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Abstract: Objective To investigate the effect of chrysotile exposure on ribosomal DNA (rDNA) copy number and DNA
damage response, so as to provide insights into the mechanism of asbestos—induced carcinogenesis. Methods Human
pleural mesothelial MeT—5A cells were treated with chrysotile suspensions at doses of 1.25, 2.5 and 5 pg/cm’ (low—,
medium—, high—dose group), while PBS served as controls. MeT-5A cells were harvested 6, 24, 48 and 72 h post-treat-
ment, and the rDNA copy numbers and the BIRCS5, HRAS, GINS4 and RRM2 mRNA expression were determined using
a quantitative real-time PCR (qPCR) assay. The apoptosis of MeT-5A cells and DNA damage were detected using
Muse cell analyzer. The rDNA copy numbers, DNA damage responses and BIRCS, HRAS, GINS4 and RRM2 mRNA ex-
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pression were compared in MeT-5A cells treated with different doses of chrysotile suspensions. Results There were sig-
nificant differences in 45S rDNA copy numbers among low—, medium—, high—dose groups and the control groups 6, 48
and 72 h post-treatment with chrysotile suspensions, and significantly lower 45S rDNA copy numbers were measured in
low—, medium~- and high—dose groups than in the control group 6 h post-—treatment, while significantly higher 455 rDNA
copy numbers were found in the high—dose group than in low— and medium—dose groups 48 and 72 h post-—treatment
(all P<0.05). There were significant differences in 5S rDNA copy numbers among low—, medium—, high—dose groups and
the control groups 24, 48 and 72 h post—treatment with chrysotile suspensions, and significantly lower 55 rDNA copy
numbers were measured in medium— and high—dose groups than in the control group 24 and 48 h post—treatment,
while significantly lower 5S rDNA copy numbers were found in medium- and high—-dose groups than in the low—dose
group 24, 72 h post-treatment (all P<0.05). There were significant differences in the overall apoptotic rate of MeT-5A
cells among groups at different time points, and the overall apoptotic rate of MeT-5A cells were significantly higher in
medium— and high—dose groups than in the control group (all P<0.05), with late—stage apoptosis predominantly detected.
There were significant differences in the rates of ATM activation and DNA double—strand break in MeT-5A cells
among groups 72 h post—treatment, and higher rates of ATM activation and DNA double—strand break were measured in
medium— and high—dose groups than in the control group (all P<0.05). In addition, there were significant differences in
the relative mRNA expression of BIRCS, HRAS, GINS4 and RRM2 genes among groups 24 and 48 h post-treatment,
and significantly lower BIRCS5, HRAS, GINS4 and RRM2 mRNA expression was quantified in medium— and high—dose
groups than in the control group (all P<0.05). Conclusion Exposure to chrysotile may induce rDNA copy number varia-

tions and altered expression of nucleolar proteins in human pleural mesothelial cells, which may be involved in the reg-

ulation of DNA damage responses.
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Table 1 The primer sequences of rDNA and nucleolar protein genes

FEH Gene IE 519 F—primer (5'-3") JZ 10159 R—primer (5'-3")
18S CGCGCTCTACCTTACCTACC GGCCGTGCGTACTTAGACAT
28S GCGGGTGGTAAACTCCATCT CACGCCCTCTTGAACTCTCT
5.8S CGACTCTTAGCGGTGGATCA GATCAATGTGTCCTGCAATTC
5S TCGTCTGATCTCGGAAGCTAA AAGCCTACAGCACCCGGTAT
TP53 TGTCCTTCCTGGAGCGATCT CAAACCCCTGGTTTAGCACTTC
BIRCS AGGTCATCTCGGCTGTTCCTG TCATCCTCACTGCGGCTGTC
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA
GINS4 GAATGTGTCATGGAACAGCTGGA TGAGGCGACACCGCAAGTAG
HRAS GGGCTTCCTGTGTGTGTTTG CCGAGTCCTTCACCCGTTT
RRM2 GCAAGCGATGGCATAGTAAATGAA TGGCAATTTGGAAGCCATAGAA
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ORI IE A5 53 Ai 0 R B e b2 (R +s) i
iR, ZUR BRI T 22500, 2B W L
BORH LSD-t k. Krgn/KHE «=0.05.
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72 h B, EEEL 45S rDNA FEDUEGE TR . Rk
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BF, . EHREEZ 5S (DNA FEUIBIAMKTXRL (P<

0.05); AbFH 24, 72 h B, W A 58 rDNA
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&2 ARRENRAMEEL MeT-5A 42 rDNA 5 IUAHLAL (2es)
Table 2 Comparison of tDNA copy numbers of MeT-5A cells in different dose groups of chrysotile (x=s)

458 tDNA 58 rDNA 458 rDNA 58 tDNA
AU Group AL AL AL Group 5 D1 EZAlE
45S rDNA 58 rDNA 45S rDNA 58 rDNA
copy number  copy number copy number copy number
6 h 48 h
X BEZH Control 1.01+0.09 1.00+0.09 X HEZH Control 1.00+0.03 1.00+0.09
I 4H Low—dose 0.89£0.01 *  0.97+0.04 I 4 Low—dose 0.77+0.11 0.85+0.06 *
i 4 Medium—dose 0.81£0.04 *  0.87+0.03 Pk Medium—dose 0.91+0.08 0.87+0.05 *
TV FE 2 High—dose 0.78+0.06 0.87+0.09 TR FE 2 High—dose 1.13+0.13 ™ 0.82+0.03 *
F{H 9.492 3.095 FiH 7.461 5.670
P 0.005 0.089 Pt 0.011 0.022
24 h 72 h
X} & ZH Control 1.00+0.06 1.000.07 X HRZH Control 1.00+0.04 1.00+0.06
IRHEE 4 Low—dose 0.95+0.10 0.97+0.05 A4 Low—dose 1.110.12 1.040.04
i B 4 Medium—dose 0.93+0.05 0.87+0.02 * P L] Medium—dose 0.96+0.09 0.85+0.07 *
fR e 2H High—dose 0.99+0.02 0.87+0.02 R M 21 High—dose 1.46+0.07 ™ 0.89+0.06 "
FA 0.869 6.588 FAL 21.041 6.769
P 0.496 0.015 P{H <0.001 0.014

H:oa. by e BIFREGXIRAL, ML, PREA A, P<0.05. Note: a, b, ¢, P<0.05 compared with control group, low— and medium—

dose group, respectively.
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HRAS 1 GINS4 mRNA X ikt ﬂjﬂi?ﬁ B4, % 0.05). b3 72 h BF, £4] HRAS mRNA FHXf ik it
WIEZH RRM2 mRNA AHXT 335 BL T 0 IR (P< E, ERFAATFEI (P<005); HikEH
0.05); AbFE 48 h W, . EEWKEL BIRCS. GINS4 ~ HRAS mRNA X} A # K T X B4 (P<0.05).
1 RRM2 mRNA AR KRBT R IR, &k WK 5.
41 HRAS mRNA H Xf 2 ik & B ik T xF I 4] (P<
£ 3 ARFEAHREEL MeT-5A IMEIHT R (s, %)
Table 3 Comparison of apoptotic rates of MeT—=5A cells in different dose groups of chrysotile (x£s, %)
WU melAn . WU ebIAnR .
20 5] Group Early—st‘age Late—ste'Lge Overall 21531 Group Early—sl.age Late—stz'Lge Overall
apoptotic apoptotic ) apoptotic apoptotic )
rate rate apoptotic rate rate rate apoptotic rate
6 h 48 h
Xif B ZH Control 5.42+0.83  3.100.65 8.52+1.08 Xif HEZH Control 1.68+0.45  3.97+0.42 5.65+0.87
fIG¥e B 20 Low—dose 6.53+0.28  3.78+0.16 10.32+0.12 * fIc¥e B 40 Low—dose 2.02+0.20  4.73x0.71 6.75+0.83
Tk EELH Medium—dose  7.27+1.21  5.87+0.80 *  13.13:0.50 ™ || ¥4 Medium—dose 1.95+0.80  5.95:0.54 "  7.90+1.04 *
e BE2H High—dose 7.15+0.39  5.28+0.49 *  12.43+0.73 | F¥k ] High—dose 3.0840.68  7.63+0.59 ¥ 10.72%1.16 **
FiE 3.616 14.818 26961 | F{H 3.384 23.338 14.747
P 0.065 0.001 <0.001 | Pl 0.075 <0.001 0.001
24 h 72 h
X HRZH Control 3.23+0.43  6.18+1.53 9.42+1.58 X HRZH Control 2.60+0.35  6.68+0.66 9.28+0.40
TRHE2H Low—dose 4.98+1.19  553:051  10.52+1.33 TRHE2H Low—dose 3.05:0.89  9.88+1.33 *  12.931.61 *
ik EEL] Medium-dose  5.7020.83 * 6.32+0.08  12.02¢0.81 * || ¥ JF4] Medium—dose 3.35£1.00  11.09£0.56 *  14.44+1.14 *
ek 20 High—dose 6.00+1.11 * 9.83+0.33 ** 15.83+0.93 | vk fF High—dose 4.83+1.26  16.03x1.41 ™ 20.870.45 **
Fil 5.239 16.640 16314 | F{H 3.206 40.121 66.006
Py 0.027 0.001 0.001 | PfH 0.083 <0.001 <0.001
T PRI GRT IR . A . AL, P<0.05. Note: a, b, ¢, P<0.05 compared with control group, low— and medium—

dose group, respectively.

R4 ARERAOMAEL MeT-5A 410 DNA BUTEOLHAES (3es, %)
Table 4 Comparison of DNA damage of MeT-5A cells in different dose groups of chrysotile (x+s, %)

A RUE . DNA B ;
ATM i H2A X W2 ATM #75 H2A.X 2
5= DNA W45 DNA
FATM 1bZE H2A. X FATM fLEFH2A.X
251 Group double— 251 Group double—
activation phosphorylati activation phosphorylati
strand break strand break
rate on rate rate on rate
rate rate
6 h 48 h
X IRZH Control 0.65£0.29 233+1.20  0.55+0.29 X IRZH Control 1.04+0.22 1384025  0.34+0.31
VR 22 Low—dose 0.40+0.13  2.80+0.78  0.54x0.39 * | k¥4 Low—dose 0.74+0.38  2.12+0.70  0.23+0.06
F 2 Medium—dose 0.62+0.21  2.70+0.65 ** 0.18+0.17 * | rhyfk fF 2l Medium—-dose 0.81x0.36  2.57+0.76  0.23:0.15
15U 2 High-dose 0.58+0.32  2.49+0.94 * 0.27+0.06 ™ || k4 High-dose 145021  2.94+1.32  0.370.16
FAS 0.600 0.164 1.601 FAl 3.338 1.882 0.425
PH 0.633 0.918 0.264 P 0.077 0.211 0.741
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% 4 (££) Table 4 (continued)
) DNA XUt , . DNA B ;
ATM#ES H2A X B2 ATMG H2A X i
Wi DNA W% DNA
FATM fbLZE H2A. X FATM fLFH2A.X
2} 5] Group double— 2} 5] Group double—
activation phosphorylati activation phosphorylati
strand break strand break
rate on rate rate on rate
rate rate
24 h 72 h
X HRZH Control 0.51+0.11  1.62+0.88 0.81+0.61 XiF B4 Control 0.88+0.15  2.87+0.57 0.88+0.06
MR 4 Low—dose 0.3740.38  2.86+0.46 *  0.67+0.42 {IRHR B 2H Low—dose 0.95£0.32  4.93:0.91 * 1.5320.62
thig B2 Medium—dose 0.43x0.21  3.02+0.20 *  0.91x0.10 thif FE 4 Medium—dose 1.42+0.18 ® 579049 * 1.22+0.10
U 4 High-dose 0.91£0.54  2.460.27  0.64+0.21 U4 High-dose 1.940.21 ** 5.93:0.38 *  0.79+0.36
F1H 1.442 4.279 0.306 F1H 14.564 15.631 2.646
P 0.301 0.044 0.820 P 0.001 0.001 0.121

H:oa. by e BIFRREGN IR WAL, PkEA LA, P<0.05. Note: a, b, ¢, P<0.05 compared with control group, low— and medium—

dose group, respectively.

x5 AREIEAMHEL MeT-5A QUM Z B AHZENK mRNA £k g

Table 5  Comparison of mRNA expression of related nucleolar protein genes in MeT-5A cells in different dose groups of chrysotile

mRNA %} #15 it Relative mRNA expression mRNA HIXF 415 i Relative mRNA expression
20 Group 205 Group
BIRCS HRAS GINS4 RRM?2 BIRCS HRAS GINS4 RRM2
6 h 48 h
X} B84 Control 1.00£0.04  1.00£0.05  1.00+0.08  1.00=0.06 X B4 Control 1.00£0.04  1.00£0.03  1.00£0.07  1.00£0.01
MR EEL] Low—dose  0.97+0.03  0.94+0.03  1.03x0.06  1.02+0.02 VR EEL] Low—dose  0.94+0.05  0.94+0.02 * 0.95:0.07  0.97%0.05
T EE] Medium— 1.02+0.08  0.91£0.02 * 0.93+0.08  1.04+0.05 FRYEZH Medium— 0.81+0.12 * 0.85+0.03 * 0.80+0.06 * 0.82+0.01
dose dose
TR A High— 1.01+0.06  0.85+0.05 * 0.91+0.03  1.01x0.03 TR A High— 0.71+0.06 * 0.86+0.03 * 0.74+0.05 * 0.81+0.05
dose dose
F1H 0.407 7.642 2177 0458 | F{H 9.487 19.208 11.727 26.650
P1E 0.752 0.010 0.169 0719 | P 0.005 0.001 0.003 <0.001
24 h 72 h
X HEZH Control 1.00£0.06  1.00+0.09  1.00£0.05  1.00+0.05 Xif I Control 1.00£0.08  1.00£0.10  1.00+0.00  1.00+0.12
R E A Low—dose  0.93+0.05  0.97+0.05  0.91+0.07  0.89+0.02 *|| {K¥KJ¥2H Low—dose 0.96+0.06 0.82+0.05 * 0.95+0.01  0.94+0.05
IR AL Medium— 0.89+0.02 * 0.94+0.09  0.80+0.07 * 0.84+0.04 * | HVEJEZH Medium-  0.88+0.04  0.76+0.01° 0.88+0.15  0.89+0.16
dose dose
MR ZH High— 0.79+0.03 *0.80+0.03 “ 0.78+0.03 * 0.80+0.03 ™| ¥4 High— 0.87+0.05  0.75£0.03* 0.76+0.14  0.80+0.18
dose dose
F{H 13.236 4.741 11.339 14.648 | F{A 3.434 12.277 3.137 1.233
PAE 0.002 0.035 0.003 0.001 | Pl 0.072 0.002 0.087 0.359
TE: a. by oMINFRGXRA | IR W EA LR, P<0.05, Note: a, b, ¢, P<0.05 compared with control group, low— and medium—

dose group, respectively.

3 it it

F B 32 A A A R 2 22—,
AL I TAT B N A2, B3P 1 it

ANEN S TR N S BCA AR B ME R KRR R, S
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