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Mucin Phenotype and CDX2 Expression as Prognostic Factors
in Gastric Carcinomas

Chan-Kwon Jung, Kyo-Young Song', Gyeongsin Park, Cho-Hyun Park',
Myeong-Gyu Choi?, Young-Seon Hong? and Kyo-Young Lee

Departments of Hospital Pathology, 'Surgery and ?Internal Medicine, College of Medicine,
The Catholic University of Korea, Seoul, Korea

Background : Mucin phenotypic markers and CDX2 are widely expressed in gastric carcino-
mas, however, recent studies have produced conflicting results regarding whether the expres-
sion patterns of these markers have clinicopathologic significance. Methods : We examined
samples from 217 gastric carcinoma patients immunohistochemically to determine if the expres-
sion of mucin phenotypic markers and CDX2 was correlated with postoperative survival and
other clinicopathologic factors. Results : All tumors were phenotypically classified as gastric
(type G, 81 cases), gastric and intestinal mixed (type Gl, 55 cases), intestinal (type |, 43 cases),
or unclassified (type U, 38 cases). The occurrence of type G and GI tumors was positively cor-
related with tumor progression whereas that of type U tumors was negatively correlated with
tumor progression. CDX2 expression was correlated with type | tumors. Tumors that expressed
MUCS5AC or MUC6 had a better prognosis than those that did not. When the relationship bet-
ween phenotype and prognosis was considered, type Gl had the best prognosis, followed by
type G, then type U. Conclusions : The mucin phenotypic markers may be useful for predict-
ing tumor progression and survival in patients with gastric carcinomas. Additionally, CDX2 may
play an important role in gastric carcinogenesis of type | tumors.
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dolH $18(gastric (G) type), MUC29} CD10 5 o= g+ 7} 44 7% mE5¥ (unclassified (U) type) &2 EF3I3
At ko™ 7 (intestinal (1) type), G type@} I type©] CDX2+¥ 10% o)e] oA E 9 oA ZAo 7 JaulSo]
o] EAlsks A T8 (mixed (M) type), L& EAA H2E v Fgo= ATk

Table 1. Correlations between clinicopathologic parameters and expression of MUC2, MUC5AC, MUC6, CD10, and CDX2 in 217 gas-
tric carcinoma patients

Antigen expression
Variables Total No.
MUC2No. (%) MUC5AC No. (%) MUC6ENo. (%) CD10(t) No. (%) CD10(s)No. (%) CDX2No. (%)

Gender
Male 54 (37.8) 88 (61.5) 43(30.1) 19(13.3) 50 (35.0) 81 (56.6) 143
Female 28 (37.8) 41(55.4) 16 (21.9) 8(10.8) 22 (29.7) 36 (48.6) 74
p value 0.991 0.383 0.185 0.600 0.437 0.263

Tumor size
<2cm 26 (39.4) 44 (66.7) 26 (39.4) 9(13.6) 25(37.9) 40 (60.6) 66
>2cm 56 (37.1) 85 (56.3) 33(21.9) 18(11.9) 47 (31.1) 77 (51.0) 151
p value 0.747 0.152 0.008 0.725 0.331 0.191

Tumor location
Upper 9(37.5) 3(54.2) 3(12.5) 1(4.2) 9(37.5) 7(29.2) 24
Middle 21(28.0) (56 0) 17 (22.7) 11(14.7) 22(29.3) 36 (48.0) 75
Lower 51(45.5) 71(63.4) 37(33.0) 13(11.6) 39(34.8) 72 (64.3) 112
Whole 1(16.7) 3(50.0) 2(33.3) 2(33.3) 2(33.3) 2(33.3) 6
p value 0.387 0.491 0.033 0.216 0.794 0.018

Histologic type
Differentiated 49 (46.2) 64 (60.4) 39(36.8) 20(18.9) 49 (46.2) 79(74.5) 106
Undifferentiated 33(29.7) 65 (58.6) 20 (18.0) 7(6.3) 23(20.7) 38(34.2) 111
p value 0.012 0.785 0.002 0.005 0.000 0.000

Lauren
Intestinal 49 (46.7) 61(58.1) 38(36.2) 23(21.9) 47 (44.8) 79(75.2) 105
Mixed 7(26.9) 12 (46.2) 7(26.9) 0(0.0) 8(30.8) 14 (53.8) 26
Diffuse 26 (30.2) 56 (65.1) 14 (16.3) 4(4.7) 17 (19.8) 24 (27.9) 86
p value 0.032 0.209 0.009 0.000 0.001 0.000

pT stage
pT1 63 (41.2) 102 (66.7) 52 (34.0) 21(13.7) 61(39.9) 89 (58.2) 153
pT2 10 (37.0) 14 (51.9) 2(7.4) 1(3.7) 3(11.1) 13 (48.1) 27
pT3, T4 9(24.3) 13(35.1) 5(13.5) 5(13.5) 8(21.6) 15 (40.5) 37
p value 0.165 0.001 0.002 0.675 0.004 0.126

Lymph node metastasis
Negative 65 (44.2) 98 (66.7) 48 (32.7) 19(12.9) 55(37.4) 85 (57.8) 147
Positive 17 (24.3) 31(44.3) 11(15.7) 8(11.4) 17 (24.3) 32(45.7) 70
p value 0.005 0.002 0.009 0.755 0.055 0.094

pTNM stage
| 67 (42.7) 105 (66.5) 52 (32.9) 22(13.9) 61(38.6) 94 (59.5) 158
I 6(30.0) 11(55.0) 2(10.0) 1(5.0) 4(20.0) 5(25.0) 20
I 3(25.0) 5(41.7) 1(8.3) 2(16.7) 2(16.7) 4(33.3) 12
[\ 6(22.2) 8(29.6) 4(14.8) 2(7.4) 5(18.5) 14 (51.9) 27
p value 0.135 0.002 0.020 0.373 0.051 0.013

Lymphatic invasion
Negative 62 (44.3) 92 (65.7) 44 (31.4) 18(12.9) 47 (33.6) 83(59.3) 140
Positive 20 (26.0) 37 (48.1) 15 (19.5) 9(11.7) 25(32.5) 34(44.2) 77
p value 0.008 0.011 0.058 0.803 0.869 0.032

Blood vessel invasion
Negative 79(39.1) 126 (62.4) 58 (28.7) 23(11.4) 67(33.2) 108 (53.5) 202
Positive 3(20.0) 3(20.0) 1(6.7) 4(26.7) 5(33.3) 9(60.0) 15
p value 0.141 0.001 0.075 0.099 1.000 0.624

Perineural invasion
Negative 71(41.5) 110 (64.3) 51(29.8) 24 (14.0) 64 (37.4) 99 (57.9) 171
Positive 11(23.9) 19 (41.3) 8(17.4) 3(6.5) 8(17.4) 18(39.1) 46
p value 0.029 0.005 0.092 0.171 0.010 0.023

Total expression 82(37.8) 129 (59.4) 59 (27.2) 27 (12.4) 72(33.2) 117 (53.9) 217
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Kaplan-Meier #2413} Cox proportional hazard modelS ©]&
gted o5 AzEC] SHAY o F AREA FHAF YEA &

Q1eke] BE doA Yol AW, A £3 ¢ 23i%, A Attt BASA AHEe AFEE BA ZEIA SPSS
W Zol, A=A Aol fi, 471 59 4 wg version 115 (SPSS Inc. Chicago, IL, USA)E A&ate]
02 725 g wd 92 Hox 28 Aol 1 AA oS ZF8IAL p #ol 005 vTl AE EAEHOR
linear-by-linear association, ANOVA 7Aoo = EA3Ach F9Ao] 9+ Ao Z AAFITH

Table 2. Correlations between mucin phenotypes and clinicopathologic parameters and CDX2 expression in 217 gastric carcinoma
patients

Mucin phenotypes (%)
Variables p value
G Gl | U
Total No.=217 (%) 81(37.3) 55(25.3) 43(19.8) 38(17.5)
Age (years) 56.0£14.0 610114 60.9+10.4 586+£13.7 0.501
Gender 0.442
Male 57 (70.4) 37 (67.3) 28 (65.1) 21(55.3)
Female 24 (29.6) 18(32.7) 15(34.9) 17 (44.7)
Tumor size 0.175
<2cm 27 (33.3) 21(38.2) 11 (25.6) 7(18.4)
>2cm 54 (66.7) 34 (61.8) 32(74.4) 31(81.6)
Tumor location 0.380
Upper 10 (12.3) 4(7.3) 5(11.6) 5(13.2)
Middle 32(39.5) 12(21.8) 16 (37.2) 15(39.5)
Lower 37 (45.7) 38(69.1) 20 (46.5) 17 (44.7)
Whole 2(2.5) 1(1.8) 2(4.7) 1(2.6)
Histologic type* 0.009
Differentiated 33(40.7) 33(60.0) 27 (62.8) 13(34.2)
Undifferentiated 48 (59.3) 22 (40.0) 16 (37.2) 25 (65.8)
Lauren® 0.005
Intestinal 31(38.3) 32(58.2) 29 (67.4) 13(34.2)
Mixed 10(12.3) 5(9.1) 2(4.7) 9(23.7)
Diffuse 40 (49.4) 18(32.7) 12(27.9) 16 (42.1)
pT stage’ 0.011
pT1 60 (74.1) 47 (85.5) 27 (62.8) 19 (50.0)
pT2 9(11.1) 5(9.1) 6(14.0) 7(18.4)
pT3, T4 12(14.8) 3(5.5) 10 (23.3) 12(31.6)
Lymph node metastasis’ 0.001
Negative 57 (70.4) 46 (83.6) 27 (62.8) 17 (44.7)
Positive 24 (29.6) 9(16.4) 16 (37.2) 21(55.3)
pTNM stage® 0.008
| 60 (74.1) 50 (90.9) 29 (67.4) 19 (50.0)
Il 9(11.1) 2(3.6) 4(9.3) 5(13.2)
1l 3(3.7) 2(3.6) 3(7.0) 4(10.5)
v 9(11.1) 1(1.8) 7(16.3) 10(26.3)
Lymphatic invasion’ 0.003
Negative 52 (64.2) 45(81.8) 26 (60.5) 17 (44.7)
Positive 29(35.8) 10(18.2) 17 (39.5) 21(55.3)
Blood vessel invasion? 0.003
Negative 79(97.5) 54(98.2) 38(88.4) 31(81.6)
Positive 2(25) 1(1.8) 5(11.6) 7(18.4)
Perineural invasion” 0.005
Negative 62 (76.5) 52 (94.5) 32 (74.4) 25 (65.8)
Positive 19(23.5) 3(5.5) 11 (25.6) 13(34.2)
CDXx2' 0.000
Negative 51(63.0) 19 (34.5) 7(16.3) 23(60.5)
Positive 30(37.0) 36 (65.5) 36 (83.7) 15(39.5)

“Significant differences between mucin phenotypes (p<0.05).2 Gvs |, Gl, U, Ivs U;°, Gvs |, U, Glvs U, lvs U; *, Gl vs |, U;*, Gvs U, Gl vs |, U; *, G
vsU,Glvsl, U, Glvs G, I, U); %, Gvs 1, U, Glvs U;", Glvs G, I, U); , Gvs |, GI, U, I vs u, Gl vs |, U.
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Fig. 1. Representative immunohistochemical gastric (A and B) and intestinal (C and D) phenotypic expression in gastric carcinomas. (A)
MUCS5AC is detected in the cytoplasm of tumor cells. (B) MUCS is detected in the cytoplasm of tumor cells and pyloric glands in normal
gastric mucosa. (C) MUC2 is positive in the cytoplasm of intestinal metaplasia and cancer cells. (D) CD10 is apparent in the luminal sur-
face of intestinal metaplasia and cancer cells. (E) CD10 is present in the stromal cells around the infiltrating cancer cells, but not in can-
cer cells. (F) CDX2 nuclear staining is observed in the cancer cells, but not normal gastric mucosa.
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Fig. 3. Kaplan-Meier analysis of the overall survival in 187 gastric carcinoma patients. Postoperative survival curves show the better out-
come in gastric carcinomas with the positive MUC5AC (A) and MUCS6 (B) expression (p=0.001 and p=0.022, respectively). (C) Patient
with Gl type cancers have a better outcome than their U and | type counterparts (p=0.000 and p=0.022, respectively). G type cancers

show better survival than U type (p=0.019).
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Table 3. Univariate analysis of clinicopathologic factors related
to survival in 187 gastric carcinoma patients (Kaplan-Meier me-
thod)

% Patients alive

Variables No. at 5 years p value

Gender 0.956
Male 120 80.0
Female 67 79.0

Tumor size 0.000
<2cm 58 96.5
>2.Ccm 129 721

Tumor location 0.000
Upper 18 61.1
Middle 66 83.0
Lower 99 83.0
Whole 4 250

Histologic type 0.021
Differentiated 93 86.3
Undifferentiated 94 729

Lauren 0.051
Intestinal 89 86.7
Mixed 23 69.6
Diffuse 75 74.3

pT stage 0.000
pT1 137 95.3
pT2 23 62.2
pT3, T4 27 14.6

Lymph node metastasis 0.000
Negative 130 91.9
Positive 57 514

pTNM stage 0.000
| 141 94.8
Il 17 64.1
1l 9 38.1
v 20 53

Lymphatic invasion 0.000
Negative 125 922
Positive 65 55.7

Blood vessel invasion 0.000
Negative 175 84.2
Positive 12 9.1

Perineural invasion 0.000
Negative 149 922
Positive 38 295
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Table 4. Univariate analysis of marker expression related to sur-
vival in 187 gastric carcinoma patients (Kaplan-Meier method)

% Patients alive

Variables No. at 5 years p value

MUC2 0.071
negative 116 75.2
positive 71 86.7

MUCS5AC 0.001
negative 74 67.4
positive 113 87.6

MUC6 0.022
negative 137 75.2
positive 50 920

CD10(t) 0.525
negative 165 78.8
positive 22 85.7

CD10(s) 0.125
negative 125 76.2
positive 62 86.3

CDX2 0.591
negative 86 771
positive 101 81.7

Mucin phenotype® 0.002
G 68 815
Gl 50 93.1
| 35 774
u 34 59.6

“Significant differences between mucin phenotypes (p<0.05): G vs U,
Ivs GI, U.
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Table 5. Summary of studies to evaluate the phenotypic marker expression in gastric cancers

Author Year Tumor No. Phenotypic marker expression correlated with clinicopathologic findings
Yamachika® 1997 Signet ring cell carcinomas 203 Phenotypic shift from G to | type expression with tumor progression
(tumor intestinalization)
Yoshikawa* 1998 D.Ca 301 Tumor intestinalization
Koseki’ 2000 Submucosal D.Ca 120 G type and papillary carcinomas
G type and lymph node metastasis
Tajima* 2001 Advanced carcinomas 136 G type and undifferentiated type tumor
G type and infiltrative histology
G type and worse prognosis
Lee® 2001 Adenomas 59 MUC2 expression and adenoma
Adenoma associated 57 MUC1 expression and associated carcinoma
carcinomas MUC1 expression and worse prognosis
Carcinomas 300 MUC2, MUC5AC and MUCS expressions: not associated with overall survival
Saito® 2001 Early carcinomas 351 Histologic transformation (small D.Ca with G type into UD.Ca with tumor
progression)
Tsukashita® 2001 Intramucosal neoplastic lesions 80 Stable | type and low-grade adenoma/dysplasia
Unstable phenotype and high-grade adenoma/dysplasia and intramucosal
carcinomas
Baldus" 2002 Carcinomas 200 MUCBSAC expression and better prognosis
Tajima¥ 2003 Advanced carcinomas 137 G type and effective 5-FU chemotherapy
G type and worse prognosis
Tajima’ 2003 Advanced carcinomas 213 G type and peritoneal recurrence
HGM (+)/MUC2 (-) tumors and peritoneal recurrence
MUC2 (-)/CD10 (+) tumors and hematogenous recurrence
Mizoshita'™ 2003 Advanced carcinomas 177 Gl type and better prognosis vs U type
Wang® 2003 Carcinomas 76 MUC1 expression and worse prognosis
MUCS5AC expression and better prognosis
Kim* 2005 Carcinomas 251 MUC1 expression and worse prognosis
MUCB5AC expression and better prognosis
MUCS expression and better prognosis
Yamazaki® 2006 Adenomas 48 CD10 expression, or | type and adenomas
D.Ca 171 G type and tumor invasion
Zheng? 2006 Adenomas 40 MUCS expression and adenomas
Carcinomas 225 MUCS expression and better prognosis
Tajima® 2006 Adenomas 63 G or Gl type and high-grade adenomas
Early D.Ca 1338 HGM expression and mixed type tumors
HGM expression and lymph node metastasis
MUC2 expression and submucosal invasion
This study Carcinomas 217 MUC5AC (+) or MUCS (+) tumors and better prognosis

Gl type and better prognosis vs | or U type
G type and better prognosis vs U type

D.Ca, Differentiated-type adenocarcinomas; UD.Ca, Undifferentiated-type adenocarcinomas.
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