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Tumor Cells and Micro-environment in Brain Metastases
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[ Abstract ] Improvements in survival and quality of life of patients with lung cancer had been achieved due to the
progression of early diagnosis and precision medicine at recent years, however, until now, treatments targeted at lesions in cen-
tral nervous system are far from satisfying, thus threatening livelihood of patients involved. After all, in the issue of prophylaxis
and therapeutics of brain metastases, it is crucial to learn about the biological behavior of tumor cells in brain metastases and
its mechanism underlying, and the hypothesis "seed and soil’, that is, tumor cells would generate series of adaptive changes to
fit in the new environment, is liable to help explain this process well. In this assay, we reviewed documents concerning tumor

cells, brain micro-environments and their interactions in brain metastases, aiming to provide novel insight into the treatments

. é/%i?_k .

of brain metastases.
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1 ERERIRME R G MEEREYFRT

TENMIRE 5L RS R AR b, I 40 A A 1y G Ak A #% Y
THOREE, 2%k HE— R A ™, Valastyan
SIS IS RO U TR K O 4 B 7
TE U A ERS KL, AR A U s e 40 M 4 7 2 Je b i
B TR M I D AR, P A B AR A AT 3 ) B
IR D e kA0 Z R AL A4S (B35 B AT R RS Rtk 0 %
A3) B FERE A, B R Im A a e kL
O DR R 2 SRR A0 AN L= tH A NNV & sy S w1
TAANMIR] DA IR e b AR IR IR R AL OFE A i 7
A, T3S PR Z L (quasi-normal cell) AT g FE FEIE AL
wrvE, I AR, IR L ARl R R
AT IR R A R AR L R N B e RS AR
H I A B G 3 7 I Ab A5 B B TR B . XAl s rT AR
PAEDNA K3 s A4 K- b, DA 0 i 240 P 25
FUASAR O B T IR R B i R 2 . RHR S s 1 K
AR 55 T R I e o e e 240 JL A= 2 e
L1 KRS R 4 S R O3 Brastianos S5 G 1
86151 Py i 2% 9 ke S SFCRH DC TR P i A P R DRI 20
GEAR T KL R $2 D1 47E 53 (copy number variations, CNV) , il
A& 1 A I - 20 M 43 %1 (cancer cell fraction, CCF) ,
B3 Aok A 000 1 2 A8 o 3 1 2 DL DUESOR A 3 4 L 2 ]
[ ), fifizs R I A A AR, 5 L B, SR ki
Rkt 5 5k et e At B SR T R — AL 2, P A4 )e
TN TR [FEF, AT A B, RN 2 Akt e
A0 ve b = AL [ o HoA R — R ANFHSCHIEFE (B2
LR DL 6 1) L E S B B o kB R 4 5 i
Jb 2Z [ A AEVE AN A AZ 1T RS 5+ (single nucleotide variation,
SNV) | CNV, @5, " G55 03 A 7 TRy 284k, X s gk
PRI PR R0 2800 e 22 R MR 53 s AT AL . A AR T
LA ARG R AE T RE (FR1) , FEARo0 A RE 1 IR i 4 22
JALH 2,

W58 3K — R G AR AL XS L A AL A W] A i 2 7%
REIRIT SR AT AR AR IO A R B, 1E86
151 e 92 i 26 A% 1) KR R, 29 S 09 1R S5 i B8 i kP G
NG R FAVRYT R SR 578 IR B A R 32 142

(human epidermal growth factor receptor-2, HER2) | i
H K EF3Z1K (epidermal growth factor receptor, EGFR) |

BRAF S AKT 4§ JE Rl 545, i ik 4 5 R 7E it & A IF R
PR H o HeAh, TR Bk 5 A5 kP A HER 1 2 HER2
FYCNVEAL S5 & o kA BT g An, TR 252K (estrogen
receptor, ER) . @{Eﬁ[%ﬁﬁi (progesterone receptor, PR) 5;‘-?
PR SZARIICNVEC g [RIRERY, B4 40 A
[ -F-5Z1K (fibroblast growth factor receptor, EGFR) #/"4# |
BRAFJ NRASHA i 58 715 45 PR 25028t ] LATE fik 5 A% g
SRl OT TR

L.2 R A E R AL 7 b isUs

1.2.1 HSAL Park®ECINt bl 7RG I HRES L
ol 24 JL e 7 AR B 5 % 5 B TS e A5 7 e g 4 i 4
DRI 20 FR B ALK, At % B 5% % 58 B TCF4 , PURB
ONECUT2, ESRRG, NFIB}; MEF2C%— Z 41| s 1
H AL AKCEA B 22 5, JEHJETCR4X— M KB M
SRR S DR P AR S R IR, TR PR s e A 5 e I
F 9 ek 14 o 240 e+ R Y R R 22 1638 . Mlarzese %52
[ A UL 58 381) N PR €8 2 3 M e A% i k5 P o e A FR
AT —B:, angitish 2 Fp 3L IR 9 % 5 7 /- HOX K
T R 53 HOX D9 JE [K] i 2 - X [a] H 38 Ak /K7 B g 3
SRS R R OGS R A el AR o TAE LR g i e B o
GALNT9, CCDC8 % BNC14¢ 3L [Fl i F JE Ak 7K WU B 5t 45
JUR K3 s, TAARSINITER b R LR TG aa g A i ) 1= 2%
AESIY, DRI, CNSHA MR AR I AL KPR, T RS2
5 | R R A AR SR TR 22—, (R T S A B Rl 25 523K
TR 06 4 P 5 D 7 A 2 g DR o o 5 4 s

1.2.2 miRNA miRNAZKEZA19 bp-25 bpfy/hrT-IF
RS RNA, i TRE S mRNAZES I, B i s 400 i AH 1 70
mRNA, MM FE R FR ik, 3T AR S i 7 O 4 iE 52
TmiRNAJE 5 5% J5 5200 35 11 L3R 18 R R Z—. Zhao
25 D203 3o L 50 95 R 5 T 0 k5 0 2 B ik miR NA
HE, G —2H F A miRNA{ImiR-145 | miR-214 , miR-9
FemiR-1471%, FEH A, ABAT & B LI miR-145 K J& 7K1
A, MimiR-1450 T P8 REfE i il AS49 K SPC-ALl
A AR IG S . BEAERFE YR, miR-145HE T 2 5
c-Myc, EGFR, NUDTIZKJENT, 500 fili s 240 At 1 384
F SR8 . miR-14SFK R H 75— 8 SimiR-145-Sp L 7E il
i B F 2 TR S R U, PRIIL R T R IFEGFR OCT-4,
MUC-1, ¢-MYC, TPDS2[} R IL 7K F-, TMimiR-145-Sp [ i j&
TS shIX ] LA B 30 miR-2005 75 AmiR-141-3p &
miR-200b-3p7E fili F& F8 gkt rhtn 4 S e kb S B3, i
THZEB2F Ik, SR A AE | 1222 hE 10,
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530 B A 1 bl i B S I T WISNAP2S | SNAPI1 K
BSNZEER /K- 3w . [RIRERY, 7 N FURRIa A 5 B okt
At & BHly- 24 5L T R (y-aminobutyric acid, GABA) IR
INGABASZ A | GABAM 1 Jilf 45 3 154 55, MM e 240
JRELECNS A FIGABAMEA T4 FI i 3577 MiiNygaard
SRS S PR, A B0 BRI R R RS R, SRR
AR 518 15 5 HE FIGRIA2 . GRM4 K BSN kA, {2
HETIREANER A K BeAh, AT SR R HCNS 7%
ity v 5 SR A R T, T FLARAR B il At AR R = 2Rk

® 1 B FELEDEAREEN T

Tab 1 Gene profile changes in brain metastases

neuroserpiniX—FfI 8 JURFAIE TR LT I [ Tis P 4
F, DT 398 k£ Vs Tl O R T AP . X R A AT RE IS T
SRR AT 2 T A E AT B A, FEEh L
RIS 0 I R B SRR RS R, I an
MISRAGFHE LR 28 SORAMERT BE T 1 5 TP X RSO R AR
ffo

L4 iRt g A A AR CNSIIAIE S, i
Ui TR RS, P, HARSR  ftReh i e e .
T 1M1 5% ( Blood Brain Barrier, BBB) [ /7-7E, CNS|a] /Fi%]
R M RO PEAIG, (B Se 2R | 40 IR A 5 5 R 5 S Hie
IR RAS R e

Authors Tumor and case Matched brain Gene profiles Implication
number metastasis
Ding L, 20100 Breast cancer: 1 1 SNV: NRK, PTPRJ, WWTR1 SNV missense mutation;
CNV: 80.65% overlaps 19.35% of CNV difference
Brastianos PK, 2015@! Lung cancer: 38 86 Mutation: CDK, MCL1 Cell cycle proteins;
Breast cancer: 21 Mutation: PI3K/AKT/MTOR/PTEN; PI3K/AKT/mTOR pathway;
Renal carcinoma: 10 HER2, EGFR, BRAF, MEK; HER family;
Others: 17 RAF/MEK/ERK pathway;
Bollig-Fischer A, 20151"2 Breast cancer: 10 4 Amplification: HER2 HER family
Arai T, 1994131 Lung cancer: 6 1 Amplification: HER2, EGFR HER family
Gastric cancer: 2
Esophageal cancer: 1
Breast cancer: 1
Chen G, 2014 Melanoma: 74 30 CNV: generally identical CNV and hot spot mutations:
BRAF, NRAS, CTNNBT hot spot generally identical
mutation: identical
Lo Nigro C, 20121 Breast cancer: 23 23 Mutation: TP53 Anti-oncogene mutation
Wikman H, 20120 Breast cancer: 128 15 PTEN loss PI3K/AKT/mTOR pathway
Gaedcke J, 200717 Breast cancer: 129 HER pathway;
85 CNV: Gain: EGFR, HER2
Loss: ER, PR Estrogen and progesterone
receptors
Li F, 2015120 Lung cancer: 1 1 CNV: Gain: 1p33-p34, 1922, 5p13, CNV Gain: leukocyte migration
14q11 and organ development;
Loss: 3p, 4931, 5q, 11p15, Xp21-22  CNV Loss: proteolysis, negative
, Xq21 regulation of cell proliferation
and cell adhesion
Preusser M, 20140 Lung cancer: 175 175 Amplification: FGFR1 FGF/FGFR pathway;

EGFR: epidermal growth factor receptor; HER2: human epidermalgrowth factor receptor-2; ER: estrogen receptor; PR: progesterone receptor;

FGFR1: fibroblast growth factor receptor 1; PI3K/AKT/mTOR: phosphatidylinositol-3-kinase/protein kinase B/mammalian target of Rapamycin; CNV:
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HHXS T R e % 15 2% | S BRASE, AAT TR CNSHrji
RN AR BT I D, Chen®E PR 1L T i A5
55 e R AR R 114 e A M RE AR G BE R A 1Y
K, AT A B, ANTR] T8 UL A e 2 2 e 22 AR G 4R
R, CNSHA IR A —RIR G ER-E AL AL IR R, IF
PEAT IR AN M BRI IR AR A E AL, FF AT RS AL A5 T
P 6 240 L X e AT A AT 241 4 D -2- 58 4 20 T A T
2l Chen% ! % B A7 CNS 5 B e P 11 7L A 41 e ek
B 32 BE T B B 58, R8T 2 AT AR
It U | P R M S LA ) P PR A R Y S i ad Sk

AR AR T TAT, Chen B 0 i RS A58 AU v 2l 4y 46
BRI TR B A AL AR S R B B e B IR T s, TG
FUIBRIE IR F 2 U R, St ARG -1 R
PR 5 U IR 7K A S AR A o, 3R /RN A ikt
HBR A B A3 A R TR

2 PMERIRIRE R RERME

IR 2 T g A PRI A 0 T LA 2 40 2 R
OHABBB. LA 5, 2 AP 5 @iz
IR AR . I 20 5 e AL, /DM S 4 L e Y ) e
() G2 I AR 617 D= AT S AN A5 e v LY, T
B LTI AN K /DG B TR AN ; @ #63ACXCL-128
neuroserpin[zg]\ neutropinm%CNS%:‘E’I’&"EI’J%?O TN
TP X e fi e i 47 Ao R 1 €2 B AT A7 AE
R, BRSO R A, LR AR S B e 4
JEs S PRSP CNS (BRI B S Ao 4 e 240 PO 450 s 4
VAT ARG | 12 2% RS BE 1, (R AR g P B R
T 2 o 3- MR T Tl sy e f P A L ) U T,
ANFIF MR A A A T T, FAl TR A BUC NS TR 4%
T3 R H5 P AR LR LA AR Pt N IR P58 X e 240
JERaPEHI
2.1 BRI BIEHTAINE (astrocyte, AST) JECNS
HRER I 22 T A M o AR . ASTHESZ B A B A]
s, B FETHIER, HEREEAST AL AR L
TR 4Tt A (glial fibrillary acidic protein, GFAP) ik
W . ASTHAT SCRpM 22 a0l B SR P 4L 4EHFCNS
RS | AL I o e B SR TN RE, TR RETE M RELZ RIS
EEMEIZAER] . 10 CNS RS ey f B 2H 73, ASTTE
PR R ok T B 3 E P

AST A S T 05 22 ol 2 i DR~ 532 o 9 40 e ) 184

B 252 RS RE ST A HIESY K BLAST ALl 1 /s i I 4
FEAMF2 (matrix metalloprotein 2, MMP2) & MMP9, 155/
T 20 M S T A o PR B SR o, 2 e A M e 422 28 SR 7%
A1, MMP S R A f B A A I —,
B TR SRR B A A B o | (e R 22N RE 2 Ah, MMP2
N MMPOU] 3 1o #1574 AL A K [F T (transforming growth
factor-B, TGE-B) WM AE K, i 10 VEGFIH 5 M4 A B,
SEIREN, MG B I R AR R B MM P2 26 1K P Y
i DA 2 A i R 1) SR T B A A T R A R R G
R R T B, AST AT 7E B R AR T r2E B
4123 (interleukin-3, IL-3) , CD40L , CXCLI2 X IFN-y%5%
AR 5, FEATL-23 IS R 0 A MIMP-2, AT
R PR AN R Y PR AN I S A S T 3k A0 R 7 R 2%
A EAEFIPLHIE AR & 2420, AR, CNSHE
?Eﬂﬁﬂﬁéﬁ@ﬂﬁéﬂﬁlﬂ@ﬁ%?ﬂlfﬁﬂ? (maCl‘Ophage migration
inhibitory factor, MIF ) | IL-8 5 £V Jiff [ 16 4 40 ol IRl -1
(plasminogen activator inhibitor-1, PAI-1) J#{}GAST, &A%
ASTX A[/IAIL-6 |, IR FER F-a (tumor necrosis factor-a,
TNF-a) X IL-1B4E $E M 4 A i 14 4, {HIL-6RFIREA
JIE Y, X Sierra 2 A 4322 5. BRI, ASTRR
2 e Al A 2 Ab, A B SR SEAS T X 58 43 1) g
A A AR T B RIVE ], FE2EHLHRITE T CNSH£F%
A A ASTARLIE | A Fas LIS V& A 730 Y ) Fas Ly | & i
RN
BB — U7 W, AST A SN A 5 R 2 i
Rl IE, SNBRN SRR miRNA (22 miR-192) A7
iR A A "EPTENR R IR 2R, b — A5 L PI3K/AKT/
mT ORGH ¥, & {7 J) 7 20 g 43 Wb Ak K 72 (chemokine
ligand 2, CCL2) , ZFAEIBA-1R IR BELEANNT, AATTAE fef i
TR, X R S e A AECNSHY, S 2 S5 i AR
KL EAMA (cancer associated fibroblast, CAF) FL3% 373k
PG o XA B SCAE T ] LAAR G- fige A ki 2% 7% 4
AR 2 AR S E R PTEN YRR I, MAIT 5 (2 PI3K/
AKT/mTORf 53 18 BETE A ask— IG5 S AcSe:
YA ANEAR 240 nm-100 nm P/ NEEV,, AT IR ARG | Pl
L, ThK L A R bR AR M S AR ML A, T AT 2R
HA D, HEEN S HENT, miRNA, mRNA, 55
LG PPNy, AF R AR AP RS 25 A6 T 2 S AR 2 [)
Fo AR, TEMR A TR AL, He A8 A R ) 1 A
FHSS AN A R PR P AR Ay e g A 5 L B A %
AHEAEFIR A, SEMEZ IR AN A AR, X BN
R ISR Bt — BB T AL SIR TARZ R, b
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DA R ol Bt 5 AT S R TR 5 A 2

ASTIE B AR I 20 S 32 A 7 25 W A s FH
T AR BILH AT RER AL TAST 5 MR ALY B i
e la B e s (gap joint communication, GJC) EAVEFM,
{EREF AL ANRE R BRI P ASTS AR AN
a2 e 5, AHAIRIAYHE 7 343 (connexin 43) FIGJCAE:
AT SR RN S T A0S T 2016 S A0 A T ik
b, AST 5 I 40 0 049 B 4 flh T 52 £ Jev 98 240 J 23 AT L -6
JIL-8, fifFAST = N2 21 (endothelin 1, ET1) , ET15
JirJed 4 i R PN 2 22524 (endothelin receptor, ETR) whz
Jo ARG AKT M MAPKE & 520 N BCL2L1, TWIST1 K
GSTASF R FHAF A S 32 1k T 254 S =, 2Ly,
Murphy%‘rfBg]}ﬂ'ﬁ'{ﬁf)’ﬂconnexin 430 3@ 1 HE L AKT/AMPK/
mTORSE 5 1 P75 T 1 R o Sk i it 24 . (Hb Ay
F 7, SEALIRANIE =2 IR 5D RE i F connexin 4322 (1Y
15 38 R ALY T 25 AN BRI, HEI GICRT ML 336
FLe/ NGy B R AN T Ry UL, R 4
IIERER | IR 24 5 IR A L = (R RR 2 G CAF 5 4 F
A LA IR 2 M PEC NS A5 Gl e I XAy SR B2, BHL
WrEl s b GICZ A (5 S 15 5, X TRy T 25 W8 R mT
REAT—E Il AR 5L o

ASTHE R IR EE Y — A SR 3R, 7T 55 e 20 B A
HAEM G I o WA R D 2K R N A AR S
Z PR A W I ) R A R AR AT, W 2 ]
YERIME8 S 4%, TR HLE v A S8 B, W58 E—
f R,
2.2 /NEESSTAN AL/ EL VR ML IEH I CNSERZ kT 4 B
W 200 6 553 AL 1 22 200 AT L P bk LA T, /MG S 4
TECNSHLYE S NP 1 S F 6 /MBS B 4 i) T B
Y-EEAME RS, BOE R R MEL B S Fhr ks
SR ANE I Y LR A AR X Gy, i S A AR 1 S A S
B3RW, RSO b (/N S AR/ B W 2R 22 R DT
PEER A AL B AL, SN IS Y /NS B 20 A 2
B R, AR SRR CNS H BT /N T 40
PR /M AN/ A

Yo% R GEAE I K e R R A A R LA
iR P A I R T T B R, BIM S M2 B,
M2 LAY B AT I AR AT CD163 & CD204, i i 7
IhArginase, IL-10, J§Z M (lipopolysaccharide, LPS) Tk
?y (interferon-y, IFN-y) M A ?-ﬁl (transforming
growth factor-p1, TGF-B1) ZE4M g A7 HE b A, T
MBI Rk 5 A —E L A5 W (inducible nitric oxide

synthase, iNOS) , A IL-1, IL-12 . NO, TNF-a, AR
GilREANIAE R " Wei S IR 171N JE 40/ v A
TERE B B E , VIS B At A/ B g At b A b A VR R
] M2 A, FEAT 5 R AN AR BRI i e 4
P AR 2 K il A B, (R HAEERY R BIAE MR CD8” T4H
Jifi . ADCC S /b i M1 R 20 L B A X LA T, /s
JE o AR L/ FE 2 M oA CNS P 2 T e i Ay sl 22—,
FFT e I e o o v M S 2 L/ FE s A A b 2 7 R Ly
HLHIXT BB CNS i R S8 S Mg A 2 (8] 0¢ A 4 B
MR Lo

SIS R, LPSHIBOE /NI BT A f, o L )
M1#S3AL, FF53 WANO Ko TNF-a %5 4 L PR - 4% 43 e 4
LMY SR, AT BE /I SR AN A 1 % b T T A
g A AR ) S b, A 9 i 2 B 14 B ZH 4L
JUAE IR 1 Sl =26 1K INOS,, fHTNF-a e ik f FAIE, [
LRI Z ) T2 B — 2R A IBA- 1A/ VI 4 i / B W
A, X FRBAFE MR FE RS R AL R RIER AL, /NI ST A AT
RN BN RESY, B 22 BRI T4 i
/ELWEAR LA B 57 S SR BE A o BR T LR M S M2
A ZAb, A5 L A T P /DM BT 4t e el
IH AR 2R A Wt B fb 3 P, (e 2L A iR 28 S
HR SR R F FRietkotter RS, fibfi] % BLA
(] 4] ) B/ LR A M, /DN o A4 5 e A
K R ZBERIF A CSE- 11 30E 1

ZINREE JB 240 L/ 15 W 240 LA k2 7% i SR TR AR £k S A
KM A 8225 1, LL/NBE ST 20 I/ W 40 Jf A3 i A
TRYT IR PSS T I T S e T USRI 2
B A A S 50 3R W P s ke J 1R T £ CINS /) 2 J5 4
T/ 5 W T 6 A 2 TR A A A P 422 P FREY 1]
S A 1l A ARk A PP s R gt R T DA 0/ L i R A
JRUBSE ™, Itk A T3 I 2 s o 2 T Bl 2 AL DG S 6 4 1
PRUEE , 75 23 3 — 25 01l R 3 30 11 S 45 Bt /)it BT 4
L/ B WA B 7 e ik e B R R
2.3 RSB HUNGE MR AR BT 7 R AL, TR as
TE P28 240 i 2 B8 AL R A= Dy T B F B AR o i B
4 SRR g BRLE TR 5 s 98 240 A 22 A e i A 1 I
FEl7S umZe A, PR B THUMAE 100 pm (1 JI0eE 4 fL 22 T0 LA AE,
KienastZE 7 ot 58 5 /18 Bt 1 3 0 466 A A 00 e i A f
PR iz, S5 IS A8 732 0 i 4 e G — i S hER
FEAET, FidlerZ5 ™7 S B 54685 bR i e LA~
45 %8 (mean vessel density, MVD) {ik, (HA 2 50§
A TERE IR
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VEGF 2 I T WA S DR 7, By se e e 2
UEBH 7 7R I e B i A i B b, VEGF 2 0 21 E 5
SR AR RN R L VEGE A4 5 &
ke, HSHUME %) (microvessel density, MVD) i 1FAH
Ko BRAEIMAT A= 22 1, VEGF IR n] AT S i 4% B ad At ep
o ORI AR, A2 08 FL B B R 7 T
SR 3 B e T DU AR e BT T AT 2 AR {0 8 50
Rt ITE L, HOIOFAIE R CNSH M XUK: o RT3
T A AT A 32 HoA R R4, it ki 2 7% 319
SEG R, RS A I VEGERA] DA+ BT VEGE S i A4S
BIRE T, (E 0P B AT 4 4 A= 4 HF (basic fibroblast
growth factor, bBFGF) ({5 31k, Mg trfipd -3 A iz 7,
2.4 BBB BBB 2 i 4 i 2 nfd fiki e B o k- i Se HE fk ) —
ANGERE), FH R I PN R A B 2 ) ) SR e 4 L R
ASTHIR A B DL T, BBBEATHERFCNSFAARHY
e, X259 . B R BT A R /ER . BBBSE
N A 447 OC R BBB Y K i 4, K % % 5
EEA AR E AR, B RE A b EFEN (occludin) |
BedEgh i+ (junctional adhesion molecules, JAMS) &y
%R Fclaudin (BBB | 3% A claudin-S) 2H A, #4544
I 22 ) ) L 3 s ] L 1 D A1 7 B e A
LG B/NF (zonula occluden, ZO) M 22 4R L5 25 145
A& M (afadin) 58, AI4EREBBBRUE ML, S5
UVTIZEHA, Zo Rl bR 0 MO Bk 3 RE VR B 5 BBB, HL & B
HARKT0.25 mm i e fili 5% B Ao N PR X BBB ) 58
Z B AN ERRBE A REIR . MR A i 2 5 BBB X [] S T L
i gkt A S — 20, A H R RARBL AR 58 2 T
UG 71 B os 45 7038 3 B A G 7 % o L5 D 40 i R IR 3 3K 2
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