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Ribosomal DNA copy number variation in peripheral blood and its

influencing factors among patients with pneumoconiosis
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DONG Xiaowen, WU Fan, LOU Jianlin
School of Public Health, Hangzhou Medical College, Hangzhou, Zhejiang 310013, China

Abstract: Objective To explore the changes in ribosomal DNA copy number in peripheral blood among patients with
pneumoconiosis and its influencing factors, so as to provide insights into prevention and treatment of pneumoconiosis.
Methods  Eighty—eight patients with pneumoconiosis who visited a designated hospital and 71 community residents
with no history of pneumoconiosis or dust exposure were selected as the pneumoconiosis group and control group, and
age, smoking history, drinking history and cumulative years of exposure to dust were collected through questionnaire
surveys. The copy number of 45S rDNA and 5S rDNA was detected using real-time fluorescence quantitative PCR,
and the differences between the two groups were compared. Factors affecting the copy number of 45S rDNA and 5S
rDNA were identified by a multiple linear regression model. Results The pneumoconiosis group had a median age of
56.00 (interquartile range, 15.25) and a mean cumulative dust exposure duration of (12.40+8.08) years, with 56.82%
smoking and 62.50% drinking. The control group had a median age of 64.00 (interquartile range, 37.00) years, with
32.39% smoking and 26.76% drinking. The median copy number of 45S rDNA in the pneumoconiosis group was 1.29
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(interquartile range, 0.59), which was lower than 2.10 (interquartile range, 1.88) in the control group; the median copy

number of 55 rDNA in the pneumoconiosis group was 5.33 (interquartile range, 0.85), which was higher than 4.66

(1.34) in the control group (both P<0.05). Multiple linear regression analysis identified age (8=-0.034) and pneumoconi-

osis (B=—1.595) as factors affecting 455 rDNA copy number, age (8=—0.013) as a factor affecting 5S rDNA copy num-

ber, and age (8=0.018) as a factor affecting 5S rDNA copy number in the pneumoconiosis group (all P<0.05). Conclu-

sions Compared with community residents with no history of pneumoconiosis or dust exposure, the copy number of

45S rDNA in peripheral blood among patients with pneumoconiosis is reduced and the copy number of 5S rDNA is in-

creased.
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18S CGCGCTCTACCTTACCTACC  GGCCGTGCGTACTTAGACAT
285 GCGGGTGGTAAACTCCATCT CACGCCCTCTTGAACTCTCT
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Table 2 Comparison of rDNA copy number between the

pneumoconiosis group and the control group [M (Qx)]

DNA B (n=88) YR (n=T1) VA P{H

28S 1.57 (0.84) 2.98 (1.83) -8.937 <0.001
18S 1.17 (0.54) 2.00 (1.79) =7.763  <0.001
5.85 1.11 (0.51) 1.46 (1.08) -6.030  <0.001
458 1.29 (0.59) 2.10 (1.88) -8.026  <0.001
5S 5.33 (0.85) 4.66 (1.34) -2.824 0.005
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Table 3 Comparison of rDNA copy number in patients with

different stages of pneumoconiosis [M (Qx)]
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28S 1.58 (0.83) 1.42 (0.69) -1.490 0.136
18S 1.20 (0.57) 1.04 (0.53) -1.878  0.060
5.85 1.12 (0.55) 1.01 (0.43) -1.298  0.194
458 1.34 (0.62) 1.21 (0.53) -0.455 0.649
5S 5.30 (0.79) 546 (1.23) -1.629  0.103
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Table 4 Multiple linear regression analysis of factors affecting

rDNA copy number

[RI7% d AR B % g fH P1
458 A% -1.595 0205 -0.525 -7.791 <0.001

AR -0.034 0006 -0.365 -5.597 <0.001
58 AERy -0.013  0.005 -0.230 -2.888  0.004

il 58 AES 0.018 0.005 0385 3.707 <0.001

rDNA FEFIR IR TFAZA, & — P 40 it v 3
FEUMRAR . B RS R 25 H ) SRR AR A
rDNA # DUECGE 40 iz Thne, I 502 1
B . SEDN A SE R MR I Rk AR OC . TR
B rDNA #5 DS 8 sl AR 20 i 38 25 7= A 17 1T 52
M. 4 rDNA ¥ DUECT: & B, e S OB BLE 2 1)
RNA, IR REEEEREAEN, RRSEAS
ROK 4R , Zad BR AR R R, S
MOAR IS oy 2z, rDNA 8 DR AR 23 06 5
DNA BB RES, EABRICRBEL "', BEIKO
S R, tDNA #5 DUEIGBAR 9 Bz Bk B 2F 4t 200 i
TEREY) B 58 o AN AE T R

ARWFTEAT T il B R 2 5 TR AR PR BE 11
FEIXIEH ARERYANR M rDNA $2 0080 L, K35 %t
FEONBER L, 2R FR 34 1 45S tDNA $5 DUERAIR,
1 5S rDNA #5 DUECT & o X ml RE & i TR 2R 5 40
MO . NG, Ml4nMasET, FEREA% DNA | ZRkiik
DNA “5XUEE DNA B, AN B, itk
DNA 5 0, T2 B R 2 2 8 5 R ) % ol
SHOMEIM (DNA $5 05, BRI o — Y
Bk 2Rl B 458 tDNA 5 55 rDNA # DUAAR
fEFa A —F, TTRES 458 rDNA Fil 58 rDNA 435
HAFE Y RNA RABEE S, MRS
HxRUL AN, RREIMASEHEZE e 5] & AR
rDNA # DUEA8 k. LOU %5 ) R BN i B 8 A\



. 104 -

TR BE 2 2024 4E2 A4 36 #4524

China Prev Med J, Feb. 2024, Vol. 36, No.2

S JE I 458 'DNA 5 5S tDNA % U1 %G & %, (B
WANG %5 ' B Z A SRS & Bk A RS RER
Ji b Kz 20 458 tDNA 5 5S rDNA $#2 DUB i

AMFFE &I 5S vDNA #5 D145 455 t1DNA % K
Bt (28S rDNA. 18S rDNA F1 5.85 rDNA) +% 1417
FERSENE, 5 CHRGE 7 —3, AR 5S 1DNA
15 455 yDNA 45 F B[Rl AHSCHEAR T X BRAL,  HHmle
DGR DNA it

AHWFFERT 458 rDNA F1 58 rDNA $2 U1 B 52 0
HWER T ZHEEMRIA5Hr, 458 BRaERn fee
rDNA $5 DR L sZm R 2 . TR B, R ThE
SEILHAATE T, LRARTIRER DNA BRRES T
R 1500 STEIN 45 200 DA A MBI D) Rl 23 Bl 5 AR 04 119
KB AL, 458 rDNA . 5S rDNA 5 BBHA IR i
BUEAEDE, AR 2520 tDNA $5 D185, T REfFTE
—LEREE (W AE YA SO R R, A5 2 il
5S tDNA MFRIB FGEBM R KA, X e —
EINE

gE LTk, Al EE SN E L 45S tDNA $5 DAL
AR 5S vDNA #8 DUECT R o SR T AR il 27 A Ak 2 —
MEREZARELLE R, MR L fDNA 50U EUElL
AIBLIIA 5 1 — 2B IR

Sk

[1] FENG LF, DUJ, YAO CJ, et al.Ribosomal DNA copy number
is associated with P53 status and levels of heavy metals in gastrec-
tomy specimens from gastric cancer patients [J/OL] .Environ Int,
2020, 138 [2024 -01-08] . https://doi. org / 10.1016 / j. en-
vint.2020.105593.

[2] PANDA A, YADAV A, YEEMA H, et al. Tissue—and develop-
ment—stage —specific mRNA and heterogeneous CNV signatures of
human ribosomal proteins in normal and cancer samples [J] .
Nucleic Acids Res, 2020, 48 (13): 7079-7098.

[3] SAKA K, TAKAHASHI A, SASAKI M, et al.More than 10% of
yeast genes are related to genome stability and influence cellular
senescence via rDNA maintenance [J] .Nucleic Acids Res, 2016,
44 (9): 4211-4221.

[4] WANG M, LEMOS B.Ribosomal DNA copy number amplification
and loss in human cancers is linked to tumor genetic context, nu-
cleolus activity, and proliferation [J] .PLoS Genet, 2017, 13
(9): 1-24.

[5] B, B0y, BRRYE, 55 . iRAMREE SRR DNA #
DURCE S J% DNA B0 s i ke (91 . fips s, 2022, 34
(6): 547-554.

(6] WA PEA AR SMRZ L Z b2, IR B2 B
A AR B L, TR TP EEEG R | AR R LR
LU (2021 i) L] EAEIEEE A0, 2021, 21 (9):

(8]

[9]

[17]

WKimBEEE: 2023-10-07

1000-1007.

flEPS, P, BRI, 45 .2009—2021 4G O A il
TS (1] . BB, 2023, 35 (7): 620-624.
A N RN TLAE L ARl 12 W AR E . GBZ 70—2009
(8] . dbst: FEERES L, 2000.

YU S K, LEMOS B.The long-range interaction map of ribosomal
DNA arrays [J] .PLoS Genet, 2018, 14 (3): 1-22.
MALINOVSKAYA E M, ERSHOVA E S, GOLIMBET V E, et
al.Copy number of human ribosomal genes with aging: unchanged
mean, but narrowed range and decreased variance in elderly group
[J] .Front Genet, 2018, 9: 1-11.

BUCHWALTER A, HETZER M W.Nucleolar expansion and ele-
vated protein translation in premature aging [J] .Nat Commun,
2017, 8 (1): 1-13.

IDE S, MIYAZAKI T, MAKI H, et al. Abundance of ribosomal
RNA gene copies maintains genome integrity [J] .Science, 2010,
327 (5966): 693-696.

BEIKO N N, TEREKHOV SV, SHUBAEVA N O, et al.Early
and late responses to oxidative stress in human dermal fibroblasts
of healthy donors and rheumatoid arthritis patients.Relationship be-
tween the cell death rate and the genomic dosage of active ribosom-
al genes [J] Mol Biol (Mosk), 2005, 39 (2): 264-275.
BENMERZOUG S, ROSE S, BOUNAB B, et al. STING-depen-
dent sensing of self~DNA drives silica~induced lung inflammation
[J] .Nat Commun, 2018, 9 (1): 1-19.

LOU J L, YUSK, FENG L F, et al.Environmentally induced ri-
bosomal DNA (rDNA) instability in human cells and populations
exposed to hexavalent chromium [Cr (VI) ] [J/OL] .Environ
Int, 2021, 153 [2024-01-08] . https://doi. org/ 10.1016/j. en-
vint.2021.106525.

WANG Y H, MENG T, ZHANG L Y, et al.Inhalable mixture of
polycyclic  aromatic hydrocarbons and metals, DNA oxidative
stress and nasal ribosomal DNA copy number amplification: direct
and indirect effect analyses among population [J/OL] .J Hazard,
2023, 455 [2024-01-08] .https://doi.org/10.1016/j.jhazmat.2023.
131538.

GIBBONS J G, BRANCO A T, GODINHO S A, et al.Concerted
copy number variation balances ribosomal DNA dosage in human
and mouse genomes [J] .Proc Natl Acad Sci U S A, 2015, 112
(8): 2485-2490.

FAKOURI N B, HOU Y, DEMAREST T G, et al.Toward under-
standing genomic instability, mitochondrial dysfunction and aging
[J] .Febs J, 2019, 286 (6): 1058-1073.

WATANABE K, IKUNO Y, KAKEYA Y, et al. Age-related dys-
function of the DNA damage response in intestinal stem cells [J] .
Inflamm Regen, 2019, 39 (1): 1-7.

STEIN K C, MORALES-POLANCO F, VAN DER LIENDEN ],
et al.Ageing exacerbates ribosome pausing to disrupt cotranslational
proteostasis [J] .Nature, 2022, 601 (7894): 637-642.
EEBHE: 2024-01-08 ARSCHEE: ROCHE



