Monitoring Progression of Prostate Tumors in Mice
By Receptor-Targeted Near Infrared Optical Imaging
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ABSTRACT RESULTS AND DISCUSSION
Progression of prostate cancer to metastatic disease is a A pictorial view of prostate tumor growth in NOD/SCID mice from both cell lines
leading cause of cancer death in men. Mechanisms of used in this study is shown in Figure 1.
prostate cancer growth, invasion, and metastasis are studied
in mice by surgical implantation of tumor cells in the When imaging internal tumor growth in a longitudinal study, a major concern is
prostate. Use of sensitive noninvasive imaging techniques the ability to follow and correctly estimate tumor size. Figure 2 (PC3M-LN4 tumor)
to track progression in this model would greatly facilitate and Figure 3 (22Rv1 tumor) show representative images for one animal gathered
screening of therapeutics. In this report, we have specifi- over the experiment’s time period. In previous work with this cancer model system
cally targeted prostate tumor cells with EGF conjugated to and the prototype LI-COR Biosciences small-animal imager, a threshold SNR of 3
IRDye™ 800CW and used near-infrared optical fluorescent was determined to be the limit of detection for positive tumor tissue (Kovar et 4/.,
imaging to plot a time course of tumor growth following 2005). Therefore, only pixels that met or exceeded the SNR standard in the region
orthotopic injection. of interest were included in the estimation of tumor size over time. Area (mm?),
tumor signal intensity per mm?, and peak SNR were determined. These parameters > 57 Y <
Two model human cell lines were used in the study. showed similar trends over time for both prostate tumor cell lines. We were able to = ) ,.3(’ 37 A -
PC3M-LN4 cells are well characterized for prostate tumori- monitor tumor growth effectively with EGF-IRDye™ 800CW in the orthotopic Figure 1. Modeling human prostate cancer progression. Surgical
genesis and eventual spontaneous metastasis to parasortic tumor model with tumor depths of up to lem. orthotopic implantation and spontaneous metastasis to lymph nodes
lymph nodes. 22Rv1 cells were previously uncharacterized. are shown for PC3M-LN4 and 22Rv1 cell lines.
Twelve NOD/SCID mice were evaluated using EGF-

IRDye™ 800CW and a prototype near infrared 2D imaging
system optimized for IRDye™ 800CW detection. Five
mice per cell line received weekly tail vein injections of
EGF-IRDye™ 800CW (1 nmol). One mouse per line was
preserved as a dye-negative control. Weekly imaging of
tumor growth was performed 96 hours post-dye injection.
Despite multiple intervening tissue layers and depths of up
to 1 cm, tumors were readily detected in several prostates
as early as 2 weeks, and in all the mice by 3 weeks.
Fluorescence continued to intensify specifically in the
prostate over the remainder of the study. Tumor images
were analyzed for signal-to-noise ratio and correlated at

termination to tumor volume and wet weight, as well as

signal intensities per square millimeter in tumor sections.
Absence of lymph node metastases in 22Rv1-injected ani-

. . PC3M-LN4 Abdominal Tumor 22Rv1 Abdominal Tumor Growth
mals was noted. Specific fluorescence of tumor cells in Growth Over 6 Weeks . . Over 6 Wecks . .
.. .. . 55 Figure 2. Image time course for 120 Figure 3. Image time course for 22Rv1
positive nodes of PC3M-LN4-injected mice was also con- e 2 o .
. . L .. B0 e PC3M-LN4 tumor growth over a 5 100 o inatymme tumor growth over a 6-week period.
firmed by imaging upon termination. This is the first lon- I | 6 k period 2 o floom L
. . . - week period.
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INTRODUCTION Week Week
Human prostate cancer initially arises as a neoplasia within
the prostate epithelium. Progression of the tumor to inva- .
nep prea S . When tumor volume (mm?), weight (mg), and SNR were compared, Average Tumor Voluma Aversge Tumor Weight i

sive, metastatic disease may occur over a period of years, .o . . . o0 b ©

. . L the 22Rv1 treatment group maintained a higher average in all analysis o0 — b
and is delayed by androgen ablation therapies in early . . : oo | = < T

. categories relative to PC3M-LN4 tumors (Figure 4). ¥ oo 0 § oi—|
stages. Tumor cells that resume growth independently of o » 01—y
androgens will frequently metastasize to lymph nodes and . . - et oo o o
urther confirmation of the specificity o - e or " "
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bone. Complications from bone metastasis are the most

. the prostate tumors was achieved by recovering tumors and lymph
common cause of prostate cancer mortality.

Figure 4. Averages for 22Rv1 and PC3M-LN4 prostate tumors after excision. SNR

nodes at the termination of the study. Frozen tissue sections from the .
were calculated from images taken on week 6.

challenge animals were scanned on the Odyssey® Infrared Imaging

To study mechanisms of metastatic progression, we utilize a . . . . .
Y prog ’ System (LI-COR Biosciences) for signal intensity and area determina-

- 1 H l l H h h h ” ; X N Prostate Tissue Section Analysis

Sif Tcl;ll Caimm([)jnetezj i‘:lvtolcthe uzzsl:ati zoszait;lilﬁc;rczfns;re tions. Analysis showed that when C225, a monoclonal antibody that

rleally umpante P . P blocks the EGF receptor, was given 24 hours prior to the EGF-IRDye™ e e —
mised mice. Studies of such mechanisms could be ad- . o . . . [ ——
vanced by use of non-invasive imaeine to detect erowth 800CW,, approximately 39% blocking was achieved (Figure 5).

v . sing 5 Deposition of the EGF-IRDye™ 800CW throughout the tumor was
and regression of tumors in response to treatments or . . . 7 .
evident in both sections receiving labeled biomarker. ormelT gt ne

manipulations. In previous experiments, we determined
that systemic injection of a fluorophore-conjugated human

A primary objective of this study was to determine lymph node Figure 5. Frozen tissue section analysis of challenge mice (PC3M-LN4 derived tumors;
grow'th factor, EGF_.I RDye” 800CW, [?d t° EG,F recepror involvement with both cell lines and to evaluate EGF-IRDye™ 800CW n=4) showing a 39_% signal reduction when C225 treatment preceded EC,;F—IRDYC
mediated accumulation of the dye specifically within sub- 800CW. Green signal represents 800 nm = EGF-IRDye™ 800CWj; red signal repre-
cutaneously growing tumors (Kovar ez al., 2005). The sents 700 nm = autofluorescence of tissue; yellow signal represents overlap of the two
tumors were then easily visualized in anesthetized mice channels.

by near infrared optical imaging. In this study, we sought
to extend these findings to the longitudinal tracking of

as an indicator of metastasis. PC3M-LN4 is known to metastasize to
the paraaortic lymph nodes, while 22Rv1 was uncharacterized. At the
termination of the study, prostate tumors and lymph node regions

were imaged in the open abdominal cavities. No enlargement

. . TP or sign of metastases were noted for animals with 22Rv1
tumors in murine prostate and identification of sponta-
neous lymph node metastases. prostate tumors, even though those tumors were, on average,
3-fold larger by weight and volume compared to the PC3M-
LN4 prostate tumors. Lymph nodes for animals with PC3M-
MATERIALS AND METHODS LN4 prostate tumors appeared enlarged and opaque, visually
Six-week-old male NOD/SCID mice were injected ortho- exhibiting the characteristics of metastases. When imaging
topically with 10% tumor cells. Two human prostate tumor lymph nodes in an opened abdomen with a large prostate
cell lines were evaluated: PC3M-LN4, a highly tumorigenic tumor, signal from the lymph nodes, though detected, is
and metastatic cell line, and 22Rv1 cells, previously un- dampened by the high signal in the region (Figure 6). How-
characterized in this model system. The biomarker, EGF- ever, if the tumor is excised or covered, the signal in the lymph
IRDye™ 800CW, was used for detection of tumors. On nodes is clearly evident.
week 1, post-tumor cell implantation, 1 nmol of dye-con-
jugate was injected via the tail vein. A time course of dye Lymph nodes from the challenge animals were excised and
clearance using signal to noise ratio (SNR) as a readout scanned on Odyssey to confirm the presence of EGF-
established the maximum specificity at 96 hours. Images IRDye"™ 800CW in paraaortic lymph nodes from the
were collected weekly for five weeks at 96 hours after dye PC3M-LN4 animals (Figure 7). Although large prostate Figure 6. Panel A shows large lymph nodes and tumor. Arrows point out the nodes.
injection. A competition challenge was included, in which tumors developed in mice receiving 22Rv1 cells, these animals Panel B shows that when the tumor is removed the lymph nodes become clearly visible due
(225 anti-EGF receptor blocking antibody was used to showed no signs of metastasis to the lymph nodes by week 6. to the presence of labeled tumor cells.
confirm specificity of the probe in the prostate tumors and The excised PC3M-LN4 nodes were analyzed in Odyssey and
lymph nodes. signal per area (mm?) determined. Comparisons of the lymph nodes from EGF-IRDye™ 800CW and C225+ EGF-IRDye™ 800CW treatments showed approxi-
mately 34% blockage in the lymph nodes compared to the 39% noted in the prostate tumors. These results suggest that the effect of C225 is extended to the site
Near-infrared fluorescence imaging of isoflurane-anes- of metastasis, further confirming the specificity of the biomarker with this tumor model system.

thetized live animals was performed with a prototype
LI-COR® Biosciences small-animal imager (Lincoln, NE). CONCLUSIONS
Images were acquired and analyzed with Wasabi software
from Hamamatzu Photonics (Hamamatsu City, Japan).

We have shown that unlike PC3M-LN4 tumors, 22Rv1 tumors exhibited no sponta-
neous metastasis to paraaortic lymph nodes, even with large prostate tumors present.
Use of the EGF-IRDye™ 800CW biomarker and non-invasive optical fluorescent imag-

At the termination of the study, tumors were imaged,

excised, weighed, caliper measurements taken, and tissue ing allowed tumor size to be tracked in deep abdominal tumors, as well as in lymph Area, Signal/area, %
sections prepared. n.odes,‘conﬁrming meastases and providing tbe researcher .Wi[h immediate c.onﬁrma— Channel Intensity mm? mm? Blocked
tion without the need for histology. In vive signal antagonism by C225 antibody NC 300 016  10.63 0.015
confirms the specificity of the EGF-IRDye™ 800CW biomarker.
EGF-800CW 800 7.20 6.26 1.150
REFERENCES C225+ 800 2.98 3.91 0.762 34%
1. Kovar, J. L., er al. 2005, Sept. 7-11. Society of Molecular Imaging,
Cologne, Germany (Abstract). Figure 7. Lymph nodes from positive animals (PC3M-LN4 derived
2. Simpson, M. A,, et al. 2001. J. Biol. Chem. 276(21):17949-17957. tumors) along with a negative control node (left). Green represents
3. Simpson, M. A., ez al. 2002. J. Biol. Chem. 277(12):10050-10057. signal from 800 nm channel and red represents signal from the
4. Simpson, M. A,, et al. 2002. American ]. of Pathology 161(3):849-857. 700 nm channel (autofluorescence and background).
5. Weissleder, R. 2001. Nature Biotechnology 19(April):316-317.
6. Weissleder, R. and V. Ntziachristos. 2003. Nature Medicine. 9(1):123-128.

©2005 LI-COR, Inc. LI-COR, Odyssey and IRDye are °
trademarks or registered trademarks of LI-COR, Inc. All /"
other trademarks belong to their respective owners.

Biosciences

www.licor.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


