THE JOURNAL OF BIOLOGICAL CHEMISTRY
© 2003 by The American Society for Biochemistry and Molecular Biology, Inc.

Vol. 278, No. 35, Issue of August 29, pp. 33364-33369, 2003
Printed in U.S.A.

Expression of Polyglutamine-expanded Huntingtin Induces Tyrosine
Phosphorylation of N-Methyl-pD-aspartate Receptors*

Received for publication, April 23, 2003, and in revised form, June 13, 2003
Published, JBC Papers in Press, June 16, 2003, DOI 10.1074/jbc.M304240200

Cheng Songi, Yuntian Zhangi, Chris G. Parsons$, and Ya Fang Liui1

From the tDepartment of Pharmacology, Boston University School of Medicine, Boston, Massachusetts 02118
and the §Department of Pharmacology, Merz and Company, Eckenheimer Landstrasse 100-104,

Frankfurt am Main D-60318, Germany

In our previous studies, we found that expression of
polyglutamine-expanded huntingtin in HN33 cells in-
duced sensitization of N-methyl-D-aspartate (NMDA) re-
ceptors (Sun, Y., Savinainen, A., and Liu, Y. F. (2001)
J. Biol. Chem. 276, 24713-24718). Following this study,
we investigated whether tyrosine phosphorylation of
NMDA receptors might contribute to the altered prop-
erty of the receptors. Expression of polyglutamine-ex-
panded huntingtin induced elevation of phosphorylated
or activated Src and increased targeting of PSD-95
(post-synaptic density 95) and activated Src to cell sur-
face membrane. Expression of the mutated huntingtin
also induced tyrosine phosphorylation of NR2B (NMDA
receptor 2B) subunits, and co-expression of PSD-95 en-
hanced the phosphorylation. Treatment of SU6656 (a
specific Src inhibitor) or co-expression of a mutated
NR2B subunit with mutations of all three major tyrosine
phosphorylation sites significantly attenuated neuronal
toxicity induced by the mutated huntingtin. Addition of
AP-5 did not further inhibit the neuronal toxicity. Taken
together, our studies show that polyglutamine-ex-
panded huntingtin increases tyrosine phosphorylation
of NMDA receptors via PSD-95 and Src, and increased
tyrosine phosphorylation may contribute to the sensiti-
zation of the receptors mediated by polyglutamine-ex-
panded huntingtin.

Huntington’s disease (HD)! is a progressive neurodegenera-
tive disorder with an autosomal dominant inheritance (2). The
HD gene, encoding an ~350-kDa protein designated as hun-
tingtin, is ubiquitously expressed (3, 4). The genetic defect in
the HD gene involves an expansion of a polyglutamine stretch
near the 5’-end of the gene (5). The length of the polyglutamine
repeat is correlated with the age of onset and the severity of the
disease (6, 7).

PSD-95, a scaffold protein, anchors many signaling proteins
to the NMDA receptor complex and regulates biological func-
tion of the receptors (8, 9). Tyrosine phosphorylation by the Src
family is an important molecular mechanism for the regulation
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of the NMDA receptor function (10). Src tyrosine kinases are
anchored by PSD-95 to the proximity of NMDA receptors where
they induce tyrosine phosphorylation of NR2A and NR2B sub-
units and enhance the receptor-mediated current (10). Ische-
mic or inflammatory insults increase tyrosine phosphorylation
of NMDA receptors at the PSD (post-synaptic density) fraction
(11-13). Inhibition of the interaction of NMDA receptors with
PSD-95 significantly attenuates ischemia-induced brain dam-
age (14). These studies indicate that PSD-95 and tyrosine phos-
phorylation of NMDA receptors may be involved in excitotox-
icity mediated by glutamate.

Many studies have shown that increased glutamate-medi-
ated excitotoxicity may play an important role in the pathogen-
esis of HD. Intrastriatal injection of glutamate or kainic acid in
rat causes selective loss of medium spiny neurons that are also
selectively affected in HD (15). In the brains of HD patients,
NMDA receptor-binding sites were disproportionately reduced
even at the pre-symptomatic stage (16, 17). In neuronal cells
expressing the mutated huntingtin or mice transgenic for HD,
NMDA receptors are highly responsive to the receptor agonists,
and the receptor-mediated current is also significantly in-
creased (18—20). In our previous studies, we observed that
expression of polyglutamine-expanded huntingtin induced sen-
sitization of NMDA receptor via PSD-95 (1). In the present
studies, we examined whether tyrosine phosphorylation of
NMDA receptors may contribute to the sensitization of the
receptors in HN33 cells. We found that expression of the mu-
tated huntingtin induced tyrosine phosphorylation of NMDA
receptors, and inhibition of the phosphorylation attenuated the
neuronal toxicity mediated by the mutated huntingtin in HN33
cells.

MATERIALS AND METHODS

Cell Culture, Plasmids, Transfection, and Kinase Assays—Wild-type
NR1 or NR2B expression vectors were provided by Dr. J. Marshall, and
triply mutated NR2B and fyn vectors were provided by Dr. M. Green-
berg (21). HN33 and 293T cells were maintained in F12/Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal bovine serum.
We performed transient transfection using Lipofectin per instruction by
the manufacturer. For detecting pSrc, HN33 or 293T cells were lysed
with 1% Triton X-100 buffer (22) 24 h following the transfection. These
cell lysates (30 ug of protein) were resolved in a 10% SDS gel and then
transferred. The blots were analyzed by an anti-pSrc antibody, which
mainly recognizes activated 60-kDa Src (Cell Signaling). Fold increase
of the kinase activity was quantified using a computer program asso-
ciated with Kodak image station 440, and the level in each control was
designated as 1.

Generation of Anti-phospho-NR2B Antibody—Tyr-1472 is a major
tyrosine phosphorylation site for the NR2B subunit (23). Phosphospe-
cific peptide NH,-CSNGHV(pY)EKLSSI-COOH was conjugated to key-
hole limpet hemocyanin and used as an immunogen to raise rabbit
polyclonal antibody. The antibody 438 was purified from sera by suc-
cessive affinity chromatography. This was done using a column of
N-hydroxysuccinimide-activated Sepharose 4B resin conjugated to each
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non-phosphorylated peptide to remove IgGs against non-phosphoryl-
ated NR2B subunits and was followed by a column conjugated to each
immunogen to obtain the antibody specific for the tyrosine-phosphoryl-
ated NR2B subunit.

Membrane Fraction—Membrane fraction was conducted as described
by Cho et al. (24) with a few modifications. 36 h following transfection,
transfected or non-transfected HN33 cells were homogenized with a
Teflon-glass homogenizer (0.25 mm of clearance) in solution A (0.32 M
sucrose, 1 mmM NaHCO,, 1 mm MgCl,, 0.5 mMm CaCl,, 200 mm NaVO,,
100 mM NaF, and protease inhibitor mixture). The resulting homoge-
nates were diluted with solution A and centrifuged at 1,400 X g for 10
min. The pellets were homogenated again with solution A and centri-
fuged at 710 X g for 10 min. The supernatants from both centrifuga-
tions were combined and centrifuged at 13,800 X g for 10 min.

Co-immunoprecipitations—48 h following transfection, 293T cells
were lysed with 1% Nonidet P-40 lysis buffer (22). Cell lysates were
incubated with an antibody as indicated in the figure legends for 3 h at
4 °C, and a mixture of proteins A- and G-Sepharose 4B beads (Amer-
sham Biosciences) were added. Incubation was continued for another
hour. Precipitated proteins were resolved in a SDS gel, and the result-
ing blots were probed with antibodies as indicated in the figure legends.

Immunocytochemistry—A yellow fluorescence expression vector was
included for localizing transfected cells. 24 h after transfection, HN33
cells were fixed with 4% paraformaldehyde and permeabilized with
0.1% Triton X-100 for 2 min on ice. Cells were incubated with the first
antibody as indicated in the figure legends followed by incubation with
fluorescein isothiocyanate-conjugated anti-rabbit or anti-mouse second-
ary antibody. After washing, the cells were incubated with another
antibody followed by incubation with rhodamine-conjugated anti-sheep
or anti-rabbit secondary antibody. The distribution of huntingtin and
activated Src or PSD-95 was visualized under a Zeiss LSM-5 confocal
microscope.

TUNEL Staining—36 h post-transfection, HN33 cells were fixed
with 4% paraformaldehyde and then permeabilized with 0.1% Triton
X-100 for 2 min on ice, and TUNEL staining was performed as described
previously (1). Most apoptotic HN33 cells were detached from the slides,
and TUNEL staining was performed on the remaining attached cells.
TUNEL-stained negative cells (living cells) were counted in the 20X
field in four different locations on the slides, and ~600—-800 cells were
counted in the control.

RESULTS

First, we investigated whether expression of polyglutamine-
expanded huntingtin induced activation of Src tyrosine kinase
in HN33 cells. Full-length huntingtin expression vector con-
taining 16 or 48 CAG repeats or vector alone (pcDNA1, control)
was separately transfected into HN33 cells. 24 h post-transfec-
tion, cells were lysed and the resulting blot was analyzed with
an anti-phospho-Src antibody, which only recognizes activated
Src. As shown in Fig. 14, Src was activated in HN33 cells, and
expression of normal huntingtin with 16 CAG repeats did not
cause further elevation of pSrc. Expression of polyglutamine-
expanded huntingtin with 48 CAG repeats, however, caused an
~5-fold increase of pSrc. To further investigate Src activation
mediated by the mutated huntingtin, we conducted immuno-
cytochemistry studies. 24 h following transfection, HN33 cells
were fixed and stained with an anti-phospho-Src antibody. As
shown in Fig. 1B, activated Src is diffusedly localized in HN33
cells. Expression of normal huntingtin with 16 CAG repeats did
not alter the localization of the activated kinase, whereas ex-
pression of the mutated huntingtin with 48 CAG repeats in-
duced translocation of activated Src from cytoplasm to cell
periphery. These data suggest that polyglutamine-expanded
huntingtin may increase targeting of activated Src to cell sur-
face membrane.

Src is anchored by PSD-95 to cell surface membrane (10). In
our previous studies, we found that normal huntingtin binds to
PSD-95, and polyglutamine expansion impairs the ability of
huntingtin to interact with the scaffold protein (1). Therefore,
we examined whether expression of normal or polyglutamine-
expanded huntingtin altered the localization of PSD-95. As
shown in Fig. 24, PSD-95 is present in the cytoplasm, and most
were co-localized with normal huntingtin. Expression of nor-
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Fic. 1. Polyglutamine-expanded huntingtin induces activa-
tion and translocation of Src tyrosine kinase in HN33 cells.
Panel A, pcDNA1 (Control) or a full-length huntingtin construct con-
taining 16 (16F) or 48 (48F) CAG repeats was transfected into HN33
cells. 24 h post-transfection, cell lysates were prepared. We first ana-
lyzed the blot using an anti-phospho-Src antibody, then stripped the
blot and reprobed with an Src antibody. The data in the upper panel
represent a typical experiment. The data in the lower panel are the
mean of five independent experiments, and pSrc was quantified accord-
ing to the density of each band using a computer program associated
with a Kodak 440 image station. Panel B, pcDNA1 (Control) or a
full-length huntingtin construct containing 16 (16F) or 48 (48F) CAG
repeats was transfected into HN33 cells. Two cells showing in the 16F
or 48F panels were transfected cells according to the presence of co-
transfected yellow fluorescence vector (data not shown). 24 h post-
transfection, HN33 cells were co-stained with 437, an anti-huntingtin
antibody and an anti-phospho-Src antibody. The distribution of hun-
tingtin (green) and activated Src (red) was visualized under a confocal
microscope. A, huntingtin; B, activated c-Src; C, overlay of A and B. The
data represent a typical experiment, which has been repeated three
times with similar results.

mal huntingtin with 16 CAG repeats did not alter the co-
localization, whereas expression of the mutated huntingtin
with 48 CAG repeats caused translocation of PSD-95 to cell
surface membrane, and the co-localization of the scaffold pro-
tein with huntingtin was mostly disrupted (Fig. 2A). These
data suggest that the mutated huntingtin also increases the
targeting of PSD-95 to the cell surface membrane. To further
validate these results, we performed the membrane fraction
and examined the amount of PSD-95 and activated Src in the
membrane fraction with or without transfection of normal or
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Fic. 2. Expression of polyglutamine-expanded huntingtin in-
creased the targeting of PSD-95 and Src to cell surface mem-
brane. Panel A, HN33 cells were transfected with a full-length hun-
tingtin vector containing 16 or 48 CAG repeats (I16F or 48F). A yellow
fluorescence vector was included for identifying transfected cells, and
the arrows show transfected cells. Two cells showing in 48F panels were
all transfected. 24 h post-transfection, cells were fixed and co-stained
with an anti-PSD-95 antibody and 437, an anti-huntingtin antibody.
The distribution of PSD-95 (green) and huntingtin (red) was visualized
under a confocal microscope. A, PSD-95; B, huntingtin; C, overlay of A
and B. Panel B, HN33 cells transfected with full-length huntingtin with
16 or 48 CAG repeats. The membrane fraction was conducted as de-
scribed under “Materials and Methods.”

mutated huntingtin. As shown in Fig. 2B, expression of the
mutated huntingtin with 48 CAG repeats clearly increased the
amount of PSD-95 and activated Src in the membrane fraction.

We then examined whether expression of polyglutamine-
expanded huntingtin induced tyrosine phosphorylation of
NMDA receptors. Because expression of the mutated hunting-
tin induced rapid apoptotic cell death in HN33 cells, we first
conducted these experiments using 293T cells. A huntingtin
construct containing 16 or 48 CAG repeats was co-transfected
with NR1 and NR2B with or without PSD-95 into 239T cells.
48 h following transfection, cells were lysed, and co-immuno-
precipitation was conducted using an anti-NR2B antibody. The
resulting blot was analyzed by PY20 anti-phosphotyrosine an-
tibody to detect tyrosine-phosphorylated NR2B subunits, and
then the blot was stripped and reprobed with an anti-NR2B
antibody (Fig. 3A). 50 ul of cell lysates from the same prepa-
ration was resolved in a SDS gel, the blot was probed with an
anti-phospho-Src antibody, and the blot was stripped and re-
probed with an anti-Src antibody (Fig. 3A). Changes of tyro-
sine-phosphorylated NR2B subunits or pSrc were quantified
according to the density of each band. Expression of normal
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huntingtin neither elevated the levels of pSrc nor mediated
tyrosine phosphorylation of NR2B subunits (Fig. 3A). Co-trans-
fection of PSD-95 with normal huntingtin induced an ~6-fold
increase of tyrosine-phosphorylated NR2B subunits suggesting
that PSD-95 recruited endogenous activated Src to induce ty-
rosine phosphorylation of NR2B subunits (Fig. 3A). Expression
of the mutated huntingtin elevated the levels of pSrc and
induced tyrosine phosphorylation of NR2B subunits (Fig. 3A).
Co-expression of PSD-95 did not cause further elevation of pSrc
but further increased the number of tyrosine-phosphorylated
NR2B receptors (Fig. 3A). In comparison to the ~7-fold in-
crease of tyrosine-phosphorylated NR2B receptors with expres-
sion of the mutated huntingtin, addition of PSD-95 induced an
~14-fold increase of these phosphorylated receptors. These
data suggest that the mutated huntingtin may induce tyrosine
phosphorylation of NR2B subunits via other members of the
PSD-95 family endogenously expressed in 293T cells, which
also anchor Src to NMDA receptors, and expression of PSD-95
recruits more Src to these receptors thereby further increasing
the number of tyrosine-phosphorylated receptors.

Src induces phosphorylation of the NR2B subunit on Tyr-
1252, -1336, and -1472, and mutations of these three tyrosines
block the phosphorylation by Src significantly attenuating Src-
mediated increased calcium influx via NMDA receptors (21). To
further investigate whether expression of the mutated hun-
tingtin induced tyrosine phosphorylation of NMDA receptors,
we generated a rabbit polyclonal antibody specific for Tyr-1472-
phosphorylated NR2B, 438. To determine the specificity of the
antibody, we co-transfected NR1 with wild-type NR2B and
mutated NR2B with substitutions of Tyr-1252, -1336, and
-1472 to phenylalanine (NR2BTM) or NR2A expression vectors
in the presence or absence of Fyn (a member of the Src tyrosine
kinase family that has been shown to bind to PSD-95 and
induce tyrosine phosphorylation of NR2B subunits) (21). As
shown in Fig. 3B, co-expression of fyn induced tyrosine phos-
phorylation of wild-type NR2A and NR2B subunits, which,
except for the mutated NR2B subunit, were detected by PY20.
438 recognized the wild-type tyrosine-phosphorylated NR2B
subunit but not the non-phosphorylated NR2B (the mutated
NR2B) and the tyrosine-phosphorylated NR2A subunits. The
data indicate that the antibody 438 specifically recognizes the
tyrosine-phosphorylated NR2B subunit. Thus, 438 was utilized
to determine whether the mutated huntingtin induced tyrosine
phosphorylation of NR2B subunits in HN33 cells. 24 h follow-
ing transfection of normal or mutated huntingtin, HN33 cells
were lysed, and the resulting blot was analyzed with 438. As
shown in Fig. 3C, expression of the mutated huntingtin with 48
CAG repeats (but not normal huntingtin with 16 CAG repeats)
induced tyrosine phosphorylation of NR2B subunits in HN33
cells.

To evaluate whether tyrosine phosphorylation of NR2B re-
ceptors is involved in the neuronal toxicity mediated by the
mutated huntingtin, we added SU6656, a specific Src tyrosine
kinase inhibitor, to the transfection medium. 36 h following
transfection, HN33 cells were fixed, and TUNEL staining,
which detects the late stage of apoptotic cells, was conducted
(25). As we reported previously, expression of the mutated
huntingtin with 48 CAG repeats induced rapid apoptosis in
HN33 cells, and ~70% of the cells were apoptotic 36 h following
transfection (1). Addition of the Src inhibitor significantly at-
tenuated apoptotic cell death mediated by the mutated hun-
tingtin (Fig. 4A). We have shown that addition of AP-5, an
NMDA receptor antagonist, to the transfection medium signif-
icantly attenuated apoptotic death induced by the mutated
huntingtin (1). Co-addition of AP-5 with SU6656 did not fur-
ther inhibit neuronal apoptosis induced by the mutated hun-
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Fic. 3. Expression of polyglutamine-expanded huntingtin induces tyrosine phosphorylation of NR2B subunits. A, pcDNA1 (Control)
or a full-length huntingtin construct containing 16 (16F) or 48 (48F) CAG repeats was co-introduced with NR1 and NR2B receptor cDNA with or
without a PSD-95 expression vector into 293T cells. Left upper panel, IP with anti-NR2B antibody and blot with PY20. Left middle panel, the
amount of phosphorylated NR2B subunits was quantified according to the density of each band. Left lower panel, the blot was stripped and then
probed with an anti-NR2B antibody. Right upper panel, the blot from lysates of the same preparation was probed with an anti-phospho-Src
antibody. Right middle panel, the amount of activated Src was quantified according to the density of each band. Right lower panel, the blot was
stripped and then reprobed with an anti-Src antibody. The data in the upper and lower panels represent a typical experiment. The data in the
middle panels are the mean of four independent experiments. Panel B, 293T cells were transfected with NR1 and NR2B or mutated NR2B or NR2A
with or without fyn. The blot was probed with PY20 (upper panel) or stripped and probed with 438 (middle panel). The blot was stripped again and
probed with an anti-NR2B antibody (lower panel). The data represent a typical experiment, which has been repeated three times with similar
results. C, HN33 cells were transfected with pcDNA1 (Control) or full-length huntingtin with 16 (16F) or 48 (48F) CAG repeats. The blot was
probed with 438. The data represent a typical experiment, which has been repeated two more times with similar results. Mh¢, the mutated
huntingtin; NAht¢, normal huntingtin.

tingtin, suggesting that the Src inhibitor may inhibit the neu-
ronal toxicity via the inhibition of NMDA receptors.

To further investigate the role of tyrosine phosphorylation of
NMDA receptors in the induction of neuronal toxicity mediated
by the mutated huntingtin, we co-transfected normal or mu-
tated huntingtin construct with a vector alone or an NR2B
mutant with triple substitutions of all three tyrosine phospho-
rylation sites (NR2BTM). As shown in Fig. 4B, expression of
vector alone failed to influence the neuronal toxicity mediated
by the mutated huntingtin, whereas co-expression of triply
mutated NR2B subunit significantly attenuated the neuronal
toxicity induced by the mutated huntingtin. Addition of AP-5 in

the transfection medium did not further inhibit the neuronal
toxicity. These data further support that tyrosine phosphoryl-
ation of NMDA receptors may be involved in the neuronal
toxicity mediated by polyglutamine-expanded huntingtin in
HN33 cells.

DISCUSSION

In the present studies, we investigated a role of tyrosine
phosphorylation of NMDA receptors in the induction of neuro-
nal toxicity mediated by polyglutamine-expanded huntingtin.
We found that expression of the mutated huntingtin with 48
CAG repeats caused an elevation of activated Src in both HN33
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Fic. 4. Inhibition of tyrosine phosphorylation of NR2B sub-
units significantly attenuated apoptotic cell death induced by
the mutated huntingtin in HN33 cells. *, significant difference (p <
0.001, analysis of variance). **, no significant difference in comparison
of AP-5 or AP-5 + NR2NTM with NR2BTM (p > 0.05, analysis of
variance). A, HN33 cells were transfected with a full-length huntingtin
construct containing 16 (16F) or 48 (48F) CAG repeats in the presence
or absence of SU6656 (1 puMm), AP-5 (1 uM), or AP5 + SU6656. 36 h
following transfection, cells were fixed and TUNEL stain was con-
ducted. TUNEL-negative cells were counted. Approximately 200-300
cells in the control cells (transfected with pcDNA1) were counted and
designated as 100%. The data were the mean of five independent
experiments. B, triply mutated NR2B subunit (WNR2B-TM) was co-
transfected with normal (16F) or mutated (48F) huntingtin into HN33
cells. AP-5 (1 uMm) was added as indicated in the figure. 36 h following
transfection, cells were fixed and TUNEL stain was conducted. The
data were the mean of five independent experiments.

and 293T cells, whereas expression of normal huntingtin failed
to do so. Expression of the mutated huntingtin also induced
tyrosine phosphorylation of NR2B subunits in both cell lines.
We also performed these studies using full-length huntingtin
vector containing 89 CAG repeats and obtained similar results.
These results indicate that huntingtin mediates Src activation
and tyrosine phosphorylation of NMDA receptors in a polyglu-
tamine expansion-dependent manner. Addition of SU6656 or
co-expression of an NR2B mutant with substitutions of all
three tyrosine phosphorylation sites significantly attenuated
neuronal toxicity mediated by the mutated huntingtin, and
addition of an NMDA receptor antagonist did not further in-
hibit the neuronal toxicity. These data support that tyrosine
phosphorylation of NMDA receptors may be involved in sensi-
tization of the receptors and neuronal toxicity mediated by
polyglutamine-expanded huntingtin.

Many studies have shown that polyglutamine-expanded
huntingtin induced sensitization of NMDA receptors (1, 18-20,
26). Our studies support this notion. Normal huntingtin is a
cytoplasm protein (4, 5). An intriguing question is why poly-
glutamine expansion in huntingtin alters the property of

Mutated Huntingtin Induces Tyrosine Phosphorylation of NR2B

NMDA receptors at the cell surface. In our previous studies, we
have shown that normal huntingtin binds to PSD-95, and poly-
glutamine expansion inhibits the ability of huntingtin to inter-
act with the scaffold protein. In the present studies, we showed
that normal huntingtin is co-localized with PSD-95, and ex-
pression of the mutated huntingtin causes translocation of the
scaffold protein and inhibits the co-localization of these two
proteins in the cytoplasm. These data demonstrate that poly-
glutamine expansion impairs the ability of huntingtin to retain
PSD-95 in the cytoplasm and promotes the targeting of the
scaffold protein to cell surface membrane (1). PSD-95 anchors
Src to NMDA receptors (10); therefore, it is not surprising that
expression of the mutated huntingtin also increased the tar-
geting of Src to the cell surface membrane. In the brain, normal
huntingtin and PSD-95 are mostly associated with microtu-
bules (4, 27). One of the possibilities is that normal huntingtin
regulates the amount of PSD-95 at PSD by retaining the scaf-
fold protein in the microtubule complex, and polyglutamine-
expanded huntingtin loses such a function leading the increase
of targeting of PSD-95 and PSD-95-associated proteins, such as
Src, to PSD. In parallel with this study, we also examined
changes of PSD-95, Src, and tyrosine-phosphorylated NMDA
receptors in the PSD fraction from brain tissues of R6/2, a HD
transgenic mouse model (28). We found that PSD-95, activated
Srec, and tyrosine-phosphorylated NR2B subunits were signifi-
cantly increased in the PSD fraction.? These results further
support our hypothesis.

Understanding of the pathogenesis of HD is critical for de-
veloping effective treatment to this devastating neurodegen-
erative disease. Many NMDA receptor antagonists have been
developed. Although they are neuroprotective in many animal
models, the clinical application of these NMDA receptor antag-
onists is limited because of their toxicity. Our studies demon-
strate that polyglutamine-expanded huntingtin induces tyro-
sine phosphorylation of NMDA receptors. Perhaps, an NMDA
receptor antagonist that selectively inhibits tyrosine-phospho-
rylated NMDA receptors may eliminate unwanted side effects
and effectively treat this otherwise untreatable disease.
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