2021 4E 4 A & 1% Vol.39 No.4
April 2021 Chinese Journal of Chromatography 424 ~429

5T L DOI: 10.3724/SP.J.1123.2020.06032

FE HE501, 5% DL B AZIEE h AZLRR & (HPV) 80, HPV BRI, R R 24 HPV B 9l ,
RGBT HPV B FIg it & 28, Bilan, 9 M HPV 2 T A 2L HBT 90% LA I HPV M OCHE AT A . AFL K Rs
FEFEBURL(VLP) /2 HPV S 1 ME—$0 R , VLP H 360 i K728 H L1 41a0, VLP 195 &l 2 % HPV JFi fl HPV
PER BRI B OCH ORI T — R LM FHERH (3% (SEC) Dy LRl 1Y 9 Fh 28 5) A FL 3k 975 B 4 JBURL I 5 Tt
Trid. S T G R AL s B TR P s AH pH (B 7 I i 5k i, Zad H5g, L
SHIMSEN Ankylo SEC-300 {74} (300 mmx7. 8 mm, 3 wm) & EE 4, LL& A 300 mmol/L NaCl 1 50 mmol/L
WEIRER (pH 7. 0) 1928 B BRI SIAE T, VLP F (RS g B | DI A A5 B o £ i 1o 0 B2 (1 SRR, TR WM 36 369
IE ST VLP 53500508, LRI 5 v HA A S8 i e M R R ) o 0 e (e T 9% R T s o O 2
AKRT 5.0%) FIRBE (GE IR 4.58~15.24 pg/mL) , ¥ 7T HPV S H VLP #4955 i 5E , 5 VLP /)
R, S50 ER HPV JFE T VLP Bk e, T4 CHE— )G, VLP & & 54 72 5 57 RIS A9 2 B A Hu A7 A
—E TR DIRERR LA, ke T TR VR R AR B AT, M S A4 R VP R I O gl
FERAR R AT B0 18 W B VP, JC W) W R R R i . 5 A G 00 B 1 BE U7 VA A L, AN Folin- 19 72 ( Lowry
) ik B R | A SRR S ATl s SO A, TSI VLP B At A AT

LR MR BUHERR (5% 2 i A FL KT AR OB

hE 550658 XZERFRIAED A LE S 1000-8713 (2021 ) 04-0424-06

Abstract . Cervical cancer is the fourth most common cancer among women. Human papilloma

virus (HPV) is the most common cause of cervical cancer which accounts for 5% of all human
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cancers and results in about 528 000 cases and 266 000 deaths every year. HPV vaccines are
considered the most effective strategy for the prevention of HPV infection and cervical carcinoma.
Since 2006, three prophylactic vaccines against HPV have been available on the market, including
bivalent vaccines, quadrivalent vaccines, and nine-valent vaccines. Among them, nine-valent
vaccines have been reported to be the most effective. They can prevent 97% of the high-grade
pre-cancer lesions. Virus-like particles (VLPs), which are arranged as 360 copies of capsid pro-
teins L1, are the only antigens of the HPV vaccine. Nine-valent HPV vaccines are prepared by
mixing nine types of VLPs with adjuvants. Thus, the quality of the VLPs, including their stability
and content in the HPV bulk, is very important for developing HPV vaccines. In this study, a
method was developed for the determination of the nine types of VLPs (HPV6/11/16/18/31/33/
45/52/58) in HPV bulk by size exclusion chromatography (SEC). The parameters of this method
were optimized in terms of column brand, pore size of stationary phase particles, buffer concen-
tration, and pH value. SHIMSEN Ankylo SEC-300 column (300 mmx7.8 mm, 3 pum) combined
with a buffer aqueous solution containing 300 mmol/L NaCl and 50 mmol/L phosphate (pH 7.0)
was utilized to separate the VLPs from the matrix since a narrow peak shape and good repeat-
ability for VLPs could be obtained with this column and mobile phase. The optimized method had
a wide linear range, good repeatability ( RSDs of peak area were not more than 5.0%) , and a sat-
isfactory sensitivity (LOQs in the range of 4. 58-15.24 wg/mL). The optimized method was used
to determine the VLPs in the HPV bulk. The LOQs of the current method were much lower than
the content of the nine types of VLPs in the HPV bulk, indicating that this method was sensitive
enough for the determination of the nine types of VLPs in the HPV bulk. The method was also
used to determine the VLPs in an HPV bulk that had been stored at 4 C for one week. A decrease
in the nine types of VLPs in the range of 10. 0%-62. 6% was observed after they were stored at 4
°C for one week. An HPV vaccine was prepared by mixing the VLPs with an adjuvant. Thereafter,
the VLPs were adsorbed on the surface of the adjuvant. The developed method was applied to
determine the free VLPs in twelve batches of HPV vaccines from three different manufacturers.
No obvious free protein was detected in the twelve batches of the HPV vaccines from the three
manufacturers, indicating that VLPs from these manufactures react well with their aluminum ad-
juvant. Folin-phenol (Lowry assay) is commonly used for the determination of proteins in vac-
cines. It is based on the reduction of phosphomolybdotungstic mixed acid chromogen in the phos-
phomolybdotungstic reagent, which results in an absorbance maximum at 650 nm. The Lowry
method was sensitive to interfering substances. Most interfering substances caused a lower color
yield, while some detergents caused a slight increase in color. To reduce the effect of the inter-
fering substances, a procedure for precipitating the proteins was usually required before the sam-
ple was tested. Thus, the Lowry assay is complex, time-consuming, and of low selectivity. Com-
pared to the Lowry method, the method we developed is simpler and more automatic. It is a
high-throughput method of determining VLPs. It can be used to determine VLPs in HPV bulk and
free VLPs in HPV vaccines.
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Fig. 1 Chromatograms of virus-like particle (VLP) for
human papilloma virus 6 ( HPV6) using SEC-
300, SEC-500 and SEC-1000 columns
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Table 1 Linear ranges, linear equations, correlation coefficients (R*), LODs and LOQs for the nine types of VLP

VLP Linear range/ ( ng/mL) Linear equation R? LOD/ ( ng/mL) LOQ/ ( pg/mL)
HPV6 39.9-1276.1 A=203.3C-315.7 0.998 2.11 6.38
HPV11 31.7-629.3 A=335.5C-290.8 0.998 1.83 5.53
HPV16 82.3-2632.5 A=784.3C-168.4 0.997 1.51 4.58
HPV18 51.2-1639.2 A=2173.8C-134.0 0.998 3.70 11.20
HPV31 25.7-822.1 A=1266.5C-2880.5 0.999 1.75 5.30
HPV33 23.1-738.1 A=1256.8C-2996.7 1.000 2.43 7.38
HPV45 24.0-768.2 A=1491.5C-439.6 0.999 5.03 15.24
HPV52 25.5-816.3 A=114.3C-303.5 0.998 3.83 11.62
HPV58 24.2-773.2 A=929.1C-331.8 0.998 3.25 9.84

A peak area; C: mass concentration, pg/mL.
£2 5.8 KKFET VLP iEER B IRERE
Table 2 Peak area RSDs of VLP with high, medium and low levels
VLP High level Medium level Low level
Content/ ( ng/mL) RSD/% Content/ ( ug/mL) RSD/% Content/ ( ug/mL) RSD/%
HPV6 1276.1 1.55 319.0 1.88 159.5 4.45
HPVI11 629.3 2.68 157.3 4.13 78.6 2.81
HPV16 2632.5 2.37 658.0 3.61 329.0 3.75
HPV18 1639.2 1.70 409.8 3.96 204.9 3.46
HPV31 822.1 2.50 205.5 2.74 102.8 4.61
HPV33 738.1 2.40 184.5 2.79 92.3 4.23
HPV45 768.2 3.21 192.0 4.32 96.0 3.60
HPV52 816.3 2.96 204.0 3.74 102.0 4.79
HPV58 773.2 1.66 193.3 2.91 96.6 4.74
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