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ABSTRACT Objective: To investigate the phenotypic differences among homologous tumor clones derived from a single cancer
cell. Methods: Using limited dilution method, the HCT116 colon cancer cells from the suspended culture condition were dissociated into
single-cell suspension and seeded in ultra low attachment plates with average one cell per well. Within several weeks, the progeny clones
derived from a single cell were obtained and expanded. By the same limited dilution method, the second and third generations of
sub-monoclones, derived from one of their ex-generation clones respectively, were also acquired and expanded. Then, we chose the three
representative clones of the third generation based on their distinct morphology for the further experiment. The expression of SOX2, Ep-
CAM and Vimentin were detected via western blot or immunofluorescence. Through X-ray irradiation, the temporal heterogeneity of the
three representative clones was evaluated by their dynamic alteration of Vimentin expression before and after treatment. The invasive a-
bility of the three clones was also compared by transwell assay. Results: The considerable diversity of biological phenotype (eg: morphol-
ogy; protein expression; invasive ability) was still present among the three clones, even they were the homologous progeny of third gener-
ation derived from a single HCT116 cancer cell. Their morphology was obvious differences (irregular or well-rounded shape). The pro-
tein expression of the irregular clone (expression of SOX2low and Vimentin high) was also different from other clones. Furthermore, the
distinct protein expression was present at the single-cellular level (Vimentin; EpCAM), even they were among the same clone expanded
from a single cancer cell. When the three homologous clones were treated with radiation, the temporal heterogeneity of Vimentin protein
expression was present. The distinct invasive ability was also observed among the three clones. Conclusions: There was still obvious bio-
logical heterogeneity among the third-generation clones, even they derived from consecutive single-cell expansion. It provided the evi-
dence to consider that the heterogeneity is the tumor inherent characteristics, and the influence of treatment intervention will also induce
the temporal heterogeneity in the tumor cells.

Key words: Tumor heterogeneity; Monoclonal; Homologous

* AT H « E R FREEEE 4T H (NSFC81572951 ;NSFC81120108017)
YEHZ T 2 ZBE(1982-) WA FE A=, FEEWFFT T 0] - )98 5 i1 , E-mail ; seiyaterran@sohu.com
A SEIRPER : 201G (1960-) , A2 S0, F2EWFFE 7 0] : g iles T s 4458 , E-mail : huanggian_sjtu@163.com
(ic#s A 1:2019-05-23 48257 H 151:2019-06-18)



<4402 - DREMIESSHE  biomed.cnjournals.com Progress in Modern Biomedicine VoL19 NO.23 DEC.2019

Chinese Library Classification(CLC): R-33; Q78; R730.231 Document code: A

Article ID: 1673-6273(2019)23-4401-06

RS

PR B 2 A Rk e 22 2 B 7 A R A, (R SR 3R
W, 2RO A e 12 N Sk . B RRARER A [RIZ1 SR IR
4T o982 200 A R At T F HOR 2 BRI RN A A4 1 S A AN TR
T2 o Bbyed RSB B A W AR A0 i 2 e 2 R S S P A o
— AR 2 AN Ve . TTREV Sy T, AR N A 5%
AT T AL SR 3 R RR 2 B B RE T S e,

Rt AT A B AT B, 2 IR A I LA 31 T BN
IR o I JUAFARER R 20 B A ) 2 J (e R P Uil
B 2R S W e R 0 1) YA SRR AR T AT R AR R
A5 51 8 41 M Y R R B 1 Z 15 (0 . CD45 ,CK .EpCAM , Vi-
mentin), HEA R X 4315 5 I 0 M A0 S5 8 P e B R R A
SRR AN, I BV 2RI R, 2R - ik
5 AR KK ER (1 (EpCAM  Vimentin ) (14223 = 1K -5 g 1540 19 751
JEEEYIRIEN, it i E— 2 RIS 30, NS 988 P 4E
TSR S (AT P 3 2 L, A DG 2 R M SR A AR AR R
(18 S e, T3 A T 1) 96 A i 41 il T AR 48 AF o R HE 4
IR ZEAMARAE AR, I yed AT A AR AN [F) s B A DR S T b
AL AR R AR,

DRI AP , Ay S SR A P g S O A AR A R | AR F 5 e e
HLAT A ) 3845 75 S [R5 1 s B Ak A 7 2 1 ik AR 28
fiE 122 SR LA, DARR S i 20 B A B P50 IR 22 B e 7 A S iR
PERIFREE , 3 Haz 0T T-Be, g% h 2 — SN IR R T390, 3
JirRE A 2 - 1] B2 (635 (Vimentin ) R E) 5 B

| AR i

1.1 ##
111 EpE Sk HCT 116, A& diiE, i 8 Rl
Bt 1A Rk IR B 4 L P

DMEM s I 2L B 22 [E Gibeo /47, Transwell /NZE
4 B Millipore A &) . £8P H 22 [# Cell Signaling
Technology A&, GBEFGIXFIA H 3 E Cytelligen A 7.
1.12 FEMNE B\ T/ES W A SEE Thermo Fisher 23 H .
A A AR F 2515 Nuaire A w) o —EULBRIE IR 352411 A
3 Thermo Fisher A w], £#FP i B F W #5 18 A 74 Ep-
pendorf A F] , AUAEEFR I A FPIEAUFLAR | B8 008 LA R AF A
W A 32 & Corning /3]
1.2 ik
1.2.1 4HRaEESE W HCT116 20 i I 2 1R W BB 7 A s
P, A T B R AR KOIRZS o Bl SR ) A K, 726 78 0 1 T3
BIRAM T A . EE AR OAG R BN
10 %I ) DMEM @ilis sk, 37 C,5 % CO, tH ik 74 -
122 BREYIE  HULHTEE mL &6 W AEEGE K5
I A R R O Bl P X A A R ), I B RS T i 4t i
BALSHEEFRF L AL 1 AR BEHERD T 96 FLAR R0,
3-5 /N S A A AR GE , 7 (8] AR 22 A SR, RS AN

S5 TR IR A FLAR TR IC S, AR SERE 5 A9 S i 4 1%
I AT
123 RRETENEETF=REEHEBKE SHLRF
FEJF IR I N A K R A A 5 B PR PRI 2 ML A
PSR TS RN 2 AR R 3RS 58 = A T b
1.2.4 Western blot il & HYBERCH ) 48 3l & HHRL Y SDS-
RVIGTERCBERS , 76l 25 pg LAEE ARG HAT I S sk %
5 0T, U AR A —T 4 Cal i, 9= E 2 h, ECL &
b RATACN
12.5 e RS ME BT (32E Cytelli-
gen ), GBI AHAEIE , I AT URZE WP, DR UREOR G 85057 1
£ 100 pLo fiMA 2 pLytJFAE B E 10 2350, BERE A
200 WLy 5 R B 5 25 1 wL2 G Ykt 4 & Hse bt - Ep-
CAM , Vimentin ( cytelligen, 35 [# ) N ABEAS P IR 518 1E 20 43
Bl YESE B0 5 435, 37 i A 200 wL, A 1 IR, B 100 pL
AMEILTEIFS 100 LA E R SR A , SIS IR T4
L E 37 TR . W H AN 2458 (Y AR Cep 8
k)G, PR 2 W, W T8 R L, A
DAPI 3 10 pL. 35 3635 Fr, 5 B0 AL .
12.6 MfrStBREt TR MM EE RS EN S
MLz B Al IR B AT , 72 ONCOR £ fin st s i A 1 52
W 10Gy FlHEA IR ST, 2K 3.6 Gy/min,
1.2.7 Transwell fE5MEZE LG FFL1E N 8 wm AY Transwell
b EGCE 24 LN, 1.5 FEBERY DMEM 555 Matrigel &
G BRI 100 pLoF48 B %, SAME R B, JHTC I TE 40 A
BEFRIRR VR BES o K AIMVR IR 22 5% 10° 4> /mL, 1 %IfiL 3 , fin
A 1% 200 pLATMEER . FEMA 600 WL EH 20 %I i /Y
DMEM K5, H USSR 36 h j Ul R E FIf s L &
B BRI R T A i R 485 A 52 % €1, 20 min, ViV 1010
T, BB FEA LT B A TR gE o
1.3 Gt FES

% GraphPad Prism 5 84 #4788 1 B FIAH X Se 3T
BT o SER AL =, AR DF I ARIEZE R0 o PIZH [R5l L
B KI8T, DL *P<0.05;**P<<0.01;***Pp<<0.001 & I} &
PG .

2 R

21 FEREENBREENENEELSER
FeATid L Xt HCT116 4 5 49 S A9 1Y B 57 %
Hrgrs 1 sk =AU BRI AR IR TR IR sE e bR . 280
FREERBIFIE IR, T =AU E R B R b S BN B A3
Rtk HASACA KIS DL RE A BE, i SN2 T RE I S 3 5 1Y
REJTHCRHGR (B 1TA) o Aid, BARJERIIR A ek, (HHIE S B4
REZM HH W A Rl B PE , I BRSPS AR B e e AE T
TR o e =R bk b AURPER ERE 1 b, AU AT 1L
P TR A T B R BRI B L SE R A 22 D A R
JE TR SE R 2 R 3 PO B AT LU A B AR AE (1T 1B ) .



DREYESSHE biomed. cnjournals.com Progress in Modern Biomedicine Vol19 NO.23 DEC.2019

- 4403 -

.5 » —_ @l 1 Generaton
§ o —_— . @ 2 Generaton
5 “ 3 3 Generaton
a [—
3 40
£ 24
@
Q
§
o o - T
3Day 7 Day

clone1

%

clone2 clone3

1 AZESE 3 M 7T RUBHRERE P 7R I s E AR Tt
BRFRMEHE =BT E(TTIE | 52 2. 5208 3 IRSER(HKEH:x 40)

Fig.l A. The ratio of single cell which can viable and proliferate in different generations on day3 and day 7

B. Different morphology of represented third-generation clone (clonel; clone2; clone3; Magnification: X 40)
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Fig.2 Diverse expression of protein among three clones
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