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Why study 
chromium?

 

What are the key 
outcomes and lesions in 
Cr(VI) carcinognenesis?
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http://www.nontoxicprint.com/safepainting.htm

hotspotoutdoors.com

 Name derived from the Greek word chroma 
meaning color

 Exposure is widespread:
 Wide industrial use for over ~200 years
 Pigment, rust inhibitor, antifouling agent
 Enters air, soil and water from many routes
 

Chromium: Global Environmental Pollutant

http://www.vmmv.org/tanktk/hetzer/hetzer.htm

http://www.nontoxicprint.com/metalpigments.htm
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Chromium (VI)-Induced Carcinogenesis

 Particulate Cr(VI) is the potent form of Cr(VI) as 
a human lung carcinogen

 Cr(VI) particles accumulate at lung bifurcation 
sites resulting in the formation of tumors

Cr(VI)

Modified from: https://www.sciencephoto.com/media/489354/view
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Chromosome Instability (CIN): 
A Driving Mechanism in Lung Cancer

 Alteration in the number or structure of 
chromosomes

 Hallmark of lung cancer

 Proposed as an early event in 
carcinogenesis

 Cr(VI) induces numerical and structural 
chromosome instability

Cancer cell karyotype

Normal human lung cell karyotype

Fig. 23-40, Molecular Biology of the Cell, 4th Edition
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Particulate Cr(VI)-Induced Chromosome Instability
in a Human Lung Cell

77 
chromosomes
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DNA Double Strand Breaks Are the Key Lesion 
Responsible for Structural Chromosome Instability 

 Both DNA strands are broken

 The loss of both strands could cause genomic 
material loss

 Double strand breaks must be repaired to 
prevent chromosomal instability

 Induced by Cr(VI) exposure
DNA Double Strand Breaks
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The Key Lesion:  Prolonged Particulate Cr(VI) Exposure Induces 
DNA Double Strand Breaks in Human Lung Cells
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What are the key 

outcomes and lesions in 
Cr(VI) carcinognenesis?

Ok 
Cr(VI) is common in the 

environment, causes lung 
cancer and 

chromsomosme instability 
and DNA double strand 

breaks are driving events

Why study 
chromium?
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Why isn’t repair preventing 
breaks from inducing 

chromosome instability? 

Hypothesis:  
Particulate Cr(VI) can 

inhibit repair 
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But…There is repair of 
these breaks… 
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GFP

I-SceI

Stop

iGFP

DR-GFP Homology Directed Repair Reporter

Before HR repair
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iGFP

GFP

DR-GFP Homology Directed Repair Reporter

After HR repair
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Why isn’t repair preventing 
breaks from inducing 

chromosome instability? 

Hypothesis:  
Particulate Cr(VI) can 

inhibit repair 

YES
Particulate Cr(VI) 

inhibits homologous 
recombination repair
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How does Cr(VI) target 

homologous 
recombination repair?

Hypothesis:  
Particulate Cr(VI) 
targets a specific 

repair step
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Simplified Schematic of Homologous Recombination Repair
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Particulate Cr(VI) Exposure Does Not Affect the Sensor Step 
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Prolonged Particulate Cr(VI) Exposure
Alters Rad51 Intracellular Localization

Nuclear  Localization Cytoplasmic Accumulation

24 h zinc chromate 120 h zinc chromate

Qin Qin
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Prolonged Particulate Cr(VI) Exposure Induces 
Inappropriate Cytoplasmic RAD51 Accumulation

Cynthia
Browning 
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Prolonged Particulate Cr(VI) Exposure Inhibits
RAD51 Nuclear Monofilament Formation

RAD51 Filaments Visualized by 
Cryo-Transmission Electron Microscopy 

0

20

40

60

80

100

120

140

24h 120h

N
um

be
r o

f R
AD

51
 

Fi
la

m
en

ts
 in

 3
7 

um
2

Exposure Time (h)

0 ug/cm² zinc chromate
0.2 ug/cm² zinc chromate

n=3

Cynthia
Browning 



Wise Laboratory of Environmental and Genetic Toxicology

0
10
20
30
40
50
60
70
80
90

0 0.2 0 0.2

Pe
rc

en
t o

f R
AD

51
 

Fi
la

m
en

ts

Zinc Chromate Concentration (ug/cm2)

Simple Filaments Complex Filaments
24h

0.2 ug/cm2 
Zinc Chromate

0 ug/cm2 
Zinc Chromate

120h
0.2 ug/cm2 

Zinc Chromate

Prolonged Particulate Cr(VI) Exposure Alters
RAD51 Filament Structure

24h 120h

Cynthia
Browning 



Wise Laboratory of Environmental and Genetic Toxicology

Homologous 
Recombination  

Repair Deficiency

Homologous 
Recombination Repair

Acute 
Exposure
Prolonged
Exposure

Particulate 
Cr(VI)

Cell Membrane

No 
Apparent 
Contribution

Calcium
Channel

Cation No 
Apparent 

Contribution

Cation

Cr 6+

O

CrVI

O O -
O -

Anion 
Transport

Physico-Chemical-Biological Particulate Cr(VI) Mechanism
in Human Lung Cells

Cr 3+

Cr 5+

O
Cr 4+

O

Chromosome      
Instability

Permanent 
Heritable
Change

Neoplastic 
Transformation

  Cancer

DNA Double 
Strand Breaks

Rad51 
dysfunction



Wise Laboratory of Environmental and Genetic Toxicology
How does Cr(VI) target 

homologous 
recombination repair?

Hypothesis:  
Particulate Cr(VI) 
targets a specific 

repair step

YES
Particulate Cr(VI) 

targets RAD51 in the 
effector step
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Does this matter? Do 
Cells with Cr(VI)-
Induced Repair 
Deficiency and 

Chromosome Instability 
Survive

Hypothesis:  
Particulate Cr(VI) 

induces a permanent 
phenotypic change
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Clonal Expansion Experiment

 91 Control Clones & 62 
Treated Clones

 Characterize each 
generation for chromosomal 
& other changes

1st generation (T1)

24 h Cr(VI) Treatment

Reseed at 
single cell 
density

~1 month

~2 weeks

Expand 
Colony 
Cells

Clone 
Colonies

Clonal 
Cell Line

 Both treated and untreated 
for a ‘treated clone’ set & 
an untreated ‘control clone’ 
set

 Since each cell line 
emerges from an individual 
cell – phenotypes reflect 
permanent changes

2nd generation (T1-1)

24 h Cr(VI) Treatment

Reseed at 
single cell 
density

~1 month

~2 weeks

Expand 
Colony 
Cells

Clone 
Colonies

Clonal 
Cell Line

3rd generation (T11-1)

24 h Cr(VI) Treatment

Reseed at 
single cell 
density

~1 month

~2 weeks

Expand 
Colony 
Cells

Clone 
Colonies

Clonal 
Cell Line Sandra 

Wise
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Pedigree of Treatment Protocol

X1-2X1-1

X1
This generation cloned from an initial 24 h 

particulate Cr(VI) exposure

X11-1 X11-2 X11-3 X12-1 X12-2 X12-3

This generation cloned from a second 24 h particulate Cr(VI) exposure

This generation cloned from a third 24 h particulate Cr(VI) exposure

X1-3

X13-1 X13-2 X13-3
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T4

No surviving 
colony

T41-1 T41-2 T41-3

T4-1 T4-2

Pedigree of Treated Clone Family T4
(1 of 7 Treated Clone Families)

No surviving 
colonies
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Measuring DNA Double Strand Break Repair in the Clones

- Dish 1: Harvest immediately after 24 h exposure (solid bars on graph) - 
measures damage from exposure

Plot Data

Count H2A.X foci in both dishes

- Dish 2: Wash out Cr(VI) immediately after 24 exposure and allow additional 
24 h in culture to repair breaks (striped bars on graph) 

Induce Breaks:  Expose duplicate dishes to soluble Cr(VI)

If levels in dish 1 ≤ than dish 2 then repair is deficient 
&

If levels in dish 1 > than dish 2 then there is repair
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Pedigree of Control Clone Family C1 
(1 of 7 Control Clone Families)
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Hypothesis:  

Particulate Cr(VI) 
induces a permanent 
phenotypic change

YES

 YES - permanent changes in:

 Ability to Repair DNA Breaks

 HR Repair Function

 Chromosome Number

 Chromosome Structure

Does this matter? Do 
Cells with Cr(VI)-
Induced Repair 
Deficiency and 

Chromosome Instability 
Survive
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Who helped with all of 

this work?
What’s next?
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Future Course

Cr

Investigate what chromium is doing to cause these effects. Questions like:
 What does Cr bind to? 
How does it displace RAD51 from the nuclear protein filament?
 Many others!
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“Translating Particulate Hexavalent Chromium-
Induced Genetic Impacts from Human Lung Cells to Lung 

Tissue”

Poster 12

Dr. Haiyan Lu 

Future Course

Translate these outcomes from cells to animals and people
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Exposure 
Time 
(h)

Amount of Inhaled 
Cr(VI) - Ambient Air 

(ug)

Amount of Inhaled 
Cr (VI)- Occupational Air 

(ug)

Amount of Cr(VI) 
added to Cell Cultures 

(ug) 

24 0.06 – 6 19 0.06 – 1.8
120 0.3 – 30 96 0.06 – 1.8
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