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Summary Expression of CDX2, a caudal-related homeobox gene, was found to be decreased in colorectal carcinomas. Heterozygous null
mutant mice as to Cdx2 develop multiple intestinal adenomatous polyps. To clarify the role of CDX2 in colorectal carcinogenesis, we
determined its genomic structure, and searched for mutations of CDX2 in 49 sporadic colorectal carcinomas and ten hereditary non-polyposis
colorectal cancers (HNPCC) without microsatellite instability. None of them exhibited a mutation. We further examined 19 HNPCC
carcinomas with microsatellite instability for mutations in a (G)7 repeat site within CDX2. One of them (5.3%) exhibited one G insertion. Loss
of heterozygosity was observed in 2 of the 20 (10%) informative sporadic carcinomas, and in one of the three (33.3%) informative HNPCC
cancers. These data indicate that CDX2 may play only a minor role in colorectal carcinogenesis.
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Table 1 The sequences of the primer sets for CDX2 exons 1–3

Primer Exon Primer sequenceb (5′–3′) T (°C)c Amplicon
seta (bp)

1 U 1 AGCATGGTGAGGTCTGCTCCd 62 161
D ACCGCCGTAGTCCGGGTACT

2 U 1 CAAGGACGTGAGCATGTACC 58 219
D GCGTAGCCATTCCAGTCCTC

3 U 1 ATCCTGGCCGGCAGCGTATG 60 168
D GGGTGGTGGTGCGGATGGTA

4 U 1 GGCCGCAGCCATGGGCTAC 62 172
D GGGAGACAGCTGCTCGGCG

5 U 1 TGCTGCAAACGCTCAACCCC 62 174
D ccttcccaagcaccctccga

6 U 2 ctgatgggctgccttgttgt 58 153
D CTCCGGATGGTGATGTAGC

7 U 2 CGGCTGGAGCTGGAGAAGG 64 148
D tggtcctctgccaggcagt

8 U 3 cacatcttcaccaccaccatgtgct 60 178
D GACCTGGCTGAGGCTGGGGA

9 U 3 AAAATCAACAAGAAGAAGTTGC 55 158
D GAGCCAGACACTGAGGCTT

10 U 3 GAAGTGTCCCAGAGCCCTTG 60 156
D TCAGCCTGGAATTGCTCTGCe

aU, sense primer; D, antisense primer. bUpper case letters correspond to
exons, and lower case ones to introns. cT, annealing temperature. dDesigned
according to untranslated sequences upstream of the initiating ATG.
eDesigned according to untranslated sequences downstream of the stop
codon.
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PCR amplification of CDX2 exons 1–3 and mutation
screening by PCR-SSCP (single-strand conformation
polymorphism)
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LOH (loss of heterozygosity) analysis






Structure of the CDX2 genomic locus
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Figure 1 Structure of human CDX2. (A) A schematic diagram of the
organization of the human CDX2 cDNA (Genbank no. Y13709), and the
methods used for the isolation of genomic fragments. PCR, standard PCR;
LA-PCR, long and accurate PCR. Arrowheads indicate the predicted splicing
sites in the human CDX2 cDNA, in comparison with the highly homologous
mouse Cdx2 genomic DNA (Genbank no. U00454). Homeodomain (cross-
hatched region), a conserved sequence of 180 nucleotides shared by
members of the homeobox gene family. Hexapeptide (solid region), a
conserved hexapeptide motif upstream of the homeodomain, usually
separated from the homeodomain by an intron, characteristic of the caudal-
type homeobox genes (Suh et al, 1994). (B) Genomic structure of human
CDX2. Boxes, exons; exon numbers in boxes, the numbers of the 
exons;          , introns; kb, approximate lengths of the introns in kilobases; nt
numbers above the boxes, nucleotide numbers corresponding to the CDX2
cDNA sequence. The 5′ boundary of exon 1 is defined by the ATG start
codon, and the 3′ boundary of exon 3 by the TGA termination codon. Also
shown are the sites at which PCR products were generated by using the
primer sets listed in Table 1 for mutation screening
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Figure 2 Mutation analysis of exon 3 of the CDX2 in HNPCC tumors. 
(A) SSCP analysis of the (G)7 repeat site by using primer set 10. The PCR
products were electrophoresed in a 12.5% polyacrylamide gel. Healthy
individual DNA (H) and normal tissue (N) both showed a normal SSCP
homozygous pattern. Mobility shifts were detected in carcinoma 841 (Ca), as
shown by arrowheads. (B) Sequencing analysis of the CDX2 (G)7 repeat in
carcinoma 841. The PCR products containing the (G)7 repeat site were
cloned into a pT7Blue(R)T vector as described in the text and then
sequenced. Mutant clones (MT) from carcinoma 841 showed eight guanines,
(G)8, at the repeat site, whereas the corresponding normal tissue was (G)7
wild-type (WT)
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Table 2 Polymorphic sites and LOH of CDX 2 in sporadic and HNPCC CRC, and

Codon 61 Codon 164

Sporadicb HNPCCc Healthyd Sporadic HNPCC He

Homozygous Ae 39 (79.6) 8 (80) 41 (85.4) 48 (98.0) 10 (100) 47
Heterozygous 9 (18.4)g 2 (20) 7 (14.6) 1 (2.0) 0 (0) 1
Homozygous Bf 1 (2.0) 0 (0) 0 (0) 0 (0) 0 (0) 0

aOne healthy individual had a polymorphism in codon 310, an ACC to ACT silent m
(n=10). dHealthy, healthy individuals (n=48). eHomozygous A, G in codon 61, C in c
in codon 164, T in codon 260, and C in codon 293. gLOH found in two of the nine (
cases. It also exhibited LOH in codon 61. iLOH found in one of the one informative
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 healthy individualsa

Codon 260 Codon 293

althy Sporadic HNPCC Healthy Sporadic HNPCC Healthy

 (97.9) 47 (95.9) 10 (100) 47 (97.9) 34 (69.4) 9 (90) 31 (64.6)
 (2.1) 2 (4.1) 0 (0) 1 (2.1) 12 (24.5)h 1 (10)i 16 (33.3)
 (0) 0 (0) 0 (0) 0 (0) 3 (6.1) 0 (0) 1 (2.1)

utation. bSporadic, sporadic CRC (n=49). cHNPCC, HNPCC cases without MI
odons 164 and 260, and T in codon 293. fHomozygous B, C in codon 61, G

22.2%) informative cases. hLOH found in 1 of the 12 (8.3%) informative
 case.
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Figure 3 LOH analysis of CRC. The PCR products of CDX2 exon 3, using
primer set 10, were electrophoresed on a 12.5% polyacrylamide gel. A
decrease in the number of signals is seen in carcinoma 961 (Ca), compared
with the heterozygous pattern of the corresponding normal mucosa (N). H1
and H2 are representative cases of the two types of homozygous pattern





 
            
         
  




        
CDX2





         

 APC ras  
   p53      
        
           
          

       transforming
growth factor β type II receptor 
BAX 




       
Cdx2 

     
        

       
Cdx2 
          

© Cancer Research Campaign 1999
CDX2 



          



        
        

      CDX2  

         
CDX2 




  CDX2      


         

CDX2 
 

          




        

       
′ 

   caudal       
CDX2

  
    CDX2       
CDX2 

         






        



REFERENCES

Cdx-2 

Developmental Dynamics 204


Nucleic Acids Res 3


Cdx2 Nature 386
British Journal of Cancer (1999) 79(3/4), 440–444



444 OK Yagi et al

Am J
Pathol 147


LMX1 CDX3
Genomics
24


Biochem Biophys Res
Commun 130


MLHI 
Nature Genet 8



Cdx-2J Biol Chem
269

Cell
87



Nature 347





Int J Cancer 74



British Journal of Cancer (1999) 79(3/4), 440–444
β 
Science 268

Cell 68




Cancer 77



Anal Biochem 213


BAX 
Science 275

Hox11 
Nature 368


Mol Cell Biol 16


Mol Cell Biol 14




Dis Colon Rectum 34


TGF-β type II receptor 
Jpn J Cancer Res 88


BAX 
Gastroenterology 114
© Cancer Research Campaign 1999


	Genomic structure and alterations of homeobox gene CDX2 in colorectal carcinomas
	MATERIALS AND METHODS
	Subjects

	RESULTS
	Structure of the CDX2 genomic locus
	Mutations in CDX2
	Polymorphic sites and LOH analysis

	DISCUSSION
	ACKNOWLEDGEMENTS
	REFERENCES




