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Abstract  

Huntington’s disease (HD) is an autosomal-dominant, neurodegenerative disease characterized by motor dysfunction, 

cognitive decline, and drastic behavioural changes. The mutant huntingtin gene contains a CAG trinucleotide repeat resulting 

in a polyglutamine expansion in the mutant huntingtin protein (muHTT). While the mechanisms are not yet fully understood, 

muHTT is linked to the disruption of nerve and glial cells, particularly in their role in synthesizing cholesterol. Abnormal 

interactions between muHTT and sterol regulatory element-binding proteins (SREBP), which are transcription factors that 

control the cholesterol biosynthesis pathway, are implicated in HD. About 25% of the human body’s total cholesterol is 

found in the brain and is involved in many vital roles, such as synaptogenesis, axonal growth, and creating efficient synaptic 

transmissions. Cholesterol biosynthesis is shown to be diminished in HD models, along with decreased levels of cholesterol 

precursor molecules, thus lowered cholesterol levels may be linked to the symptoms and progression of HD. This protocol 

aims to increase cholesterol biosynthesis by infusion of lanosterol, a cholesterol precursor, in R6/2 mice via osmotic mini-

pumps. Three increasing doses of lanosterol will be administered to three groups of R6/2 mice, while one R6/2 and one wild 

type group will receive saline. These doses will be administered continuously over 7 weeks, starting from age 6-weeks when 

mice begin displaying progressive R6/2 symptoms until age 12-weeks when they show end-stage disease. Seven weekly 

rounds of tests will be conducted to assess motor and cognitive functioning, consisting of a rotarod performance test, Morris 

Water Maze test, and Novel Object Recognition test. At age 12-weeks, the mice will be sacrificed for immunohistochemistry 

analysis, gas chromatography-mass spectrometry, and flow cytometry to compare muHTT aggregate numbers, cholesterol 

levels, and striatal neuron count between the treatment and control mice. As a result of restored cholesterol homeostasis, 

amelioration in motor defects, cognitive performance, and striatal neuron survival rate in lanosterol-receiving mice compared 

to controls are expected. These anticipated results would suggest that lanosterol infusion via osmotic mini-pumps holds 

therapeutic potential and could be used to improve the prognosis of HD patients. 
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Introduction 

Huntington’s disease (HD) is an autosomal-dominant 

neurodegenerative disease characterized by a CAG 

trinucleotide repeat in the huntingtin (HTT) gene. The CAG 

repeats result in the abnormal expansion of polyglutamine 

(polyQ) region of the mutant huntingtin protein (muHTT). 

Normally, the CAG segment is repeated 10-35 times, but 

recurs more in HD patients. CAG repeats of 36-39 are 

associated with incomplete penetrance of the disease, by 

which only some develop the HD phenotype [1]. The age of 

the onset of symptoms is inversely related to the number of 

CAG repeats: individuals with 40-55 CAG repeats typically 

develop symptoms around 35-45 years of age, while CAG 

repeats of 70 or more can lead to a juvenile onset of the 

disease [2]. Aberrant muHTT is fragmented and 

polymerizes to form insoluble fibrils that prevent 

proteolytic digestion, causing accumulation of the fibrils 

along with other proteins that cannot undergo degradation 

[3]. This phenomenon alters crucial functions of neurons, 

such as synaptic transmission, through the accumulation of 

the toxic fragmented muHTT which eventually leads to 

neuronal loss [4]. Neuronal loss primarily occurs in the 

striatal part of the basal ganglia, as well as in cortical 

pyramidal neurons that project to the striatum [5]. The 

striatum is a structure crucial for voluntary movement and 

enlargement of the lateral ventricles. Damage to the 

striatum leads to loss of motor control, one of the hallmark 

symptoms of HD [6], as well as cognitive deficits and 

significant behavioural and emotional changes [7,8]. In 

addition, the polyQ expansions in muHTT make it prone to 

misfolding and self-aggregation, a biomarker of polyQ 

diseases, which interfere with important cellular processes 

and ultimately lead to cell death [9,10].  
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MuHTT also affects the differentiation of glial cells, the 

support cells that maintain optimal environment and 

myelination for efficient synaptic transmissions [11]. 

Astrocytes are specialized glial cells that produce 

cholesterol, an essential molecule to the central nervous 

system (CNS) that plays many key roles during both 

development and adulthood such as synaptogenesis and 

axonal growth. In addition, up to 70% of the cholesterol in 

the CNS is found in myelin sheaths [12]. Approximately 

25% of the total cholesterol in the human body is located in 

the brain—while the brain volume only accounts for 2.1% of 

the body mass—making the brain the most cholesterol-rich 

organ [13,14]. Since cholesterol is unable to cross the blood-

brain-barrier, it must be synthesized locally in the brain [15]. 

Cholesterol biosynthesis is shown to be significantly 

reduced in rodent HD models and in HD patients, especially 

in the striatum. Numerous studies found a decreased level of 

cholesterol precursors in HD mice and patient plasma that 

correlated with the progression of the disease, along with 

decreased expression and activity of sterol regulatory 

element-binding protein 2 (SREBP2)—the main 

transcription factor that activates cholesterol metabolism 

gene expression—suggesting that muHTT interferes with 

brain cholesterol synthesis [16]. The cholesterol 

biosynthesis pathway contains a sequence of enzymatic 

reactions beginning with acetate. After several steps, 

mevalonate is synthesized in the most highly-regulated 

reaction in the pathway and is converted into squalene [17]. 

The cyclization of squalene produces lanosterol, the first 

sterol precursor and a key intermediate of cholesterol [18–

20]. A study by Boussicault et al. found that lanosterol and 

desmosterol, another cholesterol precursor, both 

significantly improved the survival of striatal neurons 

expressing muHTT in vitro [19]. Treatment using lanosterol 

was also found to dramatically reduce aggregation of 

expanded polyQ ataxin-3(84Q), which is a pathogenic-

expanded polyQ protein like those implicated in 

neurodegenerative diseases such as HD. This highlights the 

possible role of lanosterol in the clearing of muHTT 

aggregates [21]. Thus, lanosterol shows therapeutic potential 

in reversing the neurodegenerative effects of HD as a 

precursor of cholesterol and as a neuroprotective molecule. 

This study proposes the infusion of lanosterol in the 

striatum of R6/2 mice via osmotic mini-pumps to ameliorate 

HD symptoms and slow disease progression. The R6/2 

mouse model has the most rapid onset of disease symptoms 

out of all the current HD mouse models [2], allowing the 

experiment to be run in 3 months or less. This intervention is 

predicted to promote the endogenous biosynthesis of 

cholesterol, increase the survival rate of striatal neurons 

expressing muHTT, and clear muHTT aggregates in the 

striatum. Expected results include reversal of disease-related 

motor defects, improved cognitive performance, and reduced 

muHTT aggregates in the treated mice compared to controls. 

 

Methods 

R6/2 Mice and Colony Management  

R6/2 are transgenic mice that display an accelerated, 

progressive disease phenotype which models the key 

features of HD. These mice express exon 1 of the human 

HD gene with around 150 CAG repeats. This results in 

transgene expression levels at around 75% of the mice’s 

endogenous huntingtin, which is driven by the human 

huntingtin promoter [2]. R6/2 mice begin displaying HD 

symptoms at 5-weeks of age and reach end-stage disease at 

approximately 12- to 14-weeks of age, thus the experiment 

can be run in 3 months or less [22]. R6/2 mice (N = 24) and 

wild type (WT) mice (N = 6) will be used, with equal 

numbers of males and females to control for sex-based 

differences. The sample size was determined through the 

resource equation method, in which the value “E”, 

representing the degree of freedom of analysis of variance 

(ANOVA), determines the significance of results in animal 

experiments. E is calculated by the following formula: E = 

Total number of animals – Total number of groups. For this 

experiment, 30 total mice will be used, with 15 male and 15 

female, across five total groups (three treatment groups and 

two control groups). Therefore for each sex, E = 15 – 5 = 

10. Values of E between 10 and 20 are considered adequate 

for any sample size. [23]. The R6/2 mice will be received at 

age 3-weeks and screened for HD phenotypes, which 

emerge at around 5-weeks. Mice will be housed at 22º ± 

1ºC, by a 12 hours light/dark schedule, and with free access 

to food and water.  

 

Osmotic Mini-Pump Implantation 

Osmotic mini-pumps will be used to infuse lanosterol 

and saline into the striatum. At 6-weeks old, a mini-pump 

attached to a catheter will be implanted subcutaneously into 

the back of each mouse, targeting the striatum [24]. Mice 

will be anesthetized using 15 µL of Avertin 2.5% per gram 

of body weight. The scalps of the mice will be shaved 

followed by placement of the animals into a stereotaxic 

apparatus. A subcutaneous pocket will be made on the back 

of the mice in the midscapular region to insert the osmotic 

mini-pump (Azlet). The brain infusion microcannula, which 

is connected to the mini-pump via a catheter, will be 

stereotaxically implanted into the right stratum; the striatum 

is the brain region most influenced by HD and the earliest 

identified site of reduced cholesterol biosynthesis [14,25]. 

The mini-pump will infuse at a constant rate for 

approximately 49 days. Eighteen R6/2 mice will receive 

increasing doses of lanosterol: 3 mg/L (N = 6), 10 mg/L (N 

= 6), and 20 mg/L (N = 6). One R6/2 group (N = 6) and one 

WT group (N = 6) will each receive 10 mg/L of saline, 

totalling twelve control mice. 

 

Behavioural Tests 

At 6-weeks of age, a testing round consisting of a 

rotarod performance test, Morris Water Maze (MWM) test, 

and Novel Object Recognition (NOR) test will be 
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performed prior to mini-pump implantation. R6/2 mice 

progressively develop many motor characteristics of HD 

patients, while memory loss and cognitive decline are the 

earliest and most sensitive indicators of HD [26,27]. The 

rotarod will assess motor function whereas the MWM and 

NOR will evaluate cognitive and memory impairment in 

treated and control mice. Following implantation and 

administration of lanosterol or saline, the same tests will be 

carried out weekly until 12-weeks of age, totalling seven 

testing rounds. 

 

Rotarod Performance Test 

The rotarod is a common performance test used to 

assess motor coordination and balance [28]. Treatment and 

control mice will be tested once weekly over the testing 

period. Each weekly test will first include a 5 min training 

trial on the rotarod at 4 RPM. One hour later, the mice will 

be tested in three consecutive trials with the rotarod speed 

linearly accelerating from 4 to 45 RPM over 300 seconds, 

with a 30 min inter-trial interval (ITI). The riding time will 

be recorded and mice remaining on the rotarod for more 

than 300 seconds will be removed and their time scored as 

300 seconds. 

 

Morris Water Maze Test 

The MWM test will be used to assess spatial learning 

and memory. A 122 cm diameter circular tank will be filled 

with 30 cm deep opaque water at 22ºC. The water will be 

mixed with non-toxic white paint to obscure the location of 

the submerged platform [29]. A 12 cm diameter circular 

escape platform will be submerged 1 cm below the surface 

of the water. Treatment and control mice will be tested once 

a week with four trials per testing day. Prior to the first 

testing week, mice will be given a cued trial where the 

platform will be placed at the centre of the MWM with a 

visible flag hanging 15 cm overhead. Four training trials 

will be administered from the four starting locations, North 

(N), South (S), East (E), and West (W), to train mice to 

swim to the escape platform and ensure swimming ability 

and visual acuity [30]. During each testing day, the location 

of the platform (in the centre of the NE, NW, SE, or SW 

quadrants) will be randomly assigned and consistent for 

each mouse and the four starting locations (N, S, E, and W) 

will be used over four trials [31]. Mice will be placed at the 

starting position facing the tank wall and given 60 seconds 

to locate the hidden platform. The mice that are unable to 

find the platform within 60 seconds will be placed on the 

platform and given an escape latency of 61 seconds. All 

mice will be allowed to remain on the platform for 10 

seconds before being removed from the tank, dried, and 

given an ITI of 30 seconds. The swim speed, distance 

travelled, and escape latency will be tracked and recorded 

using Viewpoint VideoTrack. The software will record the 

probability of finding the escape platform (number of 

correct trials / total trials). 

 

Novel Object Recognition Test 

The NOR test will be administered to evaluate 

cognition and long-term memory in a gray-coloured, non-

reflective arena (44 × 44 × 44 cm) [15]. Treatment and 

control mice will be tested weekly over the span of two 

days. On day one, each mouse will be individually 

habituated to the empty arena for 10 min. The habituation 

phase will be followed by the familiarization phase in 

which two identical objects (A’ and A”) will be presented 

to each mouse for 10 min. After 24 h, the testing phase will 

occur: the mice will be exposed to one familiar object (A’) 

and a novel object (B) for 10 min. The times taken to 

explore object A’ (tA) and the novel object B (tB) will be 

recorded. Spontaneous recognition memory will be 

represented by the index of discrimination [(tB – tA) / (tA + 

tB)] × 100. Mice exploring for less than 5 seconds during 

the testing phase will be excluded from the analysis due to 

their inability to perform the task [32]. 

 

Immunohistochemistry Analysis 

At 12-weeks of age, the mice will be anesthetized via 

intraperitoneal injection of Avertin 2.5% and transcardially 

perfused with paraformaldehyde (PFA) 4%. Brains will be 

removed from the skull, post-fixed in PFA 4% for 4 h, then 

cryoprotected in 25% sucrose in phosphate-buffered saline 

(PBS) solution, pH 7.4, for 24 h [14]. 20 µm coronal 

sections will be cut using a freezing microtome and 

incubated in citrate buffer, pH 6, for 20 min at 98ºC [33]. 

Sections will then be incubated with anti-huntingtin EM48 

antibody (1:300, Millipore) overnight at room temperature 

(22º ± 1ºC) [34]. After 24 h, the sections will be washed in 

PBS three times then stained with a horse anti-mouse 

secondary antibody (1:200, Vector Laboratories) for 2 h at 

room temperature. Sections will be counterstained with 

nuclear dye Hoechst 33258 (1:10,000, Invitrogen), then 

mounted under cover slips. 

To count muHTT aggregates, images will be acquired 

using a LEICA SP5 laser scanning confocal microscope. To 

quantify the number of aggregates, ImageJ software will be 

used to measure the fluorescence. 

 

Gas Chromatography-Mass Spectrometry (GC-MS) 

Analysis 

Levels of neural sterols and metabolites such as 24S-

hydroxycholesterol (24S-OHC) will be quantified through 

GC-MS. Mouse striatal sections will be used to prepare 

striatal cell homogenates in PBS. 50 µL of homogenate will 

be added to a screw-capped vial sealed with a Teflon-lined 

septum, along with 50 µg of D6-cholesterol (CDN Isotopes), 

1 µg of D4-lathosterol (CDN Isotopes), 100 ng of D6-

lanosterol (Avanti Polar Lipids), and 400 ng of D7-24S-OHC 

(Avanti Polar Lipids) as internal standards [14]. In each vial, 

25 μl of butylated hydroxytoluene (5 g/L) and 25 μl of 

EDTA (10 g/L) will be added to prevent auto-oxidation, 

along with argon to flush out air. Alkaline hydrolysis will 

proceed at room temperature for 1 h in the presence of 1 M 
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ethanolic KOH solution under magnetic stirring. After 

hydrolysis, the sterols (cholesterol, lathosterol, and 

lanosterol) and oxysterols (24S-OHC) will be extracted twice 

with 5 mL of cyclohexane. The organic solvent will be 

evaporated under a gentle stream of argon and converted into 

trimethylsilyl ethers with BSTFA + TMCS 1%. 

GC-MS analysis will be performed on a Clarus 600 

GC/MS (Perkin Elmer) with the GC equipped with an Elite-

5MS capillary column (30 m × 0.32 mm × 0.25 m, Perkin 

Elmer). The injection will be performed in the spitless 

mode using helium as a carrier gas at a flow rate of 1 

mL/min. The initial temperature of 180ºC will be held for 1 

min, linearly increased by 20ºC/min to 270ºC, then 

increased by 5ºC/min to 290ºC, which will be maintained 

for 10 min. The MS will acquire data in selected ion 

monitoring mode. Peak integration will be performed 

manually and the sterols will be quantified from the 

selected ion monitoring analyses by comparison against 

internal standards using standard curves [35]. 

 

Flow Cytometry 

To measure striatal neuronal survival rate, flow 

cytometry with neuronal nuclei (NeuN) staining will be 

used. After sacrificing the mice and sectioning of the brain, 

striatal sections will be immersed in 10 times volume of 

zinc-fixative solution (0.1 M Tris-HCl pH 6.5, 0.5% ZnCl2, 

0.5% Zn acetate, 0.05% CaCl2, final pH 6.3) at 4ºC 

overnight [36]. The striatal tissues will be washed in ice-

cold PBS before being finely minced to approximately 1 

mm3 pieces [33]. The tissue sample will be transferred with 

a 1 mL syringe with no needle into a low-protein binding 

tube. Four rounds of trituration will be completed in 600 µL 

of cold PBS, starting with 12 passes of the tissue through a 

21 G needle, avoiding bubbles, followed by 5 min of 

settling. Afterwards, the cloudy supernatant will be 

removed and separated to another low-protein binding tube, 

with 500 µL of additional cold PBS for another trituration 

round, which will use a 23 G needle. The final two rounds 

will use a 25 G needle. All supernatants will be combined 

and filtered through a 70 µm mesh. Filtered striatal neurons 

are centrifuged at 250 g for 3 min in a swinging bucket 

centrifuge at 4ºC. The supernatant will be removed and the 

cells will be resuspended in 200 µL PBS. The filtered cells, 

maintained at 4ºC, will be stained with anti-NeuN-

phycoerythrin (PE) (1:200; Millipore) and 4’,6-diamidino-

2-phenylindole (1.43 µM) in 1 mL of PBS for 2 h on a 

rotating platform at 200 RPM. Flow cytometric data will be 

acquired using a FACSAria flow cytometer (Becton-

Dickinson) [37] and analyzed using FlowJo software [38]. 

 

Statistical Analysis 

The data obtained from the behavioural tests and 

quantitative analyses will be statistically analysed using the 

Statistical Package for the Social Sciences software with a 

p-level of 0.05. To analyze the rotarod performance test, 

repeated measures analysis of variance (RM-ANOVA) will 

measure changes between groups across the 7-week testing 

period. Post-hoc comparisons, such as Fisher’s least 

significant difference test, will determine if there are 

significant differences in riding time between the treatment 

and control groups, with increased riding times expected in 

the former [39]. 

In the MWM test, an RM-ANOVA would analyze 

differences between the probability of locating the escape 

platform between each group. Similarly, a 2-way analysis 

of variance test will be performed to analyze the NOR test 

results, to compare the index of discrimination between the 

treatment and control groups over the 7-week long testing. 

Multiple t-tests will be employed to compare the results of 

each lanosterol-treated group with the controls. 

Quantitative analyses following the testing period 

(immunohistochemistry, GC-MS, and flow cytometry) can 

all be conducted using multiple 1-way RM-ANOVAs, 

where the mean values of the lanosterol-infused R6/2 mice 

will be compared with the mean values of the two control 

groups in each respective method. 

 

Results 

As this is a research protocol, the results are merely 

hypotheticals and may be different if the experiments are 

performed. The treated mice are expected to perform better 

in the physical, memory, and cognitive function tests. In the 

rotarod performance test, treated mice will hypothetically 

have higher riding times in all trials compared to controls, 

indicating stronger motor functions and balance. Treatment 

groups in the MWM should yield lower times compared to 

control as weeks proceed, demonstrating amelioration in 

spatial memory. The index of discrimination in the NOR 

test should be greater in lanosterol-infused mice compared 

to controls, indicating rescued recognition memory and 

cognitive function. In addition, dose-dependent 

improvements are expected in motor defects, memory, and 

cognition between the three treatment groups. 

Following the last round of behavioural tests at  

12-weeks of age, quantitative analysis of mice samples 

should favour the lanosterol-infused mice versus the 

controls. Immunohistochemical analysis conducted with 

EM48 antibodies, commonly used to stain muHTT, will 

allow for the comparison of the numbers of muHTT 

aggregates in treated mice compared to those in the controls 

[34]. Increased rescuing of aggregates in the lanosterol-

infused mice versus controls is expected. GC-MC measures 

levels of neural sterols and metabolites, allowing 

comparison of cholesterol biosynthesis between the 

treatment and control groups [35]. Higher detected sterol 

and metabolite levels are predicted in the treated mice. 

Lastly, in the flow cytometry performed on striatal tissue 

with NeuN, the treatment groups should show a statistically 

significant difference with a larger NeuN-positive 

population compared to controls, indicating enhanced 

striatal neuron survival rate resulting from treatment [36]. 
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Discussion 

The major objectives of the presented research protocol 

were to slow down the progression of HD and examine the 

in-depth effects of lanosterol infusion in HD mice. By 

targeting the striatum, this protocol aims to restore 

cholesterol homeostasis—subsequently reducing motor 

dysfunction, cognitive deficits, neuronal death rate in the 

striatum, and muHTT aggregates in R6/2 treatment mice 

compared to controls. Increasing doses of lanosterol will be 

delivered to the striatum via surgically implanted osmotic 

mini-pumps, followed by rounds of behavioural tests and 

quantitative analyses to assess the effects of the treatment 

on HD symptoms.  

The experimental results may be used to guide future 

research in developing a therapeutic intervention for HD. 

Next steps would include optimizing the therapeutic dose of 

lanosterol in R6/2 mice that would generate the maximal 

reversal of HD symptoms; this would subsequently be used 

in future studies examining lanosterol infusion in R6/2 mice 

versus other variables, such as other neuronal targets, other 

cholesterol precursor molecules, or age of implantation. 

This protocol may also help illuminate how the cholesterol 

biosynthesis pathway is implicated both in HD pathology 

and in broader research about neurodegenerative diseases. 

This research can help lay the foundation of potential 

treatment for HD patients, slowing the actual onset and 

progression of the disease rather than simply treating the 

symptoms. 

 

Conclusions 

This research protocol defines an approach of infusing 

lanosterol to the striatum of R6/2 mice, which is predicted 

to ameliorate hallmark HD symptoms through the 

restoration of cholesterol homeostasis. Given the 

hypothetical benefits of lanosterol, the next directions 

include optimizing a proper therapeutic dose in R6/2 to be 

used in further experiments. It may also help elucidate the 

dysregulation of cholesterol biosynthesis in HD literature, 

as well as neurodegeneration in general. In the future, the 

striatal infusion of lanosterol in mouse models may help 

pave the way for therapeutic interventions that improve the 

prognosis and quality of life of HD patients. 
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