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Abstract: Expression of cytokeratin (CK) profiles in primary signet-ring cell carcinoma (SRCC) of the stomach and 
colorectum have rarely reported; only two such studies are present in the world literature. Herein, an immunohis-
tochemical study on cytokeratin (CK) expression was performed in 42 cases of primary SRCC of the stomach (30 
cases) and colorectum (12 cases). SRCC was defined as an adenocarcinoma in which more than 50% adenocarci-
noma cells showed SRCC phenotype with prominent intracytoplasmic mucins. In the gastric SRCC, the expression 
of CK was as follows; CK AE1/3 (30/30, 100%) CK CAM5.2 (30/30, 100%), CK 34BE12 (0/30, 0%), CK5/6 (2/30, 
7%), CK7 (26/30, 89%), CK8 (12/30, 40%), CK14 (0/30, 0%), CK18 (30/30, 100%), CK19 (2/30, 7%), and CK20 
(3/30, 10%). In the colorectal SRCC, the expression of CK was as follows; CK AE1/3 (12/12, 100%) CK CAM5.2 
(12/12, 100%), CK 34BE12 (0/12, 0%), CK5/6 (0/12, 10%), CK7 (2/12, 17%), CK8 (3/12, 25%), CK14 (0/12, 0%), 
CK18 (12/12, 100%), CK19 (7/12, 58%), and CK20 (8/12, 67%). A statistical analysis showed that significant dif-
ferences of CK expression between the gastric SRCC and colorectal SRCC were observed in CK7 (stomach 67% vs. 
colorectum 17%), CK19 (7% vs. 42%) and CK20 (13% vs. 67%); gastric SRCC tended to express CK7, but not CK19 
and CK20, while colorectal SRCC tended to express CK19 and CK20, but not CK7. In gastric SRCC, CK7+/CK20- 
pattern was as follows: CK7+/CK20- (24/30, 81%), CK7+/CK20+ (2/30, 6%), CK7-/CK20+ (1/30, 3%), and CK7-/
CK20- (3/30, 10%). CK7/CK19 patterns in gastric SRCC were as follows; CK7+/CK19- (25/30, 83%) CK7+/CK19+ 
(1/30, 3%), CK7-/CK19+ (1/30, 3%), CK7-/CK19- (3/30, 10%). In colorectal SRCC, the CK7/CK20 patterns were 
as follows: CK7+/CK20- (2/12, 17%), CK7+/CK20+ (0/12, 0%), CK7-/CK20+ (8/12, 66%), and CK7-/CK20- (2/12, 
17%). The CK7/CK19 pattern in colorectal SRCC was as follows; CK7+/CK19- (1/12, 8%), CK7+/CK19+ (1/12, 8%), 
CK7-/CK19+ (6/12, 50%), and CK7-/CK19- (4/12, 34%). Statistical data indicated that CK7+/CK20- and CK7+/
CK19- patterns were significantly prevalent in gastric SRCC, and CK7-/CK20+, CK7-/CK19+ and CK7-/CK20- pat-
terns dominated significantly in colorectal SRCC. CK expression has been studied largely in terms of CD7/CK20 
expression pattern in various carcinomas. The present study provided possible usefulness of CK7/19 expression 
status in various carcinomas including SRCC.
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Introduction

Cytokeratin (CK) or keratin is one of the inter-
mediate filaments predominantly present in 
epithelial cells [1, 2]. At least 20 well-defined 
subclasses of CK have been identified on the 
basis of the molecular weight and isoelectric 
pH value [1, 2]. Epithelial cells and epithelial 
malignancy almost always contains CK, and the 
presence of CK is a strong evidence for epithe-
lial cells and their malignant counterparts [1, 
2]. Therefore, in the pathological field, immuno-
histochemical demonstration of CK almost 

always indicates that the tumor is not sarcoma, 
but carcinoma, though CK expression is infre-
quently seen in certain sarcomas including epi-
thelioid sarcoma [1, 2]. Recently, the expres-
sion pattern of CK7/CK20 has been well studied 
in the pathological field [1-3].

Signet-ring cell carcinoma (SRCC) is character-
ized by an adenocarcinoma whose carcinoma 
cells were composed predominantly of SRCC 
cells [4, 5]. SRCC cells are characterized by 
abundant intracytoplasmic mucins, ample and 
clear cytoplasm, and eccentrically located 
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nuclei compressed by intracytoplasmic mucins 
[4, 5]. SRCC can occur in any organs, but is 
most prevalent in the stomach, followed in 
order by colorectum and lung [4, 5]. According 
to the current WHO blue book, SRCC is defined 
as an adenocarcinoma with the presence of 
>50% of tumor cells (signet-ring cells) with 
prominent intracytoplasmic mucins [5].

The author has examined SRCC in the extra-
gastric and extra-colorectal SRCC [6-16]. In the 
present study, the author reports a study of pri-
mary SRCC in the stomach and colorectum.

The CK profiles of ordinary adenocarcinomas of 
the stomach, colorectum, lung and other organs 
have been well studied [17-30], although most 
studies examined only CK7 and CK20. However, 
the CK profiles of SRCC in the stomach and col-
orectum have been rarely performed [31, 32]; 
only two studies examined the expression of a 
few CKs [31, 32].

The author herein examined the expression 
pattern of many CK molecules in primary SRCC 
of the stomach and colorectum. 

Materials and methods

The author retrieved primary adenocarcinoma 
with signet-ring cells of the stomach and colon 
in the author’s computer database files of pri-
mary SRCC of the digestive organs in the recent 
15 years. The computer survey identified 68 
cases of primary adenocarcinoma of the stom-
ach and colon with signet-ring phenotype. The 
author reviewed these 68 cases under the 
microscopy. The author confirmed the signet 
ring cell phenotype of these adenocarcinoma, 
and excluded cases of adenocarcinoma with 
SRCC cells whose percentage was less than 
50% of the tumor cells. As the results, 42 cases 
of SRCC fulfilling the WHO criteria [4, 5] 
remained. The primary nature of these 42 
cases of SRCC was confirmed by clinical and 
pathological findings. Of the 42 cases, 30 were 
primary gastric SRCC and the remaining 12 
were primary colorectal SRCC. Of the 42 cases, 
26 cases were biopsies and the remaining 16 
cases were surgically resected cases. In the 30 
gastric SRCC cases, 21 were male and 9 were 
female. The mean age and standard deviation 

Figure 1. Histology and histochemistry of primary signet-
ring cell carcinoma of the stomach. A: Lower power view. 
The signet-ring features such as abundant intracytoplas-
mic mucins, ample and clear cytoplasm, and eccentri-
cally located nuclei compressed by intracytoplasmic 
mucins are apparent. The signet-ring cell carcinoma 
is medullary and the stroma is scant in amount. HE: 
x100. High power view. The signet-ring features such 
as abundant intracytoplasmic mucins, ample and clear 
cytoplasm, and eccentrically located nuclei compressed 
by intracytoplasmic mucins are apparent. HE: x400. C: 
Combined d-PAS and AB stains revealed abundant in-
tracytoplasmic mucins composed of neutral (Mazenta 
color) and acidic (blue color) mucins. Combined d-PAS/
AB double staining: x200.
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was 74 years ±14 years. In the 12 colorectal 
SRCC cases, 7 were male and 5 were female. 
The mean age and standard deviation was 68 
years ±12 years.

An immunohistochemical study was performed 
by the Dako EnVision method (Dako Corp, 
Glostrup, Denmark), as previously described 
[33-39]. The antigens examined included CK 
AE1/3, CK CAM5.2, CK34BE12, CK5/6, CK7, 
CK8, CK14, CK18, CK19, and CK20. 
Histochemical investigation was also per-
formed by mucicarmine stain and by combined 
periodic acid-Schiff after diastase digestion 
(d-PAS) and Alcian blue (AB) at pH2.5. Statistical 
analysis was performed by Chi-square test. 

Results

The SRCC was composed of medullary prolifer-
ation of large clear cells with much intracyto-
plasmic mucin (neutral mucin and acidic mucin) 
(Figure 1A-C), which was confirmed by com-
bined d-PAS/AB technique (Figure 1C) and 
mucicarmine stains. The proportion of signet 
ring cells in SRCC ranged from 60% to 100%. In 
most cases, the SRCC contained areas of other 

histologies such as mucinous adenocarcinoma, 
and tubular adenocarcinoma.

In the 30 gastric SRCC, the expression of CK 
was as follows; CK AE1/3 (30/30, 100%) 
(Figure 2A), CK CAM5.2 (30/30, 100%) (Figure 
2B), CK 34BE12 (0/30, 0%), CK5/6 (2/30, 7%) 
(Figure 2C), CK7 (26/30, 89%) (Figure 2D), CK8 
(12/30, 40%) (Figure 2E), CK14 (0/30, 0%), 
CK18 (30/30, 100%) (Figure 2F), CK19 (2/30, 
7%) (Figure 2G), and CK20 (3/30, 10%) (Figure 
2H). There was a tendency that the CK immuno-
reactivity was strong and diffuse in cases with 
high expression percentage of a given CK, and 
that the CK immunoreactivity was weak and 
focal in cases with low expression percentage 
of a given CK. The expression percentage was 
significantly (p<0.05) higher in CK AE1/3, CK 
CAM5.2, CK7, and CK18 than in CK34BE12, 
CK5/6, CK14, CK19 and CK20. That is, there 
was a tendency that gastric SRCC tends to 
express CK7 and tend not express CK19 and 
CK20. 

In the colorectal SRCC, the expression of CK 
was as follows; CK AE1/3 (12/12, 100%) CK 

Figure 2. Immunohistochemical find-
ings of primary gastric signet-ring cell 
carcinoma. The signet-ring cell carci-
noma cells are positive for CK AE1/3 
(A), CK CAM5.2 (B), CK5/6 (C), CK7 
(D), CK8 (E), CK18 (F), CK19 (G), and 
CK20 (H). The CK expression is strong 
in CK AE1/3 (A), CK CAM5.2 (B), CK7 
(D), CK8 (E), and CK18 (F), while it is 
relatively weak in CK5/6 (C), CK19 
(G), and CK20 (H). 
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CAM5.2 (12/12, 100%), CK 34BE12 (0/12, 
0%), CK5/6 (0/12, 10%), CK7 (2/12, 17%) 
(Figure 3A), CK8 (3/12, 25%), CK14 (0/12, 0%), 
CK18 (12/12, 100%), CK19 (7/12, 58%) (Figure 
3B), and CK20 (8/12, 67%) (Figure 3C). There 
was a tendency that the CK immunoreactivity 
was strong and diffuse in cases with high 
expression percentage of a given CK, and that 
the CK immunoreactivity was weak and focal in 
cases with low expression percentage of a 
given CK. The expression percentage was sig-
nificantly (p<0.05) higher in CK AE1/3, CK 
CAM5.2, CK18, CK19 and CK20 than in 
CK34BE12, CK5/6, CK7, CK8, and CK14. That 
is, there was a significant tendency that colorec-
tal SRCC tends to express CK19 and CK29 and 
tend not express CK7. 

A comparative statistical analysis showed that 
significant differences (p<0.05) of CK expres-
sion between the primary gastric SRCC and pri-
mary colorectal SRCC were observed in CK7 
(67% vs 17%), CK19 (7% vs 42%) and CK20 
(13% vs 67%); gastric SRCC tended to express 
CK7, but not CK19 and CK20, while colorectal 
SRCC tended to express CK19 and CK20, but 
not CK7. 

In primary gastric SRCC, CK7+/CK20- pattern 
was as follows: CK7+/CK20- (24/30, 81%), 
CK7+/CK20+ (2/30, 6%), CK7-/CK20+ in 
(1/30, 3%), and CK7-/CK20- (3/30, 10%). CK7/
CK19 patterns in gastric SRCC were as follows; 
CK7+/CK19- (25/30, 83%) CK7+/CK19+ (1/30, 
3%), CK7-/CK19+ (1/30, 3%), CK7-/CK19- 
(3/30, 10%). The CK7+/CK20- and CK7+/CK19- 
patterns were significantly predominated over 
other patterns.

In primary colorectal SRCC, CK7+/CK20- pat-
terns were as follows: CK7+/CK20- (2/12, 17%), 
CK7+/CK20+ (0/12, 0%), CK7-/CK20+ (8/12, 
66%), and CK7-/CK20- (2/12, 17%). The CK7/
CK19 pattern in colorectal SRCC was as fol-
lows; CK7+/CK19- (1/12, 8%) CK7+/CK19+ 
(1/12, 8%), CK7-/CK19+ (6/12, 50%), and 
CK7-/CK19- (4/12, 34%). The CK7-/CK20+, 
CK7-/CK19+ and CK7-/CK19- patterns domi-
nated significantly (p<0.05) in colorectal SRCC. 

Discussion

Our previous studies of SRCC of non-gastric 
and non-colorectal organs have indicated that 
the expression of CKs including CK AE1/3, CK 

Figure 3. Some examples of immunohistochemical 
findings of primary colorectal signet-ring cell carcino-
ma. The signet-ring cell carcinoma cells are positive 
for CK AE1/3 (A), CK CAM5.2 (B), CK5/6 (C), CK7 (D), 
CK8 (E), CK18 (F), CK19 (G), and CK20 (H). The CK 
expression is strong in CK AE1/3 (A), CK CAM5.2 (B), 
CK7 (D), CK8 (E), and CK18 (F), while it is relatively 
weak in CK5/6 (C), CK19 (G), and CK20 (H).
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wants to stress the very high expression of CK7 
and very low expression in CK19 and CK20 in 
primary gastric SRCC.

Most studies of CK expression in colorectal car-
cinoma employed only CK7 and CK20, because 
of well known specificity of CK7/20 pattern [2, 
3, 17-32]. 

One report of ordinary colorectal carcinomas 
done by Lee et al [29] showed expression of 
CKs; CK7 (10% 7/70), CK8 (95.6%, 65/68), 
CK13 (95.6%, 65/68), CK14 (2.7%, 2/72), 
CK18 (92.4%, 61/66), CK19 (95.6%, 65/68), 
and CK20 (76.5%, 52/68). In the current study 
of primary colorectal SRCC, the expression of 
CK was as follows; CK AE1/3 (12/12, 100%) CK 
CAM5.2 (12/12, 100%), CK 34BE12 (0/12, 
0%), CK5/6 (0/12, 10%), CK7 (2/12, 17%), CK8 
(3/12, 25%), CK14 (0/12, 0%), CK18 (12/12, 
100%), CK19 (7/12, 58%), and CK20 (8/12, 
67%). Compared to the ordinary adenocarcino-
ma of colorectum reported by Lee et al [29], 
primary colorectal SRCC in the present study 
showed basically similar CK profiles. However, 
expression of CK8, CK19, and CK20 is low in 
colorectal SRCC, compared to that of colorectal 
ordinary adenocarcinoma [29]. The CK expres-
sion of SRCC in the colorectal region has been 
reported by only two studies [31, 32]. Goldstein 
et al [31] who examined CK expression in 14 
colonic SRCCs, showed low expression of CK7 
(37%) and high expression of CK20 (72%). Chu 
et al [32] demonstrated low CK7 expression 
(44%, 4/9) and high CK20 expression (78%, 
7/9). Taken together, it is strongly suggested 
that the expression of CK7 is low while the 
expression of CK19 and CK20 is high in prima-
ry colorectal SRCC. 

No comparative studies have been performed 
between gastric SRCC and colorectal SRCC. In 
the present study, the statistical analysis 
showed that significant differences (p<0.05) of 
CK expression between the gastric SRCC and 
colorectal SRCC were observed in CK7 (67% vs 
17%), CK19 (7% vs 42%) and CK20 (13% vs 
67%) among the many CKs examined. Primary 
gastric SRCC tended to express CK7, but not 
CK19 and CK20, while primary colorectal SRCC 
tended to express CK19 and CK20, but not 
CK7. This tendency is similar to the previous 
studies of gastric ordinary adenocarcinoma 
and colorectal ordinary adenocarcinoma [17-
32], except for CK19. In the present study, low 

CAM5.2, CK5/6, CK34BE12, CK7, CK8, CK14, 
CK17, CK18, CK19 and CK20 is not restricted, 
but showed diverse expression patterns in 
SRCC of the non-gastric and non-colorectal 
organs [6-16].

Most of studies of CK expression of the stom-
ach and colorectum employed only CK7 and 
CK20 [17-30]. There are only two studies of CK 
expression of SRCC in the stomach and col-
orectum [31, 32]. In the ordinary gastric adeno-
carcinomas excluding SRCC, Kim et al [26] 
showed that CK expression in 329 gastric carci-
nomas was as follows: CK4 84.7%, CK5 3.2%, 
CK6 28.7%, CK7 71.1%, CK8 96.6%, CK10 0%, 
CK13 81.6%, CK14 0.3%, CK16 4.1%, CK17 
0%, CK18 99.4 %, CK19 89.7%, and CK20 
30.0%. In the present study using 30 cases of 
gastric SRCC, the CK expression was as fol-
lows: CK AE1/3 (30/30, 100%) CK CAM5.2 
(30/30, 100%), CK 34BE12 (0/30, 0%), CK5/6 
(2/30, 7%), CK7 (26/30, 89%), CK8 (12/30, 
40%), CK14 (0/30, 0%), CK18 (30/30, 100%), 
CK19 (2/30, 7%), and CK20 (3/30, 10%). The 
results of these two studies are very similar 
except for CK19 and CK20. The positive per-
centage of CK 19 and CK20 of gastric non-
SRCC adenocarcinoma was 89.7% and 30.0% 
according to Kim et al [26], while the percent-
age of CK19 and CK20 expression in the cur-
rent study of gastric SRCC was 19 7% (CK19) 
and 10% CK20), respectively. This difference 
may suggest that gastric SRCC lose CK19 and 
CK20 during the carcinogenesis. However, the 
CK expression pattern seems similar between 
gastric ordinary adenocarcinomas and gastric 
SRCC except for CK19 and CK20. Goldstein et 
al [31] who used 27 cases of gastric SRCC, also 
stated that there was no difference of CK 
expression of CK7, CK17, CK19, and CK20 
between gastric ordinary adenocarcinoma and 
gastric SRCC. Chu et al [32] demonstrated that 
gastric SRCC expressed CK7 in 67% (20/ 30 
cases) and CK 20 in 57% (17/30 cases). The 
present study was the first one demonstrating 
the expression of wide ranges of CKs in primary 
gastric SRCC. The present study strongly sug-
gests that the expression of CKAE1/3, CK 
CAM5.2 and CK18 is always expressed in gas-
tric SRCC, that expression of CK34BE12, 
CK5/6, and CK14 is none or very low in gastric 
SRCC, that expression of CK19 and CK20 is 
very low (less than 10%), that expression of 
expression of CK7 is very high (89%), and that 
expression of CK8 is intermediate. The author 
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CK7-/CK19+ (50%), and CK7-/CK19- (34%). 
Therefore, the CK7-/CK20+, CK7-/CK19+ and 
CK7-/CK19- patterns dominated significantly 
(p<0.05) over other combination pattens of CK 
in colorectal SRCC. The study of CK expression 
pattern of CKs combination has been per-
formed in only once [31] in gastric and colorec-
tal SRCC. The only study of Goldstein [31] used 
only CK7, CK17, CK19 and CK20. In the present 
study, the expression pattern of much more CK 
molecules was investigated, and found the sig-
nificance of CK7/20 and CK7/19 patterns. 

In conclusion, the authors demonstrated the 
expression of 10 types of CK in 42 cases of pri-
mary gastric and colorectal SRCC, and 
described the frequency of positive expression 
of these 10 CK antigens. In addition, the author 
demonstrated the significant importance of 
CK7/20 and CK 7/19 patterns in primary gas-
tric and colorectal SRCC. The present study is 
the third one for CK expression of primary gas-
tric and colorectal SRCC, and the second one 
examining the CK7/20 pattern, and the first 
one for CK expression using many CK types, 
and the first one demonstrating the signifi-
cance of CK7/19 expression in primary gastric 
and colorectal SRCC. The present study indi-
cated that CK7+/CK20- and CK7+/CK19- pat-
terns were significantly prevalent in primary 
gastric SRCC, and CK7-/CK20+, CK7-/CK19+ 
and CK7-/CK20- patterns dominated signifi-
cantly in primary colorectal SRCC. The author 
wants to stress the possible importance of 
CK7/CK19 pattern in various carcinomas of 
carious organs, which await further studies.
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