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Environmental pollution of Cr compounds
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Routes of exposure

* Inhalation, skin, ingestion

« multi-system disorders [7] ingestion
Involving the skin , mucous |
] . Inhalation
membrane, liver, renal,and -
L& Dermal

Immune system...

e carcinogen: lung cancer
digestive cancer

. Parenteral



Scheme of our systematic study

environmental exposure
assessment

biological exposure
assessment
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blood routine
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Design based on occupational workers
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Biological sample bank

v’ 3692 person*year followed;
v’ 1.4 X10* samples were frozen including blood
and urine ;




Field Site Introduction

chromate manufacture plant

vaged between 25-50;

vat least one year employment in
this factory and 3 months in the
same work site;

Both groups are

emale blue collar workers or
famers

*with similar education, social
status and geographical location

Control group:
Local residents without
chromate exposure

The distance between the control and exposed group is about 16 km .1



Alr Exposure Assessment

# worksite exposed to Cr [VI]

chromite
! personal sample for air Cr
Grinding
|
Mixing —
| }
granulation
} t '
contamination roasting
} 1 '
Chromium  «— Leaching —»

residue ..
Finished product

Main flowchart for sodium dichromate manufacture process




Questionnaire

Confounding factor

(Doccupational history @ personal medical history®
medication used in 4 weeks before the study @body weight
and height®hair dye, ®house decoration® radiation
exposure ®individual protection @smoking status and
alcohol intake.

Personal sampling

Questionaire




Biological Exposure Assessment

, WB-Cr
}Detected by ICP-MS

Exposed samples were collected
after five consecutive working
days;

The control ones were after
completing the questionnaires;

old



Environmental and biological exposure assessment
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The chromium concentrations in air
under all working titles are below
the standard limit of 50 mg/m3, as
recommended by the Government
.recommended exposure limit

The level of Cr in peripheral blood
from the chromate-exposed group
((8.5+2.3) ug/L) was higher than
control group ((4.4=%=1.4) png/L).
Significantly.
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Multiple elements analysis
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Multiple heavy elements co-exposure

il : S S
Ca - 1
Fe . nd 0.8
Mg airborne

P 0.6
Zn =
Mn L 0.4

Ti r 0.2
Ni =
Pb + o
Cu -

v L -0.2
co i 0.4
Sn-04 026 0.3 023 0.39 =
Cr 0.36 0.28 - -0.6
Mo 0.25 0.26 0.35 0.38 0.35 0.36 0.35 =
Se 0.27 0.3 0.27 0.29 0.37 0.26 . - -0.8
cd - N

Ca Fe Mg P Zn Mn Ti Ni
C;li»]’r?.‘i,rfrrlfiﬂ-'%Erﬁ:%*ﬁ?%'&riﬁ@ l’::&lr

Ca
Mg

blood from
Cu controls B
‘rl —

Se - 0.38 i
Pb -
Mn 4
Cr - [
Ni
Mo A
Cd
AVAE |
Sn -
Co 1

0.38 I

Fe P Ca Mg Zn Cu Ti Se Pb Mn Cr Ni Mo Cd V Sn Co
D-1 T A JR KE b G ) 6 3 K 1 R B B

P - |-
Ca - ~
i . L
o urine from [
Zn -| 0.19 0.16 0.3 -
Ti- controls -
Mo -{-0.15 0.29 0.27 0.26 0.16 0.31 -
cu-  |0:52 0.43[064 0.2 0.29 -
Se-{015  -015 -
Ni-  [J88062lei o.1 0.2910166-0.23 -
Cr | 0.26  0.330.24 0.36 -
Mn - 0.44 0.3 0.36 -
Pb -| 0.43 -
Co - 0.1 -
Cd | 0.16 0.2 0.210.32 0.2 ] 0.31 -
V- 021019 033 024015035 034041 0.39 0.38 0.34 -
Sn-__ 024029025 _ 0.23 04 -051- 0.25 0.4 028038 -

P Ca Mg Fe Zn Ti Mo Cu Se Ni Cr Mn Pb Co Cd V Sn

Pb Cu V Co Sn Cr Mo Se Cd

BL T A ML BE P G i JG AN K P B P

T

Fe F
P
Ca 11088015 blood from -
Mg -
zn [
Cu 0.23 exposed
Ti -0.29-0.23 -0.19 -
o Se [
Pb - 0.52 0.43-0.22 0.51 0.26 -
0.2 Mn- -0.23 -0.19 -
Cr - 0.35 0.18 -0.2 -
-0.4  Ni- 0.1 0.17 0.2 -
Mo + -0.18 —
Cd-0.310.31 -0.2 0.27 [0.48 -
& -0.19 -0.3 -0.18 0.39 0.35 -
Sn 0.19 0.19 0.18-0.24 0.21 0.41 0.22 -
Co 0.26 0.2 -0.21 0.22 0.17 -
— Tt T
Fe P Ca Mg Zn Cu Ti Se Pb Mn Cr Ni Mo Cd V Sn Co
Bl LR M u s AR e M RE I, . . . . .
Ca -0.32
.
urine from
exposed
0.36 0.41
0.32 0.32
048055078  0.38
Sn -{0.36 0.32 0.36
Tttt Tttt
P Ca Mg Fe Zn Ti Mo Cu Se Ni Cr Mn Pb Co Cd V Sn

0.8
0.6
0.4

0.2




relationship among multiple elements
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Animal model A :
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This part tips

v' Multiple heavy metals co-exist in chromate manufacture
process. We should pay attention when considering adverse
effects caused by Cr.

v From the current data, Mn, Co, Mg and Zn show positive
relationship with Cr. Ti shows negative relationship with Cr in
Cr exposed group.

v Animal study is helpful in our understanding the possible
human health effects.
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DNA damage induced by Cr(VI) exposure

® Cr(VI) closely resembles SO,2/HPO,>~ and can cross the cell

membrane via an anion carrier.
cr(V1)

S0 &/HPQ4Z-anion carrier

Cr(VI} ; ; Cell membrane
j Mitochondria damge

antioxidant defence
system(e.g. GHS, Asc NA(P)DH Mitochondria

ey ~
ROSX — ROS Mitochondria apoptosis

Reactive chromium ¢
Cell cycle arrest
MAPK p38 i p53

intermediates
Cr III
others Cell apoptosis
Ak‘l NF KE!
(—/ \ [ [ l Whnt/catenin c-Myc
Cr-DNA adducts,

DNA-protein Gene transcription TT TT ,I
crosslinks, U “
i nucleus

Cr-protein adducts

\ J
|

Cr(Vl) toxic effects:DNA damage, DNA repair, apoptosis , Carcinogenesis Hu G. et al RO&@N




genetic damage: cytokinesis-block micronucleus(CBMN) and 8-OhdG

micronucleus 8-OhdG O
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Genetic damage

CBMN:

In(BNMN) (%a)
12 14 16 18 20 22 24

Serum 8-OHdG (ng/ml)
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I
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1
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genetic damage among different groups

8-OHdG: control (2.3%0.6) pg/L ;

control group (2.7%5.3)%0 ; exposure group (4.8x6.4)%o

exposure group (2.8x1.3) ng/L
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Correlation between genetic damage and CrB
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correlation between Ln8-OHdG and CrB

CBMN and 8-OHdG reflect
the degree of genetic damage
only when CrB levels are
lower than 9.10 and 10.50
ng/L, respectively
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epigenetic mechanism under genetic damage:
— different expressed miRNA

miRNA &5 P1E* Fold change (log2) Wikt
hsa-miR-3940-5p* 0.0085 1.30 T&
hsa-miR-3195* 0.0027 1.01 T#E
hsa-miR-3138* 0.0121 4.48 TAE
hsa-miR-4433-3p* 0.0489 4.46 T&E
hsa-miR-2392* 0.0335 3.86 T&E
hsa-miR-590-5p* 0.0271 3.40 i3
hsa-miR-101-3p 0.0203 094 T
hsa-miR-22-3p 0.0138 0.86 TAE
hsa-miR-2861 0.0195 0.80 T&E
hsa-miR-4466 0.0237 0.77 Ti&E
hsa-miR-3001-5p 0.0304 0.77 T&
kshv-miR-K12-3 0.0157 0.74 TE
hsa-miR-4787-3p 0.0240 0.68 L&
hsa-miR-4741 0.0133 065 THE
hsa-miR-642b-3p 0.0337 0.59 3]
hsa-miR-4739 0.0191 0.39 TiE
A - miR-3940-Sp
z.; Lni R-4T:I32:§292 = R-EZ_: 25
R
5 _a = 2 -1 o 1 = 3 a s
Fold change (log2)
B + i ' ' '

z s 2 of S8 s el P S s 27
f 7 S f 7 == 7 S el & ;- of v [i0)
S F F £ F f,f.;,{.é"’.ﬁ,@sﬁﬁﬁﬁ
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Validation of different expression of miRNA by real time PCR

miRNA comparison of different expression partial correlation coefficient
with CrB
Exposure Control P r 95%CI p
(n=87) (n=30) (n=117)
miR-3940-5p 24.2112.10 25.59+2.23 0.015* -0.33 (-0.50,-0.14) 0.001%
miR-3138 15.511+1.54 15.69+1.25 0.531 -0.04 (-0.23,0.15) 0.670
miR-2392 19.331+2.26 19.124+2.52 0.694 -0.09 (-0.28,0.10) 0.335
miR-590-5p  10.2241.42 10.97+1.52 0.025* -0.04 (-0.23,0.16) 0.711

miR-4433-3p 13.8410.71 13.81+0.81 0.829 0.07 (-0.13,0.26) 0.512

variable miR-3940-5p (n=117)

B 95%Cl p Bsta
CrB -1.05 (-1.69,-0.40) 0.002* -0.32
Work years 0.02 (-0.08,0.12) 0.680 0.04
Gender (male) 0.06 (-1.29,1.40) 0.932 0.01
age 0.02 (-0.05,0.09) 0.625 0.05
Smoking (yes) 1.42 (0.17,2.68) 0.027* 0.23
Drinking(yes) -1.00 (-2.29,0.28) 0.123 -0.18
BMI -0.19 (-0.37,-0.01) 0.056 -0.21
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Relationship of miR-3940-5p expression level with blood Cr level

32
|

28 30
| |

miR-3940-5p
2
|

—— exponential function
power function
—— hyperbolic function

exposure-response
relationship:
y=26.3*In x0-10

1 2 3In(cr) 4 S
Function expression parameter
Exponential function Y=« *gﬂ“ a =22.5%;=0.17%
Power function Y=a *xP a =26.3%;=0.10*
Hyvperbolic function Y=a +B/x a =22.3%;3=4.35*

Estimated parameter p<0.05
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Regression analysis of miR-3940-5p and genetic damage

group n CBMN(%o) Serum 8-OhdG

Baa®  95%Cl p Baa®  95%CI p
All subjects 117 -0.03  (-0.16,0.23) 0761 -0.09  (-0.72,0.30) 0.411
Exposure with low 87  0.18 (0.08,0.37) 0.015* -0.13  (-0.37,0.12) 0.312
& high Cr level

Control & exposure 74  -0.01 (-0.26,0.26) 0.997 0.06 (-0.20,0.33) 0.633

with low

2 Poisson regression adjusted by working years, gender, age,
smoking, drinking and BMI,;

b Multiple linear regression adjusted by working years, gender,
age, smoking, drinking and BMI,
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Bio- information analysis for screened miR-3940-5p

* miR-3940-5p host gene: KHSRP

[Esrosen

IEEEAD

GTF2F1

LOC3ans?y

KHERF df—— L C25A25
ELC25A41

HIR3940

miR-3940-5p targets genes: TargetScan(110), miRSearch(289),

miRDB(168)

TargetScan(110)

miRDB(168)

miRSearch(289)
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Metal element associated with miR-3940-5p level

miR-3940-5p

0.31 18

/ Zn

Cr

Molecular biological analysis

shows that :

v" the gene could directly affect
metal response element
(MRE),

v indirectly regulate
transcription factor binding
sites ( TFBS)
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miR-3940-5p targets genes: GO analysis
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GO analysis: miR-3940-5p targeted genes
related to genetic damage repair
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Regression analysis in chromate exposed group

protein  miR-3940-5p CBMN (%o) Serum 8-OhdG (ng/ml)

(n=87) (n=87) (n=87)

Bsid® 95%Cl P Bsid’ 95%Cl P Baid® 95%Cl P
POLB -0.06 (-0.28,0.16) 0.598 -0.04 (-0.23,0.16) 0.717 -0.13 (-0.36,0.11) 0.289

ASCC3 -0.01 (-0.23,0.22) 0.942 0.00 (-0.19,0.19) 0.988 -0.11 (-0.35,0.12) 0.339
BRCC3 -0.24 (-0.46,0.00) 0.047 0.11 (-0.10,0.30) 0.315 -0.01 (-0.26,0.23) 0.927
XRCC2 -0.31 (-0.58,-0.08) 0.010 -0.13 (-0.33,-0.01)  0.027 0.14 (-0.10,0.38) _ 0.249

a Multiple linear regression adjusted by working years, gender, age,
smoking, drinking and BMI;

B Poisson regression adjusted by working years, gender, age, smoking,
drinking and BMI,;



second part tips

®Cr(VI) exposure increases micronuclel
frequency In a nonlinear relationship.
Micronuclel frequency does not continue to
Increase under a certain high level of
Cr(VI) exposure. Serum 8-OHdG seems to
be less sensitive than micronuclei frequency.

® MIRNA exert some roles in Cr(VI)-induced
DNA damage and repair.



Summary
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New evidences for chromate hazard

Kidney damage

DNA damage
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