ZEN /I - - B Z | ALLEHS 16 B E6 M L1 BEEREA BB RTINS A0RT
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Nov. 25, 2024, 40(11): 4266-4276
DOI: 10.13345/j.cjb.240104 ©2024 Chin J Biotech, All rights reserved

- EYMBAREFE -

AFLEwE 16 B E6 F1 L1 EREXRNRIEEMH
S5 EREST

RUBL SRR RS FRITN HEAC BERL KEE
= Y R

1 RN RZEE — M Jm B Be, TIRg M 450052

2 PRI AR 2EBE, RS % FH 471099

3 A Y TAREORWESE G, R KRN 450000
4 KB F AR =Be, g KM 450010

5 AT ERE, Wrg ABH 450002

XWEEIL, BRENRZ, ZFAmtg, 42 %0, kheR), S0EHE, SROAR, E4kQ), skiad, £ale. AFLRK#E 16 B E6 1 L1 &1
e ICAUPE R RGN T Bk AR ST [T). AW AR 24 4R, 2024, 40(11): 4266-4276.
LIU Xin’er, ZHAO Yinzhen, NIU Nannan, LI Lingke, DU Xueli, GUO Jinxiang, ZHANG Yingfu, WANG Jichuang, ZHANG Yiqing,

WANG Yunlong. A fluorescence immunochromatography method for detection of human papillomavirus type 16 E6 and L1 proteins[J].
Chinese Journal of Biotechnology, 2024, 40(11): 4266-4276.
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MIF. HPVI16 L1 & E6 R R AEAFIZESH A S ug. 10 pg, SEXIEZHH 1.5 mg/mL; &iE
AR B 18] 2 Ao & 10 min; A2 HPV16 L1 & E6 & & & M58 B 4 %1 4 5-320 ng/mL. 2-64 ng/mL;
ﬂiﬁ‘ﬁ#ﬁz)ﬂ‘ FR4 %1% 1.78 ng/mL. 1.09 ng/mL; 5 A% % J% #2474 Z(human immunodeficiency virus,
HIV). # 7 #%5% 4K (Treponema Pallidum, TP). HPVIS E6 & L1 ZA L XX R K ; B FEE 9T%E
107%Z 18] R\ AFF T4 &0 KK A AR, RO g MR AR AL EH HRREAGIHELA
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Abstract: This study aims to establish a time-resolved fluorescence immunochromatography method
for simultaneous determination of human papillomavirus (HPV) type 16 E6 and L1 protein
concentrations. The amount of lanthanide microsphere-labeled antibodies, the concentration of coated
antibodies, and the reaction time were optimized, and then a test strip for the simultaneous
determination of the protein concentrations was prepared. The performance of the detection method
was evaluated based on the concordance of the results from clinical practice. The optimal conditions
were 8 pg and 10 pg of HPV16 L1 and E6-labeled antibodies, respectively, 1.5 mg/mL coated
antibodies, and reaction for 10 min. The detection with the established method for L1 and E6 proteins
showed the linear ranges of 5-320 ng/mL and 2-64 ng/mL and the lowest limits of detection of
1.78 ng/mL and 1.09 ng/mL, respectively. There was no cross reaction with human immunodeficiency
virus (HIV), treponema pallidum (TP), or HPV18 E6 and L1 proteins. The average recovery rate of
the established method was between 97% and 107%. The test strip prepared in this study showed the
sensitivity, specificity, and diagnostic accuracy of 97.46%, 90.57%, and 95.32%, respectively, in
distinguishing patients with cervical cancer and precancerous lesions from healthy subjects, with the
area under the curve (AUC) of 0.980 1 and 95% Confidence Interval (CI) of 0.956 5 to 1.000 0. The
time-resolved fluorescence immunochromatography combined with the test strips prepared in this
study showed high sensitivity, high accuracy, simple operation, and rapid reaction in the quantitation
of HPV16 E6 and L1 proteins. It thus can be used as an auxiliary method for the diagnosis and early
screening of cervical cancer and precancerous lesions and the assessment of disease course.
Keywords: human papillomavirus; time-resolved fluorescence immunochromatography assay
(TRFIA); rapid detection; cervical cancer

BHURENE N AR R SR WL 2 HPVI6 B R E L, (5 70%-75%Y, HR-HPV
H

—, HAERIKIEE N 0 S 208 ARG
(SR A, e R E et R R Y, EE
N FL 3k I8 9% B (high-risk human papillomavirus,
HR-HPV) A £ IR YL EL 9 )12 D\ ok 2 8 3 %
LI AT AR & R I S HER R BT, Hoh s A

&: 010-64807509

FRE G HAR AT 10, nl RN B SR iR
b Bz e AR (low-grade squamous intraepithelial
lesion, LSIL) HI 5 & = & % AR b Kz N i &2
(high-grade squamousintraepithelial lesion, HSIL),
I IR AR,

B<: cjb@im.ac.cn



4268 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

FE T S SRR AR S A T, E6 K
FEES A REESEE B, X
Bl b FH 590 48 p 1F J R e AR A O, 2
B B A IE ARG, U E6 2B WA B i
T s W A8 i A 10 S s A bR 5 ' . HPV L
B RR S 5 E PR AR O R 2
X, HAEE SR P AL, HPV LT &AM
o XTI GO B 30 b Bz P A2 A B S R 2 Ay
1B, X ) B0 B N AR A B AR R
B, REMEAE A Wbm g xof e JRURS: 93 A8 AT i
A BT SUPa T 72 JE  T 0 R 9 AR B B U
A HPV 16 B E6 il L1 2 1 g8 A4 Bhi2
Wr B (AR B, A T S B R T A A
W BOR IR A, 4 TieWiEebE, BRIUE
SO KR R AR TR, G R T LR A TG R
HRAE IR R HAETEXT HPV6
) E6 F1 L1 Anasydarill, & FRY 7k ELISA.
PCR 2 Ak SR, X885 vk (- AR
Z . AN R DR R A AN R B Y R, B
] 3 FEE S i S A AR DR P A v . Al sk
FEPR . S5 IRARRE SR, AR PRI SR AR B
RN, A AR DGR SHUAR S, ST ik
Sehmichiik, E B - SO R H AR .

AR BIF 5 40 A 7 — iR R A A
HPV16 %l E6 15 L1 & A 9OL g 2 G
K 7k, LAk HPV AS I B2 46—l 6 4l B
FBL, SEPLIE)Z R Be B ARG I R W, oA S
Sy S A RO S

1 MRETE

1.1 #R
L1 RAF5ReE

TSR 2T 4 R 50 B 5 & 7 U5 B R R
4yl Bud3 REEVEOLIMER I H Bangs Laboratories
ONF]; PVC AR, BEIH AR e (SAP-290) . Wk

http://journals.im.ac.cn/cjben

A0 A M L At A R A R SE R
1gG HIV HHEM . TP HAE M HPVIS L1/E6
E AR A Y TR AR POt
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1 (SDS-PAGE  HilE 2 1 246 2 >98%) il 25 & %
i, HPV16 L1 &S ik fEN 5. 10, 20,
40, 80. 160. 320 ng/mL; HPV16 E6 Zk{:%5:%
MRWREE N 2. 4. 8. 16, 32, 64, 128 ng/mL;
HPV16 L1 FCXTEEBEHUAZN A 1:20 000;
HPV16 E6 X} H. 50 BEHLIRZAN  1:80 000
(% a4 4 ELISA i€ HPV16 L1 ¥ og ik
A A 1:20 000, HPV16 E6 B4 TE RS M
A 1:80 000, %4 Western blotting Fl 455 ZH 4L 56
HERT 5 8 7 AR B RN )
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(20 mg/mL), ZRL2IRA), WIR AW E TR -
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AR A4 o B 1.2.1 o7 s A I B IR -
P AR AR , 4% 8 uL/em HIMEERS B 5]
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Figure 1
detection of HPV16 E6 and L1 proteins.
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Diagrammatic representation of the fluorescence immunochromatographic test strip for dual
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Figure 2 Interpretation  of  fluorescent
immunochromatographic strip resutls for detection
of HPV16 E6 and L1 protein. A: HPV16 L1(+)
HPV16 E6(+). B: HPV16 L1(+) HPV16 E6(-). C:
HPV16 L1(-) HPV16 E6(+). D: HPV16 LI1(-)
HPV16 E6(-). E: Invalid.
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W 15 2P TS, B Logit(Y)=A+BxLog(X),
A AREMIZE
1.4.2 HE&NIREHHE

XTPES TR AN E 20 K, &
20 YA 25 JE ) T/C S HE) AR ifEZ (), F
x£2s fLA 1.4.1 e &k rEpnEih £, 1H5&
HB AR R R Ry S A PR
1.43 $#HFFMIEN

B HIV A EH (1 png/mL) ., HFaEEHEH
(1 pg/mL). HPV18 L1 & [1(1 pg/mL)} HPV18
E6 H1(1 pg/mL)4il5 HPVI6 L1 &%
(160 ng/mL)} HPV16 E6 3% /(64 ng/mL)%:
WRIR GG AR A w4t b ki, &
SR 5 U, WGE HPVI6 L1 5 E6 & WKL,
Pixes Ko, PEHAR SRR TPk
1.4.4 EBWEITMN

KR T a8 iR 4l Ak /. Ay AR
X3 Mk ESESN(LI/E6 S5 Mk E N .
20/4. 80/16. 320/64 ng/mL)#47#M, EHE
ME 10 WK, 0 JR¥E L KA 2R )29 f5 5
i, 18 T/C{H . ¥ T/C AN R EMZL
BRI N I v B, # BR DU AR A Mk
JE T

[ A 23R =S 0 9 85/ 393000 9 ) < 100% .



XEJL F | AZLLERS 16 B E6 1 L1 EARARBRENRNSENESL 4271

1.4.5 HAREN
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3 HPV16 E6/L1 fiiFtric B R BHIREMILE

Figure 3 Optimization diagram of HPV16 E6/L1 antibody labeling amount and coating concentration. A:
L1 antibody labeling amount and coated concentration condition paired T value. B: L1 antibody labeling
amount and coated concentration condition paired T/C value. C: Paired T value of E6 antibody labeling
amount and coated concentration condition. D: Matching T/C values of E6 antibody labeling amount and
coated concentration condition.
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A o 25 IR A 4 A5 T AN (] e B A A 1
T/C (BT[] (AR fk (] 4), & BBl 25 50 st [
P, T/C R L@ R, Y
BF AT 10 min J&, &R EFEAR T/C HA2 1k
Mt TR, X R Pr R biikss & i3
AT . FETIaR e TG A DI AR 2% Y A
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2.3 FRERZEENZ M TEE
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Figure 4 Optimal detection time of HPV16 E6/L1. A:

Optimal detection time of E6 fluorescent test strip.
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RN SE 2 y=1.003 9x+1.732 5, R*=0.994 7;
HPV16 E6 % [17E 2-64 ng/mL JEH NLEX R
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Figure 5 Standard curve for the HPV16 E6/L1 fluorescence immunochromatographic test strip. A: HPV16
L1 protein standard curve. B: HPV16 E6 protein standard curve.
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2.4 KRR

EARK 20 EAYERRAS, 1500 E 45 R
T/C WP MEOFIbREZE (), ZE 16 T/C 1)
SESME N 2 REFRUE L (xk2s), Z5HANZE 1 iR,
Bt A LA B bR 2, 1T XY
P BE A, BICh e fiAs th PR . e
HPV16 L1 H/KFz IR 4 1.78 ng/mL,HPV16 E6
AR A 1.09 ng/mL.
25 HEM

Wi 2. % 3 F/~, HIV, 7 . HPVIS E6
#FH . HPVIS L1 FEH X% HPV16 E6 J2 L1 &M
XA A 0 20¢ D' B0 8 J2 M 1 40T 2% RS ) 485 SR I ok
JRAE RS, RV ERE R BT

*1 RREMRER

Table I Minimum detection limit results
Sample X s X+2s
HPV16 L1 0.0417 0.002 3 0.046 4
HPV16 E6 0.062 8 0.004 5 0.0719

*2 HPVI6 L1 EEHRMRMER
Table 2 Assessment of the specificity for HPV16
L1 protein detection

Interfering substance Theoretical Actual

and concentration concentration  concentration
(ng/mL) (ng/mL)

HIV (1 pg/mL) 80.00 78.39+0.86

TP (1 pg/mL) 80.00 77.48+0.32

HPV18 E6 (1 pg/mL) 80.00 77.86+0.40

HPV18 L1 (1 pg/mL) 80.00 79.52+0.59

#*3 HPV16 E6 ERHRMEMER
Table 3 Assessment of the specificity for HPV16
E6 protein detection

2.6 HEHE

RS54 XT HPV16 E6/L1 A [E 46 I FE 5 iy
WER B S22 45 ANk 4 itk , HPV 16 L1 Ay [ul
R AE 97.47%-106.82%2 [1], HPV16 E6 ¥ [H]
HRTE 96.83%-98.91%2 0], HERfBE 4T
2.7 llmPR—E%

DI R A6 I S 445 ifE , HPV16 E6. HPV16
L1. HPV16 E6 B4 L1 A R E K 68.64% .
33.9%. 97.46%; FEFTEN 92.45%. 96.22%.
90.57% ; ZWrfE#F R 76.02% . 53.22% .
95.32%. .— HPV16 E6 B, L1 A& 45 14
HPV16 E6 BA L1 kil 2 U K12 W v iff % i
Fo ZEWRINEE s, £ 6 AR,

HPV16 E6 A L1 Kl ) AUC 247 0.980 1,
95%CI (0.956 5, 1.000 0), ZERUIE 6 iR, )
H A5 o 0 7 12 DB M 2 0

x4 ERRQNER

Table 4 Recovery rate detection

Sample Addition Determination Recovery
concentration  of concentration rate (%)
(ng/mL) (ng/mL)
HPV16 L1 10.00 9.74+0.40 97.47
40.00 42.73+0.67 106.82
160.00 160.96+4.00 100.60
HPV16 E6 4.00 3.96+0.11 98.91
16.00 15.50+0.18 96.83
64.00 62.85+3.13 98.21

x5 TERFBEILHERZHRE HPVI6 E6 R
WIMPAMEEE (HPV16 L1 AR LB (6, (%)]
Table 5 Comparison of positive rates of HPV16
E6 protein and HPV16 L1 protein in different
pathological diagnosis results [N, (%)]

Interfering substance Theoretical Actual " ~
. . . Group n HPV16 E6 HPV16 L1
and concentration concentration  concentration
(ng/mL) (ng/mL) Normal or 53 4.00(7.55) 2.00 (3.78)

HIV (1 pg/mL) 32.00 33.23+0.66 cervical
TP (1 pg/mL 32.00 33.19+0.43 inflammation

(I hg/mL) ' AP LSIL 36 4.00(11.11) 31.00 (86.11)
HPVIS E6 (1 pg/mL)  32.00 34.09+0.45 HSIL 40 35.00 (87.50) 9.00 (22.50)
HPV18 L1 (1 pg/mL) 32.00 33.16+0.55 scc 42 42.00 (100.00) 0.00 (0.00)
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# 6 AEHKMIBFRIT>LSIL B HHRE SN ER LR
Table 6 Comparison of diagnostic value of different detection indexes in >LSIL cervical lesions

Sensitivity (%) Specificity (%) Accuracy (%) AUC (95% CI)

HPV16 E6* 68.64 92.45 76.02 0.840 6 (0.783 6, 0.897 6)

HPV16L1" 33.90 96.22 53.22 0.703 6 (0.627 0, 0.780 3)

HPV16 E6+L1" 97.46 90.57 95.32 0.980 1 (0.956 5, 1.000 0)
HPVI6 E6™+L1": A positive result is defined as either a positive result for HPV16 E6 protein or a positive result for L1 protein, or

both.
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204 ) T A A G A 22 4 T R B BE(SLSIL), i
7 ==+ A(AUC=0.8406) TEE U BE PRI HPV L1 EERKDE
02} e BATESLER B AT L 2 R ik, HPV L1 2 [ W 5 & R

— C (AUC=0.980 1) NN .
F TR EBEW N, HPV L1 & A fEE EW sk
0.0 02 04 06 08 1.0 W JRAPE AR, TR IR 1 T [ it 2k ) ] BB TR

1-specificity

Ele =ilETIEFFERLZ

Figure 6 Receiver operating characteristic curve.
A: HPVI6 E6. B: HPV16 L1. C: Combined
detection of HPV16 E6 and L1.
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