Correlations between Gene Amplification and Protein Expression of
Topoisomerase 2A (TOP2A) in Squamous Cell Carcinoma of the Lung
Anita Modi', MSIl, and Charalambos C. Solomides?, MD

1Jefferson Medical College at Thomas Jefferson University; 2Department of Pathology, Thomas Jefferson University Hospital, Philadelphia, PA

Jetterson.

ABSTRACT METHODS In situ hybridization (ISH) identified nuclear TOP2A gene copies, centromeres.

Background: While DNA topoisomerase 2A (TOP2A) plays an essential role in maintaining the Tissue microarravs 2 R -l “ At a% > :‘ Staining:

structural integrity of the double helix during replication and recombination, excessive expression (TMAS) were cregted 2 RSN SRS VENTANA BenchMark ULTRA platform

of this enzyme may promote malignant cell transformations. In fact, increased levels of TOP2A 0 20 fi ... . . . _ 1| = Dualcolor ISH molecular probes

have been observed in various cancer cell lines including squamous cell carcinoma of the lung. usmgl I?\;ue | N N GG LR Quantification:

This study sought to identify correlations between genotypic and phenotypic evidence of TOP2A Zamp ©s 0 Cte;lge .. . .. | -  Brightfield microscopy:

obtained via in situ hybridization (ISH) and immunohistochemistry (IHC) techniques. ng:inmoo;vlz ofthe Lun {oT et T 3RS by o 20-40 cells quantified per section |
Methods Tissue microarrays created from 29 samples of Stage | Squamous Cell Carcinoma of vy W AP Cores were resected gt TOP2A e oo e: Recorded values per cell for each section:
the lung were stained with VENTANA BenchMark ULTRA platform with dual color ISH molecular R ) § S e oz (9 ) pies) Average number of gene copies

probes TOP2A / CEP17 and antiTOP2A antibody (clone JS5B4-rabbit monoclonal antibody). ' (centromeres) TOP2A:CEP17 ratio

Gene copy numbers were analyzed using bright field microscopy. Gene amplification was
considered in cells exhibiting gene copies > 3 or TOP2A:CEP17 ratios > 1.82. IHC stains were Immunohistochemistry (IHC) detected nuclear TOP2A protein expression, quantified with Spectrum Software (Apeiro technologies).

quantified using Spectrum software (Apeiro technologies) using the nuclear algorithm. All levels of . | | — _ -
protein expression (+1 to +3) were considered positive. PP Ol e ARG e o TN :;{:-‘f{v‘ EH
Results: A moderate Pearson Correlation (0.4) between TOP2A gene amplification and protein LSO Ketla ! GRT CMLAN | “"3%.’...%,&7 (ﬁ,:; ‘.‘.;’gotzj;;w & o': e [0 ) X Sy |- e 2 - M —
expression was identified. B T g 1L RG0S REESIE TR gl o I i m'i.!‘ R T R
Conclusion: While gene amplification moderately correlated with protein expression of TOP2A, WOE Y SRt . gl | 6 ATy _zg;.. 3 ot

additional factors influencing protein expression independently of gene amplification should be _——— at e il .‘..f.‘ : 2t 5 s

identified. WLy Vel S el e S >

y ercent Nuclei

o e 5
o ’ '
..' C> 1+] Percent Nuclei 58,3644
CJ# ﬁ' Average Positive Intensity 164.286

% = O Py & ﬁ;. ' ﬁ’. ‘ & Average Negative Intensity 233.484

97 = s
o;'. 2 Q S, (34 Nucke s |
“."‘. ).5‘9# t% 82. s et (2+) Nuclei

N ) § Y RN (1+) Nuclei

(0+] Nuclei

'; "J \ ‘“'“'/\ g . ~ N q '\ ‘i‘ -'k :': \ -: a3 | t‘. :—::: ,%‘:’;5'9 o Ao.. : .."‘" A 'f AL ‘zﬁ R0 urs ps 15‘,-‘, ::- Total Nuclei o

INTRODUCTION Staining: VENTANA antiTOP2A antibod Quantification: Spectrum labeled nuclei

. . ainin anti antibo uantification: Spectrum labeled nuclei e
While DNA topoisomerase 2A (TOP2A) plays an g y P ;e

. ; N . . to nuclear TOP2A protein based on TOP2A expression e
essential role in maintaining the structural integrity of
the double helix during replication and recombination,

excessive expression of this enzyme may promote Recombination

. . Slow Growth Rates Mutagenesis
malignant cell transformations. Quiescence Cleavage I Religation Translocations — ; . T : :
9 Mitotic Failure % Apoptosis RESULTS Statistical analyses were conducted on the data obtained through the staining and quantification processes and compiled as shown in the

TOP2A protein expression has been correlated with ﬂ:: lﬂ * following tables. A moderate Pearson Correlation (0.4) was observed.

poorer prognoses in breast cancer, as well as small Tog;,.some,gse rona e e o R o | ce T ot om In both tables to the right, Protein Gene Copies >3 | Gene Copies < 3
. eavage Complex AT AVG S 5 2.42 3.21 92.31 7.69 4.49 2.18 0.86
cell and squamous cell carcinomas of the lung. L. Expression (n =16) (n=13)

ﬂ
W

e |5 = s I i | e 3 3 TOP2A-amplified tumor cells

e . . Normal Cell Growth DNA Lesions 77 T I X X X i ign
TOP2A gene amplification has been correlated with _contolof ONA Tg';‘o.ogyt_ e T i N o | o | s | i were positive for nuclear
. . roper romosome segregation z ] X X } i .
increased responses and reduced resistance to e | T B 2 BN 7 | s | im | i TOP2A protein at all levels of >10% 94% 77%
. 4AVG 7 18 5.26 4.80 76.26 23.74 18.93 2.1 1.08 . .
targeted therapies for breast cancer. However, the McClendon, A.K., Osheroff, N., 2007 wve | 5 501 Zas | 8226 | 17 | D2 24 105 expression more consistently 20% 1% 2%
6AVG 5 26 4.23 6.87 81.59 18.41 1154 3 1.09 > O o 8 (0] 6 0

relatiOnShip between gene amplification and protein ZAVG 11 2 7.51 6.88 32.41 25.53 ) 11 than non-amplified tumor

6AVG 7 28 10.01 10.48 35.04 28.57 . 113

expression in squamous cell carcinoma is unknown. aves | 15 52| 506 . 225 | z2s | 23 123 cells. This trend is especially >30% 50% 38%

AVG 9 30 6.57 4.73 34.25 29.52 3.9 13

4AVG 9 20 7.33 5.41 23.04 17.63 32 135 pronoun ced when com pa ri ng Table 1

AVG 13 11 9.22 9.45 33.52 24.08 3.93 1.44

AVG 8 29 5.51 6.01 E 25.58 19.57 3.45 1.44 hlgh |eve|s Of protein

AVG 2 2 6.30 6.23 21.94 15.71 2.68 1.49

CONCLUSIONS aves | 19 R 225 | 2145 | 28 | 14 expression between amplified Protein Ratio > 1.82 Ratio < 1.82

4AVG 5 16 6.26 4.98 21.61 16.63 3.45 1.55

AVG 10 E 10.43 6.97 38.78 3181 4.23 158 and non-amplified cells on the Expression (n = 7) (n = 22)

AVG 1 1 7.06 6.35 26.01 19.66 3.85 1.77 . .
TOP2A protein expression moderately correlates with T.OP2A gene amplification in z“:‘g‘gﬁg i > E,Z }:;:3: ZZZ,Z }}}: EE zgg b'I?StI)T 0; TSPZA:CEM 7 ratios > 10% 36% 36%
squamous cell carcinoma of the lung (Pearson Correlation: 0.4). wver T 5 I S aes T N R (Table 2). owever, some
Additional factors influencing the TOP2A protein expression independently of TOP2A gene om0 e | ma | e | an cases that didn't demonstrate > 20% 71% 45%
amplification should be identified. e EE L EE e e e L TOP2A gene amplification > 30% 71% 36%

Verification of TOP2A protein expression may not substitute for that of TOP2A gene Gene amplification: Protein expression: expressed TOP2A protein and
amplification. Gene copies > 3, TOP2A:CEP17 >1.82 TOP2A protein >0 vice versa. Table 2





<<
  /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 600
  /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 600
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


