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Huntington’s disease (HD) is a hereditary neurodegenerative disorder. There are no FDA-approved therapies that can modify
the disease. Caspase-6 plays a role in HD by creating harmful mutant huntingtin fragments and promoting axonal degeneration.
This makes caspase-6 an important target for treatment. Computational molecular docking offers an effective way to screen
small molecules for potential interactions with the protein caspase-6 before testing them experimentally. In this study, in-silico
docking was used to evaluate a range of FDA-approved drugs for neurological disorders and previously reported caspase
inhibitors. The goal was to predict their binding to the active site of human caspase-6 using the SwissDock platform. This
study mainly generates hypotheses through a docking-based ranking analysis. It aims to identify small molecules that could be
repurposed against caspase-6 in Huntington’s disease. The analysis found several compounds with predicted binding energies
and interactions within the caspase-6 catalytic pocket, with Levacetylleucine showing the highest predicted affinity. While
docking alone cannot confirm biological inhibition, these findings show caspase-6 as an important therapeutic target in HD.
They also identify several small molecules that should be prioritized for future experimental validation.

Keywords: Huntington’s disease; Caspase-6; molecular docking; in silico screening; neurodegeneration; mutant hunt-
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Introduction

Huntington’s disease (HD) is a genetically inherited neurode-
generative disorder with a CAG trinucleotide repeat expansion
encoding a glutamine-rich repeat region and an abnormally
long poly glutamine sequence. The mutant huntingtin protein
(mHTT) that arises from this mutation disrupts many aspects
of neuronal function, including cell signaling, the transport
system in the neuronal environment, and synaptic structure,
culminating in progressive neuronal degeneration in the stria-
tum and cortex. HD affects 3–7 per 100,000 people globally,
onset occurs in mid-adulthood, and death follows over 15–20
years of steady decline1.

The symptoms include involuntary choreiform movements,
poor coordination, dystonia, mental decline, and behavioral
disorders such as obsessive and compulsive disorders, bipo-
lar disorders, and apathy1,2. Typically, there is heterogeneous
symptom presentation in HD where some symptoms seem
worse and have a greater effect on function, which change dur-
ing the disease1,2.

The underlying molecular causes of HD involve both a gain-
of-function toxicity of mHTT, and a partial loss-of-function of
the normal huntingtin (HTT) gene. Although the mutation is
genetically simple, the molecular effects are widespread, en-
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compassing protein aggregation, altered proteolysis, abnormal
gene regulation, epigenetic modifications, dysfunctional neu-
ronal transport, and aberrant synaptic signaling2.

Expansion of the polyQ sequence is known to induce fold-
ing of HTT into the aggregation prone β -sheet-rich structures
and subsequent polymerization into amyloid aggregates. Ag-
gregates can be observed in both the nucleus and the cyto-
plasm of neurons and in neuronal processes and are composed
not only of mHTT, but also ubiquitin, components of the pro-
teasome, molecular chaperones, transcription factors, and at
times wild type HTT3,4. It was once assumed that aggregates
themselves were toxic, although increasingly it appears that
they may act as a safe-storage system to trap less toxic solu-
ble oligomers. Current thinking includes that soluble forms of
mHTT (especially oligomers and N-terminal species) may be
a toxic entity5. Recent evidence also suggests that perinuclear
aggregates are particularly neurotoxic due to the triggering of
the abnormal cell cycle while intranuclear aggregates appear
much less toxic5,6.

mHTT is cleaved by caspases and calpains to form, in part,
N-terminal fragments which readily polymerize into very ag-
gregated structures. These fragments show marked accumu-
lation in vulnerable populations of cells and a correlation to
cell death. Alternative pathways such as the splicing of exon 1
HTT have also been shown to produce N-terminal fragments5.
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Inhibiting the formation of such fragments by both direct inhi-
bition of these proteases and by altering the phosphorylation
status of HTT to reduce cleavage offers another therapeutic
target5.

mHTT appears to alter gene regulation by binding to re-
gions of the glutamine-rich transactivation domains of tran-
scription factors. Such transcription factors include p53,
CREB, CBP, Sp1/TAFII130 and PGC-1. An important result
of these interactions is a decrease in production and axonal
transport of BDNF which is essential for survival of the stri-
atal medium spiny neurons6.

This allows the wild-type HTT protein to function as a scaf-
fold that helps facilitate the microtubule-associated movement
of trafficking vesicles, organelles and trophic factors as illus-
trated in Figure 17,8. BDNF and its corresponding receptor
TrkB fail to reach distal neuronal locations. Furthermore, im-
pairment in the proteasomal and autophagic mechanisms of
clearance result in increased cellular stress and protein accu-
mulation. The presence of ubiquitin-proteasome machinery
dysfunction, failure of autophagy, and sequestration of impor-
tant proteins into inclusions compromise neuronal stability.

Also found in HD is synaptic dysfunction and structural
change as Illustrated in Figure 16. Both the lack of wild-type
HTT’s scaffold and transcriptional function result in loss of
normal corticostriatal synapses. These structural and func-
tional synaptic changes might occur early on in the course
of HD and are related to deficits in glutamatergic signaling,
changes in NMDAR function and lack of normal postsynaptic
density development. In fact, many of the structural changes
occur prior to significant neuronal loss, which indicates that
synaptic dysfunction is a key factor in causing early HD phe-
notypes.

The most relevant protease to HD biology is caspase-6.
Amongst all the proteases capable of cleaving mutant HTT,
caspase-6 cleaves at a unique site which produces an N-
terminal fragment with very high toxicity10. This fragment
can easily enter the nucleus and can therefore repress gene
expression. This is thought to contribute to the widespread
pattern of gene repression at an early stage in HD, as the
fragment blocks transcription and alters the normal chromatin
structure10. Interestingly, animals lacking either the caspase-6
cleavage site or depleted of the enzyme’s activity display sig-
nificantly delayed behavioral deficits and neurodegeneration.

Caspase-6 plays a role in several pathways deregulated
in HD in addition to its role in generating toxic fragments.
Caspase-6 is a protease strongly activated by neuronal stress,
and is implicated in the axonal degeneration that is thought
to be one of the earliest events in HD. Caspase-6 is known to
be capable of cleaving cytoskeletal and transport related pro-
teins. Thus this protease can weaken axonal integrity, slowing
down long-range trafficking of vital cargoes (such as BDNF-
carrying vesicles). This is especially relevant given that fragile

Fig. 1 Huntington’s Disease Mechanism of Action in Neurons.
Schematic of selected mechanisms of pathogenesis in HD. BDNF,
Brain-derived neurotrophic factor; ROS, reactive oxygen species;
NMDAR, N-methyl-D-aspartate receptor9.

striatal neurons rely heavily on the constant supply of cortical
BDNF. This explains how this protease exacerbates the most
significant vulnerability in the corticostriatal circuitry11.

Caspase-6 also interacts with apoptotic pathways. While
mHTT may not directly initiate classical apoptosis in some
situations, mHTT-expressing cells are far more susceptible to
stress-induced caspase activation. Positioning above caspase-
3 in some pathways, caspase-6 may therefore act as a ‘gate-
keeper’ preparing the neurons for additional neurodegenera-
tion. The convergence of these actions clearly places caspase-
6 as a central component and its inhibition as a therapy target.

Although our understanding of HD biology continues to
improve, current treatment is exclusively symptomatic and
has no impact on the disease course11. None of the existing
FDA-approved drugs are capable of preventing neuronal death
by directly addressing the specific events which induce neu-
ronal dysfunction, including production of toxic mHTT frag-
ments and initial axon damage12. This lack of targeted ther-
apy has generated increased interest in upstream interventions
in the disease pathway13. One such intervention, inhibition
of caspase-6 activity (a critical mediator of N-terminal frag-
ment production as well as early degeneration), represents a
highly attractive candidate for slowing or preventing HD pro-
gression12,14.

In the search for treatments that can do more than manage
HD symptoms, computational techniques have begun to play
a more significant role in the drug discovery pipeline. Instead
of designing new compounds from scratch in the lab, these
approaches leverage artificial intelligence and in silico model-
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ing to prioritize the compounds which are most likely to bind
successfully after screening large, diverse chemical libraries
against the target protein. In this manner, these techniques
produce data regarding binding affinity, orientation, and other
molecular properties which are impractical to acquire experi-
mentally on a large scale10.

Computational molecular docking offers one readily avail-
able example of an AI-driven method used to examine a target
protein’s interaction with small molecules. In modeling po-
tential binding positions and calculating approximate binding
affinity, molecular docking makes it feasible to computation-
ally screen thousands of small molecules against an enzyme
targeted for inhibition (e.g., an enzyme mediating a pathologi-
cal effect in a neurodegenerative disease) far more quickly and
inexpensively than is possible experimentally10.

The objective of this study is to perform in silico docking
using the platform Swiss Dock to identify small molecules that
can act as caspase-6 inhibitors and potential drug candidates
for treating Huntington’s disease. This study focuses only on
ranking small candidate molecules based on docking results
where emphasis is given on the repurposing of drugs, not to
compare how good inhibitor each compound is or validating
use in any experiment. It is hypothesized that compounds that
have high predicted binding affinity to caspase-6 active site
can be identified through docking that can be a potential can-
didate drug for targeting caspase-6.

Methodology

Literature Mining Process

Candidate small molecules were first identified using an ex-
haustive search of the literature and prominent chemical
databases. The search of the literature and reference sites
(PubMed, Google Scholar, Cambridge Structural Database,
etc.) was aimed at identifying molecules with previously re-
ported effects on caspase-6, proteolysis related to HD, or gen-
eral mechanisms of neurodegeneration. Searches were per-
formed using keywords such as “caspase-6 inhibition”, “Hunt-
ington’s disease proteolysis”, “polyglutamine-mediated de-
generation”, and “FDA-approved neurological therapeutics”.
A list of molecules which were identified to interact with
caspase at least to some extent or that have some degree of
clinical significance to neurological diseases was developed.
From this initial list, molecules with available structural data
(SMILES, 3D structure) were prioritized. Those more clearly
related to the nervous system were identified, and those which
had been implicated in caspase action or proteolysis were
highlighted. Non-small molecules (biologics, gene therapies)
that did not have a defined small molecule structure were ex-
cluded from the docking studies but are included for discus-
sion.

Use of Swiss Dock

SwissDock (https://www.swissdock.ch/dock.ph
p)9 was used to evaluate the docking behavior of a curated
set of FDA-approved, investigational, and literature-reported
molecules against the protease caspase-6. Identification of
suitable inhibitors required a standardized workflow for ligand
preparation, target setup, search-space definition, and sam-
pling configuration within the SwissDock environment.

Target Structure Selection and Preparation
The first step was locating a high-quality structural template

for human caspase-6. Using PubMed and PubChem queries,
supplemented with reports in the protein-engineering litera-
ture, the crystal structure PDB ID: 6DEV was selected as the
docking target. The 6DEV structure was selected due to its
high-resolution representation of human caspase-6 and avail-
ability within the SwissDock-compatible PDB database. Al-
though this structure may include engineered or stabilized fea-
tures, it provides a practical and commonly used model for
active-site docking studies.

The structure was imported into SwissDock by entering the
PDB ID directly, prompting the server to retrieve the coordi-
nates from PDB. Once loaded, the interface displayed all pro-
tein chains and associated molecules. These components were
inspected to determine which should be retained for docking;
the core caspase-6 chains were selected. Upon finalizing this
selection, the target-preparation command is activated. The
process of using SwissDock can be seen in Figure 2.

Prior to docking, the protein structure was used as provided
by SwissDock without additional manual energy minimiza-
tion. Non-essential heteroatoms and solvent molecules were
excluded during target preparation where applicable. Default
protonation states and charge assignments provided by the
SwissDock pipeline were used for both protein and ligands.

Ligand Collection, SMILES Retrieval, and Preparation
The experimental molecule set consisted of three broad cat-

egories: FDA-approved neurological drugs, clinically investi-
gated drugs, or non-approved molecules previously reported
in caspase-related or protease-inhibitor literature10. Only
small-molecule compounds with defined chemical structures
were included in docking simulations; biologics and gene-
based therapies are listed for context but were not computa-
tionally evaluated.

For every molecule with a known structure, SMILES strings
were obtained from PubChem or derived from supporting lit-
erature. Molecules lacking any structural information (includ-
ing several gene-therapy vectors and large biologics) could not
be docked and were excluded from computational evaluation.

Each available SMILES string was imported into Swiss-
Dock either by direct pasting into the input box or by upload-
ing the corresponding structure file. The system displayed the
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Table 1 Compounds Evaluated and Drug/Molecule Type Information

Compound name Drug/Molecule Type

Z-VEID-FMK peptidic inhibitor Previously validated caspase-6 inhibitor
Arimoclomol, Levacetylleucine FDA approved Child Neurology drugs
Atidarsagene Autotemcel, Givinostat, Generic Deflaza-
cort, Delandistrogene Moxeparvovec-rokl

FDA approved Neuro-Muscular Disorder drugs

Valbenazine, Deutetrabenazine, Cerliponase Alfa, Car-
bidopa, Levodopa, Eladocagene Exuparvovec-tneq

FDA approved Muscular Disorder drugs

Vorasidenib FDA approved Neuro-Oncology drug
Ravulizumab-cwvz, Edgar-tigimod Alfa &
Hyaluronidase-qvfc

FDA approved Multiple Sclerosis and Immune Disorders
drugs

Ocrelizumab & Hyaluronidase-ocsq FDA approved Muscular-Skeletal Disorder drugs
Vinyl sulfone and Isatin sulfonamide From published caspase-inhibitor literature, non-FDA ap-

proved drugs

molecule in the text field for visual inspection. Each ligand
was checked to ensure proper charge state and valence repre-
sentation prior to preparation. After confirmation, the ligand-
preparation button became active. A check mark indicated
successful processing; molecules that failed preparation were
associated with specific error messages pinpointing structural
issues requiring correction.

Ligands were processed using default SwissDock prepa-
ration protocols, including automated geometry optimization
and charge assignment.

Defining the Docking Search Region
After ligand and target preparation, the docking search

space was established. Using the integrated molecular
viewer, the search-box center was positioned directly over the
caspase-6 active site, identified through visual inspection of
catalytic residues and the substrate-binding cleft.

To refine search-space placement, SwissDock visualization
tools were used to feature potential ligand-protein interac-
tions, including hydrogen bonds, hydrophobic contacts, aro-
matic stacking, and ionic interactions, as seen to the right in
Figure 2. Protein surface rendering helped assess cavity depth
and accessibility, ensuring that the search region accurately
captured the physiologically relevant binding environment for
caspase-6 inhibitors.

The final selected docking region corresponds to the known
catalytic pocket of caspase-6, which includes the active-site
cysteine and substrate-recognition residues. The search space
was defined to encompass this region based on visual align-
ment with the substrate-binding cleft rather than exhaustive
blind docking.

Sampling Configuration and Parameter Validation
Before computations could proceed, all parameters were

verified using the “Check parameters” function. This internal
validation ensured that the search box contained at least one

detectable cavity (for AC), the estimated runtime remained
within allowable server limits (under 1 hour for AC), and the
configuration did not conflict with SwissDock constraints.

Fig. 2 Order of steps for using SwissDock: 1 - Submit a ligand by
inputting SMILES; 2 - Submit a target by inputting the PDB ID of
target receptor and select desired chains and heteroatoms to be
analyzed; 3 - Define search space; 4 - Select and check parameters
before submitting query.

Docking Execution and Monitoring

Once all validation rules for the ligand, target, search space
and sampling were fulfilled, the START DOCKING command
was activated. All ligands were run independently and Swiss-
Dock pushed them onto its queue. Status, time remaining and
progress bar appeared on the jobs monitoring page once cal-
culation was running:

Once calculation finished, the user was redirected to the re-
sults page. On that page, a 3D representation of the protein-
ligand complex is given for each molecule, a 3D represen-
tation of the ranking docking position, interaction displays
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(showing the contacts of the molecule with caspase-6) and
links to other SwissDrugDesign functionalities such as posi-
tion clustering or score analysis.

From these results, candidate molecules were then com-
pared in terms of docking performance, most efficient
caspase-6 inhibitors were selected and molecules were also
classified by the probability to bind to the active site of
caspase-6.

Data Collection

Protein-Ligand Interaction Analysis
The docking workflow provides a close look at where each

candidate molecule resides within the caspase-6 binding site.
Interaction maps, generated by SwissDock, display which ar-
eas of the protein bind most favorably to the ligand. These
views were inspected to identify if a molecule is located in
the active site cleft, interacting with the important amino acid
residues responsible for recognition of the substrate, or is
nested in a nearby allosteric site that might affect its activ-
ity. Care is taken to evaluate the interaction between active-
site cysteine and nearby amino acids, because these interac-
tions often play a significant role in effective caspase inhibi-
tion. Typical patterns of hydrogen bonding, hydrophobic in-
teraction, and stacking are monitored for comparison across
various chemical scaffolds in the context of the caspase-6 en-
zyme6.

Binding Affinity Predictions
SwissDock gives numerical prediction of binding energy

by predicted free energy (AC) scores (∆G). The lower the
value of the ∆G, the better and stable is the protein-ligand
complex15. The predicted energy values help in identifying
the list of possible inhibitors that bind strongly enough to the
caspase-6 molecule and affect its enzymatic activity16. When
all candidates are compared together, the compound with fa-
vorable ∆G values at many possible positions indicates overall
good binding with the enzyme’s structural characteristics. The
clustering of predicted energy minima indicates if the candi-
date binds in a single favored conformation or a group of con-
formations5.

Results

SwissDock returned multiple AC scores for each molecule,
corresponding to different predicted binding positions. To as-
sign a single representative value per compound, the most fa-
vorable (lowest, most negative) AC score was selected. These
representative scores were then used to rank all molecules,
with more negative values indicating stronger predicted bind-
ing.

Although multiple docking poses were generated for each
ligand, only the most favorable (lowest) AC score was selected
for initial comparison. However, this approach does not cap-
ture pose consistency or clustering behavior, which may influ-
ence binding reliability.

Table 2 List of drugs/molecules tested and corresponding lowest AC
score

Drug/molecule Best (lowest)
AC score

Levacetylleucine (CN) -22.879334
Vorasidenib (NO) -21.566313
Delandistrogene moxeparvovec-rokl (NMD) -13.796517
Givinostat (MD) -0.682876
Deutetrabenazine (MD) 7.341154
Edgar-tigimod alfa and hyaluronidase-qyfc (MSID) 7.424988
vinyl sulfone (paper, not FDA approved) 9.820051
Z-VEID-FMK 10.795215
Arimoclomol (CN) 14.765680
Levodopa (MD) 16.897197
Isatin sulfonamide (paper, not FDA approved) 19.839899
Carbidopa (MD) 30.098055
Valbenazine (MD) 36.664027

Discussion

Among all molecules docked to SwissDock, Levacetylleucine,
commercially known as Aqneursa (Figure 3) had the most fa-
vorable predicted binding affinity to caspase-6 with an AC
score of −22.8793. AC scores are predictions of binding free
energy, therefore the more negative a value, the more spon-
taneous the ligand protein binding. In more practical terms,
it takes relatively less energy (or less energy input from other
molecules) for Levacetylleucine to assume the optimal pose
within the active site and the residues within the catalytic
pocket and have high complementary interactions with this
molecule. It should be mentioned that there can be discrep-
ancies in the sign (positive vs negative values) of reported
AC scores, and it is possible that these vary between outputs
from SwissDock or transcription. Here we rank the molecules
based on relative AC scores rather than the magnitude of the
AC score.

It should be pointed out that the greatest weakness that im-
pacts on the entire ranking is that covalent, and mechanism-
based, inhibition is ignored by most standard docking pro-
tocols. The majority of well-established caspase inhibitors
bind through a covalent link to the catalytic cysteine residue
which Swiss Dock scoring would ignore. It is possible that
these inhibitors will be artificially ranked less favorably, hence
not representative of their true biological inhibitory capacity.
The high predicted affinity is attributed to Levacetylleucine’s
amino acid backbone and side chain, giving rise to many
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Fig. 3 Display of Levacetylleucine compound bonded to Caspase-6
enzyme cavity.

of the interactions that protease active sites generally pre-
fer16. Caspase-6 recognizes peptide substrates and hence the
backbone structure and side chain features present in Lev-
acetylleucine make it readily adopt similar geometry, giving it
a good shape complementarity within the enzyme’s substrate
binding cleft15,17. Its functional groups allow it to establish
hydrogen bonds, polar interactions, and hydrophobic interac-
tions, thus allowing the ligand to readily interact with residues
surrounding the catalytic species. The geometry, polarity, and
size of the molecule allows Levacetylleucine to slot nicely into
the pocket, introducing no steric clashes, and hence reducing
the binding energy. Although known primarily for its applica-
tion in child neurology, this data implies that Levacetylleucine
does contain favorable properties for interaction with Caspase-
616. Levacetylleucine is indicated for the treatment of neu-
rological symptoms associated with Niemann-Pick type C
(NPC) in pediatric patients15. NPC is a rare, progressive ge-
netic disorder in which lipids accumulate within cells and lead
to accumulation in multiple organs including the brain, which
causes severe progressive neurological symptoms15,18. Com-
putational docking alone cannot determine inhibitory potential
but this high predicted affinity identifies Levacetylleucine as a
viable candidate for experimental confirmation as it may be
useful in the treatment of neurodegenerative diseases, where
Caspase-6 is known to contribute to pathology.

Limitations

All of the reported docking results for this paper are for the
static 3D structures of caspase-6 and the selected ligands.
While the static approximation derived from SwissDock may
be a close representation of interactions at a molecular level,
such representations lack the physiological dynamics in which
caspase-6 typically operates19. In the body, protein confor-
mation changes dynamically, with changes in pH and ion con-
centration and interactions with a multitude of other cellular
components. None of these factors are simulated during the

docking environment and as a consequence, expected binding
location cannot fully represent that found in biology16.

There was no formal docking protocol validation under-
taken during this study (i.e., re-docking of a known ligand
or benchmarking against experimental structures). This leads
to caution when examining absolute rank order in the bind-
ing analysis, as the result is not necessarily a confirmation of
binding in the active site.

This computational screening, however, has proven useful
by significantly reducing the number of compounds to a man-
ageable list of possible active agents that are in a favorable
position to bind caspase-620,21. The trends across the FDA
and non-FDA approved compounds show that certain candi-
dates, and more significantly Levacetylleucine, might inhibit
caspase-622. From the information gained by docking these
molecules, there is promising binding compatibility with the
enzyme23,24 but requires validation through wet lab investiga-
tion including enzyme activity and cell based modeling/testing
for toxicity to verify the results.

Conclusions

When all selected/screened compounds were docked using
SwissDock, many docked into the active site of caspase-6, an
enzyme that has been found to be correlated with Hunting-
ton’s Disease. Of all the compounds tested, Levacetylleucine
docked the best with regards to both energy as well as posi-
tioning in the active site, hinting that it may bind better ac-
cording to its docking score. The potential that molecules
binding stably to the caspase-6 enzyme may be viable drugs
needs to be considered25. Few reports have investigated small
molecule inhibitors to caspase-6 in a comprehensive manner,
nor have many FDA approved neurologically targeting drugs
been explored to see if they may be useful inhibitors. Com-
bining literature mining with in silico docking analysis allows
for several interesting compounds to be studied in more de-
tail. The interaction predicted by Levacetylleucine is strong
and may point to an unexplored direction for existing drugs
against caspase-6 mediated neurodegeneration. These find-
ings may only be seen as predictions for a drug, and need to
be confirmed by further experimentation.
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