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CpG-ODN 2006 and human parvovirus B19 genome consensus sequences selectively

inhibit growth and development of erythroid progenitor cells
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HEHID D B D E NI DOWTIRE L7,



Akita University

e HOE

CpG ODN with PO backbone
ODN with PO backbone
ODN with PO backbone

8
1.0
7
= 0.9
5 [J Total cells
x M GPA+ cells 2
5 5 [JCD15+cels o 0020
b [l CD61+ cells &
ER 2 o015
(= -
= 3 =
3 e 0.010
1 0.005
0
0 ! 2 4 OD_UD 1D 2D-4D 7 cDC B cells pDC
ay 0Day 1Day 2Day 4Day 7 c cellsp
2006-PO (uM)
B [JTotal cells [l GPA+ cells
100 Oligo Sequence
< name
N 2006-PO | TCGTCGTTTTGTCGTTTTGTCGTT
Q
£ 60 2137-PO  TGCTGCTTTTGTGCTTTTGTGCTT
3
S a0 2243-PO  GGGGGAGCATGCTGGGGGGG
Q
© 2006-PS TCGTCGTTTTGTCGTTTTGTCGTT

20

o

Control 2006 2137 2243 2006

PO PO -PO -PS

CpG ODN with PS backbone

(3

2. A: CpG-ODN 2006-PO |2 & % FRFERATERME (GPA+ cells) O #ERAGHIH]. HFkrEkH (CD15+
cells) & EERR (CD16+ cells) DHIHNZEED S 7A o7z, B: CpG-ODN 2006-PO (2 & % BlHFFE A K
O backbone 1K 17 19 72 7R 3F EOGR BT BRMENE O #04. C: CD34" e (Day0) & 7R3FECR ARG (Dayl-7
cells) @ TLR9 %3, pDCs, B cell % positive control & L, ¢cDCs % negative control & L TS L7z, AR3FER

ARHIERAINEIC 32T TLRY DI Z 58D e po 72,

A CD34+ cellsiwell B
w00 0 4 8 16 39 Control 2006-PO
LA ) B
§ 20 A Control
= 80
: »
£ )
S 60
15 g
: Gl
w
L 50 ®
g O control ‘ 34
" 2006-PO FSC
C Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 D
0003 (o 30| 09 90 (00 289 00 510 (00 704 (0. (7%3 Control 2006-PO
Control ‘ I ) ‘ ¥ ﬂ 4 n ‘ -
GO/ : 48.2% GO : 27.4%
ot 349" 62.0/"| 9 4" 4655066 (84 406 |58~ \s‘iégtzzj S :479% - S :643%
: 5 G2M: 3.9% | G2/M: 83%

~ Cell number »

DNA content ——»

Ol scpmn

0803 (01 27 0§ 102] (09 193 04 316 'hxir;si ’nﬂ;sv ]
2006-PO | ; : NS M JFEEE
&I 628 ) 319" 606 748" |12 N ) é4ﬁ$3e.1 ‘A1é—1ﬁ9

Control 2006-PO

_, m

0.5

;zé:dﬂﬂa. o

7.3 g9

o5 221,;,?1

[00 13 [08 [14] [33 |32 2| 87| seis] 9.0| [64BT 11
Control | “‘ I3 l\ ‘ [ ¢ AN C‘ ¥ f‘
“los 883217 fzen|’|259 676 5o, e ST SRR P o
Joo i 0604 1.0 1. 5 o7 os| 1ok ;4.5 4.4(’.?18.
2006-PO | i T a1y
EIML o 13 3 o g2 s off o2 o
) o : 2 e =

@

“a8|" M 74

AnnexinV ———»

B3, A: 2006-PO (ZE#H912 BFU-E colony DJERK % #i L 72. B : 2006-PO 13 ARFERH 4 X BIRK S E72.
C: 2006-PO (ZFRIFERD /L% RIE S £72. D@ 2006-PO (3 7RFEROMB AL E L2 # 2 L7z, E: 2006-PO

13RZEERD apoptosis & b 725 L7z,



Akita University

(4) ODN (2 X % 7R3 BRA LGS o> F IR

2006-PO : 5-TCGTCGTTTTGTCGTTTTGTCGTT-3'

A ODN436 5-TATAATTTTATTGGTCAGTTTTGT-3'
ODN441 5-TTTTATTGGTCAGTTTTGTAACGG-3'
ODN451 5-CAGTTTTGTAACGGTTAAAATGGG-3’
ODN453 5-GTTTTGTAACGGTTAAAATGGGCG-3’
ODN461 5-ACGGTTAAAATGGGCGGAGCGTAG-3’
431 TTCACTATAATTTTATTGGTCAGTTTTGTAACGGTTAAAATGGGCGGAGCGTAG 484
INT “ INT
Illl) I1000 I2000 J 3000I 4000I 5000 1
P6 promoter Py [ Total cells
NST 1 W GPA+ cell
VP cells
[ Total cells VP2
B Il GPA+ cells C IMDM
IMOM I 2006-FO
2006-PO GTTTTGT
DDN436 ACAARAC
0 0 40 60 &0 100
OON444
IMDM
ODON454
2006-PO
DON453
GTTTTGT
ODNA6" i Gl -
D 10 20 30 40 50 60 70 80 90 100 0 20 40 §0 80 100
Cell number (%) Cell number (%)

4. A: B19 ® P6-promotor 3% (2, 2006-PO & O 4Lifily] 5-GTTTTGT-3" % 7o 72. B: 5-GTTTTGT-3’
ORI OADTRFEAZIHIL /2. C: 5-GTTTTGT-3" 4l FAA TR ER R % #Iil L 7.

A [] Control B [] control
Il 2006-PO * Il 2006-PO  «
- = 100
o —
‘@ £ g
o 2
% 8 80
o +
e x
£ o
% o
«© W g0
50
Day0 Day3 Day5 Day6 Day7 Day5 Day6 Day7
EPOR mRNA GPA+ cells
C [JTotalcells  |ll GPA+ cells D
Control [ control
100 M B19
2006-PO 80
IS
E19 genome % 80
o
& 70
asDONA [e]
o
Y 80
ssDNA
50
o 4 2 a 4 Day5 Day6 Day7
Cell number (x10) GPA+ cells

5. A-B: 2006-PO ix EPOR O#x5:, F7: EPOR EHFEHZIHI L7z, C: B19 7/ L IIRIFECRIH %
PHIL72. D: B19 %/ 213 EPOR & A58 BL 2 0 L 7-.

38 %2 & — 46—



Akita University

W B (5)

2006-PO : 5-TCGTCGTTTTGTCGTTTTGTCGTT-3’

EPO
/ QJ
5-GTTTTGT-3' 3TETITTGS 3-TGTITTGS \
SSDNA gt 1808 ACAAAA1814 4470 ACAAAAC 4476
& W
EPORDNA 5 "

431 TTCACTATAATTTTATTGGTCAGTTTTGTAACGGTTAAAATGGGCGGAGCGTAG 484

N ||

INT

|t
P6 promoter

0 1000 ' 2000' 3000 4000 5000

NST  ypp T

VP2

NS11

6. 5-GTTTTGT-3" FL¥iZ & % EPOR 1z F DI BHIHIRERF o 7K.

B19 & 2006-PO D #ti@ACSl 5-GTTTTGT-3 &
IRAIKIBTE E I T B

B19 ¢ P6-promotor FHIH 2, 2006-PO & @It @EELS
5-GTTTTGT-3" % 2 7= (X 4A). =T, B19H
Bl & AR L CRFERICH T 2 88 %2 BE Lo/ R,
5-GTTTTGT-3" % & T ALH O A 25HR3F Bk & Jil 5
LT e ML (K4B). ¥iZ, 5-GTTTTGT-3 Al
FIEARDSHRIFEERRZ WIS 5 2 & 2R L7z (M 40).

2006-PO XU B19 |3 EPO &k (EPOR) O
ZFEENHT S

FREHAEEN T D) b, I RIFERCR I ER R
DEWEEG AT D5 % real-time PCR % Hv CTHE)
L7z, ZOHEH, 2006-PO |2 & 5 EPOR o iz 5. 31H]
o, A% 7y TEPOR &M FEH N
iRw7: (M5A-B). F7-, BlOEYBE LS L
72B19 7 A b FRFHAREIH T L L LI,
EPOR OFIBUKL T #5HE L7z (M 5C-D).

¥ & 8

PLl, #% %12 ODN 2006-PO & B19 o4ty A3k
FEAE BINWICHH T2 28R LA 20
2006-PO (X EPOR mRNA % 0" EPOR #& F 58 3l % #1
T5HIEITL 5T, FRFERZRRICHGIT 2 L F
A 5N/ 5-GTTTTGT-3 ¥z & % EPOR #ifz ¥

OB HEF I AHTH 5. 5-GTTTTGT-3" Fl4
75 EPOR # A T ~MHHMICHET A2 212X o T,
EPOR mRNA ® %3l % #f] L TV 2 D5 b Hidt iz v
(0 6). ARWFFEILHRIFERS % 52 IZHH 3 2 DNA
FHOFERE L 12, MEWORERIC X 2 i il i
WOHFEEZ MR THOTRETLHDTH 5.

B

REGTHARZZER R, B RS R B & R0
FERHILTE - EhE - IBERNRRE, BB —HE o
ZHRE, MREZEOEKRO ZWH IO & Tirbit/z. W
LB DR S NS L OLFRINIZEH IR O# S %
E

2 Xk

1) Bafica, A., Scanga, C.A., Feng, C.G., Leifer, C., Chee-
ver, A. and Sher, A. (2005) TLR9 regulates Thl
responses and cooperates with TLR2 in mediating
optimal resistance to Mycobacterium tuberculosis.
J. Exp. Med., 202(12), 1715-1724.

2) Kalis, C., Gumenscheimer, M., Freudenberg, N., et
al. (2005)
modulatory activity of Propionibacterium acnes. J.
Immunol., 174(7), 4295-4300

3) Coban, C., Ishii, K.J., Kawai, T, et al. (2005) Toll-
like receptor 9 mediates innate immune activation by

Requirement for TLR9 in the immuno-



Akita University

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

(6)

the malaria pigment hemozoin. J. Exp. Med.,
201(1), 19-25.
Chang, K.H. and Stevenson, M.M. (2004) Malarial
anaemia : mechanisms and implications of insuffi-
cient erythropoiesis during blood-stage malaria.
Int. ]. Parasitol., 34(13-14), 1501-1516.
Krieg, AM. (2002) CpG motifs in bacterial DNA
and their immune effects.
20, 709-760.
Yamamoto, S., Yamamoto, T., Kataoka, T., Kuramoto,
E., Yano, O. and Tokunaga, T. (1992) Unique palin-
dromic sequences in synthetic oligonucleotides are

Annu. Rev. Immunol.,

required to induce IFN and augment IFN-mediated
natural killer activity. J. Immunol., 148(12), 4072-
4076.

Sun, S., Zhang, X., Tough, D.F. and Sprent, J. (1998)
Type I interferon-mediated stimulation of T cells by
CpG DNA. J. Exp. Med., 188(12), 2335-2342.
Lipford, G.B., Bendigs, S., Heeg, K. and Wagner,
H. (2000) Poly-guanosine motifs costimulate anti-
gen-reactive CD8 T cells while bacterial CpG-DNA
affect T-cell activation via antigen-presenting cell-
derived cytokines. Immunology, 101(1), 46-52.
Verthelyi, D., Ishii, K.J., Gursel, M., Takeshita, E and
Klinman, D.M. (2001)
differentially recognize and respond to two distinct
CPG motifs. J. Immunol., 166 (4), 2372-2377.
Kadowaki, N., Antonenko, S. and Liu, Y.J. (2001)
Distinct CpG DNA and polyinosinic-polycytidylic

Human peripheral blood cells

acid double-stranded RNA, respectively, stimulate
CD11c- type 2 dendritic cell precursors and CD11c+
dendritic cells to produce type I IFN. J. Immunol.,
166(4), 2291-2295.

Sester, D.P, Naik, S., Beasley, S.J., Hume, D.A. and
Stacey, K.J. (2000)
modification modulates macrophage activation by
CpG DNA. J. Immunol., 165(8), 4165-4173.

Haas, T, Metzger, J., Schmitz, E, et al. (2008) The
DNA sugar backbone 2" deoxyribose determines toll-

Phosphorothioate backbone

like receptor 9 activation. Immunity, 28(3), 315-
323.

Nagai, Y., Garrett, K.P, Ohtam S., et al. (2006)
Toll-like receptors on hematopoietic progenitor cells
stimulate innate immune system replenishment.
Immunity, 24 (6), 801-812.

Sioud, M., Floisand, Y., Forfang, L. and Lund-Johan-

38 %2 &

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

ODN (2 & % AR3F BRI 0 BEIR A3

sen, E (2006)
7/8 induces the differentiation of human bone mar-

Signaling through toll-like receptor

row CD34+ progenitor cells along the myeloid
lineage. J. Mol. Biol., 364 (5), 945-954.

Sparwasser, T., Hultner, L., Koch, E.S., Luz, A., Lip-
ford, G.B. and Wagner, H. (1999)
tory CpG-oligodeoxynucleotides cause extramedullary

Immunostimula-

murine hemopoiesis. J. Immunol., 162 (4), 2368-
2374.

Thawani, N., Tam, M., Chang, K.H. and Stevenson,
M.M. (2006)
sion of erythropoiesis but not reduced red cell survi-

Interferon-gamma mediates suppres-

val following CpG-ODN administration in vivo.
Exp. Hematol., 34(11), 1451-1461.

Brown, K.E., Anderson, S.M. and Young, N.S. (1993)
Erythrocyte P antigen : cellular receptor for B19
parvovirus. Science, 262, 114-117.

Brown, K.E., Hibb, J.R., Gallinella, G., et al. (1994)
Resistance to parvovirus B19 infection due to lack of
virus receptor (erythrocyte P antigen). N. Engl. J.
Med., 330(17), 1192-1196.

Cooling, L.L., Zhang, D.S., Walker, K.E. and Koerner,
TA. (1995)
sialyl Lewis X gangliosides, potential ligands for
CD62 and other selectins. Glycobiology, 5(6), 571-
531.

Morita, E., Tada, K., Chisaka, H., et al. (2001)
Human parvovirus B19 induces cell cycle arrest at G

Detection in human blood platelets of

(2) phase with accumulation of mitotic cyclins. J.
Virol., 75(16), 7555-7563.

Ozawa, K., Ayub, J., Kajigaya, S., Shimada, T. and
Young, N. (1988)
tural protein of B19 (human) parvovirus may be let-
hal in transfected cells.  Virol, 62(8), 2884-2889.
Moffatt, S., Yaegashi, N., Tada, K., Tanaka, N. and
Sugamura, K. (1998)
structural (NS1) protein induces apoptosis in ery-
throid lineage cells. /. Virol., 72(4), 3018-3028.
Sparwasserm, T., Miethke, T., Lipford, G., et al.
(1997) Bacterial DNA causes septic shock.
Nature, 386 (6623), 336-337.

Dozmorov, 1., Eisenbraun, M.D. and Lefkovits, I.

The gene encoding the nonstruc-

Human parvovirus B19 non-

(2000)  Limiting dilution analysis : from frequencies
to cellular interactions. Immunol. Today, 21(1),
15-18.





