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Abstract

In recent years, the mortality rate of cancer has gradually increased, and tumor metastasis is a
major cause of death in cancer patients. The extremely rare circulating tumor cell clusters (CTC
clusters) are gaining more and more attention as highly metastatic precursors, but the mechanism
is still unclear. Therefore, the isolation of viable CTC clusters from the blood of cancer patients is
beneficial to better investigate the role of CTC clusters in cancer metastasis and to establish their
clinical utility as prognostic markers for managing the disease. Although there have been many
studies on CTC cluster separation and enrichment by scientists and researchers over the years,
there are still many limitations, such as low specificity, low purity, and low cell activity. To address
some of the limitations of CTC cluster separation, regarding previous reports in the literature, we
used a microfluidic chip to enrich CTC clusters, which relies on the asymmetry of CTC clusters. It
can be used to effectively distinguish between CTC clusters and CTC. For blood cells in whole blood
with CTC clusters separated in the microfluidic chip, blood cells and CTC clusters have different
motion trajectories. For CTC clusters and CTC in buffer, we did three parallel experiments, and the
percentage of CTC clusters collected at the chip recovery port was 71%, 68% and 75%. What's
more, it did not affect the viability of CTC clusters, which facilitated the analysis of downstream
molecules.
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1. 5|18
1.1. EIEREMFAR

S 21 TH20 DR N B A fi i f 5 i KK 2 —» Attt AR R4 KA 1000 /5 ANBETHEAE[ 1]
R HVBEST R AE BV IE A R, R R AR R R, S R AR AN R IR EBUR T T
TR, R AT R R Y. K1k, B IRy AR il 7 2 W S e SR AR AR RO . PR
SCHER B RE AL I B AT T4 N MR o AEBLA IR LR A AR B SR, B e: . SR B,
PR 2 S AH AT I WF 7E B AT IR AR T

H BTG A 8 A2 BT )OS 5 A SR TR 2 TR A T SUE R R [2]. 2T
REFFHRERT I, Ui & 45 i Biks & 45 e B BT A A B AR [3],  AEMIE AR TP A R, (B T T
IR, [ELTIN GBS, T HRZAR A T B F R UG 1. 3T R R ER I, tein
BEIEAR AR 15 T R S R A F R 5 A AR AR R AR R TR ARy 2, AT AL BT M
A MAMPPAGRST RN . SR, R B HIVEREZ IR K, Wis 2ok, S0 RATON .
NP R BUMERR) (P, i FLVR 2 AR AR B3 5, AR BB Z (IR AN RE S I A, DR BR AR 1A
VEDutE I AR AE A K38 U5 A 4] 26T USRI HOR B AT WAl R A% . 8 A B2 52
P BeR i e bad, (HERAVES, REEAEHEA @R s e, mT6E IR RS 55
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DAL, I R B T AR ) PR g A 7 =R 1 OB ) 77 5K

ISR, FHEFATRIL T — Mo BRI AR —— A E R . A TSR & —Fh el 7, F TR
el B TS B2 W E MR AT A AR 6], B RS, HRBERER. WA, BE R R
MRS RN, ERIERAMER. MEIRARR . RXARM . REESE RN, 0T DO Gtk gkl 77 :Q
FIr s SR Ja PR 1 o

TR AT A 45T N AR B AR b R AT 2 b 8 T e BAH DG A5 R RS4RI [ 7] .+ H e A
PR T EASEIEIRRR AN . fEIAE DNA RSN . 553 DNA SAE PR iR 4 i sh s R H L,
CTC 2451 e M4, B2 & A 1R 2 g R M BHE Wi . CTC ] LLASTIITT HL 2R Gotth S e/ ebga vk
TSR R I FE, BT DAAE S i 12 B RH M 0 A A D A T A 9 43 A P2 S T AR DR B R i 5%

TGI8 41 i (circulating tumor cell, CTC) 2 M SEAA i 9 48 o B V& i3k N LR ) g 4 [8], 1B AFh
TR RS ORI AL A 5| LR R M AR

TEIRIIRE AN T 1869 AEM R BT o RARIE[9], %M FUAE I J8d 7 PR 4 i ATk A 25 Al 8 B () B2
CTC /KT 52 FhEBAL IR AN R UG AHOC, BG4S B e . AL A0 I e . B8 CTC &)L+
SRR AR N PR IR R Al AR, R TR Z RS, (HR A K CTC Mt AAIMFER R 2 Hhik. 28
—, JEHHIRADA CTC, WA 10 ZFHEAE £ M - A4 &I 0 £ 10 MELIAI[10]. Reil & 7E s
MR HARN B, CTC TR EON AT S R AR AE b £ . B, BT CTC R itE[11], KRt s
ZRE . T IXEEER G, BT REREE 2 & CTC & &%,

Kk, SPEIAMPE DNA SEA R 4n i bt kML, CTC 245 e BN, B4 55 R 2 MM
BFMBAEY) I . CTC w] LA B 2 Goth S OB IR A S R (R R i 72, it DATE SR E 12 A e
W R VBRI A 1R 20 T A S T AR K IR R P i 5 o

1.2. TREARE LR BRGNS L E

1.2.1. {24 R TRIFAE AR 75 %

CellSearch® £ 4t 22 1 /™ i it 36 [ £ i A 245 4 e B 31LR) (FDA) L gt N IR PR SZ ) CTC il &
Gr, el T 2 M 00T UM RIS VAL, T DU RS RS B . FLIRE AT A B R 1 TS
PRALE E[12]. BAR CellSearch®3k 3 T FDA [ftkife, (HiZ & %F b R bs E90 I MR 3% bR KA 20
Ji FR)HE RS R BE AR $2 2 B A T 18 A EE D #E[13] [14]. 115 H.l1 T CellSearch® & i fifkditt, &)L FH
REFH T 1 B A, R B AN B b AS, e i ) R A e B fg . T IR L R PR, IR R
Rt 2l S A gn MRS i CTC B EiR .

1.2.2. EFRGES A ROEERE 4 pa e 75 5%

1) BET BRI T 2 R G A TR 40 B e 5

PEER IR A M rT DU S B I 22 e, LR an /N B REL RIARTEAE. AR AR A
PR 7 TR MIIE S5 3 1) AL HR A A8 3 5 HE ok

a) R/NRITAT AR T

BTG /N 22 S ke th CTC 2R B LART S K 2 B 7 VE 2 —, SR MR 7 1 AR SR i L A o B
1M H A LU AR[15] o ARAE AT S SCRRRIE, CTC BRI K /Ny 13~25 um [16], 1 (L4 A ) R~F I L A5/
ZLAH M RIAE A 5~9 um [17], H4HMLARIAE A 8~11 um [18].

G.E. Hvichia 54 | —FhJE T CTC M K/NIAR T SR 528 CTC 1) 4, 31 B sh G 1 T4 fa i i),
NSNS i ek vy st v el i Vi O e ooyl W) P PSR i ik oty S s e i O B S &
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A2%% T0%. FeEEEHISE, (X PP O AL B R FIREAS G R CTC fE3d s, JF HAmSR mT LA
T R4

b) iAkE) 1%

PESCHERARE, B R BR > BRI R AN CTC 2 —Rh EL R R 72, EE B MR A
kTG [20]. STATEROBTE IR BN, A B A S T A A R AR, AR
—EWMER 1, ARSI A Rk 2 7= AE A —FERIR SN EZE, By LG R R 4 CTC 5 mT LA 4 i 43
12 o

FE T 58 PO [ 57 #5585 Fr (DLD) A 43 B8 A — A AR 45 40 B /NI AR B) g 24 45 46 CTC RN 41 i 4 25
AR J51%[21]. Kevin Loutherback 542 H 1 — Rl mL/min 338 ORS00 O [22], 450 F Al pE R 1)
KRB 51 M JEE £ 1) IV T S SR IR AV 1 CTCo SRR 2 85 Fr (8 — N Jihr 22 A A2 785 PR 3 o7 o5
FUAE FH ) =R A A T AN AR . SIRREREAR b, =M S m et &, JF B DLs D e A 38
TCRAR S 1B IE RE R . AR HE DLD R JEEE, 8 I 1T I 3R AR R UL (e 4 ) 443715 55 7 471 P et Aot
PSR ANV B S KT 7 st o A F IR R i 2 05 1 T BAEE J L8 9 A L2 T I
PRIRREAS o 43 25 H 85% LA - f¥) CTC, 1 HAREMANRTE 71, DMEXTA0IREAT R — B R 72 47 .

c) JrHLEIK

AR A AT E, P E AR AR M S R AN B [23], BREA—FE
A S E A F RO — Rl R T 40 5 At 43 7 B3 400 5 4 2 T D 35 i o AS TR A U R 4 e 7
IR SR PE R P2 BRI By, B TR MR 4N M CTC S AR —#¢, BrLAAT DU/ H ik
T T CTC 5 i 4m i i 3

Jen ZEHFFCBRTT T —PiuE ik 4k F 28 7EAH A FE AR KT 2 R D) 45 H 37 1 7 A 25 i L3 1R 5 T B E AR PR
WA [24], T LUA o A0 JE A A mp 3 5 5 2006 4l (HeLa) . HeLa 4 it R 21 48 A8 BE AL 73 A7 7E i
Yy b, i A E A, Hela 4 MR 2140 B #s g4 B B 42 1 sl b 2t gy 920 i3 g
i, HelLa 40 O AR K I2 Sl B L 4T A B . B, HelLa 40 Mol 4 b B Jefes il b, i
FEAR A BE R . SB0 45 BRI T M IMLRAE A o 3 85 HelLa 20 1) o] 47 1

2) FET SRR BOOE A IR 4 M 53 7 7 v

TEAS FH AR B AR 53 B3 06 A T e 440 i v B2 DL P 5 v A 2 T P BUE BT AR S5 SR AR 2 15 o X
59 B PR bR SECAAR RS, BETA BHSE CTC M H . HUARRE R AR 2% mik, el
RS A MR AE SR 42 08 N2 0 v, SR MR A CTC R IR 7 MEAr EIE AR L4 B [25]
[26], kI CTC Mgk T das it i v, i A 200 i D) o % o 0 o o

a) PRI

TES SRR I 40 CTC MFEAR TV, B THUASERITE R 4 B 5% 2 CTC 4y s Wik
—.o AN E I 4> T (EpCAM)TE b 41 B A2 it ik FE e S AE . 2 X 43 CTC 5 ifn 4 i B B (1 AR b &
Y. @K EpCAM BB E MR BN B E M, S UREA BN 0 i RIS, EpCAM $ifk
SRE SR H B AR CTC, JH5HARERAEIL M8, HEM CTC #di sk T i 2, oAb an g
Bl 2 P

Metages Gashaw Ahmed 25338 T —Fh#7 O RLALE &5 F (SDI-Chip) [27], FI T8 20% . skt CTC
FRAAT M . SDI-Chip Hf&1 EpCAM Hidk iR A FEFIHEFI A A, HiRA — MM, WiL&H
—ANEMIRN . SDI-Chip i&#MEHIINSE T CTC SHifRizEMAERES A BAEF, Mm%
CTC, [RIRF i/ 1 M4 i 5 Bk iR E WAL RS B AERe A BAE T o BT, AR A R LR A
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3K CTC MBEE KT 92%, 4N 82%.

b) A% PRI FCAA IR

BIRPUA AT DURE S R H AR CTC EERR, (HA2 LA L m o IR IE BC AR A HTAR I~ AR
B, aT DLSEOUEH R A4 CTC M43

IE A2 21 R A 45 B — /N BB BE DNA B¢ RNA, ‘7T BLS H FRECR T B AR SE0 B F4
SRS (28] ARG FL M 5 bR (0 45 & 1 B @R B e & 10 7 XS REEC AR I EANT A S A, TR
AR 4G RS BARPUE R R R PR L & .

Yang 2577 & T — R R (ApTDN-Chip) [29], 1] 10 49K DL T i =4k DNA Z5#1E AHESE,
TEAEM T —/MERR . T EORHEZEMR IR T IERCAL TR EA PR ESL T, AR TS b
PGB SREA ) CTC Befih, H4em CTC RUMIRRBE . W, SZERPUTHAAR K S BB T R
HO EIET RN . 5 RAE R AE O A A, BT =4 DNA 25 NITEHESE, ApTDN-Chip i 3R 20%
P T 60%. BRIz #b, ApTDN-Chip {# DNase | 28 5 0 & RL ik, BEBUSCR T 85%, AMHfriG
L) 91%, HHT NS TR

1.2.3. EFRRESHWRIFMEEREA S ES &

IR B I Y 4 R B AN B B IR 41 L (CT C) 3t 1 6 T AN R BB B 25015 R [30], A2
25 R B8 e PR B 9 A[31]. AL BR T B CTC 4b, EAE¥F RSP i CTC 40 1 R FE B 1R &
BRIt . S IXEE CTC A b /b WL, (HZ X6 CTC 40y 176 (2t J7 4 R i 2 K AN R 4 150y
HAEEBEEERH. AN EBRME A= 58— CTC 17 100 1%, ZFRANEATE E B T RAE &K
KA IRYE32]. Ik, X CTC 4B AT 0t 7026 o s RIS T . JR 7 ORI g . e R R 1)
I IS VPG AR AR T S T T A A AR HE R E L.

&4 N1k, CTC 2y B H AR B BUBE FVRE S 1 32 B 40 B 2m M I AT AR 1), (HIX BEROR A0S
FF4 2805y B AT AT CTC 4R A1[33]. flhn, WoE A T H PSR B 18 E 4 Z BT CTC 447
t, (HATRESBEIR CTC g se Bk [34]. B—TJ7, TP EERS, TR TR E BT
JFURT CTC 40 55 /MR R TR — MAR Ll 2 0 o 2 il SRR 7 26 SR T R [35], 43 E4114E CTC 4 &
BN R B o FEIX 7 T B AT ¥ A0 (0 2 Bl & T B0 CTC 4 e OB 2258 s B AT a] LS B
S T ) RS R SR AR R

Mert Boya %5148 7 — PB4 CTC 4 i 148 SR I fimi 45565 F (Cluster-Wells) [36], ‘B45G 1 Eid g
(10 338 J5E R ST P A DA B At 40 P B AR 1) R PR A i PEREAT 0 i% o Cluster-Wells Hf KT 10 5 /MR
FAZM 0 200t R /N 308 T PEL 97 1 4 1t 1) CTC 4R L, [RIRHBSR (87 CTC 4 A1 1 5 4 bk
BULKT 25 mU/h K B MO0 7 LFERTa CTC 40l fovr M & b Bl 77 3% R & i) CTC
YA 8 Cluster-Wells W] LA MR 1 it fee A1 O S5 38 1) iy o 43 29 2 31 100 N4t Y CTC B4R,
FAE ] RNA I HE4T 50 M. A, Cluster-Wells $Eit 8 — SRS %, DARRAR PRI, RSAHIE, 1
A AR S T % R 5 R R IR 55 o

BARIR AR, RHESRIRE SRR CTC 404 38 5 &£ G EA DI T, EIRETEZHR
PRYE, LRUnfEsErEA . SiEAE . QM PEARSE, DR R ER R 2R e e 205 = RN s
Bk CTC g 2 B & R, LUE AT 58 CTC 4 BIYEfs s e A, R HAE R
A ) T A A5 I R R

N T Y CTC MM 4 B AT I 10— L8 BRI, 2% 7 LA IO SCHRIRIE[19], FRA e F — R 12
SR E 3K CTC 4.
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2. KEER

2.1 SEREUES. HFMMRIEER 1 R2)

Table 1. Experimental instruments

1 KRN

INEE S 5 NCIEST i}
FHRG % BTG ZIAL G-25X ZrHU A ERAR,
&AL EZ4 VL2 F ARG AR AR,
FETRL HP10 VL5 ARG AR AR,
EETIETENL PT-55M SHPEH BB R AR,
Fo PR KT R A GFL-70 SEPRH A AR A H R AR,
MR FA1104 S FAE PR AR AR,
ESCBRVA-WES MVP-200 IS R A RHCE R AR,
IR wER MX-S IS R A RHCE R AR,
(SN WY N D-37520 ThermoFisher, £ [
ABA K % RS OMNI Arium comfort, £H
P T A JP-010T YIS BE RS ERAR,
CERMNIREE TR Forma 3111 Thermo Scientific, %[
15 8 5 % 8. U BE D-35578 Leica, filfE
ZEMGR TIER SW-CJ-1F IR EXF L ARE IR AR,
Table 2. Reagents and materials
= 2. WFIFs R
2R Hig 5 NCIESTS i
Kzl SU-8 3035 MicroChem, £ [

PDMS Sk K 5| K7 184 DOW CORNING, [
LR B AR HYNTE R RS ERAR, HHE
LR AR T,

7 AR T, HE
FC40 39 3M Novec, %[
ARSI = S 10g FiEEBAEURHCERAR, &
i HEE 10g Sigma, *[H
DMEM/F12 #5753 100 mL Sigma-Aldrich, f#[%
B27 2 ml ThermoFisher, f&[E
EGF 50 ng Invitrogen, 3%
bFGF 50 ng Invitrogen, %[
JRE 500 pg ETAYTEROERAR, H
Poly-HEMA — TR AR AR,
[ 55 5uL SIGMA-ALORICH, #ti%
HHAMKE AN 1g BUHH R ERIEA R AR, &
PBS } 7 10g ETAEYTERBERAF, +
DMEM 7& bl 5 3 500 ml BRI AEYRHCER AR,
FBS 10ml g —EVRHER AR, +
DFP 2 ml MR YRHER AR,
IRKER 1mL AR R AR, HHE
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2.2. SKBTE

2.2.1. WREDS HERRAS T AR GHIHE

Ttz B B HE R R e v 2 . AutoCAD B 20 I e e 4205 P P T 45 R P e o P o g 4 1 4 )
AutoCAD £ ¥4 A 5 HER IR 2 =] (RYINE i b Ot R B A R A D), I & itz sy 45 H 1 S
WA o ZJEHHTHZ], JeZIE bl SU-83035, SIGUAE M. 1) REA RS RTHL: 2) RERERES
Jakks 3) B5: 4) WEESEA.

2.2.2. WRiES REHIE
HIVERR 4205 1 BT 75 AR O 3R — SRR S e (PDMIS) 5 51 711, A5 FH Y6 23T O RE A D ASEAR R il 1
WS, B S RIS S B TS, 2 5 R I AV R S R . SRS
1) Bohk; 2) 8 3) n#Ek PDMS it s 4) PDMS & 4.

2.2.3. R AMBANEFSHI&

IATE SCHCH] CTC A 357555, L 100 mL DMEM/F12 35553, Bo| & E N 1xB27. 0.4%
BSA. 20 ng/mL EGF. 20 ng/mL bFGF. 5 pg/ml i 3= 185770, IRA)E%ERATF T 4CUKAE . A5G
fil# CTC 4[], BEARSLILITRUIT:

1) BUEEXT B KW CTC, I PBS J&E¥E CTC =¥k, ZJEMA 0.25%f8 5% ABFEIL IR, 75 504
TSR AIRAS, £F CTC R B i 3 I I N S5 5 1) 8 A R L 4 1k B o

2) Kem i 3 EP & rh, B ES0L 500 rpm B0 5 min, 2R .

3) A CTC ZHiulAlss oAt S dnfie, FHBBAEARRAT, RSN RAMMEETTFRE, HBBHEIRIR
10 uL Z4H R THEORR kAT T EL

4) B R T OLa8 T 1.2% Poly-HEMA ) 6 SLARH, nA CTC 40 [ 55 77 %1 mL/1 x 10°
ALY, FIRESIEE T 37°C. 5% CO, LR B R R 7%, HEMHARE R CTC 4uMuH .

224, HRMMANSBESES

X T AR O i 1) CTC 4t A1 ) s S R S, FATT FH I JR Bty 4 e 8 AL AL 32 5 B~ CTC M CTC
YA A A0 B, SR BSOS BV . NN 500 uL ] PBS FiBER 5 uM A58 4R, FI R EAT IR
T, 4 CTC A1 CTC 4 5) 501, AR5 E TEIEA T 37°CHF R 30 k. 2 )5 B0 L3,
A1 mL PBS, FIRWMEEATIT, 1 CTC Al CTC 4ij[F1H 5] 0 it 1€ CTC 4073 5 & 4 vhid
A BSA (JaA-1i&E & A1), By kAR M, 2 5N PBS. 7R8I B 56 st F T CTC 4HmE
BRI, A — UM S 28 AR R S 50K & 54 CTC R CTC 4 M B (1 4 A v N 3
TR P e o 2 B A I A A 100 ul/h, PBS HITE AT 9 300 pL/he 24 CTC 4HAB IR
O G FFE T, THEE] 100 AU A E 1 i IR AN B T CTC A, FdbAT S
B AR MRS .

2.25. BRI MBEANREESEFEN

SN T BGIE FH AR 0 A R AR A R 440 A AR R T S AR AR R 0, AT AR LF Y CTC 4t w413
TSR . HARSEES PRy

1) FEBIEREREE: % 1.2%35 85 2 x DMEM %461 L 1:1 84, FFINA FBS (G4 I3 Fl R
KEz, (i FBS Z9KEH 15%~20%, [KKFFRAIKREN 5 ug/ml, WA, RGN MEEFRIR 6 FLIR
W
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2) F 1 mL DFP & &0 5 4, BUE &2 H DFP #MR 3] 1 mL.

3) FEBEFERIME: K 0.6%Ix/IEHE 5 2 x DMEM %A L 11 1R A, HIMAR KEEZF FBS, ffi
FBS &9KEAN 20%, FRKFBEZRLIREN S pg/ml, JRE . BEGF BRI AR, 78RS, B
o EREAS 6 FLERH, B IRPAT LN A i E — 3K

4) 7t 6 FLARI 2 ANMEBE I 1 mL PBS, FFIIAKKER, HEEN TR IIAEE, Bk

B

5) sEMIMERE e, & HIEH RN 200 uL DFP, {RFFHEMHIRNE, 7£37°C. &H 5% CO, HIHHE
TR R, JFAE 12 h. 24 h. 36 h FEAT PRI LA
2.3. ER5W
2.3.1. EGIHREE

AV 7 — a5 ok & a3k CTC 4l XM it i 2@ #I A CTC 4
H A FRAEFN AN CTC IR FRIE R & 4 CTC Al anlsl 1 fos, femdsds v A 2 DLD fiokE
H, AEMEERA 63 um, EABHANANC(—ANE PBS JES AL, — R0 BT mAES A L) A
(A2 D T — A2 R ).

CTC 4 A1 5 05 Py 1 P i v 32 1) _E B 30 um, X BRI T 4 BI4E Z by ) L HEB I
BERZ 4 CTC AR X-Y il x5, ok, RS IR sty “1” B8R, “17 TR g
R L (I TR ARG TP, I3 B RRRLF(CTC A ) RS s ThiadF Hh 54> CTC 4 R
AERTERT IR, X L0 M PR FE AN S o JE I e 4a e i 52 BRI I8 I8 = P RS FR SR, SEBLRIA CTC 48
LA AN R I R B CTC X Bk & 4 CTC 4i i [

PBS inlet Sample inlet @
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Figure 1. Schematic diagram of the movement trajectory of CTC
clusters and single CTC
1. CTC 4mpaFIF A CTC MiZahEL R IR E

232 BRAMANSIBESER

PATE SN E A CTC 4R B A S NN Bl &, SRIRTEEN CTC 4R J & Sl SR iz s
Fir, g CTC 4 i A1 BRI 40 A (4 AR) A i Sh s S AT R B iR . A 2 WTRVR Y, L4 S
CTC A5 AR IS s,  ZL40 i PR AN, T CTC 20 14 A Rt % »
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Figure 2. Microscopic imaging of the movement of CTC clusters and blood cells
2. CTC “RAa R Fni 4AAERY I ZhATE B A 15 B

Y& 5 CTC R CTC 2 it 1 Fr) 240 Mt 28k P 0 I B2 i, R 5 R0 T e 2 e N i ot v o
FEGN B2 s T AT S T (23 B 5 R sl . SER s RN 3 fios, fERuRiE S, CTC
AR AR A CTC A A —FERE BN (4 3(A)), XRHAXN AT S T CTC 4 %%, el
AR K401 CTC 4H M AR EN T CTC A [mfic 11, X CTC 4 it B [ i s 1 4k g T i
WOHAT A IO W BB RS, P LA R HE B o A IR 2 1) CTC 40 (] 3(B)): X PR 1]
WA H VAR 10 RSO AT B 3 R e I I B B AR, P DA B B RSO R A IR 2 (B CTC (]
3(C))o X TIEZMETIZATH) CTC UMM, FAME T = PAT 85, B Ge it K IAE CTC 41 A [l 4
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Figure 3. Separation and enrichment of model CTC clusters: (A) motion trajectories of CTC clusters and CTC; (B) micro-
scopic imaging of bright and fluorescent fields at the CTC cluster recovery exit; (C) microscopic imaging of bright and fluo-
rescent fields at the waste exit; (D) histograms of statistical proportions of CTC clusters at the CTC cluster recovery exit and
the waste exit
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Figure 4. Microscopic imaging of enriched model CTC clusters before and after culture
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