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VT M DX A ki kA AR DG R R 2 2
B A5 K AR S 53 T

wE EAB Ak

CHE] B R4 skl 2 B0 A 56 35 N 2 8 M 5 8k 6 45 K OF MM Se M . 77 3% « SR G BK 6 328 R P 38
55 CELISA) A& I VT 75 Hb XA 4% Bk 10 35 10775 % 2R 1 (SO ¥R B AR S SF Mk B2 T 45 32 48 5 74 I SF<<10 ng/mL 2k ik
Z . 10<<SF<{30 ng/mL %A & ,30<CSF<C300 ng/mlL %k 1E % .SF>>300 ng/mL #id #0434 41, I 48 B4 am 2 A
41 DNA, | PCR J7 4" # HFE .GDF15 1 TMPRSS6 3, FI| Fl 3 BRI 7 % 22 25 M A6 5 306 A7 40 380, G h 40 7 3
PRI A3 23 0 5 PR B0 %, &5 B A 0k 36 % 46 4] SF ¥ =300 ng/mL #ik ifil 7 28 47 3% I ¥ % B HFE rs2071303
FI LB, P IEFREEE T/T 5 10. 9% 5 i), C/T 2+ & 5748 & 36. 9% (17 i), C/C di& 578 5 52.2%
(24 1)) , 5 PR 01 28 R ik DR UM B2 3 £F & Hardy-weinberg “F-fif 8 A (P=>0. 05) ; 75 ki th 5 il H63D RAFZ & F . o
10. 9% , L4 R iF S A . A 24 b, TMPRSS6 17 5 4 8. F# 1 4 4~ SNPs {3 5, TMPRSS6 18 5
GG TR 2 A7 05 HLA A 1 B 2% A 28 48, 45 A a5 36 TR A3 36 J 3k R R 0 3R 3 4% & Hardy-weinberg - i 42
BE(P>>0.05), GDFI15 Kith 2 4~ SNPs {3 s, 3 [H 4 %6 Jz 5 (R AU 45 %6 35 45 & Hardy-weinberg - ffif &2 A (P >
0.05) s FEGDF15 B[R 13 4 HIK 4 A28 L 4 Bl G248, DL L Fra A sU7E v 51 SF ik BE 0 A 1325 57 8
Giit S L (P>>0.05), Z5i8 VL IR Hb IX 4 1Lk 1. 2 HEE .GDE15 1 TMPRSS6 JEH ¥ B A5 £ 454, H63D R748
F rs2071303 Z2 AL 145 B 80A M OGBS 4k SL 0F 5Y , 1 GDF15 Fl TMPRSS6 (14 %5 A 22 25 P 40 AT 5% el ik 1t 25
BRAt B KPR T REEA i — 2 B0 .

[ 4 Mk o 25 s 4k AR AR G 3 [N 5 I 37 4 B 1 5 6% DX A8 2% 5 ik [N R0 5 3R
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Abstract Objective: To explore the correlation between polymorphism of iron metabolism-related gene and i-
ron stores in whole blood donors. Method: The serum ferritin concentration of whole blood donors in Jiangsu area
were detected by ELISA method,all subjects were divided into four groups according to SF concentration: SF<Z10
ng/mlL (Iron deficiency) , 10<CSF<C30 ng/mlL (depleted iron store) ,30<SF<C300 ng/ml. (Iron normal) ,SF>300
ng/mL (Iron overload). The genomic DNA was extracted according to the concentration value. HFE , GDF15 and
TMPRSS6 gene were amplified by PCR method, polymorphism sites were classified by gene sequencing,and gene
frequencies and genotype frequencies were statistically analyzed. Result:Sequencing 46 blood donors with SF con-
centration greater than 300 ng/mL,the normal genotype T/T accounted for 10. 9% (5 cases),C/T heterozygous
mutation accounted for 36. 9% (17 cases) ,and C/C homozygous mutation accounted for 52. 2% (24 cases)in the 5~
end of intron 2 of HFE gene(rs2071303). Gene frequency and genotype frequency were in line with Hardy-Wein-
berg equilibrium(P >>0. 05). In addition, 5 cases of H63D mutant heterozygotes were detected, accounting for
10. 9% ,and the rest were all normal genotypes. Among all the subjects,4 SNPs sites were detected on exon 17 of
TMPRSS6 gene and only 2 heterozygous mutations were detected at 2 sites on exon 18 of TMPRSS6 gene,2 SNPs
sites on GDF15 gene,and the gene frequency and genotype frequency were in line with Hardy-Weinberg equilibri-
um(P >>0. 05). Besides, 4 heterozygous mutations were detected at 4 sites on GDF15 gene. There was no statistical
difference in gender and SF concentration distribution of the above sites(P>>0. 05). Conclusion: There are polymor-
phisms of HFE , GDF15 and TMPRSS6 genes in whole blood donors in Jiangsu area. The correlation between
H63D and rs2071303 and iron overloading may be worthy of further study. However, how the genetic polymor-
phisms of GDFI15 and TMPRSS6 affect the iron stores of blood donors needs to be further discussed by expanding
the sample size.

Key words whole blood donors;iron metabolism-related gene; serum ferritin; gene frequency; genotype fre-
quency
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BRI ZAMYELFNERY R, WEITFE
AR S N7 P 5 A 8 TR, S I 20 2 1 485 R R A%
e 3 S SR I R VY N 2 D IS SR T
MmN A A AN B T AR SR G ok 25 DLk
HEE ML AE T AN b g E A 59
JL P 4 2 Ak TP AR A DRk O 3 R AR 1 KCE
TER Z 0N G0 T WA 2R 9B A5 PT 5 19 I JR
FEARTY o b TR I R, BE B R Y A R R R
W, BB M B 2 5 A7 G T Ih T R I Bk 2T
2 59 2 3 T AR A e 4 BB R M B IR K A
30 o XoF A I AR I IR K AR P KT B R A TEA R
fitt &R S PR i 2 5 Bk B = 1) AT g R R 2
— L BlEE AT E SRR A VS H 2R A
55 R AR AR DG i PR Y 22 285 M P Al o | 8 R IR
[) AT 2 3 W B IR i A PR 2 AR 5 RS SRR O G
R R I S fife e SO (R R I 42 L & 4R L0
FVE Al AR A A 88 TR 00 42 it 7wl et
HFE &5 — B o2 19 358 4% P 1l 6005 Chereditary
hemochromatosis, HH) # = FE A, 1 B A C282Y
1 H63D 2848 , KAk i 2k 8 K (Hepcidin) B
BRI WU, S BBk G Y 5 th TMPRSS6 % 15 9
Matriptase-2 & — ™ 22 & W 5 H i , 7 Hepcidin %
SRR AR S TP R AR . HFE Ml TM-
PRSS6 # A > A 8 38 1o 52 Wi 2k 1) 1) FH %6 ok 52 o 21
AT | A s e = R R 1 o - V4 N1 1 0 7 Y
K44k A F 15 (growth differentiation factor 15,
GDF15) &b A KN 7 (TGF)-B B &% il 5t =2
— o TE 214 0 1 30 o v 6 58 R0 43 WA, A B T B
ARZSF Hepcidin B, [N 1 GDF15 $A 0y 02 52
Wi 21 48 B9 A= % A1 Hepeidin 38 485 46 1015 10 B 22 &
HY ", {3 GDF15 5 8kt & 19 ¢ & 0 A B8, 41

TR L2 GDF15 J R 22 25 P i A 5% o 6 A iR 38
FEFR 5% R 5 R AR B Bk A KT OE R
WFFEAR D, o T3 R 5 Al R B 5t 1% 1 5=
FEFERE R 22 5 AR AH DG BE PR S L o8 A i 3 55
il B Z (B AN ], T Db AR BIF 9 6 4 i ik I
# HFE .GDF15 Fl TMPRSS6 ) SNPs #E47 46 ] ,
FRAT 5 W ik 1125 A 25 KT 19 431 ML DA T 45 ik
51525 I kAR 1 48 5 TR E N R S T B R
BRAN R FE A
1 #RE5FZE
1.1 HF5EXT 4

2017-08—2018-04 XFF > 1 010 i 4% Hik IfiL
FH AT I 2R H (serum ferritin, SF) Kl , 28 %
55 1] 5 B B A B 5 — VR AE T — 80°C K AR
= H
1.2 SF ¥ K

$% M Human FE Elisa Kit 7 5 35 B9 45 3 47 0
FE s FHBGEFR AL 450 nm P K SO U BE A, AR 35
Frfe it 2 il Am o i £k, 115545 LR RE O TR BE L AR 4l SF
(B8 i A7 32 4 5 P B SF<<10 ng/mL 2k = \10<<
SF<{30 ng/mL kA 2 ,30<CSF<{300 ng/mL £k I1E
H  SF>300 ng/mL #id#/r b 4 4.,
1.3 A2 K4 DNA $2H

KH Axygen DNA # Bk 751 &5 2 B 3L [ 4
DNA , NanodropDNA & & X M & ¥ & 1 4 fE,
DNA ¥ B (50 ~100) ng/pl., 4l BE (A 4500050 ) N
1.70~1. 80,
1.4 PCR 4" 54 A iy 43 7

Xt HFE . GDF15 1 TMPRSS6 exon 17, exon
18 # 47 PCR 438, 51 ¥ 5 W3R 1.

%1 PCR3|¥FE7

514 JPHl(5”—3") SR /bp HHIR/N/bp
HFE F GCA ACT CAC CCT TCA CAA AAT 21 1012
HFE R GAG AAA GTC CCT TCC CAG A 19

GDF15 F AGC TTT ACT AGG AGC GCC CCC A 22 480
GDF15 R TGG CGT GAG TAT CCG GAC TGC A 22

TMPRSS6 EXON17 F AGA AGT AGG CTC CTG AGA TG 20 335
TMPRSS6 EXON17 R AGG CTT CAG CAG GCT GAT GT 20

TMPRSS6 EXON18 I TTT AAG ACT GAA CGT GAC TCT GG 23 426
TMPRSS6 EXON18 R GAG ACA AGA TGC CAC CTC CTG 21

i 20 pL 734 SO0 A &R L4345 5 X PCR Bulff-
er 10 pL,dNTP(2 mol/L)2 pL, 5% (10 mol/L)
% 1 pl, Tag DNA R & (5 U/pl)0.5 pl, FEH
44 DNA (50 ~100) ng/pL 2 pL. #b ddH,O %= 20

pL. F ABI 9700 %I PCR §" 344, PCR Jz hj %% 14
9 :95°C FASHE 5 min; 95°C 284 30 s,58°C 1B & 30
$,72°C #EH 1 min/30 s, 35 PEF; 72°C & ff 7
min, PCR =¥ H 2 % 3 ig b i1 s vk . i H 4 A
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Bl RO B e PR 23 BT £ 88 (Tanon-2500, | ¥ K fg)
AR ST Y W = Y IR Rid & . PCR =9 4lifk
Je ik B AR KR, W F 5 598 5 A
[&, M % 45 5 Bl Chromos Ml Mega6. 0 %% £ # 17
Fe Xt .
1.5 Seits#ath

ffiF SPSS 19. 0 Ze it 84 1H 55 SNP 7 21 19 45
A7 35 DR R0 5 R R 01 e, o FH LG P B A e ke A
W 1] 71 58 A8 37 o5 B P B 54T Hardy-Weinberg V-4
K56, b F Kruskal-Walls (KW) £ 36 %+ 22 21 0¥ i
TAESHK R . P<<0.05 R R HGHITT+E X,
2 #R
2.1 SF fail4h

1 010 ik ifn & 1 A #F i SF A I 25 3 4 F
SF<<10 ng/mL ##t= 2 67 #4],.10<<SF<C30 ng/
mL B R4 132 ] .30<<SF<{300 ng/mL % iF %
765 ] \SF>>300 ng/mL #id 34 46 #], A5
Rk Im R = 3R 6. 6300,
2.2 PSR

M\ 765 18Kk 1 2H Ak I B AL B 110 451
VB R % BEAL L DL KBk A 28 7K F- S5 Wik il & 59 ), 3
T 169 {5 1M Y br A< SE 47 3 PR 22 250 43 #r
2.2.1 HFE REHEZEEMFLZER 46 ] SEF>
300 ng/mL MBI #E HFE 3 2 5N &F 570 5
A I rs2071303 FELH 22k L Hod IE R FE R A
T/T56.C/T Z=A %7 17 #].C/C ai & RAE 24
B F K 5 B 1s1799945 C/G e A8, H x4
RIEHFFEA, WE 1,
2.2.2 TMPRSS6 3E[H 17,18 S4p 7L A
JPER 169 il Z ke &, TMPRSS6 &£ 17

TMPRSS6 exon 17

AR TR 4 4 SNPs £ 5 rs748638433,
rs143875335,1s2235321,rs855791,18 5 4p ik T-1X
Kt rs146358284 1 & 278, WK 2,

2.2.3 GDFI5 3:HZEMWMF4ER 7F 169 #i
Z K & b, K rs17526126., rs141542836,
rs1059369.rs376237203 4 135 ], ¥ it rs1059519
111 i, H# HA £ &M, Ko rs1059519 Al
rs1059369 M Z MR R F & A7 A5 A0k T 5

1287, WIE 3,
G G G T B G T
|pl
HI C
ﬁ | A
1 1 I N oA
[ | ‘ f\ N A
| 1 iV A Bl a.B &
AIBEAY. VYA
[ 1] l\‘ | l"‘ A Il‘ “ \ | l‘ ill ‘x
= ! J) 7“ ||“ L—II y J_ﬂ‘i‘l 'l." |
: - o
} C: G T B GT 6
l‘ J‘ |’| I‘ T
|1 J A
A | A \k ‘ “ ﬂ H
; E I | \ i \ \\ } [n| | rH & E Ji‘ ﬂ
| [ | ||
AY AT 1 ‘Hﬂlllx'lz W'H*“lflx'“\ |
\ \ | | |
‘ lI ||\|I ‘{ II‘ l‘ _‘i‘ \‘ |“ ‘I Vll Il “
- GG G7 T GTGG
C/G
C/T

/\ A A Y NAA S |
VAVARY AW, SF AV AVAVAI R

rs 1799945 rs2071303
1 HFE EA rs2071303,rs1799945 i = Ml Fr 1§ &

TMPRSS6 exon18

G G G G G 4a cC

Sl

G G G G A €

/\\J\JWV\

rs748638433

rs143878335

Jﬂ& ol /AJ\JqK i / |

N

il

rs146358284

———

1A

am!

rs855791

rs2235321

2 TMPRSS6 5 B exon 17.18 £ 7514 FF 1E E
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GDF 15

€C GGGG ACTa SR EERE €& G CE8ATEC ¥ GE A CGGTG A AT C A CB € € cBd

M /\} m

A G AeE e eve s GCAA Cc e e e TR e .

Sl

rs141542836 S S 6 GG 8 A% C A C A C C G a a

l e jAA

I ) o
i\ A (11
'f l‘I | | |" \I \ | Y |
ASARANE S : !

rs1059519 rs1059369

rs376237203 rs17526126

B 3 GDr15s ERFZHENFIER

2.2.4 R[]I E Bk A K B RE BRI AR 56 Hardy-Weinberg V- (P >0. 05) , 15 B 2 BF 5% 114
FHHEZBE GO L0 T 51 X AR RS NBEBR LT A d R AL B .

I8 2 i HFE . GDF15 #l TMPRSS6 % 251 of it & 4L o A A OL T HEAT A 18] 25 SR 0 L 4
FOOLFE 2, XA O Z A 5 384T Hardy-Weinberg R AL S AR N 8] IV 2R 2R K SE 4 2 R 22 7
T (HWE) A 56 . 45 3 278 B GDF15 rs1059369 TG E L (P>0.05), W 3,

(P =10.000 2) 4, H 4 pr 4 35 N & o A 35 575 &

% 2 HFE.TMPRSS.GDF15 & &M SEFHE S

SNPs F A 7 H-W A K %5 | SNPs F R 7 H-W - 45 4
HFE rs2071303 TT 5 0.417 TMPRSS6 rs146358284 GG 150 0.967
TC 24 GA 1
cC 17 AA 0
HFE rs1799945 cC 41 0.697 GDF15 rs17526126 cC 134 0. 966
CG 5 CT 1
GG 0 TT 0
TMPRSS6 rs2235321 TT 30 0.151 GDF15 rs141542836 cC 134 0. 966
TC 93 CT 1
cC 46 TT 0
TMPRSS6 rs748638433 TT 0 0.917 GDF15 rs376237203 GG 134 0. 966
TC 1 GT 1
cC 23 TT 0
TMPRSS6 rs143875335 TT 0 0.574 GDF15 rs1059369 TT 72 0. 0002
TC 14 TA 40
cC 155 AA 23
TMPRSS6 rs855791 TT 42 0. 309 GDF15 rs1059519 cC 50 0.371
TC 91 CG 52
cC 36 GG 9
TMPRSS6 rs48259 TT 150 0.967
TC 1
cc 0




PR ST M DX A I HR I A O AR O ik PR 2 2 R 5 A A K R S A A + 561 -

% 3 HFE.TMPRSS.GDF15 SNPs 7@k i A B F I EEE 5 /0 H-W EEHKN

k= BRAS 2 BRIE® it 3
FLH (SNP) FH A Y (SF<< (10<<SF<< (30<<SF<< (SF>
(HWE) (HWE)
10 ng/mL) 30 ng/ml) 300 ng/mL) 300 ng/mL)

HFE rs2071303 CcC 17 0. 417
CT 24
TT 5

HFE rs1799945 CcC 41 0.697
CG 5
GG 0

TMPRSS6 rs2235321 cC 3 0. 540 3 0.132 31 0.507 9 0.199
CT 2 9 58 24
TT 1 1 21 7

TMPRSS6 rs748638433 CcC 4 4 15 0. 897
CT 0 0 1
TT 0 0 0

TMPRSS6 rs143875335 cC 6 12 0. 885 101 0.655 36 0.739
CT 0 1 9
TT 0 0 0 0

TMPRSS6 rs855791 TT 2 0.414 2 0.391 31 0. 805 7 0.113
TC 2 8 56 25
CcC 2 3 23 8

GDF15 rs1059369 TT 2 0.659 5 0. 875 46 0.001 19 0.007
TA 4 5 23 8
AA 1 1 14 7

GDF15 rs1059519 CcC 2 4 0.427 28 0.394 16 0.437
CG 1 2 33 16
GG 0 1 6 2

3 it 46 {9k it 2 A I K M R ORAS R C282Y RAEL 5

HR I A Rl = B4, G LR AE Lo 1 RR [ R
M GE LGSR TR KR RE R 2 E K
o AT N = o N R S e ]
15 » R TSLE K TR i [R] s 0T R kb 70 2k ) e I K i =
TR0 R . RBP4 R gk
N 22 S P 85 B A B A A e AR A
X4 IR I SF oK S SE 47 I8 A, & IRk B = S Ak
TRARIK A, ik 32 B2 T8 1 4 i ik o (e B 0 44K
BRI TR KR . A 508 Bk e = R A gk
b ARk e = R i A R ISR X S R I 2 A
PEIEAT T ARSI AN BT L L R
3.1 HFE}HY5 HH

HFE Mt & 225 (C282Y 1 H63D) &5
M Hepcidin A9 1E % & M. 1 Hepcidin J& 8k (19 £ 17
AR AR AR PN A W i B RS, T B0 AL T i
R . IR YT R BRI IR I 2B Y R By
3L LI S R 3 R B A R 0 . e R 3
R 58 A8 AE AN [A) FOJE ] 22 900 B K, XFF C282Y
(rs1800562) , A/ A S5 v K& X 21 &+ 78 B AR
T T 0 2R b DX S R G b RO N R R
1. 8% .0. 3% Al 0. 2% , 1fij 78 S P HE H 4 A 3241
{LHE S XK 0. 4% I A B 5878, RS AE

I AFER o A AR, ) — A BB ORI
AR 5 H63D(rs1799945) , 4H 28 R 5 4 K &
AR, TR IR SR B R R R 2 Y
B C282Y MR AR, EEIMERMBIX .,
K AR AR RN G EM RS T
A 2.6%.2.6%.3.6% . £ E 105 6] gL
R v R I R 4 ] (3.8%0) A S AE AL 1A
(1. 0YO) i o As . 76 v BRI A HE AL 5 b X 1Y
UGN 85 R 2 4 A 28 A R A G/O) L e
B 4350 A 4. 3% 5. 8%, AW LA ] 5 B
(10. 99 AR, K EE, HE Lk 3
EAREHITGRIT T EZR RIS E L (3 P>
0.05), ANSZIG IR K 3] HFE 3 R — 4~ 58 78 i %
BE I 2PN rs2071303(C/C: 17 5] .C/T: 24
BT/ T:5 6, 8 3 5 — W KR K fili 3 B 5
WFFELE 3 (C/C.6 ] .C/T:24 ], T/T:20 ) b 4%
Ja R, ZFAGI¥E X (P=0.000 1), X%
N2 SRS S8 5 5 B i 75 it —
LT
3.2 TMPRSS6 N £ k5 86k &

VT AR SR B BF 9T Sk s . TMPRSS6 H: IR %€ 7% 5 Bk
BRVEFT I AE 56, 7E TMPRSS6 v & B4 2 A4~ % L
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() 2 AR AR -5 W0 YN N BE 1 I 375 Bk ik B R ML 4T B P4 vk
B A SETO Y TMPRSS6 3 A iy 8 2 M ik 14
WA H R 2 & P A7 & (SNPs) (rs855791,
rs820268) 5 Ifil 1 Bk | ML 41 2K 1 55 48 br A BRI A G,
HERE N —Fny 2, 76 0 B AHE o TMPRSS6 1)
rs855791 Z A 5 gk 2 M A ¢, W R B,
TMPRSS6 exon 17 3N £ S LK F & . 169
1] 3% ¥ 2% th Kt 4 4> SNPs fif £, rs748638433.
rs143875335.rs2235321.rs855791, exon 18 {XAE 2
A7, F (rs1037300825 Fil rs146358284) # it 4% 2
Bl 55872 . B 169 1] 32 K # e 13 2k 8 1K F
HEAT o3 R A 19 22 25 0 7 o B AT A 1) 25 S
Grb, ¥ R g i E L. # 0 TMPRSS6
rs855791 ZE A FE K C Ay ik M , o 2 Lo Mk
o HAKN Hepceidin 7K P I A% s Bk L5 AN 25t 308k
BZ . TMPRSS6 JEH ) rs855791, A& R (V)
5878 J TR &R (A) (A736V), 5 Hb /KF K MCV
) ek AR B YT AE O, Langer 885 4381 1 2 Uk 1ML &
BEALRE 5 i TMPRSS6 A736V (2 A8 5 0, &
A 40% R A/AL40% A/V,20% V/V, XFF
TR YL, A/JA FWOFY SFWES T V/V &
7% A/V FVY SF i 5400, AWFSE, — 3L
55 5 L Pk il RS B rs855791 £ A5k Hop
A/A L BCA/V 29 B V/V 15 ], 3 Fft 35 PR Y
SE4 SF 43318 75 ng/mL.75 ng/mL.62 ng/mL,
A/AZEMA/V FELY SF¥HL V/VEEL 21%,
3.3 GDFI5 3N 255804 &

WHEPRL WS T GDF15 P AH % SNP fif
S5 Mo R AR Bk R AR O, R T
rs1059369.rs4808793.rs1058587 3 M7 &, K B
Mrs1059369 Bl & B A/A S AT R R
BRI H LR TC R 3R 4 2 1 b R g B o 2k
ToF 2 0 0 XU 48 00 5 rs4 808793 7 4 X BB 4 5 T
BRI Bk A Mk B Y S R A A 22 SRR G
B AT C/C 3 PR A B A M iR 2k o 48 1 XU 34
Jins {5 rs4808793 By 2 25 M 5 b v 1A B 1 42K 1 2% AH
Xt 2R ELH It E L., KRR ER
GDF15rs1059519 F1 rs1059369 Y £ & & M F
B ALK I B 1 B4 A 2 AR L HX B A
FE R TR I 2% B 1 7K 7 B ik ol & b 0 o A 38 25 5
TGt # 3 L (P>>0.05), 7F rs1059369 &kt #i 40
MR AR LI A BRI A6 0. 324, IEH P A 1)
FLFESTE K 0. 307, BG T 2H £,

2 b VL5 b X 4 il @ik 1 # HEE . GDF15 il
TMPRSS6 3K 28545 SF K2 8] 19 5 2 1 i
REER B R, HFE .GDF15 fl TMPRSS6 #5275
P A5 SF 4 it 2% & X, fH TMPRSS6
rs855791 AR KL ALY SF /KA Fh i iy e, #i
~5 hepeidin 192835 PR A O AH SCHE L 5 2244 3

KFEA 1 % TMPRSS6 K £ 2545 SF /K2 [H]

f9 56 28 B BAR Gy 7 AL gk — 2D AR S AR

5% 3k
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