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Expression of nm23 Protein in Breast Carcinoma
- An immunohistochemical study -

Sang-Yong Song, M.D., Je G. Chi, M.D., Se Hwan Han', M.D.
and Kuk Jin Choe , M.D.

Department of Pathology and Surgery’, Seoul National University College of Medicine

To elucidate a possible prognostic factor, we studied 91 cases of breast carcinoma for the
expression of nm23 protein using an immunchistochemical method, and compared these results
with the known prognostic parameters of the breast carcinoma. The nm23 protein was intensely
stained in the cytoplasm and/or the nucleus of carcinoma cells in 82 cases(90.1%). There were
two patterns of cytoplasmic staining; heterogeneous pattern and homogeneous pattern. Among
the positive cases, 43 cases(47.2%) were heterogeneous while 39 cases{42.8%) were homogene-
ous. Axillary lymph node metastases(p<0.005) was found more frequently in the heterogeneous
pattern group(79.0%) than in the homogeneous pattern group(41.0%). There was no significant
correlation between nmd3 protein expression and other parameters such as patient age, tumor
size, estrogen receptor, histopathologic grade, and p53 overexpression. Although axillary lymph
node metastasis was correlated with the disease free status(p<0.0005) and patient survival
(p<0.05), they showed no correlation with nm23 expression. Multivariate analysis showed that
axillary lymph node metastasis was the only prognostic indicator(p<0.05), and the expression
of nm23 protein was of borderline significance. The results suggest that the homogeneous andfor
granular cytoplasmic expression of nm23 protein plays a role in the suppression of nodal
metastasis in breast carcinoma and might contribute in predicting patient survival. (Korean J
Pathol 1995; 29: 469 ~477)

Key Words: nm23, Nucleoside diphosphate kinase, Breast carcinoma, Metastasis, Prognosis.
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Fig. 1. Pholomicrographs of the immunohistochemical stain for nm23 prorein showing cytoplasmie reactivily, (A positive
group shows heterogeneous staining in {he lumor cell cytoplasm with peripheral accentuation. (B IT posilive group
shows homogenceous, intense and often granular cvioplasimc staining,
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Table 1. Relationship between nm23 protein expression and clinicopathologic parameters in breast carcinoma

nm23 reactivity
Parameters p value
Negative Group 1 Group 11
Samplesin=91) (9.9 43(47.2) 39(42.8)
Patient age NS
~29(n=3) 0 3(100) 0
30~ 39(n=20) 2010.00 11(55.0) T(35.00
40~ 49(n=32) 4(12.5) 11(34.4) 17(53.1)
S0~ 59n=24) 2(8.3) 13(54.2) H37.5)
60~ (n=12) 1(8.3) 5(41.7) 6(50.0)
Tumor size . NS
Tln=17) 2(11.8) 4(23.5) 11(64.7)
T2(n=50) 4(8.0) 25(50.00 21(42.0)
Ti(n=19) 3(15.8) 11(57.9) 5(26.3)
Td(n=5) 0 3060.0) 2(40.00
Axillary lymph node 0.002
N n=35) 3(8.6) 9(25.7) 23(65.7)
N1(n=22) 2(9.1) 11(50.0) © B(40.9)
N2(n=34) 4{11.8) 23(67.6) 7(20.6)
Histologic grade NS
I (n=22) 4(18.2) 9(40.9) 9(40.9)
Il (n=34) 3(B.8) 15(44.1) 16(47.1)
MM{n=35) 2(5.7) 19(54.3) 14{40.0)
Estrogen receptor NS
negative (n=6) 1{16.7) 4(66.6) 1(16.7)
positive (n=30) 310.0) 15(50.0) 12(40.07
strong positive(n=55) 5(9.1) 24(43.6) 26(47.3)
p33 protein NS
negative(n=40) J12.5) 21(52.5) 14(35.0)
positive(n=49) 4(8.2) 22(44.9) 23(46.9)

N3: not significant

(p=0.002). ol ~E2 4 &2 gtdlo]| akdd 7%,
2l #AE7 A4S om23 gy el ge] Ean,
58 I o4 el fo] Folalys AL vyon)
TAIH LR Feldt Aol oluglck ps3 ghwy ub#
Al nm23 chef e feldt BAE EolA ghsh
c}.

4. S| THE, XL WED GlFE AXEY
ZtAH| (Table 2)

AA g2 F Aol gt FHe] 7Y A
T 57eflelglan, o]|F 15elel]4] aftsle] 26.32%2)
AukgE Kylck #$xe] A& o BE o 5 ¢lyd

L]

A4 S5dle|ian, e|F 6odl2] Awte] Helx|of
80% 2] AESES Kok Fzle] odd) e Fake] xut
7 ghate] AME qlyte] glgich. Foke) =277 &
T5 73 Aubgo] Eatout Fod o) oflg]
3, yheel] 3y 73 AEEE Tide] 100%, T2
02.9%, T3gfo] 87.5%, Tddo| 500%2 28 # el
= Eckp=00032) wel=3%H F42 237}
HETFE FFH Al ¥IIEFFE: 10.0%, N5
20.1%, 55 351%), 3 73 H&8% Jeolor}
(1’55 100%, 53 95.8%, MET: 30.7%) 224
ol oldgich A=k g=A Aol Foke] )
HHp=0.0005)7} Fhabe] AF(00314)3 25 FolE



g 8 39l - Fedetoll A 2] nm23 gk ghE 473

Table 2. Relationship between tumor recurrence rate, patient survival rate and prognostic parameters in breast carcinoma

Parameters i?g{u:f;ﬁﬁ p value 'm:flﬁ} p value
All patienis 30.2% 90.6%
Patient age NS NS
<50 27.3% 89.8%
=50 29.1% 91.4%
Tumor size NS 0.0032
Tl 10.0% 100%
T2 243% 92.9%
T3 40.0% B7.5%
T4 50.0% S0.0%
Lymph node 0.0005 0.0314
NO 5.5% 100%
Ml 15.7% 94.7%
N2 57.3% T7.6%
Histologic grade NS NS
1 10.0% 100%
I 29.1% 95.8%
111 35.01% BO.7T%
Estrogen receplor NS 0.0365
negative 0. 0% 50.0%
positive 25.3% 89.4%
strong positive 24.3% 06.9%
P33 protein NS NS
negative 204% 47.5%
positive 15.4% 92.1%
nml3 protein NS NS
negative 22.2% 1005
group | 33.5% 00.8%
group Il 22.2% 86.4%

NS5: not significant

4noAE e F FH AWEE N0 55%,
NI1: 15.7%, N2: 573%e|dda, 349 %3 AEF2S NO:

100%, NI: 94.7%, NI T7.o%o|gich o AE=2A

galet Foke] anlate] BAlE §4 60.0%, <4
253%, 7ok 243% 2 okdFellA ate] Hglond
w28 Fole obdglc) g, #xbe] AEF}E=
=4 Fell A 50.0%, 2fokd el 89.4%, 7ok tel|
A 969%E 8 gAY E 2 FEI FE
T35 A8 AEFo] Felckp=0.0365). p53 gl
7 nm23 <hefe] 2 Foko] Ay 4 #ale] 4
E3 Fog fAlE EelA] gkl

gha}e] of of] Pit chi gkl ol A= =

2 Fel7} o= EeladlM} fFUuA S§HYU CAF
A2 vebdrhp<005). 12| of7] AE FollHs
nm23 bl wb#e] log normal E el p=0.0472,
log logistic Ewlell4] p=00771, Weibull Zwloill4] p=
0.15652] 7F& Hect

&

A

o @] 7h2] Pk SIS Fofl4] nm23, WDNMI,
fibronectin®- sl&kzHel| 2sle] Heolgeo] HEE+
HEHQ Fak ofa fFHate|el”. wela] o £k
+AAEHs 2l 2858 J4 2o k4 W



474 ol ohalA) o A 29 9 A 4 & 1995

ol 2 g ge] F& 7 U3, FPelMe wHE
o] Fag ou|gF Zeokn AzEA)e gon, B
oA FollA fbel == 2] nm23 g I E2 920.1%
olget. «dlF% Aot H-4=zF e} FhijgtEel
AE ok WSE 297 el ¢Eote] <3y
off ek ad5trh a4 o] Folaol dhcha AHtglch

Ao S o9 WAMEHNEH ol Fof4
NDPK2] HEJ $]*+= 2li4gos ¢ 9
o4 Fof AEFoMe MM E 2 Sz} &
olgl wh c}”. mfeba] nm23e] wbEH L M E7] o
oz vepa deflqe] e A F4Y A
o] el %HH, szt Adzprl M2 iee
2 des Age Qo] o 35 wE a2 gl
7 g3 d+a) v Agolgk Wy E o] R E g
v nm23g] H$E ¢lgs ohdelA, YdE dgals
£ o4 Axe w8 55 AAE H a2
Qe sl Al gl FEEE gt
Seldt HE& nm23e] o} E Fok chlixl el A4
ZHolr} ok wWHule M e EalEr] ol Tl Hdp
2 d4tAbgwel FH wlEeF dEste] FE s
ste] o] ZsiA] G458 Q& A PHer A5+
o A7t Sk Helnh B dFe e ool £
7habed M EF el 4 2] 4 kS vl FF
£ oldoz F53A d4s= Age agA g8
A2 Uire] ghEets ubl S A28 o) H
At2] 7574 Akl wlal ghile] EFEe| ¥ g A
+&2 48 ¢ slx, ol AHE HES ¢ v
PAE ofvpe i Moz glafe] HEE
SHo| | Hegos FTaARle Aeg FHY F ¢l
of, wela] Mool FapEe] b wledxza]ilel of
4, 5 AEZYd iY== 5 99 e F2
T HEeo|a, 7)ol 4 WAL oy vz
H F2 895 el 5l Zlez AgE}

nm232] He| 2fal] glats4e] A%E vy e
Aol 77t gick 72t SgAel <A ohE dgte
7 3 57hA|2] el el 4 nm23 RNALE shefe] b4
7} Fake) ob4 wulel edfbe] ek A7t 1L
v} glat™, K-1735 murine melanoma, nitrosomethy-
lurea-induced MMTV-induced
mouse mammary tumor, c-Ha-ras(+/-) adenovirus Ela
rransfected fibroblast 52] H|EF5 o &3 trans-
fection 4% el 4] nm23-Hi12] a7} #He|e} o ghelg)
the A3 § oue AR ol§ SN gt
a9l cigedE digdez @ HYH ol o4
nm23-H1 73 %2 FEe] Helgh odite] gl 4
H ARE Fote] E om23e] Foko] ik wrle

rat  mammary  tumor,

Hol2} =)ol sl |FHAY 7Hedol 7Y
3 AlAE R e}, azfu), nm23 dhEe] ofm #|H
& Btk He| H4A Fles s g
AHel L ol=7AA] g, in vivo EE 2 £
o] Fokellafo] o8 meto] ofArp gleh Ea
Hdgre] A5 ey o4 Helst wate] gick:s
Hazl gl7] wjEel™ He| =j4] 2labz Ao o4
o] H3E = gk wely o Eey HIprl
2 7 e 9Wra] ssAded i HEr e
ot A Helo| Bedels a4l Fok Ao 4
A gk oldz} glMe] wel Z|H o] Fadcs
Apdelch. whebd nm23ef gt 7| dFFe] AHE
F8 F428 A7 mansfection A8 2] Helg o]
Folgar, o|E Aol Ao ojejgle] He] ofa|
Azt g] Hite] SHxl ghd, I o] Fol| o] Fof
Z old kel it el 2 el HHfES
Hol= ZHe| #]9] FZo it F£ E7)7}
A Holg FHo|u} A A7 Fobule} oF
T ke Helch o] shA] obd Feke] A 3
Zut 2pzhe] He) HIEZ} Aolzl R, HelF &
A4S Aelrl = HE olu] 2 2LEA Apdeld)
#=3 whel o] nm23el g AF Azl G@vA
Fohell A= A4 Ux=E Farl 23 44
o] o]F A #EctTEIIEEE Yae a3
o zpAl2] He] Pd@lE 5ol ol FH
517 s EEE Zoe) wuael HAHY =P
o] AAge] Hasch B dfois vazx FE4
g2 FHlE dYdes 7 Hpo W E =i ¢
2 H23 HAEsA Agsgen gz JAF
o|g}l Fre| clekdt Sole iyt sz A Hwbe]
HHo] §F Fokol AelF sl do] 227
e Fud de gl AalzHe|d

nm232] =go| Foko] Wb, A g AF FHol
g o= ghAldld Z15E 8§ Azt dig slge
oz gich oA, He| chale] A% s e
A2 sl FoF Aale] uby], & He| 27
fBol¥ Aol FHo| AREHZ e} B «AF
7Atel 1989 Bevilacqua 52 A e 4
A, vl S EAIH fodL givels Fokse)
w3 HE, daEzd A2 §52 om23 g
o] o] HE wldss BeEs 29 H2 Foko] i
A EZFE ol HE Dof¥ AL A4
ARz #5% + Uk F. Tk e Aol
Foke] A8 = Y FE FA2 HA4EH T
b= H-E mefsbdd, olegk wislrl Foke| ubAldk
¥ A3 9 FAfol doldz] #AAlg F7F Al



lojut 7hisAle] glat, o] uffell el 7fol] wha}
N Foko] RMHE =4 BygtH gt =
7 dite] g1& F sk nm23 FHAE Esjey
HHEEe awd FHAL 71~78%2] 4FAS U2
glew, o5 AEaldl4 awd FH Ak e] ool
Male] A 2 =He| Hedsie], ARdAE =7
o] =|Ael vl 4 Hell fFubel Fojsls Heoez gt
A Ao wheld o] RE AMATo] 9
Wzl Aade]] glojHE o] AxEe] FA4HE Hof
F Aoz Agsic

oF #hapel ofld, F aubat WEFI ol F QxS
#He] f@AlE o|u] <] # ulgt o] ofE] wWgFol
Bytslo] vehdm, B ool telld] At #alr} 5o
2 297 wjfel, u]F nm23g] wtdle] H el P
AlE Holz giohch @RletE BAlS RAlss]s
=k Aolch. o shE frlel Shalella] g=A F
olg} Auto] FHape] o Foll4] FR3 849E 3
s, nm232] ubele] gLy #ele} Wel oigh ghA|
F HEA felr} gl sl dake] dFEE o
& of F2% HEI 384 Fl5Ae] glrim gl
ek,

4 =

Selutebe]l Sukgl 9lelE djgef sle] nm23
chefe] wbsst ghale] of Fsls] A, aeln o E
A4, el 450 fAE =4de] o2
I g AHE o

1) nm23 chef o] oh§ -2 finkd fued 91 F 82
of|(90.1%)ell A Datsjglw, 2 8 k42 17| 43
of|(47.25%), 17| 39el|(42.86%)o] %1t}

2) nm23 chefe] why ok Aeg gEF Aol
7b gAY A AHS OFe] wstan, FJ=ZA Helr]
HETS 17e] watchp<0005). %3, 23l &
T8, 2 oAl i ekdUSE Il
Be AEE 2

3) nm23 chee] yhE st Foke] Ayl gl Fhalbe] o
Fabe A AdA $A glglch
o]4be] HF wjele g FokuEol|42] nm23 b
4 dbddo] folglella] RlZH Heleh ¢ldte] QIEE
¢ T glsld aela, oot doel 4 aE%E
Filed nm23 FHAIYe] Foke] s F F&
AR sl 27 gl Hel g AlFsls thalel 4
T23% HEE 488 A AAlstc

Pk

i 2| 390 Fupeboll A 2] nm23 ghud ubE 475

& 1 2 &

. Henderson C. Breast cancer. In: Wilson JD, Braunwald

E, Isselbacher KJ, Petersdorf RG, Manin JB, Fauci
AS, Root RK, eds. Harmison's principles of internal
medicine, 12th ed. New York: McGraw-Hill, Inc.,
1991; 1612-21.

. Steeg PS5, Bevilacqua G, Kopper L, Thorgeirsson UP,

Talmadge JE, Liotta LA, Sobel ME. Evidence for a
novel gene associated with low tumor metastatic
potential. ] Natl Cancer Inst 1988; 80: 200-4,

. Stecg PS, Bevilacqua G, Pozzatti R, Liotta LA, Sobel

ME. Altered expression of nm23, a gene associated
low tumor metastatic potential, during adenovirus 2
Ela inhibition of experimental metastasis. Cancer Res
1988; 48: 6550-4,

. Bevilacqua G, Sobel ME, Liotta LA, Steeg PS. As-

sociation 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:
5185-90.

. Bames R, Masood 5, Barker E, Rosengard AM,

Coggin DL, Crowell T, King CR, Porter-Jordan K,
Wargotz ES, Liotia LA, Steeg PS. Low nm23 protein
expression in  infiltrating ductal breast carcinomas
correlated with reduced patient survival, Am J Pathol
1991; 139: 245-50.

. Hirayama R, Sawai 8, Takagi Y, Mishima Y, Kimura

N, Shimada N, Esaki Y, Kurashima C, Utsuyama M,
Hirokawa K. Positive relationship berween expression
of anti-metastatic factor(nm23 gene product or nu-
cleoside diphosphate kinase) and good prognosis in
human breast cancer. J Natl Cancer Inst 1991; 83
1249-50.

. Royds JA, Siephenson TJ, Rees RC, Shorthouse Al

Sileocks PB, Nm23 protein expression in ductal in situ
and invasive human breast carcinoma. ] Natl Cancer
Inst 1993; 85: 727-31.

. Yamashita H, Kobayashi 8, Iwase H, lich Y, Kuzu-

shima T, Iwata H, Iroh K, Naito A, Yamashita T,
Masaoka A, Kimura N. Analysis of oncogenes and
tumor suppressor genes in human breast cancer. Jpn
I Cancer Res 1993; B4: 871-8.

. Simpson JF, O'Malley F, Dupomt WD, Page DL.

Heterogeneous expression of nm23 gene product in

noninvasive breast carcinoma, Cancer 1994; 73:



476 cigha|ets)a] 4299 M4 8 1995

10.

12,

13.

14.

15.

16,

17.

18,

19

2352-8.

Varesco L, Caligon MA, Simi P, Black DM, Nardini
WV, Casarino L. The mm23 genc maps to human
chromosome band 17922 and shows a restriction
fragment length pleomorphism with Bgl 1. Genes
Chromo Cancer 1992; 4: 84-8,

Stephenson T, Rowvds JA, Blechen S5, Silcocks PB,
Rees RC. “Anti-metastatic’ nm23 gene product expres-
sion in keratoacanthoma and sguamous cell carci-
noma.(abstract) Dermatology 1993, 187: 95-9.
Dooley S, Seib T, Engel M, Theisinger B, Janz H,
Piomtek K, Zang KD, Welter C. Isolation and char-
acterization of the human genomic locus coding for
the putative metastasis control gene nm23-HI. Hum
Genet 1994, 93: 63-6.

Gilles AM, Presecan E, Vonica A, Lascu [ Nucleoside
diphosphate kinase from human erythrocytes: struc-
tural characterization of the two polypeptide chains
responsible for heterogeneity of the hexamenc en-
zymes, ] Biol Chem 1991; 266: 8784-9.

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: 445.9,
Kimura N, Shimada M. Membrane-associated nucleo-
side diphosphate kinase from rat liver. Purification,
characierization, and comparison with cytosolic
enzyme. ] Biol Chem 1988; 263: 4647-53.

Liotta LA, Steeg PS. Clues to the function of Nm23
and Awd proteins in development, signal transduction,
and mumor metastasis provided by studies of Dicty-
ostelium discoideum. J Natl Cancer Inst 199(0; E2:
1170-72,

Kimura N, Shimada N, Nomura K, Watanabe K.
Isolation and characterization of a cDNA clone encod-
ing rat nucleoside diphosphate kinase. ] Biol Chem
1990; 265: 15744-9,

Foulkes WD, Black DM, Stamp GW, Solomon E,
Trowsdale J. Very frequent loss of heterozygosity
throughout chromosome 17 in sporadic ovarian carci-
noma. Int J Cancer 1993; 54. 220-5.

Mandai M, Konishi I, Koshiyama M, Mor T, Arao
S, Tashiro H, Okamura H, Nomura H, Hiai H,
Fukumoto M. Expression of metastasis-related nma3-
H1 and nm23-H2 genes in ovarian carcinomas. Cor-
relation with clinicopathology, EGFR, c-erbB-2, and
c-erbB-3 genes, and sex steroid receptor ezpression.
Cancer Res 1994; 54: 1825-30.

Konishi N, Nakaoka 5, Tsuzuki T, Matsumoto K,
Kitahori Y, Hiasa Y, Urano T, Shiku H. Expression

21.

23,

25.

26.

7.

28.

20,

of nm23-H1 and nm23-H2 proteins in prostate carci-
noma. Jpn J Cancer Res 1993; B4: 1050-4.
Brewster SF, Browne 5, Brown KW, Somatic allehic
loss at the DOCC, APC, nm23-H1 and p53 tumor
suppressor gene loci in human prostatic carcinoma. J
Urol 1994; 151: 1073-7.

. lgawa M, Rukstalis DB, Tanabe T, Chodak GW. High

levels of nm23 expression are related o cell proli-
feration in human prstate cancer. Cancer Res 1994; 54:
1313-8,

Makamori §, Ishikawa O, Ohigashi H, Imaoka §,
Sasaki Y, Kaneyama M, Kabuio T, Furukawa H,
Iwanakga T, Kimura N. clinicopathological featres
and prognostic significance of nucleoside diphosphate
kinase/nm23 gene product in human pancreatic exo-
crine neoplasm. Int J Pancreatol 1993; 14: 125-33.

. Kodera Y, Isobe K, Yamauchi M, Kondoh K, Kimura

N, Akivama 5, ltoh K, NMNakashima 1, Takagi H.
Expression of nm23 H-1 RNA levels in human gastric
cancer tissues, A negative correlation with nodal meta-
stasis. Cancer 1994; 73: 259-65.

Leone A, McBride OW, Weston A, Wang MG,
Anglard P, Cropp CS5, Goepel JR, Lidereau R,
Callahan R, Linchan WM, Rees RC, Harris CC, Liotta
LA, Steeg PS. Somatic allelic deletion of nml3 in
human cancer. Cancer Res 1991; 51: 2490-3.

Cohn KH, Wang FS, Desoto-LaPaix F, Solomon WEB,
Patterson LG, Amold MR, Weimar J, Feldman JG,
Levy AT, Leone A, Steeg PS5, Association of
nm23-H1 allelic deletions with distant metastases in
colorectal carcinoma. Lancet 1991; 338: 722-4.
Myeroff LL, Markowitz SD. Increased nm23-H1 and
nm23-H2 messenger RNA expression and absence of
mutations in colon carcinomas of low and high
metastatic potential. ] Natl Cancer Inst 1993; B5:
147-52.

Yamaguchi A, Urano T, Fushida 5, Furukawa K,
Nishimura G, Yonemura Y, Mivazaki I, Nakagawara
G, Shiku H. Inverse association of nm23-H1 expres-
sion by colorectal cancer with liver metastasis. Br ]
Cancer 1993; 68: 1020-4.

Bafico A, Varesco L, De Benedetti L, Caligo MA,
Gismondi V, Sciallero S5, Asie H, Ferrara GB,
Bevilacqua G. Genomic PCR-S5CP analysis of the
melasiasis associated NM23-HI1(NMEI) gene. A study
on colorectal cancer.(abstract) Anticancer Res 1993;
13: 2149-54.

. Engel M, Theisinger B, Scib T, Scitz G, Huwer H,

Zang KD, Welter C, Dooley S. High levels of



3l

32.

33

35.

36.

37.

38.

39,

nm23-H1 and nm23-H2 messenger RNA in human
squamous cell lung carcinoma are associated with poor
differentiation and advanced tumor stages. Imt J
Cancer 1993, 35. 375-9.

Arai T, Watanabe M, Onodera M, Yamashita T,
Masunaga A, ltoyvama 5, ltoh K, Sugawara I. Reduced
nm 23-Hl messenger RNA expression ih metastatic
lymph nodes from patients with papillary carcinoma
of the thyroid. Am I Pathol 1993; 142: 1938-44,
Zou M, Shi Y, al Sedairy S, Farid NR. High levels
of Nm23 gene expression in advanced stage of thyroid
carcinomas. Br J Cancer 1993, 63: 335-8.

Farley DR, Eberhardt NL, Grant CS, Schaid DJ, van
Heerden JA, Hay ID, Khosla S, Expression of a
potential metastasis suppressor gene (nm23) in thyroid
neoplasms, (abstract) World J Surg 1993; 17: 615-21.

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

K, Watanabe K, Ishii N, Kimura N, Nagataki 5. Ex-
pression in human hepatocellular carcinoma of nucleo-
side diphosphate kinase. A homologue of the nm23
gene product. J Natl Cancer Inst 1992; 84: 1349-54,
Yamaguchi A, Urano T, Goi T, Takeuchi K, Niimoto
S, Nakagawara G, Furukawa K, Shiku H. Expression
of human nm23-H1 and mm23-H2 proteins in hepa-
tocellular carcinoma. Cancer 1994; 73: 2280-4,

Kim JE, Song 5Y, Chi JG, Han SH, Choe KI.
Prognosis of breast carcinoma, Clinicopathologic and
immunochistochemical study.(in preparation)

Elston CW. Grading of invasive carcinoma of the
breast. In; Page DL, Avderson TJ. Diagnostic histo-
pathology of the breast. Edinburgh: Churchill Living-
stone, 1987: 300-11.

AR, FEE, 74, A8 AASE YT
o4 ESAAAAFEA LW Bt o F
gh2] gAlell HEh At HIAEI A 1993, 25
T8-84.

Steeg PS5, Search for metasiasis suppressor genes

41.

42,

43,

45.

F4E 8 39 fdel 8] nm2d ghe i 477

(abstract) Invasion Metastasis 1989; 9: 35]1-9.
Sastre-Garau X, Owviracht L, Lascu [, Lacombe ML,
Veron M, Bourdache K, Thiery JP. Ultrastructural
immunohistochemical localization of diphosphate kin-
asefNm23 in human cancer cells.(abstract) Bull Cancer
Paris 1992; 79: 465-70.

Stephenson T, Royds JA, Blechen S5, Silcocks PB,
Rees RC. " Anti-metastatic’ nm23 gene product expres-
gion in keratoacanthoma and squamous cell carcinoma.
Dermatology 1993; 187: 95-9,

Steeg PS, de la Rosa A, Flaiow U, MacDonald NJ,
Benedict M, Leone A. WNm23 and breast cancer
metasiasis. (abstract Breast Cancer Res Treat 1993; 25:
175-87.

Makamori 8, Ishikawa O, Ohhigashi H, Kameyama M,
Furukawa H, Sasaki Y, Imaji H, Higashiyama M,
Imacka S, Iwanaga T. Expression of nucleoside
diphosphate kinase/nm23 gene product in human
pancreatic cancer. An association with lymph node
metastasis and tumor invasion.(abstract) Clin Exp
Metastasis 1993; 11: 151-8.

. Biggs I, Hersperger E, Sieeg PS5, Liotta LA, Sheamn

A. A Drosophila gene that is homologous to a mam-
malian gene associated with tumor metastasis codes
for a nucleoside diphosphate kinase. Cell 1990; 63:
933-40,

Wallet ¥, Mutzel R, Troll H, Barzu O, Wurster B,
Veron M, Lacombe ML, Dictyostclium nucleoside
diphosphate kinase highly homologous to Nm23 and
Awd proteins involved in mammalian tumor meta-
stasis and Drosophila development. T Natl Cancer Inst
1990; 82: 1199-202.

. Rosengard AM, Krutzsch HC, Sheam A, Biggs JR,

Barker E, Margulies IM, King CR, Liotta LA, Steeg
5. Reduced Nm23fAwd protein in tumor metastasis
and aberrant Drosophila development. Nature 1989,
342: 177-80.




