W

FrEw TR

B & U - R 2 L S 572D D%, 7 BEGHERRBE BEEFHPEREEIRFE:

BrroBASROKE L L AERORKHE, &
WESELSROT;ODER Y AT AHEEICHT

EHOTHEES I L 5 REOREFORBFEV
ConT, 50330435, HRZ03B0%H1 5.

SER 25 4 3 A 30 H (http//www.mhlw.gojp/file/05~
Shingikai-10601000-Daijinkanboukouseikagakuka-

BHFFREBBL T2 KouKouKouseika/000001483Lpdf) (2013 4 8 A 15
% HE )
8) BAH@HYE : FEHSAFHIZF Q& A 2013
1) Onuki M, Matsumoto K, Satoh T, et al : Human £6 8 & & MK (http//www.mhlw.go.jp/bunya/
papillomavirus infections among Japanese women : kenkou/kekkaku-kansenshou28/qa_shikvukeigan_
age-related prevalence and type-specific risk for vaccinehtml) (2013 4£ 8 A 15 B 20)
cervical cancer. Cancer Sci 100 : 1312-1316, 0) BAENSDEREDEERMESR BAYNHEER
2009 EERBREHRE : FEFFATFHT 2 F 18
2) De Vuyst H. Clifford GM, Nascimento MC, et al : HOEMEER RS oWT, ER 25 EES2H
Prevalence and type distribution of human papillo- RS E RS THER - 7 25 SRAREE
mavirus in carcinoma and intraepithelial neoplasia R MMM TS 2% H 2-3(http//www.mhlw,
of the vulva, vagina and anus : a meta-analysis. Int go.jp/stf/shingi/2r98520000034¢g8f-att/
J Cancer 124 : 1626-1636, 2009 2r98520000034hry_1.pdf) (2013 4E 8 B 15 HEFH)
3) Yoshikawa H. Matsukura T. Yoshiike K, et al : Hu- 10) EASHEREREEKRLER BEEFHEEE
man papillomavirus DNA in female condylomata. ARBRENES . FESEMATHT 7 F L 2H
Nihon Sanka Fujinka Gakkai Zasshi 37 : 1225~ BOEFEMEAZEICOWT. ERBEEE2H
1230, 1985 EEHERHSTHER . 777 ARKBEED
4) NE% REMZ HPVI 2 F o OAMELR RE AR T H 2% R/ 2-8thitp//www.mhlw.
5. EL# 75:1780-1787. 2008 go.jp/stf/shingi/2r98520000034g8f-att/
5) MaFHEMARIBHELEIER FEFHEERR 2r98520000034hte_1.pdf) (2013 4 8 A 15 B EF2)
ERBREMEE  FEHKAFY 7 F A BER 1) B&30ERERE: e P Eg—<I 4 L AW
RREFRICBUIERDHEL, RGBT RefE DSENHEI DRI DV T (). #25: 0614 5
HEEOT. TR 25 FEE 2 T ERFERS 1%, %254 6 A 14 B (hup//www.mbiw.gojp/
FRiH - 7 0 F v SRR USRIHE SR & stf/shingi/2r98520000034kbt-att/
# 5 £ % ¥ (up//www.mhlw.go.jp/stf/shingi/ 2r98520000034kn5_Lpdf) (2013 4E 8 H 15 H L)
2r98520000034g8{-att/2r98520000034ho7_1.pdf) 12) EAFBEUERENREERRBNESR T
(201348 A 15 Bk =) BHERUES, BRSOERIZBITLIFERTHE
6) VEEF @B RHDEMELER FEHBEER OENMEEST AT 2 BEFEOEMIC

BARBREMHKE 87 2 F » ORMRIGHREMN
0 OFRL 25 RIS 2 EEERFEFRE TR -

9 2 F v SRS R RS RS ER®E
2-5(http://www.mhlw.go.ip/stf/shingi/
2198520000034 g8f-att/2r98520000034hsc_1.pdf)
{0134 8 A 15 BH =)

onT, FHRBEFE2AEAHEERETH
B - 70 F v aHSRRIEREBSE THE
# 3% # 2-12 (hetp://www.mhlw.go,jp/stf/shingi/
2r98520000034 g8f-att/2r38520000034hue_1.pdf)
(201348 B 15 H#F =)

RIELFER vol. 42 no.l 201441 A

—305—

11



—62 110 - 2014—

[>55 60 OFiisES
YIURIDL 4 BERRED SHICBARDOERKRHEMREICRIT D]E (5) <

JRGERE 2 18 X OGN 381 5
H AR D EAR FHd & AT B DORR NS

ROy M B

e A

Clinical Significance of Next-Generation Molecular Testing Systems for
the Diagnosis of Infectious Diseases and Infection Control

Yuka YAMAGISHI, MD, PhD*! and Hiroshige MIKAMO, MD, PhD*2

The clinical significance of molecular testing for the diagnosis of infectious diseases and infection control
has been increasing. Traditional molecular tests which required special pretreatment, such as nucleic acid
extraction and pretreatment processes, have depended on manual methods. Therefore, different results
were frequently observed between various methods and/or among facilities. In order to solve these prob-
lems, automated machines for nucleic acid extraction have been developed. Automated nucleic acid extrac-
tion systems, which automatize the nucleic acid separation and refinement processes, prevent contamination,
reduce human errors, allow for stable processing, minimize differences among facilities, and promote the
standardization of molecular tests. Rapid diagnosis of infectious diseases using various simplified molecular
testing methods has led to increased success rates of infectious disease treatment and infection control
measures by utilizing rapidity and accuracy. Herein, we introduce four automated molecular testing sys-
tems: Cepheid Xpert, BD MAX, Seegene kit, and Hologic Gen-Probe PANTHER system. [Review]

[Rinsho Byori 62 : 000~000, 2014]
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EYUEI I BT DA OEELEZDOD &< L, 19
A I, 77 AqEAE R L, 20 LI 3550

Laser Desorption/Ionization(= h U » 7 A1 —
B — i > 1k k) (MALDI-TOF Mass Spectros-

SRR PR AR A, 2 LT 2010 4ERTHRIC 1
YRR A & U TRIBISIEEONA 7 XA ¥ —
vav, YUy AICESSFENPHEEL
WL R T D, 7z, [FIFFIZ Matrix Assisted

12 ERIERAFHBRAIER, 12 b,

copy 72 &) BRWE T 0T F I 7 AN O KR
BHEA TND, T DX D ITHES T A ORENE
JEETRE & 72 > T DA, BRYYERIIZBIT D HiE 3
RRDEN D LMK EF R PRI 50 &

*20E RFRERIE VI ERHRR R AE S (T 480-1195 RAFIAEMEN 1 Fih 1)
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WHIRER, NHEUBETIEZPERENLE NS #H
BV D, FICRPRESIBICR VL, FHIOR
BRIVE D D RERIE RS, BARZUERRRED
ATy FDHIHLEDE A I FIRAREY e PSR
RCTH > THLRETRICHELFZPY., ZThbD
Z b, WhizEMiIcREICZE L, BWaiiE
W 5 ZBET DL S hRBREOEMTRICEE
T 5L NIFERDPSTND,

VR, BRARBETFRENSEL L, BBAE, X
AV v FVS, F—RNA—Tay, ARER
R /N SRS, ZARELE LTWnD, AFTIE, &
KKz AR THEAESHRILTWS BELEN
TR BIEFRERE TH S Xpert®v Y —X
(7 = K4, BD Max®(AANRZ kY« Fq v
X2y vih), Anyplex™ II & U — X (Seegene #1),
Ryt =My 25 AGRa Yy 7)) O 4 >&FNT
Do

I. GeneXpert®Xpert® YA F L (74 I K$b)

A, =

+ 7 ¢ = Rtk GeneXpert® System (Cepheid, USA)
i, R IROBIZTBEE - #55 L U TBRHTEKS
& EECER L, BEHERTFICBWTERHS LT
HBYATLTHD, HEBICE SN ERRED
Xpert® h— bV v U LRSI, BB,
PCR B2 E, MHZHE Lk BENEISFT S AT A
T, BEICE BRI A E T, B oA
FHRER, 2T CTERRERERARCHETLZ L
WHEEE TH D, Xpert®h—+ U v VREFITNIL,
[7]—H B3 ThE & IR IRARIC s L, HEW S X508
2~120 T IZHEREZBDLZ N TE S, AR
EIN T iZ GeneXpert® 3 A5 A & L TCEBREROE
H23 72 S, IR ERERBR S ET R T, &L
Pk E XS THRIATREL 72D RAB TH B,

B. GemneXpert® System &I1&

GeneXpert® System i H By {n 1 # AT 48 THHE
DAy Ea—RIZHBESNLTWLIEMRY 7 boxT
TEE AR L TS, M EE D GeneXpert®E
Va— i1, 2, 4BXUN16 O 4 FEEOEE (Fig. 1;
GeneXpert® System VD A& Y, B O Xpert®h —
FUw URENITHBRIES S Y T V& 14 A PCR
B, B X O RBERE TOLTES BB
fioh %, Xpert®h — b VY » DIEAEAN 11 D AR
— R SAPINTEY, ZHEESHER OB R

_.2_

Figure 1 GeneXpert system IV.

HEELLUTHELTWS, Fig. 2IZKBAT Y 7%
AT K 91T, PCRICHATEZ FHREH IR L OWIRGR 3
BREIN, BElL~A 7 i T2 McX -
A L B DRFOTE OB ESCKEII L 7 1 v
Z—REEFETL, BMFTROKIETF 2 —7HNT
PCR IR, BRK6WRICLDZAVF T L v
AR TS . ATFRETIERICHE T, MkdE
BRNT2HEELH DN, ¥ v Mok
TR E R EERE, -V vy
Y OBMBEATNZHEML, GeneXpert®™t Y 22— )iz
ty NTBOHRTHB, % GeneXpert®E Y 2 — )b
ST REIDO® 1 7 A MNFOUENTRET, 4
F<wv N#EEFREL LTOERL2ERT S, 7,
GeneXpert®> A7 A%, WHz> hue—A & LTB.
globigi Z$%F L7z SPC (Sample processing control) %
ad, — NV v VEHICHEBRHHS PCR KRN HE
YITH D E 5 eBHT LR, HERRER
fii & T T 72 8 Y6 E % Rl 5 Probe check control %
WL THY, BVEELZHRELTNS,
C. BPIEZEIZE TS GeneXpert® System D E ik
WERE LY 77 VBV VO &2 FRC B
T& % Xpert® MTB/RIF iX, fiifFE, B L OTEME
Rl Uik EEEER Y AT A L U C R R
& (World Health Organization: WHO) O HESED 2517,
SR TIEL R LTWS, BHENHEET v A
IO LRARET, M2 HRITCRREZMTSZ L
BTE D, BHRGME - B3R L 72 2 ik 98%,
WERREME - Bl & 72 DRAKIE 68% DR HIURE A
WEY SN TV, V77 v By Vit DBl
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Figure 2 Xpert®# — b U v SN OB 1L

1. B OREE
2. MR A s

3. 7 NV E— LT i S e A

4. BFWR — AT K DR A & DNA i

5. DNA 37 1 b & — il LIl D F v > X — 2 ik
6. DNA 1Zii S 7z il LM S NUSUSTF 2 — 712l A

7. PCR JUI&H X Ok

IR 94%, FRELE 98% & XY, rpoB MR- O
RRDR #ic 1 248 8% s fiioEL 2T -1
—ay7u—7THRIHTDHIET, B TERRS
BEYGERT I FIVERBICE - TERRLBHZ LT
Biah s,

BB U e TH B & ST W D Staphylococcus
aureus, Clostridium difficile DM IRFWAED, VESH:
EHENTWBA, BERT 7HAk» B S. aureus (SA)
H B Wi methicillin-resistant S. aurens (MRSA) % [7)
BT BT EHVAlfE7: Xpert SA Nasal Complete Kit i3,
H—ry § & UTspa 51 (S. aureus ProtainA),
mecA 3 XX SCC-orfX junction FHI %M LT3,
AR R ORGIEREEIN L TV B T, RS
aureus DIEGUNTBIEIC 2D Z L BRH DD, B
VAY LRBRFEREETOWAL, BREETTHS Z
LI & o TR BBRISENTD LT &0 5 A2
Hb. Tie, WMAAZ ) —=v 7 Hizau v ok
WA VLRI ABREETIZ LItk -

T, S aureus JEHH) 60% I8 L, Al M 2 1
M Le &0 5 s ik, PHisHRE MR A2
J—=2 JEA L WRE OB OIHR &R0 3 A N HlIK
WHBRL, o 0PRSS TS D
TIBEBPITETH o Tz L BRI TS,

C. difficile DT DWTIX, KEBAEDHE
(American Society for Microbiology) DH A KA >
IZBWT, RGBT C difficle N> 2
WERETDHIZEEFBHDLNTE ST, GDH Bk
2O EIAETO MF v B, b U < sl
FPFIE T OB £ 721d PCR I TOR MR I
oM EERTHZ e aRESTTVD. —H,
PCR I B — O & LT C. difficile AT
T 5 EHEET, BRKTIX Xpert C. difficile 23R
<ERLTWB, Xpert C. difficile i%, ¥ B,
NAFY = bF T BROTRITH 027 2Rt 452
ENTE, C difficile OD¥HIZIE tedB (Toxin B) D&,
NAF Y = MF UV FEERESNEETSH D

_3_
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BD = v 7 2™ DlrE

SRIENLERE, BARTREEZRER

— {eEEghEOm E, N&RI ZAOYIEAATEEE

— IS DOERDBEARGERICH A

— HERREERMENPLHEREORIICOE

- Bl - MRECHEREROND Z LT, BYNSRICAR)
©BD 7 vy A™M[Z &Y ZEAH - 18IE - RHTEZ2TEEE

©MRSA PO ERE, HAI REMEDEOTER S

& —FURELAL TREDRISROBES T

BD MAX™

The Power of Choice

Figure 3

cdtA, 027 ¥RiZ 35 FRE A B W3 2 BB F tcdC nt
117 O R¥EHZ, TN EZ—7y MRHEAL E L
TIN5 o kD D WVIRIRRES X v MM E OB
MR RN L 10 BPRABE PR, Xpert C. difficile 71—
MYy YoEEADIISEL, MERKBR 45 5
THEMITHEEREB NS, d— NV FR&XVE— R
Llbige U, ME— 94% DRE #1572 "C. difficile #ats
DVT AEAL LBREICEST, TOMNTLA 7D
el a2 BAENCEML, BRAILOZDICREOHSE
HEOEERLT NV uXx ) o ROGIRR Y, By
BEH 2HECDZ LRAREL 8D, Ee, TU T
LA 7 BEE LRGSR, BRERENADOTDICH
e EF U AERMT DI Liczy, BYEK L,
HERE BNE0RE L LTRNCHIRTE 5,

II., BDTyHoR™
(BERY Py - FavFdoy o)

A, B =2

BD =y /7 AMBAARRI bV - T vFry v
(BR) 2> BFETE S L& BB HIBIR R A Y A7
LTH Do (EROIERIBIERA IR & BIE
RO TERAICR > TS, RERHE - &
TREM TRKROANEZ  JllDEBEDE YT 1~
TRy, arzIx—varRoNENI AORET
BY R IWEIET D, T, FTOERIEMETHY
EMR MDA EL RS, LT, BDwy 7 x™
IR S B EEE, BB ~EE~REO TEES
HE) T EMdT 57z, ek &bl U T - dik
CRE ZEBTDHZENTRETHY, REEBEOD
L HFEIEREZEIML, —Shiehkick -
THRE EHEICE DT —EDRE R R T BEEE
HTE DLWV REARD 5,

_4_.

B. VX7 L

OB, Otz ¥, @Sample Tube %
Fyvricky b, QHEET v izt y b, @PCR
RAH—P 0w PrkEY N, @FAZ—F, L5
R T — 77 —itRoTHRY, BK2U4BED
WLEERTBECTH B (Fig. 3).

HERIIREMER TR IC X AT, M - miE - =
77, CSF, [RQEOBMMEBIZHRLEF Y F3d
b, HEEOEIE L MHIZY 74X A A PCRIETHE
L, 5 IEEEROEDAF Ly 7 ZAKRHIC
SHNARETH B,

HIEE > M TS IHESMIZ URS (Utilized Reagent
Strip) £ W5 A MY v T, BEEERTS RDOF
v IO RER E R MATRY, ZoRTHER
H~PCR ISR OFE E THEMESND. F1EE
IRy F 4 ANy RBA N » 7PR%#I
RN S ICEETHZ Licky, av IR~
arml) A7 EHNTHS,

FHE STz PCR RINAEBIZEEICHEHR O —
M) v VIEHEINS, =PI v JiE~A I ik
BADY AT LERSTREY, MNKEREBE-TY
= /VNIZ PCR BB MBEATT 5. BB BEITL
TERITRE R ESN DA IR > TEY, Kk
TH#IZ PCR EEMRAER IS Z L nXk 5T
FENRTNWD,

AT AMEERIIIA—a— Rtk - TEHESh
%, VFERBRNIZE Y PERTWBHONREL VR
WP B IEERHERT D20, A& I A%
ALRNWE S IZEBERFRTE S,

C. F—7oaRE

V4, @RFOEBEIIMEIS IREINLTND

MR, BD=wy 7 AMOKRERBERDO—DITA—T >
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HIEE N WNWERD D, Zhid, JElis i ¢k

BB HANE 2 17 5 o 60 O Rl 2 JH S U3l i i e 54
BB TELLOTH S, HARMIZE, BDvw vy s

Z™M B ORI > N, U T H A L PCR MG
FRSE,  EI ORIl S Icdb 07 54 < —
L7 —=7 % NiETDH, VT INHA L PCR BB
AR O S OTH U D Z LiF e,
BD=v 7 2™ b0 hEwshTkly, 26
BixNiiay ha—AMIMHOT 5 A <= —SreGA
TWDTOMWRITH D,

bl o A1 g G (v RS Y AR N
BT OBy MR A =T =P IS TN
W T ORI W R & R U CHENT T & 5 gk
BEZLND, A OfidTiE, VRE(RY <A
RIS ER ) O van W51 M D R A R
L, in house s CORH ZHit LT s,

. BERBIEKIZE BT T4 TH—RAF5 VR

MRSA S B HPEE O TS % < OIS
ﬁw Be NS A & 72 > T D ARl 0k

Hep ) A7 B3 ICU 7 E CRUBIANIZ IE A5 R B
%%%w , PRI TCE O nW ST I T
T =R T2 A BTHDESHY, ZO%)
Ryl hcnd,

MRSA O HUTIERABES N BTV DA, il
/k7b> HF 5 TR L AL, Witk kit

~7, KGR BAEYE 2 v MRSA BB > b

¥> rIJleé?h“t‘:to Y, ZOFIEERET DL Ll
PR B YT & 2 720 2 R THE LG B
%, Izumikawa &™0%, RO #89SBEA B B F iz 81F
B5MRSAT U574 THh—_A T AEFML, Rk
1R & il U CHRE I IR R A3 0l - @R - e d
ITHE R DM B, MBEEEREHTH - L3
LT3, 7%, Taguchi & D&Y 1%, fdt
E =R EBEWNIEEY X7 OFEWE IR W T
MRSAT 754 7Hh—_A T ABEHTDHZ LT
IV, BEPHICHNTH S LHRELTND, ZD
Mizd, 77T 4 7T —_A T AT HBIEIRE %
Wz HBIHBHE SN TN,

e

BEsEsR P OMWEX v M MRSA B H TH 523,
Z OMITIZNGNANE, TFEEEAE T, PR aRBEE O
R AR & LIclllEx Y POFRERS TPESN
T3, 2HBEBRIHIERERES AT LTHD
BD < v 7 2™z X % f§{ CRM AR KRR H - BEiE
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%’ﬁi’*f%mk“ﬁ’%’) Z LT, BT oR A IIE L
J: G PR - BENARIR O PRI E, BRA TR
3 %JJ frshsd,

11, Anyplex™ I 1) —X (Seegene 1)

A B E

Anyplex 11 1%, Seegene £l (i [E) 235§ & F5 O

DPO™ (Dual-Priming Oligonucleotides) & W5 JE¥ 12
R o7 5 4 < — &, TOCE™ (Tagging Oli-
gonucleotide Cleavage and Extension) &9 <L F 7/
Loy g Al A DEDL ek, 1Fa—
7T 10 FRHIEL FoIiE 2 Y T & A A PCR T
BOTHIRHZHE T 5 Z LRTREE 22> T B,
B. DPO & TOCE [2DWT

DPO %, PCR 7' F A <=—{ZB3 % PCR iy o
T %, DPO LM BICH AT 255 K
S & RO Ui A LI WAL RE T 3 K i 7% Ky
DT TA—T, Fhb2 rllln,W)I Huﬁi)/(/ v

AT A DS LT é)ﬁﬁ)?fﬁ&f{'f&nﬁﬂdﬁ <‘:7Z€Z> z
D DPO 7F7A4=—% D Z LT, 10 FiLl Lo
<NF Ty 7 APCRAEANEE D, TOCE &1,
Tagging Oligonucleotide Cleavage and Extension MU
L EWSTeSDT, VI NEALPCROT T
N7F—AT, w/VF7FL v 7 REREE Ul HEil
TH 5 (Fig. 4). TOCEZEL RO AT v 7 Tlrbi
. £, MEELUTEM1ENI>Z, DPO 7
T —R7I4 <=L DPO Y R—RTF(<—,
Pitcher 71—, Catcher 71 —7 0 4 fi¥ioA Y
= DNA 23 0h 3 72 %, PCR @L<, Forward 7
Z A < — & Reverse /5 A < —, Pitcher 7’ —7
PEIWHZIRICHS S L, DNARY 25 —Flz kv
RGN D, ZOB, #5546 LT Pitcher 71—
TIMDNARY A5 —FDORX 7 L7 =itk
‘JJUc)férJ’L Pitcher 7’12 —7 @ 5 Kilifd> & 7 H 5 53
Wk 5, Wik L7z & ZEHI, 1A O Catcher
7u—7 03 Kk LA L, DNARY A5 —
Bl X VRIS NEE, ARG DNA LRR5,
Catcher 71 — 72X, ®EWE &ML BE SRR
SNTRY, BEE—-ARHEOL XL, FRIEEE LY,
HWHAMERWE SRR > TS, L,
Pitcher 7 v —7 0% FJEFNHEE L, AR HEHEZE
%5 Z iz & - T Catcher 71— 7 238 e w384
Do ZOEKEVTNEA MCHETDHZ LItk -

_.5__
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5- . Tagging portion d(RFU/AT)
) LATh . e # 140 v
DPO™ g 3" 4% Cpume
5 ;‘t 3" Target 120
5 = % 3 Catcher (Tm=81.0°C) 100

Catcher (Tm=76.0°C)
Catcher (Tm=71.0°C)

Catcher(Tm=66.5C)

Catcher (Tm=61.5C)

80
60
40
20

Temperature (°C)

Figure 4 TOCE™ (Tagging Oligonucleotide Cleavage and Extension) technology.
One unique feature of TOCH™ is the “Catcher”, which is a fluorescently labeled artificial template that

generates the signal for each target amplification.

The Catcher melting temperature (Catcher-Tm) can be
controlled by adjusting the sequence and length of the Catcher.

For TOCE™ assay optimization, the

Catcher-Tm can be easily adjusted and is not limited by the target sequence.

T, UTAEALLAPCRAEAREL D, iz, &K
PEM D A8 Catcher 7 1 — 7T B & b i TR ith
BT #4795 &, Catcher 7@ —7 DEEXICE-T
HABEICREOY - 2215, HEICE->TE
NEN ESDHEAD Catcher 7u—7#HETHZ
ET, —HAEDHRY 4~6TEE E TOEHESKHIAT
ReL72 B, —fDOV TN EA L PCRBESHTHIIL,
4 EHED EEEME AR TEDZEND, 152
— 7" 10~20 IHERFEFHCHIEFREE R Y, ik
OREDFMERELALTENTE S, WEDH
e L T, BErOERBERM LR, YTAX
4 2 PCR #52 (Anyplex II 3 VU — X% Bio-rad # %4
CFX96 ##E5%) ichliHifkik L B OBEAKEE Y b
L, 50 ¥4 7 o PCR %217 >k, 5525 85 &
ETHRAICRES B, BMAEZTTS. £0k,
HHRMY 7 Mgk o T, EROR L BRI
W4 5. £, Seegene #MKFE L T3 HEEE
i - ERERFELESCdH A Nimbus 4-probe Z N5 Z
Lizk v EEMEbEfEE o TS, ZDDPO &
TOCE # Mz Anyplex L D5 A > ) 7k, BIF
SRR, I—1 v RTEEEB TS, BA
TBW T, WFERE LTERTRETHLN, 4%
PWiEE L UCHR SN TREMSH D,
C. AnyplexII [ZTDIVT

Anyplex 11 ® 5 B, T X CRYERHAIE L
2o Tinbd, 1-DHIE Anyplex™ II MTB/MDR/XDR
T, MEMEHBEEBRHERET, V77 EVUBLT

_6_

AV =T Y ROMWEZRETE 5L H RS
(MDR) & EHH, 7 ax )/ a ittt Al
PERERE (XDR) 2T 5 Z ERFRETH D, 2 A
DF 2 —T TEFNFI, MDR, XDR Z[FET S, 2
DHIFE A== T A LA HPV) DFEHRA
R4 %4 U R 78I 19 F8%5H (16, 18, 26, 31, 33, 35,
39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 69, 73, 82) & 11—
U A7 #9FE (6, 11, 40, 42, 43, 44, 54, 61, 70) DFf 28
BEOZA Y 7%y ~ (Anyplex™ II HPV28 Detec-
tion) TH Y, FEHATEAINTHDENA Y A
BI3EHEB LT UEE L0 DNAY R
BRI TE S, 3 DHITRER R & OMERYE
R 7 FESE IR Rk EA3E (Anyplex™ 1T STI-7
Detection) T& 5. Chlamydia trachomatis, Neisseria
gonorrhoeae , Mycoplasma genitalium , Mycoplasma
hominis, Ureaplasma wurealyticum, Ureaplasma par-
vum, Trichomonas vaginalis % 1 F = — 7 T T
LHZENARETH Y, BAIZBNTEAREE TS

B7ZIVT, WMEREEND, 4 DH (Anyplex™
II RB5 Detection) i&, 2SR D U < IEEFRICHE
il D A7 2 WL AR e IR (R i 5 R R > b

LIRoTWD, SRR, —RiicIEEmnz &

SONSiEK~A a7 T X=RMEIs ZIVT, L

VX IH, AH%E, SRTEHKEOSEETH

5. D5 OHOREX, MR YER 7

AR v b (Anyplex™ II RV16 Detection) TH Y,
BRI 2 & 16 DT A N A% 2 KRDF 2—7 T
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Figure 5 Anyplex™ II RV16 Detection (Nl i
IS

B A v 2 Ry
Anyplex ™ 11 RV16 Detection detects 16 respira-
tory viruses (adenovirus, influenza A virus, influ-
enza B virus, parainfluenza virus 1, parainfluenza
virus 2, parainfluenza virus 3, parainfluenza virus 4,
rhinovirus A/B/C, RS virus A, RS virus B, bo-
cavirus, coronavirus 229R, coronavirus NL63,
oronavirus OC43, metapneumovirus, and entero-
virus) in a single real-time PCR.

M TE % (Fig. 5). 16 FiliO 7 A V2%, 75/
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The Japanese herbal medicines, Juzen-taiho-to (JTT) and Hochu-ekki-to (HET), have been shown to
enhance humoral immune responses to vaccine antigen when used as adjuvants for prophylactic vac-
cines, However, their adjuvant effect on mucosal cellular immune responses remains unstudied. The
precursor lesion of cervical cancer, high-grade CIN that expresses HPV E7 oncoprotein ubiquitously is
a target for HPV therapeutic vaccines that elicit mucosal E7-specific type 1 T cell responses. We have
demonstrated that oral immunization with recombinant Lactobacillus casei expressing HPV16 E7 (LacE7)
is more effective in eliciting mucosal E7-specific IFNy-producing cells than subcutaneous or intramus-
cular antigen delivery. Here we report the synergistic effect of an oral Lactobacillus-based vaccine and
Japanese herbal medicines on mucosal immune responses. Oral immunization of mice with LacE7 plus
eithera Japanese herbal medicine (JTT or HET) or a mucosal adjuvant, heated-fabile enterotoxin T subunit
(LTB), promotes systemic E7-specific type 1 T cell responses but not mucosal responses. Administration of
LacE7 plus either Japanese herbal medicine and LTB enhanced mucosal E7-specific type 1 T cell response
to levels approximately 3-fold higher than those after administration of LacE7 alone. Furthermore, secre-
tion of IFNy and IL-2 into the intestinal lumen was observed after oral administration of LacE7 and was
enhanced considerably by the addition of Japanese herbal medicines and LTB. Our data indicated that
Japanese herbal medicines, in synergy with Lactobaciflus and LTB, enhance the mucosal type 1 immune
responses to orally immunized antigen. Japanese herbal medicines may be excellent adjuvants for oral
Lactobacillus-based vaccines and oral immunization of LacE7, HET and LTB may have the potential to elicit
extremely high E7-specific mucosal cytotoxic immune response to HPV-associated neoplastic lesions.
© 2012 Elsevier Ltd. All rights reserved.
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1. Introduction against high-grade CIN have been completed [3-11]. However, no

therapeutic HPV vaccines are yet available. The current vaccine can-~

Human papillomavirus (HPV) infection is a major risk factor
for the development of cervical cancer which is the second most
common cancer among women [1]. HPV prophylactic vaccines
hold promise to reduce the worldwide incidence of cervical can-
cer. However, limitations in current HPV vaccine strategies make
the development of HPV therapeutic vaccines for the treatment of
HPV-associated lesions essential. HPV E7 is an attractive target pro-
tein for HPV therapeutic vaccine strategies that are directed against
a precursor lesion of cervical cancer, high-grade cervical intraep-
ithelial neoplasia (CIN) [2]. Many therapeutic vaccines against HPV
E7 have been developed and several clinical vaccination trials

* Corresponding author. Tel.: +81 3 3815 5411; fax: +81 33816 2017.
E-mail address: kkawana-tky@umin.ac.jp (K. Kawana).

0264-410X/$ ~ see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.vaccine.2012.06.027

didates have been shown to elicit systemic cellular immunity after
intramuscular or subcutaneous injection and clinical trials have
shown cellular immune responses to the vaccines in peripheral
monocytes but fail to show local immunity in the cervical mucosa
after vaccination. Cervical mucosal lesions may be poorly respon-
sive to systemic cellular immunity since precursor lesions develop
in the mucosal epithelium; mucosal intraepithelial lymphocytes
(IELs) should be the central effector cells for the elimination of CIN.
Lymphocytes involved in the mucosal immune system are found in
the inductive sites of organized mucosa-associated lymphoid tis-
sues and in a variety of effector sites such as the mucosa of the
intestine, respiratory tract and genital tract [ 12]. The efficient hom-
ing of lymphocytes to the gut is dependent on the homing receptors
integrin «4fB7 [13]. Several studies have demonstrated that gut-
derived integrin a4B7* lymphocytes subsequently home to the
genital mucosa [14-17].
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We have reported previously that the oral Lactobacillus-based
vaccine expressing HPV16 E7 (LacE7) has substantial potential
to be a novel HPV therapeutic vaccine [18]. Oral immunization
with LacE7 elicited E7-specific IFNy-producing cells (T cells with
E7-typel irnmune responses) among integrin 47" mucosal lym-
phocytes collected from gut mucosa. In our previous study, oral
immunization with LacE7 preferentially elicited E7-specific typel
Tcell respo nses in mucosal lymphocytes when compared to spleno-
cytes. Taken together with the data that gut-derived integrin a437*
Tcells home to the cervical mucosa [ 19], we predicted that vaccine-
induced mucosal CD4* and CD8* T cells will have antitumor effects
on mucosal HPV E7-related neoplastic lesions.

Traditional Chinese herbal medicines and their Japanese coun-
terparts, Japanese herbal medicines, are used not merely to improve
weak constitutions but also to suppress many constitutional symp-
toms. The Japanese herbal medicines, Juzen-taiho-to (JTT) and
Hochu-ekli-to (HET), have been reported to exert beneficial effects
on various aspects of the immune response {20] and are thought
to have great potential as adjuvants for prophylactic vaccination
against a variety of microbes [21-23]. JTT’s immunomodulatory
actions inciude an enhancement of the mitogenic activity of spleen
cells, a promotion of phagocytosis and anti-tumor effect [24,25].
HET activates natural killer cells and macrophages [26,27]. Orally
administered HET increases antibody titers against influenza virus
in mice immunized with influenza vaccines and promotes secretory
IgA production after oral OVA vaccination [28,29].

Viewing the actions of JTT and HET on innate immunity within
the intestinal mucosa after oral vaccination, we hypothesized that
concurrent oral administration of JTT or HET and LacE7 would
enhance mucosal cellular immune responses against HPV16 E7. To
address the immunomodulatory effects of JTT or HET on anti-E7
immune responses, mice were given oral JTT or HET in addition
to a LacE7 oral vaccine with or without the known adjuvant, a
heat-labile lymphotoxin T subunit (LTB).

2. Materials and methods
2.1. Immunization protocols

LacE7 was provided from BioLeaders Corp. (Korea) and GENO-
LAC BL Corp. (Japan). LacE7 was generated from the recombinant
Lactobacillus casei expressing HPY16 mutated E7 as previously
described | 18] and attenuated using heat. The attenuated L. casei
were purified by washing several times with distilled water then
dried to powder. LacE7 was insoluble in water-based solvents. Six-
week-old female SPF C57BL/6 mice (CLEA fapan Inc., Japan) were
used for immunization experiments. 1.0 mg/head of LacE7 were
administered four times at weeks 1, 2, 4, and 6. All inoculums were
suspended in PBS (200 pL/head) and administered once per day for
five days each week via an intra-gastric tube after 3 h of fasting.

The Japanese herbal medicines, JTT or HET (40 mg/head/day,
gifted from Dr. Keiichi Koizumi, University of Toyama) were mixed
with powdered foods (5 g/head/day) which were taken consumed
completely by five mice in a single cage. JTT or HET was admin-
istered to mice every day during each of the four rounds of
LacE7 administration (weeks 0-6). Heat-labile Escherichia coli lym-
photoxin, B subunit (LTB: 10 pg/head) was added to each LacE7
inoculum and administrated orally on the third day of each round
of vaccination.

2.2. Sample collection

Lymphoeytes, serum and intestinal washes were collected from
immunized mice one week after the last inoculation (at week 7).
After sacrifice, intestine, spleen and peripheral blood were obtained

from five mice. Spleens were washed 3 times in HBSS. For intestinal
specimens, the inside of intestinal tract was washed with 10 mL of
HBSS with protease inhibitors after feces removal. The collected
sera and intestinal washes were stored at —80“C until use.

2.3. Preparation of murine splenocytes and intestinal mucosal
lymphocytes

The intestines were opened longitudinally and shaken vigor-
ously in RPMI1640 containing 10% FBS, 100 units/mL of penicillin
and 100 pg/mL of streptomycin for 30 min at 37°C. The resulting
cell suspensions were passed through a BD Falcon Cell-strainer (BD
Bioscience, USA) to remove tissue debris and were subjected to dis-
continuous density gradient centrifugation in a 15 mL tube layered
from the bottom with 70% and 40% Percoll PLUS (GE Heaithcare
UK Ltd., England). The interface between the 70% and 40% lay-
ers contained lymphocytes with a cell viability of more than 95%.
Splenocytes were prepared by gently teasing the spleen in PBS.
Clumped debris was removed by centrifugation. Approximately
5-10 x 108 intestinal mucosal lymphocytes and 107 splenocytes
were obtained from individual mice.

2.4. ELISPOT assays

50l of intestinal mucosal lymphocytes or splenocytes
(5 x 106 cells/mL) were incubated for 24 hat 37 “C with antigen pre-
senting cells comprised of 50 pL of splenocytes (5 x 10° cells/mL)
treated with mitomycin C (75 pwg/mL, Sigma, USA), and washed
three times with PBS. 10pl of synthetic peptide (working
conc.=1 pg/mL) corresponding to amino acids 49-57 of HPV16
E7 (a reported CTL epitope for C57BL/6 mice), mitogen (PMA
40 ng/mL +ionomycine 4 ug/mL), or medium alone (negative con-
trol) were added to a 96-well ELIIP plate (Millipore, USA) coated
with anti-mouse IFNy monoclonal antibodies from the Mouse IFNy
Kit (MABTECH AB, Sweden). IFN+y spot numbers were analyzed with
afully automated computer assisted video imaging analysis system,
KS ELISPOT (Carl Zeiss Vision, Germany).

2.5. Cytokine measurements

Intestinal washes obtained from five mice were pooled and
cytokine concentrations measured using the mouse Th1/Th2 ELISA
Ready SET Go Kit{BD Bioscience, San Diego, CA, USA), which include
IFNy and IL-2 as representative Th1-type cytokines. The cytokine
levels in each sample were normalized by total protein concentra-
tion. Measurements were repeated at least three times.

2.6. Statistical analysis

ELISPOT and ELISA data were presented as meansz standard
deviations. Measurements and relative rates were compared
between the immunization groups (5 micefeach group) using
non-paired, two tailed Student’s t-tests. A p-value of <0.05 was
considered to be significant.

3. Results

3.1. The adjuvant effect of Japanese herbal medicines on
E7-specific type 1 T cell responses

To examine the effect of oral administration of LacE7 vac-
cine plus Japanese herbal medicines on E7-specific type 1 T cell
responses, the number of IFNy-producing cells among mucosal
lymphocytes or splenocytes was assessed by ELISPOT assay (Fig. 1).
Each group of five mice was administered LacE7 (1.0 mg/head)
orally or LacE7 plus JTT or HET (40 mg/head). JTT and HET were
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Fig. 1. Adjuvant effects of Japanese herbal medicines on type 1 T cell responses
in mice orally immunized with Lac E7. The number of E7-specific IFNy-producing
cells among intestinal mucosal lymphocytes and splenocytes were assessed using
ELISPOT assay. Five mice per group were immunized with LacE7 (1.0 mg/head) or
PBS four times at weeks 1,2, 4, and 6. JTT or HET was administered to mice every day
during the four rounds of LacE7 administration. Mucosal lymphocyte and spleno-
cytes were collected from immunized mice one week after last inoculation (at week
7)and approximately 10% of each type of lymphocyte were stimulated with the E7
peptide corresponding to HPV16E7 49-57 aa. Mean values with standard deviations
are presented. Asterisks indicate those comparisons with statistical significance
(p<0.05)(n=5).

administered to mice as supplements to powdered food every
day during four rounds of the LacE7 oral immunization. To detect
potential adjuvant effects of the supplements on mucosal and sys-
temic immunity, intestinal mucosal lymphocytes and splenocytes
were collected from each mouse one week after the last immu-
nization. The numbers of E7-specific [FNy-producing cells among
both mucosal lymphocytes and splenocytes increased significantly
in LacE7-immunized mice but not in non-immunized (PBS) mice
(Fig. 1). Oral immunization with LacE7 elicited a predominant
mucosal E7-specific type 1 T cell response with E7-specific IFNy-
producing cell levels approximately 1.5-2.0-fold higher than those
among splenocytes. Administration of LacE7 plus JTT or HET sig-
nificantly improved systemic E7-specific type 1 T cell responses
in splenocytes. However, neither JTT nor HET exhibited significant
adjuvant effects on mucosal type 1T cell responses (Fig. 1).

3.2. Adjuvant effects of the Japanese herbal medicines when
combined with LTB on mucosal immune responses

Our initial data suggested that the use of additional adju-
vants might be necessary to improve the mucosal cellular immune
response to E7. We therefore repeated our investigations, adding
oral LTB to LacE7 with each round of LacE7 oral immunization.
Although the levels of E7-specific type 1 T cell response in mice
given LacE7 plus LTB tended to increase, no significant differ-
ences were noted when comparing LacE7/LTB to LacE7 alone
(Fig. 2). Mice exposed to either JTT or HET together with LTB and-
LacE7 had improved mucosal E7-specific type 1 T cell response
with approximately 2-2.5-fold higher levels of E7-specific mucosal
[FN+y-producing cells when compared with sole exposure to LacE7
plus LTB (Fig. 2). Comparing Figs. 1 and 2, we noted that the addition
of LTB to LacE7 plus either JTT or HET doubled the number of the
IFNy-producing cells among mucosal T cells, but not splenocytes.
These data indicated that LTB and the Japanese herbal medicines
act synergistically on the mucosal type 1 T cell response elicited by
LacE7.
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Fig. 2. Synergistic adjuvant effect of Japanese herbal medicines and LTB on type 1
T cell response. LTB (10 pg/head) was added to each LacE7 inoculum and adminis-
trated orally on the third day of each round of vaccination. This was performed in
mice contemporaneously exposed to JTT, HET or control (no exposure). The number
of E7-specific IFNy producing cells among the collected intestinal mucosal lympho-
cytes and splenocytes was assessed using the ELISPOT assay as shown in Fig. 1. Mean
values with standard deviations are presented. Asterisks indicate those comparisons
with statistical significance (p <0.05) (n=5).

3.3. Local cytokine production induced by oral immunization
with LacE7, LTB and japanese herbal medicines

To confirm the characteristics of local cellular T cell responses
stimulated by oral immunization, type 1 cytokine secretions were
measured in the mucosal compartment. Levels of IFNy and [L-2
production in intestinal washes obtained from immunized mice
were measured by ELISA (Figs. 3 and 4). Both [FNvy and IL-2 lev-
els in the mucosal fluid increased significantly in mice immunized
orally with LacE7 when compared with non-immunized mice (PBS),
consistent with a previous data that mucosal administration of L.
casei alone induces Th1 cytokine production in a mucosal compart-
ment [30]. Using comparisons mimicking those in Fig. 2, LacE7 plus
either JTT or HET and LTB promoted secretion of both [FN-y and IL-2
into the intestinal lumen (Figs. 3 and 4). The secretion levels were
6-8-fold higher for IFN+y (Fig. 3) and 2-4-fold higher for IL-2 (Fig. 4)
when compared with LacE7 alone. Administration of LacE7 plus LTB
did stimulate increased cytokine secretion when compared with
LacE7 alone. These results confirm that JTT or HET have synergistic
effects when added to LacE7/LTB oral immunization protocols on
local Th1 cytokine secretion, as well as the induction of E7-specific
[FNvy-producing cells.

4. Discussion

The therapeutic HPV vaccines tested to date can induce
enhanced cellular immune responses but none have demonstrated
clinical efficacy against CIN [31-33]. We hypothesize that by
using intramuscular or subcutaneous injection strategies, these
approaches promote systemic cellular immunity, but not local
mucosal immunity. Intraepithelial lymphocytes (IELs) residing in
the cervical mucosa are most likely to represent the central effec-
tor cells for elimination of CIN and systemic vaccination with HPV
E7 is not thought to elicit and retain enough E7-specific CTL within
the cervical mucosa to eliminate CIN. We have previously observed
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Fig. 3. [FNy secretion into the intestinal compartment after immunization with
LacE7 plus JTT or HET and LTB. IFNvy levels in the intestinal washes were mea-
sured by ELISA, The intestinal washes were collected at the same time points that
were assesseet in Fig. 1. Cytokine levels in each sample were normalized to corre-
sponding total protein concentrations. Mean values with standard deviations are
presented. The asterisks indicate those comparisons with statistical significance
(p<0.05)(n=5).

and reported the induction of integrin ®4B7* mucosal T cells that
provide E7 -specific type 1 T cell responses after oral administra-
tion of LacE 7 to mice [18]. We have also demonstrated that 25-30%
of the CD3 ¥ cervical lymphocytes are integrin $7* T cells [34]. [n
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Fig. 4. IL-2 secretion into the intestinal compartment after immunization with
LacE7 plus Japanese herbal medicine and LTB. IL-2 levels in the intestinal washes
were measured by ELISA. The intestinal washes were collected at the same time
points that were assessed in Fig. 1. Cytokine levels in each sample were normalized to
corresponding total protein concentrations. Mean values with standard deviations
are presented. The asterisks indicate those comparisons with statistical significance
(p<005)(n=%).

our previous data, the number of vaccine induced E7-specific type1
T cells peaked at exposure levels of 1.0 mgfhead and decreased
with doses over 3.0 mg/head when mice were orally immunized
with various doses of LacE7 (0.3~100 mg/head). We believe that
1.0mg/head may be the optimal dose of LacE7 for induction of
mucosal E7-specific type 1 T cells, because high-dose antigen may
induce development of E7-specific regulatory T cells. These limita-
tions led us to consider that the addition of an effective adjuvant
agent might be more effective in improving E7-specific Th1 type
responses than dose-escalation of LacE7. We chose to focus on
two Japanese herbal medicines that have been reported to exhibit
immunomodulatory effects.

Our data indicate that while JTT or HET alone exerts adjuvant
effects on systemic but not mucosal type 1T cell responses to LacE7,
a combination of the mucosal adjuvant (LTB) with either Japanese
herbal medicine dramatically improved the desired mucosal E7-
specific type 1 T cell responses. These Japanese herbal medicine,
when added to a conventional mucosal adjuvant, such as LTB,
appear to act synergistically on mucosal vaccine-induced immune
responses. The demonstrated adjuvant effects on mucosal immune
response may be partially attributed to the strategy involving oral
immunization of L. casei, which acts as an efficient vaccine carrier
that delivers antigen across the gut to GALT but also exhibits its own
vaccine adjuvant activities that promote type 1 T cell responses
[4,35]. Lactobacillus species promote this type 1 T cell response
polarization through interactions with dendritic cells (DCs) [36].
Lactobacillus activate DCs through TLR-2 and the activated DCs
stimulate the proliferation of autologous CD4* and CD8* T cells
and their secretion of IFN+vy [37]. Recombinant L. casei alone can
induce IFNvy production at mucosal sites [35]. Taken together, L.
casei appears to be an excellent antigen delivery vehicle when
mucosal type 1 T cell responses to vaccine antigen are desired. In
our study, the levels of type 1 T cell responses to E7 barely increased
in mice immunized with LacE7 and LTB when compared with LacE7
alone. However, the addition of Japanese herbal medicines to LacE7
and LTB resulted in two to three-fold higher levels of type 1 mucosal
T cell responses when compared to LacE7 and LTB. In summary, the
Japanese herbal medicines, JTT and HET act in synergy with L. casei
and LTB in mucosal antigen delivery strategies. When Th1-type
local T cell responses to vaccine antigen are desired, the combina-
tion of a Japanese herbal medicine and LTB promote efficient and
mucosa-specific adjuvant activities when added to Lactobacillus
delivery systems.

More specifically, the addition of specifically, the addition of
specific Japanese herbal medicines and mucosal adjuvant to LacE7
may be an outstanding approach to generate E7-specific mucosal
cytotoxic immune responses to HPV-associated neoplastic lesions.

Acknowledgements

We thank to Dr. Ai Kawana-Tachikawa for expert advice on
ELISPOT assays. This work was supported by a grant from the Min-
istry of Health, Labour and Welfare of Japan for the Third-Term
Comprehensive Strategy for Cancer Control and for Comprehen-
sive Strategy for Practical Medical Technology and by a grant from
the Ministry of Education, Culture, Sports, Science and Technology
of Japan.

References

[1] Ferlay], BrayF, Pisani P. Cancer incidence, mortality and prevalence worldwide.
IARC Cancer base no. 5, version 2.0. Lyon: IARC Press; 2004.

[2] ResslerS, Scheiden R, Dreier K, Laich A, Miller-Holzner E, Pircher H, et al. High-
risk Human Papillomavirus E7 oncoprotein detection in cervical squamous cell
carcinoma. Clin Cancer Res 2007;13(23):7067-72.

[3] Trimble CL, Frazer H. Development of therapeutic HPV vaccines. Lancet Oncol
2009;10(10):975-80.

—319—



5372 A. Taguchi et al. / Vaccine 30 (2012) 53685372

[4] Poo H, Pyo HM, Lee TY, Yoon SW, Lee JS, Kim CJ, et al. Oral administration of
human papillomavirus type 16 E7 displayed on Lactobacillus casei induces E7-
specific antitumor effects in C57/BL6 mice. Int | Cancer 2006;119(7):1702-9,

[5] van der Burg SH, Kwappenberg KM, O'Neill T, Brandt RM, Melief CJ, Hickling JK.

et al. Pre-clinical safety and efficacy of TA-CIN, a recombinant HPV16 L2EGE7

fusion protein vaccine, inhomologous and heterologous prime-boost regimens.

Vaccine 2001:19(27):3652-60.

Feltkamp MC, Smits HL, Vierboom MP, Minnaar RP, de Jongh BM, Drijthout Jw,

etal. Vaccination with cytotoxic T lymphocyte epitope-containing peptide pro-

tects against a tumor induced by human papillomavirus type 16-transformed
cells. Eur ] Immunol 1993;23(9):2242-9.

Kaufmann AM, Nieland jD, Jochmus I, Baur S, Friese K, Gabelsberger J, et al.

Vaccination trial with HPV16 L1E7 chimeric virus-like particles in women suf-

fering from high grade cervical intraepithelial neoplasia (CIN 2/3), Int J Cancer

2007;121(12):2794-800.

Fiander AN, Tristram Aj, Davidson Ej, Tomlinson AE, Man S, Baldwin PJ,

et al. Prime-boost vaccination strategy in women with high-grade, noncervical

anogenital intraepithelial neoplasia: clinical results from a multicenter phase

11 trial. Int ] Gynecol Cancer 2006;16(3):1075-81.

[9] Roman LD, Wilczynski S, Muderspach LI Burnett AF, Q'Meara A, Brinkman JA,
etal. Aphase ll study of Hsp-7 (SGN-00101) in women with high-grade cervical
intraepithelial neoplasia. Gynecol Oncol 2007;106(3):558-66.

[10] Garcia-Herndndez E, Gonzalez-Sanchez JL, Andrade-Manzano A, Contreras ML,
Padilla S, Guzmadn CC, et al. Regression of papilloma high-grade lesions (CIN 2
and CIN 3)is stimulated by therapeutic vaccination with MVA E2 recombinant
vaccine. Cancer Gene Ther 2006;13(6):592-7.

[11] Garcia F, Petry KU, Muderspach L, Gold MA, Braly P, Crum CP, et al. ZYC101a
for treatment of high-grade cervical intraepithelial neoplasia: a randomized
controlled trial. Obstet Gynecol 2004;103(2):317-26.

[12] Kunisawa |, Kurashima Y, Kiyono H. Gut-associated lymphoid tissues for the
development of oral vaccines. Adv Drug Deliv Rev 2011:30.

[13] Martinelli E, Tharinger H, Frank I, Arthos J, Piatak Jr M, Lifson JD. et al. HSV-2
infection of dendritic cells amplifies a highly susceptible HIV-1 cell target. PLoS
Pathog 2011:;7(6):¢1002109.

[14] Csencsits KL, Jutila MA, Pascual DW. Nasal-associated lymphoid tissue: pheno-

typic and functional evidence for the primary role of peripheral node addressin

in naive lymphocyte adhesion to high endothelial venules in a mucosal site. |
fmmunol 1999;163(3):1382-9.

Hanninen A, Taylor C, Streeter PR, Stark LS, Sarte JM, Shizuru JA, et al. Vascular

addressins are induced on islet vessels during insulitis in nonobese diabetic

mice and are involved in lymphoid cell binding to islet endothelium. | Clin

Invest 1993;92(5):2509~15.

Kelly KA, Rank RG. identification of homing receptors that mediate the recruit-

ment of CD4T cells to the genital tract following intravaginal infection with

Chlamydia trachomatis. Infect Immun 1997;65(12):5198-208.

[17] Mantis NJ, Wagner |. Analysis of adhesion molecules involved in leukocyte
homing into the basolateral pockets of mouse Peyer's patch M cells. ] Drug
Target 2004;12(2):79-87,

{18] AdachiK, KawanaK, Yokoyama'T, Fujii T, Tomio A, Miura$, et al. Oralimmuniza-
tion with Lactobacillus casei vaccine expressing human papillomavirus (HPV)
type 16 E7 is an effective strategy to induce mucosal cytotoxic lymphocyte
against HPV16 E7. Vaccine 2010;28:2810~-7.

{19] Hawkins RA, Rank RG, Kelly KA. Expression of mucosal homing receptor
alphadbeta7 is associated with enhanced migration to the Chlamydia-infected
murine genital mucosa in vivo. Infect mmun 2000;68(10):5587-94,

[20] Kiyohara H, Nagai T, Munakata K, Nonaka K, Hanawa T, Kim S, et al. Stim-
ulating effect of Japanese herbal (kampo) medicine, hochuekkito on upper

(6

[7

=

[15

[16

respiratory mucosal immune system. Evid Based Complement Alternat Med
2006;3(4):459-67.

[21] Zhao X, Fan'Y, Wang D, Hu Y, Guo L, Ruan §, et al. Immunelogical adjuvant effi-
cacy of glycyrrhetinic acid liposome against Newcastle disease vaccine. Vaccine
2011;29(52):9611-7.

[22} Ma X, Guo Z, Shen Z, Wang ], Hu Y, Wang D. The immune enhancement of
propolis adjuvant on inactivated porcine parvovirus vaccine in guinea pig. Cell
Immunol 2011;270(1):13-8.

(23] Underwood IR, Chivers M, Dang TT, Licciardi PV, Stimulation of tetanus toxoid-
specific immune responses by a traditional Chinese herbal medicine. Vaccine
2009;27(47):6634-41.

124] Saiki 1. A Kampo medicine “Juzen-taiho-to" - prevention of malignant progres-
sion and metastasis of tumor cells and the mechanism of action. Biol Pharm
Bull 2000:23(6):677-88.

[25] Tsuchiya M, Kono H, Matsuda M, Fujii H, Rusyn L. Protective effect of juzen-
taiho-to on hepatacarcinogenesis is mediated through the inhibition of Kupffer
cell-induced oxidative stress. Int J Cancer 2008;123(11):2503-11.

[26] Cho M. Sato N, Kikuchi K. Prophylactic antitumor effect of Hochu-
ekki-to (T}-41) by enhancing natural killer cell activity. In Vivo 1991;5:
389-92.

[27] Kataoka T, Akagawa KS, Tokunaga T, Nagao S. Activation of macrophages with
Hochu-ekki-to. Jpn | Cancer Chemother 1989;16:1490-3.

[28] Takagi Y, Azuma N, Kawai S, Maeda A. Antibody response of Kampo-hozai after
influenza B immunization in old mice. Jpn Soc Vaccinol 2002;6:72.

{29] Matsumoto T, Noguchi M, Hayashi O, Makino K, Yamada H. Hochuekkito, a
Kampo (traditional Japanese herbal) Medlicine enhances mucosal 1gA antibody
response in mice immunized with antigen-entrapped biodegradable micropar-
ticles. Evid Based Complement Alternat Med 2010;7(1):69-77.

{30} Vintiiii EO, Medina MS. Host immunity in the protective response to nasal
immunization with a pneumococcal antigen associated to live and heat-killed
Lactobacillus casei. BMC Immunology 2011;12:46-59.

[31] Davidson B, Boswell CM, Sehr P, Pawlita M, Tomlinson AE, McVey R], et al.

Immunological and clinical responses in women with vulval intraepithelial

neoplasia vaccinated with a vaccinia virus encoding human papillomavirus

16/18 oncoproteins. Cancer Res 2003:63:6032-41.

Fiander AN, Tristram A, Davidson EJ. Tomlinson AE, Man S, Baldwin PJ,

et al. Prime-boost vaccination strategy in women with high-grade, noncervical

anogenital intraepithelial neoplasia: clinical results from a multicenter phase

1 trial. [nt } Gynecol Cancer 2006;16:1075-81.

Kenter GG, Welters MJ, Valentijn AR, Lowik M|, Berends-van der Meer DM,

Vloon AP, et al. Vaccination against HPV-16 oncoproteins for vulvar intraep-

ithelial neoplasia. N Engl ] Med 2009;361:1838-47.

134] Kojima S, Kawana K, Fujii T, Yokoyama T, Miura S, Tomio K, et al. Characterj-
zation of intraepithelial lymphocytes (IELs) residing in the cervical mucosa of
patients with human papillomavirus {(HPV)-infected intraepithelial neoplastic
lesions. Am J Reprod Immunol 2011;66:435-43.

135] Kajikawa A, Satoh E, Leer R}, Yamamoto S, Igimi S. Intragastric immuniza-
tion with recombinant Lacrobacillus caser expressing flagellar antigen confers
antibody-independent protective immunity against Salmonella enterica serovar
Enteritidis. Vaccine 2007;25(18):3599-605.

|36] Mohamadzadeh M, Olson S, Kalina WV, Ruthel G, Demmin GL, Warfield KL, etal.
Lactobacilli activate human dendritic cells that skew T cells toward T helper 1
polarization. Proc Natl Acad Sci USA 2005;102(8):2880-5.

{37} Koizumi S, Wakita D, Sato T, Mitamura R, [zumo T, Shibata H, et al. Essential
role of Toll-like receptors for dendritic cell and NK1.1(+) cell-dependent activa-
tion of type 1 immunity by Lactebacillus pentosus strain S-PT84. Immunol Lett
2008;120(1-2):14-9.

{32

[33

— 320 —



| ORIGINAL ARTICLE

The Prevalence of Cervical Regulatory T Cells in HPV-Related
Cervical Intraepithelial Neoplasia (CIN) Correlates Inversely with
Spontaneous Regression of CIN

Satoko Kojima', Kei Kawana', Kensuke Tomio', Aki Yamashita', Ayumi Taguchi’, Shiho Miura', Katsuyuki
Adachi’, Takeshi Nagamatsu', Kazunori Nagasaka', Yoko Matsumoto’,

Takahide Arimoto’, Katsutoshi Oda', Osamu Wada-Hiraike', Tetsu Yano', Yuji Taketani’,
Tomoyuki Fujii', Danny J. Schust?, Shiro Kozuma'

'Department of Obstetrics and Gynecology, Faculty of Medicine, University of Tokyo, Bunkyo-ku, Tokyo, Japan;
2Division of Reproductive Endocrinology and Fertility, Department of Obstetrics, Gynecology and Women'’s Health, University of Missouri School of

Medicine, Columbia, MO, USA

Keywords

CD4+CD25+Foxp3+ regulatory T cells, cervical
intraepithelial neoplasia, cervical lymphocytes,
programmed cell death-1

Correspondence

Kei Kawana, Department of Obstetrics and
Gynecology, Faculty of Medicine, University of
Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-
8655, Jap.an.

E-mail: kkawana-tky@umin.ac.jp

Submission June 24, 2012;
accepted September 13, 2012.

Citation

Kojima S, Kawana K, Tomio K, Yamashita A,
Taguchi A., Miura S, Adachi K, Nagamatsu T,
Nagasaka K, Matsumoto Y, Arimoto T, Oda K,
Wada-Hiraike O, Yano T, Taketani Y, Fujii T,
Schust DJ, Kozuma S. The prevalence of
cervical regulatory T cells in HPV-related
cervical intraepithelial neoplasia (CIN)
correlates inversely with spontaneous
regression of CIN. Am J Reprod Immunol
2013; 69: 134-141

doi:10.111 1/aji.12030

Introduction

Problem

Local adaptive cervical regulatory T cells (Tregs) are the most likely
direct suppressors of the immune eradication of cervical intraepithelial
lesion (CIN). PD-1 expression on T cells induces Tregs. No studies have
quantitatively analyzed the Tregs and PD-1+ cells residing in CIN
lesions.

Method of study

Cervical lymphocytes were collected using cytobrushes from CIN
patients and analyzed by FACS analysis. Comparisons were made
between populations of cervical Tregs and PD-1+ CD4+ T cells in CIN
regressors and non-regressors.

Results

A median of 11% of cervical CD4+ T cells were Tregs, while a median
of 30% were PD-1+ cells. The proportions of cervical CD4+ T cells that
were Tregs and/or PD-1+ cells were significantly lower in CIN regressors
when compared with non-regressors.

Conclusions

The prevalence of cervical tolerogenic T cells correlates inversely with
spontaneous regression of CIN. Cervical Tregs may play an important
role in HPV-related neoplastic immunoevasion.

women and patients who are under treatment with
immunosuppressive agents have an increased inci-

HPV infection is a major cause of cervical cancer and
its precursor lesion, cervical intraepithelial neoplasia
(CIN). Natural history studies of CIN*? show that
most infections and most CIN lesions resolve sponta-
neously: only a minority persists and progress to cer-
vical cancer. Studies showing that HIV-infected

dence of CIN lesions>* suggest that cell-mediated
immune response against HPV viral protein is impor-
tant in the control of HPV infection and progression
to CIN. We have previously reported that the pres-
ence of gut-derived effector lymphocytes within the
cervix plays an important role in local cell-mediated
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immune responses and correlates with CIN regres-
sion.” The presence of robust local tolerogenic cervi-
cal T-cell responses to HPV-related neoplastic lesions
would be predicted to attenuate the effects ol these
local effector responses. We hypothesized that the
proportion of tolerogenic lymphocytes among the
CD4+ T cells in the cervix would decrease among
women experiencing CIN regression, thereby allow-
ing full effect of the changes previously seen among
local effector cells.

It has been reported that CD4+CD25+Foxp3+ reg-
ulatory T cells (Tregs) play an important role in
tumor-associated immunoevasion in cancers (ovar-
ian, uterine cervical, endometrial, lung, breast, pan-
creas, renal cell, and thyroid cancers) as well as in
other proliferative disorders such as melanoma and
hepatoma.®'> Mechanisms underlying Treg suppres-
sive functions have been abundantly reported. The
high expression of CD25 (IL-2R) on Tregs has been
thought to result in cytokine deprivation-induced
apoptosis of effector T cells.'® 1L-10, TGE-B, and IL-
35 are also important mediators ol Treg suppressive
function.'® Tregs have been reported to suppress T
effectors by ligating T-effector-expressed CD80,
thereby inhibiting T-cell proliferation and cytokine
production. Tregs kill effector T cells, other antigen-
presenting cells, and NK cells in a manner depen-
dent on granzyme and perforin.'®

Natural Treg cells (nTregs) differentiate in the thy-
mus and migrate to peripheral tissues while adap-
tive/induced Treg cells (iTregs) differentiate in
secondary lymphoid organs and tissues including
mucosa-associated lymphoid tissues (MALT).!” iTregs
play essential roles in mucosal tolerance, in the con-
trol of severe chronic allergic inflammation, in the
prevention of parasite and other microorganism
clearance, and in the obstruction of tumor immuno-
surveillance while nTregs have roles in preventing
autoimmunity and preventing exaggerated immune
responses. iTregs appear in the mesenteric lymph
nodes during induction of oral tolerance, differenti-
ate in the lamina propria of the gut in response to
microbial signals, and are generated in chronically
inflamed tissues. At a minimum, Foxp3+ iTreg devel-
opment requires TCR stimulation and the cytokines
TGE-B and IL-2. Integrin oEB7+ dendritic cells (DCs)
residing in the MALT produce both TGF-B and reti-
noic acid (RA), which mediate the differentiation of
naive T cells into Foxp3+ iTregs.'’

The programmed cell death-1 (PD-1) and PD-ligand
(PD-L) pathway is also critical in the suppression of

American Journal of Reproductive Immunology 69 {2013) 134~141
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immune responses. PD-1 is a molecule inducibly
expressed on peripheral CD4+ and CD8+ T cells, NKT
cells, B cells, monocytes, and some DC subsets when
these cells are activated by antigen receptor signaling
and cytokines.'® nTregs and iTregs can express PD-1
and PD-L1, and the expression of ligand and receptor
on the same cell conveys interesting implications.
Engagement of PD-1 by its ligands during T-cell
receptor (TCR) signaling results in two possible T-cell
responses: 1) a diminution in T-effector responses
and 2) an augmentation in differentiation of naive T
cells into Foxp3+ iTreg in a TGF-B-dependent man-
ner.'® There are synergistic effects between the PD-1/
PD-L1 pathway and TGF-P in promoting Treg devel-
opment. PD-L1 is expressed on a wide variety of
tumors, and high levels of PD-L1 expression strongly
correlate with unfavorable prognosis in a number of
cancers.'® To this point, ligation of PD-1 may induce
and maintain iTregs within the tumor microenviron-
ment, enhance the suppression of anti-tumor T-cell
responses, and thereby allow tumor progression.

Several previous studies have shown that the
prevalence of Tregs among PBMCs increases in CIN
patients when compared with healthy controls.'”?°
These studies assess populations of circulating Tregs
using flow cytometry. Characterization of the local
lymphocytes residing in cervical lesions should better
reflect local immune responses to pathogen. While
Nakamura et al.>' used Foxp3 immunostaining of
human CIN lesions to report the number of local
Foxp3+ cells residing in the CIN lesions by immuno-
staining of the tissues for Foxp3 and report that the
number of Foxp3-immunoreactive cells is higher in
CIN3 lesions than normal or CIN1-2 lesions, no
studies have quantitatively assessed populations of
local Tregs, likely iTregs, in the CIN lesions using
flow cytometry. Possible associations between iTregs
and the natural course of CIN have also never been
studied.

We have previously characterized cervical lym-
phocytes collected from CIN lesions using a cyto-
brush and have demonstrated that the majority of
cervical lymphocytes in these lesions are CD3+ T
cells (median 74%) and that half of the cervical CD3
+ T cells are CD4+ (median 54%).” In the present
investigations, we have analyzed the relative propor-
tions of two tolerogenic T-cell subsets, CD25+Foxp3+
Tregs and PD-1+ T cells, among cervical CD4+ T cells
collected from CIN lesions. To determine whether
there was a correlation between the frequency of
cervical tolerogenic T cell and the natural course of
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CIN, comparisons were made between tolerogenic
T-cell subsets in the lesions of CIN regressors and
non-re gressors.

Materials and methods

Study Population

Cervical cell samples were collected using a cyto-
brush from 24 patients under observation after
being diagnosed with CIN by colposcopically direc-
ted biopsy. All women gave written informed con-
sent, and the Research Ethics Committee of the
University of Tokyo approved all aspects of the
study. Patients with known, symptomatic or macro-
scopically visible vaginal inflammation, or sexually
transmitted infections were excluded from our
study. To study the association between cervical
tolerogenic lymphocytes and CIN progression, CIN
patients with regression of cervical cytology (cases)
were mmatched with control patients who did not
exhibit cytologic regression over the same time per-
iod (measured from initial detection of abnormal
cytology). In this study, cytological regression was
defined as normal cytology at two or more consec-
utive evaluations conducted at 3-4 months inter-
vals. For the comparison of CD4+CD25+Foxp3
Tregs and PDI1+CD4+ cells, 12 patients were
enrolled in the regression group, and the median
follow-up duration was 16.5 (8-33) months. Twelve
pairs of follow-up time-matched patients with per-
sistent cytological abnormalities were enrolled in
the non-regression group, and the median follow-
up time was 19 (9-34) months. Patients were inter-
viewed about their smoking history and their last
menstrual period.

Collection and Processing of Cervical Lymphocytes

Cervical cells were collected using a Digene cyto-
brush as described previously.S The cytobrush was
inserted into the cervical os and rotated several
times. The cytobrush was immediately placed in a
15-mL tube containing R10 media (RPMI-1640 med-
ium, supplemented with 10% fetal calf serum,
100 mg/mL streptomycin, and 2.5 pg/mL amphoteri-
cin B) and an anticoagulant (0.1 IU/mL of heparin
and 8 nm EDTA). After incubating the sample with
5 mm DIL-dithiothreitol at 37 °C for 15 min with
shaking, the cytobrush was removed. The tube was
then centrifuged at 330 g for 4 min. The resulting
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pellet was resuspended in 10 mL of 40% Percoll.
This mixture was layered onto 70% Percoll and cen-
trifuged at 480 g for 18 min. The mononuclear cells
at the Percoll interface were removed and washed
with PBS. Cell viability was greater than 95%, as
confirmed by trypan blue exclusion, and fresh sam-
ples were immediately used for further analyses.

Immunolabeling and Flow Cytometry

Cervical immune cell preparations were immuno-
labeled with fluorochrome-conjugated mouse mono-
clonal antibodies specific for the following human
leukocyte surface antigens: a programmed death-1
marker (FITC-anti-PD-1), a phycoerythrin cyanine
5.5 (PC5.5)-conjugated helper T-cell marker (PC5.5—
anti-CD4), and an allophycocyanin (APC)-conju-
gated IL-2 receptor marker (APC-anti-CD25). After
exposure to primary surface-labeling antibodies, cells
were washed twice with FACS buffer (10% fetal calf
serum, 1 mm EDTA, 10 mm NaN3), permeabilized
with Foxp3 Fixation/Permeabilization working solu-
tion (eBioscience, San Diego, CA, USA), and immuno-
labeled with the anti-intracellular antigen antibody,
phycoerythrin (PE)-conjugated anti-Foxp3 marker
(PE—anti-Foxp3). Cells were then washed twice with
Flow Cytometry Staining Buffer (eBioscience) and
resuspended in Flow Cytometry Staining Buffer.
Additional aliquots of the cell preparations were
labeled in parallel with appropriate isotype control
antibodies. Antibodies were purchased from eBio-
science and BD (Franklin Lakes, NJ, USA). Data
were acquired using four-color flow cytometry on
FACSCalibar (Becton-Dickinson, Texarkana, TX,
USA). A minimum of 5000 CD4+ T cells was ana-
lyzed per sample. The position of CD4+ T cells was
determined by CD4 vs SSC gating. We used xaLuza®
Flow Analysis Software (Becman Coulter, Brea, CA,
USA) for data analysis.

HPV Genotyping

DNA was extracted from cervical smear samples
using the DNeasy Blood Mini Kit (Qiagen, Crawley,
UK). HPV genotyping was performed using the
PGMY-CHUV assay method.?* Briefly, standard PCR
was conducted using the PGMYO0Y11 L1 consensus
primer set and human leukocyte antigen-DQ (HLA-
DQ) primer sets. Reverse blotting hybridization was
performed. Heat-denatured PCR amplicons were
hybridized to specific probes for 32 HPV genotypes
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and HLA-DQ reference samples. The virological
background (HPV genotyping) of 24 patients in our
study is shown in Table 1. HPVs 16, 18, 31, 33, 35,
39, 45, 51, 52, 53, 56, 58, 59, 68, 73, and 82 were
defined as high-risk HPVs according to an Interna-
tional Agency for Research on Cancer (IARC) multi-
center study.”’

Statistical Analysis

Statistical analyses, including calculation ol medians
and interquartile ranges (IQRs), were performed
using the commercial statistical software package
ame® (SAS, Cary, NC, USA). Wilcoxon rank sum tests
or Fisher’s exact tests were applied for matched pair
comparisons. P-values < 0.05 were considered sig-
nificant.

Results

Isolation of Cervical Tolerogenic T-cell Subsets in
CIN Lesions

To assess cervical tolerogenic T cells, cervical samples
were collected from CIN lesions positive for any HPV
genotype and fractionated over a discontinuous Per-
coll density gradient to remove cervical epithelial
cells. Cervical lymphocytes were then isolated from
the interphase between Percoll and culture med-
ium.® Cervical CD4+ T cells were identified among

Table | Patients infected with multiple HPV types were
included.
~ HPV type Total numbers (%)
16 ' : 5 (16.6)
18 2 (6.6)
31 1(3.3)
45 1(3.3)
51 1(3.3)
52 ©3(10)
53 3 (10)
55 : 3 {10
56 4{13.3)
58 5 (16.6)
70 ; 2 (6.6)
Total - = 30 (100)
0Of 24 patiénts, 4 {16.6%) were infected with multiple types. HPVs
16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 68, 73, and 82
*‘were defined as high-risk HPVs. :
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the isolated lymphocytes using CD4 vs SSC gating.
The percentages of CD4+ cervical T cells that were
CD25+Foxp3+ Tregs or that were PD-1+ were deter-
mined by flow cytometry. Two representative cases
are displayed in Fig. 1(a,b), respectively. The propor-
tion of cervical CD4+ T cells that were CD25+Foxp3
+ was 14.2% whereas the proportion of CD4+ T cells
that displayed PD-1 was 33.6% (bold lines). Among
all CIN patients, a median ol 11.7% (IQR: 7.3-14.6,
n = 24) ol CD4+ cervical T cells were CD25+Foxp3+
Tregs, while a median ol 30.7% (20.2-38.5, n = 24)
of CD4+ cells expressed PD-1. The proportions of tol-
erogenic T-cell subsets found in cervical preparations
were markedly higher than those reported in circu-
lating peripheral blood where approximately 5% of
PBMCs are CD25+Foxp3+ Tregs® and 5% of periph-
eral CD4+ T cells are PD-1+.2° These data indicate
that the cervical mucosal T cells separation tech-
nique used for these investigations isolated a popula-
tion of T cells with characteristics that suggest little
to no contamination by peripheral blood. Further,
should small amounts of contamination occur during
isolation the effect on overall results would be pre-
dicted to be minimal.

Correlation of Cervical Tregs and PD-1+ CD4+
cells in CIN Lesions with Menstrual Phase, HPV
Types, Smoking History, and CIN Course

Many factors, including HPV genotypes, smoking,
and other microbial infections, have been reported
to associate with spontaneous regression or progres-
sion of CIN.?® In this study, we obtained cervical
Tregs from histologically diagnosed CIN patients and
sought correlations between cervical Tregs and
potential clinical factors, which may associate with
the natural course of CIN. Patients with known,
symptomatic or macroscopically visible vaginal
inflammation, or sexually transmitted infections
other than HPV were excluded from our study. All
patients were diagnosed with CIN1-2 at the time of
enrollment and followed with colposcopy and cervi-
cal cytology smears every 4 months.

To account for possible confounding factors, sam-
ples from our 24 CIN patients were reanalyzed after
segregation by each of the following characteristics:
menstrual phase (proliferative vs secretory), HPV
genotype (high risk vs low risk), and smoking his-
tory (smoking vs non-smoking). The prevalence of
CD25+Foxp3+ Tregs and of PD-1+ T cells among cer-
vical CD4+ cells was compared between each of the
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