
 

 

저 시-비 리-동 조건 경허락 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

l 차적 저 물  성할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적  허락조건
 확하게 나타내어야 합니다.  

l 저 터  허가를  러한 조건들  적 지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 적  할 수 없습니다. 

동 조건 경허락. 하가  저 물  개 , 형 또는 가공했  경
에는,  저 물과 동 한 허락조건하에서만 포할 수 습니다. 

http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/


1 

 
이학석사 학위논문 

 
Association of CDX2 loss with 
poor prognosis of colorectal 

cancer patients 

 
 

대장암에서 CDX2 발현 상실과  

불량한 예후와의 관계에  

대한 연구 

 

 
 

2013년 2월 

 

 

 
 

서울대학교 대학원 
 

의과대학 협동과정 종양생물학 전공 
 

이 태 훈 







i 

Abstract 

Caudal type homeobox 2 (CDX2) is a Drosophila caudal-

related homeobox gene which encodes a transcription factor 

playing an essential role for the development of the intestine by 

inhibiting proliferation, promoting differentiation and the 

expression of intestine-specific genes. The expression of 

CDX2 in adults is restricted to the intestine from duodenum to 

rectum, which enables that CDX2 is regarded as a specific 

marker for origin of intestinal epithelial cell and utilized for 

identifying origin of colorectum in metastatic adenocarcinoma in 

the lung or liver. Besides an important role in the development 

and differentiation of the intestine, CDX2 has been known to 

exert a tumor suppressor role in colorectal cancers (CRCs). 

CDX2 expression is often lost in CRCs, which suggests that 

CDX2 might function as a tumor suppressor in colon cancer 

But, although CDX2 has such a important role in maintenance 

of intestinal epithelium and in CRC, cl inicopathologic

characteristics and prognostic implication of CDX2 expression 

in CRCs are not well known. In this regard, we examined CDX2 

expression in 675 CRCs with immunohistochemistry and 

compared it with histologic and molecular characteristics.  
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As a result, we found that CDX2 expression was lost in 36 

(5.3%) patients and loss of CDX2 expression was associated 

with CpG island methylator phenotype (CIMP), microsatellite 

instability (MSI), and poor prognosis. CRCs could be classified 

into four molecular subtypes based upon combinatory statuses 

of CIMP and MSI, including CIMP+/MSI+, CIMP+/MSI-, 

CIMP-/MSI+, and CIMP-/MSI-. CDX2 loss was frequent in 

the CIMP+/MSI+ subtype and CIMP+/MSI- subtype. 

 Regarding the mechanism of CDX2 loss in CRCs, promoter 

CpG island hypermethylation was found to be not involved in 

CDX2 downregulation but loss of HNF4α seems to be involved 

in the downregulation of CDX2 in CRCs. 

In conclusion, loss of CDX2 expression was closely associated 

with CIMP-H and poor differentiation and found to be an 

independent parameter heralding poor prognosis in CRC 

patients, which suggests that CDX2 loss might be utilitized as a 

prognostic marker for advanced CRCs.  

 

Key word: CDX2, microsatellite instability(MSI), CpG island 

methylator phenotype(CIMP), colorectal cancer(CRC), prognosis,

DNA methylation 

Student Number: 2011-21914 
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Introduction 

Colorectal cancer (CRC) is the third most common in the United 

States and its incidence is rapidly increasing in East Asia [1]. CRC 

is the second and the fourth most common cancer in male and female 

in Korea, respectively (www.cancer.org). CRC is a heterogeneous 

disease in terms of molecular features which change along the bowel 

subsites [2, 3]. Although cancer staging by AJCC helps to estimate 

prognosis and to select primary and adjuvant therapy, the results of 

treatment are variable within the same cancer stage because of the 

heterogeneity of CRCs in terms of the molecular carcinogenesis. For 

this reason, many efforts are being taken to develop biomarkers to 

assist in predicting response to therapy and disease outcome. One of 

these biomarkers is Caudal type homeobox 2 (CDX2) 

CDX2 is a Drosophila caudal-related homeobox gene which 

encodes a transcription factor playing an essential role for the 

development of the intestine by inhibiting proliferation, promoting 

differentiation and the expression of intestine-specific genes [4-8]. 

Expression of the instestine-specific gene requires tightly regulated 

activity of transcription factors, including HNF4α, GATA factors, 

ETS, CDX1, and CDX2, and the cooperation of these transcription 
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factors [9-13]. The expression of CDX2 in adults is restricted to 

the intestine from duodenum to rectum, which enables that CDX2 is 

regarded as a specific marker for origin of intestinal epithelial cell  

[14] and utilized for identifying origin of colorectum in metastatic 

adenocarcinoma in lung or liver. However, CDX2 expression is 

occasionally downregulated in CRCs, which limits the utility of CDX2 

expression in the identification of origin of colon in metastatic 

adenocarcinoma. 

Besides an important role in the development and differentiation of 

the intestine, CDX2 has been known to exert a tumor suppressor 

role in CRCs. Tumor-suppressor function of CDX2 in CRCs has 

been evidenced by an increased susceptibility for tumors in the 

heterozygotic cdx2+/- mice [15, 16], accelerated G1-S cell cycle 

transition and increased chromosomal instability in colon cancer cell 

lines with reduced levels of CDX2 [16]. N-terminal and homeobox 

domains of CDX2 have been demonstrated to stabilize p27Kip1 by 

blocking ubiquitylation of p27Kip1 and thus to inhibit cyclin E-CDK2 

activity and blocks G0/G1-S progression in colon cancer cells. [17] 

Also CDX2 has been shown to bind β-catenin directly and disrupt 

the β-catenin-TCF protein complex, resulting in suppression of 
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Wnt/β-catenin signaling and cell proliferation. [18]. Conversely, 

proliferation and migration of colon cancer cell were inhibited by 

upregulation of CDX2 gene [19]. These reports mean that CDX2 

might function as a tumor suppressor in CRCs. 

CRCs could be classified into four molecular subtypes based upon 

combinatory statuses of CpG island methylator phenotype (CIMP) 

and microsatellite instability (MSI), including CIMP+/MSI+, 

CIMP+/MSI-, CIMP-/MSI+, and CIMP-/MSI- [20]. These four 

subtypes of CRCs have their distinct clinicopathological features and 

precursor lesions [21]. Previous studies suggest that loss of CDX2 

expression can be found in association with CIMP [22, 23] or MSI 

[24, 25] but little is known whether CDX2 loss is more represented 

in the specific molecular subtype or not. And also little is known 

whether CDX2 loss has different clinical implication in the context of 

the molecular subtypes.  

Many researchers have investigated the mechanisms of CDX2 

expression loss in CRCs, which is not well defined yet. Expression 

of gene could be dysregulated by several reasons, including genetic 

alteration, epigenetic effect (DNA methylation, histone modification), 

or posttranscriptional event like microRNA interference. In cancers 
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of other tissue types, including lung and esophagus, CDX2 gene 

silencing by promoter CpG island hypermethylation has been 

demonstrated [26, 27].  

In the present study, we aimed to explore 1) the relationship of 

CDX2 loss with molecular subtype of CRCs, 2) clinical implication of 

CDX2 loss in the context of molecular subtype, and 3) the cause of 

CDX2 loss in CRCs.  
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Materials and Methods 

1. Tissue samples 

Tumor tissues were obtained from 675 surgically resected primary 

colorectal cancer without neoadjuvant chemotherapy or radiation 

therapy at Seoul National University Hospital between January 2004 

and December 2006. This study was approved by Institutional 

Review Board. 

 

2. Clinicopathologic analysis 

Clinicopathologic characteristics including age, sex, tumor location, 

and TNM stage were obtained from electronic medical records. 

Through microscopic examination of representative sections of 

tumors, we evaluated the following parameters without knowledge of 

the CIMP, MSI, KRAS and BRAF mutation status of the specimen: 

tumor differentiation, luminal necrosis, Crohn-like lymphoid reaction, 

number of tumor-infiltraing lymphocytes, luminal serration and 

extraglandular mucin production. Overall survival and progression-

free survival data were extracted from the patient’s medical records, 

and direct interviews with surviving patients or members of their 

families or from death registry offices. 
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3. Evaluation of CK7, CK20 and CDX2 expression 

2mm-core tissue microarrays were constructed from formalin-

fixed paraffin-embedded tissue in each tumor samples. 

Immunohistochemical analysis was performed with commercially 

available antibodies against the cytokeratin 7 (CK7) (clone OV-TL 

12/30, DAKO), cytokeratin 20 (CK20) (clone Ks20.8, DAKO) and 

nuclear protein CDX2 (clone CDX2-88, Biogenex). CK7 and CK20 

expression was interpreted as positive when more than 10% of 

tumor cells showed cytoplasmic and membranous stain. CDX2 loss 

was defined as 10% or less of tumor cells show nuclear stain. 

 

4. KRAS, BRAF mutation and MSI analysis 

Through histologic examination, representative tumor portions were 

marked and then subjected to manual microdissection. Dissected 

tissues were collected into microtubes containing lysis buffer and 

proteinase K and were incubated at 55 ℃ for 2 days. DNA from 

paraffin-embedded tissue was extracted, and polymerase chain 

reaction (PCR) was performed. Direct sequencing of KRAS codons 

12 and 13, and allele-specific PCR for BRAF codon 600 were 

performed as previously described [28]. MSI status was determined 
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by NCI 5 markers including BAT25, BAT26, D2S123, D5S346 and 

D17S250. It was defined as MSI-high (MSI-H) when 2 or more 

markers were unstable, MSI-low (MSI-L) when 1 marker was 

unstable, and microsatellite stable (MSS) when the absence of 

instability was identified. 

 

5. Analysis of CpG island methylator phenotype 

According to previous reports [28], bisulfite DNA modification and 

real-time methylation specific PCR (MethyLight) assays were 

performed. We quantified methylation of 8 CIMP-specific CpG 

islands (CACNA1G, CDKN2A, CRABP1, IGF2, MLH1, NEUROG1, 

RUNX3 and SOCS1). CIMP-high (CIMP-H) was defined as ≥ 5 

methylated promoters of the 8-marker CIMP panel, CIMP-low 

(CIMP-L) as 1 to 4 of 8 promoters, and CIMP-0 as 0 of 8 

promoters [29]. 

 

6. Cell lines culture 

All colon cancer cell lines were maintained in RPMI-1640 medium 

supplemented with 10% Fetal bovine serum (FBS), 25 mM HEPES 

buffer, penicillin (100 units/ml) and streptomycin (0.1 mg/ml) 
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except WiDr and Caco-2 which were maintained in Dulbecco’s 

modified Eagle’s medium (DMEM) supplemented with the same 

materials. And they were cultured in a humidified incubator at 37 ℃ 

in an atmosphere of 5% CO2 and 95% air for next experiment. 

 

7. 5-aza-2′-deoxycytidine(5-AZA), Trichostatin A(TSA) treatment. 

HT-29, SNU-C2A, and WiDr colon cancer cells were seeded 1×

106 cells per 10 ml of culture medium on the 100mm culture dish

es and after 24 h, treated with 5 uM 5-AZA (Sigma Chemical C

o., St. Louis, MO, USA) at the same time everyday for 4 days. D

uring the periods, culture media and drugs were replaced every 2

4 h. 5-AZA was dissolved in acetic acid and diluted to 2.3 mM. 

TSA was diluted to 100 uM with 100% EtOH. Cells that treated 

with TSA were incubated for 72 h and then treated with 300 nM

 TSA for 24 h (Sigma). Cells that cotreated with 5-AZA and TS

A were incubated adding 5-AZA at the same time everyday for 

72h and treated with 5-AZA and TSA for extra 24 h incubation. 

 
8. Reverse transcription polymerase chain reaction (RT-PCR) 
 
Total RNAs of cancer cells were extracted using RNeasy® Mini Kit 
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(Qiagen, Valencia, CA, USA) and first strand cDNA was synthesized 

by using LeGene Express 1st strand cDNA Synthesis system 

(LeGene Biosciences) according to the manufacturer’s protocol. We 

used 0.1 ug of cDNA to conduct RT-PCR. We used TaKaRa Taq 

polymerase (Takara bio Inc., Japan) in RT-PCR. Primer sequences 

for the amplification of CDX2, CDX1, OCT4, and TBX3 were 

described previously [30-33]. Primer sequences of HNF4αwere; 

(F) 5′-ATTCGGGCGAAGAAGATTGC-3′, (R) 5′-GATCTTCCCTG 

GATCGCTCA-3′. GAPDH was used to an internal control and its 

primer sequences were ; (F) 5′- CAATGACCCCTTCATTGACC-3′, 

(R) 5′-TGGAAGATGGTGATGGGATT-3′. PCR conditions for CDX2 

were; denaturation at 95 ℃ for 5 min, 30 cycles of amplification 

(95 ℃ for 30 sec, 60 ℃ for 30 sec and 72 ℃ for 50 sec), and final 

extension at 72 ℃ for 10 min. For HNF4α and GAPDH, all 

conditions are same except annealing temperature 59 ℃, and 55 ℃, 

respectively. PCR products were analyzed on 1.5% agarose gel by 

electrophoresis. 

 

9. Bisulfite modification and sequencing 

1ug genomic DNA obtained from all colon cancer cells was digested 
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by restriction enzyme EcoRI at 37 ℃ for 2 h. Afterward, they were 

bisulfite–modified using the EZ DNA MethylationTM Kit (Zymo 

Research, USA) according to the manufacturer’s protocol. Modified 

DNA was amplified using specific primer for bisulfite modified DNA. 

Primer sequences were designed through MethPrimer  

(http://www.urogene.org/methprimer). Forward primer sequence is 

5'-TTTGTGATTGGAGGTTAAAGTGTATTA-3' and reverse is 5'-

CCTCCTTCCCACTAAACTACAAAA-3'. PCR conditions were ; 

denaturation at 95 ℃ for 5 min, 40 cycles of amplification (95 ℃ for 

30 sec, 59 ℃ for 30 sec, 72 ℃ for 50 sec), and final extension at 

72 ℃ for 10 min. PCR products were confirmed on 1.5% agarose gel 

by electrophoresis. PCR products that confirmed on agarose gel 

were extracted with Zymoclean™ Gel DNA Recovery Kit (Zymo 

Research, USA) and then extracted DNA were cloned into T-vector 

using pGEM®-T Easy Vector Systems (Promega, USA). 

Transformed colonies were grown on agar plates overnight. Each 

white colony on plates was selected and taken into tubes with 8 ml 

LB medium supplemented with 50 ug/ml ampicillin. Afterward, it was 

incubated on shaking incubator at 37 ℃ overnight. Plasmid DNAs 

were obtained with Dyne Plasmid Mini Prep Kit (Dyne BioInc, 
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Korea). They were digested with restriction enzyme EcoRI and 

inserted DNA were confirmed on 1.5% agarose gel by 

electrophoresis. Plasmid DNA were sequenced through Macrogen 

Online Sequencing Order System (http://dna.macrogen.com/kor) and 

Sequencing data were analyzed using QUMA 

(http://quma.cdb.riken.jp/) 

 

10. Statistical analysis 

The PASW software (ver. 20.0 K for Microsoft Windows®; IBM Inc.) 

was used for statistical analyses and Kaplan-Meier curves were 

constructed by R software. The age of each group was compared 

using student’s T test. The other clinicopathologic characteristics 

between and among groups were compared using Pearson’s χ2 test, 

Wilcoxon’s rank-sum test or Fisher’s exact test for categorical 

variables. Kaplan-Meier survival curve, Log-rank test and Cox-

proportional hazard model were used for survival analysis. All 

statistical tests were two-sided and statistical significance was 

defined as p<0.05. 
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Results 

Among 675 colorectal cancers, CDX2 loss was observed in 36 

cases (5.3%) by immunohistochemistry (Fig. 1). CIMP-H and MSI-

H were detected in 6.7% and 8.1% of CRCs (45 and 55 out of 675), 

respectively. Of the four molecular subtypes generated by 

combinatory statuses of CIMP and MSI, the CIMP-0,L/MSI-L,MSS 

subtype was the most common and the CIMP-H/MSI-H type was 

the least common, constituting 87.9% and 2.7% of the CRCs, 

respectively. 

 

1. Clinicopathologic and molecular features of CDX2 loss in CRCs 

Detailed clinicopathologic features and histologic features according 

to CDX2 expression are summarized in Table 1 and Table 2, 

respectively. Compared to CDX2-retained CRCs, CRCs with CDX2 

loss was associated with proximal location (p<0.001), ulcerative 

gross type (p=0.006), deeper tumor depth (p<0.001), more 

frequent nodal metastasis (p<0.001) and higher TNM stage 

(p=0.004). However, no relationship was found between CDX2 loss 

and age of onset or gender. On microscopic examination, CRCs with 

CDX2 loss exhibited close associations with poor differentiation 



13 

(p<0.001), absence of luminal necrosis (p=0.021), increased 

numbers of tumor-infiltrating lymphocyte (p=0.005), luminal 

serration (p<0.001) and mucin production (p<0.001). In molecular 

aspect, CRCs with CDX2 loss was associated with MSI (p<0.001), 

CIMP-H (p<0.001), CK7 expression (p<0.001) and loss of CK20 

(p<0.001). Association of BRAF mutation with CDX2 loss was 

marginally significant (p=0.051)(Table 3). Of the four molecular 

subtypes generated by combinatory statuses of CIMP and MSI, the 

CIMP-H/MSI-H showed highest frequency of CDX2 loss, whereas 

the CIMP-0,L/MSI-H exhibited lowest frequency of CDX2 loss 

(55.6% vs. 2.7%). 
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 Figure 1.  CK7, CK20 and CDX2 expression in colorectal cancers. 

A, B, C: Positive expression of CK7, retained expression CK20 and 

CDX2, respectively. D, E, F: Negative expression of CK7, loss of 

CK20 and CDX2, respectively. 
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Table 1. Clinicopathologic features of CDX2 loss in colorectal cancers 

Parameters 
CDX2 intact 

(n=639, 94.7%) 
CDX2 loss 

(n=36, 5.3%) 
p value 

Age(median) 62 (20-90) 64 (29-81) 0.692 
Sex   0.324 

Male 390 (95.4%) 19 (4.6%)  
Female 249 (94.6%) 17 (6.4%)  

Location   <0.001 
Proximal 163 (89.1%) 20 (10.9%)  
Distal 476 (96.7%) 16 (3.3%)  

Gross type   0.006 
Fungating 426 (96.4%) 16 (3.6%)  
Ulcerative 213 (91.4%) 20 (8.6%)  

T category   <0.001† 
1 25 (100%) 0 (0%)  
2 102 (99.0%) 1 (1.0%)  
3 462 (95.3%) 23 (4.7%)  
4 50 (80.6%) 12 (19.4%)  

N category   <0.001† 
0 337 (97.4%) 9 (2.6%)  
1 172 (94.5%) 10 (5.5%)  
2 130 (88.4%) 17 (11.6%)  

M category   0.192† 
0 533 (95.1%) 27 (4.8%)  
1 106 (92.2%) 9 (7.8%)  

Stage   0.004† 
I 107 (99.0%) 1 (1.0%)  
II 208 (96.3%) 8 (3.7%)  
III 219 (92.4%) 18 (7.6%)  
IV 105 (92.1%) 9 (7.9%)  

†Wilcoxon rank-sum test 
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Table 2. Histologic features of CDX2 loss in colorectal cancers 

Parameters 
CDX2 intact 

(n=639, 94.7%) 

CDX2 loss 

(n=36, 5.3%) 
p value 

Differentiation   <0.001† 

Well differentiated 48 (98.0%) 1 (2.0%)  

Moderately differentiated 577 (95.8%) 25 (4.2%)  

Poorly differentiated 14 (58.3%) 10 (41.7%)  

Luminal necrosis   0.021* 

 Absent 60 (88.2%) 8 (11.8%)  

Present 579 (95.4%) 28 (4.6%)  

Tumor budding   >0.999 

 Absent 29 (96.7%) 1 (3.3%)  

Present 610 (94.6%) 35 (5.4%)  

Tumor-infiltrating 

lymphocytes 

  0.005 

 <8 487 (96.1%) 20 (3.9%)  

≥8 152 (90.5%) 16 (9.5%)  

Crohn-like 

lymphoid reaction 

  0.120 

 Absent 527 (95.3%) 26 (4.7%)  

Present 112 (91.8%) 10 (8.2%)  

Luminal serration   <0.001* 

Absent 611 (95.8%) 27 (4.2%)  

Present 28 (75.7%) 9 (24.3%)  

Mucin production   0.027* 

Absent 569 (95.5%) 27 (4.5%)  

Present 70 (88.6%) 9 (11.4%)  

†Wilcoxon rank-sum test 

*Fisher’s exact test 
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Table 3. Molecular features of CDX2 loss in colorectal cancers 

Parameters 
CDX2 intact 

(n=639, 94.7%) 
CDX2 loss 

(n=36, 5.3%) 
p value 

MSI   <0.001* 
MSI-L, MSS 595 (96.0%) 25 (4.0%)  
MSI-H 44 (80.0%) 11 (20.0%)  

CIMP   <0.001* 
CIMP-0,L 612 (97.1%) 18 (2.9%)  
CIMP-H 27 (60.0%) 18 (40.0%)  

Molecular subtype   <0.001 
 CIMP-0,L/MSI-
L,MSS 

576 (97.1%) 17 (2.9%)  

 CIMP-0,L/MSI-H 36 (97.3%) 1 (2.7%)  
 CIMP-H/MSI-
L,MSS 

19 (70.4%) 8 (29.6%)  

 CIMP-H/MSI-H 8 (44.4%) 10 (55.6%)  
KRAS   0.651 

Wild type 446 (94.8%) 24 (5.2%)  
Mutant type 156 (94.0%) 10 (6.0%)  

BRAF   0.051* 
Wild type 599 (95.1%) 31 (4.9%)  
Mutant type 34 (87.2%) 5 (12.8%)  

CK7 expression   <0.001 
Negative 600 (96.9%) 19 (3.1%)  
Positive 39 (69.6%) 17 (30.4%)  

CK20 expression   <0.001 
Retained 581 (96.8%) 19 (3.2%)  
Loss 58 (77.3%) 17 (22.7%)  

*Fisher’s exact test 
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2. Prognostic implication of CDX2 loss in CRCs 

To identify whether there existed a difference between the 

survivals of CRCs with and without CDX2 loss, we performed log-

rank test with Kaplan-Meier method. CRCs with CDX2 loss showed 

poor overall survival (p<0.001) and progression-free survival 

(p<0.001) (Fig. 2). When stage-specific analysis was performed, 

stage III CRCs with CDX2 loss resulted in worse clinical outcomes 

than stage III CRCs with retained CDX2 (Fig. 3a, b). The 

relationship of CDX2 loss with poor prognosis was stronger in stage 

IV CRCs than in stage III CRCs (Fig. 3c, d). Regardless of the 

molecular subtype except for the CIMP-0,L/MSI-H subtype in 

which only one case showed CDX2 loss, CDX2 loss showed the 

tendency toward poor prognosis (Fig. 4). To determine whether 

CDX2 loss was an independent prognostic parameter, multivariate 

survival analysis was conducted using the Cox proportional-hazards 

regression model (Table 4). CDX2 loss was independent poor 

prognostic factor in overall survival (H.R., 2.38, 95% C.I., 1.44-3.94, 

p<0.001) and progression-free survival (H.R., 2.08, 95% C.I., 1.31-

3.31, p=0.002). 
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Figure 2. Kaplan-Meier survival curve.  

A. Overall survival, B. Progression-free survival. 
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Figure 3. Kaplan-Meier survival curves (Stage) 

A, C. Overall survival. B, D. Disease-free survival, in the patients 

with stage III or IV CRC according to CDX2 expressions status. 
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Figure 4. Kaplan-Meier curves(Molecular subtypes)  

A, B. Overall survival and Disease-free survival in patients with 

CRC of the CIMP-0, L/MSI-L, MSS subtype. C, D. overall survival 

and disease-free survival patients with CRC of molecular subtypes 

other than CIMP-0, L/MSI-L, MSS subtype.  
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Table 4. Multivariate survival analysis  

Parameter 
Overall Survival Progression-Free Survival 

H.R (95% C.I.) 
p 

value
H.R (95% C.I.) 

p 
value 

Stage 4.052 (3.316-4.951) <0.001 3.835 (3.211-4.581) <0.001 
Differentiation 1.846 (1.132-3.011) 0.014 1.661 (1.065-2.591) 0.025 
Adjuvant 
chemotherapy 

0.280 (0.203-0.385) <0.011 0.427 (0.322-0.567) <0.001 

CDX2 loss 2.380 (1.437-3.940) <0.001 2.083 (1.313-3.305) 0.002 
Location 
(distal/proximal)

0.703 (0.502-0.966) 0.030 - 0.384 

Age - 0.140 - 0.522 
Sex 
(female/male) 

- 0.991 - 0.140 

CIMP - 0.701 - 0.812 
MSI - 0.446 - 0.979 
CK7 
expression 

- 0.870 - 0.382 

CK20 loss - 0.871 - 0.944 
H.R.: Hazard ratio, C.I.: confidence interval 
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Table 5. Multivariate logistic regression analysis performed to  

assess independent relationships of multiple variables with CDX2 loss 

Variables O.R. (95% C.I.) p value 
Sex (female / male) 0.70 (0.26 – 1.89) 0.483 
Location (proximal / distal) 1.42 (0.53 – 3.76) 0.485 
Gross (infiltrative / fungating) 2.36 (0.86 – 6.52) 0.097 
T category 4.91 (1.59 – 15.18) 0.006 
N category 0.87 (0.46– 1.64) 0.664 
M category 1.27 (0.35– 4.56) 0.717 
Differentiation 5.84 (1.35– 25.24) 0.018 
CIMP (CIMP-H / CIMP-0,L) 8.44 (2.61 – 27.29) <0.001 
MSI (MSI-H / MSS/MSI-L) 2.00 (0.57 – 7.03) 0.278 
CK7 expression 14.86 (5.15 – 42.82) <0.001 
CK20 loss 7.27 (2.40 – 22.08) <0.001 
KRAS mutation 2.15 (0.75 – 6.16) 0.154 
BRAF mutation 1.91 (0.40 – 9.16) 0.418 
O.R.: Odds ratio, C.I.: confidence interval 
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3. Mechanisms for loss of CDX2 expression in colon cancer cell lines. 

To identify loss of CDX2 expression in colorectal cancer, we 

investigated CDX2 expression in 10 colon cancer cell lines by RT-

PCR (Fig. 5a). GAPDH was used to internal control to compare 

relative CDX2 mRNA level. We found that mRNA level of CDX2 

relative to GAPDH in SNU-C2A, HT-29, and WiDr cancer cell was 

much lower than in other colon cancer cell lines. All of the 10 colon 

cancer cell lines were adherent cells except SNU-C1, and SNU-

175, which were suspension cells. But there was no difference 

between adherent and suspension cell in respect to CDX2 

expression.  

 

3.1 CDX1 versus CDX2 expression 

In cells, expression of gene could be dysregulated by several 

factors, which include genetic alteration, epigenetic modifications 

(DNA methylation and histone modification), and posttranscriptional 

event (microRNA interference). But, since a previous study has 

demonstrated that 2 alleles of CDX2 were wild type in HT-29 cells  

[34], CDX2 expression in HT-29 cells is less likely to be repressed 

by genetic alteration, especially deletion. It was already turned out 
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that genetic alteration of CDX2 gene in colon cancer was rarely 

identified [35]. And microRNAs might have an effect on CDX2 

expression as well. microRNAs reduce translational efficiency of 

RNA or degrade mRNA by binding 3′-UTR of mRNA perfectly and 

by accelerating mRNA decapping [36]. It has been demonstrated 

that miRNA-9, 16, and 22 induced by exogenous CDX1 expression 

could inhibit CDX2 expression by binding 3′-UTR in colon cancer 

cell line [37]. Therefore, we assumed that CDX2 expression might 

be negatively correlated with CDX1 expression. So we examined 

CDX1 expression in colon cancer cell line to identify repression 

effect by microRNA indirectly (Fig. 5a). However, expression of 

CDX2 mRNA was not negatively correlated with CDX1 expression. 

But contrary to our expectations, its expression was consistent with 

CDX1 mRNA levels except SW480E, and Caco2, which indicates that 

CDX2 loss is less likely to be repressed by miRNA-9, 16, and 22. 

 

3.2.  CDX2  loss vs. CIMP-H  in colon cancer cell lines 

In line with a previous study [22] showing that CDX2 loss in 

colorectal cancer is independently associated with CIMP-H (high 

levels of CIMP), MethyLight–based determination of CIMP 
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(CACNA1G, CDKN2A, CRABP1, IGF2, MLH1, NEUROG1, RUNX3 

and SOCS1) in colon cancer cell lines displayed close association of 

CIMP-H with CDX2 loss (Fig. 5b). HT-29 and WiDr colon cancer 

cells, in which expression level of CDX2 was diminished, were 

CIMP-H type. However, SNU-C2A which was CIMP-L type, also 

exhibited loss of CDX2 expression.  
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Figure 5. Loss of CDX2 expression in colon cancer cell lines. 

A. Expression of CDX2 and CDX1 in colon cancer cell lines. CDX2 

expression was lost in some colorectal cancer cell lines. CDX1 

mRNA levels were corresponded with CDX2 expression except 

SW480E, and Caco2. GAPDH was used to a internal control. B. 

Results of MethyLight in colon cancer cell lines. HT-29 and WiDr 

colon cancer cells were CIMP-H type and SNU-C2A was CIMP-L 

type 
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4. Changes of CDX2 expression by DNA methyltransferse inhibitor, 5-AZA. 

To identify relationship between loss of CDX2 expression and DNA 

methylation, we tried to examine expression change of CDX2 after 

use of chemical inhibitors (5-aza-2’-deoxycytidine (5-AZA) and 

trichostatin A (TSA)) (Fig. 6a & b). 5-AZA is a DNA 

methyltransferase inhibitor that helps increase of gene expression 

by forming open chromatin structure. TSA has a role as a histone 

deacetylase inhibitor, which prevents histone deacetylase from 

making inactive chromatin and thus contributes to gene expression. 

Here, as 5-AZA and TSA were dissolved in acetic acid and EtOH, 

respectively, and diluted, cells treated with solvent only (ethanol or 

acetic acid) were considered a control. Relative expression of 

CDX2/GAPDH was measured using Image J program. But CDX2 

expression was not increased in the three cancer cell lines 

efficiently, which was consistent with previous studies [27],[34], 

where relative expression level of CDX2/GAPDH mRNA in HT-29 

and WiDr cancer cells was not changed after treating 5-AZA. 
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Figure 6. Changes of CDX2 expression in the presence or absence of 

5-AZA, TSA treatment.  

A. CDX2 expression was not increased in all three cancer cell lines 

efficiently. RT-PCR. B. Graph of relative CDX2/GAPDH mRNA level 

in three colon cancer cell lines after treating 5-AZA, TSA. 
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5. Methylation of CDX2 promoter region analyzed by bisulfite sequencing 

Also, we tried to analyze methylation status of individual CpG sites 

located within promoter CpG island locus through bisulfite 

sequencing. We selected promoter region from -178 upstream 

transcription start site (TSS) to +137 downstream TSS containing 

17 CpG sites for bisulfite sequencing (Fig. 7). Besides HT-29, 

SNU-C2A and WiDr, we selected 2 additional cell lines, SW480E 

and LoVo, in which CDX2 mRNA expression were not downregulated. 

SW480E and LoVo were also CIMP-L type cell. Matched with our 

previous experiments, we could ascertain partially methylated CpG 

sites within this region in WiDr using bisulfite sequencing as well 

(Fig. 8). But, we could almost never observe methylated CpG sites 

in HT-29 which was CIMP-H type cell. Our result of bisulfite 

sequencing of 5 individual clones from HT-29 was almost matched 

with a previous study [27], where CpG sites of CDX2 CpG island 

locus spanning exon 1 were not methylated. On the contrary to this, 

SNU-C2A, which was CIMP-L type, had methylated CpG sites. 

These results meant that CDX2 expression in colon cancer was not 

repressed by DNA hypermethylation and more repressive 

mechanism than DNA methylation might have an effect on CDX2 loss.  
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Figure 7. CpG island in the CDX2 promoter region and bisulfite 

sequencing region. 

There are two CpG islands within this region. CpG island1 is distal 

region and CpG island2 is proximal region. Bisulfite sequencing 

primer was designed within the proximal region.  
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Figure 8. Bisulfite sequencing results of CDX2 promoter region 

(proximal CpG island) in colon cancer cell lines 

SW480E and LoVo, CIMP-L type cell, were unmethylated in 

proximal CpG islands, while WiDr which was CIMP-H type cell had 

partially methylated CpG sites within this region. On the contrary to 

this, HT-29, CIMP-H type, was unmethylated in proximal CpG 

islands and SNU-C2A which was CIMP-L type, had methylated CpG 

sites. Open circles represent unmethylated CpG site and filled 

circles show methylated CpG sites. 
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6. Association between expressions of CDX2 and HNF4α 

Transacting factor regulating transcription of CDX2 gene could 

contribute to CDX2 loss as well. Four transcription factors (TBX3, 

POU5F1(Oct4), TCF4, MSX2) were found to be correlated with 

CDX2 expression through analysis of cDNA expression data from 

143 colon cancer cell lines (help from Dr. Seon-Young Kim(Korea 

Research Institute of Bioscience and Biotechnology, Korea)). Among 

the factors, reciprocal repression between Oct4 and CDX2 during 

mammalian development was already identified [38]. In addition to 

these factors, a recent study has demonstrated that HNF4α binding 

at -9.3kb region of CDX2 promoter might influence CDX2 

expression in intestinal cancer [39]. In this regard, we compared 

expression of TBX3, Oct4 and HNF4α to CDX2 expression in CRC 

cell line with RT-PCR (Fig. 9). There was no relationship between 

TBX3, Oct4 and CDX2, whereas there existed a strong association 

between expressions of HNF4α and CDX2 except SW480E. 

Expression of HNF4α was down-regulated in HT-29, SNU-C2A, 

and WiDr in which CDX2 expression was down-regulated. 

Identification of a relationship between expressions of CDX2 and 

HNF4α through RT-PCR suggested that dysregulation of CDX2 
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expression might be related with HNF4α. 
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Figure 9. Expression patterns of CDX2 and associated transcription 

factor(Oct4,TBX3, and HNF4α).  

There was no relationship between TBX3, Oct4 and CDX2. However, 

there existed strong association between HNF4α and CDX2, except 

SW480E. GAPDH was used to internal control. RT-PCR.  



36 

Discussion 

In the present study, CDX2 loss was found in 5.3% of overall 

CRCs and closely associated with both MSI-H and CIMP-H. The 

frequency of CDX2 loss was very low in the CIMP-0, L/MSI-H 

subtype and also in the CIMP-0, L/MSI-L, MSS subtype. Although 

CDX2 loss has been known to be closely associated with MSI-H, 

our study indicates that the relationship of CDX2 loss with MSI-H is 

valid in the context of CIMP-H. This is consistent with Baba et al.’

s study in which CDX2 loss was significantly associated with CIMP 

but not with MSI in multivariate analysis [22]. Although CDX2 loss 

was more frequent in the CIMP-H/MSI-H subtype than in the 

CIMP-H/MSI-L,MSS subtype, the association was statistically 

insignificant (55.6% vs. 29.6%, P=0.122, Fisher’s 2-sided exact 

test). To identify whether CIMP-H was independently associated 

with CDX2 loss regardless of MSI status, we performed multivariate 

logistic regression analysis (Table 5). And we confirmed that 

CIMP-H was significantly associated with CDX2 loss but MSI-H 

was not.  

Lugli et al. have correlated loss of CDX2 expression with 

clinicopathologic features of CRCs (n=1,420) in the context of MSI 
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and found that loss of CDX2 expression is associated with higher T 

stage, N stage, and tumor grade, more frequent vascular invasion 

and proximal colon location in mismatch repair-proficient CRCs [40]. 

However, loss of CDX2 expression was significantly associated with 

proximal colon location only in mismatch repair-deficient CRCs [16]. 

Using a database of 621 CRCs in two prospective cohort studies, 

Baba et al. examined the relationship between loss of CDX2 

expression and clinicopathological and molecular variables and found 

a significant association between loss of CDX2 expression and 

higher cancer-specific and overall mortality in Univariate analysis 

but no significant association in multivariate analysis [22]. However, 

when survival analysis was restricted to patients with family history 

of CRC, Baba et al. found a significant association between loss of 

CDX2 expression and cancer-specific or overall mortality in 

multivariate analysis. In the present study, loss of CDX2 expression 

was independently associated with shorter overall or progression-

free survival in multivariate Cox model adjusting for potential 

confounders. Regardless of the molecular subtype, CRCs with CDX2 

loss exhibited shortened survival time than that of those without 

CDX2 loss. In the CIMP-L,0/MSI-L,MSS subtype which was the 
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predominant type, comprising 87.9% of the present study samples, 

CDX2 loss was found at 2.9% of the subtype and closely associated 

with shortened survival. Although no difference was seen in the 

survival for stage I or II patients depending on status of CDX2 

expression, stage III or IV CRCs clearly displayed survival 

difference depending on status of CDX2 expression. Particularly, for 

stage IV cancers, overall and disease-free survivals were 

significantly different depending on status of CDX2 expression, 

indicating potential utility of CDX2 expression status as a marker to 

predict outcome for patients with stage IV CRC. 

The specific mechanisms underlying loss of CDX2 expression are 

still unclear. Expression of genes is dysregulated by genetic 

alteration, epigenetic modification (DNA methylation and methylation, 

acetylation, phosphorylation, etc. of histone tail), and 

posttranscriptional event like microRNA interference. Some 

researchers analyzed CRC samples for mutations of CDX2 but did 

not find any mutation except for loss of heterozygosity (LOH) which 

was found in approximately 10% of CRCs [35, 41, 42]. Despite the 

association of CDX2 loss with MSI, instability at (G)7 repeat site 

located within the exon3 was very rare and found at approximately 
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5% of MSI-H CRCs [35, 43]. Recent studies indicate that loss of 

CDX2 expression is associated with MSI-H because of its 

relationship with CIMP-H and that loss of CDX2 expression is 

associated with CIMP-H but not MSI-H in multivariate analysis [22, 

23]. Thus, loss of CDX2 expression in CRC was not likely to be 

related with genetic alteration. And it was not negatively correlated 

with CDX1, which meant it was not downregulated by miRNA 

induced by exogenous CDX1 expression.  

We examined relationship between CDX2 loss and DNA 

hypermethylation using pharmacological unmasking methods (5-

AZA and TSA) and bisulfite sequencing. We analyzed three cell lines 

in which CDX2 expression was downregulated, for their methylation 

status in CDX2 promoter CpG island locus and attempted to induce 

CDX2 expression in CRC cell lines with treatment of 5-AZA and 

TSA. Two cell lines showed partial methylation (SNU-C2A and 

WiDr) but no induction of CDX2 gene expression by the treatment of 

5-AZA alone or both 5-AZA and TSA (Fig. 6a & b). Our results 

was in line with result of Hinoi et al.’s study [34] in which treatment 

of 5-AZA and TSA in RKO and WiDr with no or reduced expression 

of CDX2 did not induce CDX2 expression. This finding indicates that 
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loss of CDX2 expression was not mediated by DNA 

hypermethylation and more repressive mechanism might contribute 

to it. Recently, Duluc team has stressed that, of the endodermal 

transcription factors involved in CDX2 regulation of the normal gut, 

including HNF4α, GATA6, TCF4, KLF, and SOX2 [44], HNF4α is 

an important factor of the deregulation of CDX2 in CRCs, which is 

based on the findings that CDX2 and HNF4α displayed similar 

alteration patterns in CRC tissue samples and that changing 

experimentally the level of HNF4αin CRC cell lines modified CDX2 

expression in the same way [39]. However, another study [44] has 

demonstrated extensive CDX2 binding at the HNF4α locus, which 

suggests that CDX2 regulates HNF4α expression directly. We 

analyzed HNF4α expression in colon cancer cell lines and found 

that patterns of HNF4α expression were similar with those of 

CDX2 expression, which indicates a close relationship between 

CDX2 and HNF4α expression. 

In conclusion, we have analyzed 675 cases of CRC for their CDX2 

expression status using immunohistochemistry and correlated CDX2 

expression status with clinicopathologic and molecular features. 

CDX2 loss was closely associated with CIMP-H and poor 
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differentiation and found to be an independent parameter heralding 

poor prognosis, which suggests that CDX2 loss might be utilized as a 

prognostic marker for advanced CRCs. 
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국문 초록 

Caudal type homeobox 2(CDX2)는 증식을 억제하고 분화와 장에 특성

화된 유전자의 발현을 촉진시킴으로써 장 발달에 있어 필수적인 역할을 

하는 전사 인자를 부호화하는 Drosophila의 caudal과 관련된 homeobox 

유전자이다. 성인에서 CDX2의 발현은 십이지장으로부터 직장까지의 장

으로 제한되는데, 그것은 CDX2가 장 표피에서 기원한 세포에 대한 특성

화된 마커로서 여겨지고 폐 또는 간에서의 전이성 선암에서 대장 기원을 

확인하는데 이용되는 것을 가능하게 한다. 장의 발달과 분화에 있어 중요

한 역할을 하는 것 이외에도 CDX2는 대장암에서 암 억제 유전자로서의 

역할을 하는 것으로 알려져 있다. CDX2의 발현이 대장암에서 종종 손실

되는데, 그것이 CDX2가 암 억제 유전자로서 기능을 할 지도 모른다는 

것을 암시한다.  

그러나 CDX2가 장 표피세포의 유지와 대장암에서 그러한 중요한 역할

을 함에도 불구하고 대장암에서 그것의 임상병리학적인 특징과 예후에 

대해서는 잘 알려지지 않았다. 이러한 점에서 우리는 면역조직화학법을 

이용해서 675개의 대장암 세포에서 CDX2의 발현을 관찰하였고 그것을 

조직학적, 분자적 특징과 비교하였다.  

그 결과 우리는 36명(5.3%)의 환자에서 CDX2의 발현 손실이 일어

났고, CDX2의 발현 손실은 microsatellite instability(MSI), CpG 

isalnd methylator phenotype(CIMP), 그리고 안 좋은 예후와 관련 

있다는 것을 확인했다. 대장암은 CIMP와 MSI의 조합에 기초하여 

CIMP+/MSI+, CIMP+/MSI-, CIMP-/MSI+, 그리고 CIMP-/MSI-를 

포함하는 4개의 molecular subtype으로 분류될 수 있다.  
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대장암에서 CDX2 손실의 메커니즘과 관련하여 Promoter CpG 

island의 과메틸화는 CDX2의 발현 감소에 관여하지 않는 것으로 밝혀

졌지만 HNF4α의 발현 감소는 대장암에서 CDX2의 발현 감소에 관여

하는 것으로 보여진다. 

결론적으로 대장암에서 CDX2의 발현 손실은 CIMP-H, 불량한 분화

와 밀접하게 관련 있고 그것은 안 좋은 예후를 알리는 독립적인 인자로 

확인되었는데, 이는 CDX2 발현 손실이 후기 대장암에 대한 진단 마커

로서 이용될 수도 있다는 것을 암시한다.  
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