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Abstract:    Objectives: To explore the mechanism of development and aggressiveness in gastric carcinomas by investigating the 
expression and role of CD97 and its cellular ligand CD55 in gastric carcinomas. Methods: Tumor and corresponding normal 
mucosal tissue, collected from 39 gastric carcinoma patients, were examined by immunohistochemistry and RT-PCR for the 
expression of CD97 and CD55. Results: CD97stalk was strongly stained on scattered tumor cells or small tumor cell clusters at the 
invasion front of gastric carcinomas. The expression of CD97stalk was frequently observed in tumors of stage I and T1 gastric 
carcinoma patients. The expression of CD97stalk between Stage I and Stage II, III, IV specimens showed significant difference 
(P<0.05), between T1 and T2, T3, T4 specimens also showed significant difference (P<0.05). Specimens with tumor invasion 
depth limited in mucosa of T1 specimens showed higher positive CD55 expression than specimens with the same tumor invasion 
depth in T2, T3, T4 specimens, the expression of CD55 between T1 and T2, T3, T4 specimens was significantly different (P<0.05). 
There was strong correlation between the distribution patterns of CD97stalk and CD55 on tumor tissues (r=0.73, P<0.05). Signet 
ring cell carcinomas frequently contained strong CD97stalk and CD55-staining. Conclusions: Our results suggest that CD97stalk is 
probably involved in the growth, invasion and aggressiveness of gastric carcinomas by binding its cellular ligand CD55. CD97stalk 
and CD55 could be useful as molecular markers for prognosis and therapy of gastric carcinoma patients. 
 
Key words:  CD97stalk, CD55, Gastric carcinoma, Molecular markers 
doi:10.1631/jzus.2005.B0913                    Document code:  A                    CLC number:  R735.2 
 
 
INTRODUCTION 
 

The heterodimeric CD97 protein is a member of 
the EGF-TM7 (epidermal growth factor 
seven-transmembrane member) family receptors of 
75 000~90 000. EGF-TM7 proteins possess a unique 
hybrid structure consisting of various numbers of 
N-terminal EGF-like domains coupled to a 
seven-span transmembrane (TM7) domain by a 
mucin-like stalk (Mcknight and Gordon, 1998; 
Kwakkenbos et al., 2004). CD97 is abundantly ex-

pressed in normal tissues and a series of epithelial 
cancers (Jaspars et al., 2001; Aust et al., 1997; 
Hoang-Vu et al., 1999; Steinert et al., 2002; Aust et 
al., 2002). Various evidence shows that CD97 plays 
an important role in tumor dedifferentiation, migra-
tion, invasiveness and metastasis by binding its cel-
lular ligand CD55 (Hamann et al., 1996; Mustafa et 
al., 2004). There are some reports that the observed 
expression of CD97 does not correlate with clinico-
pathological features of these cancers (Aust et al., 
2002; Boltze et al., 2002). Now it is clear that cell 
type-specific N-glycosylation causes CD97 to show 
two kinds of different epitopes CD97EGF and 
CD97stalk, 2 immunodominant CD97 epitopes that are 
not equally present in the various cell types. Carci-
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nomas frequently expressed CD97stalk within tumor 
cells, the selectivity of CD97 mAbs significantly 
influences the prognostic value of CD97 in clinical 
studies (Wobus et al., 2004). We systematically in-
vestigated for the first time the expression and role of 
CD97stalk and its cellular ligand CD55 in gastric car-
cinomas. 

 
 

MATERIALS AND METHODS 
 
Tissue samples 

This study used 39 gastric carcinomas obtained 
from patients undergoing resection in the Department 

of Surgery, Zhejiang University, between March 
2003 and March 2004. Besides tumors, normal mu-
cosal specimens at least 5 cm away from gastric tumor 
lesions was obtained from all patients. Samples were 
cryopreserved in liquid nitrogen immediately after the 
resection. A small portion of each sample was fixed in 
formalin and stained with hematoxylin and eosin (HE) 
to  confirm  the  histological  diagnosis  of  gastric  car- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

cinoma and count positive stained cells. 
No patient received chemotherapy or radiother-

apy before surgery. Histological diagnosis and stage 

were based on the TNM classification proposed by 
the International Union Against Cancer as evaluated 
in the Institute of Pathology, Second Affiliated Hos-
pital, Zhejiang University. To compare the relation-
ship between the immunostaining of CD97 and CD55 
with known clinicopathologic parameters, patients 
were divided into two groups respectively, each group 
was depicted as detailed in the Table 1. 

 
Methods 

1. Detection of the CD97 and CD55 mRNA 
Total tissue RNA in samples was isolated using 

Trizol Reagent (Gibco BRL, N.Y., USA) in accor-
dance with the manufacturer’s instructions. Com-
plementary DNA (cDNA) was prepared by reverse 
transcription (RT) of 2 µg total RNA using oligo dT18 
and 200 U superscript II reverse transcriptase (Invi-
trogen, California, USA) at 42 °C for 70 min ac-
cording to the manufacturer’s instructions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Relationship between the expression of CD97 and CD55 in tumor cells and clinicopathological features of 
gastric carcinoma patients. Patients were classified according to the positive (+) or negative (−) staining of tumor tissues 
for each antigen. Statistical analysis and correlations of data were performed by determining the P value (P<0.05) 

Number of patients 
CD97 CD55 Clinicopathological features

(−) (+) P value (−) (+) P value 
Age (years)       
＜50 3 8 0.274 4 7 0.568 
≥50 13 15  13 15  

Gender       
Male 12 18 0.812 13 17 0.953 
Female 4 5  4 5  

TNM Stage       
Stage I 1 9 0.021 2 8 0.081 
Stage II, III, IV 15 14  15 14  

Histologic type       
Differentiated 3 9 0.175 3 9 0.119 
Undifferentiated 13 14  14 13  

Lymph node metastasis       
(−) 3 9 0.175 5 7 0.872 
(+) 13 14  12 15  

Depth of invasion       
T1 0 8 0.008 1 7 0.047 
T2, T3, T4 16 15  16 15  

Metastasis       
(−) 15 19 0.306 16 18 0.255 
(+) 1 4  1 4  
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PCRs were carried out in a final volume of 50 µl 
with 2 µl cDNA and 2.5 U Taq DNA polymerase 
(Invitrogen, California, USA).  The specific oligonu-
cleotide primers were from Sangong (Shanghai, 
China), CD97: 5′-TCC TGC CGG CAG CTC CAA-3′ 
(sense) and 5′-GGC AGC GGC AGC TGT ATG 
AAC-3′ (antisense), resulting in an amplicon of 452 
bp; CD55: 5′-TTC AGG CAG CTC TGT CCA 
GTG-3′ (sense) and 5′-GAG GCT GAA GTG GAA 
GGA TCG-3′ (antisense) resulting in an amplicon of 
562 bp; β-actin: 5′-GCT GGA AGT GGA CAG 
CGA-3′ (sense) and 5′-GGC ATC GTG ATG GAC 
TCC G-3′ (antisense) resulting in an amplicon of 608 
bp. The amplification was performed for 30 cycles at 
94 °C for 30 s, 60 °C for 30 s, 72 °C for 1 min before a 
10 min extension was carried out at 72 °C. The am-
plified PCR products were resolved by electrophore-
sis on 1.5% (w/V) agarose gels and identified by 
ethidium bromide staining. After 30 cycles were 
completed, visible bands were determined under 
UV-lights as positive band.  

The correlation between positive expression of 
CD97stalk and CD55 at mRNA and clinicopathological 
features of patients was treated by U test, P<0.05 was 
considered significant. 

2. Immunostaining of CD97stalk and CD55 on 
gastric tumor tissues 

Serial frozen 4 µm thick sections were mounted 
on poly-lysine-coated glass slides and air-dried 
overnight. For IHC (immunohistochemistry), labeled 
streptoavidin-biotin (LSAB) was used. The frozen 
sections were first immersed in phosphate-buffered 
saline (PBS) for 30 min. Endogenous peroxidase was 
quenched with 3% (V/V) hydrogen peroxide in 
methanol for 15 min and then nonspecific antibody 
binding was blocked with normal goat serum for 30 
min. The sections were incubated overnight at 4 °C 
with the primary antibody at 1:100 dilution. Primary 
antibodies used were MEM-180 (anti-CD97) and 
BRIC110 (anti-CD55) purchased from RDI, New 
Jersey, USA and Biosource, Camarillo, USA, re-
spectively. The sections were rinsed in PBS before 
the detection step. Bound antibody was detected with 
a detection kit (DakoCytomation, Copenhagen, 
Denmark. Code No. K5001) including biotinylated 
anti-mouse Ig (Bottle A), horseradish-peroxidase- 
conjugated-streptoavidin (Bottle B) and diaminoben-
zidine (Bottle C+D). Sections that were treated in 

PBS without the primary antibodies were used as 
negative controls. 

The immunoreactivity was evaluated semi-quan- 
titatively with the use of a light microscope by two 
independent investigators who were blind to the his-
tological results. Tissue from a patient with a dedif-
ferentiated thyroid tumor was used for each staining 
procedure as a positive control. The product of posi-
tive cells and staining intensity gave the score (0 to 
12). We considered samples positive if the score was 
higher than 2. A score of 3 to 6 was regarded as 
moderate, and >6 as strong staining (Remmele and 
Stegner, 1987). The comparison between these two 
antigen (CD97stalk and CD55) expressions and clinical 
pathological features was assessed with the 
Mann-Whitney U Test. P<0.05 was considered sig-
nificant. The Spearman test was used for correlation 
analysis. 

 
 

RESULTS 
 
mRNA expression of CD97 and CD55 in tumor 
tissues 

The specific amplicon size of CD97 was 452 bp, 
the specific amplicon size of CD55 was 562 bp 
(Fig.1). Thirty of 39 gastric tumors showed positive 
expression of CD97 at mRNA level, 7 out of 39 in the 
normal gastric glandular epithelium showed positive 
expression of CD97, the positive expression of CD97 
at mRNA level in tumor tissues (77%) was much 
higher than that of normal tissues (18%); 34 of 39 
gastric tumors showed positive expression of CD55 at 
mRNA level, 9 out of 39 in the normal gastric glandu- 
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Fig.1  The expression of CD97 and CD55 at mRNA levels 
on tumors (T) and normal tissues (N) of gastric carcinomas
CD97 and CD55 mRNA expression tumors (T) and normal 
tissues (N) of gastric carcinomas were examined with 
RT-PCR. PCR products were separated in 1.5% agarose gels 
and analyzed after ethidium bromide staining. β-actin was used 
as housekeeping gene for internal control 
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lar epithelium showed positive expression of CD55, 
the positive expression of CD55 at mRNA level in 
tumor tissues (87%) was much higher than that of 
normal tissues (23%). However, the mRNA positive 
expression of CD97 and CD55 in tumor tissues was 
not related to any clinicopathological indicators ob-
tained from gastric carcinoma patients.  

 
Distribution pattern of CD97stalk and CD55 

In normal glandular epithelia of gastric carci-
noma patients, CD97stalk staining was absent or only 
weakly positive. In the tumor tissues there were two 
cases: CD97stalk is strongly localized in the scattered 
tumor cells or small tumor cell clusters at the invasion 
front (Fig.2a), on the other hand, CD97 staining was 
weak or absent in tumor cells located in the center of 
solid tumor formations. Twenty-three of 39 gastric 
tumors showed CD97stalk positive staining, including 
13 moderate and 10 strong staining. Nine of 10 stage I 
patients showed CD97stalk positive staining on the 
tumor cells, 4 moderate and 5 strong staining, and 
among 5 cases with strong staining, 4 were present in 
signet ring cell carcinomas (Fig.2b). Thirteen of 29 
stage II, III, and IV patients showed positive staining, 
including 8 moderate and 5 strong staining. The ex-
pression of CD97stalk between stage I and stage II, III, 
IV patients showed significant difference (P<0.05). 
All of the 8 patients with tumor invasion depth limited 
in mucosa T1 showed positive CD97stalk staining, 
including 4 moderate and 4 strong staining. Among 
those 4 patients that showed strong CD97 staining on 
tumor cells, 3 of 4 patients had signet ring cell car-
cinomas. The expression of CD97stalk between T1 and 
T2, T3, T4 was significantly different (P<0.05). 
CD97stalk staining was frequently observed on the 
cytoplasm of tumor cells in gastric carcinoma stage I 
patients and the depth of tumor invasion T1, espe-
cially on signet ring cells.  

The positive expression for CD55 was found in 
22 out of 39 tumor cases, including 16 moderate and 6 
strong staining. CD55 was predominantly expressed 
in the cytoplasms of tumor cells. Signet ring cell car-
cinoma showed the strongest CD55 staining (Fig.2c). 
CD55 was also expressed on the glandular luminal 
sides, particularly, the staining was observed on the 
entire surface at sites where the ducts were present 
(Fig.2d). Seven out of the 8 patients with tumor in-
vasion depth limited in mucosa T1 showed positive 

CD55 staining, and the expression of CD55 between 
T1 and T2, T3, T4 was significantly different 
(P<0.05). On the other hand, strong CD55-positive 
staining was frequently displayed in the normal gas-
tric glandular epithelium (Fig.2e). Comparison 
analysis of the expression of CD97stalk and CD55 and 
the clinicopathological features of gastric carcinoma 
patients are described in detail in Table 1. Spearman 
test (r=0.73, P<0.05) revealed strong correlation 
between the distribution patterns of CD97stalk and 
CD55 on tumor tissues. 

 
 

DISCUSSION 
 

The positive-expression of CD97 and CD55 at 
mRNA level in tumor tissue was not consistent with 
the clinicopathologic features in gastric carcinoma 
patients. This result in pancreatic ductal adenocarci-
noma and medullary thyroid carcinomas was dis-
cussed in (Mustafa et al., 2004; Boltze et al., 2002). 

In this study, a strong CD97stalk staining was 
observed in isolated tumor cells as well as in small 
tumor clusters at the gastric carcinoma invasion front, 
whereas CD97stalk-staining appeared weakly ho-
mogenous, or even negative, at the center of the solid 
tumor tissue. The pattern of CD97stalk-staining on 
gastric tumors is consistent with previous reports on 
gastric, colorectal and thyroid carcinomas (Aust et al., 
1997; Steinert et al., 2002; Aust et al., 2002). How-
ever, there are distinguishing discrepancies in the 
relation between the expression of CD97stalk and the 
clinicopathological features of the gastric carcinoma 
patients. Steinert et al.(2002) reported that carcino-
mas with strong CD97-staining showed a higher 
clinical stage as well as increased lymph vessel inva-
sion compared to carcinomas with weak CD97- 
staining in colorectal carcinomas. However, our study 
showed that stage I and T1 gastric carcinoma patients, 
with the exception of gastric cancer with higher stage, 
frequently showed the strongest CD97stalk-staining, 
particularly in signet ring cell carcinoma. It is well 
known that newborn tumor tissue is highly vital, and 
so, have strong capability for invasion, aggressive-
ness and metastasis. The expression of CD97stalk 
varies in different lesions of the same tumor and with 
different developmental stage of the gastric carci-
noma. This variation may be similar to the situation 
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described in β-catenin and CD97 localization in co-
lorectal carcinomas (Steinert et al., 2002; Brabletz et 
al., 1998; 2001; Maruyama et al., 2000). These data 
suggest that the accumulation of CD97stalk in scattered 
tumor cells or tumor cells at the invasion front of 
gastric carcinomas enables the tumor cells or cell 
clusters to develop, migrate and invade the sur-
rounding tissue. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In this study, the expression of CD55 in T1 gas-
tric carcinoma tissues usually showed high and strong 
positive staining. It suggests that early stage gastric 
carcinomas are easily exposed to the environment of 
complement attack, and that gastric carcinoma cells 
express CD55 protein to protect malignant cells from 
complement lysis as CD55 in endometrial adenocar-
cinoma (Nowicki et al., 2001). Moreover, the expres- 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) (b) 

(d) 

(e) 

(c) 

Fig.2  Cryostat section of gastric carcinoma tissue (magnification 200×). Positive staining of CD97 and CD55 was observed
on cytoplasm and membrane of gastric carcinoma cells and showed brown-yellow, the cellular nuclears generally showed
blue. When the staining was too strong, the cellular nuclears was covered by brown-yellow (a) Strong CD97stalk-staining
was localized in scattered tumor cells surrounded in matrix or small tumor cell clusters; (b) Strong CD97stalk-staining was
observed on cytoplasm of signet ring cell carcinomas; (c) Strong CD55-staining was located on cytoplasm of signet ring cell
carcinomas; (d) CD55-staining was located on glandular luminal sides, and was expressed over the entire surface where
the ducts were present; (e) Positive-staining of CD55 was frequently observed in normal gastric glandular epithelium 
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sion of CD55 was strong in normal gastric mucosa 
and was consistent with the result of previous studies 
(Shimo et al., 2004; Niehans et al., 1996; Li et al., 
2001) on the expression of CD55 in other carcinomas. 
Given that CD55 plays a role in tumor immune escape, 
the strong expression of CD55 in normal gastric 
glandular epithelia may be considered as a predicting 
factor in gastric carcinoma patients, further investi-
gation must be carried out. 

In gastric tumor tissues, the expression of CD55 
was well correlated with that of CD97stalk. Particularly, 
strong staining of CD97stalk and CD55 was observed 
in the cytoplasm of the signet ring cell carcinoma of 
patients. These findings indirectly support the previ-
ous report that CD97 may be involved in the remod-
elling of adhesive contacts of the invading tumor cells 
by direct receptor-ligand interactions (Steinert et al., 
2002; Mustafa et al., 2004; Li et al., 2001). Although 
the mechanisms for the interaction of CD97 and 
CD55 remains unclear, both molecules may be used 
as good targets for diagnosis and treatment of gastric 
carcinomas. 
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