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Effects of methylmercury exposure on the growth and development of
offspring based on DNA methylation
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Abstract: Objective To explore the effects of methylmercury (MeHg) exposure on the growth and development of offspring
based on DNA methylation. Methods Questionnaires were designed to obtain general information of participants during face—
to—face surveys, and venous blood of 114 mothers and their newborn’s umbilical cord blood (UCB) and growth and develop-
ment indicators were systematically collected in Wanshan Mercury Mining Area. A total of 24 pregnant SD rats were random-
ly divided into control group (normal saline), low—dose (0.6 mg/kg), medium—dose (1.2 mg/kg), and high—dose (2.4 mg/kg)
MeHg exposure groups. The rats were given by gavage from the fifth day of conception to postnatal day 21 (PND21) and then
adaptively fed to PND60. The levels of 5—methylcytosine (SmC) and 5-hydroxymethyleytosine  (ShmC) in the blood of new-
borns and offspring rats were measured by liquid chromatography—mass spectrometry. Results The weight (1=2.025, P=0.045)
and biparietal diameter (¢=2.382, P=0.019) of newborns in exposure group were significantly lower than those in control
group. Compared with control group, SmC  (¢1=2.615, P=0.010) and 5hmC (t=3.640, P<0.001) of UCB in exposure group de-
creased significantly. There was significantly positive correlation between 5SmC and neonatal femoral length (r=0.197, P=
0.035). The results of rat experiments showed that the body weight of offspring rats revealed significant difference among
MeHg exposure groups (F=11.327, P<0.001). Compared with the control group, the average body weight of offspring rats in

low—dose, medium—dose, and high—dose groups decreased with statistically significant difference (all P<0.05). The average
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body weight of offspring rats in high—dose group was lower than that in medium-dose group (P<0.05). With the increase of
the exposure doses, the SmC (F=7.254, P=0.002) and 5hmC (F=11.609, P<0.001) of offspring rats were reduced. The average

S5mC of offspring rats in medium—dose and high—dose groups, and the average ShmC of offspring rats in low—dose, medium—

dose, and high—dose groups were significantly lower compared with the control group, with significant differences (all P<0.05).

The average SmC and ShmC of offspring rats in high—dose group were lower than those in low—dose group (both P<0.05). The

significant correlations were observed between SmC and weight (r=0.472, P=0.020) as well as ShmC and weight (r=0.651, P=

0.001). Conclusion Low levels of genome—-wide DNA methylation and hydroxymethylation may play an important role in the

inhibition of growth and development of offspring induced by MeHg exposure.

Keywords: Methylmercury exposure; DNA methylation; Newborns; Offspring rats; Growth and development
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Table 1 General characteristics of participants
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Figure 1 Correlation analysis between ShmC and SmC of neonatal
umbilical cord blood (n=114)
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B 2 DNA FALSHT A LA KA T IR BN (n=114)

Figure 2 Correlation analysis between DNA methylation and neonatal growth and development indicators (n=114)
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Table 3 Comparison of DNA methylation outcomes between

exposure and control groups
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Figure 3 Effects of MeHg exposure on body weight of offspring

rats (n=6)
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Table 4 Effects of MeHg exposure on DNA methylation outcomes

of offspring rats
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rhR R 6  4.187%0.325 0.064+0.011" 0.015+0.003
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Figure 4 Correlation analysis of ShmC versus 5SmC, 5SmC versus weight, ShmC versus weight in MeHg exposed offspring rats (n=24)

MeHg 2 &% 7] #1046l 43 Jbe H K 401 40 il e 4
AP AR TG N, (e 36 A Al T AT AME L
il Z M) AR A AR, T 51 S ARV . Kloypan
AU AR B B R TG PR A R AN T S— BRAF AR A
AR A A 753 L R 4H DNA fIKF 384k, DNA F3E
b ¥ b Z [ 4b F 3h B A2k, 5mC £, W)
ShmC FEAL AT F7#K s DNA 25 H 34k 2 AR 594
AL AR YOKE SmC %5468 ShiC, B J5 32 30i%
LA N 5— BRI mE nE A S— R ILmELE , S5
5mC Fl ShmC 7R, AR & IR, 2R 88 48k
JLIBF I SmC Al ShmC 5% FRZAAR, ShmC 55 SmC
SIEAHOG S g 45 0 5 ARSI 25 1 — 3, JF &2
LT MeHg 2525 5SmC 1 ShmC Ay [ 4 5 4
7~ MeHg 282 1] BB 2315 T2 2L 141 DNA H 3LAb R A%
JERZ0 DNA X H 4L, 5520 DNA 72 B R0 /K 7 fi
ik,

P AR T F Bk DNA H ZALFE RE W 1 mT P A% SmC
K- BRI AR SZ 0, RN A ot A= st/
F AR K Rk BB AN [ A LB B 20 e 5 o7
SIS A B DNA B BB 0 il AR UE 12 R
BILR IR M RE S A4 155 19 AR WLt AR, B iy
LA R AT BN . Lei S5 % 21 DNA H
FAL AL G MR 5T SmC ZKFREAIK, BHAT >

AT O AL, R BRR R IR .. LH
FALF=Y) ShmC J2— AR E R S ARl , &
FE IR G T 4 L 3 2ok A o A e 3 M e S S R D 22
it 2R 11 AT 1 35 P ) % € o 2354 e AR A Y,
2R A R KB i AR P 3 R S S R
/N IE T 40 i b TET 35 14 58 4 2 26 1 2 R A%
ShmC 7K, FECEEL R VLR, B IRIG T & &
Z FH,

AR N5 A B, 2 588 4B A ) LG AR B A AL
PR BACT X IRAL, B SmC S8k LB K2
i) 22 TEAR G ; S S B M58 5] MeHg Y 21 A1 BRI
BT REZH B SRR, R AT R SR T R
2 ,5mC.ShmC ¥ 547 FUATE 2 IEAHX . #2878 MeHg
TFEA SN DNA F IR B Sk P IR 1%
AR B VARG

25 TR, A FERZH DNA H AL RN F k7K
AR AT BELE MeHg 8 B8 Ml 1B K A & i 2
FEMEH., ZMRAAE—ERIR, |15k, 1z k=
A7 7 FE R S E DNA 3 fh sl H 30 f5 B, R
AE ELHZ R MeHg % 82 2 04 K & B ML 5 H
WA 5E (IREAS i /D | TR 5 B KR A B PR A T 27
T WF5E E— 45T DNA H AL 1E MeHg SR 55 FI
FRAEKLKE RS



PR TR EE 2 2023 4F57 50 555 9 ] Modern Preventive Medicine, 2023, Vol. 50, NO. 9

+ 1577 -

PR AU 55 vh 5

SE 30k

[1]

[2]

[4]

[5]

[8]

[11]

Yang LX, Zhang YY, Wang FF, et al. Toxicity of Mercury: molecular
evidence[J]. Chemosphere, 2020, 245: 125586.

Stern A, Smith A. An assessment of the cord blood: maternal blood
methylmercury ratio: implications for risk assessment [J]. Environ—
mental Health Perspectives, 2003, 111(12): 1465-1470.

Ou LB, Chen C, Chen L, et al. Low-level prenatal Mercury exposure
in North China: an exploratory study of anthropometric effects [J].
Environmental Science & Technology, 2015, 49(11): 6899-6908.
Shi DQ, Ali I, Tang J, et al. New insights into ShmC DNA modifica—
tion: Generation, distribution and function [J]. Frontiers in Genetics,
2017, 8: 100.

XM, S, R 5, 4. DNA H IR0 4 KAm I AT 58 ik
(1. shs#dER,2017,38(11) :98-102.

Liu AM, Guo P, Lu QR, et al. Progress on DNA methylation and
growth inhibition [J]. Progress in Veterinary Medicine, 2017, 38(11):
98-102.

Cardenas A, Rifas—Shiman SL, Godderis L, et al. Prenatal exposure
to Mercury: associations with global DNA methylation and hydrox—
ymethylation in cord blood and in childhood [J]. Environmental
Health Perspectives, 2017, 125(8): 087022.

Weyde KVF, Olsen AK, Duale N, et al. Gestational blood levels of
toxic metal and essential element mixtures and associations with
global DNA methylation in pregnant women and their infants[J]. Sci—
ence of the Total Environment, 2021, 787: 147621.

Horvat M, Nolde N, Fajon V, et al. Total Mercury, methylmercury
and Selenium in Mercury polluted areas in the province Guizhou,
China [J]. Science of the Total Environment, 2003, 304 (1/3):
231-256.

Zhang CC, Gan CF, Ding L, et al. Maternal inorganic Mercury expo—
sure and renal effects in the Wanshan Mercury mining area, south—
west China [J]. Ecotoxicology and Environmental Safety, 2020, 189:
109987.

Liu HH, Zhang CC, Wen FL, et al. Effects of low - dose Mercury ex—
posure in newborns on mRNA expression profiles[J]. Bulletin of En—
vironmental Contamination and Toxicology, 2021, 107(5): 975-981.
Feng L, Zhang CC, Liu HH, et al. Impact of low—level Mercury expo—

[12]

[13]

[14]

[15]

[16]

[171]

[18]

[19]

[20]

[21]

[22]

sure on intelligence quotient in children via rice consumption [J]. E—-
cotoxicology and Environmental Safety, 2020, 202: 110870.
Beyrouty P, Chan HM. Co-consumption of Selenium and vitamin E
altered the reproductive and developmental toxicity of methylmercury
in rats[J]. Neurotoxicology and Teratology, 2006, 28(1): 49-58.
Chang L. Toxicology of metals[M]. Boca Raton: CRC Lewis Publish—
ers, 1996.
Agency EP. Mercury study report to congress: volume v:health effects
of Mercury and Mercury compounds [R]. Washington: United States
Environmental Protection Agency, 1997.
Kajiwara Y, Yasutake A, Adachi T, et al. Methylmercury transport
across the placenta via neutral amino acid carrier [J]. Archives of
Toxicology, 1996, 70(5): 310-314.
Zeneli L, Sekovanié¢ A, Ajvazi M, et al. Alterations in antioxidant de—
fense system of workers chronically exposed to Arsenic, Cadmium
and Mercury from coal flying ash [J]. Environmental Geochemistry
and Health, 2016, 38(1): 65-72.
Kloypan C, Srisa—art M, Mutirangura A, et al. LINE-1 hypomethyla—
tion induced by reactive Oxygen species is mediated via depletion of
S—adenosylmethionine[]]. Cell Biochemistry and Function, 2015, 33
(6): 375-385.
Hou YZ, Zhang ZX, Wang Y, et al.SmC profiling characterized TET2
as an anti—adipogenic demethylase[]]. Gene, 2020, 733: 144265.
Ed, PiE¥. DNA WAL 2 PRI LA & & BF5T ik
JELL b FReA4R, 2017,29(8) :2622-2629.
Wang B, Luo HL. Advances on regulation of DNA methylation and
demethylation on muscle development[J]. Chinese Journal of Animal
Nutrition, 2017, 29(8): 2622-2629.
Lei H, Oh SP, Okano M, et al. De novo DNA cytosine methyltrans—
ferase activities in mouse embryonic stem cells [J]. Development,
1996, 122(10): 3195-3205.
Wu H, D'Alessio AC, Tto S, et al. Genome—wide analysis of 5—hy—
droxymethyleytosine distribution reveals its dual function in tran—
scriptional regulation in mouse embryonic stem cells [J]. Genes &
Development, 2011, 25(7): 679-684.
Dawlaty MM, Breiling A, Le T, et al. Loss of Tet enzymes compro—
mises proper differentiation of embryonic stem cells[J]. Developmen—
tal Cell, 2014, 29(1): 102—-111.

Wods B #:2022-12-14



