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Metastatic

 

disease is one of the major challenges in cancer therapeutics. Despite its importance, 
the molecular determinants underlying metastasis are poorly understood, primarily due to the 
paucity of relevant preclinical models.  Existing preclinical models are mostly based on serial 
selection of distant metastases following xenograft

 

implantation of human tumor cell lines in 
mice, an inefficient process which may reveal little about the biological changes driving 
spontaneous, visceral metastasis.  Thus we have defined a need for genetically defined, 
reproducible tumor metastasis models to allow for identification

 

of the genetic pathways 
regulating metastasis and for preclinical evaluation of  drug response in vivo. 
To this end, we are utilizing a murine, Ink4a -/-, inducible HER2-driven breast cancer model (BH) 
to identify and characterize tumors capable of metastasis. Previously we described an archive of 
~100 tumors from this model in which primary mouse breast tumors

 

were propagated as 
subcutaneous allografts

 

in nu/nu

 

mice.  Tumors from the resulting archive were extensively 
characterized for reproducibility and inter-tumoral

 

variation in tumor growth, histopathology, 
global expression and genomic profiles, and their differential response to various drug 
treatments. Here we describe the novel characterization of the same archive of 100 tumors for 
their metastatic

 

potential in vivo. 
Following an initial subcutaneous implantation, allograft tumors

 

derived from each archival 
tumor line were surgically resected. Mice were monitored for up to 180 days post-surgery for the 
appearance of distal subcutaneous tumors or clinical signs of distant visceral metastasis.  To 
date, more than 47 distinct tumor lines have been characterized for their metastatic

 

potential by 
penetrance, latency and preferred sites of metastasis including lung, pericardium, liver, ovary, 
spleen, lymph nodes, kidney and other subcutaneous sites (≥5 mice / line).  Observed differences 
in these parameters appear to be governed by the underlying properties of each tumor line. 
Global gene expression profiles for a subset of the primary excised tumor and their resultant 
distal metastases revealed divergent gene expression patterns acquired in metastases.  
This platform, combining extensive phenotypic characterization of a panel of related, but 
genetically distinct tumors and their metastases, with comprehensive molecular profiling, 
affords a unique pre-clinical opportunity for identifying the subtle biological changes that propel 
some tumors to establish distant metastatic

 

sites while allowing others to remain relatively 
dormant, ultimately leading to more effective therapeutic strategies against metastatic

 

disease.
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Generation of propagated breast HER2 tumor archive
Propagation of each primary HER2 tumor into archived tumor material:

Single propagations yield  ~10 million cells
Not sufficient for repeats or for treating one tumor cohort with multiple drugs

X 100 primary tumors

1           2          3         4          5         6         7         8          9         10       11       12        13 14      …

Archived Tumor Collection

Inducible Breast HER2 Model (BH):    Ink4a -/-, Mmtv-rtTA, Tet-HER2V659E, Tet-luc
Primary Tumor

First Propagation

Second Propagation

x 1-10

x 5-20

Frozen Archived Propagated Tumor Material

Metastasis Study Design

X 100 primary tumor lines

x 4-5Third Propagation

Tumors surgically resected 
out at ~500-1000mm3 size

Survival surgery and 
post-operative care

Observation 
(1-12 weeks +)

Animals observed for
clinical signs of toxicity
labored breathing
weight loss
tumor appearance
cachexia

Metastasis and penetrance of 68 archived
BH tumors

Latency =  Days post-surgery when palpable tumors first appear (away from surgical site) 
and/or appearance of clinical signs of toxicity

Penetrance = % of mice with evidence of metastasis in 180 days or less
A-M : Latency of Tumors A  through Tumor M referenced in other figures

Penetrance classified by number and 
percent of evaluated tumor lines 

(N=68 with ≥ 4 mice)
1 or more mice for a tumor line 

identified with a metastatic lesion in 
indicated tissue

Target metastasis tissue
 in archived BH tumors
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Histological characteristics of 
metastatic nodules

Tumor B retains epithelial characteristics at
distant metastatic sites

Propagated
Tumor

CytokeratinH&E

Metastatic 
lung 

nodule

H&E Cytokeratin

Axillary
Nodule

CytokeratinH&E

Mesenteric
Nodule

CytokeratinH&E

Metastasis models with archived BH tumors are suitable
for pharmacology studies

Response of selected tumors to rapamycin in tumor growth inhibition studies
of subcutaneously implanted third propagation BH tumors

For selected tumors, a cohort of mice with third propagation BH tumors were evaluated for the effects of 
rapamycin treatment on the metastatic phenotype. 

Observation 
(180 days)

Vehicle 10ml/kg, qd, IP Rapamycin 0.1mpk, 10ml/kg, qd, IPBegin treatment 
1 day post surgery
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Tumor Growth Inhibition
Tumor volumes were obtained twice weekly with vernier caliper measurements using the formula Volume = (length x (width)2/2. Tumor volumes were used to 
calculate median percent tumor growth inhibition (TGI) = (1-{(Tt/T0) / (Ct/C0)} / 1-{C0/Ct}) X 100 where Tt = median tumor volume of treated at time t, T0 = median 
tumor volume of treated at time 0, Ct = median tumor volume of control at time t and C0 = median tumor volume of control at time 0. The median %TGI was 
determined for the entire dosing period of each study by taking the median of all calculated  TGI values. (Ji QS, et al., Mol Cancer Ther. 2007 Aug;6(8):2158-67.) 
Rapamycin formulated in 4% ethanol: 5% Peg-400 :5% tween 80. (Namba R, et al., Mol Cancer Ther. 2007 Aug;6(8):2158-67) .

Resect tumors when tumors reach 500-1000 mm3. Cohort mice into 2 treatment groups.

Interpretation
• Archived mouse BH tumors have a stable metastatic phenotype which is suitable for pharmacology studies
• There is variation in response of metastatic phenotype to pharmacologic intervention.
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Results
• L : Rapamycin insensitive tumor remain sensitive in metastasis assay.
• J : Rapamycin delays onset of metastasis and prolongs time to end point in a Pten deleted, rapamycin sensitive tumor.
• M : Rapamycin results in tumor growth inhibition of 1º tumor, but does not inhibit growth of metastases.

L:
Remains rapamycin

insensitive

J: 
Remains rapamycin 

sensitive

M: 
Becomes rapamycin 

insensitive

Vehicle Rapamycin 0.1mpk

Metastases present in a variety of tissues

Lung Lung Pericardial OvaryLiver

Lymph

KidneyPrimary excision scar:

New subcutaneousRight

Left

Metastatic nodules vary in their appearance and number

Summary
To date, 43 (63%) of AVEO’s BH tumor lines metastasize with a 
penetrance of 76-100%. 8 (12%) of tumor lines demonstrate little to no 
metastasis (0-25% penetrance).
Tumor lines predominantly metastasize to lung & lymph tissue.
The metastatic phenotype is robust, reproducible and suitable for 
pharmacology studies.
The archived tumors display diversity in response to therapeutic 
intervention in both subcutaneous and metastatic tumor growth assays.

Gene expression changes between
primary tumors and metastases

Unsupervised clustering of 5 primary tumors and their 
metastatic progeny reveals complex expression 

patterns among primary tumors, metastatic pairs and 
site of metastasis.

Unsupervised clustering on 1981 most variant (SD ≥ 1) probes.  

Candidate Pathway Identification
Gene set enrichment analysis (GSEA) can be used to identify 
pathways whose expression is enriched between primary and 
metastatic tumors (below) or between highly metastatic and poorly 
metastatic tumor lines (not shown).

Gene Expression profiling interpretation: 
I. Confirms metastases derive from primary tumor
II. Identifies different patterns of gene expression changes 

between primary tumor and metastases 
Tumor E and D: primary tumor and metastases cluster tightly, 
Hypothesis: few gene expression changes acquired upon metastasis.
Tumors A and B: lymph node metastases cluster with primary tumor, while 
lung metastases cluster separately as a group.
Hypothesis: target tissue site dependent expression changes.
Tumor C: distinct clustering of primary tumor and metastases.
Hypothesis: significant gene expression changes required for metastasis.
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Lung cluster

Enriched pathway : Mitochondrial dysfunction

Number of genes enriched = 111 
Normalized enrichment score = 2.1; False discovery rate < 0.000

BH archival tumors show diversity in latency 
and penetrance of metastatic phenotype

n=5-6 / line

Tumors C, G and J were highly metastatic, with 100% penetrance in under 50 
days, while Tumor F was 80% penetrant in under 50 days. Tumor K had no 

metastases within 180 days of tumor removal. Tumors I and J are representative 
of tumors with partial penetrance, either low or high, respectively.
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Kaplan Meier plots indicating metastasis free days post primary 
tumor removal surgery for seven BH archival tumor lines representative 

of diversity  in metastasis penetrance and latency
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