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Common denominator genes that distinguish
colorectal carcinoma from normal mucosa

Abstract Purpose: Microarray
technology has been used by a
growing number of investigators and
several studies have been published
that list hundreds of genes differen-
tially expressed by colorectal carci-
noma (CRC) and normal mucosa
(MC). On the basis of our own and
other investigators’ microarray data,
our goal was to identify a common
denominator gene cluster distinguish-
ing CRC from MC. Methods: Thirty
GeneChips (HG-U133A, Affymetrix)
were hybridized, 20 with RNA of
CRC stages -1V (UICC) and 10 with
MC. Expression signals showing at
least a 4-fold difference between CRC
and MC (p<0.01) were identified as
differentially expressed. In addition,
in our integrative data analysis ap-
proach only those genes whose ex-
pression was altered simultaneously
in at least 2 of 5 recently published
studies were subjected to an unsu-
pervised hierarchical cluster analysis.
Results: We detected 168 up- and
283 down-regulated genes in CRC
relative to MC. Twenty-three genes
were filtered from the five articles
reviewed. An unsupervised hierarchi-
cal cluster analysis of these 23 genes
confirmed the high specificity of these
genes to differentiate between CRC
and MC in our microarray data.
Conclusions: Colorectal cancer and
mucosa could be clearly separated by
23 genes selected for being differen-

tially expressed more than once in a
recent literature review. These genes
represent a common denominator
gene cluster that can be used to
distinguish colorectal MC from CRC.

Keywords Gene expression -
Colorectal cancer - Mucosa -
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Introduction

Colorectal cancer (CRC) is a major cause of cancer-related
deaths in the western world [1]. The development of CRC
is considered a multistep process with an accumulation of
different genetic alterations [2, 3]. For example, adenomas
progress to invasive adenocarcinomas via mutations or
methylations in the promoter regions of oncogenes and
tumor-suppressor genes, or mutations of DNA repair genes
[1, 2, 4]. Key players in CRC pathogenesis are the
adenomatous polyposis coli gene (APC), [3-catenin, k-ras,
“deleted in colorectal carcinomas” (DCC), p53, as well as
the wnt-signaling and smad-TGF 3 signaling pathways [3].
However, the diagnosis and prognosis of CRC are still
based on the conventional histopathological tumor/node/
metastasis (TNM) staging system [5]. Early diagnosis in
combination with standardized surgical therapy and stage-
adapted multimodality treatment have contributed to an
increasing cure rate. To improve diagnostic and prognos-
tic accuracy further, gene expression profiling by DNA
microarrays may provide a promising tool.

Recently, expression profiles have revealed a number of
genes differentially expressed in normal mucosa (MC) and
colorectal carcinoma [6—10]. It has not been evaluated
how consistent the various sets of genes found in these
studies were to discriminate between mucosa and cancer.
Once identified, however, these ‘common denominator’
genes may represent the most significant and consistent
molecular differences between cancer tissue and mucosa at
the RNA level.

In the project presented, we performed microarray anal-
yses using CRC and MC RNA. The aim was to use the
previously published data regarding differential gene ex-
pression, extract a cluster of those genes that were quoted

Fig. 1 Hierarchical cluster
analysis of gene expression va-
lues from colorectal cancer and
normal mucosa samples. All
22,284 probe sets (HG-U 133A;
Affymetrix) per GeneChip are
included. —4 4-fold down-regu-
lation in colorectal cancer, +4 4-
fold up-regulation in colorectal
cancer

unanimously by a minimum of two authors in the past and
test these genes for their ability to distinguish between
carcinoma and normal mucosa in our own microarray data
set of colorectal tissue samples.

Material and methods
Expression profiling

The Ethical Committee of our university approved the
study, patient consent was obtained, and the research con-
formed to the principles of the Declaration of Helsinki.
Twenty colorectal carcinomas of stages [-IV (UICC) and
ten specimens of healthy mucosa were used for this study.
Tissue samples were shock frozen in liquid nitrogen and
embedded in TissueTek (Zakura, Zoeterwoude, Nether-
lands) immediately after surgery, and stored at —80°C until
work-up by cryotomy after manual dissection (CMD) as
recently described [11].

Ribonucleic acid (RNA) isolation was performed using
commercial kits (RNeasy Kit; Qiagen, Hilden, Germany),
following the manufacturer’s protocol. Included in this
procedure was a DNAse (Qiagen) digestion following the
manufacturer’s suggestions. RNA quality and quantity
were determined by the ‘Lab-on-a-Chip’ method (Bio-
analyzer 2100; Agilent Technologies, Palo Alto, CA,
USA) following the manufacturer’s instructions [12]. The
3'/5" ratios for the housekeeping genes glycerinaldehyde-
3-phosphatase (GAPDH) and [3-actin present on the
GeneChip were used as further parameters for RNA qual-
ity and to exclude partial degradation. A 3'/5' ratio below
3 was regarded as an indicator of good RNA quality

Carcinoma Mucosa
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Table 1 Up-regulated genes in

colorectal cancer (CRC: n=20) Accession Annotation Fold change Mann—Whitney

vs. normal mucosa (7=10) de- number CRC vs. mucosa p value

tected by microarray analyses .
Extracellular matrix
J04177 Alpha-1 type XI collagen (COL11A1) 46 <0.001
NM_002421.2  Matrix metalloproteinase 1 (MMP1) 21 0.002
NM 002423.2 Matrix metalloproteinase 7 (MMP7) 21 <0.001
NM_002422.2 Matrix metalloproteinase 3 (MMP3) 19 <0.001
X98568 Collagen, type X, alpha 1 14 0.002
M83248.1 Nephropontin 12 <0.001
NM_000089.1  Collagen, type I, alpha 2 (COL1A2) 10 <0.001
NM_000602.1 Nexin, PAI type 1 (SERPINE1) 7 <0.001
AW043713 KIAA1077 (sulfatase) 6 <0.001
NM_001711.1  Biglycan (BGN) 6 <0.001
NM _005940.2 Matrix metalloproteinase 11 (MMP11) 5 <0.001
NM 003247.1  Thrombospondin 2 (THBS2) 5 <0.001
NM_004353.1 Serine proteinase inhibitor (SERPINH1) 5 <0.001
Al433463 Enkephalinase CALLA, CD10 5 0.001
NM_000216.1 Kallmann syndrome 1 sequence (KAL1) 5 0.001
NM 000393.1 Collagen, type V, alpha 2 (COL5A2) 4 <0.001
NM_001845.1 Collagen, type 1V, alpha 1 (COL4A1) 4 <0.001
H95960 Osteonectin (SPARC) 4 <0.001
Cell cycle/mitosis
NM_006398.1  Diubiquitin (UBD) 9 0.006
D38553.1 HCAP-H 7 <0.001
NM_004749.1 Cell cycle progression 2 protein (CPR2) 5 <0.001
NM_003158.1  Serinethreonine kinase 6 (STK6) 5 <0.001
NM_005483.1 Chromatin assembly factor 1 (CHAF1A) 5 <0.001
NM_024094.1 MGC5528 6 <0.001
U33286 Brain cellular apoptosis protein (CSE1) 5 <0.001
NM 002467.1 Myelocytomatosis viral oncogene (MYC) 5 <0.001
NM_001168.1  Survivin (BIRCS) 4 <0.001
NM_013296.1 LGN protein (HSU54999) 4 <0.001
H50438 Cell division cycle 25B (CDC25B) 4 <0.001
U77949.1 Cdc6-related protein (HsCDC6) 4 <0.001
Al081175 Interferon induced protein (IFITM1) 3 <0.001
X57351 Interferon induced protein (IFITM2) 3 <0.001
Cell adhesion/cytoskeleton
NM 001793.1  P-cadherin, placental (CDH3) 74 <0.001
NM 021101.1  Claudin 1 (CLDN1) 10 <0.001
NM 003474.2  Disintegrin, meltrin alpha (ADAM12) 9 <0.001
NM _006393.1  Nebulette (NEBL) 5 <0.001
Signal transduction
M13436.1 Ovarian beta-A inhibin 37 <0.001
NM_000584.1 Interleukin 8 (IL8) 20 <0.001
AF030514.1 Small inducible cytokine 11 subfamily B 15 0.002
NM_002090.1 GRO3 oncogene 13 <0.001
AL524520 G protein-coupled receptor 49 9 <0.001
NM_001511.1  GRO1 oncogene 9 <0.001
NM _007079.1 Tyrosine phosphatase IVA (PTP4A3) 9 <0.001
M57731.1 GRO?2 oncogene 8 <0.001
M80927.1 Chitinase 3-like 1 8 0.001
NM_021953.1 Forkhead box M1 (FOXMI) 7 <0.001
NM_003212.1  Teratocarcinoma-derived growth factor 1 7 <0.001
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Table 1 (continued) Accession Annotation Fold change Mann—Whitney
number CRC vs. mucosa p value
NM _004289.3 Nuclear factor-like 3 (NFE2L3) 6 <0.001
NM_004392.1 Dachshund (Drosophila) homolog 6 0.001
(DACH)
NM_007019.1  Ubiquitin carrier protein E2-C (UBCH10) 5 0.001
BES550452 Homer, neuronal immediate gene, 1B 5 <0.001
M77349 Transforming growth factor 5 <0.001
induced (TGFBI)
NM 003391.1 Wingless-type MMTV member 2 (WNT2) 5 <0.001
AU118882 Endothelin receptor type A 4 <0.001
NM 014467.1  Sushi-repeat protein (SRPUL) 4 <0.001
NM _001657.1  Amphiregulin (AREG) 4 0.003
Miscellaneous
NM _001807.1  Carboxyl ester lipase (CEL) 31 0.002
U19869.1 Fatty acid binding protein 6 (FABP6) 30 0.001
NM 004413.1 Dipeptidase 1, renal (DPEP1) 23 <0.001
NM_021246.1 Megakaryocyte gene transcript 1 (MEGT1) 16 0.003
NM 012101.1 Ataxia-telangiectasia D protein (ATDC) 7 0.001
NM_005564.1 Lipocalin 2 (LCN2) 7 0.003
Fold change: gene expression NM 001808.1 Carboxyl ester lipase-like (CELL) 6 0.002
values CRC/MC. Genes whose NM_000483.2  Apolipoprotein C-1I (APOC2) 5 0.002
expression was altered simulta- BG165833 Fatty acid desaturase 1 5 0.001
neously in at least two studies M61832 Homocysteine hydrolase (AHCY) 4 <0.001
ng‘il:@tz(ied;%%nﬂiﬁ {;(t)elaature X04481 Complement component 2 (C2) 3 0.001

according to the manufacturer’s protocol (Affymetrix,
Santa Clara, CA, USA) [13].

Gene expression was examined using the GeneChip
technology (Affymetrix). Biotin-labeled cRNA was gen-
erated by in vitro transcription as described previously
and hybridized to the GeneChips (HG-U133A) following
the manufacturer’s instructions [14]. Fragmentation of
cRNA, hybridization to GeneChips, washing and staining,
as well as scanning of the arrays in the GeneArray scan-
ner (Agilent) were performed as recommended by the
Affymetrix Gene Expression Analysis Technical Manual.
Signal intensities and detection calls for statistical analysis
and hierarchical clustering were determined using the
GeneChip 5.0 software.

Fluorescence staining

Stainings of colorectal carcinoma tissue sections were per-
formed as described previously [15, 16]. Tumor biopsies
were routinely processed, formalin-fixed, and paraffin-
embedded. For staining, the MMP-1 antigen paraffin-
embedded tumor sections were treated for 20 min at 80°C
in Target Retrieval Solution pH 9.0 (Dako, Glostrup,
Denmark). Slides were then incubated with a mouse anti-
MMP-1 monoclonal antibody (1:100; IM352; Oncogene,
Cambridge, MA, USA). Bound primary antibodies were
detected with a goat anti-mouse antibody (1:500) coupled

to the fluorochromes AlexaFluor488 (Molecular Probes
Europe, Leiden, The Netherlands). Evaluation of tissue
sections was carried out with a Leica confocal fluorescence
microscope.

Training set

Five previously published studies using cDNA or oligo-
nucleotide microarrays for the comparison of colorectal
cancer and mucosa were reviewed with respect to dif-
ferentially expressed genes [6—10]. Accession numbers
and annotations of our genes and those listed in tables in
these publications were compared. Genes that were shown
to be regulated in at least two were summarized (see
Table 4). The corresponding probe sets on the GeneChip
(HG-U 133A; Affymetrix) used in our study were
determined and the list of resulting transcripts was used
for further analysis.

Statistical analyses

Only genes with an average signal above 250 were
included in our statistical analyses. Significance levels of
microarray results in CRC vs. MC were calculated using
the Mann—Whitney U-test. The average signal intensity of
CRC/MC was calculated as fold change. Unsupervised
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Table 2 Down-regulated genes
in CRC (n=20) vs. normal mu-
cosa (n=10) detected by micro-

Accession Annotation Fold change Mann—Whitney
number CRC vs. mucosa p value

array analyses

Extracellular matrix

NM 001884.1 Cartilage linking protein 1 (CRTL1) -6 <0.001
NM_021924.1 Mucin and cadherin-like (MUCDHL) =5 <0.001
NM _004532.1 Mucin 4, tracheobronchial (MUC4) -5 <0.001
NM_013363.1 Procollagen C-endopeptidase (PCOLCE2) -5 <0.001
NM 021073.1 Bone morphogenetic protein 5 (BMP5) —4 <0.001
Cell cycle/mitosis

NM 004944.1 Deoxyribonuclease I-like 3 (DNASE1L3) =7 <0.001
AF078844.1 Helicase-related protein =7 <0.001
Cell adhesion/cytoskeleton

AL049977.1 Claudin 8 —47 <0.001
NM_017717.2  Mucin and cadherin-like (MUCDHL) —-10 <0.001
NM_003277.1 Claudin 5 (CLDNS) -6 <0.001
NM _021153.1 Cadherin 19, type 2 (CDH19) =5 <0.001
NM _006614.1 Cell adhesion molecule homolog L1ICAM -4 <0.001
S67238.1 Smooth muscle myosin heavy chain SM2 -4 <0.001
Channels/transporter

AF011390.1 Sodium bicarbonate cotransporter =37 <0.001
NM 007168.1 ATP-binding cassette, (ABC1), member 8 -29 <0.001
NM_003759.1  Solute carrier family 4 (SLC4A4) =25 <0.001
L02785 Solute carrier family 26 (SLC26A3) -13 <0.001
AF069510.1 Sodium bicarbonate cotransporter (NBC) -13 <0.001
NM_001442.1 Fatty acid binding protein 4 (FABP4) —-11 <0.001
U14528 Sulfate transporter family 26 -9 <0.001
NM_000336.1  Sodium channel (SCNNIB) -9 <0.001
NM 005495.1 Solute carrier family 17 (SLC17A4) -8 <0.001
AF127036.1 Chloride channel (CaCCl) =7 <0.001
Signal transduction

M97496 Guanylate cyclase activator (GUCA1B) -52 <0.001
NM _004160.1 Peptide YY (PYY) -32 <0.001
NM_020406.1 Polycythemia rubra vera 1 (PRV1) =30 <0.001
NM 001275.2 Chromogranin A (CHGA) -19 <0.001
NM_000114.1  Endothelin 3 (EDN3) -10 <0.001
NM 005123.1 Nuclear receptor subfamily 1 (NR1H4) -10 <0.001
NM_003381.1 Vasoactive intestinal peptide (VIP) -8 <0.001
NM _000909.1 Neuropeptide Y receptor Y1 (NPYIR) =7 <0.001
NM _003890.1 IgG Fc binding protein =7 <0.001
U88321.1 Small inducible cytokine subfamily A =7 <0.001
NM_000901.1  Nuclear receptor subfamily 3 (NR3C2) -6 <0.001
NM 022969.1 Fibroblast growth receptor 2 (FGFR2) -6 <0.001
NM_000072.1 CD36 antigen (thrombospondin receptor) -5 <0.001
NM_000196.1 Hydroxysteroid dehydrogenase (HSD11B2) =5 <0.001
NM 003265.1 Toll-like receptor 3 (TLR3) -4 <0.001
U28249 Ion transport regulator 3 (FXYD3) —4 <0.001
Metabolism

NM_001738.1  Carbonic anhydrase I (CA1) =59 <0.001
M83670 Carbonic anhydrase IV (CA4) -39 <0.001
NM 001077.1 UDP glycosyltransferase (UGT2B17) =30 0.001
J03037 Carbonic anhydrase 11 -26 <0.001
M24317.1 Class I alcohol dehydrogenase (ADH2) —22 <0.001
NM 020299.1 Aldo-keto reductase family 1(AKR1B10) -12 <0.001
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Table 2 (continued) Accession Annotation Fold change Mann-Whitney
number CRC vs. mucosa p value
NM_020973.1 Cytosolic beta-glucosidase (GLUC) —-11 <0.001
M12272 Alcohol dehydrogenase 3 (ADH3) -10 <0.001
NM_000055.1 Butyrylcholinesterase (BCHE) -10 <0.001
M29644.1 Insulin-like growth factor (somatomedin C) -4 <0.001
Y09616 Carboxylesterase 2 (intestine, liver) -4 <0.001
M26393 Acyl-CoA dehydrogenase (ACADS) -3 <0.001
M10050 Fatty acid binding protein 1 (FABP1) -3 <0.001
M16364 Creatine kinase, brain (CKB) -3 0.001
M19483 ATP synthase, H+ transporting (ATP5B) -1 0.001
Miscellaneous
NM _005478.2 Insulin-like 5 (INSL5) =20 <0.001
NM_002153.1 Hydroxysteroid dehydrogenase (HSD17B2) —-18 <0.001
NM 001150.1 Microsomal aminopeptidase (ANPEP) -13 <0.001
NM _002407.1 Mammaglobin 2 (MGB2) -10 <0.001
) . NM 003278.1 Tetranectin (TNA) -10 <0.001
Sglfeghgﬁggﬁge(}e;p;:ﬁﬂ’é . NM_007072.1 HERV-H LTR-associating 2 (HHLA2) -9 <0.001
expression was altered simulta-  U17077 Clone MGC:4419 =5 0.001
neously in at least two studies U29091 Selenium binding protein 1 (SELENBP1) -4 <0.001
evaluated during the literature  Ngg199 Metallothionein 1L (MT1L) -4 <0.001

review are shown in bold

hierarchical cluster analysis of all 22,284 probe sets (HG-
U 133A; Affymetrix) and unsupervised hierarchical clus-
ter analysis of the selected probe sets extracted from the
literature review (“training set”) were performed.

Results
Expression profiling

The 3'/5' ratio for GAPDH on the GeneChips was below 3
in all cases. This threshold value was suggested by the
manufacturer as an indicator that no relevant RNA deg-
radation occurred during the microdissection and the RNA
processing for the microarray hybridization [13]. From all

Fig. 2 Immunhistochemical
fluorescence staining of MMP-1
in a normal mucosa and b
colorectal cancer.

30 samples we were able to isolate enough good-quality
RNA for the oligonucleotide microarray hybridization.

In the hierarchical cluster analysis that was initially
performed, which included all 22,284 probe sets of the
HG-U 133A GeneChip, CRC and MC samples were clear-
ly separated. A cluster of up- and down-regulated genes in
CRC vs. MC was identified (Fig. 1). Using our selection
criteria we detected 168 up- and 283 down-regulated
genes in CRC compared with MC.

A list of selected genes up-regulated in CRC is pre-
sented in Table 1. Matrix metalloproteinases, several types
of collagens, and other genes coding for components of
the extracellular matrix were over-expressed in CRC.
Another prominent group included genes related to cell
cycle and mitosis such as survivin, CDC25B or diubiqui-
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Table 3 Comparison of five

Reference number

previously published studies
that evaluated differences in [8]

(7] [6] [9] [10]

gene expression between colo-

rectal carcinomas (CRC) and Total samples 33 16 36 32 40
norm?l mucosa (MtC)hW,ith the  Carcinoma 21 8 18 16 20

n.d. ot described, LCM laser  Mucosa 1 8 18 16 20
capture microdissection, s.a. CRC ratio control HE control LCM  HE control n.d. n.d.
statistical algorithm, //E hema-  RNA isolation RNAzol Qiagen n.d. TRIzol Qiagen
toxylin and eosin, EST ex- Microarray HuGeneFL (EST A-D)®  c¢DNA  Hu6500°  cDNA cDNA
pressed sequence taq Probe sets 6,800 (35,000 ESTs) 9216 6,600 4,600 9,592

Change ratio
Genes CRC/MC
Up 88

*GeneChips (Affymetrix) Down 138

°Fold change

<3 and >3 (<-5 and >5)° s.a.
226 (157 ESTs)

<4 and >4° <2 and >2° <2 and >2°
235 107 82 2,632
44 19 23 574
191 88 59 2,058

tin. Furthermore, several components of cell adhesion
and the cytoskeleton were consistently up-regulated, e.g.,
P-cadherin, claudin 1, and nebulette. Genes involved in
signal transduction such as TGFBI, GRO2 and GRO3 on-
cogene, and the tyrosine phosphatase IVA showed over-
expression in CRC.

Table 4 List of differentially expressed genes in colorectal
carcinomas vs. mucosa, discovered in our own data and five
previously published studies working with microarray techniques

Reference number
Present study [8] [7]

Accession number

—
N
—

(91 [10]

U33286

L02785

M77349

M97496

M61832

M12272

M83670
L09708/X04481
J03037
H50438/M81934
H95960
AIO81175/AA058323
N80129
M16364/L47647
M26393/AA676663
X57351

u17077
M19483/M19482
Y09616

M10050

U14528

U28249

U29091

| > == > — > — >
I

|
| > o | —— > — | — >
I = | o« | |

|

| — «— |

e e D e > e > — —>
| — | «— |

|

|
|

|

— = |
|
I

1 Up-regulated genes in colorectal carcinomas, | down-regulated
genes in colorectal carcinomas, — gene was not listed in the papers’
tables

A list of selected genes down-regulated in CRC is
presented in Table 2. Genes such as mucin 4 or smooth
muscle myosin heavy chain SM2, and several others
belonging to the extracellular matrix, were down-regulated
in CRC. Only a few genes associated with the cell cycle
and mitosis-like helicase-related protein or genes con-
nected to cell adhesion and cytoskeleton such as claudin 5,
8, and CDH19 were under-expressed in CRC. Different
transporters such as sodium or chloride channels and sol-
ute carriers were down-regulated in CRC. Genes respon-
sible for signal transduction such as peptide YY, VIP or
neuropeptide Y receptor showed an under-expression in
CRC. A high number of genes involved in metabolism like
carbonic anhydrases, alcohol dehydrogenase 2, 3, and
somatomedin C were down-regulated in CRC.

Fluorescence staining

Ribonucleic acid (RNA) expression of MMP-1 was
evaluated as significantly up-regulated in CRC vs. MC
in our microarray data. Similarly, immunohistochemical
staining for MMP-1 in tissue samples showed markedly
increased levels in CRC compared with MC. The differ-
ences in MMP-1 mRNA expression correlated with the
protein levels detected by immunohistochemical fluores-
cence staining (Fig. 2).

Training set

In five studies reviewed, 8—20 samples of CRC and MC
were included. The investigators used different methods
of tissue purification and RNA isolation. In two studies,
Affymetrix GeneChips, and in three studies, non-commer-
cial cDNA microarrays were used. Between 82 and 2,632
differentially expressed genes were described (Table 3).
A total of 23 genes were detected to be similarly regulated
in CRC vs MC in at least three studies including our
own data. Overall, the genes most frequently listed were



360

Carcinoma

secreted protein, acidic, cysteine-rich (osteonectin) (SPARC)

transforming growth factor, beta-induced, 68kD (TGFEI)

brain cellular apoptosis susceptibility protein (CSE1)

e ||

chromosome segregation 1 (yeast homolog)-like (CSE1L)

[ | S-adenosylhomocysteine hydrolase (AHCY)

interferon induced transmembrane protein 1 (9-27) (IFITM1)
interferon induced transmembrane protein 2 (1-8D) (IFITM2)
complement component 2 (C2)

cell division cycle 25B (CDC25B), transcript variant 3

clone MGC:5139

ATP synthase, H+ transporting, mitochondrial F1 complex (ATP5B)
metallothionein 1L (MT1L)

fatty acid binding protein 1, liver (FABP1)

FXYD domain-containing ion transport regulator 3, clone MGC:12265
FXYD domain-containing ion transport regulator 3 (FXYD3)
creatine kinase, brain (CKB)

solute carrier family 26, member 3 (SLC26A3)

solute carrier family 26 (sulfate transporter), member 2

alcohol dehydrogenase 3 (class |), gamma polypeptide (ADH3)
carboxylesterase 2 (intestine, liver)

mRNA for carboxylesterase

acyl-Coenzyme A dehydrogenase, C-2 to C-3 short chain (ACADS)
selenium binding protein 1 (SELENBP1)

clone MGC:4419, mRNA

carbonic anhydrase IV (CA4)

carbonic anhydrase |V (CA4)

guanylate cyclase activator 1B (retina) (GUCA1B)

carbonic anhydrase |l

Fig. 3 Hierarchical cluster analysis of selected genes from our data, which were evaluated as “training set” during the literature review. —4
4-fold down-regulation in colorectal cancer, +4 4-fold up-regulation in colorectal cancer

human carbonic anhydrase II and homo sapiens clone
MGC:4419. Not one single gene was common in all pub-
lished series (Table 4). The most similarities were found
between the studies of Birkenkamp-Demtroder et al. and
Notterman et al., where eight common genes were found
[6, 8]. For each of the accession numbers U33286, M26393,
Y09616, and M83670 two probe sets were detected on our
GeneChip (HG-U 133A). The 23 evaluated genes corre-
spond to 28 probe sets on the HG-U133 A Chip. When these
probe sets were applied for hierarchical cluster analysis of
our expression data, a clear separation between MC and
CRC was achieved (Fig. 3), i.e., all 23 genes found in the
literature review showed a differential expression in CRC
vs. MC (Tables 1, 2). The fold change ratio (FC) CRC/MC
of the average signals on the GeneChips was between 5.04
and —51.58. Eight genes were up- and 15 genes were down-
regulated in CRC vs MC.

Discussion

We identified 168 up- and 283 down-regulated genes in
CRC vs MC in accordance with our selection criteria. This
number of differentially expressed genes in CRC vs. MC
is within the range of the numbers given by the studies

previously published (Table 3). Together with other in-
vestigators we found more genes under- than over-ex-
pressed in CRC vs. MC. The down-regulation in CRC of
many genes responsible for tissue differentiation may in-
dicate the regression of the tumors into a pluripotent state
comparable to the fetal organism.

We detected several up- and down-regulated genes of
the extracellular matrix in CRC. High levels of collagen,
type I, and type IV in CRC tissue have been already
reported [17]. Matrix metalloproteinases were identified as
being responsible for tumor progression and metastasis in
CRC. Especially MMP-1 is an important factor for tumor
invasion [18]. MMP-1 showed very high expression val-
ues in our data and the immunohistochemical staining cor-
related with the microarray results. These findings confirm
the reliability of our gene expression analysis. Survivin, a
regulator of cell death and cell proliferation, which is usually
not expressed in healthy tissue, has already been described in
CRC pathogenesis and was detected as being up-regulated
in CRC in our series as well [19]. Over-expression of CDC25
in CRC as found in our study correlated with a poor prog-
nosis in CRC [20]. Claudin 1 is involved in the beta-catenin/
Tcf signaling pathway and is frequently up-regulated in
CRC, which was confirmed in our results as well [21]. The
putative role of interleukin 8 (IL8) in the modulation of
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cancer cell progression and metastasis was recently de-
scribed [22]. Again, an over-expression of IL8 was de-
tected in our data. In summary, the involvement of many
previously described genes in carcinogenesis, tumor progres-
sion, and metastasis was confirmed by our investigations.

Several series of differentially expressed genes in co-
lorectal cancer vs mucosa have been published by investi-
gators using microarray technology [6—10]. The procedures
of microarray technology include many steps in tissue han-
dling and RNA preparation. Factors like tissue collection,
ischemia, tissue preparation (e.g., laser microdissection),
RNA pre-amplification and the type of microarray used can
influence the results. Different procedures during these
processes may lead to different results. In the five studies
compared in our literature review only 23 genes were de-
tected as being differentially expressed in CRC vs MC in at
least two studies. Also, the numbers of differentially ex-
pressed genes vary between 82 and 2,632 genes in the series
published. These very low similarities may be due to the
various techniques that were used in the studies reviewed.
In particular, the gene selection and amount during the use
of non-commercial cDNA microarrays may be an impor-
tant reason for these diversities. Furthermore, the complete
data sets were not available in all studies. Only summa-
rized versions of the gene lists were presented by the in-
vestigators. The highest correspondence of eight identical
genes was found between Birkenkamp-Demtroder et al. and
Notterman et al. [6, 8]. Both groups of authors monitored
the carcinoma ratio in the tissue samples by haematoxylin
and eosin (H&E) staining and used commercial oligonu-
cleotide microarrays (Gene Chips, Affymetrix).

In the ‘training set’, genes over-expressed in CRC were
those involved in cellular growth, tissue differentiation,

cell cycle, and immunity [23-25]. Several of these genes,
like CSEIL or SPARC, have been found in other car-
cinoma types [26, 27]. As expected, TGFBI was markedly
over-expressed in CRC (FC 4.91). The lowest gene ex-
pression in CRC was found for GUACAIB (FC-51.58).
This gene plays a key role in the recovery phase of pho-
totransduction and is involved in retinal dystrophies [28].
Other genes under-expressed in CRC, like FXYD, SLC26A3,
and carbonic anhydrase II, have a function during ion ex-
change and are related to diarrhea or osteoporosis [29-32].
SLC26A3 has been described as being down-regulated in
colon adenomas and adenocarcinomas in a previous study
that did not employ microarray technology [33]. Carbox-
ylesterases are currently under discussion as becoming
useful markers of clinical drug response in colorectal can-
cer [34]. However, measurement of gene expression values
by microarray analysis provides no information about gene
function. The biological valence of up- or down-regulated
genes should be evaluated by further experiments, e.g., by
functional protein analysis via zymography.

Our aim was to distil the large number of genes pre-
viously listed into a small group of the most significant
genes. We found gene expression profiles, by literature
review and in our own data, which clearly distinguish
CRC from MC. Unfortunately, the studies reviewed were
not fully comparable, even though they all used micro-
array technology. Standardized microarrays will be nec-
essary to guarantee the comparability of future studies.
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