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of cell proliferation by gene A B PHD3 vector
transfection of PHD3. a RT- — Clempty vector PR S,
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are shown as mean & SEM of G3PDH =
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0
Time (hrs)
PHD?3 expression is an independent predictor of prolonged Table 1 Characteristics of the 116 patients
recurrence-free survival in CCRCC Characteristics
Patients and tumor characteristics are shown in Table 1.  Medianage in years (range) 60 (28-85)
PHD3-positive cells were observed in 82 (70.7 %) of the =~ Median follow-up (months) 64
116 cases (Fig. 6). The 5-year RFS rates were 90.8 and  Sex
69.9 % in patients with PHD3-positive and PHD3-negative Male 92(79.3)
tumors, respectively (p = 0.0032), although there was no Female 24(20.7)
significant difference in CSS between the 2 groups (Fig. 7). = ECOGPS
Multivariate analysis revealed that PHD3 expression was 0 102 (76.7)
an independent predictor of favorable RFS when adjusted 1 27(20.3)
for known prognostic factors such as the pathological stage 2 322)
and Fuhrman grade (Table 2). 3 1(0.8)
Clinical stage

Stage I 72 (54.1)
Discussion Stage Il 9 (6.8)

Stage 111 31(23.3)
HIF was first identified as a regulator of hypoxia-induced Stage IV 21(15.8)
erythropoietin expression (Semenza and Wang 1992;  Fuhrman grade
Wang et al. 1995; Wang and Semenza 1995). HIF-1a and Grade 1 45 (33.8)
HIF-2a are important regulators of tumor progression that Grade 2 69 (51.9)
induce more than 60 growth factors such as VEGF, platelet- Grade 3 19 (14.3)
derived growth factor, insulin-like growth factor, fibroblast Grade 4 0(0)

growth factor and so on (Maynard and Ohh 2007). PHDs
hydroxylate two conserved proline residues of HIF-1a and
HIF-2q, leading to capture by the corresponding E3 ubiqui-
tin-ligase VHL complex and degradation under normoxia,
and lose the activity under hypoxia (Bruick and McKnight
2001; Cockman et al. 2000; Ivan et al. 2001; Jaakkola et al.
2001; Yu et al. 2001). As a result, PHDs control the activi-
ties of HIF protein under normoxic conditions. Therefore,
it is considered that HIF-1o and HIF-2a can act only in a
hypoxic microenvironment or cells with inactivated VHL
protein.

The present study demonstrated two different mecha-
nisms of PHD3 expression in RCCs that were observed
under normoxia. RCC cell lines with VHL gene mutation

Values are N (%) except where indicated otherwise

had high expression of PHD3 under normoxia. This expres-
sion might be a feedback reaction from stable HIF protein
accumulation. The mechanism possibly applies to CCRCC,
which accounts for a large portion of RCCs (Aprelikova
et al. 2004; Marxsen et al. 2004; Maxwell et al. 1999; Shi-
nojima et al. 2007). Interestingly, normoxic expression of
PHD3, which is regulated by a signal transduction pathway,
could be seen in VHL-~intact cells. Although the PI3 K/Akt
pathway is a known regulator of HIF-la expression
(Blancher et al. 2001; Brugarolas et al. 2003; Hudson et al.
2002; Laughner et al. 2001; Pore et al. 2006; Zhong et al.
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Fig. 6 Representative immunohistochemical staining of PHD3 in tumor tissue section of clear cell renal cell carcinoma. a Negative PHD3

expression in tumor cells. b—d Positive PHD3 expression in tumor cells

1998), we found that activation of the PI3K/Akt/mTOR
pathway induced PHD3 expression irrespective of HIF pro-
tein accumulation. To the best of our knowledge, there has
been no report proving an HIF-independent mechanism of
PHD3 expression.

In this study, PHD3 silencing promoted proliferation of
VHL-intact cells, although it did not induce HIF proteins
accumulation, unlike PHD2 (Berra et al. 2003). Moreo-
ver, PHD3 silencing also promoted cell proliferation also
in VHL-mutant cell lines, where HIF proteins were stably
accumulated irrespective of hydroxylation. These results
suggested that PHD?3 had a direct antiproliferative function
that was independent of HIF proteins and the VHL gene
status in RCCs. In neuronal cells, PHD3 is induced after
withdraw of nerve growth factor and promotes apoptosis
(Lipscomb et al. 1999, 2001; Straub et al. 2003). How-
ever, this function is dependent on HIF-hydroxylase activ-
ity (Lee et al. 2005). Su et al. reported that PHD3 induced
apoptosis independently of HIF-1 in pancreatic cancer (Su
et al. 2010). In their report, the expression was induced
and the apoptotic function enhanced under hypoxia. Our
findings were in accord with their results in terms of the
HIF-independent antiproliferative function. Moreover,
our results suggested that PHD3 was expressed and sup-
pressed cancer cell proliferation under normoxia in RCC,
although this study has some limitations. The major one is

@__ Springer

that PHD3 expression was evaluated only by the mRNA
level, not by the protein level in vitro, and the expression
of mRNA does not always correlate with that of protein.
In addition, we could not verify the expression mechanism
and function of PHD?3 in vivo because we could not obtain
stable transfectants of cell lines with siRNA and the PHD3
gene. Although further investigation is needed to clarify the
detailed mechanisms, results of the current study suggested
that PHD3 was a potential antitumor molecule, which
could be employed for gene or molecule target therapy
irrespective of the VHL and HIF status and tissue oxygenic
condition. '

The results of the immunochistochemical study of PHD3
expression using primary tissue of CCRCC supported the
view shown by the in vitro study, though the follow-up
duration may have be insufficient to prove an impact on
CSS, unlike RFS in this series. The expression of HIF-1a
and -20 was not evaluated by immunohistochemistry in
the present study. HIF protein expression should have been
evaluated to indicate the concordance with the results of the
in vitro study. However, the methods for evaluation of the
expression are different among reports. Furthermore, posi-
tive rates of HIF-1a and HIF-2a also differ, ranging from
37-83 to 82-95 %, respectively (Atkins et al. 2005; Gordan
et al. 2008; Klatte et al. 2007; Kroeze et al. 2010; Ku et al.
2011). Thus, it may be difficult to determine the association
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Fig.7 Kaplan-Meier curves for cancer-specific survival (a) and
recurrence-free survival (b) according to PHD3 status

Table 2 Prognostic factors for recurrence-free survival in univariate
and multivariate analyses

Univariate® Multivariate®
Factor n  pvalee pvalue HR(95%CD)
PHD?3 positive 82 0.0032 0.0463 0.361 (0.133-0.983)
Fuhrman grade 3 12 0.0022 0.0365 3.331(1.079-10.286)
Stage ITormore 35 <0.0001 0.0042  4.837 (1.646-14.215)
Age >50 years 93  0.0852 04624 2.175(0.274-17.274)
Female gender 24 0.9306 09795 1.015(0.323-3.188)

HR hazard ratio, CI confidence interval
? Performed by using the log-rank test
® Done by using the Cox proportional hazard regression models

between the expression of PHD3 and that of HIF proteins
by immunohistochemistry.

It is still unclear why PHD3, which can be induced
through proliferative signals, has a paradoxical antiprolif-
erative function. We speculate that PHD3 may play a role
as a checkpoint mechanism in RCC cells that controls their
growth and metabolites to adapt to the tissue environment.
Commonly, CCRCC is known as a slow-growing tumor,

and the majority of cases of CCRCC are discovered in the
early stage and associated with a favorable prognosis (Volpe
and Jewett 2005). High PHD3 expression may be consistent
with this clinical feature. On the other hand, a few CCRCCs
grow rapidly and are associated with poor prognosis. In
some of these cases, a disturbance of PHD3 expression due
to gene mutation or epigenetic processes may promote cell
proliferation and correlate with tumor aggressiveness. To
clarify this issue, further investigation is needed.

Conclusions

The results of the current study demonstrate that PHD3
expression can be induced in VHL-intact RCCs under
normoxia via activation of the PI3 K/Akt/mTOR pathway
independently of HIF-la and HIF-2c. In addition, PHD3
has an antiproliferative function that is independent of HIF
and VHL gene status. These findings reveal a novel expres-
sion mechanism and function of PHD3 in RCC.
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summary

Tumor immunology has been advancing after the great discovery of tumor-specific antigen MAGE in 1991, and a number
of tumor antigens have been reported to date. We have also found novel tumor antigens through various methodologies such
as gene expression cloning, bioinformatics, reverse immunology, transcriptome analysis and peptidome analysis. Recently,
we made a success of defining cancer stem cell-specific antigens. The fruits of our basic research have been applied to clin-
ical trials of cancer vaccine. The long path and future perspectives of innovative immunotherapeutic drug development are
described.

Key words———tamor antigen; cancer stem cell; peptide vaccine; CTL; immunotherapy

» &

1991 4> MAGE $LB D FERLSE, Mg faEs s 8ulic R L, 8% (o MEBRRIENHE ST 5.
FESL, MEFREBRIO—-—= U7k N4 A2 T4 5 14 7 A, Reverse immunology, Transcriptome AT, #
BE T F PR EOFEEBELC, £ o MEEHFEZ HEL AL, EFE, v MERBEEOREL LT
DA OSHEC & - C, PPARMRFEERBELHLMILTE/. —FT, INoRENRREL I O2
WA, THREE P —7RTF FERWAPAT 7 F BRERDEEL Cw b, BREBTET 750
St MEHMREhE, SESREREL, BB 7O bar i fFv—r—2 RBERTE% 5%y, BRR
BROBRAITEERIC 74— PNy 2 L, LORROBAAAT 7 F L OFEMEEZ O STRIEOBERF L BREIZOW
THRLS 5.

U &I 1. DATBEEFERBRNTF KORE

FEEOIXEEIOFD LI, ¥ FAPARE (1) BRESME - CTL 70— X7OBILE
2 OWTERRIEDS L ORI D TE /2 BEFRR/O—Z27

£, KEZEOWMERELEAEIORTE T VA
L= a ) H—FHFRmIIcHE X h, EfE
BB EMTE AREIE->CE AL Ea—
T, INFTEDL) HWARENFESH, &
DEHHEEN, ED L) RBEEREBITHNRT
WO, ERETIE,LEREABRET, IhITo
EBREPMH LSTHOREL RS,

ALK S R 55— TR

EEHEOLIXET, PAEE S ADEFHERD LA
FRRRE B L, RICEESAOERFEmMY > /55ke
BEERTLZILILE-T, BRELM S MiaE
=TI (CTL) 70— v ORT 2/ L7z,
COREEMICERTABEFOIATII—%
2THIC S v A 7223 av L, CTL u—
COEMERIEL LABR s u-—= VR k o
T, HLA-B*5502 # B8R & 1A BB PR EE
FEAZ) -7 LTz (1A

— 160 —



BE - PAT YT RIEADER

91

#1 UREERRPICSVTRESNATRYIFENTF R

AT WEATFF $RBRSTF) WEY V308 SCHK
A) BFEE - CTL X7
BHA F4.2 (A31) c98 32)
HAE PBF-B55 (B55) PBF 2)
FHE PBF-A24 (A24) PBF 33)
FHiE PBF-A2 (A02) PBF 34)
B) NAFA UV T+TF 47
T HIFPH3-8 (A24) HIFPH3 7
e CEP55-193 (A24) CEP55 (C100rf3) 3)
BISLARAS A AMACR2 (A24) AMACR 6)
BiSLRRA A STEAP-B (A24) STEAP! 5)
fiids A Lengsin-A02, A24 (A02, A24) Lengsin 4)
C) Reverse Immunology
1) 7HRMNYAMEE
i~ SVN-2B (A24) Survivin 2B 11)
4 C58 (A24) Survivin 35)
i 4 L7 (A24) Livin 12)
2) Betn fRunE
1B E A(A24) SYT-SSX1 9)
BIENIE B (A24) SYT-SSX1 9)
BEPIE KOI (A24) SYT-SSX1 10)
D) M AEHIR
& % SOX2-109 (A24) SOX2 36)
KA A OR7C1-93 (A24) OR7C1
- KA DNAJB8-A24 (A24) DNAJBS 25)
KEA A SF9 (A24) FAMS3B

(2) BB TFRIIET & Reverse Immunology

F F complex % BIELHEL, YAARY FIVIETIZ

2000 4£ 4% 12 DNA microarray AT = & x5
T ¥ N ABFGE L o BT T, MR EET
R AURE L o /e, FEOIZIEEHE L EE
MR ZNENFEB T 2 EETF 2B, IERAR
WIREHAPIILAERL, BEEHBICESRHT,H
BFHEAZ )27 528128 -C, BiEHE
OEBHEEETFERE LS (F1B)™Y.

FOBRAEIE, BERTFEERICL > TRARER
FEEY SYT-SSX1 BFHEH L Tw5BH Z &b, HLA #%
EEF— TR L - T HLA-A*2402 ¥ B IC R
ENBHERTF FEFEELLY. B, EBE
Y EAYIZ 58] T 5 Inhibitor of apoptosis protein family
47 Survivin, Livin 705 3 HLA-A*2402 3 HTE
RFFFEEAELE RIOMY. Zok)i, B
HODWATIE? S HLA BEEEF — 7HRIZL o T
MERTF FERA 7YY — =07 F 5 L Reverse
Immunology % & XX 5™,

(3) #BFRAY HLA #E_ T F N
SHIAEEE SIL, BEMREEO HLA/MR S

Lo THLAREERTF FOT 3/ BEY % HEYN
WHHTT B FERWY L. RTFFOT I B
FUEHRD S, BB Y Oy ERHENT A2 DT
&5, Y SNIHIFEREEFORPDG, EEME
CRERNEHAZRTBETZENTAZLIZE
T, A PAPFERGEFEPERTF FEFRET
B2 LI L7 (1 SF9/FAMS3B). Reverse
Immuology #EIZ & » THZE SN B HETF FiT,
HLA ¥4 EF — 712 & o TFMll & W RIEHLE <
7F ¥ (Virtual Antigenic Peptide) T 5 DIZ%f L,
AHFEZL > TRESNERTF Fid, EBRIEE
MR IR SN TN AT T 2 I VIERTF I
(Natural Antigenic Peptide, NAP) T 5 = & A3
Thb.

2. BANROBEED 7 F &k

(1) DAVEDOEE

ZDEHNCLTEHEL OPVAPBREZT - RTFF
RFEELTALE, MHAFBEIIAS { 3HEIICHE
TEHLZEAHBLAS, 121 SYT-SSX1 B &

— 161 —



92 HARBER SR 14 2 550

(Vol. 37 No. 2)

BILT RN AFE S LB &9 T MBI R LA 72
(RP2ER  Pemimi RS A TH L. HA
B & 9 ST CRUHIY 2 BB Cd 5 75
ot MEAEMECERNOEETHL. 200
ISR BV COREIZEEL L T 25T, HA
M MM & B L 78R GE % & 25T 0%
TR M= AEEET S IAP family PUE R, 75
WAZEST-, AHPERAE - M R A3 E F
5. INSOHEIIL L~V Tldd B ASIE R
LEBLTBY, QIEEROIZDITHEEA K
LA RERH D, 320D T Vv— 7%, Cancer-
Testis (CT) antigens "¢, 1991 4£ {2 Thierry Boon & 12
L o THAE N/ MAGE-Al BRZORETH B,
EFAMS TR L2EE L ChuRwiET,
BIAEF CIC CTLI~CTI36 ¥ T 150 Figfi DL Lo CT
antigens 3 E4E SN T 5 (GeneCards V3).

SEAE S 513, CT antigens O — A% b BIIE
BOMNAEHRBISE IR L CB Y, AR
PR & L CTRIEBFCAHTH H1ENH T,
BEATIZ b 28 AR O I M S R A el & B A
LTWwaIERRIBLTWE (FRID)™Y, EHHS
&, ATAEENAS RAYSE B % 733 CT antigens %,
DA - A - EHIIPTE (Cancer-Testis-Stem, CTS
antigens) & RO, HIAEATASRMIIAEN 7 2 F > %
R ChH 5.

(2) DATIF A EEDREIELN
YA, AR & v sl s e %
DL OD AT, ATA O BBHEHME R
B -EBOTIBNBTHLEEZLNTEY, PA
w2 B & L AR O B S B HE S T i
BDHILTWAEY DABLE % A AL OB & A
ST AL, AN - JREM BT & 7
NEIUEFRG L AP, IEHWHI b 568
AYE LA ENE (B, Lok b
FAENE LT 7 F R BRANTHS I ?
EH O EBWET N EHWTHATHETIVERE
PAERET VERE 2T o7, ZORE, i
DFEFTNATBWTH DA ENE L EN LT
BRIEHET L ) BV EE I ENE S s (K
2)7. HAARCEEE b oA S, M
REEM: THINE (CTL) (k> CHllaEE2 S35 2
LHHERENTE Y™, HEATHADESES & O°
BT T 7F 2 & LTOBRGEIPHEENS.

IEE MR - AR

K1 HPABRMBROBSE,SSHEUAIANRBEORERE

DAL, D AMBE L OCEFEGEMECBI 55
By —rps, PAPEITAE S 3FEII EINS.
INIBTF =T 4 v EDIFENESTIE, DA - R
HIHTH 5.

3. BATYFUREGRRAR

(1) ERERABROBIECAER

HF LI, I F CORBEMEEREFAIZEIC R
572802, 2004 SE0 S RTF K7 7 F » OFFER
EEE PG L 72 (K 3). Survivin 32 HLA-A*
2402 i M CTL = ¥ b — 7" SVN-2B R 7*F K %
2 AR 4 [ TS B T 2 F BT,
RECIST 512 & o CHEEHIRIZN R 2 #5E L, HLA/
R7FFF b 5w — AT & ELISPOT Tz & » T
SIERN I E MG L 72°, SeERBIANCE, e
04 F7 ¥ a3y K& Interferon-a (IFN) 2 L
7;\:2%303.

WATKIEDTA (DAY L @ITONEAR A (F
RSP LEDA) OWFRENRE LRI BY
Th, IFN ZH LIl VT, FEICE W
RN & RESNE (5 b v S T
HIEHMHBRL/ (FR2), IFN#EHET 2 F %%
VT R B REAT IR S A O B 1 8 FERTRGE L /2
BAED B2 kP Th 5. 2012 4 X DIEFEH
B & % S0y CER I 8RR o 5. T4 %0 2 ik ik
DR WETH LR A Z TR L L7z SUN-2B Bl
G085 1 AHERREE] OfE, WEar bo— s
X 53% (158 T, 209 LETEIEASA 10 61%
BT LR, AT RiLssy AL
WEESRED LI, 20138 LY, [HRREEED
VVEITHIBASA Z R R E L7279 1K, SVN-2B
B 5., SVN-2B/IFN B 5 0 " E E B b
R 2FERhTh B,

— 162 —



B AT 0T L AIEAOER 93

DNA vaccine: | Cancer cell: RenCa
1, Survivin Sy i (kidney cancer)
2, DHAJES DNA Tumor

vaccination Challenge

Days Pl

A4 7 0
7000
| =&~ PBS
T 6000 T oDNAG1/Mock
E s000 - = pcDNAS.1/Survivin
. | - pcDNABA/DNAJED > PBS
3 4000 B peDNA3.1/Mock
2 /
S 000
g 2000 pcDNA3.1/Survivin
1000 ] P<0.05
o PCDNAB/DNAJES

2 BATOGFUOMBATHEFINER
Survivin ¥ 7213 DNAIBS % 27— ¥4 5 %3 Plasmid DNA % BALB/c ~ ™ A2 2 AIGEIE L 7o, FREDAMNANE RenCa 2 B4
L7z, DSAESH S B DNATBS 2 6095 LB, ARICEVIREITIM #3205 dmf""’

} RTFRIIF
N 3 5

e . %
. wmstres  (op . .

/ teny / \ . '{ /’5'—-7:::1?1./

4 cu
JopFicmmentrn (o T e f g‘% \ @'@3

/ MU ~
/ j ‘/ BAARBENT T \§

sammens o S\
T CTL & L e 3 -
\ i )

- /) —
HLA class W

R3 DBATIF > OEENHGRAD XL
RIF R F o ETFTERTSEE, BB LUFR) > 3 EHOMKAROW 512X o T_7F FER CTL 955t sh, #
WNCRE4 5. CTLIIPUERTFF% %ﬁiﬂ LCW AR 228U, MBEEGEE BETA. A ¥ — 720 V3B
DIEVEAL & BEIEAIRE 0 HLA class | 5B % RS 2.

(2) DATIFUEEODNAFT—H— RPFF7 2 F 0 FREZ T HSEOT I~ —

CTLZ VY b= T RTF FEH /2T 75 Dif JEATRE R RGP R B L2k 2 A, T
Bo—ok LT, ELISPOT @225 b 7 < — ff#7 thﬁmmrbvvwluTmm#ﬁwm o
Lo T2 F VRN CTLISE 2 E= YY) 7 . JEECRYE SRR L R AR S
TEBLEWHIEFEHLH TSNS, EBIZ, SVN-2B é;t#M%Lt

— 163 —



94 H A e fe i

& (Vol. 37 No. 2)

%2 SVN-2B BRRRREROBER (B:ERMR)

— BE - EBIHNR  rov-min
HABETORI—IL |BHER g (PR, SDRIE) psiCTLIN

KEahh

SVN-2BDH ® 15 27% (@15 13% (2115)

SVN-2B + FA i 5 20%(15) 0% (0/5)

SVN-2B rIFA+IFNa | SR 8 50% (4/8) 75%(6/8)

IFNaO# zH 3 0% (0/3) 0% (0/3)
BEBaAtA

SYNZBIEB+IENg | BB 6 66%(4/6) 65% (416)
DIREA A

SVN-2B 0 # 8 12% (1/8) 75% (6/8)

SYN2B #IFA+IENG | S8 6 50%(3/6) 100% (615)
BEREAtA

SVN-2B + IFA E3 ) 9 22% (2/9) 56% (5/9)

RS %h 203 CT {4 RECIST 236D W TRl L 72, 7 b9 < —
AL, T FUME LT Y F BT T CTL 8
7515 B ELERIIL 2o & CTL BN & UL IFA: FEg 7
ER VA NAM
IFNo: Interferon-o.

F 7z, R rEEMBREARO HLA class 1 5
BAEREREBICE > TIRIBTEZH 70— U Hiff
EMRS-5 #4837 L, FIsEEMmo s EHEL ~ L &
JEEHIRII R & R R L2 25, HLAclass I &%
EHE S N, BTS00 B B ClE
BRI RS SN o 72 BRAT 7 F U
EOFEFM~—H - LT, 7w —lihrEEs
HLA class I SiE MG 13O CHHTH L &
Z bz,

SHRORE

B R EABR D SEAT LTV B HYANLE Survivin (ZA%A
B - et EPUE CH Y, — T TH A
M de AR (CTS antigens) O [ 2 OR7TCI #1&fg &
T 570 F ORI ERRTHL. b
DR BT O B e 7V EER & FEE DM H
DAL SN LD E D A, KEEBRZEW, CTL T
Y h— TR, AW TF FOFREEE
MRS A HERABR L BEETH L. /2, FEeru
ART7TVanNy FRIFN LD L BEHEOZVHIE
WEPR LB T AL L GHROBELRETH S,

E1LWRIAT 7 FroRet & FHhE 2 EEIC
Lo CIEME» OBBIMIZETLT A2 Z AR LN T
WEHA, E0LSRIEAERLELT, e
o Lahs, EOXDRESHE-ERSEET,
Ewiﬁ&%ﬁ@Nf%F%“%?h&ﬁwwm

RREEDEL {REN T B, IR O E & 2880
nL74—FA77L&# , WA o F >
DEEEBE W,

1)

3)

4)

6)

7)

8)

9

10)

1)

12)

13)

— 164 —

X [

Nabeta, Y., et al.:
humoral autologous immunity in a human osteo-

sarcoma cell line. J Orthop Sci. 8: 554-559, 2003.
Tsukahara, T., et al.: Identification of human autol-

Recognition by cellular and

ogous cytotoxic T-lymphocyte-defined osteosarco-
ma gene that encodes a transcriptional regulator,
papillomavirus binding factor. Cancer Res. 64:
5442-5448, 2004.

Inoda, S., et al.: Cep55/c10orf3, a tumor antigen
derived from a centrosome residing protein in
breast carcinoma. J Immunother. 32: 474-485,
2009.

Nakatsugawa, M., et al.: Novel spliced form of a
lens protein as a novel lung cancer antigen, Leng-
sin splicing variant 4, Cancer Sci. 100: 1485-1493,
2009.

Yamamoto, T., et al.: Six-transmembrane epithelial
antigen of the prostate-1 plays a role for in vivo
tumor growth via intercellular communication.
Experimental cell research. 17: 2617-2626, 2013.
Honma, L, et al.: Aberrant expression and potency
as a cancer immunotherapy target of alpha-
methylacyl-coenzyme A racemase in prostate
cancer. J Transl Med. T: 103, 2009.

Sato, E., et al.: Identification of an immunogenic
CTL epitope of HIFPH3 for immunotherapy of
renal cell carcinoma. Clin Cancer Res. 14: 6916~
6923, 2008.

Nakatsugawa, M., et al.: Identification of an HLA-
A*0201-restricted cytotoxic T lymphocyte epitope
from the lung carcinoma antigen, Lengsin. [nt J
Oncol. 39: 1041-1049, 2011.

Sato, Y., et al.: Detection and induction of CTLs
specific for SYT-SSX-derived peptides in HLA-
A24(+) patients with synovial sarcoma. J Immunol.
169: 1611-1618, 2002.

Ida, K., et al.: Crisscross CTL induction by SYT-
SSX junction peptide and its HLA-A*2402 anchor
substitute. J Immunol. 173: 1436-1443, 2004.
Hirohashi, Y., et al.: An HLA-A24-restricted Cyto-
toxic T Lymphocyte Epitope of a Tumor-associated
Protein, Survivin. Clin Cancer Res. 8: 17311739,
2002.

Hariu, H., et al.: Aberrant expression and potency
as a cancer immunotherapy target of inhibitor of
apoptosis protein family, Livi/ML-IAP in lung
cancer. Clin Cancer Res. 11: 1000-1009, 2005.
Hirohashi, Y., et al.. The functioning antigens:
beyond just as the immunological targets. Cancer



B DSAT YT BB 95

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

Sci. 100: 798~-806, 2009.

Sato, N., et al.: Molecular pathological approaches
to human tumor immunology. Pathol Int. 59: 205~
217, 2009.

Hirohashi, Y., et al.: Cytotoxic T lymphocytes:
Sniping cancer stem cells. Oncoimmunology. 1:
123-125,2012.

Hirohashi, Y., et al.: Immune response against
tumor antigens expressed on human cancer stem-
like cells/tumor-initiating cells. Immunotherapy. 2:
201-211, 2010.

van der Bruggen, P., et al.: A gene encoding an
antigen recognized by cytolytic T lymphocytes on
a human melanoma. Science (New York, NY). 254:
1643-1647, 1991.

Nishizawa, S., et al.. HSP DNAJB8 controls
tumor-initiating ability in renal cancer stem-like
cells. Cancer Res. 72: 2844-2854, 2012.

Yamada, R., et al.: Preferential expression of
cancer/testis genes in cancer stem-like cells: pro-
posal of a novel sub-category, cancer/testis/stem
gene. Tissue antigens. 81: 428-434, 2013.

Saijo, H., et al.: Cytotoxic T lymphocytes: the
future of cancer stem cell eradication? Immuno-
therapy. 5: 549-551, 2013.

Inoda, S., et al.: Cytotoxic T lymphocytes efficient-
ly recognize human colon cancer stem-like cells.
The American journal of pathology. 178: 1805~
1813, 2011.

Mori, T., et al.: Efficiency of G2/M-related tumor-
associated antigen-targeting cancer immunotherapy
depends on antigen expression in the cancer stem-
like population. Exp Mol Pathol. 92: 27-32, 2012.
Nishizawa, S., et al.: Heat shock protein DNAJBS8
controls tumor-initiating ability in renal cancer
stem-like cells. Cancer Res, 2012.

Kano, M., et al.: Autologous CTL response against
cancer stem-like cells/cancer-initiating cells of
bone malignant fibrous histiocytoma. Cancer Sci.
102: 1443-1447, 2011.

Morita, R., et al.: Heat shock protein DNAJBS is
a novel target for immunotherapy of colon can-
cer-initiating cells. Cancer Sci, 2014 (in press).
Tsuruma, T., et al.. Clinical and immunological
evaluation of anti-apoptosis protein, survivin-
derived peptide vaccine in phase I clinical study
for patients with advanced or recurrent breast
cancer. J Trans! Med. 6: 24, 2008.

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

— 165 —

Honma, 1., et al.: Phase I clinical study of anti-
apoptosis protein survivin-derived peptide vac-
cination for patients with advanced or recurrent
urothelial cancer. Cancer Immunol Immunother.
58: 1801-1807, 2009.

Miyazaki, A., et al.. Phase 1 clinical trial of
survivin-derived peptide vaccine
patients with advanced or recurrent oral cancer.
Cancer Sci. 102: 324-329, 2011.

Kameshima, H., et al.: Immunogenic enhancement

therapy for

and clinical effect by type-I interferon of anti-
apoptotic protein, survivin-derived peptide vaccine,
in advanced colorectal cancer patients. Cancer Sci.
102: 1181-1187, 2011.

Kameshima, H., et al.: Immunotherapeutic benefit
of alpha-interferon (IFNalpha) in survivin2B-
derived peptide vaccination for advanced pancre-
atic cancer patients. Cancer Sci. 104: 124-129,
2013.

Torigoe, T., et al.: Establishment of a monoclonal
anti-pan HLA class I antibody suitable for immu-
nostaining of formalin-fixed tissue: Unusually high
frequency of down-regulation in breast cancer
tissues. Pathol Int. 62: 303-308, 2012.

Sahara, H., et al.: A Gene Encoding Human Gastric
Signet Ring Cell Carcinoma Antigen Recognized
by HLA-A31-Restricted Cytotoxic T Lympho-
cytes. J Immunother. 25: 235-242, 2002.
Tsukahara, T., et al.: Prognostic impact and im-
munogenicity of a novel osteosarcoma antigen,
papillomavirus binding factor, in patients with
osteosarcoma. Cancer Sci. 99: 368-375, 2008.
Tsukahara, T., et al.: HLA-A*0201-restricted CTL
epitope of a novel osteosarcoma antigen, papillo-
mavirus binding factor. J Trans! Med. 7: 44, 2009.
Kobayashi, J., et al.: Comparative study on the
immunogenicity between an HLA-A24-restricted
cytotoxic T-cell epitope derived from survivin
and that from its splice variant survivin-2B in oral
cancer patients. J Trans! Med. 7: 1, 2009.
Nakatsugawa M, et al.: SOX2 is overexpressed in
stem-like cells of human lung adenocarcinoma and
augments the tumorigenicity. Laboratory investi-
gation. 91: 1796-1804, 2011.



THE JOURHAL OF BIOLOGICAL CHEMISTRY WOL. 289, NO, 32, pp. 22035-22047, August 8, 2014
@ 2014 by The American Society for Biochemistry and Molecular Biology, Inc.  Published in the US A,

Specific Targeting of a Naturally Presented Osteosarcoma
Antigen, Papillomavirus Binding Factor Peptide, Using an
Artificial Monoclonal Antibody™

Received for publication, March 30, 2014, and in revised form, June 9, 2014 Published, JBC Papers in Press, June 24, 2014, DOI 10.1074/jbc.M114.568725

Tomohide Tsukahara'', Makoto Emori®, Kenji Murata®, Takahisa Hirano", Norihiro Muroi", Masanori Kyono®,
Shingo Tojil, Kazue Watanabe!, Toshihiko Torigoe®, Vitaly Kochin', Hiroko Asanuma**, Hiroshi Matsumiya'*,

Keiji Yamashita'?, Tetsuo Himi'", Shingo Ichimiya®®, Takuro Wada®, Toshihiko Yamashita®, Tadashi Hasegawa**,
and Noriyuki Sato"

From the *Department of Pathology, "M.D./Ph.D. program, and *°Department of Inmunology, Frontier Medical Research Center,
Sapporo Medical University School of Medicine, Sapporo 060-8556, Japan, ®Department of Orthopaedic Surgery, Sapporo Medial
University School of Medicine, Sapporo 060-8543, Japan, lina Laboratory, Medical and Biological Laboratories Company, Limited,

Ina 396-0002, Japan, ¥*Division of Surgical Pathology, Sapporo Medical University Hospital, Sapporo 060-8543, Japan,
*Department of Otolaryngology, Sapporo Medical University School of Medicine, Sapporo 060-8543, Japan

Background: Peptide vaccine-based immunotherapy targeting tumor-associated antigens can elicit CTL responses. How-
ever, the expression status of HLA-vaccinated peptide complexes on tumor cells is unknown.

Results: Using a phage display, we isolated mAb D12, which reacted with an HLA-A2-PBF peptide.

Conclusion: We successfully detected the HLA-peptide complex on osteosarcoma cells.

Significance: Assessment of HLA-peptide complexes is important to predict the effect of immunotherapy.

Osteosarcoma is a rare but highly malignant tumor occurring
most frequently in adolescents. The prognosis of non-respond-
ers to chemotherapy is still poor, and new treatment modalities
are needed. To develop peptide-based immunotherapy, we pre-
viously identified autologous cytotoxic T lymphocyte-defined
osteosarcoma antigen papillomavirus binding factor (PBF) in
the context of HLA-B55 and the cytotoxic T lymphocyte epitope
(PBF A2.2) presented by HLA-A2. PBF and HLA class I are
expressed in ~90 and 70% of various sarcomas, respectively.
However, the expression status of peptide PBF A2.2 presented
by HLA-A2 on osteosarcoma cells has remained unknown
because it is difficult to generate a specific probe that reacts with
the HLA peptide complex. For detection and qualification of the
HLA-A*02:01-PBF A2.2 peptide complex on osteosarcoma cells,
we tried to isolate a single chain variable fragment (scFv) anti-
body directed to the HLA-*A0201-PBF A2.2 complex using a
naive scFv phage display library. As a result, scFv clone D12 with
high affinity (K, = 1.53 X 1079 m) was isolated. D12 could react
with PBF A2.2 peptide-pulsed T2 cells and HLA-A2+PBF+
osteosarcoma cell lines and simultaneously demonstrated that
the HLApeptide complex was expressed on osteosarcoma cells.
In conclusion, scFv clone D12 might be useful to select candi-
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date patients for PBF A2.2 peptide-based immunotherapy and
develop antibody-based immunotherapy.

Osteosarcoma is the most common primary malignant
tumor of bone. The survival rate of patients with this disease
was under 20% before 1970. Since then, the introduction of
neoadjuvant chemotherapy, establishment of guidelines for
adequate surgical margins, and development of postexcision
reconstruction have raised the 5-year survival rate to 60~70%
(1, 2). These advances overshadowed the pioneering adjuvant
immunotherapy trials using autologous tumor vaccines for
patients with osteosarcoma despite their having some thera-
peutic efficacy (3—5). However, the survival rate of patients
with osteosarcoma has reached a plateau in the last decade (6),
which has reignited interest in immunotherapeutic approaches
(7-10).

Peptide vaccine-based immunotherapy targeting tumor-as-
sociated antigens could elicit CTL? responses against HLA-
peptide complexes. Therefore, expression of targeted HLA-
peptide complexes on tumor cells is prerequisite for peptide
vaccination. However, the detection and visualization of
HLA-peptide complexes is very difficult because (i) it is still
hard to establish CTL clones directed to HLA peptide com-
plexes, (ii) the affinity of soluble natural TCR obtained from
CTL clones is not sufficient to visualize HLA-peptide com-
plexes, (iii) generation of anti-HLA-peptide monoclonal anti-
bodies using immunized mice is very difficult, and (iv) the

2 The abbreviations used are: CTL, cytotoxic T lymphocyte; PBF, papillomavi-
rus binding factor; scFv, single chain variable fragment; OS, osteosarcoma;
MFH, malignant fibrous histiocytoma; VH, variable regions of heavy chains;
VL, variable regions of light chains; Vk, variable regions of VL« chains and
VI, variable regions of VLA chains; YT, yeast extract-tryptone; higG, human
1gG; MFI, mean fluorescence intensity; TCR, T cell receptor.
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amount of a specific HLA-peptide complex on cells might be
too low to detect. Therefore, although generation of anti-
HLA-vaccine peptide complex antibodies is very attractive, it
remains challenging.

Papillomavirus binding factor (PBF)} was first identified as a
transcription factor regulating promotor activity on the human
papillomavirus type 8 genome (11). We demonstrated that PBF
was an osteosarcoma-associated antigen recognized by an
autologous cytotoxic T lymphocyte clone (12). Immunohisto-
chemical analysis revealed that 92% of biopsy specimens of
osteosarcoma expressed PBF. Moreover, PBF-positive osteo-
sarcoma has a significantly poorer prognosis than that with
negative expression of PBF (13). Generally, conventional osteo-
sarcoma is a malignant neoplasm of mesenchymal origin, and
there is no specific cause such as viral infection (14). It is sug-
gested that PBF has certain functions not only in transcription
of the human papillomavirus genome but also in the cell sur-
vival and apoptosis of osteosarcoma (15, 16), innate immunity
(17), and adipogenesis (18). Conversely, HLA class I is also
expressed in 68% of primary osteosarcoma tissues and corre-
lated with good prognosis (19). These findings suggest that
osteosarcoma might be immunogenic for cellular immunity.
Next, we identified the CTL epitopes in the context of HLA-
A24 and HLA-A?2 by a reverse immunology approach (13, 20).
We are currently conducting a clinical phase I trial of peptide
vaccination therapy for patients with osteosarcoma using these
epitopes. Obviously, the expression status of PBF and HLA class
I can be assessed by standard immunohistochemistry. How-
ever, the expression status of the HLA class I'CTL epitope com-
plex on osteosarcoma cells is still unknown because of the dif-
ficulty of visualization of HLA*peptide complexes.

In this study, with the aim to characterize of the expression
status of various HLApeptide complexes on tumor cells, we
constructed a naive single chain variable fragment (scFv) phage
display library and generated an artificial scFv antibody that
reacts with an HLA-peptide complex using the PBF-derived
peptide (PBF A2.2) in the context of HLA-A2 as a prototype
antigen. Subsequently, we tried to detect the HLA-A2-PBF A2.2
peptide complex on osteosarcoma cells.

EXPERIMENTAL PROCEDURES

The present study was approved by the Ethics Committee of
Sapporo Medical University. The patients, their families, and
healthy donors provided informed consent for the use of blood
samples and tissue specimens in our research.

Cell Lines

Five human osteosarcoma (OS) cell lines (U208, OS2000,
KIKU, Saos-2, and HOS) and one bone human malignant
fibrous histiocytoma (MFH) cell line (MFH2003) were used.
The transporter associated with antigen processing (TAP)-de-
ficient cell line T2 was also used. 052000, KIKU, and MFH2003
were established in our laboratory (21-23). The other cell lines
were kindly donated or purchased from the Japanese Collection
of Research Bioresources Cell Bank (Tokyo, Japan) and Amer-
ican Type Culture Collection (Manassas, VA). MFH2003 and
082000 were cultured with Iscove’s modified Dulbecco’s
Eagle’s medium (Invitrogen) containing 10% FBS, and the oth-
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ers were maintained in Dulbecco’s modified Eagle’s medium
(DMEM; Sigma-Aldrich) containing 10% FBS ina 5% CO, incu-
bator at 37 °C.

One primary culture of OS cells was used. Fresh specimens
taken at surgery from the primary tumor in the left distal femur
of a 15-year-old female were minced into small pieces and sep-
arately cultured with Iscove’s modified Dulbecco’s Eagle’s
medium containing 10% FBS in a 5% CO, incubator. When the
cells grew to confluence, half were trypsinized and passaged.
After 30 passages, cultured cells were used for the study. Malig-
nant features of cultured cells were confirmed by cytodiagnosis.

Biotinylated Antigens and Peptides

Biotinylated HLA-A*02:01-peptide complex monomers were
constructed by Medical and Biological Laboratories, Co., Ltd.
(Nagoya, Japan). Peptides PBF A2.2 (ALPSFQIPV), HIV-A2
(SLYNTVATL), CMV-A2 (NLVPMVATYV), Epstein-Barr virus
LMP1 (YLQQNWWTL), NY-ESO-1 (SLLMWITQC), WT1
(RMFPNAPYL), human T-lymphotropic virus type I Taxl
(LLFGYPVYV), human T-lymphotropic virus type I Tax2
(QLGAFLTNV), MPT51 (TALGKGISVV), MART-1 (ELAG-
IGILTV), influenza M1 (GILGFVFTL), gplOOM (IMDQV-
PFSV), tyrosinase (YMDGTMAQYV), and gpl00 (KTWGQY-
WQV) were used in the present study.

Construction of scFv Library from Naive Donors

Construction of the Phagemid Vector pMARXL—We first
constructed a phagemid vector based on pModl (a kind gift
from Dr. Potjamas Pansti, Aarhus University, Aarhus, Den-
mark) (24). A point mutation at the Xhol site of the ampicillin
resistance gene and linker peptide between the cloning sites of
variable regions of heavy and light chains (VH and VL, respec-
tively) were introduced into pMod1 as follows. The point muta-
tion was introduced into the Xhol site of the ampicillin resis-
tance gene of pModl with a PrimeSTAR Mutagenesis Basal
kit using primers AmpR Xhol-mutation sense (5’-TGGGTGC-
ACGAGTGGGTTACATCGAAC-3') and AmpR Xhol-mu-
tation antisense (5'-CCACTCGTGCACCCAACTGATCTT-
CAG-3’) according to the manufacturer’s protocol. The resul-
tant mutant was digested with Xhol and Not! followed by
electrophoresis, cutting, and gel extraction using a QIAEX II
Gel Extraction kit (Qiagen, Hilden, Germany). Next, two olig-
onucleotides containing Xhol-peptide linker-Nhel-Notl
(sense, 5'-TCGAGGGTGGAGGCGGTTCAGGCGGAGGT-
GGCTCTGGCGGTGGCGCTAGCGGCAGATCTGATGA-
CGC-3'; antisense, 5 -GGCCGCGTCATCAGATCTGCCGC-
TAGCGCCACCGCCAGAGCCACCTCCGCCTGAACCGC-
CTCCACCC-3') were denatured, annealed, and ligated into
the digested vector using DNA Ligation kit version 2 (Takara)
followed by transformation of Escherichia coli DH5¢. The res-
ultant vector was designated pMARXL (see Fig. 1).

scFv phage display libraries were constructed according to
the methods described by Pansri et al. (24) and Schofield et al.
(25) with some modifications to optimize the experimental
conditions. The primers used for the amplification of variable
regions are listed in supplemental Table S1.

Source and ¢cDNA Preparation—Peripheral blood mononu-
clear cells of 31 healthy volunteers and two surgically resected

ZASBMB

VOLUME 289-NUMBER 32+ AUGUST 8, 2014

— 167 —



scFv That Reacts with HLA-A2-PBF Peptide on Osteosarcoma

tonsils were used as RNA sources. Peripheral blood mononu-
clear cells were separately isolated from 50 ml of peripheral
blood from each donor followed by total RNA extraction using
an RNeasy Mini kit (Qiagen). Total RNA of the tonsils was
separately extracted using an RNeasy Maxi kit (Qiagen). mRNA
was isolated from each RNA using an Oligotex-dT30 <Super>
mRNA Purification kit (Takara, Otsu, Japan). Thirty-one
mRNA samples were divided and gathered into six groups (five
to six mRNA samples per group). mRNAs of the two tonsils
were gathered into a separate group. Then the mRNAs of the
seven groups were converted into cDNAs with a First-Strand
c¢DNA Synthesis kit (GE Healthcare). For reverse transcription,
the specific primers for the x and A light chains and IgM heavy
chain were used.

Primary PCR—Amplification of VH and VL was performed
with DNA polymerase KODplus (Toyobo) using cDNA and the
primers to amplify variable regions of VH and VL including the
k and A chains (Vk and V], respectively). All 5’ primers (14 VH
primers, 13 Vk primers, and 15 VI primers) were used sepa-
rately for PCR. 3’ primers for VH (four primers), Vk (five prim-
ers), and VL (three primers) were mixed in each group and
used. Therefore, 294 PCRs were performed separately. The
PCR mixture was denatured at 94 °C for 2 min followed by 35
cycles at 94 °C for 15 s, 55 °C for 30 s, and 68 °C for 1 min.
Amplicons of VH, Vk, and VI were electrophoresed (see Fig.
2A). The bands around 350 bp containing VH, Vk, and V]l were
cut out, and cDNAs were separately extracted.

Secondary PCR—Extracted ¢cDNA was used for secondary
PCR to introduce restriction enzyme sites. PCR was performed
using %o of each amplicon as the template and primers. 5" prim-
ers of 14 VH with mixed 3'-primers (four primers), 5’ primers
of three Vk with mixed 3’ primers (five primers), and 5" primers
of three VI with mixed 3 primers (three primers) were used.
The PCR mixture was denatured at 94 °C for 2 min followed by
35 cycles at 94.°C for 15 s, 55 °C for 30 s, and 68 °C for 1 min.
Restriction site-introduced amplicons of 14 VH, three Vk, and
three V]l were confirmed by electrophoresis (see Fig. 2B). These
amplicons were gathered into 17 groups (VHI1, VH2, VH3,
VH4, VH5, VH6, VH7, VK1, Vk2, VK3, Vk4, VK5, Vk6, V11-2,
VI3, V4 — 6, and V17-10) and purified with a column (QIAquick
PCR Purification kit, Qiagen).

Construction of Initial Library of VH, Vk and VI—Purified
c¢DNA of VH was digested with Sfil at 50 °C for 2 h followed by
purification with the column and digestion with Xhol at 37 °C
for 2 h. cDNAs of Vkand VI were digested with Nhel at 37 °C for
2 h followed by purification using the column and digestion
with Notl at 37 °C for 2 h. The digested cDNA was electro-
phoresed, cut, and extracted as with primary PCR products.
¢DNA of VH was ligated into dephosphorylated pMARXL
digested with Sfil and Xhol using a Rapid DNA Dephos and
Ligation kit (Roche Diagnostics GmbH). All large scale ligation
reactions were performed at 16 °C overnight. cDNAs of Vk and
V1were subcloned into pMARXL digested with Nhel and Notl.
Ligation products were purified with a column and electropo-
rated into DH12S (Invitrogen). These were the initial libraries
of VH and VL (Table 1).

Construction of the scFv Library—Inserts of VH were pre-
pared from the initial libraries and digested with Sfil and Xhol

)
-
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followed by electrophoresis, cutting, and gel extraction. Vector
DNAs coding Vk and V1 were prepared from the initial libraries
and digested with Sfil and Xhol followed by dephosphorylation.
All k and A libraries were combined into one group. Insert
¢DNAs and vector DNAs were ligated, purified, and electropo-
rated into competent TG1 cells (Lucigen Corp., Middleton,
W1). Transformed E. coli were plated on a 1.5% agarose gel of
2X YT containing ampicillin (100 ug/ml) and 2% glucose (2%
YTAG) followed by the collection of all colonies into 2X YT
liquid. Aliquots of E. coli were divided and frozen with 20% glyc-
erol. Inaddition, scFv libraries of VH3-Vk1 and VH3-VI6 were also
prepared. These were the main scFv libraries (Table 1).

Construction of Additional scFv Libraries—To construct
additional libraries of VH3-VK1 and VH3-V16, the primary
PCR products of heavy chains (VH3a, VH3b, and VH3c) and
light chains (Vkla, Vk1b, Vklc, Vk1d, and V16) were used inde-
pendently for secondary PCR to introduce restriction enzyme
sites and linker sequences with the primers listed in supple-
mental Table S1 followed by column purification, electropho-
resis, cutting, and gel extraction. cDNAs of VH3 and VL (Vk1
and V16, respectively) were assembled by PCR. Equal amounts
of cDNAs of heavy and light chains were used in the reaction
mixture without primers. The PCR mixture was denatured at
94.°C for 2 min followed by five cycles at 94 °C for 30 sand 68 °C
for 1 min. The reaction products were used for pull-through
PCR containing the primers PT-BAKSfi (5'-GTCCTCGCAA-
CTGCGGCCCAGCCGGCCATGGCC-3') and PT-FORNot
(5'-GAGTCATTCTCGACTTGCGGCCGCAC-3"). The mix-
ture was denatured at 94 °C for 2 min followed by 30 cycles at
94 °C for 15 s, 55 °C for 30 s, and 68 °C for 1 min followed by
column purification. Assembled ¢cDNAs of VH and VL were
digested with Sfil followed by digestion with Notl. After
column purification, digested cDNA was ligated into digested
and dephosphorylated pMARXL. After column purification,
phagemids were electroporated into competent TGL. Trans-
formed E. coli were plated on 2X YTAG plates followed by the
collection of all colonies into 2X YT liquid. Aliquots of E. coli
were divided and frozen. The additional libraries were VH3-
Vk1 and VH3-VI6 (Table 1).

Titration—E. coli electroporated with the library phagemid
or infected with phages were serially diluted and plated on 2X
YTAG plates followed by incubation at 37 °C overnight. The
next day, the number of independent colonies was counted, and
the titer was calculated.

Preparation of Primary Stocks and Rescue of the Libraries—
Glycerol stock of each library was added to 500 ml of 2X YTAG
liquid and incubated at 37 °C for 2 h. Cultured liquid containing
E. coli was divided into aliquots of 1 ml/tube and cryopreserved
with glycerol at —80 °C. These were the primary stocks of the
libraries. These primary stocks were rescued as follows. Glyc-
erol stocks of all the libraries were added to 25 ml of 2X YTAG
liquid and shaken at 37 °C for 60 —90 min until the A, reached
0.5-1.0 followed by addition of 2.5 X 10*® of M13K07 (Invitro-
gen). After a 60-min incubation, £. coli were centrifuged. The
pellet of E. coli was resuspended in fresh 2X YT containing
ampicillin and kanamycin (25 pg/ml) and incubated with shak-
ing at 30 °C overnight.
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PEG Precipitation—The overnight culture of E. coli was cen-
trifuged at 1000 X g for 20 min at 4 °C. The supernatant con-
taining phage particles was collected, and % volume of 20%
polyethylene glycol with 2.5 M NaCl was added followed by
incubation on ice for more than 1 h. The phage was pelleted by
centrifugation at 12,000 X g for 10 min at 4 °C, and then it was
suspended with 4 ml of PBS, filtrated with a 0.45-um filter, and
used for biopanning.

Biopanning with Biotinylated Antigen

Before biopanning, the phage library (0.25 ml) was mixed
with PBS containing 4% (w/v) milk (4% PBS-M) in a 1.5-ml tube
and incubated with 100 ul of magnetic beads (Dynabeads
M-280 Streptavidin, Invitrogen) that were prewashed with PBS
with 0.1% Tween 20 (PBS-T) at room temperature for 60 min.
After incubation, the phage supernatant was harvested on a
magnetic stand. This step can remove nonspecific phages.

Biopanning was performed as follows. 100 ul of the magnetic
beads was prewashed with PBS-T and blocked with 2% PBS-M
for 1-2 h at room temperature. The phage supernatant was
mixed with 0.5 ml of biotinylated antigen (500 nM in the first
round and 100 nM in PBS in the second and subsequent ones)
and mixed at room temperature for 60 min. After incubation,
the phage-antigen mixture was mixed with the magnetic beads
followed by additional incubation for 15 min. Then the beads
were washed six times with 1 ml of 2% PBS-M with 0.1%
Tween 20 and twice with 1 ml of PBS. Specific phage binders
were eluted from the magnetic beads by incubation with 1 ml
of 100 mM triethylamine for 7 min. The eluted phage aliquot
was immediately neutralized with 100 wl of 1 M Tris-HCl (pH
7.4). Next, the resultant phage aliquot was used for phage
rescue.

Phage rescue was performed as follows. Half of the phage
aliquot after biopanning was added to 10 ml of log-phase TG1
and incubated at 37°C for 1 h with slow shaking. This step
allowed the phage to infect TG1. After incubation, ampicillin
(final concentration, 100 pg/ml), glucose (final concentration,
20% (w/v)), and more than 1 X 10' pfu of helper phage
M13K07 was added and incubated for 60 min. Cultured TG1
infected with the phage and M13K07 was centrifuged at
2500 X g for 5 min and resuspended with 25 ml of fresh 2X YT
containing ampicillin (100 ug/ml) and kanamycin (25 ug/ml)
without glucose followed by incubation in a new flask at 30 °C
overnight. The overnight culture of bacteria including the pro-
liferated phage was isolated by PEG precipitation and used for
the next round of biopanning.

Preparation of Log-phase TG1

TG1 was plated on agar plates of M9 minimal medium with 1
mu thiamine hydrochloride and 0.1% glucose. After overnight
incubation at 37 °C, a single colony was inoculated into 100 m!
of 2X YT medium followed by overnight incubation at 37 °C. A
1-mlaliquot of E. coli was inoculated into 100 ml of 2X YT and
incubated at 37 °C with fast shaking for 90 -120 min until the
Agpo value reached 0.5-1.0. The resultant E. coli were used as
the log-phase TG1 for phage rescue.
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Screening Specific Phage Clones Binding to the Biotinylated
Antigen

After biopanning, soluble scFv expression of TG1 infected
with the phage was induced in a microplate. Half of the phage
aliquot after biopanning was added to 10 ml of log-phase TG1
and incubated at 37 °C for 1 h with slow shaking. After incuba-
tion, the aliquot of E. coli was diluted, seeded on a 2X YTAG
plate, and incubated at 30 °C overnight. The next day, 94 clones
were picked up and inoculated independently into wells con-
taining 150 ul of 2X YTAG in a 96-well microculture plate. The
plate was incubated at 30 °C with shaking overnight for phage
rescue. The following day, 10 ul of cultured E. coli in each well
was inoculated into 100 ul of 2X YTAG in a new 96-well micro-
culture plate. The plate was incubated at 30 °C for 5~ 6 h. After
incubation, the plate was centrifuged at 1000 X g for 5 min
followed by replacement of the medium with 100 ul of 2X YT
containing ampicillin and 1 mu isopropyl 1-thio-B-p-galacto-
pyranoside. Then the plate was incubated at 30 °C overnight.
After incubation, it was centrifuged at 1000 X g for 10 min.
Then 50 ul of the supernatant was harvested and immediately
used for ELISA screening.

For ELISA, 100 ul of biotinylated antigen (5 pg/ml in PBS)
was added to each well of a streptavidin-coated 96-well micro-
plate (BioBind Assembly strip, 1 X 8, streptavidin-coated,
Thermo Fisher Scientific, Vantaa, Finland) and incubated at
room temperature for 1 h. After three washes with 300 ul of
PBS-T, each well was blocked with 200 ul of 2% PBS-M con-
taining 5% DMSO for more than 30 min. After blocking, the
liquid was discarded, and then 50 ul of 4% PBS-M containing
5% DMSO and 50 ul of culture supernatant containing sol-
uble scFv were added. After a 1.5-h incubation, each well was
washed, and 100 pl of an anti-myc-HRP antibody (1:1000
dilution in PBS; Miltenyi Biotec, Gladbach, Germany) was
added. Aftera 1-h incubation, each well was washed, and 100
plof ABTS Peroxidase Substrate (Kirkegaard and Perry Lab-
oratories, Inc., Gaithersburg, MD) was added. After 20 min,
the 4,45 was assessed using a microplate reader.

Sequence Analysis

Sequences of scFv were analyzed using BigDye Verl.0
according to the manufacturer’s protocol. Sequence primers
used in the present study were LMB3 (5'-CAGGAAACAGCT-
ATGAC-3'), Gene III leader (5'-GTGAAAAAATTATTATT-
CGCA-3'), and FDTSEQ1 (5’-GTCGTCTTTCCAGACGTT-
AGT-3") for pMARXL and pFUSE-hlgG1-Fc2 FW(545-572)
(5'-CTGAGATCACCGGCGAAGGAGGGCCACC-3’) and
pFUSE-hlgG1-Fc2 RV(735-706) (5'-TGGGTTTTGGGGGG-
AAGAGGAAGACTGACG-3') for pFX-hIgG1. The sequences
were analyzed using the International ImMunoGeneTics
Information System website (26).

Generation of scFv-hlgG and scFv Multimer

We constructed a derivative of pFUSE-higG-Fc2 (Invivo-
Gen, San Diego, CA) that could express bivalent scFv with a
constant region of human IgG to introduce the Notl site into
the multicloning site. The mutation was inserted into the NotI
site in the 3’-end of the ori sequence using a PrimeSTAR
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Mutagenesis Basal kit with the primers pFUSE Notl mutation-
sense (5'-ATCAGCGCCCGCAATAAAATATCTTTA-3')
and pFUSE Notl mutation-antisense (5'-TATTGCGGGCGC-
TGATTTAAATGTTAAT-3') according to the manufacturer’s
protocol. Next, we introduced a new multicloning site into the
mutant vector. The vector was digested with EcoRV and Bglll
followed by column purification. The digested vector was lig-
ated to annealed double-strand oligonucleotides (EcoRV/BglII
pFUSEIghFC2 sense, 5'-ATCGGCCATGGTTTGGTACCTT-
GCGGCCGCTA-3'; EcoRV/Bglll pFUSEIghFC2 antisense,
5"-GATCTAGCGGCCGCAAGGTACCAAACCATGGCC-
GAT-3'). The derivative of pFUSE-hIgG1-Fc2 was designated
pFX-hIgGl. cDNA of VH and VL with a peptide linker of
PMARXL was subcloned into pFX-hIgG1 via the Ncol-Notl site.
For soluble expression of scFv-hIgG, 4 ug of the plasmid was
transfected using Lipofectamine 2000 (Invitrogen) into 293T
cells precultured on a 10-cm culture dish in DMEM
supplemented with 10% FBS. After 4 -5 h, the culture medium
was replaced with fresh AIM V (Invitrogen) without serum.
The supernatant was harvested and replaced with fresh AIM V
at 24, 48, and 72 h after transfection. The collected supernatant
was passed through a chromatography column with Protein G
at 4 °C. The column was washed with 20 mm sodium phosphate
(pH 7.0) and eluted by fraction (1 ml/fraction) with a total of 5
ml of 0.1 m glycine (pH 2.7) followed by immediate neutraliza-
tion with Yio volume of Tris-HCl (pH 9.0). Fractions containing
antibodies were assessed by SDS-PAGE with or without DDT
to confirm that oxidized scFv-higG formed a dimer protein.
The multimer of scFv-higGl (scFv multimer) was con-
structed as follows. Briefly, the Bir domain was introduced into
the 3'-end of the hIgGl Fc region by gene synthesis. Soluble
expression and purification of the antibody protein were per-
formed as described above. The antibody protein was biotiny-
lated using the BirA enzyme and mixed with phycoerythrin-
conjugated streptavidin to achieve a 1:4 molar ratio.

Surface Plasmon Resonance Analysis

Surface plasmon resonance analysis was performed using a
ProteOn XPR36 (Bio-Rad) according to the protocol described
by Nahshol et al. (27). Briefly, 1 pg/ml biotinylated monomer
(HLA-A*02:01-PBF A2.2 peptide or HLA-A*02:01-HIV pep-
tide) in PBS supplemented with 0.005% Tween 20 (PBST) was
injected at 30 ul/min at 25 °C to be captured on a neutravidin-
immobilized NLC sensor tip. Subsequently, serially diluted
scFv-hlgG in PBST was injected at 50 ul/min at 25 °C. All bind-
ing sensorgrams were collected and analyzed using ProteOn
Manager software (Bio-Rad).

Immunostaining and Flow Cytometry

Before immunostaining, T2 cells (5-10 X 10%) were incu-
bated in 200 pl of AIM V with each peptide at 50 ug/ml (PBF
A22, HIV-A2, and CMV-A2) on a 96-well round bottom
microculture plate at 26 °C overnight followed by 2-h incuba-
tion at 37 °C. For immunostaining, 5-10 X 10° target cells were
seeded in a 96-well microculture plate and incubated with
50-100 wl of 10 pg/ml or 1 mg/ml scFv-hlgG or the superna-
tant of a hybridoma (BB7.2 or W6/32; purchased from Ameri-
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can Type Culture Collection) on ice for 60-90 min. After two
washes, the cells were incubated with 100 pl of anti-human IgG
conjugated with Qdot655 (1:200 dilution; Invitrogen) or an
FITC-conjugated rat anti-mouse IgG antibody (1:200 dilution;
Kirkegaard and Perry Laboratories, Inc.) for 40 min. The cells
were also stained with 50 ul of the scFv multimer (3 or 10
ug/ml) on ice for 60 —90 min. After immunostaining, cells were
washed and fixed with 200 ul of PBS with 0.5% formaldehyde
and analyzed using FACS Array and CellQuest software (BD
Biosciences). The reactivity of the antibodies was evaluated by
the percent mean fluorescence intensity (%MFI) increase using
the following calculation. %MFI increase = ((MFI of the sam-
ples — MFI of the negative control)/{MFI of the negative con-
trol)) X 100.

Inhibition Assay of Functional CTL Clone

CTL line 5A9 is an oligoclonal line containing HLA-A*02:
01-PBF A2.2 peptide tetramer-positive cells that can recognize
peptide PBF A2.2 in the context of HLA-A2 (20). After thawing
the cryopreserved stock, cells were cultured in AIM V supple-
mented with 10% AB human serum and recombinant human
IL-2 (200 units/m}; a kind gift from Takeda Pharmaceutical
Company, Ltd., Osaka, Japan) in a 96-well microculture plate.
On day 27, CTL 5A9 was stained with an anti-CD8-allophyco-
cyanin APC antibody, HLA-A*02:01-PBF A2.2 tetramer-phy-
coerythrin, and HLA-A*02:01‘HIV tetramer-FITC (negative
control) (Medical & Biological Laboratories, Co., Ltd.) on ice
for 30 min. After staining, the cells were incubated with anti-
phycoerythrin magnetic beads (Miltenyi Biotech) followed by
magnetic sorting of the tetramer-positive cells according to the
manufacturer’s protocol. U20S cells (50,000 cells/well) were
seeded in a 96-well flat bottom microculture plate. Next, the
cells were preincubated with D12 scFv-hIgG1 or irrelevant D11
scFv-hlgG1 for 1 h at room temperature. Subsequently, sorted
tetramer-positive cells (12,000 cells/well) or control medium
without cells was added and cocultured for 20 h. The concen-
tration of IFN-vy in the supernatant was analyzed using a human
IEN-vy DuoSet ELISA Development kit (R&D Systems, Minne-
apolis, MN) according to the manufacturer’s protocol.

RESULTS

Generation of a Naive scFv Phage Display Library—We con-
structed an scFv phage display library with RNA extracted from
human peripheral mononuclear cells of 31 naive donors and two
surgically resected tonsils on the new phagemid vector pMARXL
(Fig. 1) using a total of 97 primers (supplemental Table S1). All
294 amplicons of VH, Vk, and Vl after primary PCR are shown
in Fig. 2. The amplicons were used to introduce restriction
enzyme sites by secondary PCR and subcloned into
pPMARXL. As a result, 16 initial sublibraries and 18 scFv subli-
braries containing a total of 1.29 X 10® scFv clones were
obtained (Table 1).

Three scFv Clones Recognized HLA-A2-Osteosarcoma Anti-
gen PBF-derived Peptide Complex—We performed biopanning
with a biotinylated HLA-A*02:01-PBF A2.2 peptide complex as
the antigen and a rescued library phage. The ratios of output
phage/input phage were 6.9 X 107% in the first round of bio-
panning, 6.2 X 1077 in the second round, and 8.2 X 10" ® in the
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'/ LMB3 primer
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FIGURE 1. Structure and sequence around the multicloning site of the phagemid vector pMARXL.
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TCA TTT ACT AAC GTC TGG AAA GAC GAC ARA ACT TTA GAT CGT TAC

T L D R Y

FIGURE 2. Electrophoresis of amplified variable regions after primary PCR. Arrows indicate the adequate amplicons (around 350 bp) containing variable

regions.

third round (Fig. 34). The gradual increase of the ratio indi-
cated that adequate enrichment of specific phages was success-
fully achieved. Considering that the size of the libraries was
1.20 X 10° clones, a 1072° order of enrichment efficiency was
sufficient to isolate specific binders. After three rounds of bio-
panning, we screened the reactivities of 94 randomly selected
scFv clones against the antigen by ELISA. As a result, we
obtained three scFv clones (D12, G3, and H7) that were more
highly reactive with the HLA-A*02:01-PBF A2.2 peptide com-
plex than with the HLA-A*02:01-HIV peptide complex (Fig.
3B). Sequence analysis revealed that the three scFv clones had

The scFv Clones Could React with Peptide PBF A2.2 Presented
by HLA-A%02:01 on Antigen-presenting Cells with Strong
Affinity—Next, we constructed scFv-hlgG possessing bivalent
scFv with the human IgGl constant region and assessed
whether the scFv clones could recognize peptide PBF A2.2 pre-
sented on the cell surface. D12 scFv-higGl could successtully
form an oxidized dimer (Fig. 44.) The dimeric structures of the
other clones were also confirmed (data not shown). We found
that the three clones of scFv-hlgG could recognize T2 cells
pulsed with peptide PBF A2.2 but not peptide HIV-A2 or pep-
tide CMV-A2 (Fig. 48). Monovalent scFv could not react with

identical VH and VL (Fig. 3C). peptide-pulsed T2 cells (data not shown). We selected scFv
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clone D12 as the representative clone for further analysis
because the three clones contained an identical complementa-
rity-determining region sequence and showed the same speci-
ficity. Kinetics analysis of protein interaction between scFv D12

TABLE1
Scale of constructed libraries
*, prepared as the “additional libraries” described under “Experimental Procedures.”

and the HLA-A*02:01-PBF A2.2 peptide complex using surface
plasmon resonance analysis showed the strong affinity of scFv
D12 with the HLA-A02:01-PBF A2.2 peptide complex (K, =
1.53 X 107° m) (Fig. 4C). Simultaneously, D12 scFv-hIgG
showed weak binding activity with the HLA-A*02:01-HIV pep-
tide complex (Fig. 4D). Therefore, we assessed the cross-reac-
tivity of D12 scFv-hlgG against the other biotinylated HLA-
A*02:01-peptide complexes. We also confirmed that an HLA

Scale of initial librarics of heavy and lieht chains, . .

Heavy chain Kappa chain Tambda chain class 1 monoclonal antibody (supernatant of hybridoma
y p

VHL 4.29x10" Vki 0.35x107 vi 0.51x10 . . . .1 e

VH2 0560’ vk 0.12x10° vi2 033510’ W6/32) could highly react with all of the immobilized biotiny-

VH3 1.44x107 Vk3 0.11x107 Vi3 0.30x10° . . H H

Vi i e o520 lated complexes (data not shown). As shown. in Fig. fLE, scFv

VH5 :gx:gj Vks om0 D12-hlIgG {5 and 0.5 pg/ml) reacted weakly with peptides NY-

VHG 09x10° VK6 ’ . o

VHT 0.50%10° ESO-1, MPT51, and influenza M1. However, as shown in Fig.

Total 9.80x 10 2105107 1.14x107

Scale of final sel'y librarics.

4B, 10 pg/ml scFv D12-higG did not react with T2 cells pulsed
with peptide HIV-A2 or with peptide CMV. Therefore, we con-

Heavy and kappa chains N Heavy and lambda chains Heavy and specific light chains N o .

VHIK 1655107 Vi 0875107 VHRVKL 0730 sidered that the cross-reactivity of scFv D12 was relatively low.
VH2K 0.73x10° vH2! 033510 VH3-VI2 021x10° . .

VHk 031107 vinl 0365107 HLA-A2-PBF A2.2 Peptide Complex Was Firmly Expressed on
VHAK 0.15x107 Vil 0.15x107 .

ik 049%10° Vits) DS VIBNKIE 1790 the Surface of Osteosarcoma Cells—To assess whether scFv
T 20 v {')3-;«\:3’ VHR-VIE*  0.6310° could detect peptide PBF A2.2 in the context of HLA-A2 pre-
(H7K 47X Vi ,28x 10

Total 592107 3.56x10" 3370 sented on the sarcoma cell surface, we constructed a D12 scFv
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Panning  Input

7.7x10%
1.1x10%

4.0x108
9.0x10°

! put  Output ratio
round phage (pfu) phage (pfu)
st Lex10M  11x10°  6.9x10°
6.2x107

8.2x10°

.D. [A5g(PBF A2.2)-A, (HIV)]

Clone Chain V-GENE J-GENE D~GENE CDR3
G3 VH IGHV3-43%02 IGHJI3*02  IGHD1-14*01 CVKGLTYYRDAFDIW
VL IGKV1-~5*03 IGKJ2*01 CQQYNSYSYTF
H7 VH IGHV3-43*%02 IGHJI3*02  IGHD1-14%01 CVKGLTYYRDAFDIW
VL IGKV1-5*03 IGKJ2*01 CQQYNSYSYTF
D12 VH IGHV3-43%02 IGHJ3*02  IGHD1-14%01 CVKGLTYYRDAFDIW
VL IGKV1-5*03 IGKJI2*01 CQQYNSYSYTF

FIGURE 3. Three scFv clones recognized HLA-A2-osteosarcoma antigen PBF-derived peptide complex. A, input/output ratios of phage particles. 8, ELISA
screening of the specific binders of 94 scFv clones reacting with biotinylated HLA-A*02:01-PBF A2.2 peptide complex. C, sequence analysis of complementarity-
determining region 3 (CDR3) region of scFv clones.
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multimer (Fig. 54) because bivalent scFv (D12 scFv-hlgGl)
failed to react with HLA-A2-positive sarcoma cells (data not
shown). The D12 scFv multimer (10 pg/ml) reacted highly with
T2 cells pulsed with peptide PBF A2.2 and did not react with the
cells pulsed with peptide CMV. Conversely, the multimer
reacted with the cells pulsed with peptide HIV-A2 at a concen-
tration of 100 ug/ml. These findings suggested that the low
cross-reactivity against peptide HIV-A2 of D12 scFv was
enhanced by multimer formation. Therefore, we titrated the
reactivity of the multimer by calculation of the MFI against T2
cells pulsed with the peptides at various concentrations
between 5 fg/ml and 50 ug/ml (Fig. 5B and Table 2). Although
the multimer (3 upg/ml) also reacted with peptide HIV-A2
(pulsed at 50 ug/ml), its reactivity against the peptide was
hardly detected at the concentration of 50 ng/ml (Fig. 5B8). Con-
versely, the reactivity against peptide PBF A2.2 was preserved at
the lower concentration of 500 pg/ml. The affinity of the mul-
timer against peptide PBF A2.2 was estimated to be 100-fold
higher than for peptide HIV-A2. In addition, we considered
that a 20.0% MFI increase might be the threshold of the reac-
tivity of the D12 scFv multimer. Next, six sarcoma cell lines and
one primary culture of osteosarcoma were stained with the D12
scFv multimer (Fig. 5C). The reactivity of the multimer was
graded as follows: strong (=100% MFI increase), weak (=20%
but <100% MFI increase), and none (<20% MFI increase). In
the context of HLA-A2, peptide PBF A2.2 was strongly detected
on U20S (A*02:01), HOS (A*02:11), and Saos-2 (A*02:01);
weakly detected on KIKU (A*02:06); and not detected on HLA-
A2-negative 052000 and MFH2003 cells. In addition, peptide
PBF A2.2 was also weakly detected on primary cultured osteo-
sarcoma, which highly expressed HLA-A*02:01. These findings
suggested that the D12 scFv multimer could react with peptide
PBF A2.2 presented by HLA-A2. Simultaneously, the HLA-
A2-PBF A2.2 peptide complex was expressed on osteosarcoma
cells at various levels.

D12 scFv Showed Similar Specificity with Natural CTL Rec-
ognizing HLA-A*02:01-PBF A2.2 Peptide Complex—To assess
the similarity of specific responses against the HLA-A2:-PBF
A2.2 peptide complex between natural TCR and scFv, we per-
formed inhibition assay of the CTL-mediated response against
PBF A2.2. The frozen oligoclonal CTL line 5A9 was thawed and
cultured followed by the selection of tetramer-positive cells
using magnetic beads (Fig. 64). The CTL response against
HLA-A*02:01-positive osteosarcoma cell line U20S was
assessed by ELISA (Fig. 6B). Next, U20S cells were preincubated
with D12 scFv-hIgG1 or irrelevant D11 scFv-hlgGl and cocul-
tured with tetramer-positive CTL 5A9. As a result, partial inhibi-
tion (~20%) of the scFv-mediated CTL response was observed.
These findings suggested that scFv had specificity similar to that of
functional TCR directed to the cognate antigen.

DISCUSSION

In the present study, we constructed a naive scFv phage dis-
play library and isolated scFv clone D12, which reacted with the
HLA-A*02:01-PBF A2.2 peptide complex with strong affinity.
Bivalent and multivalent scFv D12 could react with peptide-
pulsed T2 cells and HLA-A2-positive sarcoma cell lines, and
D12 scFv could inhibit the natural TCR-mediated CTL
response. These findings suggested that the D12 scFv clone had
specificity mimicking that of the natural TCR against the HLA-
A*02:01-PBF A2.2 peptide complex. Simultaneously, the HLA-
A2-PBF A22 peptide complex was strongly and naturally
expressed on osteosarcoma cells.

Generation of antibodies recognizing HLA-peptide com-
plexes derived from tumor-associated antigens has been
reported mainly in the field of melanoma (28). Development of
such antibodies against HLA-peptide complexes is significant
because assessment of the expression status of HLA-vaccine
peptide complexes is important to select candidate patients and
predict the efficacy of peptide-based immunotherapy. More-
over, antibodies mimicking TCR with high specificity and affin-
ity could serve as sources of antibody-based therapy and chime-
ric antigenic receptors. However, the generation of antibodies
that react with HLA-peptide complexes is still much more dif-
ficult than generation of those that react with the other pro-
teins. This might be because the construction of antibody phage
display libraries from naive donors with sufficient quality and
diversity is very hard and requires intensive laboratory work.

Generally, the amount of a single peptide presented by HLA
class I molecules is very small. Purbhoo et al. reported that the
HLA-A2-NY-ESO-1(157-165) peptide complex presented on
melanoma cells ranged from 10 to 50 copies per cell as assessed
by soluble high affinity engineered TCR (29). A similarly copy
number of the HLA-A*02:01-gp100 peptide complex was barely
detected by FACS but could be recognized by CTL (30). In the
present study, strong expression levels of the HLA-A®02:
01-PBF A2.2 peptide complex were detected on U20S, HOS,
and Saos-2 cells, but only weak levels were detected on KIKU
and primary OS. These results suggested that the HLA-A2-PBF
A2.2 peptide complex was naturally presented on osteosar-
coma cells as in melanoma and might be a good candidate for
peptide-based immunotherapy. Obviously, the possibility of
the cross-reactivity of scFv clone D12 against the other antigens
could not be completely ruled out. Indeed, the D12 scFv multi-
mer mildly reacted with HIV-A2 peptide-pulsed T2 cells and
other HLApeptide complex monomers (NY-ESO-1, MPT51,
and influenza M1). Among these peptides, no similar amino
acid sequence was observed, excluding the anchor residues of
HLA-A2 protein, leucine (Leu) at position 2 and valine (Val) at
the C terminus (31). Therefore, the cross-reactivity might not
depend on the epitope sequence but on some conformational

FIGURE 4. The scFv clones could react with peptide PBF A2.2 presented by HLA-A*02:01 on antigen-presenting cells with strong affinity. 4, soluble
fractions of D12 scFv-hlgG1 after purification with Protein G are visualized by SDS-PAGE. The reduced monomer (black arrows) and oxidized dimer of scFv-higG
(red arrow) of fraction 1 are indicated. B, FACS analysis of scFv-hlgG1. T2 cells were pulsed with the indicated peptides and stained with each scFv-higG1 at a
concentration of 10 ug/ml. BB7.2 was used to detect expression of HLA-A2 molecules. C and D, surface plasmon resonance analysis. Biotinylated HLA-A*02:
01-PBF A2.2 peptide complex (C) or HLA-A*02:01-HIV-A2 peptide complex (D) was immobilized on the sensor tip as the target. Serially diluted D12 scFv-higG1
was used as the analyte as described under “Experimental Procedures.” E, ELISA screening of the reactivity of D12 scFv-hlgG against various biotinylated
HLA-A*02:01-peptide complexes. RU, response units; EBY, Epstein-Barr virus; HTLV-1, human T-lymphotropic virus type |

ZASBMB

AUGUST 8, 2014+ VOLUME 289+ NUMBER 32

JOURNAL OF BIOLOGICAL CHEMISTRY 22043

— 174 —



