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Abstract  The expression of nm23, the product of a can- 
didate suppressor gene for tumour metastasis, was exam- 
ined immunohistochemically in human gallbladder carci- 
nomas and compared with clinicopathological features. 
Seventy-eight (72%) of 107 carcinomas expressed nm23 
protein regardless of histological type, while non-neo- 
plastic mucosa occasionally showed very weak immuno- 
reactivity to nm23. No obvious correlation was observed 
between nm23 protein expression and depth of tumour 
invasion or tumour stage. The expression of nm23 pro- 
tein was detected in 60% and 74% of the cases with and 
without lymph node metastasis, respectively, indicating 
no relationship to metastatic ability. Fifty-eight percent 
of the cases showed reduction of rim23 immunoreactivity 
in tumour cells invading the stroma at the border of tu- 
mour cell nests compared with cells at the centre of the 
tumour. Only 7% of the cases showed increased nm23 
expression in tumour cells at the border. These results 
suggest that in gallbladder carcinoma decreased expres- 
sion of nm23 may not have implications for metastasis 
but may play a part in local invasion. 
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Introduction 

The nm23 gene was identified from murine K-1735 mel- 
anoma cells with low and high metastatic potential as a 
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candidate suppressor gene for turnout metastasis, using a 
differentiated hybridization strategy [16]. Subsequently, 
two distinct human nm23 genes were isolated as nm23- 
H1, and H2, both of which encode proteins of 
17-18 kDa that exhibit a 90% amino acid sequence iden- 
tity [15]. It has been shown that nm23 H1 and H2 are 
identical to human nucleotide diphosphate kinase-A and 
-B [3]. The overexpression of nm23 gene in highly meta- 
static cells by gene transfer reduces metastatic tumour 
formation. In breast carcinomas, nm23 expression at ei- 
ther mRNA or protein level is associated with good 
prognosis and lack of lymph node metastasis [5, 7]. We 
have found that reduced expression of nm23 is associat- 
ed with gastric and colorectal carcinomas of advanced 
stage and high metastatic potential [2, 11 ]. More recent- 
ly, nm23 H2 has been shown to be identical to c-myc 
transcription factor (PuF) [12]. We have also confirmed 
that the level of nm23 expression in the gastric and colo- 
rectal carcinomas is significantly higher than that in non- 
neoplastic counterparts [2, 11]. Therefore, nm23 may 
participate in both development of tumours and suppres- 
sion of metastasis. 

Mutations of K-ras oncogene and p53 tumour sup- 
pressor genes occur frequently in gallbladder carcinomas 
[8, 17]. However, little is known about the molecular 
mechanism of tumour progression and metastasis of 
these malignancies. There have been no reports on the 
expression of nm23 and its significance in gallbladder 
carcinomas. 

In this study, in order to elucidate the role of nm23 in 
metastasis or progression of gallbladder carcinomas, we 
examined nm23 protein expression using anti-nm23 anti- 
body and compared it with clinicopathological findings. 

Materials and methods 

A total of 107 surgically resected gallbladder carcinomas and 
metastatic lesions from regional lymph node, with corresponding 
non-neoplastic mucosa from the same patients were used. They 
were formalin-fixed and paraffin-embedded. Both primary tumour 
and lymph node metastasis were examined in 22 cases. In some 
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cases, tumour tissues and non-neoplastic mucosa were frozen in 
liquid nitrogen immediately after surgery and stored at -80°C. The 
definition of histological classification and stage grouping were 
made according to the criteria of the World Health Organization 
[1] and the International Union against Cancer [19]. Informed con- 
sent was obtained from all subjects. 

Anti-nm23 polyclonal antibody was raised against a synthetic 
oligopeptide corresponding to nucleotide positions 354 to 404 
(peptide 11) of human nm23 cDNA in our laboratory [11, 14]. 
This antibody reacts with 17.0 kDa and 18.5 kDa forms of nm23 
protein. The antibody recognizes products from both nm23 H 1 and 
H2 gene, because the sequences corresponding to peptide 11 are 
identical in human nm23 H1 and H2. The specificity of immuno- 
reaction was confirmed by a pre-incubation with an excess of the 
antigenic peptides of nm23. 

The immunoglobulin enzyme bridge technique (indirect meth- 
od) was employed [9]. Dewaxed tissue sections were subjected to 
methanol blocking, following by primary reaction using anti-nm23 
antibody. The immunoreactivity was graded as - to +++ according 
to the number of cells stained and the intensity of the reaction in 
individual cells. Grades were defined as follows: -, almost no posi- 
tive cells; +, 10-30% of tumour cells showed weak to moderate 
irnmunoreactivity; ++, 30-60% of tumour cells showed weak to 
moderate immunoreactivity or 10-30% of tumour cells showed 
strong immunoreactivity; +++, over 60% of tumour cells showed 
strong immunoreactivity. Three independent pathologists (K.E, 
W.Y. and F.S.) examined all the immunostained specimens ran- 
domly to make the grading as objective as possible. After deciding 
on the grades, we compared the grades of immunoreactivity in pri- 
mary lesions with those in metastatic lymph nodes. 

For Western blot analysis, frozen tissues were homogenized in 
HEPES-monothio buffer as described previously [9]. Tissue ho- 
mogenates were lysed in buffer containing 50 mM TRIS-HC1 
(pH 7.4), 125 mM NaC1, 0.1% (v/v) NP40, 5 mM EDTA, 50 mM 
NaF, 1 mM PMSF and 2 gM each of leupeptin, pepstatin and anti- 
pain. Lysates were subjected to Western blotting as described else- 
where [9]. 

The statistical analysis was performed using the Kendall Tau b 
correlation analysis and signed rank test. 

Results 

Of  107 ga l lb l adde r  ca rc inomas ,  78 (72%) showed posi -  
t ive immunoreac t iv i ty  to rim23 protein,  regardless  o f  his-  
to logica l  type  and grade  (Table 1, Fig.  1). The  inc idence  
of  nm23-pos i t ive  cases  was s l ight ly  lower  in adenosqua-  
mous  ca rc inomas  than in adenocarc inomas ,  but  the dif-  
ference  was not  s ignif icant .  Nm23 prote in  was obse rved  
ma in ly  in the cy top l a sm of  the tumour  cells.  Non-neo-  
p las t ic  ep i the l ia l  cel ls  occas iona l ly  showed very  weak  
immunoreac t iv i ty  to nm23.  

We next  examined  the corre la t ion  be tween  the expres-  
s ion o f  nm23 prote in  and the c l in icopa tho log ica l  fea- 

Table 1 Immunohistochemical detection of nm23 in human gall- 
bladder carcinoma (The statistical analysis was performed using 
Kendall Tau b correlation analysis. A probability of p<0.05 was 
considered statistically significant. Significant correlation was not 
detected (p=0.3626) 

Histological Positive cases 
type [1] 

nm23 immunoreaction 

+ + +  + + +  

pap 17/21 (80%) 9 5 3 
well 36/49 (73%) 18 16 2 
rood 12/17 (70%) 7 3 2 
por 8/11 (77%) 3 5 0 
as 5/9 (55%) 3 1 1 

Total 78/107 (72%) 40 30 8 

Fig. l a - c  Immunostaining of nm23 protein in human gallbladder 
carcinomas, a Poorly differentiated adenocarcinoma. Many tu- 
mour cells are positive to nm23 protein within the cytoplasms. 
x 100. b Moderately differentiated adenocarcinoma, x200. c Papil- 
lary adenocarcinoma, x200 
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Table 2 Expression of rim23 protein in gallbladder carcinomas Table 4 Comparison of nm23 immunoreactivity between the cen- 
with or without lymph-node metastasis tral and peripheral part of the turnout 

Positive cases nm23 immunoreaction 

+ ++ +++ 

Cases without LN 
metastasis 12/20 (60%) 5 5 32 
Cases with LN 
metastasis 66/87 (74%) 35 25 6 

Total 78/107 (72%) 40 30 8 

Table 3 Comparison of nm23 immunoreactivity between primary 
tumours and lymph-node metastasis 

Total cases Pri>LN Pri=LN Pri<LN 

22 8 (36%) 5 (23%) 9 (41%) 

nm23 
immuno- 
reactivity 
in central 
turnout cells 

rim23 immunoreactivity in peripheral tumour cells 

+ ++ +++ 

- 2 3  1 0 0 
+ 26 7 3 0 
++ 14 7 3 1 
+++ 1 3 1 1 

Central>Peripheral 52 (58%) 
Central=Peripheral 34 (35%) 
Central<Peripheral 5 (7%) 
p=0.044 a 
a See foot note for Table 1. Significant correlation was detected 
(p=0.044) 

tures. No obvious correlation was observed between 
nm23 immunoreactivity and depth of tumour invasion or 
tumour stage (data not shown). Furthermore, the expres- 
sion of nm23 protein was not correlated with metastatic 
ability of the tumour cells. Nm23 protein expression was 
detected in 60% and 74% of the cases with and without 
lymph-node metastasis, respectively (Tables 2, 3). When 
the immunoreactivity of the primary tumours was com- 
pared to that of lymph-node metastases, 8 (36%) of the 

Fig. 2a-c Immunostaining of nm23 protein in a well-differentiat- 
ed adenocarcinoma, a Lower magnification of the tumour, i.e. 
x40. b Central part of the turnout. Strong staining immunoreactivi- 
ty to nm23 is observed in most turnout cells at the centre of the tu- 
mour. x400. e Peripheral part of the turnout. Tumour cells at the 
border between the turnout and the stromal are almost negative to 
nm23 protein, x400 

22 cases available to evaluate showed weaker nm23 im- 
munoreactivity in lymph-node metastasis than the prima- 
ry tumour, while 9 (41%) showed higher immunoreactiv- 
ity in the metastatic tumour. The long-term survival was 
not different for the gallbladder carcinoma patients with 
and those without nm23 protein expression (data not 
shown). 

Nm23 immunoreactivity in tumour cells invading the 
surrounding stroma at the border of tumour cell nests 
was compared with that in cells at the central portion of 
the tumour. Immunoreactivity of nm23 in the central por- 
tion tends to be stronger than that in the peripheral por- 
tion (Fig. 2). 

Significant correlation was detected upon Kendall Tau 
b analysis, as shown in Table 4. Fifty-eight percent of the 
cases showed reduction of nm23 protein expression in 
tumour cells at the border between the tumour and stro- 
ma (peripheral part) compared with the centre, whereas 
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Fig. 3 Western Not analysis of nm23 protein in gallbladder carci- 
nomas. Two bands of 17.0 and 18.5 kDa were detected in cases 1, 
2 and 3. Case 1, poorly differentiated adenocarcinoma (T1N1M0, 
stage III); case 2, moderately differentiated adenocarcinoma 
(T2NOM0, stage II, the same as Fig. lb); case 3, well-differentiat- 
ed adenocarcinoma (T1NOM0, stage I); case 4, well-differentiated 
adenocarcinoma (T3NOM0, stage III). The grade of nm23 immu- 
nostaining in cases 1, 2, 3 and 4 was ++, +++, ++ and -, respec- 
tively 

only 7% of the cases showed increase in the nm23 pro- 
tein expression in tumour cells at the border. 

To confirm the expression of nm23 protein in the tu- 
mour tissue, Western blot analysis using the same anti- 
body was performed in some cases for whom frozen tis- 
sues were available. As shown in Fig. 3, two bands of 
17.0 kDa and 18.5 kDa were detected in 3 of  the 4 gall- 
bladder carcinomas examined. The level of  nm23 expres- 
sion in Western blotting was well correlated with the 
grade of immunostaining. 

pression is inversely correlated with advanced turnout 
stage and metastasis of gastric and colorectal carcinomas 
[2, 15]. However, this may not necessarily be true for all 
types of  carcinoma. Positive correlation between the lev- 
el of  nm23 expression and metastatic ability has been de- 
tected in pancreatic carcinomas [10] and neuroblastomas 
[4], while no correlation was detected in lung adenocar- 
cinoma [6]. In the present study, the expression of nm23 
protein was not correlated with metastasis. More than 
70% of cases with lymph node metastasis showed nm23 
immunoreactivity. Therefore, we concluded that nm23 
expression does not have implications for inhibition of 
metastasis in gallbladder carcinomas. It is likely that the 
role of nm23 in metastasis differs depending on types of  
cancer. 

We found that many of the cases showed lower nm23 
protein expression in tumour cells invading the surround- 
ing stroma at the border of  tumour cell nests than in cells 
at the centre of  the turnout. However, we did not detect 
any correlation between nm23 expression and tumour 
stage or depth of tumour invasion. Therefore, we cannot 
at present conclude a significant role of  nm23 in local in- 
vasion of tumour cells. Furthermore, the mechanism of 
reduced nm23 expression in the peripheral portion of the 
tumour is unclear. The invasive properties of  tumour 
cells are modulated by a variety of  molecules, such as 
cadherins, integrins, and hepatocyte growth factor 
(HGF)/scatter factor. We should clarify the interaction of 
nm23 with these molecules to get solid evidence of a 
role for nm23 in tumour invasion. 

Discussion 

A candidate suppressor gene for turnout metastasis, 
nm23 H1 and H2, encodes NDP kinase-A and -B, re- 
spectively [3]. It has recently been reported that nm23 
H2 protein is identical to c-myc transcriptional factor 
(PuF) [12, 13]. Therefore, it is likely that rim23 may 
have a role in tumorigenesis through c-myc induction in 
addition to its role in metastasis inhibition. In fact, we 
have found that gastric and colorectal carcinomas ex- 
press nm23 at a higher level than corresponding non- 
neoplastic mucosa [2, 11]. In the present study, more 
than 70% of gallbladder carcinomas expressed nm23 
protein, while non-neoplastic mucosa only occasionally 
showed weak immunoreactivity to nm23 protein. This 
finding suggests that nm23 may play a part in the devel- 
opment of gallbladder carcinoma. Nm23/NDP kinase is 
known to be involved in ras-related signal transduction 
[18]. So far, however, nothing is known about the possi- 
ble interrelationship between nm23 and the mutated K- 
ras gene which is thought to be involved in tumorigene- 
sis of  gallbladder carcinoma [8]. 

Many reports have emphasized an inverse correlation 
relationship between rim23 expression and metastatic 
ability in turnout cells. In breast carcinomas, high levels 
of  rim23 mRNA and protein are associated with low 
metastatic potential and good prognosis for the patient 
[5, 7]. We have also reported that the level of nm23 ex- 
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