Bulletin of Experimental Biology and Medicine, No. 5, 2003 ONCOLOGY

489

Immunohistological Study of NM 23 and C-erbB-2
Expression in Primary Tumor and Metastases

of Colorectal Adenocarcinoma

V. V. Delektorskaya, A. G. Perevoshchikov, and N. E. Kushlinskii

Translated from Byulleten’ Eksperimental noi Biologii i Meditsiny, Vol. 135, No. 5, pp. 575-580, May, 2003

Original article submitted February 7, 2003

Immunohistochemical study of expression of nm 23 and c-erbB-2 protein markers in primary
tumor and metastases of colorectal adenocarcinoma showed that the incidence and expression
of both protein markers in primary tumor tissue tended to increase after the appearance of
liver metastases. Peculiarities of protein expression in tumor metastases in lymph nodes and
liver and the possibility of using these markers as additional prognostic criteria in colorectal

cancer are discussed.
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Colorectal cancer is one of the most prevalent onco-
logical diseases; the prognosis is determined by many
clinical and morphological factors, in particular, by
cell capacity to metastasize.

Many molecular genetic tumor markers serve as
indicators of biological activity of cancer cells and can
be used as prognostic criteria in clinical oncology. The
presence or absence of expression of some markers
allows more accurate evaluation of intricate many-
staged process of tumor metastasizing. On the other
hand, the role of the majority of these factors is not
quite clear.

Protein nm 23 is a potentially important marker
involved in cell proliferation, differentiation, and re-
gulation of metastasizing. nm 23-HI gene is located
in chromosome 1721 and encodes protein with a rela-
tive molecular weight of 17 kDa. At first, nm 23 gene
was described as a suppressor of metastasizing, and
some reports demonstrated decreased level of nm 23
gene product expression during the progress of some
human tumors [1,6]. However further studies demon-
strated more intricate relationships between the ap-
pearance of protein marker in cancer cells and meta-
static activity of the tumor [2,4]. Hyperexpression of
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nm 23 protein was detected in many human malignant
tumors, such as lung cancer, colorectal cancer, mela-
noma, breast cancer, bladder, laryngeal, and stomach
cancer [3,6].

Another important prognostic factor in colorectal
cancer is c-erbB-2 protein belonging to the family of
epidermal growth factor receptors with tyrokinase ac-
tivity. c-erbB-2 gene is located in chromosome 1721
and encodes a transmembrane glycoprotein with a mo-
lecular weight of 185 kDa. Enhanced expression of
this protein is associated with gene amplification and
correlates with poor prognosis [7,8]. Hyperexpression
of c-erbB-2 protein is observed in breast, lung, colo-
rectal, pancreatic, gastric, and endometrial cancer.

We evaluated the relationship between the expres-
sion of protein markers nm 23 and c-erbB-2 and the
prognosis and development of metastases of colorectal
adenocarcinoma.

MATERIALS AND METHODS

The study was carried out on clinical data and biopsy
specimens from 64 patients (43 men and 21 women
aged 25-67 years) after radical surgery for colorectal
cancer. Metastases to regional lymph nodes (T2-4NO
MO) were absent in 20 patients. Twelve patients had
metastases in regional lymph nodes (T2-4N1-3M0). In
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two patients local relapses occurred and surgical treat-
ment was carried out 1 year after radical intervention.
Resection of the liver for metastases of colorectal can-
cer (T2-4N0-3M1) was carried out in 32 cases. Simul-
taneous removal of metastases in the lungs and ad-
renals was carried out in 3 cases. The periods of the
development of distant metastases varied: in 18 cases
metastases were detected during surgery, in 12 pa-
tients 1-5 years after the intervention, and in 2 patients
no relapses developed over 5 years postoperation. Re-
peated operations for removal of liver metastases were
performed in 5 patients.

Histological type of the tumor, degree of its dif-
ferentiation and level of invasion, and the presence of
regional and distant metastases were evaluated on par-
affin sections stained with hematoxylin and eosin and
tested by Kreiberg’s method (for mucus). All primary
tumors had typical structure of adenocarcinoma (colo-
rectal adenocarcinoma, CRAC) of different differen-
tiation degree: 10 well-differentiated, 42 moderately
differentiated, and 12 poorly differentiated tumors.
According to Dukes classification, 2 patients had stage
A, 18 stage B, 12 stage C, and 32 stage D. The pre-
sence of invasion in vessels, lymphoid infiltration, mu-
cus production, and type of tumor growth (apposition,
infiltrative, or mixed) were evaluated.

Specimens of 64 primary tumors, 19 metastases
in regional lymph nodes, 32 liver metastases, 5 re-
peated metastases into the liver, 2 lung metastases, and
1 metastasis into the adrenal were selected for im-
munohistochemical analysis.

Immunohistochemical staining was carried out on
serial paraffin sections of primary tumor and metasta-
tic tissue pretreated in microwave oven; commercial
monoclonal antibodies to nm 23-H1 and c-erbB-2 pro-
teins (Dako) were used. Incubation with primary anti-
bodies was carried out for 30 min at 20°C. Incubation
with linker antibodies and streptavidine-labeled anti-
bodies was carried out for 20 min at 20°C (LSAB+Kit,
Dako). The reaction product was visualized with di-
aminobenzidine (Dako). Cell nuclei were post-stained
with hematoxylin in all cases. Control reactions were
carried out.

Results of reactions in primary tumor cells and in
cells of local and distant metastases were evaluated by
the semiquantitative method (by staining intensity and
percentage of antigen-positive cells): “-”” no stain; “+-”
foci, weak staining; “+” strong staining of 25% tumor
cells or moderate staining of <80% cells; “++” strong
staining of 25-50% or moderate staining of >80%
cells; “+++” strong staining of >50% tumor cells.

Sections with immunochemical staining “+” and
more were considered as antigen-positive. The type of
reaction, depending on the marker location in the cell
(nuclear, cytoplasmic, membrane, mixed) was deter-

mined. The degree and type of immunohistochemical
staining of cells of the primary tumor in the colon and
metastases in the lymph nodes, liver, and other organs
were compared. Statistical analysis of correlations
between hyperexpression of protein and clinical and
morphological parameters of the tumor was carried
out using Fisher’s test (the differences were significant
at p<0.05).

RESULTS

Immunohistochemical analysis of primary colorectal
tumors showed accumulation of nm 23 protein in 53%
cases. Protein expression was seen as homogeneous
staining of the tumor cell cytoplasm. The reaction
intensity and percentage of antigen-positive cells va-
ried in different tumors and sometimes at different
sites within the same tumor. High level of expression
(“++” and “+++) was observed in 54% positive cases
(Fig. 1, a). Accumulation of c-erbB-2 protein in CRAC
cells was less incident (45% cases). The type of re-
action was mainly membrane or mixed (membrane
and cytoplasmic). High level of expression (“++” or
“+++7) was detected in 62% positive CRAC cases
(Fig. 1, b). Hence, both protein markers were present
in CRAC cells and demonstrated a pronounced reac-
tion in the majority of cases, but their incidence was
different in patients with liver metastases and in pa-
tients without distant metastases.

Accumulation of nm 23 protein in the cytoplasm
of primary tumor cells was observed in 38% patients
without metastases (12/23) and in 63% patients with
metastases in the liver. Hence, the incidence of nm 23
protein in patients with metastases in the liver was
significantly higher than in those without distant meta-
stases (p=0.023). High intensity of staining of the cyto-
plasm and more than 50% antigen-positive cells of
primary CRAC was also more often observed in this
group of patients (34%) than in the group without
metastases (22%).

Expression of c-erbB-2 in primary tumor cells
was detected in 31% patients (10/32) without signs of
metastases and in 59% (21/32) patients with meta-
stases in the liver. The incidence of protein detection
and the degree of its expression were higher in patients
with liver metastases than in those without distant
metastases (p=0.012).

Expression of nm 23 did not depend on the pre-
sence or degree of c-erbB-2 expression, though there
was a trend to increased expression of both markers
in patients with liver metastases.

No relationships between the expression of nm 23
and c-erbB-2 proteins and other clinical morphological
parameters of the tumor were detected. Epithelial cells
of the borderline colorectal mucosa treated with anti-
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bodies to nm 23 and c-erbB-2 were stained with mo-
derate intensity.

Expression of proteins nm 23 and c-erbB-2 was
studied in primary tumor cells and in cells of CRAC
metastases. Protein nm 23 was detected in 58% of
cancer metastases cells in lymph nodes. The expres-
sion of this marker in metastatic cells coincided with
its expression in the primary tumor in 51% cases, was
stronger in 14%, and weaker in 14% cases. In ad-
dition, moderate reaction was observed in metastatic
cells in 2 cases (21%) without expression in the pri-
mary CRAC cells.

Accumulation of c-erbB-2 in this group was ob-
served in 42% cases, the degree of the protein expres-
sion in the primary tumor and metastasis in the lymph
node coincided. The reaction was moderate or pronoun-
ced in the majority of cases; cells within the same tumor
were often stained heterogeneously (Fig. 2, a).
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Fig. 1. Immunohistochemical detection of protein
markers in primary adenocarcinoma cells. a) nm 23
protein; highly intensive cytoplasmic reaction in the
maijority of cancer cells, x200; b) c-erbB-2: intensive
expression of protein in cancer cells. Reaction of the
membrane and cytoplasmic types, x200.

Staining of CRAC metastases in the liver revealed
nm 23 protein in 66% cases, high level of expression
(“++” or “+++7) with diffuse even staining of the cell
cytoplasm was observed in 52% positive cases. Accu-
mulation of protein nm 23 in low levels was observed
also in the hepatocyte cytoplasm (Fig. 2, b). The level
of protein expression in metastatic cells coincided
with the level of its expression in the primary tumor
in 52% cases, was lower in 10%, and higher in 33%
cases; the reaction in metastatic cells was negative in
5% cases with pronounced expression of the protein
in the primary tumor cells.

Positive expression of c-erbB-2 protein in cells of
CRAC metastases in the liver was detected in 59%
cases. The reaction was weak in only 3 cases (Fig. 3,
a), while in other cases the expression of the marker
was pronounced (Fig. 3, b). The level of protein ex-
pression in metastases coincided with its expression in
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the primary tumor in 74% cases, was lower in 11%,
and higher in 16% cases.

Hence, comparison of expression of nm 23 and
c-erbB-2 proteins in primary tumor and metastatic
cells showed slight differences in the incidence of the
studied markers. The types of reactions coincided in
all cases. Expression of markers in metastases can de-
crease or increase. Examination of repeated metastases
in the liver showed no specific features in expression
of proteins nm 23 and c-erbB-2. Similar regularities
in expression of protein markers were observed in
CRAC metastases into the lungs and adrenal.

Peculiarities of expression of the two protein mar-
kers playing an important role in the development of
colorectal cancer were analyzed in this study.

Enhanced expression of some genetic markers in
the primary tumor can predict the disease outcome,
but the role of these factors in cases with liver meta-

stases is not yet quite clear. It is known that the pheno-
type of metastases can differ from that of the primary
tumor. Since the involvement of the liver and lungs
can rarely be surgically treated, studies of the anti-
genic structure of metastases attract special interest.
Our findings indicate that nm 23 and c-erbB-2 proteins
are accumulated in the lymph nodes, liver, lungs, and
adrenal. Both proteins showed similar regularities of
expression, which could coincide with expression in
the primary tumor, be lower or higher, or absent in
comparison with the primary tumor.

The role of nm 23 and c-erbB-2 proteins in colo-
rectal cancer remains disputable [1,6,7]. Some studies
[5,8] demonstrated an inverse relationship between nm
23 protein expression and progress of metastases. Pro-
nounced expression of the protein is associated with
less aggressive phenotype of the primary tumor. Some
authors [4,10] reported that nm 23 protein cannot be

Fig. 2. Immunohistochemical detection of protein
markers in cells of adenocarcinoma metastases.
a) c-erbB-2; accumulation of protein in cells of
metastasis into the lymph node. Highly intensive
membrane and cytoplasmic reaction, x200; b) nm
23; moderate cytoplasmic reaction in cells of liver
metastasis, x200.
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considered as a prognostic marker, because there is no
relationship between the appearance of nm 23 gene
product in cancer cells and clinical morphological
parameters of the tumor. In contrary, some authors [9]
showed that protein hyperexpression in the primary
tumor correlated with more severe stage of the disease
and higher risk of metastases into the liver. C. R. Ber-
ney et al. [3] showed that nm 23 can be regarded as the
only independent marker, whose prognostic value does
not depend on the presence of other positive markers,
such as c-erbB-2, p53, u-PA, and VEGF. Our findings
are in line with these data, because the level of posi-
tive expression of nm 23 protein in the primary tumor
was significantly higher in cases with liver metastases,
which appeared at different periods. Since the liver is
the most frequent site of metastases of colorectal cancer,
this information will help to detect patients at a high risk
of metastases into the liver after surgery.

Fig. 3. Immunohistochemical detection of c-erbB-2
in cells of adenocarcinoma metastasis into the liver.
a) low level of protein expression, x100; b) high level
of protein expression. Intensive staining of cancer
cell membranes and cytoplasm, x200. Paraffin
sections: cell nuclei are post-stained with hemato-
xylin.

A high incidence of nm 23-positive tumors among
metastases does not confirm the hypothesis on the
inhibitory role of this protein in the metastatic process.
Difficulties in the interpretation of specific features of
expression of this marker are most likely due to the
fact that metastatic process is characterized by a vari-
ety of genetic disorders, which can differ from disorders
underlying malignant transformation of cells.

Our study demonstrated higher level of c-erbB-2
protein expression in the primary ATC cells during the
disease progress and development of metastases, which
is in line with published reports [9] and confirms the
important role of this marker in the development of
colorectal cancer metastases. However some authors
noted [9] that after surgical treatment the expression
of c-erbB-2 in colorectal cancer is much higher at
earlier stages (Dukes’ A and B) than at later stages
(Dukes’ C and D). Some scientists do not consider this
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protein as a prognostic marker and claim that its ex-
pression does not correlate with the development of
metastases into the lymph nodes and lungs, but corre-
lates with the development of liver metastases [4,7].

Our results indicate that expression of nm 23 pro-
tein correlates with expression of c-erbB-2 protein and
the incidence and levels of expression of both protein
markers tend to increase with the appearance of liver
metastases. Investigation of nm 23 and c-erbB-2 ex-
pression in CRAC primary tumors and metastases
showed that these proteins play an important role in
the disease progress and can predict the biological
behavior of the tumor, but their role in the develop-
ment of liver metastases requires further investigation.
Evaluation of the role of these markers in prediction
of the disease outcome after removal of liver meta-
stases is one more interesting problem.

Hence, the use of immunohistochemical methods
for evaluation of expression of genetic markers in
CRAC provides more accurate criteria for prognosis
of disease course and risk of liver metastases.
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