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Abstract
AIM: To investigate the clinicopathologic characteristics 
and prognostic implications associated with loss of 
CDX2 expression in colorectal cancers (CRCs).

METHODS: We immunohistochemically evaluated 
CDX2 expression in 713 CRCs and paired our findings 
to clinicopathologic and molecular characteristics of 
each individual. Endpoints included cytokeratin 7 and 
CK20 expression, microsatellite instability, CpG island 
methylator phenotype, and KRAS  and BRAF  mutation 
statuses. Univariate and multivariate survival analysis 
was performed to reveal the prognostic value of CDX2 
downregulation.

RESULTS: CDX2 expression was lost in 42 (5.9%) 
patients. Moreover, loss of CDX2 expression was 
associated with proximal location, infiltrative growth, 
advanced T, N, M and overall stage. On microscopic 
examination, loss of CDX2 expression was associated with 
poor differentiation, increased number of tumor-infiltrating 
lymphocytes, luminal serration and mucin production. Loss 
of CDX2 expression was also associated with increased 
CK7 expression, decreased CK20 expression, CpG island 
methylator phenotype, microsatellite instability and BRAF 
mutation. In a univariate survival analysis, patients with 
loss of CDX2 expression showed worse overall survival 
(P < 0.001) and progression-free survival (P < 0.001). In 
a multivariate survival analysis, loss of CDX2 expression 
was an independent poor prognostic factor of overall 
survival [hazard ratio (HR) = 1.72, 95%CI: 1.04-2.85, P = 
0.034] and progression-free survival (HR = 1.94, 95%CI: 
1.22-3.07, P = 0.005).
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CONCLUSION: Loss of CDX2 expression is associated 
with aggressive clinical behavior and can be used as a 
prognostic marker in CRCs.
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Core tip: CDX2 is considered a tumor-suppressor gene 
and its expression is decreased in some colorectal 
cancers (CRCs). Immunohistochemical analysis of 
two different anti-CDX2 primary antibodies revealed 
that 5.9% of CRCs showed loss of CDX2 expression. 
Loss of CDX2 expression is associated with CpG 
island methylator phenotype, microsatellite instability, 
aggressive tumor behavior and poor clinical outcome. 
Patients with loss of CDX2 expression showed poor 
clinical outcome in univariate and multivariate survival 
analyses. Loss of CDX2 expression can be used as an 
independent prognostic marker in CRCs, especially 
stage Ⅳ CRCs.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common 
cancer in the United States, and its incidence is 
rapidly increasing in East Asia[1]. Currently, it is the 
second and the third most common cancer in males 
and females in South Korea, respectively[2]. CRC is 
a heterogeneous disease in terms of its molecular 
features, which change along the bowel subsites[3,4]. 
Although cancer staging according to the guidelines 
of the American Joint Committee on Cancer helps 
to estimate prognosis and to select primary and 
adjuvant therapy, the results of the treatment are 
variable within the same cancer stage because of the 
heterogeneity of the molecular changes. Significant 
efforts have been aimed at identifying biomarkers 
to assist in predicting the response to therapy and 
disease outcome.

CDX2 is a Drosophila caudal-related homeobox 
gene that encodes a transcription factor and plays 
an essential role in the development of the intestine 
by inhibiting proliferation, and promoting both dif
ferentiation and the expression of intestine-specific 
genes[5-9]. The intestine-specific gene expression 
requires tightly regulated activity of transcription 
factors, including HNF4α, GATA factors, ETS, CDX1 
and CDX2, both individually and in concert[10-14]. 
The expression of CDX2 in adults is restricted to the 
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intestine, from the duodenum to the rectum. CDX2 
is regarded as a specific marker of the intestinal ep
ithelial cells that can be utilized for identifying the 
colorectal origin of metastatic adenocarcinomas[15].

In addition to play an important role in the deve
lopment and differentiation of the intestine, CDX2 
has also been known to exert a tumor-suppressor 
role in CRCs. The tumor-suppressor function of 
CDX2 in CRCs has been evidenced by an increased 
susceptibility for tumors in heterozygous Cdx2+/- 
mice, accelerated G1-S cell cycle transition, and 
increased chromosomal instability in colon cancer 
cell lines with reduced levels of CDX2[16,17]. The 
N-terminal and homeobox domains of CDX2 have 
been demonstrated to stabilize p27Kip1 by blocking its 
ubiquitylation, inhibit the activity of cyclin E-CDX2, 
and block the progression of G0/G1-S in colon 
cancer cells[18]. In addition, CDX2 has been shown 
to bind β-catenin directly and disrupt the β-catenin-
TCF protein complexes, thereby resulting in the 
suppression of Wnt/β-catenin signaling and cell 
proliferation[19].

Most CRCs show strong nuclear expression of 
CDX2, but loss or decrease of CDX2 expression is 
reported in 10%-30% of cases[15,20-22]. Furthermore, 
loss of CDX2 expression in CRCs correlates with tumor 
differentiation, proximal tumor location, microsatellite 
instability (MSI), CpG island methylator phenotype 
(CIMP) and BRAF mutation[21,23-26]. Previous clinical 
studies have shown poor survival of CRC patients 
with loss of CDX2 expression, but the independent 
prognostic value of CDX2 downregulation is still 
controversial[21,22,27].

In the present study, we aimed to explore the 
clinicopathologic and molecular characteristics of CDX2 
expression and to assess the independent prognostic 
value of loss of CDX2 expression.

MATERIALS AND METHODS
Tissue samples
Nine-hundred and eighty-nine CRC patients un
derwent curative surgery in Seoul National University 
Hospital, Seoul, South Korea from January to 
December 2006. Initially 734 cases were subjected 
to clinicopathologic and molecular analysis following 
the exclusion of patients with refusal of molecular 
study, non-invasive cancers, neo-adjuvant treatment 
history, familial adenomatous polyposis, and multiple 
or recurrent tumors[28]. Among them, 713 cases 
with complete data for CIMP status, MSI status and 
CDX2 immunohistochemistry results were selected. 
This study was approved by the Institutional Review 
Board.

Clinicopathologic analysis
Clinicopathologic characteristics including age, sex, 
tumor location, and TNM stage were obtained from 
electronic medical records. Through microscopic 
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examination of representative tumor sections, two 
pathologists (JMB and GHK) without knowledge 
of the CIMP, MSI, KRAS and BRAF mutation 
statuses evaluated each of the specimen for tumor 
differentiation, luminal necrosis, Crohn’s-like lym
phoid reaction, number of tumor-infiltrating lym
phocytes, luminal serration and extraglandular 
mucin production. The overall survival (OS) and pro
gression-free survival (PFS) data were extracted from 
the patient’s medical records, direct interviews with 
the surviving patients or their family members or 
from death registry offices.

Evaluation of CK7, CK20 and CDX2 expression
Two-millimeter-core tissue microarrays were con
structed from formalin-fixed paraffin-embedded 
(FFPE) tissue from each tumor sample. Immu
nohistochemical analysis was performed with com
mercially available antibodies against cytokeratin 7 
(CK7) (clone OV-TL 12/30, DAKO), cytokeratin 20 
(CK20) (clone Ks20.8, DAKO) and nuclear protein 
CDX2 (clone CDX2-88, Biogenex). To validate 
CDX2 expression in immunohistochemistry, CDX2 
expression was re-evaluated using another primary 
antibody (clone EPR2764Y ready-to-use, CellMarque). 
For the interpretation of immunohistochemical stain 
results, cytoplasmic and/or membranous CK7, CK20 

and nuclear CDX2 were scored as the percentage 
of positive tumor cells. Then, cut-off scores, which 
maximize sensitivity and specificity for known as
sociated molecular features of CIMP-high and MSI-
high cases, were determined by receiver operating 
characteristic (ROC) curve analysis[29]. To guarantee 
the reliability of the ROC curve-derived cut-off 
scores, 100 bootstrapped replications of the data 
were performed to re-sample data. The resulting cut-
off scores for increased CK7 expression, decreased 
CK20 expression and loss of CDX2 expression were 
10%, 50% and 20%, respectively (Figure 1).

KRAS, BRAF mutation and MSI analysis
Through histologic examination, the representative 
tumor portions were marked and then subjected 
to manual micro-dissection. The dissected tissues 
were collected into microtubes containing lysis buffer 
and proteinase K and were incubated at 55 ℃ for 
2 d. Direct sequencing of KRAS codons 12 and 13 
and allele-specific polymerase chain reaction (PCR) 
for BRAF codon 600 were performed as previously 
described[30]. The MSI status of each tumor and paired 
normal mucosa sample was determined by 5 NCI 
markers, including BAT25, BAT26, D2S123, D5S346 
and D17S250. MSI-high was defined as 2 or more 
markers being associated with alleles of altered size in 
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Figure 1  Immunohistochemical study findings of colorectal cancers (magnification × 200). A: CK7 expression; B: retained CK20 expression; C: retained 
CDX2 expression; D: CK7 no-expression; E: decreased CK20 expression; F: loss of CDX2 expression. CK: Cytokeratin.
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tumor DNA compared with DNA from normal mucosa, 
and MSI-low was defined as 1 marker being associated 
with alleles of altered size in tumor DNA compared 
with DNA from non-tumor tissue. Microsatellite stable 
(MSS) was defined as the absence of instability.

Analysis of the CpG island methylator phenotype
Bisulfite DNA modification and real-time PCR-based 
methylation assays (MethyLight) were performed as 
previously described[30]. We quantified the methylation 
of 8 CIMP-specific CpG islands (CACNA1G, CDKN2A, 
CRABP1, IGF2, MLH1, NEUROG1, RUNX3 and SOCS1). 
CIMP-high was defined as ≥ 5 methylated markers of 
the 8-marker CIMP panel, CIMP-low was defined as 
≤ 4 of the 8 markers being methylated, and CIMP-0 
was defined as 0 methylated markers.

Statistical analysis
SAS software (version 9.3 for Microsof Windows; 
SAS Institute, Cary, NC, United States) was used for 
statistical analyses. ROC curves and Kaplan-Meier 
curves were constructed using R software. The age of 
each group was compared using Student’s t test. For 
the comparison of two different anti-CDX2 primary 
antibodies, Wilcoxon’s signed rank test, Spearman’s 
rank order correlation test, and McNemar test were 
used. The other clinicopathologic characteristics 
between and among groups were compared using 
Pearson’s χ 2 test, Wilcoxon’s rank-sum test or 
Fisher’s exact test for non-parametric variables. OS 
and PFS were assessed by the Log-rank test with 
Kaplan-Meier survival curves. The Cox-proportional 
hazard model was used for multivariate survival 
analyses, with adjustments for variables that may 
be significant prognostic factors according to the 
univariate analyses. The time-dependent covariate 
method was used to test proportional hazard assu
mption. All statistical tests were two-sided, and 
statistical significance was defined as P < 0.05.

RESULTS
Patient characteristics
A total of 713 CRC patients (median age: 62, range: 
20-90) were included. The male to female ratio was 
1.48:1 (434 male and 279 female). 191 patients had 
proximal colon cancer, whereas 286 and 236 patients 
had distal colon and rectal cancers, respectively. 
466 patients received 5-fluorouracil based adjuvant 
chemotherapy.

Evaluation of CDX2 expression in colorectal 
cancers using two different primary antibodies in 
immunohistochemistry
To evaluate CDX2 expression in formalin-fixed paraffin 
embedded tissues, we performed immunohistochemistry 
using two different primary anti-CDX2 antibodies, 
clone CDX2-88 (Biogenex) and clone EPR2764Y 
ready-to-use (CellMarque). The mean percentage of 

CDX2 expression in CRCs was 85.1% ± 24.2% using 
CDX2-88 and 93.1% ± 24.0% using EPR2764Y (Figure 
2). Although the percentage of tumor areas expressing 
CDX2 as determined by CDX2-88 was lower than 
that that as determined by EPR2764Y (P < 0.001, 
Wilcoxon’s signed rank test), the percentage of tumor 
areas expressing CDX2 showed moderate correlation 
(Spearman’s rho = 0.421, P < 0.001, Spearman’s 
rank order test) between two antibodies. To reveal 
the clinicopathologic and molecular characteristics 
associated with a loss of CDX2 expression in CRCs, 
we employed an arbitrary cut-off of less than 20% of 
nuclear positivity of tumor cells in order to maximize 
sensitivity and specificity for molecular features known 
to be associated with CIMP-high and MSI-high, using 
ROC curves. The areas under the CIMP-high curves 
were 0.765 using CDX2-88 and 0.713 using EPR2764Y. 
The areas under the MSI-high were 0.646 using 
CDX2-88 and 0.541 using EPR2764Y. Using this cut-off, 
42 patients (5.9%) showed loss of CDX2 expression 
using CDX2-88 and 43 patients (6.0%) showed loss 
of CDX2 expression using EPR2764Y. Inter-clone 
agreement for CDX2 expression was tolerable between 
two primary antibodies (Kappa = 0.687, P = 0.842, 
McNemar test).

CK7, CK20 and CDX2 expression according to CIMP and 
MSI status
Among 713 CRCs, CIMP-high and MSI-high statuses 
were detected in 46 (6.5%) and 61 CRC tumors 
(8.6%), respectively. Expression of CK7, CK20 and 
CDX2 expression are summarized according to CIMP 
status and MSI status were summarized in Table 
1. Expression of CK7 was increased in CIMP-high 
CRCs compared to CIMP-0, low CRCs (P = 0.004). 
However, CK7 expression was not significantly 
different according to MSI status (P = 0.082). CK20 
expression was decreased in CIMP-high CRCs (P = 
0.022) and MSI-high CRCs (P < 0.001) compared 
to CIMP-0, low CRCs and MSS, MSI-low CRCs, 
respectively. CDX2 expression was decreased in 
CIMP-high and MSI-high CRCs compared to CIMP-0, 
low CRCs and MSS, MSI-low CRCs, respectively (P < 
0.001) (Figure 2).

Clinicopathologic and molecular features in CRCs with 
loss of CDX2 expression
Detailed clinicopathologic features and histologic features 
are summarized according to CDX2 expression in Tables 
2 and 3. Loss of CDX2 expression was associated with 
proximal location (P < 0.001), infiltrative gross type (P 
= 0.010) and high TNM stage (P for T category = 0.005, 
P for N category < 0.001, P for M category=0.039 and 
P for stage < 0.001). On microscopic examination, 
CRCs with a loss of CDX2 expression exhibited a 
close association with poor differentiation (P < 0.001), 
increased number of tumor-infiltrating lymphocytes 
(P = 0.013), luminal serration (P < 0.001) and mucin 
production (P = 0.016). On a molecular level, loss of 
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Table 1  Expression of CK7, CK20 and CDX2 in colorectal cancers according to CpG island methylator phenotype and 
microsatellite instability status

CDX2 expression was associated with CIMP-high (P 
< 0.001), MSI-high (P < 0.001), BRAF mutation (P 
= 0.005), increased CK7 expression (P < 0.001) and 
reduced CK20 expression (P < 0.001) (Table 4).

To identify which clinicopathologic and molecular 
characteristics were independently associated with 
reduced CDX2 expression, we performed a multivariate 
logistic regression analysis (Table 5). We found that 
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Figure 2  Histogram for loss of CDX2 expression using two different anti-CDX2 primary antibodies in immunohistochemistry. A, B: Histogram of CDX2 
expression according to CIMP status (A: CDX2-88; B: EPR2764Y); C, D: Histogram of CDX2 expression according to MSI status (C: CDX2-88; D: EPR2764Y). CIMP: 
CpG island methylator phenotype; MSI: microsatellite instability; MSS: Microsatellite stable.

CIMP MSI

CIMP-0, low CIMP-high P  value1 MSS, MSI-low MSI-high P  value1

CK7   5.7 ± 20.5 18.7 ± 37.5    0.004   6.0 ± 21.2 12.6 ± 30.7    0.082
CK20 83.5 ± 26.4 69.2 ± 37.3    0.022 84.8 ± 25.0 58.9 ± 39.1 < 0.001
CDX2 (CDX2-88) 87.7 ± 20.1 48.3 ± 42.4 < 0.001 86.8 ± 21.8 67.3 ± 38.3 < 0.001
CDX2 (EPR2764Y) 95.6 ± 19.1 56.7 ± 47.8 < 0.001 93.8 ± 22.8 85.5 ± 33.8    0.036

1Wilcoxon’s rank-sum test. CIMP: CpG island methylator phenotype; MSI: Microsatellite instability; MSS: Microsatellite stable; CK: Cytokeratin.
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Table 4  Comparison of molecular characteristics of colorectal 
cancers with and without CDX2 expression  n  (%)

Table 3  Histologic features of colorectal cancers in patients 
with loss of CDX2 expression  n  (%)

Table 2  Clinicopathologic characteristics of colorectal cancer 
patients with loss of CDX2 expression  n  (%)

differentiation, CIMP-high, increased CK7 expression 
and decreased CK20 expression were independently 
associated with loss of CDX2 expression.

Prognostic implication of decreased CDX2 in CRCs
Survival data for these patients was collected until 
August 14, 2011. Median duration of follow-up was 
56.5 mo (range: 0.3-89.8 mo). During follow-up, 
203 patients died and 255 patients recurred. In 
univariate survival analysis using a log-rank test with 
Kaplan-Meier plot, CRC patients with loss of CDX2 
expression showed shorter OS and PFS [OS; median 
survival: 34.7 mo (1.5-89.2 mo), P < 0.001, PFS; 
median survival: 10.5 mo (1.1-89.2 mo), P < 0.001] 
than CRC patients with retained CDX2 expression 
[OS; median survival: not reached (0.3-89.8 mo), 
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Parameters CDX2-retained
671 (94.1)

Loss of CDX2 
expression
42 (5.9)

P  value

Age (median) 60.9 ± 11.5 62.2 ± 12.1     0.5031

Sex    0.070
   Male 414 (61.7) 20 (47.6)
   Female 257 (38.1) 22 (52.4)
Location < 0.001
   Proximal colon 166 (24.7) 25 (59.5)
   Distal colon 276 (41.1) 10 (23.8)
   Rectum 229 (34.1)   7 (16.7)
Gross type    0.009
   Fungating 451 (67.2) 20 (47.6)
   Ulcerative 220 (32.8) 22 (52.4)
T category    0.005
   T1, 2 135 (20.1) 1 (2.4)
   T3, 4 536 (79.9) 41 (97.6)
N category < 0.001
   N0 355 (52.9) 10 (23.8)
   N1, 2 316 (47.1) 32 (76.2)
M category    0.039
   M0 562 (83.8) 30 (71.4)
   M1 109 (16.2) 12 (28.6)
Stage < 0.001
   Ⅰ, Ⅱ 331 (49.3)   9 (21.4)
   Ⅲ, Ⅳ 340 (50.7) 33 (78.6)
Adjuvant chemotherapy    0.854
   Not treated 233 (34.7) 14 (33.3)
   Treated 438 (65.3) 28 (66.7)

1Student’s t test. HPF: High power field. Cut-off for loss of CDX2 expression: 
< 20% of tumor cells showing nuclear positivity.

Parameters CDX2-
retained

671 (94.1)

Loss of CDX2 
expression
42 (5.9)

P  value

Differentiation < 0.0011

   Differentiated 656 (97.8)   31 (73.8)
   Undifferentiated 15 (2.2)   11 (26.2)
Luminal necrosis    0.0531

   Absent 61 (9.1)     8 (19.1)
   Present 610 (90.9)   34 (80.9)
Tumor budding > 0.9991

   Absent 29 (4.3)   1 (2.4)
   Present 642 (95.7)   41 (97.6)
Tumor-infiltrating lymphocytes    0.013
   Low (< 8/HPF) 513 (76.4)   25 (59.5)
   High (≥ 8/HPF) 158 (23.6)   17 (40.5)
Crohn’s-like lymphoid reaction < 0.0011

   Absent 552 (82.3)   32 (76.2)
   Present 119 (17.7)   10 (23.8)
Luminal serration < 0.0011

   Absent 641 (95.5) 32 (7.2)
   Present 30 (4.5)   10 (23.8)
Mucin production 0.016
   Absent 595 (88.7)   32 (76.2)
   Present   76 (11.3)   10 (23.8)

1Fisher’s exact test.

Parameters CDX2-retained
671 (94.1)

Loss of CDX2 
expression
42 (5.9)

P  value

CIMP < 0.001
   CIMP-0 271 (40.4)   5 (11.9)
   CIMP-low 374 (55.7) 17 (40.5)
   CIMP-high 26 (3.9) 20 (47.6)
MSI < 0.001
   MSS 587 (87.5) 28 (66.7)
   MSI-low 35 (5.2) 2 (4.7)
   MSI-high 49 (7.3) 12 (28.6)
KRAS (n = 674)    0.577
   Wild type 466 (73.5) 31 (77.5)
   Mutant type 168 (26.5)   9 (22.2)
BRAF (n = 707)     0.0051

   Wild type 634 (95.2) 34 (82.9)
   Mutant type 32 (4.8)   7 (17.1)
CK7 expression  < 0.0011

   No-expression 624 (93.0) 24 (57.1)
   Increased 47 (7.0) 18 (42.9)
CK20 expression < 0.001
   Retained 593 (88.4) 27 (64.3)
   Decreased   78 (11.6) 15 (35.7)

1Fisher’s exact test. Cut-off for increased CK7 expression: ≥ 10% of tumor 
cells showing membranous stain, cut-off for decreased CK20 expression: 
< 50% of tumor cells showing membranous stain. CIMP: CpG island 
methylator phenotype; MSI: Microsatellite instability; MSS: Microsatellite 
stable; CK: Cytokeratin.

Variables OR (95%CI) P  value

Differentiation (differentiated/
undifferentiated)

  4.98 (1.42-17.49)    0.012

CK7 expression (expression/
no-expression)

11.21 (4.64-27.11) < 0.001

CK20 expression (loss/retained) 2.90 (1.08-7.77)    0.034
CIMP (CIMP-high/CIMP-0, low)   7.78 (2.85-21.23) < 0.001
Tumor location (proximal/distal, rectum) 1.83 (0.79-4.26)    0.162
Gross type (infiltrative/fungating) 1.67 (0.74-3.81)    0.220
T category (T1, 2/T3, 4)   3.66 (0.44-30.17)    0.229
N category (N0/N1, 2) 1.77 (0.69-4.53)    0.233
M category (M0/M1) 1.69 (0.62-4.62)    0.310
MSI (MSI-high/MSS, MSI-low) 1.55 (0.51-4.75)    0.441
BRAF mutation (Mt/Wt)   3.13 (0.95-10.37)    0.062

CIMP: CpG island methylator phenotype; MSI: Microsatellite instability; 
MSS: Microsatellite stable; Mt: Mutant type; Wt: Wild type; CK: Cytokeratin.
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relations with loss of CDX2 expression in colorectal cancers



Table 6  Univariate and multivariate progression-free survival in colorectal cancer patients

PFS; median survival: not reached (0.3-89.8 mo), 
P < 0.001] (Figure 3). In stage-specific survival 
analysis, loss of CDX2 expression corresponded to a 
shortened PFS in stage Ⅲ CRC patients (P < 0.001) 
and a shortened OS and PFS in stage Ⅳ CRC patients 
(P < 0.001). Multivariate survival analysis using 
a Cox-proportional hazard model confirmed that 
loss of CDX2 expression was an independent poor 
prognostic factor for OS [hazard ratio (HR) = 1.72, 
95%CI: 1.04-2.85, P = 0.034] and PFS (HR = 1.94, 
95%CI: 1.22-3.07, P = 0.005) (Table 6).

DISCUSSION
CDX2 is an intestine-specific transcription factor and 
nearly 90% of CRCs show strong nuclear localization as 
determined by immunohistochemical analysis[15,20,31]. 
In this study, CDX2 expression was lost in 5.9% 
(CDX-88) and 6.0% (EPR2764Y) of 713 CRC patients. 
Although immunohistochemistry is a cheap, fast 
and clinically reliable method for measuring protein 
expression in FFPE, determination of a cut-off for 
protein expression or loss of expression is often 
problematic, especially in tissue microarray. Cut-off 
for loss of CDX2 expression varies from complete loss 
to 95% of nuclear positivity among studies[21,27,29,32]. 
Differential staining intensity and proportion of stained 
tumor cells between different primary antibodies and 
pretreatment conditions is the main cause of this 

problem[33]. To determine a reliable cut-off for loss 
of CDX2 expression, we stained using two different 
anti-CDX2 primary antibodies (clone CDX2-88 and 
EPR2764Y). Clone CDX2-88 was widely regarded 
as the best anti-CDX2 primary antibody. However, 
false negativity in a CDX2 low-expressing tumor is 
reported in NordiQC challenge[33]. In this study, im
munohistochemical stain results of EPR2764Y showed 
more discrete distribution compared to those of 
CDX2-88. Nevertheless, by using cut-off of < 20% 
of nuclear positivity, these two antibodies showed 
tolerable agreement in determining the extent of 
CDX2 loss.

The specific mechanisms responsible for the loss of 
CDX2 expression are still unclear. Some researchers 
analyzed CRC samples for mutations in CDX2 but 
did not find any mutations except for a loss of hete
rozygosity, which was found in approximately 10% of 
CRCs[34-36]. Despite the association of CDX2 loss with 
higher levels of MSI, instability at the (G)7 repeat site 
located within exon 3 was very rare and was found 
in approximately 5% of MSI-high CRCs[35,37]. Recent 
studies indicate that the loss of CDX2 is associated with 
MSI-high because of its relationship with CIMP-high, 
and that loss of CDX2 is associated with CIMP-high 
but not MSI-high in multivariate analysis[21,25]. The fact 
that there is a strong relationship between CIMP-high 
and CDX2 loss raised the possibility of a potential role 
of promoter CpG island hypermethylation and histone 
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Variables Univariate analysis Multivariate analysis

HR (95%CI) P  value HR (95%CI) P  value
Gross pattern 1.96 (1.53-2.50) < 0.001 1.54 (1.20-1.98)    0.001
(infiltrative/fungating)
Stage 4.59 (3.40-6.19) < 0.001 4.11 (3.04-5.57) < 0.001
(Ⅲ, Ⅳ/Ⅰ, Ⅱ)
Differentiation 3.43 (2.12-5.54) < 0.001 1.57 (0.92-2.70)    0.100
(undifferentiated/differentiated)
CDX2 expression 2.99 (2.02-4.43) < 0.001 1.94 (1.22-3.07)    0.005
(loss/retained)
CIMP 1.84 (1.21-2.80)    0.004 1.03 (0.64-1.67)    0.892
(CIMP-high/CIMP-0, low)
Age (yr) 1.17 (0.91-1.49)    0.223
(≥ 65/< 65)
Sex 1.03 (0.81-1.33)    0.794
(female/male)
Tumor location 1.16 (0.89-1.53)    0.269
(proximal colon/distal colon, rectum)
Adjuvant chemotherapy 1.14 (0.88-1.49)    0.449
(treatment/no-treatment)
CK7 expression 0.88 (0.56-1.37)    0.571
(increased/no-expression)
CK20 expression 1.00 (0.70-1.45)    0.986
(decreased/retained)
MSI 0.81 (0.49-1.32)    0.395
(MSI-high/MSS, MSI-low)
KRAS mutation 0.98 (0.74-1.31)    0.914
(Mt/Wt)
BRAF mutation 1.17 (0.69-1.96)    0.567
(Mt/Wt)

CIMP: CpG island methylator phenotype; MSI: Microsatellite instability; MSS: Microsatellite stable; Mt: Mutant type; Wt: Wild type; CK: Cytokeratin.
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deacetylation in silencing CDX2 gene expression. Hinoi 
et al[38] explored the effects of 5-aza-deoxycytidine 
and trichostatin A on CDX2 expression in two CRC cell 
lines (RKO and WiDR) with little or no expression of 
CDX2 protein but could not induce CDX2 expression. 
Recently, Duluc and colleagues demonstrated that, 
of the five endodermal transcription factors involved 
in CDX2 regulation of the normal gut (HNF4α, 
GATA6, TCF4, KLF and SOX2), HNF4α was the most  
important determinant of CDX2 downregulation in 
CRCs[39]. This finding is based on the similar alteration 
patterns of CDX2 and HNF4α in CRC tissue samples 
and the fact that changing the level of HNF4α in 
CRC cell lines modifies CDX2 expression in a similar 
fashion[40].

Olsen et al[26] performed a qualitative systematic 
review of 52 studies regarding the clinical perspectives 
of CDX2 expression in CRCs. They reported that a 
loss of CDX2 expression was correlated to tumor 
grade, stage, right-sided tumor location, MMR-de
ficiency, CIMP-high and BRAF mutations. Lugli et 
al[29] have correlated loss of CDX2expression with 
the clinicopathologic features of CRCs (n = 1420) in 
the context of MSI and found that the loss of CDX2 
expression is associated with a higher T stage, N 
stage, tumor grade, more frequent vascular invasion 
and proximal location in mismatch repair-proficient 
(MSS or MSI-low) CRCs. However, downregulation of 
CDX2 was associated with a proximal colon location 
only in mismatch repair-deficient (MSI-high) CRCs. 
In the present study, loss of CDX2 expression was 
closely associated with CIMP-high and MSI-high cases. 
Although loss of CDX2 expression has been known to 
be closely associated with MSI-high, our study indicates 
that the relationship between decreased CDX2 
expression and MSI-high is valid only in the context of 
association with CIMP-high. This finding is consistent 
with a study done by Baba et al., in which CDX2 loss 
was significantly associated with CIMP but not with MSI 
in multivariate analysis[21].

Association of proximal location, CIMP-high, 

MSI-high and BRAF mutation with reduced CDX2 
expression implies that loss of CDX2 expression could 
be considered as a marker of gastric phenotype or the 
serrated neoplasia pathway in CRCs, which is aggressive 
subtype showing poor clinical outcome[32,41,42]. While 
we are still uncertain of whether reduced CDX2 
expression directly causes the gastric phenotype or 
serrated neoplasia pathway, it is clear that there is 
an inverse correlation of gastric mucin MUC5AC and 
MUC6, tight junction protein claudin-18 and expression 
of CDX2[22,43]. Tsai et al[44] reported that absence or 
reduced CDX2 expression was associated with Annexin 
A10, which is considered as a surrogate marker for the 
serrated neoplasia pathway.

Poor survival in patients with loss of CDX2 expression 
has been reported in univariate survival analyses[22,27]. 
However, there is still controversy as to whether loss 
of CDX2 expression has independent prognostic value 
in CRC patients. Using a database of 621 CRCs in two 
prospective cohort studies, Baba et al[21] examined the 
relationship between CDX2 loss and clinicopathological 
and molecular variables. They found a significant 
association between CDX2 loss and higher cancer-
specific and overall mortality in a univariate analysis. 
However, there was no significant association between 
CDX2 loss and cancer-specific or overall mortality in a 
multivariate analysis. Nevertheless, when the survival 
was restricted to patients with a family history of CRC, 
Baba et al[21] found a significant association between 
CDX2 loss and cancer-specific or overall mortality 
in a multivariate analysis. Dawson et al[45] reported 
that loss of CDX2 expression was associated with 
poor survival in multivariate analysis with pT and pN 
classification, but not when clinical metastasis staging 
was included in the multivariate analysis model. 
In the present study, loss of CDX2 expression was 
independently associated with a shorter OS or PFS in 
a multivariate Cox model that was adjusted for stage 
and other potential confounders. Stage Ⅲ and stage 
Ⅳ CRCs displayed survival differences depending on 
the status of CDX2 expression. Particularly, for stage 
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Figure 3  Kaplan-Meier survival curves according to CDX2 expression in colorectal cancers. A: Overall survival (P < 0.001); B: Progression-free survival (P 
< 0.001). Linear line: Retained CDX2 expression, dashed line: Loss of CDX2 expression. Cut-off for loss of CDX2 expression < 20% of tumor cells showing nuclear 
positivity.
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Ⅳ cancers, the OS and PFS were significantly different 
depending on the CDX2 expression status, indicating 
the potential utility of the CDX2 expression status as a 
marker to predict outcomes for patients with stage Ⅳ 
CRC.

To our knowledge, this study is the largest study 
regarding the comprehensive clinicopathologic and 
molecular characteristics of reduced CDX2 expression 
in East-Asian CRCs. Moreover, this is the first study 
to show the independent prognostic value of loss of 
CDX2 expression. However, this study has several 
limitations and weaknesses. First, the proportion 
of CIMP-high, MSI-high and BRAF mutations in this 
study was low compared to Western population[46,47]. 
Ethnic and behavioral differences could be biases to 
clinicopathologic analysis and survival analysis[48]. 
Second, rectal cancers were under-represented 
because we excluded CRC patients who received 
preoperative chemotherapy and/or radiotherapy. 
Third, quantitative evaluation of CDX2 expression was 
measured only in single-core tissue microarray. CDX2 
expression could be different among tumor area due 
to intratumoral heterogeneity. A common example 
of this is that CDX2 expression is often lower in the 
invasive front compared to tumor center[49]. Fourth, 
determination of the cut-offs for immunohistochemical 
markers using tumor samples collected in a single 
institution could be a source of overfitting to clinico
pathologic, molecular and survival analysis[50,51]. To 
ensure credibility of the cut-offs used in this study, 
external validation in independent cohort is required.

In conclusion, we analyzed 713 cases of CRC for their 
CDX2 expression status using immunohistochemistry 
and correlated the CDX2 expression status with 
clinicopathologic and molecular features. We determined 
that the loss of CDX2 expression was closely associated 
with CIMP-high and poor differentiation and was found 
to be an independent predictor of poor prognosis. 
Therefore, our data suggest that loss of CDX2 expression 
may be useful as a prognostic marker for advanced 
CRCs.
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