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2 M AT E R I A L S  A N D  M E T H O D S  

Total of 14 mice were implanted with breast cancer cell line 4T1 orthotopically into the right 
mammary fat pad. During the course of the experiment, weight of the animals and volume of 
the primary tumor was monitored daily using digital caliper. The experiment was conducted in 
AAALAC accredited facilities.  
MRI. MR experiments were performed at days 12 and 19 post-implantation using 11.7 T small 
animal scanner (Bruker BioSpin, Ettlingen, Germany). Experimental protocol consisted 
breathing gated localizer images, multi-slice multi-echo sequence for absolute T2 mapping, 
fid-FISP sequence for high resolution anatomical images, spin-echo diffusion maps, localized 
1H MRS experiment using short echo-time PRESS and high temporal resolution T1w gradient 
echo FLASH image series (250 images at 420 ms temporal separation) for dynamic 
gadolinium enhancement.   
PET. For the hypoxia imaging at days 13 and 20, mice were cannulated, aligned to PET/CT 
scanner (BioPET/CT, Sedecal) and dosed with 18F-FMISO. List mode scan 0 – 120 min post 
dosing was performed. For the metabolism scan on days 15 and 22, mice were fasted over 
night, dosed with 18F-FDG and scanned 30 – 55 min post dosing. 3D OSEM reconstruction 
was applied prior quantitative analysis (PMOD v3.7).  

1 I N T R O D U C T I O N  

Experimental tumors implanted in rodents represent an important preclinical tool to develop 
innovative anticancer compounds before clinical testing. Imaging has become important part of 
the basic and translational research. It enables monitoring of e.g. metabolic activity, hypoxic 
areas, volumetry and biodistribution within same individual over time. Magnetic resonance 
imaging (MRI) and positron emission tomography (PET) are widely used for detection of the 
tumors, evaluation of therapeutic response and induced changes, with longitudinal follow-up 
for early detection of possible tumor recurrence. PET can be applied also to study metastasis, 
biodistribution of novel antibodies or tumor proliferation rate. The purpose of this work was to 
study volumetric, metabolic and functional changes in syngeneic oncological mouse model 
using MRI, MRS and PET imaging. 

3 R E S U LT S  
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Figure 2. Tumor perfusion at day 19 post-implantation. DCE-MRI dynamic gadolinium 
enhancing experiment. Total enhanced region obtained from all pixels highlighted by Gd (as 
shown in last MR image in a series), fast enhancing region at the tumor borders (yellow 
circles), slow enhancing region closer to tumor core (red circles) and non-perfusing tumor 
core (green ellipse). Dynamic curves are derived from series of 250 MR images acquired 
with 420 ms time-resolution.   
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4 C O N C L U S I O N S  

In this study various changes related to tumor progression were studied using MRI and PET. 
In MRI necrotic areas within tumor, diffusion, perfusion rate in different parts of the tumor as 
well metabolites indicating tumor status can be followed. From the PET data hypoxic and 
metabolic profiling can be assessed. As a summary, in vivo imaging studies in animal models 
provides a powerful and translational research tool for comprehensive evaluation of 
neoplastic disease progression and treatment efficacy. Figure 3. Proton (1H) MR spectroscopic experiment. Voxel placement (green box) inside the tumors at 

days 12 and 19 post-implantation with corresponding spectra. At day 12 low molecular weight 
metabolites are still visible, most notably the strong choline containing signal at 3.23 ppm, which 
reflects tumor growth, cell proliferation with tentative contribution of catabolic pathway from 
phosphatidylcholine to glycerophosphocholine. Lipid accumulation and absence of low molecular 
weight metabolites, suggesting cell lysis and membrane disassembly, is clearly observed at day 19 
post-implantation. 

Figure 1. A) Series of anatomical coronal MR images at 19 
days post implantation. Necrotic part within tumor is also 
clearly visible (red arrow). B) Quantification of tumor volumes. 
C) Apparent diffusion coefficient describes the extracellular 
water movement within the tissue providing information about 
the cell matrix status, here increase is most likely originating 
from dominant necrotic core. D) Transversal relaxation times 
in tumor didn’t show sensitivity between 12 and 19 post-
implantation although this method was expected to share 
similarity with diffusion experiment. Stats: t-test between time-
points, *p<0.05, ***p<0.001. E) Whole body imaging of 
metabolic activity can be conducting using 3D PET and 18F-
FDG. High uptake to the outer layer of the tumor (red arrow) 
was seen, an example image in horizontal view. Accumulation 
of 18F-FMISO (hypoxia) and  18F-FDG (metabolic activity) in 
tumor bearing mice over time, all coronal images from the 
same individual. Rapid tumor growth often leads to 
inadequate angiogenesis which then results to hypoxic and 
even necrotic areas in tumor mass.  F) Co-registration of 18F-
FDG (red scale) and 18F-FMISO (green scale) signal in tumor 
on D13/D15 and D20/22, respectively. These images show 
clearly both the metabolically active and hypoxic regions 
within the tumor. 
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Figure 4. Standard uptake values (SUV) of hypoxia tracer (18F-FMISO, A) and metabolic activity tracer (18F-FDG, 
B) in various tissues at both imaging time points. Increased uptake in tumor was seen already on D13 with both 
tracers. Same individuals were scanned with both methodologies and both time points. Further, tumor to muscle 
ratios (>1 for both tracers, C, D) were calculated for both imaging agents. These values can be used to evaluate 
treatment response to tumor growth. In clinical diagnosis, hypoxia has strong prognostic factor to disease 
progression and survival e.g. in breast cancer.  
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