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1. Introduction

Intrahepatic cholangiocarcinoma (ICC) accounts for 
approximately 10% to 20% of primary liver cancers, 
second only to hepatocellular carcinoma (1-5). 
Depending on its anatomical location, ICC is classified 
into one of three categories of cholangiocarcinoma 
(intrahepatic, hilar, or extrahepatic). Histologically, 

ICC is considered to be the least common of the three 
categories (4). The incidence and mortality of ICC have 
been increasing worldwide over the past 30 years, while 
the incidence of all other forms of cholangiocarcinoma 
has been declining slightly (5-11). Thus far, several 
risk factors for ICC have been identified, including 
liver fluke infection, primary sclerosing cholangitis, 
and hepatolithiasis; hepatolithiasis has been found to 
be etiologically related to the development of ICC 
(12-17). Surgery is the main form of treatment and it 
offers the hope of prolonged survival for patients with 
ICC. However, postoperative long-term outcomes are 
poor, with a 5-year survival rate of around 30% to 35% 
(18). Similarly, locoregional neoadjuvant or palliative 
therapies have not been found to offer any significant 
survival advantages (19-22). 
 Advances in tumor biology have greatly facilitated 
the use of bio-molecular markers from biopsy, serum, 
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or postoperative specimens to predict tumor behavior. 
Therefore, novel prognostic predictors for early 
diagnosis, prevention, and treatment of ICC need to be 
identified. 
 A member of the caudal-related homeobox gene 
family, caudal homeobox 2 (CDX2) is commonly 
expressed in small and large epithelial cells (23). 
CDX2 has been found to play important roles in the 
proliferation and differentiation of intestinal epithelial 
cells (23,24). Ectopic CDX2 expression is regarded as 
a sensitive marker indicating intestinal metaplasia in 
Barrett's esophagus and the stomach, and this finding 
has been corroborated both in vivo and in vitro (25-29). 
The prognostic value of CDX2 has also been examined 
in malignancies; CDX2 was found to be expressed in 
gastric cancer, colon cancer, esophageal carcinoma, and 
other tumors such as intrahepatic intraductal papillary 
neoplasia (25,30-35). However, CDX2 expression and 
its prognostic significance in ICC has not been widely 
reported.
 Acco rd ing ly,  t he  cu r r en t  s t udy  immuno-
histochemically evaluated the expression of CDX2 and 
its prognostic value in ICC. In addition, the association 
between CDX2 expression and clinicopathological 
features of ICC was also examined.

2. Materials and Methods

2.1. Patients and tumor samples

The study was reviewed and approved by the Ethics 
Committee of the PLA General Hospital (Beijing, 
China). Subjects were enrolled over a 6-year period (from 
2011 to 2016). Subjects were patients with pathologically 
confirmed ICC who underwent radical resection at the 
PLA General Hospital. To ensure the verifiability of 
this study, the following exclusion criteria were used 
when selecting patients: i) patients with additional 
malignancies in other organs or systems; ii) patients with 
a pathological diagnosis of combined hepatocellular 
carcinoma and cholangiocarcinoma; iii) evidence of 
cancer cells in the surgical margins; and iv) patients lost 
to follow-up. Patients meeting any of the four exclusion 
criteria were excluded. Demographic data were collected 
and clinicopathological features were examined in all 
patients enrolled in this study using a computerized 
medical database, perioperative records and pathology 
reports were thoroughly reviewed, and a supplementary 
follow-up was conducted by telephone.

2.2. Immunohistochemistry

Tissues were immunohistochemically stained using 
the Envision two-step method (36). Briefly, specimens 
were fixed in formalin and embedded in paraffin to 
prepare 4-µm-thick sections as previously described 
(36). Slides were serially incubated (40 min each, 

at room temperature) with CDX2 primary antibody 
(1:150, ZETA, USA). Each incubation with primary 
antibody was followed by 40-min of incubation at 
room temperature with horseradish peroxidase-labeled 
polymer. The stain was developed by incubation with 
diaminobenzidine substrate-chromogen for 5-10 min, 
and a hematoxylin counterstain was applied. Both 
negative and positive controls were used.

2.3. Scoring of staining

Staining was graded for intensity (0, negative; 1, 
weak; 2, moderate; and 3, strong), and the percentage 
of cells stained was determined (0, < 5%; 1, 6-25%; 
2, 26-50%; 3, > 50%). The final score was calculated 
as the combined staining score (percentage of cells + 
intensity). A score less than 1 was defined as negative 
expression, and a score equal to or greater than 1 was 
defined as positive expression (35).

2.4. Definition

In the current study, hepatolithiasis was defined as 
concretions existing in the intrahepatic bile ducts; 
ICC due to hepatolithiasis refers to ICC as a result of 
hepatolithiasis, and ICC not due to hepatolithiasis refers 
to ICC not resulting from hepatolithiasis (37-39). Based 
on the macroscopic appearance described by the Liver 
Cancer Study Group of Japan, ICC consists of 3 gross 
subtypes: the mass-forming subtype, the periductal 
infiltrating subtype, and the intraductal growth subtype. 
Lymphatic invasion mostly refers to lymph node 
involvement at the site of the hepatoduodenal ligament 
(involvement of regional lymph nodes (N1 disease) 
according to the 8th edition of the American Joint 
Committee on Cancer Staging System). 

2.5. Statistical analysis

Statistical analyses were performed using SPSS v14.0 
(IBM, Armonk, NY, USA). Categorical variables 
are expressed as a percentage. Continuous variables 
are expressed as the mean and standard deviation. 
Categorical variables were compared using the χ2 test or 
Fisher's exact test, as appropriate; continuous variables 
were compared using the Mann-Whitney U test. Long-
term survival was estimated using the Kaplan-Meier 
method and compared using the log rank test. A two-
tailed p value less than 0.05 was considered statistically 
significant.

3. Results and Discussion

3.1. Demographic data and clinicopathological 
characteristics of patients

Strict application of the exclusion criteria resulted in a 
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expression was noted in 23 of 63 patients with ICC due 
to hepatolithiasis (36.51%) and in 4 of 30 patients with 
ICC not due to hepatolithiasis (13.33%). The rate of 
expression differed significantly in the two groups (χ2 = 
5.30, p = 0.02).

3.3. Survival analysis

Patients were categorized into two groups, those with 
CDX2-positive tumors and those with CDX2-negative 
tumors. Patients with CDX2-positive tumors had a 
median survival of 40 months, whereas those with 
CDX2-negative tumors had a median survival of a mere 
13 months; as shown in Figure 2, patients with CDX2-
positive tumors had a significantly lower likelihood of 
dying compared to those with CDX2-negative tumors 
(hazard ratio (HR) 0.36, 95% confidence interval (95% 
CI) 0.22-0.59; p < 0.001).

total of 93 patients with pathologically confirmed ICC 
in this study. Corresponding tissue samples (paraffin-
embedded sections) were obtained from surgically 
resected specimens from the 93 patients. Demographic 
data and clinicopathological characteristics of patients 
are shown in Table 1. The 93 patients with ICC 
consisted of 60 males and 33 females with a mean age 
of 51.6 years (standard deviation: 7.3 years). Multiple 
tumor nodules were present in 24 of the 93 patients, and 
63 patients had underlying hepatolithiasis. Fifty-five of 
the 93 patients had the mass-forming gross subtype, 13 
had the peri-ductal infiltrating subtype, and 25 had the 
intraductal papillary subtype. Lymphatic invasion was 
present in 52 patients and absent in 41. Twelve patients 
had well-differentiated tumors, 21 had moderately 
differentiated tumors, and 60 had poorly differentiated 
tumors. Forty-nine tumors were T1, 27 were T2, and 
17 were T3. The follow-up ranged from 6 months to 86 
months in length.

3.2. CDX2 expression according to immunohistochemistry

CDX2 staining was immunohistochemically assessed 
in all 93 specimens of ICC. As shown in Figure 1, 
CDX2 protein was mainly concentrated in the nuclei 
of carcinoma cells. CDX2 staining was noted in 27 
specimens (29.03%). Subjects were divided into 
patients with ICC due to hepatolithiasis and those 
with ICC not due to hepatolithiasis. Positive CDX2 

Table 1. Correlation between CDX2 expression according to immunohistochemistry and clinicopathological features of ICC

Items

Age (year, mean ± SD)
Gender
     Male
     Female
Tumor nodules
     Single
     Multiple
Hepatolithiasis
     With hepatolithiasisPresent
     Without hepatolithiasisAbsent
Gross subtype
     Mass-forming
     Peri-ductal infiltrating
     Intraductal papillary
Lymphatic invasion
     PositivePresent
     NegativeAbsent
Differentiation
     Well differentiated
     Moderately differentiated
     Poorly differentiated
TNM Staging
     1
     2
     3

Total

60
33

69
24

63
30

55
13
25

52
41

12
21
60

49
27
17

Positive

53 ± 7.8

18 (30.0%)
  9 (27.3%)

22 (31.9%)
  5 (20.8%)

23 (36.5%)
  4 (13.3%)

18 (32.7%)
  2 (15.4%)
  7 (28.0%)

  7 (13.5%)
20 (48.8%)

  5 (41.7%)
10 (47.6%)
12 (20.0%)

17 (34.7%)
  6 (22.2%)
  4 (23.5%)

CDX2: caudal homeobox 2; SD, standard deviation; #, Student's t test; *, Mann–Whitney U test; &, χ2 test.

Negative

51 ± 7.0

42 (70.0%)
24 (72.7%)

47 (68.1%)
19 (79.2%)

40 (63.5%)
26 (86.7%)

37 (67.3%)
11 (84.6%)
18 (72.0%)

45 (86.5%)
21 (51.2%)

  7 (58.3%)
11 (52.4%)
48 (80.0%)

32 (65.3%)
21 (77.8%)
13 (76.5%)

p value

0.23#

0.78&

0.30&

0.02&

0.63*

< 0.01&

 0.01*

0.72*

CDX2 immunohistochemistry expression

Figure 1. CDX2 expression in ICC. A Strong immunostaining 
of the nuclei of carcinoma cells in yellow or brown. (left, ×100; 
right, ×200)
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3.4. Correlation between CDX2 expression and 
clinicopathological features

The current study noted a significant correlation between 
CDX2 expression and lymphatic invasion; the rate of 
CDX2 expression was 13.46% in patients with lymphatic 
invasion and 48.78% in patients without lymphatic 
invasion (χ2 = 13.88, p < 0.01). In addition, positivity for 
CDX2 expression was significantly higher in patients 
with well-differentiated or moderately differentiated 
tumors than that in patients with poorly differentiated 
tumors (41.7% in patients with well-differentiated 
tumors, 47.6% in patients with moderately differentiated 
tumors, and 20.0% in patients with poorly differentiated 
tumors; Mann-Whitney U test, p = 0.01). There were no 
statistical differences between positive CDX2 staining 
and gender, the number of tumor nodules (single or 
multiple), tumor gross subtype, and TNM stage.
 The prognostic value of CDX2 has been noted in 
relation to certain malignancies. However, its predictive 
significance in ICC has yet to be determined. The 
current study is as a relatively large-scale study that 
immunohistochemically evaluated the expression of 
CDX2 and its prognostic value in predicting ICC. Results 
indicated that patients with CDX2-positive tumors 
had significant survival advantages over those with 
CDX2-negative tumors (HR 0.36, 95% CI 0.22-0.59). 
Moreover, CDX2 staining was positive in 29.03% of the 
patients with ICC, and this finding agrees with figures 
reported in the literature (40-42). A correlation between 
CDX2 expression and the presence of hepatolithiasis, 
the presence of lymphatic invasion, and the extent of 
tumor differentiation was also noted. Interestingly, 
expression differed significantly in patients with ICC 
due to hepatolithiasis and patients with ICC not due to 
hepatolithiasis (36.51% vs. 13.33%, χ2 = 5.30, p = 0.02). 
Taken together, these findings suggest that CDX2 might 
serve as a marker of prognostic significance for patients 
with ICC in the future.

 The detailed mechanisms that account for the 
correlation between CDX2 expression and survival 
disadvantages in patients with ICC have not been 
specifically studied. The following could be confounding 
variables. 
 Studies have indicated that positive expression of 
CDX2 is related to inhibition of invasion and metastasis 
by ICC, and CDX2 is considered to be an independent 
indicator of improved long-term survival (41,43). As 
reported previously, 16.46% of patients with biliary 
tract carcinoma had positive expression of CDX2 
(41). In addition, a study has indicated that CDX2 
was expressed in 37.3% of extrahepatic biliary tract 
carcinoma and more frequently in tumors with papillary 
growth and no vascular invasion (42). Similar results 
were reported by Jinawath et al. (33). A study by Li et 
al, reported that expression of CDX2 was negatively 
correlated with tumor size and lymph node metastasis 
in biliary tract tumors; increased CDX2 expression 
was correlated with a better prognostic outcome (40). 
Similarly, the rate of positive CDX2 expression was 
29.03% in the current study; CDX2 expression was 
also negatively associated with lymphatic invasion, but 
there was no significant relationship between CDX2 
expression and morphological tumor type or TNM 
staging. Such discrepancies could be due to multiple 
factors, such as patient selection bias. CDX2 expression 
is correlated with a greater degree of differentiation 
in gastric and gallbladder adenocarcinoma (29,40,44), 
and the current study yielded a similar finding. Taken 
together, the aforementioned mechanisms or hypotheses 
might explain the current finding that patients with 
CDX2-positive tumors had superior survival.
 That said, the rate of CDX2 expression in patients 
with ICC due to hepatolithiasis was significantly higher 
than that in patients with ICC not due to hepatolithiasis. 
This finding implies the possible involvement of 
CDX2 in the pathogenesis of hepatolithiasis leading 
to ICC. Hepatolithiasis was deemed to be a confirmed 
risk factor for ICC. Mucin hypersecretion or aberrant 
expression of mucin 2 and mucin 5AC in the 
intrahepatic biliary system is closely associated with 
the lithogenesis of hepatolithiasis (45). Two studies in 
Japan confirmed that aberrant expression of CDX2 is 
closely correlated with the overexpression of mucin 2 
or mucin 5AC in mucinous ICC due to hepatolithiasis, 
suggesting its role in intestinal differentiation and its 
association with carcinogenesis in these tumors (31,33). 
One might conclude that patients with ICC due to 
hepatolithiasis had a higher rate of CDX2 expression. 
However, the detailed mechanism for this expression 
needs to be studied further.
 The current study has several limitations. The 
detailed or definitive molecular mechanisms accounting 
for the correlation with CDX2 expression were not 
explored, thus reducing the reliability and consistency 
of the current results. Moreover, CDX2 expression was 

Figure 2. Kaplan-Meier survival analysis by CDX2 status. 
The y-axis represents the percentage of patients, and the 
x-axis represents their survival in months. The solid line 
represents patients with CDX2-positive tumors, who tended 
to survive longer than patients with CDX2-negative tumors 
represented by the dotted line (p < 0.001).
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not examined in patients with hepatolithiasis alone, and 
those patients could serve as a control or parallel group. 
Nevertheless, the current study has helped to lay out a 
persuasive argument for the prognostic significance of 
CDX2 in ICC.
 In conclusion, positive CDX2 expression resulted in 
significant survival advantages in ICC. CDX2 might be 
used as a prognostic marker in patients with ICC.

Acknowledgements

This work was supported by a grant from the Beijing 
Natural Science Foundation (no.7172201), a grant 
from the National Natural Science Foundation of 
China (NSFC) (no.81502376), and grants from the 
Beijing Nova program in Science and Technology (no. 
xx2018063) and the Foundation for Outstanding Youth 
in PLA General Hospitals (to Meng X).

References

1. Jonas S, Thelen A, Benckert C, Biskup W, Neumann U, 
Rudolph B, Lopez-Haanninen E, Neuhaus P. Extended 
liver resection for intrahepatic cholangiocarcinoma: A 
comparison of the prognostic accuracy of the fifth and 
sixth editions of the TNM classification. Ann Surg. 2009; 
249:303-309.

2. Casavilla FA, Marsh JW, Iwatsuki S, Todo S, Lee RG, 
Madariaga JR, Pinna A, Dvorchik I, Fung JJ, Starzl 
TE. Hepatic resection and transplantation for peripheral 
cholangiocarcinoma. J Am Coll Surg. 1997; 185:429-436.

3. Cai Y, Cheng N, Ye H, Li F, Song P, Tang W. The current 
management of cholangiocarcinoma: A comparison of 
current guidelines. Biosci Trends. 2016; 10:92-102.

4. Tang H, Lu W, Li B, Li C, Xu Y, Dong J. Prognostic 
significance of neutrophil-to-lymphocyte ratio in biliary 
tract cancers: A systematic review and meta-analysis. 
Oncotarget. 2017; 8:36857-36868.

5. Tang H, Lu W, Li B, Meng X, Dong J. Influence of 
surgical margins on overall survival after resection 
of intrahepatic cholangiocarcinoma: A meta-analysis. 
Medicine (Baltimore). 2016; 95:e4621.

6. Shaib YH, Davila JA, McGlynn K, El-Serag HB. Rising 
incidence of intrahepatic cholangiocarcinoma in the 
United States: A true increase? J Hepatol. 2004; 40:472-
477.

7. Patel T. Worldwide trends in mortality from biliary tract 
malignancies. BMC Cancer. 2002; 2:10.

8. McLean L, Patel T. Racial and ethnic variations in the 
epidemiology of intrahepatic cholangiocarcinoma in the 
United States. Liver Int. 2006; 26:1047-1053.

9. Bridgewater J , Galle PR, Khan SA, Llovet JM, 
Park JW, Patel T, Pawlik TM, Gores GJ. Guidelines 
for the diagnosis and management of intrahepatic 
cholangiocarcinoma. J Hepatol. 2014; 60:1268-1289.

10. Huang WT, Weng SW, Wei YC, You HL, Wang JT, Eng 
HL. Genome-wide single nucleotide polymorphism 
array analysis reveals recurrent genomic alterations 
associated with histopathologic features in intrahepatic 
cholangiocarcinoma. Int J Clin Exp Pathol. 2014; 7:6841-
6851.

11. Wakai T, Shirai Y, Sakata J, Matsuda Y, Korita PV, 

Takamura M, Ajioka Y, Hatakeyama K. Prognostic 
significance of NQO1 expression in intrahepatic 
cholangiocarcinoma. Int J Clin Exp Pathol. 2011; 4:363-
370.

12. Dyson JK, Beuers U, Jones DEJ, Lohse AW, Hudson 
M. Primary sclerosing cholangitis. Lancet. 2018. doi: 
10.1016/S0140-6736(18)30300-3.

13. Petrick JL, Yang B, Altekruse SF, Van Dyke AL, Koshiol J, 
Graubard BI, McGlynn KA. Risk factors for intrahepatic 
and extrahepatic cholangiocarcinoma in the United States: 
A population-based study in SEER-Medicare. PloS one. 
2017; 12:e0186643.

14. Tyson GL, El-Serag HB. Risk factors for cholangio-
carcinoma. Hepatology. 2011; 54:173-184.

15. Feng X, Zheng S, Xia F, Ma K, Wang S, Bie P, Dong J. 
Classification and management of hepatolithiasis: A high-
volume, single-center's experience. Intractable Rare Dis 
Res. 2012; 1:151-156.

16. Li C, Wen T. Surgical management of hepatolithiasis: A 
minireview. Intractable Rare Dis Res. 2017; 6:102-105.

17. Yamashita S, Arita J, Sasaki T, Kaneko J, Aoki T, Beck 
Y, Sugawara Y, Hasegawa K, Kokudo N. Intrahepatic 
cholangiocarcinoma with intrahepatic biliary lithiasis 
arising 47 years after the excision of a congenital biliary 
dilatation: Report of a case. Biosci Trends. 2012; 6:98-102.

18. de Jong MC, Nathan H, Sotiropoulos GC, et al . 
Intrahepatic cholangiocarcinoma: An international multi-
institutional analysis of prognostic factors and lymph node 
assessment. J Clin Oncol. 2011; 29:3140-3145.

19. Kim JH, Won HJ, Shin YM, Kim KA, Kim PN. 
Radiofrequency ablation for the treatment of primary 
intrahepatic cholangiocarcinoma. AJR Am J Roentgenol. 
2011; 196:W205-209.

20. Xu HX, Wang Y, Lu MD, Liu LN. Percutaneous 
ultrasound-guided thermal ablation for intrahepatic 
cholangiocarcinoma. Br J Radiol. 2012; 85:1078-1084.

21. Kiefer MV, Albert M, McNally M, Robertson M, Sun 
W, Fraker D, Olthoff K, Christians K, Pappas S, Rilling 
W, Soulen MC. Chemoembolization of intrahepatic 
cholangiocarcinoma with cisplatinum, doxorubicin, 
mitomycin C, ethiodol, and polyvinyl alcohol: A 2-center 
study. Cancer. 2011; 117:1498-1505.

22. Higaki T, Aramaki O, Moriguchi M, Nakayama H, 
Midorikawa Y, Takayama T. Arterial infusion of 
cisplatin plus S-1 against unresectable intrahepatic 
cholangiocarcinoma. Biosci Trends. 2018; 12:73-78.

23. Silberg DG, Swain GP, Suh ER, Traber PG. Cdx1 
and cdx2 expression during intestinal development. 
Gastroenterology. 2000; 119:961-971.

24. Suh E, Chen L, Taylor J, Traber PG. A homeodomain 
protein related to caudal regulates intestine-specific gene 
transcription. Mol Cell Biol. 1994; 14:7340-7351.

25. Eda A, Osawa H, Satoh K, Yanaka I, Kihira K, Ishino Y, 
Mutoh H, Sugano K. Aberrant expression of CDX2 in 
Barrett's epithelium and inflammatory esophageal mucosa. 
J Gastroenterol. 2003; 38:14-22.

26. Almeida R, Silva E, Santos-Silva F, Silberg DG, Wang 
J, De Bolos C, David L. Expression of intestine-specific 
transcription factors, CDX1 and CDX2, in intestinal 
metaplasia and gastric carcinomas. J Pathol. 2003; 199:36-
40.

27. Silberg DG, Sullivan J, Kang E, Swain GP, Moffett 
J, Sund NJ, Sackett SD, Kaestner KH. Cdx2 ectopic 
expression induces gastric intestinal metaplasia in 
transgenic mice. Gastroenterology. 2002; 122:689-696.



www.irdrjournal.com

Intractable & Rare Diseases Research. 2018; 7(2):106-111.111

28. Mutoh H, Hakamata Y, Sato K, Eda A, Yanaka I, Honda 
S, Osawa H, Kaneko Y, Sugano K. Conversion of gastric 
mucosa to intestinal metaplasia in Cdx2-expressing 
transgenic mice. Biochem Biophys Res Commun. 2002; 
294:470-479.

29. Bai YQ, Yamamoto H, Akiyama Y, Tanaka H, Takizawa 
T, Koike M, Kenji Yagi O, Saitoh K, Takeshita K, Iwai 
T, Yuasa Y. Ectopic expression of homeodomain protein 
CDX2 in intestinal metaplasia and carcinomas of the 
stomach. Cancer Lett. 2002; 176:47-55.

30. Vallbohmer D, DeMeester SR, Peters JH, Oh DS, 
Kuramochi H, Shimizu D, Hagen JA, Danenberg KD, 
Danenberg PV, DeMeester TR, Chandrasoma PT. Cdx-
2 expression in squamous and metaplastic columnar 
epithelia of the esophagus. Dis Esophagus. 2006; 19:260-
266.

31. Ishikawa A, Sasaki M, Ohira S, Ohta T, Oda K, Nimura 
Y, Chen MF, Jan YY, Yeh TS, Nakanuma Y. Aberrant 
expression of CDX2 is closely related to the intestinal 
metaplasia and MUC2 expression in intraductal papillary 
neoplasm of the liver in hepatolithiasis. Lab Invest. 2004; 
84:629-638.

32. Fan Z, Li J, Dong B, Huang X. Expression of Cdx2 and 
hepatocyte antigen in gastric carcinoma: Correlation 
with histologic type and implications for prognosis. Clin 
Cancer Res. 2005; 11:6162-6170.

33. Jinawath A, Akiyama Y, Yuasa Y, Pairojkul C. Expression 
of phosphorylated ERK1/2 and homeodomain protein 
CDX2 in cholangiocarcinoma. J Cancer Res Clin Oncol. 
2006; 132:805-810.

34. Mallo GV, Soubeyran P, Lissitzky JC, Andre F, Farnarier 
C, Marvaldi J, Dagorn JC, Iovanna JL. Expression of 
the Cdx1 and Cdx2 homeotic genes leads to reduced 
malignancy in colon cancer-derived cells. J Biol Chem. 
1998; 273:14030-14036.

35. Dalerba P, Sahoo D, Paik S, et al. CDX2 as a prognostic 
biomarker in stage II and stage III colon cancer. N Engl J 
Med. 2016; 374:211-222.

36. Kammerer U, Kapp M, Gassel AM, Richter T, Tank 
C, Dietl J, Ruck P. A new rapid immunohistochemical 
staining technique using the EnVision antibody complex. 
J Histochem Cytochem. 2001; 49:623-630.

37. Guglielmi A, Ruzzenente A, Valdegamberi A, Bagante F, 

Conci S, Pinna AD, Ercolani G, Giuliante F, Capussotti 
L, Aldrighetti L, Iacono C. Hepatolithiasis-associated 
cholangiocarcinoma: Results from a multi-institutional 
national database on a case series of 23 patients. Eur J 
Surg Oncol. 2014; 40:567-575.

38. Liu ZY, Zhou YM, Shi LH, Yin ZF. Risk factors of 
intrahepatic cholangiocarcinoma in patients with 
hepatolithiasis: A case-control study. Hepatobiliary 
Pancreat Dis Int. 2011; 10:626-631.

39. Lee KT, Liu TS. Altered mucin gene expression 
in s tone-containing intrahepatic bi le ducts and 
cholangiocarcinomas. Dig Dis Sci. 2001; 46:2166-2172.

40. Li QL, Yang ZL, Liu JQ, Miao XY. Expression of CDX2 
and hepatocyte antigen in benign and malignant lesions of 
gallbladder and its correlation with histopathologic type 
and clinical outcome. Pathol Oncol Res. 2011; 17:561-
568.

41. Chang YT, Hsu C, Jeng YM, Chang MC, Wei SC, 
Wong JM. Expression of the caudal-type homeodomain 
transcription factor CDX2 is related to clinical outcome 
in biliary tract carcinoma. J Gastroenterol Hepatol. 2007; 
22:389-394.

42. Hong SM, Cho H, Moskaluk CA, Frierson HF, Jr., 
Yu E, Ro JY. CDX2 and MUC2 protein expression in 
extrahepatic bile duct carcinoma. Am J Clin Pathol.  2005; 
124:361-370.

43. Chiu CT, Chiang JM, Yeh TS, Tseng JH, Chen TC, 
Jan YY, Chen MF. Clinicopathological analysis of 
colorectal cancer liver metastasis and intrahepatic 
cholangiocarcinoma: Are they just apples and oranges? 
Dig Liver Dis. 2008; 40:749-754.

44. Wu XS, Akiyama Y, Igari T, Kawamura T, Hiranuma 
S, Shibata T, Tsuruta K, Koike M, Arii S, Yuasa Y. 
Expression of homeodomain protein CDX2 in gallbladder 
carcinomas. J Cancer Res Clin Oncol. 2005; 131:271-278.

45. Zen Y, Harada K, Sasaki M, Tsuneyama K, Katayanagi K, 
Yamamoto Y, Nakanuma Y. Lipopolysaccharide induces 
overexpression of MUC2 and MUC5AC in cultured 
biliary epithelial cells: Possible key phenomenon of 
hepatolithiasis. Am J Pathol. 2002; 161:1475-1484.

 (Received April 19, 2018; Revised May 6, 2018; Accepted 
May 20, 2018)


