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[ Abstract ] Objective: To design a quality control point for human papillomavirus (HPV) gene chip,
optimize quality control probe, human -globin gene primer concentrations, and HPV primer concen-
tration ratio to improve the quality of gene chip detection. Methods: Cervical smear samples were col-
lected from patients with clinical manifestations of HPV related infections, and HPV58 DNA was ex-
tracted from the samples. HPV universal primer and the human B-globin primer were used to amplify
the HPV58 and B-globin gene respectively. The amplified PCR product was ligated with the linearized
pMDI8-T vector to construct human B-globin and HPV58 LI region DNA plasmids, which were trans-
formed into E. coli. After the transformation, monoclonal cultivation was used to obtain DNA templates
of HPV58 samples and human -globin. Amplified HPV, human B-globin probes and PCR primers
were designed and prepared using HPV58 and human B-globin DNA gene information. The probes
fixed on the gene chip were used as a quality control point (QC). Monoclonal HPV amplification prim-
ers and human B-globin amplification primers were mixed at a ratio of 1:20, 1:10, 1:5 and 1:4 to
amplify the templates with PCR reverse dot blot (RDB) hybridization that the products were detected
by agarose gel electrophoresis. Then gene chips were incubated for hybridization and coloration.
Scanned the chip with a scanner to collect the signal intensity of each positive hybridization signal point
by Image J software to calculate the optimal concentration ratio of primers of human B-globin and HPV,
set the QC probe spot concentration to 0.1 pmol/L,1 pmol/L,10 pmol/L,50 pmol/L and 100 pmol/
L, detect signal strength and optimize concentration of the QC probe. Results: HPV58 DNA and hu-
man (3-globin were amplified; Probes and PCR primers were designed to detect HPV58 and human 3-
globin. Agarose gel electrophoresis analysis showed that when the concentration ratio of primers ( 3-
globin/HPV58) is 1: 10, and both were simultaneously PCR amplified, the amplification intensity was
relatively uniform, and the obtained products were equivalent. The products obtained by PCR using
this primer concentration ratio is hybridized with the test chip, and the color balance is better. The QC
spotting concentration was tested and found to be the best when the QC spotting probe concentration
was 50 pmol/L. Conclusion: The optimization of the quality control points and the concentration ratio
of probes of human B-globin and HPV amplification primers improves the detection quality of HPV de-
tection points.

[ Key words | human papillomavirus; gene chip; primer; probe; B-globin; quality control
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1 DNA Clean-up Kit Il F B i 22 4= Y BH£0A R
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vidin-HRP 1y 5 #8 = KAV FHCA R v, ABI
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la] HPV Jg 5 ) B 35 7 20 1t b A A8 b A

DNA 4250/ 50 L, F54ME%7,100 C {435 10 min,
) 10 000 r/min B> 5 min , fF# 88 b5, DNA £50
7 BPME U E T -20 CIRFE
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RIGHFFIRIERAZ A A B A 5 A, IR & 2% 1Y LB
AR, PR LRV A TRV PCR A
1.5 HPV 5|9 S5#E Tt
%% Gravitt RS9 16 HPV JER 4
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Tab.1 Sequences of the forward and reverse HPV primers and quality control probes

Seq. No Name Sequence(5'— 3")

1 det -1A GC(I)CATGG(I) CAAAACAATGG

2 det -1B GC(1) CAAGG(1) CAGAAAAATGG

3 det -1C GC(1)CATGG(I) CAGAACAATGG

4 det -1D GC(1)CACGG (1) CAAAAGAATGG

5 det -2A (Biotin) GAAAAATAAACTGTAAGTCACATTCCTC

6 det -2B (Biotin) GAAAAATAAACTGTAACTCATATTCGTC

7 det -2C (Biotin) GAAAAATAAACTGTAAGTCACATTCATC

8 det -2D (Biotin) GAAAAATAAACTGTAAGTCAGATTCGTC

9 PCO4 CAACTTCATCCACGTTCACC

10 GH20 GAAGAGCCAAGGACAGGTAC

11 PC (NH,-Cy ) TTTTTTTTTTTTTTCACAACTGTGTTCACTAGCAACCTCAAACAG

12 QC (NH,-C ) TTTTTTTTTTTTTTTGAGGAATATGATTTACAGTTTATTTTTC

13 HPV-58 (NH,-Cy ) TTTTTTTTTTTTTTTATATGTACCTTCCTTAGTTACTTCAGTGCA

{E:1~8 Jy HPV ZEHZ LI IR IX 514,910 Sy N B BREE AP 514, 11 12 Dy FE R f il #8513 O HPV R 4f

1.6 REEA S A A &
IR PR T R B AN 5 | k2 1) HPV
BB R BT 3 x 1 IRES], 14T R FES13E 3 A,
FUAE 2 AT AT LA HPV AN (HPVSS) 4] 1
PiRe B8 Y PC (positive control) Sy FH Y i
Mo NN B EREH N, T i HPV DNA [ $
A PCR 438 3 2 5 QC (quality control) iy Jit &t 4
il s, T g% HPV P73 5147558 J& HPVS8 $14f
Rl SFERDPH Biodyne CJREYRR/NN 3 em x

PHPER e Bl

| |
©00
|

HPV &,

B 1 E HPV R ey 3R 5 R AR 1R
Fig. 1

Layout of testing HPV genotyping arrays
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1.5 em JiEi4%, 0. 1 mol/L HCl {FHALHE 1 min 5T
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ST JE THEMA B4, R A Image J F4F 847
JREEGYHIT o A5 Sk €0 1 €00 6 S € 5 3 P 051
= Intensity Value {H( INS{f) F/~,

2 #R
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A, KRN S HOHAAF . 180 bp Ab /Y 454 58 B2
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b ST AT A LR L B BREE YT 11 5 HPV
R0 2 | e BE L AF] S 12 10 BF, P 3% (1 47 4t i s —
2, #751% PCR =Wy n] I Tk — P RIE
2.2 ABEREAYS HPV LI J B 151 ¥k &
FO )52 0 5 PRLES e 252 1Y) S (5,
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250 bp
180 bp

— B —globin
— HPV58 L1

B2 PCR ¥ 345 5] 4 4 & L 7] xf HPVS8 gy L1

FEMABHREAEEY HHMENT W

Fig.2 Effect of PCR amplification primer concentration
ratio on the amplification efficiency of HPV58 L1
fragment and human B-globin gene
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2 pmol/Lo K AW EERE 2 & 1 MRS HEAT Rk
il w5 G 7 T PCR =28 22 i (8, 13 I 1&] 4A
ARACEE R G 5 K BEAEL 3o A 52 B e A Dy INS
Bl 32N 4B FronsiR. S5 R 2R, QC Kl a5
P28 S AR 5 R B B QC FRET RURE R 3
PTG 5, 2 QC mARREH U Z 4 50 pmol/L i,
QC A6 5 \HPVS8 A £ LA e PC A I i i) J 2
SRR B — B, R QC R BN e e AR TR B
50 pmol/L,

3 g
SEPt R R H S 2 R

TR AR MR o PR AR B O
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z Z 10000
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Fig.3 Concentration ratio of PCR amplified primers
between human B-globin and HPV L1 fragment
affects the balance of gene chromatographic
hybridization

A A R R AR AN, 2 4R E HPV S AT 73 BLI
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Fig.4 Probe concentration of gene chip quality
control (QC) point affects the balance
of gene chip hybridization
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JERIBEC L , LA R A [RIER BT R X R RS 1
AR AR B R E B, JUHE QC KR
BERREUREE , % R 22 58 R B HPV A
A AC A by S I, DRI W 8 ok BE AR AR S, 5 5
5 H S5 2 58 A0 AR ARG DN 2R U, Al ok
R BATESS R, ABFFERS LA -& 519 A B Bk
HEEM HPV 51 EE B BC L R ET B SR e JEE ik
FIHRER I 52 BL I PRAEAS HPVS8 FIA B TRk
FIAY DNA 4" 34 FORE i 4, 38 5 38 v /9
R A QC e e REH O 50 pmol/L, PC
PSP HPV g5 I EEEE o 1010, 521
AT LA ) QC FRE R A R Rk BE e e/ T PC Al
HPV #R 4T s AE e 2, I P2 QC 3% 5 il HPV
Rl o5 Z [RIAETE 58 P G A2, HPV G I 7= ) 25 10 2
5 QC &G o XM R R BIAFAEE N QC
Jo4AS s M A R DR S A ) B A vp HPV g
WG RBAAAETT . T QC R FFHIAH b I
fBIRET PP o A, R 5 5 HPV Al - M4 4,
I QC FHE 42 s i) BH P 28 52 5 5 I i 53 T HPV
1225



5N BB OR

S O

43 %

R A B P2 S5 5 o R, i i B e A )
A A AT LA HEBRAS I (4 A B A BA 1, ot A
WIS LT

Zi LRk AL TN B BRE R T 1519
55 HPV 37738 5| Wy (4 < J3E L 9] R i o 42 Tl P4 B A o
J&,HiA QC R B e tE SR Dy 50 pmol/LL, PC
PHGI S HPY §7 38 51 P de BE oy 110, gL
HPV A5 s RE AR U O AR I

4 SEITH

[1] STANLEY M. Pathology and epidemiology of HPV infec-
tion in females[ J]. Gynecologic Oncology, 2010, 117(2
Suppl) :5 - 10.

[2] GONG P, WANG Z, GENG J, et al. Comparative study

on detection and typing of human papillomavirus ( HPV)

infection with microarray using Paraffin-embedded speci-
mens from squamous cell carcinoma and cervical precursor
lesions[ J]. Journal of Nanoscience & Nanotechnology,

2017, 17(2) :990.

Ahn, XIS, EL A MR RE AR

YR 3A 3 AT [)]. AR BB R 2R, 2012,

22(17) :3777 = 3779.

(4] Z0E, 97, 1803 fil 2ot NFL kI8 2 4 K 0 B A

I RSEREBL AT LT ] WSl Rz 20k, 2016, 48

(1) .46 —48.

WHL, WO, BRocy, 55, ANFURRDREE R A A

B ERACE BT[], R SRR, 2015

(1):34 -36.

BN, EET. JUnUS 2 DR SRR 2 A0

LAl RS PN IS b i ioall ORI = S 0] 7 A i

[J]. HEBRESE, 2018(2) 54 -56.

[7] EIDE M L, DEBAQUE H. HPV detection methods and

(3

[

[5

[

[6

(-

genotyping techniques in screening for cervical cancer.
[J]. Annales De Pathologie, 2012, 32(6) ;15 - 23.
EHLU, BRE, AL, 5. AFL KR T-DNA 73
TR INTEAR R I s SR A2 2 WP el 1], PE
T EREIE, 2009, 20(2) .92 -95.

[9] HAMPSON L, MARANGA 1 0, MASINDE M S, et al. A

single-arm, proof-of-concept trial of Lopimune ( Lopina-

[8

[

vir/Ritonavir) as a treatment for HPV-related pre-invasive
cervical disease[ J]. Plos One, 2016, 11(1) ;:e0147917.
[10]ZILS K, BIELACK S, WILHELM M, et al. Osteosarco-
ma of the mobile spine. [ J]. Annals of Oncology, 2013,
24(8) :2190 —2195.
[11]MASROUHA K Z, KHATTAB R, TAWIL A, et al. A

1226

preliminary investigation of Beta-hCG expression in pa-
tients with osteosarcoma [ J |. Journal of Bone & Joint
Surgery British Volume, 2012, 94(3) .419 -424.

[12]HILDESHEIM A, GRAVITT P, SCHIFFMAN M H, et
al. Determinants of genital human papillomavirus infec-
tion in low-income women in Washington, D. C[ J]. Sex-
ually Transmitted Diseases, 1993, 20(5) ;279 —285.

[13]RAHMAN M, SASAGAWA T, YAMADA R, et al. High
prevalence of intermediate-risk human papillomavirus in-
fection in uterine cervices of kenyan women infected with
human immunodeficiency virus [ J]. Journal of Medical
Virology, 2011, 83(11) :1988 - 1996.

[ 14 Pt AL, B 0, 2. TR RN D B I I &
HPV GRS A A [ ], [ 401 4 R fikt, 2013, 28
(10) :1635 - 1637.

(1S A% BROCHE , A, 45, 1081 fi] (& 4 5 3 HR-HPV J§&
QeR§OL A L], BRI IR B2~ , 2018 ,26 (06) : 917 -
919.

[16 ] At — ol BB PROES B R TR A FL K 8 75
(HPV) fRyi 5t FE A o3BG g o AR 5T (T ] A= s
TR, 2013, 34(3) 120 -27.

[17 ] DUDDA-SUBRAMANYA R, LUCCHESE G, KANDUC
D, et al. Clinical applications of DNA microarray analy-
sis[ J]. Journal of Experimental Therapeutics & Oncolo-
gy, 2003, 3(6) :297.

[18 JRAHMAN M, SASAGAWA T, YAMADA R, et al. High
prevalence of intermediate-risk human papillomavirus in-
fection in uterine cervices of kenyan women infected with
human immunodeficiency virus [ J]. Journal of Medical
Virology, 2011, 83(11) :1988 —1996.

[19]BLATT A J, KENNEDY R, LUFF R D, et al. Compari-
son of cervical cancer screening results among 256,648
women in multiple clinical practices[ J]. Cancer Cytopa-
thology, 2015, 123(5) .282.

[20 ] TIRUNEH F N, CHUANG K'Y, NTENDA P A M, et al.
Individual-level and community-level determinants of cer-
vical cancer screening among Kenyan women: a multilev-
el analysis of a Nationwide survey [ J]. Bmc Womens
Health, 2017, 17(1) :109.

[21JRAHMAN M, SASAGAWA T, YAMADA R, et al. High
prevalence of intermediate-risk human papillomavirus in-
fection in uterine cervices of kenyan women infected with
human immunodeficiency virus [ J]. Journal of Medical
Virology, 2011, 83(11) :1988 - 1996.

(2018-07-09 Wi F,2018-09-05 14 11)
OO A B TESCHRAE: KO



