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Abstract
Advances in imaging techniques have significantly improved the choices available for in vivo imaging of animal research, particularly in the field of oncology. 
Development of existing technology has led to major advances in the miniaturisation of imaging techniques such as MRI, PET and CT enabling higher resolution 
imaging of smaller animals. One of the emerging growth areas is optical imaging, such as bioluminescence and fluorescence as a noninvasive technique to image 
orthotopic tumours models in mice. Recent developments in microscopic imaging techniques allow high resolution imaging of cancer cells in vivo in animal models. 
Another growth area is the development of multimodal scanners such as CT-PET to overcome individual limitations of a modality and to provide greater detail of 
tumours. This review discusses the strengths and limitations of established methods as well as more recent developments in preclinical imaging.

Introduction 
Imaging has become an indispensable tool in oncological research. 

Recent developments in biomedical research have led to major 
advances in imaging techniques. Previously, scientific studies had 
been confined to examination of ex vivo animal tissues or cellular 
processes in vitro. However, with the development of new technology, 
a wide array of imaging techniques has become available for the use 
in small animal models (predominantly mice). Advances in this field 
have particular significance for oncological research for the detection, 
staging, prognosis and treatment of cancer in animal models of disease. 
Clinically established macroscopic modalities such as computerised 
tomography (CT), magnetic resonance imaging (MRI) and position 
emission tomography (PET) are useful modalities in the macroscopic 
imaging of small animal models. 

Further, with the advent of orthotopic tumour models there is an 
emphasis on developing non-invasive techniques to image and monitor 
tumours that grow deep within the body cavity of the animal using 
optical imaging techniques [1]. Advances in optical imaging including 
bioluminescence and high resolution fluorescent imaging are paving 
the way towards more rapid, accurate and efficient methods of cancer 
imaging. 

Macroscopic imaging techniques 
Due to the technological difficulties involved in miniaturisation, 

CT, MRI, and PET were first developed for use in humans and later 
adapted for small animal models [2]. Specialised micro-CT machines 
rely on the differential absorption of tissues to x-rays to produce high 
spatial resolution images of mice. In particular, micro-CT is used to 
detect bone metastases [3] and lung tumours in mice [4,5] due to the 
favourable contrast between soft tissue and bone [6,7]. Namati et al. 
describes the use of micro-CT on mouse models of lung cancer to 
track individual tumour growth rates from an early stage with high 
resolution. In another study [8], demonstrates the use of micro-CT 
to assess the efficacy of chemotherapy and provide non-invasive real-
time imaging of the tumour burden. These studies indicate that micro-

CT is paving the way towards improved image guided evaluation of 
tumours in experimental models as well their response to therapeutic 
interventions. Unfortunately, one of the drawbacks of micro-CT is the 
use of iodinated contrast agents to achieve higher spatial resolutions, 
limiting repeated scanning of the same animal due to the administration 
of damaging doses of radiation [4].

In contrast to micro-CT and PET, micro-MRI utilises a magnetic 
field to generate images of the subject based on the varying resonance of 
different tissue types [9]. Therefore, micro-MRI enables repeated scans 
on the same animal as it does not expose them to ionising radiation. 
Similar to CT, micro- MRI has a high spatial resolution and has wide 
applications of use including functional, anatomical and molecular 
imaging [10]. The advantage of micro-MRI is that it provides excellent 
soft tissue resolution between 100-200 µm [11] and even up to 50 µm 
[12] in high strength magnetic fields, allowing imaging of tumour 
growth and development.  Another strength of MRI is its sensitivity 
to biological processes including perfusion and flow, enabling imaging 
of tumour vasculature. Further, the use of dynamic contrast enhanced 
(DCE) MRI can be used to image markers of angiogenesis [13] The 
imaging of angiogenesis is an important area of cancer research as it 
provides insight into the microenvironment required for metastasis 
and aids the development of anti-angiogenic drugs [14,15]. However, 
the drawback of both CT and MRI is that they lack molecular specificity 
in contrast to PET which provides excellent specificity in tumour 
imaging [16].

PET uses systemically administered radiolabelled tracers such as 
18F-FDG (fludeoxyglucose) to image biological processes and is a 
key clinical tool for the staging and assessment of tumour response to 

Correspondence to: Yaohe Wang and Ming Yuan, Center for Molecular 
Oncology, Barts Cancer Institute, Queen Mary University of London, London, 
UK, E-mail: Yaohe.wang@qmul.ac.uk, m.yuan@qmul.ac.uk 

Key words: cancer, imaging techniques, MRI, PET,  CT

Received: March 18 2016; Accepted: April 05, 2016; Published: April 08, 2016



Webb E (2016) Imaging in animal models

 Volume 3(2): 428-431Integr Cancer Sci Therap, 2016      doi: 10.15761/ICST.1000182

treatment. [17]. Previously, PET was limited to image larger animal 
models [18] but with improvements in technology and imaging quality, 
it is increasingly being used on smaller animals. The strengths of PET 
include the almost unlimited depth of imaging and excellent molecular 
sensitivity [16]. Typical tracer doses are between 0.5 to 2 mCi range 
[19] for rat studies however are limited by the mass and volume of 
tracer as well as the count rate ability of the scanner rather than the 
dose of radiation [20]. A further advantage of PET is that each animal 
can act as their own control which reduces variability in therapeutic 
trials [19].

However, one limitation of micro-PET is its lower spatial resolution, 
due to the difficulties involved in adapting human resolution ~10 mm 
to <1mm in animal models [21]. Due to these disadvantages, there is 
increasing emphasis on multimodal imaging such as micro-CT/MRI 
although this impractical for many laboratories due to cost and need 
for specialist equipment. However, newer generation PET scanners 
are in development with higher resolution of around 1 μl [11]. Further 
advances are expected in this field with refinement of the technology, to 
improve imaging of tumour cell response to therapeutic agents.

Optical imaging
Optical imaging technologies have evolved due to improvements in 

light penetration in tissues, to become important tools as they provide 
qualitative information in whole animal imaging of cancer biology. 
Optical imaging can be divided into bioluminescence and fluorescence. 
Optical imaging is based on the interaction of photons with tissue 
components and this interaction is characterized by three main criteria; 
light absorption, light scattering, and fluorescent emission [22].

Bioluminescence is a non-invasive method of monitoring of 
tumour growth in animal models. It involves using an exogenously 
administered substrate such as luciferase or a Renilla-based reporter 
to produce a light signal which is collected by a charge coupled device 
(CCD) camera [23]. One of the advantages of bioluminescence in 
animal studies is that there is very little background noise [24].

Similarly, fluorescence is an inexpensive and efficient method of 
optical imaging. This technique applies one wavelength of light to 
illuminate the sample, resulting in a shifted wavelength that is collected 
by a CCD camera [23]. This enables fluorescently labelled cancer cells 
to be tracked longitudinally allowing for the study of cell migration 
and metastasis [25]. However disadvantages exist, including the 
requirement of restraining and anaesthetising the animal as well as the 
injection of luciferin substrate.

Optical imaging is efficient and relatively cost-effective in 
comparison to other modalities however, it does suffer from weaknesses 
such as inferior spatial resolution, which limits its usage to molecular 
purposes and not anatomical imaging. Near infrared fluorescence 
imaging is being developed in order to overcome these limitations by 
focusing on the detection of exogenously administered contrast agents 
that emit fluorescence between 700-900 nm [26]. Recent animal studies 
have shown promising uses of near-infrared fluorescence imaging for 
the demarcation of subcutaneous and orthotopic xenograph tumours 
during surgery [27-29]. Resection of the tumours was carried out under 
guidance of near-infrared fluorescence imaging, enabling identification 
of any remaining cancerous cells in situ [30]. In addition, further 
studies have utilised optical imaging to detect cervical node metastases 
in orthotopic mouse models as all nodes that showed a fluorescent 
signal were found to be malignant metastases from squamous cell 
carcinoma [31,32]. Thus, near-infrared fluorescence imaging can be 

used to delineate tumour margins and any malignant cells remaining 
post resection, making it an invaluable tool for animal model imaging.

In the future, fluorescence models may increasingly be utilised in 
the diagnosis and monitoring of tumours due to its ability to provide 
real time imaging during surgery and in monitoring the effect of 
potential therapeutic agents in cancer treatment [33].

Microscopic imaging techniques
Recent developments in microscopic imaging techniques have 

enabled the transition from cellular imaging to animal models. 
Confocal microscopy is one such technique which utilises a special filter 
to eliminate out-of-focus fluorescent light, enabling the production of 
high quality micrographs with increased resolution and contrast. Due 
to its relative ease of use and its cost-effectiveness, confocal microscopy 
has become widespread. The drawback is that penetration depths are 
usually <40 µm and prolonged observation times can cause cell death 
due to phototoxicity [34].

However, a different technique, multiphoton microscopy (MPM) 
bypasses these limitations and has the ability to produce high 
resolution imaging of cancer cells in vivo in animal models [35]. MPM 
is increasingly being used to image intravital structures as it can reach 
resolutions of up to 500 µm for extended periods of time (>72h) [36]. 
The ability of MPM to image deep into solid tumours enables tumour 
progression to be followed on a single cell level and promotes research 
into understanding tumour cell behaviour and metastasis. The ability 
of MPM to produce images in multiple colours allows for a greater 
understanding of the tumour microenvironment as it images tumour 
and stromal cells [37].

Recent developments in fibre-optic technology have been modified 
for use in intravital microscopy, furthering the possibility of imaging 
at orthotopic tumour locations. Small scale experimental systems are 
being adapted for use in rodent models and for clinical imaging [38-40]. 
Furthermore, intravital imaging has identified differences in tumour 
cell movement in animal models in comparison to in vitro models 
which could provide more information on tumour microenvironment 
and mechanisms of invasion and metastasis [41,42].

Future perspectives
Multimodal imaging is a promising new area of development. 

Imaging using multiple modalities are increasingly being investigated 
for future use in order to circumvent the limitations of individual 
modalities. Multimodal scanning encompasses several techniques, 
allowing the imaging of multiple modalities in a single machine without 
transferring the animal. Combining anatomical imaging techniques 
such as MRI or CT with molecular techniques such as PET provides 
more detailed information than a single modality [43].

Similarly, micro-MRI used in conjunction with micro-PET 
enables imaging down to the molecular level, greater precision in the 
monitoring of cancer progression as well as tumour cell response to 
therapy. The acquisition of simultaneous results from PET/MRI gives a 
greater understanding of spatial as well as temporal data from MRI as 
well as functional information from PET [44]. A variety of multimodal 
scanners including; PET-CT, PET-MRI are in development to improve 
the visualisation of tumours [43,45,46]. It is hoped that the recent 
advances in imaging techniques will provide a greater understanding of 
the molecular basis of cancer, providing further insight into signalling 
pathways responsible for tumour growth and metastasis [46].
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