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The nm23 gene, which encodes nucleoside diphosphate (NDP) kinase, is proposed as a metastatic
suppressor gene and has been demonstrated to correlate inversely with metastatic potential in several
tumours. To elucidate the role of nm23 in larynx carcinomas, we examined using immunohisto-
chemistry the expression of the nm23 protein in matched sets of primary tumours and metastatic
lymph nodes. nm23 Protein was expressed in all the carcinomas as well as in non-neoplastic larynx
mucosa. Overexpression of nm23 protein was found in the majority of primary tumours compared
with corresponding normal mucosa, while decreased expression was associated with poor differentia-
tion and distant metastasis and/or recurrence. No significant difference in age, sex and stage was
found between primary tumours with high and low nm23 protein expression. These results suggest
that decreased nm23 protein expression may play a role in metastasis and/or recurrence in larynx

cancer and therefore could be used as a prognostic factor. © 1997 Elsevier Science Ltd.
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INTRODUCTION
TUMOUR METASTASIS is the principal cause of death for cancer
patients. It is thought to be a complex process requiring cell
motility, invasion, angiogenesis and avoidance of host
immune responses.

The nm23 gene was first identified on the basis of its
reduced expression in highly metastatic murine melanoma
(K-1735 TK) cells. The level of nm23 mRNA was higher in
the cells with low metastatic potential [1]. The transfection of
nm23 cDNA into these highly metastatic cells resulted in a
reduced incidence of primary tumour formation and a signif-
icant reduction in metastatic potential [2]. Subsequently, two
distinct human nm23 genes were isolated as nm23H1 and H2,
both of which encode proteins of approximately 17 kDa that
exhibit a 90% amino acid sequence identity [3]. Recently, a
third gene, DR-nm23, which has approximately 70%
sequence similarity to the putative metastatic suppressor
genes, nm23-H1 and nm23-H2, has been identified [4]. It has
been shown that nm23 H1 and H2 are identical to human
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nucleotide diphosphate (NDP) kinase-A and -B, respectively
[5]-

nm23 expression at either mRNA or protein level is differ-
entially expressed in human breast carcinomas and tumour
cell nm23 expression is associated with good prognosis and a
lack of lymph node metastasis [6—8]. Allelic deletion of
nm23-H1 has been correlated with distant metastasis of
colorectal carcinomas [9]. Reduced expression of nm23
protein in colorectal carcinomas is associated with tumour
stage and distant metastasis [10].

However, there are few reports on the relationship between
nm23 expression and metastatic potential in tumours other
than breast and colorectal carcinoma, and there has been no
report on nm23 in human larynx cancer.

In this study, we examined nm?23 protein expression in
primary laryngeal epidermoid carcinoma and lymph node
metastasis by immunohistochemistry and investigated the
relationship between nm23 protein expression and clinical
and histopathological markers.

MATERIALS AND METHODS
Specimens
Surgically removed laryngeal tumours and corresponding
normal mucosa stored as paraffin-embedded tissue blocks
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between 1978 and 1993 were obtained from the Departments
of Otolaryngology and Pathology, Hacettepe University,
Faculty of Medicine. The patients were selected randomly.
Of the 86 patients, 78 were men and 8 were women; their
ages ranged from 31 to 75 years (mean 52.6 years).

The tumours were staged according to the American Joint
Committee on Cancer Criteria [11]: stage I, 6, stage II, 20,
stage III, 42, and stage IV, 18. Histological type, differentia-
tion and lymph node metastasis in the neck were examined by
haematoxylin and eosin (H&E) stained 6 um sections pre-
pared from formalin fixed, paraffin-embedded tissue blocks.

Immunohistochemical staining

A modification of the immunoglobulin enzyme-bridge
technique (ABC method) was used on formalin-fixed, paraf-
fin-embedded sections of 86 specimens. Briefly, sections
(6 um thick) from each tissue block were deparaffinised,
dehydrated, and endogenous peroxidase activity was blocked
using 0.3% hydrogen peroxide in methanol. The sections
were incubated with an anti-nm23 antibody for an hour,
biotinylated antirabbit antiserum (Histostain-SP kit, Zymed
lab. Inc., San Fransisco, California, U.S.A.), and avidin—bio-
tin peroxidase complex (vectastain ABC kit, Vector) accord-
ing to the instructions of the supplier. The peroxidase reaction
was revealed by hydrogen peroxide in the presence of diami-
nobenzidine. Sections were counterstained with haematoxylin.

Immunoreactivity was graded as low and high nm23
expression according to number of cells stained and the
intensity of the reaction in individual cells by two indepen-
dent microscopic observations. Low expression was defined
as almost no positive cells or small numbers of tumour cells
showing positive immunoreactivity. High expression was
defined as a large number of cells showing moderate and/or
strong immunoreactivity.

Anti-nm23 polyclonal antibody was raised against a syn-
thetic oligopeptide recognising the internal hydrophilic por-
tion of the protein which lies between bases corresponding to
354 and 404 of human nm23 cDNA (peptide 11) [10,12].
The antibody recognises products from both nm23-H1 and
-H2 genes, because the sequences corresponding to that of
synthetic antigenic peptide 11 are identical in nm23-H1 and
-H2 [5]. The specificity of the immunoreaction was con-
firmed by a pre-incubation step with the anti-nm23 antibody
using an excess of the antigenic oligopeptide (peptide 11) of
nm23. A negative control was incubated without primary
antibody, while a colon carcinoma section of known positive
immunoreactivity was used as the positive control [10]. Sta-
tistical comparisons between groups were performed by the
chi-square, Fisher’s exact chi-square or Student’s z-test.

RESULTS

Immunocytochemistry

All tumours and normal samples expressed nm23, but
increased expression over levels in non-neoplastic tissue was
seen in 70% of carcinomas (Figure 1). Of the 86 primary
tumours, 54 (63%) showed high nm23 expression while 32
(37%) showed low expression. A representative illustration of
nm23 expression in a primary tumour and its corresponding
metastatic lymph node is shown in Figure 2.

Correlation with clinicopathological parameters
The correlation of nm23 expression of the primary tumours
with clinicopathological parameters is shown in Table 1.
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There was no association with age or stage of disease, but
there was a significant correlation between low nm23 expres-
sion and poor differentiation (P<0.05, chi-square). How-
ever, while there was also a correlation between low nm23
expression and recurrence and/or the presence of distant
metastases (P<0.05, chi-square), there was no association
between nm23 expression in the primary tumour and the
occurrence of lymph node metastases in the neck. Of the 42
primaries without neck lymph node metastases (which
showed a heterogeneous staining pattern), 30 (71%) had high
expression and 12 (29%) had low expression, whilst of the 44
patients with neck lymph node metastases, 24 (55%) of the
primaries had high nm23 expression and 20 (45%) had low
expression.

Table 2 shows the correlation between nm23 expression in
the 44 primary tumours and their corresponding lymph node
metastasis. All 20 lymph node metastasis from the primaries
with low nm23 expression also had low nm23 expression,
whilst in contrast, only 5/24 (21%) of the lymph node
metastasis from primaries with high nm23 expression also
had high nm23 expression. The other 19/24 corresponding
lymph node metastasis had low nm23 expression (7<0.05).

DISCUSSION
Expression of the nm23 gene either at the mRNA or protein
level has been reported to be inversely related to the meta-
static potential of human cancers such as breast and colorectal

(b)

Figure 1. nm23 immunoreactivity of the normal mucosa
was weaker than tumour tissue (immunoperoxidase, 230x).
(a) Normal mucosa; (b) tumour tissue.
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carcinoma. In our study, all tumours and normal samples
expressed nm23 protein, but increased expression was found
in 70% of tumours compared with the corresponding normal
mucosa. Similar findings have been reported in other types of
cancers such as breast, colorectal and gastric carcinoma
[8,10,12].

Although nm23 protein expression was reduced in primary
tumours with neck metastasis compared with non-metastatic
carcinomas, there was no statistical difference. However, we
observed that nm23 protein expression in metastatic lymph
nodes was clearly lower than their corresponding primary
tumours. Although these findings do not clarify the biological
action of the nm23 gene, the immunohistochemical verifica-
tion of the heterogeneous existence of the nm23 gene within a
given primary tumour and the reduced level of nm23 protein
expression in metastatic lymph nodes compared to their cor-
responding primary tumours suggests that metastatic tumour
cells originate from, and are mainly composed of the cells
with low nm23 protein expression. These data suggest that
the nm23 gene plays a role in the metastatic process.

While a relationship between nm23 gene expression and
tumour stage was found in lung cancer [15] and hepatocel-
lular carcinoma [16], we could not find any relationship
between the tumour stage and nm23 protein expression,
confirming the results of Ayhan and associates in colorectal

Figure 2. nm23 protein expression in a primary tumour and

its corresponding metastatic lymph node. (a) Primary

tumour. (b) Metastatic lymph node. nm23 immunoreactivity

in the primary tumour was much stronger than that in the

metastatic lymph node. nm23 immunoreactivity was observed

in the primary lesion both in the cytoplasm and nucleus of the
tumour cells (immunoperoxidase, 460x).
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carcinoma [10]. However, the poorly differentiated carcinomas
showed reduced expression of nm23 protein compared with
well- and moderately differentiated carcinomas. These find-
ings show that one of the signs of metastatic potential, that is,
poor differentiation, correlates with reduced nm23 protein
expression.

The role of nm23 in distant metastasis is yet unknown.
However, Ayhan and associates demonstrated an inverse
correlation between nm23 protein expression of primary
tumours and their corresponding metastasis in colorectal
carcinoma [10]. They also found heterogeneous immuno-
staining within a primary tumour which could suggest a dif-
ferent metastatic capacity for the various component cells.
Their findings showed that nm23 immunoreactivity of distant
metastasis was less than their corresponding primary sites.

Nakayama and associates reported that 71% of gastric
carcinomas showed weaker nm23 immunoreactivity in liver

Table 1. Relationship berween nm23 protein expression of primary
tumours and clinicopathological features

No. of patients

Variable Low High Significance
Age 52.53t 52.72t N.S.
Sex

Male (n="178) 30 (38%) 48 (62%)

Female (n=28) 2 (25%) 6 (75%) N.D.
Lymph node metastasis

No (n=42) 12 (29%) 30 (71%)

Yes (n=44) 20 (45%) 24 (55%) N.S.
Stage

1 (n=6) 1 (17%) 5 (83%)

2 (n=20) 9 (45%) 11 (55%)

3 (n=42) 13 31%) 29 (69%)

4 (n=18) 9 (50%) 9 (50%) N.S.
Differentiation

well (n=30) 5 (17%) 25 (83%)

moderate (n=29) 7 (24%) 22 (76%)

poor (n=27) 20 (74%) 7 (26%) P<0.05
Recurrence and/or
distant metastasis*

No (n=54) 17 (31%) 37 (69%)

Yes (n=16) 10 (63%) 6 (38%) P<0.05

*16 patients were lost to follow-up. Median follow-up for the other
70 patients was 31 months (range 5-110). tMean age for low and
high nm23 expression.

N.S. =non-significant; N.D. =not done.

Table 2. Comparison of nm23 protein expression of metastatic
primary tumours with corresponding lymph node wmetastasis
(n=44)

Metastatic lymph node

Low (n=39) High (n=5)
Primary tumours
low (n=20) 20 (100%) 0
high (n=24) 19 (79%) 5 (21%)
total (n=44) 39 (88%) 5 (12%)

Statistical analysis: P<0.05.
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metastasis than in the primary tumour [12]. Their findings of
heterogeneous existence of nm23 within a given primary
tumour and the reduced level of nm23 protein in distant
metastatic foci suggested that metastatic tumour cells origi-
nate from cells with low nm23 protein expression. In the
present study,the primary tumours with high nm23 protein
expression showed less distant metastasis and/or recurrences
compared with low nm23 protein expressed tumours, whilst
the primary tumours with low nm23 expression revealed a
more aggressive pattern. These data suggest that the nm23
gene may also play a role in distant metastasis or recurrences
and could be used as a prognostic factor.

1. Steeg PS, Bevilacqua G, Kopper L, er al. Evidence for a novel
gene associated with low tumor metastatic potential. ¥ Nail
Cancer Inst 1988, 80, 200-204.

2. Leone, A, Flatow, U, King, CR, et al. Reduced tumor incidence,
metastatic potential, and cytokine responsiveness of nm23-
transfected melanoma cells. Cell 1991, 65, 25-35.

3. Stahl JA, Leone A, Rosengrad AM, Porter L, King CR, Steeg
PS. Identification of a second human nm23 gene, nm23-H2.
Cancer Res 1991, 51, 445-449.

4. Venturelli D, Martinez R, Melotti P, et al. Overexpression of
DR-nm23, a protein encoded by a member of the nm23 gene
family, inhibits granulocyte differentiation and induces apoptosis
in 32Dcl13 myeloid cells. Proc Natl Acad Sci USA 1995, 92,
7435-7439.

5. Gilles AM, Presecan E, Vonica A, Lascus I. Nucleoside diphos-
phate from human erythrocytes: Structural characterization of
the two polypeptide chains responsible for heterogeneity of the
hexameric enzyme. ¥ Biol Chem 1991, 266(14), 8784-8789.

6. Hennessy C, Henry JA, May FEB, Westley BR, Angus B, Len-
nard TW]J. Expression of the antimetastatic gene nm23 in human
breast cancer: An association with good prognosis. ¥ Natl Cancer
Inst 1991, 83, 281-285.

2341

7. Bevilacqua G, Sobel ME, Liotta LA, Steeg PS.. Association of
low nm23 RNA levels in human primary infiltrating ductal breast
carcinomas with lymph node involvement and other histopatho-
logical indicators of high metastatic potential. Cancer Research
1989, 49(18), 5185-5189.

8. Hirayama R, Sawai S, Takagi Y, er al. Positive relationship
between expression of anti-metastatic factor (nm23 gene product
or nucleoside diphosphate kinase) and good prognosis in human
breast cancer. ¥ Natl Cancer Inst 1991, 83, 1249-1250.

9. Cohn KH, Wang F, Lapaix FD, et al. Association of nm23-H1
allelic deletions with distant metastasis in colorectal carcinoma.
Lancet 1991, 338, 722-724.

10. Ayhan A, Yasui W, Yokozaki H, Kitadai Y, Tahara E. Reduced
expression nm23 protein is associated with advanced tumor stage
and distant metastasis in human colorectal carcinomas. Virchows
Arch B Cell Pathol 1993, 63, 213-218.

11. Beahr OH, Myers MH (eds). American Joint Committee on
Cancer. Manual for Staging of Cancer, 2nd edn. Philadelphia, ]B
Lippincott, 1983.

12. Nakayama H, Yasui W, Yokozaki H, Tahara E. Reduced
expression of nm23 is associated with metastasis of human gas-
tric carcinomas. Jpn J Cancer Res 1993, 84, 184-190.

13. Leone A, Flatow U, Van Houtte K, Steeg PS. Transfection of
human nm23-H1 into the human MDA-MB-435 breast carci-
noma cell line: effects on tumor metastatic potential, coloniza-
tion and enzymatic activity. Oncogene 1993, 8(9), 2325-2333.

14. Fidler IJ, Hart IR. Biological diversity in metastatic neoplasms:
Origins and implications. Science 1982, 217, 998-1003.

15. Higashiyama M, Doi O, Yokouchi H, ez al. Immunohistochem-
ical analysis of nm23 gene product/NDP kinase expression in
pulmonary adenocarcinoma: Lack of prognostic value. Br ¥
Cancer 1992, 66, 533-536.

16. Nakayama T, Ohtsuru A, Nakao K, er al. Expression in human
hepatocellular carcinoma of nucleoside diphosphate kinase, a
homologue of the nm23 gene product. ¥ Nat Cancer Inst 1992,
84, 1349-1354.

Acknowledgement—This research was supported with grant in aid
by the Turkish Association for Cancer Research and Control.



