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— Abstract —

Associations between Lead Exposure and Dose and Protein Kinase C

Activation in Erythrocytes Among Lead Workers

3

Kyu-Yoon Hwang, Young Hwangbo, Hyun-Cheol Ahn, Yong-Bae Kim,

Gap-Soo Lee, Sung-Soo Lee, Kyu-Dong Ahn, Byung-Kook Lee

Department of Preventive Medicine, School of Medicine, Soonchunhyang University

Objectives : Protein kinase C(PKC), a calcium and phospholipid dependent enzyme, is
activated by lead in vitro at picomolar concentrations. However, the effect of lead on
PKC has never been studied in a human population. The purpose of the study was to
evaluate whether lead exposure was associated with PKC mediated-phosphorylation in

erythrocytes among lead workers.

Methods : Two hundred and twelve lead workers were studied. To determine the levels
of phosphorylation in vivo, an in vitro back phosphorylation technique was used by
adding PKC and 7-32P to preparations of erythrocyte membranes. We measured back
phosphorylations of erythrocyte membrane proteins, spectrin, and 52 kDa and 48 kDa, as

an indirect measure of PKC activation in vivo.

Results : The mean(SD) age and exposure duration was 39.1(10.0) years and 8.1(6.5)
years, respectively. Tibial lead ranged from 0.8 to 290.8 #g Pb/g bone mineral with a
mean(SD) of 34.4(35.2) #g Pb/g bone mineral. The means(SD) of back phosphorylation
levels of the three proteins were 540.7(304.1), 198.6(78.2), and 247.7(83.3) photostimulat-
ed luminescence units(PSL), respectively, by phosphoimager. After adjustment for poten-
tial confounding factors, tibial lead and exposure duration were significantly and inverse-
ly associated with back phosphorylation levels. One unit of increase in tibial lead(1 g
Pb/g bone mineral) is associated with a decline in spectrin, band 4.9 52 kDa, and band
4.9 48 kDa back phosphorylation levels by 1.4(p<0.05), 0.34(p<0.05), and 0.47(p<0.01),
respectively. However, there were no associations between the back phosphorylation levels

and either blood lead or ZPP levels.

Conclusions : These findings suggest that the PKC activity in erythrocytes is
increased by chronic lead exposure and that erythrocyte membrane protein phosphoryla-

tion may be a biomarker of lead exposure.

Key Words : Lead, Tibial lead, Protein kinase C, Biomarker, Back phosphorylation
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M B
W 549 71de 2y #E AT gREo
At HH o] deahg 3 od SAeke] ddA

2 on Z& IHA o™ (Goldstein®t Ar, 1983:
Bressler9} Goldstein, 1991), &A8He 22of A
T a7 ol ZAge] JEE vxse] ZEd
XA o)&Y liaksl 491 protein kinase C(°]
3t PKC)9 X EE F7MIZk(Markovacst
Goldstein, 1988). #&=7} 50 nM oA
o mAg HEH WIAE 9 HAEe PKCer}

MEAA AELOR o]Fsla(Lattera %,
1992), 100 nM A F& PKCE 43171
T o vt A7 2LE A2z (Kernd
Audesirk, 1995) ®2 4173 2d 33 PKCe
Aol 9fste] 2gdtta st TH(Routhenberg,
1991).

3 A o)FY PKC 3AE 55 9 224
ZAA FX3s 3 (Huang 5, 1989), A & o
5 EA8t22 (Palfrey®t Waseem, 1985) PKC9]
DAE Hrtd AYFE E 24 gidlel] ol &
AUtk wEkA Q1A A8 PKCE @4stgo=
Al ehaE o] Q1iksk(phosphorylation) 7t #
Z 3t tH(Belloni-Olivi 5, 1996). T3 2
Chen 5(1997)2 #9| sl AEAAA A=
o2 PKC7} olFsta ool PKC 43tz <l
A gsle, Aildoz wrEAel A %
2 ske} AR AT FFAT

a3y PKCeF dte] #-A A= in vitro%t

o X

FERY o ‘5172?54045}(Cory—818chta 5. 1997:
Chen &, 1997). wat & A7e AQZHew
of =&HE ZEA A AP Az AikslE

E3to] gol PKC @4 =9} #H ] JeAE Lot
Hazt sty AT AExTE A8 olfe A
7 PKC7} drelo] da 14kskE 9je A& o]
now E£HA ol & § Yr] wWEol

oA PKCE 7ete] 43 3143t 52 in
vivoell Aol Q14ksl 3t AAAZE S Aol
a2z AW del gsle] oln] PKCrT 43}
HAhH in vitrodlAd] PKCE #H7lstd = Q4+s}
FES WE FoR A 02 PKCY EA% oF
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2 gelg 4 9t B AFAAME in vitro TAA
3l(back phosphorylation) ®¥&& o]&3dte] in

vivo PKC & Qs 58 F4etrt gt

I
==
)
2
0F
i

63049 & =& 224 ¥ 135% 9] YRS
Ao o o3 ARFA}F 4dz7re] HITFRAIR
1997 d %8 A3l &l (Schwartz 5. 2001),
AT E o]F 19983 4L HE 7Y Alolo] 474
g SR A AgH oz A FHoJd ==
A 2129 BAEY. EAF 224 1569, oAt
c22k= 56ellon, olE RFRRE AT 3o
FoME Rt

BE AT dAE BEsE AEAE o] &dld
dnkx 24, AAY, A9Y 5o FEE Wska,
10 ml FHMPZ ol gate] HIFAEE EEjgh +
HzA A -70 col s AW F B
T "Cd X-ray @37I1H< ol&ste #Aalth.
W =S AdE A5 3 BANHE oln] AdAE]
71%% vb lth(Schwartz 5, 2001).

AHEZ ol M ¥ = 2083 1,000

X goll A AAEEE 42 Buffy coatd A A
3, AP FY Fo HAFE o835t 33 Al
il

N hl
Al A" Jdd3e Aex: FTAES(28 %
glycerol, 3 % mannitol, 0.65 % NaCl)< °|&
g F4 Ydeyes AstdtHRowe 5, 1968).
WEd APTFoM AxHE ZEsr] Aste] 20
mOm phosphate buffer(pH 7.4)& ¥ 45
2 8% o5 AT 92 dUAth(Dodge T,

1963). A7} 9= =g AYpuhal e o] 9
stod 4 CellA 20,000 x gollA 403 A4l +
FENE Zﬂ F T4 buffer® 4 JH=Z 4~5
3] W ] {atich. Ad7ehle] did g

Bradford W< o] £33t} (Bradford, 1976).
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Table 1. Characteristics of 212 lead exposed subjects

= .
S

Ho

grEXEe 8T protein kinase C 2452 ARy

Variable Male(n=156) Female(n=56) P-value”
Age, year, mean(SD) 36.3( 10.0) 47.0C 6.7 <0.01
Exposure duration, year, mean(SD) 8.8( 1.5) 6.2( 11.2) <0.01
Weight, kg, mean(SD) 62.2( 8.7) 57.3( 9.0) <0.01
Height, cm, mean(SD) 167.2( 6.2) 153.6( 4.5) <0.01
Blood lead, wug/dl, mean(SD) 32.0( 13.0) 19.8( 9.2) <0.01
7ZPP, ug/dl, mean(SD) 68.7( 47.8) 72.1( 29.8) 0.61
Tibial lead. ug Pb/g bone mineral., mean(SD) 37.8( 39.6) 25.5( 14.7) 0.03
Spectrin phosphorylation, PSL, mean(SD) 537.6(316.0) 549.4(270.1) 0.80
Band 4.9(52 kDa) phosphorylation, PSL, mean(SD) 192.3( 73.7) 216.2( 87.6) 0.05
Band 4.9(48 kDa) phosphorylation, PSL, mean(SD) 238.8( 82.4) 253.6( 85.3) 0.26

* calculated by student’ s t-test for continuous variables or chi-square test for categorical variables

Table 2. Pearson’s correlation matrix of selected study variables

E
Variable Age BMI Bloodlead ZPP  Tibialead PO gqoectrin 52 kDa
Duration
BMI 0.24***
Blood lead 0.07 -0.09
7Pp 0.33"*  -0.04 0,50
Tibia lead 0.23"*  0.10 0.45"* (.31
Exposure Duration 0.47*** 0.01 0.29** 0.20** 0.57***
Spectrin 0.13 0.04  -0.07 2012 -0.19% 0,22
52 kDa -0.10 0.05  -0.07 -0.11 S0.21%*  -0.24%**  0.49***
48 kDa 0.11 0.01  -0.07 2013 -0.24%%  —0.24%*  0.64*** (.89***
+pC0.1, * p<0.05, ** p<0.01, ***p<0.01
5% 5U9 £%ew 4o FWaA. -

bets

o ¥4k (back phosphorylation) ¥Hg-
Mg ol &3l W =Fo] APF Ax Tzl
Arkskel FE #sisict. o] Hdde] A
el A Aol 240, 230, 82, 529 48 kDa
7F kst gRlstant. 2407 230 kDae et
B spectrin®} z2]lx 529} 48 kDa+e band 4.9%
dA Ao BE AR o5 i FEE
= AT, FA4be} w2 Agy AR A
T X847t Ue AHA o|Fojxitt. A€
ZF A Ee TEe 0,16 pg/u 2 SMETH Aa
7}23tell Al 22" L« phosphatidyl serine(PS)
(Avanti Polar Lipids Inc., BSP-578)<
Tris/HCl(pH 7.4)& ©]&3H 0.25 pg/m=2 W&
At AEE 0.16 #g/me] A9 did 0.25
rg/u PS, 12mM CaCl,, 30 mM dithiothreitol

ol

2) Sl

In vitr

S 4

e
2

“P(NEN, Boston)¥ 45 mM MgCl,/1504M
ATP €9& o]g3le] 0.08 pCi/ueo] H=F 31
o, PKC(Sigma. USA)= Al&% 0.1 unit®
AREetTh meba HE vhgE 1 g AlEY ol
A 0.1 unit PKC, 2 pCi/ud yP"o= 3%

30 TolAl 30%3r W% acetonel® FAA|F I
20,000 X gol|A] 20%3F YA EElste] HEdS AlA
2 30 4 sodium dodecyle sulfate(SDS) buffer
2 =9 F 3% 100 ¢ /Gy wheE Al
2t 7.5 % SDS-PAGECIA #A7|9dE5A7 =
0.005 % Coomassie Brilliant Blue €% (40 %
methanol, 7 % acetic acid) 22 AT gel
o] F& wi7px] &AL-A(5 % methanol, 7 %
acetic acid)e2 AT, EAH gel dual
sheet "% (Matsudaira®} Burgress, 1978)2.%
AxA1Z1 & imaging plate(Fusi, BAS-IIIs)el
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Table 3. Results of linear regression modeling of back phosphorylation levels, comparing lead exposure
and dose variables, controlling for confounding variables(age and sex)

Variable Regression results
djusted ;
Dependent Independent a JUS. ? A SE of 8 P-value Model R’
coefficient

Model 1: Blood lead, ug/# -0.10 1.69 0.56 0.164
Spectrin phosphorylation, Model 2: ZPP, ug/# -0.40 0.47 0.40 0.164
PSL Model 3: Tibial lead, ug Pb/g -1.40 0.59 0.02 0.184
Model 4: Exposure duration, year -11.15 3.88 <0.01 0.193
Model 1: Blood lead, ug/# 0.28 0.46 0.54 0.075
52 kDa phosphorylation, Model 2: ZPP, ug/m -0.09 0.13 0.49 0.075
PSL Model 3: Tibial lead, ug Pb/g -0.34 0.16 0.04 0.093
Model 4: Exposure duration, year  -2.19 1.06 0.04 0.092
Model 1: Blood lead, ug/# 0.06 0.49 0.91 0.059
48 kDa phosphorylation, Model 2: ZPP, wug/# -0.15 0.14 0.26 0.065
PSL Model 3: Tibial lead, ug Pb/g -0.47 0.17 €0.01 0.093
Model 4: Exposure duration, year -2.88 1.13 0.01 0.088

308 =E2AA DB AFIEE sten, o] Atk EF

2 Bio-imaging analyzer (Fusi BAS 2500, <JstAl “tev ZPP
MAc Bas version 2.5)& y-"PollA U2 WAFsS  (p0.05). F21:k38l 58 =
photostimulated luminescence(PSL)Z A3 dUyzt

i)
il

A= & 2 HolE Ho dF Fe 5.4904 69.3 pg/dl,
4 EAEA AEZ E2 0.8914 290.8 #g Pb/g bone miner-

al, ZPP¥ 2694 386 pg/dl& YERAG.
Exo] Ao AP Axuhl dwlae] <lal Spectrin @A o] Folxkal =32 29 504 1737

= e HeE: AEE sl PSLE H#(SD)2 540.7(304.1) PSL, band 4.9
Aztz g% @ ¥3F zinc protopor- 52 kDa¥® 31.2914 502.1 PSLE H#(SD)2

Zolt}. o
phyrin, AE% 4. =% 717k o839 99, 198.6(78.2) PSL, band 4.9 48 kDa+x 35.8¢A]
A & 9 FA o v g4 5o M 576.5 PSLE H(SD)2 247.7(83.3) PSL=Z 7
Fote] AAE dolHdtl, AZEAE 93 FAE Az HolAe] wig WAtk (Table 1).
Stata(Stata Release 5. College station, USA) g =E AXENE FS AHAS Bin
Z2aWE o] &3ttt GFIFARAE o83t (p<0.01) 53] AEF Hekw T VS E
7k 3714wl QlAksl ETe] HEAE FRlet 2 AAFE e THr=0.57, p<0.001). 14
dom HF B U TAAFE XFEE 3 T2 T dEEY AT ES YenA &eks
St FFTEe 5 %= Foste] EAEA 9 1 ZPPee AAN FF9 JABAEE BHoow
& A3 P€0.1), AEF E5=9 =271 fod 9
BHRAAE HEMIATHpC0.05). 7t vl 29l
Z2 I el et B PIHAEE EATHP0.001)
(Table 2)
ZAMEAY] U TE HlaolA ke ERtETh g =E ARESF ¢, ZPP, 425 ¢, =27
dEY #He VNS BHn HE A4 SHESE HT FAREE o83 B

[e] =
hy = = F T
A Ren SFAE fola A 4 BAN ARF W wde wE Gl

(p<0.01),
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