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=, B 2 S0 T fms B RUBREE -1 (sFIt-1) 9 A M & - F A E T IA 5 #8958 .95 % ( BAS-TRFIA ),
Fat AR BEATIE . R A AR F A GBI A EARITH K sFIt-1 £ FARfe A AR LA sFIt-1 %
Mgk, 35 —FF BAS-TRFIA & &l 2 Za o ik P 49 sFlt-1 R, *TiZ 5 sk g mAK IR, A 4paeml fR . 24k 2405 |
WEE. &k, THREAZH B4R D F AT IEN, 2T 106 FEAKT 9 A LA, FEAhg ey F
Jad FH R RHAEA, AT BAS-TRFIA fe &AL 5 5 69 bbb BT, WxtXIb 2 RegmA MR A LR, ER 2%
Fr ik e AR S RO BT A A 90min, AAMIAKFR 4 1.00pg/ml, AR A 10.00pg/ml, 4 Z A% % 10.00pg/ml, A
Fodb i) T 2 HI9 4 5.00% AR, LTS E A 20.00 ~ 40 000.00pg/ml, 2 A AR Fo & KL RIS S B R A TR
#) 17 A FHAER S Kb A A4 ) 2 R eg AR 2 —4.94% ~ 4.24% W ; #ml A & sFlt-1 %% F3i5 150 000pg/ml Bk
HILE A AR 5 AR sFIt-1 3% £ 105.40 ~ 40 972.00pg/ml ], 5 iu5 & ik (ECL) ol 45 R ey & w3z
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Establishment and Performance Evaluation of Method for Detecting Serum
Soluble fms Like Tyrosine Kinase-1 Based on Biotin-avidin System Time-
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Abstract: Objective To establish a biotin-avidin system time-resolved fluorescence immunoassay (BAS-TRFIA) for detecting
serum soluble fms-like tyrosine kinase-1 (sFlt-1) and evaluate its performance. Methods A BAS-TRFIA was established to
quantitatively determine the concentration of sFlt-1 in the serum of pregnant women, which based on the microplate was coated
with streptavidin. The monoclonal antibody to capture sFlt-1 was labeled by biotin, and the detection of sFlt-1 monoclonal
antibody was labeled by europium. The performance indicators such as lower limit of detection, biological limit of detection,
functional sensitivity, precision, linearity, interference test, cross-reaction test, and high dose hook effect of the method were
evaluated. A total of 106 remaining serum samples from pregnant women with no hemolysis, jaundice and lipemia at more than
9 weeks were detected by BAS-TRFIA and electrochemiluminescence for methodological comparison study, and the correlation
of the comparison test results was analyzed by linear regression. Results The optimal reaction time of the sample was 90 min.
The lower limit of detection was 1.00pg/ml. The biological limit of detection was 10.00pg/ml, and the functional sensitivity was
10.00pg/ml. The intra-assay CV and inter-assay CV were both within 5%, and the linear range was 20.00 to 40 000.00pg/ml. The
relative bias of the detection results of the 17 interfering samples with interfering substances added to the low-concentration and
high-concentration quality controls and the basic samples was within —4.94% ~ 4.24%. The high dose hook effect was not found
in sFlt-1 samples up to 150 000pg/ml. When the concentration of sFlt-1 in the sample was 105.40 ~ 40 972.00pg/ml, the linear
regression equation of BAS-TRFIA and electrochemiluminescence(ECL) detection results was Y=1.086 7X+17.946( r =0.994 4,
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=96.26, P < 0.05 ) . Conclusion The quantitative detection of sFlt-1 by BAS-TRFIA has high sensitivity, good precision, wide

linear range, strong anti-interference ability, and good correlation with the detection results of reference methods, which is

valuable for clinical application.
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performance evaluation
AIEYE fims FEE 2 RS -1 (soluble fms-like ty-

rosine kinase-1, sFlt-1) J&—FpELA % BR FABHE MY
R o RIS R IR AT 22 06 5500 sFlt-1
SEHZ, ETIRTTEZ ARG E Y, sFl-1
FiG# 4 K A F (placental growth factor, PIGF ) E i
Sy W - 7 AR B AR R TS AR AR P, A
I sFlt-1 5 PIGF HAE (sFIt-1/PIGF ) Al k-4 7t
FINRTIA RO P BRTCHEER sFl-1 1)y
TEA TR S B (ELISA) ™. 9865 EHTI

(GICA) "V Rtk %otk (ECL) ™ 4, {H ELISA
BAFAERPRIC I 2 2 R0 . REUEAR., & s 7%
R g ) et AR AN ™ HE AF R s GICA A7 AE R
JERARAE B A R A B 1T ECL AT AR
ge, WAk B, B AN ZEY O A . B
[B] 53R (time-resolved fluoroimmunoassay,
TRFIA ) J&—FhARHURPE R 4T 0y A OGS ik,
FHPMAFZOCR B RTTRMCEOR | BB
AR IS T RER F AR - R EAR, BATORC
PR e ELRR e . REUE R (10 "mol/ L) .
AN HARDOCTHAS) A bR s, U
FEETEAN —FE TR - R AIR 58 ( biotin-avidin
system, BAS) AY TRFIA & & Kl L7 sFlt-1 A8 5 2
Tk, IR HEREHE TITAY, BIRE LT
1 ##R5FE
L1 #AHRR 106 (322 FRT 9 RYTCH I . 5
I I AL P 22 2 0 4 LT A AS ] T O 1 2 R
5. FEARBAEAMGORE B & T TRER, AN
FBBRRMER, X BEAFEREEACRE | K
@R AR H, AT ERHE MM, A
AT ML T TR G, ATOERT A JLF-JC AT An]
P FETERS , I 2R 7RSS I 4 2 58 BUAN
IR, RIAF A B AR IR P M2
RHHE R 7
12 MBLEA ik sFlt-1 i EPLIR . Kl
sFlt-1 B g REHTIR R 40N sFle-1 & () e
JREWRHEARA R ) ; 88 EME (streptavidin,
SA) . AWE . il Proclin300 FIEL B 4> F &
30 000 A IE B0 ( SE1E Merck 2] ) 5 4
MIEEEA CZRERRAEDEARGRAR) 5 Wi
) B B BE I Sephacry™ S-200 ( 2 GE A Al ) ;
NI1-(P- SR EIEEIE )- 2 =D L FRERFN (5[
Revvity A1) ) 3 HABG Ry =740 Hrali; 96 fL7H

FRFLAR CRINTT 4 S0l A FRAF] ) 5 sFit-1
R0 & (bR 2Otk ) KL E R sFlt-1 2 bR
W (B IRZEraw] ) o R AR . LS
W BEARTBR . FWZ- 1 BUGLEAR 25 F Auto-
TRFIA-4 B4 [ S5 G E s il () N FAeA
YIRS A BRAF ) 5 B 02F R 12 em, WEEO
5584 4 000 r/min #Y TDL-500C ZIE.AL C(IHZRH
MREESTRHEA R AE]) .

13 %

1.3.1 BAS-TRFIA KMl i sFlt-1 Jy ik s
1.3.1.1 AHER PS4 B4 sFlt-1 A HE 50.0g/
L A4 M3E 3 189 50mmol/L, pH 7.80 = F2 H KL4g At
e - SRR VA VRC 1 RS HE S A ~ F ORI 2 AN o
W FHESY A ~ FIREESM51H 0, 2040, 427.75,
2072.05, 15 404.62 #i140 277.38pg/ml, A% HE 2 Fl 7
VR B2 T4 it ) S L 43 )R 208.30 ~ 232.80pg/ml
121 656.10 ~ 24 363.31pg/ml.

1.3.1.2 AL i A i il %5 . 85 SA H 10mmol/L,
pH 4.5 BEIREE 2% vp iR B 2 3 o g/ml VE M BEIR,
Fie RESCHR [8] A VA HIME AH SA fUAL AR
1.3.1.3 AW RAGURIHI A 8 Img i3k sFlt-1
TEREHUA T 0.1mol/L, pH 8.0 FBiR IR & Ah 28 il
5] 2mg/ml, F 0.1mol/L, pH 8.0 HIRRMR H 4H 2% nh
WENT 18h, BT E BIPUIARE W MR E A 1
mg/ml FAEYIZE (W IR ) 100w, JE
TR (1 150r/min) ZIRIRY 3h, K51
TRATETR T INAHEE R Imol/L i EAL AR 2.4 1,
MR % F (1 1500/min) ZR4ET 10min, 9K
SR AN 20mmol/L, pH 7.4 AURERR £52% i
BHT 18h, 158 sFit-1 A=Y Ribbiihim . EyEk
PUARRBCR &4 2g/L 4 L7 1 & F ) 20mmol/L,
pH7.4 BERRERZZ v, FRIAFREL 1 ¢ 1 000 Rk i/ E
WREAHUR TAER .

1.3.1.4 SHFRICPI 025 . e BESCHK [8] MY Jr vk il 1
sFIt-1 $AbRICW B . SR T R 7L, b
BEWCR I SC 50 2% sy A R FRLE 1 1 500 #RE Al 4h
FricH) TAER

1.3.1.5 BAS-TRFIA & i K ] sFlt-1 F2£ ¢ HF ik 40
Ve ALK PR R 1 - 25 5 Bk 4 T AR
W, F P AutoTRFIA-4 %4> [ 5 9¢ 6 40 5 23 i A%
TR sFIt-1 A INAR T« [l S LS AR A L m A
100 w1 A Z AL BUR TR, =il (20 ~ 25°C)
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FEE IR E 20min, FVESR TAERBEE AL 2
U SRIGWEEL SOul BY A & L JF i sl A R AR
MBI ATLALA, RIS [ AR SL A 100u] By &b
WY TAER, =R TNZEIRGHEE 2 ARG
NEEFIE], SR IE VR TAERVE R AL 6 U R4
FLAIMASE R 150u], FEIR FREIRY Smin )5,
et AR ST A E [ A7 714k / #2 ( counts
per second, CPs ) |, JfFHECE KA 745 5K 50T o
PEA Bl S 7 I (BB S = e B DA D A U iy
A ~ F, &£ 60, 75, 90, 105 Al 120min 1F J 2
MR IE], BEPR DT AR T AR AR ] 55 R RE AR
a0 R T

132 ZHEERE: SHIRAFNP KRIZHA F 5
sFlIt-1 Fa il iasn & ( ik &0tk ), SR sFlt-1 &
PRBASHERTINFR Y o A8 B0 B 5 EA T4
1.3.3 S b PEREPEHT

1.3.3.1 5l & - S o 4 vy SR WU 2L (Log/
Log B) F=p#ifl = KAE S5 46 {E (spline ) pRER
WAAEFIE - iz, #HFEEL (correlation coeffi-
cient, ) MWAMIET 0.990 0.

1.3.3.2 4y Mr RAGBEVEMr: 5 BESCHR [8] B9 7 ik X
BAS-TRFIA £ sFlt-1 £ fIKFR (lower limit of
detection, LLD) . AW MFR ( biological limit of
detection, BLD ) F13)HE R & ( functional sensi-
tivity, FS) #47FEHr

1.3.33 MGV . [A)— LU A T I (kv
JEE IR BE A i % 10U, LN AR S R CV ),
= NFEVRA T 3 1A TR AR 5 A v e 3 4% i
%10k, 19300 30 IRESRHRALE v, it Rt
[ CV R A3 AR T 8% F1 15%.

1.3.3.4 ZEEVEHr: R EEREASR IR AT RO
% 20.00, 400.00, 2 000.00, 15 000.00 1 40 000.00pg/
ml IR, XSRS R I 2 Ik, A
HAPIE A SR BE , RSl B S5 B Uk BE FH B/
TR TER MRS, RAMIET 09900

1.3.3.5 TR 70 ARk B i e B i) o 92 i v
Wy R 2 LUK g (180g/L)
= Mt H v (21.54mmol/L) , AH 45 % (818umol/
L), XZEEsIEm (1 324umol/L) , ZEBEHidR i
f2 (171umol/L ) , B w] DL AK (3.62mmol/L ) , JF
5 (5.0mmol/L) , 99.5% LB [5%(v/v)] , MR
(1400nmol/L ) , JKK#&HZE (21pmol/L) , AILiF
THEM (60g/L) , 5 T AN (2425umol/L) , -
BREH (45g/L) , EXIEHEF (1000 1U/ml) , $T
Kok (Bl 1 2 1000) , AR (125ng/
ml) FAEHZE (3 500ng/ml) o BHNA LA 2
VRS T) A AR VAR e A A it R B REAS . PR

PEREA G SERFE AN &5 SR A Y, TR0
1E +10% LAY

1.3.3.6 1 ) i B R RN VA . K AL N sFIt-1 28
F R A 5 B R R A BB Tk B O 10, 20, 30,
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70 000, 80 000, 90 000, 150 000, 200 000, 115
000, 120 000, 125 000, 130 000, 140 000, 150
000, 160 000 F1 200 000pg/ml HIFES:, A HZE
TIEUE . A0 — e B AR S ARSI 2 Y T B EAS B
W EE Ty, B R R S AR AR

1.3.3.7 Jriktf s . AW ik 52 ik F
TR 106 13 2 I I FEAS % sFle-1 & &, SRA
B/ N IRIEIA TR YERNR T, REASMIET 0.975 0,
14 it FEaar S5 8dERH Microsoft Excel #&
TS AT . TR ORISR £ FrRifE2E (ks )

FR, CV=100% x s/x, BN EAG I 45 S A AH G
KL RNA 43T, P<0.05 S EAS 95 X,
2 R

2.1 HEARERBEE TEAFEREAS N R T,

KSR A ~ F 9T T AR B A i S
A ] 2 90min.

22 FER ML A 1. KHES A ~ FRIKRE
TEAZES T EUE LA 15 2 095 & - S ey ik
0.999 0.,

5000 _I T TTTTT L T T T T T l_ Xm [m]
E B 06
e 1 b B w
1000 | 4
- 1 m (REE
% *E R 0GB
- wor 4 t& B x1000
g w BEHE
§ = ¥ % SPLINE
3 w B LG
;ﬁ ® BRE: 106_B
B F #:o0
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2 # XE: 76.64
# §E: 10692
! AE R 0.999
0.5 1 TR WY N RPN WY R B BT B B
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BHESIRIEE (pg/ml )

Bl FERMHZ
23 RHUE O WER L BUREKMESS A 47K
12 W25 FURETHEUE (Xopy £520 ) H 709 £ 18
CPs, 95% M9 ] REPEDEEAH (X 4255 ) H 745
CPs, H.AEF s - sOny i 26 E 405 45 2 /9 LLD 2
1.00pg/ml, BLD A1 FS ¥J°4 10.00pg/ml.
24 AEEE UWLFR 20 AR RIS MR B L
INFIHILTE] CV 34 7E 5.00% LA
25 & 7E 2000 ~ 40 00000pgiml P, S SRR
TEUREEAYZRPETA T TN Y=1.002 8X+79.314, r=09999,
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=1 BLD %1 FS it B &R
sFli-1 ( pg/ml ) Xy (CPs) S gamsss (CPs) X5 =38 pamgrss (CPs) V(%)
125 202 234 =501 2571
25 237 210 -303 22
5 505 264 -288 2177
10 907 235 202 14.54
20 1976 331 982 12.34
40 3886 460 2505 10.01
®2 BEEENER (pg/ml)
% _ #A — _ fitlA — 2.6 AL A UL 3. SrIAE AR B RN S R
[linridEs %@ 9L 4? m& 9% é? ﬁ§&¢%Mﬁ$ﬁ%ﬁ%”ﬁ$%#$’5%
ERE 2070550 73043 322 2285308 76174 333 RFEAGER B (e —4.94% ~ 4.24% 4.
&3 TN ENLER (pg/ml)
TR : L : : ik :
SRR A THHA THE (%) FERFEA THHA THE (%)
MAEA 180 ¢/LL 21945 222,01 1.17 23007.69 23006.51 -0.01
SEEH 2054 mmol/L 22052 21731 -1.46 23012.30 22938.11 -0.32
R % 818 pmol/LL 22048 22231 0.83 23007.58 2302211 0.06
N CEEEIER 1324 pmol/l, 22008 209.21 -4.94 23008.08 22755.21 -1.10
EVEHURMER 171 pmol/L 219.65 21531 -1.98 23002.00 2244581 2.4
RIFEIDCAR 3.62 mmol/L 219.55 21381 -2.61 2300841 2273841 -1.17
JFF 245 5.0 mmol/L 22050 220.11 -0.17 23008.54 2282521 -0.80
99.5% LEE  5%(h) 221,01 213.81 -3.26 23006.79 22205.01 -348
M 1400 nmol/LL 219.57 21571 -1.76 23008.73 22 644.61 -1.58
PREZE 21 pmol/l 219.92 21891 -0.46 23013.78 2305341 0.17
NIEEEH  60g/L 220.66 22321 1.16 23007.02 23192.51 0.81
SETFRARR 2425 pmol/L, 219.48 21381 -2.58 23005.49 2257571 -1.87
y-BEH 45 gL, 219.62 2131 0.77 23007.19 23092.61 037
KREAT 1000 UMmL 219.95 20431 1.98 23007.83 2342551 1.82
TRHRM  1:1000 219.63 22761 3.63 2301141 23631.21 2.69
MNFUNEHLR 125 ng/ml 21922 228,51 424 23 004.62 23307.41 132
Y 3 500 ng/ml 22034 21945 -0.40 23009.34 22905.16 -045
2.7 BMBTHRIBOE  CUFEAT sFI-1LRIVEEA 3 g

#3150 000 pg/ml B, A FEHH H = 77 = E R

2.8 kst UL 2. 7E 105.40 ~ 40 972.00
pg/ml N, 5Z 7k ki 25 5 iy 2tk [l )3 5 72 4
Y=1.086 7X+17.946( r=0.994 4, t=96.26, P < 0.05 ) .

$0000

3 4500 Y=1.086 7X +17.946 .

7=0.988 9

] S000 10000 15000 20000 25000 30000 35000 40000 45000
S A IsFI- 12559 (pg/ml)

2 ZelEmEYA Lk

W sFIt-1 =2 M4 P B A K I ( VEGF )
M1 PIGF WA A5 BT, TR AT 42 10 19 sFle-1 /K
- 1, sFlt-1 454 VEGF F1 PIGF i fifi 1 # /K
FRE, H ARG ER T i ) sFle-1 S5 5T Il
" VEGF 11 PIGF 433 38 428 11 46 79 2 43 b o 2> 5
5 41 sFIt-1 36 iT 4] VEGF F1 PIGF £ JH T 41 ifs
TR E S AR, RN N R T RE AL, A 5]
IR AT A S A I R B U2 A4S sFlt-1,
PIGF, sFlt-1/PIGF [LAEREME TS Bhyilf PR 5 e sth 7 41 22
THEATAY KU ', sFlt-1/PIGF Foff < 38 i) 1 T4k
K — N B TR AT, sFlt-1/PIGFE Al > 38 i)
T YA P AR AT Y, R sFI-1 2R T
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o H DI R B2 i S FH A T R PR 2 —

BT BAS AR CAEARS M Wk s A5 21
A, AR 1 FEMETLULE 4 5T
RIPIHREEAR, SEMBES YRR mE L —,
WHE—a45 5 R E, B RIAME - 5i%0%
MR RS, RIHGINEARZAA EHUA PR ss G40,
JFml 2SR RRARN, REZR IS S 2R / Bk,
LA RS RoE PRSI G B D s ™ A
55T BAS-TRFIA Kl fiL 37 sFlt-1, HAGIIIRRR( 1.00
pg/ml) M THCHREZHEAREILRR (12 pg/ml) ¥
FEPERR: TREIA AYREIRRR (10.78 pg/ml) ™, H
DIRERBE (10.00 pg/ml) TS kvl 45 L
FREGINFERBUE (15.00 pg/ml) 5 HFHE - f i phk
KGR (0 ~ 40 000.00 pg/ml) 5 T SCHik [13] HR1E
FIRIITEREIC O ~ 25 000 pg/ml ) 231 Bl B 20.00
pg/ml) W BALFHO P ZHERI sFl-1 FIZeE
Fil NBR (40.00 pg/ml) ', {HZEHEFER EFR (40 000.00
pg/ml) 7 FUNAPE AL LAMNERF LR (8 5000
pg/ml) P, ATRE S A AR AR RS TH]
AR, Ahititt— R ST

ZF AR A ) X BAS {2 OB E AR M T

PR RSN BrfaE, SEEE Mg g BR
(FDA) Je)5 K ATE R~ 5 B LA A AR X A =
Tt W 1Y, IO T BT A Y R
e FE R E ] 3 500 ng/ml™, AW R BoR, 17
FhTHed e IR TR TRTT 2 sE 75 |
AW RN ST PEPTIARSE ) X sFIe-1 K50 25 5 1 4t
REIFE +10% LA, RO REE bt Hag
7113 500 ng/ml 1425 ) R XA ST I 45 R A=
AR, X5 R AR RIS g e U, AR
IR B FL S N AR L8 Y SA TEREAS D AR, S
SRR IT T moe G, ke T
FEA AR Y 2 T A A A SA TS I 25 2R 1)
A

WEAEAIF T 22 H 1 W A2 10 e 28 S 2 28 v Ay
W sFI-1 B RO RS, 2R, 2
FE A AR IR E 0 T Y2 A a7
sFIt-1 7K F-1] 3k 13 010.43 2 321.84 pg/ml, feHEA2H
SFRAZH 5 sFlt-1 4 2 160.74 + 432.18 pg/ml"™, A<
WG EE R s HE B A 20 ~ 40 000.00 pg/ml,
H AR H B0 v 1) B4 R 2800 79 sFIt-1 7K SF- 3K 150 000
pg/ml, CHEWEIRKSEAEAGTEZ, HEEK
sFlt-1 kil = 2R 2 (2wl il &, HC)
Mo, R P AR TS S
PRI 25 Y 35 0.994 4 (129626, P < 0.05) ,
FEAWIFP T A RGN 25 S B R G A e o

g BITR, ARWFSE ke A sFI-1 B R
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