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Prostate cancer is the most common male-specific cancer observed in the European Union and is the second leading cause of 
cancer death in men in our industrialized countries. The choice of treatment and its efficiency is largely dependent on the stage and 
on the degree of advancement of the cancer when it is diagnosed. Screening procedures like digital rectal examination (DRE) and 
free prostate specific antigen (PSA) level testing are well established but lack accuracy, yielding only 80% of prostate cancers
diagnosed in an early state. By providing a more accurate and precise tool for diagnosing prostate cancer in its early stages, the 
percentage of curable cancer patients would increase radically.

Introduction

Laser Technology
A specialised laser excitation method for generating 
sound from gold nanoparticles allows the penetration of 
tissue segments of several centimeters thickness by 
infrared laser light.

Bio-Functionalization of Nano-sized Gold particles
for specifically and selectively binding pathological 
tissue as well as providing targeted delivery of these 
particles to the region of interest in the body.

Ultrasound Technologies and Image Reconstruction
capable of detecting the location and quantity of nano
sized particles using the sound signals they generate 
following laser light excitation. Data processing and 
presentation of images for accurate visualisation of 
pathological regions.

Principle of the Adonis Project
The ADONIS Project intends to prove the concept of using optoacoustic imaging in combination with biologically 
functionalised nanoparticles as an integrated biosensor based system for the production of specific and sensitive 
data for accurate diagnosis of prostate cancer.

The achievement of this objective requires excellent know-how in several fields:
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Overview on the ADONIS Project:
Accurate Diagnosis of prostate cancer using Optoacoustic detection 

of biologically functionalized gold Nanoparticles - A new Integrated Biosensor System

Fig.2: Hematoxylin/Eosin staining of small
spheroids of ~1mm sizes.

Fig.1: Picture of a spheroid taken under 
phase contrast inverted microscope

(one week old).

1mm

A  D  O  N  I  S

To allow the detection optimization of the 
biosensor, a 3D cell culture technique (spheroid 
culture) was developed to be closest to the in 
vivo tumor aspect. LNCaP, a human prostate 
carcinoma cell line which is reported to express 
PSMA, is the cellular model used for this work. 
This culture is performed in the Rotating Cell 
Culture System (Synthecon, Inc.) and produces 
spheroids or aggregates with sizes from 1mm 
up to 1cm. Observation of these entire 
spheroids under phase contrast microscope 
(Fig.1) and histological slices (Fig.2) show that 
these aggregates are composed of a tissue 
layer surrounding a necrotic core. 

The development of the biosensor is firstly 
performed to target the Prostate Specific 
Membrane Antigen (PSMA), a transmembrane
protein considered as a suitable biomarker by 
its increased expression with prostate cancers 
progression and metastasis (70% in benign 
epithelium and 80% in invasive cancer cells).
Detection of PSMA on LNCaP cell surface by 
immunostainning was performed on spheroid 
slices and on monolayer culture (Fig.3 and 4). 
In prospect, following the validation of the bio-
functionalization of the produced nano-sized 
gold particles, the detection of the completed 
biosensor will be tested on large spheroids and 
finally tested on in vivo model.
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Fig.3: PSMA detection by 
ImmunoHistoChemistry using peroxidase
on spheroid slice [spheroid of ~5mm size]. 
Spatial organization of PSMA-positive cells 

in the outermost cell layers and in the 
necrotic core were observed.

Fig.4: PSMA detection by 
ImmunoCytoChemistry using Qdots

(Molecular ProbesTM) on monolayer culture 
[40X]. Membrane distribution of PSMA is 

clearly visualized.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


