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Limited value of KAI1/CD82 protein
expression as a prognostic marker in human
gastric cancer
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Abstract. The cell surface glycoprotein KAI1/CD82 suppresses tumor growth and metastasis in animal models. This study aimed
to evaluate the prognostic relevance of KAI1/CD82 protein expression in human gastric cancer. Primary gastric carcinomas
(n = 271) with a mean clinical follow-up time of 48 months were immunostained using the monoclonal anti-KAI1/CD82 antibody
G2. Staining was evaluated as negative versus positive for statistical analysis. KAI1/CD82 immunoreactivity was absent in
103/271 (38%) cases. There was a trend towards KAI1/CD82 negativity in poorly differentiated cases (p = 0.0679). Moreover,
KAI1/CD82-negative carcinomas were associated with a higher pT status (p = 0.0222), metastatic lymph node involvement
(p = 0.0018) and a higher clinical tumor stage (p = 0.0050). The median overall survival times of KAI1/CD82-negative and
KAI1/CD82-positive gastric carcinomas were 20 and 37 months, respectively (p = 0.2305). These results are in line with the
proposed function of KAI1/CD82 as a suppressor of tumor growth and metastasis. However, these data suggest that KAI1/CD82,
as detected by immunohistochemistry, is of limited value as a prognostic marker for gastric cancer in routine histological workup.
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1. Introduction

KAI1/CD82, subsequently referred to as KAI1, be-
longs to the tetraspanin superfamily of cell surface gly-
coproteins, which are implicated in the regulation of
tumor growth and progression. Originally, KAI1 was
identified as a suppressor of metastasis in experimen-
tal animal models [1]. Ectopic expression of KAI1
inhibits tumor growth and metastasis of highly ag-
gressive tumor cell lines, including AT6.1 and LNCaP
prostate cancer cells and B16BL6 melanoma cells [1–
4]. KAI1 interacts with the Duffy antigen receptor for
chemokines (DARC), which is expressed on vascular
endothelial cells and on lymphatic vessels [3]. This
interaction transmits a senescent signal to intravasated
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tumor cells expressing KAI1, whereas KAI1-negative
cancer cells continue to proliferate and ultimately give
rise to metastases [3]. Therefore, KAI1 has been pro-
posed as a promising new biomarker for predicting
metastatic spread and prognosis in a wide variety of
human malignancies. Analyses of clinical tumor spec-
imens revealed that the expression of KAI1 is frequent-
ly downregulated or lost in several types of carcino-
mas [5–9]. In prostate cancer for instance, expres-
sion of KAI1 is downregulated or lost in poorly dif-
ferentiated cases [5,6]. However, with respect to gas-
tric cancer, the clinical relevance of KAI1 expression
remained controversial. Guo and colleagues reported
that KAI1 expression was not altered or lost in a se-
ries of 35 gastric cancers [10]. In contrast, Tsutsumi
et al. observed a strong KAI1 immunoreactivity in the
normal gastric epithelium, but a loss of KAI1 protein
expression in a considerable proportion of gastric can-
cers [11]. In the tumor cohort investigated by Tsutsumi
and colleagues, KAI1-negative cases were associated
with a higher nodal stage and with shortened patient
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Table 1
Characteristics of the tumor set

Number Percentage

Cases 271 100
Age

males
< 70 years 127 47
� 70 years 48 18

females
< 75 years 71 26
� 75 years 25 9

Sex
male 175 65

female 96 35
pT status

pT1 34 12
pT2 127 47
pT3 92 34
pT4 18 7

pN status
pN0 86 31
pN1 91 34
pN2 91 34
pN3 3 1

pM status
pM0 243 90
pM1 28 10

Histological grade
G1 9 3
G2 135 50
G3 127 47

Laurén classification
intestinal type 154 57

diffuse type 49 18
mixed type 24 9

not specified 44 16
Ming classification

expansive type 141 52
infiltrative type 55 20

not specified 75 28
∗multiple entries per case possible for tumor localization.

Number Percentage

Borrmann classification
type I 23 9

type II 109 40
type III 74 27
type IV 33 12

not specified 32 12
Tumor localization∗

esophagogastric junction 73 27∗
cardia 116 43∗
corpus 91 34∗
pylorus 91 34∗

pyloroduodenal junction 4 1∗
entire stomach 1 < 1∗

not specified 17 6∗
Histology

adenocarcinoma, NOS 130 47
adenocarcinoma, intestinal type 25 9

adenocarcinoma, diffuse type 4 2
papillary adenocarcinoma 2 1

tubular adenocarcinoma 29 11
mucinous adenocarcinoma 6 2
signet-ring cell carcinoma 53 19

adenosquamous carcinoma 1 1
undifferentiated carcinoma 3 1
others and mixed histology 2 1

not specified 16 6
Karnofsky index

< 80 24 9
� 80 125 46

unspecified 122 45
Clinical stage

IA 29 11
IB 46 17
II 56 20

IIIA 59 22
IIIB 40 15
IV 41 15

Survival status
alive 101 37

deceased 170 63

overall survival [11]. Similar findings were also report-
ed by Lee et al. and Wu et al. in two other gastric can-
cer cohorts [12,13]. The present study aimed to eval-
uate the clinical relevance of KAI1 protein expression
in the largest series of gastric carcinomas with clinical
follow-up data analyzed for KAI1 expression reported
in the literature so far.

2. Materials and methods

2.1. Patients

The present work included primary gastric cancer
specimens of 271 patients who had participated in
a clinical study conducted at the Hannover Medical
School between 1986 and 1997 [14]. Inclusion criteria

of this study had comprised complete surgical R0 resec-
tion of the primary tumor, histologically proven gastric
carcinoma, no neoadjuvant or adjuvant chemotherapy
or radiotherapy and absence of secondary malignan-
cies. All patients gave their informed consent and the
study was approved by the local ethics committee of
Hannover Medical School in compliance with the code
of ethics of theWorldMedicalAssociation (Declaration
of Helsinki). The clinicopathological characteristics of
the tumors are shown in Table 1. Macroscopic tumor
appearance was evaluated according to the Borrmann
classification and also considered the tumor localiza-
tion within the stomach [15]. Tumor histology was de-
termined according to the criteria of the World Health
Organization and according to the Laurén and the Ming
classifications [16–18]. The pTNM stage and the clin-
ical tumor stage were assessed according to the unified
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international gastric cancer staging classification sys-
tem, as incorporated in the American Joint Commit-
tee on Cancer (AJCC) manual for staging of cancer,
3rd edition, and in the Union Internationale Contre le
Cancer (UICC) TNM classification manual, 4th edi-
tion [19–21]. Clinical follow-up data including overall
survival were available for all patients. The mean clin-
ical follow-up time was 48 months (4 years, range: 1–
163 months). One-hundred and seventy patients (63%)
died during the observation time.

2.2. Tissue microarrays and immunohistochemistry

Tissue microarrays containing 1.4 mm (diame-
ter) core biopsies from representative tumor areas of
formalin-fixed paraffin-embedded gastric cancer tissue
were constructed as described previously [14,22]. For
KAI1 immunohistochemistry, 4 μm sections of tis-
sue microarrays were mounted on poly-L-lysine coated
slides. Slides were deparaffinized and rehydrated con-
ventionally. Antigen retrievalwas achieved by pressure
cooking at 125◦C in 10 mmol/l citric acid (pH 6) for
3 min. Endogenous peroxidase was blocked with 0.3%
(v/v) H2O2 and slides were subjected to immunohisto-
chemical staining using the monoclonal anti-KAI1 an-
tibody G2 (Santa Cruz Biotechnology, Santa Cruz, CA,
U.S.A) as described previously [8]. The ZytoChem-
Plus HRP Kit (Zytomed, Berlin, Germany) was used
for detection of the immune reaction. The UACC-893
and MCF-7 cell lines were employed as internal pos-
itive and negative controls in each staining batch as
described previously [8]. Evaluation of membranous
KAI1 immunoreactivity was performed using an im-
munoreactivity score (IRS) as described by Remmele
and Stegner [23]. In brief, IRS was calculated as the
product of staining intensity (graded between nega-
tive = 0 and strong = 3) and the percentage of pos-
itively stained tumor cells (graded between 0 and 4,
being 1 < 25%, 2 = 25–50%, 3 = 51–75%, 4 > 75%).
Tumors with an IRS � 2 were considered as KAI1-
negative, whereas those with an IRS � 3 were con-
sidered as KAI1-positive. All tissue microarrays were
scored independently by four observers (MC, MK, TK
and FP) and divergent scorings were discussed and de-
cided on a multi-head microscope.

2.3. Statistics

Statistical analyses were performed with GraphPad
Prism software. The χ2 test and the χ2 test for trends
were used to assess the statistical significance of asso-

ciations between KAI1 expression status and clinico-
pathological parameters. Univariate survival analyses
were performed by the Kaplan-Meier method. Differ-
ences in the survival curves were assessed by log-rank
test. P values < 0.05 were considered significant.

3. Results

A collection of 271 primary gastric carcinomas were
compiled onto tissue microarrays and immunostained
for KAI1. Absence of KAI1 immunoreactivitywas ob-
served in 103/271 (38%) cases (Table 2 and Fig. 1D).
In KAI1-negative versus KAI1-positive gastric carci-
nomas, there was no significant difference with respect
to gender distribution, patient age, Karnofsky index,
presence of distant metastasis at the time of diagno-
sis, macroscopic tumor appearance, tumor localization
and histological classification (Table 2). There was a
trend towards KAI1 negativity in poorly differentiated
cases (p = 0.0679) (Table 2). However, this was not
statistically significant. Instead, KAI1-negative car-
cinomas were significantly associated with a higher
pT status (p = 0.0222) and a higher pN status (p =
0.0018) (Table 2). Consistently, KAI1-negative carci-
nomas were also associated with a higher clinical tu-
mor stage (p = 0.0050) (Table 2). Moreover, KAI1-
negative carcinomas were over-represented in a sub-
set of patients who died early (< 27 months) after tu-
mor diagnosis (Table 2). This prompted us to deter-
mine whether loss of KAI1 expression was associat-
ed with shortened patient overall survival, when tak-
ing into consideration the entire clinical follow-up da-
ta. In univariate survival analyses, cumulative survival
curves were calculated according to the Kaplan-Meier
method. Differences in survival were assessed with the
log-rank test. Conventional prognostic markers used
in routine clinical pathology, such as pT status, lymph
node involvement and presence of distant metastases
reached significance for overall survival in the tumor
collection analyzed (Figs 1A–C). For instance, the me-
dian overall survival times of pT4 and pT2 tumors were
10 and 40 months, respectively (0.8 and 3.3 years,
p < 0.0001) (Fig. 1A). The median overall survival
times of KAI1-negative and KAI1-positive cases were
20 and 37 months, respectively (1.7 and 3.1 years, p =
0.2305) (Fig. 1E). Thus,KAI1-negative gastric carcino-
mas were not statistically significantly associated with
shortened patient overall survival.
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Table 2
Relationship between KAI1 protein expression and clinicopathological parameters in gastric cancer

KAI1-neg. KAI1-pos. p- value

Cases 103 (38%) 168 (62%)
Age

males p = 0.27811

< 70 years 51 (40%) 76 (60%)
� 70 years 15 (31%) 33 (69%)

females p = 0.43451

< 75 years 29 (41%) 42 (59%)
� 75 years 8 (32%) 17 (68%)

Sex p = 0.89321

male 66 (38%) 109 (62%)
female 37 (39%) 59 (61%)

pT status p = 0.02222

pT1 6 (18%) 28 (82%)
pT2 47 (37%) 80 (63%)
pT3 44 (48%) 48 (52%)
pT4 6 (33%) 12 (67%)

pN status p = 0.00182

pN0 25 (29%) 61 (71%)
pN1 30 (33%) 61 (67%)
pN2 46 (51%) 45 (49%)
pN3 2 (67%) 1 (33%)

pM status p = 0.79181

pM0 93 (38%) 150 (62%)
pM1 10 (36%) 18 (64%)

Histological grade p = 0.06792

G1 1 (11%) 8 (89%)
G2 48 (36%) 87 (64%)
G3 54 (43%) 73 (57%)

Laurén classification p = 0.50193

intestinal type 51 (33%) 103 (67%)
diffuse type 20 (41%) 29 (59%)
mixed type 10 (42%) 14 (58%)

Ming classification p = 0.19061

expansive type 45 (32%) 96 (68%)
infiltrative type 23 (42%) 32 (58%)

Borrmann classification p = 0.22273

type I 7 (30%) 16 (70%)
type II 34 (31%) 75 (69%)

type III 35 (47%) 39 (53%)
type IV 14 (42%) 19 (58%)

Tumor localization
esophagogastric junction 24 (33%) 49 (67%) p = 0.46883

cardia 49 (42%) 67 (58%)
corpus 34 (37%) 57 (63%)

pylorus 35 (38%) 56 (62%)
pyloroduodenal junction 3 (75%) 1 (25%)

entire stomach 0 (0%) 1 (100%)
Histology4 p = 0.95213

adenocarcinoma, NOS 48 (37%) 82 (63%)
adenocarcinoma, intestinal type 8 (32%) 17 (68%)

tubular adenocarcinoma 12 (41%) 17 (59%)
mucinous adenocarcinoma 2 (33%) 4 (67%)
signet-ring cell carcinoma 18 (34%) 35 (66%)

Karnofsky index p = 0.94691

< 80 10 (42%) 14 (58%)
� 80 53 (42%) 72 (58%)

Survival time5 p = 0.00151

< 27 months 64 (47%) 71 (53%)
� 27 months 39 (29%) 97 (71%)

Clinical stage p = 0.00502

IA 5 (17%) 24 (83%)
IB 16 (35%) 30 (65%)
II 21 (38%) 35 (62%)

IIIA 18 (31%) 41 (69%)
IIIB 26 (65%) 14 (35%)
IV 17 (41%) 24 (59%)

1χ2 test.
2χ2 test for trends.
3χ2 test for independence.
4the most prevalent histological subtypes were included.
527 months corresponds to the median survival time of all the patients in the study.
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Fig. 1. Patient overall survival dependent on the pT stage (A), the pN stage (B), the pM stage (C) and the expression of KAI1 (E). Censored
individuals are indicated by vertical lines. KAI1 immunohistochemical stainings representative of gastric carcinomas scored as KAI1-negative
or KAI1-positive are shown in the upper right panel (D).

4. Discussion

KAI1 suppresses tumor growth and metastasis in ex-
perimental animal models and is frequently downreg-
ulated or lost in various types of human tumors [1–9].
KAI1 has been proposed as a promising newprognostic
biomarker for a variety of malignancies. The present
study aimed to evaluate the use of KAI1 expression as
a prognostic marker in gastric cancer. KAI1 protein
expression was determined by immunohistochemistry
in the largest series of gastric carcinomas with clinical
follow-up data analyzed for KAI1 expression reported
in the literature so far. In line with previous findings

reported independently by Tsutsumi et al., Lee et al.,
and Wu et al., we observed a loss of KAI1 expression
in a considerable proportion (38%) of primary gastric
carcinomas [11–13]. KAI1-negative gastric carcino-
mas were associated with a higher pT status, a high-
er pN status and a higher clinical tumor stage, which
is consistent with the proposed function of KAI1 as
a suppressor of tumor growth and metastasis. There
was a trend towards KAI1 negativity in poorly differ-
entiated gastric carcinomas, which has previously also
been observed in prostate carcinomas [5,6]. However,
KAI1-negative status was not significantly associated
with presence of distant metastasis at the time of tumor
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diagnosis. This may be due to the limited number of
patients with a pM1 status in the initial tumor staging
included in this study. KAI1-negative gastric carcino-
mas were over-represented in a subset of patients who
died early (< 27 months) after tumor diagnosis. How-
ever, when taking into consideration the entire clinical
follow-up data, KAI1-negative cases were not signifi-
cantly associated with shorter patient overall survival,
as had previously been reported by Tsutsumi et al. and
Lee et al. [11,12]. Of note, the present study has been
conducted based on gastric cancer samples of a patient
cohort that had undergone surgical tumor resection be-
fore adjuvant chemoradiotherapy had been established
as the standard treatment procedure for gastric can-
cer [24]. This also applies to the studies of Tsutsumi
et al. and Lee et al. [11,12]. On the one hand, we
can not exclude that slightly different results might be
obtained in more recent patient cohorts, which have re-
ceived adjuvant chemoradiotherapy. On the other hand,
this eliminates potential confounding effects of therapy
modalities on the impact of KAI1 on overall survival
and facilitates a comparison with the aforementioned
studies of Tsutsumi et al. and Lee et al. [11,12]. Col-
lectively, our findings suggest that KAI1, as detected
by immunohistochemistry, is of limited clinical value
as a prognostic marker for gastric carcinoma in routine
histological workup.
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