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A link between uranium mining and cardiovascular disease
CBA3b MmexKay A0bblYen ypaHa U cepaedHo-cocyancTbiMu 3ab0neBaHAMM
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Cardiovascular and Metabolic disease in the Navajo Nation

Cep,ﬂle‘—IHO-COCV,EI,VlCTbIe n metabonmnyeckune 3aboneBaHusn Y HaBaxo
* Increasing prevalence in recent decades YBeninyeHme pacrnpoCcTPaHEeHHOCTU B

NOC/ e,CI,H ne ,D,eCFITW'I eTund (Hoy et al, 1995; Mendlein et al, 1997; Percy et al, 1997; Will et al, 1997; White et al, 1997; Lombard et al, 2006)

* Leading cause of non-accidental death TnhasHas npuymnHa cmepTUn, HEe cBA3aHHAA
C HeCHaCTHbIM CI'Iy‘-IaeM (Mendlein et al, 1997)

* Navajo Health and Nutrition Survey Onpoc HacneHmnAa HaBaxo O 340POBbE U

MUTAHUU  (Mendiein et al, 1997; Percy et al, 1997; Will et al, 1997; White et al, 1997)
e Strong Heart Study NccnepoBaHue cepaLa (Howard et al, 1999)
 Type 2 Diabetes-1930s: 1 in 6,000; 1990s: 4x rate of U.S. estimate

Onabet 2 Tmna B 1930-x rogax: 1 Ha 6000; B 1990-x Ha 4 yauwe, 4em BO Bcex CLUA

(Salsbury CG, 1937; Will et al, 1997)

Conventional and Novel CVD Biomarkers

OOblYyHbIe U HOBblE BMOMApPKepPbI CeEpPAEYHO-COCYANCTbIX 3a60/1EBaHNM

*CRP, IL6, oxLDL C-peaKTuBHble 6€/1KU, UHTEPNENKUH-6, YPOBHMU
OKUCNEHHbIX IMNONPOTEMHOB HU3KOM naoTHOoCcTK (OJTHIM)

*OxLDL may improve risk prediction and reclassification ONTHN
MOMKET YNYYLLIUTb NPOTrHO3 PUCKOB M peKaaccudmKkaumm
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RFs - High blood cholesterol and triglyceride 
High blood pressure
Diabetes and prediabetes
Overweight and obesity
Smoking
Lack of physical activity
Unhealthy diet
Stress
The risk factors you can't control are age, gender, and family history of CHD.
(SES)



OxLDL is involved in the pathogenesis of atherosclerosis
OJ1HTI1 y4yacTByeT B naToreHe3e atepocCcK/iepo3a

L0x1
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foam cell formation

Red = mAb specific for oxLDL

Holvoet P et al. Circulation,1998

Oxidizing agents OkucnuTenu:.
Cellular enzymes OH3MMbI B KNeTke
ROS PeaktusHble popmbl Kucropoga
NOS CuHTa3bl okcnaa asoTa
Metal ions (Cu) UoHbI meTannos
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Representative sections of coronary arteries isolated from cardiac explants of patients with end-stage ischemic heart disease. mAb-4E6 immunostained oxidized LDL in nonthrombotic human coronary atherosclerotic plaques (a, b, e, f). Oxidized LDL was associated with smooth muscle foam cells (immunostained with cell-specific mAb-1A4) in fibrous cap (b, f) or was present in necrotic core (not shown). 


'S Arsenic, CVD and oxLDL
MbiwbAK, cepaevHo-cocyauctbie 3abonesannsa n OJTHN

Epidemiology: Well-established link between CVD and arsenic.
ANUAEMUNOSOIA: NPOYHO YCTAaHOBMBLLAACHA CBA3b MEXAY cepAedHO-COCYyaMUCTbIMU
3aboneBaHNSMU N MbILLBSKOM

Chen et al.,1996; Rahman et al.,1999; Wang et al., 2002; Tseng et al., 2003; Chen et al., 2007; Meliker et al., 2007; Tseng et al., 2008; Navas-Acien et
al., 2009; Wang et al., 2009; Cheng et al., 2010; Medrano et al., 2010; Chen et al., 2011...

Bangladesh Study/MccnegosaHune B baHrnagew KnanaH aopTbl

KoHTposnbHas rpynna MBILLIBSIK
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Toxicology
Inflammation (Dublineau et al, 2007)
Lipid oxidation (Briner et al, 2005)
Oxidative stress (Pourahmad et al, 2010)
Altered chol. metabolism (Racine et al, 2010) 



Navajo Cohort CVD Risk Factors

daKkTopbl pUCKa cepaevyHo-cocyamncTbiX 3aboneBaHnn y

HaBaxo
Prevalences of CVD Related Health

Conditions BMI Distribution/Pacnpegenenue
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Demographic and Clinical Characteristics of the DINEH Cohort
[emorpaduryeckme U KIMHUYECKME XapPaKTEPUCTUKN YHaCTHUKOB
npoekta AnHE

Characteristics of Study Participants XapakrepucTukm y4actHMKoB

uccrnenoBaHus
Age, years BoapacrT, net 55.3+14.3 252
Women, % >KeHwunHbl, % 57.5 252
Total Cholesterol, mg/dL O6wwui 186 + 35.2 217
XOnecTepuH Mr/an

LDL, rvng/dL (Direct) JIMHM, mr/gn 107.9+ 318 211
(Npsimon)

HDL, mg/dL JIMNBIM, mr/an 48.1 £ 15.9 217
Triglycerides, mg/dLTpurnvuepuasbl, 209.6 + 130.2 217
Mmr/gn
Glucose (non-fasting), mg/dLImtoko3a 1243+ 824 249
(He HaTOWaK), Mmr/gn
HbA1c, % NemornodwuH A1lc, % 7.0+21 249

Normal (<5.6%), % B Hopme (<5.6%) 15.7

Pre-diabetes (5.7-6.4%), %

45.8
Mpepanaber

Diabetes (>6.5%), % Ouabet 38.6
CRP, mg/L C-peaktuBHbI 6enok,mr/n 43+9.6 249
oxLDL, U/L OJTHIMN,en/n 48.5+17.0 252



Clinical HbA1C vs Self-Report of Type 2 Diabetes
KnanHunyeckmnm remornobumH Alc B npoTMBONOCTaBAEHUMN
c cobcTBEHHbIM cooblweHnem o gnabete 2 TmMna
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OxLDL Interactions
B3ammocsasb OJIHI

-
o
=

Factor log sLOX1 logoxLDL |log oxLDL/LDL| oxLDL/HDL
r p r p r p r p

Age
(yrs)BospacTt,net |-0.133 0.035 | -0.070 0.268 | -0.065 0.350 |-0.135 0.046
Glucose (mg/dl)
Mnwokosa mr/an | 0.044 0.484 | 0.187 0.003 | 0.193 0.005 | 0.229 0.00j1

log HbA1c (%) 0.001 0.981 | 0.144 0.023 | 0.179 0.010 | 0.172 0.011

SBP (mmHg) -0.209 0.001 | 0.099 0.119 | 0.014 0.837 | 0.116 0.090 o
DBP (mmHg) -0.123 0.053 | 0.177 0.005 | 0.067 0.337 | 0.216  0.002

504

oxLDL (U/L——

log IL6 (pg/ml) |0.132 0.03¢ [-0.163 0.009 |-0.076 0.272 [ -0.121 0.07F

log CRP (mg/L) [0.079 0.212 | 0.146 0.021 | 0.147 0.034 | 0.167 0.015

log sLOX1
(pg/ml) -0.031 0.625 | 0.213 0.002 | 0.068 0.322

log oxLDL (U/L) |-0.031 0.625

log oxLDL/LDL |0.213 0.002 | 0.523 <0.0001

oxLDL/HDL 0.068 0.322 | 0.829 <0.0001]| 0.569 <0.0001

log [oxLDL (U/L)]

Is there a link between arsenic and uranium
and oxLDL?CywecTByeT v cBA3b Mexay
MbILWbSKOM, ypaHom n OJIHI?

log [CRP (mg/L)]



Environmental exposure to heavy metal contaminants may promote or exacerbate
cardiovascular disease through the oxidation of circulating LDL cholesterol
Bo3aencraume 3arpsasHAOLWMNX BEWECTB TAXKE/IbIX METAN/IOB Ha OKPYIKAIOLLYIO cpeay
MOKeT cnocobCcTBOBaTb UM YBE/IMUMBATL CEPAEYHO-COCYAMCTbIE 3aboneBaHUA
nocpeacTBOM OKMCNEeHUA UUpKyanpyrouwero xonectepuHa JIMNHIM

Water

source
UCTOYHUK

ow

of water
hauled surveys often oxLDL O/1HM
3a6op Onpocbl HactoTHo CRP C-peakTt.6enok
304,k mapping b IL-6
HaHeceHue statistical mode
H h  ha KapTy (linear regression) Plasma

Concentration CtaTtucrtunyeckoe
MoaenupoBaHue

(DINEH)  of U and As (nMHenHas perpeccus)
KoHueHTpauum U
nAs

used for

drinking &
cooking

Konunuecrtso

nnasma

U TOTOBKU

Bayesian analysis was used to determine if the average annual intake of
arsenic/uranium was a predictor of the level of oxLDL baiiecoBcKuit aHanus 6bin
UCNoab30BaH, YTOObI onpeaenuTb, ABNACTCA N cCpeaHeroaoBoe notpebneHume

MbiWbAKa/ypaHa nporHocTuyeckum ¢pakropom yposHsa OJTHMN
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Population-level association between toxic metal exposure and LDL

YpaH
(vHTepcenT)

Mbiwbsak
(BbICOKMN)

oxidation CBA3b mexay BO34eNCTBUEM TOKCUYECKMX METAN/I0B U
okucnenuem JIMNHIM n yncneHHOCTbIO Nnonynaunm

FINAL

REGRESSION Standard

MODEL Error

KoHeunas mogens  EStimate  Tunwuuwas t value P value
perpeccum 3HauyeHue owunbkKa KoadpPpuumeHr KoadpPpuumeHr
(Intercept

UnTepcenT) 3.8041 0.0227 167.7919 0.0000
Uranium 0.0063 0.0030 2.0861 0.0380

(Intercept) 3.7969 0.0228 166.2948 0.0000
Arsenic
(high) 0.2192 0.0780 2.8090 0.0054

* Average annual intake of uranium, as a continuous variable, is weakly associated
with oxLDL. CpegHerogoBoe notpebneHme ypaHa, Kak HENPEepPbIBHAsA NepeMeHHasn,
cnabo ceAzaHo ¢ OJTHN

 “High” average annual intake of arsenic is a significant predictor of oxLDL

«BblcoKoe» cpegHerogosoe r|0Tpe6neHv1e MblLLUbAKA AB/IAETCA CYyLLECTBEHHbIM

nporHocTtnyecknum paktopom OJTHI Dr. Curtis Miller
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Table 1: Results from fitting model of Equation (2a). 

(A): Coefficient estimates for full model. The last column is p-value that the ‘true’ coefficient is nonzero. 

P value of overall F statistic is 0.457, which is relatively high. This means the full model can be reduced by model selection.

(B): Coefficient estimates for reduced model. Only one predictor remains. 



“J Arsenic and uranium may directly oxidize human LDL Mbiwbsak m
YpPaH moryTt HenocpeacTtseHHO oKucnatb JINHIM yenoseka

LDL only Toabko /INHN
(-) control (kouTp.rpynna)
Plasma: 100 mg/dl
Mna3sma: 100 mr/an
Metals
MeTtannbl

Copper Sulfate (cynbdar
megu)

(+) control (koHTp.rpynna)
15 uM-450 uMm
Buffer: PBS
Plasma: ~4-24 uM

Sodium Arsenite
(apceHuT HaTpuUA)
0.02-0.7 uM
Buffer: PBS
Plasma: ~0-0.1 uM
and/or
Uranyl Acetate
(auetar ypaHuna)
0.3-300 nM
Buffer: HEPES
Plasma: ~0.009-0.3 nM

Human LDL + metal + buffer
NMHN yen.+metann+byddep

0O 0.02 0.07 0.2 0.7
umMm M M M M

Nitrogen chamber
A30THaA Kamepa

Incubate 37°C, up to 5 hours
NHKybupyetca npu 37°C,00 5 u.

Stop
reaction:
EDTA

Measure oxLDL
U3mepeHue OJTHIN

*ELISA (protein) UDA
*TBARS (Iipid) Mo6oyHble

NpPoAyKTbl (nMnup)
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mAb 4E6 binds to apoprotein B of oxLDL



Arsenic directly oxidizes LDL MblwbsaK
HenocpeacTteeHHO okucnaet JIMNHI
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Arsenic does not appear to be involved in the lipid oxidation of human LDL

MbiwbAK, KaXKeTcAa, He CBA3aH C OKUcAeHnem amnuaos yenoseyeckoro JIMHI
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