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Expression of nm23-H1 and nm23-H2 Proteins in Prostate Carcinoma
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The nm23 gene products/nucleoside diphosphate (NDP) kinase expression in prostate carcinomas and
benign hyperplasias was evaluated immunohistochemically. Monoclonal antibodies against nm23-H1
and nm23-H2 proteins were prepared using the corresponding proteins fused with glutathione
S-transferase as immunogens. Of the 80 cases of nonmetastatic prostate carcinoma examined, 74%
(59/80) and 60% (48/80) were immunoreactive for nm23-H1 or nm23-H2 protein, respectively.
Negative staining for nm23-H1 occurred in 83% of metastatic lesions, while 349 were negative for
nm23-H2. All primary tumors corresponding to the metastases examined showed positive immuno-
staining for nm23-H1, indicating an inverse relationship between expression of this protein and
metastatic status. nm23-H2 protein was detected in 835, of primary tumors and its expression
appeared to be significantly correlated to the degree of histological differentiation. In contrast, all
cases of benign prostatic hyperplasia showed elevated levels of both nm23-H1 and nm23-H2
expression. These data suggest that the nm23/NDP kinase may play a role in suppressing the

expression of malignant potential in prostate carcinomas.
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Tumor metastasis is the result of multiple, sequential
cellular events, and it remains a major cause of mortality
among cancer patients. Recent studies of the genetic
basis of tumor spread have implicated the nm23 gene as
a suppressor of metastasis, as demonstrated by the
reduced expression of nm23 proteins in certain rodent
model systems.!” Transfecting nm23 cDNA into other-
wise highly malignant K-1735 TK murine melanoma
cells significantly reduces their in vivo metastatic poten-
tial.? In some human tumors, such as breast, gastric and
hepatocellular carcinomas, a strong association has been
reported between reduced nm23 protein levels and ac-
quisition of metastatic behavior.>” High homology be-
tween nm23 proteins and NDP* kinases has subsequently
been identified in a number of species.*” In fact, NDP
kinases A and B have been shown to be identical to 2
isotypes of human nm23 protein homologues, nm23-H1
and nm23-H2, respectively.'® In addition, the deduced
aming acid sequence of the nm23 gene has been found to
share 78% homology with that of the Drosophila abnor-
mal wing disc(awd) gene'V; the awd protein also shows
NDP kinase activity.'?

Recent gradual increases in the incidence of prostate
cancer in Japan also reflect an increase in the number of
metastatic cases.'” In an effort to determine if nm23 gene
products are involved in prostate cancers with metastatic

3 To whom requests for reprints should be addressed.

* Abbreviations: NDP, nucleoside diphosphate; mAb, mono-
clonal antibody; GST, glutathione S-transferase; SDS-PAGE,
sodium dodecyl sulfate-polyacrylamide gel electrophoresis;
ABC, avidin-biotin-peroxide complex.
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potential, we investigated the relative cellular levels of
expression of nm23-H1 and nm23-H2 using immuno-
histochemical methods.

MATERIALS AND METHODS

Tissue samples Human prostate tissues were obtained
from needle biopsies, transurethral resections and total
prostatectomies performed at Sumitomo Hospital and
Nishinomiya Prefectural Hospital. Eighty (80) cases of
prostate carcinoma were analyzed from patients 60 to 90
years of age (mean 74 years) along with 12 latent carci-
nomas found at autopsy from men 53 to 89 years of age
(mean 72 years). An additional 6 cases of primary carci-
noma with concomitant metastases were examined from
men aged 64 to 80 years (mean 70 years). All samples
were fixed in 10% neutral buffered formalin and em-
bedded in paraffin. They were then sectioned at 4 ym
with the first section routinely stained with hematoxylin
and eosin for histologic diagnosis and additional sequen-
tial sections left unstained for immunohistochemical re-
actions. Prostate carcinomas were classified as well, mod-
erately or poorly differentiated adenocarcinomas accord-
ing to the General Rules for Clinical and Pathological
Studies on Prostatic Cancer, Japan.

Immunohistochemistry Immunostaining of tissue sam-
ples was achieved using mouse mAb* raised specifically
against am23-H1 and nm23-H2 proteins. The entire
gene-coding regions of #m23-H1 and nm23-H2 were
fused with a 26 kDa GST and inserted into E. coli.® The
partly soluble fusion proteins were purified by affinity



chromatography using glutathione Sepharose 4B and
were subsequently shown to migrate as a single band
corresponding to 46 kDa by SDS-PAGE. Mice were
immunized 3 times at 2-week intervals with the purified
nm23/GST fusion proteins. Spleen cells from the im-
munized animals were hybridized with murine myeloma
cell line NS-1 and the resultant culture supernatants were
assayed for specific nm23 protein reactivity using ELISA
and immunoblotting. Monoclonality was attained by 3
limiting dilutions of positive cultures.

Two mAbs, H1-229 and H2-439, specific for nm23-H1
and nm23-H2, respectively, were obtained. Immuno-
blotting was performed to confirm the specificity using
these mAbs and mouse myeloma line NS-1 transfected
with either the nm23-H1 or H2 gene. Briefly, the proteins
separated on 12.5% SDS-PAGE were electrophoretically
transferred onto 2 nitroceliulose membrane (Sartorius)
with the mAbs. Specific bands were detected using the
ABC technigue (Vectastain ABC Kit, Vector Labora-
tories, Burlingame, CA). Immunohistochemically, the
unstained tissue sections were probed for nm23 reactivity
using the same ABC technique. Briefly, slides were de-
paraffinized and incubated for 30 min in 0.3% hydrogen
peroxide in methanol, rinsed with phosphate-buffered
saline and incubated for 20 min with dilute normal
rabbit serum. Sections were then incubated again over-
night at 4°C with H1-229 or H2-439 at a concentration
of 1 pg/ml. The next day, tissue sections were exposed to
biotin-labeled horse anti-mouse IgG for 30 min, followed
by the ABC for an additional 40 min. Sections were
stained with the chromogen 3,3’-diaminobenzidine tetra-
hydrochloride in 0.01% hydrogen peroxide and counter-
stained with hematoxylin for microscopic evaluation.
NS8-H1-9 and NS-H2-1 cells, transfected with the nm23-
HI1 or H2 gene, respectively, were fixed in cold acetone
and used as positive controls. The intensity of immuno-
staining was categorized as strongly positive (++),
moderately to weakly positive (), or negative {(—).
Statistical analyses were carried out by using Fisher’s
exact test. Results were considered significant when the
P value was less than 0.05.

RESULTS

Characterization of mAbs Of the mAbs which were
generated, two cross-reacted with both the nm23-H1 and
nm23-H2 proteins, as demonstrated by the presence of
two bands in SDS-PAGE experiments. This result was
not unexpected, since the NDP kinase of human erythro-
cytes is a hexameric enzyme with random association
of the two polypeptides.'” In contrast, mAb H1-229 and
H2-439 appeared to be monospecific for nm23-H1 and
nm23-H2 proteins, respectively, as demonstrated by
Western blotting (Fig. 1).
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Fig. 1. Immunoblotting analysis identified 20.5 and 18 kDa

proteins with mAb H1-229 or H2-439, respectively. NS-H1-9
or NS-H2-1 myeloma cells were transfected with either the
nm23-H1 or H2 gene. Prostate carcinoma used was positive
by immunohistochemistry.

Fig. 2. Positive immunohistochemical staining of nm23-H1
in cytoplasm of benign prostate hyperplasia. (ABC method,
counterstained with hematoxylin, X 100)

Immunohistochemical resnlts The immunohistochem-
ical detection of nm23 gene product expression was
confined primarily to the cytoplasm of both normal and
cancerous cells and showed a diffuse staining pattern
(Fig. 2). The relationship between fumor progression
and expression of nm23 proteins determined by immuno-
staining is summarized in Tables I and II. As can be
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Table I. am23-H1 and H2 Immunostaining in BPH and Latent, Clinical Prostate Carcinomas
No. of nm23-H1 (%) Pval nm23-H2 (%} Pal
value value
cases (—) (+) (++} (—) (+) (++)
BPH 5 0 (®» 5000 0 (D) 0 (0 50000 0 (O
Latent 12 0 (0) ¥l (92) 1 (8) 0004 1 (B) 10 (83) 1 (8 0.176
Clinical 80 21 (26) 48 (60) 11 (14) 32 (40) 39 (49) 9 (1)
Metastatic site 6 5(83) 1 (17)y 0 (O 2(34) 4 (67 0 (0)

BPH: Benign prostatic hyperplasia. {— }: negative, (+): weakly positive, {++ }: strongly positive.

Table II.  #m23-H1 and H2 Immunostaining in BPH and Prostate Carcinomas According to the
Tumor Differentiation '
No. of nm23-H1 P val nm23-H2 Pal
value value
cases (—) (+) (++) {(—) (+) {(++)
BPH 5 0 5 0] 0 5 0
Latent Wel. 6 0 5 1 1.000 0 3 1 1.000
Mod. 6 0 6 0 1 5 0
Clinical Wel. 12 4 8 0 0.243 6 3 3 0.013
Mod. 32 5 22 5 10 16 6
Por. 36 12 18 6 16 20 0

BPH: Benign prostatic hyperplasia. Wel.:

Weli-differentiated adenocarcinoma. Mod.: Moderately

differentiated adenocarcinoma. Por.: Poorly differentiated adenocarcinoma.

Fig, 3,

nm23-H2 protein expression in prostate carcinoma,
showing strong expression in well- to moderately differen-
tiated adenocarcinoma, but not in the invasive edges of the
tumor (arrow}. (ABC method, counterstained with hematox-
ylin, X 100)

seen, BPH consistently exhibited only weak reactivity to
both H1 and H2 proteins. Table I indicates little apparent
relation between immunoreactivity of wm23-H2 and
lesion type; however, there was a significant (P=0.004)
decrease in nm23-H1 immunoreactivity from latent to
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clinical to metastatic carcinoma, and the overall expres-
sion of nm23-H1 protein was significantly reduced in
metastatic vs. non-metastatic (clinical) cases (P=0.025).

Table II relates nm23 immunoreactivity to degree of
tumor differentiation. In this instance, only the H2 pro-
tein expression in clinical carcinomas showed a signifi-
cant correlation (P=0.013) to degree of differentiation
when compared to BPH and latent disease. One case of
latent carcinoma proved to be negative for protein and it
is interesting to note that this particular tumor was his-
tologically invasive. Lack of both nm23-H1 and nm23-
H2 expression was often exhibited by the invasive edges
of aggressive tumors and in poorly differentiated cancer
cells (Fig. 3). The staining intensity of primary tumors
compared to that of the corresponding metastases is
summarized in Table ITI. The cases analyzed represent 2
moderately and 4 poorly differentiated carcinomas. Ex-
pression of nm23-H1 protein was significantly reduced in
the metastatic lesions (Fig. 4) over the expression seen in
the primary tumors (P=0.007), but there was no corre-
lation between nm23-H2 protein staining and lesion site
(primary vs. metastatic sites).

DISCUSSION

Our study shows that the expression of nm23-H1 pro-
tein was significantly lower in metastatic lesions than in
their primary tumors. Similar reduced expression was
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Table 11, #m23-H1 and H2 Immunostaining in Primary and Metastatic Sites of Prostate Carcinoma
No. of nm23-H1 nm23-H2
P value P value
cases () () (++) () (+) (++)
Primary 6 0 6 0 0.007 i 5 0 0.500
Metastastic 6 5 1 0 2 4 0

Fig. 4. Prostate carcinoma in the pulmonary lymph node
was negative for nm23-H1 protein. (ABC method, counter-
stained with hematoxylin, X 100)

observed when latent, clinical, and metastatic tumors
were compared. However, this tendency did not correlate
statistically with the degree of histological differentiation.
The expression of nm23-H1 has been reported to be
inversely associated with metastatic potential in several
human tumors,”” ' as well as in experimental models,?
Recent studies have identified a second human am23
gene, nm23-H2, which exhibits 884 identity to nm23-
H1. Decreases in the level of #m23-H1 mRNA in human
breast carcinomas have been found to be more closely
associated with a high metastatic potential than decreases
in the level of nm23-HH2 mRNA.'™® This is in agreement
with the results of the present study, which suggest that
nm23-H1 staining intensity is more closely associated
with metastatic behavior. The expression of nm23-H2
protein, however, appeared to correlate with the degree
of clinical tumor differentiation, rather than with the
metastatic potential. This is also indicated indirectly by
the fact that invasive areas of otherwise immunoreactive
tumors and poorly differentiated lesions were often nega-
tive or only weakly positive for nm23-H2 protein.
Similar NDP kinase activities have been attributed to
both n#m23-H1 and nm23-H2 proteins.” In cells, NDP
kinase provides nucleoside triphosphates other than

ATP. H has been suggested that this protein plays a role
in signal transduction, supplying GTP to G-proteins,
including rasp21,'>' and is associated with the function
of microtubules, which are components of the cyto-
skeleton and play a role in the formation of the mitotic
spindle in cell division.'® There is no evidence, as yet, for
a role of NDP kinase in suppression of metastasis. How-
ever, in some tumors nm23 proteins are suggestively
associated in neoplastic progression and malignancy.
Advanced-stage colorectal carcinomas have been shown
to exhibit higher levels of nm23 mRNA than normal
mucosa,'” and neuroblastomas in advanced stages dem-
onstrate increased levels of #m23-H1 protein relative to
early lesions.™ It is possible that any metastatic en-
hancer/suppressor functions of nm23 are tumor-specific,
and/or that regulatory mechanisms attributable to nm23
vary with intra- and extracellular biochemical conditions.
To date, a role in induction or augmentation of meta-
static propensity in transfection assays has been demon-
strated for 10 oncogenes.” But many other genes, in-
cluding suppressor genes which may have themselves
been inactivated or mutated, are likely to be involved in
the control of tumor progression, and particularly in
metastasis. For instance, in prostate cancer, increased
aggressiveness and metastatic growth are demonstrable
phenotypic expressions of ras oncogene activation,'> %29
while another recent report describes reduced levels of
retinoblastoma gene protein in prostate metastases as
detected by immunoperoxidase histochemistry.?”

In conclusion, the present study suggests a role for the
nm23 gene products in prostate carcinoma progression,
in that their reduced expression is correlated to increased
malignant potential. Reduced expression of rm23-H1
protein appears to be associated with metastatic ten-
dency, while nm23-H2 expression may be associated with
degree of tumor differentiation.

ACKNOWLEDGMENTS

This work was supported in part by Grants-in-Aid for
Cancer Research from the Ministry of Education, Science and
Culture of Japan. The authors are grateful to Ms. Emi Matsui
for technical assistance, and to Drs. K. Aozasa, T. Kohro and
M. Tsujimura for providing the tissue specimens upon which
this study was based.

(Received June 3, 1993/Accepted July 19, 1993)

1053



Jpn. J. Cancer Res. 84, October 1993

REFERENCES

1)

2)

3)

4)

5)

6}

7

8)

9)

10)

11)

12)

Steeg, P. 8., Bevilacqua, G., Kopper, L., Thorgiersson, U. P.,
Talmadge, J. E., Liotta, L. A. and Sobel, M. E. Evi-
dence for a novel gene associated with low tumor meta-
static potential. J. Natl. Cancer Inst., 80, 200-204 (1988).
Leone, A., Flatow, U., King, C. R, Sandeen, M. A,,
Margulies, I. M. K., Liotta, L. A. and Steeg, P. §.
Reduced tumor incidence, metastatic potential, and cyto-
kine responsiveness of am23-transfected melanoma cells.
Cell, 65, 25-35 (1991).

Bevilacqua, G., Sobel, M. E., Liotta, L. A. and Steeg, P. S.
Association of low nm23 RNA levels in human primary
infiltrating ductal breast carcinomas with lymph node in-
volvement and other histopathological indicators of high
metastatic potential, Cancer Res., 49, 5185-5190 (1989).

Hennessy, C., Henry, J. A., May, F. E. B., Westley, B. R.,
Angus, B. and Lennard, T. W. J. Expression of the
anti-metastatic gene nm23 in human breast cancer: an
association with good prognosis. J. Natl Cancer Inst., 83,
281-285 (1991).

Hirayama, R., Sawai, 8., Takagi, Y., Mishima, Y.,
Kimura, N., Shimada, N., Esaki, Y., Kurashima, C.,
Utsugama, M. and Hirokawa, K. Positive relationship
between expression of anti-metastatic factor (nm23 gene
product or nucleoside diphosphate kinase) and good prog-
nosis in human breast cancer. J. Natl. Cancer Inst., 83,
1249-1250 (1991).

Nakayama, T., Ohtsuru, A., Nakao, K., Shima, M.,

Nakata, K., Watanabe K, Ishu N., Kimura, N. and
Nagataki, 8. Expression in human hepatocellular carci-
noma of nucleoside diphosphate kinase, a homologue of
the nm23 gene product. J. Natl Cancer Inst., 84, 1349—
1354 (1992).

Nakayama, H., Yasui, W., Yokozaki, H. and Tahara, E.
Reduced expression of nm23 is associated with metastasis
of human gastric carcinomas. Jpn, J. Cancer Res., 84, 184—
190 ((1993).

Kimura, N., Shimada, N., Nomura, K. and Watanabe, K.
Isolation and characterization of a cDNA clone encoding
rat nuclecside diphosphate kinase. J. Biol Chem., 265,
15744-15749 (1990).

Urano, T., Fushida, 8., Furukawa, K. and Shiku, H.
Human nm23-H1 and H2 proteins have similar nucleoside
diphosphate kinase activities. Int. J. Oncol, 1, 425430
(1992).

Gilles, A. M., Presecan, E., Vonica, A. and Lascu, 1.
Nucleoside diphosphate kinase from human erythrocytes.
Structural characterization of the two polypeptide chains
responsible for heterogeneity of hexameric enzyme. J.
Biol. Chem., 266, 8784-8789 (1991).

Rosengard, A. M., Krutzsch, H. C., Shearn, A., Biggs,
J. R,, Barker, E., Margulies, . M. K., King, C. R., Liotta,
L. A. and Steeg, P. 5. Reduced Nm23/4wd protein in
tumour metastasis and aberrant Drosophila development.
Nature, 342, 177-180 (1989).

Biggs, J., Hersperger, E., Steeg, P, S., Liotta, L. A. and

1054

13)

14}

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

Shearn, A. A Drosophila gene that is homologous to a
mammalian gene associated with tumor metastasis codes
for a nucleoside diphosphate kinase. Cell, 63, 933-940
(1990).

Anwar, K., Nakakuki, K., Shiraishi, T., Naiki, H., Yatani,
R. and Inuzuka, M. Presence of ras oncogene mutations
and human papillomavirus DNA in human prostate carci-
nomas. Cancer Res., 52, 5991-5996 (1992).

Flgprenes, V. A., Aamdal, S., Myklebost, O., Maelandsmo,
G. M., Bruland, 9. S. and Fodstad, @. Levels of nm23
messenger RNA in metastatic malignant melanomas: in-
verse correlation to disease progression. Cancer Res., 52,
6088-6091 (1992).

Stahl, J. A., Leone, A., Rosengard, A. M., Porter, L.,
King, C. R. and Steeg, P. 8. Identification of a second
human nm23 gene, nm23-H2. Cancer Res., 51, 445449
(1991).

Ohtsuki, K. and Yokoyama, M. Direct activation of
guanine nucleotide binding proteins through a high-energy
phosphate-transfer by nucleoside diphosphate kinase.
RBiochem. Biophys. Res. Commun., 148, 300-307 (1987).
Kikkawa, S., Takahashi, T., Takahashi, K., Shimada, N.,
Ui, M., Kimura, N. and Katada, T. Conversion of GDP
into GTP by nucleoside diphosphate kinase on the GTP- .
binding proteins. J. Biol. Chem., 265, 21536-21540 (1990).
Nickerson, J. A, and Wells, W. W. The microtubule-
associated nucleoside diphosphate kinase. J. Biol. Chem.,
259, 11297-11304 (1984).

Haut, M., Steeg, P. 8., Willson, J. K. V. and Markowitz,
S. D. Induction of #m23 gene expression in human colonic
neoplasms and equal expression in colon tumors of high
and low metastatic potential. J. Natl. Cancer Inst., 83,
712-716 (1991).

Hailat, N., Keim, D. R., Melhem, R. F., Zhu, X.-X.,
Eckerskom C., Brodeur, G. M., Reynolds, C. P., Seeger,
R. C, Lottspe1ch F., Strahler, J. R. and Hanash, §. M:
High levels of p19/nm23 protein in neuroblastoma are
associated with advanced stage disease and with N-myc
gene amplification. J. Clin. Invest., 88, 341-345 (1991).
Steeg, P. S, Cohn, K. H. and Leone, A. Tumor metastasis
and nm23: current concepts. Cancer Cell, 3, 257-262
{1991).

Fan, K. Heterogeneous subpopulations of human pro-
static adenocarcinoma cells: potential usefulness of p21
protein as a predictor for bone metastasis. J. Urol., 139,
318-322 (1988).

Konishi, N., Enomoto, T., Buzard, G., Ohshima, M.,
Ward, J. M. and Rice, J. M. K-ras activation and ras p21
expression in latent prostatic carcinoma in Japanese men.
Cancer, 69, 2293-2299 (1992).

Bookstein, R., Rio, P., Madreperla, S. A., Hong, F,
Allred, C., Grizzle, W. E. and Lee, W. H. Promoter
deletion and loss of retinoblastoma gene expression in
human prostate carcinoma. Proc. Natl Acad. Sci. USA,
87, 7762-7766 (1930).





