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  Expression (SAGE)
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• Self organising maps
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• Discriminant analysis 
• Principal component analysis

• PCR
• Tissue microarrays 

• Weighted voting
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• Support vector machines
• Artificial neural networks

Process Technique

Figure 1. The data analysis process is similar in all gene
expression profiling experiments. The tools and techniques
used in each step of this process are described in the text
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Generate biotinylated cDNA from isolated mRNA

AAAAA
TTTTT

Cleave with anchoring enzyme (NlaIII) and
retrieve 3’ fragments via streptavidin beads

Divide sample in half and ligate to linkers

AAAAA
TTTTT

XXXXXXXXXX
GTACXXXXXXXXXX

AAAAA
TTTTT

OOOOOOOOOO
GTACOOOOOOOOOO

AAAAA
TTTTTGTACXXXXXXXXXX

CATGXXXXXXXXXXA

AAAAA
TTTTTGTACOOOOOOOOOO

CATGOOOOOOOOOOB

Cleave with tagging enzyme BsmFI

GTACXXXXXXXXXX
CATGXXXXXXXXXXA GTACOOOOOOOOOO

CATGOOOOOOOOOOB

Blunt end ligate and amplify with linker specific primers 

GTACXXXXXXXXXXOOOOOOOOOOGTAC
CATGXXXXXXXXXXOOOOOOOOOOCATGA B

Cleave with anchoring enzyme to liberate ditags, concatenate and clone
…CATGXXXXXXXXXXOOOOOOOOOOCATGXXXXXXXXXXOOOOOOOOOOCATG…
…GTACXXXXXXXXXXOOOOOOOOOOGTACXXXXXXXXXXOOOOOOOOOOGTAC…

Sequence clones and identify original mRNA
transcripts through bioinformatic analysis

Figure 2. The SAGE method. First, mRNA isolated from the
sample of interest is used to generate cDNA using biotinylated
oligo(dT) primers. cDNA is then cleaved using a frequent
cutting ‘anchoring enzyme’, typically NlaIII. The 3′ fragment is
retrieved using streptavidin beads. The resulting fragment pool
is split in half: fragments in each pool are ligated to one of
two linkers via the overhang created by the anchoring enzyme.
The linkers contain restriction sites for the tagging enzyme,
BsmFI. The fragments are then cleaved with the tagging enzyme
BsmFI, which, being a type IIS restriction enzyme, cleaves at
a defined distance from its recognition site, generating 10 bp
SAGE tags. The two pools of tags are then ligated, resulting in
ditags of linker A-tag A-tag B-linker B. Ditags are PCR-amplified
using primers for the linker sequences. Ditags are liberated from
linkers using the initial anchoring enzyme NlaIII. Liberated ditags
are then concatenated (joined up), cloned, and sequenced. The
SAGE tags are extracted from the raw sequence data, counted
and compiled into libraries, and then matched to the originating
mRNA transcripts using sequence databases [26,28]

"&* $< $/-4$V,!W 3%-#*%& +$ &*/*5+ <$% 3$/02(,*.0/(+*,
+%(.&5%-3+&9 !'* %*&"/+-.4 5\KL /-1%(%-*& (%* /-4(+*,
-.+$ 3/(&#-, )*5+$%& (., +%(.&<$%#*, -.+$ 5$#3*+*.+
1(5+*%-(9 H&$/(+-$. (., &*@"*.5-.4 $< 3/(&#-, \KL
<%$# -.,-)-,"(/ 5/$.*& +'*. 4*.*%(+*& &*@"*.5* +(4&
<$% *(5' +%(.&5%-3+9 _$.&+%"5+-$. $< [Y! /-1%(%-*& -.
+'-& >(0 (//$>& <$% +'* (&&*&&#*.+ $< +$+(/ #JKL 3$32
"/(+-$.& -. &(#3/*&9 !'* #(-. &+%*.4+' $< +'* +*5'.-@"*
-& +'(+ /-1%(%-*& 4*.*%(+*, -. ,-<<*%*.+ /(1$%(+$%-*& 5(.
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Published literature
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5/(&&*&9 _$.)*%&*/0= 5/(&& 3%*,-5+-$. -.)$/)*& 3%*,-5+2
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%*/(+*, (%* #*%4*,9 !'-& 3%$5*&& -& %*3*(+*, ".+-/ (
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Cluster 1 Cluster 2

Figure 3. Clustering techniques organize data into classes with
similar patterns, shown in this dendrogram. In this example,
there are two major classes, or clusters. Objects within a
cluster are more similar to each other than to objects outside
it. The vertical length of branches in the tree represents the
similarity between objects: the shorter the branch, the fewer
changes or differences observed between objects

+$ .$)*/ 4*.*&= <$% *;(#3/* -,*.+-!*, -. +'* %*&3$.&*
$< !1%$1/(&+& +$ &*%"# 6OE89

Self-organizing maps (SOMs)
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K$,*& (%* -.-+-(//0 #(33*, (+ %(.,$#= +'*. -+*%(+-)*/0
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$)*% +'* +-#* 5$"%&*= ,"%-.4 >'-5' +'* 5*//& (5@"-%*,
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(/4$%-+'# -& +'*. +*&+*, 10 (33/0-.4 -+ +$ ( &*%-*& $<
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Weighted voting
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Support vector machines (SVMs)
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Figure 4. (A) The overall structure of an artificial neural
network. The algorithm contains three layers, one of which
is hidden. In this example, the input layer takes information
from three variables. Data are then integrated in ‘neurones’ in
the hidden layer, resulting in output to two output modules.
These modules may take different forms, such as tumour classes
or prediction of patient outcome. (B) Data integration in the
hidden layer. Data are received from n inputs, I1−n. These
inputs, however, are not given equal weight. Relative weights
are defined by W1−n. An output signal is generated if the sum
of the input ž weight products is greater than a pre-defined
threshold. Input weights and threshold values are calculated
by training the network to recognize classes in an initial set
of samples. Weights and values are then refined by iterative
processes such as leave-one-out cross-validation
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!/-.4 +*5'.$/$40 -& +'(+ -+ *.(1/*& +'* &-#"/+(.*$"&
-.)*&+-4(+-$. $< +'$"&(.,& $< 4*.*&9 G$>*)*%= -+ -&
$<+*. ,*&-%(1/* +$ -,*.+-<0 ( &#(// ."#1*% $< B*0
4*.*& V+(%4*+&W >'$&* *;3%*&&-$. 5$%%*/(+*& &-4.-!2
5(.+/0 >-+' +'* 3'*.$#*.$. ".,*% -.)*&+-4(+-$.= $%
>'-5' (%* 3$+*.+-(//0 5("&-.4 +'* 3'*.$#*.$.9 !'-&
&"1&*+ $< 4*.*& 5(. +'*. 1* "&*, -. ( )(%-*+0 $< >(0&=
<$% *;(#3/* (& +'*%(3*"+-5 +(%4*+&= #(%B*%& $< ,-&*(&*
%*&3$.&* $% 3%$4%*&&-$.= $% $+'*%>-&* <$% +'* +%(.&/(2
+-$. $< 3%$!/-.4 %*&"/+& -.+$ ( 5/-.-5(/ &*++-.49 !'%**
#(-. +*5'.-@"*& "&*, +$ -,*.+-<0 +(%4*+& (%* ,*&5%-1*,
1*/$>9

Fold change analysis

!'* #$&+ 1(&-5 @"*&+-$. -. +'* (.(/0&-& $< 4*.* *;3%*&2
&-$. ,(+( -& ,*+*%#-.-.4 <$% >'-5' 4*.*& '()* +'*

*;3%*&&-$. /*)*/& 5'(.4*, &-4.-!5(.+/09 !'-& -& "&"2
(//0 (,,%*&&*, 10 % 2<$/, 5'(.4*? ,*+*%#-.-.4 >'-5'
4*.*&D *;3%*&&-$. 5'(.4*, 10 ( 3%*2,*+*%#-.*, 5"+2
$<<= % 9 X-5%$(%%(0 *;3*%-#*.+& 5$##$./0 "&* ( 5"+2
$<< (+ +>$2<$/, 5'(.4* V<$% *;(#3/*= \*J-&- !" #$

6PM8W= (/+'$"4' YL:[ &+",-*& "&* ( '-4'*% +'%*&'2
$/,= "3 +$ +*. V<$% *;(#3/*= K(5'+ !" #$ 6PO8W9 !'*
&-4.-!5(.5* $< +'* $1&*%)*, <$/, 5'(.4* -& +'*. 5$#2
#$./0 ,*+*%#-.*, 10 (. (33%$3%-(+* &+(+-&+-5(/ +*&+9
!'-& (33%$(5'= '$>*)*%= <(-/& +$ -,*.+-<0 &#(// 1"+
%*3%$,"5-1/* 5'(.4*& -. *;3%*&&-$.9

!'* &-4.-!5(.5* $< % 2<$/, *;3%*&&-$. 5'(.4*& -,*.2
+-!*, +'%$"4' YL:[ -& +03-5(//0 ,*+*%#-.*, 10 X$.+*
_(%/$ &-#"/(+-$.&9 H. +'* YL:[ &$<+>(%*= 7FF FFF &-#2
"/(+-$.& $< +'* ,(+( (%* 5%*(+*, 6MS89 !'* $1&*%)*,
5'(.4* -. *;3%*&&-$. -& +'*. 5$#3(%*, >-+' +'*&* &-#2
"/(+-$.& (., +'* %*/(+-)* 3%$1(1-/-+0 $< -+& $55"%%*.5*
5(/5"/(+*,9 Q.,*% +'* ."// '03$+'*&-&= +'* $1&*%)*,
5'(.4* &'$"/, $55"% <%*@"*.+/0 -. +'* &-#"/(+-$.&=
5%*(+-.4 ( 125'(.5* 5/$&* +$ 79 L &-4.-!5(.+ %*&"/+=
'$>*)*%= -& ( %(%* *)*.+ >-+' ( &#(// %*/(+-)* 3%$1(2
1-/-+0 $< $55"%%-.4= (., -& +'*%*<$%* %*3%*&*.+*, 10 (
/$> 125'(.5* )(/"*9

X$%* %*5*.+/0= )(%-(.+& $< 5$##$. &+(+-&+-5(/ +*&+& +$
,*+*%#-.* 5'(.4* -. 4*.* *;3%*&&-$. '()* 1**. "&*,9
!'-& -& ( +>$2&+(4* 3%$5*&&? 5(/5"/(+-.4 ( +*&+ &+(+-&+-5
(., +'*. ,*+*%#-.-.4 +'* &-4.-!5(.5* $< +'-& &+(+-&+-59
g'*. 5$#3(%-.4 5'(.4*& -. *;3%*&&-$. 1*+>**. +>$
4%$"3&= +'* "2+*&+= $% ( )(%-(.+ +'*%*$< V$<+*. 5(//*,
"2/-B* +*&+&W= -& "&*,9 \*+*%#-.(+-$. $< 5'(.4*& -.
*;3%*&&-$. 1*+>**. #"/+-3/* 4%$"3& 5$##$./0 "&*&
+'* LK]bL 2 &+(+-&+-59 !'*&* (33%$(5'*& >*%* "&*,
10 G*,*.<(/B !" #$ 6PP89 !'* #(-. 3%$1/*# >-+' +'*&*
(33%$(5'*&= '$>*)*%= -& +'(+ +'*&* &+(+-&+-5(/ +*&+&
(&&"#* +'(+ +'* ,(+( (%* .$%#(//0 ,-&+%-1"+*, >-+'
*@"(/ )(%-(.5*9 !'-& (&&"#3+-$. #(0 .$+= '$>*)*%=
1* )(/-, -. (// *;3*%-#*.+&9 H. +'-& &-+"(+-$.= /$4
+%(.&<$%#(+-$. $< ,(+( 5(. '*/3 +$ .$%#(/-I* +'*-%
,-&+%-1"+-$. (., *@"(/-I* )(%-(.5*9 !'-& +'*. (//$>&
#*(.-.4<"/ 1-$/$4-5(/ 5$#3(%-&$.& +$ 1* #(,* 6PE89

Discriminant analysis

\-&5%-#-.(.+ (.(/0&-& -& ( &"3*%)-&*, /*(%.-.4 +*5'2
.-@"* +'(+ -,*.+-!*& %*/(+-$.&'-3& 1*+>**. @"(/-+(2
+-)* )(%-(1/*& $% 5/(&&*& V<$% *;(#3/*= ,-&*(&* &+(+"&W
(., @"(.+-+(+-)* 3%*,-5+$% )(/"*& V<$% *;(#3/*= 4*.*
*;3%*&&-$.W 6PS89 !'"&= ,-&5%-#-.(.+ (.(/0&-& (//$>&
+'* -,*.+-!5(+-$. $< 4*.*& +'(+ ,-&5%-#-.(+* 1*+>**.
,-&*(&* &+(+*& >-+' &+(+-&+-5(/ &-4.-!5(.5*9 \-&5%-#2
-.(.+ (.(/0&-& >(& "&*, 10 Y3(.(B-& (., C%$"+02
C$0* +$ ,-<<*%*.+-(+* 1*+>**. !1%$1/(&+ &"1+03*& 6PT89
[;3%*&&-$. /*)*/& $< OP 4*.*& -. MO &(#3/*& >*%*
,*+*%#-.*, 10 3%$1-.4 &/$+ 1/$+& VJKL -& &3$++*,
$.+$ ( #*#1%(.* (., +'*. 3%$1*, >-+' 4*.*2&3*5-!5
3%$1*&W9 X$,*/& >*%* 5$.&+%"5+*, "&-.4 #"/+-)(%-2
(+* (.(/0&-& (., ,-&5%-#-.(.+ (.(/0&-& +$ ,-<<*%*.+-(+*
1*+>**. *-4'+ !1%$1/(&+ &"1+03*&? 7FFh $< &(#3/*&
>*%* 5$%%*5+/0 5/(&&-!*, >-+' +'-& #$,*/9
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Principal component analysis

Z%-.5-3(/ 5$#3$.*.+ (.(/0&-& -& ( #"/+-2,-#*.&-$.(/
&5(/-.4 #*+'$, +'(+ %*,"5*& ,(+( 5$#3/*;-+09 !'-& -&
(5'-*)*, +'%$"4' -,*.+-!5(+-$. $< B*0 V3%-.5-3(/W 5$#2
3$.*.+& -. +'* ,(+(9 !'* !%&+ 3%-.5-3(/ 5$#3$.*.+
(55$".+& <$% (& #"5' )(%-(1-/-+0 -. +'* ,(+( (& 3$&&-2
1/*9 [(5' &"55**,-.4 5$#3$.*.+ (55$".+& <$% (& #"5'
$< +'* %*#(-.-.4 )(%-(1-/-+0 (& 3$&&-1/*9 N$% *;(#3/*=
-< ( &(#3/* -& 3%$!/*, "&-.4 ( #-5%$(%%(0 5$.+(-.-.4
&3$+& <$% 7F FFF 4*.*&= 7F FFF ,(+( 3$-.+& >-// 1* 3%$2
,"5*,9 H#(4-.* +'*&* ,(+( -. #"/+-2,-#*.&-$.(/ &3(5*=
>'*%* +'* (;-& -. *(5' ,-#*.&-$. &'$>& +'* *;3%*&2
&-$. /*)*/ $< $.* 4*.*? ( 5/$", $< 7F FFF 3$-.+& >-//
%*&"/+9 !'-& 5/$", >-// .$+ 1* '03*%&3'*%-5(/9 H.&+*(,=
-+ >-// 1* -%%*4"/(% $% *;+*.,*, -. $.* ,-%*5+-$.9 !'-&
-& +'* (;-& $< +'* !%&+ 3%-.5-3(/ 5$#3$.*.+9 !'* (;-&
$< +'* &*5$., 3%-.5-3(/ 5$#3$.*.+ -& $%+'$4$.(/ +$
+'* !%&+ 6MF89 Y5'>(%+I !" #$ "&*, 3%-.5-3(/ 5$#3$.*.+
(.(/0&-& +$ )-&"(/-I* +'* ,-<<*%*.5*& -. 4*.* *;3%*&&-$.
3%$!/*& 1*+>**. '-&+$/$4-5(/ &"1+03*& $< $)(%-(. 5(%2
5-.$#(9 !'*0 ,*#$.&+%(+*, +'(+ (/+'$"4' #"5-.$"&
(., 5/*(% 5*// +"#$"%& 5$"/, 1* ,-&+-.4"-&'*, <%$#
&*%$"& +"#$"%&= *.,$#*+%-$-, +"#$"%& &'$>*, &-4.-<2
-5(.+ $)*%/(3 -. +'*-% 4*.* *;3%*&&-$. 3%$!/*& >-+'
$+'*% $)(%-(. +"#$"%& 6PU89

Target validation

:*.* *;3%*&&-$. 3%$!/-.4 $< &(#3/*& +'%$"4' &"5'
+*5'.$/$4-*& (& YL:[ (., #-5%$(%%(0& '(& ,*&5%-1*,
#(.0 4*.* *;3%*&&-$. 3(++*%.& (., 4*.*%(+*, #(.0
'03$+'*&*&9 !'*&* 3(++*%.& (., '03$+'*&*& %*@"-%*
-.,*3*.,*.+ )(/-,(+-$.9 b(/-,(+-$. #(0 1* ".,*%+(B*.
"&-.4 *-+'*% 0& /0"*+ +*5'.-@"*& $. &(#3/* *;+%(5+&
$% 0& .0"3 #*+'$,& $. -.+(5+ &(#3/*&9 !*5'.-@"*&
&"5' (& .$%+'*%. (., >*&+*%. 1/$++-.4= 3*%<$%#*, $.
JKL (., 3%$+*-. *;+%(5+& %*&3*5+-)*/0= 5(.= '$>2
*)*%= (.(/0&* $./0 ( /-#-+*, ."#1*% $< &(#3/*&9 L
'-4'*%2+'%$"4'3"+ (/+*%.(+-)* -& +$ 3*%<$%# %*)*%&*
+%(.&5%-3+-$.23$/0#*%(&* 5'(-. %*(5+-$. VJ!2Z_JW $.
*;+%(5+*, JKL9 4& .0"3 +*5'.-@"*& -.5/",* 0& .0"3
'01%-,-I(+-$. (., -##".$'-&+$5'*#-&+%0 +$ (&&*&&
JKL (., 3%$+*-.= %*&3*5+-)*/0 6O=PR89 !'* +'%$"4'2
3"+ $< +'*&* +*5'.-@"*& >(& %(,-5(//0 -#3%$)*, >-+'
+'* -.+%$,"5+-$. $< +-&&"* #-5%$(%%(0 +*5'.$/$40 67789

Reverse transcription-polymerase chain reaction
(RT-PCR)

J!2Z_J 5(. 1* "&*, +$ ,*+*5+ +'* 3%*&*.5* $< (.0
+%(.&5%-1*, 4*.*= %*4(%,/*&& $< +'* (#$".+ $< &+(%+-.4
#(+*%-(/ $% (1".,(.5* $< +'* +%(.&5%-3+ $< -.+*%*&+
67S89 L %*+%$)-%(/ %*)*%&* +%(.&5%-3+(&* (., 3%-#*%&=
*-+'*% $/-4$V,!W $% %(.,$# '*;(#*%&= (%* "&*, +$
4*.*%(+* 5\KL <%$# JKL +*#3/(+*&9 !'* 4*.* $<
-.+*%*&+ -& +'*. Z_J2(#3/-!*, "&-.4 &*@"*.5*2&3*5-!5
3%-#*%&9 !'* 3%$,"5+= >'$&* &-I* 5(. 1* 3%*,-5+*,
<%$# &*@"*.5* -.<$%#(+-$.= -& +03-5(//0 ,*+*5+*, 10 4*/
*/*5+%$3'$%*&-&9 !'* #(-. (,)(.+(4* $< +'-& +*5'.-@"*

-& -+& &*.&-+-)-+0= (/+'$"4' +'-& (/&$ %*@"-%*& +'(+
&(#3/*& #"&+ 1* <%** $< 4*.$#-5 \KL $% $+'*%
5$.+(#-.(.+&9 J!2Z_J -& %*/(+-)*/0 &-#3/*= <(&+= (.,
5$&+2*<<*5+-)*= *&3*5-(//0 >'*. 3*%<$%#*, -. ( RS2
>*// <$%#(+9 J*&"/+& 4*.*%(+*, +'%$"4' J!2Z_J (%*
%*/(+-)*= (/+'$"4' +%(.&5%-3+ @"(.+-+(+-$. -& 3$&&-1/*9
!'-& -& (5'-*)*, +'%$"4' +'* "&* $< ""$%*&5*.+ 3%$1*&
+$ ,*+*%#-.* +%(.&5%-3+ (1".,(.5* 5$#3(%*, >-+'
&+(.,(%,& $< B.$>. 5$.5*.+%(+-$.&9 L. -.+*%.(/ 5$.+%$/
#"&+ 1* 5$2(#3/-!*, +$ .$%#(/-I* (4(-.&+ -.+*%2&(#3/*
)(%-(+-$.9

Tissue microarrays
!-&&"* #-5%$(%%(0 V!XLW +*5'.$/$40 *.(1/*& +'*
%*3%*&*.+(+-$. $< '".,%*,& $< &(#3/*& $. ( &+(.,(%,
#-5%$&5$3* &/-,* 67789 C%-*"0= +'-& -& (5'-*)*, 10
"&-.4 '$//$> .**,/*& +$ (%%(0 &#(// 5$%*& V*4= SFF µ#
,-(#*+*%W $< 3(%(<!.2*#1*,,*, +-&&"* &(#3/*& -. (
%*5-3-*.+ >(; 1/$5B9 Y*5+-$.& 5"+ <%$# +'* (%%(0
5(. +'*. 1* (&&*&&*, 10 0& .0"3 '01%-,-I(+-$. $%
-##".$'-&+$5'*#-&+%0 (55$%,-.4 +$ &+(.,(%, 3%$+$5$/&
6O=PR89 !-&&"* (%%(0& +'*%*<$%* *.(1/* '-4'2+'%$"4'3"+
(&&*&&#*.+ $< +'* 3%*&*.5* (., /$5(+-$. $< *;3%*&&*,
4*.*&= &()-.4 +-#*= %*(4*.+&= (., 5/-.-5(/ #(+*%-(/9

_(.5*%& (%* '*+*%$4*.*$"&= (., )(%-(1-/-+0 *;-&+&
.$+ $./0 1*+>**. +"#$"%& k '*.5* +'* %*(&$. <$%
&+",0-.4 #(.0 &(#3/*& k 1"+ (/&$ >-+'-. +"#$"%&9
L. -#3$%+(.+ 5$.&-,*%(+-$. >'*. 5$.&+%"5+-.4 +-&&"*
(%%(0&= +'*%*<$%*= -& 5(3+"%-.4 +'-& -.+%(2+"#$"% )(%-2
(1-/-+09 H. +'*-% $%-4-.(/ %*3$%+ $< !XL +*5'.$/$40=
j$.$.*. !" #$ 5$.&+%"5+*, +-&&"* (%%(0& <%$# ( &*%-*&
$< SPE 3%-#(%0 1%*(&+ 5(.5*%& 67789 L%%(0& >*%* "&*,
+$ -.)*&+-4(+* +'* (#3/-!5(+-$. $< +'%** $.5$4*.*&
V*%1CM= 52#05= (., 505/-. \7W 10 ""$%*&5*.5* 0& .0"3
'01%-,-I(+-$. VNHYGW9 !'*0 %*3$%+*, (#3/-!5(+-$. $<
+'*&* 4*.*& (+ %(+*& 5$#3(%(1/* +$ 3%*)-$"&/0 3"12
/-&'*, ,(+(= &"44*&+-.4 +'(+ ,(+( <%$# +-&&"* (%%(0
+*5'.$/$40 (%* 5$#3(%(1/* +$ +'$&* <%$# >'$/* +-&&"*
&*5+-$.&9 H. (.$+'*% &+",0= _(#3 !" #$ 5$#3(%*, &+(-.2
-.4 -. "3 +$ +*. 5$%*& >-+' %*&"/+& <%$# >'$/* +-&&"*
&*5+-$.& "&-.4 (.+-1$,-*& (4(-.&+ $*&+%$4*. %*5*3+$%=
3%$4*&+*%$.* %*5*3+$%= (., *%1CM 6EF89 J*&"/+& <%$#
+'* +'%** (.+-1$,-*& >*%* &-#-/(% (., &'$>*, +'(+
&+(-.-.4 -. $.* 5$%* %*3%*&*.+*, +'* >'$/* &*5+-$. -. (.
()*%(4* $< RMh 5(&*&9 !'-& !4"%* -.5%*(&*, +$ (33%$;2
-#(+*/0 RSh= RUh= RRh= 7FFh= (., 7FFh <$% +>$=
+'%**= <$"%= &-;= (., +*. 5$%*&= %*&3*5+-)*/09 L +%(,*2$<<
*;-&+&= '$>*)*%= 1*+>**. "&-.4 #$%* 5$%*& +$ 5(3+"%*
-.+%(2+"#$"% )(%-(1-/-+0 (., %*5*-)-.4 +'* /(%4*2&5(/*
1*.*!+& $< +-&&"* (%%(0 +*5'.$/$409 _/*(%/0= +'* &+(.2
,(%, -&&"*& $< -##".$'-&+$5'*#-&+%0 @"(/-+0 (&&"%2
(.5* #"&+ 1* (,,%*&&*, >-+' !XL&= (& >-+' >'$/*
&*5+-$.& 6E789

Defining the primary site of
adenocarcinomas

X(.0 @"*&+-$.& %*#(-. -. +'* 1-$/$4-5(/ (., #*,-5(/
&5-*.5*&9 !'* (,)*.+ $< +'* *;3%*&&-$. 3%$!/-.4 *%(
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'(& %*.*>*, '$3* +'(+ &$#* $< +'*&* /$.4 ".(.&>*%*,
@"*&+-$.& 5(. 1* (,,%*&&*,9 ].* &"5' 3%$1/*# -&
+'(+ $< (,*.$5(%5-.$#( +'(+ 3%*&*.+& (& #*+(&+(&*& $<
".B.$>. $%-4-.9

The clinical problem of adenocarcinoma of
unknown origin
X$&+ 5(.5*%& 3%*&*.+ >-+' +'* 3%-#(%0 +"#$"%= (+ -+&
&-+* $< $%-4-.9 Y$#* 7Ff7Eh $< 5(.5*%&= '$>*)*%=
3%*&*.+ (& #*+(&+(&*& -. &$/-, $%4(.&= 1$,0 5()-+-*& $%
/0#3' .$,*& 67M=EM89 X$&+ $< +'*&* &*5$.,(%0 +"#$"%&
(%* (,*.$5(%5-.$#(&= <$% >'-5' +'* &*)*. 5$##$.2
*&+ 3%-#(%0 &-+*& (%* 1%*(&+= $)(%0= 3%$&+(+*= &+$#(5'=
3(.5%*(&= 5$/$. (., /".4 6EM89 !'* 3%$4.$&-& (., +'*%2
(30 $< 3(+-*.+& (%* /-.B*, +$ +'* &-+* $< +"#$"% $%-4-.=
B.$>/*,4* $< >'-5' -& 1*5$#-.4 )-+(/ (& #$%* &3*5-!5
(., *<<*5+-)* 5'*#$+'*%(3*"+-5 %*4-#*.& *#*%4* 6EO89
_$.&*@"*.+/0= +'*&* &-+*&= (., $+'*%&= (%* -.)*&+-4(+*,
10 5/-.-5(/ *;(#-.(+-$.= %(,-$/$40= (., &*%"# +"#$"%
#(%B*%& 67M=EP=EE89 H< .$ 3%-#(%0 5(.5*% -& <$".,= +'*.
+'* #*+(&+(+-5 ,*3$&-+ -& "&"(//0 1-$3&-*,9 X*+(&+(+-5
(,*.$5(%5-.$#( $< ".B.$>. $%-4-. -& ( 5$##$. 5/-.2
-5(/ 3%$1/*#? -+ 5$.&+-+"+*& (%$"., Oh $< (// 5(.5*%&
(., -& +'"& $.* $< +'* +*. #$&+ 5$##$. #(/-4.(.+
,-(4.$&*& 67M89 H+& 3%$4.$&-& -& 3$$%= >-+' ( #*,-(.
&"%)-)(/ $< $./0 P #$.+'& 6EP89

The pathological approach to adenocarcinoma of
unknown origin
H. 3(+-*.+& >-+' #*+(&+(&*& $< ".B.$>. $%-4-.= 1-$3&0
-& 3*%<$%#*, -. $%,*% +$ 5$.!%# +'* ,-(4.$&-& $<
#(/-4.(.50A +$ +03* +'* +"#$"% (., +'"& -,*.+-<0 &"12
&*+& $< +"#$"%& V<$% *;(#3/*= /0#3'$#(&= 4*%# 5*//

+"#$"%&= (., &#(// 5*// (., $+'*% .*"%$*.,$5%-.* 5(%2
5-.$#(&W >'-5' (%* *;@"-&-+*/0 5'*#$&*.&-+-)*A (.,
-.5%*(&-.4/0= >'*%* +'* +"#$"% -& (. (,*.$5(%5-.$#(=
+$ 3%*,-5+ +'* 3%-#(%0 &-+* -. $%,*% +$ 3%$)-,* 3%$4.$&2
+-5 -.<$%#(+-$.= 4"-,* +'*%(30= (., -.<$%# +'* 3(+-*.+
6EO=ES89

X*+(&+(+-5 (,*.$5(%5-.$#(& 5(. "&"(//0 1* ,-(42
.$&*, (& &"5' 10 +'*-% #-5%$&5$3-5 (33*(%(.5*9 Y-.5*
(,*.$5(%5-.$#(& &'(%* ( 5$##$. ,*%-)(+-$. <%$#
4/(.,"/(% *3-+'*/-"#= #$%3'$/$40 -& $< /*&& '*/3 -.
+'* 3%*,-5+-$. $< 3%-#(%0 &-+*A 1"+ >-+' +'* (,,-+-$.
$< #-.-#(/ 5/-.-5(/ ,(+(= -.5/",-.4 4*.,*% (., 1-$3&0
&-+*= "3 +$ EEh $< #*+(&+(&*& 5(. 1* 5$%%*5+/0 (&&-4.*,
+$ ( &-+* $< $%-4-. 6ET89 _/*(%/0= *(5' +03* $< 4/(.,"2
/(% *3-+'*/-"# '(& ( ,-<<*%*.+ 1-$/$4-5(/ <".5+-$. (.,
+'*%*<$%* *;3%*&&*& &3*5-!5 4*.*& (&&$5-(+*, >-+' +'-&
,-<<*%*.+-(+-$.A -< +'-& *;3%*&&-$. 3%$!/* -& #(-.+(-.*,
,"%-.4 5(%5-.$4*.*&-&= (., <"%+'*%#$%* ,"%-.4 #*+(&2
+(&-&= +'*. +'*&* 4*.*& #(0 1* $< ,-(4.$&+-5 "&* -.
3%*,-5+-.4 +'* 3%-#(%0 &-+*9

!'* $1)-$"& #*+'$, <$% +'*-% -.)*&+-4(+-$. -&
-##".$'-&+$5'*#-&+%0= >'-5' '(& (/%*(,0 1**. "&*,
+$ (,,%*&& +'-& ,-(4.$&+-5 ,-/*##( &3*5-!5(//0
6E7=EUfSP89 :*.*& 3%$3$&*, (& 3$+*.+-(/ #(%B*%& $<
+'* 3%-#(%0 &-+* '()* 1**. -,*.+-!*, <%$# +'* /-+*%(+"%*
(., -.<$%#(+-$. $. +'*-% -##".$'-&+$5'*#-5(/ *;3%*&2
&-$. -. +'* &*)*. #(-. (,*.$5(%5-.$#(& %*+%-*)*,
6E7=EU=S7fSO=SEf7FP89 !'* ,(+( (%* &"##(%-I*, -.
N-4"%* E= >'-5' /-&+& _L7ME= _L7R2R= 5(%5-.$*#1%02
$.-5 (.+-4*. V_[LW= _\`M= 50+$B*%(+-.& T (., MF
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Percentage positivity of markers in adenocarcinomas from each site
Marker Breast Ovary Prostate Stomach Pancreas Colon Lung

CA125 13, 13, 13, 23, 24 61, 63, 74, 80, 
91, 96 2, 2, 5 7, 11 48, 48 4, 4, 9, 10, 13, 18 20, 20, 20, 35

CA19-9 6, 11, 24, 45,62 41, 57, 77 3, 6 56, 71, 80, 89 57, 71, 85, 85, 
86, 91, 94

26, 30, 41, 59, 71, 
76, 79, 85

13, 30, 32, 48, 
69

CEA 32, 37, 40, 57, 71 0, 0, 21, 37, 40 0, 14 67, 72, 75, 80 50, 81, 88, 92, 
98
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54, 63, 88, 90, 
91

CDX2 0, 0 0, 0 1, 4 20, 70 0, 32, 54 90, 99 0, 0

CK 7 70, 89, 93, 93, 96 0, 5, 12, 29 38, 51, 60, 71 87, 92, 95 96, 100, 100

CK 20 0, 0, 0, 0, 4, 7, 19 0, 0, 4, 19 0, 0, 21 0, 35, 39, 44, 
62 0, 8, 9, 10, 10

ER 32, 33, 58, 60, 
63, 73 4, 12, 34, 50 10 0, 2 0, 0 0, 0, 0, 0, 13 0, 0, 3, 11

GCDFP-15 33, 44, 47, 52, 
62, 67, 72, 74, 77 0, 0, 0, 0, 4, 4 10, 15 0, 0, 3 0, 0, 0 0, 0, 0, 0, 0, 0, 0 0, 0, 0, 0, 4, 6

Mesothelin 0, 3, 6 95, 100 0, 0 10, 29 75, 86 4, 22 22, 24
pS2 27, 53, 73 36 0 60 77, 80 84 28
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PAP 0 2 97 0 0 0 0
Surf A 0, 0 0, 0 0 0 0 0, 0 48, 48
Surf B 0 0 0 0 0 0 52
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75, 75

30, 41, 50, 51,
54, 68 

83, 89, 91, 100,
100 

5, 6, 7, 9, 16, 23,
38 

65, 73, 84, 88, 92,
92, 93, 100 

Figure 5. Expression of potential markers of the primary site in the seven main adenocarcinomas. Assembled from references 51,
58, 61–63, and 65–104. The ovarian tumours are serous (or at least non-mucinous). The background shading is equivalent to the
median of the percentage positivities obtained from the literature
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7E9 Z*+%-5$-. [N= L%,*B(.- LX= G-++ CL= !" #$9 Q&* $< 3%$+*$#-5

3(++*%.& -. &*%"# +$ -,*.+-<0 $)(%-(. 5(.5*%9 G#&(!" MFFMA Y%$?

ETMfETT9

7S9 C%$>. !L9 ?!&+,!. H9 CH]Y Y5-*.+-!5 Z"1/-&'*%&? L1-.4,$.=

MFFM9

7T9 Y(#1%$$B a= J"&&*// \9 5+$!(3$#* D$+&0&<I B G#9+*#"+*-

5#&3#$ VO%, *,.W9 _$/, Y3%-.4 G(%1$% e(1$%(+$%0 Z%*&&? _$/,

Y3%-.4 G(%1$%= Ki= MFFF9

7U9 Y5'*.( X= Y'(/$. \= \()-& Jg= C%$>. Z]9 l"(.+-+(+-)*

#$.-+$%-.4 $< 4*.* *;3%*&&-$. 3(++*%.& >-+' ( 5$#3/*#*.+(%0

\KL #-5%$(%%(09 '(0!&(! 7RREA NZE? PSTfPTF9

7R9 Y"33/*#*.+(%0 -&&"*? _'-33-.4 <$%*5(&+ HH9 =#"3*! ?!&!" MFFMA

YN? VY"33/W? PS7fEEM9

MF9 j.",&*. Y9 B J0+$+<0."6. ?30A! "+ B&#$-.0. +: @=B 50(*+#**#-

@#"#9 g-/*0? K*> i$%B= MFFM9

M79 C%(I#( L= G-.4(#3 Z= l"(5B*.1"&' a= !" #$9 X-.-#"# -.<$%2

#(+-$. (1$"+ ( #-5%$(%%(0 *;3*%-#*.+ VXHLX[W k +$>(%, &+(.2

,(%,& <$% #-5%$(%%(0 ,(+(9 =#"3*! ?!&!" MFF7A N$? OSEfOT79

MM9 C%(I#( L= Z(%B-.&$. G= Y(%B(.& Q= !" #$9 L%%(0[;3%*&& k (

3"1/-5 %*3$&-+$%0 <$% #-5%$(%%(0 4*.* *;3%*&&-$. ,(+( (+ +'* [CH9

=3($!0( B(0A. >!. MFFOA Y#? SUfT79

MO9 [,4(% J= \$#%(5'*) X= e(&' L[9 :*.* *;3%*&&-$. $#.-1"&?

K_CH 4*.* *;3%*&&-$. (., '01%-,-I(+-$. (%%(0 ,(+( %*3$&-+$%09

=3($!0( B(0A. >!. MFFMA YE? MFTfM7F9

MP9 HB*$ j= H&'-2- a= !(#"%( != :$c$1$%- != !(+*.$ i9 _HC[`? 5*.+*%

<$% -.<$%#(+-$. 1-$/$40 4*.* *;3%*&&-$. ,(+(1(&*9 D > J0+$ MFFOA

YNW? 7FTRf7FUM9

ME9 C(// _L= C%(I#( L= _("&+$. G= !" #$9 Y"1#-&&-$. $< #-5%$(%%(0

,(+( +$ 3"1/-5 %*3$&-+$%-*&9 ;G+' J0+$ MFFPA N? [O7T9

MS9 b*/5"/*&5" b[= m'(.4 e= b$4*/&+*-. C= j-.I/*% jg9 Y*%-(/

(.(/0&-& $< 4*.* *;3%*&&-$.9 '(0!&(! 7RREA NZE? PUPfPUT9

MT9 Z$/0(B j= J-44-.& :a9 :*.* ,-&5$)*%0 "&-.4 +'* &*%-(/ (.(/0&-&

$< 4*.* *;3%*&&-$. +*5'.-@"*? -#3/-5(+-$.& <$% 5(.5*% %*&*(%5'9 C

D$0& K&(+$ MFF7A #$? MRPUfMREU9

MU9 ]-*. jL9 Y*%-(/ (.(/0&-& $< 4*.* *;3%*&&-$.9 5!")+A. 5+$ J0+$

MFFOA NNW? MT7fMUP9

MR9 Y+%("&1*%4 Je9 !'* _(.5*% :*.$#* L.(+$#0 Z%$c*5+? .*>

%*&$"%5*& <$% %*(,-.4 +'* #$/*5"/(% &-4.(+"%*& $< 5(.5*%9 C ;#")+$

MFF7A #$%? O7fPF9
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OF9 L,(#& X\= j*//*0 aX= :$5(0.* a\= !" #$9 _$#3/*#*.+(%0

\KL &*@"*.5-.4? *;3%*&&*, &*@"*.5* +(4& (., '"#(. 4*.$#*

3%$c*5+9 '(0!&(! 7RR7A N%N? 7SE7f7SES9

O79 L,(#& X\= j*%/()(4* LJ= N/*-&5'#(.. J\= !" #$9 H.-+-(/

(&&*&&#*.+ $< '"#(. 4*.* ,-)*%&-+0 (., *;3%*&&-$. 3(++*%.& 1(&*,

"3$. UO #-//-$. ."5/*$+-,*& $< 5\KL &*@"*.5*9 =#"3*! 7RREA

YZZ? VY"33/W? Of7T9

OM9 g'**/*% \e= _'"%5' \X= [,4(% J= !" #$9 \(+(1(&* %*&$"%5*&

$< +'* K(+-$.(/ _*.+*% <$% C-$+*5'.$/$40 H.<$%#(+-$.? "3,(+*9

=3($!0( B(0A. >!. MFFPA YN? \OEf\PF9

OO9 a*.&&*. !j= e(*4%*-, L= j$#$%$>&B- a= G$)-4 [9 L /-+*%(+"%*

.*+>$%B $< '"#(. 4*.*& <$% '-4'2+'%$"4'3"+ (.(/0&-& $< 4*.*

*;3%*&&-$.9 =#"3*! ?!&!" MFF7A N[? M7fMU9

OP9 C**% \:= j(%,-( Ye= G"(.4 __= !" #$9 :*.*2*;3%*&&-$. 3%$!/*&

3%*,-5+ &"%)-)(/ $< 3(+-*.+& >-+' /".4 (,*.$5(%5-.$#(9 =#"3*!

5!A MFFMA [? U7SfUMP9

OE9 H0*% bJ= [-&*. XC= J$&& \!= !" #$9 !'* +%(.&5%-3+-$.(/ 3%$4%(#

-. +'* %*&3$.&* $< '"#(. !1%$1/(&+& +$ &*%"#9 '(0!&(! 7RRRA N[Y?

UOfUT9

OS9 :$/"1 !J= Y/$.-# \j= !(#(0$ Z= !" #$9 X$/*5"/(% 5/(&&-!5(+-$.

$< 5(.5*%? 5/(&& ,-&5$)*%0 (., 5/(&& 3%*,-5+-$. 10 4*.* *;3%*&&-$.

#$.-+$%-.49 '(0!&(! 7RRRA N[W? EO7fEOT9

OT9 \",$-+ Y= N%-,/0(., a9 L 3%*,-5+-$.21(&*, %*&(#3/-.4 #*+'$, <$%

*&+-#(+-.4 +'* ."#1*% $< 5/"&+*%& -. ( ,(+(&*+9 ?!&+,! J0+$ MFFMA

Y? J[Y[LJ_GFFOS9

OU9 i*$' [a= J$&& X[= Y'"%+/*<< YL= !" #$9 _/(&&-!5(+-$.= &"1+03*

,-&5$)*%0= (., 3%*,-5+-$. $< $"+5$#* -. 3*,-(+%-5 (5"+*

/0#3'$1/(&+-5 /*"B*#-( 10 4*.* *;3%*&&-$. 3%$!/-.49 D#&(!* D!$$

MFFMA #? 7OOf7PO9

OR9 Y/$.-# \j9 N%$# 3(++*%.& +$ 3(+'>(0&? 4*.* *;3%*&&-$. ,(+(

(.(/0&-& 5$#*& $< (4*9 =#"3*! ?!&!" MFFMA YN? VY"33/W? EFMfEFU9

PF9 C%$>. XZ= :%".,0 gK= e-. \= !" #$9 j.$>/*,4*21(&*, (.(/0&-&

$< #-5%$(%%(0 4*.* *;3%*&&-$. ,(+( 10 "&-.4 &"33$%+ )*5+$%

#(5'-.*&9 ;*+( =#"$ B(#A '(0 L ' B MFFFA $Z? MSMfMST9

P79 j'(. a= g*- aY= J-.4.*% X= !" #$9 _/(&&-!5(+-$. (., ,-(4.$&+-5

3%*,-5+-$. $< 5(.5*%& "&-.4 4*.* *;3%*&&-$. 3%$!/-.4 (., (%+-!5-(/

.*"%(/ .*+>$%B&9 =#"3*! 5!A MFF7A Z? STOfSTR9

PM9 \*J-&- ae= H0*% bJ= C%$>. Z]9 [;3/$%-.4 +'* #*+(1$/-5 (.,

4*.*+-5 5$.+%$/ $< 4*.* *;3%*&&-$. $. ( 4*.$#-5 &5(/*9 '(0!&(!

7RRTA NZ[? SUFfSUS9

PO9 K(5'+ X= N*%4"&$. L!= m'(.4 g= !" #$9 _$#1-.-.4 &*%-(/

(.(/0&-& $< 4*.* *;3%*&&-$. (., (%%(0 +*5'.$/$4-*& +$ -,*.+-<0

4*.*& ,-<<*%*.+-(//0 *;3%*&&*, -. 1%*(&+ 5(.5*%9 D#&(!* >!. 7RRRA

%$? EPSPfEPTF9

PP9 G*,*.<(/B H= \"44(. \= _'*. i= !" #$9 :*.*2*;3%*&&-$. 3%$!/*&

-. '*%*,-+(%0 1%*(&+ 5(.5*%9 = E&<$ C 5!A MFF7A YXX? EORfEPU9

PE9 l"(5B*.1"&' a9 X-5%$(%%(0 ,(+( .$%#(/-I(+-$. (., +%(.&<$%#(2

+-$.9 =#"3*! ?!&!" MFFMA YN? VY"33/W? PRSfEF79

PS9 X*.,*I XL= G$,(% _= b"/3* _= :$.I(/*I X= _(#1-(I$ b9

\-&5%-#-.(.+ (.(/0&-& +$ *)(/"(+* 5/"&+*%-.4 $< 4*.* *;3%*&&-$.

,(+(9 2EJ' G!"" MFFMA %NN? MPfMU9

PT9 Y3(.(B-& [= C%$"+02C$0* \9 \-&5%-#-.(+-$. $< !1%$1/(&+ &"12

+03*& 10 #"/+-)(%-(+* (.(/0&-& $< 4*.* *;3%*&&-$.9 4&" C D#&(!*

7RRTA Z#? PFMfPFR9

PU9 Y5'>(%+I \J= j(%,-( Ye= Y'*,,*. jL= !" #$9 :*.* *;3%*&&-$. -.

$)(%-(. 5(.5*% %*"*5+& 1$+' #$%3'$/$40 (., 1-$/$4-5(/ 1*'()-$%=

,-&+-.4"-&'-.4 5/*(% 5*// <%$# $+'*% 3$$%23%$4.$&-& $)(%-(.

5(%5-.$#(&9 D#&(!* >!. MFFMA WN? PTMMfPTMR9

PR9 X5K-5$/ LX= N(%@"'(%&$. XL9 4& .0"3 '01%-,-I(+-$. (., -+&

,-(4.$&+-5 (33/-5(+-$.& -. 3(+'$/$409 C ;#")+$ 7RRTA #[N?

MEFfMS79

EF9 _(#3 Je= _'(%*++* eL= J-## \e9 b(/-,(+-$. $< +-&&"*

#-5%$(%%(0 +*5'.$/$40 -. 1%*(&+ 5(%5-.$#(9 G#9 4&/!." MFFFA [E?

7RPOf7RPR9

E79 \*i$".4 CJ= g-5B XJ9 H##".$'-&+$/$4-5 *)(/"(+-$. $<

#*+(&+(+-5 5(%5-.$#(& $< ".B.$>. $%-4-.? (. (/4$%-+'#-5

(33%$(5'9 '!,0& @0#<& ;#")+$ MFFFA #Z? 7UPf7RO9

EM9 K0&+%$# aY= g*-.*% aX= G*<<*/!.4*%2a"++.*% a= !" #$9 X*+(&+(+-5

(., '-&+$/$4-5 3%*&*.+(+-$.& -. ".B.$>. 3%-#(%0 5(.5*%9 '!,0&

K&(+$ 7RTTA X? EOfEU9

EO9 X-.+I*% \X= g(%'$/ X= X(%+-. LX= :%**.* :9 _(.5*% $<

".B.$>. 3%-#(%0? 5'(.4-.4 (33%$(5'*&9 L #"/+-,-&5-3/-.(%0 5(&*

3%*&*.+(+-$. <%$# +'* a$(. j(%.*// _(.5*% _*.+*% $< Z*..&0/)(.-(

G$&3-+(/9 K&(+$+<0." MFFPA $? OOFfOOU9

EP9 G-//*. GN9 Q.B.$>. 3%-#(%0 +"#$"%&9 ;+."<*#A 5!A C MFFFA ZW?

SRFfSRO9

EE9 b(%(,'(5'(%0 :J= L11%"II*&* ae= e*.I- J9 \-(4.$&+-5 &+%(+*4-*&

<$% ".B.$>. 3%-#(%0 5(.5*%9 D#&(!* MFFPA #EE? 7TTSf7TUE9

ES9 C/(&I0B G= G(%+#(.. L= Cc$%.&&$. a9 _(.5*% $< ".B.$>.

3%-#(%0? 5/-.-5$3(+'$/$4-5 5$%%*/(+-$.&9 B;54' MFFOA ###?

7FURf7FRP9

ET9 Y'*('(. j= ]Dj*(.* a_= L1%(#$>-+I L= !" #$9 X*+(&+(+-5

(,*.$5(%5-.$#( $< (. ".B.$>. 3%-#(%0 &-+*9 L 5$#3(%-&$. $< +'*

%*/(+-)* 5$.+%-1"+-$.& $< #$%3'$/$40= #-.-#(/ *&&*.+-(/ 5/-.-5(/

,(+( (., _[L -##".$&+(-.-.4 &+(+"&9 B, C D$0& ;#")+$ 7RROA

$$? TMRfTOE9

EU9 e(4*.,-cB aG= X"//-.B G= )(. \-*&+ Za= X*-c*% :L= X*-c*% _a9

H##".$'-&+$5'*#-5(/ ,-<<*%*.+-(+-$. 1*+>**. 3%-#(%0 (,*.$5(%2

5-.$#(& $< +'* $)(%0 (., $)(%-(. #*+(&+(&*& $< 5$/$.-5 (.,

1%*(&+ $%-4-.9 _$#3(%-&$. 1*+>**. ( &+(+-&+-5(/ (., (. -.+"-+-)*

(33%$(5'9 C D$0& ;#")+$ 7RRRA %N? MUOfMRF9

ER9 Z*55-(%-.- e= :-"/-( _(.4- X= \$4/-$.- _9 H,*.+-<0-.4 +'*

3%-#(%0 &-+*& $< #*+(&+(+-5 5(%5-.$#(? +'* -.5%*(&-.4 %$/* $<

-##".$'-&+$5'*#-&+%09 D3** @0#<& ;#")+$ MFF7A Z? 7SUf7TE9

SF9 G(##(% YZ9 X*+(&+(+-5 (,*.$5(%5-.$#( $< ".B.$>. 3%-#(%0

$%-4-.9 M3, ;#")+$ 7RRUA N$? 7OROf7PFM9

S79 Z*%%0 L= Z(%-&- a[= j"%+-. Za9 X*+(&+(+-5 (,*.$5(%5-.$#( +$ +'*

1%(-.? (. -##".$'-&+$5'*#-5(/ (33%$(5'9 M3, ;#")+$ 7RRTA N[?

ROUfRPO9

SM9 e(4*.,-cB aG= X"//-.B G= b(. \-*&+ Za= X*-c*% :L= X*-c*% _a9

!%(5-.4 +'* $%-4-. $< (,*.$5(%5-.$#(& >-+' ".B.$>. 3%-#(%0

"&-.4 -##".$'-&+$5'*#-&+%0? ,-<<*%*.+-(/ ,-(4.$&-& 1*+>**.

5$/$.-5 (., $)(%-(. 5(%5-.$#(& (& 3%-#(%0 &-+*&9 M3, ;#")+$

7RRUA N$? PR7fPRT9

SO9 C%$>. Jg= _(#3(4.( eC= \".. aj= _(4/* Z!9 H##".$'-&+$2

5'*#-5(/ -,*.+-!5(+-$. $< +"#$% #(%B*%& -. #*+(&+(+-5 (,*.$5(%2

5-.$#(9 L ,-(4.$&+-5 (,c".5+ -. +'* ,*+*%#-.(+-$. $< 3%-#(%0 &-+*9

B, C D$0& ;#")+$ 7RRTA #EZ? 7Mf7R9

SP9 [//-& H]= G-+5'5$5B L9 !"#$"% #(%B*% -##".$%*(5+-)-+0 -.

(,*.$5(%5-.$#(9 C D$0& ;#")+$ 7RUUA X#? 7FSPf7FST9

SE9 !$%*.1**B J= e(4*.,-cB aG= b(. \-*&+ Za= !" #$9 b(/"* $< ( 3(.*/

$< (.+-1$,-*& +$ -,*.+-<0 +'* 3%-#(%0 $%-4-. $< (,*.$5(%5-.$#(&

3%*&*.+-.4 (& 1/(,,*% 5(%5-.$#(9 M0."+1#")+$+<- 7RRUA YN?

MFfMT9

SS9 !$+ !9 _0+$B*%(+-.& MF (., T (& 1-$#(%B*%&? "&*<"/.*&& -.

,-&5%-#-.(+-.4 3%-#(%0 <%$# #*+(&+(+-5 (,*.$5(%5-.$#(9 E3* C

D#&(!* MFFMA Y[? TEUfTSO9

ST9 !$+ !9 L,*.$5(%5-.$#(& #*+(&+(+-5 +$ +'* /-)*%? +'* )(/"* $<

50+$B*%(+-.& MF (., T -. +'* &*(%5' <$% ".B.$>. 3%-#(%0 +"#$%&9

D#&(!* 7RRRA [%? 7T7f7TT9

SU9 m(#*5.-B a= j$,*+ J9 b(/"* $< +'0%$-, +%(.&5%-3+-$. <(5+$%27 (.,

&"%<(5+(.+ (3$3%$+*-. L -. +'* ,-<<*%*.+-(/ ,-(4.$&-& $< 3"/#$.(%0

5(%5-.$#(&? ( &+",0 $< 7FR 5(&*&9 N0*()+O. B*() MFFMA XXE?

OEOfOS79

SR9 g*%/-.4 Jg= i(I-c- G= C(55'- _[= :$>. LX9 _\`M= ( '-4'/0

&*.&-+-)* (., &3*5-!5 #(%B*% $< (,*.$5(%5-.$#(& $< -.+*&+-.(/

$%-4-.? (. -##".$'-&+$5'*#-5(/ &"%)*0 $< PTS 3%-#(%0 (.,

#*+(&+(+-5 5(%5-.$#(&9 B, C '3*< ;#")+$ MFFOA NZ? OFOfO7F9

TF9 X$&B(/"B _L= m'(.4 G= Z$>*// YX= !" #$9 _,;M 3%$+*-.

*;3%*&&-$. -. .$%#(/ (., #(/-4.(.+ '"#(. +-&&"*&? (.

-##".$'-&+$5'*#-5(/ &"%)*0 "&-.4 +-&&"* #-5%$(%%(0&9 5+A

;#")+$ MFFOA #W? R7OfR7R9

T79 ]%,$.*I K:9 L33/-5(+-$. $< #*&$+'*/-. -##".$&+(-.-.4 -.

+"#$% ,-(4.$&-&9 B, C '3*< ;#")+$ MFFOA NZ? 7P7Uf7PMU9

TM9 j("<#(.. ]= \-*+*/ X9 !'0%$-, +%(.&5%-3+-$. <(5+$%27 -&

+'* &"3*%-$% -##".$'-&+$5'*#-5(/ #(%B*% <$% 3"/#$.(%0

(,*.$5(%5-.$#(& (., /(%4* 5*// 5(%5-.$#(& 5$#3(%*, +$

&"%<(5+(.+ 3%$+*-.& L (., C9 M0."+1#")+$+<- MFFFA YW? Uf7S9

TO9 j("<#(.. ]= \*-,*&'*-#*% != X"*'/*.1*%4 X= \*-5B* Z= \-*2

+*/ X9 H##".$'-&+$5'*#-5(/ ,-<<*%*.+-(+-$. $< #*+(&+(+-5 1%*(&+

5(%5-.$#(& <%$# #*+(&+(+-5 (,*.$5(%5-.$#(& $< $+'*% 5$##$.

3%-#(%0 &-+*&9 M0."+1#")+$+<- 7RRSA N$? MOOfMPF9

TP9 N%-*%&$. GN a%= X$&B(/"B _L= Z$>*// YX= !" #$9 e(%4*2&5(/*

#$/*5"/(% (., +-&&"* #-5%$(%%(0 (.(/0&-& $< #*&$+'*/-.
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*;3%*&&-$. -. 5$##$. '"#(. 5(%5-.$#(&9 M3, ;#")+$ MFFOA

YX? SFEfSFR9

TE9 g-5B XJ= e-//*#$* !a= _$3/(., :!= !" #$9 :%$&& 50&+-5

,-&*(&* ""-, 3%$+*-.27E (& ( #(%B*% <$% 1%*(&+ 5(.5*%?

-##".$'-&+$5'*#-5(/ (.(/0&-& $< SRF '"#(. .*$3/(&#& (.,

5$#3(%-&$. >-+' (/3'(2/(5+(/1"#-.9 M3, ;#")+$ 7RURA NE?

MU7fMUT9

TS9 e$0 !Y= l"*&*.1*%%0 a!= Y'(%3 Y_9 \-&+%-1"+-$. $< _L 7ME -.

(,*.$5(%5-.$#(&9 L. -##".$'-&+$5'*#-5(/ &+",0 $< PU7 5(&*&9

B, C D$0& ;#")+$ 7RRMA $[? 7TEf7TR9

TT9 _'" Z= g" [= g*-&& eX9 _0+$B*%(+-. T (., 50+$B*%(+-. MF

*;3%*&&-$. -. *3-+'*/-(/ .*$3/(&#&? ( &"%)*0 $< POE 5(&*&9 5+A

;#")+$ MFFFA #Y? RSMfRTM9

TU9 Z(%B Yi= j-# GY= G$.4 [j= j-# gG9 [;3%*&&-$. $< 50+$B*%2

(+-.& T (., MF -. 3%-#(%0 5(%5-.$#(& $< +'* &+$#(5' (., 5$/2

$%*5+"# (., +'*-% )(/"* -. +'* ,-<<*%*.+-(/ ,-(4.$&-& $< #*+(&+(+-5

5(%5-.$#(& +$ +'* $)(%09 M3, ;#")+$ MFFMA YY? 7FTUf7FUE9

TR9 Y+*.'$"&* := N0<* K= j-.4 := _'(3#(. L= j*%% jX9 !'0%$-,

+%(.&5%-3+-$. <(5+$% 7 -. 3"/#$.(%0 (,*.$5(%5-.$#(9 C D$0& ;#")+$

MFFPA %Z? OUOfOUT9

UF9 X(5'(,$ a_= K$4"*-%( LX= _(%.*-%$ N= J*-& _L= Y$1%-.'$2

Y-#$*& X9 :(&+%-5 5(%5-.$#( *;'-1-+& ,-&+-.5+ +03*& $< 5*//

,-<<*%*.+-(+-$.? (. -##".$'-&+$5'*#-5(/ &+",0 $< +%*<$-/ 3*3+-,*&

V!NN7 (., !NNMW (., #"5-.& VXQ_7= XQ_M= XQ_EL_= (.,

XQ_SW9 C ;#")+$ MFFFA #$E? POTfPPO9

U79 a$1&-& L_= \* b%-*& :Z= X*-c*% L[= Z/$*# aY9 !'* -##".$'-&2

+$5'*#-5(/ ,*+*5+-$. $< 3%$&+(+-5 (5-, 3'$&3'(+(&*? -+& 3$&&-1-/-2

+-*& (., /-#-+(+-$.& -. +"#$"% '-&+$5'*#-&+%09 M0."+()!, C 7RU7A

#Y? RS7fRTO9

UM9 G(-.*& LX= e(%B-. Y[= J-5'(%,&$. LZ= Y+-%/-.4 Jg= G*0,*%2

#(. [9 L .$)*/ '01%-,$#( (.+-1$,0 VZLY[dPeaW +$ '"#(. 3%$2

&+(+-5 (5-, 3'$&3'(+(&* &"-+(1/* <$% -##".$'-&+$5'*#-&+%09 J* C

D#&(!* 7RURA WE? UUTfURM9

UO9 ]'&'-$ := ]4(>( j= j",$ G= !" #$9 H##".$'-&+$5'*#-5(/

&+",-*& $. +'* /$5(/-I(+-$. $< 5(.5*% (&&$5-(+*, (.+-4*.& \Q2ZLK2

M (., _L7R2R -. 5(%5-.$#(& $< +'* ,-4*&+-)* +%(5+9 C ?#."*+!&"!*+$

M!1#"+$ 7RRFA %? MEfO79

UP9 !(4"5'- != j-c-#( G= X-+$#- != ]&(#"%( Ji9 H##".$'-&+$2

5'*#-5(/ &+",0 $< 5$/$%*5+(/ (,*.$5(%5-.$#(& (., (,*.$#(& >-+'

(.+-1$,-*& (4(-.&+ 5(%5-.$*#1%0$.-5 (.+-4*. V_[LW= _L7R2R=

B*%(+-.= (/3'(2+"1"/-. (., &*5%*+$%0 5$#3$.*.+ VY_W9 ?#."*+!&P

"!*+$ C1& 7RR7A NW? MRPfOFM9

UE9 i(#(4"5'- j= [.c$c- X= !&".*0$&'- X9 Z(.5%*(+$,"$,*.(/

5(%5-.$#(? ( 5/-.-5$3(+'$/$4-5 &+",0 $< OFP 3(+-*.+& (.,

-##".$'-&+$5'*#-5(/ $1&*%)(+-$. <$% _[L (., _L7R2R9 C '3*<

K&(+$ 7RR7A XZ? 7PUf7EP9

US9 X-I"+(.- i= K(B(c-#( != X$%-.(4( Y= !" #$9 H##".$'-&+$5'*#2

-5(/ /$5(/-I(+-$. $< 3"/#$.(%0 &"%<(5+(.+ (3$3%$+*-.& -. )(%-$"&

/".4 +"#$%&9 Y3*5-(/ %*<*%*.5* +$ .$.#"5"& 3%$,"5-.4 /".4 (,*2

.$5(%5-.$#(&9 D#&(!* 7RUUA W#? EOMfEOT9

UT9 K-5'$/&$. L:= X5_$%#-5B _a= Y'-#$&(+$ i= C"+5'*% \K=

Y'*33(%, XK9 !'* )(/"* $< Z[27F= ( #$.$5/$.(/ (.+-1$,0

(4(-.&+ 3"/#$.(%0 &"%<(5+(.+= -. ,-&+-.4"-&'-.4 3%-#(%0 (.,

#*+(&+(+-5 /".4 +"#$"%&9 M0."+1#")+$+<- 7RREA NZ? ETfSF9

UU9 L%*.,& ag= b*%&+0.*. _= C$&#(. N!= G-/4*%& a= Y+*3/*>&B- m9

\-&+%-1"+-$. $< #$.$5/$.(/ (.+-1$,02,*!.*, #$.$&-(/$4(.4/-$2

&-,* -. .$%#(/ (., 5(.5*%$"& '"#(. +-&&"*&? (. -##".$3*%$;-2

,(&* &+",09 M-9*0A+,# 7RUOA N? M7RfMMR9

UR9 X(4.(.- ae= K-/&&$. C= C%$5B'("& X= !" #$9 L #$.$5/$.(/

(.+-1$,02,*!.*, (.+-4*. (&&$5-(+*, >-+' 4(&+%$-.+*&+-.(/ 5(.5*%

-& ( 4(.4/-$&-,* 5$.+(-.-.4 &-(/0/(+*, /(5+$2= 2<"5$3*.+($&* HH9 C

J0+$ D)!, 7RUMA N%Z? 7P OSEf7P OSR9

RF9 L+B-.&$. CN= [%.&+ _Y= G*%/0. X= !" #$9 :(&+%$-.+*&+-.(/ 5(.5*%2

(&&$5-(+*, (.+-4*. -. -##".$3*%$;-,(&* (&&(09 D#&(!* >!. 7RUMA

XN? PUMFfPUMO9

R79 g(/B*% JL= \(0 Ya9 [;3%*&&-$. $< +'* (.+-4*. ,*+*5+*, 10 +'*

#$.$5/$.(/ (.+-1$,0 _L 7R9R -. '"#(. 1%*(&+ +-&&"*&9 N0*()+O.

B*() B ;#")+$ B&#" M0."+1#")+$ 7RUSA XE$? OTEfOUO9

RM9 K*".+*"<*/ g= C%*-+*.*5B*% :9 !-&&"* *;3%*&&-$. $< _L 7ME -.

1*.-4. (., #(/-4.(.+ /*&-$.& $< $)(%0 (., N(//$3-(. +"1*? (

5$#3(%-&$. >-+' _L 7R2R (., _[L9 ?-&!(+$ K&(+$ 7RURA YN?

MRTfOFM9

RO9 L/#*-,( J= Y-/)( [= Y(.+$&2Y-/)( N= !" #$9 [;3%*&&-$. $<

-.+*&+-.*2&3*5-!5 +%(.&5%-3+-$. <(5+$%&= _\`7 (., _\`M= -.

-.+*&+-.(/ #*+(3/(&-( (., 4(&+%-5 5(%5-.$#(&9 C ;#")+$ MFFOA #$$?

OSfPF9

RP9 Y(+$' N= Q#*#"%( Y= ]&(#"%( Ji9 H##".$'-&+$5'*#-5(/ (.(/2

0&-& $< :_\NZ27E (., :_\NZ2MP -. #(##(%0 (., .$.2

#(##(%0 +-&&"*9 J*!#." D#&(!* MFFFA Z? PRfEE9

RE9 X(I$"c-(. := Z-.B"& :Y= \()-& Y= G((4*.&*. \[ a%9 H##".$2

'-&+$5'*#-&+%0 $< ( 4%$&& 50&+-5 ,-&*(&* ""-, 3%$+*-. V:_\NZ27EW

$< +'* 1%*(&+9 L #(%B*% $< (3$5%-.* *3-+'*/-"# (., 1%*(&+ 5(%5-2

.$#(& >-+' (3$5%-.* <*(+"%*&9 B, C ;#")+$ 7RUOA ##E? 7FEf77M9

RS9 X-*++-.*. X= Y(%/$#$2J-B(/( X9 [;3%*&&-$. $< 5(/%*+-.-.=

+'%$#1$#$,"/-.= B*%(+-. E= (., #*&$+'*/-. -. /".4 5(%5-.$#(& $<

,-<<*%*.+ +03*&? (. -##".$'-&+$5'*#-5(/ (.(/0&-& $< ERS +"#$%&

-. 5$#3(%-&$. >-+' *3-+'*/-$-, #*&$+'*/-$#(& $< +'* 3/*"%(9 B,

C '3*< ;#")+$ MFFOA NZ? 7EFf7EU9

RT9 L%4(.- Z= H(5$1"I-$2\$.('"* _= J0" C= !" #$9 X*&$+'*/-. -&

$)*%*;3%*&&*, -. +'* )(&+ #(c$%-+0 $< ,"5+(/ (,*.$5(%5-.$#(&

$< +'* 3(.5%*(&? -,*.+-!5(+-$. $< ( .*> 3(.5%*(+-5 5(.5*% #(%B*%

10 &*%-(/ (.(/0&-& $< 4*.* *;3%*&&-$. VYL:[W9 D$0& D#&(!* >!.

MFF7A Z? OUSMfOUSU9

RU9 e*".4 gj= i" a= _'(. Nj= !" #$9 [;3%*&&-$. $< +%*<$-/ 3*3+-,*&

V!NN7= !NNM= (., !NNOW -. 4(&+%-5 5(%5-.$#(&= -.+*&+-.(/

#*+(3/(&-(= (., .$.2.*$3/(&+-5 4(&+%-5 +-&&"*&9 C ;#")+$ MFFMA #$Z?

EUMfEUU9

RR9 !(. \= e- l= \**1 := !" #$9 !'0%$-, +%(.&5%-3+-$. <(5+$%27

*;3%*&&-$. 3%*)(/*.5* (., -+& 5/-.-5(/ -#3/-5(+-$.& -. .$.2

&#(// 5*// /".4 5(.5*%? ( '-4'2+'%$"4'3"+ +-&&"* #-5%$(%%(0 (.,

-##".$'-&+$5'*#-&+%0 &+",09 M3, ;#")+$ MFFOA YX? ERTfSFP9

7FF9 Y(4$/ ]= !".( C= _$B*% L= !" #$9 H##".$'-&+$5'*#-5(/ ,*+*5+-$.

$< 3YM 3%$+*-. (., '*(+ &'$5B 3%$+*-.2TF -. 3(.5%*(+-5

(,*.$5(%5-.$#(&9 J*/(+-$.&'-3 >-+' ,-&*(&* *;+*.+ (., 3(+-*.+

&"%)-)(/9 ;#")+$ >!. ;*#(" MFFMA #$[? TTfUP9

7F79 L'% L= Y5'(%/ L= :$'%-.4 Qa= _%$#1(5' := Y+$<" X9 H##".$2

'-&+$5'*#-5(/ ,*+*5+-$. $< 3YM 3%$+*-. -. 3(%(<!. &*5+-$.& $<

1%*(&+ 5(%5-.$#( +-&&"*9 _$#3(%-&$. >-+' %*&"/+& $< (. -##".$2

%(,-$#*+%0 (&&(09 ;#")+$+<! 7RREA #W? MTUfMUP9

7FM9 Y$"1*0%(. H= g(<"(%+ a= C$.-5'$. N= !" #$9 H##".$'-&+$5'*#-5(/

,*+*%#-.(+-$. $< 3YM -. -.)(&-)* 1%*(&+ 5(%5-.$#(&? ( &+",0 $.

RPM 5(&*&9 J*!#." D#&(!* >!. 7*!#" 7RREA YX? 77Rf7MU9

7FO9 Z(//", _= e* \$"&&(/ b= Z-5'$. XN= !" #$9 H##".$'-&+$5'*#2

-&+%0 $< 3YM -. .$%#(/ '"#(. 1%*(&+ (., -. )(%-$"& '-&+$/$4-5(/

<$%#& $< 1%*(&+ +"#$"%&9 M0."+1#")+$+<- 7RROA NY? MPRfMES9

7FP9 e"@#(.- iL= J0(// := Y'$"&'( Y= _$$#1*& J_9 L. -##".$'-&2

+$5'*#-5(/ &"%)*0 $< 3YM *;3%*&&-$. -. '"#(. *3-+'*/-(/ 5(.5*%&9

4&" C D#&(!* 7RRMA %E? OFMfOFP9

7FE9 \*..-& ae= b(&& aj= g-+ [_= j*-+' gK= ]-*. jL9 H,*.+-!5(+-$.

<%$# 3"1/-5 ,(+( $< #$/*5"/(% #(%B*%& $< (,*.$5(%5-.$#(

5'(%(5+*%-&+-5 $< +'* &-+* $< $%-4-.9 D#&(!* >!. MFFMA WN?

ERRRfSFFE9

7FS9 C"5B'("/+& Z= m'(.4 m= _'*. i_= !" #$9 H,*.+-<0-.4 +"#$% $%-4-.

"&-.4 ( 4*.* *;3%*&&-$.21(&*, 5/(&&-!5(+-$. #(39 D#&(!* >!.

MFFOA WY? P7PPfP7PR9

7FT9 Y" LH= g*/&' aC= Y(3-.$&$ eX= !" #$9 X$/*5"/(% 5/(&&-!5(+-$. $<

'"#(. 5(%5-.$#(& 10 "&* $< 4*.* *;3%*&&-$. &-4.(+"%*&9 D#&(!*

>!. MFF7A W#? TOUUfTORO9

7FU9 J(#(&>(#0 Y= !(#(0$ Z= J-<B-. J= !" #$9 X"/+-5/(&& 5(.5*%

,-(4.$&-& "&-.4 +"#$% 4*.* *;3%*&&-$. &-4.(+"%*&9 ;*+( =#"$ B(#A

'(0 L ' B MFF7A $[? 7E 7PRf7E 7EP9

7FR9 C/$$# := i(.4 Hb= C$"/>(%* \= !" #$9 X"/+-23/(+<$%#= #"/+-2

&-+*= #-5%$(%%(021(&*, '"#(. +"#$% 5/(&&-!5(+-$.9 B, C ;#")+$

MFFPA #WX? Rf7S9

77F9 K-&'-I"B( Y= Y-.42!&".4 _= :>(,%0 N:= !" #$9 \-(4.$&+-5

#(%B*%& +'(+ ,-&+-.4"-&' 5$/$. (., $)(%-(. (,*.$5(%5-.$#(&?

-,*.+-!5(+-$. 10 4*.$#-5= 3%$+*$#-5 (., +-&&"* (%%(0 3%$!/-.49

D#&(!* >!. MFFOA WY? EMPOfEMEF9
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