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Abstract
Huntington’s disease is a severe autosomal dominant inherited disease, which means a
person will suffer from this disease even if only one allele is mutated. The disease is
caused by CAG trinucleotide repeat expansion in 4th chromosome, HTT gene, and only a
little approach could be helpful to treat this disease from now. Today, approximately 5 out
of every 100,000 people will suffer from this disease all around the world. This article
explores two groundbreaking technologies that emerged at the end of 2025, marking the
first time Huntington’s disease has ever been successfully treated. Two rivaling
approaches are at play: CRISPR-Cas9 editing of the gene responsible for Huntington’s
disease (HTT), and gene-lowering, which involves the degradation of the mRNA
produced by miRNA. In previous research, the gene-lowering method functioned in
mutant Huntington mRNA, instead of targeting the gene itself. This paper compares the
benefits and shortcomings of these two prevailing methods for curing Huntington’s
disease. According to this paper, the gene-lowering method is relatively mature, and it is
getting increasingly closer to being released in the market as a drug. The CRISPR-Cas 9
method is theoretically more efficient due to its once-and-for-all characteristic, and could
be more convenient. However, both treatments are all facing the delivery challenge. This
paper provides a comprehensive comparison of two novel approaches for treating
Huntington’s disease, providing a roadmap for where this research needs improvement,
and may progress in the future.

Introduction

Huntington’s disease is classified as a neurodegenerative disorder. This means that it will
damage some specific areas of the people’s central nervous system. The source of Huntington’s
disease is a mutation of the HTT gene (Tong et al., 2024). This particular gene is located on the
4th chromosome. For many patients, within the HTT gene, the 1st exon will continuously copy a
“CAG” mutation into the gene, termed a trinucleotide repeat expansion. In people unaffected
with Huntingtons, the CAG sequence within the HTT gene only exists around 6~35 times;
however, patients with Huntington’s disease can have as many as 40 times the number of CAG
insertions (Muhlback et al., 2024). The HTT protein is an essential protein for human neurons to
survive, grow properly, and assist in intracellular transport within the central nervous system
(CNS). However, mutated copies of the HTT protein have an abnormal length, leading to
misfolding and build-up within the CNS, where it can become toxic and cause neuronal death.
(Palaiogeorgou et al., 2023). In summary, the CAG repeat expansion in the HTT gene results in
a misfolded protein that accumulates in the CNS, driving the neurodegenerative process
characteristic of Huntington's disease.

Huntington’s disease has three primary symptoms: movement disability, cognitive
dissonance, and psychiatric disorder (some serious psychological problems such as depression,
bipolar) (Mehanna & Jankovic, 2024). The impacts to movement can be divided into two parts:
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involuntary motion disorder and voluntary movement disorder. Involuntary movement can cause
patients to exhibit dance-like twitching, which is an apparent symptom of Huntington’s disease,
and is done unintentionally by the patient. The voluntary movement disorder presented by
Huntington’s causes patients to lose the ability to move and operate their muscles efficiently, or
in some cases, completely lose the ability to move at all. What's more, cognitive impairment can
greatly impact the lives of those affected. Patients can begin to exhibit a loss of attention, the
ability to change their minds or switch between perspectives in different contexts, and the loss of
future planning (Andriessen et al., 2025). Language can also decline as the disease progresses.
Besides that, patients might exhibit psychiatric symptoms such as anxiety, depression, and
aggression, which greatly impact the patient's quality of life.

Researchers have spent decades trying to elucidate the mechanisms leading to
Huntington’s disease, to develop therapies that could stop the progression of the disease, or
prevent it altogether. The first step was discovering the gene responsible for the disease (HTT),
which was finally found in 1993, and represented a breakthrough in the field (Alkanli et al.,
2023). Today, tests for the repeat expansion of the HTT gene are the most reliable biomarker
used to diagnose a patient and are considered a genetic biomarker (Lepinay & Cicchetti, 2023).
However, there are other biomarkers that can be used to diagnose or predict the onset of
Huntington's. Protein-based biomarkers detection of the mutant Huntingtin protein in the blood
(Lepinay & Cicchetti, 2023), neurofilament light chain (NfL), which can be found in the
cerebrospinal fluid (Coppens et al., 2023). Finally, non-invasive imaging such as MRIs and PET
scans (Farag et al., 2025), and motor control and clinical assessments could be efficient
instruments to measure and present the results(Mestre et al., 2018). Each of these
biomarker-based diagnosing methods is carefully considered and employed by physicians when
diagnosing patients with Huntington’s disease (Byrne et al., 2022). That being said, there are
limitations to each of these biomarker-based diagnostic tools, and none is completely efficient. A
major obstacle in biomarker development is the lack of standardised, sensitive detection
methods validated by rigorous statistical analysis. (Przybyl et al., 2021).

There has been considerable effort put into developing treatments for patients with
Huntington’s disease, and two have emerged that have relatively high efficiency. The first is
gene-lowering therapy (RNA interference) and the second is Gene-editing therapy
(CRISPR-Cas approach) (Alkanli et al., 2023; Belgrad et al., 2025). Gene-lowering therapy.
uses siRNA or miRNA to target the mRNA of the mutated HTT gene, thereby preventing the
production of the toxic protein (Fihurka et al., 2023). siRNA (small interfering RNA) and miRNA
(microRNA) are two different RNAs that act to identify the mutated HTT mRNA gene product
and to denature (break down) the mutated mRNA(AIlkanli et al., 2023). But this method has an
apparent limitation: it is difficult to efficiently deliver siRNA and miRNA through the blood-brain
barrier (BBB), a highly selective biological barrier located between blood and CNS, and it has
the purpose of blocking any harmful substance in blood from entering the brain (Chen et al.,
2025). Additionally, these RNAs can degrade within the intestinal tract and blood due to pH and
other factors, potentially limiting their effectiveness (Vignone et al., 2022). So, this approach is
relatively safe because it will not modify DNA, but it faces some problems that are still waiting to
be solved.
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The second method employed to treat Huntington’s Disease is a CRISPR Cas-9
therapeutic strategy. CRISPR-Cas9 is a gene editing tool that acts like a precise pair of scissors
that can cut off the mutated part of a gene. By targeting the tandem repeats in the mutated HTT
gene, researchers may be able to prevent production of the mutated protein and restore
production of the healthy HTT gene protein (Ling et al., 2025). For instance, targeting of
caspase activity, targeting of mitochondrial dysfunction, Targeting of Transcriptional
dysregulation, and targeting of mHTT (Fields et al., 2021). Researchers will use these targets to
target the mutated HTT gene, then, using CRISPR, will induce a double-strand break in the
DNA. (Alkanli et al., 2023). Through this process, the researchers can effectively target the cells
impacted by the mutated HTT gene and use CRISPR technology to repair it.

Both approaches, in theory, hold great promise for treating Huntington's disease.
However, each therapeutic strategy takes a different approach, which in turn, presents its own
distinct challenges.

1. UniQure (Gene-lowering approaches)

A company called UniQuire, located in Amsterdam, Netherlands, has taken a
gene-lowering therapeutic strategy for treating Huntington’s Disease. Gene-lowering involves
using RNA to find and denature the mRNA (protein-coding product of a gene), and then
suppressing its ability to be made into a protein. The miRNA and its possible carriers cannot
cross through the Blood-Brain Barrier efficiently, so UniQure tried a new method, using nuclear
magnetic resonance as a leading approach, implementing the intrastriatal injection. This
injection means directly injecting the drug into the corpus striatum, so the drug can bypass the
BBB(Evers et al., 2018). A gene-lowering therapeutic strategy is particularly apt in the case of
Huntington'’s disease, since the mutated HTT gene mRNA transcripts can be well established
for a given patient ahead of treatment. This means that the risks could be lower for the patient,
given that no DNA will directly be edited, but rather the products of the gene are edited.
Although this technology is new for the treatment of Huntington’s disease, it has been used
before. One of the examples of this technology is RNA interference (RNAI) for cancer diagnosis
and therapy (Yoon et al., 2022). In this approach, plasmonic nanomaterials, such as gold or
silver, are attached to mMRNA and used to kill cancer cells through the process of heating them
(given that gold and silver strongly absorb light) through a process called photothermal therapy.
This research approach for the treatment of cancer is well underway in Korea, and new
materials are in the process of exploration (Alkanli et al., 2023).

Another emerging technology using RNA as a therapeutic is siRNA. First, specially
designed dsRNA (double-stranded RNA) is delivered into the human body (Dar et al., 2021).
Next, an enzyme named Dicer will cut the dsRNA into several smaller siRNAs (silencing RNASs),
each with a size of only around 21~23 nucleotides (nt). The newly formed siRNAs are able to
form a complex with a protein called the Argonaute, which, when combined, is called the RISC
complex. The entire RISC complex works as a silencer to cut off or silent target mRNA. Inside
cells, the Dicer enzyme will load double-strand miRNA onto Argonaute protein (Pratt & MacRae,
2009). Then, RISC will unwind the miRNA, and drop one strand named passenger strand and
keep another strand named guide strand (Deerberg et al., 2013). After this, RISC is activated. It
will patrol and scan mRNAs in the cell. Once it finds any mRNA that is 100% matched with a
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guide strand, Argonaute protein will slice the mRNA. If the mRNA is only partially matched,
RISC will bind with this mMRNA and prevent it from being translated (Iwakawa & Tomari, 2022).

While these technologies offer immense promise, they also require additional
troubleshooting before they are ready for patient use. The central difficulty is that they require an
immense amount of labor to generate the necessary components, because they must be
individualized per patient. For example, miRNAs used to treat patient diseases must be
produced such that they exactly mimic the structure of a naturally produced miRNA. If these
miRNAs are too dissimilar from a naturally occurring mRNA, scientists risk activating the
immune system of the patient and causing immune rejection, which can be fatal
(Kotowska-Zimmer et al., 2022). Due to existing technical limitations, it is possible to produce
isomers, or miRNAs with the same molecular formula that have a different structure, leading to a
completely different function within the human body. This has the potential to be very
dangerous, so additional research and troubleshooting are necessary to expand these methods
so they are ready for patient use.

Section 2: Spark Therapeutics (CRISPR-Cas approach)

The other company working quickly to establish a treatment for Huntington’s disease is
Spark Therapeutics, located in Philadelphia, PA, USA. Their treatment approach involves
directly editing the mutated HTT gene so that the HTT mRNA produced will not have the tandem
repeats associated with Huntington’s Disease. This approach relies heavily on CRISPR-Cas9.

CRISPR-Cas9 (Clustered Regularly Interspaced Short Palindromic Repeats) is the most
advanced technology in gene editing at present. The CRISPR-Cas9 system uses a customized
gRNA to scan the DNA looking for an exact complement to its sequence. Once found, the Cas9
nuclease induces a double-strand break (DSB) in the DNA at the location of interest. This can
be used to achieve the inactivation of genes (gene knockdown), the removal of a gene (gene
knockout), and the insertion of a different gene (insertion). While CRISPR-Cas9 is a great
candidate for treating Huntington’s disease, one major problem exists: how do we get the
CRISPR-Cas9 components into the brain? To overcome this limitation, Spark Therapeutics has
exerted two approaches. First, they developed new Cas9 proteins with smaller size. Traditional
Cas9 is oversized and hard to go across the BBB, but the new Cas9 protein named
SaCas9from staphylococcus aureus can be packed in single AAV perfectly, which is more
efficient to be delivered (Dai et al., 2026). Second, they exerted a directed evolution on AAVs
that will be used to deliver drugs for the purpose of letting AAV spread wider in patients’ brains.
They selected AAV kinds in Non-Human Primates (NHP) and found some AAVs that are efficient
in infecting humans such as AAV Ep+. Those new AAV kinds can cover a larger scale of
treatment in single injection, which allows the therapy to become more efficient (Tecedor et al.,
2025).

CRISPR-Cas9 therapy has had immense success for treating life-threatening genetic
diseases. First, Casgevy was the first ever FDA approved treatment for sickle cell disease in
December of 2023. It is the therapy for reversing sickle cell disease and R-thalassemia
(Goswami et al., 2025). Scientists used CRISPR to cause an HPFH3 genotype (cut off HBD and
HBB). HBB is an essential gene, mutations of which will cause R-thalassemia, which prevents
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the hemoglobin to progress from its neonatal form to its adult form, and sickle cell disease.
Some people are born with the HPFH3 genotype, but some aren’t, and the deletion of HBB and
HBD is totally harmless (Goswami et al., 2025).

Second, scientists used CRISPR to cure Duchenne Muscular Dystrophy, which is a
genetic muscular issue (Happi Mbakam et al., 2022). Humans contain a gene named the DMD
gene. It is one of the biggest genes in the human body, and it produces a kind of protein named
dystrophin in order to increase the strength of muscle cells. Some people don’t have this gene,
so when they contract their muscles, their muscle cells break. Most of them will die due to heart
or breathing problems by 18-30 years old (Erkut & Yokota, 2022). So scientists used CRISPR to
cut the problematic genetic part, then let the body repair it by itself. The best outcome was that
60% of the dystrophin expression ability was restored. Although the result and efficiency of this
approach are not that stable, it provides us with huge development and direction guidelines
(Chemello et al., 2023).

Regarding this approach, scientists have already gotten some results for the treatment of
HTT, but are also facing some problems. One major result is the CRISPR-Cas13d technology
(Hart et al., 2026). This technology will only cut RNA, instead of DNA. Scientists finished gRNA
and off-target tests, HTT patients’ cell tests, and rat tests; and the results were all better than
they thought (Morelli et al., 2023). What's more, Cas13d can stay in body and work for a long
period, so the cost will be lower (Treichel & Bazzini, 2022).

The second strategy utilizes the combination of PAM (Protospacer Adjacent Motif) and
SNPs (single nucleotide polymorphisms) to reach allele-specified editing. The PAM sequence is
a kind of identification tool. When Cas9 protein is sliding on DNA, PAM will be used to identify a
kind of sequence such as NGG (N represents any kind of nucleotide from A, G, C, T)
(Klanschnig et al., 2022). Only when it identifies the sequence successfully, the Cas9 protein will
start working (Silverstein et al., 2025). For example, mHTT and the normal HTT gene are
considerably homogeneous, only some special SNPs tend to occur between the two alleles.
Due to the strict needs on a specific PAM sequence (e.g. NGG) of SpCas9 to activate DNA
modification (Mojica et al., 2009), our alleles from both parents, one of the SNPs in an allele can
produce a PAM, but another can’t (Zhuang et al., 2025). The Spark Therapeutic then tested
more than 8000 patients and confirmed some SNP points that can produce the PAM. They
picked some SNP points, and made sure that the points would only produce one kind in the
mHTT gene and another in the normal HTT gene, and finally, they located the kinds that will
occur in mHTT and then cut off the whole mHTT gene sequence (Alkanli et al., 2023; Feng et
al., 2025). However, this kind of technology is limited to be used on a considerably large scale
due to the limitation of specificity. The general version of Cas9 protein,SaCas9, could cover a
large variety of SNPs and can be used to treat a larger range of patients. But the SaCas9 has a
backwardness that is its oversize and difficulty of delivery. Newly developed Cas9, SpCas9, is
smaller and can be delivered into the brian more efficiently, but it loses parts of ability to cover
patients as wide as SaCas9 do (Ran et al., 2015) (Yang et al., 2023).

Spark Therapeutics has successfully constructed a large-scale map for PAM-altering
SNPs (PAS), which covers thousands of patients (Fang et al., 2023). Besides that, Spark
Therapeutics operated an experiment successfully that the precision of PAS altering could be
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extremely high because there was no off-target effect (Shin et al., 2022). They aim to cover
around 60% to 70% of Europeans about their PAS points, and create a one-and-done therapy
for patients (Fang et al., 2023).

Section 3: Assessing Huntington’s Disease Treatment Modalities

There are several commonalities shared between UniQuire and Spark Therapeutics’
approaches to treating Huntington’s disease. For instance, both approaches aim to reduce the
amount of hTT mRNA in the brain, thereby reducing the accumulation of the toxic protein within
the brain, leading to the development of Huntington’s disease. Secondly, both companies took a
similar approach to increase target specificity and precision. In UniQuire’s gene-lowering
approach, target specificity relies on the natural mechanism of base pairing to target the hTT
mMRNA for degradation (Yao et al., 2024). Similarly, the CRISPR-Cas9 approach used by Spark
Therapeutics uses a gRNA to find complementary in vivo DNA to target for direct editing. Both
approaches rely on homology and complementarity to achieve the goal of reducing hTT protein
buildup in vivo.

In addition to the mechanisms of action, sharing many core commonalities with respect to
their biological function, there are shared delivery and mechanistic challenges. The BBB is one
of the biggest hurdles to treating diseases located in the central nervous system. Spark
Therapeutics’ CRISPR-Cas9 approach faces many challenges: in normal cells, delivery may
disrupt cell integrity (Aussel et al., 2025). When carriers attempt to enter cells, the cell
membrane can sometimes be disrupted, resulting in decreased efficacy. However, both Spark
Therapeutics and UniQuire have developed a similar design strategy in which the BBB is
surpassed altogether. Through this approach, MRI technology is used to drill small holes into the
skull and insert thin hollow tubes, called cannula, into the precise regions of the brain where the
HTT gene is expressed. Next, the treatments are delivered into the thin cannula. In a Nature
article published in October, 2025, the scientist Kostyk remarks that “it's not a minor procedure”
(Dolgin, 2025). So, while this method may allow researchers to edit brain tissue, it is not a
simple or trivial pursuit. Furthermore, the cost is a widely known concern of both of the two
therapeutic strategies. High cost could be a huge obstacle for patients to use the two methods.

There are remarkable differences between these two approaches as well. Both
therapeutic approaches act on different molecular targets. UniQure’s gene-lowering approach
targets MRNA. Some argue that targeting the mRNA instead of the DNA is a safer strategy
because its effects are reversible, reducing concerns about irreversible and risky outcomes that
come with permanently changing the DNA sequence using CRISPR-Cas9 (Bhati et al., 2025;
Ghosh & Tabrizi, 2017). Spark Therapeutics, on the other hand, uses gRNAs to target particular
sequences and induce mutations using CRISPR-Cas9. This approach may be more convenient,
as only a single treatment may cure, or at least significantly reduce the disease burden (Bao et
al., 2026). However, it is extremely risky because the process is irreversible. If off-target effects
occur, patients may suffer unknown and potentially severe mutations, particularly given that no
longitudinal studies have been done to monitor long-term side effects of CRISPR-Cas9
treatments, given the novelty of the technology.
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Moreover, the durability of the two approaches also differs. Gene-lowering approaches
provide reversible therapy, so durability is limited—sometimes relatively short—depending on
the condition and technique used. For example, uniQure’s AMT-130 offers effects lasting nearly
30 months, or over two years, per administration (Mwape et al., 2026). On the other hand,
CRISPR-based treatments offer nearly permanent durability. By modifying DNA, which is stably
replicated, the effects persist (Cohn et al., 2025). This is convenient and comfortable for
patients, avoiding repeated MRI cannula brain injections. However, this permanence also
means that if modifications go wrong, the resulting issues may be difficult to correct. Although
there are only two methods on the way from now, they give patients all around the world large
hope, encourage patients to keep conflicting with Huntington’s disease and never give up.

Conclusion

A disease once thought to be nearly impossible to treat, Huntington’s disease now has
two promising treatment approaches. Once thought of as a near impossibility, the treatment of
the first ever patient with Huntington’s disease in late 2025 marks an incredible turning point in
our ability to treat neurological diseases (Dolgin, 2025).

Promising results have been seen through two different approaches: targeting DNA or
mRNA. While each presents its own challenges and benefits, additional research is necessary
to fully elucidate the safety and efficacy of these treatments over time. In both cases, immune
responses, off-target effects, and delivery methods must be carefully monitored to ensure the
best patient outcomes. Advancements in this technology will not only benefit CRISPR and
gene-lowering technologies but will also impact all forms of in vivo drug delivery. Furthermore,
the need for accuracy can better ensure patient safety and guarantee that each treatment
produces a positive effect. These two technologies still have a long way to go, but clarifying the
direction of development will make technological progress more efficient and clearer.

The development of the drugs for the treatment of Huntintgon’s disease could be an
extremely conducive deal. Thousands of families are suffering from Huntington’s disease every
single year. The success of this sort of technology could be life-saving for all patients of
Huntington’s disease in the world.
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