
S-S S-SS-SNH2
COOH

hPVR α

extracellular
domain

intracellular 
domain (CP)

SKCSR

cell membrane

EVLWHCHLCPSSTEHASASANGHVSYSAVSRENSSSQDPQTEGTR

SACSAEVLWHCHLCPSSTEHASASANGHVSYSAVSRENSSSQDPQTEGTRhPVR CPMα
hPVR CPα

Negative control

Prey

Bait: antidroic motor protein
cytoplasmic dynein
light chain 1 (Tctex-1)

β-gal
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Microinjection with hPVR-GFP

8h

Establishment of PV Establishment of PV 
highly sensitive detection systemhighly sensitive detection system：：

Incubation

Observation

wash

purified PV

＋

fluorescent dyed PV

fluorescent dye

Direct staining of PV  by fluorescent dyeDirect staining of PV  by fluorescent dye
Direct observation of PV in a raw cellDirect observation of PV in a raw cell

rat primary motor neuron



antidroic axon transport antidroic axon transport of vesicles containing both of vesicles containing both hPVRhPVR and and PV PV 

antidroic axon transport
10μm



Pathway of polio virus 
transmission in the body

oral infection

PVR independent 
pathway

PVR dependent 

pathway



Research on pathogenicity

1. Mechanisms for determining species-specificity

2.  Mechanisms of dissemination

3.  Mechanisms for determining tissue-specificity

4. Ability to cause damage to the target cell



Dissemination of the Polio Virus in HumansDissemination of the Polio Virus in Humans

alimentary tract

Virulent strain

Attenuated strain

alimentary tract viremia CNS

○ ○ ○

○ × ×

Peyer’s patch

tonsils

brain

blood
(viremia)

blood brain barrier

oral infection



Length of Nucleotides (kb)Length of Nucleotides (kb)

1 2 3 4 5 6 7

different nucleotides

VPg

different amino acids
poly (A)

1A 1B

P 1 P 2 P 3

1C 1D
(VP4)(VP2) (VP3) (VP1)

2A 2B 2C 3AB 3C 3D



Genome structures of recombinant virusesGenome structures of recombinant viruses
Capsid Noncapsid

Lesion score
(intrathalamus)

P1 P2 P3

1122 3664 5601 7441

Strong
effect

Weak
effect

Weak
effect

Weak
effect

Lesion score
(intraspinal)

attenuated strain

virulent strain

0.04
0.05

2.03
0.12

1.56

0.08

1.73

0.72

0.80
2.48

Sabin 1

1C-2a

1C-2b

1C-8a

1C-8b
1C-11a

1C-11b
1C-4a

1C-4b

Mahoney

1C-4b

1C-5a
1C-6a

1C-9a

70 388 617 909
Translation

1.95

2.32

2.24

2.27

21 189 480 649 674 935

U C

C U

A

G

C

U

C

U U

G Mahoney seq.

Sabin 1. seq.





Polio virus transmission in  the human bodyPolio virus transmission in  the human body

digestive tract

high virulent strain

less virulent strain

digestive tract viremia central nerve system
○ ○ ○

○ × ×

Peyer’s patch

tonsil

brain

blood
(viremia)

blood-brain barrier

oral infection



Principles of viral tropismPrinciples of viral tropism
１． Receptor-dependent tropism
２． Protease-dependent tropism
３． IRES-dependent tropism
４． Natural immunity-dependent tropism
５． Others



Functions of polio virus genomes during Functions of polio virus genomes during pathogenicitypathogenicity expressionexpression

Length of Nucleotides (kb)

0             1            2             3             4        5            6             7
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translation starts
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3’

poly (A)
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Mahoney virus
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＋

＋－

＋

Virus Tissue Specificity Directed by IRESVirus Tissue Specificity Directed by IRES





Principles of viral tropismPrinciples of viral tropism

１． Receptor-dependent tropism
２． Protease-dependent tropism
３． IRES-dependent tropism
４． Natural immunity-dependent tropism
５． Others



Research on pathogenicity

1. Mechanisms for determining species-specificity

2.  Mechanisms of dissemination

3.  Mechanisms for determining tissue-specificity

4. Ability to cause damage to the target cell



Polio virus resistance Polio virus resistance 
in nerve cellsin nerve cells



Inhibition of PVInhibition of PV--induced induced CytopathicCytopathic Effect in Neural Cells by Effect in Neural Cells by 
mAbsmAbs

Neural cells

HeLa cells

Mock Without 
mAb

αPVmAb αPVRmAb

Moc
k

αPVmAb αPVRmAb

0 hpi 2 hpi 24 hpi

Polio virus ( PV ) Infection at m.o.i. 10
αPV or αPVRmAb Observation

Without 
mAb



One Step Growth Kinetics of PV Replication in Neural CellsOne Step Growth Kinetics of PV Replication in Neural Cells

Hours post infection

P
FU

 / 
m

l

αPVRmAb

without mAb

106

107

108

109

1010

0 2 4 6 8



+αPVmAb +αPVRmAbWithout 
mAb

PV Replication in Neural Cells Treated by mAbs 2 PV Replication in Neural Cells Treated by mAbs 2 hpihpi

Nuclei : Red
PV : Green

11 hpi 11 hpi

24 hpi 24 hpi

11 hpi

24 hpi



m 2 5 7 11

100 kDa

50 kDa

25 kDa

5 7 11 5 7 1124 24 hpi

P1

VP0

VP3

VP1
VP2

αPVmAb αPVRmAb

Protein Synthesis in PVProtein Synthesis in PV--infected Neural Cellsinfected Neural Cells

Without 
mAb



VP4 3A3B (VPg)

AAA(n)

PV IRES

Ⅰ Ⅱ
Ⅲ

Ⅳ

Ⅴ
Ⅵ

AUG

743

Structure of Polio Virus ( PV ) RNAStructure of Polio Virus ( PV ) RNA

Translation initiation
IRES-dependent virus tropism

structural non-structural

VPg VP2 VP3 VP1 2A 2B 2C 3C 3D

CPE expression
eIF4G cleavage

IRES



Structure of HAStructure of HA--tagged 2A Virustagged 2A Virus

VPg-pU- P2

structural non-structural

AAA(n)

2A HA

2A 2B 2C

3C protease cleavage site

Ⅰ
Ⅱ Ⅲ

Ⅳ

Ⅴ
Ⅵ

IRES

P3P1



αPV mAb αPVRmAbWithout mAb

Localization of HALocalization of HA--tagged PV 2Atagged PV 2Apropro in Neural cellsin Neural cells

5 hpi 5 hpi 5 hpi

11hpi 11hpi 11hpi

Nuclei : Red
2Apro : Green



PV IRES was inhibited.
No newly synthesized 2Apro.

2Apro located both in
cytoplasm and nucleus.
eIF4G was cleaved.

No CPE

2Apro located in nucleus.
Appearance of intact eIF4G.

AAA(n)

IRES

5 hpi 11 hpi7 hpi

Neural Cells in the Presence of Neural Cells in the Presence of mAbmAb



CPE 
suppression

CPE expression

Expression of viral 
proteins is maintained.

viral proteins decrease

CPE 
suppression

viral proteins decrease

with antibody without antibody infection of 
DI particle

Hypothesis on CPE expression mechanism in SKHypothesis on CPE expression mechanism in SK--NN--SH cellsSH cells



Genome structure of a DI particleGenome structure of a DI particle

P1 P2 P3

5'

3BVP4
VPg

Non-capsidCapsid

PV1（M）OM

ポリA

OMΔ0.8-2A-HA

-0.8 kb
HA tag

VP2 VP3 VP1 2A 2B 2C 3A 3C 3D

UTR

3'

UTR

Progeny virion is not generated.



CPE expression by single infection of CPE expression by single infection of 
a DI particlea DI particle

Mock +DI

HeLa
cell 

SK-N-SH
cell
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