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Bolt and Mann, Curr Env Health Rep 2016



Fallon, Nevada



Rubin et al. EHP 2003

Fallon, Nevada Leukemia Cluster



B lymphocyte Development



Can tungsten exposure lead to leukemogenesis?

IF….THEN
• B cell development occurs in the bone marrow within the bone after 

birth. Thus, this compartment should be exposed to tungsten.

• Kids in Fallon, largely had Acute Lymphoblastic Leukemia of the preB
subtype. So, tungsten would be predicted to have an effects on 
developing B cell populations.



Tungsten Accumulates in the Bone

Kelly et al. Tox Sci 2013

Male C57Bl6/J mice
5 weeks old

Tap water 
with or 
without
Sodium 
tungstate

ICP-MS

(Sodium tungstate)

VanderSchee et al. Comm Chem 2018



Synchrotron 
radiation micro X-
ray fluorescence 
(SR-μXRF) shows 
tungsten in bone
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VanderSchee et al. Comm Chem 2018
Canadian Light Source (CLS) in Saskatoon, Canada
National Synchrotron Light Source II (NSLS-II) in Upton, USA

Black = calcium
Red= tungsten
Blue= zinc



Tungsten exposure results in increased preB cells

Kelly et al. Tox Sci 2013

Male C57Bl6/J mice
5 weeks old

Tap water 
with or 
without
Sodium 
tungstate

Bone Marrow for B cell 
Immunophenotyping by 
flow cytometry



Tungsten-induced changes in preB cells sorted 
from murine bone marrow

Wu et al. Tox Sci 2019



Control W

Tungsten exposure increases DNA damage in 
Developing B cells

Guilbert et al. Leukemia 2011

In Vivo Tungsten exposed mouse (8 weeks)

Kelly et al. Tox Sci 2011

In Vitro Whitlock-Witte Cultures 
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Tungsten Alters DNA Damage Repair
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Tungstates Inhibit HR DNA Damage Repair 

Homology-mediated GFP-based DNA 
reporter assay

Tungstates 

24hr 6hr

I-Scel DNA HR repair

48hr

FACS

**p≤0.01 , and ****p≤0.0001 to the I-Scel control 



Tungstates Inhibit NHEJ DNA Damage  Repair 
Non-Homologues End Joining -mediated 

GFP-based DNA reporter assay

Tungstates 

24hr 6hr

I-Scel DNA repair

48hr

FACS

*p≤0.02 , and ****p≤0.0001 to the I-Scel control 



DapI FokI γH2AX 53BP1 Merge

Meta
tungstate 

(100 μg/ml)

Control

N=1/ approximately 60-80 foci were counted  

Lac operator 

mCherry LacI FokI

4-hydroxytamoxifen

After     DSB

Lac operator 

mCherry LacI FokI BRCA1

γH2AX

53BP1

Sodium Tungstate  Phosphotungstate  Metatungstate  

53BP1/NHEJ BRCA1/HR

Tungstates Modulate the Recruitment of DNA Damage Repair Regulatory Proteins of 
HR and NHEJ 16



Tungsten may contribute to carcinogenesis by:
• Modulating intracellular signaling leading to an inhibition of 

differentiation

• Acting to increase DNA damage in the context of endogenous or 
exogenous damage, although not inducing DNA damage itself.

• Inhibiting DNA damage repair mechanisms, potentially through 
common NHEJ/HR DDR molecule.
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Conclusions



501 (k) expedited approval!!!





Breast cancer patients were exposed to tungsten during a recent 
clinical trial. 

Bolt A M et al. Toxicol. Sci. 2015;143:165-177



tungsten for 
one month Implant 66Cl4

breast tumor
Measure primary 
tumor growth and 
metastases
 in lung

Bolt et al. Tox Sci 2015



Tungsten does not enhance primary tumor growth



Tungsten does enhance lung metastases

Bolt et al. Tox Sci 2015



Bolt et al. Tox Sci 2015

Tungsten increases myeloid-derived suppressor cell number



Tungsten content of the bone is increased in tumor-bearing mice



Tungsten may contribute to carcinogenesis by:
• Modulating intracellular signaling leading to an inhibition of differentiation

• Acting to increase DNA damage in the context of endogenous or exogenous 
damage, although not inducing DNA damage itself.

• Inhibiting DNA damage repair mechanisms, potentially through common 
NHEJ/HR DDR molecule.

• Modulating the metastatic niche and recruiting repressive immune 
components.
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Conclusions II
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*p≤0.02 , and ****p≤0.0001 to the I-Scel control 

Tungstates Inhibit DNA Damage HR Response 

Homology-mediated GFP-based DNA 
reporter assay

Tungstates 

24hr 6hr

I-Scel DNA HR repair

48hr

FACS

HeLa cells
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N=3



Tungstates Inhibit DNA damage NHEJ Response 

*p≤0.02 , and ****p≤0.0001 to the I-Scel control 

Non-Homologues End Joining -mediated 
GFP-based DNA reporter assay

Tungstates 

24hr 6hr

I-Scel DNA repair

48hr

FACS

U2OS cells
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N=3



Genome-wide CRISPR/Cas9 Screen in PreB ALL Cells

Dr. Mike Tyers: IRIC/U de MTL



CRISPR Screen Revealed Novel Modulators of Tungstate Exposure

31
Dr. Mike Tyer, University of Montreal 
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