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Single T cell transcriptome analysis for biomarker discovery in the treatment of
preeclampsia.
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Decidual CD4+ T cells from 4 healthy early pregnancies, 3 healthy late
pregnancies, and preeclampsia (PE) cases were subjected to scRNAseq. The decidual CD4+ T cells were
a heterogeneous population consisting of naive, follicular T cells, memory, Th1/Th2 intermediate
type (7-Th1/Th2 int), Thl, PRF+ activated, FOXP3-Treg, Th1l7 and FOXP3+Treg. Differentially expressed

gene analysis in each cluster showed that the expression of T cell activation-related genes was
elevated in PE compared to late gestation in memory and Th1l/Th2 int. In addition, the expression of
PDCD1 and other exhaustion-related genes was significantly elevated in FOXP3+Tregs in PE.

T CD4 T



T CTL CD4 T (CD4+T ) T

TCR T Treg
CTL CD4+T Treg
(PE)
PE
T
TCR TCR
PE “ TCR
Treg” Tsuda S et al. Front Immunol. 2018.
7 CcTL” (PD-1)
(Morita K, Tsuda S, et al., Front Immunol, 2020.)
Treg = CTL(= )
PE
Treg CTL CD4+T
PE T TCR
T
(1) CD4+ Treg
(2) PE
( ) PE
CD4+T CD4+T Treg BD Rhapsody single
cell analysis system CDNA
TCR (scTCRseq) mRNA (sCRNAseq)
CDNA sequencing
mRNA Treg  CD4+T mRNA
PE TCR
CD4+T 4 CD4+T 3 PE CD4+T
3 CD4+T 1 1
SCRNAseq 2 1
1 PE 1 SCTCRseq
@ CD4+ Treg
CD4 T 1) 0 -2 2) T
GB-Tfth ) 3) 4 -6 ) 5)Th1/Th2 (7-Th1/Th2 int) 6)Thl
8-Thl 7) (PRF)+ (9-PRF+Tct) 8) FOXP3-Treg(10-PDCD1+FOXP3-

Treg) 9)Thl7 (11-Thl7) 10)FOXP3+Treg(12-FOXP3+Treg) 13
1 (Tsuda S. et al., Frontiers in Immunology, 2024)
T Th1/Th2 int Thl PRF+ FOXP3+Treg

FOXP3+Treg (0%)
PE (17-33%)



Treg ®1 FEAMECDA+ THIROS AR

12-FOXP3+
50 Treg
10-PDCD1+
FOXP3-Treg i
7-Th1/Th2 int 12-FOXP3+Treg o
3 3 %00
7-Th1/Th2 int
FOXP3+Treg 25&PRFH§&1K
LGALS1 CTLA4
‘ W&J !
(Tsuda S. et al., Frontiers
in Immunology, 2024) CD4+T
FOXP3+Treg
(2) PE
PE 5- 7-Thl/Th2 int 12-FOXP3+Treg 3
5-
T Th17 47 2 0,026
PE 7-Th1/Th2 int R
T PE
12-FOXP3+Treg PDCD1 g
Treg ?
)
=]
TNFRSF18, TNFRSF4, PDCD1, IFNG, LAG3, CCR5, é
CXCR3, CCR6, HAVCR2, CXCR6, NKG7, SLAMF1, KLRBI,
CD2, CXCR1 (module score) 12-
FOXP3+Treg PE
(p=0.026) ( 2) (Tsuda S. 7 ol
et al., Frontiers in Immunology, 2024) 12-
FOXP3+Treg
Treg FOXP3+ T
Treg
Treg PE Treg
Treg
Th1/Th2 int
+Tre
PE ( 3 FOXP3+Treg
PE
&3
( 3 EEERMNA E%TIREH
RS R Treg (% 22D
CDA+THIRRIC & 3 B R (4E)
PE
F?::Z ) "gD'i‘ Th1/Th2
Treg

“‘“”ﬁ! v EHEE

v BiERE1EEE
v EEft

Th1l/Th2 int

Treg
PE




11 11 2 1

Furuta A, Shima T, Yoshida-Kawaguchi Mihoko, Yamada K, Yasuda I, Tsuda S, Yamaki-Ushijima A, 155

Yonede S, Higashisaka K, Cheng SB, Matsumoto K, Tsutsumi Y, Sharma S, Saito S, Nakashima A

Chloroquine is a safe autophagy inhibitor for sustaining the expression of antioxidant enzymes 2023

in trophoblasts.

J Reprod Immunol. 103766
DOl

10.1016/j .jri.2022.103766. Epub 2022 Nov 24.

Araishi K, Shima T, Yasuda I, Tsuda S, Morita K, Yamaki-Ushijima A, Nakashima A, Saito S 155

Dynamics of neuropilinl (Nrpl)-positive thymus-derived and Nrpl-negative peripherally induced 2023

paternal antigen specific regulatory T cells in the uterus and spleen during pregnancy in mice.

J Reprod Immunol 103792
DOl

10.1016/j .jri.2022.103792. Epub 2022 Dec 29.

Tsuda S, Nakashima A, Morita K, Shima T, Yoneda S, Kishi H, Saito S. 82

The role of decidual regulatory T cells in the induction and maintenance of fetal antigen- 2021

specific tolerance: Imbalance between regulatory and cytotoxic T cells in pregnancy

complications.

Human Immunology 346-352
DOl

10.1016/j .humimm.2021.01.019.

Nakashima A, Shima T, Aoki A, Kawaguchi M, Yasuda I, Tsuda S, Yoneda S, Yamaki-Ushijima A, 82

Cheng SB, Sharma S, Saito S.

Molecular and immunological developments in placentas. 2021

Human Immunology 317-324

DOl
10.1016/j .humimm.2021.01.012.




Nakashima A, Shima T, Tsuda S, Aoki A, Kawaguchi M, Furuta A, Yasuda I, Yoneda S, Yamaki- 28

Ushijima A, Cheng SB, Sharma S, Saito S.

Aggrephagy Deficiency in the Placenta: A New Pathogenesis of Preeclampsia. 2021

Int J Mol Sci. 2432
DOl

10.3390/ijms22052432.

Yoneda N, Yoneda S, Tsuda S, Ito M, Shiozaki A, Niimi H, Yoshida T, Nakashima A, Saito S. 29

Pre-eclampsia Complicated With Maternal Renal Dysfunction Is Associated With Poor Neurological 2021

Development at 3 Years Old in Children Born Before 34 Weeks of Gestation.

Front Pediatr 624323
DOl

10.3389/fped.2021.624323.eCollection 2021.

Honoki H, Yagi K, Tsuda S, Wada T, Enkaku A, Nakagawa-Yokoyama M, Kamigishi M, Shikata M, 12

Takikawa-Nishiday A, Fujisaka S, Chujo D, Sasaoka T, Nakashima A, Saito S, Tobe K.

Type 1 diabetes woman with repeated miscarriages successfully gave birth after introducing an 2021

insulin pump with a predictive low glucose suspend feature.

Diabetol Int 324-329
DOl

10.1007/s13340-020-00489-9. eCollection 2021 Jul.

Arai NA, Yoneda S, Yoneda N, Ito M, Tsuda S, Shiozaki A, Nohira T, Hyodo H, Kumazawa K, Suzuki 48

T, Nagasaki S, Makino S, Saito S.

Probiotics including Clostridium butyricum, Enterococcus faecium, and Bacillus subtilis may 2022

prevent recurrent spontaneous preterm delivery.

J Obstet Gynaecol Res 688-693

DOl
10.1111/jog.15166. Epub 2022 Jan 26.




Saito Shigeru Tsuda Sayaka Nakashima Akitoshi

159

T cell immunity and the etiology and pathogenesis of preeclampsia

2023

Journal of Reproductive Immunology

104125 104125

DOl
10.1016/j .jri.2023.104125

Nakashima Akitoshi Furuta Atsushi Yoshida- Kawaguchi Mihoko Yamada Kiyotaka Nunomura 91

Haruka Morita Keiko Yasuda Ippei Yoneda Satoshi Yamaki- Ushijima Akemi Shima Tomoko Tsuda

Sayaka

Immunological regulation and the role of autophagy in preeclampsia 2024

American Journal of Reproductive Immunology e13835
DOl

10.1111/aji.13835

Tsuda Sayaka Shichino Shigeyuki Tilburgs Tamara Shima Tomoko Morita Keiko Yamaki-Ushijima 15

Akemi  Roskin Krishna Tomura Michio Sameshima Azusa Saito Shigeru Nakashima Akitoshi

CD4+ T cell heterogeneity in gestational age and preeclampsia using single-cell RNA sequencing 2024

Frontiers in Immunology 1401738

DOl
10.3389/Fimmu.2024.1401738

38

2022




Sayaka Tsuda, Keiko Morita, Akemi Ushijima, Tomoko Shima, Akitoshi Nakashima, Shigeru Saito

Single-cell transcriptome and T cell receptor analysis revealed the diversity and phenotypic characteristics of decidual
CD4+ T cells in normal pregnancies and preeclampsia.

74

2022

37

2022

96

2022

2022




36

2021

33

2022

2023

Tsuda S, Saito S, Gil M

2021

Academic Press

462

Reproductive Immunology Basic Concepts volumel




2021

392

(Nakashima Akitoshi)

(Shima Tomoko)

(Shigeru Saito)

(Keiko Morita)

(Sameshima Azusa)




(Shichino Shigeyuki)

(Tomura Michio)

(Tilburgs Tamara)

Cincinnati Children®s
Hospital




