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Integrin-specific near infrared optical imaging agent for tumor-induced angiogenesis detection in mice
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ABSTRACT were imaged with the Pearl™ Imager and in all cases, IRDye 800CW RGD groups have reported the use of fluorescently labeled cyclic-pentapep- CONCLUSIONS
; - . - localized to tumor tissue with good signal-to-noise characteristics. tides [2,4,5] for the detection of integrin over-expression in tumor specific
Tumor-induced angiogenesis is a common feature of malignant neoplasms  g\,ccessful in vivo competition for binding of IRDye 800CW RGD was tissue in mice. Our studies demonstrate IRDye 800CW RGD maintained specificity for
inclu-ding-melanoma, glioma, prostate, e?nd breast cancer. Integrins, hgt- achieved by administering a dose of unlabeled RGD prior to labeled human tumor cell targeting in vitro and in mouse xenografts. We have
erodimeric gly(;oprotem receptors,dmed;]ate cell-to-cell and-cell-to-maflfrl]x RGD injection, upon which fluorescence was reduced by 72%, confirming  Near infrared (NIR) optical imaging (650-900 nm) is a technology well optimized and characterized a non-invasive optical imaging agent,
interactions and are over-expressed in the tumor microenvironment. The  gpecificity of the targeting agent. These data demonstrate IRDye 800CW suited to the preclinical evaluation of disease and molecular processes. IRDye 800CW RGD, for tracking tumors over-expressing integrin recep-
Arg-Gly-Asp (RGD) tripeptide is a specific ligand for the integrin receptor  gGp will be an effective optical imaging tool for the study of tumor biol- Its appeal is partially attributable to the optical sensitivity achieved in this ~ tors in mice.
a3, to which it binds with high affinity. We sought to develop anearin- 4y jn mice. spectral range, in which the inherent autofluorescence of tissues and
frared dye labeled RGD probe for rgonltorlng diseases related to 0,3 re- water is relatively low.[6-8] IRDye 800CW excitation and emission max- REFERENCES
ceptor over-expression. A cyclic-RGD peptide was conjugated to the near INTRODUCTION ima are ideally si i i i itivi .
¢ 9 ¢ y situated in the NIR spectrum to yield superior sensitivity [1] H.Jin and J.Varner. BrJ Cancer 90 (2004) 561-5.
!nfrared dye, IRDye® 800CW (ex/em 778/794 nm). Specn‘lc_lty and sensitiv- : - —— - — and low background when imaging in mice.[9] Prior dual-labeling of a [2] Z. H. Jin, et al., Mol Cancer 6 (2007) 41
ity of the dye-labeled agent for multiple tumor cell types (i.e., U87, A431, Integrins are a family of heterodimeric glycoprotein receptors consisting cyclic-RGD peptide with "In and IRDye 800CW showed effective, specific 3 J' L -K ’ "I Anal Bioch 2007 -367'1 12
PC3M-LN4, and 22Rv1) were evaluated using the In-cell Western plate- of an alpha and beta subunit which mediate cell-to-cell and cell-to-matrix targeting of a, B3 in melanoma cells.[10] [4] Z. C.h ovar, etla ;3 na .loccfe;m( 16 2)005' 1'43‘;3 41
based assay. Increasing concentration of IRDye 800CW RGD (0-500 nM) interactions. The a,f3 integrin is over-expressed on many tumor cell v [5] Y.W eng, 7“;/," | I:ocoryugB. 16?006 (8'266: 236 -
produced a dose-dependent response while incubation with unlabeled types and on endothelial cells of tumor-associated angiogenic vessels. Our objective with this study was to produce an IRDye 800CW RGD opti- {6} K LiLcj:’h:t aC.,rr (7)'0 l;‘;zgcl‘f;zml(zzgoz) 2)22..1 2;) .
RGD (0-10uM), in ac_idit_ion to IR_D_yfe 800CW RGD (0.5 uM), blocked the Inappropriate expression of this feceptor plays a cr.itical rqle in the regu- cal imaging agent for the detection of tumors in which a,Bs is over-ex- ol M Gurfi.nkeL; (.et a;/) Disease./\/]arkers (2604) 119.107_121
I.abe_led ager_ﬂ, confirming specmcqy to The target _receptor. Subs_eque_nt Iatlop.of tumor grpwth, progression, and metastas_ls.[ﬂ Blomarlkers . pressed. Subsequent characterization of IRDye 800CW RGD confirmed 8] J V Frangior’ﬁ Cu;r Opinion. Chem. Biol (200‘3) 7'626—634
in vivo studies were performed to identify the optimal dose and imaging specifically targeting cell surface receptors have widespread efficacy in the agent is specific to tumeor tissue both in vitro and in vive, providing ] K E g e:t " J Biomec'ﬁcal v .tics (.2007) 12(.2).02401.7
time point post-injection in nude mice bearing subcutaneous tumors noninvasive optical detection of cancer and other diseases.[2,3] Several another imaging tool for preclinical evaluation of tumor biology in mice. 0] C. L: ol I’V | " M dici d Bp' 1. (2006) 33.349- A, .
derived from glioblastoma (U87) and epithelial carcinoma (A431). Mice - LI, et al., Nuclear Meadicine and biol. : . ’
RESULTS
Labeling:

< Cyclo-(Arg-Gly-Asp) containing peptide was labeled with IRDye 800CW NHS ester (LI-COR Biosciences) and purified by chromatography.

Figure 1. Pharmacokinetics of A s

IRDye 800CW RGD binding to U87 - 4000 il
and 22Rv1 tumor cells in vitro.
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B) IRDye 800CW RGD incubation B
with U87 tumor cells yielded 20-
fold greater fluorescence signal
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Figure 5. Deconvolution fluorescent microscopy confirms internalization of

C) Binding of IRDye 800CW RGD 160 IRDye 800CW RGD. Lung carcinoma cells were incubated with IRDye 800CW
was challenged with increasing 01 1 10 100 1000 159 E 140 " A431 Us7 RGD (6.25 uM, shown in green) for 3 h followed by a 5 min incubation with
concentration of unlabeled RGD ™ I 120 Sytox green nuclear stain (1 pM, shown in blue). Image was captured using
or RAD (0.31-10 uM) on U87 tumor C — 100 an Olympus IX 71/ 1X 81 inverted system microscope (40X oil).
cells. Unlabeled RAD did not com- = o0 i/'\l——i/i & 10 ] 30
pete with binding of IRDye 800CW g ao Z %‘) 0
RGD at any concentration tested, = \_’\l ]
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Figure 4. In vivo competitive challenge. Male athymic nu/nu mice were

Figure 3. Optimal imaging timepoint determination. A male athymic nu/nu injected subcutaneously with U87 (left) and A431 (right) tumor cells.
. " < . mouse was injected subcutaneously with U87 and A431 cells (10° each) on the Treatments included: A) 1X PBS; B) IRDye 800CW carboxylate (1 nmole);
* ‘ ’ ‘ ‘ § “'. 3 left and right flanks, respectively. When tumors reached approximately 0.5 cm, C) IRDye 800CW RGD (1 nmole); or D) unlabeled RGD (100 nmoles) fol-
' the animals were given an IV injection of 1 nmole IRDye 800CW RGD. Images lowed 1 h later with IRDye 800CW RGD (1 nmole). E) Quantification of
were captured at (A) 15 min; (B) 4 h; (C) 8 h; (D) 16 h; (E) 22 h; (F) 48 h; (G) 53 h; tumor fluorescence signal reveals specificity in vivo. Signal = [Total sig- © 2009 LI-COR, Inc. LI-COR, IRDye and Pearl are trademarks or registered trademarks of
) ; o and (H) 72 h. All images were normalized to the same look-up-table and pre- nal intensity for tumor — (Background Mean Intensity x Area (pixels) for LI-COR, Inc. All other trademarks belong to their respective owners.
Figure 2. In vivo dose optimization. Male athymic nu/nu mice were injected sented in pseudo color. Red and blue represent high and low signal, respec- tumor)]. The in vivo challenge confirmed IRDye 800CW RGD retained LI-COR is an ISO 9001 registered company.
subcutaneously with U87 cells (10°) on the right hip. When tumors reached tively. (I) Mean signal-to-noise ratio (SNR) was plotted for respective tumors at specificity for tumor cell targeting when moving from an in vitro-based
approximately 0.5 cm, animals were given 0.25, 0.50, or 1 nmole IRDye 800CW each time point. Images captured at peak signal-to-background ratios for a par- plate assay to in vivo animal testing. IRDye 800CW RGD was blocked ‘I'c”®
RGD intravenously. Images were captured 24 h post injection using the Pearl ticular target are most informative. Therefore, the optimal imaging timepoint with a pre-injection of unlabeled RGD in subcutaneous U87 and A431 =2 =
Imager (LI-COR Biosciences). Evaluation of signal-to-background ratios sup- for labeled RGD targeting of a3 on U87 and A431 cells is 24-48 h. tumors by 72% and 7%, respectively. Biosoiences

ports an optimal dose of 1 nmole in this tumor model. www.licor.com
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