BRI SE-iFISH BEE#M EMT CTC. EndoMT CTEC & AR BHIEIT
NSCLC i+ HEEIRRE X

MR AEfE MR A . SR, ®E.
2 R RS R R A A R EEER .
A I ) 7R DR R BT A F 2 B
Jo LA L B 2 SR G T . BB R R
()T 2R il e it 9 B 5% — e P K 2 Sk 4 [
14 FR BEIT R 1 2 O I PR SE 56 S0
TR RGBS TKI RS E B (A+T B
Al E A EGFR 4% (1 A Ak /N2 g il
J& NSCLC (L¥Eni ) B Bk,
AR N R EE RS E R —4&H
75 [1]. KUk, gnfef s NG EE RS T
PUILE A B 2506 97 (R b8 58 S &K
TR« DA T R S R i 24
BONT KIRREE A H 28 R A k.

i, EASE RS b s IR Bt
1[5 55 JE B OR 22 R 2 O R AE RS
I ZE4s SE-ieFISH $oA&, i i i
B A ) DU BRI 9T R /) 4H it e
(NSCLC) #EEFEMAmAN R EEA (). (AR
M) bEE-MFRER (EM)RE &SR E
BEZH RS (N) Br sk CTC.
PEIA I IL/E° N S 41 CTEC 1 25l 28
i, MALEfEFEAE. MEREYED
ik LAMEAs R/ gaifuld) 577
AT T =0 — 21 S 40 2 11 ) 25
HRMSHTE, B &R MAEIT 2L
T -5 PPk 557 TH AN [F E 22 Im R .
RIS R A A R Tg CTC &
% Dr. Klaus Pantel 7£ N 1) 2 47 FIAT ™ k%
HIPE, EFRENR, BEEWEEL NN
Molecular Oncology #% K& [2] (3
i K IF=6.603). A& —{E#& Nk
AR S B ok R A AT 5k ISR 5T 5T
T N b IR R B 2 5 22 AT K
TR A

YT SE-iFISH BkEF RAR 3, HF
[7] B 457 ) DA S 1 T 20F SE-ieFISH 1 5 2
7 REEEM TN X CTC 4%
F X SE-ieFISH 7 A K [4] B\ By B 43 1)
BRI = S E €

Molecular

Oncology

A journal for discovery-driven franstational cancer reseat

Aneuploid Circulating Rare Cell aneuploid TC, CTC A
=
Tumor markers*
ie y Transdifferentiation
< TC-C fusion

WILEY

Zhang et al. 2021 Mol Oncol 15:2891-2909

W) Gnocks oc upaszas

lecyl i~ B

Role of aneuploid circulating tumor cells and CD31'
ir ing tumor helial cells in icting an

ic therapy

NSCLC




AXER

o HTXMMHN—RIWI/ERM
S0, mRNA PH A H 5 A
iR RIS LR & R A
40% [3,4], Bl mRNA &l BH
HABWRE —EXTAERARKE
HEEH MR EEAR [4,5]
I, 1EEFIFH SE-iFISH H AR,

MGt e | ARIE R T, SR AL
BREHRIN 4 Fh AR50 ) 5 CTC,

N4 PR F A5 R CTEC IE2E
P, M NG R oy BB R T
TRERf S AR DL R S AT FE AR A -

faZE

o T A 4 # "(Sankey
Diagram) & & /x # 7 CTC .
CTEC &MV 240 M 1 &8 & 7290
7 1 R R W T dE i EMT
EndoMT #HH ¢ B I il J5 44t 1
AR A A F B

e CTC. CTEC X¥: ®f%1k CTC
M CTEC EMHMIZER; HiT
Ja BB E B, T E,
PFS }% OS & &85

o AKX KELARN CD31 CTC
J CD31" CTEC & 25400,
AREEMAHEREE RS .
1t N P iy N A B e )
74, B E5EK

Tr3gF

yafran (Bk)| | A CTEC

#Rimpal CTEC

AT ItieE

E#E CTC. CTEC, E&% CTEC | RéAMmE! CTEC

o FIH Cox A4, fELLLE 8 Fh
A% CTC. CTEC H8iE A=
A I gn iy, Lhig Fit—2
B3 HT FLAR S I R = X
HITH: &S AMEEE CTEC
M, TR E, BEA
e CTEC WEADEL, R
AT X0, ®EE TP
R IT ) NSCLC Hidr,
BIT R G
CTC siE &% CTEC W&E#,

S 7S P TR TS 243 e S R ) e e i

HHHAAMmA CTEC EH,
T EHHRuE, FAHEEKR
PFSO :‘/Ell‘é\ﬁD‘F:

I R CTEC,

IEH &4k CEC 58 RA&546 CTEC

M P R4l i (EC) #4 Rk T 1E % ik &
SIS, T R Pk P R S el R
I % A % 48 Mg ” (Tumor  Endothelial
Cell, TEC) M. EC 5 TEC ¥WFEi&
CD31 (/v S Y Bz 4 R Bt 73 -1,

PECAM-1), {HAFiA CD45 (H H B
RN C M 2/k, PTPRC), TEC 1]
F R 4 7 Ak P B Ah AR S AR T I
ok i A AT s, B ER MR 4 AR - P R 4 A
REE TR, RAMEERNEL T CD31 1)
— KRB R . EC. TEC V& A

SfZ{Ak CD31" CTC, CD31* CTEC %%/ 5tk

SEBRE R ()R per=gict H4npEE

(E 8, EpCAM*) | (M 2, Vimentin*) | (HEL, E*/M*) | (Null cell N 8, E7/M")
CTC (626) 1% 89%
CTEC (362) 25% 75%




i )& 73 5l A EC (CEC) . 1§ ¥4
TEC (CTEC). M+, CTEC #tH [ it
JE . N ROE R, #OE G L e R
VY Ak i 7 1“5 3 B2 AR [6] . AN [F] JIE.
25K TEC 8 CTEC 455 s i &
AR MR . AT R M K BB
s [6, 7]

LA AATTIEHE A CEC PRAh VAR #L
J7 R0 RIS A K& S Mg A
F-HIEH %k CEC, A [E LK =
KRB Z 70K, ERMETE.
AXAEHEEHBR IEHE CEC THuim Ll
b, FIH Cox [BlH A 43 Bt 7 £ 4k
CTC. CTEC & V240 g iy 4 37 KU
Al 25 347 U VR4S, DLIE F 5 22 %%
I e 1 it 7R e RS AR B T R A O AR AT
Mr, Mifi#87~ CTC. CTEC & W54 iy
78 VAR B BT R 7 il e 1 A2 A 25 AN A ) 1)
HBIFIKE L.

6-1BiE SE-i*FISH BES M k7. [HR
RBEA&RIBfE4k CTCs - CTECs

N A SE-isFISH WA &l CTC.
CTEC #FhW4HAn. A KM 2R,

A LiR Combination therapy

Maintenance therapy

—

filijg CD31 CTC fifhk K A/hZ e, H
3 R/ (sCTCs™, 20.6%) M
LAGR KL ((CTCs™!, 42.9%) K+
BARFE, A CD31Y CTEC 1, £f%
R K4HH (CTECS™", 73.3%) 1%

Y&JFJ§ CTC. CTEC R¥a&ih 58
PFS. OS &Y%

wo(A) fias, SiRiraritgmtt, B
G975 CTC M CTEC #H &£ HiLFE 2
THa T . kB (B) R TR EEM
Bk EE M. 5 CTC. CTEC 5H
PR e, EAAEAEARDE, Bin
B4 mPFS & mOS.

WBITIE P CTC. CTEC WMz A
AT

Aa b
1700 1 CTC or 17.00 o180 1 cTEC
] H < F1100 4 1
= 1600 : 1600 § o

B Time (months)
00 20 40 6.0 80 100 120 140 16.0 18.0 20.0 220 240 26.0 28.0

POOT e

3.0mo
L]

®PD

= Ascending cohort

PO16 = !
PO03  frems OPR === Descending cohort
PO [t sD Follow-up
PO18 [ . ® Death ---- mPFStime (A)
PO15 -==- mPFS time (D)
PO19 fe= e O
PO04 9.4 mo
B PO0B [ .
o
O P023 [ m—
E P00 [
2 PO0S °
- poos 1
P002 p--- L]
PO17 = g
L e —9 °
PO13 =
P025 °
PO09 ==
PO14 ==
P020 St
C 100 — Ascending cohort (CTC) 100
80 | — Descending cohort (CTC) 80
= 60 | T 60
@ @
g 40 O 40
204 **P=0.001 20 **P=0.001
0

0

5

10 15 20 25

Time (months)

ol :
0 5 10 15 20 25 30

Time (months)



fEEXN EAHE FBEAHAM CTC K
CTEC &F 0240 My 7276 J7 i A2 H 1 3
ST #H PR SN. AR
(heattable, A) &7 1 AN [F R I m B F
% IE R CTC. CTEC #i&E 5 Ll
AL, Hd N BRI SR By
2%, A CTC K CTEC W34
M B 7R VR 97 i AR 3 A AR A 5 A B
Y BB A — 5. AT CTEC iR
E B2 TR RM NI BTG
SRR, 2 IR AE R A L

A cell numbers and percentages of the CTC and CTEC subtypes

CTC o

Longitudinalrelevance of subcategorized patients

Ascending Descending
Detection
total  EpCAM+ % Vim+ % total  EpCAM+ % Vim+ %
cc ty 46 0 o 1 22% 120 2 1.7% 3 2.5%
59 0 0 2 34% 268 13 4% 3 11%
t, 88 18 205% 0 0 45 0 [ 1 2.2%
CTEC to 46 5 109% 5 109% 99 14| 141% 8 12 121%
Y 33 3 9.1% 12 [[364% | 123 12 9.8% 16 13.0%
t, 43 7 163% 2 47% 18 2 111% 1 5.6%
Baso cTc [ Ascending cohort b 4, crEC [ Ascending cohort
I Descending cohort B Descending cohort + +
40 T **p=0.008 m
n T * + ® 30 'p=0.013 Eg
2 - =m o + =
£ 30 53 € [ B
b3
2 * H 2 20| l LI
g i I o 2 15 5 m
© 1B 15 4 5 o
* o 10+ 10 0 2
10 L_|t10 PR &
/o g g
A 5 5 Z Bl Nl S 3
0 + 0 o3 ol T 0 L g *
ot bt Lot L tot

C Compositional analysis of EpCAM* or Vim* CTCs and CTECs in small (S) and large (L) cell sizes

cTc CTEC
Ascending D Ascending De:
sCTCs. LCTCs sCTECs (CTECs \CTECs
% EpCAM+ (100%)  EpCAM+ (100%)

{multiploid 80%) (multiploid 85.7%)

Vim+ (80%) Vims (66.7%)
(multiploid 75%)  (multiploid 100%)

t EpCAM (92.3%) EpCAM+ (100%)  EpCAM+ (100%)
i (multiploid §1.7%) {multiploid 100%)  (multiploid 100%)
Vim+ (75%) Vim+ (87.5%)
(diploidinear-diploid 77.8%) (multiploid 50%)
(tetraploid 21.4%)
(triploid 14.3%)
, EPCAMs (77.8%) EpCAM+ (100%)
(diploidinear-diploid 100%) (multiploid 85.7%)

BB 1 52 0 B B AL T I B R R HOE
[8], HIGIKE A it — DR
K CE/RT CTC & CTEC M4y
149 2H 1% B 451

FZH4A¥r: CTC. CTEC &R HE
YRIT R R R BUE

5 CTC JERGEREF 1 EMT H[E, A
B CTEC ik EndoMT #E4T
A E B . AEE A B B R8T,

PFS>9.4mo PFS<9.4mo PFS>9.4mo PFS<9.4mo
B ) ——

CTEC 4 == T T

M1

Ep/Vim*  EpCAM Vim Ep*/Vim Ep*/Vim® g BNV gvm et Am s Vim'

L1 M) [0} ® €M 25 M) ™) ® (&™)
[y REX: T T =3 3 g tat T T T ]
£ H
3 g3
4] Ep Vim* EpCAM /Vim™ Ep* Vim* Bg EpCAM/Vim* ~ EpCAM /Vim™  EpCAM*/Vien™
Q (M) {(null cell, N) (E/M) 20 (M) (null cell, N) (E)
R T m 3 t ==

88

&

: §5
£ Ascending it Ascending
5’ cree 2 2 g CTE 8 ]
s i3

g

T = o
d33333333333qq9d4d4d884413
Patient Code

Patient Code

% CTC il CTEC WREEHH. HE
ST T RGN, BT
BT R AR T JE H AN [R) 3 2R 41 i 1)
BRI NMATERR (k) LA
TS AE . BT R B A
CTC & CTEC 7Ei¥R Y7 HI 3B BL oy
BAFAE 3 M, HHfE CTC 1) 3 #f
W40 (M, N, E/M) 1, DIFRZHfiE N
M3, 1 CTEC W% (M, N, E)
WORNCEY . 0T e, WEE BTk
Fe B CTC WK 40 i iR & 2 (E/M)
CTEC KR4 (L thbriE), WH G
# (MPFS<9.4 mo). FI&ENH NIER
7RI G EEBE T IR BLIRIT 1Y
Ji g KB 2 R A RN T AR T
ST FBRSSHEKE.

CTC. CTEC Y3840 -5 M Jed 3 R AH =2

A Correlation of subcategorized coharts of patients with disease progression

Classitication Subtypes Sum PO with new mets  SD/PD without new mets Total patients

Patients {n=11) Patients (n=10) (0=21)  risherxe g
CTC baseline Epe/vims (E/M) 0 1 1
EpNime (M) 2 3
sumVims  2{2/4,50.0%) 2(2/4,50.0%) 4
Eps/vim- (€) o o
Ep-/Vim- {null) a B 17
sum Vim- 9 (9/17, 52.9%) 818/17,47.1%) 17 0203 0652
post-therapy Epv/vim- (€] 6 by 7
(/M) X o 1
sum Ep+ 7{7/8, 87.5%) 1(1/8, 12.5%) 8
ime (M) 1 2 3
- {null) 3 7
sum Ep- 4(3/13,30.8%) 9(9/13,69.2%) 3 432 _omr
CTEC baseline pr/vime (E/1) 0 o o
EpA ) 6 o 6
sum Vims 6(6/6, 100%) 0{0/6,0) 6
[G] 1 s 6
{oull 5 g
_ [ sumVim-__5(5/15,333%)  10(10/15,667%) 15 519 002
posttherapy Epa/vim. (€] 4 2 0
Eps/Vims (E/M) 5 o 5
sum Ep+ 9(9/11, 81.8%) 2(2/11,18.2%) 1
Ep-/Vim+ (M) 2 3 5
Ep-fvim-  {null) o & 5
sum Ep 2 (2/10, 20%) # (8/10, 80%)
Ba ) b c
1001 Baseline 100 Post-therapy 1007 Post-therapy
80, — Vim*CTEC 80 — EpCAM* CTEC 80 L — EpCAM*CTC
= — Vim' CTEC = — EpCAM™ CTEC — EpCAM" CTC
£ 60 el 5 T L0 |
» o @
&40 & 40 &40
20 - 0008 20 =000 20 -0017
+ o
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
Time (months) Time (months) Time (months)
Sa CTEC(Baseineg)  Sb  CTEC (Posttherapy) — EpCAM"Mvim"
100 _ Ty
T, e ™7 =
a0 | — EpCAlMin® 80 = ol Yl
_ Pl e-EwoMM [ i o TV
Zeo i Z 60 ‘
o 9
&40 1 &0
2 g ‘ = 2 vepa 000
[ S it P o— L i
o 5 10 15 20 2 0 s 10 15 2 2

Tene (months) Tine (months)



MR R, BT R & A i Y
CTEC KiRJT e Bl BT CTEC 1§
CTC &, WHITRZE, MRk
(MPFS=5.0~5.6 mo). 4, 7 )a
PR &M (EY/MY) CTEC ) HEH )T ¥
#, mPFS &% (mPFS=3.0 mo), T
WIT AT BT e A gl N A
CTEC &3 W B niG 97 BOR R i, M
kRS (MPFS=18.3 mo). %KM
X} it — 20 A RO R LA A R 9T R
AHHEEMSHENE

ZRERE

%k CTEC 1 CTC, P& FHEHAH R
DiRe# 5, LFMI R T I - — X4 A
UG IR BRI bR E7 o kA SCHE & AE DLRT
1 TAEH a7~ T IE A CTC 1 CTEC
5 i A B 1 Js J R 7 % DI A O% [9],
PL X PD-L1" CTEC Al CTC fEfiij&E %
gERT AR E B R s [10], A
FodE—Purse, MXFT CTC, il =
LIRE ) Sk CTEC 0284 Mo 78 i jg va
PR (SRR ZR S, J7
W5 VP SE) BAA Rk EEZ IR IR E X

ARRIERTCEREAM
DFESHERRITRSER
Hematologic apCRC
Tymphorna. my

SRS
rare cel

)
aneuploid circulating 1] r>‘w: ;
apCRC) cee
e cpast
insity phenotyping X

CTC 5CTEC #ak T M —xt Non-hematologic apCRC
HHMHEFMEEDREY 3 s
(circulating tumor biomarker). s
FEIRHAR, ERERE, d#E coun
B 85, W, S8 MEE
ﬁ?ﬁﬁﬁ#%ﬂ%i%ﬁqwﬁl

8 A M TECK S A .

Lin 2020 Cells 9:1539
Lin 2020 Book Chapter: Liquid Biopsy Analysis of Circulating Tumor Biomarkers in Lung Cancer

E AN IEF R BN, 5 TKI 254
b, DAREPTAIER X NSCLC A [E FE A
FAFP) TKIBCE 2 (A+T) SR 4,
BEEARZEM PFS Al OS $iz. #l
W4t xF EGFR-T790M i ¥ 5 4% 1 56

—ARHE ) 24 B A5 & JE (osimertinib)/ 2 Fifi
7b [11], 4% EGFR-L858R i 14 58 48
) ) 7% % JE (erlotinib)/ 4 & Y1 [1,12] 5
AR & JE (gefitinib)/ % #q vb [13]. M4,
anti-PD1 5 anti-PD-L1 % iay7 5 Ul
AP (A+I) BEE IRl L AE -1 B
I R S 56 o U A T AE AT — 5 245 B 1)
J7 3L [14,15]. FE% PD-L1" CTEC M
CTC fEfifife O 245 REib T BIIGIR & X
WekiE [10], I EAJEATXEE A+T B
A+l BXE H 259697 10 R B RN
CTC 5 CTEC il 5#t7t, ¥HBh
FImR R HE . A R E R E TR
B, Rt — PR E MRS T T A& A
INIT R BRI AL

Z Wim PR 7L CAE s, WX CD3T
CTC. CD31" CTEC AKX 4, R &
O S A DN T ) A s S A A A

X B R Y — 48 0 AR I Y I A 4 %
ARG B X IGRME . (Hf
FIHATE X 55, WAy 435 #E 78 CD31
CTC. CD31" CTEC % H I HE ZIf K &
. SE-i*FISH fE4 “HMeeF” , W1t
HEBR IE 5 A5 AR5 18 ) 2 4l ile CEC
TR RS b, TR SRR . Rk
TR bR AR AR AR CTC.

CTEC W40 gt A7 A SRl J R DA

CIEC= 4 i3 £F 12 Speld
aweli in Sheaes deining

&S

Ao o USSR e (CEC




b & vt — 20 X 4 5k v M 2L IR B
CTC. CTEC 1 SE-i*FISH (NC) HiAR Lt
W B Ih I K [16], Wi SE-ieFISH 5
SE-isFISH (NC) XA [ 98 A i) i Jeg i 3
FERA AR, K AN — B RE . 18
Fh %4k CD31° CTC K CD31" CTEC 1)
H R SR AR B HE B !

SCHR

1. Zhou et al. (2021) Bevacizumab plus
erlotinib in Chinese patients with
untreated, EGFR-mutated, advanced
NSCLC (ARTEMIS-CTONG1509): A
multicenter phase 3 study. Cancer Cell
39:1279.

2. Zhang et al. (2021) Role of aneuploid

circulating tumor cells and CD31(+)
circulating tumor endothelial cells in
predicting and monitoring anti-
angiogenic therapy efficacy in advanced
NSCLC. Mol Oncol 15:2891.

3. De Sousa Abreu et al. (2009) Global
signatures of protein and mMRNA
expression levels. Mol Biosyst 5:1512.

4, Vogel et al. (2012) Insights into the
regulation of protein abundance from
proteomic and transcriptomic analyses.
Nat Rev Genet 13:227.

5. Guo et al. (2008) How is mMRNA
expression  predictive for  protein
expression? A correlation study on
human circulating monocytes. Acta
Biochim Biophys Sin 2008, 40:426.

6. Lin (2020) Aneuploid Circulating Tumor-
Derived Endothelial Cell (CTEC): A
Novel Versatile Player in Tumor

Neovascularization and Cancer
Metastasis. Cells 9:1539.

7. Goveia et al. (2020) An Integrated Gene
Expression Landscape Profiling

Approach to Identify Lung Tumor
Endothelial Cell Heterogeneity and
Angiogenic Candidates. Cancer Cell
37:21.

8. Ma et al. (2020) Dynamic monitoring of
CD45(-)/CD31(+)/DAPI(+) circulating
endothelial cells aneuploid for
chromosome 8 during neoadjuvant
chemotherapy in locally advanced

10.

11.

12.

13.

14.

15.

16.

breast cancer. Ther Adv Med Oncol
12:1758835920918470.

Wang et al. (2019) Vimentin expression
in circulating tumor cells (CTCs)
associated with liver metastases
predicts poor progression-free survival
in patients with advanced lung cancer. J
Cancer Res Clin Oncol 145:2911.
Zhang et al. (2020) PD-L1(+) aneuploid
circulating tumor endothelial cells
(CTECs) exhibit resistance to the
checkpoint blockade immunotherapy in
advanced NSCLC patients. Cancer Lett
469:355.

Yu et al. (2020) Effect of Osimertinib
and Bevacizumab on Progression-Free
Survival for Patients With Metastatic
EGFR-Mutant Lung Cancers: A Phase
1/2 Single-Group Open-Label Trial.
JAMA Oncol 6:1048.

Saito et al. (2019) Erlotinib plus
bevacizumab versus erlotinib alone in
patients with EGFR-positive advanced
non-squamous  non-small-cell  lung
cancer (NEJO26): interim analysis of an
open-label, randomised, multicentre,
phase 3 trial. Lancet Oncol 20:625.
Ichihara et al. (2015) Phase Il trial of
gefitinib in combination with
bevacizumab as first-line therapy for
advanced non-small cell lung cancer
with activating EGFR gene mutations:
the Okayama Lung Cancer Studu Group
Trial 1001. J Thorac Oncol 10:486.
Chen et al. (2018) Combinations of
bevacizumab with cancer
immunotherapy. Cancer J 24:193.
Manegold et al. (2017) The Potential of
Combined Immunotherapy and
Antiangiogenesis for the Synergistic
Treatment of Advanced NSCLC. J
Thorac Oncol 12:194.

Lin et al. (2021) Identification and
Comprehensive Co-Detection of
Necrotic and Viable Aneuploid Cancer
Cells in Peripheral Blood. Cancers
13:5108.



