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Prion protein is a target molecule for a novel anti-influenza therapeutic
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In this study, to develop a_novel therapeutic against influenza, we
elucidated the mechanism for the anti-influenza activity mediated by the anti-oxidative function of
prion protein (PrP) and the anti-influenza activity elicited by anti-PrP antibody (Ab). Compared to
wild-type mice, PrP-knockout mice showed lower activity of superoxide dismutase (SOD) and lower
contents of Cu ions in their lungs. These results suggest that PrP might function to retain Cu ions
and activate SOD in lungs, thereby eliciting the anti-influenza activity. However, anti-PrP Ab
activated Src not SOD. In addition, the Src inhibitor blocked anti-PrP Ab from eliciting
anti-influenza activity. These results suggest that Src could be essential for anti-PrP Ab to

execute the anti-influenza activity.

Src




# X C—-19, F-19—1, Z2—19, CK—19 (Jm)

1. WFEBRAE SO &

BEHEHINTWAFTELZIEL (XITA®) 7EDA v 7Nz PIEEEO KX 72/
BAIL, BAIE Y ANREFETLZLTHD (D-0), Zhidk., ZNHO3RIBT A LA
EAEES 7y ML TWAZEBFRTHS (D-O), fEoT, VA LAERETRL,
EEEAEE X —7 v MCTIUE, FEITED A NV AZFLE L2 WFHOA > 7o o PIE#E
N TXBLEEZLND, LML, Z0OXH72 A 7N WIBEETBR S TR0,

Foxld, TVFVEAEREB~TRIA L TIVZoF I AR A BN S5 . BE
R AR LHFICEWBEERTHLETL 2L, $7 VAV ERBICKTEE /) 7 ) —
NFENA TN T A N ARG LD CREZFHICNET A L2 RAHLE, 2nb
OFEFRIT, HEEAE CTHL TV AVEAENHA V7V o IEEEZ R L, £ OIEMENFUE
ICEVFHETXLAREMEZ R L, YA VERERIE YA VA ZFE LN A 7 vz
BIRED X —7Fy Ny ThHAlREEEZ R LT D,

2. e B

ARFETIE, TV AVEAEEZ—F Y MILaA V7 PRI ORE 2 B L. 7
VA VEREOH A TN PIEED A D = AN 517 ) U EAEGURIC L 2801 7L
T UWIEMEOFHE A B = X LOMAZITR D,

3. WFED ik

(1) =U &

C57BL/6 TEf~ T 21X SLC M HMEA L=, VAV EAE ) v 7 7 7 b~ 7 23RN /ER
hi- (@),

(2) £ TN P74V ADFTHE
AT TN P AL ARE (PRS) ZFRINOJRIFPEN CHGE S &, LI TR L7
%, U R AR KIIBRE L, -80CITRTE LT,

(3) AV TNV NAEY, P77+ EAERTRES, BXOSc 77U —F%F
—-PBHE A dasatinib £ 5-

5ESO~ T AOWHAOEBPENIZ 20 L DU A VA REERE LT, %, 2@~ A%
Bl L7, Pi7 ) A EABEIUAE 530S 1 BANCIEENIC | mg~ T A TERE LT,
Dasatinib (Santa Cruz)% DMSO (Z¥EfiF L, Y24 H 225 200 ul (20 mgkg)d 1 H 1[EY T %
A LRRO#RS Lz,

(4) $R1 4ol
$iA 4> D, Metallo assay low copper LS kit (Metallogenics) % 3\ CHIE L 7=,

(5) A—=N—FFH A FTRALZ—BIEHORIE
A= N—=FFH A R R LH—BIEMEIL, OxiSelect™ Superoxide dismutase activity assay kit
(Cell Biolabs) % FHWNTHIE L7z,

(6) Srec 77 IV —FF—EiEM
P Src 77 2V —FF+—F VU UER{LHiR(Cell Signaling Technology) % AV T = A %
Ve TmyT 4 T ETO, N,

4. HF7ERE

(1) 7V AV EARIE, WROMA A AREEF LA — =A% P2 | 5 B
BH—PREML S5 2%

7V G UE AR AL AT D (B), €2
Z2T, FUAVEARONA LTIy | Ee mw £
AV ATEHEIC BT B A DBEE B &2 o 2 0
FHEDI, FUAVERE ) v T ey | R ¥ L
2 L B ZDRNICE T B A | F e e
EWE LT, ZOME, /w7 hwiAD | &5 A
N TIERA AL METFLTOWD ZENID > | @i gyroma || 5o N=AxH4 FY
(W1, SROOMRIE, TVAVEARIE (8750790 | ] I FeinomE
A A SR TR DICEETHH = | LPOTI22 w2 oz | |35} o— i
LR LT, 1xosl. se || e | | S s aa
WA AT, HIERER T 5 A— 38— | ZWR2ROM | b1 2500 | | a2 1 oo nx
YA RYALS —COFHCRETHS (). |vBEEk<T. || EESTL || wuoqL2880
ZTIT, ZOMEROWENEET VA VENLT ) v | FE 2O s AR | | moss s Et
770 U ALBAM T ZOMMTHIE LTz, |BFLTOE, FLTLE, feLiot,

ZORER. v 7TV T ADMATIE, A




—NRN=FHH A RUVALSZ —BOBREEDETLTWD Z 3 ghoTc (K2), ZThbOR,
RiT TV A VEBEREA A AR D, A== F Y RO LZ—BORERTENEA
FET L. EORERIIA T PR R REE LTV D TR A R LT,

(2) M7V A VEEERIRIIA— = F VA RPRALZ—BEEEI LN

M7V A EAEFIRICE A V7NV PIEER A= R—F %V RO R L X —VPlEHR
PIEMAET A Z LI AOALNCT A T A UEAE KRG LA T
VY TANAEG e~ T A (Y% 3 H) OMNDA— S—F %A RO R LK —BREREME H
E LT, TORER, Pi7 ) A EAEIEEHRE L THRA—/"—FFH A RUR LYK —BEERIE
PIX EA Loz (K3), ZnHofiRIE, iy A v ERERKIC L 001 v 7 vz
JEMEIZ A= R—=F YV A RORALEZ—FEERIZEGE LW 2R LT,

(3) M7V A EHEHURILSrc

77 V=% =B aEbd s LR
j:j-l:7o U j‘ ://_ﬁ‘;_: r:_l gﬁfﬂs%*qa%}:i% Total Src n 63 ;&l}al Sre () jgz s 80
%%EH@K{%WJDT%) CI: N Src™” 7 ‘: U Zg 150 300 % 60
—F PP BEALT S 2 e | e e Ol L
> S °© J L] B e ———— 5
%ﬂ‘(b\é (®)O %\—VG‘ H7U Om om = V5.0 P=0.0045
FUEBBEIRERGT DL A | magutomannkiaserr SU—%F—¥% || ol

VINT W T AL R E Y~ T A
DOIFNIZE T HSrc” 7 2 U —FF
—ENEEIT DO, &

FEMET S, v bO—LAKIGICEART, ATV AL
CEABREKIS-2EA VINI OIS NABEIBE
DIYA[MADSrcT 72 —FF+—€DY VBIEER
#9 %,

0 4 8

Days post infection
B®5:Src7 73 —FF—
+ [ & #ldasatinibl= & %
U4 v EREREOR

4 V7T UFEEOME .,
dasatinibZH 7V A V&
BERKELLITAVTL
IUHYAILABETIR
I<#EE5T5&. RTVAY
EABERKICEZT1 0D

DR, av b= Hilkz&E L ThA v 7NV oA A& Y e~
ZDINIZEBIT 5Sre 7 7 2 U —FF—BIZiEMHAL Lig oo 7203, H17°Y
FUERETRE RS LAy I AL R~ 7 2 DN T
I, Sre”7 7 XU —FF—ERFELITIEHE L TV (K4), 2 ofk

AL TV AV EAEHRILA 7 L o A LAY 7 RO | LIS EE SR
DSreT 7 Y —FF—CEEELT DML A LTV Z LERLE,  |Tim

(4) Src7 7 2V —FF—FVOIFEMEITI T Y A EEEFROTA o 7 v o PIEMEICSZE
Tbhbd

P A EAEREROTA 7 o PIEEICEBIT SSre 7 7 2 U —F =B ORE EH S
MPIZT B2, Src 7 7 2 U —FF—VHEHS|dasatinibZ 517" ) A EREHEL EHITA 7
NZ P TANAEGe~ 7 ANEE LTz, TO/SR, Scc7 7 I U —F%F—BHERE &G T 5
L T A UEEETIRICE DA A o TESENHES L, v T AEE VIR R THT
L7z (K5), ZnbOfERiE, i) A EREHEROA > 7 V= FIEEIZIESe 7 7 2 U
— X —POIEH LB NATHD Z L BR LT,

<G| JHSCHR >

(D Hurt AC, Holien JK, Parker M, Kelso A, Barr IG: Zanamivir-resistant influenza viruses with a
novel neuraminidase mutation. Journal of virology 83:10366-10373, 2009.

@ McKimm-Breschkin JL, Sahasrabudhe A, Blick TJ, McDonald M, Colman PM, Hart GJ, Bethell
RC, Varghese JN: Mutations in a conserved residue in the influenza virus neuraminidase active site
decreases sensitivity to Neu5SAc2en-derived inhibitors. Journal of virology 72:2456-2462, 1998.

@ Mishin VP, Hayden FG, Gubareva LV: Susceptibilities of antiviral-resistant influenza viruses to
novel neuraminidase inhibitors. Antimicrobial agents and chemotherapy 49:4515-4520, 2005.

@ Bueler H, Fischer M, Lang Y, Bluethmann H, Lipp HP, et al.: Normal development and behaviour
of mice lacking the neuronal cell-surface PrP protein. Nature 356: 577-582, 1992.

® Jackson GS, Murray I, Hosszu LL, Gibbs N, Waltho JP, Clarke AR, Collinge J: Location and
properties of metal-binding sites on the human prion protein. Proc Natl Acad Sci USA
98:8531-8535, 2001.

©® Xikeranmu Z, Abdunasir M, Ma J, Tusong K, Liu X: Characterization of two copper/zinc
superoxide dismutases (Cu/Zn-SODs) from the desert beetle Microdera punctipennis and their
activities in protecting E. coli cells against cold. Cryobiology 87:15-27, 2019.

@ Mouillet-Richard S, Ermonval M, Chebassier C, Laplanche JL, Lehmann S, Launay JM,
Kellermann O: Signal transduction through prion protein. Science 289:1925-1928, 2000.

5. TR LFE
(MERSRR ) (R 10 14)
(D Chida J, Sakaguchi S: Cellular prion protein-mediated protection against influenza A virus
infection. Future Virology 14 (1): 31-37, 2018. ##c A
https://doi.org/10.2217/fv1-2018-0146
@ Sakaguchi S, Chida J: Roles of Prion Protein in Virus Infections. DNA and Cell Biology



37(10):808-811, 2018. At

doi:10.1089/dna.2018.4402

Chida J, Hara H, Yano M, Uchiyama K, Das NR, Takahashi E, Miyata H, Tomioka Y, Ito T, Kido H,
Sakaguchi S: Prion Protein Protects Mice from Lethal Infection with Influenza A Viruses. PLOS
Pathogens 14(5):e1007049, 2018. A FHtH

doi: 10.1371/journal.ppat.1007049

Linsenmeier L, Mohammadi B, Wetzel S, Puig B, Jackson WS, Hartmann A, Uchiyama K,
Sakaguchi S, Endres K, Tatzelt J, Saftig P, Glatzel M, Altmeppen HC: Structural and mechanistic
aspects influencing the ADAMI10-mediated shedding of the prion protein. Molecular
Neurodegeneration 13(1):18, 2018. 23t

doi: 10.1186/s13024-018-0248-6

TH &AL, KA KO KE, BERF 2R LB A o 7 v o FRED
#7x, BIO Clinica 33 %, 2018, 52(256)-55(259), i

Sakaguchi S, Uchiyama K: Novel Amplification Mechanism of Prions through Disrupting
Sortilin-Mediated Trafficking. Prion 11(6):398-404, 2017. 2%t

doi: 10.1080/19336896.2017.1391435

Hara H, Miyata H, Das NR, Chida J, Yoshimochi T, Uchiyama K, Watanabe H, Kondoh G,
Yokoyama T, Sakaguchi S: Prion Protein Devoid of the Octapeptide Repeat Region Delays BSE
Pathogenesis in Mice. Journal of Virology 92(1). pii: €01368-17, 2017. #@c A

doi: 10.1128/JV1.01368-17

Uchiyama K, Tomita M, Yano M, Chida J, Hara H, Das NR, Nykjaer A, Sakaguchi S: Prions
Amplify through Degradation of the VPS10P Sorting Receptor Sortilin. PLOS Pathogens
13(6):¢1006470, 2017. A5

doi: 10.1371/journal.ppat.1006470

Das NR, Miyata H, Hara H, Uchiyama K, Chida J, Yano M, Watanabe H, Kondoh G, Sakaguchi S:
Effects of prion protein devoid of the N-terminal residues 25-50 on prion pathogenesis in mice.
Archives of Virology 162(7):1867-1876, 2017. 25

doi: 10.1007/s00705-017-3295-3

WO K, VARSI AR A NI Pk RS AR, 44 &, 2017,
719-725, #HilE

(FR¥ER) GHT1H)

)
@
®

@
®
®
@

TH EEL B Rz WO K, VA VEREIRA I A U A VARG
BHEIEICHERET 5| 25 66 [Al H AR ™ A )L AP P ifide s, 2018

[ . TH EE. WA KB, A 7T L R IR A B TR
T VA EED N T—E 72D, 5§40 Bl H AR AW FaFE, 2018

TFH EE, B ES KO KRR, TUACEA-IEA T A U A L ADERY
ZHET 5, 2017 FEAMBISR Y2 A RAER KRS (ConBio2017) % 40 B B Ay 1/E4)
FEPEF 90 B H A Ebra ke, 2017

Wil =5, O KB, Identification and investigation of a novel anti-prion
compound, # 65 [A] H AT A )L A2 2 fiidg 2 2017

Wil =E5], RS 72, WO K. High susceptibility of Sortilin-deficient cells to
prion infection, 658 HA T A /L A EFINES . 2017

WO KEE. WL %], Prion propagation through sortilin degradation. % 60 [51H
AR LR R, 2017

TH EEL Sz, WO KR, MiCRBLT D IEE ) AR AE O, 5 32
B ] DU [E] & A v ARFFESS . 2017

(X&) G 14F)

)

WO KB, BETLAERHRR, v Ve [AGTSE 6 ). /A AT, JEE A
HOHE MRE. EBERMETANRBYYE L 7Y AU p350-356, 2018

(7 S PEME)
Ok Gt o )

Py
FEHFE
MEFIFE -
T -

FHE
HREA
ENF DR -



Okl Gt o )

Py
FEHFE
MEFIFE -
T -

FHE
HUSAE
ERA DR -

(% D)
R b DA
http://www.tokushima-u.ac.jp/ier/divisions/nerve.html

6. WFIEH

() WF7Esr

WIEHERA R R
n—<3K4% : (HARA, Hideyuki)
AT EIFERER 4 - e KT

R4« Rl AT TR (AR

4« Bh#k
MeEFHS (8471) : 40469953

MEMIFEEIZ & 20813, AFEE O B & HEICBWTHERT 2 D TT, D7, B IR FEM R DAREFIC
ONTE, EOEFHEICIES b0 TIH AR, ZOFERRICET 2 RELEEE, IFEEEARESET,



