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Supplementary Figure 1: Kaplan-Meier survival of mice bearing DF-BM354 and DF-
BM355 primary grafts (P0). Fresh human HER2-positive breast cancer brain metastases DF-
BM354 and DF-BM355 were dissociated and intracranially injected into female SCID mice (n =

5 mice per group).
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Supplementary Figure 2: Selective response of HER2-positive PDX DF-BM355 to the

combination of BKM120/RADO001. (a) Left, representative bioluminescence imaging analysis



of mice bearing DF-BM355 tumors at week 0 and week 5 after treatment with vehicle control
(n = 6), Lapatinib (n = 3), BKM120 (n = 6), or combined Lapatinib with BKM120 (n = 6).
Right, quantification of bioluminescence for the brain region of interest (ROI) for the indicated
treatment. mean =+ s.d., n = 3—6 female SCID mice per group. (b) Kaplan-Meier survival of mice
bearing DF-BM355 treated with vehicle control (black, n» = 7), BKM120 (red, PO, 30
mg/kg, QD, n = 7), Lapatinib (blue, PO, 100 mg/kg, n = 5), BKM120 + Lapatinib (BKM +
LAP, brown, n = 7). (¢) Western blot analysis of lysates from vehicle-treated or BKM120-
treated DF-BM355 in vivo. Bar graph represents mean + s.d. of western blot quantification of
pAKT®*/AKT (n = 4, **P < 0.01, Student’s t-test). (d) IHC analyses of pS6RP and p4EBP on
DF-BM355 tumors with vehicle, BKM120 (PO 30 mg/kg, QD), LAP (PO 100 mg/kg, QD) or
BKM120 + LAP. Scale bars = 25 pm (left) and 100 pm (right). (e) Kaplan-Meier survival of
mice bearing DF-BM355 treated with vehicle control (black, n = 9), RADO00O1 (blue, PO 7.5
mg/kg, QD, n = 7), or Lapatinib + RADOO1 (brown, n = 9). (f) Quantification of
bioluminescence for the brain region of interest (ROI) for the indicated treatment. mean + s.d., n

= 4-5 female SCID mice per group, **P < 0.01.
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Supplementary Figure 3: The combination of BKM120/MEK162 has little effect on DF-

BM354 tumor growth. (a) Western blot analysis of PI3K/mTOR/MAPK signaling in DF-

BM354 compared to DF-BM355. (b) Top, representative bioluminescence imaging analysis of

DF-BM354 before (week 0) and after (week 5) treatment with indicated compounds. n = 3-4.

Bottom, quantification of bioluminescence for the brain region of interest (ROI) for the indicated



treatment. (¢) Kaplan-Meier survival of mice treated with BKM120 (red, PO, 30 mg/kg, QD),
MEK162 (blue, PO, 15 mg/kg), BKM120 + MEK162 (brown), or vehicle control (black). n= 5.
(d) Western blot analysis of lysates from DF-BM354 tumors treated with vehicle, BKM120,

MEK162, or BKM120/MEK162 in vivo.
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Supplementary Figure 4: The combination of BKM120/JQ1 has little effect on DF-BM355
tumor growth. Mice bearing DF-BM355 tumors were treated with JQI (red, IP, 100 mg/kg,
QD), JQ1 + BKM120 (blue), or vehicle control (black). The tumor burden is represented by

quantification of bioluminescence induction for the brain region of interest (ROI). n = 5-6.



%, 1t _Hs

o
2,
»wmnmﬁs‘omsosmfo

() 2904 () ¢ osedsed poazold

WIS WY O

%

&

L ‘}
&
DF-BM463
BKM + RAD

&

%,
“y
',

w\afv 2 & m.fu

BKM + RAD

¢-aseds
paAes|D

DF-BM354

Control

B

‘ | m.mw.mmmmw,
dy9sd  |dg3ayd L9 paAEer

o N <t
4 s,
e,

000F 080€ 0012 oSt 00T mll..lml.....-lﬁ..l..la % -
II|rI§ (9 0y dy9sd ldg3vd

Q

Time
(week)

N
h

BKM + RAD

BKM + RAD

DF-BM463

Control

DF-BM590

Conrol

Yo

DF-BM507

Control

BKM + RAD

dy9sd

50 .m ;

BKM + RAD

dy9sd

Ldg3yd

BCBM PDXs to the

ive

Differential responses of HER2-posit

Supplementary Figure 5

combination of BKM120/RADO001. (a) Representative bioluminescence imaging analysis of



DF-BM354 before (wk -2 and wk 0) and after (wk 2 and wk 4) treatment with combined
BKM120 and RADO0O1 (BKM120, PO 30 mg/kg, QD; RADO001, PO 7.5mg/kg, QD) (top) and
quantification of bioluminescence for the brain region of interest (ROI) for the indicated
treatment (bottom). (mean = s.d., n =3-5, **P < (.01, Student’s #-test). (b) IHC analyses of DF-
BM354 tumors harvested from tumor bearing mice treated for 4 days with vehicle or BKM120 +
RADO0O1 with indicated antibodies (scale bars = 25 pum). Graphs represent mean + s.d. (¥*P <
0.05, **P < 0.01, one-way ANOVA followed by Dunnett’s test). (¢, d) IHC analyses of DF-
BM463 tumors harvested from tumor bearing mice treated for 4 days with vehicle or BKM120 +
RADO0O01 with indicated antibodies (¢, scale bar = 50 um; d, scale bar = 25 pm). Graphs represent
mean =+ s.d. (**P <0.01, Student’s t-test). (e) IHC analyses of DF-BM507 tumors harvested from
tumor bearing mice treated 4 days with vehicle or BKM120 + RADO001 with indicated antibodies
(scale bars = 100 pum). Graphs represent mean = s.d.. (f) IHC analyses of DF-BM590 tumors
treated with vehicle or BKM120 + RADOO1 with indicated antibodies (scale bars = 100 pum).

Graphs represent mean =+ s.d..
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Supplementary Figure 6: Genome-wide DNA CNVs in HER2-positive BCBM PDXs

analyzed by WES.
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Supplementary Figure 7

from patient to mouse. (a) Patterns of genome-wide DNA copy number variations in DF-

BM463, DF-BM507 and DF-BM590 PDXs and their matched patient tumors. (b) Mutational

profiling of a panel of DNA repair genes in DF-BM463, DF-BM507 and DF-BM590 PDXs and

their matched patient tumors.



Supplementary Table 1: Summary of histological and immunophenotypic analysis of five

HER2-positive BCBM PDX models

DF-BM# HER2 ER PR PTEN
354 +++ - - -
355 +++ + - -
463 +++ + - -
507 +++ - - -
590 +++ - - -




Supplementary Table 2: The treatment histories of HER2-positive BCBM patients who

contributed their specimens to the derivation of PDXs

Target

Hormone

capecitabine

Ch th Radiati
therapy emotherapy therapy adiation
2 separate episodes of
DF-BM354 | trastuzumab vinorelbine none stereotactic radiation to
donor metastasis
taxol whole brain
DF-BM355 | trastuzumab e none radiotherapy,
capecitabine . L
stereotactic radiation
doxorubicin,
DF-BM463 | trastuzumab | cyclophosphamide, tamoxifen none
paclitaxel
doxorubicin,
trastuz.urrlab, cyclopho.sphamlde, Whole Brain
DF-BM507 lapatinib, paclitaxel, none .
- ) . Radiotherapy
neratinib vinorelbine,
capecitabine
doxorubicin,
trastuz.urrlab, cyclopho.sphamlde, Whole Brain
DF-BM590 lapatinib, paclitaxel, none .
- . Radiotherapy
neratinib carboplatin,




Supplementary Table 3: A list of mutations in DNA repair genes found in DF-BM507 and

DF-BMS590

sample

DF-BM507
DF-BM507

DF-BM507

DF-BM507
DF-BM507
DF-BM507
DF-BM507
DF-BM507
DF-BM590
DF-BM590
DF-BM590
DF-BM590
DF-BM590

DF-BM590

DF-BM590
DF-BM590
DF-BM590
DF-BM590
DF-BM590
DF-BM590

DF-BM590

DF-BM590
DF-BM590
DF-BM590
DF-BM590
DF-BM590
DF-BM590

gene

ATM
XRCC6BP1

NEIL3

MSH3
NEIL3
PRKDC
RAD18
RPAL

ATM
BRCA1
BRCA1

ATR
PMS2

APEX1|TME
M558
BRCAL
BRCA1
BRCA2
BRCA2
BRIPL
ERCCE

ERCC6|PGB

D3|ERCCE-

PGBD3|ERC

C6-PGBD3
PARP2
PRKDC

RAD23B

RADSAL
TOP38
XRCC3

locus

chr11:108175462
chr12:58335626

chr4:178274835

chr5:80168937
chr4:178274750
chr8:48841708
chr3:8955389
chr17:1782952
chr11:108175462
chr17:41244000
chr17:41244936
chr3:142178144
chr7:6026942

chr14:20925154

chr17:41223094
chr17:41244435
chr13:32906480
chr13:32911463
chr17:59763347
chr10:50680422

chr10:50732139

chr14:20819232
chr8:48710955
chr9:110084328
chr1:46725684
chr22:22318364
chr14:104169515

type

SNV
SNV

SNV

SNV
SNV
SNV
SNV
SNV
SNV
SNV
SNV
SNV
SNV

SNV

SNV
SNV
SNV
SNV
SNV
SNV

SNV

SNV
SNV
SNV
SNV
SNV
SNV

yellow highlight for COSMIC mutation

ref

AOrPPPrPA4 4 00O H4AO0>PO00N00 > >0

o

000 o0>»0

length

R

L I e e e S S e

N SR SR S

R e e

geno covera allele_co

type

G/A
AT

c/c

A/A
T
G/A
T
G/G
A/A
c/c
A/A
c/T
G/T

T/G6

c/c
c/c
c/c
6/6
G/G
o

c/r

G/A
AlG
o
G/A
G/A
c/A

ge

99
64

78

26
76
152
70
72
70
80
36
71
293

158

81
26
73
51
161
139

41

301

verage

68,31
36,28

2,76

0,26
0,76
46,106
0,70
0,72
0,70
4,76
0,36
37,34
135,158

83,75

6,75
2,24
2,71
0,51
0,161
72,67

18,23

78,95
124,229
78,315
61,27
41,58
156,145

transcript

NM_000051.3
NM_033276.2

NM_018248.2

NM_002439.4
NM_018248.2
NM_006904.6
NM_020165.3
NM_002945.3
NM_000051.3
NM_007300.3
NM_007300.3
NM_001184.3
NM_000535.5

NM_001244249.1|

NM_007300.3
NM_007300.3
NM_000059.3
NM_000059.3
NM_032043.2
NM_000124.3

NM_000124.3|NM

_170753.3|NM_00

1277058.1|NM_00

1277059.1
NM_005484.3
NM_006904.6
NM_002874.4
NM_001142548.1
NM_003935.4
NM_001100118.1

location

exonic
exonic

exonic

exonic
exonic
exonic
exonic
exonic
exonic
exonic
exonic
exonic
exonic

exonic|do
NM_001100814.2 wnstream

exonic
exonic
exonic
exonic
exonic
exonic

xonic

exonic
exonic
exonic
exonic
exonic
exonic

function.

missense
missense

missense

missense
missense
missense
missense
missense
missense
missense
missense
missense
missense

missense |

missense
missense
missense
missense
missense
missense

missense |

missense

missense
missense
missense
missense
missense
missense

codon

AAT
TGC

GAG|

GGT
GGA
CAT
GAC
CcA
CAA

exonic|utr_ missense|| GAT||
5|exonic|e

GAT|

protein

p.Asp1853Asn
p.Ser48Cys

p.GIn471His

p.Ala1045Thr
p.Prod43Leu
p.Pro695Ser
p.Arg302GIn
p.Thr351Ala
p.Asp1853Asn
p.Lys1183Arg
p.Pro871Leu
p.Arg2425GIn
p.Thrd85Lys

p.Asp148Glu|

p.Ser1634Gly
p.Glu1038Gly
p-Asn289His
p.Asn991Asp
p.Ser919Pro
p.Arg975GIn

p.Gly446Asp| |
p.Glyd46Asp |
p.Gly446Asp

p.Val163Met
p.1le3433Thr
p.Ala249val
p.Argl07GIn
p.Arg379Trp
p.Asp186Tyr

coding

€.5557G>A
C.142A5T

€.1413A>C

€.3133G>A
€.1328C>T
€.2083C>T
€.905G>A
¢.1051A>G
€.5557G>A
€.3548A>G
€.26120T
€.7274G>A
€.1454C5A

€.444T>G|

¢.4900A>G
¢.3113A>G
€.865A>C
€.2971A>G
€.2755T>C
€.2924G>A

€.1337G>A|

normal
izedAlt

Q@ 44>0P>04>4> O 4>

4“0 60000

|c.1337G>A T||T|T

|c1337G>A

c.487G>A
€.10300T>C
c.746C>T
€.320G>A
€.1135CT
€.556G>T

PP 40>

cosmic

41596
431609

1428751:

1131168

41596

148277
148278
149485
150232

blood_g blood_c
enotype overage

G/G

/.
G/

c/c

G/G
A/A
A
G/G
G/G

44
86

85

91
93
13
6
192
16
63
18
4
83

66

29
33
81
79
44
24

56

86

69

15

75

48
110

blood_all

ele_cover
age
44,0
86,0

85,0

91,0
93,0
13,0
51
192,0
16,0
63,0
18,0
4,0
82,0

66,0

29,0
33,0
81,0
79,0
44,0
24,0

57,0

86,0
69,0
15,0
76,0

111,0



Supplementary Table 4: A list of mutations in DNA repair genes found in patient brain

metastatic tumors of DF-BM507 and DF-BM590

lengt cover allele_cov N N N N N normali . blood_geno blood_c blood_allele
patient gene locus type ref geno transcript location function.  codon protein coding cosmic
h type age erage zedAlt type.l  overage _coverage
MNS07 ATM chr11:108175462 SNV G 1 G/A 140 97,43 NM_000051.3 exonic missense AAT  p.Aspl853Asn c.5557G>A A 41596 G/G 44 44,0
MN507 XRCC6BP1  chr12:58335626 SNV A 1 A/T 494 350,144 NM_033276.2 exonic missense TGC p.Serd8Cys  c.142A>T T 431609 A/A 85 85,0
MNS07 NEIL3 chr4:178274835 SNV A 1 C/C 62 1,61 NM_018248.2 exonic missense CAC  p.GIn471His ¢.1413A>C c 11143218176581 AA 86 86,0

NM_177417.2|NM_ downstrea

MNSO7 KLC3|ERCC2 chr19:45854919 SNV T 1 T/G 132 6963 “ |missense  |CAG |plys751GIn |c.2251AC |G o 93 92,0
000400.3 m|exonic
MNSO7 MPG|NPRL3 chrl6:135414 SNV G 1 G/A 130 60,70 ':::n-_o&l&l;;f;zz[ e"::;'::“ missense|  ATC|  p.Vali7alle| c520G>A| A /G a7 470
MNSO7  MSH3  chr5:80168937 SNV G 1 A/A 87 186 NM_002439.4  exonic  missense  ACA pAlal04SThr c3133G>A A /6 93 93,0
MN507 “’;f:::gsl” chr6:31708328 SNV C 1 C/T S8 1939 NM—;??:;ZTNR- e"°?c'j‘z"°" missense]  TCA|  p.Pro29ser] c85GT|  T| c/c 27 270
MNSO7  MSH6  chr2:48026045 SNV G 1 G/A 166 144,22  NM_000179.2  exonic  missense  GAC pGly308Asp c923G>A A /G 106 1060
MNSO7  NEIL3  chra:178262784 SNV A 1 A/G 138 101,37  NM_0182482  exonic  missense  CGT  p.His286Arg c8S7ASG G AA 00 1010
MN507  NEIL3  chr&:178274750 SNV C 1 T/T 73 172 NM_0182482  exonic  missense  CTA  pProdd3leu c1328GT T c/c 93 93,0
MNSO7 ~ PRKDC  chrg:48841708 SNV G 1 G/A 174 31,143  NM_0069046  exonic  missense  TCT  p.Prog9sSer c2083CT A / 13 130
MNS507 RAD18 chr3:8955389 SNV C 1 T/T 34 1,33 NM_020165.3 exonic missense CAA  p.Arg302GIn  c.905G>A T / 6 51
MNS07  RPA1  chr17:1782952 SNV A 1 A/G 146 27,119  NM_0029453  exonic  missense GCA  pThr35lAla 1051456 G A 190 1900
MNS507 SLK ¢hr10:105762591 G 1 G/A 69 45,24 NM_014720.2 exonic missense TAT  p.Cys552Tyr ¢.1655G>A A /. 23 23,0
MNSO7  SLK C 1 /6 95 5837  NM_0147202  exonic  missense  GGT  pAla658Gly c.1973C>G G / 1 11,0
MNS07  XRCC3 G 1 G/A 177 15621 NM_001100118.1 exonic  nonsense TAG  p.GIn1S8Ter c4720T A /G 279 2790
MNS90  ATM  chri1:108175462 SN\V. G 1 G/A 83 1271  NM_0000513  exonic  missense  AAT pAspl8S53Asn CSS57G>A A 41596 /. 17 17,0
MNS90  BRCA1  chr17:41244000 SNV T 1 T/C 94 1084  NM_007300.3  exonic  missense AGA plysl183Arg c3548A>G C 148277 /T 63 63,0
MNS90  BRCA1  chr17:41244936 SNV G 1 A/A 80 3,77 NM_0073003  exonic  missense  CTG pProg7lleu c2612CT A 148278 /. 18 180
MNS90  ATR  chr3:142178144 SNV C 1 C/T 8 4044  NM_0011843  exonic  missense  CAA pArg2425Gin c7274G>A T 149485 /. 4 40
MN590 PMS2 chr7:6026942 SNV G 1 G/T 299 139,160 NM_000535.5 exonic missense AAG  p.Thr485lys c.1454C>A T 150232 G/ 78 79,0
mnsoo APEKLITME  iio0os1sa s T 1 T/ 238 ose3 |M-001244240.11 ewonicldow Ll GaG| pAsplasGlu| c44aT>G| G o 65 65,0
M558 NM_001100814.2 nstream

MNS90  BRCA1  chr17:41223094 SNV T 1 T/C 134 5084  NM_0073003  exonic  missense  GGT pSerl634Gly c.4900A>G  C o 30 300
MNS90  BRCA1  chr17:41244435 SNV T 1 T/C 87 1968  NM_007300.3  exonic  missense GGA pGlul038Gly c3113A56  C i 34 340
MNS90  BRCA2  chr13:32906480 SNV A 1 A/C 52 646 NM_000059.3  exonic  missense  CAT  pAsn289His c865A>C  C A 87 87,0
MNS90  BRCA2  chr13:32011463 SNV A 1 A/G 72 1557  NM_000059.3  exonic  missense  GAC pAsn99lAsp c2971A>G G A 76 76,0
MNS90  BRIPL  chr17:59763347 SNV A 1 G/G 113 0113  NM_0320432  exonic  missense CCA  pSer9l9Pro c2755T>C G AA 6 46,0
MNS90  ERCC6  chri0:50680422 SNV C 1 C/T 170 8486  NM_0001243  exonic  missense  CAA  pArg975Gin c.2924G>A T 1. 23 230

?;i:il:?: T%;ggzﬂzr:; Ig::; exonic|utr_ missense| | GAT| |G p.Glydd6Asp| c.1337G>A|
MNS590 chr10:50732139 SNV C 1 C/T 46 21,25 - 5|exonic|ex missense|m |p.Gly446Asp |c.1337G>A T||T|T c/c 55 57,0

PGBD3|ERC 77058.1|NM_00127 ~ 1 1 eme | ATIGAT | atehsp [ 133700

C6-PGBD3 7059.1
MNS90  UG3  chr17:33320109 SNV C 1 C/T 104 7232  NM_0139753  exonic  missense  TIC  pSer887Phe c2660CT T c/c 65 65,0
MNS90  NTHLL  chrl6:2094653 SNV A 1 A/G 53 2625  NM_0025285  exonic  missense ACC  pllel76Thr c¢S527T>C G A 60 60,0
MNS90  PARP2  chrl4:20819232 SNV G 1 G/A 121 3586  NM_0054843  exonic  missense  ATG  pVall63Met c4S7G>A A /G 91 91,0
MNS90  POLL  chr10:103344589 SNV T 1 T/G 204 10698 NM_001174084.1  exonic  missense  CCC  pThr221Pro c661AC G o 17 170
MNS90  PRKDC  chrg:48710955 SNV A 1 A/G 109 6544  NM_0069046  exonic  missense  ACT  plle3433Thr c.10300T>C G A 72 72,0
MNS90  RAD23B  chr9:110084328 SNV C 1 C/T 340 68272  NM_0028744  exonic  missense  GIT  pAla249val c7460>T T 1. 15 150
MNS90  RADSAL  chr1:46725684 SNV G 1 G/A 134 7064 NM_001142548.1  exonic  missense CAG  pArgl07Gin c320GA A /G 76 76,0
MNS90  SMUGL  chr12:54577720 SNV G 1 G/A 146 122,24 NM_001243783.1  exonic  missense  CIC  pPro2leu  c¢SGT A /G 72 72,0
MNS90  TOP3B  chr22:22318364 SNV G 1 G/A 141 6279  NM_0039354  exonic  missense TGG pArg379Trp c1135CT A /G 52 52,0
MNS90  XRCC3  chr14:104169515 SNV C 1 C/A 270 189,81 NM_001100118.1  exonic  missense  TAT  pAspl86Tyr c5S6G>T A c/c 19 1200



Supplementary methods

In vivo treatment

JQ1 (James Bradner, DFCI/Harvard) was dissolved in DMSO and then diluted with 10%
cyclodextran. JQI was given at a final dose of 100 mg/kg body weight by i.p. injection
once/day. MEK162 was formulated in 1% carboxymethyl cellulose with 0.5% Tween80 and

daily delivered orally to mice at 15 mg/kg.

Western blot

Tumor samples were lysed and western blot analysis was performed as previously described'.
Antibodies against pAKT (S473) (Cell Signaling #4060), AKT (Cell Signaling #9272), HER2
(Calbiochem#OP15), EGFR (Cell Signaling #4267), p110a (Cell Signaling #4249), p110 (Cell
Signaling #3011), pMAPK (Cell Signaling #9101), MAPK (Cell Signaling #9102), pS6RP (Cell
Signaling #2211), S6RP (Cell Signaling #2217), Vinculin (Sigma#V9131), and a-Tubulin

(Sigma#T9026) were applied. Antibody validation is provided by the manufacturers’ website.
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