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Characterization of adipose tissue derived stromal vascular fraction cells with
high angiogenic potential

TAKADA, Hitomi

3,000,000

Mesenchymal stem cells (MSCs) are promising cell source for regenerative
medicine. However, the global picture of cell-type composition in MSCs has not been clarified. In
this study, we used a newly developed high-throughput single-cell RNA-seq method, Quartz-Seq2, to
analyze gene expression of freshly prepared stromal vascular fraction obtained from mouse adipose
tissue. Dimensionality reduction and clustering of single-cell transcriptome data showed the
separation of 11 clusters. Among them, we identified two types of CD34 positive MSCs, Efempl+ MSCs
and Coll5al+ MSCs. To investigate the difference between the two MSC clusters, we analyzed
differentially expressed genes. Efempl+ MSCs were characterized by the expression of growth factors,

while Coll5al+ MSCs were characterized by the expression of genes that encodes extracellular matrix
proteins. These data showed that the MSC population is divided into two clusters, suggesting that
there is less heterogeneity of MSCs than expected.



40
1-2
iPS
iPS
iPS
@
(Stromal

Vascular Fraction, SVF) (
D

E1: ¥ 7 XA R T REfA#EME £ USVF
A4 — N —: 1em(A H), 10um (G )

SVF
3

PCR

@ O 3

1
(©) SVF ¢))
3

1
FACS 384
1
3 SVF
PCR
VEGF
3
in vivo

@ O

SVF

PCR
SVF 1

1
1
SVF
384well plate
Quartz-seq2 1000
11

FACS

SVF



«C 2

CD34

Dim2

91.31% (1,052 cells / 1,152 wells)

Dim1

e e

LN
-

unclassified, 1.33% (14)

nREINIDRWN D

: Cd34+/Efemp1+ mesenchymal stem cell, 7.79% (82)
Macrophage, 5.51% (58)

Cd4+ T-cell, 44.96% (473)

Cd4+ T-cell (proliferation), 0.95% (10)

B-cell, 15.87% (167)

Killer T-cell, 11.02% (116)

Natural killer cell, 3.04% (32)

Cd34+/Col15a1+ mesenchymal stem cell, 6.36% (67)
Cxcré+ T-cell, 1.71% (18)

Dendritic cell, 0.85% (9)

Plasmacytoide dendritic cell, 0.57% (6)

F2: SVFO 1l B F R IBETH R
2 D Clusterl s £ UFCluster8A'CD34f5 14 D
RERBMERETH S,

Ligand

iy
it "
M3: &V 7 AX—ICBITHUH K

10 11

Cluster /
3 4 5 6 7 8

g
J

a

sE

RIG/NNHX—

2

FOFER. 7T A H-1 OHRIL . FGF2
IGFPBs

BMP2

-Log(P-value)
10 8 6 4 2 0 [Reactome pathways]

Extracellular matrix organization

: : } Molecules associated with elastic fibres
\
\
|

Elastic fibre formation

Clusterl

IGF transport

[Differentially expressed genes]

Non-integrin membrane-ECM interactions

Bmp2,Col14a1,Fbn1,Fgt2,Fn1, itgb7,Miap5, Nitnd, Peolce2, Efemp1

Bmp2,Fbn1,Fn1,Mfap5,Efemp1

Bmp2,Fbn1,Fn1 Map5,Elemp1
Igfbp4,Igibps5,Igibp6
Fof2,Fn1,Nind

-Log(P-value)

30 20 10 0
I T

[Reactome pathways)

Extracellular matrix organization
Collagen formation

Collagen degradation

Collagen biosynthesis and
modifying enzymes

I

|

|

| Collagen chain trimerization
| Assembly of collagen fibrils and
I

|

|

I

I

Cluster8

other multimeric structures

Degradation of the extracellular matrix
Integrin cell surface interactions
Non-integrin membrane-ECM interactions

ECM proteoglycans

[Differentially expressed genes)
Bgn,Serpinh1,Col15a1,Col3al,Col4al,Coka2,Colda4,Col5al,Col5a2, Colsal,Colbaz,
Colla1,Col1a2,Ctsk Lama2, LambT1,Lox,Lum,Mmp2,Nid2, Peolce, Sparc.Jam2
Sempinh1,Col15a{,Col3ai,Coi4ai,Col4a2,Coldad, Col5at,Col5a2,Colbal,Col6a2,
Cal1a1,Col1a2,Lox, Peolce
Col15a1,Col3a1,Coldal,Col4a2,Col4a4,Coi5al,Col5az,Colba1,Col6a2,Collal,Colla2,

Serpinh1,Col15a1,Col3al,Coi4al,Col4a2, Col4a4,Col5a,Col5a2,Colbal,Coi6a2,Col1al,
Ceitaz,Pooice

Col15a1,Col3a1,Coléal,Colda2,Coldad Colsal,Col5a2,Colbal,Col6a2,Collal,Col1a2
Col3a1,Coldal,Colda2 Coldad,Col5a1,Col5a2,Colbal,Coi6a2,Collal,Colla2, Lox

Col15a1,Col3a1,CoMal,Col4a2,Col4as,Colsal, Col5az2,Colbal,Col6a2,Collal,Collaz,
Cisk,Lamb1,Mmp2

Col3ai,Coléal,Colda2 Coldad,Col5al,Col5a2,Colbal, Coléa2,Collal,Coltaz,Lum,Jam2
Col3ai,Coidai,Colda2 Coldad,Col5al,Col5a2,Collal,Colla2,Lama2,Lamb1

Bgn,Col3al,Col5a1,Col5a2,Colbal,Col6az, Col1al,Colla2,Sparc

[a:7 7 2% —15 X UV8D /YR T = A B

IGF

SVF



SVF 1

1

5
Sasagawa Y*, Danno H*, Takada H*
(*Equally contributed), Ebisawa M,
Tanaka K, Hayashi T, Kurisaki A,
Nikaido l. Quartz-Seq2: a
high-throughput single-cell
RNA-sequencing method that
effectively uses limited sequence
reads. Genome Biol. 2018 Mar
9;19(1):29.

DOI: 10.1186/s13059-018-1407-3.

Mashiko T, Takada H, Wu SH, Kanayama
K, Feng J, Tashiro K, Asahi R, Sunaga
A, Hoshi K, KurisakiA, Takato T,
Yoshimura K. Therapeutic effects of a
recombinant human collagen peptide

bioscaffold with human
adipose-derived stem cells on
impaired  wound healing  after
radiotherapy.

J Tissue Eng Regen Med. 2018 Jan 26.
,D01: 10.1002/term.2647.

Nishimura K, Ohtaka M, Takada H,
Kurisaki A, Tran NVK, Tran YTH,
Hisatake K, Sano M, Nakanishi M.

Simple and effective generation of
transgene-free induced pluripotent
stem cells using an auto-erasable
Sendai virus vector responding to
microRNA-302.

Stem Cell Res. 2017 Jun 20;23:13-19.

DO1:10.1016/j -scr.2017.06.011.
Nishimura K, Aizawa S, Nugroho FL,

Shiomitsu E, Tran YT, Bui PL, Borisova
E, Sakuragi Y, Takada H, Kurisaki A,

¢y

Hayashi Y, Fukuda A, Nakanishi M,
Hisatake K. A Role for KLF4 in
Promoting the Metabolic Shift via TCL1
during Induced Pluripotent Stem Cell
Generation.

Stem Cell Reports. 2017 Mar
14;8(3):787-801. , DOI:
10.1016/j .stemcr.2017.01.026.

Enomoto K, Watanabe-Susaki K, Kowno
M, Takada H, Intoh A, Yamanaka Y,
Hirano H, Sugino H, Asashima
M, Kurisaki A. Identification of
novel proteins differentially
expressed in pluripotent embryonic
stem cells and differentiated cells.
J Med Invest. 2015;62(3-4):130-6

, DOI: 10.2152/jmi.62.130.

2
Hitomi Takada, Yasu-yuki Kida, Akira
Kurisaki. Spheroid culture condition
optimally expands angiogenic cells of
adipose tissue-derived stromal
vascular fraction.
ISSCR 2016

Hitomi Takada,Yutakada Saito, Toutai
Mituyama, Zong Wei, Eiji Yoshihara,
Sandra Jacinto, Michael Downes,
Ronald M Evans, Yasu-yuki Kida.
Metylome, transcriptome, and
PPARy cistrome analyses reveal two
epigenetic transitions in fat cells.
ISSCR 2015

(TAKADA, Hitomi)

80641068



