub-
cellular mechanisms of this behavior, we found some strik-
ing findings in these cells: ¢) a constitutive zyperpolarization
of mitochondrial membrane and a redistribution of mito-
chondria forming large aggregates, ) a constitutive relo-
calization of mitochondrial fission machinery at the
mitochondria raft-like domains, and #i¢) an association of
Htt with mitochondrial raft-like microdomains. We hypothe-
size that these domains could play a role in the metabolic
dysfunction found in lymphoid cells from HD patients.

The mechanisms underlying cell death by apoptosis
bring into play a series of morphogenetic changes of mito-
chondria that contribute to the execution of the death
program of the cell. This mitochondria remodeling and
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redistribution in the cell cytoplasm precedes the altera-
tion of the mitochondrial membrane potential, i.e., MMH,
the rearrangement of the organelles in the cell cytoplasm,
and their fission, i.e., their division and fragmentation.
Thereafter, apoptogenic factors released by mitochondria
lead to the apoptosis execution pathway. It has recently
been demonstrated that mitochondrial fragmentation and
cristae alterations characterize cellular models of HD and
participate in their increased susceptibility to apoptosis
(32). Furthermore, very recently, genotype- and time-
dependent caspase activity abnormalities have been dem-
onstrated in blood cells from HD patients (33). In particular,
recent literature on this argument claims that mutant Htt
can interact with the mitochondrial Drpl, enhancing GT-
Pase Drpl enzymatic activity and causing excessive mito-
chondrial fragmentation and abnormal distribution (32, 33).
In neurons, it can lead to defective axonal transport of mi-
tochondria and selective synaptic degeneration (34, 35).
On the basis of our results, we add a key actor in the mito-
chondrial alteration and apoptotic proneness of cells from
HD patients: the glycoshingolipid raft-like microdomains.
In fact, we have previously shown that mitochondrial raft-
like microdomains play a role in the mitochondrial
morphogenetic remodeling associated with cell death,
contributing to the recruitment of fission-associated mol-
ecules and to the modifications of mitochondrial curvature
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in HD cells only. The yellow fluorescence areas indicate the colocalization.

necessary for mitochondrial fission dynamics (36-38).
We show herein that Htt was present in mitochondria and
associated in mitochondrial lipid microdomains in cells
from HD patients, but not in cells from HS. Furthermore,
the distribution of key molecules involved in the mito-
chondrial fission machinery (26-28) was found to be
deeply altered in cells from HD patients in comparison to
control cells from HS. For instance, Drpl was constitu-
tively localized in raft-like microdomains in cells from
HD patients. Altogether, these findings suggest that
microdomains could “engulf” fission-associated molecules
and associate with mutated Htt, giving rise to a multimolecu-
lar complex affecting mitochondrial fate. In addition, how-
ever, we cannot rule out the possibility that this association

could participate in mitochondrial redistribution in the
cell cytoplasm. In fact, as previously shown (39), the or-
ganelles appear to lose their typical random distribution
in cells from HD patients and to form large clusters and
macro-aggregates. We can hypothesize that the association
formed by microdomains, fission molecules, and Htt could
act as a sort of “adhesive device,” leading to the striking
aggregations of mitochondria detectable in lymphoid cells
from HD patients. On the basis of the literature (35), we can-
not exclude that this multimolecular complex and related
disturbances of mitochondria integrity could also impair
mitochondria-mediated cell function in neuronal cells.
These hypotheses are substantiated by the experiments
carried out in the presence of FB1, a ceramide synthase
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inhibitor (29, 30), and MBC, a raft disruptor (13, 31).
Both of these agents are capable of impairing the peculiar
mitochondrial remodeling occurring in cells from HD pa-
tients, i.e., redistribution and aggregation as well as MMP
changes. A decreased apoptotic susceptibility was also de-
tected in the presence of FB1 and MBC. These observa-
tions are in line with our previous studies demonstrating
that in HD cells, the fragmented mitochondria are charac-
terized by cristae alterations that are aggravated by apop-
totic stimulation and can be corrected by maneuvers that
prevent fission and cristae remodelling (32, 39). Finally, as
concerns hyperpolarization of MM detected in cells from
HD patients, this could represent a sort of “risk factor,”
also contributing to the high apoptotic susceptibility of
these cells (39). Increased MMP is probably caused by a
mechanism associated with the generation of ROS/nitro-
gen species, as suggested by other authors (40). Accord-
ingly, in cells from HD patients, ROS generation measured
by DHE was found to be constitutively higher than in HS
cells, irrespective of any proapoptotic stimulation.

Altogether, these observations support the idea that
raftlike microdomains could take part to the mitochon-
drial impairment occurring in cells from HD patients. This
is in line with very recent observations claiming emerging
roles of cholesterol in HD (41, 42). In fact, alterations in
cholesterol homeostasis have also been detected in several
experimental models of HD (43). Because lipid rafts are
enriched in sphingolipids (44) and because cholesterol
interacts preferentially, although not exclusively, with
sphingolipids due to their structure and the saturation of
the hydrocarbon chains, raft-like microdomains generally
contain 3- to 5-fold the amount of cholesterol found in the
surrounding bilayer (45). Hence, we can suggest that mi-
tochondrial raft-like microdomains could represent a key
contributor to the pathophysiology of HD. For instance,
nontoxic semisynthetic cyclodextrins, which are widely
used in vitro and in vivo as drug carriers, including in pre-
clinical studies on HD (46), could be taken into consider-
ation for their raft-targeted activity. Hence, on the basis of
the results reported above, molecularly targeted therapy
inhibiting the interaction of Htt and Drp1 with mitochon-
drial raft-like microdomains may decrease mitochondrial
fragmentation and aggregate formation.

In conclusion, the present report suggests that lympho-
blastoid cells from HD patients can provide useful infor-
mation as concerns subcellular abnormalities described
in the peripheral blood lymphocytes of HD patients
(47), but more generally, they can also represent a use-
ful tool in studies aimed at deciphering the complex
framework of pathogenetic events occurring in cells of HD
patients. B
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