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Abstract

Matrix metalloproteinases are a family of zinc-dependent endopeptidases
that have been shown to be key regulators of tumor growth and metastasis
formation. Detection of matrix metalloproteinases (MMPs) in the urine of cancer
patients has been shown to correlate with disease status in a variety of cancers,
including bladder cancer. Numerous studies have now shown that, in particular,
biologically active MMP-2 and MMP-9 are found at higher frequency in the urine
of cancer patients than in the urine of normal, age-match, sex-matched controls.

Our group is developing a non-invasive diagnostic assay utilizing urinary
MMPs, such as MMP-2 and MMP-9,
recurrence in bladder cancer. In the process of developing the a
the background frequency and levels of both MMP-2 and MMP-9 in the urine of
nomal_controls. Background levels of MMPs were found in the urine of

10% of disease-free males and 30% of dis
females, with MMP-9 being the most commonly detected endogenous MMP. Little
or no MMP-2 was detected in disease-free individuals. We investigated whether
addition of a “clean catch” sample collection procedure would decrease the
endogenous background levels of MMPs found in a disease-free population. We
found that the addition of “clean catch” to our standard operating procedure for
mple collection reduced both the frequency and levels of MMP:

In addition, we tested the potential impact of the * clean catch” sample
collection methodology on clinical sensitivity and specificity by performing a small
pilot study using urinary levels of MMP-2 and MMP-9 to discriminate disease-free
patients from those with bladder cancer. At a fixed protein level resulting in 90%
(9/10) sensitivity, addition of “clean catch” procedure to the urine sample collection
protocol increased MMP-9 marker specificity from approximately 74% (11/42) to
approximately 91% (5/54). Further validation of these results and full development
of a clinical test to monitor for bladder cancer recurrence are currently underway.

Introduction

With increasing cancer therapeutic efficacies and the development of better
methodologies for early detection, the cancer survivor population has been growing
steadily over the years. Currently 3.5% of the US population is made up of cancer
survivors. In addition to the risk of having a recurrence of their primary cancer, these
patients also have an increased risk of developing a secondary cancer. To date, due to
the increascd risk of this patient population. and the need for monitoring
with high ics, more costly and complex
diagnostic procedures generally reserved for diagnosing symptomatic patients have
been used for recurrence monitor. However, as this patient population grows, there is
aclear need for the development of more cost effective clinical algorithm ;
that would result in more efficient management of cancer survivors.
sue that could be addressed with the
discovery and development of new biomarker associated diagnostic tests. Our lab is
developing the use of urinary matrix metalloproteinases to manage the care of cancer
survivors by monitoring for recurrence in a non-invasive format and at greater
frequency than currently possible. In the course of developing these
observed a slightly higher background of endogenous MMPs in the
free females than in that of disease-free males and set out to deter
difference might be attributable to contamination of the urine with vaginal secretions
and whether the addition of a “clean catch” urine collection procedure would reduce
the levels of MMP observed.

Urine Samples from Disease-free Females Contain Higher
Endogenous MMP-9 Levels than that from Disease-free Males
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Figure 1 To determine the baseline levels of MMPs found in the urine of disease-
free individuals, MMP-2 and MMP-9 ELISA assays were run on urine samples
obtained from males and females. MMP-9 was detected
in a number of urine samples obtained from females but was not found at

significant levels in the urine of male controls.

Blood as a Possible Source of MMP-9 in Urine Samples
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Figure 2 To determine whether blood may contribute to
background MMP-9 levels found in some urine samples, increasing
amounts of blood (A) were titrated into buffer (B) and urine (C)
and MMP-9 levels were monitored by gelatin zymography and
ELISA (D). Although large amounts of blood (>1.25ul blood/ml
urine) can contribute to MMP-9 contamination in urine, the amount
of blood required for MMP-9 detection exceeds the amount of
blood typically found in the urine of discase-free individuals and
can easily be seen by eye.

Clean Catch Urine Collection Method Reduces Background
MMP-9 Levels in Females
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Figure 3 To determine the efficacy of clean catch on reducing the presence of
endogenous MMP-9 in the urine of women, 5 females were asked to urinate into a
3 benzalkonium chloride (BZK) towelettes, and
continue urination into a separate specimen cup. The resulting 2 urine specimens
(pre- and post-wipe) for each female were analyzed via zymography and ELISA. In
all five females tested, “clean catch” significantly decreases the amounts of MMP-9
present, suggesting that these are not native to urine itself. Figure 3 shows the
ELISA results for each female (A-E) before and after clean catch. This reduction in
MMP-9 concentration post clean catch was consistent with a decrease in MMP-9
activity as observed by zymography (left panel).

Use of Clean Catch Towelettes Does Not Interfere with MMP-9
Activity or Detection

Effect of Towelette on MMP-9 Detection
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Figure 4 To test whether the benzalkonium chloride (BZK) could affect MMP-9
activity or detection, pieces of the towelette were used to simulate a small (s),
medium (m) and large (1) contamination of bezalkonium chloride to the urine
mple collected after clean catch. A known amount of pure MMP-9 was added to
urine and aliquots of this were exposed to 3 different sizes of towelettes. The urine
was then analyzed for levels of MMP-9 via zymography (right panel) and ELISA
(left panel). Although a modest decrease was observed when BZK contamination
was “large”, the decrease was not significant and was equivalent to that observed
when a kimwipe was used as a control instead.

Clean Catch Urine Collection Method Decreases the Levels and Frequency
of Endogenous MMP-9 Found in the Urine of Disease-free Females
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Figure 5 To determine whether addition of the clean catch method to urine sample
collection could lower both the levels and frequency of endogenous MMP-9 found
in the urine of asymptomatic females, urine samples from 26 females were obtained
with and without the clean catch collection method and MMP-9.levels were

both by zymography and ELISA. A of the MMP-9
concentrations found in the urine of each female with and without clean catch are
shown above. Without clean catch, 9 out of 30 women (30%) had 2ng/ml MMP-9 or
more, whereas with clean catch, 4 out of 26 women (15%) had MMP-9
concentrations of 2ng/ml or greater. Without clean catch, the mean concentration
as 3.573ng/ml (std. dev=6.465), while with clean catch, the mean concentration
was 1.361ng/ml (std. dev=2.839).

Clean Catch Urine Collection Method Increases Clinical Specificity

True Positive True Negative
(Sensiivity) (Specificity)
Bladder Cancer versus Non -
. 9/10 (90%) 31/42 (138%)
Clean Catch Discase -free (5599 @95% C) 58-86 @95% C1
Controls

Bladder Cancer versus Clean o0 00%)
Catch Disease -free Controls (5599 @

49/54 (90.75%)
(80-97 @95% CI)

Table I To determine the efficacy of clean catch on reducing background MMP-9
levels and thereby improving clinical Specificity, the MMP-9 levels of 10 urine
samples obtained from bladder cancer patients were compared to urine samples
obtained from disease-free individuals collected with (n=54) and without (n=42)
clean catch. In this pilot study, at 90% Sensitivity, addition of the clean catch
method improved Specificity from 73.8% to 90.75%.

Summar

¢ Urine samples obtained from disease-free females contain higher
background levels of MMP-9 than that obtained from males.

« Although blood contamination can lead to increased levels of MMP-9 in
urine, the amount of blood required exceeds that most commonly seen in
the urine of di free indivi ing that non-blood vaginal
secretions may account for the higher background seen in women.

« Addition of a clean catch method to routine urine sample collection
reduced MMP-9 levels. In a cohort of 26 disease-free women, the clean
catch collection method effectively reduced the frequency (by ~50%) and
levels (by ~60%) of MMP-9 detected.

A pilot study comparing samples obtained from bladder cancer patients
and control samples with and without clean catch demonstrated that clean
catch can improve Specificity from ~75% to ~90%.




<<
  /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
  /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

  /CreateJDFFile 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


