
786

0007-4888/08/1466�0786  © 2008  Springer Science+Business Media, Inc.

ONCOLOGY

Analysis of NM23 Protein and Components
of Plasminogen Activation System in Tumors
of Patients with Stomach Cancer with Consideration
for Disease Clinical Picture and Morphology
N. E. Kushlinskii, V. V. Delektorskaya, V. V. Mochal’nikova,
Li Sini, A. A. Yurchenko, A. B. Ryabov, and I. S. Stilidi

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 146, No. 12, pp. 686-690, December, 2008
Original article submitted November 1, 2008

Immunohistochemical analysis of the expression and distribution of nm23 protein and
biochemical analysis of the main components of plasminogen activation system in
tumors were carried out in stomach cancer patients. The data indicate that the expression
of nm23 protein in malignant epithelial gastric tumors is heterogeneous, characterized
by cytoplasmic and nuclear immunoreactivity. Reduced expression of the marker is more
typical of poorly or undifferentiated tumors. The expression of nm23 protein positively
correlated with tPA level (rs=0.4; p=0.01) and did not correlate with the content of uPA
and PAI-1 in tumors. High PAI-1 values in tumors (>0.5 ng/mg protein) significantly
correlated with lower 3-year overall survival of stomach cancer patients. These data
confirm the role of the studied proteins in invasion and metastases of malignant tumors
and suggest a relationship between changes in the expression of nm23 protein and me-
chanisms of stomach cancer progress.
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The course of stomach cancer (SC) is determined
by many clinical and morphological factors closely
related to abnormal expression and functioning of
molecular biological markers in the tumor, which
characterize the aggressiveness of tumor process.
The development of accessory (immunohistoche-
mical and biochemical) methods for measurements
of these factors in the tumor is in progress now.
They are intended to serve as prognostic tests in

clinical oncology and to be used for evaluation of
tumor sensitivity to therapy.

The markers determining the invasive charac-
teristics and metastatic potential of tumor cells [4,5,
7,11] constitute a special group. For example, the
interaction during tumor progress between nm23 meta-
stasis suppressor protein and various components
of plasminogen activation system, which serve as
indicators of invasive activity of the tumor, is an
interesting problem, heretofore little studied for
stomach cancer.

Non-metastatic cells protein (nm23) or nucleo-
side diphosphate kinase protein (NDP) is involved

Bulletin of Experimental Biology and Medicine, Vol. 146, No. 6, December, 2008



787

in cell proliferation and differentiation processes
and metastasis regulation [4,5,7]. Abnormal ex-
pression of nm23 in malignant tumors of the sto-
mach is associated with an unfavorable prognosis
[9-11].

Urokinase and tissue plasminogen activators
(uPA and tPA serine proteases) are the key com-
ponents of the proteolytic cascade [1,2]. Protease
activities are suppressed by the serpin peptidase
inhibitor (PAI-1). The concentrations of uPA and
PAI-1 are increased significantly in malignant tu-
mors, while the content of tPA is low in comparison
with normal tissues [1,3,6,8].

We studied the relationship between the expres-
sion of nm23 protein and content of plasminogen
activation system components in tumors of SC pa-
tients with consideration for the main clinical mor-
phological characteristics and disease prognosis.

MATERIALS AND METHODS

The postoperative material from 108 patients with
stages I-IV SC (72 male and 36 female) aged 36-
75 years was studied.

Histological study of gastric tumors showed
adenocarcinomas of different differentiation degree
in 80-74.1% and signet ring cell carcinomas in 28-
25.9% cases.

Immunohistochemical study of nm23 protein
expression was carried out by the biotin-streptavi-

dine immunoperoxidase method on serial paraffin
sections with monoclonal antibodies to nm23 pro-
tein (Dako; Clone 36B5; working dilution of anti-
bodies 1:50). The reaction was visualized by DAB+

diaminobenzidine (Dako). Cell nuclei were post-
stained with Mayer hematoxylin. Protein expres-
sion was evaluated by the semiquantitative method
with consideration for staining intensity and num-
ber of antigen-positive cells (negative expression:
no reaction; low expression: less than 25% stained
cells; high expression: more than 25% cells with
medium and high staining intensity).

Urokinase (uPA) and tissue (tPA) plasminogen
activators and their inhibitor (PAI-1) were assayed
by ELISA. The concentrations of the markers were
measured in the cytosol fraction of stomach cancer
specimens using kits created at laboratory headed
by Prof. T. Bernraad (Neumegen, the Netherlands).

The data were statistically processed using Sta-
tistica 6.0 software.

RESULTS

Immunohistochemical study showed accumulation
of nm23 protein in tumor cell nuclei and cytoplasm.
Protein expression presenting as diffuse homogenous
staining of the cell cytoplasm was detected in tu-
mors of 68 patients with SC (63%) (Fig. 1, a). High
expression of nm23 protein in cell cytoplasm was
detected in 25.9% (28 of 108) tumors. The ex-

a b

Fig. 1. Expression of nm23 protein in tumors of SC patients. a) specific reaction in poorly differentiated adenocarcinoma cells (wide
arrows) and in the gastric mucosal epithelium (thin arrows), ×150; b) intense specific staining of the majority of cell nuclei (arrows) in a
moderately differentiated adenocarcinoma of the stomach, ×400.
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pression of the marker was low in the majority of
tumors (40 of 108; 37.04%) or zero in the cyto-
plasm (12 of 108 cases; 11.11%). Staining of the
tumor cell nuclei with antibodies to nm23 protein
was detected in the tumors of 24 (22.2%) SC pa-
tients (Fig. 1, b). The epithelium adjacent to the
tumor demonstrated slight cytoplasmic staining.

No relationship between the expression of nm23
protein in tumor cell cytoplasm and nuclei and size
of primary tumors (T parameter of the TNM sys-
tem) and status of the local lymph nodes (N para-
meter of TNM system) was revealed (p=0.14 and
p=0.6, respectively). The expression of the marker
increased with increasing the depth of tumor inva-
sion into the gastric wall, though the differences did
not reach the level of statistical significance.

The expression of nm23 protein in SC cells
depended on the histological structure and differen-
tiation degree of the tumor (p=0.06). A trend to
lower expression of the protein or complete ab-
sence of cytoplasmic and nuclear reaction was ob-
served for poorly and undifferentiated tumors. For
example, 50% tumors with histological structure of
signet ring cell carcinoma demonstrated negative
expression. High cytoplasmic expression of the mar-
ker was significantly more incident in adenocarci-
noma cells (30%) than in signet ring cell carcinoma
(16.7%). No nuclear expression of the protein was
detected in tumors with histological structure of
signet ring cell carcinoma, while in adenocarcino-
mas it was detected in 30% cases (p=0.03).

The content of uPA and tPA in the cytosolic
fraction of tumors varied within a wide range (from
0.01 to 1.34 and from 0.01 to 2.36 ng/ml protein,
respectively). The content of uPA increased in ad-

vanced stages of cancer, while tPA values were
virtually the same.

No relationship between changes in uPA and
tPA values in the tumor and levels of nm23 protein
expression in cell nuclei and cytoplasm was de-
tected (p=0.27 and p=0.33, respectively). On the
other hand, the medians for these parameters in-
creased with increasing the level of cytoplasmic
immunoreactivity (Table 1). The uPA median re-
ached the maximum level (0.23 ng/mg protein) in
SC patients with high level of nm23 protein ex-
pression in tumor cell cytoplasm.

Analysis of correlations between the levels of
the studied components of the plasminogen activa-
tion system in tumor cytosols of SC patients sho-
wed their close relationship. A strong correlation
between uPA and PAI-1 levels in the tumor was de-
tected (r=0.74; p<0.01). The relationship between
the expression of tPA in tumor tissue and the levels
of uPA (r=0.36; p<0.01) and PAI-1 (r=0.33;
p<0.01) was less pronounced. No correlation be-
tween uPA and nm23 levels in the tumor was de-
tected for the entire group of SC patients and for
groups distinguished with consideration for the
main clinical morphological characteristics of the
disease. On the other hand, a significant correlation
between tPA values and nm23 protein expression
in tumor cell cytoplasm of SC patients was detected
for the total group of SC patients (r=0.34; p=0.01;
Fig. 2).

Elevated contents of PAI-1 in tumors of SC
patients were observed during advanced stages of
the disease. The increase in nm23 protein expres-
sion in tumor cell cytoplasm and nuclei was paral-
leled by reduction of PAI-1 production by these

TABLE 2. Content of PAI-1 in the Tumor with Consideration for nm23 Protein Expression in SC Cell Cytoplasm (M±m)

None 40 0.51±0.07 0.12�1.19 0.45

Low 40 1.36±0.65 0.00�9.76 0.29

High 28 0.56±0.12 0.15�1.24 0.32

Level of nm23 protein
expression in cell

cytoplasm
PAI�1 medianPAI�1 rangePAI�1, ng/mg proteinNumber of patients

TABLE 1. Content of uPA in the Tumor and Expression of nm23 Protein in SC Cell Cytoplasm (M±m)

None 40 0.26±0.05 0.07�0.81 0.17

Low 40 0.33±0.10 0.01�1.34 0.11

High 28 0.32±0.09 0.05�1.06 0.23

Level of nm23 protein
expression in cell

cytoplasm
uPA medianuPA rangeuPA, ng/mg proteinNumber of patients
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cells (p=0.9 and p=0.8, respectively; Table 2). Nu-
clear expression of nm23 protein did not depend
on PAI-1 median in the total group of patients.

Analysis of overall survival of SC patients with
consideration for the above characteristics showed
that high level of PAI-1 in the tumor was an un-
favorable prognostic factor correlating with low
survival (Fig. 3). The 3-year overall survival values
was higher in patients with the tumor PAI-1 level
below 0.5 ng/mg protein (47.6% vs. 0% in the pre-
sence of more than 0.5 ng/mg protein PAI-1); a
trend to reduction of nm23 protein production by
tumor cells was detected in the same group.

Tumor concentrations of uPA and tPA and the
level of nm23 protein expression virtually did not
correlate with the overall survival of SC patients.

Studies of the relationship between the expres-
sion of nm23 protein and clinical course and pro-
gnosis of SC gave contradictory results [5,7,9-11].
Our results indicate that the expression of nm23
protein in malignant epithelial tumors of the sto-
mach is heterogeneous and is often low or zero.
Specific immunoreactivity is detected in tumor cell
cytoplasm and nuclei (63 and 22.2%, respectively).
High level of cytoplasmic expression of the protein
was detected in just 25.9% tumors and did not de-
pend on tumor size and involvement of the regio-
nal lymph nodes in the tumor process. It is note-
worthy that low expression or the absence of nm23
protein in SC cells was more characteristic of poorly
or undifferentiated tumors. Cytoplasmic immuno-
reactivity was low and nuclear one was zero in
tumors with the signet ring cell carcinoma structure,
characterized by extremely unfavorable clinical
course and prognosis.

The levels of uPA, PAI-1, and tPA in tumor
tissue are closely related in SC patients. No rela-
tionship was detected between uPA and PAI-1 con-
centrations in the tumors of SC patients and ex-
pression of nm23 protein in tumor cell cytoplasm
and nuclei. On the other hand, a positive correlation
between tPA concentration in the tumor and level
of cytoplasmic expression of nm23 protein was
revealed (rs=0.4; p=0.01).

Evaluation of the prognostic significance of the
studied regularities showed that only high level of
PAI-1 in the tumor (>0.5 ng/mg protein) signifi-
cantly correlated with reduction of the 3-year over-
all survival of SC patients. High levels of PAI-1 in
tumor tissue of SC patients can be regarded as pro-
gnostically unfavorable and be taken into conside-
ration in planning adjuvant therapy.

Hence, our findings indicate a relationship be-
tween reduced expression of nm23 protein in tumor
cells, on the one hand, and low level of histological

Fig. 2. Concentrations of tPA with consideration for the levels of
nm23 protein expression in tumor cell cytoplasm in SC patients.
Light bar: no expression; dark bar: low expression; cross-hatched
bar: high expression.

Fig. 3. Analysis of overall survival of SC patients with consideration
for PAI-1 level in the tumor. 1) <0.5 ng/mg protein PAI-1; 2) >0.5
ng/mg protein PAI-1.

differentiation of the tumor and low concentration
of tissue plasminogen activator (tPA), on the other,
which characterizes the tumors with high malig-
nancy potential. The decrease in tPA content paral-
leled by elevation of uPA and PAI-1 concentrations
is in line with recent notions on changed proportion
of these enzymes in malignant transformation of
cells and subsequent increase of the invasive and
metastatic potentials of the tumor [1-3,6,8].

Our data confirm the role of the studied pro-
teins in invasion and metastasizing of malignant
tumors and suggest a relationship between changed
expression of nm23 protein and mechanisms of SC
progress. Further studies of these relationships will
contribute to the development of accessory me-
thods for prediction of SC clinical course.

N. E. Kushlinskii, V. V. Delektorskaya, et al.



790

REFERENCES
1. E. S. Gerstein and N. E. Kushlinskii, Byull. Eksp. Biol. Med.,

131, No. 1, 81-87 (2001).
2. E. S. Gerstein, A. M. Shcherbakov, A. I. Kaz’min, et al., Vopr.

Onkol., 49, No. 2, 165-169 (2003).
3. N. A. Ognerubov, N. E. Kushlinskii, and A. I. Kaz’min, Plas-

minogen Activation System in Stomach cancer [in Russian],
Voronezh (2005).

4. M. H. Bosnar, J. De Gunzburg, R. Bago, et al., Exp. Cell Res.,
298, No. 1, 275-284 (2004).

5. S. Q. Ji, Y. W. Hua, J. Zhuang, et al., Ai. Zheng., 21, No. 6,
619-624 (2002).

6. K. H. Lee, S. H. Bae, J. L. Lee, et al., Oncology, 66, No. 3,
210-217 (2004).

7. K. E. Lee, H. J. Lee, Y. H. Kim, et al., Jpn. J. Clin. Oncol., 33,
No. 4, 173-179 (2003).

8. Y. Okusa, T. Ichikura, H. Mochizuki, and N. Shinomiya, Int.
J. Oncol., 17, No. 5, 1001-1005 (2000).

9. R. Terada, T. Yasutake, S. Nakamura, et al., Med. Oncol., 19,
No. 4, 239-248 (2002).

10. C. S. Wang, K. H. Lin, Y. C. Hsu, et al., Cancer Lett., 175,
No. 2, 121-127 (2002).

11. C. H. Yoo, S. H. Noh, H. Kim, et al., J. Surg. Oncol., 71, No.
1, 22-28 (1999).

Bulletin of Experimental Biology and Medicine, Vol. 146, No. 6, 2008 ONCOLOGY




