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Table 1. WHO-recommended virus strains for vaccines.

Influenza Influenza virus strains
eIl A/HIN1 A/H3N2 B
2 0_0280 09 _ B/Florida/4/2006
A;?;};gg?e A/Brisbane/10/2007
2009
-2010
2010 B/Brisbane
-2011 160/2008
A/Perth/16/2009
2011
-2012
2012 B/Wisconsin
-2013 /1/2010
A/Victoria/361/2011
2013 A/California
~2014 /112009 B/Massachusetts
2014 122012
9015 A/Texas/50/2012
2015 A/Switzerland B/Phuket
-2016 /9715293/2013 /3073/2013
2016
~2017 A/Hong Kong B/Brisbane
2017 1/4801/2014 1/60/2008
~2018 A/Michigan
2018 /452015 A/Singapore
-2019 /INFIMH-16-0019/2016 B/Colorado B/Phuket
. [106/2017 /3073/2013
2019 A/Brisbane
-9020 102/2018 A/Kansas/14/2017
XH, NiZZNENA~AINT = b ) A TI=F—FBORIERL, A IVAKRDLFRL,

[TU) 7 A IV ARRDN 3Bl S VT2 MR D A NV ARRDE ST A VAR GRS T TRbS
60



Parenteral vaccine Inoculated virus strains
ol } |i y 4
Non-inoculated strains
Y7 *7
| Induction of IgG in sera | V’

Figure 1. Reactivity to viruses of IgG induced by parenteral influenza vaccines.
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Figure 2. Reactivity of IgG and IgA to viruses induced by mucosal vaccines. (example:

nasal vaccination)
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m Cell-penetrating peptides-linked polymers

w - Poorly mem brane—permeable biomolecules

M L
M

e N

1. The membrane surface of cells is exposed to a mixture of biomolecules and cell-penetrating
peptide-linked polymers.

2. Recognition of peptidyl branches conjugated to polymers triggers off macropinocytosis on cell
membranes.

3. Since macropinocytosis proceeds extensively in the multiple peptide access points of the single-
stranded polymers, cells fail in uptake of peptides anchored chemically to the polymeric platform.

4. Instead, a series of macropinocytotic processes results in the incidental uptake of biomolecules
located in the periphery of the cell membrane-recognized peptidyl branches.

5. The unaccomplished uptake of cell-penetrating peptides anchored to the polymeric platform
occur again and again as long as cell-penetrating peptide-linked polymers remain on cell
membranes.

6. A significant amount of biomolecules is consequently internalized into cells through repeated
cellular uptake.

Figure 3. An enhancement mechanism on membrane penetration of biomolecules by cell-

penetrating peptides-linked polymers.



(a) D-Octaarginine-linked PNVA-co-AA
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(b) Tetraglycine-D-octaarginine PNVA-co-AA
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Figure 4. Chemical structure of D-octaarginine-linked PNVA-co-AA (a) and tetraglycine-
D-octaarginine-linked PNVA-co-AA (b).
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Figure 5. Past researches on D-octaarginine-linked PNVA-co-AA as a mucosal adjuvats.
(a, b) Levels of influenza virus HA vaccine-specific IgG in sera and the vaccine-specific
secreted IgA in nasal wash fluids, modified from reference 31. (c) Cross-reactivity of
intranasal secreted IgA induced by each of inactivated H1N1 influenza viruses in the
presence of D-octaarginine-linked PNVA-co-AA, modified from reference 32. (d, e, f)
Endpoint titers of PR8 virus-specific IgG in sera and PRS8 virus-specific secreted IgA in
nasal wash fluids, and virus titers in bronchoalveolar lavage fluids, modified from

reference 33.
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Figure 6. Chemical structure of tetraglycine-L-octaarginine-linked hyaluronic acid.
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Figure 7. Chemical Structure of hyaluronic acid.
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Figure 8. Synthesis of tetraglycine-L-octaarginine-linked hyaluronic acid.
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Figure 9. TH NMR spectrum of tetraglycine-L-octaarginine-linked hyaluronic acid (run
2 in Table 2 was used). The peaks (a) and (b) were assigned to the 16 equivalent protons

In octaarginine and six equivalent protons in dimethyl sulfone, respectively.
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Table 2. Characterization of oligoarginine-linked polymers.

content of the respective units in backbone of hyaluronic acid”

D-glucuronic
N-Acetyl-p-  D-glucuronic acid grafting oligoarginine calculated

glucosamine acid oligoarginines  weight %° Mw(kDa)’
tetraglycine-L-octaarginine- run1 50 17 33 61 95
linked hyaluronic acid run 2 50 23 27 58 83
content of the respective units in the backbone of PNVA-co-AA’
acrylic acid
N- grafting oligoarginine calculated

vinylacetamide acrylicacid oligoarginines  weight %° Mw(kDa)’

D-octaarginine-linked

PNVA-co-AA" 70 14 16 75 1210
tetraglycine-n-octaarginine-
linked PNVA-co-AA" 70 0 30 76 2260

aBoth oligoarginine-linked PNVA-co-AAs were characterized in the previous study
(weight-average molecular weight (Mw) of PNVA-co-AA, 350 kDa; NVA units/AA units of
PNVA-co-AA, 70/30).43 bPercentage of the number of the respective monomer units to
the total number of monomer units. c‘Weight percentage of oligoarginines grafted onto
polymers (oligoarginines excluding glycine segments/oligoarginine-linked polymers).
dMw of oligoarginine-linked polymers calculated on the basis of Mw of original polymers
(hyaluronic acid, 27 kDa; PNVA-co-AA, 350 kDa), Mw of oligoarginines, and the grafting

degree.
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KNt —2% T 877V - LA 7 27 AF =L RT 12~13 pfhiLlc v v — 772 v —
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Figure 10. GPC chart of tetraglycine-L-octaarginine-linked hyaluronic acid (run 2 in
Table 2 was used). (a) An RI-based GPC chart. Tetraglycine-L-octaarginine-linked
hyaluronic acid (HA-G4R8), hyaluronic acid (HA), and tetraglycine-L-octaarginine
(G4R8) were assigned to solid, dotted, and dashed lines, respectively. (b) An UV (254 nm)
absorption-based GPC chart. All compounds were assigned as described in (a). An arrow
indicated a peak of N-hydroxysuccinimide. (c) An RI-based GPC chart of filtrates (solid
line) and residues (dashed line) obtained through ultrafiltration. Aqueous solution
containing tetraglycine-L-octaarginine-linked hyaluronic acid was filtrated using a
centrifugal filter device with a nominal molecular weight limit of either 3 or 10 kDa

before GPC analysis.
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WM o=, AROBFERMEZEZEE LI-F e 7o UEEFEAROFERRREEICIL, 5T
BLITONMME, SORDERPMLELEZ SN, SHOETH D,

HA
-3.60 mV

8

&

HA with G4R8 +13.2mV
+0.154mV i

Frequency (%)
S 8

-
o
"

-60 -40 -20 0 20 40 60
Zeta potential (mV)
Figure 11. Zeta potentials of tetraglycine-L-octaarginine-linked hyaluronic acid (run 2 in
Table 2 was used). Tetraglycine-L-octaarginine-linked hyaluronic acid (solid line, HA-
G4R8) was compared with intact hyaluronic acid (dotted line, HA) and hyaluronic acid
mixed with tetraglycine-L-octaarginine (dashed line, HA with G4RS).
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Figure 12. Vaccination schedules evaluated in this study.
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Figure 13. Estimation of antibody level (Endpoint titer).
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Figure 14. Level of influenza virus HA vaccine-specific IgG in sera (a) and secreted IgA
in nasal wash fluids (b) in individual mice (mean + SD, n =4). Mice were nasally
inoculated with either HA vaccines alone (white bars, adjuvant-free), a mixture of HA
vaccines and tetraglycine-L-octaarginine-linked hyaluronic acid (black bars, HA-G4RS),
or a mixture of HA vaccines and tetraglycine-D-octaarginine-linked PNVA-co-AA (dotted
bars, VP-G4R8) through 3 different schedules, 4-time inoculations at 7-day intervals, 2-
time inoculations at 7-day intervals, and 2-time inoculations at 28-day intervals. A dose
of HA vaccines was set to 0.05 and 0.1 pg/mouse/time for 4- and 2-time inoculations,
respectively (a total dose of HA vaccines was unified to 0.2 pg/mouse). The polymers were
administered constantly at a dose of 100 pg/mouse/time, irrespective of the difference in
the inoculation schedule. After the final inoculation, mice were maintained for 7 and 14
days for a couple of schedules with 7-day intervals and the remaining one with 28-day

intervals, respectively. Sera and nasal wash fluids were collected from sacrificed mice.
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Figure 15. Level of influenza virus HA vaccine-specific IgG in sera (a) and secreted IgA
in nasal wash fluids (b) in individual mice (mean + SD, n =4). The 2-time nasal
inoculations with a mixture of HA vaccines and tetraglycine-L-octaarginine-linked
hyaluronic acid were performed at 28-day intervals in mice. HA vaccines were
administered constantly at a dose of 0.1 pg/mouse/time, but the polymers were
administered in the dose range of 50—200 pg/mouse/time. Mice were sacrificed 14 days

after the second inoculation to collect sera and nasal wash fluids.
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Figure 16. Level of OVA-specific IgG in sera (a) and secreted IgA in nasal wash fluids (b)
in individual mice (mean + SD, n = 4). The 2-time nasal inoculations with either OVA
alone (white bars, adjuvant-free); a mixture of OVA and tetraglycine-L-octaarginine-
linked hyaluronic acid (black bars, OVA + HA-G4R8), or a mixture of OVA, tetraglycine-
L-octaarginine, and hyaluronic acid (left hashed bars, OVA + HA with G4RS8) were
performed at 28-day intervals in mice. OVA and tetraglycine-L-octaarginine-linked
hyaluronic acid were administered at a dose of 2 and 100 pg, respectively, /mouse/time.
Tetraglycine-Li-octaarginine was separately mixed with hyaluronic acid at a weight ratio
of 80:20. The mixture was administered at a dose of 100 pg/mouse/time along with OVA
(2 pg/mouse/time). Mice were sacrificed 14 days after the second inoculation to collect

sera and nasal wash fluids.
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2-5) WfEA L 7N Y AL AT S SR | TgA DAZ XU GE

RZIC A E SN RIEN IgA O XS ERGEE LT, 2 E TORGIZEBW T HIN1
A/Puerto Rico/8/34 (PR8) #£3 T HIN1 A/New Caledonia/20/99 (NCL) BEDARIE(L ™
AN ALRif (PR8FRIZB-TrEAT 7 by NCLIKIZTF A ath— LB g-7me’st
77 bACKOARIEL) YA NAAGURE LTHWESEERH Y (1 pg/mouse/[FI T 7 HH
b 4 35 R SN PUR LU b ek ERe i NCL & >PR8 #R & #HEI L TV 2,
Z 2T, RIETRERED R \K?ﬁflﬁ NCL #kZ 5P E LTHWT, GRSV a—k
TV anNy NORGEITHNRO®Y & Lz, B, NELUA NV ADREREIT, 1HE472Y
DEHEEEDE1 ug/mouse/lﬁlt N—2 Vo5 &% AT 2 ug/mouse/la] (~—%
NDO¥E & 4 pg/mouse) D 210V THgT L7z, & 612, NCL# &R U HINL IS
% PR8 # & H1N1 A/California/07/2009 (CA) £k, #7¢ % #i > H3N2 A/Brisbane/10/2007

(BNE) # & H5N1A/Viet Nam/1194/2004 (VNM) £ (Wb AMA 7oy
A VR) OFLAMEZ HA ¥ ?//\°7’féf (rHA) (257 2 e IgA @}iﬁf\fﬁ’% NCL #® rHA
T DO TRT Z LI LD | RS EZTHE L7z GHRICE VB o 500K
AR K Z W ié:ﬁcﬂ)iﬂﬂib)ﬂﬁb\ LEHTRT), EINIY '72@%}1 5N TgA DER X Ui
PE% Figure 17 (2, NCL #£D rHA 2%} 2 SOGED IR & &2 R WO EE %2 Table 3 (2R~
T, TVanNy e LTT N7V LA 7 27 vX=VEEfbe 7 re UEgEa VT
PR G E% 1 pg/mouse/[fl & L7z & &, & E5HUHO NCL £ & R U HIN IZJ87 % PR8
FEC CA k., E 722 2 WAl H3N2 I2)8 % BNE #RIZA XSG L7243, HAN1 IZJE 35 VNM
KRIZH 2 R X BOSEIE )y o T2 Z DIRW A XS PEIE R 5-Hi B % 2 pg/mouse/[H](2
KTk vegEEINTz, 7Y a2V N D-A 7 27X = [EE{L PNVA- coAAc”jT
BLTH, BXISHEDOT 07 7 A VTR CTholz, —77, HURE G2 1 pg/mouse/[H]
DEE, TVanv e LTT b7V -L-Adr 27 AX=EElbe 7vn o ig%
Wiz & 2 DJH NCL RIS T 2 BOs D 18 < . &G4 2 ng/mouse/[PIIZIEET 5 & ]
TV anNy hOZETHER LT (Table 3), D47 # 7% = U [EE( PNVA-co-AA |2~
T 777V LA 7 27 =EERe T vn CiRIE, DR g GRETHLL
ELCHUAFET 2 2 Enmg s,

LEDRERMNS, 7T 877V - LA 7 27 VX = EEe T va VRO T Vo
&M, D-A 27 2 7 X = EL PNVA-co-AA L &1 - EICFZETh 5 2 & N FEE
Ent, £ 1BXO2EEORGHFELE 4 BREEES LT, 7—RAT 4 V7% % K
kT2 Licky, &EEEAE 4 [F06 2 BUZHIE L THHUR L~ & FRREICHER CT&
T D, BRICHNRAEN DG A 7Y 2 — VOGN ATRE L 72 5 7=, 7285, Figure
14~17 R T A RIOBFHI R W T, a2 58T 22 L7272, 1 =K IgA & 2
B IgA BFEFFICHHS N TS, BERNICFEL TWD IgA ZIZEA L 2 BETH L Z
EBHE SN TVWDR, BEEE~TF REELS S FEERA L L bR TH L0, 5%,
2 71K IgA @ Secretory Component #43 Z 58k 3 2 5k Z HWCHER T2 TETH 5,
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Table 3. Absorbance of the well containing rHA proteins of the NCL strain used for

immunization (mean + SD of 4 experiments).

antigen dose (/mouse/time)

adjuvant 1 pg 2 ug
tetraglycine-L-octaarginine-linked hyaluronic ~ 0.65 + 0.25  0.75 £ 0.53
acid
D—octaarginine—linked PNVA-co-AA 0.37 + 0.25 0.75 + 0.21
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Figure 17. Cross-reactivity of intranasally secreted IgA induced by inactivated viral
particles of the HIN1 A/New Caledonia/20/99 (NCL) strain in the presence of either
tetraglycine-L-octaarginine-linked hyaluronic acid (a) or D-octaarginine-linked PNVA-
co-AA (b) in individual mice (mean + SD, n = 4). The 2-time nasal inoculations with a
mixture of viral antigens and polymers were performed at 28-day intervals in mice.
Viral antigens were administered in the dose range of 1-2 pg/mouse/time under a
constant polymer dose of 100 pg/mouse/time. Mice were sacrificed 14 days after the
second inoculation to collect nasal wash fluids. IgA reactivity to the respective
recombinant hemagglutinin (rfHA) proteins was measured. Cross-reactivity was
expressed as the percentage of homo/heterosubtypic IgA reactivity to rHA proteins of
the HIN1 A/Puerto Rico/8/34 (PRS, left hashed bars), the HIN1 A/California/07/2009
(CA, right hashed bars), the H3N2 A/Brisbane/10/2007 (BNE, black bars), and the
H5N1 A/Viet Nam/1194/2004 (VNM, dotted bars) strains to IgA reactivity to rHA
proteins of the NCL strain (white bars).
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B OBLE T T REELE D Thd D-4 7 % 7 /L¥ = [EHE/L PNVA-co-AA
X, FEEIED PNVA-corAA 7T v R 74— L& LT, AR THES WD IEOF 7
ETNF=ZEAEMLIE D THD, EREGIETIH D BDODINMHETH D Z Lk,
EREICHE Y TED U 27 NS S NS, EEDVHTRT D ERONEE LT, L0 REH
FRTTF FEERE S FORBEEHE LT, RO TFT 77V LA 7 27 LF
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Ty b7 =& LT, ERTORMPBHEEINTND LIEOF 7 2T ¥ = ZEE
fEL7ebDTHY, D-A 7 X7 X ="[EE(L PNVA-co-AA &bl LT, ZaMEnEns
ZENHIRT S ND,

BB HE S USINAI D BRFE L 3\ T AR SRRSO B AR B MR 72 £ O in vitro 7K
B, D3 AJRPERRER, AESESE AR T RRER . R PTRIEE R, BRI BB s L OE RS-
FERBR2 E D in vivo B A E L T, ZOREMEFRE LT LR b 50, KET
X, FHEHERBRZE LT, WAV IT AKX = CEE LSS T OR N LERGE LTz, BT
FEPHHEIFIC LA DORBR T 2 2 o =— Bk PR ERER  /IMZaRE L O RFEMERER T, w3k
R OZFE IR TH D () Ry UV —F v ¥ —ZZFE L THEi L7, 723, Table
QR TAY AT AF = EEE ST (TR 7V v L-F 7 27 A= lEElke 7
ot run 2) ZHWT, KBE 21T 7,
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3-2) A PEEER (WST-1)
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TIRTTF=rVXI LAF R (NADH) 0=z kv REd25 WST-1 i, AEfFMiatko
fBEE LTHWOND, RaE LICBRORELZFET 572D, & Ml EE R akk
Calu-3 Mifia 2 VTG L7, BRREICHE LT N 27 LA 7 27 vF =
Elbe T Aa BB HVNET T 7Y v -D-A 7 2T X = EE(L PNVA-co-AA %
Calu-3 MRl 1 RpfEIRER S ¥ /=%, WST-1 IRk Z N % THRAZ iR L=, Figure 18 |[Z/R
T, TRITV LA AT AR = CEERE TV e UERTIE, 100 ug/mL £ T
AL F o =< Bl SN2 o 723, 250 ug/mL IZBWTHI 50%DALFR E 22 | R
DEBIZEFTHIZONTAEFRIIMETN L, —FH, 7727V -D-F 72T F=
& k PNVA-co-AA TiX, 10 pg/mL 2B W THEEE R SR> b DD, 50 pg/mL 123
WTAEFRIL 20%LL T Lo olz, BIFICEBWTC, T 877V VLA 7 T X = V[EE
fke7 gl v T 7Y DA X T X = E PNVA-co-AA DT 223y
MEMIZER - BEICRETH D Z RS, eI L TE, BiffLzmy, £
SFRVEDIE T T REECE S TIIIERRNED R T K0 b BIEMEN 2 & AR S
i,
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Figure 18. WST-1 assay-based viability of Calu-3 cells in the presence and absence of

oligoarginine-linked polymers (mean + SD, n = 3). Calu-3 cells were incubated for 1 h
with either media containing tetraglycine-L-octaarginine-linked hyaluronic acid (black
bars), media containing tetraglycine-D-octaarginine-linked PNVA-co-AA (dotted bars), or
the polymer-free media (white bars) at 37 °C. Concentrations of the former and latter
polymers were adjusted to 10—1000 and 10—-100 pg/mL, respectively. The media was
replaced with WST-1-containing serum-free media, and then incubation was continued
for 1 h. WST-1 reduction was monitored calorimetrically in the respective conditions.
Cell viability in the polymer-free conditions was regarded as 100% (control). Cell viability
in the presence of oligoarginine-linked polymers was expressed as the percentage of

WST-1 reduction in each of the conditions to an average one in the control experiment.
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BB 2R Lo e T a VEEFERDECICOM S LD 72 DIE, [FFBEE A RO EES
HHEHOIT IAAZ L HEME LB TE 5 2 ERMIfF S D, BERDE A SRR A
W~ A 7 a TN PR L, HORRTAR—Y =2 LT T 7)o
L-A7 27 vX=vEENE T Ar VRN T A2 b 2T AT 4 T ThDH, —
77 BeERIE, BRSO 5 TH D, EIELTMAIE L THEHA S LTV KB &S 150
ZCHEE 2 @b DA T RIT, —2DOFKE L THET HND, I OKIICE D AR
FELEDZLIZRY, FEAICEET 2WE DT F RE~OEE LT, o, X7 F
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Figure 19. Colony formation rates of V79 Chinese hamster lung fibroblast cells in the

presence and absence of oligoarginine-linked polymers (mean = SD, n = 3). V79 cells were
incubated for 6 days in either media containing tetraglycine-L-octaarginine-linked
hyaluronic acid (@), media containing D-octaarginine-linked PNVA-co-AA (O), or the
polymer-free media at 37 °C. Concentrations of the former and latter polymers were
adjusted to 15.6—2000 and 1.56—20 pg/mL, respectively. Cells were stained with Giemsa,
and colonies in which 50 or more cells were included were counted. A colony formation
ability was calculated as the ratio of the number of colonies to the number of seeded cells.
A colony formation rate in the polymer-free conditions was regarded as 100% (control).
The rate in the presence of oligoarginine-linked polymers was expressed as the
percentage of the colony formation ability in the presence of the polymers to that in the

control experiment.
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DHOFFANTH o7z, YUk b, T 877Vl 27 AF=vEElke 7
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RE, TRTOMIEZR T, BRI IMEE AT 2 lao BRI RT —2 O
95% e /3 AT DELFAPNIC & o 7=, Z AU L CL Btk BREC i, Bk BRRE & i+ 2 & |
IIME AT BRI O HBLERIZ W CREHEIIICE B RN S il LL k., ARRBRILE
UNZERINTEY, 7 8727V LA 7 27 vX=VEElbe 7 ve VgERB X O D-4
7 BT IVE = EE(L PNVA-co-AA 1T, ARBREIE FickW\ T, YR B 255% L
LT BT,
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Table 4. Frequency of micronuclei in TK6 human lymphoblast cells treated with

oligoarginine-linked polymers 2 b. ¢,

cells with
incubation polymer conc. micronuclei trend cells with polynuclei cells in metaphase RPD
polymer time (h)  S9Mix (ng/mL) (%) test number of cells (%) number of cells (%) (%)
tetraglycine-L- 4-20 - negative 0.7 N.S. 0.5 1.4 100
octaarginine- control
linked 15.6 0.8 0.8 25 100
hyaluronic
acid 31.3 0.8 0.8 1 86
62.5 0.5 0.5 1.4 34
4—-20 + negative 0.7 N.S. 1.1 1.5 100
control
31.3 0.7 0.6 2.7 97
62.5 0.5 0.8 2.5 101
125 0.7 1 1.3 31
positive 2.0 2.2 1.8 61
control
24 - negative 0.7 N.S 0.7 1.2 100
control
15.6 0.7 0.5 0.8 106
31.3 0.6 1.1 1.9 85
62.5 0.6 1.3 2.1 40
positive 2.57 1.8 355 74
control
D-octaarginine- 4-20 - negative 0.7 N.S. 0.8 2.6 100
linked control
PNVA-co-AA 3.91 0.6 0.4 1.9 67
7.81 0.6 0.6 1.3 33
15.6 0.5 1.7 1.4 0
420 + negative 0.7 N.S. 0.3 1.5 100
control
7.81 0.7 0.4 2.1 97
15.6 0.7 0.8 1.7 75
31.3 0.7 0.7 0.9 0
positive 1.7¢ 2.4 2.8 69
control
24 - negative 0.5 N.S. 0.5 1.7 100
control
3.91 0.4 1.6 1.9 71
7.81 0.5 0.6 1.2 36
15.6 0.4 0.6 1.2 0
positive 3.07 2.9 35.2 73
control

aNegative control, water for injection. PPositive control, cyclophosphamide in metabolic-
activated conditions (1.5 pg/mL), and colchicine in nonactivated conditions (0.006 pg/mL).
RPD, relative cell population doubling number. ¢<N.S., not significant, Cochran—Armitage

trend test, p >0.05. dFisher’s exact test (p < 0.05).

32



3-5) HImZARE iR (Ames #ABR)

BZIZ, FAIF 7 A TA100, TA1535 3 L OKIGH WP2 uvrA % 7= AL E s
Bl XAIFT7 AR TAIS BLW TA1537 # W27 L—AT 7 MERZB LT, WA
U a7 nx=rEEES OB FRERERFRELM L7z, AV ITVF=FEE
b5y DM &% 19.5~5000 pg/plate O HiPH TEXE L, S9mix & H W TR DB 122
RIEFHIAE G RN L7, FHEEIT 7 L — b EIZRW T, 885l 2 FR5E S 7R BED B 22828
HEWMLUCHERREE 70D, an=—%2 BT 5, R ECHEE/KEAY IT7 1=
BEE D F2 2 AREEE L, v =—%8 (IRERERE) Z7H+5ZLI12k0, Eis
FIRAE R A I L7z, Table5 \ZR7T#Y, 7 7 7V LU -L-A s Z 7 V¥ =
Elbe 7w CEEO &% 5000 pug/plate IZFXE L7286, S9mix OIRMOA I 0D 6
TSGR SN2, D-A 7 Z TV = v E(L PNVA-co-AA TlE, S9mix ¥ L 7=
A1 2500 pgfplate LA E T, S9mix Z AN L72h» 7285A1% 19.5 ug/plate LA ETEREN
MR ST, ABMHEZ, EEEMEIC X228 T, ERICEbLLT, 7877V v L
F BT UEERE T e UERTIE, S9mix ZESIN Lo 72841 19.5 pglplate
PLE, S9mix ZM L7256 1% 1250 pg/plate TR bz, D-4 7 Z 7 ¥ = [EHE/L
PNVA-co-AA THRIERIZ, BERIZIEFE T, S9mix 2 sl L7220y » 7235413 19.5 ng/plate
ULk, S9mix Z¥HN L7284 13 5000 pg/plate TEFMLENGE SN, Y OLEEE
FAETICEAD BT, WTNOEKICIB W T HERMENZRED 2 5Ll RiZR 5 3 m =—5okg
IMFEEO LT QEABZ L S ITHMESHE) ARG LRO bivieholz, Bk,
FRITV LA ETAX=CEEE T A VBB LI D-A 7 2T ILX = U REE
{t. PNVA-co-AA 1T, AN NIV T, MIEHICK T 2 8n F22RERFREL A S 72
W EFEmATT BT,
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Table 5. Frequency of mutation in Salmonella tryphimurium and Escherichia coli treated

with oligoarginine-linked polymers (mean of 2 experiments).

number of reverse mutation
(the number of colonies/plate)

base substitution-type frameshift-type
polymer dose WP2
polymer S9Mix (ug/plate) TA100 TA1535  wuvrd TA98  TA1537
tetraglycine-L- - 0 104 12 21 26 8
octaarginine-linked 19.5 101« Qu 18¢ 220 6
hyaluronic acid
78.1 97¢ 114 207 23 6/
313 96 13¢ 17¢ 18¢ 70
1250 77¢ 0« 12¢ 6 3a
2500 92¢ 0¢ 54 5¢ 0
50007 66 0« 0 0« 0
+ 0 91 8 25 28 9
19.5 85 11 25 30 7
78.1 93 9 30 28 11
313 107 9 26 24 8
1250 89 9¢ 18 16° 34
2500 89« 4 15¢ 197 3¢
50007 56 74 7¢ 137 4
D-octaarginine- - 0 98 10 21 18 8
linked PNVA-co-AA 19.5¢ 87¢ 7 16¢ 16 7a
78.1° 92« 7¢ 187 16° 67
313 75¢ 5¢ 19¢ 13¢ 3a
1250° 75¢ 27 167 14¢ 2
2500° 82« 4 19¢ 7¢ 47
50007 75¢ 6 107 6 1¢
+ 0 105 10 23 30 7
19.5 926 8 20 30 7
78.1 93 6 25 21 6
313 95 4 12 22 6
1250 95 6 16 18 3
25007 102 5 18 23 7
5000° 103 5¢ 13« 207 54

aGrowth inhibition of bacteria was observed. PPrecipitation of polymers was observed.
<Negative control (water for injection) TA100, TA1535, TA98, and TA1537. Salmonella
tryphimuriumWP2 uvrA, Escherichia coli.

34



AR /NME

ELZDTTBRT AR ETIEIINE T, EEBRXTTF RO D-A 72T NAFX=07 77
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H5N1 72 E DR B AR D 7 A )V ARD rHA I B R XA R~ 2 &, @GP E L
THWEREL HINT U A LV RIZkT 2+ @&obiE (hH IgG 38 X OEPEN 1gA) 235
EE, vURHHE LD IO H DR LT A L ARRICIRSE LT HIERIIZERICP#H I
HZ 8 MINETOMECEICHERIN TV D, BEHETF NEELED T2 T ¥ 2
YR ELTHWERERER A TN WY 7 F o O REMEN RN bR SN D
—J, KU FUOBERIGICIZ, 2 E TOMFFENFE L 2 B8 L KRGO 1 5RO fif
WNRAIRTHDZEbRENTZ, RIEO 2 38O 1 SHIL, BHEER7F FEEEY
TOREETH Y, DA77 %7 VX = FHE(L PNVA-co-AA OIENftEZtET 5 2 &R
i< BEND, PNVA-co-AA 1T, AEREGMEILSH 2 b O DAERNTHMR S 720, BEkiE~
TF REIIEGRYED D AKOT I V@O SN TEY, D-A4 27 # 7 ¥ = @EEk
PNVA-co-AA OEFEIC X 2 \MEOEIEN 2 U A7 BBEE SN D, 018D 2 #EO 2 2 H 1%,
BERra—NThbd, RS IV T F o DBERAr Y a—F, 1 —X
VIZ1EEGH DT 1 5 AR 2 BEGTHY |, v U AERTERMA S EHE 4 [ E
D & IR G- OBRREITBLFER TR, S BT, MR G Y 7 F A Wiff S D ik
KOFNEIL, BFET A )V AR 2GR FRIIR Th D, Gk E R D
A VAR DG FERIIFER SN TR T, BT A L AR~ ORGP EHAE( LT
Bk B & E7F FEELES DT Y20 b LTORERAMIL, BIEOL Z 5
FATH D, ZNDBRBFTO 1HRETH D,

ARETIEL, DA 27 Z 7 AKX = EHE(L PNVA-corAA O 2 E TOMFZENFE LTZRIE O 2
AR ORI AT T, BEt & T o7, £7, BE~7F NEEE D F &2 A0 5
7o, BB F e+ 27 2 7 BRIT LKL L, BEERS7F REEET 5850
V7T R 74 —25% PNVA-coAAMDL e T e UBIZET LT, e7ve U BEBiL, N7
TFALT NIl DI AT a gD RN ESRICEAS LIEZECH D, b
na CRBIENRIZIRL AT S~ Y v 7 ZATHY, eT vr=F =Bl o TH
fRIND, HENYEOIEEIRTF FEELES FIZB T, 7 FEGE/ LT D-F
TEATNX=OXKIET X/ 3% PNVA-corAA OT 7 V= RO AR F VIR
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BELLTWD, £, MEEEOBICT FT7 7V v 2 A=Y —L LTEATSZ LI
L0, BEEEN EH L, 7Yy MEESEET 2 Z EREREIN TS, 22T, &
D EFE IR T FEELE D TIZBWTE, U678 F7 7 ) v A= —%
LT, eThufROD-Iv o fga=y SOANVRXINVEC LA 7 2T vF=
FETE(LT D2 L ERAT, SEESROTZE L T Ao 7 ve UEBHEEROYIEE
FEAM L7=AE R, D-Z v v U=y hOKI60%IZT T 7Y VLA I XTI = N
BELESNTND Z LRSI,

HE & T D0 EOREE R~ 7T FEE LSS T CodT NT 7V - LA 7 27 v
X=vEElbe 7va UEEOARICKE L2 &b, RIZ, [e 7va VEEFHERO T Y
2Ny MEEEZ BB LOEBLE D LRFELT-, ARFHIBW I, D- A7 4 T A=
B E . PNVA-co-AA HAWNET 57U v u-D-F 27 2 7L ¥ = FEiE(L PNVA-co-AA %
g s LTHW ., A VIV FIANAHA DI F o e T v 70 2
TNF=UEERE T Ve CEBEOIRGEME ~ 7 ARIPEN~T BREIFRT 4 FEHkRES L5 2L
W2k, PURKRRAZMT 1gG 35 L OENEN IgA MPEA Sz, WPk, 723
FNELTT hT 7V -D-A 7 X7 X =V EEL PNVA-corAA % W24 & et
BICRIFETH o To, WEMREZZZTICREREA 2 BICHELIZE ZA, 7Y a0 b
& U THWEEZ 7T REELE S+ OFFEICE DL 63, SriRfliXFRERD Lz, K
EOERFE TVt 22—, A v TN P4 A HA U7 F LR EDU 7 F o DGR
bRz 4 JEFLLEICT 22 L E2HER L TV D, (KN TR L 72 HURIC T D HUREEAE DOFFE
WCEGA A2 THY , BFHA IV U I F o OBRERF 2 — L FEEE, 1
AT T EREH DV 1 » AR 2 FliE5CTH D, ZOFEEEZBEIC, KERREEY
28 HIZIER L C 2 [ G THRE L7 & 2 A, Ml miE 4 0% 5 & #atFaiZ [[R%E 72
LU LT, W OBEE~7F FEEE D F 2 AN THR UM R TH O | Wi
ST OERT Vo MEHIZFRS TH D Z ENEIES T, 5l&EHiE, Rt HIN1
NCL##EHHFE LTHWC, T 7 7V v LA 7 27 A= el T m g
b DL D-A 7 XTI = E PNVA-co-AA O 5T 28 ARG 2 M50 2 47
Vo)L CHE S BEN TgA ORI EZ MG L7z, IgA 1%, NCL#k & R HIN1
\ZJE 4% PR8 #kX° CA #hkod> rHA 7213 T/ <, R 2o H3N2 (287 %5 BNE #X
H5N1 2B 5 VNM KD rHA IC b R X etk xR~ Lic, 2078 7 7 A M EZE I~
F FEEE S FROBENIRO ST, WiEmsFOERNRT ¥ 2y MEERIZFRSE TH
LT EMIFES I,

ThIZ 7V LA AT A= UEENE T Ve UL, EAREkoe T v e CiEE
7Ty R 7 —hE LT, EERNTOGBERELRINTWD LIKOF 7 # 7 VF = %[
ELTEbDOTHY , RO ERE N THT Ty N7 4—2ET5 DAV T NLF=
V[EEIL PNVA-co-AA LR LT, ZRMENMEND Z LIRS D, BRI, HisEps
RACHHDORER T 2 2 v =— P E R, /MZRER KON Ames BRZ 08 LT, MW
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bbb k) RV —F o ¥ —ICHKiLT 52 Lick v, EMH->BENIC LM % i
LT2e T ¥ A =— AL A X — i HESE A F SRk V79 #2722 v = — Rk E R
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FHORMEIIHRE OFEOK 1/10 THH Z LAVRS T, BEREEOREMETR O FE )
O, MHEE LTOT N7V v LA 7 Z T A=V EEE TV ROk E
TR B < TP bRV LV EDRMEEZHTEY | SROMEEEDO a7 ME—E
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TE D0 LitZen, FERIT, BEEELT T FEE(LE 2 12 L D E0 A EERE IR
PR G END ZETHY, BEHERRTF REELE D OS2 T < AN T
EHMBKE LT, ZoOMEICIRYHELTETHD,

b, AEBTOMFZBLT, T 727V LA 7 27 A= EEbe 7vo R
DT Y ay MEVEZ, D-A 27 27 0¥ = [EHEL PNVA-co-AA L &1 - BEMICF%ETH
DI ENEFEENTZ, 1 BLO 2 HOEGEMREE 4 BRI LT, 7—AT 4 VIR
ERE(LT 52 Lk, BEREE 4 [F225 2 BEISHITR L T H PR L UL %[RRI HE
FEC&i22 e, BRICHBRAEN DTG AT Y 2 — VORI AIREL 7o o7, FT0,
O RIE~OET @ LT, MfFEY | ZethidRks{deEsns,
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THEGETELZ N TSN, —FH REA VTN UL NRAT 7 F TR IR
ENDREIL, THIE B2 DERBIT L2 & & D IgA ORI XSUGMETH S < JRYLBHEE X
OHIEETPRIRETH D, F 2 BOBRFZBNT, NE LA 7o FoA L2 A B
HIN1 @ NCL k&7 hZ 7V v LA 7 27 X =CEEe 7 ve U ORGM &~
U A EPENIC 28 AMIMR T 2 #5925 2 LIC X 0 iFE Sz sk B o> TgA 1%, [A]—dil
NOEIR D T A NV ARRH 2 8 2 720 A )V ARRHDR O AL 2. HA & 237 BITR XK
JET D ERRER Sz, Lov L, ZORIEH, EERORKGEBHECRGE L =56 O\
T ERHRICT DI ENIEARHTH 5,

AETIE, AEE HINL NCL #k& 7 77V LA 7 27 X =V EE(e 7R
VIBEOEFEGIZ LV GE SN U R E AT, v U AL ST, EOERN THEST 5 &
Yeth > HIN1 PR8 #RIC X7~ 2 YL R & i L7z, dRZ @R - 8FiA 7= o A
N AN B GBI K OTEIE L PRI S0 T, BFZEL L CRIERICHIREV b
DO, BHRTHNORTNDA I VTFT A LA HA U7 F U2, B b~
ML 725 HINT B X H3IN2 IZHF SN VA NVARBENENGENTND, 2D
LB, F—HRNDER D A VAR DR GBELEIEL PRI A 2T 5 Z L1
0 FHIMEA TN o ORRIRIRBEITEE RN TE D Ll L, [F—HRN o R
A TN TN A ORBGFERRZ T A o Lic, 7ol NERERIZ, D-4 27 27
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DREY TR A B BICRFE L&D H 5 L RERER S o ¥ — 4R b RFE L, LB K
LB A ERT (AR HIN1T PR8BEZIRA L, Z OBV 5378 7 U LR
ZFFO) IZBWT, [FFREFT DR Z v 712 X 8k AR — F T CHEM S 7z,
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2) BfEA L INT U IAN ATk T DR ERO T A

JRYLEBR OIS A Figure 20 (2787, ARGLERIL, RO LFEBIEE THY . VAL
ZFOHME Th L HEHEfHE (BRERTYE ML b vA 25 FEEY 7 —h
U A NV ACFRIEN I EE) & O+t A B L CT YA v L iR & L CTRTE(L NCL
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52 EM%, PRl HET 5720, Group BEBEIONC 205 4L 2% 7 & AZEY H
L, &% L7z, B, PUREZERES LTV Group A O~ v A1k, Bifa b, fEHEsh
52 Lk . HiEER U RREA 7L Y A L AR B R FERR ICB VT G,
A=y b r— VB COFEITEIES N TODEOT, Al [FRED 7 A L ABRFERTOHLAMM
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RSP, MBEREIT, MOBEERORE ZSHIT 1439 E LTV RN ay ba—/Lft
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KEZET=H) T LTk, &EETEFEL TV~ 7 ZZHOWTI, JUiEMM 2 HE Lz,
figk OB E UMY TEX RnWE = U v S B E DT~ U ADEHE L O PR R
HEfiz Mg L+ 2 0 A )V AR s 5I3AL B AGBI P O R 2 » 7 BT RO
HI> ELISA (2 X 2 HUAMOMIE GER RIS THEM) . 2 RIORSERGH 50 LDk 5
NI TO~ T AD EFZF Y7V 7%, FEENIERRFATHELT G 4 [,
FEREAT -T2,
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antigens : inactivated influenza virus HIN1 A/New Caledonia/20/99
adjuvants . tetraglycine-L-octaarginine-linked hyaluronic acid
viruses : mouse-adapted influenza virus HIN1 A/Puerto Rico/8/34

Figure 20. Outline of infection experiments against heterologous influenza viruses.
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3) PR MRIRFE DAEFROHER

PR8 #RIRFE % OAEFROHER % Figure 21 12”3 T, UALVABRENS 7 HH, PBS D&
B L, ENRHFEINTWRW Group A D~ 2 1 EEL L., D% 11 ALNIZ
RIBEDO~ T ZADF TILNHT L, T=F—KEBD 21 HHE TAEMFLIZEKD O 1 LI,
A NV AEGUEWESIEL L2 b OO, BERGENFEI N TENDO U A L ZRPR S,
A Ofeg 2 i L ClEE Lz LHEl S e, NEE Y AV ZADHTHIE S/ Group B,
RNELTANARET NI TV A7 2T AF =Bk 7 ve U THREINE
Group CIZBWW T, =4 —HKKHD 21 HHE T, &~ U ARELF LT, ShEHEL -
PUROEGETHIUT, MET 2 a Ny a2 L2 Th, Nk A LA (B o
b G200 LT, AR D DIZHER G TG TE TVND Z PRI,
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Figure. 21. Survival rate after virus exposure. Mice were nasally inoculated twice with
either 20 nL PBS (Group A, O), 20 pL PBS containing 2 pg inactivated HIN1 A/New
Caledonia/20/99 (NCL) viruses (group B, A), or 20 L PBS containing 2 pg inactivated
NCL viruses and 100 ng tetraglycine-L-octaarginine-linked hyaluronic acid (group C,
() at 28-day intervals. Fourteen days after the second inoculation, mice (n = 8, each
group) were exposed to mouse-adapted infectious HIN1 A/Puerto Rico/8/34 viruses at a
dose of 8.0 x 105 PFU/mouse (day 0). After virus exposure, survival of each mouse was
monitored for 21 days. *: significant difference from group A analyzed by the Log-rank

test.
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PR8 KRR H ORE%Z 100% & Lzt 0T =4 —HBANOKEOHE (RAZE(L) %
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Z L7 PRBIKICEATE STz, Aiguo HOME LR ULBGE A bBIE LI W) 2L &
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VIRET N7 V- LAd s 27 vF=EERE T b e U THE STz Group C T
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—7 (FFEH &R LT 10% 08 2R LR, B—2% 7 HUNICKREIZESIZH
WLz, 780 LD~ U RZENT, REODLT R BBE IR, WThOKREDS
BHCMIZEIE LT,

Fe 4 1%, Figure 23a |- T 7 — XA %28 LT, KERED . T bbEEOEELE
ATz, TANVARERSORES 100%E LT, TOEENSORADY (%) & HIZxL
Ty (% - day) L7=&BEOEBI~ 7 A DT — & % Figure 23b [Z/”" 3, Fx X, VA /LA
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Figure. 22. Change in body weights (a-d) observed for each of mice after virus exposure.
Mice were nasally inoculated twice with either 20 pL PBS (Group A, O), 20 pL PBS
containing 2 pg inactivated HIN1 A/New Caledonia/20/99 (NCL) viruses (group B, A),
or 20 pL PBS containing 2 pg inactivated NCL viruses and 100 pg tetraglycine-L-
octaarginine-linked hyaluronic acid (group C, []) at 28-day intervals. Fourteen days
after the second inoculation, mice (n = 8, each group) were exposed to mouse-adapted
infectious HIN1 A/Puerto Rico/8/34 (PR8) viruses (day 0) at a dose of 8.0 X 105
PFU/mouse. After virus exposure, body weights were monitored until either death or the
end of monitor period (day 21). Body weights after virus exposure were expressed as the
percentage of weights on day 0. (a)-(c) and (d) represent data of individual mice in groups
A-C and mean + SD in each group, respectively. §: significant difference between groups
B and C analyzed by the Student’s t-test. *: significant difference from group A analyzed
by the Tukey-Kramer test.
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Figure 23. Area of weight reduction observed for each of mice after virus exposure. (a)
The area between the curve defining the weight change versus day and the horizontal
line indicating 100% (body weights on day 0) was calculated by the trapezoidal method
until either restoration of body weights to those on day 0 or the end of monitor period
(day 21). Dead mice were excluded from the calculation. Each dot in (b) represents area
of weight reduction in individual mice (n = 1 in group A, n = 8 in groups B, n = 8 in group
C), and horizontal lines and vertical bars represent means and SD, respectively. :

significant difference between groups B and C analyzed by the Student’s t-test.

5) HIEFHE DT DI iz NCL #RIZ k9~ 2 Hrifff

PR8 B ~DIRFRERI O~ 7 A (VA VAWEEEH | BEEATZ T & AIZHY H L7z Group
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PeEBRIZBNTH, 7V hELTO DA77 # 7 VX = EE(L PNVA-corAA DI
HOFEICEHDO T, IgG RNFE SR, FUROLOERETHES N IgG LT,
PURE T Vany bodEIC L FFEI AT IgG LoV K0 HEHERITERD o 7 89,
A [El DR R T DS PR8FK KL U bRV NCLEERHUR & L THWHLTZ720,
TV any ERRTH [gGFEN IS N EF 2 blz, —J7 . A&k NCL #f&
HAZ &% TgA §FEIE, AR ORGLIBR LRIERIC, 7Y =23 bO&REIZ L0 AR
Sz (Figure 24b. closed symbols), LA EDOFERMNG | #ET U2 NORNEITHE
7 lgA FHETHD = L ARSI,
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Group BB LD CIZEB W T, PR8HKEA~DIEFEIL, NCLKEA~D IgG O ISMEZE & 5k
R L 7eo7= (Figure 24a, opened symbols), Ok (NCL#E) &L (PRS ) 2
HBienZ b, @lgG ORXFUNMEIZ—BANTIRNZ & 52 QRIEIDOREGEFERIZB N T, R
/ﬁﬂﬁ PRS ROk EL 5 CHE I - IgG X NCL FRIZIF & A ERXN LighoToZ &
3. b, FxlL, PR HE~DIREFEZ 1 L T NCL #RIZkHd % IgG O IGMEIE EFH- L
ETPHL TV, THICK LT IgG VrYMIARIC EA L2, 20 EAOREE, 7T
PR8 BE~D &G S5 S 7= & I S 7z Group C Tld/h & 2o 72, NCL ¥k & PRS £k
DO HABIF DX 7 VATF Rir—70 o A ZHAS HRME 88.3% & iV 728 K72 PR8
KR~ DIEGENMEFZITHE Z o 72 Group BIZEBW T, IgG FHEMEE S NLTZDONE LR,
—7J7. Group B (28T, PR HE~DIgEEE% 21 H H D IgA @ NCL FE~DHMEIT, WRER
HIZHA_THEIZIE T L=, Group C TlX, IgA L LOFEREL i%ﬁé’%éﬂf;ﬁxo 7-
(Figure 24b. opened symbols), Group B ® X 92, PR8 BE~D YL I Z » 7=
=AW T, PREEDGIEIRIMENMRN 2D, NCL A~ X T 5 IgA OFEITE
BIRES RN ERRBE Sz, ZORBRIE, HURS T V20 M FGET . PR8 K
BRERTAICME—SE 2504172 Group A D~ U ADHRMIZ L » THFE SN 00H LLZR, [FH
< 7 AZEWT, NCLERIZxT DM IgG OsPE (endpoint titer) 13 19.3 THY, =
DL PR HRIRFERICHILZE STz Group BB LN C O~ U RZBIT 5 IgG L~ L [A%
Thote, —FH., IgAFEITIFE A LBIEINRD o7 (endpoint titer (TR D 2.3
ARt ) o
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Figure. 24. Level of HIN1 A/New Caledonia/20/99 (NCL) virus-reactive IgG in sera (a)

and secreted IgA in nasal wash fluids (b) in individual mice. Mice were nasally inoculated
twice with 20 pL PBS containing 2 ng inactivated NCL viruses with (group C) or without
(group B) 100 pg tetraglycine-L-octaarginine-linked hyaluronic acid at 28-day intervals
(n = 12, each group). Fourteen days after the second inoculation, mice were sacrificed to
collect sera and nasal wash fluids (n = 4, each group, closed symbols). Residual 8 mice in
each group were simultaneously exposed to mouse-adapted infectious HIN1 A/Puerto
Rico/8/34 (PRS8) viruses at a dose of 8.0 x 105 PFU/mouse. Twenty-one days after virus
exposure, survived mice were sacrificed to collect the same biological samples (n = 8,
each group, opened symbols). Each dot represents endpoint titers of antibodies in
individual mice, and horizontal lines and vertical bars represent means and SD,

respectively. Statistical significance was assessed with the Tukey-Kramer test.
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6) PRS8 HRIZ x5 % ik

ATEE & T LT, PRER~DIREEFTO~ 7 A3 LOMEFER 21 HHETAEFEL TV~
7 Z D PR8 ¥k ~DH A Z HIE L7=, Group BB L C Ol % D~ 7 A2 25\ T, PR8Ik
R B IR O IgG B L OEREE E o IgA OIGME% Figure 25 1Rk T, 7 b7 70 &
VLA ET A= CEEE T v e CEROEEREOFEIZED LT, AE{ NCL EKIC
X UFFE ST IgG 1 PR8 HRICARZ X i~ Ly Group C 28\ T, Group B LV HHEIC
WA 2 BIZR &7z (Figure 25a. closed symbols), = IgG DA XEUaMEIE, A
L72 NCL # & PR8 ¥k L DO @ WHFEIEIC L A2 b D EB X BN, LarL, Group B2
BWT, IgG @ PR8 ¥i~DORJstEIEXFR IgG @ NCL #E~D G ERTE L <KL

(Figure 24a & Figure 25a @ Group B @ closed cymbols OLb#R) . 7 8 Z 7 ) 2 o-L-A
7 2T NF=CREERE T VR CERIE, 1gG DX ESHED S 672 HARMER & SafE S D
BRI HEH G L TWD Z R sz, IgA i[>\ T, T hZ 7V v Lo %
TNX=UEERe T v A LR S LTz Group C Tld PR8 #k~® BH 70 28 X i
WBIE SRR LT, [Fe 7 /ve UEEFEREZ IR E L T2 Group B TiiZ & A
LRIz o 7= (Figure 25b., closed symbols), ZiLHDFERIT., Fex DiBEORE
DFER L —F LTz 82.3343)

PR8 Bk ~DIEFEIZ LV HFURDO A THRE I N~ 7 AD M IgG O PR8 #k~D i ElE
%L < EH L7 (Figure 25a. opened symbols, Group B), Group B ®~ 7 &A% PR8 ¥
WG L, RNICRA LT A NV A% HEBRT 5720, PR8FRICEILT 2 IgG A KEIZHE
SNTRER EEB 2 B2, Group B Tlid IgA OFUAM b A EIC LA L TEY (Figure 25b,
opened symbols, Group B), 2D Z &5 H Group BOY T AN T A NVAEGELT-Z &
NXFFINTz, Lk, Group B O~ D RAX, A V7NV P A )L A~D HIREG: & [FIkE
DINF— T, PRERA~DHE R RINER LI BN, T NI 7V LA
2T X =VEEE Tve g E IR L7 Group C 12V T, PR MRIEFER, [FlY
A NVARIZXT T D 1gG ORISHEN A EIC EFH L7 (Figure 25a, opened symbols, Group
C). Group B THIZ &SN/ FAMELI Y L F L /INE otz IgA IOV TIL, PRS (IR
Al CHRZRZ(IFRD 5T, PR8 HRIZH T 2 @MW RINEITH R SN EFEThH o7

(Figure 25b, opened symbols, Group C), Group C 2B\ THEIL I N-HiikfiDT — %
. NEL NCL #k&7 h 7 7V v LA 7 # 7 V¥ =V EELE 7 v a VoG %
WL CERINTRIEZR, ~ T AD PREKA~DEEAHE L, 722 2 UANVAERELTYH
JEYZPE S EIE L2 TR L2 2 L 2R R Lz, 7 A LV AREERIZ I35 1T D HUiRfl D2
RN EDo T2 H E LT, BEOLSHELETOUA NV ADIRALZ IgA DX, AERRK
JEMFLE oo fc ZENREIF BT, 7o, HEEZ ML TV Group A THAAF L 7-ME—
D~ ADT A ) ARFERO IgG 3 LN IgA OFUAMIILENZiL, 203 8L 1U4.3 THh-
Too UANVAREGIIME S BRI LA R T 25 2 & T, IgG I3EF L FEI N2, IgA OFFE
[TRHIBICADREDRN L~ TH T,
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Figure. 25. Level of HIN1 A/Puerto Rico/8/34 (PR8) virus-reactive IgG in sera (a) and

secreted IgA in nasal wash fluids (b) in individual mice. Mice were nasally inoculated
twice with 20 nL PBS containing 2 pg inactivated HIN1 A/New Caledonia/20/99 (NCL)
viruses with (group C) or without (group B) 100 pg tetraglycine-L-octaarginine-linked
hyaluronic acid at 28-day intervals (n = 12, each group). Fourteen days after the second
inoculation, mice were sacrificed to collect sera and nasal wash fluids (n = 4, each group,
closed symbols). Residual 8 mice in each group were simultaneously exposed to mouse-
adapted infectious PR8 viruses at a dose of 8.0 X 105> PFU/mouse. Twenty-one days after
virus exposure, survived mice were sacrificed to collect the same biological samples (n =
8, each group, open symbols). Each dot represents endpoint titers of antibodies in
individual mice, and horizontal lines and vertical bars represent means and SD,

respectively. Statistical significance was assessed with the Tukey-Kramer test.
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7)) IgA O UNE

AIA &7 LT, Group B 38 X T Group C 122V T, PR8 Bk ~DIRFEERTD~ 7 AF X
OBgFE% 21 HHETAEFEL TW e~ 7 AD&EIEN IgA O XGMEZ R LT-, 20 54
R U 7= BNV IR D EFE T A L AR D vHA (25 5 BOGHE % Figure 26 1279, 728,
AIEECIL, 7V 2\ MR GBI O I TH o 72728, e GRRLSN D 7 A L 2RI xT 5
FOSHE (=7 —% & L COWLERE) 2R EGHRICKRT 2 ROGME TR L7z 50 R4 v 7en
(ERRZVIEERISER RN EERT), 22T, IgA BHFEVFEINRNT
Vany MEREFOT 2 b EB 070, ERREVIEESFRAS~OIMERENZ & &
RTBOCEEEZ Z D F EMW o, PREKA~DIRFEER, 7 77V LA 7 27 %=
VEELE T Ve Uk E SR OARTE L NCL # & 5 L7 Group C Ti, #58IC
XD mWBUSMED R STz, E 72, PR8FRZIT T2 < | [AI UL CA Bk, HiBI D F 7
% BNE #£5° VNM #RIC & X BUG LTz, BREER 21 H BICBW T, MUSORI B LUK
FOSHED 7 1 7 7 A MICHEREIT 2 < IgA OEB I OVEIX, D7 &b 21 HREHERF
SN2 EDVMER SN, £, ARIOEGL IR THW- PR8 LRI U HINT @ CA X
H5N1 & VNM #RICk4 % IgA O X UGSMEE, PR MRICH T 2 XIS L Y HEd-
2o, ThI TV A I AT AX = CEE e T A ViR TV aN e L
THWEREA 7NV U 7 F A%, FHiMEA 7 o FORATRO TRLE '
B EBIR WIS T D & & bic, HiRZEBZ 77 A NV ARORYEBESSEEL TS
XIS TE D AREMES R &7, —J5, PR BE~DIRFEERT, RiH L NCL kDA% B 5L 7
Group B Ti%, Group CIZHAT, EHEHURICKT S IgA ORIGHEITE LKL, o
A IV ARRISHRET 5 OGS . W CHR O HIND B Th TR S - Lok, fijd T
Ehoto, BER 21 A BIZBWT, IgA OIGHEIZREMICS DIE T Lz, ZhboT
—Z b b FURDOHRTHRIE LICGE, EHUR & B2 D 0 A )V ARRITH 2 BB 3 &L
OHEIEETRITFECE R0V B DT,

2019 4E 11 H. BRKRBAEMISIIRENA » 7 IV U PRTEAL T A L R 5 73 % SR
BRI 7 F 2% L %), £ ORKRBRZ FFE 7 HISE T L, i< BEICKRBFET 2 78
ThHZ N, HARBHBZFEICLX VMU LN 9, KU 7 F ATRAIY & LT,
ANVKRFLE= R ~w— R T 7 VR (R 7 V') CBIO L7 AF =050
INTND, KU F U ORRBEDERIGOFRFEREND | MIEHEMED &I LR F
TE=ARY v —E, NELT ANV ADBKE ETOMREFMEZERIEL 28Ik, £
DOV IABMEESND Z EE B L TRMEN TV EEx 65, BRIV &
U AFEEMAE LTHOYWONRTEY, KU F U THREOBMTIHRMEN TS &5
2D, LT AF= ORMBEMIIARATH L8, W7 I VBN T Vo MEWE R
EVVOMEITHER SN TV, KU 7 F U ORFFFICIE, DARF T E=LRY v — 2 kL
XL OKEMEEMEZ SDICERLTHL IV EEINTEY, L7 AX =1 3FEK
WHEEEYE L LTRSS TWDO0ns Liven, LEDZ Linb | KU 7 FAET Y
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2y MIRIMERLTWiRWnE Bbivd, LIRNATo72/fEA 7 vz oo A L 2Tkt
T OGP EROERD | HHEENZ T NIPURDO A OR &5 Th - Th | Y B ERILP
FRNb DD, BHRELF T U A VAR DG 5 BIEIE TR C& 5 L HEH S
b, —J. BT T RBFEA V7 VT T A )V RITxT DI RBROFER S| F 5k
LRRD T AVARRITK L TR, ERYEITHE S SRR OB LD B2 B b —H b 200 b L/
WS T E A E DR TG S HIE(LE PRI CE A L HEI SN D, KU 7 F U ORR
ARG R OFEMNRAR DT HERI O A 720 NEL Y A NV AD B ERERET 5
ZLICED  EERE R D UA N ARICERBE I N L S ICRIICRELZES L, BIEZK
52 EMEBIOFE A2 DEPREEBR THHRINTWNDZ LD, KU T FUIIAEKRD Z OF
PEZFA L T2 0008 LR, Fx OHERIBIEL WO THIUX, 7 877U LA
JETNX=VEERE T AR B ET VanNy b LTRY Z F AT 52 L0k
| FHiIEA TN P OFATIRO THEBEWCEIR FARICASE#LEL, V7 F e LT
B SR E B D 7 A VAT L Ch, Z OGBS E S EIE(L TR %
FHTDHH LT 7 F AR D 2 BRSNS,

Flz, THE, 80 6M~DHEYT VN — (Nose-to-Brain) (ZET 2WF5E03 T4 T
Lo T F TR R IHREN, FD— R & L TRA~ZEGE L 5E. FHEhE
TERMEZ D Z ENRESND, THRICHWD U 7 F 3t NextG b+ 570, 24
PEIZRT B n— RWEE, — 55, Flumist® 23 ARG S 3, Al ORSRIE LA > 71>
YU FURBRFRENTNWDL I EEZ2ADLEL L, BEFHRELHRVIELTHITT S
A 7N PSR T BTG L L COREERGIRIRENIC —EOMIERH 5 & 1
ITHWT LTV AD EEBZHND, I HEWEY | BEETF FEELE S 5T ¥ 2
YRELTHWS Z LOREMWICET 2RI L T b, 525 mMERBROFEM (L
X o b—a VIED LIV in vivo (2381 5 Hia B 5 alBh <0 s 1 ¢ G- 75 M 3R o0 52 it
b LFEIFEE L ian L TV TE) L I ONCIEEZE R~ 7' F R EEA & 51 O I e b0l
K FIEC & D @PREO G/ B2 BEe+ 2 SN, K0 LeiaikbG)— oL E
HCThD, TealTBEIC, APENREIC L D MEGREOFHFEIZETF L, BUK, I6 o 1TKRE
WHDDOHRNFEIND Z L 2R L TS, AENICEE T 284 ThHiLiX, Nose-to-
Brain OFEIIAE SN D, Fio, BTG S WGE | AL OBk o850
WM 2 ISR 723 AENTESHE B E AT TS Z & Th Y | BlENTREHC T~
TED/N— RUEHD TRV, JBIZR AR GO R[EN A @O 57 A A G-
RIFRFHZ DWW T, BRSO 7 4 VARIRZET Db, BEREARRKINA~ A 7 0l
TRNVDOEMIRE, 7 A NVLAORTT 2 TRT D2 LK ZEMED S b 58E b B
INb,
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Figure. 26. Cross-reactivity of secreted IgA in nasal wash fluids in mice (mean + SD).
Mice were nasally inoculated twice with 20 pLL PBS containing 2 pg inactivated HIN1
A/New Caledonia/20/99 (NCL) viruses with (group C) or without (group B) 100 ng
tetraglycine-L-octaarginine-linked hyaluronic acid at 28-day intervals (n = 12, each
group). Fourteen days after the second inoculation, mice were sacrificed to collect nasal
wash fluids (n = 4). Residual 8 mice were simultaneously exposed to mouse-adapted
infectious HIN1 A/Puerto Rico/8/34 (PR8) viruses at a dose of 8.0 x 10> PFU/mouse.
Twenty-one days after virus exposure, survived mice were sacrificed to collect nasal wash
fluids (n = 8). IgA reactivity to the respective recombinant hemagglutinin ({HA) proteins
was measured and expressed as the absorbance of each well containing viruses at 450
nm from which the absorbance of the virus-free well was previously subtracted. NCL
strain: white bars, PR8 strain: left hashed bar, the HIN1 A/California/07/2009 (CA):
right hashed bars, the H3N2 A/Brisbane/10/2007 (BNE): black bars, the H5N1 A/Viet
Nam/1194/2004 (VNM): dotted bars.
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8) 1gG DY 7 ¥ A Tkt

i~ F REE RSO PURFF R 72 M O 1gG & b o IgA O pEAE & (i
T2 LITAMEE TICRROEY TH L, TOFEMRA T =X LT BN > T
W, D-A 7 Z 7 ¥ = UEHE PNVA-corAA Z# VT, —#8, A B =X LOMFEIT> T
BY ., F@EZFOIAFET, v 7 RAGEKEE ECOHURDMR MM LT 5 2 &0, M~
DOPURDI Y IAHMPMEEEND Z EBHERINTND, T I TV LA 7 27 %=
YEEE T Ve CRRIZEW TS RRORA IR SN D, SURTR R~ JAT
RAERS, T A /L ARG D O AR 3 TEHE 25 H 2 B 7o 3t o % 5135F
fli STV, 2 2T Mt eZ O F 5S4 2 PRI R IEBRINEZT O 2 & 2R
. 186G OF 7 54 T T D 1aG1 35 £ 08 1902 1. (Rt & MMz DT v %
EHEET AR L LTRSS LTV D 59, IgGl A 1gG2a LV /hS WA, Mifatks
FEMER L Ip o T A N ARG E BT 5, £ 2T, Figure 27 (277 & 912, GroupB
LW Group C 2N T, T A LVABFEROMIGEH IgGl 38 L O [gG2a ZHIE L7, HURO
B Peh L7z Group B TiE, IgGl 13 IgG2a LV K& <, HAREGZITWARETIZ, K
BHERENBEN. THDLZ RN ENT, T8I 7 VLA 7 27X =VEEE TV
0RO EICE Y WHO IgG VT X A T OFENMEES L=, Group B & Group
C @ IgG1/1gG2a DEN & | ARIEMESIE DS K D EMIZE NN TND 2 &R STz, s
AT F REEA RS OG- T ORSEFHEA T = X LIZOWTEL, A%, FEMICHRET
LHTETH D,
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Figure. 27. Level of HIN1 A/Puerto Rico/8/34 (PR8) virus-reactive IgG1 and IgG2a in
sera in mice (mean = S.D., n = 4). Mice were nasally inoculated twice with 20 pL PBS
containing 2 pg inactivated HIN1 A/New Caledonia/20/99 (NCL) viruses with (group C)
or without (group B) 100 ng tetraglycine-L-octaarginine-linked hyaluronic acid at 28-day
intervals. Fourteen days after the second inoculation, mice were sacrificed to collect sera.

Numerical values in the figure represent the ratio of IgG1 to IgG2a.
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9) PR8 ¥E~DREGLD AR 5 B 22

ZZETOMFHIRBNT, Fexld, RIEENCLKE T R 7V LA 27 ¥ =
BEEe T vm SO EIZL 0 PR8 BROEGLI D EEl (EEREERMY) 115
RICERETEX S Z AR L T2, NCLF & PR8FKIZFE Uil oo HINT IZ0 B SN 5 03,
BRI D A VA TH D, Figure 25 (closed symbols, Group C) (Z/-9 & 51z, #
Lo & 872 % PR KD~ 7 AENIZ 1T 2 HEBRIZIZ, PR BRICAZX LT 5 IgA B LT
IgG OFEWHENRETE L TWD LB X b, IgA 1T XS EZ R 7210 Tl <L Rl 1
IZBWT YA NVADRAZIET 5, BEOREZT EER VANV ATER LT L 2k
AET 5, ARIORFEA TN T A LRI DR ERR T, U A NV AEZRE LT
WRWT2 D, A L AEIR T IUTEE D 7 A L ARSI B E AR F IR, L L,
AIEE NCL BT b7 7V v LA 7 27 VX = EEfbe 7 va R E S
Group C O~ 7 ZIZHBWW T, PR8 RO IZ L A Eld & TW W2 &1, Figure 25

(opened symbols, Group C) (Z/”"F K 912, PR BRIEFEZICHUAMANIZTE AL EH LT
WRWZ EIZ X o TR Ffa b,

Figure 28 1%, Group B 35 £ U Group C @4 8 JLD~ 7 A DO\ T, PR HRIRERRT# I
BT DFEKA~D IgG B LU IgA OMEDZ L (&% 21 ARIZBIT2x D~ T 2D
Pl (20 THR LI2H) MREERERTNCIT D 4RO~ T ZOHURMEOFEE (205 TR L
ToME) . DARE, U AV AIRFERIZ OPURM O & F£E0) % Figure 23 TR 7o R E P mHE
2L TTry b LEbDTH D, AREIOBRGFER TIE, N A VABORED U A /LA
IRFEZOMOWRERE bITONRD ST, T 877 v - LA 7 2T v =V[EEkE
Tovr CEEAAFIFEILE T . ANEL NCL BR TR S/~ U 21231 5 PR8 B~ D&Y D
A2 BRI HEES T AR T L LT, Figure 28 ™7 — ¥ Zfi#HT L 7=, Figure 28a |
AR OIT UA NV RRENIEO IgG ok (REE% 21 B BAREERD 1%, RERD EEO
B & sy HBI 2R L7222 6 b7 Lz, Fox i3, “U A L ABREE HIZHB W T PR HKRITHT 5
IgG O SVEDRAIR AR Y~ 7 21X PR FRIZEYL T 57 — “~ 7 AKWNIZH 1T 5 PR8 #£
DGR TR IR ER A 25 SR 237 — “BE Lo~ 7 AENIZIE 08D IgG M PEE
ENTWAZD, UA L ABREFEHIZBWT PRS BRI 5 IgG D S MESARRTBIIZ mv v~
U AT, U AV ABRERIE O 1gG OHITIEICRE <7257, EHEHI L7, Group B
DETOZ T AZBNTZ U TIBE SN U A NV AGEZRD 1gG O LT, KO~ Y
A2 FEGe UTe 2 & 2R < SFF LTe, U A L R RGO SER O EREE (RE R i
BEOREZ) ICRERETLDENALNTZDIR, VA NVRRERRICK T S IgG OFFEL
~UBMERBITRES B oo LEZ BT,

Figure 28a HiZ8\T | TR L7z Group C @ 1 JED~ 7 AL, Group B T HIAEIKD
Bhrolev U AL RRED Y A NV ARGERIZO 1gG & RERDmEL L TEBY, 20
AT EE 7278 5 b PR BRICIERYL LT L HER S 7z, IRED i OHER (Figure 22¢ T
B RERREBDPBE SN TV DERICEZY) 226 BYE . WIS T A L 2 3HERR
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SEh, [BEE~EDoT- L E 2 BT, —75. Figure 28a OJFSAHITIZV S 4 PLIZHSW T,
U A L ABRERE TR ST A — 2 —DOETT L A ERD SR -T2, Riffk NCL £k &
TRV LA ZT X = CEERE T n RO G K0 S T s
FEOIgA X, 2o DOffi{k%Z PR Bk~DREGL) B2 L7z L HEs2 sz, &0 3L
D=7 ADBYRREITI AR TH 573, Group B O~ 7 2 & Hili+ 5 L (R ERD mif I T HER
TEXDHLRXLTHY  HEZATVANAFEELTH, SO UDERRNICHFEINZREICLY
U A VA ORFEITIE S A, EIELT A 2 e, BNCEE Lz SRS N7,

—7% . Figure 28b ("7 X 212, UA LV ABRER(E D [gA Ok (% 21 H HMREE
B 1%, EEBDERICHE Lotz A TN I A )L ADEHREYZ 08 LT, ks
fE B IgA BNFESND Z LIFE< LN TV 50, FEEE FURO A% #S L7z Group B
TlX, PR8 ¥~z 2@ L C, IgA ORE~ORIGHEFAEIC EH LR, [~ AT
Bl sz IgG O ER ORI T, e /oo 7 (Figure 25, Group B), FHBEA
Boipno o8 & LT, U A L A OSBRI R AT IS 31T 2 IgA O3 AR 303,
EHPEOREGITML T O IgG OFFICRE T L 2 LBFT b 50, U A L ZBREERA]
5 SN PICHE— A &5 - 72 Group A D~ 7 ZDOHUAMM (1gG:20.3, IgA:4.3) 726 b,
A VA DRBIEGZ LD IgA OFEOREIT IgG KV bEFE LR LIIH LA TH-
77

EHEDIUERT HHFRE TIL, BEERT T FEEE D 772 E FREORIBHENFO &
785 THIBLOMSRENE B 2545 L. T a AW AIEE - AR OB 2 Ba L T 5,
AROBFEZEL T, VANVAFRET 877V - LA 7 X7 VX = @EEe T e
VA 2 BIREERET DI IR BT A RIS DIERGRE B H VI EIE TR
WA RRENFEIND 2 ENEFES NI, MED 7 F AZONTIL, FE OLMREF LT
WABT P any MNP TR, VRY—ART v /Ly g2 78K - DDS #iif b gt
INTWD, FEEOITZAR., T hI77 Vv LeA 7 27 A=V EEe T ve U igET
Tany NELTHWD Z EIZR Y KEEGT D 7 F ACHIfF S5 R ORI R & #Ei T
EXDHIEEFEIELT, A%, o7 P2 2T BAl - DDS Hifr & @ HeisRGE
HAT > TV, B2, B F A MY R Y — 2Tkt 2 BEEAS 7 F FEEE S OERr
PEE LT, B—=FEMMENZ LI K2 IEEMICER T 5 @m0 RO /et 2 Bl E
Lice TR 7V LA 7 27 V= VEERE T v a ABOFHEHEIC R T 5B —#
BALIA+1I0mV TH Y  D-A 7 # 7 ¥ = EHEL PNVA-co-AA LV H S HIZEW, Fix
IXEBIIZ, TAX=V#EEE LY 7Y VL7 b7 7T AT = EEfbe 7 VERD
T anNy MEWRT N7V LA 2T X =VEEfbe T v ViR EED BN
TEERBCHERL TR, Y7V VLT I TAX = VEEL e TV CERO AR
DB —ZEAITKI+E mV Th D, oI35 i~ 7F REE 7 OEAE
RBGMEZI BN U, RN ORI O v % Wb 5 T ETh 5.
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Figure. 28. Correlation between change in endpoint titers of HIN1 A/Puerto Rico/8/34
(PR8) virus-reactive antibodies ((a) IgG; (b) IgA) and weight loss through virus exposure.
Mice were nasally inoculated twice with 20 pLL PBS containing 2 pg inactivated HIN1
A/New Caledonia/20/99 (NCL) viruses with (group C, [J) or without (group B, A) 100
ng tetraglycine-L-octaarginine-linked hyaluronic acid at 28-day intervals (n = 12, each
group). Fourteen days after the second inoculation, 4 mice in each group were sacrificed
to collect sera and nasal wash fluids. Residual 8 mice in each group were simultaneously
exposed to mouse-adapted infectious H1N1 A/Puerto Rico/8/34 (PR8) viruses at a dose of
8.0 X 105 PFU/mouse (day 0). Twenty-one days after virus exposure (day 21), survived 8
mice in each group were sacrificed to collect the same biological samples. Endpoints
titers of PR8 virus-reactive IgG in sera and secreted IgA in nasal wash fluids were
measured. Each of titers of 8 mice at post-exposure (day 21 after virus exposure) was
divided by an average titer of 4 mice at pre-exposure (the day of virus exposure, day 0).
The ratio in each mouse was plotted as a function of area of weight reduction in the

corresponding one described in Figure 23b.
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BIEORG ZHE L T, Fxld, D-4 7 Z 7 /¥ = [EE(L PNVA-co-AA & &1 « B
RI%RT Vo MNEWEZA L, RIESMHEEDOREEER~7T FEEGE S L0 b2tk
DENDEDIRIEDT ST 7 ) LA 7 2T A= CREELE TV CEEOERFIZ ALY
L7z, F720 1B L0 2EHOELGMEZ 28 HM L B LT, T — AT 4 v 79\ R% il
BT 22 &ick b, ®EEEE 4 H25 2 BICHIE L THHE L~V 2 RREICHER T
HZERFEREL, BWRIGANRAEN DB A V2 — NV OGH 2L Uiz, —J7, kil
WHERY 7 F A SN D EROFE T 2 BFE D A /L ARRIT K 5 RGP B E A b
FRINRIZOWTIEL, D-F 27 &7 ¥ = EE( PNVA-co-AA &l 72 ZivE TOMZET
B STV R0,

ARETIL, AEBRRFACEAGR PO IR T, FRRORBFOMREEL TEHE L, RmA
VINELUFTIF DT VanNy N LTOT R 77 ) v LAy Z T X = CEER
b 7vn CEEOARYEEZTHE L2, S E L TOAREL HINTNCL £&, stk e LT R
Bilft stz HINT PR8 k& Iz, BRRTHOWOR TN DA 7By A )L X HA Y
7 F T, B OGS E 72 D HINT B L OVHIN2 ISR I N D U A VAR Z
NENEENTNDZ b, F—HMNORRD T A L ZARRITKT 2 YL E L
A ERT D LIC k0 EHiMEA > 7 ORI EE I RR TX 5 Lof)
WrL, F—dRANOREA 7L A N AMOBYERE T A o LIz, v~ 7R3
B, 7205, PBS G L THREFHELR V> ha— e LTO Group A, HiDH
595 Group B, PURB X OT V2 v N &2#E TS Group C, (ZHEI Nz, 28 A
kAT 2 [, eGiEa~ D ATk GG L, 2 ARG 0 2 HFHE, 58 8 Lo~ v X2
%f LT, LDso ® 2 {58 PR Bk & ik btk b5 (IR#R) Lic, UA /L AMRGEER 21 A, 45
CEEEZE=2V 7 U, BN, BEHIZBWT, VA VARE LR\~ T A% 4 95
Group B 8 X O Group C HH Y H L, HFUAMMiZRE LTz, &EECTEF LYY XA B
BRIZ, PUARMAZRIE L7, Group A TiX, UA /L AMgEE%R 3 H HLUARE, BRICHES F LW
RERD PN 2HICTHER SN2, VA NVRIRER 11 HURNICTHPET L, E=% —&KH&H
D21 HEETHEFLEEERY O 16>\ TIE, Group B 5 X Group C [FEEDE W IgG
LAULDR S v7z, Group B Tid, ETHNITMER S R b DD, 7T [EO~ T AT
Group A L [FEROEEREER D DBIE SN, VAV ABRER 8 HEOEERD DY
DOHEE DY Group A & Group B TIRIEF—H L TW=Z &, F=X —KKHD IgG B LD IgA
DL ULN T A L ABRETEYS HOZNENOHR L TR THEIC EF LTV Z &
5. Group B O~ 7 ARHMN T A VLAY LTz EHERl vz, Group BDO~ T XX, H 5
M UOHUE (NCL #R) BEICIVERPRM ST\, R 74 NV AKTH-
TH PR MRICHIT 200 MR R FE I, JEICED Z &< A EEIZH )
ST, L, UANVRBERIHE I Y RT A=V 22T TN led, E=F—REHET
W2, PO~ T ZAOREITYIMEE CTREIE Lo 7, Group C Tld, SETHIHER S
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PRI 72T Tl L UA NV ASEGE S TRAR TR L E o 7o <BlEEsn o Tz, 8
B 4 Lo~ o 2 TlE, KEIZIZE A ERDET, T=F —KEH OPURMR T A L R
BHOHUAMEIZFEAEEDL RN ST END, ZTNHDO~ T ALY A IV A~DEYEL)
PR LT Z L 2GRS R LTz, 1IEDO~ T AL, VAV AIgRFEH 6 HH, BBFEH &g

L CTHI 10%DEEW D> OB — 7 2R LTc, B —271% 7 HURNIKREIIZRICEIE L,
D 3 IO~ T AZBWTIX, MEODOTRBABBIE I NN, WTNOEEORE
LN [EE LT,

PUR D B % AR e 5 2 1L Tl Bk & 2725 U A )V AR O YL X ©
TP ZLEEIELT 200D, & O U LT Ve WMERR X0 I3k I3 5
ZEES L, BEIZmN D Z &R ST, B2 BT & W B s L OVEE(L A TP
TERWELR & LT, il LR IgA Lo SR WA XU EER L O 5 ™ o L ARk
x4 5 IgG O R OSERZET bz, 72, PUROAROESL THE S =i
DIEHLOXIFREL, TOZERTANABBHROEEALORREICRESEEL-LEZ
BNz, —FH. FRI TV LA Z T AR VBB T e R A HUR &Rk R
WCHEEBRET D2 LICh0, BERERRD U A N AKROBEGN S BEMITZERIITHS
Tz PR OEERCIIEEA RGP S e Z ERMS R I N, JURET V2NV b &
TR B DARGIEIETIE, Tm e 2 VAN AR L TH, H O UDKRRNICHEE S
ToIEIZ R0 U A VA ORI S, EIERT S 2 L BICHIET S EEX 60
7o T OREGLPHENE N EFEAL PRI RIR, SaER & B D U A NV ARRITHT 5 IgA B &
WIgG OEWISEICER L TWbd B2 b, 7 877V LA 7 2T X ="
FElbe 7T am UERIE. REE HINL A > 70 o0 A L R % U T- 5% SRk s a3 | o
BWT, R—HRNDORR D T A VAR T DG HARA S EHT 5, 2 WIEE Y
A NV ASEGAE D BIE(LZ PRI 5 Blck T, EEAREZH S TWD Z LRI,
Fo. FEIN IgA 1ZRRDZHEMD 7 A L ARKICK L THH NI L2 2 & h
5. MR A 2 TORYEE X OEEL T ~O8fF b RS,

2009 HHTHE X 72T 2 v 7 OJFEIRIL, CAFE (H1IN1 A/California/07/2009) & L Ti%
WCHEES NI A VAR TH D, TERBOA TN U 7 FAZHEEN TV Sl
Ao HIN1 TH V. YeZAERVEE 7 ER. 20 CARY 7 F U icMlBr AN STz, 4lE
OFx DL T, T T 7V - LA 7 2T A=V EEE T Ve U fEE T Y a N
Y EELTHWEREA VTNV FU 7 F ok, FHEitEA 7 v B ORATIRO TR
EWSPBETARIAHEHIST 5720 T, #EREBX 72U A )V AR RGP HE<C HIE
EFPBHTbXIETE D ATREMEZ R LTV D, 5%, & 72 2 MR 2 CAREIN DR ISH 2
FEHL, R AN AKEED T, VI F & LTERESNTRE R D T A NV ARRDBRAT
LT, ORGSR D BIEED TS, A VTN FONRT Iy 7 DRk
ENTAEENKD Z EEIFE LIV,
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BAFE KBIE

A TN P T AN AT ERGERED DG U CEHEORYYEL S ERE T U AL

ATHY, VANVARADZ N7 EOEWNILY A, BBLOCHBIZKSnD, AR
TANAE, Y RN TETHD 16 FEHO~N~ I VT =2 (HA) L 9FEED /A7 3I=
2 —+F (NA) OABEDEOEWCL Y, HINL 2 EOfRIC S 52 E S, [ U
Tho THEBIEFLNIVDRRDLLL ORPFET D, BIKRTHOWON TV D EFR A
TINEUFTAA HA U7 Fi2ix, WHO OFITFRNCESERE SN 7 A VAR
(A% HIN1 BLOH3N2 O 1 2L B 2 #k) oS HA ¥ 0808
MIANVAHIRE LTEENTWD, AV 7 F ozl TG 5 L MR R A 72
[gGAFHE SN M IgG XV 7 FUICEHEEND U A VARG 5 HIE(LE TR 5,
Ll IgG I3 GHRE 72 5 0 A )V AR D R X BUSHEDMEW 72, WHO O T2
ST b XROBBTUENR X =L X DA L 7N U FORITICRHLTE 720N, 2009 40D
X7 2 w7 1%, HIN1 A/California/07/2009 (CA #£) & L CHRICHBESN-H oA v
ARBRRTH D, F7o, fiE LICHURITFFEE SR WD U AV ADRY: B K2 B
HZEIETE R,

KRR GRD 7 F %, migH IgG 23584 57200 T < KR EIZ 0l IgA %55
A2 W TgA 13, KiE RICBWT 7 A L 27 EORFRDIEN~DR AL X, 5
PHEEZET 5, S OICFE [gA X, ZREEZERT 22 LIk, BHRHOENEE O T,
B GRRE B B0 A NV ARRIZ R XS T 2 B HRE 2 53 5, RS i, W1 TRE O T
DHEELIZED, BETUELBEYIEL CRITT 2BEBMICEHKRA 7L oA L
ADREYNZXT 2 PRI LI FIETH D, Lol UAIVAHURD B % KR LIc 5
L CH B IR RIS S 7, B IR L TR RIEZ L, ik & e
DU A IV ARRIT KT D YL PO B L T B & LT 2 R 5 T 7 F o DRI,
PR B - S VT2 HURIC KT 2 Sl S 2 SR BT DR T &7 2 N N34
#Eipsh, LT, polyl:OFEDZNFE TITHREINTE L OT Y a Ny NI, GEEE
XN G ODEERIS A ATREAR L &2 /R T 2 LN TE T, T OMIERREZ W& L TX 7, K
BT 7 F o ORI, BEMEOMBEEZ IR LT ¥ 2y NOBERARFARTH D,

EEDTRT HMEETIIINE T, RBOREERTF R ThHDH D-A 7 X7/ F=
> R IR D AR A TEE Sy T T D PNVA-co-AA IZIBH L L CEA LZEHE 7 F
REEEE S T EARL, BEA VTNV P U IF DT P aNr b LTORES T
OFEREEH LML TE I, BfTHFEZE LT, EHRS7F NEEES 7527 ¥ 2
Y hELTHWERERGAILA VIV T 7 F O EEMEN ISR N SR END
—J5. KU F U OBEIGHIZIE, 2 E TOMERFE LT 2 SMEOMRN AR TH D
ZlbaREn, 1 DRIE, BEEERASTTF FEEES FOREM,ETH Y | oD D-
F 7 4T X = [EEL PNVA-co-AA IZITERNERIC L D BEOETEN Y 27 135,
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YT NI TV LA Z TR = CEEGE TV R DIREY & FATHTRRIERIC T
AR T4, ~ 7 AR EEGT2 2 L2k 0 PR T IgG B L OEEN IgA
NFE ST, WPURIE, 7Ya2 0 hELTT F 727V oD A7 27X = CEE
{t. PNVA-co-AA % W =356 EFEHAICRISE CTh o 7o, GHIRE A 2 TIC& G R
2 [FNCHI L 72 & 2 A BEFE 7T REE G T OFREICE D &7 PriRfidRd Lz,
HHRIA oINPT ANV R HA U F o OFRGER 7Y 2—E, 13— 2 1 [E#
HH2DWNMT 1 » AMRT 2 BI&ETH D, RN TR L 72HURI 3 2 HURPEA DT EIZ
BHEM D720 THY, HEREE 28 BICER L7z 2 MIREEHE I X0 560 UziE R,
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VLA ZT A= CEEE T Ve Vg D\ E DA X T IVX = U EE{L PNVA-
co-AA DOILAF T, 28 HIFME 2 Al 5D A r ¥ o — )V CTihE SN 7= 8EN IgA DA X SME
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ZHEA L7-, IgA X, NCL# &R U HIN1 IZJE 93 5 HIN1 A/Puerto Rico/8/34 (PR8) #£
X CA HhoffiAmiz HA # o /37'E (fHA) 7213 T<| £ 5#8 o H3N2 IZJET 5
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2T X =VEENRE T ve RO ICso1d 99.21 pg/mL, [RIFRLIZKTT 2% D-4 27 Z 7 /L%
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Thod I EDNMRINT, RIECEDOLEMHEMMADOHEMENS | kHEE LToT FZ7 27
LA 2T AF = CEEE T v e CEEOMIEEMITE 72 <5H< bRV L
LORMEESTRBY , AROMEERE O v 7 MI—EDOREZIND-EE 2 b, &
N U REFERHRHI O TK6 Ml s v 7o/ MEaki 2w L <, g~ 7"F REE/E
HFBIOEALORBHMIL, REAKERELFERE LRV ENFEH SN, FXIF 7 AR
TA100, TA1535 3 J OKGE WP2uvrA & W CHEREHRA R 2 F X F 7 A TA9S
BELOTAB3T ZHWTT7 L—AT 7 NERZFHE L7 Ames 3UBRZ 8 L C, W& E~
7F REELE S B X OER S OREMIL, BIEFREAREREEZFHE LRV LG S
iz, ORI L DFMOMEMEITH D DD, KERE L LI, T I 7V -
L-A7 27 ¥ =EEE T m CERITEELRINA & U TR iR —EDZ a4
ALTWAHEEZ LT,

2. BEAVINZUFIANADODRBRINT DT NF TV - LA 7 EZTAFX=
BEE T Ve U BORRT V230 b E L TOREHEB L OEELTESROE
FE

LR RFICRAMBIAIEATT OSSR T, Bl TNV T A N ADERY KT DT
NSV A T ZT AR CEEE T A UBEOT V2N N L TOHR AR
fliL7z, R THWORTVWEAS TP A LA HA U7 F2id, B b ~DRY
ML 2 2B LOHR O 7 A VAFUEDRZENTWDH Z &b, R—lRNORRD
T A NV ARRIZ KT B Y-S EEAL T RIS AT EE & ZrduE, FEIEA v T v Y ORRR
FIRREIXREMICR TE D B2 b5, £ 2T, ERET 27200 GHH & L TR
&/t HIN1 NCL #k, B4tk & LT~ v 2Bk =417z HINT PR8 iz v iz, ~ U I,
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PBS ##fE+ 252 ba—/1® Group A (8JT), HURDIH % HFET 5 Group B (12 J)
PURB L OT VN M &M 5 Group C (1218), @ 3FHIIH S/, 28 HRHRT
2E, vV AR A RSERE L, 2 [H BB 2 HF%. S8 8 ILd~ ¥ AT LDso
D 2 {580 PR A RREMIICIRTE LTz, VA VARTER 21 A, AL RELET=4—
L7, B, B®EEY4 H. Group BB LU Group C /D VA VAR L CTWRNY T A% 4
PEF*2H D H L, PrikflizJIE Uiz, etk £ THEMF Lz~ T AL RS, BuiAMz2E L,
Group A Tix, VA /VABRE®R 3 A HLFE, BYUIME O FH LWRERD S 2F TElE s
oo UANVAIREBS 11 BUNIZ THINRETC L, E=F —HKEKHBETAEF LT ADTA
JVAMEBEH 21 H BICB T 29URM 2 NE LR, @ IgG L L it 47z, Group
B TiL, FELHIIHER SN hoTob DD, TIEO~ 7 AT Group A & [REROEE 2 (KE
BOBBIEINT-, VAL ARER 8 A OKERD O OHERE DY Group A & Group B
TIFFEF—HL Wl &, UA L REER 21 HHO IgG BL O [gA L-UL3 T A L A lg
BYHOZENZENOIUE L VIR THEICEF L T2 &v5, Group B O~ 7 X
BHIN T A NAREGL Uiz EHERI S 7=, Group B O~ D R i%, H U OHUE (NCL ££)
BGIZ LD RPERDBRFTL ST\ Tesd, B D A VAR TH > TH PR FRIZKTT 5%
PEDSFRRAIC RCFHFE I, FEICED Z L 2R EIEICm - - EHERl Sz, L
L. UANAERICHEIFIY 2 X A=V k2T TN, TE=HF — K& A £ T2, 5
< U ADREIIYEEE CHIE L7 72, Group C T, JELEHINFHER I RN T272
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SRBENTZ, 1IED~ T A (F, VA VAURER 6 HH ., BEEH & il L TH 10% D A E i
YOV =7 R LI, BE—71% 7T HURICEKREITERICEE Lz, 529 3 RO~ 7 R
BOWTIE, KEOO T RBONEHE S NN, WTNOEEOKRE 300 mIE Lz,
PUR D B % AR e 59 2 S 1E Tl Sk & B2 5 U A )V AR ORI T
T ZLEFEERT 200D, HHCORE L TWRUMER X 0 ISR 5 5o
ZREE L, FHEIZHN D Z L AVR SN T, YA i © & WK X O EE A TP
TEARWERIT, BilE EORW IgA LoL EARWAR XGRS L O e 2 7 A L ARRIT K}
T2 IgG OR+‘p7 Otk E Rl Sz, £, PUROAOELE THE SN HuifmorL
HOXFIREL, TOZENRTVANAREBREOEFEOREICRESEELZLEEZ LN
oo — . TRTZ TV LA ZT AKX = UEELE Tv e R EBUR &R 12 3k
BEFTHZLIck D, BHREE B D YA L ARRORYC L S BRI T S,
PR OMERETIERE AR GIE SN Z NI NTZ, PR E T Va3 b A fRrh
MR 59 DARGIZIETIE, TmE A VANAELELTH, O UDERNICHEE IR
FEIZ LD U A VA DOMEFEIIIHI S 4L, BIE T2 2 &< BRNCEE T 5 LB 2 b,
Z DFEGLBENE N EIEA L TP R ok & B D 7 A )L ARRITH T 2 IgA B L O IgG
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2R RELTHWEREA V7N T 7 Fod, FBEMEA 7V P OFITIED
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& O b, BOEE~ 7 F REEE D I X 2 MIENE D IABMERED A B = X L2
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FH2H REBROK

B2E

1
1-1  FEBME

b 7vm g (27 kDa) 3R LT (BR) oA L, DA77 vXx=0 T
NZ TV -DA I ETAX= T RIS Led 7 27X = U 3FEESE (BR)
POIEA LT, EOMFFICFERHO L VRIEIZOWTEIRIEI L —FO L DA LTz,

1-2  FEHZE~7F NEEE S OB G5
- 1-2-1 FEER-<7'F REE{L PNVA-co-AA

D-F4 7 27 NnF=2EEN PNVA-corAA B LT 877U v 2-D-A 27 ZT7 0¥ ="H
EAL PNVA-co-AA [3BEHR D THER LI b D&M Lz,

- 1-2-2 PEEEST T REE(e 7re g

b7 rm W 100 mg (FVARF IOV E T 0.264 mmol) % 2 mL O A F/LAJLIR
F K (DMSO) 2Lz NNE Ra%o 27 v 2 K (NHS) 151.78 mg (1.32 mol)
Z 1mL @ DMSO 2L, BIC NN -V 7 a~fi iy 4 2 K (DCC) 272.0
mg (1.32mol) % 1 mL ® DMSO (ZiAEM L7z, 3 2D DMSO IFiEZIRA L, =i T 24 K
MfRHEE L7tz LB Tum OB/ — AT 4 L2 —THhs |l L7z, R Tl 0.568 mL
(B L, = AT b TE I NVARF IV ETeE T e U FeE R A7 A 3
R A7 /L% 0.0375 mmol 5i¢) #7 N7 7 VLA 7 27 ¥ =2 164.4 mg (K
72 /M E T 0.0685mmol) & F Y =F /LT 22 0.053 mL & & e DMSO YA 0.362 mL
CIRA LT, IREVRIR%E 50°C T 16 REE IR L7248, /i1 & 3.5 kDa OEHTIE %
L. A AU ZHKFTEN LT EROBEHEN 1.0 pSlem 12785 F T), BNTE DU %
WAL, AEMKRELTT I 7V Y LAy 2T AR VEEINE T e U EEE TS
7= (AL, runl, UK :97.1%), LD 35EFEAr—NTT T 7V -1L-A 7 X TILF
=VEEfbe Tva U BOEKEITV, run 2 21572 (R 57.0%),

1-3 EEmaIEy (NMR) figbT

NESZEHEME & L COY AF VALK (DMS02) i DO IZ7 T 7Y Lok
BTN = UEERe T Ve g R LTz, TH NMR 534713, Bruker Ascend 400 MHz
Spectrometer (Bruker, LU B % F 2—t& v VM) H 5L JEOL ECA-600 (JEOL,
W, AA) &M LT LT,
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run 1 @ 'H NMR #I7E1Z D20 Z A E U, JEHE 400 MHz CTHIEAZ1T > 72,

§ :1.74-2.12 (multiplet: m), 2.16-2.24 (broad: br). 3.35-3.44 (m). 3.49-3.98 (m),
4.45-4.56 (m) ppm
run 2 @ 'H NMR #I7E 13 D20 Z M E U, JEE 600 MHz CTHIEA1T > 72,

6 :1.65-2.05 (m), 2.06-2.18 (br), 3.26-3.38 (m), 3.41-3.96 (m). 4.37-4.48 (m) ppm
UTORXZHNT, e7vn BEKICBT LT N7 270 LA 7 27 = OFE
bRZFHRE L, BEREZ, T8I 7 VLA 7 27 A= REEISNIZ VD
RUEa=y ORIy MIEDDIEIGEIOT VT 7Y v LA 7 T X = UEE
fbe7nrasglgilEws LA 7 27 AX=r OEEAA—v M LTHE LT,

E' =2 #/Z (a)

E—2 #/E(b)
y 6 X n(DMSO0,)

16 x n(Sample, tetraglycine- L- octaarginine eq)

(@), () ZFigure9OE—7 (a). (b) Z/="¥, niIF LEDDOIITITHWSIIWE
BERT,

EELE (%) = 100 x

1-4 stk (IR)

FT-IR spectrometer (Nicolet 6700, Thermo Fisher Scientific, 7 4 /v %A, v F =
— VI EHWT, &FHIEE (ATRIE) ICE0 T NI 70 - LA 7 27 0%
=VEEbE T m CEEO IR f#T 21T 5 72,

IR (ATR) ofrun 1:v 3284, 1640, 1537, 1416, 1179, 1128 cm™!
IR (ATR) ofrun2:v 3182, 1636, 1538, 1419, 1179, 1128 cm™!
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15 YNWVRB /e~ I 74— (GPC)

3.0 mg/mL DR THRUKIZA Y T8 L=, GPC o4, B (RD LD
UV #2338 S #17- Jasco HPLC EXTREMA (JASCO Co.. ¥, AA) ZMHWTIT
ST, BEMHE L CHERREE R (1.0 M, pH 4.0) ZM L. FHRFE Tum O U B4
NEFEE LT 300 mm X 8.0 mm DOF 7 A (KW-804, BAFIE T, H, HA) 2MiH L7,
AR 50 uL, % 1.0 mL/min, % 7 AR 40°C IZF%E L. 254 nm (23517 5 UV
WU R U7z, RO itk 0 AR L OFRIEICRT 5 GPC 4T b [AER D J7ikCiTo 72
(7z72L. 3.0 mg/mL TIXAWEMPEL N2> T, 2.0 mg/mL IZAR L TR L),
AEIZiE, 3 HD VT 10 kDa D435y 1 & O Ly B O [R5 (Amicon Ultra,
Millipore, /N—V > k> wHFa—t v M) 2\, 7RIV Lt s 270
F=rEEME T ve OGS FREIT, BEEMEBLIOT NI 7V LA 7 2T R =
veeTnn UREOL A EEN— RTER S L,

1-6 YP—XEN

ERIKEN ALY YR (Zetasizer Nano ZEN5600, Malvern Instruments, <~ /b3
— AFIVR) EAWT, eTvn sl e An gl T NI TV LA 2TV
XU DOREYM, BEIOT R 27V v -7 27 vX=vEE/e T va VO Y g
FEmEIR (U B ) R UKEHS U v A pH 2.82, A A VBREE 0.05) HIZHIT DB —F BT
ZRE L7, BEWIZOWTIE, T I 7V - LA 7 27 AF=UEE e 7y g
DOIERLAL Sy DE Rk &2 2312 (B & 2872, run2), B—XBAIERNZT FZ7 7V v
LAV ETAX= L e T AR UEEEIRES L TIRELL T,
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5 2 &

21 EBRBY)

7 Wi, MEPED BALBle ~ 7 A &R L1z, 2 TOHO~ 7 A% 24X17X12em3 D7 —I T
fE L, iR 23+1°C, HHEFFH 12 BFRH (8 B~20 W) . K, AEERT CHEL
oo B EBRIHERRZEOBMERIC BT 5 BIEICH > T Eil LT,

2-2  EBAE

A TN T A VA HA U Y F22015/2016 2 — R (Table 1) 1E KK AEY
WIFFEET (BlE ., &I BAR) »BEALL, NEbekifA v 7oA L2 AR
H1N1 New Caledonoia/20/99 (B-7'm v 477 ) L Prospec-Tany Technogene
Ltd sl (RAVAF | A RT L) DOHA LT, A VTN T AR ARSI Z
N ITNVTF =B 78 (HINL:A/New Caledonia/20/99 IVR116 (NCL #%). A/Puerto
Rico/8/34 (PR8 #£). A/California/07/2009 (CA#%). H3N2:A/Brisbane/10/2007 (BNE
). H5N1: A/Viet Nam/1194/2004 (VNM #£)) (% eEnzyme #1: (£ b AU — - E L v
V. AU—=F RI) 25N L7z, Horseradish peroxidase (HRP) #Ei#kv ¥Hi~ 7 &
IgG (y84) Hifkds L OVHRP £#% v ¥Hi~ 7 2 IgA (afff) HUAIX Southern Biotechnology
o (N= T L, T3 OIEA LT, TMB 1-Component Microwell Peroxidase
Substrate & TMB Stop Solution i Kirkegaard & Perry Laboratories, Inc. (%77 ¢ AN
— 7, AV —=F 2 FIN) DAL, TOMEICRROLWRIE O ONTIE, 57 11
LRI D DNTT AT AT AT INBEALTAE S L —FObDE2 2D EEM LT,
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2-3 ~ U ANORERE « Yo TV T
+2-3-1 YU TEE

A Y T7NT RNEE (NARCOBIT-E, HHBUER, H, BA) M\ T~ 7 A2k
BEL (f YT NT R 2~3%) Rk~ A 7 &I LicA VY TN T VIR ANERERF LTo & £,
vA 7 BENRy FEAWTY T 2O BEEICIKEE 20 uL 5 L, ARERIZLUT ORI
o3 LT TNz,

A TN TNV AHA Y7 F 2 (Adjuvant-free)

ATV IALNVAHA VI F o + T I 7V - LeA s A7 AX = FEb e
7ovr g (HA-G4RS)

A TN TANVA HA V7 F 2 + TR 7D 727X =@EEl
PNVA-co-AA (VP-G4R8)

WEY TNV TFICRT 3@ 0REA P 2a— 1T, L3 o0V I ERE L
7=

- 7 AR 4 B G-Foks G 1 ERZICY o 7 LRI

- 7 AR 2 Bl G-Fofs &G 1 EB#% I o 7V EIY

- 28 HHW 2 Bl G--fefs# 5 2 J[EZ Y > 77V R

F. MR THHA 7N Z HA U7 F 350D b Pk 584
0.2 pg/mouse | ZF%E L7= (4 [FIEEH- : 0.05 pg/mouse/[F], 2 [F[#EH- : 0.1 ug/mouse/[a]) , &
BT F REEE ST OG- EIXFEBRAFITE U T 50-200 pg/mouse/[FIIZFEE LT,

=N =N
X

OVA ZHii & L THWEER T, PG ®E% 2 pg/mouse/[FIZERE L, 7V 23 b
WZIET M7V LA 7 T AR = CEEe T v SR HDHWET T 7Y L
T BTN e T AR BOREWMEER L, TRV VLA ZT X =
veeTu U BOBRGEIIT VT U VLA 7 AT AR = CEERE TV CERORE
I A DR CRRE LTz,

ANE A TP oA VX HININCL &R & LTHWEER T, HUikG Rz
1 pug/mouse/[Fl& 5V ME 2 pg/mouse/FINZEHE L, 7 ¥ a0 MIXT M7 7V v -L-A 7
ETNF=UEELE TR VRS D WL D-A 7 X T X = E{L PNVA-co-AA %A
M L7z,

-+ 2-3-2 YT ILERER

AV INTGRANEBEZHNTY T RERIEL (Y TV T RE  2~3%) ., K~ A
TENLTIAY TNVT UWMAEMFF LTcEE, BET T EHO T U 2 ZEWEERIC
SBRTITICHEE LTz, ~ U AMEABIE D SRR 2ZHA L, ~ XU BEE L 7= U v
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g S M AR U2, B L 72 Mkl 4 °C. 1200 g C 15 srfim OBt L, B3

(M4 A BN L7z, RMENEICBM L, foaMiE4 i, K& z@tsg, <
A7 a8 )] W TREICE VIAAZZ AL, BIVIAZONS GPEMIZAT TRY =F L
MEEEA L, RUZFLUMEICS ) P08t %2EA L, PBS Z 0.2mLEA L, &1L
23D DY R A SRIEEAHR & LTI L7z, Wit 7 ui3-25 °C THifs L, LA T OFtE
MEOHIE A £ THEERT LT,

2-4 HURMMET Tk
-+ 2-4-1  FeHHURITHT 2 PUARMmE

F8 Nunc-Immuno module plate, Maxisorp (ZA 7LV HF T ANV A HA V7T 1
pug/mL &g 7 V7 2 > (BSA! bovine serum albumin) 1 pg/mL %¥72> L 7= PBS 100
pL/well THIZ, 4°C T1HE L=, 7L — FOFOREKZIY RE, b)) AEHEAHELE
HK-Tween (TTS:HVU 2 0.06 M, #fkF MU 74 0.14 M, Tween 0.05% (v/v)) %M
T 3[EEF Lz, 7o BARERO TTS 2 AW 7=9%id 1 [R5 729 300 ul/well ZfiH L CTfT
S, Ty F TRy 77— (TTS+BSA 1% (wiv)) 200 uL/well Z1z 7-t4, =iET
1R Lo, 7y X 78y 77— fruiciz, TTS T 3 B Lz, Weifik.
Ty X TNy 7y —EHiRElE LTHWT, ED DT EREEYRRR O 2 [EARR
5% 100 ul/well T7'L— MZED , RET2HRMFE L, 7L — FONFRERER,
TTS TE6EIPEFL, 7 ryF 73y 77 =T L7z HRP kv $Hi~ 7 Afuk (IgG
DOAREEH: 4000 {5, IgA OAPUEE: 2000 £5) 100 uLiwell 0%, 2l T 1 KOG S
®7-, 7L — FORNFKZFREH, TTS T6 FEEF L, TMB 100 pl/well 2%, =i
T C 10 /3R S, Stop Solution 100 pL/well 201 %, B <IZ#E 450 nm OV G
ZRE LTe, WD ERADHER TE 2R RKOAREFRZ PN (endpoint titer) & L7z,
elZL. Yo7 o 2 EHRIGRINIT 20 EA IR DI TIZT20 . 20 ERAREE RO THUER
FEAEN R SN WGEA, HE L. FURMiiL 4.3(20=243) & @&t 517~ (endpoint titer 23
4.3 DG, FUABRRIE STV RnWZ L2 EKRT S),

OVA Z#FHfuR & LIz REOFURMHEIE X, F8 Nunc-Immuno module plate, Maxisorp (Z
&< % OVA 1 pg/mL & BSA 1 pg/mL 29872 L7 PBS 100 ul/well (2 L, % DO#:
TEXETRI CHETITo72, 7220, Vo T NAOmBERINL 2 BEARN OO0, 2%
AREFROWE THURPEAED R o2 WGE ., FHE L PuMii: 1 (2=21) & RS bk,

©2-4-2 X PBUSHE

2-4-1 O FFIEIZFEAUE L T, F8 Nunc-Immuno module plate, Maxisorp (Z#5 < i8#& % rHA
1 pg/mL & BSA 1 pg/mL Z¥&87>L7= PBS 100 pl/well (2Z5F L, [afhxfg & U< rHA %
GERWVERBIEE LT, o, P TNV OBRPCRINIMERE T, 20 FARO SRR
HRF O TgA OWINEARE LTz, 7 L— MIEFE L7z rHA IE well Z&I12% 1 71
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WA L2 f (HIN1:NCL, PR8 LU CA, H3N2: BNE, H5N1:VNM) 76 1 F#
HABEAL, VU7 BCZn RO rHA B X ORI T 2L EZRIE L, &
BT rHA LT 2 WOGEED B EEMe G332 WO EE & 51\ T2 il & BOS I S < K
JEEE U, RXBUSHEX, OFLGHIRTH S NCL T3 2% 100% & LT fEA
YINTZ YT ANAD rHA NS 2RO 2 H 3 TR LI EE 03, ORhR D
SIS SWOLE, OWTRhOBE TR LI,

25 MO
PO M Tukey-Kramer HE CREA L p<0.05 % SEAHFH0I A B & A L,
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53 &

au = — R PRERER ., IMZEREBRE L Ames REBRIT. (Bk) R U —F B F—ICF
B LT LT,

3-1  FEBRME

Cell Proliferation Reagent WST-1 (X Roche (= /A A, RAY) MBEEA LT, /MX
AREBRICER LT v MFAREYR—F (89 B8LU=a 77274 —C 134V = ZVEERET
¥ (R e, BAR) »olEAL, 89 Lar» 7 Z—CEEAL, S9mix & L7, /M
BRI L 72 S9mix O 1 mL FOFMBIFLLFOEY TH 5 - K 0.7mL, S90.3mL, #H
fb~27 %27 A 5umol/mL. & b7 Y 7 A 33 umol/mL, 7 /b= —A-6-U >l 5 umol/mL,
fRbfl=aF T I RTT=0 Y X7 LAF KU U (NADP) 4 umol/mL, HEPES #%
ik (pH 7.2) 4 pmol/mL,

Ames RERIZEE A L7z SOmix (3% v a2 —~< 23 447 I 7 7w EASHE G, BA)
BHEANLTZ 89 LAV = ZBERE T (BR) B L7 Cofactor-1 ZiEA& L, L
72 Ames ARBRIZAEEM L7z S9mix 1 mL FOFERITLATOE Y TH 5K 0.9 mL, S9 0.1
mL, b~ %72 8 umol/mL, ¥fb#» VU w2 33 umol/mL, Z/La—2%-6-U g 5
umol/mL, EjxM=aF 7 I K77 =T X7 LATF KU U (NADPH) 4 pmol/mL,
BuM=aF 7 IRNTTF=0UX7 AF K (NADH) 4 pumol/mL, U - KU DA
G (pH 7.4) 100 pmol/mL, N- (2-7mo=xF /L) -N- (6-71u-2-2 k¥ 771
D9 AN) 1,3 T aNr YT X v 28 EE (ICR-191) 1% Polysciences, Inc. (V—1Y
Mol NUVANR=TH) OLOEMEH LT,

3-2  WST-1 #fiifin # ke F Al

PR IRIMTE (FBS) 10% (viv), ~<=3U > 50U/mL, A hL 7 b~A > 50pug/mL
& 1e DMEM #5414 v T, 37°C, COziREE 5% CO2 A »F 2 _X—Z|ZBWNT, t |k
JifiE bRz ki kE Calu-3 Mz 553 L7z, 76 mL 77 A =2 Calu-3 fifld% 6x104
cells/mL ORETERML, 27Ny MIRDHENC FY 7'V -EDTA CTALEE L TR L
720 FEBRIITARACEIELAS 10 [BIAR O HIAE A4 A L7=,

Calu-3 #iia% 96-well 'L — T 5X 104 cells/0.1mL T#Hf L. 2 HH CO2 A1 > F =X
— X NTTHEE LTz, B2 B &, PBS CUuF#., FHEESEATF NEEE D T
PBS &% % Opti-mem T 5 {E&A R L, H&AEEE 10~1000 pg/mL & 725 X 5 IR L .
well FIZ 2% 0.1 mLNx, 1WA ¥ =2X— b L7, PBS THE%, 10% WST1 %
4 e serum-free DMEM (CE#L L C 1 BEE A > F2X— Kk L. 450 nm OWEEZHIEL
77 R AL F REECE S T2 N2 TV well DI SEEE % 175 100% & L T4 well
DOMBAFR AT L7z, g7 F NEEE S &2 & £V 7, EEiE~7
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F FEELE ST PBS i O 0 12 PBS 2 MV, [AEEIC Opti-mem T 5 {F#7 R L T
-,

3-3 o =—JEkHERER

F ¥ A =— AL AL —filifRHE R b kR V79 filaz e r e @ Y oA 110
pg/mL, MEM 3E0ZHT X/ BRI (X100) 1% (viv). 7V IRIEITE 5% (viv) 3L
RE=VYUVARNVT h~A T AR T U v BIAKR (X100) 1% (viv) 8T MEM
BT 50 cells/well & 725 L D ICHERE L7, 18 [l A > = X— &, KFEELEIE~T T
REECE D2 ETORHICER L, 6 HFER Lo, SFEEZR 7T FEE &S0
BEIX, D-A427 27 X = EL PNVA-co-AA 728 0.156~20 pg/mL & 725 X 912, 7 k
TV LA 7 ZTAX = CEERE Tova VERA 15.6~2000 pg/mL & 72D K I
BT, 6 AMEERE, ATFAT L=V % 60% (viv) EteAER AR CHlla & e L,
HWEDAFNANTNa—Ez, b oEEE Lo, ERAEEKTHEEZ. 3%F L PR EAR
ZINZ T 10 S RBOE S, AR THBEAIEANARNE S ICHEEICHE Lo, Holcigis
Toth, an=—HEFHI LT, T FATT A AN R & R K E S
PR L EMERHIR & UM L7z, 50 L Eojtafilan G Endan=—%2 v kLT,
BT T REECE D T2 E EN TRV I CHE L7 2 e =—%% 100% & L, %
A7 TF FEEES D T FEFICB T2 an=—KE2iMhi L7, 77 70 ENG,
EMEXTIRD 50% D am =—# & 2> TV DHIRES ICs & L7z,

3-4 /EEER

bt b U oR3EER TK6 A2 RPMI-1640 55 (FBIE 10% (viv), BB VEET U o
2 200 pg/mL & Ede) (8 L, 5X 105 cells/mL OJREE TR L7z, HIRRREIRIZHE Y 72
IR EE IR U I B i~ 7' REE bEm s a2z, R AT 7201 S9mix Z Nz 7=
BEL A 22 WBRIS 0T IRBTAIR % 4 FERIA % =~ — b U7e GEIRFREE) . B
WRVEIIR & T 20 7R R P ISR L BB T T RIEE L T 2 I A TR & 24 iR A
Fa— b L7o GEFHLER) , SRRSO S9mix 201 72 B I3 AR B 2 T
DM E LTy 7 a R 277 28 (Lhug/ml) Z6iH L, SR L OB IRIZIX
2L F2(0.006 pg/mL) 2 L7, ZRAEZ S0 atx iR & UCHES KA ER L
7o FERFEALERIE ORI 4 FEEIA % 2~ — MRICHIfE A2 RPMI-1640 K7HUZ &R L, FRE
20 REfHlA v FaX— R L7o, A FaX— M, MRBEZAE L, X1BLOKX2 %
FWT, 15 DA MR EE 2> B FEMERTBRFE A 100% & U 7= 45 B 0Ol ik o> FH st i e £E 51 £ 0
¥ (PRD) ZHH L7,
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[ 1]
FRRAERA5 N4 (PD) = [log (LER (8528 )f& TRFOMAEL + AHBHAARF O MALED] + log 2

[=X 2]
WESR Y ALERRE 1T 5 PD
x 100

PRD (%) = ‘
(FEMExFREEIZ 51T % PD)

7% 0 ORISR %35 B L C L IR L7222 0.075 M AL 0 U ¥ AYEHECHY 10 47
MMRIRAEL L, A F LT3 —)L : Fifg= 3 : 1R L N49 : 1§ CHEE Lz, EiE L7z
fJaza AT A RAZ AT L, 1 BZEREE L%, 2% AR TR 15 ot LT
PEARZAER L7, Yeta S/l (1000 fELL F) ZBEMET CRIZE L, /IMEE R OMila % 7
U b Ui, Fio, P fBIERF ICRET 5 IERES D 7201, SIS 2P I o
BHL oLz,

3-5 (IR AR (Ames k)

HE B B 2 W95 TA100, TA1535 D% X I F 7 AR, KIGE WP uvrA £k, B
T L—av 7 NERZMINT S TA9S, TA1537 DX A IF 7 AHEZMHMH Uiz, #Ek
ZORFBEHLITREAE L, 1X109 fE/mL PL o B O RRHEIR 2 f 3 U 7o, SRS U 7o Rk 2
W PR DOBELEE T T REECE 713 L O BRIER & 1RA L S9mix # 1z 7260,
ZTCWRWNEDOZEFFI U=, BtExtiRE LT 2- (2-7 U L) -3- (5-=hu-2-7VUL) 77
UNAT 2 FR (AF-2), 72T b Y A (SAZ), N- (2-7upox=F)L) -N- (6-7 1 1-2-4
Ko7 27U D0-9-A ) -1,3-7 a7 v 28EEE (ICR-191), 227 /7 b7
T (20A) BIUORU YLy BlalP) A L, EESRE UCENAKEZ#ERL
7o BAEGMo R OIREE T, Table 6 (C-d @V IR L7z, #RE 5 LA HAEIRR A %
aX— h LIERBICERBEREMZ, 7Vva—RAFEXRT L— b RIZH—12725 X 5 12@ikic
HRl, FABREESTE, L — e EFHIFICLT2 HEA v FaX— bk L7, B8
%, BHhan=—hv o %— (an=—77F 74 % —CA-11D systems, v AT LH A T
Z (). B, BAR) AL Can=—K%3IL, BEBoarn=—LtigL T 2
Ul EE 7o a ., BRGMETH D & A7 Lz, RIS, SREEER 7T REEE S
FAEE T COMAE LB LT,
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Table 6. Pathogens usd as a positive control in Ames test.

REBENE L2WHE REEET 258
e AR T TR
Rttt R B (ug/ml) RE itk ct HR 4 BT (ug/mL)
S. typhimurium
TA100 AF-2 0.1 B|o|P 50
S. typhimurium
TA183S SAZ 5 2AA 20
E. coli WP uvrA AF-2 0.1 2AA 100
S. typhimurium
TAOS AF-2 1 B[a|P 50
§. typhimurium ICR-191 10 Bla|P 50
TA1537 ]
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B4

LB TAC R R v o 2 —ICERFE L, LR RO ILEAMBEIRIERT OfiakiZ T
Thiviz, FEETROS% Figure 29 1277, EBRICHW Lo~ U ZDOEHE LU
U AZHME L7 A A (PR8 #R) DOEFERB LN U A~DEE.| w7 ZDAEFLLEKED
=X ) T EREFHRIC U TN, BHIZHWD T 7 T OERIE L OG- Mg e
PNVEAHR OERIL, HUAMIHEFE T < 23T o 72,

) A.nlmal breedl]:.lg | Survival and body weight monitoring |
* Virus preparation

H : ’ ’ ! |
week 1 9; 1 2 3 4 5 6, 7 8 9

| Inoculation || Sampling | | Sampling |
1' Sample preparation

* ELISA

Figure 29. Work flow of infection experiment process.

4-1 FEBREY

6 D> BALB/CA MEME~T 2 (HARZ LT (). HA, BHA) ZHAL, BRI
Blftboi=® 8 HE O TtAEMM AT, FHEENF CIZR D L5850 LB a R
BRI U, BREREESIET, 23+2°C, FAXHEE 55+5%RH, #sidk 12 B/ (F
— N7 Ly a7 ) BB 12 FEE (8:00~20:00) 2R E LI E=ECHE Lz, 8
Wik, EREBAKE (Uy RT 47 BRERFEM, B, BHA) 28wz TPX
R —M 70 4 RINE Lz, BiiciE, @EARKIRE L 72 ZREW H EE R (CE-2,
AARZ L7 (BR). HOL, HA) &@ERKE LzKEKE B BHIZERS 7,

4-2  FEHBMEL
H1N1 A/Puerto Rico/8/34 (PR8 ¥K) DA 7 )V W7 A VAT At — b ZeptMetrix
Corp. Ny Z77nu— ==2—3—7J) oiEA L, HRP i FHi~ v 2 IgGl (y1
) Pk L OVHRP &% v ¥Hi~ 7 R IgG2a (y2a #1) HLiAIX Southern Biotechnology 1
(RN=XUHL, 7T DHEEA LT, ZOMFFICEHE DR WERIEIZ DWW TTE =7
AV D-RDEHEE () H2WIET T4 T A7 (R POBALLRESL—Fobo%
flEH L7z,
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4-3 < U A~ORREIE - B T VEIRTIE
< U ANDOREGE HIEB L O VRN EL 2-3 IZHE U T2, 7272 L, EBREHILLT
D EIITHEE LTz (Figure 20 ([ZHEIEX % 7~97),

* Group A (n=8) : PBS

* Group B (n=12) : ~{%H{k NCL 2 pg/mouse/[F]

+ Group C (n=12) : NiE{k NCL 2 ug/mouse/lnl + 7~ 7V -Lid 7 2T VvF=r
EElLe 7vm U 100 pg/mouse/[H]

ARE 28 AT 2 B &AL 5217\, Group B & CIdif&fe G5 2 %2 4 IEF >
Y T NEIREAT 5 T2,

BHEIRD D 8L, iR (4-4) OUANVABRERITHEN Liz, vA IV AGREND 3 HFE,
AFELTHD~ T AIH LI T VBEIRZ T~ T,

4-4 <~ RAdA 7 Y A LA HIN1 A/Puerto Rico/8/34 DR EE

Mouse-adapted H1N1 influenza virus A/Puerto Rico/8/34 (PR8 k) 1%, dbLE. K= {RA
TANAKE Nz, Y B SR TFOVIREE T (ERRRHEK T 5 mg/mL (2725 X O IZARL
~ U ADKE 10g 4720 0.1 mL ZERENELE) | 4-3 TRIEZ i L sk G0 2 HE%
DO~ AD &P, 0.1% BSA-PBS A > 7L 0 A )L ZHK 20 uL (8.0 X105
PFU, 2XLDso (ZAHY) &Sl Lz,

4-5 HEHERBIOEEOE=4Y 7

UANVAETEHE 0 BE LT, TRLIE 3 M, v~V AOEREKEEE=F— LT,
K HICHIE SNTAREIX, 0 HOKEE 100%E LIzHORTEL, HIEIKEEL v v
NL7o, UANVABRBRSONRESL 100%E LT, TOERENLOHED Y (%) 2 BIZHL
THESY (% - day) L, (REBOmEREE LTHRIE L (ZOEE DA L ARG D FER O
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