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DISEASE BACKGROUND

HD can present through a variety of signs and
symptoms. In adult-onset HD, initial symptoms in-
clude chorea, unsteady gait, slurred speech, lack o
coordination, sleep disturbances, and chewing and
swallowing difficulty leading to weight loss and ma
nutrition. Very slow movements and stiffness can
sometimes occur as the disease progresses. Many
people with the juvenile akinetic rigid variant ldD
(Westphal variant of HD) suffer from seizures (30-
50%), bradykinesia, and Parkinson-like symptéms.

Huntington’s disease (HD) is a genetically pro- Cognitive deficits, including loss of executive n
grammed disease in which neuronal degeneratiction and memory, are seen frequently with disease
occurs in certain areas of the brain. The degener progression. Psychiatric symptoms such as aggres-
tion of neurons leads to uncoordinated, jerky movye sion, anxiety, depression, egocentrism, and compul-
ments of the body called chorea, loss of intellaictu siveness are frequent in HD patients. Worsening of
faculties, and uncharacteristic changes in mood ai addictions to alcohol and gambling, and hypersexual
behavior. These complications eventually lead to ity have all been reportéed.
deteriorated quality of life and reduced life expec
tancy. HD was first documented in 1872 by th¢ GENETIC BASIS OF DISEASE
American physician George Huntington. The diseas ~ The Huntingtin gene (HTT) is located on the
affects about 1 per 10,000 people of European anceshort arm of chromosome 4 and it contains a se-
try with a slightly lower incidence rate in peomé | quence of trinucleotide repeats, CAG (cytosine; ade
Chinese, Japanese, or African descent. Individug nine, guanine), on its 5’ end. Repeats of CAG are
with the adult-onset form of HD usually live 1520 | often called polyglutamine or polyQ since the amino
years after signs and symptoms appear. The adt acid glutamine is derived from this trinucleotide s
onset form of HD develops anywhere between 30-E quence. The average human typically has 26 or less
years of age. Early-onset (juvenile) HD tends ¢o I S S S S S S
more severe and individuals usually only live 10 |tg
15 years after signs and symptoms first present.|J
venile HD usually develops before the age of 20 ar
accounts for 7-16% of all HD case$his article will
review the signs and symptoms, genetics, mech
nism, and diagnosis of the disease to help proard
insight on how specific drugs work. The main foc
will be on currently approved and investigationa|
treatment options for the management of HD.
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repeats of CAG within the HTT gene. In people withual can have blood tests done to help confirm the d
HD, the CAG segment is repeated 36 to more thaagnosis.
120 times. Production of mutant Huntingtin gene
(mHTT) results in neuronal decay in certain ardfas OTREATMENT OPTIONS
the brain. A segment count of 27-35 repeats is-cla  Alleviating symptoms is the primary goal of
sified as “intermediate” with the patient not likgb | treatment and the focus of current treatment option
be symptomatic but can still pass on the autosomdbr this disease. The drugs used to treat movement
dominant gene to successive generations. A segmaettisorders of HD will be discussed first, followeg b
count of 36-39 repeats is classified as “reducetwpe the treatment of psychiatric and behavioral symp-
trance” in which a much later onset and slower protoms. Numerous investigational agents being re-
gression of symptoms occurs compared with typicatearched as possible breakthrough treatment options
HD. Many of these patients may die of other causef®r HD will be discussed later.
before any HD symptoms are manifested. Repeats of Tetrabenazine (Xenazifieis currently the only
>39 glutamines is considered to be “full penetranceFDA approved drug for the treatment of chorea in
and a patient will be affected by HD. The length|o HD and it is the first drug of any kind approved fo
repeats correlates inversely with the age of oasdt | treatment of any symptoms associated with HD in
the rate of progression of symptofns. the US. In HD patients, there is an excessive amou
Each offspring of an affected individual has|aof dopamine located in nerve synapses within the
50% chance of inheriting the mutant allele becausbrain causing over excitation and allowing chorea
HD is inherited autosomal dominantly. All symptoms to be unmasked over time. Tetrabenazine
“intermediate” and “reduced penetrance” carriergTBZ) acts by decreasing the amount of dopamine at
have a chance of passing down fully penetrant HDthese synapses, thus minimizing symptoms of cho-
Maternally inherited alleles are generally of theng | rea. It selectively binds to the presynaptic vasic
repeat length but paternally inherited allelesgegr- | monoamine transporters (VMAT2) blocking reup-
erally of larger repeat length. In 1-3% of affecte take of dopamine, norepinephrine, and serotonin
individuals, no family history can be found, sugges from the cytosol into presynaptic vesicles. Thisgr
ing a de novo mutation as the culprit for this rare ess secondarily decreases monoamine and serotonin
phenomenon. levels by increasing degradation of these molecules
The function of Huntingtin (HTT) is unclear in The process of VMAT binding and monoamine de-
humans but in mice models it plays a vital role |inpletion by TBZ is reversible, lasts hours, and @& n
upregulating the expression of Brain Derived Neuromodified by chronic treatment. TBZ also antago-
trophic Factor (BDNF) by acting as a transcriptionnizes postsynaptic dopamine receptors. In a deuble
factor. BDNF is a protein which protects neuronsblind, placebo-controlled study of 84 patients with
and regulates neurogenesis; however, production &fD, TBZ was found to significantly reduce chorea
BDNF is suppressed in mHTT models, leading [tcand provide a significant benefit on ratings ohkeli
progressive atrophy of certain areas of the braime | cal global improvemerft. In an evidence-based re-
area of the brain with the most spiny neuronal less view, Bonelli and Wenning reported that TBZ ap-
the striatum, with the frontal and temporal comice peared effective in reducing chorea in 7 out of 8
affected to a lesser degree. small level-Il double-blind studies. In this rewie
randomized controlled trials represent level-l s#ad
DIAGNOSIS if the following are present: a minimum of 2 weeks
In diagnosing HD, psychological and physicaltreatment period on active drug, a minimum of 10
examinations are used to determine symptoms [nHD patients on active drug completing the studyl an
tially. CT or MRI scans are used to determinea full paper citation. If a randomized controlkeil
changes in brain structure if HD is suspected and did not meet these criteria then it was classiisth
definite diagnosis can be given with a blood testf | level-1l1 study along with non-randomized or obser-
the suspected individual testing for the amount|ofational controlled trials. Level-lll was assignex
CAG repeats on each of the HTT alleles. If the reuncontrolled case series, i.e. retrospective regort
sults are unclear, the parents of the suspectéddnd| open label triald. Frank et al. evaluated chorea
symptoms in 30 patients after abrupt TBZ with-
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drawal demonstrating an increase of chorea scdres HD Rating Scale (UHDRS) in other case reports.
2.3 units from days 1 to 3 after withdrawal complare Clozapine (Clozarfl) has been the best documented
to placebo. This study also demonstrated thatesudd drug but has shown the least efficacy and the most
withdrawal of TBZ up to 150mg appears safén- | severe SE’s including leukoperfiaThe atypical an-
somnia, depression, drowsiness, restlessness, (d tipsychotics generally cause less EPS than thedlpi
phagia, and nausea have all been reported as [@oss antipsychotics due to less D2 receptor antagonism
side effects of TBZ. In a single-blind, cross-qver and more 5-HT2 receptor blockatfe.
level-11 study by Giminez-Roldan and Mateo, severc In the last decade, glutamate has been postulated
depression occurred in 3 of 11 HD patients on TB.to play an important role in HD, in part because in
and 1 led to a suicide attempt.Decreasing the trastriatal injections of glutamate agonists (e&isc
amount of dopamine at different neuronal synaps¢ NMDA receptor agonists) produce the symptoms of
can cause depression and suicidal ideation in sor HD.*®* In transgenic HD models, glial glutamate re-
individuals; therefore, the FDA required a Riskuptake transporters are decreased which ultimately
Evaluation and Mitigation Strategy (REMS) to helg results in increased synaptic glutamédteSome evi-
ensure that the benefits outweigh the risks. Aimeddence suggests NMDA receptors are more sensitive
cation guide is required to be given to patientsrup to intracellular C& influx and excitotoxicity when
dispensing as a result of this REMS. TBZ wa:mHTT protein interacts with theM. Amantadine
granted orphan drug designation by the FDA sinc (Symmetret) and memantine (Namerijeboth have
HD affects less than 200,000 individuals in the®¥S, inconclusive evidence regarding their usefulness in
Haloperidol (Haldd!), a widely established anr HD. Amantadine has not established a clear mecha-
tipsychotic drug, can be effective in amelioratiip | nism of action but some suggest it is similar to- me
-related chorea as demonstrated in 3 level Il and mantine which acts as a low to moderate noncom-
level Il studies. Barr, et al. found low-dose halop- petitive antagonist of NMDA receptors. Blockade of
eridol (< 10 mg/day) effective in reducing chorea |i these receptors leads to a decreased excitatdey sta
an open pilot study with little added clinical béhe| in turn, decreasing Gainflux and preventing further
at doses > 10 mg/ddy. Fluphenazine (Prolix{), | nerve damage to the brdi. Vernagen-Metmaret
another typical antipsychotic, has shown effective al. published a high-quality level-I study demoattr
ness in reducing chorea in a small level Il tran- | ing amantadine (400 mg/day) lowered chorea scores,
firmed by level-1ll data and a case repbrHaloperi- | with a median reduction in extremity chorea at rest
dol and fluphenazine work by blocking postsynaptii of 36% for all 22 evaluable patierifs.In contrast, a
D2 receptors in the mesolimbic system and increa: high-quality, level-I randomized, placebo-contrdlle
dopamine turnover by blocking the D2 somatoder cross-over trial conducted by O’Suilleabhain and
dritic autoreceptor. After about 12 weeks, depolar Dewey demonstrated that 2 weeks of treatment with
zation of the dopamine tract occurs and theresig-a| amantadine (300 mg/day) did not have any effect on
nificant decrease in dopamine neurotransmis¥ion. chorea in HD patients. Multiple lower level studies
Both of these typical antipsychotic are known |tcand case reports confirmed this. Amantadine may
cause extrapyramidal symptoms (EPS) so closincrease irritability and aggressiveness in HD pa-
monitoring is necessary. tients, thus it is unclear what role this drug npéay
Atypical antipsychotics have also been evaluate in the treatment of HD. Memantine, which is used
for treating movement disorders associated with HL frequently to diminish dementia symptoms in Alz-
Olanzapine (Zyprexy improved behavioral sub: heimer’s patients, might play a role in HD. Meman-

scores with low doses (5mg/day) in 2 level Il stu
ies, but higher doses (up to 30mg/day) signifigan
reduced not only chorea, but also orolingual dysfu
tion, finger dexterity, and gait in an additional/él

lll study. In a series of case reports, Risperald
(Risperdal) appears to be useful for the treatment
HD associated psychosis and chorea. Quetiaf
(Seroquél) and ziprasidone (Geod®nhave both
been shown to increase motor function of the Udifi

d tine can retard HD progression by decreasing motor

tl function decline. Beister, et al. conducted a ywear

n study with memantine (up to 30 mg/day) in 27 HD
patients recruited from two different clinics. The

nresults suggested that the placebo group had &@21.2

c decrease in motor function over 2 years compared to

i1 4.3% in the memantine group, however further re-
search is needéd.

e  Myoclonus is a rare feature of HD and antidopa-
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minergic medications are not typically effective fo tions similar to schizophrenia. A case study con-
this problem. Myoclonus is normally associatecducted by Erdemoglu and Boratav demonstrated that
with juvenile onset HD but this is not always the risperidone (Risperd3) offers clinical improvement
case. Numerous studies have shown the benefic for patients affected by psychodts.
effect of valproic acid (Depakdtgon reducing myo- Frontal lobe dysfunction can cause increased irri-
clonus but not in reducing involuntary movementsiii tability, lack of control, and aggression in somb H
choreatic hyperkinesias. Saft, et al. conductedse | patients. Haloperidol was useful in treating aioit-
-series that investigated over 600 people with HLCity, depression, and aggressive outbursts in aldeub
Eight of these patients had myoclonus as the mablind, crossover level-ll study. Olanzapine also
clinical symptom. Patients were scored by Unifiecshowed a significant improvement in the UHDRS
Huntington’s Disease Rating Scale (UHDRS) moto psychiatric subscores of depression, obsessiais, ir
scores before and after treatment with valproid.aci tability, and anxiety in 2 small level-lll studiés.
Seven of the 8 patients had remarkable improve  According to DSM-III-R criteria of sexual disor-
ments in their motor function scores. An additiona ders, 82% of HD patients experience one or more of
mood-stabilizing effect was observed in 5 cases arthese problems. Some patients may exhibit hyper-
the 1 patient who did not show improvement wa sexuality but sexual hypoactivity is more common.
taking a daily dose of only 300 mg of valproatell A Two case reports show that leuprolide (Eli§arand
other patients were taking valproic acid 900 medroxyprogesterone (Prov&raAmerf) have been
2700mg/day. Furthermore, mobility and manuasuccessful in the treatment of hypersexualitgoth
dexterity were remarkably improved in these paof these agents act by decreasing the body’s natura
tients. Valproic acid’s ability to increase GAB&W | release of GnRH from the pituitary resulting in re-
els in the brain may explain its effectivenessrégat- | duced steroidogenesis.
ing myoclonus which has been speculated to|k  Dementia is one of the three cardinal clinical fea-
caused by GABA deficiency. Valproic acid may| tures of HD and its prevalence depends on the-clini
be a plausible option for use in myoclonic hypeekin cal stage of the disease. It often subtly afféuise
sia-dominant HD with the validation of future stud- who are asymptomatic gene-carriers of HD. Choline
ies. esterase inhibitors have been mostly ineffective in
Approximately 80% of patients with HD suffer level-lll trials and 1 case report, but galantamine
from some level of dystonia. Less commonly, pa(Razadyn®) has shown some promising results in
tients suffer from severe functional impairment ir multiple studies. Galantamine’s ability to modulate
which therapeutic intervention is required. In gom the nicotinic acetycholine receptors (nAChRs) via
individuals, chorea symptoms begin to lessen as|tl allosteric potentiation possibly contributes torieu-
disease progresses and more functional capacity roprotective properties. Park, et al. conducted a
lost. Sustained, involuntary torsion, called dysto | study showing reduced neurological deficits and de-
begins to dominate as the primary motor dysfunctio creased mean striatal lesion volume in the galan-
in these peopl& Typical pharmacological treatment tamine treatment group compared to placéboA
options for dystonia include anticholinergics, b@enz possible reason for this might be from the alloster
diazepines, baclofen, dopaminergic agents, dopami potentiation of NnAChRs leading to an up-regulation
-depleting agents (rarely used), and botulism toxi of bcl-2, an anti-apoptotic protein, causing suppre
injections. sion of apoptosi&® Galantamine exerts anti-
Depression is the most frequent psychiatriioxidative effects by reducing oxidative damage, and
symptom associated with HD and it normally start restoring mitochondria membrane potentfallt is
as an isolated symptom. Beneficial results froseca also a reversible inhibitor of acetylcholinesterase
reports in HD patients have been reported fc(AChE) thus decreasing the breakdown of acetylcho-
amitriptyline  (Elavif), imipramine (Tofranft), | line!? Galantamine seems to offer hope for HD pa-
fluoxetine (Proza®), phenelzine (Nardi), isocar- | tients although evidence is limited.
boxazid (Marplafi), amoxapine, and mirtazapin Unsaturated fatty acids and minocycline
(Remeroff). Psychosis is another symptom seen i (Minocin®, Solodyff) have provided mild cognitive
approximately 3 to 12% of HD patients. This symp improvement in a few open label tridls. Mino-
tom ranges from nonspecific paranoia to present cycline has been studied numerous times as a possi-
ble neuroprotective agent for use in HD and other
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urodegenerative Symptoms in Huntington'’s Di sease

RESULTS

Table 2. Summary of Animal Studies for the Manageme  nt of Ne
AUTHORS AcTIVE DRUG: DOSE PURPOSE
Thomas, et al. HDACi 4b: 150 mg/kg/d for 67 days

(2008)* Function
Park, et al. Galantamine: 1 mg/kg/d or 10 mg/kg/d

(2008)* twice daily for 5 days

Choi, et al. Minocycline: 45 mg/kg/d for 3 weeks

(2007)*

Mievis, et al. Minocycline: 10 mg/kg/d for 14 days

(2007)”’

Improved Motor

Neuroprotection

Neuroprotection

Neuroprotection

Brain weight significantly greater compared to placebo-
treated mice (407.3 mg vs. 345.4 mg; p=0.045). Signifi-
cant differences in motor performance

Two doses of galantamine (1 mg/kg/day and 10 mg/kg/
day) delayed the onset of neurologic impairments and
decreased the mean neurological impairment scores
(p<0.05). The dose-dependent benefit of galantamine
was not significant.

Minocycline reduced neuronal death and attenuated
learning and memory impairment. % of eosinophilic
cells vs. total cells in dentate gyrus was 52.38% (placebo
-treated) vs. 12.70% (minocycline) (p<0.05).

No improvement in survival, weight loss, or motor func-
tion in treated mice. Minocycline failed to mitigate the
ventricle enlargement and the striatal and cortical atro-
phies.

various cognitive deficit diseases. A study by Ch
et al. concluded that minocycline administration

tenuated deficits in learning and memory in amylg
beta peptide(1-42)-infused rafs. Minocycline’s

neuroprotective proposed mechanism of action
related to its inhibitory activity on inflammatiand/

or apoptosis, both phenomena being closely ass
ated with neurodegeneratiéh. A contradicting

study by Mievis, et al. showed no benefit with min
cycline in survival, weight loss, motor function, ¢
mitigation of the ventricle enlargement, as well
the striatal and cortical atrophies induced by t
transgend/ Omega-3 fatty acid EPA shows promi
ing evidence of decreasing symptoms and motor d
function in 1 case report and 1 clinical tA&l. Con-
versely, other trial data has found no significdift
ference in symptoms from the group of HD patier
receiving 2g/day of ethyl EPA versus placébdEx-

ploratory analysis revealed that a significantlghar

number of patients in the per protocol cohort,teda
with ethyl-EPA, showed stable or improved mot
function though. Unsaturated fatty acids and mir
cycline are still being investigated for a possitdi

in future HD treatment strategies.

It has been proposed that CNS trauma dur
acute and chronic neurodegeneration can cause (
chromec release from mitochondria into the cytc
plasm of cells, activating an enzyme pathway u
mately leading to cell death. Multiple drugs ha

0 been investigated which inhibit the release of ¢yto
at chromec from mitochondria, inhibit caspase activa-
ickion, and block cell death. Wang and colleagues ex
amined over 1040 compounds in an attempt to find
islrugs that inhibited cytochroneerelease and lacked
major side effects or penetration into the CRShe
oastudy identified 21 compounds, 16 of which were
protective in a cellular model of cell death. A feiv
0 the more common drugs which showed inhibition of
) cytochromec release and have some promise for the
aduture were minocycline, doxycycline (Dof§)
hemethazolamide (Neptazahe and melatonin. Ulti-
s- mately, if cytochrome release proves significant in
y#D, these pharmacological agents could emerge as
alternative treatment options.

Another investigational medication in HD is tre-

itshalose, a supplement that inhibits cytokine reldgse
working early in the inflammatory process and thus
decreasing the limiting effects of HD on neurons.
Trehalose is a disaccharide sugar found in nahate t
orprotects cells from a wide range of environmental
nostressors. It is postulated that trehalose ineetse
destruction of mHTT!

Another experimental compound showing prom-
ngse is a drug that inhibits HDAC 4 and thus is cur-
ryt@ntly called HDACi 4b. HDAC 4 may be an impor-
D- tant enzyme in promoting HD activity and HDACI
ti-4b selectively binds HDAC 4 but does not inhibi th
vebody’s other important HDAC enzymes. Thomas, et
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al. studied Huntington mice presenting with sighs|o2.

motor dysfunction in which this compound was
given to half of the mice while the other half were
given placebo. A significant improvement in motor

function scores was seen in the treated HD micg

compared to placebo (288 vs. 250,
P=0.02).

respectively,
All mice were trained on an AccuRot)r4

rotarod at 3 months of age to establish baseline mo
tor scores for each subject. These results were co
pared to the scores of the treatment and placel®

groups once HDACi 4b was initiated.

Hindlimb
clasping, reduced global activity in a freely mayin

environment, hindlimb dystonia, and truncal dysaoni 6.
(kyphosis) were all used as markers to establish mo
tor scores. HDACI 4b caused a decrease in the ex-

pression of genes associated with cell death,cgell

cle, and the immune response which could ultimately

provide neuroprotection.

HDACi 4b preventedg

dystonic posture and dramatically improved the
physical appearance of the treatment group. Brain

weight was significantly higher in the treatment

group compared to placebo (407.3mg vs. 356.4mg.

respectively,P=0.045).
toxicity and greater benefits in mice than othexvpr
ous HDAC inhibitors’?

SUMMARY

HDACI 4b has shown less

10.

There is still much to be learned about HD anhd

its treatment. Successful treatment for this disaa
crucial since adult-onset HD usually runs its fel-

11.

minal course in 10 to 30 years after signs and symp
toms appear and in only 10 years with juvenile HD.

Most patients become bedridden by the final stages2.
of HD and normally die from complications such as

pneumonia, heart failure, and injuries relatedalts f

HD is a serious disease that can present with symp3-

toms of chorea, aggression, depression, cognitive
deficits, along with many other physical and mental

detriments. Tetrabenazine, typical and atypical

and other drugs have shown promise in HD. T
hope of investigational and future treatment ofsig
keeps the future bright for such a dark disease.
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e‘ Levetiracetam Going Generic
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In January 2009, the FDA granted letters oftap-

$ proval for the production of generic levetiracetam

{ subsequent to the patent expiration of Keﬁéra

3 (UCB Pharma, Inc.; Brussels, Belgium). Gen(;-ric

{ levetiracetam is available as 250 mg, 500 mg,,750

¢ mg, and 1,000 mg tablets as well as an oral S(Dil§ItI0

$ of 100 mg/mL. The extended-release, oral forfnu-

Iatlon of levetiracetam, recently approved for ad-

§ Junctlve therapy in partial seizures among tt{ose

$ $aged > 16 years is not generically available a{gore
$ sent and is marketed under the trade-name Kef)pra-
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2Febuxostat (Uloric®) - Takeda Pharmaceuticals,§

3 Inc.
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This month the FDA approved febuxostat for
$ the chronic management of hyperuricemia in per-
$sons with gout. Febuxostat is an oral, seleétlve

‘xanthlne oxidase inhibitor and differs from ?"
fﬂ lopurinol in that it does not structurally resemble
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$ on febuxostat and other emergent therapies fo? the
$ $ management of hyperuricemia and gout in an)up-
e} 1 coming edition of PharmaNote.
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