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Shigella prevents host cell death by delivering T3SS effector proteins

Institute of

SCIENCE TOKYO

Hiroshi Ashidal, 2

1 Institute of Science Tokyo
(Tokyo Medical and Dental University)

2 Medical Mycology Research Center, Chiba University

Summary

pyroptosis, and necroptosis, to terminate bacterial i as host

In response to bacterial infection, epithelial cells undergo cell death, such as apoptosis, necrosis, (i) A s I (if)

The sacrifice of

Yy

niche, spread to r ing cells, and
efficiently colonize the intestinal epithelium.

infected cells plays an important role in clearance of cells ion of f
and presentation of bacteria-derived anti to the i system. D Shigella
However, Shigella seems to prevent epithelial cell death by delivering a subset of virulence PAMPS

proteins (effectors) via the type Il secretion system because it prefers these cells as replicative
i cells. As a result, Shigella is able to

In this study, we have identified Shigella OspD3 and OspC1 effector prevent host epithelial cell death during
Shigella infection. Characterization of the cell death type has shown that AospD3 mutant induced
necroplotlc cell death whereas AospC1 mutant induced apoptotic cell death. To prevent

is, Shigella delivers OspC1 and inhibits caspase-8 activation V|a

DNA
DAMPs  damage
%o

\ 1 /M\(ochondnal
rets

by OspC1  (iii) ptosis induction  (iv) p by OspD3

A eta

iboxanation

iboxanation CHSH

> gl O
R

VirA lesB | OspE

IpaH IpaB  OspC | Ipal

Type lll secretion system -

Type of host cell death induced by bacterial infection
Bacterial infection
S

T

e [
IRaE TN & »
1 rwamz) 1 ‘Y ﬁ\
P o \ i
casp- )
(st ovn ..,....,....ue‘nc .
.:mﬁ ine release

Casp-1

Apoptosis Pyroptosis Necroptosis
s nonii y -l y -l y
+ non lytic - lytic - lytic
- Casp-3, -7 - Casp-1, -4 + Casp-i

+ GSDMD-dependent + RIPK3, MLKL-dependent

‘AospD3 + inhibitor
o O 8
5
QL a &S
N e

I ~— B c-actin

TUNEL positive (%)

LDH release (%)

& o
N WT S35 - RIPK1RIPKI z-VAD
N 105pD3

Figure 1. OspD3 il necroptotic cell death.

(A) (E) (F) HT29 cells were infected with Shigella WT, S$325 (T3SS deficient mutant) or
series of ospD gene deletion mutant and incubated for 8 h. Cellular supernatants were
subjected to cy ity assay or immt ing. (B) HT29 cells were infected with
Shigella WT or AospD3 mutant. Infected cells were subjected to TUNEL and PI
staining. Positive cells were quantified and shown in right graph. (C) HT29 cells were
infected with Shigella WT or AospD3 mutant. Infected cells were subjected to

Giemsa staining. Arrows indicate cells whose cytoplasm disappeared. (D) HT29 cells
were infected with Shigella WT or AospD3, and incubated for 12 h. After incubation,
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Figure 2. OspD3 inhibits necroptosis by degradation of RIPK1 and RIPK3.

(A) HT29 cells were infected with indicated Shigella strains, and cell lysates were
subjected to immunoblotting. (B) 293T cells were transfected with Myc-tagged ospD3
expressing plasmids. After 24 h, cells were harvested and subjected to

immunoblotting. (C) A multiple sequence alignment of OspD family. The conserved amino
acids are indicated by asterisks. A typical protease catalytic sites are boxed in red.

(D) 293T cells were transfected with series of ospD3 point mutans expressing plasmids.
After 24 h, cells were harvested and subjected to immunoblotting.

(E) HT29 cells were infected with Shigella WT, S325, AospD3, AospD3/D3 (OspD3 WT)
or AospD3/D3CS (prolease deficient) comp\emen( strains, and ce\l lysates and cellular

(A) HT29 cells were infected with the indicated Shigella strains and incubated for 8 h.
Cells were harvested and subjected to measurement of caspase-8 activation.

(B) HT29 cells were infected with indicated Shigella strains, and cell lysates were
subjected to immunoblotting. (C) HT29 cells were infected with indicated Shigella
strains and incubated for 8 h. Infected cells were then fixed and stained with cleaved
caspase-8 (green), rhodamine—phalloidin (red), and DAPI (blue). Percentages of
positive cells are shown in the graph at right. Scale bar: 100 pm. (D) (E) HT29 cells
were infected with the indicated Shigella strains and incubated for 8 h

Cells were harvested and subjected to of P (D) or
Annexin V activity assay to detect apoptosis (E).

indicated plasmids. After 24 h, cells were harvested and j to immu

and immunoblotting. (D) (E) HT29 cells were infected with the indicated Shigella strains
and incubated for 8 h. Cells were harvested and subjected to immunoblotting (D) or
measurement of caspase-8 activation (E).

intracellular bacteria were quantified using a gentamicin protection assay. supernatants were to immu (E) or assay (F) resp
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(A) (A,B) HT29 cells were infected with indicated Shigella strains and incubated for 8 h.
Cell lysates and aliquots of cellular supernatants were subjected to immunoblotting (A)
and cytotoxicity assay (B), respectively.

(C) HT29 cells were infected with Shigella WT, AospD3, or AospC1. Cell lysates
obtained at the indicated time points were subjected to immunoblotting.

(D,E) HT29 cells treated with DMSO or caspase-8 inhibitor were infected with indicated
Shigella strains and incubated for 8 h. Cell lysates and aliquots of cellular supernatants
were subjected to immunoblotting (D) and cytotoxicity assay (E), respectively.

(F) HT29 cells treated with the control or caspase-8 siRNAs were infected with the
indicated Shigella strains and incubated for 8 h. Cell lysates were subjected to
immunoblotting. The knockdown efficiency of the indicated siRNAs was assessed

by immunoblotting.
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Gp130 signaling in pericytes protects from pulmonary fibrosis

@® WPI Osaka University
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Zhang Yingying', OKang Sujin'2

via regulation of immune cells function
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2Department of Immune Regulation, Center for Infectious Disease Education and Research, University of Osaka, Suita, Osaka 565- 0871, Japan

Pulmonary fibrosis (PF), a condition characterized by inflammation and collagen deposition in the alveolar interstitium, causes
dyspnea and fatal outcomes. Glycoprotein130 (gp130) signaling is an important mediator that involves in PF development.
Depends on different cell types, roles of gp130 signaling on the pathogenesis of PF are waiting to be explored. Here, we found a
protective role of gp130 signaling in pericytes, the vascular mural cells that work to promote angiogenesis and maintain vascular
homeostasis, which inhibit development of lung fibrosis via regulating neutrophil_X and interstitial macrophage function.

Methodology
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3. Initial study of gp730-deficient pericytes in

pulmonary fibrosis
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Figure1. Deletion of gn130 in pericytes accelerated lung fibrosis (A) Survival rate test was performed in
gp130°© mice and control mice after bleomycin injury. (B) Body weight change in two groups was shown
at different time points. (C) MTC-stained images were shown using lung tissue sections of bleomycin-
treated gp730°© mice and control mice on day 21. (D) Representative graphs of IHC staining in
bleomycin-induced two groups were shown on dey 16. &-smooth muscle actin was used as the marker of

(E) E genes in two groups were quantified by RT-
aPCR. in gp730°° mice and control mice after bleomycin
injury. Quannﬁcatlcn of SP-D lovels in the sarum of two groups was tested by Elisa. Quantification of the
absolute number of whole BALF cells in two groups was detected by flow cytometry. Data presented as
mean *SEM. *p < 0.05,**p<0.01. T-test analyses were performed.

2. Proportion of cell populations in fibrosis-
induced lung tissue of gp7130rKO mice

wr

40 7 14 ks ﬂ Jhole lung

w live cells
o130

Immune cells

orgen

Seleees

ScRNA-seq

. 2

Non-immune cells

Texip  Bleoit.3doses

orgudent

gp130PKOvs WT

Fibrosis progression Fibrotic macrophage

Epithelium damage

i accumulation
Endothelial cell { Epithelial cell 1 SPP1+C3ar1+ macrophage
Stromal cell SPP1+Chil3+ macrophagef
Figure 2. Prop of cell in fibrosis-induced lung tissue of gp130°° mice_Single cell
RNA-seq (scRN rformed usiny d whole lung cells of go730° group and

g
control group on day ' 6. Cell popuilation of each cluster was shown in Stacked perceriage collimn cherts
of non-immune cells or immune cells separately. Labels refer to clusters: SMC: smooth muscle cell;
myofibro: myofibroblast. ILCs: innate lymphoid cell.

| declare no confl terest.

(upregulated in gp130°X° pericyte)

leukocyte cell-cell adhesion @ caus
ot fasuars
ment ®
,.,a;a..chymmu,
rortiation ® o
axvasonar |
‘omanization @
regulaton of responsa o °
Cytokine stimulus
eutophl migraton: ® count
‘equiaion "
cytokine-medialeg swnsl\ng' ® g
o O »
cotagen metahole rocess| ® Q=
neulwph-\ chomolaxs [} Quw
i actvaton o O=
vlved i e response
069 004

002

GeneRatlo
Figure 3. Initial study of gp130 deficient pericyte in pulmonary fibrosis (A) UMAP of all cell clusters
combined in bleomycin-treated gp130°%° mice and control mice. (B) Representative genes expression in
the subcluster of Pericyte & SMC & myofibro were shown by feature plots. (C) UMAP of re-annotated
subcluster of Pericyte & SMC & myofibro. Cluster of pericyte was clearly separated from SMC& myofibro.
(D) RNA-seq shows differentially expressed transcription profiles in lung pericytes of two groups visualized
by heat maps. (E) Gene ontology enrichment analysis showed the upregulated s\gnallng pathway in

pericyte of 130°K0 mice to the control (fold change>0.25, p<0.
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A Subclustering of neutrophil

annotated_2

Gene X’

« Neutrophit
* Neutophil X

Neutrophil
Neutrophil X

Expreasion Level

Neutrophil Neutrophil_X

gp130PKO

cell proportion (%total)

a
<]
it LY 2
| 1| Neutrophil X .
I neutrophil  neutrophil_X
Protein X
g
CD11b
E Neutrophil_X in total cells Neutrophil_X in all neutrophils
L - wr - - WT
= gp130°K0 = gp130°K0

3 .

days days.
Figure 4. Neutrophil X were highly increased in lung tissue of bleomycin-induced gp130°%° mice
(A) UMAP of subcluster of neutrophil from whole lung ScRNA-seq. Cluster of neutrophil_X was clearly
distinguished from neutrophil. (B) Violin plot of gene X’ expression in neutrophil and neutrophil X cluster

was shown. (C) Representative flow cytometry plots of neutrophil X in bleomycin-treated lung tissue of
gp130°%° mice and control mice on day 16. Neutrophil X was gated as Gr-1+ CD11b+ protein X+ cells. (D)
Quantification of cell proportion in total lung cells was tested in two groups. (E) Proportion of
neutrophil X in total lung cells, or in all neutrophils were tested at different time points after bleomycin
injury. Data presented as mean + SEM. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. T-test analyses
were performed.

(log2 fold change>1 or <-1). Gene of cytokine Y was upregulated in gn130°*°group and highlighted in red. (D)
Expression level of gene of cytokine Y in neutrophil or neutrophil X was quantified by RT-gPCR. Data
presented as mean + SEM. *p < 0.05, **p < 0.01, ***p < 0.001, ****p <0.0001. T-test analyses were performed.

6. Interstitial macrophages showed fibrotic

phenotype in bleomycin-induced gp730PKO mice
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Figure 6. Interstitial macrophages showed fibrotic phenotype in bleomycin-induced gp730°© mice
(A) Quantification of cell proportion of interstitial macrophages in total lung cells was tested in bleomycin-

treated gp130°%° mice and control mice on day 16. (B) Proportion of interstitial macrophages in total lung
cells was tested at different time points in two groups after bleomycin injury. (C) Expression level of fibrosis-

associated genes in interstitial macrophages of two groups were tested by RT-gPCR. Data presented as
mean +SEM. *p < 0.05, **p <0.01, ***p < 0.001. T-test analyses were performed.

1.

Defi y of gp130
induced pulmonary fibrosis.
2. Lung pericytes were clearly identified in the subcluster of lung
PDGF ing cells. Bl d gp130°KO pericytes
h ap roleinr cell fi

3. Higher population of neutrophil_X were found in the lung tissue of
bleomycin-treated gp730°“° mice compared to the control.
Neutrophil_X showed up at the early stage of lung fibrosis in
gp130P%° mice. Increasing number of neutrophil_X was positively
correlated with disease development.

4. After bleomycin treatment, neutrophil_X showed hyper-activated
immune responses in gp130PK° group compared to control group via
elevation of cytokine Y.

5. In the late stage of pulmonary fibrosis, interstitial macrophages of

gp130°%° group showed an increasing population and a pro-fibrotic
phenotype compared to the control.
How does gp130 signaling affect pe!%i/;yte function in pulmonary
fibrosis? - W

in pericytes facilitated bleomycin-

P! y

We are trying to explore:

(93

What's the major role of |‘?ovePneutroph|I X-.in pulmonary fibrosis?

What's the meeﬁanisnkf blpomycln -induced gp130°K° pericyte
regulating neuh‘bp | X and interstitial macrophage function?
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Development of an Effective Type | Photosensitizer by the Self-Assembly of
Dimethoxy Quinacridine for Photodynamic Therapy
Hajime Shigemitsu
Department of Applied Chemistry, Graduate School of Engineering, Osaka University

(Tl N[l Photodynamic Therapy (PDT

A cancer treatment using light and photosensitizer (PS)

Challenges : PDT effect is suppressed in hypoxic condition around tumor cells.
T. Pham, J. Yoon et al., Chem. Rev. 2021, 121, 13454.

Photosensitizer (PS)

Previous work

. PDT effect (Cell viability)
L N . NaO,C—. i . ]
1. Administration of photosensitizer " coma Fluorescein n o, |Photoexcitation dynamics 5
. Self-assembly induced : o 120 mE

} Light Energy Q ROS generation Electron

2. Photoirradiati e, Transfer /. mechanism regulation Transfer g R
X o‘oma iation ¥ 0, — o," § 22 sl
El

3. ROS generation Photosensitizer (PS) Type Il Type | :g

i . . NN FI.C2 FI-C18 )

! . *Minimally |r?v_as|ve - Monomer Supramolecular assembly LPo2eepoveee
4. Lesion destruction +Area selectivity Laserphyrin RoseBengal n=0FIC2 n=8FI.C18 Effective strategy for producing Type | Lght tensy (e,

A Insufficient PDT effect (High light intensity required)

Supramolecular Type | PS : Induced CS state by self-assembly of fluorescein

hv hv

H. Shigemitsu, K. Ohkubo, T. Kida et al., JACS Au, 2022, 2, 6, 1472.
A Low stability of supramolecular PS

Type Il PS Type | PS
Excited Excited Effu:l_ent reactive che_mu:al
singlet state singletstate  SPecies under hypoxic
T2 ~.scC — condition around cancer cells
= N Excited & ~
5 ~., triplet state g B
= = =2 N
E } 2 SB-CS ™ Charge
= 2 E = 2 separated state
£l {10 gl z
i ;< i ED > | (
130, AN
i 2 H
v EDor®’} " (e6.0y)

Ground state Ground state

| EA: Electron accepter / ED: Electron donor / ISC: Intersystem crossing / SB-CS: Symmetry-breaking charge separation

Only oxygen activation

Oraganic molecular activation

J. Liu, W. Bu, J. Shi,
Dependent on oxygen concentration Independent on oxygen Chem. Rev. 2017, 117, 6160.

A Type | PS is rare and the development is still difficult.

(R J

Monomer

Results and Discussion

Photophysical Properties of Self-assembly State in Water

Dynamic light scattering

UV-vis spectra PL spectra
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[DMQA-C2] = [DMQA-C18] = 30 uM, 0.1 M PBS (pH 7.4), rt., Ex wavelength: 540 nm [DMQA-C18] = 5 M, Milli-Q water, rt.
Compound  Solvent Ags (NM) A, (NM) (o8 % (ns) ki (s1) ke (5)
DMQA-C2 PBS 450, 602 650 0.096 43 2.2x107 2.1x108
DMQA-C18 PBS 455, 606 653 0.034 24 14x107  4.0%108

3. Photosensitization mechanism of DMQA-C2 and DMQA-C18
(ESR spectra)

10, detection spin-trapping reagent
OH OH

Oxidation process Reduction process
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[DMQA-C2] = [DMQA-C18] = 50 uM, [4-OH-TEMP] = [PPH] = 10 mM, 0.1 M PBS (pH 7.4), rt or 100 K, Xe lamp, 300 W

DMQA-C2 : triplet state, DMQA-C18 : triplet and charge separation states

5. Proposed photosensitization mechanism
DMQA-C2 & § Type II DMQA-C18 @Type &
Excited Excited
singlet state singlet state [omar™] v m:m‘
= ISC  Excited = \J\S\C Excited - \ -
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*Generation of charge separation states induced by self-assembly
+Generation of DMQA'>* — Improved oxidizing power

Conclusion

+DMQA-C18 showed an excellent PDT effect on cancer cells.

Effective and stable DMQA supramolecular Type | PS for PDT

Dimethoxy quinacridine (DMQAY)
~%

‘ ’ Self-assembly

1. Self-assembly properties of the DMQA in water

Morphology of Supramolecular Assembly
Transmission electron
microscopy (TEM)

[DMQA-C18] =

DMQA-C18 forms a spherical
supramolecular assembly.

*Supramolecular photosensitizer of an amphiphilic DMQA was successfully developed.
*Photosensitizing mechanism change induced by self-assembly of DMQA was elucidated.

DMQA Characteristics

« Positive charge delocalization
« Steric hindrance from helicene framework
— Stable DMQA radicals

Spin density distribution

=0 DMQA-C2 T. Soresen, B. Laursen et al., ChemPlusChem. 2014, 79, 1030.
=8 DMQA-C18 '
High stability of supramolecular PS
DMQAZ _ e~ P
L _ « Cation species(DMQA™2*) o ou’ DMQA2*
DMQA N . N 8cs /1 TN
— Oxidative stress induced \
Water } I R Il DFT:UCAM-B3LYP/6-31+G(d.p)
Improvement of killing e S level of theory
Supramolecular Assembly cancer cell efficiency reon, owax'ouax” |

2. Photocatalytic activities of the DMQA in water

HITCI (1,1" ,3 3 3,3 Hexamethylindotricarbocyanine iodide)

Aapst 735 nM I@

UV-vis spectra UV-vis spectra

photocatalyst
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30 pM, [HITCI] = 2.5 pM, 0.1 M PBS (pH 7.4), rt., Irradiation wavelength: 560 nm

0
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[DMQA-C18] =

50 uM, 0.1 mM
PBS (pH 7.4), rt., Cu grid substrate

[DMQA-C2] =

+Enhancement of photocatalytic activity by self-assembly
-DMQA residual ratio : 100% — Improved durability

4. Photosensitization mechanism of DMQA-C2 and DMQA-C18
(Nanosecond transient absorption spectra) ‘
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[DMQA-C2] = 114 uM, [DMQA-C18] = 193 uM, 0.1 M PBS (pH 7.4), excited wavelength: 600 nm with 10 ns laser pulses

DMQA-C2 : triplet state, DMQA-C18 : charge separation state

6. PDT effects of DMQA-C2 and DMQA-C18

A431 cells A431 cells PC9 cells PC9 cells
DMQA-C2 DMQA-C18 DMQA-C2 DMQA-C18
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o ! o ! o 1 o

5 08 508 508 =

< 06 = 06 = 06 =

Z 04 S 04 04 z

5 0.2 502 502 5

Y ? 0 @
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[DMQA-C2] = [DMQA-C18] = 5.0 uM, A431 luc GFP, PC9 luc, rt., irradiation wavelength: 595-605

nm, 1h after photoirradiation
A431 (cutaneous squamous cell carcinoma), PC9 (human lung adenocarcinoma)
0 J (Chemical addition only)
4J (0.4 A, 4 min 35 sec)

16 J (0.4 A, 14 min 20 sec)
64 J (0.4 A, 57 min 21 sec)

+Self-assembly greatly improved PDT effect.
-Sufficient PDT effect at low light intensity
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Plasma cell KLF2 expression at the induction site directs migration to the bone marrow
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Introduction Conclusion
==
Induction site Retention site Integrin [37“i marks plasma cells prone to home to the bone marrow, { \
Spieen & lymph nods Eonemaney whereas integrin B7'° cells remain in secondary lymphoid organs. <S:E> P1Trl"° rS:E) F;F:;h‘l SPL

o
@ﬁp@

Integrin [2'7hi plasma cells had a higher expression of the KLF2

Integrin adB7° Integrin a4p7"

o &

—_— o Long-lived transcription factor, the loss of which resulted in defective egress
B colls plasma cells by down-regulating S1TPR1 and CD11b. ‘
Plasma cells
(antibody-secreting cells) . . . . 3 - S1P . °
Disruption of plasma cell egress results in defective antibody durability, — S0
'ij;! thereby making mice more susceptible to influenza re-infection. ST

apoptosis

The instructions for plasma cell longevity are,
at least in part, set at their induction site.

The question of what are the key determinants of
plasma cell longevity remained unanswered.

Results

Fig. 1 Plasma cell subsets in secondary lymphoid organs can be
distinguished by the expression of integrin 37
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Fig. 3 S1PR1 is a downstream effector molecule of KLF2 for plasma cell egress
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