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Identification of host genes required for the protection against a lethal
infection of Francisella tularensis
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o Tularemia is a severe and sometimes fatal zoonotic disease caused by the
Gram-negative intracellular bacterium Francisella tularensis. F. tularensis SCHU P9 derived A

ftt_0965c strain lacking the ftt_0965c (sulfite exporter) gene conferred stable and good protection
in a mouse lethal model. In this study, the immune responses of mice vaccinated with and without A
ftt_0965c strain after the challenge of virulent F. tularensis SCHU P9 were compared by microarray
and immunohistochemical analysis. These finding suggested that lipocalin 2 and GBP produced by
Ib?l—positive macrophages would be indispensable for the protection against lethal infection by F.
tularensis.

LCN2 GBP Ibal



Francisella tularensis

RV
LVS
ftt_0965c A ftt_0965¢
SCHU P9
A ftt _0965¢
A ftt_0965¢c SCHU P9
@
SCHU P9 A ftt_0965¢c CDM 37
24 10% CDM
-80
BSL3
@
C57BL/6J 3 10° CFU/10p L
A ftt_0965
3 SCHU P9 100 LDs, 5000 CFU/10
pL
3 25%
3
®
N=8 100 100 LDso SCHU P9
24 1mL  RPMI 1640
FGF basic GM-CSF
IFN-y  IL-1lo0  IL-13 IL-2 IL-4 IL-5 IL-6 1IL-10 IL-12 1IL-13 IL-17 1IP-10

KC MCP-1 MIG MIP-1a TNF-a VEGF
20-Plex Panel Life technologies
Luminex MAGPIX Biorad

Mouse Cytokine Magnetic

©)
N=8 100 LDso 24
RNAlater Thermo Fisher
Scientific -80
RNeasy mini kit(Qiagen) total RNA total RNA
ND-1000 spectrophotometer Nanodrop Technologies
total RNA  Agilent 2100 bioanalyzer Agilent RNA  highest
RNA integrity number RIN 7 total RNA 200
ng/sample low-RNA-input linear amplification kit Agilent CRNA
Cy3 CRNA gene expression
hybridization kit Agilent fragmentation buffer  blocking agent
60 30 RNA 10
65 17 SurePrint G3 Mouse GE 8x 60K Agilent

wash solutions 1 Agilent

37 wash solutions 2 Agilent 1 DNA



Agilent

Agilent
®)
3
Data Transformation Per Chip Normalization
Per Gene Normalization
subioplatform64
2 P 0.05
®)
10%
(HE )
™ 2
2 29 mer  shRNA
Origene ShRNA
J774.1
J774.1
J774.1 SCHU P9
SCHU P5 PBS
1
PBS 10%FBS RPMI 1640 2
26
4
(1) A ftt_0965c
A
58 100
= 90
A papC © 80~
% 704
A ftt 0965c 3 s
-E 404
8 gg: =+ Vacciantion
1 E 104 — -vacciantion
A 0 r T — — '
Ftt 0965¢ 0 3 6 9 12 15 18 2
0 - 24 Days post challenge (dpc)
B
A ftt _0965¢ 110
=
3 100 LDs iy
SCHU P9 £ 4.
24 =
= 80+
g 70 -= + vacciantion
11} - -vacciantion
sc L] ) ] ¥ Ll T T 1 1 1 1 r Ll L] U
211815129 6 3 0 3 6 9 12151821
IL-12  IP-10 MIG VEGF
P<0.05) 2 Days post challenge (dpc)
BURHERT v L UBOEEE () Bk
IL-6 I1L-10 1IL-13 1IL-17 KC MCP-11

Feature Extraction




®

*

®

MIP-11a TNFa
24 A
ftt 0965¢c
total RNA
SurePrint G3 Mouse GE 8
x 60,000 /

data transformation)

per chip
normalization)
Per Gene Normalization
1.5
3
168
1
GBP p65 guanylate-binding
protein
2
24
A ftt 0965¢c
168
Ingenuity Pathway Analysis Qiagen
Antigen presentation P 1.16E-12
Interferon Signaling AP=5.83E-11 Thl
Pathway  P=7.85E-07 Thl and Th2
activation Pathway P=6.31E-06
Allograft rejection signaling
P=1_74E-5

STAT1 P=1.30E-53

IRF7  P=7_89E-49
IFNG P=1.64E-43
IFNaR P=3.01E-34
IRF3 P=1.18E-31

TRIM24  P=3.38-46
IFNB1  P=1.42E-35
STAT3 P=5.33E-32
IRF1 P=5.15E-28

168
STAT2 STAT3 IRF1 HLA
4
2
2
SCHU P5
5 SCHU P9
2

2.0 o
J15 .
_g_ L1)
B 3
g0 e H
o™ . e
= L]
= 0.5 .
0.0 y T
+ Vaccine - Vaccine
) 3 -
E
D
22 o*
[=] —_—
-~ &»
[+ T . Sea®
b T'_
-8
0 T T
+ Vaccine -Vaccine
1 r"""""']
1
»
S 6
""% L 1]
[ ]
o 4 L .’
= —*

%]
-
-

=

L) L}
+ Vaccine - Vaccine
2 r"""""']
02 .
E »
=X L
o -+
al
6 1 ... e
w L ]
> 5 Soe
c L) . L} .
+ Vaccine - Vaccine

B2 S L IR O Y AL BT
HEERF v L D ABRREO MG £
Mo EE

a0

i}
==

00

w000

Zipy Tl ]
Do F VEBECEDERFESNBERET
168iE=F/GbpiEaT (141867)
.| A e

25589

OO EEEOBE TR

DOF 2 IHEERE DB FREIRE

oes

B3 #aSHRF v L DUEERORED LT
FbrE v O R BT 2SS TR R



D2

26 Kira2

NIRGS—HLAA
®) .

24 _ RNRzs  [PORRS L SEF :
GBP4 i f « HLADMA
(2503

.. Cxel9
Tg1s1?!'g1p2' CXQB\S | o
I -
BATE2 CXCHE"?_F:L-'.
Ibal Il SLAMEE o N\
_ =
SOUELSThs

GEPS
SAMMOT

RTP4
HERCE 4
" zapr (v . GBP&* GBPT
Irgmi1® Rgpt® ' Y : :
I bal Serpina3g (ingludes others* PARPQW“BS.
v | : GBP
CALHME , IFl4d
2 GBP p65 FCGR1A orsaL

nylate-binding protein
guanylate-binding prote .

B4 FEHRT v LD UEEEBRCEEIC R

ERUTWE G FOEEFAR
3 107+ P<0.01

(1) TianD, Uda A, Ami Y, Hotta A, Park E-s, O Scramble Vector

Nagata N, et al. Protective effects of B shRNA

the Francisella tularensis A pdpC 108

mutant against its virulent parental E

strain SCHU P9 in Cynomolgus macaques. o

Sci  Rep. 2019;9(1):9193. doi: 10%

10.1038/s41598-019-45412-8.
(2) TianD, Uda A, Park ES, Hotta A, Fujita 1 i

0, Yamada A, et al. Evaluation of tas 1 .3

Francisella tularensis DeltapdpC as a ) )
candidate live attenuated vaccine hours post-inoculation
against respiratory_ challenge_ by a s UaHY > SR By 5
virulent SCHU P9 strain of Francisella SR LS
tularensis in a C57BL/6J mouse model.
Microbiol Immunol. 2018;62(1):24-33. . 10.1111/1348-0421.12555.
(3) Uda A, Sharma N, Takimoto K, Deyu T, Koyama Y, Park ES, et al. Pullulanase Is Necessary
for the Efficient Intracellular Growth of Francisella tularensis. PLoS One.

2016;11(7):e0159740. . 10.1371/journal .pone.0159740.
5
@ . , , ,
s , .18 )
@ - , , , , ,
. lel , 2018 9 .
©) , , , , , , ,
," 160
2017 9

(4) Deyu T, Uda A, Park ES, Hotta A, Fujita O, Yamada A, Hirayama K, Hotta K, Koyama
Y, and Morikawa S , "Evaluation of a Novel Francisella Tularensis Live Attenuated
Vaccine Candidate in C57bl/6j Mouse Model,” Xvth International Congress of
Bacteriology and Applied Microbiology, July 2017.

(5) Uda A, "Update on epidemiology and diagnostic approaches of Francisella tularensis"
Workshop The development of the rapid molecular test kits for detecting pathogens
of importance for human and animal health, May 2017.

0



https://researchmap. jp/read0208519/

€y

@

Tian Deyu Azaki Mika



