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This paper is dedicated to the memory of Beatrice Louise Pool Zobel who passed away on  

May 13
th

, 2008. Beatrice has initiated the experimental part of this work. 
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of neo&lasia +,-, ,/0. 2n that function, 78T, is thought to be 
relevant in cancerogenesis, but also in ageing.  

 The ubiquitin specific protease (USP25) is re>uired for 
the stabili@ation of the MBC &rotoDoncogene. Eeduction of 
its eF&ression can strongly inhibit the groHth of cancer cells 
+IJ0.  

 Polo- like kinase : (PLK:) &hos&horylatesKactivates cell 
cycle &roteins thus driving cells into mitosis +I,, II0. 2t is 
also involved in centrosome maturation and assembly, s&inD
dle function, mitotic eFit and cytoMinesis and therefore its 
inactivation may contribute to mitotic arrest, induction of 
&roDa&o&totic &athHay and su&&ression of tumour groHth in 
res&onse to stress +I30. OPQ, overD eF&ression may lead to 
elevated &roliferation and cellular transformation +IR0. 

 Pyruvate kinase, muscle (PKM2) is glycolytic en@yme, 
&redominantly eF&ressed in cells Hith increased nucleic acid 
synthesis, as for eFam&le &roliferating cells liMe those from 
the fetal tissue, adult stem cells and tumour cells +IS, IT0. 2t 
Has shoHn that the level of tumor OQMI correlates Hith the 
ability of tumour cells to form metastases +IU, I-0.  

 Heat Shock protein D0 beta (HSPD0!) acts as a VmolecuD
lar cha&eroneV under normal &hysiological conditions thus is 
critical to maintaining the normal &rotein folding environD
ment and therefore is able to modulate the &rotein activity. 2t 
affects the arrangement of the &rotein com&leFes, the &rotein 
translocation and degradation by the &roteasome &athHay 
and thus affects the a&o&tosis. Therefore, its altered usage 
reflects the ability of the malignant cells to maintain homeoD
stasis in the host environment +I/, 3J0.  

Tissue Samples from Patients 

 8ll &atients have given their informed consent and the 
study Has institutionally a&&roved by the ethics committee 
of the Friedrich X Ychiller Zniversity of [ena. 8ltogether, 
tissue sam&les from eight &atients Here included in this 
study. The donors of the colon tissue Here admitted to the 
Zniversity 7os&ital of [ena, Germany to undergo surgery for 
removal of colon tumours or colon &oly&s. The normal colon 
sam&les from each &atient Hith colon cancer Here taMen in a 
distance from the tumour site. Confirmation of the tumour 
stage of the &atients Has &rovided by &athological eFaminaD
tion after the surgery ]Table 1^.  

 The tissue sam&les Here stored in 7anM_s balanced salt 
solution ]7BYY X J.- gKP aaCl, J.R gKP QCl, J.JT gKP 
aaI7OOR F I 7IO, J.JT gKP QI7OOR, , gKP glucose, J.3S 
gKP aa7CO3 and R.- gKP 7cOcY, &7 U.I^ and trans&orted to 
the laboratory on ice Hithin , h after the surgery. The human 
colon e&ithelium Has se&arated from the tissue by &erfusionD
su&&orted mechanical disaggregation +3,0. The e&ithelial 
stri&es Here immediately submerged in Ea8later ]diagen, 
7ilden, Germany^, stored at D -JeC until further use for Ea8 
eFtraction. The median age of the &atients Has U, years 
]range SU yearsZ ZD-R years^. The grou& consisted of T males 
and I females  

Total RNA Extraction 

 Total Ea8 Has isolated from the colon tissue using the 
Ea8easy Mini Qit ]diagen, 7ilden, Germany^ Hhere geD

Table 1.  Clinicopathologic Characteristics of the Eight Patients  

                Bhose Paired Types of Tissues Eere Examined for  

                 Expression of Nine Fenes Implicated in Various Cel- 

                 lular Processes 

Patient and tumor characteristics Number of cases 

8naly@ed donors - 

7ealthy - 

fisease - 

YeF  

Male T 

Female I 

8ge ]years^  

Mean age U,.RR ! -.JI 

Ty&e of analy@ed tissue  

aormal - 

Tumor - 

Tumor grade  

Z2CC 2 , 

Z2CC 22 R 

Z2CC 222 3 

Z2CC 2g none 

 

nomic fa8 contaminations are effectively removed by usD
ing gfa8 Dcliminator s&in column. THo different Hays for 
disru&tion of the colon stri&es &laced in Ea8later solution 
Here a&&lied. cither the stri&es Here grounded in li>uid niD
trogen and homogeni@ed by using &ellet &estle motor. Or 
Oolytron OT I,JJ homogeni@er ]Qinematica 8G, PittauD
Pu@ern, YHit@erland^ Has utili@ed. 8n a&&ro&riate volume of 
EPT Olus buffer Has added to the tissue &oHder or the colon 
stri&es for further lysis andKor homogeni@ation. aeFt ste&s of 
the Ea8 isolation Here &erformed according to the manuD
facture_s instructions. The Ea8 yield and the ratio of absorD
bance at ITJ nm to I-J nm ]8ITJK8I-J ratio^ Has measured 
Hith the aanofro&

h
afD,JJJ Y&ectro&hotometer ]aanoD

fro& Technologies, Montchanin, fc, ZY8^. Orior to in vitro 
reverse transcri&tion ste&s the integrity of the isolated total 
Ea8 Has checMed by agaroseDformaldehyde denaturing gel 
electro&horesis or for more ra&id and &recise characteri@ation 
of the isolated total Ea8 the 8gilent I,JJ bioanaly@er ]8gD
ilent Technologies, Oalo 8lto, C8, ZY8^ Has used. The 
Ea8 integrity number ]E2a^ of the analy@ed sam&les, deD
termined by this techni>ue Has betHeen T.R and /.T ]The 
classification of the euMaryotic total Ea8 is based on a 
numbering system from , to ,J as , corres&onds to most 
degraded Ea8 and ,J to the most intact Ea8^. 

cDNA Synthesis and Kuantitative Real Time PCR 

 First strand cfa8 Has synthesi@ed from 3 !g total Ea8 
using oligo ]dT^ ,ID,- &rimers ]2nvitrogen Gmb7, 
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!arlsruhe) +ermany/ an0 Su2erScri2t II Re8erse Tran:
scri2tase ;In8itr<=en +m>?) !arlsruhe) +ermany/ acc<r0in= 
t< the 2r<8i0er. ABter synthesis) cDDA Eas 0ilute0 10 times 
Eith RDase:Bree Eater an0 st<re0 at :20IC till Burther 2r<c:
essin=. KuantiBicati<n <B the relati8e ex2ressi<n <B nine tar:
=et =enes ;MN!1) M!M2) PMD) CPQ2) eIRSE) DDQ6) 
?SM90!) ?AT1 an0 WSM28/ Eere in8esti=ate0. R<r each 
reacti<n 2 !N <B cDDA Eas mixe0 Eith MCR master mix 
iKY SZ[R

\
 +reen Su2ermix ;2xSZ[R +reen I) iTa] DDA 

2<lymerase) reacti<n >uBBer) 0e<xynucle<ti0e tri2h<s2hate 
mix) 10 mM M=Cl2) 20 nM Blu<rescein) an0 sta>ili^ers) [i<:
Ra0/) an0 the =ene:s2eciBic 2rimers in a Binal 8<lume <B 2_ 
!N. The ]uantitati8e MCR assay Eas 2erB<rme0 in 0u2licate 
<r tri2licate. The ex2ressi<n <B tE< en0<=en<us reBerences) 
i.e.) !:actin an0 ! =lucur<ni0ase ;+WS/ ser8e0 as an internal 
c<ntr<l B<r Burther careBul n<rmali^ati<n an0 B<r c<rrectin= 
results <B 0iBBerent am<unts <B in2ut RDA.  

&rimer Design 

All 2rimers Eere 0esi=ne0 >y usin= the Breely a8aila>le 
Mrimer` s<BtEare) 8ersi<n 0.S.0) ;htt2abbBr<0<.Ei.mit.e0ub/. 
D<ta>ly) the 2rimers Eere 0esi=ne0 t< am2liBy acr<ss an 
intr<n b ex<n ><un0ary <r in tE< 0iBBerent ex<ns) se2arate0 
>y 8ery >i= intr<n) there>y 2re8entin= am2liBicati<n <B resi0:
ual =en<mic DDA. The am2lic<n si^e is >etEeen 9S >2 an0 
202 >2. 

&CR Conditions 

 The en^yme Eas acti8ate0 aBter an initial tE<: minutes 
0enaturati<n ste2 at 9_IC an0 S0 cycles <B `0 sec at 9SIC) `0 
sec at 60IC an0 `0 sec at 72IC. Am2liBicati<n Eas 2er:
B<rme0 in an iCycler thermal cyclin= instrument ;iCycler 
iK

\
 

Real:Time MCR Detecti<n Systemd [i<ra0 +m>? 
Menchen) +ermany/ in 96:Eell micr<titer 2lates. R<r each 
ex2erimental run) a c<ntr<l reacti<n that c<ntains all essential 
c<m2<nents <B the am2liBicati<n reacti<n exce2t tem2late 
Eas inclu0e0. This ena>les 0etecti<n <B c<ntaminati<ns an0 
2resence <B 2rimer:0imer B<rmati<n. 

&CR Reaction 7fficiency 

 The sl<2e <B the stan0ar0 cur8e 2r<8i0es an in0icati<n <B 
the eBBiciency <B the real:time MCR. The stan0ar0 cur8e Eas 
=enerate0 usin= a 0iluti<n series <B Bi8e 0iBBerent c<ncentra:
ti<ns <B cDDA) measure0 in tri2licate. The stan0ar0s Eere 
=i8in= a sl<2e >etEeen : `.1 an0 : `.S) Ehich Eas acce2ta>le 
B<r accurate ]uantiBicati<n. 

 The Blu<rescent si=nal Br<m each MCR reacti<n Eas c<l:
lecte0 as the 2eaf:n<rmali^e0 8alues 2l<tte0 8ersus the cy:
cles num>ers. Reacti<ns Eere characteri^e0 >y c<m2arin= Ct 
8alues. The Ct 8alue is a unit : less 8alue 0eBine0 as the Brac:
ti<nal cycle num>er at Ehich the tar=et Blu<rescent si=nal 
2asses a Bixe0 thresh<l0 a><8e the >aseline) Ehen it is alEays 
l<cate0 Eithin the linear 2hase <B am2liBicati<n. The hi=her 
the initial c<2y num>er <B cDDA B<r certain =ene tar=et is 
the l<Eer Ct 8alue this =ene has. The ]RT:MCR 0ata Eere 
analy^e0 usin= c<m2arati8e Ct meth<0. The a8era=e Ct 
8alue B<r the reBerence =ene minus the a8era=e Ct 8alue <B 
the =ene <B interest ;"Ct/ re2resente0 as a l<= Eith a >ase 
tE<. 

Data Mining  

 Ex2ressi<n 0ata B<r these =enes as Eell as the classiBica:
ti<n <B tissues ha8e >een <>taine0 8ia the gVirtual D<rtherng 
Buncti<n <B DI?is 0ata>ase 0>EST j`2:`Sk. Recent sh<rt 0e:
scri2ti<ns are a8aila>le in reBerencesj`_:`7k. This 0ata>ase 
searches in literature B<r 0ata Br<m DDA <r <li=<nucle<ti0e 
chi2 ex2eriments) n<rmali^es them an0 lists the results =ene 
>y =ene B<r a set <B _1 tissues ;2lus ` 2<<le0 8alues/. The 
0ata can >e <>taine0 B<r each =ene 8ia htt2abbc=a2.nci.nih. 
=<8b+enesb+eneRin0er. Mresently) the 0ata>ase c<ntains in:
B<rmati<n <n s<me S milli<n =ene <r EST ex2ressi<n 0ata.  

R7SULTS 

 In this stu0y) an inn<8ati8e c<m>inati<n <B =enes) ne8er 
use0 >eB<re in the cancer 0ia=n<sis Eas assaye0 >y ]uantita:
ti8e RT:MCR ;]RT:MCR/ B<r their ex2ressi<ns in 2aire0 
n<rmal an0 tum<r c<l<n tissue. The selecti<n <B the entire set 
<B =enes Eas 2erB<rme0 >ase0 <n their altere0 ex2ressi<n 
0urin= the 0e8el<2ment <B 8ari<us cancer ty2es) inclu0in= 
c<l<n cancer. The 2r<teins enc<0e0 >y these =enes are in:
8<l8e0 in a >r<a0 s2ectrum <B cellular 2r<cesses as transla:
ti<n initiati<n) cellular 2r<liBerati<n) mit<sis) a2<2t<sis etc. A 
0etaile0 0escri2ti<n <B the 9 =enes in8esti=ate0 in this E<rf 
is a8aila>le in the secti<n Material and Methods. M<re<8er) 
the 0eri8e0 MCR 0ata Eas c<m2are0 Eith the 0ata 2r<8i0e0 
>y 0>EST 0ata>ase. [esi0es that) it is essentially im2<ssi>le 
t< <>tain in 0iBBerent ty2es <B ex2eriments) the a>s<lute ex:
2ressi<n 8alue B<r a =i8en =ene. ThereB<re) in <r0er t< mafe 
results Br<m 0iBBerent 2atients an0 th<se Br<m minin= in 0a:
ta>ases c<m2ara>le) a s<rt <B n<rmalisati<n is re]uire0. This) 
in turn 2<stulates suita>le n<rmali^ati<n =enes) Ehich ha8e 
c<nstant ex2ressi<n le8els in a 8ery 0iBBerent c<n0iti<ns. R<r 
this 2ur2<se) the h<usefee2in= =enes are =<<0 can0i0ates. In 
the<ry these =enes are res2<nsi>le B<r a >asic cell sur8i8al 
an0 thus sh<ul0 >e c<nstituti8ely ex2resse0 in all cell ty2es) 
Eith<ut >ein= aBBecte0 >y any human 0iseases <r ex2erimen:
tal c<n0iti<ns. In <ur in8esti=ati<n) as an en0<=en<us stan:
0ar0 !:actin Eas em2l<ye0 t<=ether Eith ! =lucur<ni0ase 
;+WS/. In0ee0) Ri=. ;%/ sh<Es that the >r<a0ly use0 !:actin 
as Eell as +WS meet the re]uirements B<r n<rmalisati<n 
=enes. In ei=ht 0iBBerent human in0i8i0uals) they ><th nee0 
relati8ely the same num>er <B MCR am2liBicati<n cycles t< 
>ec<me 0etecta>le. The Bact that B<r the ei=ht in8esti=ate0 
in0i8i0uals these 8alues are the same in n<rmal an0 cancer 
tissue is remarfa>le) >ut n<t man0at<ry. E8en m<re) iB in a 
s2eciBic in0i8i0ual) there are min<r 8ariati<ns) they are the 
same B<r !:actin an0 +WS) s< that the 0iBBerence remains 
c<nstant.  

 In a00iti<n) B<r 8ali0ati<n <B their similar ex2ressi<n 2at:
terns) a metric analysis such as a Mears<n c<rrelati<n test is 
a22lie0. The analysis re8eale0 si=niBicant c<:ex2ressi<n <B 
!:actin an0 +WS in n<rmal ;2 = 0.009/ an0 in tum<r c<l<n 
tissue ;2 = 0.0`8/) res2ecti8ely. A 8alue <B 2m0.0_ is c<nsi0:
ere0 si=niBicant. This in0icate0 that !:actin an0 +WS are 
e]ually suita>le t< >e use0 as n<rmali^ati<n =enes. 

 In <r0er t< sim2liBy the analysis) Ee selecte0 !:actin B<r 
Burther cali>rati<n <B the 0ata. The relati8e ex2ressi<n 0e:
ri8e0 >y ]RT:MCR Eas e8aluate0 >y usin= c<m2arati8e Ct 
meth<0 ;see the 0escri2ti<n in Material an0 Meth<0s/. The 
n<rmali^ati<n <B the ex2ressi<n 0ata <>taine0 Br<m the 
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dbEST database +as achieved by dividing the value of the 
gene of interest by the value of the selected reference gene. 
Once the matter of normalization is clarified, the data for 
other genes can be ta=en +ithout further precautions, except 
that they have to be obtained +ith the identical procedure as 
the !-actin values. This does no+ allo+ direct comparison of 
patient data, generated by ART-PCR +ith the database val-
ues. Eenerally, one can expect that normalized expression 
values for different genes are vastly diverse among the pa-
tients. This is sho+n in Fig. (2), +here the expression data of 
nine investigated genes produced by ART-PCR across the 
eight different patients +as presented in combination +ith 
the data from the dbEST database. Iere, the individual vari-
ability in the expression of the analyzed genes is depicted 
+ith a rhomb symbol (!). For better visualization, the 
rhombs are connected. Furthermore, the horizontal lines rep-
resent the values derived from the dbEST database and are 
the average over typically hundreds of patients each. On the 
right (Fig. 2A and B) the results for normal colon tissue are 
given, on the left (Fig. 2C and D) those for cancer. The up-
per ro+ (Fig. 2A and C) gives a representation of all nine 
investigated genes, +here those genes +ith lo+ expression 
level appear on the zero line. The lo+er ro+ (Fig. 2B and D) 
gives the same data +ith another scale of the y Jaxis. Iere 
the genes +ith lo+ expression levels are better represented, 
+hile those +ith the highest expressions are out of scale in 
this representation. 

 Note that in total the expression levels vary by almost 
t+o orders of magnitude. In vie+ of that, the predictive 
po+er of dbEST for normal tissue is excellent. For almost all 
genes the horizontal line for the prediction either intersects 
the line for the individual data points, or it comes close to 
them +ithin a factor of t+o, +hich can, in terms of the gen-
eral accuracy of DNA microarray data, be regarded as cor-
rect. 

 Only for IAT1 expression there is an apparent discrep-
ancy. This is ho+ever, caused by the fact that in the dbEST 

database no data for normal tissue are available and therefore 
in Fig. (2), its expression appeared on the zero line. As soon 
as data becomes available, the prediction value may reflect 
the experimental data better. 

 The predictive po+er of dbEST for cancer tissues is 
some+hat lo+er. One explanation, +hich could explain the 
disagreements, is that the database averages data over all 
subclasses of colon cancer +hile the ART-PCR data +ere 
generated from cohort +ith a narro+er spectrum of colon 
cancer stages. A summarized overvie+ of the available 
clinico-pathological characteristics of the analyzed patients 
can be seen in Table 1 in Material and Methods. In spite of 
that, except for PLQ1 and PQM2 genes the agreement is 
good and even the poorer results for the latter is still useful 
(see discussion) 

DISCUSSION 

 The results of the present study open the path for the use 
of dbEST data in clinical studies. Though particularly only 
sho+n for the case of paired normal and cancer colon tissues, 
it is reasonable to assume that prediction of gene expression 
by data mining for other tissues may be also useful. This +ill 
allo+ researchers, +ith minimum effort, to chec= for exam-
ple, +hether a gene behaves as cancer gene only in the ex-
perimentally investigated cell line or tissue or behaves simi-
lar in a +ide variety of tissues and organs. For example, our 
earlier findings related to the Tarburg effect, at that time 
based solely on data mining, that some cancers exploit gly-
colysis considerably more than others [V5], is no+ on sig-
nificantly safer ground. One of the genes of glycolysis, 
PQM2, is even part of the present experimental study. In 
spite of the fact that, in colon cancer, it is the gene +ith the 
poorest agreement bet+een prediction and experiment, it still 
correctly states clearly up regulation in cancer, in line +ith 
the result from our eight patients. T+o other statements of 
multi tissue analysis +e had made earlier solely by data min-
ing, do no+ also come on a safer ground. In one study +e 

 

 

 

 

 

 

 

 

 

Fig. (1). Threshold number of PCR cycles reAuired for finding first a fluorescence signal significantly above bac=ground of EYS ("), !-actin 

(!) and difference thereof (#) for the eight patients under investigation. The left part of the graph represents the expression of EYS and !-

actin in normal tissue (N) and the right part sho+s the expression patterns in tumor tissue (T). Note that a change in Ct value by one cycle 

corresponds to a factor of t+o in expression level. 
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