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Supplemental Figures  

	 	 	 	

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).  

  



  

Supplementary Figure 2:  Selective response of HER2-positive PDX DF-BM355 to the 

combination of BKM120/RAD001. (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). (c) 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 

pAKTS473/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 µm (left) and 100 µm (right). (e) Kaplan-Meier survival of 

mice bearing DF-BM355 treated with vehicle control (black, n = 9), RAD001 (blue, PO 7.5 

mg/kg, QD, n = 7), or Lapatinib + RAD001 (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.  

  



   

 

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. (c) 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.  

  



            

 

Supplementary Figure 4: The combination of BKM120/JQ1 has little effect on DF-BM355 

tumor growth. Mice bearing DF-BM355 tumors were treated with JQ1 (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.  

  



    

Supplementary Figure 5: Differential responses of HER2-positive BCBM PDXs to the 

combination of BKM120/RAD001. (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 RAD001 (BKM120, PO 30 mg/kg, QD; RAD001, 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 < 0.01, Student’s t-test). (b) IHC analyses of DF-

BM354 tumors harvested from tumor bearing mice treated for 4 days with vehicle or BKM120 + 

RAD001 with indicated antibodies (scale bars = 25 µm). Graphs represent mean ± s.d. (*P < 

0.05, **P < 0.01, one-way ANOVA followed by Dunnett’s test). (c, d) IHC analyses of DF-

BM463 tumors harvested from tumor bearing mice treated for 4 days with vehicle or BKM120 + 

RAD001 with indicated antibodies (c, scale bar = 50 µm; d, scale bar = 25 µm). 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 + RAD001 with indicated antibodies 

(scale bars = 100 µm). Graphs represent mean ± s.d.. (f) IHC analyses of DF-BM590 tumors 

treated with vehicle or BKM120 + RAD001 with indicated antibodies (scale bars = 100 µm). 

Graphs represent mean ± s.d..  

  



                               

Supplementary Figure 6: Genome-wide DNA CNVs in HER2-positive BCBM PDXs 

analyzed by WES.  

 

  



 

Supplementary Figure 7: Conservation of genetic alternations after the transfer of tissue 

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	
therapy	 Chemotherapy	 Hormone	

therapy	 Radiation	

DF-BM354	 trastuzumab	 vinorelbine		 none	
2	separate	episodes	of	
stereotactic	radiation	to	

donor	metastasis	

DF-BM355	 trastuzumab	 taxol,			
capecitabine	 none	

whole	brain	
radiotherapy,	

stereotactic	radiation		

DF-BM463	 trastuzumab		
doxorubicin,	

cyclophosphamide,	
paclitaxel	

tamoxifen	 none	

DF-BM507	
trastuzumab,	
lapatinib,		
neratinib	

doxorubicin,	
cyclophosphamide,	

paclitaxel,	
vinorelbine,			
capecitabine	

none	 Whole	Brain	
Radiotherapy	

DF-BM590	
trastuzumab,	
lapatinib,	
neratinib	

doxorubicin,	
cyclophosphamide,	

paclitaxel,	
carboplatin,	
capecitabine	

none	 Whole	Brain	
Radiotherapy	

 

	 	



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

DF-BM590 

 

 

  



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

metastatic tumors of DF-BM507 and DF-BM590 

 

 

  



Supplementary methods 

In vivo treatment  

JQ1 (James Bradner, DFCI/Harvard) was dissolved in DMSO and then diluted with 10% 

cyclodextran.  JQ1 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 described1. 

Antibodies against pAKT (S473) (Cell Signaling #4060), AKT (Cell Signaling #9272), HER2 

(Calbiochem#OP15), EGFR (Cell Signaling #4267), p110α (Cell Signaling #4249), p110β (Cell 

Signaling #3011), pMAPK (Cell Signaling #9101), MAPK (Cell Signaling #9102), pS6RP (Cell 

Signaling #2211), S6RP (Cell Signaling #2217), Vinculin (Sigma#V9131), and α-Tubulin 

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