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Isolation of Lewis Lung Carcinoma Cancer Stem Cells by Consecutive

Spheroid Enrichment and Characterization of Their Stem Cell Properties
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Abstract We explored a new method for isolation and identification of cancer stem cells (CSCs) which
could be passaged continuously from parental Lewis lung carcinoma cells (LLC-Parental). The LLC-spheroid
enrichment (LLC-SE) culture can be established through 8 consecutive rounds of collecting floating cells that

become independent of attachment for growth and form spheroids from the LLC-Parental cells. For stem cell
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properties verification, the expressions of pluripotent genes Bmil (B-cell-specific moloney murine leukemia virus
insertion site 1), Cd133 (cluster of differentiation-133), Aldhlal (aldehyde dehydrogenase family 1, subfamily A1),
Oct4 (octamer-binding transcription factor 4), Sox2 (sex-determining region Y box 2), Nanog and Klf4 (Kruppel-
like factor 4) were measured by Real-time PCR. The abilities of proliferation and spheroid formation were assessed
by 6-wells plate agar spheroid formation assay. The ability of single cell cloning was analyzed by 96-wells
plate single cell cloning assay. /n vivo tumorigenicity was measured by nude mice subcutaneous transplantation
which was considered as the classical model for stem cell property assessment. And tumor metastasis ability was
measured by left lung orthotopic implanting in syngeneic C57 mice. The results of Real-time PCR showed that the
expression of Bmil in LLC-SE was much higher than that in LLC-Parental. The results of spheroid formation assay
and cloning assay showed that spheroid formation ability and single cell cloning ability of LLC-SE were better
than that of LLC-Parental. The results of in vivo experiments showed that tumorigenicity and metastasis ability of
LLC-SE were better than that of LLC-Parental. In this work, we developed a new method for the isolation of long-

lasting CSCs from cultured tumor cells. This method will allow the generation of cellular models for mechanistic

characterization of CSCs.
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Table 1 Primer sequences
JFHI(5'—~3)
LR Sequence (5'—3")
Gene L2 S5
Sense Anti-sense
Thp CCG TGA ATC TTG GCT GTAAAC CAG TTG TCC GTG GCT CTC TT
Bmil ATC CCC ACT TAATGT GTG TCCT CTT GCT GGT CTC CAA GTAACG
Cdl33 CTC CCATCA GTG GAT AGA GAACT ATA CCC CCTTTT GAC GAG GCT
Aldhlal ATA CTT GTC GGATTT AGG AGG CT GGG CCTATC TTC CAAATG AACA
Oct4 TTC CCT CTG TTC CCG TCACT TGT CTA CCT CCC TTG CCT TG
Sox2 AGG GCT GGG AGA AAG AAG AG ATC TGG CGG AGA ATA GTT GG
Nanog TTA GAA GCG TGG GTC TTG GT CCC TCAAACTCCTGGTCCTT
Kif4 GGA CCA CCT TGC CTT ACA CA GAC TTG CTG GGAACT TGA CC
Zebl CTC CCAGTCAGC CACCTTTA TAA CTC CAT CCA GCG GTA GG
Zeb2 TTT CCT GCC CTC TTT GTA GC CCT TGG GTT AGC ATT TGG TG
Snaill CACACG CTG CCTTGT GTC T GGT CAG CAAAAG CAC GGT T
Snail2 TGG TCA AGA AAC ATT TCA ACG CC GGT GAG GAT CTC TGG TTT TGG TA
Snail3 ACA GCG AAC TGG ACA CACAC GGG TAA AGG AGA GTG GAG TGG
Twistl GGA CAA GCT GAG CAA GAT TCA CGG AGA AGG CGTAGC TGA G
Twist2 GTC TCA GCTACG CCT TCT CC AGA TGT GCA GGT GGG TCC T
E47 GCA AAC GAA GGC AGA GTA GG TGG TCA AGA GAC ACC TCAAGC
Foxc2 AAC CCAACA GCAAAC TTT CCC GCG TAG CTC GAT AGG GCA G
Gscl AAC GCC GAG AAG TGG AAC AAG CCG AGT CCAAAT CGC TTTTAC C
Gsc2 CGT GGA GGT CTG GTT CAAG CGG ACA GCATCAACAACTCT

Thp: TATAZE S H; Zebl: ¥EABE G454 FVR T TEHEL; Zeb2: BHRE &G4 & RIVR R TEMER; Snaill: snail FKWREEIR1; Snail2: snail F EER2;
Snail3: snail FEETR3; Twistl: B AEE—IR—MZ e 54 S K 7 1; Twist2: Bl ERR e AR e ie s I8 1-2; E47: #4568 73(Tef); Foxc2: Xk

K C2; Gscl: goosecoid [FlJFFEHEL; Gsc2: goosecoid [ YR EHE2 .

Thp: TATA box binding protein; Zeb!: zinc finger E-box binding homeobox 1; Zeb2: zinc finger E-box binding homeobox 2; Snaill: snail

family zinc finger 1; Snail2: snail family zinc finger 2; Snail3: snail family zinc finger 3; Twist/: basic helix-loop-helix (bHLH) transcription
factor 1; Twist2: basic helix-loop-helix (bHLH) transcription factor 2; £47: transcription factor 3 (Tcf3); Foxc2: forkhead box C2; Gscl:

goosecoid homeobox 1; Gsc2: goosecoid homeobox 2.
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To IR T i o
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2.2 TR RERERIE

N T W RTRELLC-SER 75 B A T 40 ks 1,
AT 45 K B Real-time PCR ) J7 v 4 2 i 1) 2 R
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H 4 ARk, T Oct4 MIKIfAELLC-SE () k% T
LLC-Parental, HA %% % 5(P<0.01)(K2). B,
PATT ORI T 2 7 SCHRFRIE H 8 4 i e 204 1)
Bmil. CdI133F1Aldhl1alFERP1>3 g5 B3R BH Cd133
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3). FIRZEIREH, fEFATE L FILLC-SEH, Bmil
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A: FEE10%M6 2 175 (I DMEM$; 72 5 35 753 dfYILLC-Parental A iil; B: ££ 10% /1545 L7 [ DMEM3; 77 5t th 7 42 8 1 B 7 IR 5 & ££ [ILLC-

SEZHL; C: £ 5%MR 4 L 7% I DMEMS; 77 3 th 1 973 dfLLC-SE4H it .

A: LLC-Parental cultured for 3 d in medium containing 10% fetal bovine serum; B: LLC-SE collected floating cells for 8 consecutive times in medium

containing 10% fetal bovine serum; C: LLC-SE cultured for 3 d in medium containing 5% fetal bovine serum.
Bl FRIEFEM THILLCAMALZS
Fig.1 Morphology of LLC cells in different culture conditions
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2
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Sox2 Nanog  KIf4
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E2 ZEEMEEFEAIReal-time PCREZER
Fig.2 The expressions of pluripotent genes
detected by Real-time PCR
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3 BT LA E fReal-time PCRZS R
Fig.3 The expressions of cancer stem cell genes
detected by Real-time PCR
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Fig.4 The statistical result of spheroid formation rate

Wi, B G 2 S B A ) S R R D &5 SRR,
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Parental 4 ff1(0.19+0.05), HA # 3% 72 5#(P<0.01), i
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FEMERES R, FATERI T — M HBIILS, LLC-SE
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YT M TR 1) S 22 S RN R BT B, A B 2.5 iR T RS

M LLC-Parental4H i /2 i 1) 5 B 2 N ELLE 73 ATy A {E I ATLLC-SEMR A T 1 FR bk M J5, FATTR
U B, FL4t Mt AR &0 AR IE(ES). FAAR R B N B 3K — T M 56 E 119 28 B 7R R B8 41
X i B, LLC-SEFE F4H Al v F AE K AT BB IR 375 1K LLC-Parental fIILLC-SEIX 2 41l i ) {4 P4 £ e

I B, 75 & T A A KR 6T, F 1100 ML ENBR BB T, 17 dER Bt
(A) ©
0.41 !
1
= £

- LLC-Parental LL'C-SE

A: LLC-Parental 7E96FLAR P9 FI 25 10% 3 2 L 175 UDMEM$; 97 55 5% 328 dJ 2 Bl ¥ 5 g B4k (1) 7% 75 15 B: LLC-SEAE96FL AR A FH 5% 2 L i 119
DMEM; 7735 778 dJ T ve BE BRI &S 8] C: JEBE TR R Gt 45 2R, *+P<0.01.

A: cloning morphology of LLC-Parental cultured for 8 d in medium containing 10% fetal bovine serum; B: cloning morphology of LLC-SE cultured for
8 d in medium containing 5% fetal bovine serum; C: the statistical analyses of cloning formation rate, **P<0.01.

El5 967L1R & 48R 5o PR AR L3R A ML LC-SERY e P2 BE
Fig.5 The cloning ability of LLC-SE detected by the 96-well plate single cell cloning assay

(A)

A: B T GRS, A Ekric A AR B: KK/, a: LLC-Parental; b: LLC-SE.
A: tumorigenicity in nude mice, tumor marked by red; B: tumor volume. a: LLC-Parental; b: LLC-SE.
Elo MR TENMMT dRHMARERER

Fig.6 Tumorigenicity in the nude mice injected subcutaneously with tumor cells for 17 d
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(A)

©

A: LLC-Parental 41 i [l 8% sRT 17 08, £L G bricab MR 412, B: LLC-SE4N M EE sRg 175 5L, ZL G bmic ab MR 414, C: 7o i I R A A i Bl 27 fi

Hl, Lo EpRAC A N A il g Ak JEAL R . a: LLC-Parental; b: LLC-SE.

A: metastasis in thoracic wall of LLC-Parental, tumor and metastatic foci marked by red; B: metastatic foci in thoracic wall of LLC-SE, tumor and
metastatic foci marked by red; C: tumor in left lung and tumor cut from thoracic wall, tumor marked by red. a: LLC-Parental; b: LLC-SE.
E7 CSTNRARENMAE21 dERIRTEER

Fig.7 The tumorigenicity and metastasis in C57 mice with left lung orthotopic implantation for 21 d
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