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[ Abstract] Background and objective Malignant plural effusion (MPE) is one of the most common specimen
for liquid biopsy gene detection. This study aims to explore a method for isolating tumor cells from large volume of MPE
and evaluate its efficacy and application prospect in gene detection. Methods Pleural effusions (>500 mL) from 20 ad-
vanced lung cancer patients were obtained by effusion drainage and used to isolate tumor cells with cell separation media
Percoll and Ficoll. Cell number and purity were calculated. DNA was extracted from the supernatant (etDNA), total cells
and isolated tumor cells of pleural effusion (ETC-DNA) to detect the mutation of tumor-related genes by next-generation
sequencing. Results The median number of cells isolated from malignant pleural effusion was 8.50x10" (interquel range:
9.25%10-3.75x10%), 85.50%=5.80% of the cells were identified as tumor cells. The detection rates of epidermal growth fac-
tor receptor (EGFR) gene mutation of etDNA, total cell DNA and ETC-DNA were 70.00%, 50.00% and 70.00%, resepa-
rately, while the median EGFR mutation abundance in 3 components was 16.05% (4.78%-43.06%), 1.09% (0.00%-2.39%),
and 33.02% (18.50%-76.70%), respectively. ETC-DNA had good consistency with tissue DNA (P>0.999, kappa=1.000)
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and etDNA (P>0.999, kappa=1.000). ETC-DNA inclined to have higher EGFR mutation than etDNA, but the result was

not statistically significant. Conclusion Our method can isolate large amount of tumor cells from a large volume of malig-

nant pleural effusion with high purity. Using ETC-DNA as specimen improves the efficacy of gene detection, thus is worth

further study.

[ Key words] Pleural effusion; Tumor cells isolation; Cell separation media; Gene mutation detection; Next-

generation sequencing
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MR E R ( malignant pleural effusion, MPE ) 2
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ASAIE T HE T I Jed 4 5 0 A P 240 B 0 B DT
MR BRI, BK 5 iz FHAI AR ) 25/ 5t Percol I Ficol L it 12 2%
JERRRE BT 038 B AR BAMPE P YR A

1 M5 7E

L1 WFFEX4 PEER20184F8 11 -20184F 10 Tt mt K27
A BERE H 1819 B3 1 12480 28 04T M Je B0 | 1) 20 91 32
ZERYFEMPE Y Mg A6, R R — kg R R E R 1Y
SRR, B S00 mL-1,000 mL. fE 5 F-4
EHY (60.9+11.4) %, B¥E136l, ZLotE7il, 54 b
1:0.54. FIA B 2 BROS lii , Hoh g is i,
NS Herh Lo fsil i A A A O A T R 2 AR
LR ( next-generation sequencing, NGS ) LRI
oI S 50 28 S panel ANBR o T A A8 25 M B0 IO 7% 4 i~
PR UL R A . AR 2R B2 R R s, T
BF Y TS REAS

1.2 5 PercollZf /3 &k ( LRI EYFIEA
FRAF ) Ficoll-Paque™ PLUSH B 40 43 25 W ( GE
Healthcare ) , RPMI-164055373 ( Thermo Fisher ) .

1.3 BT

1.3.1 R M ea A o0 2 0 s 7 VA A BRTE SCHR IR

filf b AT TR o ORE R — U AR S R R BT A
ik Js A 32,000 rpm %S HE ES0010 min, B 10 mL -7 I
PEMFEIDNA, F 24 FIEJE JHRPMI- 16404 57 4
AL, RIS AN LA IRCEE R ZHDNA R 2 it v
JEH1071 /mLo #5045 M Ficoll-Paque™ PLUS HLAZZ 4l ifd
OB HE L VAR L 18 I A 4 B, 2,000 rpm =
5028 min, BT, Ficoll-Paque™ PLUS ML 4l il 43
RS RPMI- 164017 57 JE 52 5t 11 48 it fif 8 240 5 11 200
L, LA TR . IR AL AE A, 1,000 rpm
> min/& FHRPMI-164035 FR I E B AN, IR 20 v S22
1074~ /mLe BUAE A 45% Percollf5, #41: AR L FE
ZIMA AN B o 2,000 rpmZE I 50525 min, LA,

Percoll 55 RPMI- 16403 55 552 S AT 240 AL A g 4 e, 50
TG AN AR oAy LA b 40 A 3 1

1.3.2 ZHMOSSTE K50 s s b es 4 326 R A W s 245}
A PR FIHEAT S e 0 e 8 5 e IR A 4 28
( immunostaining-fluorescence in situ hybridization, iFISH ) K
W, R ebiR4s (CD4s) FFZuH bt
JF31 (CD31) (iRl K85 Ye i 2280 ( CEPS ) #R
Bf, SE B ANMLR A D R AN, IR R A0 A Y
SR Mg An i E bR : DAPL (A% bRIC ) PAPE;

CD4sPBIME; CD31FIME; CEP8E/R AT, &k ik
Bi N BEHLREHR 20 HEF iR 40 M RS 4B <[ DAPT (+)

CD45 (-) CD31 (-) CEP8 ( SfiifA ) 4iffi%k]/DAPI
(+) ZHHI%x100%.

1.3.3 DNASZIC J3 5000 g BROB 3 e s AR 2T i
K5y B AR AIAE ( tumor cells in pleural effusion, ETCs ) i
TTDNASRHC, Hrp AU 7 25DNA (tumor derived
DNA from pleural effusion supernatant, etDNA ) SR B A
20 1 B DNAFRHUA S CwW26e 1282 ;i Jis BRO S 2
JfSDNA S ETC-DNAR HIFE A HH 20 1 1l 9 2 F 2L DN AR I
B & CW2087482 ;. FRIBOTETCIE .

1.3.4 BEDIAGIN ORE PSR U et DNA L i J AR 4 i
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DNAKETC-DNAGR YT A THZC A IR AT FR 2 7 H]
NGSH AR TIEH KM ( cancerS0 ) o

1.4 Geitefik [ FHSPSS 16. 084 A8 i 2¢ . £F
B RS 3A  i SE A B S R bR e 22 R0 5 AR A
B ST Y 2 S AR i T b 67 808 bR 3o ] B
Ty B LA F Kappaki 56, 2 SEHAR 5 FLEH
FWilcoxonfF 5B K, LIP<0.0S N ERE G2 X,

2.1 MPEMR4IAE 7 B 18 ETCsTE AR AE R 1 fr
NS NS 3 AN OO B2 ) e o 1
WAEAN— Git%, MR 43 2575 21 b 96 20 7l
H i 4 8.50x 10* (R PU4MLIA]#E9.25%10-3.75%10° )
A, ZFISHKG S 7RDAPI (+) CD45 (-) CD31 (-)
CEP8 ( S ) |, 2 U M4 5 b 78 4 M RR AE M A 10
(E2) o BEHLZERCONPLES, fibyes 40 A Y 41 85.50%+
5.80%.

2.2 A 1049 i i F 2 MPE AN [7) 43 55 21 43 35 R 9 25 4y
TS 1005147 e Jeg 2H £ N G S35 PR AG) F) il i R 25 o
MBI R ALK H T2 (epidermal growth factor receptor,
EGFR ) FEF A H % 870.00%, Hrrefi 5 R oh i
F21 L858RHEEAS, 1l AAME F19 L747-A750> PRk &A%
(EI3) o XTFiZioflf, HHNGSE ARXfetDNA
SAMIDNA X ETC-DNA#F TR 284G, EGFRELH
FRAFKE 5 512 70.00% . 50.00%F170.00% (&3, F
1) o SRR 24U A T BE R A G AR AR L, K
&k SR — 30439128 100.00% ( P>0.999, kappa=1.000 )
80.00% ( P=0.500, kappa=0.600) F1100.00% ( P>0.999,
kappa=1.000 ) . ETC-DNA5etDNAMIH, —F kKL
( P=1.000, kappa=1.000 ) ( [&l4) .

X F 3 2 43 v Z /D —Fh EGFRZE A8 K6 1 25 3 4y BH
PR 70 %, etDNA, HZIfDNA. ETC-DNAKEA
RAF AL/ H16.05% (4.78%-43.06% ) . 1.09%
(0.00%-2.39% ) F133.02% ( 18.50%-76.70% ) ( F1, [

=1 BhRREREEGFREEBKNIER
Tab 1 EGFR mutation status in lung adenocarcinoma patients

S) o ETC-DNAKIN = EEM ] T T et DNAKI F- 2, {H
R TG X (P=0.310) ; FHE I T S ks
F B8 (P=0.018; P=0.018 ) .

3 ifig

3.1 MPE M 4l $2 0 MPE 40 80 LAZT AR . ik
ELARAE S 32, R Al AR X . AR R o B A
Per, WOCHAR WA FI R A B AR A (14 e e 4 i a8 i o
i, AR S hnifE, (H R AR RIS 40 i g i >, Hod
P TR, SR, ORI TR ST, i
UM B AR R A B AR R R i, AL BRI
DR BRI HOR S, H i 79 [E E 40 A T
Ji2E AR S ORI, (A5 7015 40 AN R T T35 40 i
SEOGFNARSEY R BE SRS, RE BRI A R T A 2 AR Ry
SPEBUAR R, (HaZ b R, WA RE R D
Y EARAIS . AR ULAHL 53 B4t B Percoll Fl
FicollfRA5 43 S MR 4, J3 85 3o A vh JO 5 Rk i 48 R
SPEBUA, AHIX IR, S T KA FAMPE R
SYESMEANNG, AIARIR 10 A R AN, iFISHAS I 21
FEIRFIS0% LA -, REUmERE, FAR N TR .
3.2 MPEH 3 25 i 40 JfL FH T VR I TE K A i 5t NSCLC
EGFRAE PR 5725 100 5 i 2 PR T T ) s RS8R 85 U AH
KW, i EGFRHE P S8 AR Kl A BB R L g 4141
BN SE AT BE ARG I G hR i, SRIMTAR 22 £8 35 DR A TR
S8 S DRIUE LA ARAS e 2 20, (A5 A 376 A o o 56 R A
MAEFEEAC . MG MIEDNA ( circulatory tumor DNA,
ctDNA ) &5 HEIATG KRR, (Bl T tDNAF &/,
o I AU AR, MPEJE IR IINSCLC Y # WIT &RE, &
AR R60%Y, ARG, WM R4, Hi e K
JI5h i %) S A e 8 240 B % e 240 LR AR T K Y et DNA, - T
DAAR B S 1) s 28 AR RS, R DS AR T ctDNALY,
I Sy e DRLRG: I 7 3 R ), A% e A A 54 FHMPE DT i
2 A ) G U R B AR AR HEAT RN . MPETICHE
FHZT ARG . 94k 40 B A = A4 1A 40 A R 8 400 )

Item etDNA

Total cell DNA ETC-DNA

EGFR mutation rate (n=10) 70.00%
EGFR mutation abundance

[median, (interquel range) 1 (n=7)

16.05% (4.78%-43.06%)

70.00%
33.02% (18.50%-76.70%)

50.00%
1.09% (0.00%-2.39%)

EGFR: epidermal growth factor receptor; etDNA: tumor derived DNA from pleural effusion supernatant; ETC-DNA: DNA from tumor cells in pleural effusion.
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Fig 1 Morphological characteristics of tumor cells isolated from malignant pleural effusion. There are clusters of large cells with cytoplasmic vacuol-

ization and heterogeneous nuclei (A, B).
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Fig 2 Identifying isolated tumor

CEP8

cells by iFISH. Criteria for tumor
cells: DAPI (nuclear marker)
positive; CD45 negative; CD31
negative; CEP8 shows aneu-
Merge ploid. iFISH: immunostaining-
fluorescence in situ hybridiza-
tion; DAPI: 4’,6-diamidino-2-
phenylindole.
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aten Fig 3 EGFR mutation status in tumor tis-

sue and different components of pleural

Patient 10
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Fig 4 EGFR mutation rates
10% + in tumor tissue and different
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PRI AT REIE A 240 M, 52 7Rl akhg
SR U 2% . Tong S5 IS R FIMPE B30 J5 1Y I
TE R et DNAHEAT AR P A, & Bl et DNA IR 45
A IREARKG H98% , = T /K YT 40 IEDNA (89% ) Al
HPJILctDNA (86% ) , {HA 22 TR LHL (Ko iRy
100% ) ; TEMFEEGFRISZASK A, Mask b g4 i3
H71%, T RKDUE AN (68% ) FIFME L (59% ) |
M Zhou U FE iR, MK 7 et DNAPT Y i) 548
() BE T T K T DNAMICtDNA, -5 BRg 2 4UAHGT .
U et DN AR F L 2o R ACsE: 1 R 6 K6 1 A 0 ek
PE, SR, TR D AR B 2, MR L
T R RER A K& W A RSB MR DNA R Be, &1
Pt AR 3 (R AR RS R 5 S0R I S g A1
FHS, T WP DNAR BERIR 2, A TBEC
AT MR G 3 B 7y B BOR sl Ak Mg 40 e, e
FEbRA R, AT 25 BRMPEDTIA 41 b 1E 3 40 i L R 41
X A5 B HERE . IR AT . Wang ¥ 0038 i (i
it 2 2 B e A MPE HH I e 4 e DA e 1 HH 45
o7 JE R R 57 1 TaqMan 3R & il 5 X N ( competitive allele-
specific TaqMan polymerase chain reaction, CAST-PCR ) F-E¢
XFNSCLC 8 EGFREEF R (34 g, x5 s, 28/
NSCLCH# BIMPEARA T, I FH i U 40 7 T B MPE
R I A A TR SRS, TR A P v B

0.64%T12240.8% , EGFRIEPE 575 K5 PH 1 32 ph 2.8.696 4
F5142.9%, K IHURMERE S T 44.4%, IR ETXMPE
HP R 20 A PRI R R R R PRI R Y T AT
3, ARZESE N TS BT s A i A TR,
RIXTE LR, FeHE T, BRI T2k e A .

FATHEA FH P 20 M B2 B T, % ke 4t i
PEAT T A RO ER,  FINGSIHE RGN % 3, fEMPEHE
SRR IE W 40005, ETC-DNA EGFRIEZEK Hl % 41
L SHSURE R R A, TS8R S B
N, Aim TetDNARA R, dE— st itaitt
RIP KFEARST, ETC-DNAMKEINRCRA ] Gt — 4
P55, i TetDNA, AfFELeiFoTiEst,

gi b, AW E ST T —Fp G b9 R MPE
Sy B MEART, SHA B OTEAE G, 10T S
M RARFAMPE v 43 B9 15 31 K et 4l B A e g 4t e, L
PRVERIAE . AR . 78 PR IE W A AT,
30 FH 4325 T A5 1) Jf 8 200 B E A T PRSI, ik P 2 A8 A )
HEHLDNA—EE RAF, Kl =F R4 = T etDNARY 4
B ZOTEAR N TR, EAE) a2
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