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kidney and pancreas. The CAG protein shows a high de-
gree of conservation among species and phylogeneti-
cally is most closely related to its mouse ortholog. In 
silico analysis indicates that this gene is differentially 
expressed in a variety of tumors including brain, colon, 
ovarian and prostate cancers.  Conclusions:  Our prelimi-
nary experimental data show that  CAG  is upregulated in 
prostate cancer tissues compared to normal prostatic tis-
sues.  CAG  also appears to be downregulated in breast 
cancer tissues. The physiological function of the CAG 
protein is currently unknown. 

 Copyright © 2004 S. Karger AG, Basel 

 Introduction 

 Cancer is fundamentally a disease of the genome, aris-
ing from inherited and/or somatically acquired mutations 
at various genetic loci  [1] . A key component in understand-
ing the genetic basis of cancer involves the identifi cation 
of aberrantly and differentially expressed genes. Over the 
past two decades, extensive progress has been made in 
identifying such genes; their characterization can be uti-
lized to better understand the pathogenesis of cancer, to 

 Key Words 
 Cancer-associated gene · Cancer genes · Prostate 
cancer · Cancer biomarkers · Breast cancer · 
Differentially expressed genes 

  Abstract 
  Objective:  The chromosomal region 19q13 is non-ran-
domly rearranged in many solid tumors.  Methods:  Using 
the positional candidate   gene approach, we cloned a 
new gene, tentatively named cancer-associated gene 
 (CAG),  which is differentially expressed in breast and 
prostate cancers.  Results:  The gene is formed of 3 exons 
and 2 intervening introns. Its coding region is 1,047 bp 
in length and is predicted to encode a 348-amino-acid 
polypeptide. The new gene maps to chromosome 
19q13.4 and is located 14 kb telomeric to the kallikrein 
gene locus ( KLK14  gene) and 17 kb centromeric from the 
Siglec family of genes  (Siglec-9).  The gene is expressed 
in a wide variety of tissues including the brain, colon, 
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defi ne molecular signatures and to develop biomarkers for 
early detection and targets for intervention  [2] .  

 Accumulating evidence suggests that the chromosom-
al locus 19q13 is implicated in cancer. For one, this region 
harbors a number of oncogenes, including  Bcl-3   [3] ,  
RRAS ,  RAB14 ,  AKT2   [4] ,  SEI-1   [5] , tumor suppressor 
genes such as  p190-A   [6] , the apoptosis regulator genes 
 BAX   [7]  and  BCL2L12 , a newly identifi ed homologue of 
 Bcl-2   [8] , as well as a number of genes differentially ex-
pressed in cancer  [9, 10] . Furthermore, this region is ge-
netically altered in a variety of tumors. These alterations 
include gene amplifi cation  [11–14] , loss of heterozygosity 
 [15, 16]  and chromosomal instability (aberrations and 
non-random translocations)  [17–19] .  

 We have previously characterized the human kalli-
krein gene locus on chromosome 19q13.4, a family of 15 
hormonally regulated, structurally similar serine protease 
genes  [20, 21] . Numerous reports indicate that many kal-
likreins are differentially expressed in hormone-depen-
dent cancers at both the mRNA and/or protein levels and 
several possess clinical utility as cancer biomarkers  [9, 
22–24] . Considering that the chromosomal band 19q13 
is known to be a hotspot for malignancy, we further ex-
amined a ~43.2-kb region separating the kallikrein (cen-
tromeric side) and Siglec gene family loci (telomeric side) 
 [25]  for the presence of other genes. Here we describe the 
identifi cation of a new gene, its genomic and mRNA 
structure, its chromosomal location in relation to other 
known kallikrein and Siglec genes and its tissue expres-
sion pattern. Our preliminary in silico data suggest that 
this gene is differentially expressed in hormone-related 
malignancies. We also provide experimental evidence 
that this gene is upregulated in prostate cancer and down-
regulated in breast cancer.  

   Materials and Methods 

 Expressed Sequence Tag  (EST) Searching 
 The predicted exons of the putative new gene were subjected to 

homology search using the BLASTN algorithm  [26]  on the National 
Center for Biotechnology Information (NCBI) web server (http://
www ncbi.nlm.nih.gov/BLAST/) against the human EST database. 
Clones with  1 95% homology were obtained from the IMAGE con-
sortium  [27]  through Research Genetics Inc, Huntsville, Ala., USA. 
The clones were propagated, purifi ed as described elsewhere  [28]  and 
sequenced from both directions with an automated sequencer, using 
insert-fl anking vector primers. The full-length mRNA sequence of 
the gene was compared against the human EST databases of the 
NCBI. Expression was calculated as the number of positive libraries 
in addition to the total number of clones detected in each. 

   Reverse Transcriptase Polymerase Chain Reaction   
 Total RNA was extracted from tissues using Trizol reagent 

(Gibco BRL, Bethesda, Md., USA) following the manufacturer’s 
instructions. RNA concentration was determined spectrophoto-
metrically. Two micrograms of total RNA was reverse-transcribed 
into fi rst-strand cDNA using the Superscript TM  pre-amplifi cation 
system (Gibco BRL). The fi nal volume was 20 µl. To confi rm the 
effi ciency of reverse transcriptase polymerase chain reaction (RT-
PCR), 1 µl of cDNA was subsequently amplifi ed by PCR with prim-
ers specifi c for actin, a housekeeping gene (ActinS: 5 �  ACAATG A-
GCTGCGTGTGGCT, ActinAS: 5 �  TCTCCTTAATGTCACGC A-
CGA). Actin PCR products with an expected length of 372 bp were 
visualized on 2% agarose gels stained with ethidium bromide. 

 Two different sets of gene-specifi c primers were designed for 
PCR amplifi cation of the putative gene ( table 1 ). All primers 
spanned at least two exons to avoid contamination by genomic 
DNA during RT-PCR.  Both sets of primers were used to determine 
expression in normal tissues and cancerous prostate and breast tis-
sues.  

 PCR with primer set B-F1/B-R1 was carried out in a 25-µl reac-
tion mixture containing 1 µl of cDNA, 10 m M  Tris-HCl (pH 8.3), 
50 m M  KCl, 1.5 m M  MgCl 2 , 200 µ M  dNTPs (deoxynucleoside 
triphosphates), 100 ng of each primer and 2.5 units of HotStar-
Taq TM  DNA polymerase (Qiagen Inc., Valencia, Calif., USA) on 
an Eppendorf master cycler. The cycling conditions were 95 °   C
for 15 min, followed by 40 cycles of 94 °   C for 30 s, 55 °   C for 30 s, 
72 °     C for 45 s and a fi nal extension step of 10 min at 72 °   C. PCR 
with primer set FTEFB/RTEFB was also carried out in a 25-µl re-
action mixture containing 1 µl of cDNA, 10 m M  Tris-HCl (pH 8.3), 
50 m M  KCl, 200 µ M  dNTPs, 100 ng of each primer, 5 µl of Q-so-
lution TM  (Qiagen) and 2.5 units of HotStarTaq TM  DNA polymerase 
(Qiagen) on an Eppendorf master cycler. The cycling conditions
for this reaction were 95 °   C for 15 min, followed by 35 cycles of 
94 °   C for 30 s, 65 °   C for 30 s, 72 °   C for 30 s and a fi nal extension 
step of 10 min at 72 °   C.  

 Primer set B-F1/B-R1 was additionally utilized with the Expand 
Long Template PCR System (Roche Diagnostics, Mannheim, Ger-
many) in a 50 µl PCR reaction mixture containing 100 ng of ge-
nomic DNA, 10 m M  Tris-HCl (pH 8.3), 50 m M  KCl, 1.5 m M  
MgCl 2 , 200  Ì  M  dNTPs, 100 ng of each primer, and 2.6 units of 
Expand Long Template PCR polymerase mix, using an Eppendorf 
master cycler. The PCR conditions were 94 °   C for 2 min, followed 
by 94 °   C for 10 s, 52 °   C for 30 s, 68 °   C for 1 min for 40 cycles, and 
a fi nal extension at 68 °   C for 7 min. Equal amounts of PCR prod-
ucts were electrophoresed on 2% agarose gels and visualized by 
ethidium bromide staining.  

 To verify the identity of the PCR products, they were cloned 
into the PCR 2.1-TOPO vector (Invitrogen, Carlsbad, Calif., USA) 
according to the manufacturer’s instructions. The inserts were se-
quenced from both directions using vector-specifi c primers, with 
an automated DNA sequencer. 

   Tissue Expression  
 Total RNA isolated from 35 different human tissues was pur-

chased from Clontech (Palo Alto, Calif., USA). cDNA was prepared 
as described above and amplifi ed at various dilutions using two
sets of gene-specifi c primers, B-F1/B-R1 and FTEFB/RTEFB 
( table 1 ). 
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   Prostate Cancer Tissues 
 Prostate tissue samples were obtained from 29 patients who had 

undergone radical retropubic prostatectomy for prostatic adenocar-
cinoma at the Charité University Hospital, Berlin, Germany. The 
patients had not received any hormonal therapy before surgery. The 
use of these tissues for research purposes was approved by the Eth-
ics Committee of the Charité Hospital.  Fresh prostate tissue sam-
ples were obtained from the cancerous and non-cancerous parts of 
the same prostates that had been removed. Small pieces of tissues 
were dissected immediately after removal of the prostate and stored 
in liquid nitrogen until analysis. Histological analysis of all tissue 
samples was performed as previously described  [29] , to ensure that 
the tissue was either malignant or benign. The tissues were pulver-
ized with a hammer under liquid nitrogen and RNA was extracted 
as described above, using Trizol reagent. 

   Normal and Malignant Breast Tissues 
 Normal breast tissues were obtained from women undergoing 

reduction mammoplasties. Breast tumor tissues were obtained 
from female patients at participating hospitals of the Ontario Pro-
vincial Steroid Hormone Receptor Program. The normal and tu-
mor tissues were immediately frozen in liquid nitrogen after surgi-
cal resection and stored in this manner until extracted. The tissues 
were pulverized with a hammer under liquid nitrogen and RNA 
was extracted as described above, using Trizol reagent. 

   SAGE Analysis and Virtual Northern Blots 
 The mRNA sequences of the new gene and two restriction di-

gestion anchoring enzymes ( Nla III   and  Sau 3A) were used to iden-
tify a unique sequence tag specifi c for this gene. This tag was then 
used to determine the levels of gene expression in normal and can-
cer SAGE libraries from various tissues. Detailed library descrip-
tions are available from the website of the Cancer Genome Anat-
omy Project (CGAP) (http://www.ncbi.nlm.nih.gov/ncicgap/). 
Analyses were performed by comparing the proportion of libraries 
of each type (cancer vs. normal) expressing each tag, in addition to 
the average expression densities in these libraries. Expression levels 
were displayed as blots of different densities and corrected as tags 
per million (tpm) to facilitate comparison.  

   Structure Analysis 
 Multiple alignment was performed using the ‘Clustal X’ software 

package and the multiple alignment program available from the Bay-
lor College of Medicine (Houston, Tex., USA). Phylogenetic studies 
were performed using the ‘Phylip’ software package. Distance ma-
trix analysis was performed using the ‘Neighbor-Joining/UPGMA’ 
program and parsimony analysis was done using the ‘Protpars’ pro-
gram. Hydrophobicity study was performed using the Baylor College 
of Medicine search launcher. Signal peptide was predicted using the 
‘SignalP’ server. Protein structure analysis was performed by the 
‘SAPS’ (structural analysis of protein sequence) program.  

   Results 

 Identifi cation of the Cancer-Associated Gene 
 We have previously characterized the human kalli-

krein gene locus on chromosome 19q13.4  [20, 30] , ex-
tending from the most centromeric kallikrein gene,  KLK1 , 
to the most telomeric gene,  KLK14   [31] . Telomerically, 
the kallikrein gene locus is fl anked by the Siglec family of 
genes, which has recently been characterized in detail 
 [25] . In the current study, we further analyzed the
  43.2-kb distance separating these two families  [25, 32] . 
Genomic sequences spanning this region were obtained 
from the Human Genome Project and subjected to se-
quence analysis using bioinformatics, EST databases, ho-
mology searches and PCR.  

 Our preliminary analysis suggested presence of a puta-
tive new gene in this region. Gene prediction programs 
and EST database search identifi ed a potential novel gene 
formed of 3 exons with two intervening introns. This pu-
tative gene sequence was then blasted against the human 
EST database and several EST clones with  1 95% identity 
were found ( table 2 ). The majority of these clones were 
members of the same Unigene cluster Hs.148425. These 

Gene Primer 
name

Primer sequence1 Product
size, bp

Annealing
temperature
˚C

CAG B-F1 GTG CTG CAC ACG GTG CTC 950 55
B-R1 GAG GCC CGA AGT CGC TAG A
FTEFB CAT CGG TGG CTA CCG GGA CG 497 65
RTEFB CCA GGC GCT TGA GCA GGT CC

KLK14 L6-FG1 GGA AGG AAG TGC CCC GAC CT 437 67
L6-R1 CCT GGA CTC CTG GGT CTG CA

Siglec-9 BPL-FG1 CCT CTG CCT CCT AGG TTC AA 648 64
BPL-R2 AAA AGG GAG GGC ACA GTG TG

1 All nucleotide sequences are given in the 5� K 3� orientation.

Table 1. Primers used for RT-PCR 
analysis
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clones were obtained, propagated, purifi ed and fully se-
quenced. Five of these clones were 99% identical to the 
last exon and the putative 3 �  untranslated region of the 
gene, in addition to a stretch of adenine (A) nucleotides 
of variable lengths that were not found in the genomic 
sequence, thus verifying the 3 �  end of the gene and the 
position of the poly A tail.  

 To verify its genomic organization, a gene-specifi c 
probe (based on the predicted structure of the gene) was 
used to screen a human BAC library and a positive clone 
(BC349142) was identifi ed. PCR amplifi cation using 
gene-specifi c primers was used to verify that the genomic 
sequence of this clone was positive for  KLK14  (the most 
telomeric kallikrein),  Siglec 9  (the most centromeric Si-
glec) and the putative new gene ( table 1 ). 

Table 2. EST clones with >95% similarity to CAG

Organ Library ID Clones Tissue type(s)

Blood Hembase erythroid precursor cells 1 blood

Brain NIH_MGC_98
NCI_CGAP_Brn25
Fetal brain 00004
NCI_CGAP_Brn64
NIH_MGC_119
NIH_MGC_56
NIH_MGC_19
LTI_NFL001_NBC4

4
8
2
2
1
1
1
1

astrocytoma 
anaplastic oligodendroglioma
normal fetal brain
glioblastoma
normal medulla
primitive neuroectoderm
neuroblastoma

Breast BT104 1 normal mammary gland 

Chondrosarcoma NCI_CGAP_FL1 1 chondrosarcoma

Colon CI0092 1 normal colon

Kidney NCI_CGAP_Kid11
NCI_CGAP_Kid12

4
3

normal kidney
clear cell type renal cell carcinoma

Lung UI-CF-DU1
NCI_CGAP_Lu28
NIH_MGC_7

1
1
1

epithelial cells
squamous cell carcinoma
small cell carcinoma

Lymph node NIH_MGC_52
NIH_MGC_85

1
1

normal germinal center B cells
lymphoma, cell line

Nervous NN1006
NN0245

1
1

normal nervous
normal nervous

Pancreas Melton normalized human islet 4 N4-HIS1 6 islets of Langerhans

Placenta NIH_MGC_79
NIH_MGC_21

2
2

placenta
choriocarcinoma

Prostate NCI_CGAP_Pr28 1 normal prostate

Skin NIH_MGC_41
NIH_MGC_112

3
1

melanoma
melanoma

Testis NIH_MGC_92 1 embryonal carcinoma

Pooled NIH_MGC_116
NIH_MGC_120
Soares fetal liver spleen 1NFLS 
Soares_NFL_T_GBC_S1
NCI_CGAP_GC6

2
1
1
1
3

normal colon, kidney and stomach
normal pancreas and spleen
normal fetal liver and spleen
normal fetal lung, testis and B-cells
germ cell tumors
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  Fig. 1.  Genomic organization and partial genomic sequence of 
 CAG.   A  A schematic representation of the genomic structure of 
 CAG.  Exons are shown by boxes and introns by the connecting 
lines. The numbers inside the boxes indicate the exon lengths in 
base pairs, and numbers above the connecting lines show the intron 
lengths. Shaded boxes indicate untranslated sequences and white 
boxes represent translated regions. The white arrowhead denotes 
the location of the start codon, and the gray arrowhead represents 

the stop codon. Figure is not drawn to scale.  B  Partial genomic 
structure of CAG. Intron sequences are not shown except for splice 
junction areas. Exon-intron junctions are shaded. Introns boundar-
ies are shown in lowercase letters and exons are represented by up-
percase letters. The start and stop codons are boxed. The translated 
amino acids of the coding region are shown below in single-letter 
code. The putative polyadenylation signals are underlined. For 
more discussion, see the Results section. 
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 To confi rm the mRNA structure and exon/intron 
boundaries, PCR analysis was performed using primers 
that span the entire length of the gene and a panel of 35 
human tissue cDNAs as templates. By aligning the se-
quence obtained from the PCR with the genomic se-
quence we were able to characterize its structure, con-
 sisting of 1 non-coding exon, 2 coding exons with 2 
intervening introns and the splice junctions. Translation 
of the mRNA sequence in all possible reading frames re-
vealed the presence of only one frame that gives an unin-
terrupted polypeptide chain, as discussed below.  

   Structural Characterization of the Cancer-Associated 
Gene 
  The cancer-associated gene (CAG)  spans 9,892 bp of 

genomic sequence on chromosome 19q13.4. As shown in 
 fi gure 1 , this gene   is formed of 3 exons (1 non-coding and 
2 coding) and 2 intervening introns, although the pres-
ence of further upstream untranslated exon(s) could not 
be ruled out. All of the exon/intron splice sites (mGT....
AGm) conform to the consensus sequence for eukaryotic 
splice sites  [33] . The fi rst exon is untranslated and the 
predicted protein-coding region of the gene starts 21 nu-
cleotides from the beginning of exon 2 and is formed of 
1,044 bp, encoding a deduced 348 amino acid polypep-

tide with a predicted molecular weight of 36.52 kDa. The 
potential translation initiation codon is similar to the 
consensus Kozak sequence and a purine is present at po-
sition (–3), which occurs in 97% of vertebrate mRNAs 
 [34] . However, as is the case with many members of the 
neighboring kallikrein gene family,  CAG  does not have 
the consensus G nucleotide at position (+4). Two well-
conserved polyadenylation signals (AATAAA) are locat-
ed 65 and 974 bp downstream from the stop codon. How-
ever, with the exception of 2 ESTs (Genbank accession 
No. BU632056 and BQ422774), the remainder utilize 
the former signal, located 12 bp from their poly A tails. 
These fi ndings suggest that isoforms or alternatively 
spliced variants of  CAG  may exist. No other potential 
polyadenylation signals were discernible in the 3 �  un-
translated region.  

 Computer analysis of the predicted protein sequence 
indicated absence of a signal peptide, tyrosine sulfation 
or N-glycosylation sites. A mitochondrial targeting se-
quence was predicted with high score (0.975). In addition, 
multiple phosphorylation sites ( fi g. 2 ) were predicted. Hy-
drophobicity analyses, using different programs, indicat-
ed a soluble protein with no predicted transmembrane 
domains. Comparing the putative mRNA and protein 
sequences of the new gene against GenBank and other 

  Fig. 2.  Prediction of potential phosphorylation sites within the CAG protein. Serine phosphorylation sites are 
marked by *, tyrosine sites by  U  and threonine sites by  S .  
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protein databases revealed 29% similarity with a 370-
amino-acid region of the human collagen alpha-1pro-
tein. 

 Conserved domain search using different databases 
indicated the presence of a highly conserved motif (85%) 
from an uncharacterized gene family and a less conserved 
domain (65%) from a predicted ATPase of the PP-loop 
superfamily, implicated in cell cycle control (cell division 
and chromosome partitioning).  

   Chromosomal Localization of the Cancer-Associated 
Gene 
 Alignment of  CAG  with  KLK14  and  Siglec-9  gene se-

quences within and around the 42.3-kb area separating 
the kallikrein and Siglec gene families on chromosome 
19q13.4 enabled us to precisely localize  CAG  and to de-
termine its direction of transcription, as shown in  fi g -
 ure 3 .  CAG  resides 14,272 bp telomeric to  KLK14  and 
16,532 bp centromeric to  Siglec-9 , and is transcribed from 
telomere to centromere, similar to  KLK14 . These results 
are consistent with previous reports that estimate the dis-
tance between  KLK14  and  Siglec-9  to be ~43.2 kb  [20, 
31] . 

   Phylogenetic Analysis  
 To predict the evolutionary history of CAG, its protein 

sequence was subjected to homology search against the 
non-redundant databases of the NCBI. Taxonomy analy-
sis indicated the presence of highly homologous ortho-
logues in many other species. The CAG protein shares the 
highest degree of homology with the mouse orthologue 
(86%), followed by the fruit fl y (51%). A representative 
multiple alignment graph of CAG orthologues from differ-

ent species is presented in  fi gure 4 . Phylogenetic analyses 
were performed on the sequences from different species in 
addition to the protein sequence of the most related pro-
tein, human collagen alpha-1 chain precursor from differ-
ent species, using the Unweighted Pair Group Method 
with Arithmetic mean (UPGMA), the Neighbor-Joining 
distance matrix methods, and the ‘Protpars’ parsimony 
method. A representative tree is shown in  fi gure 5 . The 
human CAG protein was grouped together with its mouse 
orthologue, separate from its homologues from 5 other 
species, suggesting divergence before separation of the hu-
man-rodent lineages. Furthermore, the potential CAG or-
thologues form a group separate from the human and ro-
dent collagen alpha-1 proteins, which cluster together. 

   Tissue Expression  
 The tissue expression pattern of  CAG  was assessed 

both experimentally and in silico. We examined its ex-
pression by RT-PCR in a panel of 35 normal adult tissues. 
As shown in  fi gure 6 ,  CAG  was found to be transcribed 
in many tissues with relatively higher expression levels 
observed in the adrenal gland, whole brain, cervix, colon, 
fetal brain, fetal liver, heart, kidney, lung, mammary 
gland, ovary, pancreas, placenta, prostate, skeletal mus-
cle, spinal cord, spleen, small intestine, stomach, testis, 
thymus, thyroid and uterus tissues, with lower levels of 
expression in adipose, bone marrow, cerebellum, fallo-
pian tube, hippocampus, liver, pituitary, salivary gland, 
trachea and vaginal tissues. Mining the human EST da-
tabase of the NCBI revealed a number of EST clones for 
the new gene, from a range of libraries ( table 2 ). ESTs 
were mainly identifi ed in the brain (20 clones from 8 li-
braries), followed by the kidney (7 clones), pancreas (6 

  Fig. 3.  Chromosomal localization of  CAG . 
 CAG  is located in chromosomal region 
19q13.4 and is fl anked centromerically by 
 KLK14  and telomerically by  Siglec-9 . The 
block arrows illustrate genes and their di-
rection of transcription. Gene names and 
genomic lengths, in base pairs, are shown 
within the block arrows. Intergenic dis-
tances are indicated above the solid lines in 
base pairs. Figure is not drawn to scale. 
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clones), placenta (4 clones) and skin (4 clones). Serial 
analysis of gene expression (SAGE) analysis indicated 
low to moderate expression levels of the  CAG  mRNA in 
many tissues including the brain, colon, kidney, ovary, 
pancreas, prostate and skin ( table 3 ). Our collective ex-
perimental and in silico data demonstrate that  CAG  is 
predominantly expressed in normal brain, colon, kidney 
and pancreas and to a lower extent in many other tis-
sues. 

   Differential Expression of CAG in Cancer 
 In silico analysis indicated that  CAG  is differentially 

expressed in several cancers ( table 3 ). While expression 
was detected in the normal brain (16 tpm in only 2 SAGE 
libraries), higher levels of expression were found in 8 ma-
lignant brain libraries (24 tpm on average). Only one nor-
mal prostate tissue library was positive for  CAG , with 
weak expression levels (15 tpm), compared to 6 prostate 
cancer libraries displaying higher average expression lev-

  Fig. 4.  Alignment of the deduced amino acid sequence of the human CAG protein with other CAG orthologues. 
Dashes represent gaps to bring the sequences to better alignment. Identical amino acids are highlighted in black 
and similar residues in gray. 
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els (30 tpm). Comparable results were obtained for colon, 
stomach and ovarian cancers, in which slightly higher 
 CAG  expression was apparent in cancerous SAGE librar-
ies, compared to normal. In contrast,  CAG  seems to be 
expressed at lower levels in cancers of the kidney, pan-
creas and skin, compared to normal tissues. Our fi ndings 
with respect to breast cancer were inconclusive.  

 We experimentally examined the expression of  CAG  
in 15 pairs of matched normal and cancerous prostatic 
tissues. A representative example of 5 matched pairs is 
shown in  fi gure 7 . Expression levels were higher in can-
cerous prostatic tissues compared to their normal coun-
terparts in 4 patients and comparable to normal in 1 pair. 
We also analyzed 20 breast cancer tissues and 5 normal 

  Fig. 5.  Dendrogram of the predicted phylo-
genetic tree for the human CAG protein 
and other homologous proteins. The neigh-
bor-joining method was used to align the 
human CAG protein with other homolo-
gous proteins in  Homo sapiens  and several 
other species. The tree grouped the human 
CAG protein together with 5 other hypo-
thetical proteins in a group separate from 
the 3 collagen alpha-1 proteins. The human 
CAG and the homologous mouse hypothet-
ical protein form a distinct group separate 
from the other CAG protein homologues.  

  Fig. 6.  Tissue expression of  CAG , as deter-
mined by RT-PCR.  CAG  is expressed in
a variety of normal human tissues, with 
highest levels in the brain, liver, heart, kid-
ney and breast. M = Molecular weight 
marker. PCR was performed with primer 
set FTEFB/RTEFB (table 1). 
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breast tissues. Expression levels were higher in all normal 
tissues examined. Representative data are shown in  fi g-
ure 8 .  

   Discussion 

 Molecular profi les of individual cancers based on pat-
terns of gene expression often unveil important biologi-
cal, diagnostic and prognostic information useful for the 
classifi cation and individualized treatment of patients 
 [35–37] .  Recently, microarray analyses and bioinformat-
ic approaches, such as SAGE, have been used to identify 
such genes differentially expressed in cancer  [38, 39] . In 
this paper, we describe the identifi cation and character-
ization of a novel gene which is differentially expressed 
in cancer.  

 The high degree of conservation of the CAG protein 
sequence among different species, together with its wide-
spread pattern of expression, points to the possibility that 
it is a housekeeping gene. The parallel downregulation of 
 CAG , together with 4 other adjacent kallikrein genes, 
namely  KLK10   [40] ,  KLK12   [41] ,  KLK13   [42] , and 
 KLK14   [31]  in breast cancer, could be due to a common 
mechanism controlling the expression of many genes in 

a cluster, e.g. a ‘locus control region’  [43] . Clustering of 
co-expressed non-homologous genes on chromosomes 
implies their co-regulation and has been reported in high-
er eukaryotes. Recent reports have shown clustering to 
occur at a rate much higher than that expected by chance 
and a widespread chromatin-mediated transcriptional 
co-regulation of such genes  [44, 45] .  

 Our in silico and experimental data suggest differen-
tial expression of  CAG  in several malignancies, including 
brain, breast, colon, ovarian and prostate cancer. The 
chromosomal band 19q13 is known to include many oth-
er genes that are differentially expressed in cancer  [9, 10, 
46, 47] . Since the expression of  CAG  seems to be altered 
in cancerous tissues, it may be a useful tumor marker for 
diagnosis and prognosis and/or a drug target. These sug-
gestions warrant further investigation.  The opposite pat-
tern of regulation of  CAG  in breast and prostate cancers 
is not surprising and could be due to hormonal infl u-
ences. Epidemiological and experimental evidence sug-
gests that steroid hormones are implicated in the etiology 
of both breast and prostate carcinomas  [48] . Breast can-
cer is an estrogen-dependent cancer and its pathogenesis 
involves unopposed estrogen exposure  [49, 50] . Prostate 
cancer, on the other hand, is androgen-related, and estro-
gens have been successfully used for its treatment  [51, 52] . 

Table 3. In silico analysis of CAG gene ex-
pression in normal and cancerous tissues 
using SAGE databases

Organ Tissue type Average 
 density (tpm*)

Brain normal 16
cancer 24

Colon normal 20
cancer 25

Kidney normal 22
cancer 10

Ovary normal 20
cancer 41

Pancreas normal 31
cancer 10

Prostate normal 15
cancer 30

Skin normal 75
cancer 10

Stomach normal 10
cancer 30

Vasculature normal 19
cancer 10

* tpm = Tag per million.

  Fig. 7.  Expression of  CAG  in matched normal and cancerous pros-
tate tissues, as determined by RT-PCR.  CAG  is overexpressed in 
prostate cancer tissues compared to normal in 4 matched pairs (C1/
N1, C2/N2, C3/N3 and C5/N5) and comparable to normal in 1 pair 
(C4/N4). M = Molecular weight marker. –ve, negative PCR control. 
PCR was performed with primer set FTEFB/RTEFB (table 1). 

  Fig. 8.  Expression of  CAG  in normal and cancerous breast tissues, 
as determined by RT-PCR.  CAG  is expressed in the two normal 
breast tissues examined (N1 and N2), but transcribed at lower than 
normal levels in the cancerous tissues (C1–C5). –ve, negative PCR 
control. PCR was performed with primer set FTEFB/RTEFB 
(table 1). 
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 CAG  regulation by steroids, as is the case with the adja-
cent kallikrein genes  [22] , warrants investigation.  

 In conclusion, we characterized a new gene,  CAG , dif-
ferentially expressed in cancer and reported its genomic 
structure, chromosomal localization and tissue expres-
sion pattern. The physiological role of this gene needs 
further investigation.  
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