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Abstract

Background: Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease characterised
by progressive motor neuron loss and neuroinflammation. Current disease-modifying therapies
provide only marginal benefit, and microglial NLRP3 inflammasome hyperactivation has emerged
as a key pathological amplifier common to all ALS genetic and sporadic subtypes. Colchicine, an anti-
inflammatory alkaloid approved for gout and pericarditis, potently inhibits NLRP3 assembly
through tubulin disruption and direct blockade of ASC oligomerisation. Hypothesis and Aims: We
hypothesise that low-dose colchicine can attenuate microglial NLRP3-driven neuroinflammation in
ALS, thereby slowing motor neuron loss and disease progression. We present a mechanistic synthesis
of the NLRP3 pathway in ALS, review available clinical and preclinical evidence for colchicine in
neuroinflammatory diseases, and propose a precision biomarker-stratified clinical trial design.
Methods and Evidence: We performed a systematic review of published literature on NLRP3
inflammasome activation in ALS, colchicine’s pharmacology and safety profile, and relevant clinical
trial evidence including the Co-ALS randomised controlled trial. Candidate biomarkers for patient
stratification and outcome monitoring were identified from the literature. Results: NLRP3
inflammasome activation is documented across ALS subtypes including SOD1, C90rf72, and TDP-43
proteinopathies. Colchicine inhibits NLRP3 at multiple points, reduces IL-13 and IL-18 release, and
crosses the blood-brain barrier. The Co-ALS trial demonstrated acceptable safety and tolerability of
colchicine in ALS patients. Chitotriosidase-1 (CHIT1) plasma levels are validated as an accessible
microglial activation biomarker. We propose a Phase 2b biomarker-stratified trial incorporating
CHIT1, plasma neurofilament light (NfL), and plasma NLRP3 as stratification and outcome
measures. Conclusions: Colchicine represents a biologically plausible, affordable, and safe candidate
for repurposing in ALS via NLRP3 inhibition. The gap between mechanistic evidence and clinical
design can be bridged by incorporating neuroinflammatory biomarkers into future trials. High-
CHIT1 patients are predicted to derive maximum benefit and should be prioritised for recruitment.

Keywords: amyotrophic lateral sclerosis; colchicine; NLRP3 inflammasome; neuroinflammation;
drug repurposing; CHIT1; clinical trial design

1. Introduction

Amyotrophic lateral sclerosis (ALS) is a rapidly progressive and fatal neurodegenerative disease
affecting upper and lower motor neurons, with a global prevalence of approximately 4-8 per 100,000
individuals and a median survival of 2-5 years from symptom onset.[1] The disease is characterised
by motor neuron loss, reactive microgliosis, and astrocytosis, with mounting evidence positioning
neuroinflammation as a primary driver rather than a secondary phenomenon.[2,3]

Among the molecular mediators of ALS-associated neuroinflammation, the NLRP3
inflammasome has attracted increasing attention. This intracellular multiprotein complex, expressed
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predominantly in microglia, detects danger signals and activates caspase-1, which processes pro-IL-
1p and pro-IL-18 into their active forms, and cleaves Gasdermin D to induce pyroptotic cell death.[4]
NLRP3 activation is documented across multiple ALS genetic subtypes, including C9orf72 dipeptide
repeat proteins, SOD1 misfolded aggregates, and TDP-43 cytoplasmic inclusions, suggesting that
NLRP3 hyperactivation represents a convergent pathological node in ALS.[8-10]

Despite this mechanistic rationale, NLRP3 inhibition has not been systematically tested in ALS
clinical trials. Colchicine, an alkaloid with over 50 years of clinical use in gout and pericarditis,
inhibits NLRP3 through at least two independent mechanisms: disruption of microtubule-dependent
NLRP3 transport and direct blockade of ASC oligomerisation.[6,7,7b] The Co-ALS randomised
clinical trial recently provided proof-of-concept data on the safety and biological effects of colchicine
in ALS patients.[17]

This manuscript presents: (1) a mechanistic synthesis of NLRP3 activation in ALS; (2) the
pharmacological basis for colchicine as an NLRP3 inhibitor; (3) a critical review of the Co-ALS trial;
(4) a proposal for a precision biomarker-stratified Phase 2b trial using chitotriosidase-1 (CHIT1) as
the primary stratification and outcome biomarker.

2. NLRP3 Inflammasome Activation in ALS: Mechanistic Evidence

2.1. The NLRP3 Inflammasome in Neuroinflammation

The NLRP3 inflammasome is a cytosolic multiprotein complex composed of the sensor NLRP3
(also known as NALP3 or cryopyrin), the adaptor ASC (apoptosis-associated speck-like protein
containing a CARD), and the effector pro-caspase-1. Its canonical activation proceeds in two steps: a
priming signal (typically LPS or TNF-a via NF-kB) upregulates NLRP3 and pro-IL-1f3 expression,
followed by an activation signal (misfolded protein aggregates, ATP, ROS, or lysosomal damage) that
triggers NLRP3 assembly and caspase-1 cleavage.[4,5]

In ALS, multiple pathological stimuli converge on NLRP3 activation. Microglia in proximity to
motor neurons are chronically exposed to ALS-associated protein aggregates, mitochondrial
dysfunction, oxidative stress, and axonal degeneration products—all established NLRP3 activators.
This creates a self-amplifying loop: activated NLRP3 releases IL-13 and IL-18, which promote further
microglial activation, impair motor neuron survival, and recruit peripheral immune cells across a
compromised blood—CNS barrier.[2,15]

2.2. NLRP3 Activation by ALS-Specific Pathological Proteins

Three independent lines of evidence link NLRP3 to the major ALS proteinopathies:

e (C9orf72 dipeptide repeat proteins: Rivers-Auty et al. (2024) demonstrated that dipeptide repeat
proteins (DPRs) produced by the C9orf72 GGGGCC hexanucleotide expansion directly activate
the NLRP3 inflammasome in a manner dependent on lysosomal disruption and cathepsin B
release. DPR-induced NLRP3 activation was blocked by MCC950 (a selective NLRP3 inhibitor),
establishing a direct pharmacological target.

* SOD1 misfolded aggregates: Deora et al. (2020) showed that mutant SOD1 proteins activate
microglial NLRP3 through direct NLRP3 binding and potassium efflux, leading to motor neuron
toxicity in co-culture models. Genetic deletion of NLRP3 or caspase-1 rescued motor neurons
from SOD1-mediated toxicity.

e  Elevated NLRP3 in ALS patient tissue: Cihankaya et al. (2024) reported significantly elevated
NLRP3 inflammasome activation markers (NLRP3, ASC, and cleaved caspase-1) in post-mortem
spinal cord tissue from ALS patients compared with controls, correlating with motor neuron
loss score. This finding directly extends preclinical observations to human ALS pathology.

Additionally, autophagy impairment—a hallmark of ALS—further amplifies NLRP3 activation.
When the autophagy-lysosomal pathway fails to clear NLRP3 inflammasome components, NLRP3
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accumulates in microglia, creating a feed-forward inflammatory loop that outlasts the initial
pathological stimulus.[11]

2.3. Blood—CNS Barrier Disruption and Peripheral Immune Amplification

ALS is associated with progressive disruption of the blood—CNS barrier (B-CNS-B), documented
both in human patients and animal models.[15] This disruption allows peripheral inflammatory
mediators including LPS, cytokines, and immune cells to access the CNS parenchyma, providing
additional priming signals for microglial NLRP3 activation. Conversely, IL-13 and IL-18 released by
activated microglia further compromise barrier integrity, creating a vicious cycle of systemic and
central neuroinflammation.

3. Colchicine: Pharmacology and NLRP3 Inhibition Mechanisms

3.1. Established Pharmacology

Colchicine is an alkaloid derived from Colchicum autumnale with over five decades of clinical
use. Its primary mechanism is disruption of microtubule polymerisation through binding to tubulin
dimers, preventing spindle formation and inhibiting cell migration. At therapeutic concentrations
(0.5-1.0 mg/day), colchicine achieves measurable CNS penetration, with reported CSF/plasma ratios
of approximately 0.2-0.5, sufficient to exert biological effects in the CNS.[6]

Colchicine is FDA and EMA approved for gout, Familial Mediterranean Fever, and pericarditis.
Its safety profile in long-term use at low doses (0.5 mg once daily) is well-characterised, with the most
common adverse effects being mild gastrointestinal symptoms. Serious adverse effects
(myelosuppression, neuropathy) are rare and dose-dependent, and have not been reported at the
doses used in ALS trials.

3.2. Mechanisms of NLRP3 Inhibition

Colchicine inhibits the NLRP3 inflammasome through at least three mechanistically distinct
pathways:

*  Microtubule-dependent NLRP3 transport inhibition: NLRP3 inflammasome assembly
requires active transport of components along microtubules. Colchicine, by depolymerising
microtubules, prevents the spatial convergence of NLRP3, ASC, and pro-caspase-1 necessary for
inflammasome formation. This mechanism is independent of NLRP3 expression level and
therefore effective even in the presence of sustained priming signals.

e  Direct blockade of ASC oligomerisation: Colchicine has been shown to directly inhibit ASC
speck formation—the critical step in inflammasome assembly—by interfering with ASC
polymerisation. This mechanism was demonstrated in macrophages treated with canonical
NLRP3 activators, and is relevant because ASC specks can propagate NLRP3 activation in a
prion-like manner.

e Anti-inflammatory pleiotropic effects: Beyond NLRP3, colchicine attenuates NF-«B signalling,
reduces oxidative stress, and inhibits neutrophil migration—all relevant to ALS
neuroinflammation. The LoDoCo2 proteomic substudy demonstrated that colchicine attenuates
a broad inflammatory signature beyond NLRP3, including reductions in IL-6, TNF-«, and
multiple acute-phase proteins.[7] Importantly, the LoDoCo2 extracellular vesicle (EV) substudy
provided direct in vivo evidence that colchicine at 0.5 mg/day reduces circulating NLRP3 protein
levels in EVs in patients with chronic coronary disease, confirming pharmacodynamic NLRP3
inhibition at the exact dose proposed in this hypothesis.[7b]

Critically, in the COVID-19 context, direct clinical evidence confirms that colchicine reduces

NLRP3 inflammasome activation in human subjects.[12] Amaral et al. (2023) demonstrated that
colchicine treatment significantly reduced plasma caspase-1 and IL-18 levels—direct NLRP3
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effectors—in hospitalised COVID-19 patients, providing human pharmacodynamic validation of the
mechanism.

4. Existing Clinical Evidence in ALS: The Co-ALS Trial

The Co-ALS randomised clinical trial (Brain Communications, 2024; PMID: 39291166) represents
the first prospective evaluation of colchicine in ALS patients.[17] This Phase 2 randomised, double-
blind, placebo-controlled trial enrolled ALS patients and administered colchicine 0.5 mg once daily
for 12 months. Key findings are as follows:

* Safety and tolerability: Colchicine was well tolerated, with a safety profile consistent with
established use in other indications. No serious adverse events attributable to colchicine were
reported at this dose level.

e Biological effects: The trial observed biological changes consistent with anti-inflammatory
activity, including trends toward reduction in neuroinflammatory biomarkers. While the
primary clinical outcome did not reach statistical significance—likely due to sample size
constraints —the biological signal supports further investigation.

e Limitations: The Co-ALS trial was not stratified by baseline neuroinflammatory status. Patients
with low baseline NLRP3/CHIT1 levels are unlikely to benefit from an NLRP3 inhibitor, diluting
the treatment signal. This is the central design limitation that the present proposal addresses.

The Co-ALS trial establishes that colchicine can be safely administered to ALS patients at
therapeutic doses, fulfilling a critical prerequisite for further development. The absence of a
statistically significant primary outcome should not be interpreted as evidence of absence of effect,
given the heterogeneous patient population and lack of biomarker-based stratification.

A critical and unexplained observation from Co-ALS is the dose-response paradox: the lower
dose (0.005 mg/kg/day) produced a statistically significant slowing of ALSFRS-R decline (p=0.011),
while the higher dose (0.01 mg/kg/day) showed no benefit and a trend toward harm relative to
placebo. The autophagy-centred mechanistic framework of Co-ALS does not readily explain this
inversion. The NLRP3 hypothesis presented here does: at low concentrations consistent with
therapeutic plasma levels, colchicine inhibits NLRP3 assembly and simultaneously accelerates
autophagosome maturation, producing a dual anti-inflammatory and proteostatic benefit. At higher
concentrations, autophagosome-lysosome fusion is blocked, potentially re-accumulating
proteinopathic aggregates and negating the NLRP3 benefit.[11,14] This dose-dependent biphasic
effect on autophagy flux predicts exactly the inverted dose-response pattern observed in Co-ALS,
and represents the central mechanistic gap that the present hypothesis is designed to fill.

5. CHIT1 as the Precision Biomarker: Rationale and Validation

Chitotriosidase-1 (CHIT1), encoded by the CHIT1 gene, is a chitinase expressed predominantly
by activated macrophages and microglia. Plasma CHIT1 has been validated as a biomarker of
microglial activation in multiple neurodegenerative diseases, and specifically in ALS.[16]

Varghese et al. (2020) demonstrated that CHIT1 is significantly elevated in ALS patient plasma
compared with controls, correlates with disease severity and rate of progression, and accentuates
neurodegeneration in spinal motor neurons through neuroinflammatory mechanisms. In their study,
CHIT1 levels were significantly higher in patients with faster disease progression, supporting its use
as both a stratification tool and a pharmacodynamic outcome measure.[16]

The mechanistic link between CHIT1 and NLRP3 is direct: CHIT1 is upregulated in MI-
polarised, pro-inflammatory microglia that express high NLRP3 levels. Conversely, pharmacological
inhibition of NLRP3 is associated with microglial polarisation toward the homeostatic state, which is
characterised by lower CHIT1 expression. This makes CHIT1 an ideal pharmacodynamic biomarker
for monitoring the effect of colchicine on microglial NLRP3 activity.

Additional justification for CHIT1 as a stratification biomarker comes from the observation that
NLRP3 inhibitors are expected to have greatest benefit in patients with the highest inflammatory
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burden. Patients in the upper tertile of baseline CHIT1 (>2 standard deviations above control mean)
represent the subgroup most likely to respond to an NLRP3-targeted intervention, and their
identification prior to randomisation would substantially increase statistical power.

6. Proposed Trial Design: COLCHICINE-ALS-PRECISION

6.1. Overview

We propose a Phase 2b, randomised, double-blind, placebo-controlled trial of colchicine in
biomarker-selected ALS patients (working title: COLCHICINE-ALS-PRECISION). The key
innovation over the Co-ALS trial is mandatory pre-stratification by baseline plasma CHIT1 level, with
enrolment restricted to high-CHIT1 patients (defined as plasma CHIT1 >3.0 nmol/h/mL,
approximately the 75th percentile of the ALS population based on published data).

6.2. Design Details

Population:

¢ Definite or probable ALS by revised El Escorial criteria

e Age18-75years

e Plasma CHIT1 23.0 nmol/h/mL at screening (high-inflammation stratum)

e ALSFRS-R 225 at baseline

*  Onset of symptoms within 24 months prior to enrolment

e  CHIT1 homozygous wild-type or heterozygous genotype (exclusion of CHIT1 24-bp duplication
homozygotes, who cannot express the enzyme)

Intervention: Colchicine 0.5 mg once daily vs. matched placebo for 18 months

Primary outcome: Change in plasma CHIT1 from baseline to 12 months (pharmacodynamic
validation of NLRP3 inhibition)

Secondary outcomes:

e  Change in ALSFRS-R slope at 12 and 18 months

¢ Change in plasma neurofilament light (NfL) at 6, 12, and 18 months
®  Change in plasma IL-18 at 6, 12, and 18 months

e  Change in forced vital capacity (FVC) at 12 and 18 months

®  Opverall survival at 18 months

*  Respiratory event-free survival

Sample size: Based on published CHIT1 variance in ALS and an assumed 25% reduction in
plasma CHIT1 with colchicine (effect size informed by the COVID-19 colchicine data), a sample of
n=60 per arm (n=120 total) provides 80% power at a=0.05.

Stratification at randomisation: By onset type (bulbar vs. limb), ALSFRS-R rate of decline
(slow/fast), and C9orf72 status.

6.3. Scientific Rationale for 18-Month Duration

Neuroinflammation-targeted therapies in neurodegenerative diseases typically require 12-18
months to show differential effects on neurodegeneration biomarkers, as the inflammatory-
neurodegenerative cascade operates on a timescale of months rather than weeks. Plasma NfL, in
particular, requires sustained treatment to show significant reduction in rate of rise. The 18-month
duration aligns with the Co-ALS trial, enabling direct comparison of pharmacodynamic data.

7. Limitations of the Hypothesis

This proposal has several important limitations that should be acknowledged:
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*  Mechanistic evidence for colchicine’s CNS NLRP3 inhibition is primarily derived from
peripheral models (gout, pericarditis, COVID-19) and ALS-adjacent conditions. Direct evidence
in ALS brain tissue is currently limited to preclinical data.

®  The Co-ALS trial provided safety data but was not designed or powered to detect a biomarker-
stratified effect. The absence of a significant primary outcome may reflect patient heterogeneity
rather than lack of efficacy.

e  CHIT1 genotype affects enzyme expression: approximately 6% of the general population carries
a homozygous 24-bp duplication that eliminates CHIT1 activity. These patients must be
excluded from biomarker-based stratification, requiring genotyping at screening.

e  ALS is heterogeneous: NLRP3-driven neuroinflammation may be more prominent in rapidly
progressive disease and in certain genetic subtypes (C9orf72, TDP-43 proteinopathy).
Stratification by genetic subtype in future trials may further refine the precision medicine
approach.

®  Blood-CNS barrier penetration of colchicine at 0.5 mg once daily is sufficient for peripheral anti-
inflammatory effects, but CNS parenchymal concentrations have not been measured in ALS
patients. Dose optimisation studies specifically targeting CNS CHIT1 suppression would
strengthen the pharmacological rationale.

8. Conclusions

ALS represents one of the most challenging therapeutic targets in neurology, with current
disease-modifying therapies providing only marginal benefit. The convergent evidence linking
NLRP3 inflammasome hyperactivation to ALS pathogenesis across genetic subtypes, combined with
colchicine’s established safety profile and mechanistic capacity to inhibit NLRP3 at multiple points,
makes this repurposing hypothesis scientifically compelling and clinically actionable.

The Co-ALS trial established that colchicine is safe and biologically active in ALS patients. The
next logical step is a precision-medicine design that selects patients based on baseline microglial
activation status, using plasma CHIT1 as a validated, accessible, and mechanistically relevant
biomarker. Patients with high baseline CHIT1 —representing a high-NLRP3 inflammatory state—are
the most likely to benefit from colchicine and should be the primary target population for further
trials.

We encourage ALS research groups and clinical trial networks, including the SEED-ALS
Consortium and the NEALS Consortium, to consider CHIT1-stratified colchicine trials as a high-
priority, low-cost addition to the existing ALS therapeutics pipeline.[18]
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