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Annexin VIl as a Novel Marker for Invasive Phenotype of Malignant Melanoma
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Both F10 and BL6 sublines of B16 mouse melanoma cells are metastatic after intravenous injec-
tion, but only BL6 cells are metastatic after subcutaneous injection. While examining the genetic
difference between the two sublines, we found a marked reduction of annexin VIl expression in
BL6 cells. In addition, fusion cell clones of both sublines were as poorly metastatic as F10 cells
after subcutaneous injection, and contained the annexin VIl message as abundantly as F10 cells.
Hence, we examined whether the annexin VIl expression was correlated with the less malignant
phenotype of clinical cases by immunohistochemistry. Immunoreactivities to anti-annexin V11 anti-
body in melanoma cells were evaluated quantitatively by using skin mast cells as an internal posi-
tive control. Eighteen patients with malignant melanoma were divided into two groups: lymph
node metastasis-negative and positive groups. The ratio of numbers of patients positive ver sus neg-
ative to the antibody was significantly larger in the former than in the latter group. These results
not only indicated that annexin VIl serves as a marker for less invasive phenotype of malignant

melanoma, but also suggested a possible role of annexin VII in tumor suppression.
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An increasing number of people are suffering from
malignant melanoma in various areas of the world. The
major cause of death in the patients with melanoma is
tumor metastasis. Several approaches, including immuno-
logic examination,* single strand conformation polymor-
phism (SSCP),*® and serological tumor markers,®® have
been applied to evaluate the metastatic potentials of mela-
noma cells. Immunohistochemistry is one of the simplest
and most commonly used methods. However, few probes
have been identified that serve as prognostic markers of
malignant melanoma in immunohistochemistry. To seek a
novel and useful prognostic marker, we have examined a
variety of sublines of B16 mouse melanoma cells, which
possess distinct metastatic potentials.® The BL6 subline is
one of the most malignant and is metastatic after both
intravenous and subcutaneous injection, whereas F10 cells
are metastatic only after intravenous injection.’> The F1
subline is a parent of F10 cells and is poorly metastatic
even after intravenous injection.’?

Previously, we determined the genetic dominance in the
metastatic phenotype between F10 and F1 cells. Fusion
cell clones of both cells were as highly metastatic after
intravenous injection as F10 cells. High metastatic pheno-
type appeared to dominate in crosses between F1 and F10
cells.®® In the present study, we determined the genetic
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dominance in the metastatic phenotype between F10 and
BL6 cells, and found that the low metastatic phenotype
was dominant in their crosses. This indicated that F10-
derived metastasis-suppressive activity dominated over the
BL6-derived metastasis-promoting activity. It is logica
that factors essential for metastasis-suppressive activity are
expressed in F10 cells, but missing in BL6 cells. To isolate
genes encoding such factors, we performed an mRNA dif-
ferential display (DD) procedure and constructed a sub-
tracted cDNA library using poly(A)* RNA from F10 and
BL6 cells. Among a pool of clones rescued from subtrac-
tion, annexin VI was found to be expressed at a higher
level in F10 cells, but at alower level in BL6 cells. Immu-
nohistochemical study of annexin VII in human melanoma
tissues provided the first evidence that annexin VII serves
as amarker of less invasive phenotype of malignant mela-
noma.

MATERIALS AND METHODS

Cell culture B16 melanoma sublines were kindly pro-
vided by Dr. I. J. Fidler (The University of Texas). Human
lung fibroblast cell line TIG-1** was purchased from Japa-
nese Cancer Research Resources Bank-Cell (Tokyo). Cells
were maintained in Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal bovine serum. To maintain
the drug-resistant cells, the culture medium was supple-
mented with G-418 (2 mg/ml) and/or hygromycin B (0.2
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mg/ml). Mast cells were established from spleen cells of
C57BL/6 mice as described previoudy.®

MRNA differential display Total RNA was extracted by
the guanidine thiocyanate/CsTFA method from F10 and
BL6 cells, then poly(A)* RNA was purified using
oligo(dT) cellulose. One microgram of poly(A)* RNA was
mixed with 50 pmol of 3'-downstream primer labeled with
Rhodamine (Takara, Ohtsu) in 6 ul of diethylpyrocarbon-
ate-treated water and heated at 70°C for 10 min. This solu-
tion was added with 2 ul of 10x RNA PCR buffer
(Takara), 2 ul of dNTPs (10 mM each), 0.5 ul of RNase
inhibitor (40 U/ml) (Toyobo, Osaka), 8.5 ul of water and 1
ul of Superscript 11 (5 U/ml) (Gibco BRL, Rockville,
MD). Reverse transcription (RT) reaction mixture was
incubated for 1 h at 45°C then for 10 min at 70°C. Nine
tubes of RT reaction mixture were obtained with nine dif-
ferent downstream primers. The mixture was diluted 5-
fold by addition of TE buffer (10 mM Tris HCI [pH 7.5], 1
mM EDTA). The resulting cDNA solution was subjected
to polymerase chain reaction (PCR). The PCR reaction
mixture was composed of 2 ul of the RT reaction solution,
2 ul of 10x RNA PCR buffer, 0.8 ul of 25 mM MgCl,, 0.4
ul of 25 mM dNTPs, 0.1 ul of Tag DNA polymerase
(Takara), 20 pmol each of 3'-downstream primer labeled
with Rhodamine and 5'-upstream primer (Differential Dis-
play Kit, Display Systems Biotech, Vista, CA). Reactions
were performed under the following conditions: one cycle
of 2 min at 94°C, 5 min at 40°C, and 5 min at 72°C, then
34 cycles of 30 s at 94°C, 2 min at 40°C, and 1 min at
72°C, followed by 5 min at 72°C. Samples were electro-
phoresed on a 4% acrylamide 7 M urea sequencing gel.
The PCR products were visualized by using FMVIO Il
Multi-View (Takara). Bands of interest were selected by
dlicing the gel and DNA was eluted through a QIA quick
column (Qiagen, Hilden, Germany) into a 30 ul Tris solu-
tion. For reamplification (second PCR), a 5 ul aiquot was
used for PCR under the same conditions and with the
same primers as used for the first PCR. The second PCR
products were electrophoresed on a 3% gel containing HA
yellow (Takara) to separate PCR products in an AT/GC
content-dependent fashion. Amplified products were
recovered and subcloned into the pT7-Blue vector
(Novagen, Madison, WI1).

Subtraction of cDNA libraries The method for the prep-
aration of the original and subtracted cDNA libraries was
described previously.’® To prepare single-stranded plasmid
DNA, the plasmid DNA prepared from the F10 and BL6
cell cDNA libraries was introduced into Escherichia coli
DH5F' 1Q cells by electroporation. After culture for 1 hin
rich medium (2x YT), transformed cells were infected
with R408 helper phages. Then, single-stranded DNA was
purified from the supernatant of the 8-h culture. Poly(A)*
RNA was labeled with photobiotin (Vector Lab., Burlin-
game, CA). Single-stranded DNA (1 ug) was hybridized
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with 10 pg of biotinylated RNA at 42°C in 25 ul of
hybridization buffer containing 40% formamide, 50 mM
N-2-hydroxyethylpiperazine-N'-ethanesulfonic acid (HEPES)
(pH 7.5), 1 mM ethylenediaminetetraacetic acid (EDTA),
0.1% sodium dodecyl sulfate (SDS), 200 mM NaCl and
1 ug of oligo-poly(A). After hybridization for 42 h, the
mixture was transferred to 400 ul of SB (50 mM HEPES
[pH 7.5], 2 mM EDTA, 500 mM NaCl), and 10 ug of
streptoavidin (Gibco BRL) was subsequently added. The
mixture was incubated at room temperature for 5 min
and extracted with phenol/chloroform/isoamyl acohol
(25:24:1). The organic phase was back-extracted with 100
ul of TE (10 mM Tris-HCI [pH 8.0], 1 mM EDTA [pH
8.0]). The agueous phases were pooled. Streptoavidin
binding and phenol treatment were repeated once more.
The recovered single-stranded plasmid DNA was sub-
tracted with biotinylated RNA several times. After repeat-
ing the subtraction process, the recovered single-stranded
DNA was converted to double-stranded plasmid DNA by
the BcaBEST DNA polymerase (Takara) reaction at 65°C
for 30 min. After phenol extraction and ethanol precipita-
tion, the DNA was dissolved in 20 ul of TE buffer and 3
ul aliquots were introduced into E. coli MC1061A cells by
electroporation. A single clone plasmid was purified from
each colony.

Northern blot analysis Five microgram aiquots of total
RNA prepared from F10 and BL6 cells and their fusion
cells were loaded in lanes, fractionated on 1% agarose-
formaldehyde gels, and transferred to nylon membranes by
capillary action in 20x salt sodium citrate (SSC). Baked
membranes were prehybridized for 3 h at 42°C in a buffer
containing 50% formamide, 5% SSC, 5x Denhardt’s solu-
tion, and 0.1% SDS. The membranes were hybridized with
the [y-*2P]dCTP-labeled DNA probes at 42°C for 15 h in
the same buffer. DNA probes were prepared by the ran-
dom hexamer labeling method. After hybridization, the
membranes were washed to afinal stringency of 0.1x SSC
and 0.1% SDS at 50°C, and autoradiographed at —80°C.
DNA sequencing Dideoxy-chain termination sequencing
reactions were performed with T7 or T3 dye-labeled prim-
ers and thermal cycle sequencing kits (Li-cor, Lincoln,
NE). The reaction products were analyzed by a model
4000L automated DNA sequencer (Li-cor). The DNA
sequences were used to search the htgs database with the
BLASTN algorithm.

Somatic cell fusion F10 and BL6 cells were transfected
with pKOneo vector'® carrying the gene for G-418 resis-
tance or pSV 2hph vector®® carrying the gene for hygromy-
cin B resistance by calcium phosphate co-precipitation or
electroporation. Resistant clones were selected in medium
containing 2.0 mg/ml of G-418 or 0.2 mg/ml of hygromy-
cin B, and were grown to confluence. Cells were fused by
the polyethyleneglycol-mediated cell fusion procedure as
described previously.*® Then, 1x10° cells were plated on a



60-mm culture dish and incubated for 18—24 h at 37°C
in 5% CO,/95% air. After removal of the culture medium,
3 ml of 50% (w/v) polyethyleneglycol (Mr. av. 3350;
Sigma, St Louis, MO) was added and the cells were
exposed for 1 min at room temperature. After the removal
of polyethyleneglycol, the cells were washed three times
with Tris-saline buffer, refed with culture medium for 24 h
and selected in medium supplemented with G-418 (2.0
mg/ml) and hygromycin B (0.2 mg/ml). The dua selective
medium was changed every 4 days and growing colonies
were cloned 2 to 3 weeks after the polyethyleneglycol
treatment. The characteristics of the hybrid cells were con-
firmed by measuring chromosome numbers. To do this,
confluent cells were harvested with trypsin-EDTA solution
and one-third of the cell suspension was plated on a new
culture dish. Eighteen hours later, colcemid was added to a
final concentration of 20—40 ng/ml and the culture was
incubated for 3 h. The cells were harvested with trypsin-
EDTA solution and the chromosomes were banded using
Giemsa staining. The chromosome numbers in ten G-
banded cell spreads of each hybrid cell clone were
counted.

Spontaneous metastasis assay Spontaneous metastasis
assay was performed according to the method of Fidler.*®
Either F10, BL6, plasmid-transfected or fusion cells
(2.5%x10°%) were injected subcutaneously into the footpad of
4-week-old, male C57BL/6 mice (7 mice per cell line).
Three weeks later, when tumors reached a diameter of 8—
10 mm, the legs bearing tumors were amputated. The mice
were alowed to survive a further 4 weeks. During this
period, grayish or black metastatic nodules grew to about
1-2 mm in diameter in the lungs. Four weeks after the
amputation, autopsies were performed. We counted the
number of macroscopic metastatic nodules on the surface
of the bilateral lungs. In the preliminary experiments, this
number was confirmed to be parallel with the number of
metastatic nodules countable in the coronal section of the
lungs. Lung tissues were also weighed.

Western blotting Whole cell lysates were prepared by
adding 10 times the volume of the lysis buffer (50 mM
Tris-Cl [pH 8.0], 150 mM NaCl, 1% Triton X-100, 1 mM
PMSF) to a 10° cell pellet. The lysate (50 ug of protein)
was boiled for 5 min, separated on 10% SDS-polyacryl-
amide gel electrophoresis (PAGE) gel and transferred onto
Immobilon membrane (Millipore, Eschborn, Germany).
The membrane was incubated with goat anti-annexin V1|
antibody (1:500 dilution; Santa Cruz Biotechnology, Santa
Cruz, CA) for 2 h, then incubated with horseradish peroxi-
dase-conjugated anti-goat 1gG antibody (1:1000 dilution;
MBL, Nagoya). Blots were washed with phosphate-buff-
ered saline (PBS) and reacted with Renaissance chemilu-
minescence reagents (Dupont/NEN, Boston, MA) before
exposure. After stripping, the blot was reacted with mouse
monoclonal anti-actin antibody (clone C4; Boehringer
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Mannheim, Mannheim, Germany) plus horseradish peroxi-
dase-conjugated anti-mouse 1gG antibody (Pharmingen,
San Diego, CA), using a similar procedure.

Human melanoma and nevus samples Eighteen patients
with melanoma received surgical operation at the time of
diagnosis and were followed-up for more than five years
in the Osaka University Hospital. Metastatic or recurrent
lesions were also excised. Three lesions with intradermal
nevus were excised in the same hospital. Surgical samples
were fixed with formalin and used for histologic examina-
tion.

Histologic examination Formalin-fixed, paraffin-embed-
ded malignant melanoma or intradermal nevus tissues
were cut serialy. Of three adjacent sections, the first was
stained with hematoxylin and eosin (H&E), the second
was used for immunohistochemistry, and the third was
stained with alcian blue to detect mast cells. The second
sections were boiled in 0.1% sodium citrate for 5 min and
incubated with goat 1gG anti-annexinVI1I polyclona anti-
body at 1:100 dilution for 4 h. After incubation, the sec-
tions were washed with PBS, incubated with fluorescein
isothiocyanate (FITC)-conjugated anti-goat 1gG antibody
(1:1000) and observed with a darkfield fluorescence
microscope.

RESULTS

Cloning of genes transcriptionally downregulated in
BL6 cells We performed a DD procedure to isolate genes
whose expression was upregulated in F10 cells. Poly(A)*
RNA was reverse-transcribed with 9 downstream anchor
primers and combined in PCR reactions with 24 upstream
arbitrary primers. Approximately 9000 bands were pro-
duced on acrylamide gel. Fifteen bands were differentially
displayed in a repeat experiment. Such bands as DD 8-
20U, DD 8-20M and DD 8-20D (Fig. 1A) were excised
and reamplified in the second PCR. The PCR products
were separated on 3% agarose gels containing HA yellow
(Fig. 1B). Major bands, denoted by arrowheads in Fig. 1B,
were excised and subcloned into pT7-Blue vector. Cloned
inserts were used as a probe for the northern analysis.
Three clones derived from DD 8-20U, DD 8-20M and DD
8-20D gave a stronger hybridization signal in F10-derived
RNA than in BL6-derived RNA (Fig. 1C).

We also constructed a subtracted cDNA library using
F10- and BL6-derived mRNA. Plasmid clones carrying
cDNA inserts complementary to BL6-derived mRNA were
removed from a F10 cDNA library. After three rounds of
subtraction, 600 clones were rescued and examined one by
one for mMRNA expression in F10 and BL6 cells. One
clone, FB #3-19, was found to show a marked induction of
expression in F10 cells (Fig. 1C).

We sequenced four clones isolated above. Three cDNAS
obtained by DD were found to have the expected primer
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Fig. 1. Isolation of genes transcriptionally downregulated in BL6 cells by DD and subtraction. (A) Representative result of the first
PCR products. The PCR was done with the downstream primer TTTTTTTTTTTGC and the upstream primer GATCAAGTCC. The
product was separated on acrylamide gel and visualized with FMVIO I1. Three bands of interest, denoted by arrowheads and letters (U,
M and D), were excised. (B) The second PCR of the three bands in (A). The PCR products were separated on 3.0% agarose gel contain-
ing HA yellow. Major bands, denoted by arrowheads, were excised and subcloned. (C) Northern blot analysis of total RNA from F10
and BL6 cells. Cloned inserts derived from the second PCR products were used as a probe. FB #3-19 was obtained while screening the

subtracted cDNA library.

sequence (downstream primer; TTTTTTTTTTTGC and
upstream primer; GATCAAGTCC) at the 5" and 3' ends.
DD 8-20M, throughout 282 nuclectides, was 97% identi-
cal with the deposited sequence (GenBank accession no.
AU041176), having neither a functional nor a structural
motif. DD 8-20U, throughout 331 nucleotides, was 83%
identical with rat transferrin mRNA.*® DD 8-20D con-
tained 245 nucleotides and matched (97% identical) the 5'
end region of mouse ribosomal protein L26.2" FB #3-19
contained an approximately 0.8-kb insert corresponding to
the coding sequence of mouse annexin V11.%9

Metastatic properties of hybrid cells between F10 and
BL6 cells To examine the genetic dominance of the gene
expression and the metastatic phenotype between F10 and
BL6 cells, we constructed hybrid cells by somatic cell
fusion of both cells. To obtain clones carrying different
drug-resistant markers, F10 and BL6 cells were trans-
fected with plasmids conferring resistance to G-418 or
hygromycin B. Four clones were isolated: F10-G (G-418-
resistant F10 cells), F10-H (hygromycin B-resistant F10
cells), BL6-G (G-418-resistant BL6 cells), and BL6-H
(hygromycin B-resistant BL6 cells). The drug-resistant
cells did not exhibit any alteration in metastatic potential
(data not shown). We aso checked if genetic complemen-
tation in the hybrid cells of two low-metastatic clones
resulted in the acquisition of metastatic ability.*® Homofu-
sion hybrid clones were isolated on the basis of a hexomic
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chromosome composition, because both F10 and BL6
cells displayed a trisomic chromosome composition of, on
average, 61 chromosomes. Two F10 homofusion clones
(FF-1 and FF-2) derived from F10-G and F10-H cells, and
two BL6 homofusion clones (BB-1 and BB-2) derived
from BL6-G and BL6-H cells were examined for the met-
astatic phenotype. FF and BB clones were poorly and
highly metastatic, respectively (Table 1). These control
experiments indicated that genetic complementation did
not occur in these clones. Three hexomic heterofusion
clones (FB-1, FB-2, and FB-3) were obtained by fusing
F10-G cells with BL6-H cells, and 3 clones (BF-1, BF-2,
and BF-3) were obtained by fusing BL6-G cells with F10-
H cells. In the spontaneous metastasis assay, three clones
(FB-3, BF-2, and BF-3) were as poorly metastatic as F10
cells (Table 1). The other clones (FB-1, FB-2 and BF-1)
were a little more metastatic than the former three clones,
but much less metastatic than BL6 cells. When the chro-
mosome number of cells in lung nodules was examined,
the original chromosome composition was conserved dur-
ing in vivo proliferation and metastasis (data not shown).
These results indicated that the low-metastatic phenotype
of F10 cells was dominant over the high-metastatic pheno-
type of BL6 cells.

mMRNA expression of the four genes isolated by DD and
subtraction was examined in FB-3 and BF-2 clones, both
of which were as poorly metastatic as F10 cells (Fig. 2).



Tablel. Metastatic Properties of Hybrid Cells between F10 and
BL6 Cells
Clone Number of lung nodules Lung weight (mg)
mean+SD (range) mean+SD
F10 2.9+6.2 ( 0-20) 167.1+49.7
BL6 34.7+26.5 ( 5-70) 311.8+155.7
FF-1 3.7+31 (1-7 175.3+41.1
FF-2 3.0+17 (2-05) 199.7+8.1
BB-1 21.0+11.2 (10-33) 247.5+46.5
BB-2 19.8+16.0" ( 6-36) 281.8+38.1
FB-1 6.3+7.6 ( 1-15) 150.1+11.0
FB-2 9.5+9.5 ( 1-20) 181.8+22.2
FB-3 6.6+5.9™" ( 0-15) 188.2+72.0
BF-1 8.2+12.9 ( 0-30) 156.8+39.4
BF-2 0.3+0.6™ (0-1 132.7+10.1
BF-3 4.0£51™ ( 0-15) 157.6+21.8
Homofusion and heterofusion clones were examined with a
spontaneous metastasis assay.

0 P<0.05 by t-test when compared to the values of FF-1 and
FF-2 clones. M P=0.15 and 0.14 by t-test when compared to
the values of FF-1 and FF-2 clones. [ P<0.05 by t-test when
compared to the value of BL6 cells.

The two fusion clones expressed the annexin VII gene (FB
#3-19) as abundantly as F10 cells. The expression of other
genes than annexin VII in the fusion cells was similar to
or below that in BL6 cells. Since both F10 cells and the
two fusion clones were poorly metastatic, annexin VII was
the most probable candidate for a metastasi s-suppressor, as
judged from the mRNA expression profiles. Subsequently,
we focused our attention on annexin VII.

Annexin VII expression in human melanoma cells We
examined the annexin VIl expression in clinical cases of
malignant melanoma. While examining the expression in
tissue sections, we found a prominent expression of the
annexin VII protein in skin mast cells (denoted by arrow-
heads in Fig. 3). The expression was confirmed by western
blot analysis (Fig. 4). Human lung fibroblast cell line TIG-
1 was used as a positive control, because the annexin VI
MRNA has been detected in lung tissues and a fibroblast
cDNA library.®2-2 Cultured mast cells (CMC) estab-
lished from spleen cells expressed the annexin VI protein
as abundantly as TIG-1 cells. The expression in F10 cells
was detectable, but weaker than that in mast cells. In con-
trast, the expression in BL6 cells was below the limit of
detection, consistent with the difference in the annexin VI
message level between F10 and BL6 cells (Fig. 4). The
immunoreactivity of melanoma cells to anti-annexin VII
antibody was evaluated in comparison with the positivity
of mast cells resident in the same section. When more than
90% of melanoma cells were immunoreactive to anti-
annexin VIl antibody, the annexin VII staining was
expressed as “positive.” In some cases, the immunoreac-
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Fig. 2. Genetic dominance of gene expression between F10 and
BL6 cells. Northern blot analysis of RNA from F10, BL6 and
two heterofusion clones, FB-3 and BF-2. The blots were probed
with the four cloned inserts used in Fig. 1C. Reprobing with -
actin probe verified equal loading.

tivity was expressed as “strong” because it was as strong
as that of mast cells. When more than 90% of melanoma
cells were not immunoreactive, the annexin VII staining
was expressed as “negative.” In some cases, melanoma
cells showed a heterologous immunoreactivity: approxi-
mately 20% of melanoma cells were positive to the anti-
body. The annexin VIl staining for these cases was
expressed as “patchy.”

Eighteen patients with malignant melanoma were retro-
spectively divided into two groups; less (cases 1-11) and
more (cases 12-18) malignant phenotype groups (Table
I1). All the patients had received operations, wide excision
or amputation, at the time of diagnosis. Patients of the less
malignant phenotype group survived without lymph node
metastasis or recurrence for more than 5 years after the
first operations. Patients of the more malignant phenotype
group died of malignant melanoma or suffered from
lymph node metastasis or recurrence within 5 years after
the first operations. According to the clinicopathologic
staging by the International Union Against Cancer
(UICC),® all patients of the less malignant phenotype
group were classified into stage | or Il. In the more malig-
nant phenotype group, four were at stage | or I, two
(cases 13 and 18) were at stage Ill due to lymph node
metastasis at diagnosis, and one (case 14) was at stage VI
due to lung metastasis at diagnosis. The primary lesions
varied in depth from Clark’s level 11 to level V.2 The two
groups were compatible in this respect. In the less malig-
nant phenotype group, nine out of eleven cases showed an
annexin VIl-positive staining in melanoma cells of the pri-
mary lesions. Of the nine, three cases (cases 1, 8 and 10)
showed a strong staining (Fig. 3, A and B). In contrast,
only one (case 12) out of seven cases belonging to the
more malignant phenotype group was positive in the pri-
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Annexin V11 Alcian blue

Fig. 3. Examples of immunohistochemistry using anti-annexinV1I antibody. Of three serial sections, the first was stained with H&E
(left column), the second was reacted with anti-annexin V11 antibody (middlie column), and the third was stained with alcian blue (right
column). Arrowheads indicate the same mast cells recognized in two adjacent sections. All the tissues were observed at the same mag-
nification. Bar=50 pym. The immunoreactivity is summarized in Table I. (A) Primary lesion of case 10 of malignant melanoma. (B) Pri-
mary lesion of case 1 of malignant melanoma. (C) Primary lesion of case 17 of malignant melanoma. (D) Lymph node metastasis of
case 16 of malignant melanoma. (E) Sections of case 2 of intradermal nevus.
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mary lesions. Two cases (cases 16 and 18) showed a heter-
ologous, patchy staining. The ratios of numbers of patients
positive versus negative and patchy to annexin V11 were 9/
11 and 1/7 in the less and more xmalignant phenotype
groups, respectively. The difference in the ratios between
the two groups was significant by the xtest (P<0.05). In
addition, the metastatic and recurrent lesions of all the
cases were negative (Fig. 3, C and D). We also examined

—
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Fig. 4. Western blot analysis to detect the annexin VII protein
expression. Cultured mast cells (CMC) contained annexin VIl as
abundantly as TIG-1 cells. The expression level of the annexin
VIl protein corresponded to that of the message in F10 and BL6
cells. Reprobing with anti-actin antibody verified equal loading.
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three cases with intradermal nevus, a benign melanocytic
lesion, for annexin VII expression (Table I11). In al cases,
the nevus cells were positive (Fig. 3E). These results indi-
cated that annexin VIl can serve as a clinical marker for
less malignant phenotype of malignant melanoma.

DISCUSSION

In our previous report, the method for constructing a
subtracted cDNA library was applied to isolate genes that
were transcriptionally upregulated in BL6 cells.® Plasmid
clones carrying cDNA inserts complementary to F10-
derived mRNA were removed from a BL6 cDNA library.
More than ten clones were isolated. On the other hand,
only one clone carrying annexin VII cDNA was obtained

Table I1l.  Clinical and Immunohistochemical Data of Intrader-
mal Nevus Patients
Sex/Age at Primary site Annexin
diagnosis /diameter (cm) V1| staining
Case 1l M/14 head/1.5 positive
Case 2 F/38 head/1.2 positive
Case 3 F/16 arm/1.0 positive

Nevus cells showed a uniform positive staining to the anti-
annexin VI1I antibody.

Table Il. Clinica and Immunohistochemical Data of Malignant Melanoma Patients
Clinical phenotype of malignancy Annexin VII staining
Staging Lymph node Recur- Lymph node Recur-
SexE/nAge Primary site/ ~ Operation at E\?géﬁgnerg'_ sof agariosi g Primary r¥1etgstasis rence ) r%letgstasis rence
diagnosis diameter (cm)  diagnosis therapy survival icc, |ESIOF’I ad - Primary ad :
1987) (Clark’s atdiagnosis post-operative lesion 180N0SIS — yt- operative
level) (1L opy follow-up st oy foliow-up
Casel M/66 sole/0.5 wide excision DAV-Feron >5 | 1 no no no strong
Case 2 F/52 sole/1.0 wide excision DAV-Feron >5 | 1 no no no positive
Case 3 F/43 toe/1.0 amputation DAV-Feron >5 | 1 no no no positive
Case4 M/56 am/0.4  amputation DAV-Feron >5 | Il no no no positive
Case5 M/49 abdomen/2.1 wideexcision DAV-Feron >5 | 11 no no no positive
Case 6 F/54 sole/0.8  amputation  decarbazine >5 | 1l no no no positive
Case7 M/54 sole/0.5 wide excision DAV-Feron >5 | 11 no no no negative
Case 8 F/49 sole/0.4 wide excision DAV-Feron >5 I v no no no strong
Case9 M/10 back/3.0 wide excision none >5 1 v no no no positive
Casel0 F/45 toe/1.5 amputation DAV-Feron >5 1 v no no no strong
Casell M/57 head/0.8 wide excision DAV-Feron >5 1 v no no no negative
Casel2 M/61 sole/0.6  amputation ~DAV-Feron >5 | I no yes yes positive negative negative
Casel3  F/59 finger/1.0 amputation  DAV-Feron >5 1 1 yes no no negative  negative
Casel4 M/86 sole/1.7 wide excision Feron 1 v 1 yes yes yes negative  negative negative negative
Casel5 F/60 sole/0.8 wide excision DAV-Feron 1 | 11 no no yes negative negative
Casel6  F/58 leg/2.0 wide excision DAV-Feron >5 I [\ no yes no patchy negative
Casel7  F/54 sole/0.9 wide excision DAV-Feron >5 1 v no no yes negative negative
Cael8 M/41 sole/0.8  amputation  DAV-Feron 2 1 \Y no yes yes patchy negative negative

Eighteen patients with malignant melanoma received surgical operations at diagnosis. The operations included wide excision or ampu-
tation. Wide excision excised the melanoma lesions with surrounding skin to a width of 5 cm. Most amputation operations were done
at finger or ankle joints. After operation, all cases but case 9 received adjuvant chemotherapy. Abbreviations: DAV, decarbazine,

nimustine and vincristine; Feron, interferon-p.
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as a gene transcriptionally upregulated in F10 cells, a-
though the same subtraction method was applied. Ishiguro
et al. isolated genes expressed differently between F10
and BL6 cells by differential hybridization.?® Consistent
with our results, the number of clones transcriptionally
upregulated in F10 cells was smaller than that of clones
transcriptionally upregulated in BL6 cells. In addition to
examination of genetic difference, we determined the
genetic dominance of the metastatic phenotype between
F10 and BL6 cells. The fusion cells of both cells were
poorly metastatic, indicating that the high-metastatic phe-
notype is a genetically recessive trait in hybrids between
F10 and BL6 cells. This aso suggested that F10 cells
may possess a Mmetastasis-suppressor, which dominates
over BL6-derived high metastatic potential in the fusion
cells. Among genes isolated by DD and subtraction, an-
nexin VIl was found to be expressed at a higher level
not only in F10 but also in the fusion cells. This expression
profile was consistent with that of a putative metastasis-
SUpPressor.

We examined the annexin VIl expression in melanoma
cells of clinical cases. We found that the annexin VII
expression was inversely correlated with malignant pheno-
type, but independent of Clark’s level staging (Table 11).29
This suggested that annexin V11 could be a clinical marker
that directly reflects the metastatic properties of melanoma
cells. Consistent with this suggestion, two cases of the
more malignant phenotype group showed a patchy staining
in the primary lesions, but were negative in the metastatic
lesions. Only annexin VIl-negative melanoma cells, but
not annexin VIl-positive cells, could metastasize into
lymph nodes. Skin mast cells were also annexin VI1-posi-
tive and always resident around melanoma lesions. Thus,
mast cells served as a positive control to evaluate the
immunoreactivity in melanoma cells.
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Annexins are a large group of calcium-dependent
cytoskeleton- and membrane-associated proteins whose
characters largely depend upon their phospholipid-binding
activity.?® They have been implicated in multiple aspects
of cell biology including regulation of membrane traffick-
ing, transmembrane channel activity, transduction of mito-
genic signal, and inhibition of phospholipase A,
Balch and Dedman reported that annexins |1 and V inhibit
Lewis lung carcinoma cell migration.*® They supposed
that annexins Il and V binding to phosphatidylserine might
restrict phospholipid movement in the plasma membrane,
resulting in increased membrane rigidity and blocking of
membrane flow necessary for tumor cell migration.
Recently, annexin VI has been shown to be downregulated
during melanoma progression from a benign to a more
malignant phenotype.® > The annexin V1| expression pro-
file demonstrated here was similar to that of annexin VI.
Since all annexins have phospholipid-binding activity,
annexins VI and VIl might suppress melanoma progres-
sion via the same mechanism as was proposed for annex-
ins Il and V. Even though the exact role of these annexins
in malignant progression remains elusive, further charac-
terization of annexins as a malignant cell marker should
provide deeper insights into the molecular mechanisms of
metastasis.

ACKNOWLEDGMENTS

We thank Mr. Kenji Morihana and Mr. Akinori Fukuyama for
technical assistance with histologic experiments. This work was
supported in part by grants from the Ministry of Education, Sci-
ence, Sports and Culture, Japan.

(Received August 14, 1999/Revised October 1, 1999/Accepted
October 19, 1999)

5) Shin, M. S, Park, W. S., Kim, S. Y., Kim, H. S, Kang, S.
J, Song, K. Y., Park, J. Y., Dong, S. M., Pi, J. H., Oh, R.
R., Lee, J. Y., Yoo, N. J and Lee, S. H. Alterations of Fas
(Apo-1/CD95) gene in cutaneous malignant melanoma
Am. J. Pathol., 154, 17851791 (1999).

6) Kelley, M. C, Jones, R. C,, Gupta, R. K., Yeg, R., Stern, S,,
Wanek, L. and Morton, D. L. Tumor-associated antigen
TA-90 immune complex assay predicts subclinical metasta-
sis and survival for patients with early stage melanoma.
Cancer, 83, 1355-1361 (1998).

7) Bosserhoff, A. K., Kaufmann, M., Kaluza, B., Bartke, 1.,
Zirngibl, H., Hein, R., Stolz, W. and Buettner, R. Mela
nomainhibiting activity, a novel serum marker for progres-
sion of malignant melanoma. Cancer Res., 57, 3149-3153
(2997).

8) Abraha, H. D., Fuller, L. C., Du Vivier, A. W., Higgins, E.
M. and Sherwood, R. A. Serum S-100 protein: a potentially


query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10357410&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10362803&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9355977&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8952530&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9692547&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9762936&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9242442&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9349333&dopt=Abstract

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

useful prognostic marker in cutaneous melanoma. Br. J.
Dermatol., 137, 381-385 (1997).

Nakaji, T., Kataoka, T. R., Watabe, K., Nishiyama, K.,
Nojima, H., Shimada, Y., Sato, F., Matsushima, H., Endo,
Y., Kuroda, Y., Kitamura, Y., Ito, A. and Maeda, S. A new
member of the GTPase superfamily that is upregulated in
highly metastatic cells. Cancer Lett. (1999), in press.
Fidler, 1. J. Selection of successive tumour lines for
metastasis. Nature, 242, 148-149 (1973).

Hart, I. R. The selection and characterization of an invasive
variant of the B16 melanoma. Am. J. Pathol., 97, 587—600
(1979).

Poste, G., Dall, J., Hart, I. R. and Fidler, I. J. In vitro selec-
tion of murine B16 melanoma variants with enhanced tis-
sue-invasive properties. Cancer Res, 40, 1636-1644
(1980).

Ito, M., lzuhara, M., Shimizu, K. and Sekiguchi, M. Meta-
static phenotype in hybrid cells derived from B16 mela
noma. Cancer Lett., 78, 33—36 (1994).

Ohashi, M., Aizawa, S., Ooka, H., Ohsawa, T., Kdji, K.,
Kondo, H., Kobayashi, T., Noumura, T., Matsuo, M.,
Mitsui, Y., Murota, S., Yamamoto, K., Ito, H., Shimada, H.
and Utakaji, T. A new human diploid cell strain, TIG-1, for
the research on cellular aging. Exp. Gerontol., 15, 121-133
(1980).

Ito, A., Morii, E., Maeyama, K., Jippo, T., Kim, D. K., Lee,
Y. M., Ogihara, H., Hashimoto, K., Kitamura, Y. and
Nojima, H. Systematic method to obtain novel genes that
are regulated by mi transcription factor: impaired expres-
sion of granzyme B and tryptophan hydroxylase in mi/mi
cultured mast cells. Blood, 91, 3210—3221 (1998).
Hoshino, A., Hisayasu, S. and Shimada, T. Complete
sequence analysis of rat transferrin and expression of trans-
ferrin but not lactoferrin in the digestive glands. Comp.
Biochem. Physiol. Biochem. Mol. Biol., 113, 491-497
(1996).

Segade, F., Claudio, E., Wrabel, K., Ramos, S. and Lazo, P.
S. Isolation of nine gene sequences induced by silica in
murine macrophages. J. Immunol., 154, 2384—2392 (1995).
Zhang-Keck, Z.-Y ., Burns, A. L. and Pollard, H. B. Mouse
synexin (annexin VII) polymorphisms and a phylogenetic
comparison with other synexins. Biochem. J., 289, 735—
741 (1993).

Sugimoto, Y., Oh-hara, T., Watanabe, M., Saito, H.,
Yamori, T. and Tsuruo, T. Acquisition of metastatic ability
in hybridomas between two low metastatic clones of murine
colon adenocarcinoma 26 defective in either platelet-aggre-
gating activity or in vivo growth potential. Cancer Res., 47,
4396-4401 (1987).

Burns, A. L., Magendzo, K., Shirvan, A., Srivastava, M.,
Rojas, E., Alijani, M. R. and Pollard, H. B. Calcium chan-
nel activity of purified human synexin and structure of the
human synexin gene. Proc. Natl. Acad. Sci. USA, 86,
3798-3802 (1989).

Shirvan, A., Srivastava, M., Wang, M. G., Cultraro, C.,
Magendzo, K., McBride, O. W., Pollard, H. B. and Burns,

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

Annexin VII Expression in Melanoma Cells

A. L. Divergent structure of the human synexin (annexin
VII) gene and assignment to chromosome 10. Biochemis-
try, 33, 6888—6901 (1994).

Selbert, S., Fischer, P., Pongratz, D., Stewart, M. and
Noegel, A. A. Expression and localization of annexin VII
(synexin) in muscle cells. J. Cell ci., 108, 85-95 (1995).
UICC. “TMN Classification of Malignant Tumors,” 4th Ed.,
pp. 83-91 (1987). Springer-Verlag, Berlin.

Clark, W. H., From, L., Bernardino, E. A. and Mihm, M. C.
The histogenesis and biologic behavior of primary human
malignant melanomas of the skin. Cancer Res., 29, 705—
720 (1969).

Ishiguro, T., Nakajima, M., Naito, M., Muto, T. and Tsuruo,
T. ldentification of genes differentially expressed in B16
murine melanoma sublines with different metastatic poten-
tials. Cancer Res., 56, 875—879 (1996).

Raynal, P. and Pollard, H. B. Annexins: the problem of
assessing the biological role for a gene family of multifunc-
tional calcium- and phospholipid-binding proteins. Bio-
chim. Biophys. Acta, 1197, 63—93 (1994).

Creutz, C. E., Pazoles, C. J. and Pollard, H. B. ldentifica-
tion and purification of an adrenal medullary protein (syn-
exin) that causes calcium-dependent aggregation of isolated
chromaffin granules. J. Biol. Chem. 253, 2858-2866
(1978).

Creutz, C. E., Pazoles, C. J. and Pollard, H. B. Self-associ-
ation of synexin in the presence of calcium. Correlation
with synexin-induced membrane fusion and examination of
the structure of synexin aggregates. J. Biol. Chem., 254,
553-558 (1979).

Creutz, C. E. cis-Unsaturated fatty acids induce the fusion
of chromaffin granules aggregated by synexin. J. Cell
Biol., 91, 247—-256 (1981).

Creutz, C. E. The annexins and exocytosis. Science, 258,
924-931 (1992).

Pollard, H. B., Burns, A. L. and Rojas, E. Synexin
(annexin VII): a cytosolic calcium-binding protein which
promotes membrane fusion and forms calcium channels in
artificial bilayer and natural membranes. J. Membr. Biol.,
117, 101-112 (1990).

Pollard, H. B., Rojas, E., Pastor, R. W., Rojas, E. M., Guy,
H. R. and Burns, A.L. Synexin: molecular mechanism of
calcium-dependent membrane fusion and voltage-dependent
cacium-channel activity. Evidence in support of the
“hydrophaobic bridge hypothesis’ for exocytotic membrane
fusion. Ann. NY Acad. Sci., 635, 328—351 (1991).

Balch, C. and Dedman, J. R. Annexins |l and V inhibit cell
migration. Exp. Cell Res., 237, 259—-263 (1997).

Theobald, J., Hanby, A., Patel, K. and Moss, S. E. Annexin
VI has tumour-suppressor activity in human A431 squa-
mous epithelial carcinoma cells. Br. J. Cancer, 71, 786—
788 (1995).

Francia, G., Mitchdll, S. D., Moss, S. E., Hanby, A. M.,
Marshall, J. F. and Hart, |. R. Identification by differential
display of annexin-VI, a gene differentially expressed dur-
ing melanoma progression. Cancer Res., 56, 3855—3858
(1996).

83


query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9349333&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7515686&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10660099&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=507192&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7370995&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8180966&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7389832&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9558376&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8829802&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7868905&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7916616&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3607771&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2542947&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7515686&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7738119&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5773814&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8631027&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8155692&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=632306&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=762079&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6457840&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1439804&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2170654&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1660240&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9434621&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7710945&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8752144&dopt=Abstract

