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B Ap 4= K K 7 -B (transform growth factor-i3,
TGF-R)&— P2 IhAE LK N 7, 5% M LKk
HHEEEEMEY. TGF-B Kt &4 TGF-p1.
TGF-B2 Ml TGF-B3. = Ff i i B4 ml 5 41 i e I
TGF-B 2218 / 52 RV I B 2 AR 25 & o 3L
I B2 4k, B i 0k — 0 W0 40 1 P9 2408 43 F Smad
AR, WA Smad 2 KW E R 2140 fuiz A
YRR U DR () B 07 Ak TGF-@ i 4 i
B A BRI A S, U HRGE 4°C A nT 5 B
ANBCRE T TGF-B 2R L3 0%, SR FFP 753458
P TGF-B & & 15 & KA I FRAR LR 4 B2
A 2 AE ARG 2. DRIASHIF ST LAY 2 40
LR A A DI REVTIT AL, BRIV UG FFP 55 N
B2 A W IT A% 2 17 AR S 77 PRI ¥4 5 B304 i DX 1
TGF-B W FEH 2.
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1.1 ##y

A A B2 40 i HPMECs. P9 % 41 B 3%
FEU MV2. Trypsin/EDTA WAL ( 0.025%/0.01%)
R (0.05% il PromoCell A #] );
Lipofectamine™2000 %% 441 7] & (Invitrogen 2 ] );
P4k Smad2 F1 Smad3 k(3 H Cell Signaling
2vH]); Pt TGF-B T B2 A (ALKS)HiA (35 [H Santa
Cruz 7~ #); PB-actin HT /& (3£ E Sigma-Aldrich 2
fl); TGF-B 1 52 fR Bl F 5 40 1 751 SB431542
(SB, Tocris Bioscience 2+ 7]); TGF-B1. TGF-p2
TGF-B3 ELISA il & (L R&D A ) Btk ik
IfiL 2% (FFP, S5 V4 BRI A L 0 ) FLIER B AR A%
W(LR, 3[H Pharmacopeia A H]); A ALKS siRNA
J BH S5 B SiIRNA(P7 5 4611, € [E Ambion 24
7]); 24 fL Transwell 5778 (3¢ [E Corning 22 #]).
1.2 A&
121 P9 R4 B R R . N O A N R 4l e
HPMECs, ‘& T 10% FBS Flif 5 4= K K 1t MV2
FiFRHk 37°C 5% CO, P H55%, #% M PromoCell A ]
P TV A 41 S A AR IR
1.2.2 siRNA 55 S Y, 2% Castanares Z5084R
W FH) & N ALKS siRNA,  IF X5E: 5 CAUAU-
UGCUGCAACCAGGALtt 3', Jx XE: 5" UCCUGG-
UUGCAGCAAUAUGtt 3'), BH % X f siRNA
Ambion (reference 4611) A m] #2fiE. siRNA 1% i 4
CUR KPR TH, A8 A FH AR R 22 ks L i
20 pmol/L [ LAERE. Ty siRNA HjZ il At il

A TR I WL F vk gtk B R X FL
Lipofectamine™ 2000 7 it A /3 ALKS siRNA /& [9]
PEXF IR SIRNA B2 YL 40 i, #F 5 nmol/L [ siRNA
I 250 ul JG RNA 7K, 13250 20 pmol/L
ff) sIRNA BEE . %% L1 24 hof 40 Mo B 2 6 4L
B, siRNA MGG IR HEMRE, FrmAdl s,
LR L) 80 nmol/L.

1.2.3 RT-PCR Krllf% 44 J5 ALKS mRNA [F5R1X.
ER AR 1 siRNA 48 h 7, ] TRIzol ik 732
IS RNA, W5 5% i cDNA, F3E4T PCR {34
4. ALKS 519540 B 5" TGGACTCAGCT-
CTGGTTGGTGTCA 3', Fiif 5 GCTCGCCGTGG-
ACAGAGCAA 3", § i BKEEH 110bp. N2
HCR A B-actin, 5197 41: EiF 57 AAATCGTG-
CGTGACATCAAA 3', it 5 AAGGAAGGCT-
GGAAAAGAGC 3', 3 v BtK 24 195 bp. HX
RT-PCR F=WI1E 1.2%ZE IhE &L h i vk,  ALKS
FEEI N 10 pl, WZSIIAEEY 3 ul, R OEE
Petty, PR UVP BRI K% 20 BT R G
R FEE I 5 R 3 A

1.2.4 FFP Al R A7 S M AL B2 . MR IR Bkt o
FFP ‘& -80°C ff:4%, A 37°C /KEtk, #54K
i FiI i) FFP #% 4 FFP (Day 0), fi# % fliik 5 4°C i
'® 5 K FFP ¥k FFP (Day 5). W % 410 fo 52 A
REFR I 2 4 e HPMECs, 41 il T 35 mm 15310
(1.6 x 105 5 FE M)k 6 FLEEFEM(2.5 x 109 £5FEH)
t, SRS N 0.1% FBS 35 95 5 4k 22 % 5% 4 h,
B J5 AN [F) ¢ 2 1) FFP AL P 30 min, 04240 g
PELR S, Western blot 20 8 8% 14 5 i 82 4k, 7K
P, 816 h A ATABRIT R &R . LI R R A A
EpayicH
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Transwell 525 : Transwell insert 8 wm FL421d
VBN 24 FLEE TR L BN BRI E. 15 9%
A 26 0.1% WA ie Bl B e b i, 1= b
UBHR L 3x10* S /4L, FEFIMANETAFWRE
FFP(Day 0). FFP(Day 5)/% 10% LR [#j35 723 8 in A
TGF-B [ 3244457 SB431542 FiAbH 30 min J5
I\ FFP, 16 h )&, 414 transwell JiHEIE LI L
BUTAS M) o — 10, ARSI b 3R 1
AT A N,  70% LBE M E L IENR 10 min, 40/
¥ G BHAL TR B8 (30 mg/L) 44 ff 30 min, {3 & 92
BB ETRAN, JE i 2% WA EHE R
ST RGRENAA BRI IC 5K 5 ALY, THEIE Al
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M, SR 5 HCHE AT A (1) 40 MO £ DE Al FFP X N Bz 48 i
TR S
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SEREIE 24 h. (RE BB KR ALK, Hom
I B B BCREEFN 2 AT RGBSR AT L 5% 5 AN
¥, Kodak 1D #4418 53 BT F St (version 3.6)
D5 R R DX T AL Al i AR K A RS 2R (the
percentage of recovery) R% = [1-(RIIJR X3 1,/ K
X To)] x 100% , T, ARG SE5 5 A I 18] 1) 1 AR
Ty AR RIIR G SE Rk () T AR08, AR s G
T g FEP X N R 41 ik #% ) 5%,
1.2.6 Western blot £ &5 (1 i i IR 1L K 1. K56
A 35 mm PR FE A 1.6 x 106 4~ B2 41 i 321
Figeliry, ANESGMAAEE, A T4 PBS St
(PP R0 B, RS I N4 22474 (150 mmol/L NaCl,
50 mmol/L Tris-HCl pHS8.0, 0.1% NP-40, 1 mmol/L
PMSF, 25 mg/L Aprotinin, 25 mg/L Leupeptin){K_ |54
fit 30 min, 4°C 12 000 r/min &> 30 min, WLHY I
T, BAC {ERHTH O IUE &2, B30 pg S
4%~ 12% SRR TEIE R FE B LK 4y &, WS
PVDF [.. 3% BSA =i &[] 2 h, A —diik
4CME LR, ARG TBS-T LMl 3 0, K
10 min, BN HRP FRic (28 “PiAE W E 1 h,
TBS-T ZZ e 3 X, %FIX 10 min. ECL {7
Rty WRMER. Ll B-actin JNSM, SLEE

5 3 k. Kodak 1D AFIEIER 73 # Z Zi(version 3.6)
bR o e B Wi T g R R S NN TR B A 7 = A i RS VY
FIE.

1.2.7 TGF-B {5 5 1 B Wr . — FF 3% 30 3K A )
TGF-B T B4 52 AR BGFF 5w 40 )77 SB431542, £%
SCHR 181X A JZ 41 o HPMECs TR AL # 45 min, i
Wi TGF-B fii 5 @ %, FfiJ5 i A\ FFP 42 30 min
HE—20 1 Western blot 7341, 8 16 h 454 HuiT 7 %
ST

1.2.8 FFP " TGF- ¥ il s . K R kA 1) g
156 9925 W B (ELIS A) 1R 551 0 00 12 40 B 9 44 A (] iR 1f.
# FFP (1) TGF-B1 . TGF-B2 K TGF-B3 & 1 )i /K
V-, 7527 ELISA WA & U 5. B #f &
23R

1.29 Sk, PrAseiES 3R, HiERA
x =5 275, LLSPSS 11.0 Zett it o #r i mibr 5
WS, P<0.05 MG
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f, R ELISA VERSIN T M R MR VR M A 5 4°C T
'H 1~5 K FFP "' TGF-B /K°F, 455444k FFP i
B2 B TGF-B1(5 366.81 ng/L), {HEHA VA I
5] I3 T FEP A1 TGF-R1 7K 2 hn, LB g
b 244.31 ng/(L+d)(K 1a)(P < 0.05)4 <, FFP [f]
TGF-B2 [ TGF-B3 /KV-#E74 i #2 v e A AL
FHEMARP>0.05, 16 A1 1c).
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Fig. 1 TGF-$1 protein level in FFP increases during storage
TGF-B1 (a), TGF-B2 (b) and TGF-B3(c) protein levels in FFP stored at 4 'C up to 5 days were measured by Quantikine ELISA kits. The data were
presented as x + s (n=3 pooled FFPs). TGF-B1 increases at a rate of 244.31 ng/(L *d) (P=0.002). There are no statistical evidence that TGF-B2 (P=0.7)

and TGF-B3(P = 0.65) changes with day.
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Fig. 2 Activation of TGF-3/Smad2/3 signaling by FFPs is dose-dependent and is enhanced during FFP storage
The ECs were serum-starved with medium containing 0.1% serum for 4 h and then treated with FFPs at the concentration of 2.5%, 5%, 10%, and 30%,
or 30% LR for 30 min. Medium alone was a baseline control. Whole cell lysates were prepared and subjected to Western blotting. (a) Representative
Western blots. (b) Representative Western blots from 3 independent experiments were shown and relative quantifications were expressed as x + s of 3

independent experiments. *P < 0.05 compared to medium. “? < 0.05 compared to the matching concentration of Day 0 FFP.

2.3 AEMEE FFP S MW K AT wﬁaiﬁ?%%@i LR 414k, FFP(Day 0)#1 FFP(Day 5)

PR AN T R G0 AT / s i PR R AR A S N AT R LR S N R 40 AT
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Fig. 3 FFP (Day 0) promotes EC migration which diminishes during storage

The ECs were seeded in transwell inserts (a) or 12-well plates (c) and cultured with various concentrations of FFPs or LR for 16 h. Cell culture medium
was a baseline control. EC migration was measured by tranwell assay. (a) Representative pictures showing transwell migration of cells treated with or
without 10% FFP or LR. " —" points to the migrating white color cells. " «" points to the dark pores of the filter. (b) Number of migrating cells was
expressed as x + s (n=3). *P < 0.05 compared to LR. P < 0.05 compared between Day 0 and Day 5 FFP. W : Medium; [J : LR; [] : FFP(Day 0); &4:
FFP(Day 5). (c) Representative pictures of scratching assay showing migration of the cells treated with or without 10% FFP or LR. (d) Quantification
of cell migration was expressed as x + s (n=3). *P < 0.05 compared to LR. P < 0.05 compared between Day 0 and Day 5 FFP. J: Medium; 2: LR; 3:
FFP(Day 0); 4: FFP(Day 5).
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Fig. 4 Blocking ALKS restores EC migration capacity of Day 5 FFP comparable to that of Day 0 FFP

Transwell assay was used to measured EC cells migration and the cells were seeded in transwell inserts. (a) Treated with SB431542 (SB, 3 wmol/L) for
45 min followed by treatment with 2.5% of FFPs. Equal volume of DMSO was the vehicle control. Representative pictures showing migrating cells in
transwell. "—s" points to the migrating "white color" cells. "-«" points to the dark pores of the filter. (b) Number of migrating cells was expressed as
% = s (n=3). *P < 0.05 compared to vehicle (DMSO). P < 0.05 compared between Day 0 FFP and Day 5 FFP. P < 0.05 compared between vehicle and
SB. B : Medium; O: FFP(Day 0); [I: FFP(Day 5). (c) The total RNA of the cell line EC-Negative or EC-ALKS siRNA was isolated and performed
to RT-PCR for ALK5 mRNA level assay and Whole cell lysates were prepared and subjected to Western blotting. The expression of ALKS mRNA
(Top) and protein (Middle & Bottom). M: Marker; I: EC; 2: EC-siRNA; 3: EC-Neg. (d) The EC-Negative or EC-siRNA cells were treated with 2.5% of
FFPs. Number of migrating cells was expressed as x + s (n=3). *P < 0.05 compared to Medium. *P < 0.05 compared between Day 0 FFP and Day 5 FFP.
$P < 0.05 compared between EC-Negative and EC-siRNA. l: Medium; [: FFP(Day 0); [1: FFP(Day 5).
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FFP(Day5) i 5 P % I RIERS . 5 i g3t A
WEHIN A L, SB431542 TiALF J5, 47 FFP
(Day 0)i% 3 41 M 1) IT 7 #1k 30%, [R5 FFP
(Day5)i 5 40 13T 4% % £ FFP(Day 0)/K°F, {H il
BR IR 5 PR IR L s R A )G Sl 3 v 2 e
HE—25 K Hl ALKS siRNA i 4 % 41 Jfd - TGF-B
[ B2 R(ALKS)FIZRIA (K 4c), SR Eor, 5P
X SIRNA %% 44 4 52 40 il (EC-Negative, EC-Neg)
AL, FFP %5 EC- ALKS siRNA Zi Uil /% &) % it
(& 4d, P<0.05).

T Wy E SB431542 T Ab B B 5 Yt ALKS
siRNA /& 75 FHIT TGF-g {55155, FATIR I 48
Smad3 BRI /K T, Wi 5 s, SB431542 Fikb
LS, FFP %3N 40 MUY Smad3 ff R AL 12 57 &
MEHEPE N, T EAh SB431542 X 41 il Smad3 S
WIEFE M, SRR LG 235 7% (P < 0.05),
[Fi) T AR 0 5 e ALKS siRNA Py J 41 Jifd (EC-siRNA)
Smad3 B KT, S5 SR, HEIPEX I siRNA
BEYL N Bz 41 il (EC-Negative, EC-Neg)f L, Smad3
WERRAL 3% N, KW FFP H TGF-1 A1
B AN T REAE T, oA R 40 LTS ) 1 AR AT
ALK5/Smad3 {55/ 5, FFP(Day5)i% G N 2 41 iy
IR TP 5 AT B0 TGE-B 1 7K P48 in 5%

(2)

SB(umolL) - - 1 3 -1 3
FFP -  + - - - 44
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Fig. 5 Inhibition of ALKS attenuates

the activation of Smad3 by FFP
The ECs were serum-starved with medium containing 0.1% serum for 4 h.
(a) Treated with various concentrations of ALKS5 inhibitor SB431542
(1 pmol/L or 3 wmol/L) for 45 min followed by treatment with 10%FFP
for 30 min. (b) The cell line EC-Neg or EC-ALKS siRNA treatment with
10% FFP for 30 min. The whole cell lysates were prepared and subjected
to Western blotting.

3 it it

FFP 1EAEHUAR AR G 1D i AR 7 Ay 3R 75 22
KEHBARTTRAE IR A T LI R H 235K
(PR, IR PP AR 1D LK 5 o s A 25 BT R
Hl. EAR Y FFP AH G UK #1545 7 BB 119 3 Sk (£
FEAE G PE . e R SRR ), AR FFP AE AL
DL B ¥4 5 2 15 B AR FFP J7 LT AR ANV 48 . A 9¢
iR, FFP & A K& 1 40 i K F TGF-B,
B V4 SIS 18] R 4E K TGF-B S Wiim, 52
—H( )&, 5 FFP(Day 0)AHLL, Y40 5 K ifin 2 A
FFP(Day 5)i/5 5 Smad2 A1 Smad3 B2 1L iih 2% 1 03k,
JL FFP(Day 0)f1 FFP(Day 5)%J 66155 W Fz 41 it
¥, {HA )5 FFP 75 5 41 MU B fe ) 1B 3% BR1IK,
BELIYT TGF-B1/ALKS/ Smad3 {55 #% 4 1455 FFP 5
T A T A MK 5L FEP(Day 5)i5-5 A K2 41 gL
. Dk, ZREHARVEA BOR 8 I0 FFP A 1 41 g
K-F- TGF-B1 & &I SBULE T N L 41 i 6
B

T WFFTA S5 FFP % 9 N L 41 it % )
BEARG, ASWFFUER RO 55 P R 0 O A 1 A DG 11
CHE IR T TGF-B, 45 53 WA K S 304 i 8 1
TGF-B1 K114 i I 14 5 1 Y Smad2 A2 Smad3 (1)
WAL, HEI FRAE FFP i S 2 IR . WESY
i, B A S R T 10% ~ 15% 45 3
I FECIL o BORL (a-granule) BN & #4540 A KA
UL, DRI BRAT T I ZE AR R P 1 % FFP R4 e
23k 1~5 KR 4C A, I TGF-g1 W FE W3 1,
4 n (%) TGF-B1 AT fg >k I T 3% 4b 19 o 9 kE
(a-granule), {H 2L A HERIET FFP A HAdAR &
Mg, ARpdE—0 U9t

754 B2 41 i TGF-B 3% b ALKS/Smad2/3 {5
5 JE S B0 B 40 T RS S A e L AR ST Kk
B, FFP(Day 0)fEi%S Smad2/3 BRILIG4L, 1HY
FFP(Day 0)#tt, FFP(Day 5)i% 3 Smad2/3 i fR 1t
AV RN, ALKS Fr 7] SB431542 5%
e ALKS siRNA T ALKS 75 PEEI 8 525 4
ALK5/Smad3 55165, 5232, FFP(Day0)
REfS hRENE S T 0 B 4 Ui 7%, FFP(Day 5)1%5 5 M
B MM AL A1 2 25 PR, BHIT ALKS/Smad2/3 155
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Effect of Fresh Frozen Plasma on Endothelial Cell Migration Diminishes
During Storage and Its Molecular Mechanisms”

ZHANG Chun-Fang", TAN Tan"*", LI Jian-Guo", MA Hong-Ying"”, CHEN Zhu-Chu", DUAN Chao-Jun"?""
(" Key Laboratory of Cancer Proteomics of Chinese Ministry of Health, Xiangya School of Medicine,
Central South University, Changsha 410008, China;
2 Medical Research Center, Xiangya Hospital, Central South University, Changsha 410008, China;
3 Department of Clinical Laboratory, The First People’s Hospital of Chenzhou, Chenzhou 432000, China)

Abstract To determine whether TGF-Bs and the effect on endothelial cell migration were altered during fresh
frozen plasma (FFP) refrigeration, ELISA assay was carried out to quantify TGF-Bs protein levels in FFP stored at
4°C for up to 5 days. Human pulmonary microvascular endothelial cells (HPMECs) were treated with various
concentrations of Day 0 and Day 5 FFPs or 10% Lactated Ringer's (LR) and were subjected to migration assay or
Western blot analysis. ALKS siRNA or ALKS inhibitor were used to block FFP-induced Smad3 signaling in EC
cells. It was found that TGF-B1 protein levels increased in a time-dependent fashion at a rate of 244.31 ng/(L*d)
(P<0.05) and greater activation of its downstream mediators Smad2/3 during storage of FFP (P <0.05). Both Day 0
FFP and Day 5 FFP stimulated EC migration in vitro; however, the effect of Day 5 FFP was significantly reduced.
Inhibition of TGF-B type I receptor blocked FFP-induced Smad3 signaling in EC cells and restored the
effectiveness of Day 5 FFP on EC migration to a comparable level as Day 0 FFP. These data suggest that the
increased TGF-f3 levels during FFP storage contributes to the deterioration of stored FFP’s effects on EC migration.

A novel molecular mechanism contributing to the reduced efficacy of stored FFP was identified.
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