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PET/Fluorescence Imaging: An Opportunity to Integrate Diagnosis with
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Over the last a few decades, the field of imaging science witnessed
exponential growth on many imaging techniques including Computed
Tomography (CT), Single Photon Emission Computed Tomography
(SPECT), Positron Emission Tomography (PET), bioluminescence,
fluorescence, and Magnetic Resonance Imaging (MRI) [1,2]. With
the ability to image specific biological pathways at the molecular
and cellular level in vivo [3], molecular imaging techniques are
widely used in diagnostic and therapeutic field. It also successfully
accelerates the drug discovery and development process, especially
for personalized medicine development. Generally, each molecular
imaging technique has its own advantages and limitations in spatial
and temporal resolution, depth penetration, sensitivity and cost [4].
It is possible that synergistic effect could be obtained by the fusion
of two or more in vivo imaging techniques [5-7]. In particular, PET
is a powerful imaging technique closely related to clinical translation
in oncology. PET could provide critical in vivo information on
the distribution of radio labeled biomolecules, which would help
a noninvasive cancer diagnosis [8-10]. In contrast, fluorescence
imaging has been demonstrated to be a superior method for intra
operative tumor detection [11-14]. In clinical practice, tumors were
more efficiently detected using the tumor-specific intra operative
fluorescence imaging than with the conventional visual inspection.
Since both PET and optical imaging have unique features for
clinical applications, PET/fluorescence dual modality imaging might
greatly benefit the patients because the lesion could be located using
noninvasive PET scans (diagnosis), and the optical motif would allow
surgeons to identify the PET-detected lesions or smaller metastasis
in intra operative image-guided surgery (therapy). Clearly, general
methods are greatly needed for simple and efficient construction of
PET/fluorescence dual modality probes.

PET/fluorescence probes could be efficiently constructed by using
nanoparticle as the general platform [15-19]. For example, Quantum
Dots (QDs) demonstrated great potential for in vivo optical imaging
applications. Both radioactive tag and targeting ligand could be
introduced to the surface of this nanomaterial for targeted PET/
fluorescence imaging (Figure 1A). Large targeting ligands (such as
antibody or proteins) themselves could also serve as the carrier for
imaging tags [20-24]. After chemical modification, fluorescence and
radioactive motifs could be introduced separately to these molecules.
Several reports have demonstrated the feasibility of this approach
(Figure 1B). Recently, hetero functionalized sarcophagine cage has
been developed for PET/fluorescence imaging (Figure 1C) [25]. This
hetero functionalized ligand could be considered as a cross-linking
agent that could also be labeled with ¢*Cu. The ligand was consecutively
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Figure 1: Synthesizing PET/fluorescence probes through (A) nanoparticle
based approach; (B) antibody/protein/peptides based approach; (C) cross-
linking agent that could also be radiolabeled; (D) radioactive fluorescence dyes.

functionalized with RGD2 peptide and Cy5.5 dye in good yields and
then efficiently labeled with **Cu under mild condition. The favorable
#*Cu-labeling property of cage-like sarcophagine, plus the hetero
functional groups on each side, made this BaAn(Boc)Sar chelator very
attractive for dual-modality imaging probe construction. In a proof
of principle study, the constructed PET/optical tumor-targeting probe
not only allows direct comparison between PET and fluorescence
imaging, but also integrates the noninvasive PET imaging with
image-guided surgery.

Traditionally, the synthesis of PET/fluorescence dual modality
agents has been achieved by introducing a fluorophore and a
radiolabeled component as two separate entities [26,27]. Recently,
significant amount of effort has been devoted to the synthesis of
radioactive fluorescent dyes which could allow simple and efficient
synthesis of [*F]-PET/fluorescence dual modality agents (Figure
1D). In 2011, Li et al. demonstrated that boron-based [**F]-fluoride
captors could be hybridized with fluorophores and targeting agents
for the PET/fluorescence dual modality imaging of sentinel lymph
nodes in animal models [28]. Purser et al. pioneered in the design
and synthesis of PET/optical probe using BODIPY dyes [29]. BODIPY
dyes constitute a class of fluorophores that have been widely used for
the fluorescent labeling of biomolecules [30-32]. Such dyes feature
high stability, high quantum yields and an emission range that can
be tuned into the near infrared [33,34]. BODIPY dyes also typically
possess a boron-bound fluorine atom which could provide a site for
the incorporation of a [**F]-fluorine atom, a radionuclide of choice
for positron emission tomography (PET) [30-32]. In the original
study, radiosynthesis of *F-BODIPY dyes can be carried in the
matter of minutes in aqueous solutions using the target [*O]-water/
['*F]-fluoride solution. After the B-OH bond in a BODIPY dye was
activated by trimethylsilyl trifluoromethanesulfonate (TMSOTY),
a no-carrier added method was also reported using azeotropically
dried tetrabutylammonium "*F-fluoride ("*F-TBAF) [29]. The integrity
of “F-BODIPY in PBS buffer (pH 7.5) was tested after incubation at
room temperature up to 6 hours and >95% purity was obtained. This
experiment clearly demonstrated that the product was resistant to
hydrolysis at physiological pH. In the following in vivo study performed
in mouse, the activity was accumulated primarily in the liver, kidneys,
and gallbladder 2 hours post injection. No observable bone uptake up
to 4 hours post injection indicated that the hydrolytic release of free
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¥F-fluoride from “F-BODIPY was negligible on the time scale of the
F-nuclear decay. In the ex vivo study, the fluorescence signals and
PET signals of the major organs correlated very well, which validated
the dual modality potential of the probe. This new approach, which
was further validated and extended recently [35,36], is attractive
because the positron emitting and fluorescence properties of the
imaging agent are confined to the same molecular compartment.

In summary, both PET and fluorescence imaging have unique
features for clinical applications. A system that integrates these two
imaging modalities could greatly benefit patient management, for
example by providing complimentary diagnosis information during
surgery in a non-invasive manner. With recent advancements in
PET/fluorescence probe synthesis, PET/fluorescence imaging would
significantly advance the diagnosis and surgery of various cancers,
and the research results could be translated into first-in human trials
quickly.

References

1. Ding H, Wu F (2012) Image guided biodistribution and pharmacokinetic
studies of theranostics. Theranostics 2: 1040-1053.

2. Kuchmiy AA, Efimov GA, Nedospasov SA (2012) Methods for in vivo
Molecular Imaging. Biochemistry (Mosc) 77: 1339-1353.

3. Semmler W, Schwaiger M (2008) Handbook of Experimental Pharmacology
Volume 185/1 Molecular Imaging |, Springer-Verlag Berlin Heidelberg.

4. Tsien RY (2003) Imagining imaging’s future. Nat Rev Mol Cell Biol :SS16-
SS21.

5. Azhdarinia A, Ghosh P, Ghosh S, Wilganowski N, Sevick-Muraca EM (2012)
Dual-labeling strategies for nuclear and fluorescence molecular imaging: a
review and analysis. Mol Imaging Biol 14: 261-276.

6. Marti-Bonmati L, Sopena R, Bartumeus P, Sopena P (2010) Multimodality
imaging techniques. Contrast Media Mol Imaging 5: 180-189.

7. Sauter AW, Wehrl HF, Kolb A, Judenhofer MS, Pichler BJ (2010) Combined
PET/MRI: one step further in multimodality imaging. Trends Mol Med 16: 508-
515.

8. Huang CW, Li Z, Cai H, Shahinian T, Conti PS (2011) Novel a(2)B(1) integrin-
targeted peptide probes for prostate cancer imaging. Mol Imaging 10: 284-294.

9. Li D, Liu S, Liu R, Park R, Hughes L, et al. (2012) Targeting the EphB4
receptor for cancer diagnosis and therapy monitoring. Mol Pharma [Epub
ahead of print].

10.Li Z, Jin Q, Huang C, Dasa S, Chen L, et al. (2011) Trackable and Targeted
Phage as Positron Emission Tomography (PET) Agent for Cancer Imaging.
Theranostics 1: 371-380.

11. Crane LM, Themelis G, Arts HJ, Buddingh KT, Brouwers AH, et al. (2011)
Intraoperative near-infrared fluorescence imaging for sentinel lymph node
detection in vulvar cancer: first clinical results. Gynecol Oncol 120: 291-295.

12. Crane LM, Themelis G, Pleijhuis RG, Harlaar NJ, Sarantopoulos A, et al.
(2011) Intraoperative multispectral fluorescence imaging for the detection of
the sentinel lymph node in cervical cancer: a novel concept. Mol Imaging Biol
13: 1043-1049.

13. Nguyen QT, Olson ES, Aguilera TA, Jiang T, Scadeng M, et al. (2010) Surgery
with molecular fluorescence imaging using activatable cell-penetrating
peptides decreases residual cancer and improves survival. Proc Natl Acad
Sci U S A 107: 4317-4322.

14. Thurber GM, Figueiredo JL, Weissleder R (2010) Detection limits of
intraoperative near infrared imaging for tumor resection. J Surg Oncol 102:
758-764.

15. Bradbury MS, Phillips E, Montero PH, Cheal SM, Stambuk H, et al. (2012)
Clinically-translated silica nanoparticles as dual-modality cancer-targeted
probes for image-guided surgery and interventions. Integr Biol (Camb) 5: 74-
86.

16. Chen K, Li ZB, Wang H, Cai W, Chen X (2008) Dual-modality optical and
positron emission tomography imaging of vascular endothelial growth factor
receptor on tumor vasculature using quantum dots. Eur J Nucl Med Mol
Imaging 35: 2235-2244.

17. Cheon J, Lee JH (2008) Synergistically integrated nanoparticles as
multimodal probes for nanobiotechnology. Acc Chem Res 41: 1630-1640.

18.Li S, Goins B, Zhang L, Bao A (2012) Novel Multifunctional Theranostic
Liposome Drug Delivery System: Construction, Characterization, and
Multimodality MR, Near-Infrared Fluorescent, and Nuclear Imaging.
Bioconjug Chem.

19. Stelter L, Pinkernelle JG, Michel R, Schwartlander R, Raschzok N, et al.
(2010) Modification of aminosilanized superparamagnetic nanoparticles:
feasibility of multimodal detection using 3T MRI, small animal PET, and
fluorescence imaging. Mol Imaging Biol 12: 25-34.

20. Xu H, Baidoo K, Gunn AJ, Boswell CA, Milenic DE, et al. (2007) Design,
synthesis, and characterization of a dual modality positron emission
tomography and fluorescence imaging agent for monoclonal antibody tumor-
targeted imaging. J Med Chem 50: 4759-4765.

2

=

. Paudyal P, Paudyal B, lida Y, Oriuchi N, Hanaoka H, et al. (2009) Dual
functional molecular imaging probe targeting CD20 with PET and optical
imaging. Oncol Rep 22: 115-119.

22.Sampath L, Kwon S, Hall MA, Price RE, Sevick-Muraca EM (2010) Detection
of Cancer Metastases with a Dual-labeled Near-Infrared/Positron Emission
Tomography Imaging Agent. Transl Oncol 3: 307-317.

23.Hong H, Zhang Y, Severin GW, Yang Y, Engle JW, et al. (2012)
Multimodality Imaging of Breast Cancer Experimental Lung Metastasis with
Bioluminescence and a Monoclonal Antibody Dual-Labeled with (89)Zr and
IRDye 800CW. Mol Pharm.

24. Zhang Y, Hong H, Engle JW, Yang Y, Theuer CP, et al. (2012) Positron
emission tomography and optical imaging of tumor CD105 expression with a
dual-labeled monoclonal antibody. Mol Pharm 9: 645-653.

25.Liu S, Li D, Huang CW, Yap LP, Park R, et al. (2012) Efficient Construction of
PET/Fluorescence Probe Based on Sarcophagine Cage: An Opportunity to
Integrate Diagnosis with Treatment. Mol Imaging Biol 14: 718-724.

26.Ting R, Aguilera TA, Crisp JL, Hall DJ, Eckelman WC, et al. (2010) Fast "®F
labeling of a near-infrared fluorophore enables positron emission tomography
and optical imaging of sentinel lymph nodes. Bioconjug Chem 21: 1811-1819.

27. Ducongé F, Pons T, Pestourie C, Hérin L, Thézé B, et al. (2008) Fluorine-
18-labeled phospholipid quantum dot micelles for in vivo multimodal imaging
from whole body to cellular scales. Bioconjug Chem 19: 1921-1926.

28.LiZ, Lin TP, Liu S, Huang CW, Hudnall TW, et al. (2011) Rapid aqueous [18F]-
labeling of a bodipy dye for positron emission tomography/fluorescence dual
modality imaging. Chem Commun (Camb) 47: 9324-9326.

29. Purser S, Moore PR, Swallow S, Gouverneur V (2008) Fluorine in medicinal
chemistry. Chem Soc Rev 37: 320-330.

30. Miller PW, Long NJ, Vilar R, Gee AD (2008) Synthesis of 11C, 18F, 150,
and 13N Radiolabels for Positron Emission Tomography. Angew Chem Int Ed
Engl 47: 8998-9033.

31. Dolle F, Roeda D, Kuhnast B, Lasne MC (2008) Fluorine-18 chemistry for
molecular imaging with positron emission tomography. Fluorine and Health:
3-65.

32. Loudet A, Burgess K (2007) BODIPY dyes and their derivatives: Syntheses
and spectroscopic properties. Chem Rev 107: 4891-4932.

33. Ulrich G, Ziessel R, Harriman A (2008) The chemistry of fluorescent Bodipy
dyes: versatility unsurpassed. Angew Chem Int Ed 47: 1184-1201.

34.Liu S, Lin TP, Li D (2013) Facile generation of Positron Emission Tomography/
Fluorescence dual modality agents for tumor imaging.

35. Hendricks JA, Keliher EJ, Wan D, Hilderbrand SA, Weissleder R, et al. (2012)
Corrigendum: Synthesis of ['®F]BODIPY: Bifunctional Reporter for Hybrid
Optical/Positron Emission Tomography Imaging. Angew Chem Int Ed 51:
6813.

36. Hendricks JA, Keliher EJ, Wan D, Hilderbrand SA, Weissleder R, et al. (2012)
Synthesis of ["®F]BODIPY: bifunctional reporter for hybrid optical/positron
emission tomography imaging. Angew Chem Int Ed Engl 51:4603-4606.

Citation: Liu S, Conti PS, Li Z (2013) PET/Fluorescence Imaging: An Opportunity to Integrate
Diagnosis with Surgery. OMICS J Radiology. 2: e115. doi:10.4172/2167-7964.1000e115

OMICS J Radiology
ISSN: 2167-7964 ROA an open access journal

Volume 2 « Issue 1+ 1000e115


http://dx.doi.org/10.4172/2167-7964.1000e115
http://dx.doi.org/10.4172/2167-7964.1000e115
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3516836/
http://www.ncbi.nlm.nih.gov/pubmed/23244729
http://www.amazon.com/Molecular-Imaging-Handbook-Experimental-Pharmacology/dp/B004FWMUNY
http://www.ncbi.nlm.nih.gov/pubmed/14587522
http://www.ncbi.nlm.nih.gov/pubmed/22160875
http://www.ncbi.nlm.nih.gov/pubmed/20812286
http://www.ncbi.nlm.nih.gov/pubmed/20851684
http://www.ncbi.nlm.nih.gov/pubmed/21486537
http://www.ncbi.nlm.nih.gov/pubmed/23211050
http://www.ncbi.nlm.nih.gov/pubmed/22211143
http://www.ncbi.nlm.nih.gov/pubmed/21056907
http://www.ncbi.nlm.nih.gov/pubmed/20835767
http://www.ncbi.nlm.nih.gov/pubmed/20160097
http://www.ncbi.nlm.nih.gov/pubmed/20872807
http://www.ncbi.nlm.nih.gov/pubmed/23138852
http://www.ncbi.nlm.nih.gov/pubmed/18566815
http://www.ncbi.nlm.nih.gov/pubmed/18698851
http://www.ncbi.nlm.nih.gov/pubmed/22577859
http://www.ncbi.nlm.nih.gov/pubmed/19582510
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2366096/
http://www.ncbi.nlm.nih.gov/pubmed/19513512
http://www.ncbi.nlm.nih.gov/pubmed/20885893
http://www.ncbi.nlm.nih.gov/pubmed/22784250
http://www.ncbi.nlm.nih.gov/pubmed/22292418
http://www.ncbi.nlm.nih.gov/pubmed/22476968
http://pubs.acs.org/doi/abs/10.1021/bc1001328
http://www.ncbi.nlm.nih.gov/pubmed/18754572
http://www.ncbi.nlm.nih.gov/pubmed/21779546
http://pubs.rsc.org/en/Content/ArticleLanding/2008/CS/b610213c
http://www.ncbi.nlm.nih.gov/pubmed/18988199
http://books.google.co.in/books?id=bp_12gGYdGMC&pg=PA3&lpg=PA3&dq=Fluorine-18+chemistry+for+molecular+imaging+with+positron+emission+tomography&source=bl&ots=9j09VtFW0J&sig=AnUedAKjD3sHuzOu-MTCOtzyFMI&hl=en&sa=X&ei=TCzsUJfGNcfwrQeQiIHoCA&ved=0CDcQ6AEwAA#v=
http://www.ncbi.nlm.nih.gov/pubmed/17924696
http://www.ncbi.nlm.nih.gov/pubmed/18092309
http://onlinelibrary.wiley.com/doi/10.1002/anie.201203411/abstract
http://onlinelibrary.wiley.com/doi/10.1002/anie.201107957/abstract

	Title

	Corresponding author
	Figure 1

	References



