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The expression ofnm23 gene products has been
associated with a lower metastatic potential and
better outcome in malignant tumors. We have
used immunohistochemistry to study the expres-
sion ofnm23 protein in thyroid tissuesfrom 101
patients consisting of78 malignant neoplasms, 13
adenomas, and 10 other benign conditions. Cyto-
plasmic stainingfor nm23protein was identified
in normal tissues and in most benign and malig-
nant lesions and did not correlate with either his-
tological type or clinical outcome. Nuclear stain-
ing was seen in 93% ofnormal tissues and in 29%
ofprimary carcinomas of the thyroid and was
associated with a longer disease-free survival
(P = 0.03). Membranous staining was present in
some tumors but absent in normal thyroid In con-
clusion, nm23protein has a combinedpattern of
distribution among subcelular compartments in
thyroid tissues. Although there was no significant
association between cytoplasmic or membranous
expression and histological type oftumor or sur-
vival, nm23 nuclear expression may be a useful
marker in assessing the evolution of thyroid tu-
mors. (AmJ Pathol 1994, 145:26-32)

The nm23 gene was first identified in rodents on the
basis of its lower expression in highly metastatic
melanoma cell lines, as opposed to related low or
nonmetastatic melanoma cell lines.1 In human tissues
two nm23 genes were identified, nm23-H 12 and
nm23-H2. Expression of nm23 at the RNA or protein
levels has been inversely correlated with the devel-

opment of metastases or poor patient clinical course
in cohorts of several human tumor types. These in-
clude breast carcinoma,4-10 hepatocellular carci-
noma,11 melanoma,12 and gastric carcinoma.13 In
other tissue cohorts, however, expression levels of
nm23 failed to be inversely correlated with metastatic
progression, including childhood neuroblastoma,
colorectal carcinoma, and lung carcinoma.14-16 Al-
though the data could be interpreted to conclude that
nm23 was irrelevant to metastatic progression in
these tissue types, an alternative hypothesis pro-
posed that nm23 was "inactivated" by means other
than its simple reduced expression. Data that support
the latter hypothesis include the identification of nm23
mutations in metastatic tumors from colorectal carci-
noma17 and neuroblastoma.16 Evidence for a func-
tional involvement of nm23 expression in determining
tumor metastatic potential was published for the mu-
rine nm23-H1 cDNA transfected into a murine mela-
noma cell line19 and for the nm23-H1 cDNA trans-
fected into a human breast carcinoma cell line.18 In
both cases, overexpression of nm23 resulted in no
significant differences in primary tumor size but
caused significant reductions in metastatic potential
and altered cytokine responsiveness in colonization
and motility assays.0

The mechanism of nm23 participation in metastatic
dissemination is unknown. At least five biochemical
properties have been proposed for the encoded
nm23 proteins that could potentially be important to
its regulatory effects: First, nm23 proteins exhibit
nucleoside diphosphate kinase (NDPK) activity,
which may modulate nucleotide pool levels, activa-
tion of G proteins, and microtubule polymerization.
However, in control and nm23-transfected cell lines,
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NDPK activity failed to correlate with nm23 expres-
sion levels and metastatic suppression, suggesting
that this activity is not directly responsible for nm23
regulatory effects.21 Second, secretion of nm23 pro-
tein was reported in myeloid cells,22 however, we
failed to detect secreted nm23 protein in breast or
melanoma cell lines.23 Third, in a Drosophila model
system, nm23 was associated with a protein exhib-
iting some homology to GAP proteins.24 Fourth, nm23
has been proposed to exhibit transcriptional regula-
tory activity25 and contains sequences similar to a
leucine zipper.3 Fifth, we have recently identified a
reversible serine phosphorylation of nm23 protein
that is thermodynamically distinct from the phospho-
rylation involved in NDPK activity.26 Levels of nm23
phosphoserine were directly correlated with nm23 ex-
pression among melanoma cell lines. The nm23 pro-
tein has been identified in the cytoplasm and the
nucleus of cells2 and recently on the cell surface.27 In
addition to its biochemical activity, it is also unknown
in which subcellular compartment nm23 exerts a
regulatory effect.
We have analyzed nm23 expression levels and

subcellular distribution in thyroid tissues. The spec-
trum of thyroid pathology ranges from benign non-
neoplastic conditions to highly malignant tumors.
However, most of the patients undergoing thyroid
surgery will have a diagnosis of a benign condition
such as nodular goiter or thyroid adenoma. Among
thyroid malignancies, approximately 80% are repre-
sented by papillary carcinoma,28 which is known to
have a very good prognosis. However, some histo-
logical subtypes of papillary carcinoma, such as the
tall cell variant and other nonpapillary malignancies,
do not share that favorable outcome and may recur
or produce metastases in a short period of time.28
The nm23 expression has been controversial in thy-
roid tissues. Reduced expression of nm23-H1 but
not nm23-H2 RNA levels was reported in papillary
tumors from patients with lymph node metastases by
Arai et al.29 However, using a monoclonal antibody to
nm23-H1, Luo et a130 failed to detect these differ-
ences at the protein level.

In this report we have analyzed thyroid tissues
from 101 patients using an affinity-purified antibody
that recognizes both nm23-H1 and nm23-H2. We
also failed to observe a correlation between nm23
cytoplasmic expression levels and metastatic pro-
gression. However, for the first time, we observed
differences in subcellular nm23 distribution. These
changes in subcellular distribution may permit the
development of additional hypotheses concerning
the mechanism of nm23 regulatory action.

Materials and Methods

Patients and Tissues

Thyroid tissue samples from 101 patients were ob-
tained from the files of the Surgical Pathology Section
of the Laboratory of Pathology, NCI (Bethesda, MD)
and from personal consultation files (MJM). Tissues
from primary malignant thyroid tumors (58) and/or
lymph node metastases and/or distant metastases
were examined in 78 patients and were diagnosed
as papillary carcinoma (35), papillary carcinoma tall
cell variant (PCTC) (19), follicular carcinomas (16),
medullary carcinoma (7), and undifferentiated carci-
noma (1).

Thirteen patients had benign lesions represented
by 10 follicular adenomas and 3 atypical follicular ad-
enomas. Ten patients had benign nontumorous thy-
roid conditions (2 normal thyroids, 2 chronic nonspe-
cific thyroiditis, 2 Graves' disease, and 4 Hashimoto's
thyroiditis). For each case, a minimum of three slides
were examined when available.

Most of the patients with malignant neoplasms sub-
sequently underwent total thyroidectomy and cervical
lymph node dissection followed by therapy with 1311.
In a few instances, surgery consisted only of lobec-
tomy and lymph node dissection. The 58 patients with
primary malignant tumors studied immunohisto-
chemically had a mean age of 43 (range, 17 to 80 yr).
The mean follow-up for these patients was 43.3
months (range, 1 to 384 months). Only one patient
died of his disease (Hurthle cell carcinoma) 59
months after diagnosis. Eight patients developed dis-
tant metastases (3 patients at the time of diagnosis
and the other 5 patients from 16 months to 32 years
after diagnosis). Three other patients developed re-
currence within 3 years after diagnosis.

Antibody

The primary antibody used for immunohistochemistry
was an affinity-purified anti-nm23 peptide 11 anti-
body recognizing both nm23-H1 and nm23-H2 pro-
teins.2 This antibody was prepared in the Laboratory
of Pathology, NCI (PSS).

Immunohistochemistry

Tissues were routinely fixed in 10% buffered formalin
and embedded in paraffin. The slides were dewaxed
in xylene and then rehydrated. After 10 minutes in-
cubation in 0.5% H202 absolute methanol and wash-
ing in 0.01 mol/L phosphate-buffered saline (PBS),
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pH 7.5, the slides were incubated with 2% normal
goat serum-PBS for 20 minutes. The slides were next
blotted before overnight incubation with the primary
antipeptide 11 antibody diluted 1:50 in PBS. The next
day, the slides were washed three times in PBS then
incubated with biotinylated goat anti-rabbit immuno-
globulin G and the avidin-biotin-peroxidase complex,
according to recommendations of the Vectastain ABC
kit (Vector Laboratories, Burlingame, CA). The sec-
tions were then incubated 3 minutes with 0.03% 3-3'
diaminobenzidine tetrahydrochloride (Sigma Chemi-
cals, St. Louis, MO) and 0.2% H202 in 0.05 mol/L Tris
buffer, pH 7.4. After rinsing in deionized water and
counterstaining in hematoxylin, the slides were de-
hydrated and mounted.
The specificity of the staining was demonstrated

with some negative control (ie, without primary anti-
body and with 24 hours preincubation of the primary
antibody with peptide 1 1). Preincubation with another
unrelated peptide did not make the staining
disappear.

The cytoplasmic, nuclear, and membranous immu-
nohistochemical staining were analyzed separately.
For each of those criteria, the staining was considered
negative when no cell was stained on the section.
When a few cells or more were positive, the case was
called positive for the criterion considered.

Statistical Analysis

Statistical analysis was performed for each of the
above criteria (cytoplasmic, nuclear, and membra-
nous staining) using x2 square test or Fisher exact
test. Disease-free survival curves were determined
using the Kaplan-Meier method31 and the probability
of difference between curves was tested with the
Mantel-Haenszel procedure (log-rank test).32

Results

In agreement with previous reports,2 staining was ob-
served in the cytoplasmic and nuclear compartments
of cells, often with combined patterns. Cytoplasmic
and nuclear staining were always homogeneous
never granular (Figure 1, A). Occasional membra-
nous staining was also observed (Figure 1, B). All re-
sults are summarized in Table 1.

Benign Nonneoplastic Thyroid

The distribution of nm23 protein in normal thyroid was
evaluated in 2 normal cases and in 39 cases of ma-
lignant tumor in which adjacent and distant nontu-
morous tissue was available (subgroup in Table 1).
Some of those cases showed mild nonspecific thy-
roiditis or focal lesions with changes consistent with
palpation thyroiditis. The staining of normal follicular
epithelial cells was cytoplasmic and nuclear in 35 of
41 (85%) cases and the nuclear staining itself was
virtually always present, at least in a few cells (38 of
41 (93%) normal cases. No membranous staining
was seen. The intensity of the immunoreactivity was
variable. The colloid stained in some cases, as well as
nonepithelial cells such as endothelial cells and
plasma cells.
The four Hashimoto's thyroiditis cases were char-

acterized histologically by marked lymphoplasmo-
cytic infiltration with formation of germinal centers.
Thyroid follicles were often atrophic and oxyphilic
metaplastic epithelial cells were prominent. All cases
showed a strong and diffuse cytoplasmic staining in
oxyphilic cells with no stained nuclei. Some lymphoid
cells also stained. The two cases of Graves' disease
showed some lymphocytic infiltrates with moderate
hyperplasia of the follicular epithelium. The staining of

Figure 1. Immunohistochemical staining of nm23 protein in thyroid tissues: (A) case with nuclear staining and (B) case with membranous stain-
ing. A: Nuclear staining (immunoperoxidase x 250). B: Membranous staining (immunoperoxidase X 250).
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Table 1. Distribution of nm23 protein immunohistochemical staining in 101 specimens of thyroid lesions.

Staining
Cytoplasm Nucleus Membrane Total* Comparisons

Nonneoplastic specimen 10 (100%) 5 (50%) 0 (0%) 10
Hashimotos' 4 (100%) 0 (0%) 0 (0%) 4
Graves' 2 (100%) 1 (50%) 0 (0%) 2
NST 2 (100%) 2 (100%) 0 (0%) 2
Normal 2 (100%) 2 (100%) 0 (0%) 2

Benign tumors 13 (100%) 6 (46%) 2 (15%) 13
FA 10 (100%) 6 (60%) 2 (20%) 10
AFA 3 (100%) 0 (0%) 0 (0%) 3

Carcinoma thyroid 52 (90%) 17 (29%) 9 (16%) 58
PCNTC 23 (88%) 10 (38%) 4 (15%) 26
PCTC 13 (87%) 1 (7%) 2(13%) 15

* P (N) = 0.04

P (N) = 0.06

FC 10 (91%) 5 (45%) 2(18%) 11 - P(N)= 0.05
MC 6(100%) 1 (17%) 1 (17%) 6
NTCM 39 (91%) 16 (37%) 7 (16%) 43 -
Cervical lymph nodes 13 (87%) 4 (27%) 4 (27%) 15
Neck recurrences 6 (86%) 1 (14%) 2 (29%) 7
Distant metastases 6 (86%) 4 (57%) 4 (57%) 7

Normal/malignantt
ANT 33 (85%) 36 (92%) 0 (0%) 39 . P (N) = 0.0001
Carcinoma 33(85%) 12(31%) 6(15%) 39 1 P (M) = 0.03

Each cell compartment is evaluated (cytoplasm, nucleus, and membrane). PCNTC, papillary carcinoma nontall cell; PCTC, papillary car-
cinoma tall cell variant; FC, follicular carcinoma; MC, medullary carcinoma; NTCM, nontall cell malignancies (=PCNTC + FC + MC); FA, fol-
licular adenoma; AFA, atypical follicular adenoma; NST, nonspecific thyroiditis; P (N) = P value for nuclear staining; P (M) = P value for mem-
branous staining.

* Several specimens were studied for some patients.
t Subgroup of 39 cases where malignant tissue and adjacent normal tissue (ANT) were both studied.

Graves' disease and of nonspecific thyroiditis were
comparable to normal thyroid tissue.

Benign Thyroid Tumors

All 13 benign thyroid tumors had moderate cytoplas-
mic staining in the majority of cells and 2 follicular
adenomas had moderate membranous staining.
There was no nuclear staining in 7 of 13 cases (54%)
cases and particularly in 3 of 3 atypical adenomas.

Primary Malignant Thyroid Tumors

Fifty-eight samples from primary malignant thyroid tu-
mors were examined. Only three cases had no stain-
ing at all. A large majority (52 of 58, 90%) exhibited
a cytoplasmic staining on most cells and 17 of 58
(29%) cases had nuclear staining. In 9 of 58 (16%)
cases a mild to moderate membranous staining was
observed in some cells. The comparison between
malignant and nontumoral thyroid was made in the 39
cases in which both malignant and adjacent normal
tissue were available. Nuclear staining was much
more frequent in nonneoplastic tissues (36 of 39,
92%) than in malignant tissue (12 of 39, 31%) (P =
0.0001). Membranous staining was more often
present in malignant tissue (6 of 39, 15%) than in non-
neoplastic tissue (0 of 39) (P = 0.03). According to
our data, the group of benign tumors was not statis-

tically different from primary malignant tumors for the
expression of nm23 protein.
The 58 primary malignant tumors have been sub-

divided into histological subtypes (Table 1). Papillary
carcinomas nontall cells variant (PCNTC) (26 cases)
and follicular carcinomas (11 cases) and medullary
carcinomas (6 cases) did not show any statistically
significant difference for cytoplasmic, nuclear, or
membranous staining when compared with the entire
group of 58 tumors. In contrast, the group of PCTC
had a particular pattern of staining, with only 1 of
these 15 (7%) cases showing nuclear staining. In
other words, PCTC lack nuclear staining more often
than other thyroid malignancies or benign tissues. No
difference was shown for cytoplasmic and membra-
nous staining.

Cytoplasmic and membranous staining for nm23
protein did not appear to be correlated with patient
outcome. Conversely, there was a longer disease-free
survival in patients whose tumors had positive nuclear
staining (P = 0.03) compared with the tumors without
nuclear staining (Figure 2). Too few cases of PCTC
had a follow-up to allow statistical conclusions.

Recurrent and Metastatic Tumors

The group of recurrent tumors (7 cases) and the
group of lymph node metastases (15 cases) and dis-
tant metastases (7 cases) did not exhibit a statistically
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Figure 2. Relationship between nm23 nuclear expression and
disease-free survival in 58 patients with primary thyroid tumors
(nuclear+-, 16 tumors with stained nuclei; nuclear-, 42 tumors with-
out stained nuclei).

significant difference in staining pattern when com-

pared with primary thyroid tumors. Although not sta-
tistically significant, membranous staining increased
from 16% (range, 13 to 18% by histological type) of
primary tumors to 36% (range, 27 to 57%) of meta-
static tumors. There were no significant differences in
staining between primary tumors and lymph node
metastases among nine cases of paired samples.

Discussion
This report has examined nm23 protein expression
levels and subcellular distribution among thyroid tis-
sues from 101 patients. The prognostic potential of
nm23 expression has been controversial in the thy-
roid, with one report indicating reduced nm23-H1 ex-

pression29 and another report finding no significant
trend with lymph node metastasis.30 Although nm23
protein has been reported in the cytoplasmic and
nuclear compartments of tumor cells2 and on the cell
surface,27 to date, immunohistochemical analyses in
virtually all cancer types have focused solely on cy-

toplasmic staining. When we quantitated cytoplasmic
staining intensity, variability was observed in all of the
histological types of thyroid tissues with no significant
trends, in agreement with the report of Luo et al.30

Our data suggest the first association of nm23 sub-
cellular distribution and disease progression. Nuclear
staining was observed in 93% of normal tissues and
declined to 46% of benign tumors, 29% of primary
carcinomas, and 31% of recurrent or metastatic le-
sions. Consistent with the relative overexpression of
nuclear nm23 staining in normal tissues, nuclear
staining within a subpopulation of primary thyroid car-

cinomas predicted longer patient disease-free sur-

vival. On the contrary, membranous nm23 staining
was not observable in normal tissues, rose to 15% of
benign tumors and 16% of primary carcinomas and
then rose again to 33% of metastatic lesions. Statis-
tical significance was not attained in this trend, pos-
sibly due to a small sample size in the metastatic le-
sions. Progression in thyroid disease was therefore
accompanied by a general decrease in nuclear stain-
ing and an increase in membranous staining.
Whether this trend occurs in other cancer types and
its relationship to decreased cytoplasmic nm23 stain-
ing observed in aggressive breast, hepatocellular
and gastric carcinomas, and melanoma remains to
be determined. However, the data suggest the hy-
pothesis that dysregulation of the distribution of nm23
protein may also be an important determinant of its
regulatory activity. 0

The role of nm23 protein in the cell nucleus is open
to speculation. The nm23 proteins were hypothesized
to contain a leucine zipper motif that is common to
transcription factors,3 although X-ray diffraction stud-
ies of a slime mold homologue indicated that the ori-
entation of the leucines along this motif was incom-
patible with this proposed function.33 Recently, nm23
was reported to be a transcription factor regulating a
Puf site found in the c-myc and other promoters.25
Other roles for nm23 in the nucleus, such as chap-
erone proteins and nuclear matrix components, can-
not be eliminated as yet.
The finding reported herein that a proportion of

nm23 protein may be localized to the cell membrane
also raises questions as to what biochemical function
this protein may be exhibiting in this location. Trans-
fection data in murine melanoma cells and human
breast carcinoma cells indicate that overexpression
of nm23 inhibits tumor cell responsiveness to a variety
of cytokines, ie, transforming growth factor-,B in colo-
nization of insulin-like growth factor and platelet-
derived growth factor in motility.18-20 These data sug-
gest an interaction of nm23 and proteins involved in
the signal transduction process, possibly at the cell
membrane level. The nm23 protein has been co-
localized to G proteins in the membrane, although its
role as an NDPK in G protein activation has been de-
bated.23 Additional functions at or near the cell mem-
brane await further experimentation.
Combined patterns of staining have already been

observed in other tissues. Cytoplasmic staining of
nm23 protein has been noted in breast 2,4,34,35
lung,16 and liver.11 Membranous and cytoplasmic
staining have been reported by Sastre-Garau et a135
in breast carcinoma. Nuclear staining in association
with cytoplasmic staining was also described by

l

L-
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Rosengard et a12 in breast carcinoma using Western
blots and immunohistochemistry.
The distribution of nm23-H1 products in normal

breast is almost always cytoplasmic,46 consistent
with our data in normal thyroid in which only 6 of 39
cases had no cytoplasmic staining. Differences of ex-
pression in malignant tumors and in corresponding
normal tissue have already been reported in
breast34'35 and in colon.15 In those cases, the differ-
ence consisted of a stronger cytoplasmic staining in
malignant cells.

Our results based on the entire group of primary
malignant thyroid tumors suggest that the expression
of nm23 in the nuclei of tumoral cells may be asso-
ciated with a longer disease-free survival. Compari-
son of the two disease-free survival curves between
two groups with or without nuclear staining shows ear-
lier recurrences or metastases in the latter group. In
our study, the lack of nuclear staining in most PCTC
might also have a prognostic implication, because
this kind of tumor, first described by Hawk and
Hazard,36 makes up approximately 10% of the pap-
illary cancers and is indeed known to behave more
aggressively than PCNTC.36'37 In our series, several
patients with PCTC were lost to follow-up and we
could not confirm that data. Follicular carcinomas and
medullary carcinomas did not show any specific pat-
tern of staining, although they are well known to have
a worse prognosis than papillary carcinomas.
Samples from metastatic sites or from primary tumors
with metastatic extension at the time of diagnosis
showed an increased frequency of membranous
staining. However, the size of these subgroups was
too small to allow statistical conclusions.

It follows from our study that in thyroid tissues the
nm23-H1 protein has a combined pattern of distribu-
tion and that its expression may be a useful marker in
assessing the evolution of thyroid tumors. However,
this association should be confirmed by larger series
of thyroid carcinomas with longer patient follow-up
data.

Acknowledgments
We thank Dr. Seth Steinberg (Biostatistics, NCI) who
computed the survival curves.

References
1. Steeg PS, Bevilacqua G, Kopper L, Thorgeirsson UP,

Talmadge JE, Liotta LA, Sobel ME: Evidence for a
novel gene associated with low tumor metastatic po-
tential. J Natl Cancer Inst 1988, 80:200-204

2. Rosengard AM, Krutzsch HC, Shearn A, Biggs JR,
Barker E, Margulies IM, King CR, Liotta LA, Steeg PS:
Reduced Nm23/Awd protein in tumor metastasis and
aberrant Drosophila development. Nature 1989, 342:
177-180

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

4. Barnes R, Masood S, Barker E, Rosengard AM, Coggin
DL, Crowell T, King CR, Porter-Jordan K, Wargotz ES,
Liotta LA, Steeg PS: Low nm23 protein expression in
infiltrating ductal breast carcinomas correlates with re-
duced patients survival. Am J Pathol 1991,139:245-250

5. Hennessy C, Henry JA, May FE, Westley BR, Angus B,
Lennard TW: Expression of the antimetastatic gene
nm23 in human breast cancer: an association with
good prognosis. J NatI Cancer Inst 1991, 83:281-285

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

7. Bevilacqua G, Sobel ME, Liotta LA, Steeg PS: Associa-
tion of low nm23 RNA levels in human primary infiltrating
ductal breast carcinomas with lymph node involvement
and other histopathological indicators of high metastatic
potential. Cancer Res 1989, 49:5185-5190

8. Royds JA, Stephenson TJ, Rees RC, Shorthouse AJ,
Silcocks PB: Nm23 protein expression in ductal in situ
and invasive human breast carcinoma. J Natl Cancer
Inst 1993, 85:727-731

9. Tokunaga Y, Urano T, Furukawa K, Kondo H, Kane-
matsu T, Shiku H: Reduced expression of nm23-H1,
but not of nm23-H2, is concordant with the frequency
of lymph-node metastasis of human breast cancer. Int
J Cancer 1993, 55:66-71

10. Kobayashi S, Iwase H, Itoh Y, Fukuoka H, Yamashita H,
Kuzushima T, Iwata H, Masaoka A, Kimura N: Estrogen
receptor, c-erb B-2 and nm23/NDP kinase expression in
the intraductal and invasive components of human
breast cancers. Jpn J Cancer Res 1992, 83:859-865

11. Nakayama T, Ohtsuru A, Nakao K, Shima M, Nakata
K, Watanabe K, lshii N, Kimura N, Nagataki S: Expres-
sion in human hepatocellular carcinoma of nucleoside
diphosphate kinase, a homologue of the nm23 gene
product. J Natl Cancer Inst 1992, 84:1349-1354

12. Florenes VA, Aamdal S, Myklebost 0, Maelandsmo
GM, Bruland OS, Fodstad 0: Levels of nm23 messen-
ger RNA in metastatic malignant melanomas: inverse
correlation to disease progression. Cancer Res 1992,
52:6088-6091

13. Nakayama H, Yasui W, Yokozaki H, Tahara E: Re-
duced expression of nm23 is associated with metasta-
sis of human gastric carcinomas. Jpn J Cancer Res
1993, 84:184-190

14. Hailat N, Keim DR, Melhem RF, Zhu XX, Eckerskorn C,
Brodeur GM, Reynolds CP, Seeger RC, Lottspeich F,



32 Bertheau et al
AJPJuly 1994, Vol. 145, No. 1

Strahler JR, Hanash SM: High levels of p19/nm23 pro-
tein in neuroblastoma are associated with advanced
stage disease and with N-myc gene amplification. J
Clin Invest 1991, 88:341-345

15. Haut M, Steeg PS, Wilson JK, Markowitz SD: Induction
of nm23 gene expression in human colonic neo-
plasms and equal expression in colon tumors of high
and low metastatic potential. J Natl Cancer Inst 1991,
83:712-716

16. Higashiyama M, Doi 0, Yokouchi H, Kodama K,
Nakamori S, Tateishi R, Kimura N: Immunohistochemi-
cal analysis of nm23 gene product/NDP kinase ex-
pression in pulmonary adenocarcinoma: lack of prog-
nostic value. Br J Cancer 1992, 66:533-536

17. Wang L, Patel U, Ghosh L, Chen HC, Banerjee S: Mu-
tation in the nm23 gene is associated with metastasis
in colorectal cancer. Cancer Res 1993, 53:717-720

18. Leone A, Flatow U, VanHoutte K, Steeg PS: Transfec-
tion of human nm23-H1 into the human MDA-MB-435
breast carcinoma cell line: effects on tumor metastatic
potential, colonization and enzymatic activity. Onco-
gene 1993, 8:2325-2333

19. Leone A, Flatow U, King CR, Sandeen MA, Margulies
IM, Liotta LA, Steeg PS: Reduced tumor incidence,
metastatic potential, and cytokine responsiveness of
nm23-transfected melanoma cells. Cell 1991, 65:25-35

20. Kantor JD, McCormick B, Steeg PS, Zetter BR: Inhibition
of cell motility after nm23 transfection of human an mu-
rine tumor cells. Cancer Res 1993, 53:1971-1973

21. Golden A, Benedict M, Shearn A, Kimura N, Leone A,
Liotta LA, Steeg PS: Oncogenes and Tumor Suppres-
sor Genes in Human Malignancies. Boston, MA,
Kluwer Academic Publishers, 1993, pp 345-357

22. Okabe-Kado J, Kasukabe T, Honma Y, Hayashi M,
Henzel WJ, Hozumi M: Identity of a differentiation in-
hibiting factor for mouse myeloid leukemia cells with
nm23/nucleoside diphosphate kinase. Biochem Bio-
phys Res Commun 1992, 182:987-994

23. Steeg PS, De La Rosa A, Flatow U, McDonald MJ,
Benedict M, Leone A: Nm23 and breast cancer me-
tastasis. Breast Cancer Res Treat 1993, 25:175-187

24. Teng DHF, Engele CM, Venkatesh TR: A product of the
prune locus of Drosophila is similar to mammalian
GTPase-activating protein. Nature 1991, 353:437-440

25. Postel EH, Berberich SJ, Flint SJ, Ferrone CA: Human
c-myc transcription factor PuF identified as nm23-H2
nucleoside diphosphate kinase, a candidate suppres-
sor of tumor metastasis. Science 1993, 261:478-480

26. McDonald MJ, De La Rosa A, Benedict MA, Freije
JMP, Krutsch H, Steeg PS: A serine phosphorylation of
nm23, and not its nucleoside diphosphate kinase ac-
tivity, correlates with suppression of tumor metastatic
potential. J Biol Chem 1993, 268:780-789

27. Urano T, Furukawa K, Shiku H: Expression of nm23/
NDP kinase proteins on the cell surface. Oncogene
1993, 8:1371-1376

28. Livolsi VA: Surgical Pathology of the Thyroid. Philadel-
phia, PA, WB Saunders Company, 1990

29. Arai T, Watanabe M, Onodera M, Yamashita T, Masu-
naga A, Itoyama S, Itoh K, Sugawara I: Reduced
nm23-H1 messenger RNA expression in metastatic
lymph nodes from patients with papillary carcinoma of
the thyroid. Am J Pathol 1993, 142:1938-1944

30. Luo W, Matsuo K, Nagayama Y, Urano T, Furukawa K,
Takeshita A, Nakayama T, Yokoyama N, Yamashita S,
Izumi M, Shiku H, Nagataki S: Immunohistochemical
analysis of expression of nm23-H1/nucleoside diphos-
phate kinase in human thyroid carcinomas: lack of
correlation between its expression and lymph node
metastasis. Thyroid 1993, 3:105-109

31. Kaplan E, Meier P: Nonparametric estimation from in-
complete observations. J Am Stat Assoc 1958, 53:
457-481

32. Mantel N: Evaluation of survival data and two new
rank order statistics arising in its consideration. Can-
cer Chem Rep 1966, 50:163-170

33. Dumas C, Lascu I, Morera S, Glaser P, Fourme R,
Wallet V, Lacombe ML, Veron M, Janin J: X-ray struc-
ture of nucleoside diphosphate kinase. EMBO J 1992,
11:3203-3208

34. Lacombe ML, Sastre-Garau X, Lascu I, Vonica A,
Wallet V, Thiery JP, Veron M: Overexpression of
nucleoside diphosphate kinase (nm23) in solid tu-
mors. Eur J Cancer 1991, 27:1302-1307

35. Sastre-Garau X, Lacombe ML, Jouve M, Veron M,
Magdelenat H: Nucleoside diphosphate kinase/NM23
expression in breast cancer: lack of correlation with
lymph-node metastasis. Int J Cancer 1992, 50:533-538

36. Hawk WA, Hazard JB: The many appearances of pap-
illary carcinoma of the thyroid. Cleveland Clin Q 1976,
43:207-216

37. Johnson TL, Lloyd RV, Thompson NW, Beierwaltes
WH, Sisson JC: Prognostic implications of the tall cell
variant of papillary thyroid carcinoma. Am J Surg
Pathol 1988, 12:22-27


