Data Mining for Beryllium Toxicity
- Underutilized Decision Resources-

J. Thomas Pierce, MBBS PhD
Quantico, VA & Shawnee Mission, KS




Hello, I'm Tom from Kansas City and
this is our race (board) track circa 1922




Pratt & Whitney ‘Double Wasp” WWII vintage




O
X
X
P
Q.
&
O
@
(C
S
Q
S
QD
L.
.
Q
)
2
C
C
(q0]
af




HSWG Objectives — & Mining correlates

1) Accumulating & disseminating information
concerning Be process best work practices, as well

as, data from health studies concerning hazards
associated with Be;

2) Obtaining a better understanding of exposure risks;

3) (Better appreciating) illnesses ...caused or
exacerbated by workplace exposure to Be.




Historical Aspects of Discovery
Bioinorganic Chemistry & Immunology

* Multidisciplinary approach using detailed bioinorganic
chemistry and immunology;

 How do those (2) terms define your craft?

* Hx background of Be-exposure & disease, followed by
occurrence of Be in environment, toxicokinetics, biological
effects, Be lung disease & other human health effects.




Living on the edge of Noble, often Toxic, metals

How should we go about evaluating relatively rare metals
used as super alloys & in machine tools & catalysts?

Tungsten would be an example — Be, too;

In one sense, Tungsten commonly used in surgical implants, in
another may cause problems, e.g., 'Green’ bullet.




Controlled medical terminologies (CMTs)

Important tools in a variety of medical informatics applications,
ranging from patient-record systems to decision-support;

CMT’s typically organized in semantic network structures consisting
of 10s - 100s of thousands - concepts;

Overwhelming size & complexity - serious barrier to their
maintenance & utilization;

Objective-oriented databases (the OOHTR) address problems posed
by extensive scope & high complexity;

Objective oriented health care terminology repository.




What is data mining anyway?
Ontologies allow unification of language

Galen,

Unified Medical Language System (UMLS),
Medical Entities Dictionary (MED),

SNOMED-CT, LOINC,

Foundational Model of Anatomy (FMA),

Gene Ontology (GO),

NCl Thesaurus, &

DOLCE+;

Standard vocabulary — 10 CFR is not a std. vocabulary.




Powerful toxicants have found their way
Into modern medical practice

Thalidomide — Original problem birth defects
— Modern use — cancer treatment;

Botulinum toxin — Original problem serious
food poisoning — Modern uses torticollis,
spasticity, neck pain, many others;

Noble metals — Somewhat time-reversed

experience as implants but lingering concerns
regarding toxicity (Tungsten, titanium...);

Trojan horse concept.




Why Be, Why Now?

Highly pure antigens — Possibly improve vaccine safety;

Adjuvant research historically lagged behind other Vx
research such as antigen discovery;

Very limited number of adjuvants (Aluminum salts,
monophosphoryl lipid A & oil emulsions currently
approved);

Be considered an ideal adjuvant, maximizing vaccine
immunogenicity s/ compromising tolerability or safety;

BeSO, is on the radar screen for adjuvant use.




Pulmonary Granulomatosis or Vaccine Adjuvant?

* Be assoc. ¢/ pulmonary granulomatosis char. by accum. of
CD4(+) T cells in lungs & heightened specific lymphocyte
proliferative response (LPR) to Be c gamma interferon
(IFN-gamma) release (T-helperl [Th1] response);

While an animal model of Be sensitization NOT available,
Be exhibits adjuvant effects in animals;

Effects of Be on BALB/c mice immunized c soluble
leishmanial antigens (SLA) investigated to determine if Be
has adjuvant activity for...IFN-gamma production, an
indicator of the Th1 response.




Lee’s work shows Be
Promotes gamma interferon production
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Another way of looking at things — Lee 2000
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Complete Freund’s Adjuvant (F/A)
Famous vaccine booster

In a head-to-head comparison Be produces a better
interferon response (Th, response) than F/A;

Be >> F/A increases levels rabbit anti-nematode Ab;
Metals in general >> attractive given nanotechnology;

Medical equivalent of nano- is micronizing.




Let’s take a break

So what is the deal ¢/ molecular biology (m/b),
forward-thinking experiments & their protocols? Not
very Dr. Welby - Gray’s Anatomy (TV doctor-like) ?

What happened to old-line chemistry or engineering-
only approaches — Why can’t they be used?

Finally, how long do these stories need to be?
What’s ¢/ the abbreviations & ‘trade names?’




Pointers to understanding ‘new’ science
Picking on McKee’s article — MyD88 dependence of Be-induced...

1) Most molecular biology stories are long, e.q.,

* Release of IL-1a was inflammasome independent and required for
beryllium-induced neutrophil recruitment into the lung. Beryllium
enhanced classical dendritic cell (cDC) migration from the lung to
draining lymph nodes (LNs) in an IL-1R-independent manner, and
the accumulation of activated cDCs in the LN was associated with
increased priming of CD4(+) T cells;

2) Almost always a ‘ringer,” e.qg., manipulate system;

 DC migration was reduced in Toll-like receptor 9 knockout (TLRIKO)
mice; however, c-DCs in the LNs of TLR9-deficient mice were highly
activated, suggesting a role for more than one innate receptor in
the effects on DCs.




Pointers to understanding ‘new’ science
Picking on McKee’s article — MyD88 dependence of Be-induced...

3) Lead-ins to m/b reasonably humane —understand every word;

e Beryllium exposure results in beryllium hypersensitivity in a subset of
exposed individuals, leading to granulomatous inflammation and fibrosis in
the lung.

4) Deep within their narratives, they struggle ¢/ same
uncertainties;

* |n addition to its antigenic properties, beryllium has potent adjuvant activity
that contributes to sensitization via unknown pathways.

5) A lot of us give up reading before we get to the important part.

 Here we show that beryllium induces cellular death and release of interleukin
(IL)-1a and DNA into the lung. Release of IL-1a was inflammasome
independent and required for beryllium-induced neutrophil recruitment into
the lung. Beryllium enhanced classical dendritic cell (cDC) migration from the
lung to draining lymph nodes (LNs) in an IL-1R-independent manner, and the
accumulation of activated cDCs in the LN was associated with increased
priming of CD4(+) T cells.




MyD88 Dependence of Be-induced
Dendritic Cell Trafficking & CD4* T-cell Priming

Be induces cellular death & release of
Interleukin (IL)-1o & DNA into lung;

Be - Potent adjuvant activity contributes to
sensitization via unknown pathways;

Be-enhanced classical dendritic cell (cDC) migration
from lung to draining lymph nodes (LNs) in an IL-1R-
independent manner.




Details within McKee’s article...

DC migration was reduced in Toll-like receptor 9 knockout (TLR9KO)
mice; however, c-DCs in the LNs of TLR9-deficient mice were highly
activated, suggesting a role for more than one innate receptor in the
effects on DCs.

The adjuvant effects of beryllium on CD4(+) T-cell priming were
similar in wild-type, IL-1R-, caspase-1-, TLR2-, TLR4-, TLR7-, and
TLR9-deficient mice.

In contrast, DC migration, activation, and the adjuvant effects of
beryllium were significantly reduced in myeloid differentiation
primary response gene 88 knockout (MyD88KO) mice.

Collectively, these data suggest that beryllium exposure results in
the release of damage-associated molecular patterns that engage
MyD88-dependent receptors to enhance pulmonary DC function.




Be is also a Candidate for Tumor Suppression

Be salts (e.g., Be Sulfate) produce cytostatic effect in
some Ca-cell types;

Possibly increase expression of proliferation
inhibitors, reduced expression of proliferation
promoters, maybe both — Ying & Yang;

Role of p53, the tumor-suppressing transcription
factor, in mediating Be-induced cytostasis?




Both Sarcoid and Be Disease Defy Treatment
How does this inform mechanism of injury?

Chronic beryllium disease (CBD) characterized by
accumulation of macrophages in Be-specific CD4+ T cells
that proliferate & produce Th1 cytokines;

5-Amino salicylic acid (5-ASA) currently used to Tx inflam.
bowel disease - both anti-oxidant & -inflam actions;

5-ASA’'s ability to << BAL cell BeLPT & Be-stimulated BAL cell
TNF-a levels suggests it impacts Be-specific immune resp.;

Get Roughly a 20% decrease in BeLPT from 5-ASA;




Why not try Rx used to treat other

Anti-oxidant & -inflammatory Conditions

CBD characterized by accumulation of macrophages & Be-specific CD4+ T cells
that proliferate & produce Th1 cytokines.

5-Amino salicylic acid (5-ASA) currently used to tx inflam bowel disease -

17 CBD pts randomized 3:1 to receive 5-ASA 500-mg capsules
or placebo 4/da * 6 wks P/O;

Primary study endpoints included changes in Be lymphocyte proliferation
(BeLPT):

Secondary endpoints included changes in BAL lavage fluid, cells, serum &
blood cell glutathione (GSH) levels, BAL - TNF-a levels, lung function & QOL;

Bottom line: 5-ASA decreased BAL cell BeLPT by 20%

Day et al. Lung 2017 Oct 27 — New!




Why don’t things work ‘right?’

Microorganisms - a more consistent insult than Be--

Designed to withstand infectious insults 1st, everything
else 2nd:

Particles often confusing to host defense mechanisms?
So what is lipopolysaccharide-binding protein (LBP)?

An endotoxemia associated protein potentially useful
as inflammatory biomarker for both infectious * non-
infectious origins in Hepatitis C -infected subjects;

LBP enhances responsiveness of alveolar macrophages
to bacterial lipopolysaccharide;

What would happen if we supplied it?




Riddle of too much — Or too little...

* Virtually every anti-seizure drug will also...
— Cause seizures in overdose;

—Virtually every oncologic (‘chemo’ Rx) can also...
—-Cause cancer...sometimes even in small doses;
—Findings draw our attention to dose-responsing,

—But dose-responsing includes time-element of
pharmacokinetics (PK).




Look at Lithium & Beryllium
— What is similar, what is different?
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Well known Rx - Li- Unknown Rx — Be

Li as a bipolar (BiP) Rx - Only discovered because of erroneous
theory of urea (that had to be solubilized ¢/ Li salts) as cause of
bipolar disorder;

*Mode of action still unknown.

Strontium (Sr - At. No. 38) similar chemical properties to Ca —
Sr® Beta emitter

 Bimodally - Cancer ca but also Ca-pain relieving?

Beryllium is definitely NOT an essential element but it
may be useful in ways we presently do not anticipate.




BeSO, inhibits endogenous GSK-36

Key regulator in signaling networks - Cell prolif., metab. & develop.

BeSO, inhibits endogenous Glycogen Synthase Kinase 36
(GSK-38) in cultured human cells;

* Exposure to 10 uM Be*? produced decr. in GSK-3B kinase activity
compared to 10 mM Li* (NB: Be*? Very dilute in trial);

* Indicates Be ~1000-X >> potent than a classical inhibitor;

Significant dose-dependent reduction in specific activity of
GSK-36 immuno-ppt. from cells prev. tx ¢/ either agent.
e Lithium inhibited GSK-38 kinase activity directly.

Details not completely explainable but show...

Be has important role in cell signalling.




Discussion of Early Interventions
Liposaccharide Binding Protein (LBP) is Protective

Be oxide-induced oxidative lung injury interrupted by
protective effects of LBP;

Animals exposed to BeO by 1-time intra-trach. injection;

Lung content of oxidative markers (HIF-1, VEGF & HO-1)
measured;

Heme oxygenase-1 (HO1) makes carbon monoxide;
Angiogenic factors - VEGF & stromal cell-der. factor-1 induce HO1;
BeO can cause abn. expression related genes of lung tissue (rats);

LBP has protective effects on BeO caused lung injury.




Oxidation steps are critical to the damage from Beryllium
Exciting to see how even a biological indicator
(gene expression) changes c PPE!
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Normally think of exercise as an oxidative stressor,
Watch what happens ¢ Be as opposed to Pb

Mechanisms & consequences of exercise-induced oxidative
stress;

Reactive oxygen species (ROS) generated in the mitochondria
of contracting skeletal myocytes;

Diffusion across myocyte membrane allows ROS transport to
neighboring muscle tissue & to other body regions;

Intense exercise can induce oxidative damage within myocytes,
BUT magnitudes of moderate-intensity exercise-assoc. increase
in ROS ~ modest.

~2-fold increase in intra- & extra-cellular ROS conc. during
exercise.




American College of Sports Medicine defines
‘Exercise is Medicine’

Cd, W, Te, Be & Pb ~ non-essential metals
Pervasive in industrial environments;

Training periods compared to non-training control- Suggests
increased losses through sweat & urine;

Concentations expressed in micrograms of metal,

e.qg., Be, basically per ml (mg of creatinine);

Be (0.54 mcg training vs. 0.07 mcg non-training, P <0.001 ~ per
gm creatinine);

Pb (0.94 mcg training vs. 2.1 mcg non-training P £0.001 ~ per gm
creatinine).

Pb accumulates— but Be is lost through increased exercise.




Metallurgists Not Only Ones Using Be

Molecular biology labs very interested, too

Beryllium & LPT

e ~Dozen Medline entries.
Beryllium & ATP & ATPase & Mg
 ~400 Medline entries

Interest in Be involves manipulating kinases (phosphate)
relative to very central cellular energy process;

Be typically used c/ Al salts, including fluoride (as the
anion analog to phosphate);

‘BeFx’ ~ ‘bad chemistry’ but refers to beryllium fluoride.




Molly Thomas original paper in 1966

By W.N. ALDRID:
Medical Research
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~51 years later
1966 Be findings from Dr. Molly Thomas (RIP)

Inhibition of phosphoglucomutase by Be;

No inhibition by Be s/ ‘complexers’ such as cysteine
or imidazole (activation similar to Mg);

Progressive inhibition - Rate ~15t-order;

Damp out inhibition ¢/ presence of Mg;
Competition is set up between Be & Mg;

When enzyme inhibition complete,
— addn. of Mg won’t reverse it.




Way forward in light of the...HSWG Objectives

Controlled medical terminologies & use of data mining
Important to Accumulating & Disseminating Information,

The ‘Why Be, Why Be Now’ not a trivial question for
2018,

Not unlike thalidomide & BoTox, Be joins other high toxicity
entries to become useful in ways we can’t imagine;

Studies of Be as a vaccine adjuvant & as a Cancer
(oncologic) - New insights into systems biology.

Better Appreciate (-ing) lllnesses.




HSWG Objectives
Obtaining a better understanding of exposure risks

Perceived difficulty physical scientists & engineers often have ¢/
language of molecular biology can be overcome in a few steps;

Advanced knowledge of a disease requires a carefully
understood model, Be is not an exception.




Primary, Secondary & Tertiary Prevention (from Dr. John Last)
Is biochemical knowledge a form of primary prevention?

Primary prevention applies to the prevention of the initial
event (accident or disease beginning);

Prevention often at the secondary level, involving a range
of strategies from product design to drug treatment;

Last originally defined tertiary prevention as

‘measures to reduce long-term impairment & disabilities,
minimize suffering and to promote adjustment to
irremediable conditions;’

Dr. Miller’s & my talks bookend most of what goes on...




Million Dollar Speedway ©

--Voice of Hound, a dog & the book’s main character...

When | travel, it looks to a human as if | am just nosing about,
checking out all kinds of things, the occasional tasty rabbit or
ground squirrel, but my path is more aligned with continuously
updating my surroundings.

My ancestral leanings are to regard the land adjoining the Blue
River, with its mouth just east of the Cliffs, as tracts of forests,
wet meadows and even a brief prairie.

First, to get out of Kansas City Northeast | have to traverse an
almost completely industrialized corridor devoid of natural
vegetation from Independence Avenue down to roughly 17t
street along the river...
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