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Mechanism of kidney damage induced by chronic lead exposure in mice: Based on cyclic
adenosine monophosphate/protein kinase A signaling pathway LIU Duan-ya’, YU Jun', FAN
Yong-sheng', LI Cong®!, WANG Chun-hong?, SU Jian-mei? (1.School of Health Sciences, Wuhan
University, Wuhan, Hubei 430061, China; 2.Faculty of Resources and Environmental Science,
Hubei University, Wuhan, Hubei 430061, China)

Abstract:

[Background] Lead can cause kidney damage. It has been shown that cyclic adenosine
monophosphate/protein kinase A (CAMP/PKA) signaling pathway can mediate reactive oxygen
species (ROS) overproduction by regulating the activity of oxidase and then cause oxidative stress
and apoptosis. Nicotinamide adenine dinucleotide phosphate (NADPH) pathway is one of the
main sources of ROS in kidney.

[Objective] This experiment investigates whether lead cause kidney damage by regulating the
activity of NADPH oxidase 4 (NOX4) through cAMP/PKA pathway.

[Methods] Thirty SPF ICR mice were randomly divided into a control group and a lead exposure
group, with 15 mice in each group. The animals were given free drinking water containing 0
and 200 mg-L" lead acetate, respectively. After 90 days of continuous exposure, the mice were
anesthetized to collect heart blood and kidney samples, weigh organs, and calculate organ
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coefficients. The lead levels in both blood and kidney were measured with graphite furnace atomic absorption spectrometer. Renal
histomorphology was observed by HE staining and apoptosis was detected by TUNEL. The activities of total superoxide dismutase (T-SOD)
and Cu/Zn-superoxide dismutase (Cu/Zn-SOD), and the levels of glutathione (GSH), malondialdehyde (MDA), and cAMP were detected using
corresponding kits. The relative mRNA expression levels of PKA, NOX4, Bcl-2, Bax, and caspase3 were measured by quantitative real-time PCR.

[Results] There were no significant differences in body weight and daily water intake between the two groups. The renal coefficient
[(0.89+0.02)%], blood lead level [(100.13+17.23) pg-L"], and renal lead level [(2.58+0.21) ug-g?] in the lead exposure group were higher
than those in the control group [(0.78+0.02)%, (1.88+0.50) pg-L", and (0.04+0.01) pg-g?] (P<0.05). In the lead exposure group, the
morphological damage of renal proximal convoluted tubules and glomeruli was obvious, and the apoptosis rate increased compared with
the control group [(0.013£0.003)% vs. (0.006+0.002)%]; the GSH level, T-SOD activity, and Cu/Zn-SOD activity in kidney decreased (P<
0.05), while the MDA content increased (P<0.05); the relative expression level of Bcl-2 mRNA and the ratio of Bcl-2/Bax decreased, and
the relative expression level of caspase3 mRNA increased (P<0.05); the level of cAMP and the relative expression levels of PKA and NOX4
mRNA in renal tissues increased, and there was a positive correlation between the relative expression level of NOX4 mRNA and the level

of cAMP (r=0.486, P<0.05).

[Conclusion] Lead can change the activity of NOX4 and cause kidney damage, which is related to cAMP/PKA signaling pathway.

Keywords: lead; kidney; cyclic adenosine monophosphate/protein kinase A; NADPH oxidase 4; oxidative damage
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ERAEES 22K, RS A =MEREE (g) /KAE (g) x
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iR, WEBLREEE, B 0.5%HNO; ERZE 2mL, X
AEPRFRU D FAEN (1=283.3nm) NEHF &
NEEE, RIEINEREITEERBRE, E4ALR
o, B EBI HBR A 0.0949 pug-L?, MNFREIRE R
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Table 1 gRT-PCR primer sequences of renal genes related to
oxidative stress and apoptosis of mice

EEER s |1¥IF5 (5-37)

PKA EM5I4) : CTCGGGACGGGTTCCTTTG
RIE34) : CTCGGGACGGGTTCCTTTG

NOX4 EMABSI#) : GAAGGGGTTAAACACCTCTGC
[RIE3|4) . ATGCTCTGCTTAAACACAATCCT

Bax EM3|4) | TGAAGACAGGGGCCTTTTTG
R34 : AATTCGCCGGAGACACTCG

Bcl-2 EMABI4) : ATGCCTTTGTGGAACTATATGGC

REEI4) : GGTATGCACCCAGAGTGATGC

caspase3 EMASI4) : TGGTGATGAAGGGGTCATTTATG
R34 : TTCGGCTTTCCAGTCAGACTC
GAPDH ERASIY) : AGGTCGGTGTGAACGGATTTG

RE3|Y) . TGTAGACCATGTAGTTGAGGTCA

1.3 FitFESHh

8 3 SPSS 22.0 M 1T AR IT 9 1o ITEEEHA
xts =, AAEIELEK A t 1050 ; 1T EER IERTR,
¢HIB)EL AR ¢ 1230, #2387 a=0.05,

2 4
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£90d BISE3aERE], FrE/ N B H &EFA S
MEREER, WAREURTIR, HEBH/)\REE
[(42.59+4.62) g] 1 B X7k 2 [(5.1240.40) mL] 53¢
BE4H [ (41.96%5.14) g. (5.36+0.53) mL] #HLL, EE 15
EHITFERE N BEWRALLR, HREBH/)R S
HAESS R EF (P<0.05), MBPMEHRSE9FH S
(P<0.05) s M3 2,

K2 0dHBEEE/NR BRI RN MEA S HHKE
(x£s, n=15)
Table 2 Renal organ coefficient and lead levels in blood and
kidney of mice following a 90-day lead exposure (xts, n=15)

2851 ERERER /% MERE /ug L EHRE /ugg”
XFHELH 0.7840.02 1.88+0.50 0.04+0.01
AREH 0.89+0.02" 100.13+17.23" 2.58+0.21"

U] * . 533BR4ALLER, P<0.05,
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EAMEREYT K, 75HLL A, B 29 TUNELERR
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'S AR TR, AEizE% B ERE AT H 20 AEAHARA T-= [(0.013+0.003) %] & FXHR
8, SAFKTHEN S MIBFHNMRERER, éﬂ [(0.00610.002) %], P<0.05,

CE] A B 2RI BRAAIER/NE. B/NK ; ¢ DRRABRBEAEH/NE (FkFrig hEMRIR) . B/ N K BILFTis AT /EHE),
E1 90dHEZRE/NRBHALNFIELT L (HE, x200)

Figure 1 Pathological changes in renal tissues of mice following a 90-day lead exposure (HE staining, x200)

DE] A~E : XTHRAE ; F~) : SRREA, SiFmis AT 400,
El2 90d$ARER/NEBHEAMMATIER (n=5, Tunel, x200)

Figure 2 Apoptosis in renal cells of mice following a 90-day lead exposure (n=5, Tunel, x200)
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Fx38R4E (P<0.05) ; SXTERAMLL, %"% 22HGSH  (0.625+0.102) B ¥TER4H (1.011+0.169) BB & T [
2% (P<0.05), MMDARE £ (t=4.372, P<0.05) , JAT- 1T H caspase3 B mRNA

K3, X FRARENEFITERE (P<0.05),
%3 0dBEEE R BRARTIIBISTER (s, n=5) 2.5 HI/NEE T CAMP & =, PKAFI NOX4
Table 3 Renal oxidative stress levels of mice following a 90-day MRNA 7K 220
___lead exposure bt n=5) HREA AMP I 8 [(112.4£13.43) nmol-L"]
TSODJEF]/  Cu/znSODJEF]/  GSHER MDA &8 R
A3 Umg* Umg’ o umolg’  umolg’ = :_FSO‘,.“ ¢H [(82.14£7.36) nmol-LY], ZR B HITF
(UZEAIT) (UZFEBIT UZEA)  (UEAID)
XJERLA 22.4410.43 15.21£0.20 4.20£0.49 2.06£0.24 EX (P<0.01), $HREELH PKA. NOX4 mRNAFBRT A
REEA 1932012 13.06+0.43" 27540.47°  2.44%0.23 2 (1.16+0.06. 1.17+0.13) ¥ = FIHHB4H (1.01+0.11.
[F] * . 53F8RALLER, P<0.05, 1001007) (P< 005) o JI_IL: E 3 *H *ﬁ*ﬁ'ﬂ.&ﬂ_\ NOX4

2.4 SEAP DR ESRELSTIEATIIATERFZEANEN  mRNAKENWNREAES caAMPREZ B2 1F4EX (r=0.486,
3ERE R, MARBAT EHE Bax mRNAE  P<0.05),
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[F] * : 534884ALLER, P<0.05,
E3 90d AR TER/NRERPHEXERE mRNABEREE
(n=5)
Figure 3 Relative mMRNA expression levels of genes in kidney of
mice following a 90-day exposure (n=5)
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