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the MHRP and the International Manganese Institute, this Showcase will preview
ant research being conducted on the topic of the health effects of Manganese.

ation and hotel information will be posted on the MHRP and IMnl websites soon.
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Mn and Neurological Function
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Mn and Neurological Function
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Summary of Presentations |

e Dr. Harry Roels: Overview of Manganese Toxicity

— Establish exposure guideline for respirable fraction
of Mn dust (proposed ACGIH guidelines for
respirable and inhalable Mn of 0.02 and 0.2 mg/m?
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Summary of Presentations Il

e Dr. Michael Aschner: Mn Accumulation in Rat
Brain

— Dietary Fe deficiency associated with increased
deposition of Mn in the brain.

e Dr. Gennaro Giordano: Effect of Mn on Glial-
Neuronal Interactions

— Mn neurotoxicity related to oxidative stress In
astrocytes, impairing their ability to foster
neuritogenesis in hippocampal neurons.
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Summary of Presentations Ill

e Dr. Thomas Gunter: Inhibition of Mitochondrial
F,F,ATP synthase

— Mn2* shown to inhibit F,F,ATP synthase in heart
and liver mitochondria; inhibition in brain
mitochondria is substrate (succinate, glutamate)
dependent.

 Dr. Anumantha Kanthasamy: Mn and Prion
Disease

— Normal prion protein protective against Mn
neurotoxicity; Mn upregulates cellular prion
orotein.
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PrioNet Canada

A Network of Centres of Excellence in Canada

established 1 n 2005

crisis.
» Budget of $35 million over seven years.
* Five research themes

— Bovine spongiform encephalopathy

— Chronic wasting disease and scrapie

— Creutzfeldt-Jakob disease

— Prion protein structure and function

— Prion disease risk management

e The Network of Centes of Excellence involve:

— 60 principal investigators

— 150 graduate students

— 300+ attendees at the annual meeting
International collaboration key to success.

£ PrioNet Canada

t o

respond

Neil Cashman
Scientific Director
University of
British Columbia

www.prionetcanada.ca
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Summary of Presentations IV

e Dr. Richard Nass: Inhibition of Dopamine
Neurodegeneration in C. Elegans

— Characterized of possible mechanisms of
dopamine neurodegeneration in a C. Elegans
model of manganism.

 Dr. Dejan Melatovic: Oxidative Damage and
Neurodegeneration in Mn-Induced Neurotoxicity

— Mn leads to oxidative damage, inflammation, and
degeneration of the neuronal dendritic system
(suppressed by ibuprofen).

McLaughlin Centre for Population Health Risk Assessment uOttawa



Summary of Presentations V

 Dr. Wel Zheng: Biomarkers of Mn Neurotoxicity

— Blood Mn/Fe ratio (MIR) is useful biomarker of
Mn exposure (related to neurobehavioral changes
In smelter workers).

o Dr. Ulrike Dydak: Spectroscopy of Smelter Workers

— Magnetic Resonance Spectroscopy (MRI) allows
tracing of brain regions with Mn accumulation.

— Gamma-aminobutiric acid (GABA) suggested as
a possible biomarker for Mn exposure.
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Summary of Presentations VI

« Dr. Dag Ellingsen: Par ki nson’ s Di
Manganism

— Tremor more pronounced in PD patients than
those with manganism.

e Dr. Rosemarie Bowler: Health Effects of Mn In
Bridge Welders
— Improvement in some, but not all, indicators of

cognitive function following reductions in Mn
exposure; no improvement in neurological

function.
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Summary of Presentations Vli

 Dr. Len Levy: Genotoxicity and Carcinogenicity

— Some evidence that Mn may be a weak mutagen
and a possible clastogen, but insufficient
evidence of carcinogenicity.

 Dr. Martie von Tongeren: Manganex Database

— Comprehensive database for systematic storage
and collection of Mn exposure data.

— Advanced REACH tool for exposure assessment.

McLaughlin Centre for Population Health Risk Assessment uOttawa



Topics for Discussion

1. Are the mechanisms of Mn neurotoxicity
adequately understood?

2. Have the pharmacokinetics of Mn been
adequately described?

3. Are neurological effects (motor, cognitive
function) reversible?

4. Do we have reliable biomarkers of
exposure/effect for Mn?

McLaughlin Centre for Population Health Risk Assessment uOttawa



Future Directions

1. Are there important data gaps in the

toxicological or epidemiological literature
on Mn?

2. Are there opportunities to Improve on
current health risk assessments of Mn?

McLaughlin Centre for Population Health Risk Assessment uOttawa
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1A. Are the mechanisms of Mn neurotoxicity
adequately understood?

« Mechanism underlying in vitro genotoxicity poorly
understood, and require further investigation.

« Clarify clastogenic effects of Mn compounds.

 EXxplain interspecies differences in thyroid
changes.

 Relevance of rodent studies to human risk
assessment not clear (basal ganglia in rodents
different than in non-human primates) [this may be
addressed with pharmacokinetic adjustments for
such interspecies differences].

McLaughlin Centre for Population Health Risk Assessment uOttawa



1B. Are the mechanisms of Mn neurotoxicity
adequately understood

e Identify critical concentrations in brain (cortex, striatum)
associated with critical biological effects [link
mechanisms to toxicokinetics].

e Oxidative stress is an important pathway for Mn
neurotoxicity.

« Needto better define genetic susceptibility
(polymorphisms) to Mn; conduct allele association
studies in human populations exposed to Mn.

« Examine temporal relationships between Mn toxicity and
neurotransmitter systems (such as dopamine, but others
may also be important) affected by Mn that change over
time [studies in humans and/or rodents would be useful].

McLaughlin Centre for Population Health Risk Assessment uOttawa



1C. Are the mechanisms of Mn neurotoxicity
adequately understood

 Understanding of mechanisms of Mn toxicity Is
expanding. apoptosis, oxidative stress,
Interaction with prion proteins . . . [can we
identify the critical mechanistic components that
are rate limiting drivers of toxicity?].

 Will be important to determine if there are dose-
dependent transitions in Mn toxicity [are high
dose effects relevant to low dose exposure
situations?].

McLaughlin Centre for Population Health Risk Assessment uOttawa



1D. Are the mechanisms of Mn neurotoxicity
adequately understood

 Mechanistic information will help in determining
relevance of toxicological data for human risk
assessment.

 Mechanistic information can also be useful in
designing therapeutic strategies.

 Encourage use of model systems that can help
to identify molecules and molecular pathways
iInvolved in Mn toxicity [may also give clues to
appropriate molecular biomarkers for Mn].

McLaughlin Centre for Population Health Risk Assessment uOttawa



2. Have the pharmacokinetics of Mn been
adequately described?

 ClIT/Hamner have made substantive progress in
elucidating the pharmacokinetics of Mn.

« PBPK work may be helpful in obtaining more
precise measures of (tissue) dose for risk
assessment purposes.

 Pharmacokinetics may also be helpful in
understanding mechanisms of Mn toxicity, and
Interspecies differences in toxicity.

 Need to understand target tissue dose [could
help interpret in vitro/in vivo differences].

McLaughlin Centre for Population Health Risk Assessment uOttawa



3. Are neurological effects
(motor, cognitive function) reversible?

 Neurological impairment important, even if
reversible.

« Some evidence of reversibility of cognitive
effects in welders after exposure reduction.

e Can we use mechanistic information to
determine at what point biological changes will
become irreversible?

McLaughlin Centre for Population Health Risk Assessment uOttawa




4. Do we have reliable biomarkers of
exposure/effect for Mn?

 Need better exposure biomarkers, linked to
health outcomes.

 Biomarkers of effects not currently available
(perhaps focus on early biological changes
leading to cognitive dysfunction).

McLaughlin Centre for Population Health Risk Assessment uOttawa



5A. Other points

« What s the relative importance of motor function
changes vs cognitive function changes for risk
assessment purposes?

« Need more research on therapies for Mn toxicity.

e« Can neurocognitive | mpair me
firtness’ therapy (using 1n
aging) [initial results with 6 welders exposed to Mn did
not show ongoing improvement.

 Rigorous exercise (physical fithess) can attenuate

neurological impairment — would this work in the case of
Mn?

McLaughlin Centre for Population Health Risk Assessment uOttawa



5B. Other points

 Elimination of Mn exposure results in reduction
of Mn concentrations in brain [PBPK models
could be useful in evaluating this phenomenal.

 Value of chelation, which can be detrimental if
done for an extended period, not clear [need to
consider which agent is the most appropriate for
chelation therapy].

 Note that development of effective therapies may
not require a full understanding of mechanisms
of Mn toxicity.

McLaughlin Centre for Population Health Risk Assessment uOttawa



5C. Other points

 Given occupational exposures often involve
exposure to multiple metals, should the toxicity
of mixtures of metals be investigated?

 Continue to encourage exposure mitigation in
occupational environments.

McLaughlin Centre for Population Health Risk Assessment uOttawa
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1A. Are there important data gaps in the
scientific literature on Mn?

« Examine possible reproductive/developmental
effects of Mn following maternal/paternal
exposure in humans.

e lodine Is a strong determinant of thyroid function;
Mn can affect iodine homeostasis, raising yet
another possible toxicity pathway.

« Can we develop a battery of neurobehavioral
tests that experts woul
[suggest refer this to an expert panel].

McLaughlin Centre for Population Health Risk Assessment uOttawa



1B. Are there important data gaps in the
scilenti fic |1 terature o

 Need to know critical target tissue doses, to
allow us to link mechanistic and PK data.

« Need more data on children, as a potentially
susceptible population.

« Do NOT need more cross-sectional studies of
human populations — longitudinal follow-up
studies are needed to understand Mn toxicity In
humans.

e Additional studies of neurotoxicity in non-human
primates needed.

McLaughlin Centre for Population Health Risk Assessment uOttawa



1C. Are there important data gaps in the
scilenti fic |1 terature o

e Studies on non-human primates will also be very
useful for toxicokinetics.

e Population based studies of potential health
effects of environmental exposures are also
needed (will help in extrapolating from
occupational to environmental exposure
settings).

 Need to better understand cognitive impacts of
Mn exposure (both occupational and
environmental); confirm findings in animals.

McLaughlin Centre for Population Health Risk Assessment uOttawa



1D. Are there important data gaps in the
scilenti fic |1 terature o

e Susceptible populations (defined in terms of
gender, age, genetic predisposition).

 Mixtures may warrant additional study, because
of the presence a number of transition metals In
occupational environments.

e Consider modifying/confounding effects in
human studies.

McLaughlin Centre for Population Health Risk Assessment uOttawa



2A. Are there opportunities to improve on
current health risk assessments of Mn?

 Would like health based occupational exposure
guidelines for Mn at the EU level [how should
subtle neurobehavioral effects be considered In
this regard?]

 EXxposure guidelines often based on a single
‘*key’ study; can we use
available data in setting Mn exposure '
guidelines? [both in terms of establishing the
weight of evidence for an effect, and in defining
the dose-response relationship for that effect].

McLaughlin Centre for Population Health Risk Assessment uOttawa



2B. Are there opportunities to improve on
current health risk assessments of Mn
(cont 0d) ?

 Pharmacokinetic data will be useful in refining
Mn risk assessments by predicting target tissue
dose.

 PK data will help define relevant dose metric [are
health effects based on peak or cumulative
doses?].

 Tissue dose based meta-analyses can be a
useful way of combining information across
studies, adjusting for dose, route, and species
differences in tissue dose.

McLaughlin Centre for Population Health Risk Assessment uOttawa



2C. Are there opportunities to improve on
current health risk assessments of Mn
(cont 0d) ?

 Analysi s of Roel s dat a
not led to consistent conclusions??? [raises the
Issue of open access to data for confirmatory
purposes, and to explore implications of
alternative analyses].

 Need to consider environmental exposures to
communities in the vicinity of industrial facilities,
In addition to occupational exposures.

McLaughlin Centre for Population Health Risk Assessment uOttawa



2D. Are there opportunities to improve on
current health risk assessments of Mn
(cont 0d) ?

« Health Canada, ATSDR both have draft risk
assessments; EPA about to initiate a risk
assessment — these provide opportunities to
Incorporate new scientific information into
current risk assessments.

e Need to consider mechanistic data when
evaluating potential human health risks.

« Keep in mind that Mn is an essential element
when evaluating Mn risks.

McLaughlin Centre for Population Health Risk Assessment uOttawa
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Final Comments from the Panel

 EXxplore genetic susceptibility to Mn.
* |nvestigate developmental neurotoxicity.

 Consider essentiality at the same time as (high
dose) toxicity.

McLaughlin Centre for Population Health Risk Assessment uOttawa
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