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Expression of minichromosome maintenance 3 from the peripheral blood of
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Abstract

BACKGROUND: Previous studies have shown that minichromosome maintenance 3 is related with fluorosis, but
the expression of minichromosome maintenance 3 in fluorosis patients is not clear yet.

OBJECTIVE: To analyze the mRNA expression level of minichromosome maintenance 3 in peripheral blood from
patients exposed to fluoride and normal controls.

METHODS: Eleven patients with mild fluorosis by drinking water (exposure group) and 11 cases of control
(non-exposure group) were selected for research. SYBRGreen1 real-time quantitative PCR was used to
determine the mMRNA expression of minichromosome maintenance 3 in peripheral blood mononuclear cells, and
the liver and renal function indicators were detected.

RESULTS AND CONCLUSION: mRNA expressions of minichromosome maintenance 3 in the exposure group
and non-exposure group were (0.573 60+0.102 59) and (0.550 0+0.171 81), respectively, and there was no
significant difference between two groups (P > 0.05). There were no significant differences in the liver and renal
function indicators between two groups. The results indicate that mild fluorosis has no significant effect on mRNA
expression of minichromosome maintenance 3 in the peripheral blood mononuclear cells. More indicators are
needed to compressively analyze the effect of fluoride on the liver and renal functions.

Subject headings: fluorine; genes; endemic diseases; reverse transcriptase polymerase chain reaction
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0 3| Introduction

i 75 P S R (MU ) R A AR T 2
e P FRCEAE,  [R] N2k 38 i 2
REXE AT, 2 L2 3 P [EBUN H fi R
e BRI AR G T 9T A T 0K
BERE, ARILRIRHLEIIAR 58 A, AERTER
To 8 BB 58 W BOR T TRMATY AR SRAGF SR Al
g 31, R Ak 5% A 0 ST T A
903 175 2 FEE AN [ PO 90 25 B M X T
JAL I 9K 2 0 B SR EURNA,  JEAT R B 5 A
BP-REHFRIC, SI1K )5 5 cDNAJE N IS ) 4%
AL, AT R ARIBFEIM I X AL
B, BB A 324 KN ik F i (RatiofE
2.003 9-4.046 7), fA32 KK KA N
(Ratioff’40.091 8-0.501 0); 4155314
FEFFRIA Fif(Ratioffi42.004 0-3.718 0), 1
20 /> 3 R % 1k i (Ratio {5 4 0.088 6-
0.503 4); AR LA LA A 4L K]
#ik Li(MCM, RAS, COL9A3, TM9SF1,
Ratioffi 42.363 0-2.704 0), 11N ERHIKIE
N if(Ratioffi 40.334 1-0.495 0). HJT4L
% FE A BN AT 4 kAL i (Ratio fE 4
2.363 0-2.704 0); 114M3ER i (Ratiofl b
0.334 1-0.495 0) ; [f B Ras-related
GTP-binding protein fil transmembrane 9
superfamily member 13 K 7755 i 20 1 1 i
4 55 00) B LA I 1) 2 B B (Ratio A
2.046 2-2.993 6), 14NN FRIA I HILT
i (Ratioffi #0.091 8-0.503 4)., HJF 4 5%
WY LA 2 35 K (MCM3 FICOL9A3) I 1
(Ratiofti 43.102 6-3.334 2). i/ e Ay
Z 13 (minichromosome maintenance 3,
MCM3)JE P2 Horpr ik iy, e AT ARk
BB I E R RIEFE R 2 —. BEJa, X
5 /N B JAC S 7 1 40 9% o s 56 b
Real-time PCRA % 41(0, 5, 10, 20,
40 mg/L)MCM3 mRNAZIX, 5, 10, 20 mg/L
o ik i T 140 mg/L4L, L5 mg/L
Akl BEAERIESG N, BEPRk R
PAR S R R AN S0 B R A B PR
M H(Saos-2), HALGLGAAY, FIEFR24 h)g
WAL, SN 20 E S PCRIE Jl i 41 il
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ME R FEEMIERFHIIEMMCMIE R RIERIFE
THRERR A EERXFIFALES:

R RALEE KiR
RNAprotect® Cell reagent, RNeasy kit, ~ QIAGEN
First Strand X7 %
SYBR®Premix Ex Taq™ TAKARA
B L g
TaKaRa PCR Thermal Cycler Dice TaKaRa Code: TP600
NANODROP %403 T Thermo scientific, 2% [H

A LS AN R A 20 BT R G BIO-RAD, [

FiE:

mMEFRMRESRE:

SN ML AAZ AN o 25 . AN R ICR IS, 32N
R ELH S BB AT B0, S A, B R
P Z 40 N0, 2 500 r/min, 2520010 min 5 3575
40 A P

TRAFHAMZ AN : 2EDTEE Mgl Al i A 10fs 4R AR
ffIRNAprotect® Cell reagentyi A 54771, H k: 22 mcdT
VA G ST RV RE i T KA -18 CAGRRAT . iskid i
FHUKAS . UKHEB SEREA, 4 hNBIASIE S IPB e E
F-80 CHBARIRIKAE I A7

BRNARE: 7 ECE 44, I ARNASREUR,
PR U0 AR I AN B RNA, RS RNATG , 16
BiK260, 280 nmist, SEANAT LA S B VI RO BE
B (A)e 24 Age0/Azgo LA FE1.8-2.115F, R BIBA V5 Y.
E1% H B G B e B 2228 sHIM8 s L i LUl
2:1. BUBRNA 1 pg, ¥4 cDNA, #+-70 C
VKA -

XK EBPCRY#: JLcDNA 2 pL, 5SYBR®GREEN
I vkl i, real-time RT-PCRAY b7 &0, &
MNAKR: RNAAR25 uL, W& cDNA2 uL, . R
514)(20 pmol/L)#%0.5 uL, SYBR®Premix Ex Tag™
12.5 pL(2x), dH,0 9.5 pL. Sk a2 f Y HMCM3
RN F IR Hacting 8 53 K AIMCM3ZE K (15|
Wy 5 K&y s BER N Tm A Ve &1 . U
HLB0RNA(500 ng) e % 5% 3K 143 () cCDNAFE A bRttt H
EASYDilution} 53104586 B ##6(10°, 107, 102, 10°,
10ME)VFIVE T BERR, 2 SRR SIE N (Acting A H (113K
P (MCM3) kst 2k . BN 52240, RRRY 143 8
I o S S T AR S CDNAZS BIFE AT S FE R . H i
SERbRAERIZE Fog i, JFEATHI RIEE T, FHFES
(R % D150 GAPDHAT A% DKL) AR 6 7~ JE IR 36
BGER . FsEeE, AT G T, R
RS

WHAMKIES: LUH IR 1R BUK L /B-actin
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%1 B-actin J:[AF1 MCM3 %:[X PCR 519331

Table 1 PCR primer sequences of $-actin and
minichromosome maintenance 3

LR 4R 594 5145751 Tmii R
() (bp)
Actin(NM- 001101) Actin —F 5- TGG CAC CCA 681 186
GCA CAA TGA A
-3’
Actin-R  5- CTA AGT CAT 69.2

AGT CCG CCT

AGAAGCA-3
MCM3(NM-002388) MCM3 -F 5-TGG GGT GAG 62.09 89

GAA AGA GGA

GA-3

MCM3 -R 5- ATG GGA AGT 62.15
AGG GCG GAT G
-3

BFTh. STHMZE: S EE LR B R A 03 R T
AR 5 mL, CKERAERE KIS 000 r/min &5
5 minj5, WHUME 7> 3% TEpEH, -80 CIrAfr,
HITACHI7170A% A &4k Aird il e i % B
BRL . MR 5. BRNFEEN . B ER.
MR . SRR . IR, VB, JKERAKT .

S F M BTN EHISPSS 12,048 Xt
BTG b, TR OR T ZE SRR A A5 AT
T3 ZEANTE I R AR FOAS 56

2 %R Results

2.1 B A EMCM3Y 3 wh KAk & H LA
MCM34™ 1 it £ Fnes i it 2 W11

Real-Time PCRA: Ml 45 & W7~ , LAHL60 RNA
(500 mg/L) s e 5 [FICDNATE A brvE o A A ) If ik
A1 A PR I RNA  Hfn] DLy 5 A 5K L R B-actin R H
FEIMCM3, 153 2 ks th 22 i 75 F2 5 51k Y = -3.339 *
LOG(X)+30.49, A1 Z¥R*=0.998, 1%k % (Eff)=
99.3%: Y=-3.387*LOG(X)+37.92, #ll 7= & $(R?=0.999,
I 1 K (EFf)=97.4% . & K N B-actin 5 H 1 % K
MCM3KIAH 5% RERPII A T-0.99, Frifl ik omek %
AR PIPOREL: B RIERB-actinty H 13 H
MCMB3 4 AR (E)IAE0.9-1 L Z N .

JE RIS T —, BERA RONAE R LT . BV
SN A Y P BG5S, B BRI 5 7E 35
UL E, R RNARRTCTE G
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A: HIE MCM3 it g 41AE a4 i 42 1

WD 12 14 WE 19 ZD 22 24 26 ZE BD 32 34 E\ﬁ E\E 40 42 44 46
Cycles

B: HWZEE MCM3 B R 41T g™ 14 h 28 1

13007
_ 1600
¥

214004
212004
5

£ 1000

2 600

B A AP AP AT A A
Termpersturs

C: HIKEER MCM3 2 ik 41R: i ik i £k [

20004

Z 15004

cence (15t Derivative)

Rl o o o e e e L B e
60 82 84 EE EB 7D 72 MO8 7880 82 8 EE EB Bﬂ 92 94 BE
Temperature

D: H A5 RIMCM3- -5 FR ALY it 57 h 2 1

TE: RSN 96 R PCR UG, HENAE I G L,
%%?&FQHH%%&M?&#ZIK/FH{EWH‘JE‘J/ OGIRL . Pﬂ’éﬁ?%l
A H B G IO, R G TR . AR 2R
kW, UK H ISR RS SR R, W SRR .

K1 NS R E R BELR 18 it 2 Rpa fin it £k
Figure 1 Amplification curve and melting curve of target gene

B149#FF i h LB TR AIK, {X0.03: 71 %% 55 2 3028#

FEmh Rk, RIAENA0.94, 7EFREE4130254

FEM P RIEERAL, #50.32; AR RILE2, 3.

F 2 BFEA 11 AFEM MCM3 B AN R Ik
Table 2 Relative expression of minichromosome maintenance
3 in the 11 samples of the exposure group
EHRILE Actin Hf3EH MCM3
FE i
AR AN EEAR KRIEFHME  AxREE
3013# 2135 1.00 1085 0.51 1.00
3069# 1527 0.71 838 0.55 1.08
3077# 1037 0.49 564 0.54 1.07
3086# 1191 0.56 817 0.69 1.34
3087# 2820 1.32 1020 0.36 0.71
3136# 772 0.36 461 0.60 1.17
3138# 1392 0.65 1010 0.73 1.42
3139# 1239 0.58 613 0.49 0.97
3144# 1224 0.57 806 0.66 1.29
3146# 394 0.18 227 0.58 1.13
3149# 901 0.42 23 0.03 0.05
e ZIEITE AR R AL 3138#FE M P Rk, RISEN 073, TR

S149#F: iy R IL B, 1% 0.03.

3 CARREERAL 11 ARG MCM3 5 A0 2k

Table 3 Relative expression of minichromosome maintenance
3 in the 11 samples of the non-exposure group

oy ERILH Actin H 3L MCM3
5[}
SERAR O MWME  EEAR KRERWE A REE

3025# 2 328 1.00 736 0.32 1.00
3028# 886 0.38 837 0.94 2.95
3040# 107 0.05 39 0.36 1.14
3310# 1227 0.53 638 0.52 1.62
3312# 230 0.10 142 0.62 1.93
3318# 1326 0.57 900 0.68 212
3320# 1131 0.49 549 0.49 1.562
3322# 672 0.29 283 0.42 1.32
3326# 610 0.26 354 0.58 1.81
3327# 1225 0.53 595 0.49 1.52
3333# 1105 0.47 699 0.63 1.98

IR AR R TR A 3028#FE Hh b RIA i, RikEN 0.94, EiER
E;EZH 3025#FF i PR IA IR AG, 4 0.32.

22 MCM3AR kX EMHLER HE IR 7F 2% 5 4
3M3BHFE I TR IE A, RIEEHN0.73, EREFE

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

1T 2 e 41T 31498 i AR T IL A A, HAE L
W 3 A TR R A, RNAH — 8 M, ok T 254
JEBCFE S AR R AL . R FE4IMCM3 mRNA #%
iK7KF-(0.573 620.102 59) T 5 5 40 ABE I K
(0.550 0+0.171 81), ZRLWEME (P> 0.05), W
%4,
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Table 4 Expression of minichromosome maintenance 3 in

peripheral blood mononuclear cells (xts)
245 n MCM3
El=] 11 0.550 00+0.17 181
SRR 1" 0.573 60+0.102 59
t 0.392
PR 0.699

23 AT EREAAAERELEI. B &R AN
R WKS. BARFTLIERRFRA P IEEEA.
IREEFT. P NEE R M. A3 S M R (e R L
EREA L . M HIEAEZ N T IR AV, mRE
SN G LUBHE AL DL P Th g 2207 08 W TE
X

®E5 R EERREANAEREAR . T URAL IS

Table 5 Results of liver and renal functions of patients with
fluorosis between exposure and non-exposure groups

LRz 4151 X+S
JJHAL 2 (umol/L) RHEA 13.808 4+2.988 1
E[E=3:4%] 14.440 5+4.566 7
B AL ZE (umoliL) iR 4.770 0£1.359 9
E[34%] 3.858 5+1.716 3
TAJEEHHZL 25 (Mmol/L) R 11.966 7+1.961 5
E[E 730471 11.427 2+2.473 4
BN EUIL) RHEA 36.053 3+32.584 6
E[ =347 47.030 8+32.037 8
1 B A RE(UIL) i 49.311 1£49.764 4
B[54 51.223 1+41.117 3
Bl B R (UIL) R4 96.544 4+32.234 6
FER AL 79.138 5+28.235 9
BABHAHIUIL) A 20.966 7+9.299 6
E[E =347 35.638 5+32.026 7
JR % (mmol/L) R 6.421 1+1.441 8
E[34%] 6.064 5+1.152 8
JULEEF(umol/L) Er 2| 77.211 1£20.791 1
JERFEAL 80.538 5+14.616 7
SR (umol/L) RHEA 378.000 0+36.773 0
E[E=3:4%] 349.461 5+79.598 6

P 1> 0.05.

VE: ORAEE S HH O AR P IE D RE B AR T«

3 ifit Discussion

DNASLHIR BT RO LB 11, X3 (1

6686

TE40 B JE AR 22 F 9T . HMCMs 2DNAH
TR T s g e U2, MCMs 13245 45 T
AN, 5 R R g5k Y MCM3 £ MCMs
KWt — R, MCM2. MCM3. MCM5 [ G )ik
FsEME A, RGN, MCM3A H ks 1
DNAJFF1, FTMCMIE A % 53 (1) 256 & A e 1 1
P U, 4 MCM3BIE N 40 A% 5 7T LA e (o 57 5% 8 45
“r, IRfEDNAG I 3)), T SHIZE 35 MCM34 fif 1R
AR LA R T — 3 RIS R IT 4R . XA LIS
5 22 BR— AN g, T BEL L 22 IR SR IR 1) R
A, R —AN OB, S R dn s T 48 ) 8
AN 43 B FEPOP IR A K4 R, MCM3 5 MCM
K H A 7 — RS 5 a0 g AE KR 58], MCM3
FIMRNATE 1E 5 21237 (1 40 i A Ak T3 (R K P I 3Rk
BNz i 2 RTEOR RS20 b T A K ek
AUCLURARUE S BB A s 2021, JU I 2 g
TS S, 45 A ORI S, MCM3IHRIA 1B 3%
1328291 i G T i 1 A A A P 4 5
T 51 EEMCMBZE R () i, S LR IARFIE S8 A WAR
18,

i it 5 SR T 98 6 52 B PCRRI 4 1 21 24k 2%
YRR IR SAE T R 4 M s mT LS i MCM3 1) 3 PR 36
5, LK AIMCM3FHPEAH P, FHMER R L L Ya ],
Witk FIEw ARG, H910 mg/LZ4 BHPER X
MipHis % . ©HEPCRIMLRER: /NS mg/L
YH F AT R i, AN IR (9 2.5445% : N\ 4141 LL2.5 mg/L
15 mg/Ldl e, AARRERALN1.216%, BE Qi A &
I, MCM3FmRNASE /D>, Z/R5A TMCM37E
S 40 R R IE A R IS AE T, IR X R A AT
AE A I EL e EH TMCM3I &5 R . (B S IX A oT kB
BIRALFMCM3FIMRNA R R =, 5 bidkgh Ay
fEZ 5, WREEMCM3EER H & IR Fa e RIEH <.

v EE AR R H AT DRI, FEAHE LIRS
FEFLL G, EEUCHRIIMCM3ZE R T mRNAZR A
E—E FE g b RN s R B R L. WNAEMAIA
BRI S 7R MABEU A ZIEbR e 1E R o 5 5 1
Wik &7, MR RILAIE A2 Wiiets . A5
oz BT, U ERREE, A NSRRI
IRFEA IR AT FEMCM3 mRNA %14 5 5 35 11 6
Fo HJE R R R R T 4 R ANREAE S 2 e
IR AT 1, gl 595 1 & R AN T 5 AH K

FEN KT 1 5 2 0] S5 B0 40 () BB T i = A= 4
C I N ARRZE 27 € = E-|L AT NI W o¥m L7 9N N ol
AR PRI, 0TS AR 3 o DR 21 4 b v 7 5 1) A
WK TN S 2B TS O A S &5 AR
HIE 453 5 A7 AE 418 . Michael 2B i i Kk et A
PRIR A ATy i A0, 3 0] 5 8 11 06 B
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i, M TN o S B RN 4 S S ) T s i BN
FIOHRE Z E P B AR R IR . IR YE IR
3 B RS IR R T, 4 M SR v ik
5.9-24.5 mg/L, " [5 H 57 4R M UL 21 Gkt s i i A= 35 OH
K AEA A AR IR, A PR AT T 6 A IR
ORI FEHBIX (PR N IS RSB . AR s
S SIRLT R IhRESR bR, R R I A
B A A2 5% 78 K O BE O 1.5-23.0 mg/L( -3
8.87 mg/L)HuX fr) A BE, th R L B 7, Xiong
FIT s g B89N s 7 K R G 2 LR A A
JE T BE RIS, R B T U v A LR I R
J3, TN ML S R VR B R, IS N SR e A
. RAGREIEE LI I 22 B E MR X
ATFFAE RN ARSI M A B AR 4L, W 2 HiAh
2k 5T A L FE ol A ) 25 25l 1 H. Xiong
2 OISR 2 T N 2, Tt~ B2 k] 740 1 i 1 B y— 23
B ki A b . TS R b W, I DA S e
B LA sZ2 3. N-Zi-B-DE A0 4580 H ) 72 A7 1F
THPARA T A g siiis, &
FRE 537 o (R S AT P ) — PR R PR K e, 3o
AN R A M b SRR, R TR R A R
R (T NNE (P E NS 67 i (BN K G ikia R ]
R(FRK, S50 mg/L) &I, JRTIN-ZBE-B-D&
FEAT 2 S ) W N R AL, i BLBER R RN
BT . BoRIZIRFR T RER T R I I R R
B y- BRI KA e NARVEZ 801, DUE AR

SR, BRI N RS SRR . IR
V- A B IR s T OB NERE, @B NER

I TG AR R LA e R K BB v Ry
A S IR R P 5 T, o DU S R AR AT
TR o TSI ORI R P TR AR, TR A
NETHBERH RUFa S, JF HA I S MO, RAE R
ST NBE R NES RER B A o o L B2 R b2
W BT B B0 (R SR gR AR, — AR N A B2 W i 2 %
o BT LIE I DhBe M AR K A s, HEt i e 6e ) 2,
CI:uR-S T pIN oy = i S 2 U R T A DT N = 9
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