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Presentation Overview

T Background on ASD

+ Molecular mechanisms

T Evidence linking zinc deficiency and ASD
¥ Human & animal evidence

T Integrative model and implications
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ASDs are heterogenous but 3 core symptoms are
present
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Ultimately ASDs core behaviors are determined by
neurological processes
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Ultimately ASDs core behaviors are determined by
neurological processes (ASD as Synpatopathy)

Synapse formation and maturation [ Nutritional factors ]
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Ultimately ASDs core behaviors are determined by
neurological processes (ASD as Synpatopathy)
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ASDs comorbidities are determined by individual risk
factors
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Extended Model B: Some genetic and non-genetic
factors additionally affect cellular process(es) controlling ASD co-morbidities

Hypothesis: Risk factors model core features and certain risk factors model comorbidities to some extent

Is there one risk factor, that models all?
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Zinc deficiency and Autism
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The central pathology in ASD

|s there one risk factor that produces a more complete set of core features plus comorbidities?
If yes, Is it possible that this risk factor creates the archetype of ASD, with the other risk factors
mimicking one or several aspects of it?

Hypothesis: Altered zinc biology creates the archet ype. Thus, is Autism a developmental zinc
deficiency disorder?
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If altered zinc biology Is at the core of ASD, we would
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If altered zinc biology Is at the core of ASD, we would
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What are Shank proteins?
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Shank proteins and zinc
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Shank proteins and zinc

Grabrucker et al., 2011, Trends in Cell Biology
Gundelfinger et al., 2006, Tao Cheng et al., 2016, Aron et al., 2016
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- At the PSD Shank proteins self associate via zinc ions

- Shank Proteins can be shifted to a PSD bound state
via zinc ions
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Prenatal zinc deficiency in ASD
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effects on brain development
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Prenatal zinc deficiency in ASD
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If altered zinc biology Is at the core of ASD, we would
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If altered zinc biology Is at the core of ASD, we would
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Associated comorbidity / phenotype
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Influences mood-related neural
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rodents P 4
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Immune dysfunction / inflammation . : .
gut, blood, brain cytokine regulation
: : : Increased gut permeability; altered Maintains gut barrier integrity and
Gastrointestinal dysfunction . . gutp . y . . J gnty
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Zinc affects melatonin production; Regulates circadian genes (CLOCK,
supplementation improves sleep BMAL1) and melatonin synthesis
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Prenatal zinc deficiency in ASD

effects on Gl development
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Zinc-dependent Gl pathology
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Zinc-dependent Gl pathology
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PZD mice have systemic
chronic inflammation



PZD mice have neuro-
Inflammation



If altered zinc biology Is at the core of ASD, we would
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If this Is a general Zn dependent mechanism at play in ASD; can we rescue ASD models other than PZD?

Observed Effects

Yes Model / Condition Zinc Intervention Timing & Duration
Shank2 & Shank3 KO Dietarv zinc subplementation Postnatal (after weaning,
mice Y PP ~P21 #°28), several weeks

Zinc sulfate or zinc-enriched

VPA-exposed model Postnatal, multiple weeks

diet
i rols (OMIC) - Eincus et or 20 LS pays 0 weeks
BTBR mice Zinc via diet or drinking water Postnatal, several weeks
Thbrl KO mice Dietary zinc supplementation Postnatal

CTTNBP2-deficient mice Dietary zinc supplementation Postnatal, several weeks

GRABRUCKER AM. Biometals in Autism Spectrum disorders. Academic Press, 2020, ISBN: 9780128211328

Partial rescue of synaptic deficits and ASD-
like behaviors

Partial rescue of synaptic and behavioral
deficits

Reduced behavioral deficits and
inflammation

Modulated gut microbiota; reduced ASD-like
behaviors and neuroinflammation

Rescue of some behavioral and synaptic
deficits

Improved social interaction; restored
synaptic protein levels; compensatory ZnT9
upregulation observed



Summary

Sauer AK, Stanton JE, Grabrucker AM. Is autism a developmental zinc deficiency? Clin Nutr 2026; 58: 106592.



Next steps

Zinc Deficiency

Strongly linked to Autism Spectrum
Disorders (ASD)

Primary condition linked

Supplementation recommendation Not yet universally implemented

Growing evidence (epidemiological studies,
meta-analyses, animal models, molecular
mechanisms) but no large-scale
randomized clinical trial yet

Emerging hypothesis; evidence considered
Stage of scientific acceptance comparable to folic acid research in the
1990s

Not yet universally implemented; authors
argue it should be recommended
Considered very low risk (established RDA
and upper limits)

Strength of evidence

Supplementation recommendation

Risk level of supplementation

Research gap:

Lack of large-scale, placebo-controlled trials
Including pregnant women, zinc formulations,
long follow-up needed for ASD diagnosis.
Lack or funding.

Folic Acid Deficiency

Causes Neural Tube Defects (NTDs)
Widely recommended for women of
childbearing age

Strong, definitive evidence from large
clinical trials (1990s)

Well-established, widely accepted causal
relationship

Widely recommended for women of
childbearing age

Considered safe and essential



Implications

T What if this model is true:

IF ASD is recognized and validated as a developmental disorder
linked to altered zinc biology:

Transformative possibilities emerging for prevention and treatment:

Prevent Zinc Deficiency Alter Zinc Signalling
During Pregnancy

Zinc supplementation

Target zinc-dependent pathways

Control Zinc Homeostasis
Proteins

Implement Precise
Zinc Delivery

Zinc transporters Targeted zinc delivery
Zinc buffering proteins
As drug targets

Consider Zn2+ as a key intracellular signalling ion !
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