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F—U—F  BEFRYA LA (HBV), 180 BRAFK, & FAMEKGUR (human leukocyte antigens;
(HLA)), MHC 7 F 7 ~—

IRaD S

B BURFLEME L, A VRS, U7 F USRS ENERH D Z E R LNTVAR, F
DAH=AKFIAATH S, T, 7 2T A REEMITICEZ Y, B0 B BUFRICELET 25 iy
BIREA 2N e b A fLERUR (human leukocyte antigens; HLA) 7 7 A 11, 722> C% HLA-DP & i < B9~
B Z &S & 72 (Kamatani et al. 2009 Nat Genet; Nishida et al. 2013 PLoS One; Nishida, Sawai et al.
2014 PLoS One)., HLA-DP |3 A > % —7 =0 (IFN)IRFEIR E L5 T2 T oMERNH D, b
DOH1 LT HLA-DP #30% T fia 235 HBs PUAEAICB W T EBE o RE 25 2 L 2RIB3 508, £0
FEAEEA 52> TIE R, OGN D HLA 7 7 A MMM v h—7 B LN &8k
5 THaZFET 52 &R, HBV IZXT 2 0B IEEOFEM A2 O NNCT 540 & 7257215 T
72<, B HFREMHEALCTHIGMHALED U XA 7 2 TlIT 25 ECOAHTH D, & 2 TR TIE, HLA
7 AN DO—2>ThY, BAEFFREMLE DOR#ENHE LT D HLA-DP |25 H L, HLA-DP 3
PEHBV =t h—7%Z[FE L, 18V B BFROFIEICHES T MlatE 2oL B2l LT %
HigE LT 21T o712, ZD7=%, £9° HLA-DP 2M&R7 % HBV Hifl~<7F FZFEEL, 7TH T
Mgy h—7 &L L CEE,R HBV MR F REKEAL NI L, LT,
HLA-DP-HBV HURA 7 F REERZ TR 2 TR 2 Y3 272D OREMHC 7 b7 ~—)ZB%T
HZEHBAEE LT, UTFOHEBICOWTIHFEE I L 7=,

1. HLA & BT F R & OFEETIE R DOREE
HLA-DPHJHRMEHBVL 7 F R&[FET 5720, HLA-DPAFES L 9 57 F FEAER T L &
L. A ZHLAY VR B L EGRASTF REOMBEER T 572007 v A REfEr L (&%
YY), HARNEMICEHAEICHER SIS, LUFIORTHLA-DP N 1 X A 7 6 FiJHODPT U L E
Wiz 2 B E LTHRB L,
- ABPERF AP N7 1 # 4 7 . HLA-DP0401 (DPA1*01:03-DPB1*04:01), HLA-DP0402
(DPA1*01:03-DPB1*04:02), HLA-DP0201 (DPA1*01:03-DPB1*02:01).
Ji&=Z P N7 1 # A 7 HLA-DP0501 (DPA1*02-DPB1*05:01), HLA-DP0901 (DPA1*02:01-DPB1*09:01).
- hrfE 71 % 7 HLA-DP0301 (DPA1*02:02-DPB1*03:01)
ZHDODPAL-DPBINT 1 ¥ A 7 % WL MIR CRIa 2 & v 87 e L CREREBLL, %
HLA-DP7T U VEEMIZHE ST HDHBVHUR7'F Rz RimHURMHBs) (59~7F F), =27 HiJi(HBc)
GOXTF R) ZhHNRN—FTL8WTF RTAT 7V —0OHRRE LT, TORE, FEDHLA-DPT Y
IVEEMNZAE G 2 HBs, HBeiEIk 2 A& ATIRIE L2 (BRaMEl ), S 52, BT T RE Wik
BT ATV, 2D DT A IV AFURALTF RS & HLA-DP & OO E/EAICKE LS 5957 2
JEEREIEEHEE LT, UL, BUKET T ROGESIIIERRN Y 7 TN EE T D720 ARFETOH
ENREETH -T2, 7o, FHHEEORTF RIZOWTEARPRETH > -7 OWEZ L+ 5 2 &
k72 /v o 7=, HBs, HBc X7 F KT A4 77 U —DR¥ITHBUKIER BN Z LD, 2 b Oz
WTCHHLA L DFEET v BA ZITH 120X, BRDT v A REMET HILENDH D Z EBHA LN
Lo,

2. HLA-T7'F RRELT v A OEEL

HLA-~X7"F R AAER Z BKERTF RIZOWTHIT T 572912, KIS, THLA-XT'F R3HT
A BEWERE L, ZOFETE, HLAZXTF REO@E X X7 E L L CREFEMICRB L,
Wi = hr—/(GFP)Z iV 5 Z &I LV MR mHLARBLE 2 £ &k 7 %5 (Miyadera, et al. 2015 J.
Clin. Invest.; = - fill 2016 H AR GEFARRTE), HLAIZX T F RE@BIERT D L X 7Bl
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Hoitm, HLA-«\7% RIEHT v A % HNT, 6FEDOHLA-DPT U /L2 THBs, HBeHUR % % 5 &
L 7-HLASS A EIR R R 21T\, FEE OHLA-DPIZ T U VRF K, o5 HEAER 2/ L TR S 9
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Wit Th 5,

3. MHC 7 k7 ~—RBLURDOHEE

HLA-DP 23567 % HBV USRS T T ROFns THila— e b —7 %28V iAZ&, F£72, HLA-HBV X
TF REEEREZEHT S THlaZ & MRIEIMPICHBET 2720 MHC 7 F I ~v—%21E3 22L& L
2o MHC 7 b 7~ —|X MHC-X7"F REAK%Z 4 BRI LOE R L, T MRS A2 R 2012
BT 2002 o RIERETH D, HLA 7 7 A1 OE4A . MHC 7 k7~ — 3R 3RS B AT
AIREZRG AN E H DY, HLA 7 7 A WIZOW IR A AFREE S L IZRBETH L7280, ST
BEBI~DEFE, b L IFBMIEEDERT DL ENH D, AL TIL, %D HLA-DP 7 U /L & HBV
PURAT T ROMEEN LD ZFEEHO MHC 7 F 7 ~—%2HTECTH DD, MHCT hTF~—%
R Z ooy E LTREREL, AT L LT,

HLA 7 F 9~ —% KEFET 5720, 9. BRI E RS Td % HLA-DQO602 A #1EHE LT
FHRDMENL % T o7, HLAZ Z AN T N7 v—RBBHDOa A N Z 7 F&i%E L. HLA-DQO0602 |Z
DOWTLRERBRAERNL Uiz, F72, B~ HLA #Z 87 B E % ER T 572 ELISA %
S L 72, BARMIZIZ, HLA-DQAI1 & Acidic zipper (AZ)ECAI (R MERIBH 2 BlE Lz a1 v vy v 3—fd
sy, v F AbBESIBirA)Z A L7z HLAa 7 ===+ ., HLA-DQBI1 & Basic zipper (BZ)E 4 (M %
PERIBH A BLE L7 v A > P R —Fddll), His # 7S 2@ L7z HLAR V7 = v h &R B3 5
72 —%4& T FE (LTR 70T — % —(pMXs 7 X —(H K FERSEIGERT AR e A X v ft
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LSt BRI X —DWEREIZLID, BP0 EETH -T2 HLA % > )7 O REHRBUTE
S D AREMEN B B A3, WFFEEARTIS L OVPHEICIRY 035 B 7=, LD FETO HLA 7 b 7~ —/Efl
Bl 52 L & L, HBV HUE 238k 5 T HIIAREE 2 B D FE & 13872 5 HiEIC k> TilEd
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4. THilA— & N —7FE :

LHIOMIEFHE Tl HLA 7 b 7 ~—% B35 2 £12 X . HLA-DP %% HBs, HBc HLR-7 T
RZ38%T 5 THIZRET 5 TETH T, HLA 7 + 7~ —{ERBRETH - =72, o ik
W& o THUREF R THIRRE 2D 5 Z & & L=, BARAIZIZ . HLA-DP & OfEA 23 RIZ X7~ HBs,
HBc HUFRAEIKIZ DWW T HLA-DP & Ofle # > 37 B A ER L, HLA-BURBE SR L L s MR m i
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AHFFRILIR T CRIE OB T 2L 7208, Bfny7e BEECd 5 HBV HUR 2 78i% 95 CD4 5 T #ilfa
DORIEIZANT 2R E2EARERSOH D FRICHER L T0D, 4%, b MRIKTORELISE A 1k
HDHZEIZEY, HBV IZRHT A HEEGEINE ORI T 80BN Eond &5 25,
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Abstract

Susceptibility to chronic hepatitis B (CHB) and HBV vaccine responses varies greatly among individuals. One of
the strongest genetic factors that might contribute to differences in HBV infections/vaccinations among
individuals is the genes encoding human leukocyte antigen (HLA) class II. The strong association of HLA-DP
with CHB was identified by genome wide association studies (Kamatani et al. 2009 Nat Genet; Nishida et al. 2013
PLoS One) and further association studies (Nishida, Sawai et al. 2014 PLoS One). The association of other class II
loci, HLA-DQ and -DR with CHB have also been reported (Mbarek et al. 2011 Hum Mol Genet; Miki et al. 2013
PLoS One; Nishida et al. 2016 Sci Report). There findings indicate that HLA class II is one of the major factors
that mediate adapted immune responses against HBV, however, the mechanism that might underlie the association
of HLA class II with CHB has not been fully elucidated. Therefore, we attempted to characterize immunological
process of T-cell-mediated immunity against HBV infection in the development of CHB. HLA-DP alleles that are
associated with susceptibility or protection against CHB differs greatly in amino acid sequences and the
polymorphic amino acid residues are found in regions that participate in presentation of peptides. Therefore, it is
expected that CHB-susceptible and -protective HLA-DP alleles might differ in presentation of HBs antigens.
Based on these findings, we planned to identify HBs and HBc antigens that are presented by HLA-DP and

function as T-cell epitopes and then develop HLA tetramer to analyze antigen-specific T-cells.

1. HLA-peptide binding assay

As the first step, we established in vitro HLA-peptide binding assay to identify HLA class II-restricted HBV
peptides. First, we prepared recombinant proteins encoded by the six HLA-DP haplotypes that are maintained at
high frequencies in the Japanese population, including HLA-DP0401 (DPA1*01:03-DPB1*04:01), HLA-DP0402
(DPA1*01:03-DPB1*04:02), HLA-DP0201 (DPA1*01:03-DPB1*02:01), HLA-DP0501
(DPA1*02-DPB1*05:01), HLA-DP0901 (DPA1*02:01-DPB1*09:01), and HLA-DP0301
(DPA1*02:02-DPB1*03:01).

These recombinant proteins were obtained by large scale expression in mammalian cell line. Briefly, HLA-DPBI1
was fused to His-tag at the C-terminus and used to establish HLA-DP stable cells. The HLA-DP stable cells were
cultured at large scale and the cell lysates prepared in the presence of detergents were applied to the plate that
captures His-tag. The binding of HLA with biotin-labeled synthetic peptide were detected by avidin-HRP. The
peptide libraries that cover the entire regions of HBs and HBc antigens were designed and used for screening.
Using this method, we analyzed HBs and HBc antigen peptide interaction with HLA-DP and identified several
regions that can be presented to HLA-DP. The in vitro assay worked well for limited numbers of peptides but not
suitable for large numbers of hydrophobic peptides in the HBs and HBc peptide libraries due to insolubility and
high level of background signals. Moreover, it was not possible to synthesize certain sequences in HBs and HBc

peptides.



2. HLA-peptide expression assay

As the alternative to in vitro HLA-peptide binding assay, we next established an assay “HLA-peptide expression
assay” to measure the interaction of HLA with hydrophobic peptides. The assay was developed with modification
of HLA expression assay (Miyadera, H., et al. 2015. J Clin Invest). In the HLA-peptide expression assay, the
expression construct was designed as described in Kozono et al. (Nature 1994), with modification. Briefly, the
HLA-DPBI1 was expressed in fusion with peptide by inserting nucleotide sequences that encode HBs or
HBc-peptides or negative control peptides between the signal sequence of HLA-DQB1*06:02 and the mature
protein region of HLA-DPB1 via linkers (SGG and GGGGSIEGRGGGGSGSA) at the N and C termini of the
peptide, respectively). The HLA-DPA1-his-tag and HLA-DPB1 (+peptide)-Strep-tag II were inserted into the
pMXs-puro and pMXs-IG vectors, respectively. The retroviruses particles containing pMXs-puro/DPAL and
pMXs-1G/DPB1 were generated using PLAT-E cells as packaging cells (pMXs vectors and Plat-E cells were the
gifts from T. Kitamura (The University of Tokyo, Institute of Medical Sciences)). HLA-DPAl-stable cells were
established through the transduction of NIH3T3 cells with a retrovirus containing pMXs-puro/DPAL and selection
with puromycin (6 pg/ml). The DPA1-stable cells were transduced with a retrovirus containing pMXs-1G/DPB1.
Forty-eight hours after transduction, GFP and cell-surface MHC (in GFP-positive cells) levels were measured by
flow cytometry using anti-HLA II B mAb or isotype control with phycoerythrin-conjugated anti-mouse IgG. The
MFI for GFP and MFI for MHC were used to calculate the increase in HLA expression relative to GFP. The ratio
of HLA expression relative to GFP was used as an indicator of HLA-peptide interaction. Using this assay, we

have screened the entire HBs and HBc antigens for the binding to HLA-DP.

3. Expression of MHC tetramer:

To identify T-cells that recognize certain MHC-peptide complexes, we next attempted to prepare MHC tetramers.
MHC tetramer is usually generated through tetramerization of soluble MHC protein with peptide and used for the
detection of antigen-specific T-cells through flow cytometry. The MHC tetramers for MHC/HLA class I can be
generated through large scale production in bacteria followed by refolding. However, generation of recombinant
proteins for MHC/HLA class II are not efficiently achievable in bacterial expression system and are usually
generated in insect cells and mammalian cells. We previously attempted to prepare MHC tetramers using insect
and murine cell lines but the level of expression was limited (data not shown). Therefore, we used alternative
methods, which is a large-scale transfection (electroporation) of tetramer expression vectors into mammalian cells
and transient expression. In this expression system, it has been shown that protein of interest can be expressed at
the orders of mg or gram. To verify whether this expression system is applicable for HLA tetramer expression, we
first generated tetramer expression construct for HLA-DQO0602 in fusion with hypocretin peptide, for which the
crystallographic structure has already been reported. The soluble region of HLA-DQA1 was fused with Acidic
zipper (AZ) and BirA at the C-terminus. The soluble region of HLA-DQB1 were fused with Basic zipper (BZ)
and His-tag at the C-terminus. These constructs were inserted into pMXs plasmid and pIRES plasmids (BD
Biosciences), which express the gene of interest under LTR or CMV promoters, respectively. We then established
ELISA assay to monitor HLA protein levels in cell culture medium. The plasmids were prepared at mg scale and
used for electroporation of host cells (2x10° cells). The level of the soluble recombinant HLA protein secreted in

the medium was monitored up to 9 days post transfection by ELISA. Among the two different promoters that were



tested in this study, one of the promoter showed higher expression levels than the other, however, none of the
expression constructs secreted sufficient amounts of soluble HLA proteins in the medium.

The possible reasons for the low expression of HLA tetramers in this experiment would be the following. First,
the ELISA used for detection of HLA expression was not sensitive enough. Because the ELISA for the detection
of HLA-DP was not commercially available, we established in-house ELISA. Further modification of the ELISA
would be necessary to improve the sensitivity. Second, the signal sequence that was used in the current
experiment may not been appropriate for the cell lines used. The use of other signal sequences that have been
proven to be useful in this expression system may increase the expression and secretion of HLA in the medium.
Third, it would be possible to increase the expression levels using other promoters. To improve HLA protein

expression, it would be also necessary to reconsider the expression host and expression constructs.

4. Search for T-cell epitopes:

Because MHC tetramer preparation was not successful, we reconsidered the method by which to detect T-cell
epitopes. To this end, we are currently preparing cell lines that stably express HLA-DP-peptide complex for the
HBs and HBc peptides that showed strong binding to HLA-DP. These cell lines will be used as antigen presenting
cells in the T-cell assay or ELISPOT assay to identify potential T-cell epitope regions in HBs. By identifying the
HBs antigen regions that are important for activation of T-cells and production of neutralizing antibodies against

HBYV, it would become possible to elucidate molecular basis of the key immunological responses against HBV.
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DPA1-DPB1 haplotypes Abbreviations  phenotype OR P
DPA1*01:03-DPB1*04:02 DP0402 Protective 0.37 1.95 X 107
DPA1*01:03-DPB1*04:01 DP0401 Protective 0.32 1.17 X 10°®
DPA1*01:03-DPB1*02:01 DP0201 Protective 0.71 0.004
DPA1*02:02-DPB1*03:01 DP0O301 neutral 1.15
DPA1*02:02-DPB1%05:01 DPOS01 Susceptible 151 -
DPA1*02:01-DPB1*09:01 DP0901 Susceptible 1.95 3.38x10°

Modified from Nishida, Sawai et al. 2014 PLoS One
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