Practice

fixation reaction ; CF), HfIBIE
(neutralization test ; NT), EIA
(enzyme immunoassay) = & % ifk
WETH S0
(16 (= — i i 70 Tk SRIE DIERS 7R
4, @ECF, NTZ Loz
PR GEmRR) LB Gemtk
14~21H) OX7 I OF A4t
PLEERLAEBAECHELHMT %0
MER DA\ E e LAD
A5 N WHIfEATE VA, TSRO
EAMES NN TP kg T P AR Y
Lv, CREEEG o LA ot
Ak ) RRIE IR N
MDY T & B WVIXTHE T 22D
%o NTE:NZEGA AR S5V b b
AL, EWEEHG USRSV
HAHAFEAM D £ TR D D
bo
NTi#: 18 B X 028 o fuffkfii 2

6 74V ARBPAEICH D — A
iz DS

(X6 & 1) 51A)

62 Urology View Vol7 No5

DR ZMRAE (STI) ZEEET 3

A ZHSES B Z AT RER 72, T
R MG B WS — RTRED & 9 12
b bAs, HSV-1&HSV-2id@Enik
WPUEA AT A0 OHETIEHE
ERNZEIBIIATRETH ), NTEED
ERCTHEEICHHOFNE LTERH
2\

2) EIAZE
EIAEZIgGH & OTgMbtAD 53 i
WHeTd 5 DOAUFYT, TREE - FREEE
EHIERTWS, B6D & ) IZHII%
P f%7~10H TIgMLik D 57255880
LN b, BEIAFETIED L REERN 2
F—y L LTHERPEONLID, X
7 g TZ OB AT 5 2 & T
YFRREOHER AT HECTH B0 7272 LH
SATIE, PUMBOZEBIIIRZ 5 2 &
A LW oo IiEZENIEEETH bo
F 7, FREEMESRAV AR THIgMA?
M END 2 EN16.T%H B Z LI

BTo%
3) HSV gG ELISA%

i D P AR A TIEHSVO R HIZ
AufeTh b, GHIZBW TR L 28!
TS Z DT, FHIEOHEIZOWV
TOENKENWZORGIATHETHN
X L ORI FITRE Vo

I O] fE e MUEHFUAAMIRA & LT
%, HSV gG ELISA (enzyme-linked
immunosorbent assay) #E2®H 5. =
TUZHSV-18 & HSV-25 ¢4kl & 75 2
X b ThRV, TrRO— T
¥ A Bz M glycoprotein G (gG) %M
WZHBI T Do

etk LA 5 F THIERE L,
40 H DI ORI ZEI L6~ THIFLREE & DR
B3 b LODY, HukBEM:Z R L
=B H312:8 1% DR PR U 7235613
PHONVRABYAFE) ZENTE
2, bAET b RAESHIAKET HE

— IgG

— lgM

~ NT

— CF
m
&
i

78 14H 17A

)
T ( T T

)
)
378 6~12hRA 2%

RAREBAN

— 310 —



TH DN, G & (375 o> Thin,
OREIERE

HEERIEE LY AV ADDNA
(deoxyribonucleic acid) #=#H ¥ 5%
WA H BT, BRIk 4 v A5 HERAE
V2R BE R AU AL B AR A 1
Thb,

AIGHEE, O Al BE5- W 7
Eatifkd LT, HSVICHRR Y% 75
1 <—%MHw7PCR (polymerase
chain reaction) {#:%°real-time PCR,
LAMP (loop-mediated isothermal
amplification) &% {7952 &12&
), HSVIEYYETdH D Z EASEHT X
BRI S i TdH %,

EEEDTH VWD 2|2, kv 7 A/8— b
F—Ehonary IFx—a vl
LB BEEEESLETH D,
SHAAKPANTHETH A%, (RbsE AL
ThH ) RXmEliTd b,

U1 VA EE

Veroflliff 22 & ORFEMNLZ 7 1 v A
AL L 2 OIENZLTH B Hilags
Hah%E: (cytopathic effect : CPE) #
BEL, Pk EroBMT5)
ETh b, KENER, UHAIHDS
LARMAREE Colic & fEZir+ 5 2
EDTE DA ETH S,

7272 LR o# A CTH 1) @il T
b1z, BUKTIIHEH S 25035
NTLE ST 5%, Wzl ik bd %
VAT O FE S L 72 BB B ORE,
AL BRI S AR R RIS 2 7
b ORI & TR,

VI VNA TOVERIEZ OB 5 5
ML 7 AV A % HEAT L 72 72241055
AL, €/ 70— FWeifkE R

HOGHURE TR K D BBIL 2 A
W A EHUE % [ 5E LRt - o)
FERIT) bDOT, HEEARICIRTH
WM CHEEAM B HTEN S,
O RIBHHEFIRE
FRHLALRR % TR BT B ER
WA, MR, & S hFEREC
[ NIBVAE 2 [ URSE 2 SARR IR A
HARLG EOENHR LI D, HEEN
TOHSVO R & Wt 3 2561218,
FERBURIC X 2 RIEG R in situ
hybridizationfzASH W H L%, RO
& B HED -8, HSVIEGIE 7 &t
IGEVHATT 22 L E N v

WIEG T A )V ZABEDNARDE
HHD, BAERBE A S 2 DIET
7O ENVBLNNT Y Z7OE VT,
77 LY 7 0T DAETIIBAE R
B AN Cdo %o FRICEHA A2 LT U,
PrBsE A3 0 1 H 200 O AR TG #E O
WHg /N Y 7 a CVABIRTIZbhAS
ETHEIE SN L HERTH S ) NT ¥
7 1 )L 1E500mgl H 2[m14% 5 % fE IR
(2 b TLEM A S 10 H MR Nk
T 5,

BRI TOEE
FEIZBWT LI A W AZEDO AR
PEid 54Ls, CDC (Centers for
Disease Control and Prevention) ¢
A FTA > THhIgHINTw2 L)
W2, ISR R fl s & <
FRIZH A R TS S e vy,

— 311 —

MRV D A L R ESE

I LA, Wi & kNS
T uENOEE EHEE L2V, DA
[ECofb#EHE/x7 > 7 o e)v 1
500mgl H2[ #5H W £ TOix5-Tdh
5o

FIEDB AT A )V AZED NI HT
BER DI L T2 20 d 5 Wit
EOWMBLELALINIZBGT 2 D05
FLve HENLDILY AL AR
JiLTBE, BEDHSRGEROE L7
HDHVITEESIMBIL 2, RN
oy A v ASEO PN % B4G$ % patient-
initiated treatment# £E 3 & TH
ZH%, BUIKTlEmeE (L Orbs@ H ok o
W)i<dhs,
TRESHNHIRE NPT 4 v A%E % i H
MRS 2 Eft T, bAETLNT ¥
70 UV CRIBGEH S %o PRk
LU NIy 7 a0V 1H
1E500mg# H NIRRT 2 b DT, #
BRI HIE M) B3 EI12E,
1A250mgl H2MI £ 72X 1 H 1A
1,000mgD %457 & i m D% W %
ERT Ho FHISHIHIRES LT IERIE D
WA, FIERFOREROTERAL S & OV
SE BRI O W OV CTid e v 7 A
IN— b F—DEGD ) A 7 R H)
BD3dH B o PR IEAEBEPEREIE O W) )
R H B HREE IR TR B,
7272 Lse @\ MERE e P & Hik 4 %
LOTIE RV, EEOTFHiOIO
Wi > F— AR E L,

IEA LD BEEFCTEE(L L 725G
R il 4 R M 58 2 & DB HFED D B By
BETIE, TY70ELOEED %1E
T 5, FHT AV A G,
FICEEED 2 VITERIEOIK T O H

Urology View Vol7 No5 63



Practice

BT D MERFRAE (STI) Z2BETD

B B R0 i C A B S B S FIAE e AN R J0 2 5 IBE R &GO Yo By A3I A 54 Uk
;o’(i{l;é, WhbwabT 7 ) A7 R L eWIBEEERNS R K&t &L RS TWBEGHIC
E L EAWEETH Y, HmRIK WLz, Jr?f ZGHE W) A M4 280 7Ly MINBEDPTFELT
I b D% I’H‘ DD B D OEE, FFEOHENE, I P Wb, FHOEES LY 27 A
t%ill‘il:’)"‘?‘%’#@')Z?, &G0 I THerpes.jp) (http://herpes.jp/) i

hooeuro Bion 7= LB A dlil, HHITEICH BEIICGHIZM T 5 S 5 IZIEET
GHO#ZWi# 278 &L 2 D/3— L CTix+4 ‘f"“h{”}HJ 4\1117\czb%>0 L VWEHE TF A8 MC K HQ&A

=2k oT, Byt 7@
B LA R CTdd %o ANIETEZ 1 % 3L

Ly b2

HaEnd, H5WIEHELRGIHE 3L

Ok

1) AKHEYZ, ARG 0, ERESET I A R ANV XA
v AV ARk O A R BiE 2000; 54: 71-5.

2) Ashley RL, Militoni J, Lee F, et al: Comparison of
Western blot (immunoblot) and glycoprotein G-specific
immunodot enzyme assay for detecting antibodies to
herpes simplex virus types 1 and 2 in human sera. J Clin
Microbiol 1988; 26: 662-7.

3) Gupta R, Warren T, Wald A: Genital herpes. Lancet
2007; 370: 2127-37.

4) Department of health and human services, Centers for

64 Urology View Vol.7 No5

JREACDWTHFHE L L7280 7
s EOMHIEIR S -SRI
N TIEHREIRLT 2 ) Z THEHTHA

5)

6)

— 312 —

rroa—F—4dHhH, ZHHLFH
ERIOLDOLHENTHAS ).

Disease Control and Prevention: Sexually Transmitted
Diseases Treatment Guidelines, 2006. Morbidity and
Mortality Weekly Report, Vol.55/R-11: 16-20, 2006.

Wald A, Langenberg AG, Link K, et al: Effect of
Condoms on Reducing the Transmission of Herpes
Simplex Virus Type 2 from men to women. JAMA 2001;
285: 3100-6.

&L, HRAG, BEE I AL R A DB
Derma 2008; 147: 13-22.



ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Mar. 2010, p. 1060-1067

0066-4804/10/812.00  doi:10.1128/AAC.01010-09

Vol. 84, No. 3

Copyright © 2010, American Society for Microbiology. All Rights Reserved.

Spread of a Chromosomal Cefixime-Resistant pen4 Gene among
Different Neisseria gonorrhoeae Lineages’

Makoto Ohnishi,'* Yuko Watanabe,> Emi Ono,® Chieko Takahashi,?> Hitomi Oya,? Toshiro Kuroki,”
Ken Shimuta,! Norio Okazaki,> Shu-ichi Nakayama,' and Haruo Watanabe'

Department of Bacteriology, National Institute of Infectious Diseases, Tokyo, Japan®; Department of Microbiology,
Kanagawa Prefectural Institute of Public Health, Kanagawa, Japan®; and Department of
Moleculo-Genetic Science, Graduate School of Health Care Science,

Tokyo Medical and Dental University, Tokyo, Japan®

Received 18 July 2009/Returned for modification 29 August 2009/Accepted 2 December 2009

In Neisseria gonorrhoeae, the mosaic type of pend, which encodes penicillin-binding protein 2 (PBP 2), is
associated with reduced susceptibility to oral cephalosporins. To investigate the relatedness of N. gonorrhoeae
clinical isolates with reduced susceptibility, we sequenced the pend genes of 32 isolates. Five different amino
acid sequence types of PBP 2 were identified, but all seemed to be derivatives of pattern X of PBP 2 (PBP 2-X).
However, multilocus sequence typing of the isolates showed that the isolates belonged to six different sequence
types. As PBP 2-X was identified in three different sequence types, horizontal transfer of the pend allele
encoding PBP2-X was suggested. We demonstrated that the pend gene could be transferred from an isolate with
reduced susceptibility to a sensitive isolate by natural transformation. Comparison of the sequence of the
penA-flanking regions of 12 transformants with those of the donor and the recipient suggested that at least a
4-kb DNA segment, including the pend gene, was transferred. During horizontal transfer, some of the pend
alleles also acquired variations due to point mutations and genetic exchange within the allele. Our results
provide evidence that the capacity for natural transformation in N. gonorrhoeae plays a role in the spread of
chromosomal antibiotic resistance genes and the generation of diversity in such genes.

Neisseria gonorrthoeae is one of the most common sexually
transmissible infective agents. Humans are the only natural
host for N. gonorrhioeae, and transmission is restricted to direct
person-to-person sexual contact. As there is no vaccine for
gonorrhea, the control of dissemination depends on timely
identification and initiation of an appropriate antibiotic treat-
ment for the infected person in order to prevent transmission.

N. gonorrhoeae strains that are resistant to various types of
antibiotics have emerged, causing critical concern for public
health around the world. Resistance to oral cephalosporins,
such as cefixime, is emerging (2, 3, 10, 18), and approximately
30% of N. gonorrhoeae isolates in Japan now show reduced
susceptibility to cefixime (20). The molecular mechanism of
resistance has been elucidated as the formation of a mosaic
structure of pend-encoded penicillin-binding protein 2 (PBP
2). The mosaic pend was generated by interspecies recombi-
nation with other neisserial species (3, 10}, which is the same
mechanism for chromosomally mediated penicillin resistance
in N. gonorrhoeae (23). However, the precise junctions of re-
combination have not been fully elucidated.

penA-encoded PBP 2 proteins of N. gonorrhoeae are divided
into several types on the basis of the amino acid sequence, and
some of these types are associated with reduced susceptibility
to cefixime (10, 14, 25, 27). Among these, the most common
PBP 2 type is pattern X (PBP 2-X), implying the expansion of
a single clone. According to the spread of isolates with reduced
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susceptibility to cefixime, the expansion of a single clone, which
emerged at an early phase, is suggested (18). However, another
possibility is that recombination of the pend gene occurred
several times independently, followed by multiclonal expan-
sion. Understanding of the mode of spread of antibiotic-resis-
tant clones could help us construct a public health strategy for
preventing the further spread of resistant clones.

To investigate the mode of dissemination of the newly
emerged antibiotic-resistant N. gonorrhoeae isolates, we retro-
spectively characterized isolates with reduced susceptibility to
cefixime (cefixime MIC = 0.25 pg/ml, referred to hereafter as
Cef® isolates), using pend sequencing and multilocus se-
quence typing (MLST) with seven housekeeping genes. We
also examined whether the horizontal transfer of pend oc-
curred in vitro, resulting in the one-step emergence of Cef™
isolates from the susceptible isolate.

MATERIALS AND METHODS

Strains. The Kanagawa Prefectural Institute of Public Health is a reference
taboratory for N. gonorrhoeae in Kanagawa Prefecture, Japan, where the primary
isolation of V. gonorrhoeae from clinical specimens collected at nine hospitals
was carried out. The N. gonorrhoeae isolates wore identified and stored as
described previously (11, 28). A total of 32 N. gonorrhocae clinical isolates with
reduced susceptibility to cefixime comprising 3 to 7 Cef® isolates randomly
selected from each year were examined (Table [). A gonorrhocae isolates that
belonged to sequence type (ST) 1901 (§T1901) were used for comparison of the
sequences of the pend-fanking regions that we analyzed. fsolates NGONU3-079,
NGON03-092, NGONI130-113, and NGONO7-002 were collected at another
hospital in Tokyo (Table 1). The MICs of cefixime and ciprofioxacin were
determined by the agar dilution method (19).

Sequencing of pend and the pend-flanking region. To obtain genomic DNA,
the clinical strains were suspended in TE buffer (10 mM Tris, | mM EDTA, pH
8.0) and boiled for 10 min. After the cell debris was removed by centrifugation,
the supernatant was used directly as the template DNA for PCR. The pend gene
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TABLE 1. Description of Neisseria gonorrhioeae isolates from Kanagawa Prefecture and Tokyo with reduced
susceptibility to cefixime, 1998 to 2005

Isolate Yr of isolation Hospital Sex? Specimen” Cefixime MIC (pg/ml) MLST 8T PBP 2 ype
NG9806 1998 Kanagawa, HI M U 0.25 7363 X
NGY811i 1998 Kanagawa, H1 F VD 0.25 7363 X
NG9812 1998 Kanagawa, H1 F VD 0.25 7363 X
NG99i1 1999 Kanagawa, H2 M ubn 0.25 7363 X
NGY912 1999 Kanagawa, H3 M U 0.25 7363 X
NG9913 1999 Kanagawa, H3 M U 0.25 7363 X
NG9914 1999 Tokyo, H9 M U 0.25 7363 X
NGO002 2000 Kanagawa, H4 F VD 0.25 1901 X
NGO0003 2000 Kanagawa, H2 M up 0.25 7363 X
NGOO08 2000 Kanagawa, H2 M upD 0.25 7363 X
NGO0109 2001 Kanagawa, H6 M ub 0.25 7363 X
NGO110 2001 Kanagawa, HS M ub 0.25 1596 X
NGO111 2001 Tokyo, H9 M U 0.25 1590 XXXI
NG0O201 2002 Kanagawa, H7 M UD 0.25 1596 X
NG0204 2002 Kanagawa, H7 M ubD 0.25 7363 X
NGO205 2002 Kanagawa, 12 M ubD 0.25 7363 X
NGH206 2002 Kanagawa, HS F vD 0.25 7363 X
NG0O207 2002 Kanagawa, HS M up 0.25 7363 X
NGO0303 2003 Kanagawa, H3 M — 0.25 7363 X
NGO04 2003 Tokyo, H9 M U 1.0 7363 XXX
NGO311 2003 Tokyo, HY . M u 0.5 7363 XXX
NGO0312 2003 Tokyo, H9 M U 0.5 7358 XXVI
NGO0401 2004 Kanagawa, H7 M up 0.3 7363 X
NG0404 2004 Kanagawa, H8 M U 0.5 7363 X
NG0410 2004 Tokyo, H9 M U 0.5 7363 X
NGO503 2005 Kanagawa, H3 M u 0.25 1901 XXXH
NGO0508 2005 Kanagawa, H5 M — 0.25 1596 X
NGH309 2005 Kanagawa, H3 M uD 0.25 7363 X
NGO5I1L 2005 Kanagawa, H3 F VD 0.25 7363 X
NGO512 2005 Kanagawa, H3 M Ub 0.25 1588 X
NGO513 2003 Kanagawa, H3 F VD 0.5 1901 XXX11
NGO514 2005 Kanagawa, HS M U 0.25 7363 X
NGO202° 2002 Kanagawa, H7 M UD <0.008 1901 \Y
NGO402¢ 2004 Kanagawa, H5 M U 0.031 1901 \%
NGONO03-079° 2003 Tokyo, H10 M up 0.5 1901 X
NGON(3-092¢ 2003 Tokyo, H10 M Ub 0.25 1901 X
NGON(03-115¢ 2003 Tokyo, H10 F U 0.5 1901 X
NGONG7-002¢ 2007 Tokyo, H10 M U 0.25 1901 X

“ M, male; F, female.
&y, uring; VD, vaginal discharge: UD, urethral discharge; —, no information.
“ ST1901 isolates used for analysis of pend-flanking region.

was amplified and sequenced by using primers penA_F and penA_R (Table 2).
The PCR mixtures were incubated for 2 min at 96°C, followed by 30 cycles of 10s
at 96°C, 10's at 65°C, and 2 min at 72°C. Purification of the PCR products was
done with an ExoSAP IT kit (GE Healthcare). Sequencing was carried out with
the appropriate sequencing primers and an ABI BigDye Terminator cycle se-
quencing kit (version 3.1; Applied Biosystems), followed by purification of the
termination products. Both strands of the products were sequenced by use of an
ABI 3130 x1 sequencer. The translated amino acid sequences were compared
with known PBP 2 amino acid sequences. Newly identified types were designated
XXX to XXXIH, as deseribed by Ito et al. (10) and Whiley et al. (27).

A neighbor-joining tree with 33 PBP 2 amino acid sequences was generated by
using the MEGA program (version 4) (22, 26). The reliability of the inferred
relatedness was evaluated by the use of bootstrap tests (1,000 replicates) (7).

Amplification of the pend-flanking DNA was done by using primer set
penA_3'F and deaA_R and primer set penA_5'R and mraW_F (Table 2). The
PCR mixtures were incubated for 2 min at 96°C, followed by 30 cycles of 10 s at
96°C, 10 s at 63°C, and 2 min at 72°C. The primers listed in Table 2 were used

-t sequence cach PCR product.

MLST. PCR amplification and sequencing of the seven N. gonorrhoeae house-
keeping genes (abeZ, adk, aroE, fumC, gdh, pdhC, and pgm) were undertaken by
using a previously described protocol (12). All nucleotide sequences were deter-
mined directly from the purificd PCR products, After end trimming of the data
obtained and editing by using Sequencher software (gene codes), the allele

numbers of the STs were assigned by querying the Neisseria MLST database
(http:/pubmist.org. /neisseriaf) (13).

Pulsed-field gel electrophoresis (PFGE). Agarose plugs into which DNA was
embedded were prepared as described previously (10). and the samples were
digested with Spel. The Spel-digested genomic DNA was analyzed on a 1%
agarose gel with 0.5X Tris-boric acid-EDTA butfer at 14°C by using a CHEF
Mapper apparatus (Bio-Rad). The run time was 19.5 h at 6 Viem, and the initial
and final switch times were 0.5 and 35 s, respectively, The gel was stuined with
ethidium bromide.

In vitro genetic exchange of the pend alicle during cocultivation, An in vitro
interstrain genetic exchange experiment was performed with strain NGO003
(cefixime MIC, 0.25 pg/ml; ciprofloxacin MIC, 0,031 pg/mi) and strain NG(202
(cefixime MIC, 0,004 pg/ml; ciprofloxacin MIC, 8 pgiml). NGO202 was selected
from 58 isofates susceptible to cefixime (cefixime MIC = 0.125 pg/m!} and on the
hasis of the ciprofloxacin MICs. The strains were grown on GC agar plates with
5% CO, for 16 h and then suspended in GC brath, After adjustment of the
optical density at 600 nm (ODyg,) of the culture to 8.02 with GC broth, suspen-
sions of strains NGOUO3 and NG0O202 (500 ! each) were mixed and statically
incubated for 16 h. One hundred microliters of sample was placed onte GC agar
plates containing both cefixime (0.031 pg/mi) and ciprofloxacin (2 pg/imi)
{Cef+Cip GC agar plate) in duplicate. Neither NGOG03 nor NG0O202 is able to
form cofonies on this medium. The plates were incubated for 20 b at 37°C with
5% CQ,, and the number of colonies on cach plate was determined, The viable
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TABLE 2. Oligonucleotide primers used in this study

Primer Sequence (5'-3°) Primer use

penA_F CGGGCAATACCTTTATGG Amplification of pent®
TGGAAC

penA_R ACAACGGCGGCGGGGAT
ATAAC

penA_SFL CAAAGATAGAAGCAG Sequencing of the pend
CCTG region

penA_SF2 GATATTGACGGCAAA
GGTC

penA_SF3
penA_SR1
penA_SR2
penA_SR3
penA_SR4

CTTTGGATGTGCGCGGC
GCCGTCGGTATATICGC
CCAAAGGGGTTAACTTGC
TTCTCAACAAACCTGCAG
CTTTGCCGTTTTGCGGGG

penA_S'R GCCATCAGGACGAAGCT Amplification of the region
AATCC upstream of pena”
mraW_F GTGAGTGGAGCAGAAAG
TTACCG
mraW_S1 CCGTTACTGGTCATCG Sequencing of the PCR

mraW_S2
mraW_S3
mraW_54

TATCGGACCGGCAGTC
CCTCGTGCAAATCCTG
GGUGGTCAGAGAAGC

praduct from penA_S'R
and mraW_F

penA_3'F GCGGCAGCCTGAACATC Amplification of the region

TIGG downstream of penA’
deaA_R GGACACATCGGTAGCG
GCTG
murk_S1 TTCAAGATCGGAAA Sequencing of PCR product
AACG from penA_3'F and
murE_S2 TTGGCACAAAGCAAGG deaA_R
murkl_S3 TGCGCGGTTTCTTCC
murE_S4 TCGGACGGTTCAACG
murkl_S3 GCAGGCTTTGTTAACTC
deaA_Sl TCAATATCTTAACCG
TATC
deaA_S2 GCGTATCGGGCAATGG
deaA_S3 CGGGAAGATTGCCGAC
deaA_S4 GGGGTATTTGCTGACG
dead_S5 AGCTTGGCGAAGCAGG

deaA_S6 CGGTTTGATGCATGTCG

* Amplification conditions were 96°C for 2 min and 30 cycles of 96°C for 105,
65°C for 10 s, and 72°C for 2 min,

» Amplification conditions were 96°C for 2 min and 30 cycles of 96°C for {0's,
63°C for 10's, and 72°C for 2 min.

counts of NG0202 and NGO003 were determined on GC agar plates containing
either cefixime (0.031 pg/mi) or ciprofloxacin (2 pg/mi). The experiment was
repeated three times. The transformation frequency was cstimated on the basis
of the number of viable recipient NG0202 colonies that grew on the Cef+Cip
agar plates compared 1o the number of NG0202 colonies that grew on Cip agar
plates. The MICs of clones (1 = 12) resistant to both cefixime and ciprofloxacin
were determined; and MLST typing, PFGE, and sequence analysis of the pend-
flanking region of the clones were performed.

Nucleotide seq ¢ aceessi bers. The nucleotide sequences revealed in
this study have been deposited in the DDBJ sequence library and assigned
accession numbers AB511942 for pend-XXX, AB511943 for pend-XXXI
ABS 11944 for penA-XX X1, and AB511945 and AB511946 for the pend-flanking
FCLIONS,

RESULTS

pend sequence variation. To examine the possibility of the
expansion of a single clone with reduced susceptibility to
cefixime, we sequenced the pend alleles of the Cef™ isolates in
our collection. Among 32 Cef®* isolates obtained from 1998 to
2003, five PBP 2 types were revealed, including three newly
identified types. PBP 2-X was the predominant type (26/32,

ANTIMICROB. AGENTS CHEMOTHER.

81.3%), which is consistent with the findings presented in pre-
vious reports (10, 27). PBP XXVI, originally designated mosaic
4 (25), was also found. Newly identified types PBP 2-XXX and
PBP 2-XXXI had replacements of Ala by Val at positions 502
and 533, respectively, compared with the sequence of PBP 2-X.
PBP 2-XXXII was identical to PBP 2-X from positions 1 to
548, but its C-terminal portion was identical to that of the PBP
2-1 allele from a strain that is susceptible to cefixime, strain
LM306, suggesting the creation of a new mosaic structure.

Using phylogenetic analysis, we demonstirated that the
amino acids sequences of the PBP 2 alleles among the Cef®®
strains varicd; however, the variation was restricted to a clus-
ter, which was distinct from the other cluster formed by the
PBP 2 types of Cef-susceptible isolates (Fig. 1), suggesting that
penA of the Cef®s isolates evolved from a single origin through
a point mutation or the replacement of a short segment, such
as that in PBP 2-XXXII.

Multilocus sequence typing of Cef® isolates. In order to
examine whether the whole genomes of the Cef™* strains were
clonal, we applied an MLST strategy. Thirty-two Cef®® isolates
were divided into six different STs (Table 3), including three
singleton STs. The predominant ST was newly assigned
ST7363 (n = 23, 71.9%). ST1901 (n = 3) and ST1596 (n = 3)
were the second most dominant STs among the Cef®* isolates.

ST7363 and ST1588 differed from ST1596 only in the pdhC
locus and the fumC locus, respectively, suggesting that ST7363,
§T1588, and ST1596 are closely related to each other (Table
3). The MLST sequence type might alter during passages in

188103 (XXIX)
Xiv

Vv
LM306
I
XVi
i
v
Xvit
XVIli
XiX
XX
XXi
XXit

- XXIH

pe @ mosaic-4 (XXVI)

1o OXXXI
35102 (XXVII)- i
- mosaic-2 (XXIV}
mosaic-3 {XXV
o XXX

% -
30/02 (XXVIl)
~@XXXE

Fd
0.005

FIG. 1. Relationships of 33 PBP 2 types. A neighbor-joining tree
was constructed from the PBP 2 amino acid sequences. The tree
contains the LM306, PBP 2, and the PBP 2 types reported by Ito et al.
(10), Whiley et al. (27), Takahata et al. (25), and Lindberg et al. (14)
and in this study. The PBP 2 types that resulted in the reduced sus-
ceptibility of N. gonorrhoeae to cefixime are shaded in gray. Black dots
indicate the PBP 2 types found in this study.
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TABLE 3. MLST types and pend alleles of isolates with reduced susceptibility to cefixime

Allele at locus™

No. of isolates with pend alicle:

ST ‘No. of
isolates abcZ adk arof fumC gdh pdhC pgm X XXVI XXX XXXI XXX11

7363 23 59 39 67 78 148 153 65 21 0 2 0 0
1596 3 59 39 67 78 148 71 65 3 0 0 0 0
1588 t 59 39 67 158 148 71 65 i 0 0 i} 0
1590 { 126 39 67 78 149 153 65 0 0 0 1 0
7358 1 109 39 67 78 149 153 133 0 1 0 0 ()
1901 3 169 39 170 111 148 153 65 1 0] 0 0 2

¢ Boldface data indicate alleles different from that of ST7363.

vivo and in vitro due to a point mutation or an interstrain
recombinational event. However, the other three STs, ST1901,
ST1590, and ST7358, showed at least two differences from the
other STs of the Cef™ isolates. It is unlikely that this was
because of allele exchange in all these isolates, indicating that
the concept of the expansion of a single clone of Cef®* could
not completely explain the spread of Cef®",

Correlation of pend allele type with MLST typing. If Ce
isolates emerged as different STs through independently gen-
erated mosaic structures of the pend allele, we would expect
isolates with unique pend alleles in each ST. As shown in Table
3, the pend-X of the dominant PBP, PBP 2-X, was widely
distributed in four different STs, ST7363, ST1596, ST1588, and
ST1901, while unique pend alleles of PBP 2-XXX and PBP
2-XXXII, which were found in more than two isolates, were
detected only in ST7358 and ST1901, respectively. From the
results, we speculate that one of the possible reasons for this is
that in some Cef®® isolates the transfer of the pend-X allele
occurs between different N. gonorrhoeae strains.

In vitro transfer of pend gene. To explore the possibility that
the penA-X allele spread between different N. gonorrhoeae
strains, we tested whether pend-X could be transferred by the
in vitro cocultivation of Cef® isolate (NG0003, ST7363) and a
cefixime-susceptible (Cef®) strain (strain NG0202, ST1901).
NGO003 is susceptible to ciprofioxacin, and NG0202 is resis-
tant to ciprofloxacin.

When a portion (0.1 ml) of a 16-h static culture of strain
NGO003 or strain NG0202 (0.71 X 10% and 1.01 X 10% CFU/ml,
respectively) was plated on a Cef+Cip GC agar plate, no
colonics appeared, indicating that no spontaneous antibiotic
resistance mutations occurred (Table 4). When a mixture of
NGO003 and NG0202 was plated after cocultivation for 16 b,
we obtained colonies resistant to both drugs (4.33 x 10° CFU/
ml) on Cef+Cip GC agar plates (Table 4). We randomly sc-

fRs

TABLE 4. In vitro transfer of reduced susceptibility to cefixime

No. of CFU on plates with:

Strain®

Cefixime” Ciprofloxacin® and gg?j:lrg:acixx"
NG0202 (ST1901) <10 0.71 x 10% <10
NGO003 (ST7363) 1.01 x 10% <10 <10
NGO202 + NG0003 1.03 x 10° 0.2 X 10% 433 x 10°

“ Strain NG0202, strain NGO003, and a suspension of equal numbers of cells
of both strains (ODggy, 0.02) were incubated for 16 h.

# Containing 0.031 pg/ml of cefixime.

¢ Containing 2 pg/mti of ciprofloxacin.

4 Containing 0.031 pg/ml of cefixime and 2 pg/ml of ciprofloxacin.

lected 12 colonies from these mutants. All clones were ST1901,
and the PFGE profiles of all the resistant clones were identical
to the PFGE profile of NG0202 (Fig. 2), suggesting that
NG0202 received penAd-X from NG0003 and became resistant
to cefixime.

The transformation frequency was estimated to be 2.1 X
107* (Table 4). When DNase (200 pg/ml) was present in the
cocultivated mixture, no colonies resistant to both drugs were
obtained, suggesting that the transfer was dependent on naked
DNA released from the donor strain in the broth.

Sequence comparison of pend alleles. To confirm the trans-
fer of the pend-X allele, we determined the nucleotide se-
quence of the pend allele (1,752 bp) in the double-resistant
clones derived from NG0202, which originally possessed a
penA-V allele. Sequence diversity between the pend-X and the
penA-V alleles was identified at a total of 221 polymorphic sites
after nucleotide position 294 of the pend gene, and the overall
sequence identity was 87.3%. Eight of 12 clones had the same
penA-X allele as NGO003. The clones with the other pend
alleles, clones Tf-3, Tf-13, Tf-14, and Ti-15, had allcles highly
similar to the alleles in pend-X (99.6 to 99.9%), and all se-

Cef/Cip
resistant cones

FIG. 2. PFGE patterns of clones obtained by in vitro penA-X
transfer. NG0202 {Cef® of ST1901) and NG0003 (Cef™ of ST7363)
were cocultivated overnight, and then colonies that were resistant to
both cefixime (Cef) and ciprofloxacin (Cip) were identified by using
GC agar plates containing 0.031 pg/mi of cefixime and 2 pg/mi of
ciprofloxacin. Spel-digested genomic DNA from 12 of the clones
obtained was analyzed by PFGE. Lanes M, size marker consisting of
Spel-digested Salmonella enterica serovar Braendecup strain H9812
genomic DNA,
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penA_X_NGEO3 CGEMCGETCCGETTTTCECGTTGAGCGCGCCGACGRAGTCCCTGTTTGCCGTACCTAM GAGATGAAGGARATGCCGTCTGCCGCCCARTTGOARCGCCTTTLCCAGCTTGTCRATGTG 360
PEARTE IS veemmm e o S e 360
PEAATE I3 mee e o e S s S e m m i e 360
PEPA_TF 18 oo et S s m s emrmn o oToe G e e smeme e T aeRSeSemEmEMeT oo RY AR ATt e 160
PEATF.3 e emcrmmmmn e o Grmommm e Fmim et o o Gomom s e 360
PEnA V. NGRZO2 oo e e e G s S G e = = 360
penA_X_NGOO3 CCOGTTGATGTTITGAGAMACAMCTCGAACAGAAAGGCAAGTCGTTTATCTGOATTAAG COGCAGCTCGATCCCAAGGTTGLCGAAGAGGTCAAGGLCTTGGGTTTGEAMMCTTTGCA 489
s 2 - S T 480
penA TF 13 emees L T G e m 480
perA_Tf 14 -ev-o Conmmssmnm e (G o o S 0 B 8 430
pepA TF3 e Loy o T Tomman L S e 430
perA Y NGR2GZ  {----- Crnnmnmmnnan (s e e L EETER Cfew wmormmmommaetmanan e e —— e, Anmmnm s e T- 489
perA X _NGe3 TITGAAMAGAATTAAAACGCCATTACCCGATGGGCAGCCTTTTTGCACACGTCATCGGA TTTACCGATATTGACGGCARAGGTCAGGAAGGTTTGGAGCTTTCGCTTGAAGACAGTTTG 660
PEAATF 1S e A T S TS 00
PEMATFLLS e e e T T e R S e mm 600
PENATE IS mom e o R e e €00
penA T3 s e e 0 e e 600
perA ¥V NGB202  cmeremevrmesseseesveasaemr oo BT mn ww wm s s A e e Awemwmmmnmannnnn CC- 609
penA_X_NGER3 CATGCTGGAGAAGGTGCGGAAGTCGTATTGLGGGATCGEGAAGGCAATATTGTGRACAGT TTGRATTCTCCGCGCAATAAAGCCCCGCAMMACGGCARAGACATTATTCTTTCTCTORAT 720
PEAALTE IS e ememamemer e e e b s o o (o e et s 2 8 o 728
penA_Tf_ 13 720
penA_TF 14 720
penA T 3 720
penAV.NGOZOZ LR L R S o B R B B e C momen CowCommemnenmonnes e Cnolonmmn Conlmme 720

FIG. 3. Comparison of sequences from nucleotides 241 to 720 among penA-X, penA-V, and minor variants of the transformants. Dashes
indicate the same nucleotide as penA-X of strain NG0003 (shown on the first line). Shaded boxes in pend TE-3 and NGO202 (positions 241
to 417) indicate regions where the sequences between them are identical. The underlined region indicates the possible junction site of Tf-3.

quence divergences were found between nucleotide positions
294 and 669 of pend (Fig. 3). We concluded that all clones
analyzed acquired penA-X or its derivatives and that these were
responsible for the reduced susceptibility to cefixime in the
clones. We also showed that pend-X allelic diversity was gen-
erated in the TI-3, Tf-13, Tf-14, and Tf-13 clones.

Junction site of recombination of pend-X. The 5’ portion of
penA (positions 1 to 417) in clone Tf-3 was identical to that of
penA-V in strain NG0202, while the 3’ portion after nucleotide
position 456 was identical to that of penA-X (Fig. 3), implying
that a recombination junction site was located between posi-
tions 417 and 456 in penA of Tf-3. To determine the junction
sites of the other clones, we first sequenced the pend-flanking
regions (6,299 bp) in strains NG0003 and NG0202 (Fig. 4A).
The overall nucleotide sequence identity of the region between
NGO0003 and NG0202 was 95.7%, significantly less than the
identity of the concatenated seven loci of ST7363 and ST1901
determined by MLST analysis (3 bp different in 3,284 bp;
99.9%). As shown in Fig. 4A, the sequence divergence accu-
mulated in the pend locus and also in the 5’ part of musE. Only
three polymorphic sites were identified in the dead gene (1,647
bp), at about nucleotide position 5500, outside the highly vari-
able region (Fig. 4A and 4B).

As shown in Fig. 4A and B, since the upstream region {po-
sitions 1 to 1590) was highly conserved and there were no
polymorphic sites between strains NG0003 and NG0202, we
could not determine the left junction site, other than that of
TE-3. As for the right junction site, we detected a possible
junction site within the highly variable region in the pend-
flanking region of Tf-15 (Fig. 4B). Although we could not
determine the right junction site for pend recombination other
than that in Tf-15, our analysis of the other 11 clones showed
that the nucleotide sequence of dead was identical to that of
NG0003, indicating that pend-X was replaced along with murE
and dcaA.

Sequencing analysis of murE-dcad region of ST1901 clinical
isolates with PBP 2-X allele. To investigate the horizontal
transfer of pend, we analyzed a nurE-deaA region of addi-
tional an ST1901 Cef® isolate (n = 1) and ST1901 Cef™ iso-
lates (n = 5) (Table 1). As shown in Fig. 4C, the pend-murf-
deaA region of the ST1901 Cef® clinical isolate (NG0402) was
identical to that of NG0202. The sequence of the pend-murt-
dead region of the ST1901 Cef™ strains NG0002, NGONO3-
079, NGON(3-092, and NGONU3-115 was identical to that of
NGO0003 and most of the clones (type I) obtained in the in vitro
experiment. NGON(7-002 had a nurE sequence identical to
that of NGO0O003, but the polymorphism sites in deaAd of
NGONO07-002 were the same as those of NG0202, implying
that the recombination junction of NGONO07-002 was within
the region from positions 4100 to 5500. The results suggested
that similar DNA transfer and recombination events involving
penA-X might occur in vivo.

DISCUSSION

Reduced susceptibility to cefixime has been associated
with the mosaic-type pend-X allele encoding PBP 2-X or its
derivatives with minor differences (10, 25, 27). However, the
genetic relatedness between Cef®® N. gonorrhoeae isolates
has not been completely elucidated. In the study described
here, we applied MLST analysis to reveal the clonality of the
Cef® N. gonorrhoeae isolates in our collection and showed
that Cef®® N. gonorrhoeae isolates belong to six different
MLST types. One possible explandtion for the wide distri-
bution of Cef®™ N. gonorrhoeac is the introduction of pend
from other species to these STs by interspecies recombina-
tion (3, 10). We found that the minor types of PBP 2, PBP
2-XXX and PBP 2-XXXI1, were seen only in ST7363 and
ST1901 strains, respectively. Although we should analyze
more Cef® isolates, this may imply that the independent
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FIG. 4. Sequence diversity in penA-flanking regions (6,299 bp) among strain NGO003, strain NG0202, and the transformants generated by in
vitro cocultivation. (A) Sequence identity of each 100 bp between NGO003 and NG0202. (B) Boxes indicate the five open reading frames in this
region, mraW, NGO1543, pend, murE, and dead. Gray boxes, the highly variable region; dark gray boxes, sequences that are identical to the
sequence of the penA-X-flanking region of NGO0003; bright gray boxes, sequences identical to the sequence of the pend-V-flanking region of
NG0202; fine vertical lines (whitc and black), polymorphic sites that match the nucleotide bases of NG0202. (C) Sequence diversity in the

penA-murE-dead regions of additional clinical solates of ST1901.

introduction of a DNA segment from a putative common
ancestor has occurred, as proposed previously (24).

However, the putative original pend-X allele was the pre-
dominant allele among Cef®* strains in this study as well as in
other studies (10, 27). All nine types of Cef**-associated PBP
2 seem to be derived from the putative original pend-X (Fig.
1). Therefore, another possible explanation for the wide dis-
tribution of Cef®® is that a putative original Cef®® clone may
emerge in a given lineage and clonally expand worldwide (14,
27). This is also suggested by our finding that ST7363 with the
penA-X allele is predominant. During the spread of the Cef®s
clone, mutations may be introduced, resulting in the emer-
gence of new variants of pend-X. Another possibility is that the
observed predominance may reflect fitness. If the pend-X al-
lele has an advantage in cell growth over other alleles, the
result is the elimination of the other alleles, although there is
no evidence for such a difference.

The horizontal transfer of the penAd-X allele shown in the
present study can explain the clonality of Cef®*-associated PBP
2 even in isolates of different STs. We demonstrated the in vitro
transfer of the pend-X allele from Cef®® ST7363 to Cef®
ST1901. Our sequence analysis of the pend-flanking region in
the clones that acquired pend-X (8 of 12) showed that pend
and the downstream open reading frames for murE and dead
were replaced. Furthermore, the sequences from the Cef®*
clinical isolates of ST1901 were also identical to those of the
clones generated in vitro, supporting the possibility of the in
vivo spread of the penA-flanking DNA segment. To our
knowledge, this is the first case that suggests the interstrain
transfer of a chromosomally encoded antibiotic resistance-

conferring gene in N. gonorrfioeae by natural transformation
in nature.

In addition to the horizontal transfer of penA, we observed
the generation of pend allele diversity by the introduction of
point mutations and the formation of a mosaic structure be-
tween a donor and a recipient in vitro. The penA alleles of
one-third (4 of 12) of the transformants analyzed had minor
differences from those of both the donor and the recipient.
This is inconsistent with an observation mentioned by Spratt et
al. (24). They could not detect any sequence variation during
experimental transformation by using a PCR-amplified N. men-
ingitidis penA gene. This discrepancy may be due to differences in
the experimental procedures used, for example, a coculture assay
versus transformation by use of a PCR product. However, we
should examine more details about the natural transformation
system, including the repair process, in N. gonorrhoeae. Nonethe-
less, the dynamic change observed in the allele during transfor-
mation may explain the diversity of the penA allele-derived Cef®
clinical isolate. Determination of the mutation rate for the pend
allele during in vitro passages and analysis of more Cef™® isolates
from various geographical areas will help improve our under-
standing of the diversity of the penA allele.

N. gonorrhoeae is a highly recombinogenic pathogen. DNA
transformation contributes to the interspecies acquisition of
chromosomally encoded antibiotic resistance (10, 23). DNA
uptake in Neisseria is directly affected by piliation of the cells
and the 10-bp-specific DNA uptake sequence (1, 9). After the
DNA is internalized, it can be efficiently recombined with a
homologous sequence on the recipient chromosome, As the
efficiency of homologous recombination is correlated with se-
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quence homology, intraspecies genetic exchange may be more
efficient than interspecics exchange (8). If so, once N. gonor-
rhoeae acquires a genetic element from another bacterium that
provides an advantage for N. gonorrhoeae survival in vivo, the
acquired element would casily be spread among N. gonor-
rhoeae strains under sclective pressure.

MLST is used for phylogenetic analysis for many other bac-
teria because the nucleotide sequence variation of housekeep-
ing gences is likely to accumulate slowly and to be selectively
necutral (4, 6, 16). However, the phylogeny of highly recombi-
nogenic bacteria such as Neisseria species are difficult to study
due to the exchange of DNA segments by natural transforma-
tion, resulting in the formation of nonclonal populations (21).
Therefore, Cef® isolates also might exchange the allele(s)
utilized in MLST analysis by a recombinational event. As
the allele profiles of $T7363, ST1588, and ST1596 were very
similar to each other, thesc STs might be expected to be
genetically related (the ST1596 complex). If we can assume
that the housckeeping genes are exchangeable between
strains, Cef®® isolates belonging to ST1596 complex might
emerge by allele exchange, despite pend allele transfer.
Other than the ST1596 complex, ST1901, which is one of the
STs found in Cef®* isolates with the pend-X allele, has three
loci, abeZ, fumC, and aroFE, different from those in ST7363
(Table 3). These loci are scattered on the N. gonorrhoeae
chromosome (5). Because cven the loci closest to each
other, abcZ and fumC, are 140 kb apart on the N. gonor-
rhoeae chromosome (5), evolution from ST7363 to ST1901
(or the other direction) would require three independent
genetic events. However, we cannot suggest that this sce-
nario is completely exclusive, since N. gonorrhoeae has a
high likelihood of acquiring DNA from other cells.

As N. gonorrhocae is an obligate human pathogen, there is
neither transmission to other animals nor an environmental
reservoir. Genetic exchange between two different strains must
take place when one strain meets another strain within an
individual host. Recently, two independent groups showed ev-
idence for N. gonorrhoeae mixed infections (15, 17). The spread
of an antibiotic resistance gene demonstrated in this study
could also occur during a mixed infection, probably in highly
sexually active persons. It should be noted that the frequency
of pend allele transfer was relatively high (approximately 2
cells per 10* recipients). As expected previously and also as
demonstrated in this study, the high natural competence of N
gonorrhoeae plays an important role in the transfer of a mosaic
penAd allele among different types of N. gonorrhoeae strains. As
a result, the prevalence of the allele would be increasing in the
population, although it remains unclear whether the other
determinants are spread like the pend allele. If it is assumed
that the spread occurs frequently, we need to reinforce sur-
veillance for asymptomatic mixed gonococcal infections to pre-
vent the spread of resistance-conferring genes.
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Cervical cancer is the leading cause of cancer mortality among wemen in worldwide. Some 99 per cent
of cervical cancer cases are linked to genital infection with human papillomaviruses (HPVs) comprised
of approximately 15 oncogenic genital HPV types. Most HPV infections resolve spontaneously. But, the
remainder persist and may then progress to cervical cancer in some women. In high-resource countries,
the best way to prevent cervical cancer is to implement organised gynaecological screening programs
with appropriate treatment of the detected pre-cancerous lesions. However, in developing countries, this
method is not practicable because of cost and complexity of proper screening. Vaccines against HPVY
infections hold promise to reduce incidence of cervical cancer cost-effectively. Two Prophylactic HPV
vaccines have been thus far developed: Gardasil®, a quadrivalent vaccine targeting HPV-6, -11, -16 and
~18) and Cervarix®, a bivalent vaccine which targets HPV-16 and -18. Both vaccines contain L1 virus-like
particles (VLPs) derived from HPV-16 and -18 which are most frequently associated with cervical cancer.
The L1-VLP vaccines are HPV type-specific and therefore can effectively prevent infection of a HPV type
in question alone. Therefore, the L1-VLP vaccines are hoped to be multivalent for 15 oncogenic HPY
types, which comes at a price. Otherwise, costly cytologic screening for cervical cancer is still necessary.
The current HPY vaccines thus may not be ultimate strategy and study on new HPV vaccines is needed.
Broad-spectrum prophylactic vaccines against all oncegenic HPV types and therapeutic vaccines for
clearance of HPV-related cervical lesion are being developed.

Key words Cervical cancer - human papillomavirus (HPV) - HPV vaccines

Epidemiology of HPV infection

At present, there are about 100 identified genotypes
(types) of human papillomavirus (HPV), of which
about 40 are genital HPV types that invade the genital
organs such as the uterine cervix, vaginal wall, vulva,
and penis. Genital HPV types are classified into high-
risk types commonly associated with cervical cancer
and low-risk types known causative pathogens of
condyloma acuminatum. This classification varies
among researchers, but, in general, types 16/18/31
133/35/39/45/51/52/56/58/66/68 are classified as

341

high-risk and 6/11/40/42/43/44/54/61/72 as low-risk
types'. Interestingly, the HPV type distribution varies
depending on the discrete stage of cervical neoplasia
(Fig. 1).

The HPV-DNA detection rate in the genital organs
of healthy adult females varies between advanced and
developing countries, being approximately 20-40 per
cent collectively*®, In Japan, the HPV-positive rate in
pregnant women aged 20-29 yr has been reported to
be 20-30 per cent similar to, or higher than in the same
age group in the US%. The World Health Organization
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Fig. 1. HPV type distribution in cervical neoplasia in Japan'®.
HPV16 and 18 are the most common types in invasive cervical
cancer (ICC) while more than 40 per cent of the invasive cancer
is associated with the other types in Japan. HPVS52 is the most
common type in female with normal cytology in Japan'®.

IcCc

(WHO) estimated an annual increase of 3 hundred
million in the number of HPV carriers in the world**.
Overall HPV prevalence in 157,879 women with normal
cervical cytology was estimated to be 10.4 per cent®. In
the US, epidemiological data show HPV infection at
least once in life in 3 out of every 4 females®. Thus,
HPV infection is a common disease affecting any
female but not an event those in particular populations.
High sexual activity has been reported to increase the
risk of HPV infection’; in some women.

Risk factors for the progression of cervical neoplastic
diseases

The incidence of cervical epithelial dysplasia
(corresponding to squamous intraepithelial lesion:
SIL) is about 1 per 10 females with HPV infection®.
The incidence of high-SIL (corresponding to cervical
intraepithelial neoplasia 2 and 3: CIN2 and CIN3,
respectively) is about 3 per 10 females with low-SIL,
and that of CIN3 is about 1-2 per 10 females with low-
SIL?. Since therapeutic interventions are performed for
CIN3, the actual incidence of cervical cancer is about 1
per 600 females with HPV infection. Without treatment,
the incidence of the progression of CIN3 to cervical
cancer is about 30 per cent'. Therefore, the incidence
of the spontaneous development of cervical cancer is
about 1 per 200-300 females with HPV infection.

Factors associated with progression to cervical
cancer in females with HPV infection have been
extensively studied'. Many prospective studies
have identified persistent HPV infection as the
most important risk factor, and also showed that the
persistent infection tends to occur in high-risk type
HPV. Persistent HPV infection generally involves

persistent virus proliferation, as verified by the detection
of virus DNA from cervical exfoliated cells. Chronic
virus proliferation induces the active proliferation/
differentiation of infected epithelial cells, and some
infected cells incidentally immortalize, which is the
first step of carcinogenesis'.

On the other hand, transient infection involves
short-term virus proliferation followed by long-term
latent presence of low copies of the viral genome
in the basal cells of the genital epithelium. A fate of
HPV infection leading to transient, but not persistent,
is determined by cellular immunocompetence against
HPV. It is unlikely that transient infection progresses
to cervical cancer'.

Prophylactic vaccines
Development of the current LI-VLP vaccines

HPV is the causative virus (requirement) for
genital cancers with cervical cancer being most
prevalent. Thus, theoretically, if HPV infection could
be completely eradicated, most of genital cancers
could be prevented. The study of HPV vaccines began
about 10 years ago. In 2002, Koutsky e al were the
first to show the clinical prophylactic effects of an HPV
vaccine'. Merck in the US and Glaxo Smith Kline
(GSK) in Europe launched full-scale development of
prophylactic vaccines against HPV, and their vaccines
were approved and commercially available a few
years ago. The vaccine antigens of the two companies
are virus-like particles (VLP) produced using HPV
typel6 L1 protein overexpressed in yeasts or insect
cells. These particles externally have a 3-dimensional
structure similar to that of virus particles, but have no
contents, and, therefore, are not infective. The vaccine
reported by Koutsky ef al'' also uses HPVI16L1-VLP
as an antigen.

However, the main problem of the L1-VLP vaccine is
its negligible prophylactic effects on other HPV types'?.
Therefore, GSK and Merck developed cocktail vaccines
composed of L1-VLPs corresponding to HPV types as
targets. The vaccine developed by Merck is a tetravalent
vaccine against types 6, 11, 16, and 18 (Gardasil®)"
and that developed by GSK was a bivalent vaccine
against types 16 and 18 (Cervarix®)'*. A follow-up
after inoculation with the quadrivalent vaccine showed
the prevention of persistent infection with all 4 HPV
types in 96 per cent'®. Though the antibody titers have
been maintained for 4-5 years'*'S, whether the antibody
titers can be maintained for longer periods is unknown.
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Clinical trials led by the two companies are ongoing in
Japan and elsewhere.

Issues regarding the currently prevailing LI-VLP
vaccines

The current HPV vaccines developed by GSK and
Merck are used for uninfected females to prevent HPV
infection/spread. For mass prophylactic vaccination in
uninfected females, vaccination should be performed at
the age of about 10 years before sexual activity begins.
A recent phase III clinical study (FUTURE 1 & 2) in
which females aged about 20 years were randomly
inoculated with Gardasil® revealed prophylactic
effects on the development of CIN2-3 associated with
HPV types 16 and 18 in more than 98 per cent of
females who completed the vaccination protocol'®!’.
However, prophylactic effects were observed in only
13-22 per cent of females inoculated just once or twice
or by intention-to-treat analysis including prophylactic
effects on other HPV types'®!’.

At present, antibody titers induced by L1-VLP
vaccines are confirmed to be maintained for only 5
yr. There is no guarantee that the prophylactic effects
of the vaccine inoculated at the age of 10 yr will be
maintained, beyond the sexual activity period. Even if
the prophylactic effects of the current HPV vaccines
continue for life, only cases of cervical cancer due
to HPV types 16 and 18, which constitute less than
60 per cent of all invasive cervical cancer cases in
Japan'®, can be prevented (Fig. 1). Indeed, the HPV
type distribution in cervical cancer varies depending
on regions in the world". HPV16 and 18-associated
cervical cancer is more than 70 per cent in North
America, Europe and Australia, about 65 per cent in
Africa,about 60 per cent in South and Central America,
and less than 60 per cent in Asia including Japan''®.
Therefore, females who undergo vaccination and
receive the current vaccine may have a risk for the
development of cervical cancer and thereby need not
undergo cervical cancer screening. Providing such
information to females undergoing this vaccination
is the most important for the introduction of the
current HPV vaccines. A single dose of the present
HPV vaccines costs about 100 USD. There is need
for reduction of this high cost. In addition, the L1-
VLP vaccines are highly protective against infection
corresponding to the papillomavirus type used to
derive the immunogen, but are ineffective against all
but the most closely related HPV types. Therefore, the
L1-VLP vaccines should be ultimately multivalent for

15 oncogenic HPV types. This makes the prophylactic
vaccine more expensive than the current vaccines.

In some countries and states, the current HPV
vaccines are distributed for free, or inoculation is
covered by pubic expenses®. However, considering
the progression of HPV infection to cervical cancer
in only 1 per 300 females, vaccines effecting the
prevention of only limited types, the relatively wide-
spread cancer screening, and the high cost of such
vaccines, it mandatory mass preventive inoculation
with the current HPV vaccines is of value in developed
country such as Japan may not be feasible. In addition,
the current HPV vaccines targeting only HPV types 16
and 18 do not enable the omission of cancer screening,
and vaccination at public expenses has no advantage
in terms of medical economics. In Japan, voluntary
inoculation during the sexual activity period should
be performed first at the expense of each woman. The
mass prevention employing the current HPV vaccines
is a matter of debate.

Second generation HPV prophylactic vaccines

The main problem regarding the current L1-VLP
vaccines is the induction of type-specific immunity.
To overcome this, broad-spectrum vaccines that are
also effective for the prevention of high-risk type
HPYV infection are under development. L2 as the other
structural proteins of virus particles contains many
conserved regions among all HPV types (Fig. 2). We

’ HPV16 L2 pa

|

17-36 (ref.20)
- 18-38 (ref. 23)
C 56-75 (ref. 23)
== 69-81 (ref. 27)

=m| 96-115 (ref. 23)

== 108-120 (ref. 21)

Fig. 2. Broad-spectrum neutralization epitopes of HPV 16 L2 capsid
protein. Many studies reveals linear epitope cross-neutralizing
infection with many HPV types in L2 capsid protein. Each epitope
includes amino acid conserved regions between genital HPV types
and has potential of neutralization of HPV infection. These are
candidates for type-common prophylactic vaccines to HPY?2".2627,
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and Kondo et al have sought a way to develop novel
vaccines using partial regions of L2 containing type-
common neutralization epitope?'?2. Recently, Kondo et
al identified a vaccine candidate for the prevention of all
types by developing newly type-common neutralization
epitopes of L2 and optimizing the regions™. Roden et al.
also studied the type-common neutralization epitope of
L2242 They devised strategies to use the entire L2 for
vaccines, and their joint study with Christensen et al*®.
confirmed its suppressive effects on infection with a
broad spectrum of HPV types in animal experiments®.
Furthermore, they discovered a new region (17-36
amino acid of HPV 16 L2) of L2 which contains broad-
spectrum neutralization epitopes®. It is certain that L2
will be a vaccine antigen candidate for common-type
vaccines for the prevention of HPV infection.

The problem of L2 is its lower antigenicity than that
of L1-VLP2, To apply L2 to humans, there are various
problems such as the incidence of non-responders to the
vaccine and the necessity for adjuvants. Several groups
have recently revealed that chimeric VLP in which
the cross-neutralization epitope of L2 inserted induce
cross-neutralizing antibodies more effectively” . If
high-risk type HPV infection can be suppressed using
L2, the benefits of mass prevention by prophylactic
HPV vaccine should be increased.

Other vaccine strategies for cervical cancer

Vaccine and cancer prevention strategies for
cervical cancer depend on the medical/economic
situations of each country. In low-resource settings,
prophylactic vaccines against HPV infections have
clearly the potential to reduce incidence of cervical
cancer cost-effectively. By contrast, in developed
countries, where precursor lesions of cervical cancer
can be detected early based on well-established
cancer screening program, the following diverse
vaccine strategies warrant consideration (Fig. 3): (i)
vaccines for the prevention of infection in uninfected
females, (ii) vaccines for the reduction of viral load
at the cervical mucosa in females with low-SIL and
prevention its progression, (iii) vaccines for treatment
in females with high-SIL, and (iv) immunotherapy
for cervical cancer. The current HPV vaccines are
those for the prevention of infection described in (7).
On the other hand, (iii) and (iv) are considered to be
therapeutic vaccines used for females with disease,
and many clinical studies on such vaccines have been
performed worldwide”. However, none of the vaccines
exhibited statistically significant clinical effects with

Target proteins
(vi) Immunotherapy > @Cervical cancer E6 E7

(i) Therapeutic vaccine )2 E6, E7, E2, L1
(i) Suppressive therapy (:> 11,12 E2
(i) Prophylactic vaccine 14,12

Fig. 3. Possible strategies utilizing immunological responses to
HPYV proteins for HPV-associated lesion and the target viral proteins
for each strategy. (i) vaccines for the prevention of infection in
uninfected females, (i) vaccines for the reduction of viral load
at the cervical mucosa in females with low-SIL to prevent from
progression, (iif) vaccines for treatment in females with high-SIL,
and (#v) immunotherapy for cervical cancer.

adequate cellular immunological responses induced by
the vaccines. Since prophylactic vaccines such as the
current HPV vaccines are preceding, the development
of the latter seems to be delayed at present.

Possible suppressive therapy for cervical neoplasia

Long-term effects of the current HPV vaccines on
HPV infection are still unclear. Clinical studies were
already initiated by inoculating females aged about 20
yr with this HPV vaccine irrespective of the presence/
absence of HPV infection. A recent study revealed that
the current HPV vaccines tended to protect women
who had already oncogenic HPV infection as well as
cytological abnormalities from progression to high-
grade CIN at 15 months follow-up*. We reported
that HPV16-associated CIN1-2 tends to regress at
24 months follow-up in patients positive for serum
high-titer neutralizing antibodies to HPV16*. Both
evidences were not based on long-term follow-up.
The current HPV vaccines are known to have a marked
ability to induce neutralizing antibodies. Given these
considerations, current HPV vaccines are likely to
eliminate persistent HPV infection and subsequent
malignant transformation. This raises the expectation
that the vaccines can work so as to suppress HPV
infection as described in 2). The results of further
clinical studies are awaited.

Therapeutic vaccines

Because of limitations of the current HPV vaccines
as mentioned above, necessity of therapeutic vaccines
for the treatment of HPV-associated lesions is still in
demand even after the prophylactic vaccine program
are implemented in the world®. Development of the
HPV therapeutic vaccines has been performed for the
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Table. Clinical trials of therapeutic vaccine for HPV-associated cervical lesion

Trial phuse Target proteins Vaccine vectors Inoculation Target HPVg

Ph-1/11 LI, E7 Chimera-VLP sC 16

Ph-11% E7 Hsp (SGN-00101) sc 16

Ph-[1* Eo6, E7 Vaccinia virus {(TA-HPV) $C 16, 18

Ph-11%® L2, E6, E7 Fusion protein L2E6E7 im 16, 18
{TA-CIN)

Ph-1177 BPV E2 Vaccinia virus intrauteral all
(MVA-E2)

Ph-1® E6, E7 Plasmid vaccine im 16, 18
(£YCl101a)

sc, subcutancous injection; im, intramuscular injection; BPV, bovine papillomavirus

last two decades. The following vaccines have been
well evaluated in clinical studies (Table).

1. SGN-00101 (sc) is a fusion protein consisting of
heat shock protein (Hsp) of Myvecobacterium bovis
and HPV type 16 E7. The Ph-1I study looking at
effect of SGN-00101 in cases with CIN3 revealed
histological CR in 13 (22.5%) of 38 cases, although
immunological responses was not determined®.
Another Ph-II study in cases with CIN showed
7 (35%) of 20 patients. In 5 of the 7 cascs, the
induction of CTL against HPV16E7 in peripheral
monocytes was shown®,

2. L1VLP-E7 (sc) is a vaccine using chimera particles
composed of HPV type 16 L1-VLP and E7. In the
Ph-I/Il study in CIN2-3 cases, histological PR
was shown in 39 per cent of vaccine recipients
compared with 25 per cent of placebo recipients
although there was no significant difference®. The
clinical efficacy was coupled with celluiar immune
responses in some cases.

3. TA-HPV {(im) is a recombinant vaccinia virus
expressing HPV16/18 E6 and E7. The Ph-11 study
of TA-HPV in VIN cases revealed PR was shown
in 8 of 13 cases and reduction of viral load was also
shown in 6 of 8 lesion responders. The responders
showed increase of lesion-infiltrating CD4 and 8-
positive cells™,

4. TA-CIN (im) is a fusion protein consisting of E6,
E7 and L2 of HPV types 16 and 18. The Ph-II study
in VIN cases revealed that CR or PR was shown in
only 6 0f 29 cases. CTL against E6/E7 was induced
in 4 of 29 cases®. The correlation between clinical
efficacy and cellular immune responses to the
vaccine are unclear,

S. MVA-E2 (TGA4001) (intrauteral) is also a
recombinant vaccinia virus expressing bovine
papilloma virus (BPV) E2. The Ph-II study in

cases with CIN2-3 confirmed antibedy responses
in serum, CTL induction in peripheral blood, and
the regression of CIN in some cases (19/34 cases).
There was no significant clinical efficacy”.

6. ZYC-10la(im)is a DNA vaccine synthesized from
some proteins containing CTL epitopes against E6
and E7 of HPV types 16 and 18, The Ph-TH test
was performed in subjects with CIN2-3. CR or
PR was observed in 41 per cent in the vaccination
group and 27 per cent in the placebo group, with no
significant difference. When the cases were limited
to those aged < 25 yr, the percentage showing CR
or PR was significantly higher in the vaccination
(72%) than in the placebo (23%) group. However,
no correlation between CTL induction against E6/
E7 and clinical effects was shown™,

Thus, there are no therapeutic HPV vaccines so
far with apparent clinical efficacy based on enhanced
cellular immune responses induced by vaccines. The
current therapeutic vaccines elicit systemic cellular
immunity by intramuscular or subcutaneous injection
and thereby the clinical frials have shown cellular
immune responses to the vaccines in peripheral
monocyte, but not mucosal immunity at cervical
mucosa.

We consider that CTL induction in the cervical
mucosa is indispensable for freating cervical mucosal
lesions such as CIN. In addition, vaccination is
an effective method in the induction of mucosal
immunity. Therefore, we have attempted induction
of mucosal T cell responses by stimulating intestinal
mucosal immunity through mucosal administration,
particularly oral administration. Bermudez-Humaran
et al®®. produced gene-recombinant type lactic acid-
expressing HPV16E7 and [L-12 from live lactobacillus,
and evaluated the induction of CTL activity following
its nasal or oral administration as a live vaccine in an
experiment using mice, and also its preventive and
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reductive effects in a tumor challenge test . They also
found more marked mucosal induction after nasal than
oral administration and a more effective induction
of immunity using Lactobacillus plantarum than
Lactococeus lactis®®. No information on clinical studies
of this vaccine is available. We have worked with a
lactobacillus HPV vaccine using the Lactobaccilus casei
strain showing of inflammatory immune responses. We
noted marked induction of mucosal T cells possessing
CTL activity to HPV E7 at intestinal mucosa after its
oral administration of Lactobaccilus casei expressing
HPV16 E7 to mice (Kawana ef al, unpublished data).
Further studies are necessary to get a detailed picture
of this approach.

Summary

The uscfulness of the current HPV vaccines cannot
be underestimated. These vaccines arc a valuable
step toward the control of cervical cancer. The mass
prevention strategy by use of the current HPV vaceine
is ongoing in many countries. However, a conclusion
cannot be drawn until the results of large-scale clinical
studies in progress and long-term follow-up data are
available. In addition, the development of the next
generation HPV vaccines is also essential.
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ERRIEDO Y Ty IR MR EECHIF D Real-time
PCR ZHR\\7= Neisseria gonorrhoeae KT
Chlamydia trachomatis D& EDEST

Performance of Real-time PCR for detection of Neisseria gonorrhoeae and

: Chlamydia trachomatis in oropharyngeal specimens and endocervical swabs o

- women visiting an STl clinic

REHFY B L&HEE» BE
Keiko YODA Yasuhiko ONOYE Tsuyoshi UNNO

W& (GO BRUIZ=IP (CT) BEEL THRPD COBAS TagMan CT/NG (CTM) D&%, #
REPED ) w2508 116 ATESILIE, BBRDT ESHNE, FTEE DT #REML . WD GC
(& CTM ET70—T 5 w7 (SDA). IREED CT. #88(D GC &KV CT I CTM. SDA, P37 (PCR) 12
FOTRHUE, DHVNRDSOERHE CTM OHTDE, Z2NENDBMERIE. IRE GC & CTM D77\ 14
AT 11 AL SDA 15 AL BEECT I CTM DA77 A-RTT 4 A, SDA8 A. PCR6 A, M8 GC &
CTM 9 AL SDA9 A PCR6 A, 88 CTIECTM 27 A SDA 26 A. PCR 30 AT#&DIE, IRED GC &K
UCT O CTM BRETIE BEBEEDPWRS DT % FODBRETH DIZ. SBDEFIT. DHUE. IBEBR
7. FEREADVTOVWITNOBEKICHNTS CTM (& GC BXU CTBEE L TEREEZI SIS,

COBAS TagMan CT/NG (CTM) is a nucleic acid amplification test (NAAT) under development for detection
of Neisseria gonorrhoeae (gonococcus : GC) and Chlamydia trachomats (CT). To evaluate the performance of
CTM compared to the two existing NAATS, Becton Dickinson strand displacement amplification (SDA) and
Roche PCR, three specimens, throat washing, throat swab and endocervical swab, were obtained from 116
women visiting an ST clinic. Expecting PCR was not adapted for the detection of GC in throat swabs, CTM,
SDA and PCR were performed for the detection of GC and CT with throat swabs and endocervical swabs.
Throat washings were assayed only by CTM. A positive result of GC or CT was defined as a positive result by
two NAATs. According to these definitions, the sensitivities and specificities of throat washings of CTM, and
throat swab of CTM and SDA of GC were 100, 78.6, and 100% and 96.1, 100 and 99.0%, respectively ; the
sensitivities and specificities of throat washings of CTM, and throat swab of CTM, SDA and PCR of CT were
100, 57.1, 100 and 85.7% and 96.3, 100, 99.1 and 100%, respectively. The sensitivities and specificities of
endocervical swabs of CTM, SDA and PCR of GC were 100, 100 and 66.7% and 100, 100 and 97.2%,
respectively ; the sensitivities and specificities of endocervical swabs of CTM, SDA and PCR of CT were 100,
100 and 96.2% and 98.9, 100 and 94.4%, respectively. The performance of CTM with throat washings and
endocervical swabs proved to be equivalent to SDA and to be superior to PCR.
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