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[Abstract] Objective To investigate the effect of erythropoietin (EPO) on the transport of folic acid
across human colon adenocarcinoma cell line Caco-2 monolayers. Methods Transport assays of folic
acid in uptake direction and efflux direction were performed in Caco-2 monolayers with or without the
supplement of EPO (0. 3,1 and 3 U/mL). The effects of EPO on the expressions of folate transporters-
proton coupled folate transporter (PCEFT), reduced folate carrier (RFC) and multidrug resistance-
associated protein 2 ( MRP2) were analyzed by real time-PCR and Western blot. Results
Transporter-mediated uptake of folic acid was enhanced by EPO treatment in a dose-dependent

manner, and the increasing degrees were 31.6%,61.5% and 120.5% for 0.3,1 and 3 U/mL EPO,
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respectively. The efflux of folic acid was enhanced only by EPO at high dose (3 U/mL), and the

increasing degree was 56. 9% . The expression levels of folate transporters (PCFT, RFC and MRP2)

were up-regulated by EPO in a dose- and time-dependent manner.

Conclusions EPO at high does

bidirectionally regulates the transport of folic acid. The uptake of folic acid was enhanced by EPO in a

dose-dependent manner while the efflux of folic acid was enhanced by EPO of high dose.
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BRZMAGK T EPO P sUm EEF R
T M Tk B 1L E IR RN RE M AR B B AR
H L RE Hy SR IEPE B A 2 10 R A A AR
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St #5259 1 IR S 78 B R A A B A
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real time-PCR #& ill] it 2 %% i3 /£ mRNA XA
Caco-2 45 7= F 12 fLAR A . FF 80 % ~90 % i
&5 #E4T EPO b3, EPO £b# 7 X 4> 3 Fh: (1O W
£ EPO 1B By 57 & AR i 5 & : EPO 4b B 57 4 43 fi%

it

(0.3 U/mL) . (1 U/mL) . & (3 U/mL) 3 41, 4b
FHI[A] 48 hs (2) WS EPO AE Y I 18] 4 48 OC & -
EPO AbFEFI 4R 1 U/mL., b BT[] Fy 4.24.48 h;
Q)M A BEF N EPO B K #I/EH . EPO #& 4
10 mU/mL, 2L 5 5% 15 K. R A Trizol 3% 48 B
Caco-2 g N 2 RNA, B 1 pg B RNA #:47 ) %%
LA SYBER Green v5 X H (%) 5 B #F 17 46 X
S Bactin fE N NZ . PCR OB &M :96 C i
258 5 min, 96 C 2 1 min, 56 CiE &k 1 min,
72 °C FEAH 1 min, W AEHR 35 K. FdE o MylQ
AT 51 Bk 1 R,
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Tab 1 Primer sequence

Primer sequence Amplicon

Gene (5'-3" e

. F:GGCATCTTCAACTCACTCTAC
PCFT R:GGTGTTCACTTTGCTCCTC 205

REC F:GGGGCTGGTCTTCCTTCTG 220
’ R:CGTCCGAGACAATGAAAGTGAT

F:CTCACTTCAGCGAGACCG
MRP-2 R:CTCACCAGCCAGTTCAGG 288

ey FrTCCTGTGGCATCCACGAAACT 14
BActin b GAAGCATTTGCGGTGGACGAT :

Western blot MM EBRFEEHEEBRIE ¥
Caco2 45 3% F 6 fLAR N . 1 8020 ~90 %A )5
PEAT EPO 4B, EPO 4b# 7 XA E . 2R SClk i
B EREBUEE A .4 BCA sl @ &AWk E G
#47 Western blot i . SDS-PAGE(10%) H ik b
FERLN 40 pg, $E L, 500 BRI 2 0% F = 1R T & i
2 hy it A PCFT —#$i(1:1 000, 2% E Abcam 2] .
RFC —$1(1:1 000, E Abcam A7) .MRP2 —¥i
(1:1 000, % B CST A #).4 Cid®. & PBS
Tween (0.3 %)W I 5 8% & . I A KR, — B -8 A
ECL PLUS i & & & (3 [H GE Healthcare 24
") . 23855 | Typhoon FLAY000 $ 4, Z% 4 %
B Image Quant #4453 #fr. LA GAPDH fE A N
Z L BE L H B & A /GAPDH %R .

Zitat EBIELL o s Fon L EE 3 IRV
o AR A ] 22 S KB o B . P<Z0. 05 Ol
ZRA G FE LGl A SPSS 11,0 g3t
At
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BL—AP S J5 1] |, Papp {E Fi EPO E I 5 & 1)
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ia R FE A —E R EHT .

B 300 ApLpL .

£ — 250 120 min

2200 )

E2is0f

SE 100t

fE 100

2 E 50t

i R ! . | |

Control 0.3 U/mL 1 U/mL 3 U/mL

200 ¢

P BL_’{\P (1

é‘f 150 b 120 min

2 &

=]

EZ100F _

= &

2=

2 50r

I 0 ) ) . .

Control 0.3 U/mL 1 U/mL 3 U/mL

1 EPO Kb 32 3t it B4 %% 15 B % 1

Fig 1 Effect of EPO on the transport of folic acid across Caco-2 cell monolayers

A: Timecourse representing the AP—BL transport of folic acid; B: AP—BL transport amount of folic acid at 120 min; C:

Timecourse representing the BL— AP transport of folic acid; D:BL—> AP transport amount of folic acid at 120 min. vs. control,

M P<0. 05,2 P<C0.01.

*2 EBREAMEFEIZA Papp

Tab 2 Papp of AP—>BL or BL—>AP at each designed time point (x £5)
Papp (107° cm/s)
Group AP—BL BL—>AP
30 min 60 min 90 min 120 min 30 min 60 min 90 min 120 min

Control 5.54+0.42 3.60%£0.36 2.75%0.43 2.07£0.27 1.49 0. 35 1.44£0. 14 1.71£0.32 1.77£0.08
0.3 U/mL 5.14%0.48 3.94£0.10 3.31+£0.16 2.73+£1.41 1.71£0. 45 1.86£0.85 1.82+0.27 1.97£0.37
1 U/mL 7.08%1.03 5.38 0. 41 4.38%0. 41 3.37+0.12 2.13+0.28 2.22%0.63 2.18%0.71 2.13+0.57
3 U/mL 7.36+0.99 6.43 0. 81 5.43+0.32 4.64£0.13 2.36%0.45 2.49 0. 21 2.57£0.49 2.77%0.41

Papp: Apparent permeability coefficients.
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Fig 2 Effects of EPO on the mRNA expressions of folate transporters
A:Effects of EPO dose on the mRNA expressions of PCFT,RFC and MRP2; B:Effects of EPO incubation time on the mRNA

expressions of PCFT and RFC. wvs. control, "’ P<0. 05, P<C0. 01.
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Fig 3 Effects of EPO on the protein expressions of folate transporters
A:Effects of EPO dose on the protein expressions of MRP2,PCFT and RFC; B:Effects of EPO incubation time on the protein

expressions of MRP2,PCFT and RFC. vs. control, "’ P<C0. 05.
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Fig 4 Long-term impact of EPO at physiological dose (10 mU/mL) on the expressions of folate transporters

A:The mRNA expression level of folate transporters; B: The protein expression level of folate transporters.
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| 2 R AE A HE T ] 9 BCAS  3X AT R 5 R A HE IR
A HAbE 2R S H5A A K, Jtt% KTk iz
KR XM A LE mRNA K58 KA 5E 4
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