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Syngeneic Breast Cancer Models
Orthotopic and intracardiac models of
triple-negative breast cancer with 4T1 cells
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Syngeneic Multiple Myeloma Model
Intravenous model with 5TGM1 cells

Tumor Models in Humanized Mice
Humanized mouse model of tumor growth 
in bone with BT-474 breast cancer cells



SYNGENEIC BREAST CANCER MODELS WITH 4T1 CELLS

4T1 is a triple-negative (ER-, PR-, HER2-) mouse breast cancer cell line. Pharmatest utilizes a 4T1 
cell line with stable expression of green fluorescent protein (GFP) enabling easy and efficient de-
tection of whole body tumor burden. Use of immunocompetent mice in 4T1 models allows effi-
cacy testing of immunomodulatory compounds. When 4T1 cells are inoculated orthotopically into 
mammary fat pad, they metastasize to lungs. Study duration for the spontaneous development of 
metastases to lungs is 24 days. However when the cells are inoculated intracardially, metastatic 
growth can be observed in bone, muscle, brain, and visceral organs. The model has rapid devel-
opment of lytic bone metastases with a study duration of 13 days.

Figure 1. Timeline of (A) orthotopic and (B) intracardiac 4T1 breast cancer model.

Figure 2. Tumor burden of 4T1 tumors can be measured by fluorescent imaging using GFP. (A) At sacrifice, primary 
tumor volume of orthotopic 4T1 tumors was lower in animals receiving doxorubicin and very small or totally absent in 
animals treated with cyclophosphamide. (B) Cyclophosphamide and doxorubicin reduced tumor burden in lungs. (C) 
Fluorescent imaging at sacrifice of dissected organs. Immunomodulatory effects of cyclophosphamide might explain the 
striking efficacy in this syngeneic model.
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SYNGENEIC MULTIPLE MYELOMA MODEL WITH 5TGM1 CELLS

When inoculated into the tail vein, 5TGM1 mouse multiple myeloma cells form osteolytic lesions 
in bone in five weeks. 5TGM1 tumors secrete paraprotein IgG2b that can be measured to monitor 
disease progression and tumor burden. Bone lesions can be analyzed by X-ray imaging and bone 
histology, and more detailed information can be obtained for example by in vivo dual-energy X-ray 
absorptiometry (DXA) and in vivo micro-computed tomography (µCT). The standard-of-care com-
pound bortezomib reduces tumor burden, as determined by decreased serum paraprotein level. 
The 5TGM1 model is clinically relevant and closely mimics myeloma bone disease in patients. It is 
therefore suitable especially for testing compounds against active myeloma.

Figure 4. (A) Histological images showing typical tumor burden associated with active myeloma in tibia in the 5TGM1 
model. (B) Sustained T cell population within the 5TGM1 tumor and in its surroundings in bone indicates that the 5TGM1 
model is suitable for testing compounds affecting through the immune system. T cells are visualized by immunohisto-
chemistry using anti-CD3 staining. 
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Figure 3. (A) Timelines of 5TGM1 multiple myeloma model 
in efficacy and survival setting. (B) Bortezomib treatment 
lowers IgG2b paraprotein levels in serum in 5TGM1 multi-
ple myeloma model. 
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TUMOR MODELS IN HUMANIZED MICE

Bone provides an essential and natural site for testing immunomodulators as bone marrow is 
the reservoir of hematopoietic stem cells, the precursors of all immune cells. Humanized mouse 
models include functional human immune system, which allows their use in testing efficacy of im-
munomodulators on human cancer cells. In humanized mouse models of tumor growth in bone, 
human cancer cells are injected into the tibia of humanized mice, mimicking the clinical situation 
of tumor growth in bone in bone metastases.

Pharmatest is actively developing novel humanized mouse models of tumor growth in bone. First 
such model uses human BT-474 breast cancer cells that are estrogen receptor (ER) and progester-
one receptor (PR) positive, and over-express human epidermal growth factor receptor 2 (HER2). In 
this model, the cells are inoculated into tibial bone marrow cavity of humanized mice (CIEA NOG 
mice engrafted with human CD34+ hematopoietic stem cells (huNOG) obtained from Taconic 
Biosciences), and tumor growth is monitored for 8 weeks. 

In humanized mouse models, in vivo X-ray, DXA, and µCT imaging can be used as follow-up pa-
rameters, and bone histology, bone turnover and tumor biomarkers in serum, and various immu-
nohistochemical stainings can be used for revealing detailed information about cancer develop-
ment and compound efficacy in bone.

Figure 5. (A) Timeline of an intratibial BT-474 study in huNOG mice. (B) Tumor-induced bone changes quantified from 
X-ray images. Total bone lesion area at 4, 6 and 8 weeks after cancer cell inoculation in huNOG and immunodeficient 
CIEA NOG mice (NOG) is presented (mean ±SEM). (C) Representative X-ray image at 8 weeks visualizes osteoblastic 
bone reaction in tumor-bearing tibia of a huNOG mouse.
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Figure 6. Bone parameters in NOG and huNOG mice. (A) Tumor-induced bone changes analyzed by DXA in vivo at 8 
weeks. Bone mineral density presented as relative change compared to intact tibia of the same animal. (B) Changes in 
trabecular bone volume analyzed by µCT ex vivo at 8 weeks (mean ± SEM).
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Figure 7. Maturation of immune cells and their filtration to tumor analyzed by immunohistochemistry. Human T- and 
B-cell markers and PD-1 and PD-L1 expression in immune related organs (spleen and lymph nodes) and intratibial tu-
mors growing in huNOG mice. T cells (CD3), T helper cells (CD4), cytotoxic T cells (CD8), B cells (CD20), programmed 
cell death 1 (PD-1), and programmed death-ligand 1 (PD-L1).
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TUMOR DETECTION AND ANALYSIS PARAMETERS

DATA DELIVERABLES IN METASTASIS MODELS

Three different types of study setups - prevention, treatment, and survival - can be performed for 
testing the efficacy of test compounds for
a) inhibiting extravasation and homing of invasive cancer cells to bone (prevention study)
b) treatment of established metastatic lesions in bone (treatment study)
c) increasing survival of the animals (survival study)

Testing the mode-of-action of a compound in cellular level in vivo

Several immunohistochemical and other analyses can be performed to study the effects of a 
compound in cellular level. 
• Morphology by H&E staining
• Proliferation by Ki-67 or phosphohistone 3 staining 
• Double-strand breaks in DNA by gamma-H2AX staining
• Late apoptosis and related DNA fragmentation using TUNEL assay (terminal 
 deoxynucleotidyl transferase dUTP nick end labeling) 
• Angiogenesis by detecting microvessel density using CD34 staining
•      Immunophenotyping of human and mouse immune cells

Table 1. Data deliverables in metastasis models. BLI, bioluminescence imaging; GFP, green fluorescent protein; PSA, 
prostate specific antigen; IHC, immunohistochemistry; DXA, dual-energy X-ray absorptiometry; µCT, micro-computed 
tomography; PINP, procollagen I N-terminal propeptide; CTX, C-terminal cross-linked telopeptides of type I collagen; 
TRACP5b, tartrate-resistant acid phosphatase Isoform 5b.

Assessment on Tumor
Primary tumor volume Caliper measurement

Imaging
BLI
GFP

Serum Markers E.g. paraprotein IgG2b in multiple myeloma, or PSA in prostate 
cancer

Tumor histology Tumor area by HE staining
IHC from decalcified bone tumor samples

Assessment on Bone

Imaging
Radiography (X-ray)
Densitometry (in vivo and ex vivo DXA and µCT)

Bone Turnover Markers E.g. PINP, CTX, TRACP5b
Bone histology From decalcified or undecalcified samples



CLINICALLY PREDICTIVE PRECLINICAL EFFICACY MODELS TO REDUCE YOUR COSTS 
AND ACCELERATE YOUR DRUG DEVELOPMENT

Pharmatest is a preclinical CRO that offers efficacy studies in oncology and skel-
etal diseases. In oncology our services include cell culture assays, orthotopic 
animal models and disseminated cancer models, with special expertise in bone 
metastasis models. We also offer customized studies and model development 
services for our customers.

Reduce the risk of attrition in clinical trials
Failure to reproduce preclinical efficacy results in clinical trials is one of the 
major causes of the high costs of drug discovery. Improving the preclinical pre-
dictivity by using more sophisticated models will significantly decrease the cost 
of bringing a new drug to market and help identify the promising compounds 
at earlier stage, avoiding unnecessary and costly clinical trials with less than op-
timal compounds.

Bone metastases are common and increase mortality in many cancers such as 
breast, prostate and lung cancers, and multiple myeloma. Bone microenviron-
ment changes tumor properties and induces drug resistance, highlighting the 
importance of confirming cancer drug efficacy in models of tumor growth in 
bone before entering clinical trials. This should substantially decrease the cur-
rently very high failure rates of cancer drug candidates failing in clinical trials due 
to poor efficacy.
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