
!BSTRACT฀

"ACKGROUND�฀4O฀STUDY฀THE฀PROTEIN฀EXPRESSION฀PROFILES฀
ASSOCIATED฀ WITH฀ $UPUYTREN�S฀ CONTRACTURE฀ �$#	฀ TO฀
IDENTIFY฀ POTENTIAL฀ DISEASE฀ PROTEIN฀ BIOMARKERS฀ �0"-	฀
USING฀ A฀ PROTEOMIC฀ TECHNOLOGY฀ 
฀ 3URFACE฀ %NHANCED฀
,ASER฀ $ESORPTION�)ONIZATION฀ 4IME
OF
&LIGHT฀ -ASS฀
3PECTROMETRY฀�3%,$)
4/&
-3	�
-ETHODS�฀.ORMAL฀AND฀DISEASE฀PALMAR฀FASCIA฀FROM฀$#฀
PATIENTS฀WERE฀ANALYZED฀USING฀#IPHERGEN�S฀3%,$)
4/&

-3฀0ROTEIN฀"IOLOGICAL฀3YSTEM฀))฀�0"3))	฀0ROTEIN#HIP�฀
READER�฀฀!NALYSIS฀OF฀THE฀RESULTING฀3%,$)
4/&฀SPECTRA฀
WAS฀ CARRIED฀ OUT฀ USING฀ THE฀ PEAK฀ CLUSTER฀ ANALYSIS฀ PRO

GRAM฀�"IO-ARKER฀7IZARD�฀#IPHERGEN	�฀#OMMON฀PEAK฀
CLUSTERS฀WERE฀THEN฀FILTERED฀USING฀A฀BOOTSTRAP฀ALGORITHM฀
CALLED฀ 3!-฀ �3IGNIFICANT฀ !NALYSIS฀ OF฀-ICROARRAYS	฀ FOR฀
INCREASED฀FIDELITY฀IN฀OUR฀ANALYSIS�฀
2ESULTS�฀3EVERAL฀DIFFERENTIALLY฀ EXPRESSED฀ LOW฀MOLECU

LAR฀ WEIGHT฀ ����฀ K$A	฀ TISSUE฀ PROTEINS฀ WERE฀ IDENTI

FIED�฀ ฀ 3PECTRA฀ GENERATED฀ USING฀ BOTH฀:IP4IP#��฀ AIDED฀
!U฀ ARRAY฀ AND฀ 7#8�฀ ARRAY฀ BASED฀ 3%,$)
4/&
-3฀
WERE฀REPRODUCIBLE�฀WITH฀AN฀AVERAGE฀PEAK฀CLUSTER฀MASS฀
STANDARD฀DEVIATION฀FOR฀BOTH฀METHODS฀OF฀�����฀X��
��฀฀
)NITIAL฀PEAK฀CLUSTER฀ANALYSIS฀OF฀THE฀3%,$)฀SPECTRA฀IDEN

TIFIED฀ BOTH฀ UP
���	฀ AND฀ DOWN
��	REGULATED฀ PROTEINS฀

ASSOCIATED฀WITH฀$#�฀฀&URTHER฀ANALYSIS฀OF฀THE฀PEAK฀CLUS

TER฀DATA฀USING฀THE฀BOOTSTRAP฀ALGORITHM฀3!-฀IDENTIFIED฀
THREE฀DISEASE
ASSOCIATED฀PROTEIN฀FEATURES฀�������฀$A�฀
�������฀ $A�฀ AND฀ �������฀ $A	฀ THAT฀ WERE฀ ELEVATED฀
������฀ �����฀ AND฀ ����฀ FOLD�฀ RESPECTIVELY�฀ WITH฀ A฀ ��฀
MEDIAN฀FALSE฀DISCOVERY฀RATE	�
#ONCLUSION�฀3%,$)
4/&
-3฀IDENTIFIED฀THREE฀POTEN

TIAL฀ LOW฀ MOLECULAR฀ WEIGHT฀ TISSUE฀ PROTEIN฀ MARKERS฀
�P���$#�฀ P��$#�฀ P����$#	฀ FOR฀ $#�฀ ฀ 4HE฀ ABILITY฀ OF฀
3%,$)
4/&
-3฀TO฀RESOLVE฀LOW฀MOLECULAR฀WEIGHT฀PRO

TEINS฀SUGGESTS฀THAT฀THE฀METHOD฀MAY฀PROVIDE฀A฀MEANS฀OF฀
DECIPHERING฀THE฀BIOMARKER
RICH฀LOW฀MOLECULAR฀WEIGHT฀
REGION฀OF฀THE฀HUMAN฀PROTEOME�฀฀!PPLICATION฀OF฀SUCH฀
NOVEL฀ TECHNOLOGY฀ MAY฀ HELP฀ CLINICIANS฀ TO฀ FOCUS฀ ON฀
SPECIFIC฀ MOLECULAR฀ ABNORMALITIES฀ IN฀ DISEASES฀ WITH฀ NO฀
KNOWN฀ MOLECULAR฀ PATHOGENESIS�฀ AND฀ UNCOVER฀ THERA

PEUTIC฀AND�OR฀DIAGNOSTIC฀TARGETS�

$UPUYTREN�S฀CONTRACTURE฀�$#	฀IS฀A฀BENIGN฀AND฀OFTEN฀
FAMILIAL฀ FIBRO
PROLIFERATIVE฀ DISORDER฀ OF฀ THE฀ HAND��
�฀฀
$ESPITE฀ ITS฀ LONG฀CLINICAL฀HISTORY฀AND฀ REMARKABLY฀HIGH฀
INCIDENCE฀ AMONG฀#AUCASIAN฀ POPULATIONS�฀ THE฀ GENETIC฀
ETIOLOGY฀ OF฀$#฀ IS฀ STILL฀ UNKNOWN�฀ ฀4HIS฀ LACK฀ OF฀ BASIC฀
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UNDERSTANDING฀ OF฀ THE฀MOLECULAR฀ PATHO
PHYSIOLOGY฀ OF฀
$#฀HAS฀RESULTED฀IN฀AN฀ABSENCE฀OF฀SIGNIFICANT฀TREATMENT฀
ADVANCES฀OVER฀THE฀LAST฀DECENNIA฀AND฀SURGICAL฀RESECTION฀
REMAINS฀THE฀MAINSTAY฀OF฀THERAPY�฀฀4O฀RATIONALLY฀EXPLORE฀
ALTERNATIVE฀ TREATMENT฀ MODALITIES฀ FOR฀ THIS฀ DISEASE�฀ IT฀
WOULD฀ BE฀ NECESSARY฀ TO฀ IDENTIFY฀ POTENTIAL฀ THERAPEUTIC฀
TARGETS�฀AS฀WELL฀AS฀DIAGNOSTIC฀MARKERS฀THAT฀MAY฀INDICATE฀
DISEASE฀PROGRESSION฀OF฀$#�฀฀฀
4HE฀RECENT฀ADVANCES฀IN฀$.!฀INFORMATICS฀�E�G�฀THE฀

(UMAN฀'ENOME฀0ROJECT	฀OFFER฀A฀UNIQUE฀OPPORTUNITY฀
TO฀STUDY฀HUMAN฀DISEASE฀ IN฀AN฀ INNOVATIVE฀ FASHION�฀ ฀)N฀
ADDITION�฀ THE฀ AVAILABILITY฀ OF฀ NEW฀ TECHNOLOGY฀ SUCH฀ AS฀
MICRO
FABRICATED฀$.!฀MICROARRAYS฀AND฀GENOME
WIDE฀
SINGLE
NUCLEOTIDE฀ POLYMORPHISMS฀ �3.0S	฀ MARKERS�฀
HAVE฀NOW฀ALLOWED฀RESEARCHERS฀TO฀MONITOR฀THE฀EXPRES

SION฀LEVELS฀OF฀THOUSANDS฀OF฀GENES฀SIMULTANEOUSLY฀OR฀TO฀
EXPLORE฀GENOTYPE
PHENOTYPE฀RELATIONSHIPS��฀฀&OR฀$#�฀
THE฀APPLICATION฀OF฀THESE฀TYPES฀OF฀TECHNOLOGIES฀HAS฀ONLY฀
VERY฀RECENTLY฀BEEN฀REPORTED�฀฀0AN฀AND฀COLLEAGUES฀USED฀
A฀ SMALL฀ GENE฀MICROARRAY฀ TO฀ LOOK฀ AT฀ CHANGES฀ IN฀ GENE฀
EXPRESSION฀ ASSOCIATED฀WITH฀$#��฀ ฀ 3EVERAL฀ GENES฀WERE฀
SHOWN฀ TO฀ BE฀ CONSISTENTLY฀ ELEVATED฀ IN฀ $#฀ PATIENTS�฀
HOWEVER�฀THE฀LIMITED฀SAMPLE฀SIZE฀AND฀LACK฀OF฀MEANING

FUL฀STATISTICAL฀QUANTITATIVE฀INFORMATION฀ABOUT฀THE฀LEVELS฀
OF฀EXPRESSION฀OF฀THESE฀GENES฀HAVE฀BEEN฀RAISED฀AS฀CRITI

CISM฀OF฀THIS฀WORK�฀฀5NDOUBTEDLY�฀THIS฀IS฀RELATED฀TO฀THE฀
RELATIVELY฀ HIGH฀ COST฀ OF฀ USING฀ THIS฀ TYPE฀ OF฀$.!฀ ARRAY฀
TECHNOLOGY�฀ ฀ )N฀ CONTRAST�฀ "AYAT฀ AND฀ COLLEAGUES฀ HAVE฀
CARRIED฀OUT฀A฀NUMBER฀OF฀GENETIC฀ASSOCIATION฀STUDIES฀BY฀
EXAMINING฀COMMON฀3.0S฀FOR฀SEVERAL฀DISEASE฀CANDIDATE฀
GENES฀THAT฀ARE฀COMPONENTS฀OF฀THE฀TRANSFORMING฀GROWTH฀
FACTOR
’฀ �4'&
’	฀ SIGNALLING฀ PATHWAY฀ �I�E�฀ 4'&
’��฀
4'&
’��฀ 4'&
’฀ RECEPTORS฀ )�฀ ))�฀ )))�฀ AND฀ :F�	฀ �
��฀฀
5SING฀A฀0#2
BASED฀RESTRICTION฀FRAGMENT฀LENGTH฀POLY

MORPHISM฀ �0#2
2&,0	฀ METHOD�฀ THIS฀ GROUP฀ FOUND฀
DIFFERENCES฀IN฀GENOTYPE฀AND฀ALLELE฀FREQUENCIES฀FOR฀:F��฀
A฀TRANSCRIPTION฀FACTOR฀KNOWN฀TO฀ENHANCE฀THE฀FIBROGENIC฀
POTENTIAL฀ OF฀ 4'&
’����฀ ��฀ ฀ !LTHOUGH฀ THERE฀ IS฀ GREAT฀
PROMISE฀ IN฀ USING฀ 3.0S฀ GENOTYPING฀ TO฀ HELP฀ PINPOINT฀
DISEASE
ASSOCIATED฀GENES�฀THERE฀ARE฀MANY฀CONFOUNDING฀
FACTORS฀ THAT฀ CAN฀ CAUSE฀ FALSE
POSITIVE฀ GENETIC฀ ASSOCIA

TIONS฀�E�G�฀POPULATION฀ARTEFACTS�฀NON
FUNCTIONAL฀3.0S�฀
ETC�	�฀฀
!฀RELATIVELY฀NOVEL฀ALTERNATIVE฀TO฀$.!
BASED฀ INFOR


MATICS฀ IS฀ THE฀USE฀OF฀PROTEOMIC
BASED฀TECHNOLOGIES฀ TO฀
STUDY฀ HUMAN฀ HEALTH฀ AND฀ DISEASE�฀ PARTICULARLY฀ MASS฀
SPECTROMETRY฀�-3	�฀฀!DVANCES฀IN฀-3฀INSTRUMENTATION�฀
SAMPLE฀ PREPARATION฀ AND฀ IONIZATION฀ TECHNIQUES�฀ AND฀
REFINEMENTS฀IN฀-3฀ALGORITHMS฀HAVE฀NOW฀MADE฀IT฀POS

SIBLE฀TO฀ANALYZE฀COMPLEX฀PROTEIN฀MIXTURES฀�E�G�฀SERUM	฀
DIRECTLY�฀ ON฀ A฀ LARGE฀ SCALE�฀ AND฀ POTENTIALLY฀ IN฀ A฀ HIGH


THROUGHPUT฀ MANNER�฀ ฀ /F฀ ALL฀ THE฀ RECENTLY฀ DEVELOPED฀
-3฀TECHNIQUES�฀3URFACE฀%NHANCED฀,ASER฀$ESORPTION�
)ONIZATION฀ 4IME
OF
&LIGHT฀ -ASS฀ 3PECTROMETRY฀
�3%,$)
4/&
-3	฀ HAS฀ PERHAPS฀ GARNERED฀ THE฀ MOST฀
ATTENTION฀ WITH฀ RESPECT฀ TO฀ DISEASE฀ BIOMARKER฀ DISCOV

ERY฀ �&IGURE฀ �	�฀ ฀ 3%,$)
4/&
-3฀ IS฀ A฀ HIGHLY฀ SENSI

TIVE฀ FORM฀ OF฀ -ATRIX
!SSISTED฀ ,$)฀ �-!,$)	
4/&฀
TECHNIQUE�฀ WHICH฀ USES฀ SPECIAL฀ CHROMATOGRAPHIC
LIKE฀
PROBE฀SURFACES฀�0ROTEIN฀#HIP�฀ARRAYS	฀ TO฀CAPTURE฀DIF

FERENT฀CLASSES฀OF฀PROTEINS����฀��฀฀5NLIKE฀THE฀INERT฀METAL฀
PROBE฀ SURFACES฀ USED฀ IN฀ -!,$)
4/&�฀ THE฀ 3%,$)฀
0ROTEIN฀ #HIP�฀ ARRAYS฀ PROVIDE฀ SPECIALIZED฀ PROTEIN


฀ $UPUYTREN�S฀#ONTRACTURE

&)'52%฀�฀
฀3URFACE฀%NHANCED฀,ASER฀$ESORPTION�
)ONIZATION฀4IME
OF
&LIGHT฀-ASS฀3PECTROMETRY�฀'ENERAL฀
STEPS฀INVOLVED฀IN฀THE฀0ROTEIN#HIP�฀BASED฀3%,$)
4/&

-3�฀฀5NLIKE฀TRADITIONAL฀-!,$)
4/&
-3�฀WHICH฀USES฀AN฀
INERT฀METAL฀PROBE฀SURFACE฀TO฀PRESENT฀THE฀SAMPLE฀FOR฀-3

4/&฀ANALYSIS�฀0ROTEIN#HIP�฀ARRAYS฀PLAY฀AN฀ACTIVE฀ROLE฀IN฀
THE฀4/&
-3฀PROCESS฀AND฀PERMIT฀DIRECT฀ANALYSIS฀OF฀CRUDE฀
COMPLEX฀PROTEIN฀MIXTURES฀�E�G�฀SERUM	�฀��	฀"BRIEFLY�฀SMALL฀
ALIQUOTS฀��«L	฀OF฀EQUIVALENT฀PROTEIN฀ARE฀SPOTTED฀ONTO฀THE฀
ACTIVE฀REGIONS฀OF฀�
SPOT฀0ROTEIN#HIP�฀ARRAYS�฀฀"INDING฀CON

DITIONS฀ARE฀VARIED฀TO฀REDUCE฀BACKGROUND฀AND฀POSSIBLY฀FACILI

TATE฀SEQUENTIAL฀@ON
CHIP�฀PROTEIN฀PURIFICATION�฀฀&OLLOWING฀
PROTEIN฀BINDING฀EACH฀SPOT฀OR฀THE฀ENTIRE฀ARRAY฀IS฀WASHED฀
USING฀(0,#฀GRADE฀(��฀OR฀MORE฀STRINGENT฀BUFFERS฀�E�G�฀
0"3฀�฀���-฀.A#L฀�฀����4WEEN	�฀฀!฀LASER฀ENERGY
ABSORB

ING
MATRIX฀�%!-�฀E�G�฀����฀SATURATED฀SOLUTION฀OF฀CYANO
�

HYDROXY฀CINNAMIC฀ACID�฀OR฀#(#!	฀IS฀THEN฀APPLIED฀TO฀EACH฀
SPOT฀AND฀ALLOWED฀TO฀DRY฀THOROUGHLY�฀฀��	4HE฀ARRAY฀IS฀THEN฀
PLACED฀IN฀THE฀3%,$)฀0ROTEIN#HIP�฀"IOLOGY฀3YSTEM฀))฀�0"3฀
))	฀READER฀FOR฀SCANNING฀USING฀AN฀AUTOMATED฀DATA฀COLLECTION฀
PROTOCOL�฀฀4HE฀0"3฀))฀SYSTEM฀IS฀CONFIGURED฀SUCH฀THAT฀THE฀
ONLY฀VARIABLE฀DETERMINING฀ITS฀4/&฀WITHIN฀THE฀DRIFT฀TUBE฀IS฀
ITS฀MASS
PER
UNIT
CHARGE฀�M�Z	�฀฀4HUS�฀SMALLER฀AND�OR฀MORE฀
HIGHLY฀CHARGED฀IONS฀WILL฀REACH฀THE฀DETECTOR฀FIRST�฀WITH฀THE฀
ABUNDANCE฀OF฀ANY฀GIVEN฀ION฀BEING฀PROPORTIONAL฀TO฀ITS฀PEAK฀
AMPLITUDE฀OR฀AREA�฀



BINDING฀SURFACES฀�E�G�฀QUATERNARY฀AMINE฀FUNCTIONALITY	฀
THAT฀ ARE฀ CAPABLE฀ OF฀ CAPTURING฀ PROTEINS฀ WITH฀ COMPLE

MENTARY฀PHYSIOCHEMICAL฀PROPERTIES฀�E�G�฀ANIONIC฀PRO

TEINS	�฀ ฀ 3%,$)
4/&
-3฀ IS�฀ THEREFORE�฀ PARTICULARLY฀
WELL
SUITED฀ FOR฀ CLINICAL฀PROTEOMIC฀ STUDIES฀ SINCE฀ IT฀ CAN฀
RAPIDLY฀ DETECT฀ DISEASE
SPECIFIC฀ PROTEIN฀ PROFILES฀ IN฀ A฀
LARGELY฀UNBIASED฀MANNER฀WITHOUT฀PRIOR฀KNOWLEDGE฀OF฀
THE฀UNDERLYING฀GENETIC฀LESIONS�฀WHILE฀USING฀ONLY฀SMALL฀
QUANTITIES฀OF฀PATIENT฀MATERIAL���
��฀฀7HILE฀THIS฀METHOD฀
PREFERENTIALLY฀DETECTS฀LOW฀MOLECULAR฀WEIGHT฀����K$A	฀
PROTEINS�฀MORE฀ COMPREHENSIVE฀PROTEOMIC฀PROFILING฀ IS฀
POSSIBLE฀ WHEN฀ SIMPLE�฀ HIGH
THROUGHPUT฀ SAMPLE฀ FRAC

TIONATION฀ TECHNIQUES฀ ARE฀ USED฀ IN฀ COMBINATION฀ WITH฀
3%,$)
4/&
-3���฀฀"ECAUSE฀OF฀THESE฀REASONS�฀WE฀HAVE฀
EMPLOYED฀THIS฀4/&
-3฀TECHNIQUE฀TO฀IDENTIFY฀CHANGES฀
IN฀PROTEIN฀EXPRESSION฀ASSOCIATED฀WITH฀$#�

-%4(/$3
#LINICAL฀SPECIMEN฀AND฀PRIMARY฀CULTURES�฀$#฀PATIENT฀
SPECIMENS฀ �NORMAL฀ AND฀ DISEASE฀ PALMAR฀ FASCIA	฀ WERE฀
COLLECTED฀ IN฀ COMPLIANCE฀ WITH฀ THE฀5NIVERSITY฀(UMAN฀
2ESEARCH฀%THICS฀"OARD�฀฀!REAS฀OF฀DISEASED฀FASCIA฀�DIS

EASE	฀ AND฀ ADJACENT�฀ UNINVOLVED฀ NORMAL฀ PALMAR฀ FASCIA฀
�CONTROL	฀WERE฀ COLLECTED฀ FROM฀$#฀PATIENTS฀UNDERGO

ING฀ SURGICAL฀ RESECTION฀ OF฀ DISEASED฀ PALMAR฀ FASCIA฀ TIS

SUE�฀฀0ORTIONS฀OF฀THE฀CLINICAL฀SPECIMENS฀WERE฀STORED฀AT฀

��O#฀FOR฀PROTEIN฀EXTRACTION�

0REPARATION฀OF฀PROTEIN฀EXTRACTS฀FOR฀3%,$)
4/&฀
ANALYSIS�฀0ROTEIN฀EXTRACTS฀WERE฀PREPARED฀USING฀A฀COM

MERCIALLY฀ AVAILABLE฀ TISSUE
PROTEIN฀ EXTRACTION฀ REAGENT฀
4
0%2฀ �0IERCE�฀ 2OCKFORD�฀ ),�฀ 53!	�฀ SUPPLEMENTED฀
WITH฀3IGMA฀PROTEASE฀INHIBITOR฀COCKTAIL฀��M-฀!%"3&�฀
�M-฀ %$4!�฀ ���«M฀ 'ESTATING�฀ ��«M฀ %
���฀ �«M฀
EUPEPTIC�฀���«M฀APPORTIONING	฀�฀�M-฀0-3&฀�PARA

METHYLSULFONYL฀ FLUORIDE�฀ 3IGMA	�฀ AND฀ GENERAL฀ PHOS

PHATASE฀INHIBITORS฀��M-฀.A�6/��฀�M-฀.A&�฀3IGMA�฀
3T�฀,OUIS�฀-/�฀53!	�฀ ฀4ISSUE฀SAMPLES฀WERE฀HOMOG

ENIZED฀�5LTRA
4URRAX฀4��฀)+!฀,ABORTECHNIK�฀3TAUFEN�฀
'ERMANY	฀ USING฀ SHORT฀ BURSTS฀ �HIGH฀ SETTING	฀ UNDER฀
ICE฀TO฀AVOID฀MECHANICAL฀HEATING฀OF฀THE฀SAMPLES�฀฀4HE฀
RESULTING฀SAMPLE฀HOMOGENATES฀WERE฀BRIEFLY฀CENTRIFUGED฀
���MIN�฀�ª#�฀������฀X฀G	฀TO฀REMOVE฀INSOLUBLE฀DEBRIS�฀฀
4HE฀ RESULTING฀ SUPERNATANT฀WAS฀ THEN฀ ASSAYED฀ FOR฀ TOTAL฀
PROTEIN฀ CONTENT฀ USING฀ A฀ COMMERCIALLY฀ AVAILABLE฀ "#!฀
PROTEIN฀ASSAY฀KIT฀�0IERCE�฀2OCKFORD฀),�฀53!	�

3%,$)
4/&
-3฀ ANALYSIS฀ USING฀ 7#8�฀
0ROTEIN#HIP�฀ARRAYS�฀&OR฀3%,$)
4/&฀ANALYSIS฀USING฀
WEAK฀CATION฀EXCHANGER฀�7#8�	฀0ROTEIN#HIP�฀ARRAYS�฀
EQUIVALENT฀PROTEIN฀��«G	฀WAS฀SUSPENDED฀IN฀A฀FINAL฀��«L฀
VOLUME฀CONTAINING฀����M-฀SODIUM฀ACETATE฀�P(฀���	฀
AND฀����฀TRITON฀8����฀฀(0,#฀GRADE฀(��฀�3IGMA	฀WAS฀

USED฀ FOR฀ ALL฀ SAMPLE฀ PREPARATIONS�฀ ฀ 0RIOR฀ TO฀ APPLYING฀
THE฀ SAMPLES฀ ONTO฀ THE฀7#8�฀ ARRAYS�฀ THE฀ ACTIVE฀ SPOTS฀
OF฀THE฀ARRAY฀WERE฀PRE
ACTIVATED฀IN฀ACCORDANCE฀WITH฀THE฀
MANUFACTURER�S฀INSTRUCTIONS�฀฀"RIEFLY�฀THE฀ENTIRE฀7#8�฀
CHIPS฀ WERE฀ WASHED฀ FOR฀ FIVE฀ MINUTES฀ IN฀ ����.฀(#L�฀
FOLLOWED฀BY฀TWO฀QUICK฀WASHES฀ IN฀(0,#฀GRADE฀(�/�฀฀
!฀ HYDROPHOBIC฀ 0!0฀ PEN฀ WAS฀ THEN฀ USED฀ TO฀ CREATE฀ A฀
CONTAINMENT฀ BARRIER฀ AROUND฀ EACH฀ ACTIVE฀ SPOT฀ OF฀ THE฀
7#8�฀ARRAYS�฀฀/NCE฀THE฀HYDROPHOBIC฀BARRIER฀WAS฀DRY฀
THE฀ACTIVE฀SPOTS฀OF฀ THE฀ARRAY฀WERE฀WASHED฀�X฀���MIN฀
WASHES�฀ 24	฀ WITH฀ BINDING฀ BUFFER฀ �����M-฀ SODIUM฀
ACETATE�฀ P(฀ ���฀ �฀ ����฀ TRITON฀ 8���	�฀ ฀ 4HE฀ SAMPLES฀
��«L฀CONTAINING฀�«G฀TOTAL฀PROTEIN	฀WERE฀THEN฀APPLIED฀
TO฀ EACH฀ PRE
ACTIVATED฀ SPOT฀ OF฀ THE฀ ARRAY฀ AND฀ ALLOWED฀
TO฀BIND฀���฀MIN��฀��O#�฀HUMIDIFIED฀CHAMBER	฀TO฀THE฀
ARRAY�฀ ฀&OLLOWING฀THE฀BINDING฀STEP�฀THE฀ENTIRE฀7#8�฀
ARRAY฀WAS฀ THEN฀WASHED฀ ��X	฀WITH฀BINDING฀BUFFER฀ ���฀
MIN�฀��O#�฀ROTATOR	฀AND฀THEN฀ONCE฀WITH฀(0,#฀(�/�฀฀
!FTER฀ BRIEFLY฀ DRYING฀ THE฀ ARRAYS�฀ ���«L฀ OF฀ A฀ SATURATED฀
SOLUTION฀ OF฀ �
(YDROXY
���
DIMETHOXY
CINNAMIC฀ ACID฀
�SINAPINIC฀ACID฀OR฀30!�฀3IGMA	฀DISSOLVED฀IN฀���฀�V�V	฀
ACETONITRILE฀�!#.	฀AND฀����฀�V�V	฀TRIFLUOROACETIC฀ACID฀
�4&!	�฀WAS฀APPLIED฀�X฀ TO฀EACH฀OF฀ THE฀ACTIVE฀ SPOTS฀OF฀
THE฀ARRAY฀AND฀ALLOWED฀TO฀THOROUGHLY฀DRY�฀฀4HE฀7#8�฀
ARRAY฀ WAS฀ THEN฀ PLACED฀ IN฀ THE฀ 3%,$)฀ 0ROTEIN#HIP�฀
"IOLOGY฀3YSTEM฀))฀READER฀�0"3฀))	฀FOR฀SCANNING฀USING฀
AN฀ AUTOMATED฀ DATA฀ COLLECTION฀ PROTOCOL�฀ AS฀ WE฀ HAVE฀
PREVIOUSLY฀DESCRIBED����฀���฀��฀
฀4HE฀0"3฀))฀ READER฀ IS฀ A฀ LINEAR฀4/&
-3฀EQUIPPED฀

WITH฀A฀���NM฀NITROGEN฀LASER�฀฀)T฀WAS฀OPERATED฀IN฀POSI

TIVE
ION฀MODE฀ WITH฀ A฀ UNIFORM฀ STATIC฀ ELECTRIC฀ FIELD฀ OF฀
���K6�฀฀4HE฀RESULTING฀SPECTRA฀WERE฀AVERAGED฀FROM฀AT฀
LEAST฀��฀COLLECTED฀TRANSIENT฀LASER฀SHOTS฀THAT฀SCAN฀^���฀
OF฀THE฀TARGET฀AREA฀IN฀LINEAR฀SWEEPS฀��฀SHOTS�REGION�฀��฀
REGIONS฀PER฀SPOT	�฀฀3EQUENTIAL฀LASER฀SCANS฀WERE฀CARRIED฀
OUT฀BY฀INCREMENTAL฀ INCREASING฀THE฀LASER฀ INTENSITY฀�,)	฀
WITH฀EACH฀SUBSEQUENT฀SCAN฀TO฀OPTIMIZE฀DATA฀COLLECTION฀
FOR฀BOTH฀LOW฀AND฀HIGH฀MOLECULAR฀WEIGHT฀PROTEINS฀�,)฀
SETTINGS฀OF฀���
����฀WITH฀ A฀,)฀OF฀���฀ EQUIVALENT฀ TO฀
^�«*OULES	�

:IP4IP#��฀AIDED฀3%,$)
4/&
-3฀ANALYSIS฀USING฀
!U฀0ROTEIN#HIP�฀ARRAYS�฀3%,$)
4/&
-3฀ANALYSIS฀OF฀
:IP4IP#��฀PREPARED฀SURGICAL฀SPECIMENS฀WAS฀CARRIED฀OUT฀
USING฀GOLD฀�!U	฀PROBE฀SURFACES฀�&IGURE฀�	�฀฀:IP4IP#��฀
SAMPLE฀ PREPARATION�฀ WHICH฀ CONCENTRATES฀ AND฀ DESALTS฀
THE฀ PROTEIN฀ MIXTURE�฀ WAS฀ CARRIED฀ ACCORDING฀ TO฀ THE฀
MANUFACTURERS฀ INSTRUCTIONS฀ �-ILLIPORE฀ #ORPORATION�฀
"ILLERICA�฀-!฀53!	�฀฀"RIEFLY�฀�«G฀PROTEIN฀�DISEASE�฀OR฀
CONTROL฀TISSUE฀EXTRACT	฀WAS฀SUSPENDED฀IN฀A฀FINAL฀VOLUME฀
OF฀ ��«L฀(0,#฀GRADE฀(�/฀�3IGMA	฀ CONTAINING฀����฀
4&!฀ �V�V	�฀ ฀4HE฀ ACIDIC฀ CONDITIONS฀ �P(฀�฀�	฀ ENSURE฀
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MAXIMUM฀BINDING฀ TO฀ THE฀ REVERSED
PHASE฀ ����฀«L฀BED฀
VOLUME฀OF฀#��฀MEDIA	฀:IP4IP฀PIPETTE฀TIPS�฀฀&OLLOWING฀
WETTING฀ AND฀ EQUILIBRIATING฀ OF฀ THE฀:IP4IP#��฀ PIPPETTE฀
TIPS฀ WITH฀ ���฀ �V�V	฀ !#.฀ AND฀ ����฀ �V�V	฀ 4&!�฀
RESPECTIVELY�฀PROTEIN฀BINDING฀WAS฀CARRIED฀OUT�฀฀"RIEFLY�฀
THE฀PROTEIN฀MIXTURE฀WAS฀CYCLED฀�ASPIRATING฀AND฀DISPENS

ING	฀��X฀THROUGH฀THE฀FIXED�฀REVERSE฀PHASE฀BED฀VOLUME฀
OF฀ THE฀ :IP4IP#��฀ PIPPETTE฀ TIPS�฀ ฀ &OLLOWING฀ BINDING�฀
THE฀PROTEIN฀LOADED฀:IP4IP#��฀PIPETTE฀TIPS฀WERE฀WASHED฀
�THREE฀PIPETTE฀CYCLES	฀WITH฀����฀�V�V	฀4&!�฀฀%LUTION฀
OF฀THE฀:IP4IP#��฀BOUND฀PROTEINS฀WAS฀THEN฀CARRIED฀OUT฀
BY฀ CYCLING฀ ���X	฀ A฀ SINGLE฀ VOLUME฀ ���«L	฀ OF฀ ELUTION฀
BUFFER฀ ����฀ �V�V	฀!#.฀�฀����฀ �V�V	฀4&!	฀UP฀ AND฀
DOWN฀THROUGH฀THE฀:IP4IP#���฀฀4HE฀ELUTION฀FRACTION฀��฀
X฀�«L฀VOLUMES	฀WAS฀THEN฀APPLIED฀TO฀EACH฀SPOT฀OF฀AN฀!U฀
0ROTEIN#HIP�฀ARRAY฀AND฀ALLOWED฀TO฀THOROUGHLY฀DRY฀AT฀

24�฀฀&INALLY�฀���«L฀OF฀A฀SATURATED฀SOLUTION฀OF฀̃
CYANO

�
HYDROXY
CINNAMIC฀ACID฀�#(#!�฀3IGMA	฀IN฀���฀�V�
V	฀!#.฀�฀����฀�V�V	฀4&!฀WAS฀APPLIED฀��X	฀TO฀EACH฀
SPOT฀AND฀ALLOWING฀TO฀THOROUGHLY฀DRY�฀฀4HE฀!U฀ARRAYS฀
WERE฀THEN฀PLACED฀IN฀THE฀3%,$)฀0ROTEIN#HIP�฀"IOLOGY฀
3YSTEM฀))฀READER฀�0"3฀))	฀FOR฀SCANNING฀USING฀AN฀AUTO

MATED฀DATA฀COLLECTION฀PROTOCOL฀AS฀DESCRIBED฀ABOVE�

"IOMARKER฀ 0EAK฀ #LUSTER฀ !NALYSIS�฀ 3%,$)฀
0ROTEIN#HIP�฀ SPECTRA฀ WERE฀ ANALYZED฀ USING฀ THE฀ 0"3฀
))฀0ROTEIN#HIP�฀SOFTWARE฀�V�����	�฀฀"RIEFLY�฀CALIBRATED฀
SPECTRA฀WERE฀ INITIALLY฀NORMALIZED฀ TO฀ TOTAL฀ ION฀CURRENT฀
�ALL฀ PEAKS฀�฀����$A	฀ TO฀ COMPENSATE฀ FOR฀ SMALL฀ VARIA

TIONS฀ IN฀ SAMPLE฀ CONCENTRATIONS฀ PER฀ SPOT฀ OR฀ ANY฀M�Z฀
SHIFTS฀IN฀THE฀SPECTRUM�฀฀0EAK฀CLUSTER฀ANALYSIS฀WAS฀THEN฀
PERFORMED฀ USING฀ THE฀ "IOMARKER฀ 7IZARD฀ SOFTWARE฀
�V�����	�฀WHICH฀STATISTICALLY฀EVALUATES฀CLUSTERS฀OF฀PEAKS฀
OF฀SIMILAR฀-7฀FROM฀ACROSS฀SAMPLE฀GROUPS฀OF฀SPECTRA�฀฀
4HE฀INITIAL฀PEAK฀DETECTION฀SCAN฀WAS฀CARRIED฀OUT฀USING฀
A฀ SIGNAL
TO
NOISE฀ �3�.	฀ RATIO฀ OF฀ I��฀ !฀ SECOND฀ PEAK฀
DETECTION฀SCAN฀WAS฀THEN฀PERFORMED฀USING฀A฀3�.฀I฀�฀TO฀
ENSURE฀PEAK฀STATISTICAL฀ANALYSIS฀ACROSS฀ALL฀GROUPS�

3!-฀0ROTEIN฀&ILTERING�฀&URTHER฀STATISTICAL฀ANALYSIS฀
OF฀ THE฀ PEAK฀ CLUSTER฀ DATA฀ SETS฀ WAS฀ CARRIED฀ OUT฀ USING฀
THE฀ BOOTSTRAP฀ ALGORITHM฀ 3!-฀ �3IGNIFICANCE฀ !NALYSIS฀
OF฀ -ICROARRAYS�฀ SEE�฀ HTTP���WWW
STAT�STANFORD�EDU�
^TIBS�3!-	���฀ ฀!LTHOUGH฀3!-฀WAS฀ORIGINALLY฀DEVEL

OPED฀ FOR฀ -ICROARRAY฀ GENE฀ EXPRESSION฀ ANALYSIS฀ IT฀ HAS฀
ALSO฀BEEN฀EFFECTIVELY฀USED฀TO฀FILTER฀3%,$)
4/&฀DATA฀���฀฀
)N฀THIS฀STUDY�฀3!-฀WAS฀USED฀TO฀COMPARE฀NORMALIZED฀
PEAK฀ CLUSTER฀ INTENSITIES฀ BETWEEN฀ DISEASE฀ AND฀ CONTROL฀
FASCIA฀ GROUPS฀ �0ROTEIN#HIP�฀ "IO-ARKER฀7IZARD฀ PRO

GRAM�฀0ROTEIN#HIP�฀ 3OFTWARE฀ V������฀#IPHERGEN฀"IO฀
SYSTEMS฀)NC�	�฀฀$ATA฀WERE฀EXPORTED฀TO฀AN฀%XCEL฀SPREAD

SHEET฀ FILE฀USING฀AN฀%XCEL฀PLUG
IN฀ FEATURE฀AND฀ LABELLED฀
IN฀ACCORDANCE฀WITH฀3!-฀GUIDELINES�฀WITH฀NORMALIZED฀
PEAK฀CLUSTER฀INTENSITIES฀VALUES฀OF฀THE฀CONTROL฀GROUP฀�N฀
�฀�	฀DEFINED฀AS฀GROUP฀h�v฀AND฀THE฀DISEASE฀GROUP฀�N฀�฀
��	฀DEFINED฀ AS฀GROUP฀h�v�฀ ฀$ATA฀ ANALYSIS฀PARAMETERS฀
INCLUDED฀ hTWO฀ CLASSES฀ UNPAIRED฀DATAv฀ AND฀����฀PER

MUTATIONS�฀฀!N฀OPERATOR฀CONTROLLED฀�I�E�฀SLIDING	฀SIGNIF

ICANCE฀DIFFERENCE฀THRESHOLD�฀OR฀DELTA฀VALUE฀�U	�฀PERMITS฀
THE฀USER฀TO฀DEFINE฀THE฀FALSE฀DISCOVERY฀RATE฀�&$2	฀�I�E�฀
�฀ FALSELY฀ CALLED฀ PROTEINS฀ �฀ �฀ DIFFERENTIALLY฀ EXPRESSED฀
PROTEINS	฀ OF฀ THE฀ ANALYSIS�฀ ฀ &OR฀ EACH฀ 3!-฀ ANALYSIS฀ A฀
TABLE฀OF฀U฀VALUES฀WAS฀GENERATED�฀WHICH฀CONTAINED฀THEIR฀
ASSOCIATED฀&$2฀�MEDIAN฀AND฀��TH฀PERCENTILE	�

2%35,43
)DENTIFICATION฀ OF฀ $#฀ PROTEIN฀ BIOMARKERS฀ �0"-	฀
USING฀:IP4IP#��฀AIDED฀!U฀ARRAY฀3%,$)
4/&
-3�฀฀
0EAK฀ CLUSTER฀ ANALYSIS฀ �"IOMARKER฀ 7IZARD฀ PROGRAM�฀

฀ $UPUYTREN�S฀#ONTRACTURE

¥฀����฀#)-฀ ฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀#LIN฀)NVEST฀-ED฀s฀6OL฀���฀NO฀��฀*UNE฀����฀฀฀฀฀฀฀฀฀฀���

&)'52%฀�฀
฀3%,$)
4/&
-3฀ANALYSIS฀USING฀:IP4IP#��฀AND฀
!U฀ARRAYS�฀$#฀SAMPLES฀WERE฀PROCESSED฀USING฀:IP4IP#��฀PRIOR฀
TO฀PERFORMING฀MATRIX฀ASSISTED฀,$)
4/&
-3฀ANALYSIS฀USING฀
A฀SIMPLE฀GOLD฀�!U	฀CHIP฀PROBE�฀฀$EPICTED฀ABOVE฀IS฀A฀SINGLE฀
ELUTION฀STEP฀APPROACH฀TO฀USING฀THE฀:IP4IP#��฀PIPETTE฀TIPS�฀
WHICH฀CONTAINS฀���฀«L฀OF฀#��฀REVERSED
PHASE฀MEDIA฀IMPREG

NATED฀AT฀ITS฀END�฀฀!FTER฀:IP4IP#��฀WETTING฀����฀ACETONITRILE฀
�!#.		฀AND฀EQUILIBRATING฀�����฀4&!	�฀SAMPLE฀BINDING฀
WAS฀CARRIED฀OUT฀BY฀PIPETTING฀THE฀SAMPLE฀UP฀AND฀DOWN฀���฀
CYCLES	฀THROUGH฀THE฀FIXED฀VOLUME฀OF฀EQUILIBRATED฀#��฀RESIN�฀฀
!FTER฀BINDING฀THE฀:IP4IP#��฀WAS฀IMMEDIATELY฀WASHED฀�����฀
4&!�฀�฀PIPETTE฀CYCLES	฀AND฀THE฀BOUND฀PROTEINS฀ELUTED฀WITH฀A฀
FIXED฀VOLUME฀���«L	฀OF฀���฀!#.฀�฀����฀4&!�฀฀%LUTED฀FRAC

TIONS฀WERE฀THEN฀SPOTTED฀��฀X฀�«L	฀ONTO฀THE฀!U฀PROBE฀SURFACE฀
AND฀ALLOWED฀TO฀DRY�฀฀-ATRIX฀�����฀#(#!	฀WAS฀THEN฀APPLIED฀
TO฀THE฀SAMPLE฀SPOTS฀ON฀THE฀!U฀PROBE฀SURFACE฀AND฀ALLOWED฀
TO฀DRY฀THOROUGHLY�฀฀4HE฀!U฀PROBE฀WAS฀THEN฀PLACED฀IN฀THE฀
3%,$)฀0ROTEIN#HIP�฀"IOLOGY฀3YSTEM฀))฀�0"3฀))	฀READER฀FOR฀
SCANNING฀USING฀AN฀AUTOMATED฀DATA฀COLLECTION฀PROTOCOL�



#IPHERGEN฀ "IO฀ SYSTEMS฀ )NC�	฀ OF฀ SURGICAL฀ SPECIMENS฀
�DISEASE฀�$#฀LESIONS	฀AND฀CONTROL฀�UNAFFECTED฀PALMAR฀
FASCIA	฀FROM฀THE฀SAME฀PATIENT	฀USING฀A฀:IP4IP#��฀AIDED฀
3%,$)฀GOLD฀�!U	฀ARRAY฀APPROACH฀�I�E�฀-!,$)
4/&

-3�฀ &IG�฀ �	�฀ UNCOVERED฀ SEVERAL฀ DISEASE฀ ASSOCIATED฀
PROTEIN฀PEAKS฀�&IG�฀���	�฀฀)N฀TOTAL�฀��฀OF฀��฀IDENTIFIED฀
COMMON฀PEAK฀CLUSTER฀INTENSITIES฀WITHIN฀THE฀�฀
฀��K$A฀
RANGE฀ WERE฀ IDENTIFIED฀ AS฀ BEING฀ EITHER฀ SIGNIFICANTLY฀
HIGHER฀���฀PEAKS	฀OR฀LOWER฀��฀PEAKS	฀WITHIN฀THE฀DISEASE฀
GROUP฀ �N฀ �฀ ��	฀ COMPARED฀ WITH฀ CONTROL฀ �I�E�฀ UNAF

FECTED	฀ PALMAR฀ FASCIA฀ �N฀ �฀ �	�฀ ฀ 4HE฀ PROTEIN฀ SPECTRAL฀

PATTERNS฀WERE฀VERY฀REPRODUCIBLE฀WITH฀AN฀AVERAGE฀PEAK฀
CLUSTER฀MASS฀STANDARD฀DEVIATIONS฀OF฀����฀X��
��฀฀&URTHER฀
DATA฀ANALYSIS฀WAS฀CARRIED฀OUT฀BY฀FILTERING฀THE฀COMMON฀
PEAK฀ CLUSTER฀ SPECTRAL฀DATA฀ THROUGH฀ THE฀BOOTSTRAP฀ STA

TISTICAL฀ PROGRAM฀ CALLED฀ 3!-฀ �3IGNIFICANT฀ !NALYSIS฀ OF฀
-ICROARRAYS	���฀ ฀ 4HIS฀ ROBUST฀ STATISTICAL฀ METHOD฀ USES฀
REPEATED฀ PERMUTATIONS฀ OF฀ THE฀ DATA฀ TO฀ DETERMINE฀ IF฀
THE฀ EXPRESSION฀ OF฀ ANY฀ GENE�PROTEIN฀ ARE฀ SIGNIFICANTLY฀
RELATED฀TO฀A฀RESPONSE฀VARIABLE�S	�฀WHILE฀PERMITTING฀THE฀
USER฀TO฀DEFINE฀BOTH฀A฀SIGNIFICANT฀CUT
OFF฀�U฀VALUE�฀BASED฀
ON฀THE฀FALSE฀POSITIVE฀OR฀DISCOVER฀RATE�฀&$2	฀AND฀A฀FOLD฀฀
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&)'52%฀�฀
฀:IP4IP#��฀AIDED฀!U฀ARRAY฀3%,$)
4/&
-3฀
ANALYSIS฀OF฀$#�฀0ROTEIN฀��«G	฀EXTRACTED฀FROM฀NORMAL฀AND฀
DISEASE฀FASCIA฀WAS฀DILUTED฀IN฀4&!฀�����	฀TO฀A฀FINAL฀VOLUME฀
OF฀��«L�฀฀4HE฀PROTEIN฀SAMPLES฀WERE฀THEN฀ALLOWED฀TO฀BIND฀
TO฀:IP4IP#��฀PIPETTE฀TIPS฀AS฀DESCRIBED฀ABOVE฀�SEE฀&IGURE฀�	�฀฀
:IP4IP#��฀ELUTED฀FRACTIONS฀WERE฀SPOTTED฀��฀X฀�«L	฀ONTO฀!U฀
CHIP฀PROBES฀AND฀ALLOWED฀TO฀DRY�฀฀%!-฀��฀X฀�«L฀OF฀#(#!	฀
WAS฀APPLIED฀TO฀THE฀GOLD฀CHIP฀SPOTS�฀AIR฀DRIED฀AND฀THEN฀
PLACED฀IN฀THE฀0"3฀))฀READER฀FOR฀SCANNING฀USING฀AN฀AUTO

MATED฀COLLECTION฀PROTOCOL�฀฀4HE฀SPECTRAL฀DATA฀CORRESPONDING฀
TO฀PEAK฀INTENSITY฀VERSUS฀M�Z฀WERE฀GENERATED฀USING฀��฀LASER฀
SHOTS฀PER฀LASER฀INTENSITY฀SETTING�฀฀3HOWN฀ABOVE฀ARE฀REPRE

SENTATIVE฀SPECTRA฀�PEAK฀INTENSITY�฀UPPER฀PANEL�฀AND฀PSEUDO

GEL฀VIEW�฀LOWER฀PANEL	฀OF฀�฀CONTROL฀AND฀�฀DISEASE฀PATIENTS�฀฀

!RROWS฀SHOW฀TWO฀PROTEIN฀PEAKS฀THAT฀WERE฀IDENTIFIED฀AS฀SIG

NIFICANTLY฀ELEVATED฀IN฀THE฀DISEASE฀TISSUE฀USING฀THE฀"IO-ARKER฀
7IZARD฀PEAK฀CLUSTER฀ANALYSIS฀PROGRAM�

&)'52%฀�฀
฀0EAK฀CLUSTER฀ANALYSIS฀OF฀!U฀ARRAY฀3%,$)
4/&

-3฀DATA�฀0EAK฀CLUSTER฀ANALYSIS฀�UPPER฀PANEL	฀WAS฀CARRIED฀
OUT฀USING฀THE฀"IOMARKER฀7IZARD฀TOOL฀OF฀THE฀#IPHERGEN฀
"IOSYSTEM฀SOFTWARE฀�V�����	฀TO฀IDENTIFY฀COMMON฀PROTEIN฀
PEAKS฀ACROSS฀ALL฀SPECTRA฀�TOTAL฀OF฀N฀�฀�฀CONTROL�฀AND฀N฀�฀��฀
DISEASE฀PATIENTS	�฀฀!LL฀SPECTRA฀WERE฀FIRST฀NORMALIZED฀TO฀TOTAL฀
ION฀CURRENT�฀฀0EAK฀CLUSTER฀ANALYSIS฀WAS฀THEN฀PERFORMED฀FOR฀
ALL฀M�Z฀PEAKS฀BETWEEN฀�฀AND฀��K$A฀WITH฀A฀3�.฀I฀��฀฀4HE฀
RESULTS฀ARE฀REPRESENTED฀AS฀A฀"IOMARKER฀0EAK฀#LUSTER฀PLOT฀
�,OG฀NORMALIZED฀PEAK฀INTENSITIES฀VERSUS฀M�Z	�฀฀4HE฀TABLE฀
IN฀THE฀LOWER฀PANEL฀LISTS฀THE฀NUMBER฀OF฀SIGNIFICANT฀COMMON฀
PEAK฀CLUSTERS฀IDENTIFIED฀USING฀THE฀"IO-ARKER฀7IZARD฀PRO

GRAM�฀AND฀THE฀ASSOCIATED฀MEAN฀AND฀STANDARD฀DEVIATION฀OF฀
THE฀MEAN฀�3$-	฀VALUES฀FOR฀EACH฀PEAK฀CLUSTER�



CHANGE฀�ENSURE฀LEVEL฀OF฀EXPRESSION฀OF฀THE฀CALLED฀GENES�
PROTEINS฀ CHANGES฀ A฀ PRESCRIBED฀ AMOUNT	฀ PARAMETER฀
�&IG�฀ �	�฀ ฀ 5SING฀ STRINGENT฀ SCREENING฀ PARAMETERS฀ ���฀
MEDIAN฀ AND฀��TH฀ PERCENTILE฀ &$2�฀ AND฀ A฀ FOLD฀ CHANGE฀
VALUE฀ OF฀ ¢�฀ FOLD	฀ 3!-฀ IDENTIFIED฀ �฀ SIGNIFICANT฀ PRO

TEIN฀ PEAKS฀ WITHIN฀ OUR฀ PEAK฀ CLUSTER฀ DATA฀ SET฀ �������฀
$A�฀ P���$#�฀ AND฀ �������฀ $A�฀ P��$#	�฀ ฀ 4HESE฀ TWO฀
PROTEOMIC฀ FEATURES฀ WERE฀ FOUND฀ TO฀ BE฀ ELEVATED฀ ����฀
AND฀����฀ FOLD�฀ RESPECTIVELY�฀WITHIN฀ THE฀DISEASE฀GROUP฀
USING฀ THE฀ "IOMARKER฀ 7IZARD฀ PEAK฀ CLUSTER฀ ANALYSIS�฀

)DENTIFICATION฀ OF฀ $#฀ 0"-฀ USING฀ 7#8�฀ ARRAY฀
3%,$)
4/&
-3฀ ANALYSIS�฀ ฀ 0EAK฀ CLUSTER฀ ANALYSIS฀
�"IOMARKER฀ 7IZARD฀ PROGRAM�฀ #IPHERGEN฀ "IOSYSTEMS฀
)NC�	฀OF฀DISEASE฀AND฀CONTROL฀ SURGICAL฀ SPECIMENS฀USING฀
THE฀7#8�฀ARRAY฀3%,$)
4/&
-3฀APPROACH฀ �&IG�฀�	฀
IDENTIFIED฀SEVERAL฀DISEASE฀ASSOCIATED฀PROTEIN฀PEAKS฀�&IG�฀
���	�฀ ฀ )N฀ TOTAL�฀ �฀ PEAKS฀ ��������฀ AND฀ �������฀$A	฀
OUT฀OF฀A฀TOTAL฀OF฀��฀COMMON฀PEAK฀CLUSTERS฀WITHIN฀THE฀
�฀
฀��K$A฀RANGE฀WERE฀IDENTIFIED฀AS฀BEING฀SIGNIFICANTLY฀
HIGHER฀WITHIN฀ THE฀ DISEASE฀ GROUP฀ �N฀ �฀ ��	฀ COMPARED฀
WITH฀CONTROLS฀�N฀�฀�	�฀฀4HE฀PROTEIN฀EXPRESSION฀PATTERNS฀
WERE฀ VERY฀ REPRODUCIBLE฀WITH฀ AN฀ AVERAGE฀ PEAK฀ CLUSTER฀
MASS฀ STANDARD฀ DEVIATIONS฀ OF฀ ������฀ X��
��฀ ฀ -ORE฀
STRINGENT฀ BOOTSTRAP฀ ANALYSIS฀ OF฀ THE฀ COMMON฀ PEAK฀
CLUSTER฀DATA฀USING฀3!-฀IDENTIFIED฀�฀PROTEOMIC฀FEATURE฀

฀ $UPUYTREN�S฀#ONTRACTURE

¥฀����฀#)-฀ ฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀#LIN฀)NVEST฀-ED฀s฀6OL฀���฀NO฀��฀*UNE฀����฀฀฀฀฀฀฀฀฀฀���

&)'52%฀�฀
฀3!-฀ANALYSIS฀OF฀!U฀ARRAY฀3%,$)
4/&
-3฀
DATA�฀#OMMON฀PEAK฀CLUSTER฀DATA฀WERE฀FILTERED฀USING฀THE฀
3!-฀BOOTSTRAP฀ALGORITHM฀�3!-฀PLOT�฀UPPER฀PANEL	�฀฀3!-฀
USES฀REPEATED฀PERMUTATIONS฀�N฀�฀����	฀OF฀THE฀DATA฀SETS฀TO฀
DETERMINE฀WHETHER฀THE฀EXPRESSION฀OF฀ANY฀PROTEIN฀IS฀SIG

NIFICANT�฀฀0ARAMETERS฀FOR฀ANALYSIS฀INCLUDED฀A฀USER
DEFINED฀
THRESHOLD฀FOR฀SIGNIFICANCE�฀OR฀U฀VALUE฀�$ELTA฀�฀����	�฀AND฀
A฀USER
DEFINED฀FOLD
CHANGE฀�¢฀���฀FOLD	�฀฀5SING฀THESE฀
PARAMETERS฀3!-฀IDENTIFIED฀TWO฀PROTEOMIC฀FEATURES฀�������฀
AND฀�������฀$A฀PEAKS	฀THAT฀ARE฀DIFFERENT฀AT฀A฀MEDIAN฀
FALSE฀SIGNIFICANT฀VALUE฀�฀�������฀WITH฀A฀CORRESPONDING฀�฀
FALSE฀DISCOVERY฀RATE฀�&$2�฀�฀FALSELY฀CALLED฀PROTEIN฀�฀�฀DIF

FERENTIALLY฀PROTEINS฀IN฀ORIGINAL฀DATA฀SET	฀OF฀���฀฀4HE฀TABLE฀
�LOWER฀PANEL	฀LISTS฀THE฀NUMBER฀�MEDIAN฀AND฀��TH฀PERCENTILE	฀
OF฀FALSELY฀CALLED฀PROTEINS฀��฀&#0	�฀TOTAL฀NUMBER฀OF฀CALLED฀
PROTEINS฀��฀#0	฀AND฀THE฀RESULTING฀&$2฀��	฀ASSOCIATED฀WITH฀
EACH฀CHOSEN฀U฀VALUE�

&)'52%฀�฀
฀3%,$)
4/&
-3฀ANALYSIS฀OF฀$#฀USING฀7#8�฀
0ROTEIN#HIP�฀ARRAYS�฀0ROTEIN฀��«G	฀EXTRACTED฀FROM฀NOR

MAL฀AND฀DISEASE฀FASCIA฀WAS฀APPLIED฀TO฀THE฀ACTIVE฀SPOTS฀OF฀A฀
PRE
EQUILIBRATED฀WEAK฀CATION฀EXCHANGE฀�7#8�	฀#IPHERGEN฀
0ROTEIN#HIP�฀ARRAY�฀฀4HE฀SPECTRAL฀DATA฀CORRESPONDING฀TO฀
PEAK฀INTENSITY฀VERSUS฀M�Z฀WERE฀GENERATED฀USING฀��฀LASER฀
SHOTS฀PER฀LASER฀INTENSITY฀SETTING�฀฀3HOWN฀ABOVE฀ARE฀REPRE

SENTATIVE฀PEAK฀INTENSITY฀SPECTRA฀�UPPER฀PANEL	฀AND฀CORRE

SPONDING฀PSEUDO
GEL฀VIEWS฀�LOWER฀PANEL	฀OF฀�฀CONTROL฀AND฀�฀
DISEASE฀PATIENTS�฀฀
!RROWS฀SHOW฀TWO฀PROTEIN฀PEAKS฀THAT฀WERE฀
IDENTIFIED฀AS฀SIGNIFICANTLY฀ELEVATED฀IN฀THE฀DISEASE฀TISSUE฀USING฀
THE฀"IO-ARKER฀7IZARD฀PEAK฀CLUSTER฀ANALYSIS฀PROGRAM�
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��������฀$A�฀P����$#	฀THAT฀WAS฀ELEVATED฀�����฀FOLD	฀
WITHIN฀THE฀DISEASE฀GROUP฀WITH฀A฀MEDIAN฀AND฀��TH฀PER

CENTILE฀&$2฀OF฀��฀�&IG�฀�	�

$)3#533)/.
$UPUYTREN�S฀CONTRACTURE฀�$#	฀IS฀A฀DEBILITATING฀DISEASE฀
OF฀THE฀HAND฀THAT฀LEADS฀TO฀FINGER฀CONTRACTURES฀AND฀LOSS฀
OF฀ HAND฀ FUNCTION฀ AND฀ IS฀ CONSIDERED฀ONE฀OF฀ THE฀MOST฀
COMMON฀ FIBROPROLIFERATIVE฀ CONNECTIVE฀ TISSUE฀DISEASES�฀฀
)T฀ HAS฀ A฀ HIGH฀ PREVALENCE฀ IN฀ #AUCASIANS฀ OF฀ .ORTHERN฀
%UROPEAN฀ DESCENT�฀ WITH฀ A฀ REPORTED฀ INCIDENCE฀ RANG

ING฀ FROM฀ ��
���฀ FOR฀ MALES฀ OVER฀ THE฀ AGE฀ OF฀ �����฀
5NFORTUNATELY�฀ AT฀ PRESENT�฀ $#฀ IS฀ INCURABLE฀ AND฀ THE฀
ONLY฀ �TEMPORARY	฀ RELIEF฀ FOR฀PATIENTS฀ IS฀ THROUGH฀SURGI

CAL฀ RESECTION�฀ AN฀ APPROACH฀ VIRTUALLY฀ UNCHANGED฀ SINCE฀
THE฀MIDDLE฀OF฀ THE฀��TH฀ CENTURY���฀ ฀3URGICAL฀ RESECTION�฀
HOWEVER�฀HAS฀ A฀HIGH฀ RECURRENCE฀ RATE฀ �฀ CARRIES฀ RISKS�฀ IS฀
PAINFUL฀ AND฀ REQUIRES฀ PROLONGED฀ POST
OPERATIVE฀ REHA


BILITATION���฀$#฀HAS฀ A฀NUMBER฀OF฀ REMARKABLE฀ CHARAC

TERISTICS�฀ WHICH฀ SUGGEST฀ THAT฀ IT฀ IS฀ PART฀ OF฀ CONTINUUM฀
OF฀DISORDERS฀ASSOCIATED฀WITH฀DYSREGULATED฀CELL฀GROWTH฀
AND฀PROLIFERATION�฀&OR฀EXAMPLE�฀PATIENTS฀WITH฀$#฀HAVE฀
AN฀INCREASED฀INCIDENCE฀OF฀BOTH฀BENIGN฀AND฀MALIGNANT฀
NEOPLASIA���
��฀ !LSO�฀ HISTOLOGICALLY฀ AND฀ BIOCHEMICALLY�฀
$#฀AND฀WOUND฀GRANULATION฀TISSUE฀SHARE฀MANY฀SIMILARI

TIES�฀ LEADING฀ TO฀ THE฀ COMMON฀BELIEF฀ THAT฀$$฀MAY฀BE฀
AN฀ EXAGGERATED�฀ DYSREGULATED฀ FIBROTIC฀WOUND฀HEALING฀
RESPONSE����฀��฀ ฀4HEREFORE�฀ELUCIDATION฀OF฀THE฀MOLECU

LAR฀PATHOGENESIS฀OF฀$$฀MAY฀ALSO฀HAVE฀ADDED฀CLINICAL฀
SIGNIFICANCE฀ FOR฀ THE฀DIAGNOSIS฀ AND฀ TREATMENT฀OF฀ THESE฀
OTHER฀PATHOLOGICAL฀CONDITIONS�฀฀5NFORTUNATELY฀FOR฀THE฀
CLINICIAN
INVESTIGATOR�฀IT฀IS฀AN฀INTIMIDATING฀TASK฀TO฀FIND฀
A฀PLACE฀TO฀BEGIN฀UNRAVELLING฀THE฀MOLECULAR฀ABNORMALI

TIES฀OF฀HEALTH฀AND฀DISEASE�฀
4HE฀ ADVENT฀ OF฀ HIGH
THROUGHPUT฀ ANALYTICAL฀ TECH


NOLOGY฀ TO฀ PINPOINT฀ MOLECULAR฀ ABNORMALITIES฀ GIVES฀

&)'52%฀�฀
฀0EAK฀CLUSTER฀ANALYSIS฀OF฀7#8�฀0ROTEIN#HIP�฀
3%,$)
4/&
-3฀SPECTRAL฀DATA฀SET�฀0EAK฀CLUSTER฀ANALYSIS฀
�UPPER฀PANEL	฀WAS฀CARRIED฀OUT฀USING฀THE฀"IOMARKER฀7IZARD฀
TOOL฀OF฀THE฀#IPHERGEN฀"IOSYSTEM฀SOFTWARE฀�V�����	฀TO฀IDEN

TIFY฀COMMON฀PROTEIN฀PEAKS฀ACROSS฀ALL฀SPECTRA฀�TOTAL฀OF฀N฀�฀�฀
CONTROL�฀AND฀N฀�฀��฀DISEASE฀PATIENTS	�฀฀!LL฀SPECTRA฀WERE฀FIRST฀
NORMALIZED฀TO฀TOTAL฀ION฀CURRENT�฀฀0EAK฀CLUSTER฀ANALYSIS฀WAS฀
THEN฀PERFORMED฀FOR฀ALL฀M�Z฀PEAKS฀BETWEEN฀�฀AND฀��K$A฀
WITH฀A฀3�.฀I฀��฀฀4HE฀RESULTS฀ARE฀REPRESENTED฀AS฀A฀"IOMARKER฀
0EAK฀#LUSTER฀PLOT฀�,OG฀NORMALIZED฀PEAK฀INTENSITIES฀VERSUS฀
M�Z�฀฀4HE฀TABLE฀L฀�LOWER฀PANEL	฀LISTS฀THE฀NUMBER฀OF฀SIGNIFI

CANT฀COMMON฀PEAK฀CLUSTERS฀IDENTIFIED฀USING฀THE฀"IO-ARKER฀
7IZARD฀PROGRAM�฀AND฀THE฀ASSOCIATED฀MEAN฀AND฀3$-฀VALUES฀
FOR฀EACH฀PEAK฀CLUSTER�

&)'52%฀�฀
฀3!-฀ANALYSIS฀OF฀7#8�฀0ROTEIN#HIP�฀PEAK฀
CLUSTER฀DATA�฀#OMMON฀PEAK฀CLUSTER฀DATA฀GENERATED฀USING฀THE฀
"IOMARKER฀7IZARD฀PROGRAM฀WAS฀FILTERED฀THROUGH฀THE฀3!-฀
BOOTSTRAP฀STATISTICAL฀ANALYSIS฀PROGRAM฀TO฀GENERATE฀A฀3!-฀
PLOT฀�UPPER฀PANEL	�฀฀/UR฀CHOSEN฀PARAMETERS฀WERE฀U฀�฀������฀
����฀PERMUTATIONS฀AND฀A฀FOLD฀CHANGE฀OF฀¢฀�฀5SING฀THESE฀
PARAMETERS฀3!-฀IDENTIFIED฀ONE฀PROTEOMIC฀FEATURE฀��������฀
$A฀PEAK	฀THAT฀WAS฀DIFFERENT฀AT฀A฀MEDIAN฀FALSE฀SIGNIFICANT฀
VALUE฀�฀�������฀WITH฀A฀CORRESPONDING฀&$2฀�฀���฀฀4HE฀TABLE฀
�LOWER฀PANEL	฀LISTS฀THE฀NUMBER฀�MEDIAN฀AND฀��TH฀PERCENTILE	฀
OF฀&#0�฀TOTAL฀NUMBER฀OF฀#0฀AND฀THE฀RESULTING฀&$2฀�MEDIAN฀
AND฀��TH฀PERCENTILE	฀FOR฀EACH฀USER
DEFINED฀U฀VALUE�
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THE฀ INVESTIGATOR฀ THE฀ OPPORTUNITY฀ TO฀ RAPIDLY฀ FOCUS฀ ON฀
POTENTIAL฀ TARGETS฀ FOR฀ FURTHER฀ STUDY�฀ ฀ )N฀ THIS฀ STUDY�฀WE฀
HAVE฀EMPLOYED฀A฀HIGHLY฀ SENSITIVE฀4/&
-3฀TECHNIQUE฀
TO฀ IDENTIFY฀ CHANGES฀ IN฀ PROTEIN฀ EXPRESSION฀ ASSOCIATED฀
WITH฀$#�
3%,$)
BASED฀PROTEOMIC฀PROFILING฀OF฀$#฀SPECIMENS฀

RESOLVED฀ AN฀ AVERAGE฀ OF฀ ��฀ COMMON฀ LOW฀ MOLECULAR฀
WEIGHT฀ ��฀ 
฀ ��K$A	฀ TISSUE฀ DERIVED฀ PROTEIN�PEPTIDE฀
CLUSTERS฀USING฀A฀:IP4IP#��฀AIDED฀!U฀ARRAY฀BASED฀3%,$)

4/&
-3฀ APPROACH฀ �&IG�฀ �������	�฀ AND฀ AN฀ AVERAGE฀
OF฀ ��฀ COMMON฀ LOW฀ MOLECULAR฀ WEIGHT฀ ��฀ 
฀ ��K$A	฀
PROTEIN�PEPTIDE฀ CLUSTERS฀ USING฀ 7#8�฀ ARRAY฀ BASED฀
3%,$)
4/&
-3฀ �&IG�฀ �����	�฀ ฀ 4HE฀ SPECTRA฀ GENER

ATED฀USING฀THESE฀TWO฀4/&
-3฀APPROACHES฀WERE฀HIGHLY฀
REPRODUCIBLE฀WITH฀AVERAGE฀PEAK฀CLUSTER฀MASS฀ STANDARD฀
DEVIATIONS฀�����฀X��
�฀FOR฀BOTH฀METHODS�฀฀7HILE฀STRIN

GENT฀ FILTERING฀ OF฀ THE฀ PROTEIN฀ CLUSTER฀ DATA฀ USING฀ 3!-฀
IDENTIFIED฀ ONLY฀ �฀ UP
REGULATED฀ PROTEINS฀ �������฀ $A�฀
����฀ FOLD�฀ �������฀$A�฀ ����฀ FOLD�฀ AND฀ �������฀$A�฀
����฀FOLD	฀ASSOCIATED฀WITH฀$#�฀OUR฀INITIAL฀PEAK฀CLUSTER฀
ANALYSIS฀ GENERATED฀ A฀ MORE฀ EXTENSIVE฀ LIST฀ OF฀ BOTH฀ UP
฀
���	฀AND฀DOWN
REGULATED฀��	฀PEPTIDES฀AND�OR฀PROTEINS฀
�&IG�฀ ���	�฀ ฀ 4HE฀ PRESENCE฀ OF฀ NUMEROUS฀ DIFFERENTIALLY฀
EXPRESSED฀LOW฀MOLECULAR฀WEIGHT฀PROTEINS฀IS฀NOT฀DIFFICULT฀
TO฀COMPREHEND฀IF฀ONE฀CONSIDERS฀THE฀NATURE฀OF฀THE฀SAM

PLE฀BEING฀EXAMINED฀IN฀THIS฀STUDY�฀฀$#฀LESIONS฀ARE฀VERY฀
DIFFERENT฀ STRUCTURES฀COMPARED฀ TO฀NORMAL฀ FASCIA฀ TISSUE�฀฀
-OREOVER�฀ $#฀ LESIONS฀ ARE฀ QUITE฀ DYNAMIC฀ STRUCTURES฀
UNDERGOING฀EXTENSIVE฀ REMODELLING฀AS฀ THE฀DISEASE฀PRO

GRESSES�฀ ฀4HEREFORE�฀ONE฀WOULD฀EXPECT฀SEVERAL฀PROTEIN฀
AND�OR฀ PEPTIDE฀ BY
PRODUCTS฀ OF฀ THE฀ DISEASE฀WOULD฀ BE฀
PRESENT฀WITHIN฀THESE฀ACTIVE฀LESIONS�฀AND฀PERHAPS฀EVEN฀IN฀
THE฀SURROUNDING฀ENVIRONMENT฀�E�G�฀BLOOD	�฀฀7HILE฀WE฀
DID฀NOT฀INVESTIGATE฀PATIENT฀SERUM�฀RECENT฀3%,$)
BASED฀
STUDIES฀SUGGEST฀THAT฀LOW฀MOLECULAR฀WEIGHT฀DEGRADATION฀
PRODUCTS฀ �I�E�฀PEPTIDES	฀ CAN฀PASSIVELY฀ ENTER฀ THE฀BLOOD฀
STREAM฀AND฀BIND฀TO฀CARRIER฀PROTEINS฀SUCH฀AS฀SERUM฀ALBU

MIN���฀฀0EPTIDE฀MARKERS฀BOUND฀TO฀THESE฀CARRIER฀PROTEINS฀
POTENTIALLY฀POSSESS฀A฀HALF
LIFE฀MANY฀ORDERS฀OF฀MAGNITUDE฀
HIGHER฀ THAN฀ THEIR฀ FREE
PHASE฀ COUNTERPARTS�฀ WHICH฀ ARE฀
ACTIVELY฀CLEARED฀BY฀THE฀KIDNEYS�฀SUGGESTING฀THAT฀SERUM฀
ALBUMIN฀ BOUND฀ PEPTIDES฀ MAY฀ REPRESENT฀ A฀ @TREASURE฀
TROVE�฀ OF฀ CLINICALLY฀ USEFUL฀ DIAGNOSTIC฀ INFORMATION����฀
��฀ ฀4HE฀ RAPIDLY฀GROWING฀ LIST฀OF฀ LOW฀MOLECULAR฀WEIGHT฀
����K$A	฀SERUM฀MARKERS฀ FOR฀VARIOUS฀HUMAN฀DISEASES�฀
INCLUDING฀("6
INDUCED฀LIVER฀CIRRHOSIS฀���฀PROSTATE฀CAN

CER฀ ���฀ OVARIAN฀ CANCER฀ ���฀ HEPATOCELLULAR฀ CARCINOMA฀ ��฀
AND฀HEAD฀AND฀NECK฀CANCERS฀���฀PERHAPS฀BEST฀REFLECTS฀THE฀
SUCCESS฀OF฀ THIS฀3%,$)
BASED฀-3฀APPROACH�฀ ฀ )N฀ THOSE฀
STUDIES�฀ THE฀ USE฀ OF฀ VARIOUS฀ ALGORITHMS฀ TO฀ ANALYZE฀ THE฀
SERUM฀PROTEIN฀EXPRESSION฀PATTERNS฀HAS฀GENERATED฀HIGHLY฀

SENSITIVE฀ ���
����	฀ AND฀ SPECIFIC฀ ���
���	฀ PROTEOMIC฀
DISEASE฀SIGNATURES฀THAT฀MAY฀PROVE฀VERY฀USEFUL฀FOR฀EARLY฀
DISEASE฀DETECTION�฀฀)N฀OUR฀STUDY�฀THE฀USE฀OF฀THE฀BOOTSTRAP฀
ALGORITHM฀3!-฀TO฀FILTER฀THE฀PROTEIN฀CLUSTER฀DATA฀HELPED฀
TO฀FURTHER฀DECIPHER฀THE฀IMPORTANCE฀OF฀THE฀PEAK฀CLUSTER฀
GENERATED฀ BY฀ 3%,$)
4/&
-3�฀ ฀ )N฀ PARTICULAR�฀ 3!-฀
PERMITTED฀US฀ TO฀DEFINE฀BOTH฀ A฀ FOLD
CHANGE฀PARAMETER฀
TO฀ENSURE฀THE฀LEVEL฀OF฀EXPRESSION฀OF฀THE฀CALLED฀PROTEIN฀
CHANGES฀A฀PRESCRIBED฀AMOUNT�฀AND฀A฀SIGNIFICANCE฀CUT
OFF฀
PARAMETER฀�DELTA�฀U	฀BASED฀ON฀THE฀FALSE฀DISCOVERY฀RATE�฀฀
!LTHOUGH฀FURTHER฀STUDIES฀WILL฀BE฀NEEDED฀TO฀IDENTIFY฀AND฀
VALIDATE฀THESE฀POTENTIAL฀PROTEIN฀MARKERS�฀IT฀APPEARS฀THAT฀
THE฀USE฀OF฀THESE฀NOVEL฀TECHNOLOGIES฀CAN฀HELP฀US฀ IDEN

TIFYING฀ELEMENTS฀OF฀THE฀HUMAN฀PROTEOME฀THAT฀MAY฀BE฀
TARGETS฀FOR฀THE฀DEVELOPMENT฀OF฀ALTERNATIVE฀METHODS฀FOR฀
THE฀DETECTION฀AND฀TREATMENT฀OF฀THIS฀DISEASE�

#/.#,53)/.3
/UR฀ ANALYSIS฀ OF฀ $#฀ PATIENT฀ MATERIAL฀ IDENTIFIED฀ SEV

ERAL฀DISEASE
ASSOCIATED฀LOW฀MOLECULAR฀WEIGHT฀PROTEINS�฀฀
0EAK฀ CLUSTER฀ ANALYSIS฀ OF฀ THE฀ 3%,$)
4/&฀ SPECTRA฀
COUPLED฀ WITH฀ 3!-฀ BOOTSTRAP฀ FILTERING฀ OF฀ THE฀ COM

MON฀ PEAK฀ CLUSTERS฀ IDENTIFIED฀ THREE฀ PROTEINS฀ �����฀
$A�฀ P���$#�฀ �������฀ $A�฀ P��$#�฀ AND฀ �������฀ $A�฀
P����$#	฀ THAT฀WERE฀ EXPRESSED฀ AT฀HIGHER฀ LEVELS฀WITHIN฀
DISEASED฀ PALMAR฀ FASCIA฀ TISSUE฀ ������฀ �����฀ AND฀ ����฀
FOLD�฀ RESPECTIVELY	�฀ ฀ 4HE฀ PRESENT฀ STUDY฀ PROVIDES฀ THE฀
FIRST฀ LOW฀ MOLECULAR฀ WEIGHT฀ ����฀ K$A	฀ PROTEOMIC฀
PROFILING฀OF฀$#�฀฀!LTHOUGH฀THE฀IDENTITY฀OF฀THE฀DIFFER

ENTIALLY฀EXPRESSED฀PROTEINS฀AND฀PEPTIDES฀IS฀NOT฀KNOWN�฀
FURTHER฀ ANALYSIS฀ USING฀MULTIDIMENSIONAL฀ 3%,$)
4/&฀
BASED฀ APPROACHES�฀ AS฀WE฀HAVE฀ EMPLOYED฀BEFORE฀ ���฀ ��฀
WILL฀PERMIT฀MORE฀PRECISE฀IDENTIFICATION฀OF฀THESE฀POTEN

TIAL฀PROTEIN฀OR฀PEPTIDE฀MARKERS�฀฀'IVEN฀THE฀VAST฀CLINICAL฀
POTENTIAL฀ OF฀ THE฀ LOW฀MOLECULAR฀WEIGHT฀ REGION฀ OF฀ THE฀
PROTEOME฀AND฀THE฀INABILITY฀OF฀MORE฀CONVENTIONAL฀TWO

DIMENSIONAL฀ELECTROPHORESIS฀TO฀DETECT฀THEM�฀IT฀WOULD฀
SEEM฀THAT฀3%,$)
4/&
-3฀PROVIDES฀A฀PROMISING฀NEW฀
AVENUE฀OF฀DECIPHERING฀THE฀BIOMARKER
RICH฀LOW฀MOLECU

LAR฀WEIGHT฀REGION฀OF฀THE฀HUMAN฀PROTEOME�฀!PPLICATION฀
OF฀NOVEL฀ TECHNOLOGY฀ LIKE฀ THIS฀MAY฀HELP฀CLINICIANS฀AND฀
CLINICIAN
SCIENTISTS฀ FOCUS฀ON฀ SPECIFIC฀MOLECULAR฀ ABNOR

MALITIES฀ IN฀ DISEASES฀ THAT฀ HAVE฀ NO฀ KNOWN฀ MOLECULAR฀
PATHOGENESIS�฀THUS฀POTENTIALLY฀UNCOVERING฀THERAPEUTIC฀
AND�OR฀DIAGNOSTIC฀TARGETS�
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