
Developing and Credentialing Diverse Models of Invasive Lobular Breast Cancer Metastasis MRS 2026

Adrian V. Lee,  Osama Shiraz Shah, Nilgun Tasdemir, Insa Thale, Sayali Onkar, Ashuvinee Elangovan, Kai Ding, Fangyuan Chen, Daniel D. Brown, Morgan DeBerry, Emily A. Bossart, Peter C. Lucas, 
Rohit Bhargava, Abdalla Wedn, Laura Savariau, Matthias Christgen, Craig J. Workman, Dario Vignali, Jennifer M. Atkinson, Jagmohan Hooda,  Steffi Oesterreich

Women's Cancer Research Center · UPMC Hillman Cancer Center · University of Pittsburgh, PA, USA | Champions Oncology, USA 

Funding: NIH/NCI R01CA252378 (NCI Oncology Models Forum), Department of Defense (BC160764), NIH/NCI Core Grant (P30CA047904), NIH S10 Shared Instrumentation Grant (S10OD028483), Breast Cancer 
Research Foundation (BCRF), Susan G. Komen Leadership Grant (SAC160073), Shear Family Foundation   

ILC Cell Lines
ICLE · WCRC-25

• 17 ILC/ILC-like lines · WES · RNA-seq · DNAm · RPPA · 

drug screens

• WCRC-25: novel ER-ve ILC line; clonal CDH1 Q706* 

mutation (MAF 97.9%); PI3K/AKT inhibitor sensitive

◆ Shah et al. bioRxiv 2023 (PMID: 37808708) — under review
◆ Elangovan et al. bioRxiv 2023 (PMID: 37745587)
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(A) Integrated multi-omic landscape of 17 ILC/ILC-like cell lines (ICLE) ordered 
by mRNA subtype (Luminal → Luminal/HER2 → Non-Luminal). Top bars: 
genomic instability metrics (FGA, SV count, TMB, DMI). Middle: oncoprint of 
key ILC driver genes. Bottom: heatmaps of top variable features across 
proteome (n = 50), transcriptome (n = 6,000), and methylome (n = 6,000). All 
models harbor CDH1 or CTNNA1 alterations. (B) Multi-omic concordance 
scores (0–1) for each ICLE cell line across five omic layers benchmarked 
against TCGA Luminal A ILC patient signatures. The consensus score (right 
column) is the equally weighted mean across all modalities. Six top-tier 
models achieve consensus scores ≥ 0.8: ZR7530, UACC3133, IPH926, BCK4, 
MDAMB453, and SUM44PE.

Mutation
Gene Count

GEMMs: CPT6
Syngeneic murine ILC model

• CDH1/PTEN dual-KO WAPCre C57BL/6 · immune-

competent, transplantable

• Myeloid-rich TME · ovarian + lung mets 

confirmed in immune-intact hosts

◆ Onkar et al. — Manuscript in preparation
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(A) Schematic of CPT6 cell line generation. (B) Oncogenic mutation profile of 
CPT6 compared with ICLE human ILC cell lines and TCGA ILC tumors. Key driver 
events include heterozygous Kras G12C and homozygous exonic deletions of 
Cdh1 (exons 6-10) and Pten, concordant with frequent alterations observed in 
human ILC. (C) Pie charts of tumor-infiltrating immune cell composition in 
CPT6 tumors at Day 15 (low burden) and Day 26 (high burden). The TME is 
myeloid-dominant at both timepoints and becomes progressively T cell-
depleted, with expansion of G-MDSCs and immunosuppressive macrophages, 
recapitulating the immunosuppressive microenvironment of human ILC. (D) 
Tumor growth kinetics following mammary fat pad injection of CPT6 and 
E0771 into WT C57BL/6 mice (n=15 per group). Both lines show slow growth 
until Day 15, followed by exponential expansion. (E) Tumor growth following 
MIND injection of RFP-labeled CPT6, monitored by IVIS imaging. Rapid 
expansion observed, with one of five mice requiring sacrifice by Day 26. (F) 
Metastatic site summary from CPT6 tail vein injection. Lung metastases in 
100% of mice (both parental and RFP-CPT6, n=5 per group); liver and ovarian 
metastases in 20% of RFP-CPT6 mice.

Isogenic Cell Lines
E-cad OE 

• E-cad re-expression reduces repro. tract / brain 

mets · alters organotropism

• Dox-inducible CDH1 – MM134 & SUM44 cells

◆ Savariau et al. bioRxiv 2026 (PMID: 42239252)

(A) Immunoblot confirming dox-induced E-cadherin re-expression in ILC cell 

lines. (B) Growth in 2D (solid) and ULA (dashed) conditions for EV and CDH1 

overexpressing (OE) cells. E-cadherin re-expression suppresses 2D growth and 

ULA growth. (C) Representative transwell inserts showing haptotaxis toward 

Collagen I. E-cadherin re-expression markedly reduces directional migration in 

SUM44 cells. (D) Quantification of SUM44 haptotaxis toward Collagen I vs. 

BSA. (E) KM survival curves for EV and CDH1 OE xenografts in dox-fed NSG 

mice. E-cadherin re-expression does not significantly alter primary tumor 

growth in either line. (F) Masson's trichrome staining of EV and CDH1 OE 

primary MFP tumors. E-cadherin re-expression trends toward increased 

collagen deposition. Metastatic incidence per organ after tail vein injection in 

MDA-MB-134 (G) SUM44 (H). CDH1-expressing cells show reduced 

reproductive tract metastases vs. EV controls. No significant overall effect in 

SUM44. (I) Experimental design for MFP injection of EV and CDH1 RFP/Luc cells 

in dox-fed NSG mice. Metastatic incidence per organ from MFP injections in 

MDA-MB-134 (J) and SUM44 (K). Non-significant in CDH1 group in MDA-MB-

134 (J). E-cadherin OE in SUM44 significantly reduces reproductive tract and 

kidney metastases and reduces overall metastatic odds.
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Tumor 
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ER+/PR+/HE
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amplified)

Truncating 
CDH1 
Mutation 

(p.V460Yfs*
21)
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mic

Lobular
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Low CDH1

mRNA
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aberrant 
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pattern)
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mic

Lobular

CTG-
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ER+/PR-
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CDH1 
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(p.Q23*)

Weak 
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ous 

(lobular 
pattern)

Cytoplas
mic

Lobular

CTG-
2849

TNBC Low CDH1

mRNA

Negative Cytoplas
mic

Lobular

CTG-
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ER+/PR+/HE
R2 1+

Truncating 
CDH1 
Mutation 

(p.T748Pfs*
22)

Negative Cytoplas
mic

Lobular

CTG-
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ER+/PR-
/HER2 2+ 

(HER2 non-

amplified)

Truncating 
CDH1 
Mutation 

(p.E494Kfs*
28)

Negative Cytoplas
mic

Lobular

CTG-
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TNBC Low CDH1 
mRNA
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mic

Lobular

CTG-
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TNBC NST 
comparison

Membran
ous

Membran
ous

Ductal

CTG-
2518

TNBC NST 
comparison

Membran
ous

Membran
ous

Ductal

CTG-
3434

ER+/PR-
(<1%)/HER2 
1+

Low CDH1

mRNA

70% 
negative, 
30% 

membran
ous

70% 
cytoplasm
ic, 30% 

membran
ous

Mixed 
NST ILC

Patient Derived Xenografts
7 ILC PDX · DMM 2026

• CDH1 truncating mutations confirmed · E-cad 

negative / p120 cytoplasmic IHC

• ER+/HER2-low (n=5) · TNBC (n=2) · PDX + PDXO 

models available

◆ Hooda et al. Dis Model Mech 2026 (PMID: 40909649)
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Table 2A

(A) Immunohistochemical (IHC) staining of seven confirmed ILC PDX models for E-

cadherin, p120, ER, PR, and HER2. Formalin-fixed paraffin-embedded sections were 

stained on the Ventana Benchmark Ultra platform (Ultraview detection) and 

reviewed by a trained breast pathologist. All seven models show loss or aberrant E-

cadherin expression with cytoplasmic p120 relocalization, consistent with 

dysfunctional adherens junctions and ILC classification. Scale bar, 50 µm. Table 2: 

Summary of IHC and histopathological evaluation of ten PDX models selected for 

validation. Selection criteria included the truncating mutation or low mRNA 

expression of CDH1 to flag each model as putative ILC. Seven models were 

confirmed as ILC based on E-cadherin loss or aberrant expression, cytoplasmic p120 

localization, and pathologist assessment. CTG-3434 displayed mixed NST-ILC 

features. CTG-1714 and CTG-2518 served as NST comparison controls. NST, no 

special type.

Significance & Translational Impact

A Credentialed Panel of 
Preclinical ILC Models 

Multi-Omic Benchmarking and Model Credentialing: 

o Evaluated diverse panels of cell lines and PDX models using WES, RNA-

seq, DNAm, and RPPA. This molecular benchmarking successfully 

distinguished true, high-fidelity ILC models (including the novel WCRC-25 

line) from non-representative systems by verifying canonical features and 

clinical co-mutational profiles (CDH1, PIK3CA, TP53).

Fidelity of Patient-Derived Organoid Models: 

o Established 8 patient-derived organoid (PDO) lines that faithfully preserve 

hallmark human ILC genomic alterations, such as 1q gain and 16q loss, 

validating their utility as genetically representative 3D experimental 

systems.

Functional Modeling via Isogenic Systems: 

o Utilized inducible isogenic models to demonstrate that E-cadherin (CDH1) 

loss functionally drives characteristic single-file infiltrative growth and 

atypical metastatic homing to the bone, ovaries, and brain.

Immunocompetent Microenvironment Modeling: 

o Credentialed the transplantable CPT6 syngeneic mouse model 

(Cdh1/Pten-KO) that mirrors the myeloid-rich, immunosuppressive stroma 

characteristic of human ILC, providing a validated platform for preclinical 

immunotherapy evaluation.

Resource Sharing and Field Advancement: 

o To accelerate field-wide discovery and overcome the historical scarcity of 

reliable experimental systems, these newly validated, high-fidelity models 

are available to the research community and are currently actively 

distributed globally. 

Our work establishes a rigorous molecular and functional 

benchmark for ILC modeling. Providing the research community 

with validated, multi-modal experimental platforms bridging a 

critical gap between benchtop discovery and clinically accurate 

therapies for lobular breast cancer patients. 

Table 1
Prospective

vs
IPM

Patient Tissue Samples Organoids

Source 
Patholog

y
Prim vs Met

ER/
PR/

HER2
MSK -

IMPACT
WGS

RNAseq
(Bulk)

Digital 
Pathology

IF
E-

cadh/p120
WES

RNAseq
(bulk)

scRNAseq scATACseq
MSK-

IMPACT

LIO-030 IPM ILC Primary +/+/- ✓ ✓ na(F) ✓ -/cyto ✓ ✓ ✓ ✓ ✓

LIO-046 IPM ILC Primary +/+/- ✓ ✓ ✓ ✓ -/cyto ✓ ✓ ✓ ✓ ✓

LIO-053 IPM ILC
Met 

(bone) +/-/- na na na ✓ -/cyto ✓ ✓ ✓ ✓ ✓

LIO-055 IPM ILC
Met 

(bone) +/-/- na na na -/cyto ✓ ✓ ✓ ✓ ✓

LIO-086 IPM ILC
Met 

(bone) +/-/- ✓ ✓ na -/cyto ✓ ✓ ✓ ✓ ✓

LIO-153 IPM ILC Primary +/+/- na(F) ✓ na(F) ✓ -/cyto ✓ ✓ ✓ ✓ ✓

LIO-223 IPM ILC Met (LN) +/+/- ✓ ✓ na ✓ -/cyto ✓ ✓ ✓ ✓ ✓

LIO-268 Prospective ILC Met (LN) +/+/+ ✓ ✓ ✓ ✓ -/cyto ✓ ✓ ✓ ✓ ✓
IF (E-cadh/p120): -, negative; +, positive; cyto, cytoplasmic; mem, membranous. na, not available, na(F), sequencing failed.

Patient Derived Organoids
BCRF Legacy Project · 8 ILC PDOs

• WES · WGS · scRNA-seq · scATAC-seq · digital 

pathology profiling

• CDH1 loss universal · 1q gain/16q loss CNV preserved 

· 14 transcr. programs

◆ Lee, Oesterreich et al. — Manuscript in preparation

The BCRF ILC Legacy Project (The Leigh Pate Living Biorepository of Invasive Lobular 

Breast Cancer) was established to address the lack of well-characterized 

experimental models for invasive lobular carcinoma (ILC). Over 26 attempts were 

made to establish patient-derived organoids (PDOs) from fresh ILC tissue; eight lines 

form the final core Legacy PDO cohort. These lines were subjected to comprehensive 

multi-omic profiling, confirming near-universal CDH1 loss and preservation of 

canonical ILC genomic signatures from tumor to organoid. 

(A) Confocal immunofluorescence images of Legacy ILC PDO lines stained for DAPI 

(nuclei), E-cadherin, and p120. All lines show loss of membranous E-cadherin and 

cytoplasmic p120. Table 1. Summary of the eight IF-validated ILC organoid lines in 

the Legacy PDO cohort, including source, pathological subtype, receptor status, IF 

validation result, and completion status of multi-omic profiling across organoid and 

matched patient tissue. 
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(A) Primary tumor growth curves for four ILC cell lines after MFP injection in NSG 

mice. MDA-MB-134 and SUM44 grow rapidly while BCK4 and MDA-MB-330 show 

delayed onset. (B) H&E, dual E-cadherin/p120 IHC, and ER/PR staining of primary 

MDA-MB-134 and SUM44 MFP tumors. All tumors display single-file ILC growth 

pattern, confirm E-cadherin loss with cytoplasmic p120 redistribution, and show 

robust ER positivity. (C) H&E, E-cadherin/p120 IHC, and ER staining of spontaneous 

SUM44 metastases to brain, bone, ovary, adrenal gland, and lung. (D) Anti-human 

CK19 IHC confirming leptomeningeal metastases in MDA-MB-134 and SUM44 

orthotopic xenograft mice at early and late stages. (E) ER IHC of primary tumor, 

brain, and ovary metastases from MDA-MB-134 xenografts treated with vehicle or 

fulvestrant. (F) GSEA of bulk RNA-Seq from MDA-MB-134 brain metastases vs. 

primary tumors. Estrogen receptor signaling is among the top enriched pathways in 

brain metastases, with upregulation of estrogen-induced genes including RET.

CDX Xenografts
4 ER+ ILC lines in NSG mice

• Single-file ILC histology in vivo · spontaneous mets: 

bone · ovary · brain

• Endocrine therapy response · dox-inducible CDH1 OE 

lines available

◆ Tasdemir et al. bioRxiv 2026 (PMID: 41890029)
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