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Shigella prevents host cell death by delivering T3SS effector proteins

Hiroshi Ashida1, 2

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

Introduction

Summary

 In response to bacterial infection, epithelial cells undergo cell death, such as apoptosis, necrosis, 
pyroptosis, and necroptosis, to terminate bacterial infection as host defense systems. The sacrifice of 
infected cells plays an important role in clearance of damaged cells, elimination of pathogens, 
and presentation of bacteria-derived antigens to the adaptive immune system. 
However, Shigella seems to prevent epithelial cell death by delivering a subset of virulence 
proteins (effectors) via the type III secretion system, because it prefers these cells as replicative 
niche, spread to neighboring cells, and evasion of immune cells. As a result, Shigella is able to 
efficiently colonize the intestinal epithelium.
 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  mutant induced 
necroptotic cell death, whereas  mutant induced apoptotic cell death. To prevent 
caspase-8�mediated apoptosis, Shigella delivers OspC1 and inhibits caspase-8 activation via 
its ADP-riboxanation activity but also inducing necroptosis. To further counteracts necroptosis, Shigella 
delivers OspD3 effector, which has protease-like activity, and cleaves RHIM domain of RIPK1 and RIPK3,
both of which are essential factor of necroptosis induction, thereby inhibiting necroptosis.

(A)

(B)

(C)

Figure 1. Shigella OspD3 effector inhibits necroptotic cell death.

Figure 3. Shigella OspC1 inhibits caspase-8 dependent apoptosis.

Figure 4. OspC1 inhibits caspase-8 via its ADP-riboxanation activity.

A model for Shigella infection of the intestinal epithelium

Type of host cell death induced by bacterial infection

(A) (E) (F) HT29 cells were infected with Shigella WT, S325 (T3SS deficient mutant) or 
series of ospD gene deletion mutant and incubated for 8 h. Cellular supernatants were 
subjected to cytotoxicity assay or immunoblotting. (B) HT29 cells were infected with 
Shigella WT or  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  mutant. Infected cells were subjected to 
Giemsa staining. Arrows indicate cells whose cytoplasm disappeared. (D) HT29 cells 
were infected with Shigella WT or , and incubated for 12 h. After incubation, 
intracellular bacteria were quantified using a gentamicin protection assay.

(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 

were infected with the indicated Shigella strains and incubated for 8 h. 
Cells were harvested and subjected to measurement of caspase-8 activation (D) or 
Annexin V activity assay to detect apoptosis (E).

(A) Scheme of arginine ADP-riboxanation.  (B) (C) 293T cells were transfected with 
indicated plasmids. After 24 h, cells were harvested and subjected to immunoprecipitation 
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).

(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, , or . 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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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 
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  point mutans expressing plasmids. 
After 24 h, cells were harvested and subjected to immunoblotting.
(E) HT29 cells were infected with Shigella WT, S325,  (OspD3 WT)
or  (protease deficient) complement strains, and cell lysates and cellular 
supernatants were subjected to immunoblotting (E) or cytotoxicity assay (F) respectively.
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Figure 5. OspC1-mediated caspase-8 inhibition triggers necroptosis.
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Creドライバーマウスとの交配で、臓器、細胞種特異的に
Akalucを発現可能。

λmax = 450 nm
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プロテアーゼプローブ
対応するプロテアーゼの共存下で発光シグナル
が増大するAkaluc改変型の分子プローブ
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4. RNA-seq analysis

Gp130 signaling in pericytes protects from pulmonary fibrosis
via regulation of immune cells function

Zhang Yingying1, Kang Sujin1,2

1Laboratory of Immune Regulation, Immunology Frontier Research Center, University of Osaka, Suita, Osaka 565-0871, Japan
2Department of Immune Regulation, Center for Infectious Disease Education and Research, University of Osaka, Suita, Osaka 565- 0871, Japan

1. Deletion of gp130 in pericytes accelerated   
lung fibrosis

Immunohistochemistry staining of 
WT                                                    gp130pKO
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3. Initial study of gp130-deficient pericytes in
pulmonary fibrosis
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3-2. Initial study of pericytes function
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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.
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Figure1. Deletion of gp130 in pericytes accelerated lung fibrosis (A) Survival rate test was performed in
gp130pKO 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 gp130pKO mice and control mice on day 21. (D) Representative graphs of IHC staining in
bleomycin-induced two groups were shown on day 16. A-smooth muscle actin was used as the marker of
myofibroblasts. (E) Expression level of fibrosis-associated genes in two groups were quantified by RT-
qPCR. (F) Pathophysiology assessment was performed in gp130pKO mice and control mice after bleomycin
injury. Quantification of SP-D levels in the serum 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.

Figure 2. Proportion of cell populations in fibrosis-induced lung tissue of gp130pKO mice  Single cell
RNA-seq (scRNA-seq) was performed using bleomycin-injured whole lung cells of gp130pKO group and
control group on day 16. Cell population of each cluster was shown in stacked percentage column charts
of non-immune cells or immune cells separately. Labels refer to clusters: SMC: smooth muscle cell;
myofibro: myofibroblast. ILCs: innate lymphoid cell.

Figure 3. Initial study of gp130 deficient pericyte in pulmonary fibrosis   (A) UMAP of all cell clusters
combined in bleomycin-treated gp130pKO 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 signaling pathway in
pericyte of bleomycin-treated gp130pKO mice compared to the control (fold change>0.25, p<0.1).

Figure 5. Pulmonary neutrophil_X in gp130pKO mice showed pro-inflammatory function (A) In RNA-seq,
gene ontology enrichment analysis showed the upregulated signaling pathway in neutrophil_X of bleomycin-
treated gp130pKO mice compared to the control (fold change>0.25, p<0.1). (B) Genes of pro-inflammatory
cytokines that associated with neutrophil functions were tested by RT q-PCR. (C) Volcano plot showed
differentially expressed genes in neutrophil_X of bleomycin-injured gp130pKO group compared to the control.
(log2 fold change>1 or <-1). Gene of cytokine Y was upregulated in gp130pKO group and highlighted in red. (D)
Expression level of gene of cytokine Y in neutrophil or neutrophil_X was quantified by RT-qPCR. Data
presented as mean ± SEM. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. T-test analyses were performed.

Figure 6. Interstitial macrophages showed fibrotic phenotype in bleomycin-induced gp130pKO mice       
(A) Quantification of cell proportion of interstitial macrophages in total lung cells was tested in bleomycin-
treated gp130pKO 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-qPCR. Data presented as
mean ± SEM. *p < 0.05, **p < 0.01, ***p < 0.001. T-test analyses were performed.

How does gp130 signaling affect pericyte function in pulmonary 
fibrosis? 

What’s the major role of novel neutrophil_X in pulmonary  fibrosis?

What’s the mechanism of bleomycin-induced gp130pKO pericyte 
regulating neutrophil_X and interstitial macrophage function?

We are trying to explore:
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Figure 4. Neutrophil_X were highly increased in lung tissue of bleomycin-induced gp130pKO 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
gp130pKO 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.
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Summary
1. Deficiency of gp130 signaling in pericytes facilitated bleomycin-

induced pulmonary fibrosis. 
2. Lung pericytes were clearly identified in the subcluster of lung 

PDGFR -expressing cells. Bleomycin-induced gp130pKO pericytes 
showed a potential role in regulating immune cell function. 

3. Higher population of neutrophil_X were found in the lung tissue of 
bleomycin-treated gp130pKO mice compared to the control. 
Neutrophil_X showed up at the early stage of lung fibrosis in 
gp130pKO mice. Increasing number of neutrophil_X was positively 
correlated with disease development.

4. After bleomycin treatment, neutrophil_X showed hyper-activated 
immune responses in gp130pKO group compared to control group via
elevation of cytokine Y.

5. In the late stage of pulmonary fibrosis, interstitial macrophages of 
gp130pKO group showed an increasing population and a pro-fibrotic 
phenotype compared to the control.

Neutrophil Neutrophil _X

E
CD11b

I declare no conflict-of-interest.

Neutrophil_X gene expression

Immune cells

gp130pKO vs WT

control mice
(gp130flox/flox)

Pulmonary
fibrosis

GO biological process
(upregulated in gp130pKO pericyte)

GO biological process
(upregulated in gp130pKO neutrophil_X)

SPP1+C3ar1+ macrophage 
SPP1+Chil3+ macrophage 

Endothelial cell
Stromal cell

A



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



(100% O )

(21% O )

(15% O )

P4 hyperoxiaP4 control

P7 hypoxiaP7 control

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

pH3

* *

Control
Hyperoxia

Control
Hypoxia

0

1

2

3

4

5

6

7

8

9

pH3

* *

0

10

20

30

40

50

60

70

P 1 P 4 P 7

* *

* *

0

10

20

30

40

50

60

Normoxia Hypoxia

* *

0
0.02
0.04
0.06
0.08
0.1

0.12
0.14
0.16

Normoxia Hypoxia

* *

7% O

7% O

Figure 1

Cell 157, 565-579 (2014)

Figure 2

Nature 541, 222-227 (2017)

Normoxia
Hypoxia

* *

*

0

20

40

60

80

100

Baseline 3 days 
recovery

WGA/cTnT/pH3/

*
***

*WGA/cTnT/pH3/

0

0.5

1

1.5

P0 P7

Xdh

AMP

Allopurinol

0
50

100
150
200
250
300
350

P1 P7 P14 P32 P56

IMP

0

100

200

300

400

500

600

P1 P7 P14 P32 P56

Inosine

0
10
20
30
40
50
60
70

P1 P7 P14 P32 P56

Hypoxanthine

0

5

10

15

20

25

30

P1 P7 P14 P32 P56

Xanthine

0

2

4

6

8

P1 P7 P14 P32 P56

Uric acid

ROS ROS

Mouse
Opossum

P=0.0002
 ***

P=0.0006
 ***

Figure 3

Circulation 146, 
125-139 (2022)

(Redox Biol. in press

0

20

40

60

80

100

120

Normoxia Hypoxia
0

20

40

60

80

100

120

Normoxia Hypoxia

Superoxides H O  and other ROS

*
* *

p in hypoxia

no change

down in hypoxia

Krebs cycle

59.1%

40.9%

2.5%

37.5%
60.0%

Wataru Kimura PhD



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



Development of an Effective Type I Photosensitizer by the Self-Assembly of 
Dimethoxy Quinacridine for Photodynamic Therapy

Department of Applied Chemistry, Graduate School of Engineering, Osaka University 

Effective and stable DMQA supramolecular Type I PS for PDT

T. Soresen, B. Laursen et al., ChemPlusChem. 2014, 79, 1030.

[DMQA-C2] = [DMQA-C18] = 30 M, 0.1 M PBS (pH 7.4), rt., Ex wavelength: 540 nm 

UV-vis spectra PL spectra
Transmission electron 
microscopy (TEM)

[DMQA-C18] = 50 M, 0.1 mM 
PBS (pH 7.4), rt., Cu grid substrate

C2 C18 C2 C18

HITCI (1,1',3,3,3',3'-Hexamethylindotricarbocyanine iodide)

[DMQA-C2] = [DMQA-C18] = 30 M, [HITCI] = 2.5 M, 0.1 M PBS (pH 7.4), rt., Irradiation wavelength: 560 nm

UV-vis spectra

DMQA-C2 DMQA-C18

kobs: 2.4 10-2 min-1 kobs: 3.2 10-1 min-1

UV-vis spectra

[DMQA-C2] = 114 M, [DMQA-C18] = 193 M, 0.1 M PBS (pH 7.4), excited wavelength: 600 nm with 10 ns laser pulses

SB-CS: Symmetry-breaking charge separation
TEOA: Triethanolamine

Introduction

This work

Previous work

Results and Discussion 1. Self-assembly properties of the DMQA in water

DMQA-C18 forms a spherical 
supramolecular assembly.

Conclusion Supramolecular photosensitizer of an amphiphilic DMQA was successfully developed. 
Photosensitizing mechanism change induced by self-assembly of DMQA was elucidated.
DMQA-C18 showed an excellent PDT effect on cancer cells.

Dimethoxy quinacridine (DMQA+)

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

DFT UCAM-B3LYP/6-31+G(d,p) 
level of theory

Spin density distribution

DMQA 2+ 

DMQA-C2

DMQA-C18

Photodynamic Therapy PDT
A cancer treatment using light and photosensitizer (PS)

1. Administration of photosensitizer

2. Photoirradiation

3. ROS generation

4. Lesion destruction Laserphyrin RoseBengal

Minimally invasive
Area selectivity

Photosensitizer PS
Type II PS Type I PS

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

Dependent on oxygen concentration Independent on oxygen

Only oxygen activation Oraganic molecular activation

Efficient reactive chemical 
species under hypoxic 
condition around cancer cells

J. Liu, W. Bu, J. Shi, 
Chem. Rev. 2017, 117, 6160.

PDT effect (Cell viability)

H. Shigemitsu, K. Ohkubo, T. Kida et al., JACS Au, 2022, 2, 6, 1472.

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

Fluorescein

n = 0 Fl-C2 n = 8 Fl-C18 Effective strategy for producing Type I

Type I PS is rare and the development is still difficult.

T. Pham, J. Yoon et al., Chem. Rev. 2021, 121, 13454. Insufficient PDT effect (High light intensity required)

Photoexcitation dynamics

Low stability of supramolecular PS

Stable DMQA radicals

High stability of supramolecular PS

DMQA 2+

Oxidative stress induced

Improvement of killing 
cancer cell efficiency

e

DMQA

DMQA 2+ 

Dynamic light scattering
(DLS)

Photophysical Properties of Self-assembly State in Water Morphology of Supramolecular Assembly

[DMQA-C18] = 5 M, Milli-Q water, rt.

Z-average: 10 nm

2. Photocatalytic activities of the DMQA in water

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

4-Hydroxy-2,2,6,6-
tetramethylpiperidine (4-OH-TEMP)

1-hydroxy-4-phosphono-oxy-2,2,6,6-
tetramethylpiperidine (PPH)

1O2 detection spin-trapping reagent O2 detection spin-trapping reagent

4-OH-TEMP PPH 100 K

[DMQA-C2] = [DMQA-C18] = 50 µM, [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

4. Photosensitization mechanism of DMQA-C2 and DMQA-C18
Nanosecond transient absorption spectra

5. Proposed photosensitization mechanism

Generation of charge separation states induced by self-assembly
Generation of DMQA 2+ Improved oxidizing power 

DMQA-C2 DMQA-C18

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

6. PDT effects of DMQA-C2 and DMQA-C18
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A431 cells
DMQA-C2

Light intensity

A431 cells
DMQA-C18

Light intensity

PC9 cells
DMQA-C2

Light intensity

PC9 cells
DMQA-C18

Light intensity

[DMQA-C2] = [DMQA-C18] = 5.0 M, A431 luc GFP, PC9 luc, rt., irradiation wavelength: 595-605 
nm, 1h after photoirradiation
A431 (cutaneous squamous cell carcinoma), PC9 (human lung adenocarcinoma)

Self-assembly greatly improved PDT effect.
Sufficient PDT effect at low light intensity

Challenges : PDT effect is suppressed in hypoxic condition around tumor cells.

DMQA Characteristics

PDI: 0.435

0 J (Chemical addition only)
4 J (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)
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Plasma cell KLF2 expression at the induction site directs migration to the bone marrow

Introduction Conclusion

Results

Wataru Ise*, Takuya Koike*, Nozomi Shimada, Hiromi Yamamoto, Yuki Tai, Taiichiro Shirai, Ryoji Kawakami, 
Mana Kuwabara, Chie Kawai, Takeshi Inoue, Nozomi Hojo, Katsuyuki Shiroguchi, Kazuhiro Suzuki, and Tomohiro Kurosaki

IFReC, CiDER, and CAMaD (Osaka University)
IMS (RIKEN)

UTOPIA (The University of Tokyo)

Ise*, Koike* et al., J. Exp. Med., in revision. 

*eqaul contribution

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



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  





  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

 

 

 

 

 

 

 


