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Expression of divalent metal transporter 1 in BeWo cells”

Xiao-xiao Cao', Yan-gin Li?
(1. Xi'an Institute for Health Education, Xi'an, Shaanxi 710004, China; 2. Department of
Public Health, Medical School of Xi‘an Jiaotong University, Xi‘an, Shaanxi 710061, China)

Abstract: Objective To further determine the positioning and the mRNA expression changes of divalent
metal transporter 1 (DMT1) under iron deficiency conditions in human placental choriocarcinoma BeWo cells.
Methods Adopting immunocytochemical technique, the localization of DMT1 in BeWo cells was detected. RNA
of the cells was extracted, and detected the changes of DMT1+IRE mRNA and DMT1-IRE mRNA using
gRT -PCR. Results DMT1 was positively expressed in BeWo cells, and distributed in cytoplasm and
membrane. The expressions of DMT1 +IRE and DMT1 -IRE mRNAs raised with the increase of drug
concentration and time of iron deficiency treatment. The relative expression level of DMT1+IRE mRNA was
significantly higher than that of DMT1-IRE mRNA. Conclusions DMT1 is abundantly expressed in the
cytoplasm and cell membrane of BeWo cells and regulated by the body's iron levels, suggesting that DMT1
plays an important role during the iron transfer process in the placenta, which provides an experimental basis
for the study of molecular mechanism of placental iron transport.
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2 S5 35 45 I DMTL 7F BeWo 41 g i i) 638 &
A7, LL BASTR] B0 25 N mRNA 19263k 78 4k, ok )
B IR BBk 12 4y AL

1 #MHEERE

1.1 FERF S

NGB RSN BeWo A (I K240 E ),
22k M (Desferoxamine, DFO) ( 24 [# Sigma /A A ),
DMTL 4 2 s AR (5 [ Abcam A F]), LIFEHi %R
IR & (3L E Zymed A F SP &5 ), Revert Aid ™
First Strand cDNA Synthesis Kit &z % 5% i 77 & .
Maxima™ SYBR Green Realtime PCR Master Mix 4
H 3% Fermentas Life Sciences A, KU RERSG
Q550CW AU (FE[E] Leica 4] ), SEHFHOGE i R Gl
B )2 v (quantitative real-time polymerase chain reac-
tion,qRT-PCR) fX ABI Prism 7000 Sequ ence De-
tection System(ZE[E ABI A F]). 5I¥ixit 56 M H
At mt = AR AR BRSTHE A A 58 M.
12 EHABRLFLEE

AHRAE 24 FLARIEH, FH 80%IEHS [ FfliizK
0.1 ~0.3% Triton-100 i FEANMIAE, 5 F E A f5
BIRMAMRIE Ry 1+ 50 I)—Piidfl , i RO= S5 2%
IMAZHUAF] E RIEEHE R TR,
IIARZRZ YL , 2K 80% ,90% 1 95% K Jo /K 5 12
G, IFHZWRER] 3 Ik, B RERIR.
1.3 DFO #h&kFH

BeWo 41l fitd 73 g KLk %f Bt 2H (48 h Xt HRZH (48 h
30 wmol/L Hk4k4H .48 h 60 w mol/L Bitik4H .72 h X
ME2H 72 h 30w mol/L B4k 2H .72 h 60 p mol/L Hek
Y1 7 4, PEAT TR 1) DFO ik T 151, T 0.48
172 h JEWCoR 4 .
1.4 gRT-PCR

FEIUE RNA, SR FEAT 5 RNA SR E , i
#5340 4 RNA i) 0D260/0D280 nm W Hefi( Ratio,

PBS X e 4l

1 : 100 Prikue)EH
PRaEoR LA R
B 1 DMT1EBRMERIZEENM (x400)
o 22 o

R) o 18 FH0 e sfeaal ) @03 ) S 1 5 il cDNA {1
Lifeson Medical Tech Co,Ltd Two-Step qRT-PCR
IR A PCR R NIR 2, EA T4 it i 2 P e 25
RO, TS CE AT IR B AR T 2722 (5, W
%1,

®1 ERSIMFTIR

S A Sl f",;% !
DMTL+IRE 1E[#:5'-AGTGGTTTATGTCCGGGACC-3'
184

2] :5'-TTTAACGTAGCGTAGCCAACGGGTGG-3'
DMTL-IRE 1F[W:5'-GGACCTAGGGCATGTGGCAT-3'
JZ ] :5'~ACACAAGTGAGTCAGCGTGG-3'

152

1.5 #FitFEHE

BHRSHT R ] SPSS 13.0 Se it , i %kt
DAIEL + bRt 25 (x £ s)Ron , AR LA O 2200001,
W3 L% ) LSD-t Ko B, P <0.05 b 2% A 4 i 2

2 HR

2.1 DMT1 ¥ BeWo AR RIEEAL

BeWo 4 it Z S G EE LMY , A4 R 1 J], &2
PIHCR IR K AIE S 2 AN Z 08, i
KRR, S IR B A 20 i o o e RO R 47 1
2 i 5T S AR

ARSI S B RRER 22 0 W (phosphate buffer
saline,PBS) XTHRZH .1 : 100 F1 1 : 50 HiAkvkEE4 .
PBS X HRAI AN MU A% L h R R e 2 SR 4Tt A
BRI CARR g IO . 10 100 5
1 @ 50 P B L AH L, B €0 BH A Sy A g Ak
PRZH FH S B g (35 5)  Fe i b 2 RTE G A A
1 : 100 Hriuk BE 20 vI & Y DMTL 7 BeWo 4 Jiid th
EPHMEZRIR R FIA T AT, I H 7 41 A
ARk, LA 1,

1 : 50 ik B
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IR, 45 : DMTL 75 AR £ H0E B 40 v Fe 35 0 ST HRRIFE

2.2 BREIRZST BeWo 4 DMT1 mRNA By &
KT
B0 R {EHAE 1.8 ~ 2.0, 5 RNA 4lifE451f. 48 h

30 wmol/L k4% 4H .48 h 60 wmol/L B4k % 72 h
60 . mol/L BRERZHVEFE = T HAZ . & RNAVREE S
LA R B S AR A IR AR G, B4 1 15 BeWoZl
Mtk KI5 —8, 45415 RNA MR RRAT I 5] AR
PEAE S BB AR, BT SYBR Green | fiEE
RN DNA 456 J5 3ER 5 & 2, DU RS
FE) Y BE TR EE A ), QRT-PCR 2531 R, B3
PRI S i 2P, DL R A ith 2oy spuige iy BB I
£ DMTL B SOVAR R b TCAR R SRy 3 Il
FI R A, W 2,

F2 BAMMERNAKREFIRELE (xxs)
215 R1{E WREE [(ng/ 1)
FEEXT IR 1.93+0.13 546.0 +9.3
48 h X} R4 1.91+0.06 551.1+ 4.6
48 h 30 p mol/L ik 1.93+0.06 630.3 +15.0
48 h 60 p mol/L fligkeH 1.94+045 690.0 +12.0
72 h XL 1.89 +0.05 497.0+6.2
72 h 30 . mol/L fi4d2H 1.87 £0.02 627.7+9.0
72 h 60 wmol/L 42 1.95+0.02 527.8+ 6.0

BeWo 4 i £ it AN [R] ik B2 DFO A [ B ] ) ik
BTG , 440 DMT1+IRE mRNA [AHXT ik H
B, G200, ZRA 51T FE L (F=184.347,P=
0.001) .3 X HRATAH XS SRk i oA, 2807 25 M, 25
SIS E L (F=4.662, P =0.060), 1 B 1% 7% it
[E R 22 M AR F ik i A2k, 48 h 3 ZHAHXT A
I, SO 2250, 25 R RS F R L (F=3.588,
P=0.094), 72h 34K, ZRAGIIFEX(F=
231.021,P =0.001);72 h B L5 4 LSD-t K 46,
30 w mol/L £H 5 FRZH AT Fekh it L, 2 R A geit
227 X (1=13.703,P=0.001),30 w mol/L ZH A% ik
X IR 2.03 /%560 wmol/L 415 %F IR 4H AHXF 2
R, 25 A G L (1=11.969, P =
0.001),60 w mol/L ZHAF X} &k i J& X B4 5.05 £i% 5
60 pwmol/L 415 30 wmol/L 4HAHNTFeik i ik, %
G X (1=9.104, P=0.001),60 pmol/L 2H
AN ek 30 wmol/L ZHAY 2.49 175 . AS[RIAsF ] AH
[ AR, 72 h 30 wmol/L 415 48 h 30 w mol/L 4
XfFeik i L, 22 A Gt E 3 L (1=10.203, P =
0.001),72 h ZAAXT ik & 48 h 4119 1.52 f%;72 h

60 wmol/L ZH5 48 h 60 wmol/L ZH AH X} % ik & kb
B, ERAES AR (1=14.817,P=0.001),72 h 4
AHXTFEIA RS 48 h 2HA 3.65 175, 455 %W, DFO T
iU BE A A] 7] LS 0E DMT1+IRE mRNA f4AH Xt
Feikit, DFO [T Fouvfe B bk ey I ] <, H: DMT1+
IRE mRNA fAHXT Ik . Wk 3 M 2,
*x3 LKA DMT1+IRE 1 DMT1-IRE
MRNA FRiEHLEE  (x£s)

251 DMT1+IREmMRNA  DMT1-IRE mRNA
FELRXT B 1.000 + 0.020 1.000 + 0.021
48 h X84 1.430 +0.298 0.727 + 0.150
48 h 30 wmol/L Bk 1.815 + 0.154 1.507 + 0.151
48 h 60 wmol/L fikeH 1.881 +0.190 1.367 +0.123
72 h xR 1.360 + 0.117 0.915 + 0.250
72 h 30 wmol/L B4k 2.758 + 0.044 2.671+0.084
72 h 60 wmol/L Bk 6.867 + 0.551 3.703 + 0.244

81 = xima

st

<
z °® 60 w mol/L ke
£
= 4 1
o
x
= 7]
, L0 :
0 48
A fa] /h

2 #&4H DMT1+IRE mRNA BIFRiAEEE: (x+s)

BeWo 4 fifd 285 AN [F]¥R B DFO FIAN [ s [ i) e
BTG , 420 DMT1-1RE mRNA [ AHRT 23k 5 1T
B, EI 200, ZR A58 L (F=131.854,P=
0.001) .3 X HRATAHXT SRk i oA, 2807 25 0 hr L 25
S L (F=2.061,P=0.209), 48 h 3 ZHAHX}
FRREWK, B E, EFAFRITERE L (F=
25.759, P =0.001);48 h P4 M H % 4 LSD-t F 4,
30 w mol/L £H 5% FRAH AR X Feak i Ho i, 2 R A g it
277 X (1=4.490, P=0.011),30 p. mol/L ZHAHXT %3k &
X B2 Y 2.07 £% 560 w mol/L 2H 55 Xt BE 2H A X} 32
NS, ZESAYTEE X (1=4.042,P=0.016),
60 mol/L ZH AH XF & Ik it 2 X B2 1Y 1.88 £ ;
60 w mol/L 2H 55 30 w mol/L ZHAHXT ik &t , 2257
TG L (1=0.882,P=0.4284), 72 h 3 ZHAHX}
FREWK, B HEI, EFAGRITERE L (F=
138.519, P =0.001);72 h Wi i L8 45 LSD-1 #6: 46,
30 w mol/L £H 5% FRAH AR Feak i b, 2 R A g it

. 23 .
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2% 3 (1=8.154,P=0.002),30 p mol/L ZHAHXF ik
TR IRALAY 2.92 17560 mol/L &5 %} BR 2 A %F
Tkt W, 22 7 A Gt L (1=9.766, P=0.001),
60 mol/L ZH AH X 3R ik f & Xt B2 1% 4.05 1% ;
60 wmol/L ZH5 30 wmol/L ZHAHXF ik bk, 22
A Gi it X (1=4.890, P=0.008),60 pmol/L £
AERFFEIA B 30 wmol/L ZH Y 1.39 7%, AS[w] st el AH
[G 9 i b4, 72 h 30 wmol/L 415 48 h 30 pmol/L
ARXT RN R, 2 A it X (1 =11.673,
P=0.001),72 h 4L AHX} ik /2 48 h 411 1.77 5 .
72h 60 pmol/L#1 5 48 h 60 wmol/L ZHAHXT 155
FL#, 22 A geit 247 L (1=14.812,P=0.001),72 h
AN FRIA I 48 h 11 2.71 f% . FB DFO BTl
B = RS ALK, L DMT1-IRE mRNA Ay AH Xt
FikEE . WLk 3 MK 3.4,

o XL

44 =3 30 moliL Higka
60 . mol/L Hedkal

DMTI-IRE mRNA

0 48
] /h
B 3 %% DMT1-IRE mRNA fIFEiELEE (X+s)

8] = DMT1-IRE mRNA £

@ DMT1+IRE mRNA 4

mRNA AT ik

1 2 3 4 5 6 7

1. FELRXTREL;2:48 h XJREZH;3:48 h 30 wmol/L 41;4:48 h
60 wmol/L 4155:72 h XHHAZH;6:72 h 30 pmol/L 4157:72h 60 p mol/L
21
4 #&%H DMT1-IRE #1 DMT1+IRE mRNA B934 Eb 3
(x+5s)

3 it

YRR 2 G e = RN AP 2 1 EROR R 0 3 o
46.44%F01 19.94% , Ff- Fifi 2 JE 18 Jin i T s W, 283 Bk
b, B LIRGE 1 i 2 5 e 1) iy ) L L e R B 3
sk, BRI LR B E R I A A i S B AR G

PIREA, A 5% 12 40 9 (syncytiotrophoblast, STB )
FERRE S G )L MG IR B4, TER STB 41 i fi 5 14
MAEER S, ZE4 B4 rh HARE & 2AEH] , BeWoZ
MIAETE 25 B o3I A5k 5 STB 20 B ARARL, 1 2y
— It TR
GRS TS 3 AN A : ORI, BIVER

A1 3% 5 im A NG 4557 B e A6 )25 STB B4 T 19 i 11
IR QA NS , RV AE SR A S5 Fe? A
/MR s AR, LK Fe? 16 20 i P9 A A% A7 A
PR %kt L B Fe? 2t STB 4 it KL IS i
FFE ARG LG 2. DMTL H A2 Fe* M
STB ZHMe PN A/ IMA P i AR B B R 5. DMTL 3
PRUE 7 T4 12 Zcgefafh, & 43999 kb, K 4 142 bp,
AEdmhis 2 F mRNA:+IRE F1 -IRE.DMT1+IRE mRNA
7 3 AR B IX A 1AM oo IRE(EA 30 4
R, 2EIFREH ), DMTL-IRE IR & A8,
DMTL & BY5S 4 B 5 H A 4E 45 DMTL f%iz
Fe? %54 JE B P M EZAEH .

ARSI L E) DMTL k18 M i Ze 3k T BeWo 4
Jt, B S0 W 7E BeWo 4HAE Y 5] % (7, B DMTL
IR T BeWo it or FNZH AR I , 8 7R Ji6 4 DMTL7E
BEAR ) IR LR 2 AL Th 1 E R . DMTL ) iz 3Rk
TEMFLIE S W0 45 A1 20, 2 Fp ol AU HL A 41 4040 il
o3 A e S SO A s S . ST R, DMTL 3%
INTEAMMR T i A W58 3R B, DMTL K IA7E STB 21
L %) £ JH 3% P9 RN 6 B B0 A R S R 37 1ok 4
F A A R A VE R . {H BASTIN ZE003)F
S5 R, HAE STB A AN [B] B | 14 2 b 63k, I
BAEFLR A Ay b, SARSLYR 25 A A o B itk
HEWT , —J7 T ek DMTL AR/ BT STB 41 it T
OB U1 SRy N /MR ZE N /A e Hl i T g
WA Fe? J5 , Fe? nlal it DMTL 25 4 it ik A 41
JHJ , Fe? 7£ STB 41t a3k v = 2 Uk & I U
fE, ARG R R A e N A 82 5
)G IR A R AL 5 5 — T, S2 AR A MR TR
ISEIR , S0 MRIR IO 2 0], 30% 2545 5 Fe? 4
A1 DMTL Bk AR 6 1% 1 =it 25 e 40 e o
BRI FEHIE AR T DA STB A B TR AR [, 1)
LIRS A2 2, W6 J5 A6 8 IS BRI Fe A3
2%, B s DMTL PR 390 - 23R [l RE A T
STB ZHAE TS IE , 2 5 4R i h ki iz .

ALY BeWo ZifiEEAT DFO T~ Filfi 4 i &b+
BRZOR A1), DMT1+IRE mRNA X ik & THE o

<24 -
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IR, 45 : DMTL 75 AR £ H0E B 40 v Fe 35 0 ST HRRIFE

DMTL (1) %3K 52 Z2 Rz R 28 PR , A F IR O3 1
PREN I AR RS C AR AT, FEZIL
EANRIACE AT o HUARERERES/MAZZ DMT1+
IRE mRNA &35 T =™, JH M 2H 2 R0 35 96 240 e 55
TR BB Z ARG IR RS A —3, A
SIS 45 AR 7, DMT1+IRE #1527 2k 2 I Jo /——%%
W EEMLE Ciron regulatory element-iron regula-
tory proteins, IRE/IRPs) (835, J& T4 5t J5 /K F I
AE15, 5 CORNOCK 21354 S 46 B gk IRt , DMT 1+
IRE mRNA FHXTFRIA e m 4 R —3. W] HEwT
24 BeWo 41 b F Btk AT, IRPs 5 IRE 45443,
B s A E—, NS5 DMT1+IRE mRNA Zifd
FEHMRRE RIS, B EE R b N DI A R A
5238 DMTL SR Y 26ik . HETCT DMT1-
IRE mRNA MR IRIR D, — N A AR S A IRE
45K, A2 IRE-IRPs HLHI AT . AR SLg6 25 5
7%, DMT1-1RE mRNA [FJAfX} 1k & fifi DFO T i
(RS ) A B2 B8, AT BEAEAE AR A I 1 AL L (H 2
HEEERE /1A K IRPS/IRE P35 HLiH

Jiti 4k DMTL BRaZ i SRR A1 38 52 B K
SRS 2% ] Western blot #6318 1 1193
KA, AR 4 DMTL B3 35 AL BEA T 5 R ER AR
9%

& £ X #:
(1] THIF. SRR BB 2 AUBRERNEST I 0 155 DL A5 TR £ % 75t iy

PEAMRRTHLABFSED]. A 5 AL BERIR %, 2015: 1-2.

GAO G, LIU SY, WANG H J, et al. Effects of pregnancy and
lactation on iron metabolism in rats[J]. Biomed Research Int er-
national, 2015, 12(16): 105325-105334.

2

—

[3] WHEN. FEURIABERMEST M558 A LR R SCR[D). BT )
PEEERIRA, 2015: 15-21.

[4] A SCHr. v ] DR ot 4 AR U3 2 ot g ) 3R 5 L 7 4 D ) 8] A 45 40
Fr[D]. b3t HHESEERL K, 2016: 30-34.

[5] STEVEN L Y T, PHILIPPE G. Distinct targeting and recycling
properties the transporter DMT1
(NRAMP2, SIc11A2)[J]. Biochemistry, 2006, 45(7): 2294-2301.

[6] KARI AD, JAMES RC. Iron uptake and transport across physi-
ological barriers[J]. Biometals, 2016, 29: 573-591.

[71 WANG G, SHAO A, HU W, et al. Changes of ferrous iron and
its transporters after intracerebral hemorrhage in rats[J]. Interna
tional Journal of Experimental Pathology, 2015, 8(9): 10671-10679.

[8] GEORGIEFF M K, WOBKEN J K, WELLE J, et al. Identification
and localization of divalent metal transporter-1 (DMT-1) in term
human placenta[J]. Placenta, 2000, 21(8): 799-804.

[9] SHIMONO A, IMOTO A, SAKAMOTO H, et al. An immunohis-
tochemical study of placental syncytiotrophoblasts in neonatal
hemochromatosis[J]. Placenta, 2016, 12(48): 49-55.

[10] BASTIN J, DRAKESMITH H, REES M, et al. Localisation of
proteins of iron metabolism in the human placenta and liver[J].
British Journal of Haematology, 2006, 134(5): 532-543.

[11] SHAWKI A, ANTHONY S R, NOSE Y, et al. Intestinal DMT1
is critical for iron absorption in the mouse but is not required

of two isoforms of iron

for the absorption of copper or manganese[J]. American Journal

of Physiology Gastrointest Liver Physiol, 2015, 309(8): 635-647.
[12] HUBERT N, HENTZE M W. Previously uncharacterized isoforms
of divalent metal transporter (DMT)-1: implications for regula-
tion and cellular function[J]. Proceedings of the National Acade-
my of Sciences of the United States of America, 2002, 99(19):
12345-12350.
CORNOCK R, GAMBLING L, LANGLEY-EVANS S C, et al.

The effect of feeding a low iron diet prior to and during gesta

(13]

tion on fetal and maternal iron homeostasis in two strains of

rat[J]. Reproductive Biology and Endocrinology, 2013, 5(1): 2-9.
(FFIT i)

25 -



