NENT v MicELE (1 B 2~3 L),
0.5mg/ml BEED FCA %EENLHANIZ
0.5ml & 0.1ml Z#ZNFNT v MBS L
(18 2~3L),
4) KERE : 7 v NEFEAK, 1EBOR
B EEIRMIC —BIREIC B E N R, RE
INER ' A ER Lz, Ei27 Y230
MG IR OEERE Z1T - 72,
5) MERE . v ML E X — VREET O
Z oy POLRI VR L%, . AFlE. B
figk, B, A & U7, AT 50mg
FEME T2 L. RNAlater 7T RNA #ZE(L L
77
6) MR - Rk, BEkEEs Lo
MM/RE 72 & o B EREF &% (B A5EE)
TIT» 7,
7)) WREH L% 0 —Bk RNAlater T
TF3N74 50mg A 23 —a— R
PINTFa—TIHB LU DNA~YA 7T LA
fEITOY v IR T >,

(I~ RE)
Y ERIT. ESRYSEMERTSYRBRER
EDOARBEHBTT 7=,

C. SR

1)AEZAL : Alum & FCA #:7E7% 6 B
Z v MIBWTEEELRBD otz
N, arbhe— (ENER. SHEAEKEE
FEME) & g U Alum JEFENEETER 24 BRI O
T v P TIEBLF 10%, Alum £ A NEERE%
24 DT » b TRXB &% 5%. FCA IEIERN
BERE 24 BRI T v P TIIB L% 5%,FCA
FHIPNIERETS 24 B DT v P TIZIB L # 2%
DOERERAD BB b (Fig.1),

2) MIEFHAE : Alum & FCA #:/E1% 6 FFfE
L 24D T N X0 LM ATV, B
k%% (WBC). fﬁw‘z;& (RBC), ~E/m VL
VHEE (HGB)., ~~ M2 Y w7 (HCT). ¥
YIRMERETE (MCV)., V¥ FRMEk~E 7 o
v & (MCH). ﬁﬁfmﬁm%ﬁmayﬁ
FE (MCHC). #RinEk47mE (RDW).

W (PLT) ., 2 U v ~ (PCT), %Ei’J
M MREE MPV), fV/NMRSHTE (PDW)

DBFEEITo T, TOFRER, a3 br—v (M
QLT AR KHEFERE) & Heik L, WBC,
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RBC. PLT #5142 TOREEHIZBWT,
TV asy MERR BRI EBITED b
Nieh-7- (Fig.2),
3) DNA = A 7 07 LA fi#H7 : Alum & FCA
% 6 FRE & 24 BRI O T v b X0 I
M. BE. ESR. HREEDRL. S8,
%&LtRNA%%wTDNA747DTV4
WEDBEBEFRRET a7 7 A LOETEIT-
2o FOFER, FFEIZ WV TIE Alum & FCA
OEFIZL > TEL OBIETFHREANEH TS

RGN LT, —FF, B, B, .
HAIZEBW TR EOBEFORBREE DB

H =7z,

FCA o HefE 6 FFfl 14 O TR IZ W CEIRY 722
BETRREEI B S, B2 24 BRI
BOWTEE 0BG FRELZESTHI SN D Z
EnphoTn, —FH, Alum OFEBELEZT v
FOFFIEIZ ST FCA W% — %
AL, BE 6 EB TS ED ﬁ{z—s%%&fﬁ’jﬁ
ARE SRS OO BEE 24 %S
ELEETRELE MR SN (Fig. 3)

D. E%&
SEIERICAVE Alum WEBREERINT
WABEBEOTD JFAZEMENRTRY, 4
MEREEINTWAET a2 N Thb, —
5. FCAIIFMNRAN 2D T 7 F A 3MFEM
ENTWRNWT Vannr MeamsnTing,
BEETIEHEL DT Va0 PRI,
F O AN L EEEIZOWTHEIRIThN T
EERREFPERIIT I TR,
BAITARPEFEICBNC, TPa b
BEELOFEL., MERFHRE, 512 DNA
74&u7v4%mwhfﬁ%%ﬁwmwﬁ
P, 7Voany NoReME EoEE R
Te—n— (BT @j%%fg%fTo 7zo Alum
B 24 BRI ICIIBEE R REL AR D S
Nz &b, MBI A REREILT
P any NOREMEEFMHE D — 2Dk
THhiEEZOLND, LU SLMEFH
FIZBW T Alum & FCAZERE L7-\WTh
DTy MIBWTHBEELRE(BRED AR
WZ EME, TUanNy NOREMEIET
WIEE L TWARWZ EAURIE SN 5, Alum
& FCA#FRE#IZDNA~A 787 LA 2 BN
TEETRRAE(CEMBIT LR, ThEh



DT P asy NEREIZ L o TRIFABE T3
BEAL, 7Y asy MERMEBEGFREE.,
E OIS RENES T RELS AT O LN
ML .DNA~A 7 a7 LAIZL D8IE
FIBENTITT ¥ o RN HEME
DFHIICERATHIEEZLND,
SHIBIIEEEOT ¥ a8 MZ2WT
FRE/2 Hik LRI D, T Va2 FORE
M HIM TR — D —DRIEEITH,

E. &%

W, R T 7 F T Vo b
BPUBETHDZ ENRP LR b, &
BBFELIELRT P ar POBBRTEIN
By FDIHT Vs NOFRME L REM
FELT HEH0H LWHENRD A TW
b, T, HEEOMERRETCE LN
DNA =A 707 bAF—% LAS%EHEED
Fany NEREIC L > THE5N3 DNA <
A7aFLAF—EERANTF—Z_R—2%
VERE L, 7P ay hOFRME Zett423T
fiATRE 72~ — A —DRIE SN D = & P H
k5,

F. RUFEAREHR
Iz 72 L,

G. WFERE

1. @S

L

2. FoREK

FHELRE . A RIRRS, BBk, HUERRME. 7
. EOD, WENBRERT RIS BN
TV anNy NEHY 7 F UREMEEHEED
AR LIER.E 16 BIAAY 7 F 828 (k) .
2012 4E 11 A (RAF —%K)

H. WFFEMEDHE - B&ERE (FPEZ
te,)

1. FFrEUS

&F . THHRY 7 F o OREMEITNE]
BEFEEERE  BFE 5007425 %

B4R H 2012456 H8H
INBRATATH : 2012458 H 22 H

FEE O, MEEES, Lo—k
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AT EFFM RS (RIZEEMNIFTEE)
SRR SR

TV any MEBETFHAIAR T A XD A ) ADBRBEIZBT 2 0 RS OMRYT

Wroesig RERZE ERARMER EREEMRZENREEZ— IR
WEEwE MRS EERLBMES SREERFMRtCZ— HRE

WRES  FUBEOFTERSWIURO—2>TH S Ag8SB it Thl ~DOFHEBEEZ L O Z L MM b, IEE,
T a Xy FAOIRARENTHON TS, KB TIE Ag85B DS iRk L OME £ 5/ R ORI
WOMAEZERE LT, Ag8SB A F A MARATERHETA AT ANAZERL, AERICBIT 2V LR
EREdS L OB OS2 fRT LT, BEFRBIZL YV BERBFLINZHHETA XU A )L A(SHIV-N)DE
5 RIBELIC Ag8SB BInT M AiAA, Ag85B HELFHFE T A XU A )L A(SHIV-Ag8SB)EFHEE L, “ b
DYANAE D=0 A YIZER LI & 25, SHIV-Ag85B #FE /L Tid, BRI W CTligF o o1
NABBLUSHIV 70 U A VAR BEHBALT &2 o7z, g s UTHV 72 SHIV-NI #EfE R Tl

BEE% REECTORFOVANVAEBTREEIN, 270 VAL AORFRBRESHER I N, S bIcERE
#% 37 WIS T BIRYY LIS SHIV 38348k (SHIVS9.6P) MUEEERE 41T »7- & = 5, SHIV-Ag85B BEfE /1
7EAH SBEC, MEEF DT A NV ABITHRHRRLAT & 7220 5e2IcHli#l L7z, —J5. SHIV-NI #5584 /L ¢l
BBV ANREHECE Mo, Fho, B0 U A L AH#EE X OTREREEL OEEEIC -
WTHRIT 2728, TFN-y FEAEMNEE ORE 21T o712 & 2 5, SHIV-Ag85B #fE )L Cix SHVI-NI £ /1
g L, e Tl RUS AR STz, BLEORERNG, Ag8SB 5T 1E7T ¥ a Ny MRIC
IVBREA XA L AOGEREREZED. S OIHERCHTIHHAERGEHFE LBz 6N
72

TRESAR DR 2 Tz,
A. HFFEEE

U U F o OREREER R ESESHEEL B. i1k
T, T7¥any hoftlnE < ofl Tl Eh
TWnd, Bxld, IBEOCIERFATHD
Ag8SBIZERB L, IV F o7 vany Mg
H L U TCORREMEICOWTHRET L, Ag85B 1134
FR Thl RO T Vo Ny MEREZ LS &
H O LT E 2, AAFZEO Tld Ag85B % #l
JatE IS 7 o N N E LTHRBLE VA
I N FIAT R, T A IV A DSIERIERE DM
WAREHLMIL, EOITIIEEREROR

1. SHIV-Ag85B MDEEIS L TN in vitro assay
SHIV-Ag85B W A L ADHEIESR 37 B
Ag85B DFEELAMRHTI 5728 Western Blotting
BiTolz, £, HBE LU AV AEREIZS
WT, B NYUSEREB LU L o BRIl
ZHAWTHM L, U A VARRIZ L 248
ABIEF DIRIFIRILEIRFT LT,
2. SRR LU EBEEA Vo —)L
52 L7~ SHIV-Ag85B D& FHiE e & RT3
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5120, W=7 AL ERNCRMI L, b
BT IRAE & LT, Bk SHIV-NI & v iz, &5
BiX 10°TCIDso. FIRMEBEREZ AT 572, SaiEth
37 BTN T, HFEKE SHIVS9.6P % 10*TCIDs,
THIRPN L EBFE L7z (M 2),

3. Mg T A LA 2 %0 XUV CD4A+ T fllia
B oWE

A VA 3 B =L, gD S U A LA RNA
ZHH L. SIVgag #EAY Primer 35 KUY probe
% FAV T Real time PCR %417 72, CD4+T #lllif
BOBEFEICIT, CD3, CD4, CD8 Hifka T
B L, 7a—PA NA—FZ—IZTHE LT,
4. SHIV 71 7 A )L A BB DR

FFE B O PBMC L D DNA O 21T\,
SIV gag R 1) Primer % VN TPCR £ 1T 7=,
5. A NV ABRRER R TFN-y BEAMIRE ORI E

BRE U 72 i h> B PBMC O3 EER1T 9, HUR
PR X, & E s & TR L7z B-LCL
i SIVGag-pol, HIVEnv % ZNFNRE TS
W Z T 7 =T A L R B Y XA T R
fial & AV 2, PBMC % HLFUfIl3## . Monkey TFN-y
ELISPOT Kit % VT, SIV HURKFEAY IFN-y
PEAE RIS A I LTz,

(R E ~ DB E)
AR TIIBMERFFEEOLEREERT
DAGRIFBEICAE TR, v M7, [FRSE
IRV TV,

C. HrooRER

1. UANADOREGEE J O in vitro assay
FT7UATZ 2 PUEHAE D EIN L2 A

VAL, BFEHUAR%E VT Western Blotting % 1T

572& 25 Gag, Env, Ag85B %1 /37 ORH

ErhEhnmE Lz (K1), #ELz
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SHIV-Ag85B M 7 A /L AEHEE I Bk SHIV-NI
TR UEREEEZ A L CWA Z LM
Moty ETFA LIZBIET ORFRI % PCR
LETHRT LIz & 25, Ag8SB @fnT DIRTED e
mane (1), E74R% D Ag85B # /X
7 DFBBFED LTz (K1),
2. SHIV-Ag85B, SHIV-NI #ff{% O I A v
A EE L O CDHT Hllfiadk
SHIV-Ag85B #fE-/L oo A L 2 &
td, SHIV-NI B9V &bl L TR . £2R
Mo (BEfE 4 ) BHBRALLT L 22072,
CD4+T MIRHUZ DWW Tik, mEERERE & b K& 722
AT > 72 (K 3),
3. SHIV-Ag85B, SHIV-NI #1407 v 7 A L A
DR
mEEFERED PBMC % 2N ZNHWT SHIV 7
A /A DNA DEEFRE &R L T A,
SHIV-Ag85B 2 H /L CIIMYWIH D A L
AR S 4, B 8 BLIBETIEaT
BHHBRALUT & 72 oz, —J5, SHIV-NI &4
VTR, BEEICRE S (K 4),
4. BBBEFEHOMIER T A VAR
SHIV-Ag85B #:flif4 37 M IC I\ CiEk
SHIV 89.6P MkOWBEHE LT o7& Z A,
SHIV-Ag85B HfE+-/L T, 7 HH 5 5H TFE
# SEARNCHIE U7z, —J5C SHIV-NI #:f& ¥ 1 ¢
X, MERERECTE R (KS)
5. AV AGURRER A M M s RS
SHIV-Ag85B #:fE#% 2 . 8 I L SHIV
89.6P WEEHAERL, #EHER 2 D PBMC & Zh
ZHAWT, VA NVAHEES 737 (SIVGagPol,
HIVEnv) £ 8 8972 IFN2yELISPOT &G &4T - 72
& Z %, SHIV-Ag85B #EfE# TIk, HifEfk 2 B
B RO 2 ISRV T, WD THRVHT
Rt e BOS SR S v (1 6),



D.%§

YT O 508 ST % DB OFRE 2 L E 9
LPEERBERLEZONTWD, VI FUNE
Wb PIRISE RUG & YER - S5 2 L 3K
QUEIZ X 2 IRERIS 2 HE T2 L B2 5
NTHEH, RERSEHET ST Vo v M
BERERTHD, —FH. BWEV I F U3
B2 ICHRBEEV I F U ZEDLDORT P an

MEEEZ S > TWAH 2D

TS FUGOFIE & D B 2 TR Gz
o7z, AW TITEGEFRBICL Y SEICHE
{EL7Z8FcA XA NAEET M, BinT
KIBELIZ T ¥ 28 FERRIATE, T ¥ an

S SO E L A D AN
TEVED R DB A BRI Lz, 20U A
WAL, UANAERGIESTOA I AHHEN
TaNy MEERL, VA VAEREMLIC
WTT P any IREET A0, LR

PR BRI 2 R R A EA S 2 2 &
BHEIREIND,

BiBATE 5y WHUR. Ag85B 13+ TICE—DEHR
ThO RN, SHEEOAEIEHZREL, &
W2 A L AHEBRICEE B 72 Thl B8 5 2 1E9R
THENRESN TS, ABFEICENT,
SHIV-Ag85B #ffih =7 A Wi, BRI
BWTUANLAZREBRALATICMZ, 0k
FELZIE D A v AR 7258 ) 7o MR 5o SO
ORFE DR X7z, £72 SHIVR9.6P W EEH:FE
BICBWTHWBER VANV AZHIT L, 72K
BT 2 RICRT DM ERIE RS T, B
BERERD & PR L C, MO THRWRIS TR S 1
7zo —J7. MRIEEHKAZHIETE 2D o 72 SHIV-NI
PERERE CId, WRBEERHZICBW T, FURRRR
B 7 AL P G S D S TR SRR S AL 72 dr o 7

W27 aiy Mok

T a s
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TEMB, A XA AOFIEEERIIZ,
T MR E RIS SOSBEE T D Z & D3RR X
i,

%N I L BRI s
OFIE - EfHDEIIHRIELR O T Y A L 25
EHRBIIERETHLHI EER LT,

TIET V=280 b

E. &

Ag8SB ZHBTHTZA XP[HFLETALAD
BRI L, =7 A Vi AWFHE TR
FERA BRI R A 5 N L,
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A) Plasma viral loads
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Summary:

We employed computational approaches for the analysis of the role of serum microRNAs
in immunization. Initially, we focused on 2 problems. First, we developed a method for
identification of microRNAs in serum that can be used to predict adverse reactions and
efficacy following vaccination. We employed the method on a study of individuals before
treatment with an influenza vaccine, and identified a number of candidate microRNA
biomarkers. We are now further optimizing the approach and analysing the results.
Second, we analyzed microRNAs that were induced upon stimulation of peripheral
blood mononuclear cells (PBMCs) by 2 types of adjuvants. We specifically focused on
functional annotation of induced miRNAs present within the intracellular and

extracellular space.

A. BRE® identify such microRNAs and elucidate

The aim of this research is to the Diological mechanisms of their

investigate whether microRNAs can be . . S
function in the process of immunization.

used as biomarkers to predict the safety

and efficacy of vaccines and vaccine B. BTk

adjuvants. If successful, we aim to We made use of 2 experimental
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datasets for our analysis.
The first dataset of blood
samples from 85 children (age 6 months

to

consists

19 years), taken before a first
vaccination, before a second vaccination,
and after a second vaccination with an
influenza HA vaccine. At each time point,
serum microRNA levels were measured
using microarray technology. Additional
features such as age, sex, body weight, as
well as antibody titer before and after
vaccination were also recorded. We used
logistic regression to predict the outcome
(fever incidence and antibody increase) of
vaccination based on the pre-vaccination
serum microRNA levels of each patient.
To test the robustness of resulting model,
bootstrapping was used.
High-performance models are likely to
reflect potential microRNA biomarkers
for vaccination safety (fever incidence)
and vaccination efficacy (antibody
increase after vaccination).

A second dataset consists of mRNA and
microRNA levels measured before and
after stimulation of PBMCs by CpG
oligodeoxynucleotides (CpG-ODN).
Changes in intracellular mRNA and
microRNA levels, as well as extracellular
microRNA levels were measured. We
used various bioinformatics approaches
for the functional analysis of induced
genes and microRNAs. Our focus is
especially on changes in extracellular
microRNA levels,

physiological

and their potential
the

roles in immune

response following vaccination.

C. WFeiER

C.1 Identification of potential
biomarkers for safety and efficacy of an

influenza vaccine

Our first analysis revealed that
several pre-vaccination microRNAs in the
serum of patients can be used to predict
fever incidence after vaccination by an
influenza HA vaccine. However, we also
observed a clear correlation between
fever incidence and low body weight and
age (Fig. 1). Many of the microRNAs with
high predictive power also exhibited a
clear correlation with body weight. This
suggested that their high predictive
power might be an indirect consequence

of their correlation with body weight.
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Figure 1: Children with lower body
weight show a tendency to have more
severe fever after vaccination. Boxplots of
the body weight of children with no

(grade 0) to severe (grade 4) fever are



shown.

Because of these considerations, and
because of the ease with which body
weight can  be measured, we
subsequently focused our attention on
microRNAs that, in combination with
body weight, improve the predictive
power of our model. For this purpose, we
constructed models with 2 input features
(each microRNA in combination with
body weight) and compared their
performance to a model based on body
weight alone. This analysis revealed a
small subset of microRNAs that, in
combination with body weight, can be
used to predict which patients would (or
would not) develop fever following
vaccination. An example is shown in Fig.
2; this microRNA (miRNA “X”) increases
the ROC area under the curve (AUC)
from 0.73 (for body weight alone) to 0.78
(combination of body weight and the
microRNA). The model based on body
weight with  this

microRNA is estimated to have a 69.1 %

in combination
accuracy in predicting fever outcome
after vaccination, which is higher than a
model based only on body weight (64 %).
Similar results were obtained for the

prediction of antibody titer increase.
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Figure 2: Example ROC curve of a model
based on body weight and miRNA “X”
showing increased performance
compared to a model based solely on body
weight. The shown curves represent the
average performance on the test data of
100 bootstrap runs. The ROC curve is
shown for a model based on body weight
only (red), and a model based on body
weight in combination with one of the
high performing microRNAs (miRNA “X”)

(blue).

We made attempts to further extend the
models to include 3 or more features, e.g.
combinations of 3 or more microRNAs, or
body weight in combination with 2 or
more microRNAs. However, such more
complex models result not only in an
exponential increase in the number of
possible combinations of features, but
also in an increase in parameters that
have to be trained. In addition, we made
attempts so combine our approach with

next generation sequencing (NGS) data



in order to extract candidate microRNAs
present at sufficiently high levels in
serum. However, at present, this data is
not included in our results, because of a

lack of samples.

C.2 Functional analysis of genes and
microRNAs
with CpG-ODN

induced after stimulation

A second analysis revealed that, in

addition to mRNAs, a considerable
number of microRNAs are induced and
repressed with

CpG-ODN. Stimulation leads not only to

upon  stimulation
increasing levels of certain microRNAs

within the cells, but also in the

extracellular environment, and
stimulation with 2 different CpG-ODNs
resulted in roughly similar changes in
RNA levels (Fig. 3). Surprisingly, we
observed little correlation between the
of  microRNAs the

intracellular and

increase n
in the extracellular
space (Fig. 4), suggesting that some
microRNAs be

exported from the cells. Preliminary in

might specifically
silico functional analysis suggests that
these microRNAs might be targeting the
mRNAs of genes involved in specific
regulatory pathways or functional
processes, including processes related not
but also

only to immune responses,

intercellular communication and the

nervous system.
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Figure 3: Changes in mRNA and
microRNA levels after stimulation with 2
types of CpG ODNs.
stimulation with K3 (X axis) and D35 (Y
axis) are shown for mRNA (r2:0.29) (A)
and microRNAs (r2:0.26) (B).
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Figure 4: Lack of correlation between

changes in microRNA levels after
stimulation in  intracellular and
extracellular fractions. Changes are

shown for K3 stimulation (A) and D35
(B), with

intracellular levels in the X axes, and

stimulation changes in
changes in extracellular levels in the Y

axes.

D. Z%

In the first part of our analysis, we

focused on the predictive power of single
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features (e.g. microRNAs, body weight,
age, etc) to predict the outcome of
vaccination in terms of safety and efficacy.
Our analysis suggests that the feature
with the most significant and robust
predictive power is body weight: small
children tend to have fever more often
following  vaccination than

children. Although

microRNAs had comparable predictive

larger
some  serum
power to that of body weight, these
particular microRNAs showed a tendency
to be correlated with body weight,
suggesting that their correlation with
fever incidence might be indirect. These
microRNAs

development.

might play a role in
In a next step, we identified a set of
microRNAs that, in combination with
body weight, improve the prediction
accuracy. Although the main predictive
power of these “microRNA — body weight”
models is due to body weight, microRNAs
additional, independent

present an

contribution to performance, and might

thus be candidate biomarkers for
vaccination safety and efficacy.
Importantly, the levels of these

microRNAs in serum were not correlated
with body weight.
At present,

we are optimizing our

approach and conducting functional
analysis of these candidate microRNA
In

microRNA target prediction software, we

biomarkers. particular,  using

are attempting to identify likely target



mRNAs regulated by these microRNAs.

Enrichment of these target genes in

particular  biological pathways of
functional processes might give an
indication of the function of the

microRNAs and their involvement in
regulating immune responses following
vaccination

For the second part of our analysis, the
notion that a certain subset of induced
microRNAs is exported from the cells in a
specific way is novel, and has not been
investigated in detail before. Exported
microRNAs tend to be present within
micro-vesicles or exosomes, which might
be taken up by other cells. We are
continuing our analysis based on the
hypothesis that exported microRNAs
might represent a form of intercellular
communication. The fact that predicted
target genes of extracellular microRNAs
are enriched in certain pathways and
biological this

processes  supports

hypothesis.
E. %

Through the bioinformatics analysis of
various datasets, we have identified a
of microRNA

biomarkers for the prediction of vaccine

number candidate
safety and vaccine efficacy, and we are

analyzing potential underlying
mechanisms by which these microRNAs
play a role in the immune response

following vaccination.

F. BFesesk
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Although alum and similar particulates induce type 2 immune responses, their

mechanisms of action as a vaccine adjuvant are not thoroughly clarified. We’ve made a

significant progress on the understanding of the particulate adjuvants’ mechanism of

action. We have investigated adjuvant mode of action of alum as well as others (i.e.

hemozoin (malarial-derived crystal)) in comparison with other potent adjuvants such as

CpG ODN.

A. TFREK

Our aim is to understand by which
mechanisms particulate adjuvants work. We
aim to translate this information into the
development of more potent and safer
We’ve that

metabolite hemozoin has adjuvant properties

adjuvants. found malarial
that could be used as veterinary vaccines in
animals, especially against allergy. We,
therefore, aim to understand underlying
mechanisms of particulate hemozoin as well

as other adjuvant’s mechanisms of action.

B. BEHE
1. Earlier (published in 2010, Coban et al,

Cell Host Microbe, 2010), we’ve evaluated
the adjuvant properties of malarial metabolite
hemozoin in mouse models by using various
types of model antigens. We further showed
that synthetic hemozoin (sHZ) could be a
potent vaccine adjuvant for dog allergy. The

interesting point in these studies was
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while sHZ induced IgG1 responses and
acted as Th2 adjuvant in mice, it
potentiated Thl
suggesting

responses in dogs,

species-specific  immune
responses. These data prompted us to
study the importance of adjuvants and
their mechanism of actions, which could
lead us to find potent adjuvants for
human use (Figure 1).

2. We further followed this research in
monkeys by using malaria antigens (SERA
vaccines) (Tougan et al, 2013, ref #4) (Figure
2).

3. Previously we reported that sHZ activates
immune system TLR9-dependently (Coban
et al, Journal of Experimental Medicine,
2005). Our further studies, however, revealed
that effect of sHZ was
TLR9-dependent, but MyD88-dependent. We

are continuing these studies to understand

adjuvant not




how crystals can use MyD88-dependent but
TLR-independent pathways.
Our methodology is;

a) Use MyD88-deficient

immunizations (methods: ELISA, cellular

animals  for

responses)

b) Identify cell types responsible for the
adjuvanticity (methods: g-PCR, PCR, FACS)

a) Beagle dog house dust mite allergen (Derf2) sensitization

c) Perform adoptive transfer studies from WT
mice to KO mice to confirm the function of
candidate cells.

d) Follow antigens/adjuvants by using live
imaging technology such as two-photon

microscopy.

b) Immunization protocol

Sensitization
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Figure 1. Hemozoin is a potent adjuvant in dog allergy vaccines.

(a) Successful sensitization of Beagle dogs with the Derf2 house dust mite allergen. Dogs were sensitized

intradermally three times with a Derf2/alum mixture, before a skin test was carried out. Saline was used as negative

control, while histamine was used as a positive control. Serum IgE responses correlated with the skin test reaction.

(b) Immunization and sensitization protocol. (€) IgG2 and 1gG1 responses 2 weeks after the booster immunizations.

(d) IgE responses after sensitization with antigen. (b) and (d) were reproduced from Coban et al., Cell Host Microbe,

2010and Coban et al., Allergology International, 2010.
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All mice experiments were conducted in
accordance with the guidelines of the Animal
Care and Use Committee of Research
Microbial

Immunology Frontier Research Center of

Institute  for Diseases and

C. HEER

a) In collaboration with Prof. K.J. Ishii and
Prof. Horii, we have assessed the safety,
immunogenicity and protective efficacy of
SE36/AHG (a candidate malarial antigen for
malaria vaccine) formulated with TLR9
ligand K3 CpG
oligodeoxyribonucleotides (K3 CpG ODN),
D35 CpG ODN or synthetic hemozoin, in

adjuvants

Osaka University. All monkey experimental
protocols were approved by the Animal
Welfare and Animal Care Committee at
TPRC, NIBIO. All animals were housed and
handled in accordance with the Guidelines
for Laboratory Animals at TPRC, NIBIO.

two non-human primate models ( Tougan et
al., 2013).
novel vaccine formulation of K3 ODN
with SE36/AHG demonstrated safety,
potent immunogenicity, and efficacy in

Our results show that the

nonhuman primates, and this vaccine
formulation may form the basis of a more
effective malaria vaccine.

A
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Figure 2. Synthetic hemozoin can be an adjuvant for malarial antigens in monkeys.

(A) Time-course of SE36-specific IgG antibody titer. Cynomolgus monkeys were administered the same dose on days 0, 22, 101

and 365 (arrows). Sera were collected on days 0, 7, 14, 22, 28, 36, 42, 56, 73, 86, 101, 112, 140, 175, 205, 238, 268, 365, 372, 379,
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384,393, 440, 464, 491, 518, 547 and 583. Closed circles, triangles, squares and diamonds show the median titers (/7= 3/group) of

SE36/AHG, SE36/AHG with K3 ODN, SE36/AHG with D35 ODN and SE36/AHG with sHZ, respectively. Ranges are shown by

bars. Figure was reproduced from Tougan et al., 2013, ref. #4.

b) By using Plasmodium infections as a
model, we have identified the importance of
an iron related molecule called Lipocalin 2
during chronic infectious conditions (Zhao et
al., 2012). The conclusion we obtained from
this study was that during malaria infection,
Lipocalin 2 bolsters both host macrophage
function and granulocyte recruitment and
limits reticulocytosis and thus exerts its

effects by maintaining iron homeostasis and

promoting innate and adaptive immune
responses. We’ve reached several

conclusions from this chronic infection
model and hypothesizes that underlying
chronic conditions may have an effect on the
iron metabolism and adversely affect the
vaccine responses. Therefore, our next goal is
to understand whether this molecule is
important for the creation of effective

vaccines and/or adjuvants (Figure 3).
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Figure 3. Lipocalin 2 Controls Iron Recycling during chronic infection (PN L infection), which Helps to Boost Adequate

Adaptive Immune Responses to Parasites. Parasite-specific antibody responses (total lgG and 1gG2a) were measured from serum

by ELISA at the indicated time points. L£nZ2”" mice were injected daily with mouse rlen2 protein for 6 days from the day of

infection. Serum parasite-specific total IgG and 1gG2a responses were measured by ELISA at day 38 after infection, suggesting that

Lipocalin 2 re-constitution could reverse the effects. Figure was reproduced from Zhao et al., 2012, ref. #6.

¢) We have also used new detection
system called whispering gallery mode
(WGM) optical resonator (Kim et al.,
2012) to be able to detect hemozoin
crystals in aqueous medium. Using this
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method we achieved detecting and
measuring individual synthetic hemozoin
nanocrystals dispersed in a solution or in
air. We’d like to develop this new sensing

technique to understand Ligand-receptor
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