
Introduction

Applications for in vivo fluorescent small animal imaging are 
varied and include cell tracking, tracer/probe development, and 
detection of molecular biomarkers. These methods have been 
applied in models of cancer, infection, inflammation, and stem 
cell biology. The catalogue of fluorescent imaging reagents 
has expanded significantly in the past decade (Table 1). There 
have been two primary developments in the evolution of in vivo 
fluorescent reagents during this time: 1) red-shifted fluorescent 
proteins (e.g. tdTomato) and NIR dyes (e.g. Cy7) are more 
commonly used for in vivo imaging applications, and 2) the 
range of validated targeted probes has expanded significantly. 
Red-shifted light traverses tissue with less light scatter relative 
to photons in the blue/green spectrum. As a result, red-
shifted fluorescent reporters provide significantly improved 
sensitivity for in vivo small animal imaging applications. 

Several red-shifted fluorescent protein variants have been 
developed and genetic cell and animal reporter models have 
subsequently been generated (Fig. 1). For example, Ullrich et 
al. (2014) recently validated a MPC-mCherry tumor model, 
showing a good correlation in fluorescent intensity and tumor 
volume. This tumor model was subsequently employed in 
a dual fluorescence/radioisotope imaging study validating 
a novel theranostic agent (Ullrich et al., 2016). Fluorescent 
protein variants can differ not only in the relative fluorescent 
spectrum, but in fluorescent brightness. Kinnear et al. (2015) 
compared several red-shifted fluorescent proteins in a DNA 
vaccine model. Interestingly, tdTomato was found to provide 
better sensitivity compared to mCherry, Katushka, and 
Katushka2, despite a relatively lower red-shift of the tdTomato 
peak emission. There several possible explanations for this 
difference, but one might be that tdTomato is less susceptible 
to protease degradation.

Fluorescent Reagents for in vivo Optical Imaging  

Reporter Types Common Application Example Reporters

Fluorescent proteins Long term (days, weeks, month, years) cell tracking including tumor and 
infection progression

tdTomato, mCherry, iRFP

Cell labeling dyes Short term (days, weeks) cell tracking for tumors, infectious agents, and 
stem cells

DiR, QDots (e.g. QDot800)

Organic fluorophores Molecules, antibodies, aptamers, or nanoparticles are frequently labeled 
with organic fluorophores to monitor compound targeting /tracking

Cy5.5, Cy7, IR800, Alexa750, ICG, 
Nirawave C

Commercial non-
targeted probes

Vasculature or blood perfusion markers Nirawave M, Nirawave nano, Qtracker

Commercial targeted 
probes

Detection of molecular targets/receptors in oncology, inflammation, and 
infection

PSVue794, 800CW bone tag

Activatable probes Protease activity of tumor and inflammation Matrix metalloproteinase probes



Figure 1

Figure 1. Bruker In-Vivo Xtreme and FLI/X-ray imaging of a red-shifted genetic 
reporter and a NIR probe.  
A) A549-iRFP (Imanis Life Sciences, Rochester, MN) lung tumor imaging at 8 weeks 
post intravenous injection.  
B) PC3M-Luc (Targeting Systems, El Cajon, CA) subcutaneous tumor imaging 
showing BLI (red) and NIR activatable probe signal (blue).

Cell labeling using fluorescent NIR lipophilic dyes (e.g. DiR), 
or dyes that undergo endocytosis (e.g. QDots), are useful for 
short term cell tracking. Davison et al. (2013a) reported on a 
protocol using in vivo optical imaging and DiR pre-labeling to 
confirm MDA-MB-231 pulmonary implantation in a classic 
lung metastasis model. This non-invasive imaging protocol 
was subsequently employed in studies investigating the 
association of catalase and carcinoma associated fibroblasts 
in resulting tumor burden (Davison et al., 2013b; Weigel et 
al., 2014). These techniques are particularly beneficial where 
genetic manipulation is not possible or desirable, and has been 
applied in stem cell tracking, infection tracking, and in tracking 
autologous labeled immune cells (Eisenblätter et al., 2009).

Further, the range of validated commercial (and research) 
targeted NIR probes has expanded significantly in the past 
decade. These include specific molecular probes for tumors 
(Sasser et al., 2014), infectious agents (Sasser et al., 2013), 
inflammation (Robin-Jagerschmidt et al., 2016a), apoptosis 
(Robin-Jagerschmidt et al., 2016b), and angiogenesis 
(Edwards et al., 2009, Ke et al., 2012). Activatable fluorescent 
probes offer molecular detections with improved Signal-to-
Noise-Ratios (SNR). These “smart probes” often consist of a 
specific protease peptide recognition sequence flanked with 
auto-quenching NIR dyes that fluoresce only when the probe 

is cleaved, typically when reaching a target at a dedicated 
location (e.g. site of tumor, inflammation or injury) with high 
protease activities (Mahmood et al., 2003). In vivo validation for 
the protease probes has been performed in a range of models 

Bruker Optical/X-ray imaging systems are equipped standard 
with full multispectral (Yudina et al., 2016) fluorescence VIS-
NIR imaging capability, compatible with most custom and 
commercial reporters (Fig. 1). Bruker Optical/X-ray imaging 
systems have been employed with a range of fluorescent 
reporters including but not limited to YFP, eGFP, mCherry, 
TdTomato, IR650, IR 700, IR750, IR800, Alexa680, Alexa700, 
Alexa 750, Cy5, Cy5.5, Cy7, DiR, Qdots, and many others. 

There are now several commercial suppliers of fluorescent 
reporters. Reporter constructs differ relative to application and 
price. For example, constructs differ in the fluorescent protein 
variant type (e.g. GFP, mCherry, tdTomato), the promoter, and 
often include complementary expression constructs. Imanis 
(www.imanislife.com) supplies dual reporters that combine 
fluorescent constructs with PET/SPECT and bioluminescence 
genetic reporters, providing bridge between in vivo optical, 
PET/SPECT, and even ex vivo fluorescence microscopy.

Table 2. Suppliers of Fluorescent Reagents

CAMBRIDGE BIOSCIENCE www.bioscience.co.uk

CLONTECH www.clontech.com

IMANIS www.imanislife.com

LICOR www.licor.com

MILTENYI BIOTEC www.miltenyibiotec.com

PERKIN ELMER www.perkinelmer.com

nanoPET www.nanopet-pharma.com

PROMEGA www.promega.com

SBI www.systembio.com

THERMOFISHER www.thermofisher.com

VERGENTBIOSCIENCE www.vergentbio.com
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