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The Application of Single Cell Technologies in Stem Cell

Tissue Repair and Drug Development

Su Dandan, Cheng Fang*
(School of Pharmaceutical Sciences (Shenzhen), Sun Yat-sen University, Guangzhou 510006, China)

Abstract The rapid advancement of single cell technologies in recent years break the limit of traditional
biomedical research from studying mixed cell population to a single-cell level, thus solving problems such as
cellular heterogeneity and low access to rare biological materials. In this review, we provide an overview of
recent progresses within key single-cell technologies, and focus on their applications in stem cell research and
regeneration medicine. We present current developments within these areas and critically discuss how to use single-
cell approaches to look for specific stem-cell subpopulation in tissue repair and disease, and to investigate the
underlying cellular and molecular mechanisms. Finally we highlight high-throughput screening methods to identify
disease-specific and cell-specific drugs using single-cell based two-dimensional and three-dimensional in vitro
model systems.
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Table 1 Methods of isolating single cells

Jiik Bliikia R fi i HahsT3h e R HA
Method Throughput Amount of samples Manual or automatic  efficiency Accuracy Cost
Mouth pipette Low Low Manual Low High Low
Micromanipulation Low Low Manual Low High High
Limited dilution Low High Manual Low Low Low
LCM Low High Automatic High High High
FACS High High Automatic High High High
MACS High High Automatic High High High
Microfluidic High Low Automatic High High High
FOCOT High Low Automatic High High Low
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S i (polymerase chain reaction, PCR)73#1-F- 5. Cy-
toSeq ¥ A FH A7 A 4 B AN 231 2 A0 SARE IR T
2 & SO, BT A A0 Y B B 2 R Rk i
AT LLRN 73 B BTN i i, 27T 4 e #10 0005%
100 00041 S . 5 4b, Datlinger ! bk 3 [K 41 4 45
Hi R (clustered regularly interspaced short palindromic
repeats, CRISPR)5 5L 41 JURNAJ J7 57 A B & 15—
&, &R T H AR CRISPRUE M 7 (CRISPR droplet
sequencing, CROP-seq), i i A4 43 H ik 52 48 fg i /7
S5 FTARAL IICRISPR gRNAJG T3 201K, P45 & i
(1) T B 4H B RN AW 77 (3800 7 3%, wT A 7
T A0 P B TR 2, SEBRTE BRI 0 I sl
Iy BT RS . (EZ, DA b J7 VAN ] G 1 2 Ok 4
Jf 7 () A B B, KOG R AIRNA-Seqfs Rt | H
B, IZHARF IS HR K cDNA & T 56z, H
AEAEAE RGUAAZ AR RN AR I 25 ) @, I i
HRIE TR 7S R S 20 R B H R ——Geo-Seq,
TR B 10 A B4 U0 e A O S ) 4
AR, K45 7 2 A BAE B> S e s 4L, 7T
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201145 F) 541 Ji0 5 P 28 43 R 2 HYNavin 5 P40KE 4

SRAY G BRI T — AN PR g5 Gk, MAH T
Tt 5 L e 200 PR R A4S (1) &85 A At A I A, T DAV
BUAMEZ N B A D H. ISR E TR
) & & B [ N (degenerate oligonucleotide primed
-PCR, DOP-PCR). % H Bty 1 (multiple displace-
ment amplification, MDA)F1 % K IE K HIRIEIAY 1
(multiple annealing and looping-based amplification
cycles, MALBAC) 2 - &5 FH 1) 22 St e 41 iy 5 [R 40
R, BeE kDR ZHAE 7T i (R AH LE T 40 B B AR HOR
RN BT, A% — 2 . 5DOP-PCR.
MDA. MALBACAH L, i i 4 N 5% Jo2 1 3R AT Ze g™
347151 (linear amplification via transposon insertion, LI-
ANTI) £ L AN R 78 76 22 A0 i, 4 0 PRt v
FITHEE T R, ReA & B — NEFE B, EHEEE
FIA R 7 B, SRS HEAT RO R B AL Dy T
16 52 B PR 38 1 B2 v R AR A% B R P B4 ik, Dong
SO T LA M 2 E e 1 (single-cell multiple
displacement amplification, SCMDA)H A, S B #E
B OE O M DR AH R DR R A . Al i 2H S had il
J7HK (single-cell combinatorial indexed sequencing,
SClI-seq) | FH 2 YO AL AT S5 TS dm A bR ac, 403
T SCER R RUA, IF By R T e o i i DR 20 18]
) A P AR, AR R RR RS AS B T2
IS R i LW NI A DA = o A ol [T RSk 41 o s

R2 B REBDITRARNTS

Table 2 The characteristics of single-cell transcriptomic analytical technologies

Jiik PSIERN LI WIRFS i B i 17 A% S 3CHR
Method Key technology Amplification method Position bias Number of cells Referrence
scRNA-Seq Poly A tailing Traditional PCR 3'-biased 1-100 [7]
SRTR Template switching, Modified PCR Strongly 5'-biased 10-100 [13]
DNA barcode
Smart-Seq Template switching Modified PCR Weakly 3'-biased 1-100 [14]
Smart-Seq2 Template switching, LNA ~ Modified PCR Weakly 3'-biased 1-100 [15]
SMA Template switching Traditional PCR Weakly 5'-biased 1-100 [16]
PMA Template switching Phi29 DNA polymerase Weakly 5'-biased 1-100 [16]
Quartz-Seq Inhibition of PCR In vitro transcription 5'-biased 1-100 [17]
CEL-Seq Barcode, UMI In vitro transcription Strongly 3'-biased 10-100 [18]
CEL-Seq2 Barcode, UMI In vitro transcription Strongly 3'-biased 10-100 [19]
Drop-Sep Barcode, UMI Traditional PCR 3'-biased >1 000 [20]
inDrop Barcode, UMI Traditional PCR 3'-biased >1 000 [21]

scRNA-Seq: HANERNAMIF; SRTR: FLAHMIFRICFE 07, SMA: “FHIHLE WPCR mRNAK: 44 1; PMA: 24 T-Phi29 DNAR G
mRNAFE Y3, CEL-Seq: 4HAIFRIE B2 O F; inDrop: 22 51 ; LNA: B IR, UML: MR 5 TR iR 4T
scRNA-Seq: single-cell RNA sequencing; SRTR: single-cell tagged reverse transcription sequencing; SMA: semirandom primed PCR-based

mRNA transcriptome amplification; PMA: Phi29 DNA polymerase-based mRNA transcriptome amplification; CEL-Seq: cell expression by linear

amplification and sequencing; inDrop: indexing droplets; LNA: locked nucleic acid; UMI: unique molecular identifier.



124

(topographic single cell sequencing, TSCS) & .41 o 3%
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seq) FH L2t A 4 Joe R 3k B A7 £ 0/ (single-cell trans-
posome hypersensitive site sequencing, scTHS-seq)
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AR 26 L TR AR M iR 21045050, SR A i 9T R, 8
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FL I IR R AR 2R N 13,345, T e 3R 52 44 BH 1 7L
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BIF 50N O3 T IR A FH 5 240 i A S 20 4 R0 W fig ik AT
B8, B IS AN W A0 R0 B 4 B R DA IR fig %
B IEAT IR T, AR A M o A A
F A4k W 7 ¥ (nucleosome occupancy and methylation
sequencing, NOMe-seq)P” FLHHIE 73 #F 2 1) SECH
J¥ AR (chemical-labeling-enabled C-to-T conversion
sequencing, CLEVER-seq)™*. H.4{ i DNA H 344 1]
P H ARG IBER S A 1 1R — R Jia P P2 R PR g A 1%
o W, BEE R KAWL, Ot
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Table 3 Application of single-cell technologies

L 115 BR S R
Application case Technology Reference
Small intestinal epithelium Modified Smart-Seq2, droplet-based scRNA-seq [40]
Renal cell carcinoma stem cells Single-cell exome sequencing [41]
Human sperm MDA [42]
Embryonic cortical neurons RNA-Seq [43]
Immune cells Smart-Seq [44]
Human ovirus MALBAC [45]
CTCs Smart-Seq [14]
x4 THREEEEEATHEA

Table 4 Application of stem cells in repairing tissues
T A MK S R
Stem cell types Application cases Reference
Skin stem cells Junctional epidermolysis bullosa [48]
Hematopoietic stem cells Scleroderma [49]
Pluripotent stem cells Hair follicle development [50]
Heart stem cells Heart injury [51]
Induced pluripotent stem cells (iPSCs) Muscular dystrophies [52]
Mesenchymal stem cells Prostate cancer [53]

40 . Haber5“O] H 520 I RN AN 57 B AR FE 3R
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A3 28 B R T AR, ) 2 AT
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TR A7 AE R R RN D BE R S B 1k, AT LLis
A BRI FUA R B B R 2 AR S BERT 1 3
B T A 73t il R AR (R
5), 1B 5T 41 73 A0 S TR A [R] B B i) 2 R R TA AR AL,
I3 BT R DR X 24, R LA B Y — e S B R 4 R T
Xt 2 3R A AR A, B L L
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Table 5 The application of single cell technologies in different types of stem cells

g1 st BR 22530k
Cell type Technology Reference
Embryonic stem cells Smart-seq, CLEVER-seq [38,66]
Mesenchymal stem cells InDrop [58]
Hematopoietic stem cells Smart-seq [57,62]
Cancer stem cells Smart-seq, single-cell exome sequencing [41,67]
Epithelial stem cells Smart-seq2 [60]
Neural stem cells Smart-seq2 [61]
Induced pluripotent stem cells RNA-seq and miRNA-seq [52]

AN 20 TR 22 S ) SR R DA R BT 3 B0 S5 AR, ik mT
PLEE SRR AL, TR Tl R A RIEF
[RIAH AL o

22,1 BalFaiedsh A RN FARMEERE
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A1 P4 4 A0 O Y A X 3 M 3 A R R
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Smart-Seq2 4% & it 4% 1% R R R 3D S L R 77 &
20 KAIE B LgrS R Lgr6 e il b Rz 20 23 b 20 1) A 2
W, o T Il B LS 1A) 78 5 41 B RT A2 iR
(PHE R, T Lgr6 5] 78 /57 40 i ] BE 2 T8 93 (1)
5 5. Llorens-BobadillaZE' i FH 85 4 i RN A
P AN T BN T DX 0 22 40 B 1) e S AL A T
I3HT, BAE T B RAR AT 41 i A, fEos T
FER 22 T 240 R AT ) B A TR B, A G A IR A T R
TIBAERIE . XA S Ul SR R
S T A0 PR S R B A B S, X T
WA RG-S m s s m A ARG 20

222 MATF@miRa TR RTARIRI R L,
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V- 2 ] 39S ) 5 5 R I T B s 2H AR S 1
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T 1 T A TR R O RS2 AR W R ), X R] e 2
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i 92 - 240 e ) PR S 3 R AT AR D A e 4
10 5 SR, i 18] 78 5T 4 R 5] e 4 e,
TV RSB Vo A e A R A7 R TR 24 A ) TR 521
SV BEME A 1% (acute myeloid leukemia, AML)H
2550 SRR RHIE, I T 40 M 9 A 2 AML
B o B IR MIE, se BT T 28 fE . R
FH 5 20 DN AU 7 45 & 585 SR VR 1) I g S b #2 AL
TR, S IV AN [F] 3 005 40 BRI 28, [ B 41 ] 7
A LY 410 B R FIFLT3-ITD(FMS-like tyrosine kinase
3-internal tandem duplication)F1 B4H ffu itk E2 9% -2(B
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ESEYLPa
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We can use single-cell technologies to isolate the single cell from patients’ damaged tissue, and analyze the disease-related stem cell communities to

establish 2D/3D models. In this way, we can simulate tissue repair and high-throughput screening drugs in vitro, and develop drugs to target patients.
Bl BMERARETHBERMEESHYMAPHNANBETEREE

Fig.1 Summary diagram of the application of single cell technologies in stem cell tissue repair and drug development



S PHEEE: A BRAET A A IUE B 5 25T S

129

GRSk, HEREE €. WEM 5 HIVER) R4 5
BT TR HE N, S A0 LR (52 MR e MRAS B
B AW AR DL R DR IR L 22, (e BE 259 )
BRI o

SEHk (References)

1 Cai L, Friedman N, Xie XS. Stochastic protein expression
in individual cells at the single molecule level. Nature 2006;
440(7082): 358-62.

2 Rosenfeld N, Young JW, Alon U, Swain PS, Elowitz MB. Gene
regulation at the single-cell level. Science 2005; 307(5717):
1962-5.

3 Livesey FJ. Strategies for microarray analysis of limiting
amounts of RNA. Brief Funct Genomic Proteomic 2003; 2(1):
31-6.

4 Zhang Q, Wang T, Zhou Q, Zhang P, Gong Y, Gou H, et al. De-
velopment of a facile droplet-based single-cell isolation platform
for cultivation and genomic analysis in microorganisms. Sci Rep
2017; 7: 41192.

5 Jaitin DA, Kenigsberg E, Keren-Shaul H, Elefant N, Paul F, Za-
retsky I, et al. Massively parallel single-cell RNA-seq for mark-
er-free decomposition of tissues into cell types. Science 2014;
343(6172): 776-9.

6 Shalek AK, Satija R, Shuga J, Trombetta JJ, Gennert D, Lu D,
et al. Single-cell RNA-seq reveals dynamic paracrine control of
cellular variation. Nature 2014; 510(7505): 363-9.

7 Tang F, Barbacioru C, Wang Y, Nordman E, Lee C, Xu N, et al.
mRNA-Seq whole-transcriptome analysis of a single cell. Nat
Methods 2009; 6(5): 377-82.

8 Garalde DR, Snell EA, Jachimowicz D, Sipos B, Lloyd JH,
Bruce M, et al. Highly parallel direct RNA sequencing on an ar-
ray of nanopores. Nat Methods 2018; 15(3): 201-6.

9 Fan HC, Fu GK, Fodor SP. Expression profiling. Combinatorial
labeling of single cells for gene expression cytometry. Science
2015; 347(6222): 1258367.

10 Datlinger P, Rendeiro AF, Schmidl C, Krausgruber T, Traxler P,
Klughammer J, et al. Pooled CRISPR screening with single-cell
transcriptome readout. Nat Methods 2017; 14(3): 297-301.

11 Lee JH, Daugharthy ER, Scheiman J, Kalhor R, Yang JL, Fer-
rante TC, et al. Highly multiplexed subcellular RNA sequencing
in situ. Science 2014; 343(6177): 1360-3.

12 Chen J, Suo S, Tam PP, Han JJ, Peng G, Jing N. Spatial transcrip-
tomic analysis of cryosectioned tissue samples with Geo-seq. Nat
Protoc 2017; 12(3): 566-80.

13 Islam S, Kjallquist U, Moliner A, Zajac P, Fan JB, Lonnerberg P,
et al. Characterization of the single-cell transcriptional landscape
by highly multiplex RNA-seq. Genome Res 2011; 21(7): 1160-7.

14 Ramskold D, Luo S, Wang YC, Li R, Deng Q, Faridani OR, et al.
Full-length mRNA-Seq from single-cell levels of RNA and indi-
vidual circulating tumor cells. Nat Biotechnol 2012; 30(8): 777-
82.

15 Picelli S, Bjorklund AK, Faridani OR, Sagasser S, Winberg G,
Sandberg R. Smart-seq2 for sensitive full-length transcriptome
profiling in single cells. Nat Methods 2013; 10(11): 1096-8.

16 Pan X, Durrett RE, Zhu H, Tanaka Y, Li Y, Zi X, et al. Two meth-
ods for full-length RNA sequencing for low quantities of cells

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

and single cells. Proc Natl Acad Sci USA 2013; 110(2): 594-9.
Sasagawa Y, Nikaido I, Hayashi T, Danno H, Uno KD, Imai T,
et al. Quartz-Seq: a highly reproducible and sensitive single-cell
RNA sequencing method, reveals nongenetic gene-expression
heterogeneity. Genome Biol 2013; 14(4): R31.

Hashimshony T, Wagner F, Sher N, Yanai I. CEL-Seq: single-cell
RNA-Seq by multiplexed linear amplification. Cell Rep 2012;
2(3): 666-73.

Hashimshony T, Senderovich N, Avital G, Klochendler A, de
Leeuw Y, Anavy L, et al. CEL-Seq2: sensitive highly-multi-
plexed single-cell RNA-Seq. Genome Biol 2016; 17: 77.
Macosko EZ, Basu A, Satija R, Nemesh J, Shekhar K, Goldman
M, et al. Highly parallel genome-wide expression profiling of in-
dividual cells using nanoliter droplets. Cell 2015; 161(5): 1202-
14.

Klein AM, Mazutis L, Akartuna I, Tallapragada N, Veres A, Li V,
et al. Droplet barcoding for single-cell transcriptomics applied to
embryonic stem cells. Cell 2015; 161(5): 1187-201.

Shapiro E, Biezuner T, Linnarsson S. Single-cell sequencing-
based technologies will revolutionize whole-organism science.
Nat Rev Genet 2013; 14(9): 618-30.

Cai X, Evrony GD, Lehmann HS, Elhosary PC, Mehta BK,
Poduri A, et al. Single-cell, genome-wide sequencing identifies
clonal somatic copy-number variation in the human brain. Cell
Rep 2014; 8(5): 1280-9.

Navin N, Kendall J, Troge J, Andrews P, Rodgers L, McIndoo J,
et al. Tumour evolution inferred by single-cell sequencing. Na-
ture 2011; 472(7341): 90-4.

Chen C, Xing D, Tan L, Li H, Zhou G, Huang L, et al. Single-
cell whole-genome analyses by Linear Amplification via Trans-
poson Insertion (LIANTI). Science 2017; 356(6334): 189-94.
Dong X, Zhang L, Milholland B, Lee M, Maslov AY, Wang T, et
al. Accurate identification of single-nucleotide variants in whole-
genome-amplified single cells. Nat Methods 2017; 14(5): 491-3.
Vitak SA, Torkenczy KA, Rosenkrantz JL, Fields AJ, Chris-
tiansen L, Wong MH, et al. Sequencing thousands of single-cell
genomes with combinatorial indexing. Nat Methods 2017; 14(3):
302-8.

Casasent AK, Schalck A, Gao R, Sei E, Long A, Pangburn W, et
al. Multiclonal invasion in breast tumors identified by topograph-
ic single cell sequencing. Cell 2018; 172(1/2): 205-17.

Macaulay IC, Haerty W, Kumar P, Li YI, Hu TX, Teng MJ, et al.
G&T-seq: parallel sequencing of single-cell genomes and tran-
scriptomes. Nat Methods 2015; 12(6): 519-22.

Angermueller C, Clark SJ, Lee HJ, Macaulay IC, Teng MJ, Hu
TX, et al. Parallel single-cell sequencing links transcriptional and
epigenetic heterogeneity. Nat Methods 2016; 13(3): 229-32.

Hou Y, Guo H, Cao C, Li X, Hu B, Zhu P, et al. Single-cell triple
omics sequencing reveals genetic, epigenetic, and transcriptomic
heterogeneity in hepatocellular carcinomas. Cell Res 2016; 26(3):
304-19.

Stoeckius M, Hafemeister C, Stephenson W, Houck-Loomis B,
Chattopadhyay PK, Swerdlow H, ef al. Simultaneous epitope and
transcriptome measurement in single cells. Nat Methods 2017,
14(9): 865-8.

Lake BB, Chen S, Sos BC, Fan J, Kaeser GE, Yung YC, et al.
Integrative single-cell analysis of transcriptional and epigenetic
states in the human adult brain. Nat Biotechnol 2018; 36(1): 70-



130 Lk
80. Grosemans H, et al. MicroRNAs promote skeletal muscle differ-
34 Toriello NM, Douglas ES, Thaitrong N, Hsiao SC, Francis MB, entiation of mesodermal iPSC-derived progenitors. Nat Commun

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

Bertozzi CR, et al. Integrated microfluidic bioprocessor for sin-
gle-cell gene expression analysis. Proc Natl Acad Sci USA 2008;
105(51): 20173-8.

Bielas JH, Loeb KR, Rubin BP, True LD, Loeb LA. Human can-
cers express a mutator phenotype. Proc Natl Acad Sci USA 2006;
103 (48): 18238-42.

Wang Y, Waters J, Leung ML, Unruh A, Roh W, Shi X, et al.
Clonal evolution in breast cancer revealed by single nucleus ge-
nome sequencing. Nature 2014; 512(7513): 155-60.

Guo H, Hu B, Yan L, Yong J, Wu Y, Gao Y, ef al. DNA methyla-
tion and chromatin accessibility profiling of mouse and human
fetal germ cells. Cell Res 2016; 27(2): 165-83.

Zhu C, Gao Y, Guo H, Xia B, Song J, Wu X, et al. Single-cell
S-formylcytosine landscapes of mammalian early embryos and
escs at single-base resolution. Cell Stem Cell 2017; 20(5): 720-
31.e5.

Zhu P, Guo H, Ren Y Hou Y, Dong J, Li R, et al. Single-cell
DNA methylome sequencing of human preimplantation embryos.
Nat Genet 2018; 50(1): 12-9.

Haber AL, Biton M, Rogel N, Herbst RH, Shekhar K, Smillie C,
et al. A single-cell survey of the small intestinal epithelium. Na-
ture 2017; 551(7680): 333-9.

Li C, Wu S, Yang Z, Zhang X, Zheng Q, Lin L, et al. Single-cell
exome sequencing identifies mutations in KCP, LOC440040, and
LOC440563 as drivers in renal cell carcinoma stem cells. Cell
Res 2017; 27(4): 590-3.

Wang J, Fan HC, Behr B, Quake SR. Genome-wide single-cell
analysis of recombination activity and de novo mutation rates in
human sperm. Cell 2012; 150(2): 402-12.

Mi D, Li Z, Lim L, Li M, Moissidis M, Yang Y, et al. Early
emergence of cortical interneuron diversity in the mouse embryo.
Science 2018; 360(6384): 81-5.

Shalek AK, Satija R, Adiconis X, Gertner RS, Gaublomme JT,
Raychowdhury R, ef al. Single-cell transcriptomics reveals bimo-
dality in expression and splicing in immune cells. Nature 2013;
498(7453): 236-40.

Hou Y, Fan W, Yan L, Li R, Lian Y, Huang J, et al. Genome
analyses of single human oocytes. Cell 2013; 155 (7): 1492-506.
Weissman IL. Stem cells: units of development, units of re-
generation, and units in evolution. Cell 2000; 100(1): 157-68.
Copley MR, Beer PA, Eaves CJ. Hematopoietic stem cell hetero-
geneity takes center stage. Cell Stem Cell 2012; 10(6): 690-7.
Hirsch T, Rothoeft T, Teig N, Bauer JW, Pellegrini G, De Rosa
L, et al. Regeneration of the entire human epidermis using trans-
genic stem cells. Nature 2017; 551(7680): 327-32.

Sullivan KM, Goldmuntz EA, Keyes-Elstein L, McSweeney PA,
Pinckney A, Welch B, et al. Myeloablative autologous stem-cell
transplantation for severe scleroderma. New Engl J Med 2018;
378(1): 35-47.

Lee J, Bscke R, Tang PC, Hartman BH, Heller S, Koehler KR.
Hair follicle development in mouse pluripotent stem cell-derived
skin organoids. Cell Rep 2018; 22(1): 242-54.

Tang J, Su T, Huang K, Dinh PU, Wang Z, Vandergriff A, et al.
Targeted repair of heart injury by stem cells fused with platelet
nanovesicles. Nat Biomed Eng 2018; 2(1): 17-26.

Giacomazzi G, Holvoet B, Trenson S, Caluwe E, Kravic B,

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

2017; 8(1): 1249.

Ren C, Kumar S, Chanda D, Kallman L, Chen J, Mountz JD, et
al. Cancer gene therapy using mesenchymal stem cells express-
ing interferon-beta in a mouse prostate cancer lung metastasis
model. Gene Ther 2008; 15(21): 1446-53.

Guenechea G, Gan OI, Dorrell C, Dick JE. Distinct classes of
human stem cells that differ in proliferative and self-renewal po-
tential. Nat Immunol 2001; 2(1): 75-82.

Kim TH, Saadatpour A, Guo G, Saxena M, Cavazza A, Desai N,
et al. Single-cell transcript profiles reveal multilineage priming
in early progenitors derived from Lgr5™ intestinal stem cells. Cell
Rep 2016; 16(8): 2053-60.

Osawa M, Hanada K, Hamada H, Nakauchi H. Long-term lym-
phohematopoietic reconstitution by a single CD34-low/negative
hematopoietic stem cell. Science 1996; 273(5272): 242-5.

Tsang JC, Yu Y, Burke S, Buettner F, Wang C, Kolodziejczyk
AA, et al. Single-cell transcriptomic reconstruction reveals cell
cycle and multi-lineage differentiation defects in Bellla-deficient
hematopoietic stem cells. Genome Biol 2015; 16: 178.

Zepp JA, Zacharias WJ, Frank DB, Cavanaugh CA, Zhou S,
Morley MP, et al. Distinct mesenchymal lineages and niches
promote epithelial self-renewal and myofibrogenesis in the lung.
Cell 2017; 170(6): 1134-48.

Yan KS, Janda CY, Chang J, Zheng GXY, Larkin KA, Luca VC,
et al. Non-equivalence of Wnt and R-spondin ligands during
Lgr5™ intestinal stem-cell self-renewal. Nature 2017; 545(7653):
238-42.

Lee J-H, Tammelaq T, Hofree M, Choi J, Marjanovic ND, Han S,
et al. Anatomically and functionally distinct lung mesenchymal
populations marked by Lgr5 and Lgr6. Cell 2017; 170(6): 1149-
63.

Llorens-Bobadilla E, Zhao S, Baser A, Saiz-Castro G, Zwadlo K,
Martin-Villalba A. Single-cell transcriptomics reveals a popula-
tion of dormant neural stem cells that become activated upon
brain injury. Cell Stem Cell 2015; 17(3): 329-40.

Kowalczyk MS, Tirosh I, Heckl D, Rao TN, Dixit A, Haas BJ,
et al. Single-cell RNA-seq reveals changes in cell cycle and dif-
ferentiation programs upon aging of hematopoietic stem cells.
Genome Res 2015; 25(12): 1860-72.

Bergfeld SA, DeClerck YA. Bone marrow-derived mesenchymal
stem cells and the tumor microenvironment. Cancer Metastasis
Rev 2010; 29(2): 249-61.

Ishikawa F, Yoshida S, Saito Y, Hijikata A, Kitamura H, Tanaka
S, et al. Chemotherapy-resistant human AML stem cells home to
and engraft within the bone-marrow endosteal region. Nat Bio-
technol 2007; 25(11): 1315-21.

Saito Y, Mochizuki Y, Ogahara I, Watanabe T, Hogdal L, Takagi S,
et al. Overcoming mutational complexity in acute myeloid leuke-
mia by inhibition of critical pathways. Science Transl Med 2017;
9(413): pii: eaaol214.

Biase FH, Cao X, Zhong S. Cell fate inclination within 2-cell and
4-cell mouse embryos revealed by single-cell RNA sequencing.
Genome Res 2014; 24(11): 1787-96.

Patel AP, Tirosh I, Trombetta JJ, Shalek AK, Gillespie SM, Wa-
kimoto H, et al. Single-cell RNA-seq highlights intratumoral
heterogeneity in primary glioblastoma. Science 2014; 344(6190):



AP PAREORAE T AR S UE B S iR s

131

1396-401. 70
68 Bodenmiller B, Zunder ER, Finck R, Chen TJ, Savig ES, Brug-

gner RV, et al. Multiplexed mass cytometry profiling of cellular

states perturbed by small-molecule regulators. Nat Biotechnol

2012;30(9): 858-67. 71
69  Brouzes E, Medkova M, Savenelli N, Marran D, Twardowski M,

Hutchison JB, et al. Droplet microfluidic technology for single-

cell high-throughput screening. Proc Natl Acad Sci USA 2009;

106(34): 14195-200.

Sachlos E, Risuefio Ruth M, Laronde S, Shapovalova Z, Lee JH,
Russell J, et al. Identification of drugs including a dopamine re-
ceptor antagonist that selectively target cancer stem cells. Cell
2012; 149(6): 1284-97.

Pattabiraman DR, Bierie B, Kober KI, Thiru P, Krall JA, Zill
C, et al. Activation of PKA leads to mesenchymal-to-epithelial
transition and loss of tumor-initiating ability. Science 2016;
351(6277): aad3680.





