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Imaging, Diagnosis, Prognosis

Highly Sensitive Detection of Melanoma at an Early Stage
Based on the Increased Serum Secreted Protein Acidic
and Rich in Cysteine and Glypican-3 Levels

Yoshiaki lkuta,"? Tetsuya Nakatsura, Toshiro Kageshita, Satoshi Fukushima,® Shosuke lto,*
Kazumasa Wakamatsu,* Hideo Baba,” and Yasuharu Nishimura'

Abstract Purpose: There are no available tumor markers detecting primary melanoma at an early stage.
The identification of such serum markers would be of significant benefit for an early diagnosis of
melanoma. We recently identified glypican-3 (GPC3) as a novel tumor marker but could diagnose
only 40% of melanomas. Thereby, we focused out attention on secreted protein acidic and rich in
cysteine (SPARC) overexpressed in melanoma as another candidate for tumor marker.
Experimental Design: Secreted SPARC protein was quantified using ELISA in the sera from109
melanoma patients, five patients with large congenital melanocytic nevus, 61 age-matched
healthy donors, and 13 disease-free patients after undergoing a surgical removal. We also quanti-
fied GPC3 and 5-S-cysteinyldopa in the same serum samples and compared these markers for
their diagnostic value.

Results: The serum SPARC concentrations in melanoma patients were greater than those in
healthy donors (P = 0.001). When we fixed a cutoff value at the mean concentration plus 2 SD
of the healthy donors, the serum SPARC was found to have increased in the sera of 36 of the 109
(33%) melanoma patients, whereas there were three (4.9%) false-positive cases of 61 healthy
donors. Surprisingly, 19 of 36 patients showing increased SPARC levels were in stages Otoll
The serum SPARC level decreased under the cutoff level in 10 of 13 patients after surgical removal.
Using SPARC and GPC3 in combination thus enabled us to diagnose 47 of 75 (66.2%) melanoma
patients at an early stage (O-11).

Conclusions: SPARC or its combination with GPC3 is thus considered a potentially useful tumor
marker, especially for melanoma at an early stage.

The incidence rates for melanoma have steadily increased
worldwide, and the mortality tates have increased as well.
Several molecules have been evaluated as tumor markers to
detect melanoma (1-3). Recently, several investigators
reported the 5-S-cysteinyldopa and melanoma-inhibitory
activity to be useful as a marker for melanoma progression or
for monitoring metastatic melanoma (4-9). However, current
methods are not sensitive enough to detect melanoma in its

Authors’ Affiliations: Departments of Immunogenetics, 2Gastroenterological

Surgery, and 3Dermatology, Graduate School of Medical Sciences, Kumamoto

University, Kumamoto and “Department of Chemistry, Fujita Health University

School of Health Sciences, Toyoake, Aichi, Japan

Received 5/16/05; revised 8/1/05; accepted 8/17/05.

Grant support: Ministry of Education, Science, Technology, Sports, and Culture,

Japan grants-in-aid 12213111 (Y. Nishimura) and 14770142 (T. Nakatsura).

The costs of publication of this article were defrayed in part by the payment of page

charges. This article must therefore be hereby marked advertisemerit in accordance

with 18 U.S.C. Section 1734 solely to indicate this fact.

Note: T. Nakatsura is currently in immunotherapy Section, Investigative Treatment

Division, Center for Innovasive Medicine, National Cancer Center East, Kashiwa,

Japan.

Requests for reprints: Tetsuya Nakatsura or Yasuharu Nishimura, Department of

Immunogenetics, Graduate School of Medical Sciences, Kumamoto University,

Honjo 1-1-1, Kumamoto 860-8556, Japan. Phone: 81-96-373-56310; Fax: 81-96-

373-5314; E-mail: tnakatsu @east.ncc.go.jp or mxnishim @gpo.kumamoto-u.ac.jp.
©2005 American Association for Cancer Research.
doi;10.11568/1078-0432.CCR-05-1074

wwwv.aacrjournals.org

8079

early stages. Thus, there is a need for new tumor markers that
can detect primary melanoma in the early stages. We recently
reported that glypican-3 (GPC3), which is overexpressed in
melanoma, is a novel tumor marker for melanoma (10).

Secreted protein acidic and rich in cysteine (SPARC), also
called osteonectin or BM-40, is a matricellular glycoprotein that
modulates cellular interaction with the extracellular matrix
during tissue remodeling (11). SPARC was overexpressed in
primary and metastatic melanomas, and an overexpression of
SPARC by melanoma cell was associated with an invasive
phenotype in vivo (12, 13). In this study, we detected SPARC in
the sera of melanoma patients at higher concentrations than in
healthy donors. Indeed, SPARC was detected in the sera of 33%
of all melanoma patients, irrespective of the clinical stages and
even in the sera of patients with stage 0 in situ melanoma.
Moreover, the combined use of SPARC and GPC3 will thus
make it possible to diagnose melanoma, especially in the early
stages (0-I1).

Materials and Methods

Tissues, blood samples, and cell lines.  After receiving their informed
written consent, we obtained tissue, serum, and plasma samples from
the patients with melanoma and large congenital melanocytic nevus
treated at the Department of Dermatology, Graduate School of Medical
Sciences, Kumamoto University from 1997 to 2004. We also obtained
61 serum samples and 21 plasma samples from age-matched and
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sex-matched healthy donors from Hiraki hospital (Kumamoto, Japan)
after receiving their informed written consents. All samples were
anonymized, numbered at random, and stored at —80°C until use. We
collected the patient profiles from medical records to determine the
clinical stages, according to the Unio Internationale Contra Cancrum/
American Joint Committee on Cancer tumor-node-metastasis classifi-
cation (14). The subjects consisted of 113 consecutive and preoperative
patients with melanoma comprising 52 male and 61 female patients
with an average age of 67 years (range, 22-91 years): 15 had stage 0
melanoma (in situ); 30 had stage I melanoma; 30 had stage II
melanoma; 19 had stage Il melanoma; and 19 had stage IV melanoma.
Five patients with large congenital melanocytic nevus consisted of four
male and one female patients with an average age of 21 years (range,
4-38 years). All patients were of Japanese nationality.

Melanoma cell lines CRL1579, G361, HMV-I, and SK-MEL-28 were
kindly provided by the Cell Resource Center for Biomedical Research
Institute of Development, Aging, and Cancer, Tohoku University
(Sendai, Japan), and 888mel and 526mel were provided by Dr. Yutaka
Kawakami (Keio University, Tokyo, Japan). The cell lines were cultured
in DMEM or RPMI 1640 supplemented with 10% FCS. Human
epidermal melanocytes, neonatal (HEMn), in culture medium 154S
supplemented with human melanocyte growth supplements, were
purchased from KURABO (Osaka, Japan).

Quantitative reverse transcription-PCR. The SPARC mRNA levels
were analyzed using real-time reverse transcription-PCR, as described
previously (15). We designed SPARC gene-~specific PCR primers
to amplify the fragments of 374 bp; SPARC PCR primer sequences
were sense, 5-CGAAGAGGAGGTGGTGGCGGAAAA-3' and antisense,
5-GGTTGTTGTCCTCATCCCTCTCATAC-3’. Reaction mixtures
contained 2 uL of DNA Master SYBR green I, 1 mmol/L. MgCl,,
0.4 pmol/L of each primer, and 1 pL of ¢cDNA in a total volume of
20 pL. The PCR cycles were 95°C for 10 minutes followed by 35 cycles
of 95°C for 1 second, 68°C for 1 second, and 72°C for 16 seconds. For
p-actin, we used LightCycler-Primer Set Human f-actin {Search LC,
Heidelberg, Germany). The quantification was achieved by compar-
isons with an internal standard curve containing 10-fold dilutions of
HEMn cDNA probe. The relative expressions of SPARC mRNA were
calculated as the ratio of the SPARC/B-actin expressions from three
replicate reverse transcription-PCR experiments.

Western blot analysis and immunohistochemical examination. SDS-
PAGE and Western blotting were done as described previously (16). The
membranes were incubated with anti-SPARC monoclonal antibody
AON-5031 (Haematological Technologies, Inc., Essex Junction, VT).
Immunohistochemical examination was done using the DakoCytoma-
tion EnVision+ System according to the manufacturer’s instructions
with minor modifications, as described previously (17). Briefly, 4-um-
thick paraffin sections were cut and stained with AON-5031 at a
dilution of 1:2,000 (0.216 pg/mL). After washing, the sections were
incubated for 60 minutes with polymer/horseradish peroxidase-
labeled goat anti-mouse IgG at room temperature. 3,3-Diaminobenzi-
dine tetrahydrochloride was used as the chromogen. The intensity of
staining was classified as weak; weaker than the adjacent epidermis,
moderate; same as the adjacent epidermis and strong; and stronger than
the adjacent epidermis. These samples were estimated independently by
two observers in a blinded manner (T.K. and S.F.).

Double-determinant (sandwich) ELISA. The SPARC concentrations
in the culture supernatants of melanoma cell lines, sera, and plasma
were measured by ELISA in duplicated wells in each plate assay. ELISA
was done as described previously (16). All samples were tested in a
blinded manner. We used mouse anti-human SPARC monoclonal
antibody ON1-1 (Zymed Lab, South San Francisco, CA) with 0.05 ng/
well and biotinylated polyclonal goat anti-human SPARC antibody
EYRO1 (R&D Systems, Minneapolis, MN) with 0.01 pg/well. To obtain a
serum-free culture supernatant, cells were grown to near confluence,
washed twice with PBS, and kept in a serum-free medium. After
24 hours, the medium was collected and centrifuged for 10 minutes
at 375 x g to remove debris. The samples were divided and diluted
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at 1:4 with 10% Block Ace (Dainippon Pharmaceutical, Osaka, Japan)
to serve as samples for ELISA. The serum and plasma samples were
diluted at 1:200 with 10% Block Ace as described above. In this ELISA
system, human SPARC HON-3030 (Haematological Technologies) was
used to estimate the standard curve to quantify the SPARC protein
based on absorbance data.

Statistical analysis. We analyzed all of the data using the StatView
statistical program for Macintosh (SAS, Cary, NC) and then evaluated
the statistical significance using Student’s t test, x2, and Fisher's exact
test. Because the SPARC concentration values exhibited a normal
distribution in each group, the values were analyzed using Student's
t test. We considered P < 0.05 to be statistically significant.

Results

Expression of SPARC mRNA and protein in human melanoma.
The expression levels of SPARC in various melanoma cell lines
were determined by quantitative reverse transcription-PCR
(Fig. 1A) and Western blot (Fig. 1B). SPARC was expressed in
all cell lines tested, except for HMV-1, in both mRNA and
protein levels. SPARC proteins in the human tissue specimens
were examined by Western blotting (Fig. 1C) and an
immunohistochemical analysis (Fig. 1D). The vertical growth
phase of primary melanomas and lymph node metastasis
expressed a large amount of SPARC, whereas large congenital
melanocytic nevi and radial growth phase of primary melano-
mas showed a moderate expression. Normal skin, including
a few melanocytes, showed a weakly positive expression
(Fig. 1C). Hence, all the examined tissue samples of melano-
mas and large congenital melanocytic nevi were positive for
SPARC protein. An immunohistochemical analysis of SPARC
was made on primary melanomas (33 cases), metastatic
melanomas (seven cases), and melanocytic nevus (14 cases)
tissue specimens. The results obtained from primary melanoma
are summarized in Table 1, and the representative strong
staining of primary melanoma patient is shown in Fig. 1D.
SPARC was detected immunohistochemically in all 33 inde-
pendent primary melanoma lesions (weak, 7; moderate, 14;
strong, 12) and in all seven metastatic lesions tested (weak, 0;
moderate, 2; strong, 5). SPARC was predominantly located in
the cytoplasm of malignant cells. All of the 14 melanocytic nevi
lesions also showed a positive expression (weak, 4; moderate, 6;
strong, 4).

Presence of soluble SPARC protein in the culture supernatants
of melanoma cell lines and sera from melanoma patients. We
detected soluble SPARC protein using ELISA. Soluble SPARC
protein could be detected in the culture supernatants of all
human melanoma cell lines tested, with the exception of HMV-1,
and cultured melanocyte HEMn (Fig. 2A). The concentration of
soluble SPARC secreted from each cell line into the culture
supernatant did not always correlate with the expression levels of
SPARC mRNA and protein (Fig. 1A and B and Fig. 2A).

Serum SPARC concentrations for 109 preoperative melanoma
patients, five patients with large congenital melanocytic nevus,
and 61 healthy donors are shown in Fig. 2B and Table 1. Figure
2C shows the standard curve for ELISA detection of SPARC that
confirmed the linearity of the ELISA determination of SPARC
concentration. According to these data, we were convinced that
the range for accurate detection of serum SPARC was between 0
and 16 pg/mL by using 200-fold diluted serum samples. We
could obtain reproducible results in three independent ELISA
assays, and the representative results were shown. The mean +
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Fig.1. Expression of SPARC mRNA and protein in human melanoma and melanocytes. A, differential expressions of SPARC mRNA in various human melanoma cell lines
(fanes 1-17) and HEMn (fane 72) were analyzed using real-time reverse transcription-PCR. The relative expressions of SPARC mRNA were calculated as the ratio of the SPARC/
B-actin expressions from three replicate reverse transcription-PCR experiments. 164; lane 2, 888mel; lane 3, HM3KO; lane 4, CRL1579; lane 5, 526mel; lane 6, G361; lane 7,
MeWo: lane 8, SK-MEL-28; fane 9, SK-MEL-19; lane 10, Colo38; lane 11, HMV-1; lane 12, HEMn. B, Western blot analysis of human melanoma cell lines (fanes 7-77) and HEMn
(/ane 12) were done using anti-SPARC monoclonal antibody. The lanes were the same as those observed in (4). C, Western blot analyses of human tissues from melanocytic
nevi (fanes 7-5) and melanoma patients (/anes 6-16) were done. Tissues originated from the following patients. Patient 84: lane 6, normal skin; lane 7, radial growth phase;
lane 8, vertical growth phase. Patient 66: lane 9, normal skin; lane 10, radial growth phase; lane 11, vertical growth phase. Patient 89: lane 12, radial growth phase. Patient 46:
lane 13, normal skin; lane 14, radial growth phase; lane 15, vertical growth phase. Tissue of metastasis to lymph node of patient 69: lane 16. The patient ID numbers are the
same as those shown inTable 1. D, expression pattern of SPARC protein in primary melanoma. SPARC immunoreactivity in melanoma cells localized predominantly in the

cytoplasm. Bar, 50 um.

SD serum SPARC concentration in 109 preoperative melanoma
patients (2.02 + 1.02 pg/mL) was significantly greater than that
in the 61 healthy donors (1.62 + 0.36 pg/mL; P = 0.001,
Student's t test). When the cutoff value was fixed at 2.34 ug/mL,
which was the mean SPARC concentration plus 2 SD in the
healthy donors, 36 of 109 (33.0%; 3.21 = 0.70 npg/ml)
melanoma patients were positive for increased serum SPARC.
Thereby, the sensitivity of this assay was 33.0%. On the other
hand, three (4.9%; 2.46 + 0.08 pg/mL) and two (40%) positive
cases were found in 61 healthy donors and five melanocytic nevi
patients, respectively. Thus, the specificity of this assay was
92.4%. The prevalence of increased SPARC protein in the sera of
melanoma patients was higher than that in healthy donors. The
presence of a significant amount of SPARC in the sera from
melanoma patients suggested that melanoma cells secrete
SPARC in melanoma patients.

Among the 30 cases of melanoma patients in which both
immunohistochemical staining and ELISA detection of serum
SPARC were done, increased serum SPARC was detected in nine
patients (30%; Table 1). In six of nine patients (patients 39, 50,
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42, 76, 90, and 112), strong SPARC protein expression was
immunohistochemically detected in their melanoma cells, and
moderate SPARC protein expression in melanoma cells was
observed in two patients (patients 44 ad 49). Patient 96
expressed weak SPARC protein in melanoma cells. However,
7 of 13 cases expressing strong SPARC protein did not secrete
SPARC in the sera. Because we were not able to prepare serum
and tissue samples from the same patients with congenital
melanocytic nevus, we could not evaluate the correlation
between the serum SPARC levels and the expression levels of
SPARC in melanocytic nevi tissue in these patients.

Human platelets contain and secrete SPARC protein in the
sera of healthy donors (18). Thus, we measured SPARC in
plasma to eliminate the influence of the SPARC secreted
from the platelets. The plasma concentrations of SPARC in 11
preoperative patients with melanoma and 21 healthy donors
were shown in Fig. 2D. The mean SPARC value in 11 pre-
operative melanoma patients (0.61 + 0.65 pg/mL) was
significantly greater than that in the 21 healthy donors (0.14
+ 0.14 pg/mL; P = 0.003). When the cutoff value was fixed at
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Table 1. Profiles of 113 Japanese patients with melanoma and quantification of SPARC,GPC3, and 5-S-cysteinyldopa
in sera of patients
Patient ID Stage” Age Sex Type Serum concentrations of tumor markers
SPARC SPARC GPC3 5-S-cysteinyldopa
staining" (ng/mL)?* (units/mL)® {nmol/L)!
1 0 60 M 4.7 0 4.6
2 0 64 F 1.2 0 28
3 0 78 F 31 0 29
4 0 74 M 33 0 6.2
5 0 85 F 0.9 25 32
6 0 72 M 37 0 3.8
7 0 48 F 2.2 38 3.3
8 0 69 F 15 22 2.6
9 0 66 F 25 8 47
10 0 65 M 30 0 6.8
1 0 51 F 1.9 92 1.8
12 0 76 F 3.2 8 5.5
13 0 50 M 3.0 0 6.8
14 0 82 F +4 1.3 39 20
15 0 65 M 1.8 0 6.4
16 1A 33 M Mucous 1.8 103 19
17 1A 82 F LMM NT 40 5.5
18 1A 75 F SSM 1.8 25 3.9
19 1A 41 F SSM 1.8 20 2.3
20 1A 70 F Mucous 2.3 0 24
21 1A 78 M ALM ++ 1.2 0 1.0
22 IA 60 F ALM NT 0 3.6
23 1A 61 M ALM 33 0 1.0
24 1A 62 F ALM 1.2 0 5.9
25 1A 73 M ALM 0.7 0 3.6
26 1A 70 M LMM 17 20 8.0
27 1A 33 F Mucous 2.3 10 3.6
28 1A 66 M ALM 1.2 0 5.9
29 1A 76 M ALM 1.3 0 5.8
30 1A 58 F ALM 15 0 4.4
31 1A 89 M LMM 05 0 47.6
32 1A 87 F ALM 1.8 74 NT
33 1A 81 F ALM ++ 1.4 0 45
34 1A 68 F LMM ++ 15 77 1.8
35 B 58 F ALM 0.6 61 25
36 1B 58 F Mucous 2.2 0 8.6
37 1B 66 F Mucous 2.0 23 29
38 1B 56 F SSM 2.0 10 2.3
39 1B 64 F ALM e+ 2.8 20 75
40 1B 84 F ALM 2.0 0 20
41 B 79 M ALM 2.9 0 7.3
42 1B 76 F ALM 2.2 0 57
43 B 74 F ALM 1.6 0 28
44 1B 75 M LMM ++ 3.4 0 6.6
45 1? 82 F ALM 1.6 0 2.9
46 1A 74 F SSM 23 106 174
47 A 75 M ALM NT 54 NT
48 ItA 74 F ALM 1.9 16 34
49 IIA 64 M ALM ++ 29 0 4.6
50 A 47 F SSM +++ 3.9 0 4.3
(Continued on the following page)
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Table 1. Profiles of 113 Japanese patients with melanoma and quantification of SPARC,GPC3, and 5-S-cysteinyldopa
in sera of patients (Contd)

Patient ID Stage” Age Sex Type Serum concentrations of tumor markers
SPARC SPARC GPC3 5-S-cysteinyldopa
staining’ (pg/mL)* (units/mL)} {nmol/L)!

51 A 77 F LMM 1.3 34 39
52 A 83 F ALM 1.9 0 40
53 1A VAl F LMM ++ 20 82 34
54 A 73 M ALM +++ 2.3 43 40
55 IIB 50 F SSM ++ 14 75 6.4
56 1B 72 M LMM 20 73 70
57 B 88 M ALM 1.8 0 12
58 1IB 63 M ALM 1.6 0 37
59 1B 77 M SSM 30 0 NT
60 B 69 M ALM 1.0 15 4.6
61 ]3] 57 M ALM 3.8 0 34
62 1B 69 F ALM 0.6 0 3.3
63 B Al M ALM ++ 17 0 47
64 B 85 F LMM 26 79 4.8
65 B 72 M ALM 1.8 43 6.3
66 B 70 M ALM 26 0 04
67 1B 68 F ALM +++ 1.2 3.9 40
68 Inc 79 F ALM NT 25 3.8
69 lic 42 M SSM +++ 4.2 0 6.3
70 iIc 72 F ALM + 2.2 0 3.6
7 Ic 75 F Mucous + 1.8 0 87
72 nc 77 M ALM 4+ 0.6 16 74
73 iIc 83 M SSM 14 10 13.3
74 IIc 84 M LMM 1.6 M 4.2
75 Ic 91 F ALM 11 0 6.0
76 A 83 M ALM +++ 27 0 77
77 A 55 M ALM +4+ 1.2 0 8.2
78 HIA 86 F ALM ++ 17 0 9.7
79 A 79 F ALM ++ 0.6 0 6.1
80 MA 70 M ALM 21 0 40
81 A 63 F SSM 2.3 10 1.8
82 A 79 M NM 5.6 10 40
83 A 53 F Mucous 24 0 5.2
84 A 53 M ALM + 1.6 0 1.9
85 ns 85 M ALM 3.8 140 9.2
86 B 56 M LMM 27 0 15.5
87 B 59 M Mucous 32 0 1.2
88 nB 77 M ALM + 1.8 67 71
89 [ 35 F NM +++ 1.6 132 8.4
90 lnc 63 F ALM 4+ 2.6 18 4.9
9N Hc 50 F Unknown 1.2 0 59
92 fic 47 M Mucous 3.9 0 10.3
93 lnc 70 M ALM 1.2 22 24.2
94 nc 63 M ALM +++ 2.2 0 14.4
95 \Y 47 F SSM 3.3 35 127
96 [\ 77 M ALM + 27 0 748
97 v 65 M Unknown 2.4 0 492
98 \Y% 78 M Mucous 25 0 446
99 v 60 F SSM + 14 0 324

100 v 76 F Mucous 4+t 1.4 0 11

(Continued on the following page)
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in sera of patients (Cont'd)

Table 1. Profiles of 113 Japanese patients with melanoma and quantification of SPARC,GPC3, and 5-S-cysteinyldopa

Patient ID Stage” Age Sex Type Serum concentrations of tumor markers
SPARC SPARC GPC3 5-S-cysteinyldopa
staining (ng/mL)* (units/mlL)* {nmol/L)!

101 [\ 72 F SSM 0.9 0 981

102 v 73 F SSM 0.3 0 56.1

103 v 45 F Unknown 0.8 10 5.5

104 v 60 F Mucous 2.2 8 8.6

105 v 72 M NM 0] 0 225

106 v 50 M SSM 27 0 957

107 v 47 F NM 0 0 257

108 \Y 22 M Unknown 3.2 57 25.8

109 v 39 M NM 0.5 0 170

110 I\ 74 F ALM 27 0 395

11 I\ 68 M Unknown 21 34 74.2

112 v 66 F ALM +++ 28 0 246

113 \Y% 67 F Unknown 35 53 151

Nevusl 32 M Congenital 32 0 35

Nevus2 38 M Congenital 2.1 0 41

Nevus3 24 M Congenital 1.1 0 NT

Nevus4 9 F Congenital 0.1 0 18

Nevusb 4 M Congenital 29 0 21

inhibitory activity; NT, not tested.
*Clinical stages are according to the UICC/AJCC TNM classification (11).

adjacent epidermis; and +++, stronger than adjacent epidermis.

NOTE: We could obtain reproducible results in three independent ELISA assays, and the representative results were shown.
Abbreviations: ALM, acral lentiginous melanoma; SSM, superficial spreading melanoma; LMM, lentigo maligna melanoma; NM, nodular melanoma; Congenital, congen-
ital melanocytic nevus; UICC, Unio Internationale Contra Cancrum; AJCC, American Joint Committee on Cancer; TNM, tumor-node-metastasis; MIA, melanoma-

tThe expression of SPARC protein detected by immunohistochemical analysis. The intensity of staining was classified as +, weaker than adjacent epidermis; ++, same as
tSoluble SPARC in the sera was quantified by ELISA. We fixed the cutoff value at 2.34 pg/mL in this study, and increased values are underlined.

§ Soluble GPC3 in the sera was quantified by ELISA.We fixed the cutoff value at 1 unit/mL, and positive values are underlined.
| We quantified 6-S -cysteinyldopa using high-performance liquid chromatography. The cutoff value was fixed at 10 nmol/L (6), and increased values are underlined.

0.43 ng/mL (a mean SPARC concentration plus 2 SD in the
healthy donors), 4 of 11 melanoma patients (36.4%) were
positive for an increased plasma SPARC as observed in the
serum samples of the melanoma patients. In addition, one
(4.8%) positive case of 21 healthy donors was observed.
Comparison of serum concentration of SPARC, GPC3, and 5-
S-cysteinyldopa in patients with melanoma classified by stage.
The above results clearly indicate that SPARC is a novel tumor
marker for melanoma. We next compared the serum concen-
trations of SPARC, GPC3, and 5-S-cysteinyldopa in patients
with melanoma classified by clinical stage (Tables 1 and 2).
We fixed the cutoff level at 1 unit/ml in GPC3 and at 10
nmol/L in 5-S-cysteinyldopa as reported (6, 10). Figure 2E
shows the serum concentrations of SPARC quantified by
ELISA in 109 melanoma patients classified by stage. Although
the serum concentrations of 5-S-cysteinyldopa increased
markedly in patients at stage IV (10), the percentages of
serum SPARC positive patients were almost equal among the
five clinical stages as seen in GPC3 (10). To our surprise, we
detected an increase of SPARC in the sera of patients with very
small lesion of melanoma such as stage 0 or 1. No significant
correlation was observed between the patients positive for
each of three markers (Table 1). More importantly, 18 of 36
SPARC-increased patients were negative for both GPC3 and 5-
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S-cysteinyldopa, and many were classified as cases of relatively
early Unio Internationale Contra Cancrum stages 0, I, and II
(Table 1). The positive rate of these three tumor markers in
patients with melanoma, as classified by stage, is shown in
Table 2. The total positive rates of increased SPARC (36 of
109, 33.0%) and GPC3 (48 of 113, 42.5%) were significantly
higher than the rate for 5-S-cysteinyldopa (25 of 110, 22.7%).
The positive rates of increased SPARC (8 of 15, 53.3%) and
GPC3 (7 of 15, 46.7%) at stage 0 were significantly higher
than that for 5-S-cysteinyldopa (0 of 15, 0.0%; P < 0.001). In
addition, when we use SPARC and GPC3 in combination, the
positive rates at stage 0 (13 of 15, 86.7%), stage I (14 of 28,
50.0%), stage II (20 of 28, 71.4%), and stage III (12 of 19,
63.2%) were all significantly higher than that of 5-§-
cysteinyldopa (P<0.05). In all, the positive rate of increased
SPARC or GPC3 in patients at stages 0 to II (47 of 71, 66.2%)
was significantly higher than that of 5-S-cysteinyldopa (4 of
71, 5.6%; P< 0.001). On the other hand, the positive rate of
5-S-cysteinyldopa in stage IV patients (16 of 19, 84.2%) was
significantly higher than that of SPARC or GPC3 in
combination (12 of 19, 63.2 %). Finally, we were able to
detect 78 of 107 (72.9%) cases of preoperative melanoma
patients by the combined use of SPARC, GPC3, and 5-S-
cysteinyldopa. This is an extremely high positive rate.
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Table 2. Positive rates of increased serum levels of SPARC, GPC3, 5-S-cysteinyldopa, SPARC + GPC3, and SPARC +
GPC3+5-S-cysteinyldopa in patients with melanoma classified by stage

Stage SPARC (%) GPC3 (%) 5-S-cysteinyldopa (%} GPC3 + SPARC* (%) GPC3 + SPARC +
5-S-cysteinyldopa ' (%)
0 8/15 (53.3) 7/15 (46.7) 0/15 (0.0) 13/15 (86.7) 13/15 (86.7)
| 4/28 (14.3) 12/30 (40.0) 2/29 (6.9) 14/28 (50.0) 15/27 (55.6)
I 7/28 (25.0) 16/30 (53.3) 2/28 (7.1) 20/28 (71.4) 19/27 (70.4)
I 8/19 (421) 7/19 (36.8) 5/19 (26.3) 12/19 (63.2) 13/19 (68.4)
v 9/19 (47.4) 6/19 (31.6) 16/19 (84.2) 12/19 (63.2) 18/19 (94.7)
Total 36/109 (33.0) 48/113 (42.5) 25/110 (22.7) 71/109 (65.1) 78/107 (72.9)

*GPC3 + SPARC: either or both of two markers was positive.
tGPC3 + SPARC + 5-S -cysteinyldopa: at least one of three markers was positive.
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Decrease of serum SPARC protein in post-operative melanoma
patients. The changes in the serum levels of three tumor
markers (SPARC, GPC3, and 5-S-cysteinyldopa) before and
after surgical treatments in SPARC-positive 13 patients are
shown in Table 3. In 10 of 13 patients, the serum SPARC
levels decreased to below cutoff levels after the surgical
treatments, although GPC3 and 5-S-cysteinyldopa values were
negative before and after the operation in the majority of
these patients. It should be noted that SPARC is useful tumor
marker to follow the efficacy of surgical treatments. In the case
of patients 87 and 92, whose melanoma recurred, the serum
SPARC values once decreased to below negative levels and
then later increased again, although the serum SPARC level in

Table 3. Changes in serum levels of SPARC before
and after surgical treatments in the serum
SPARC-increased 13 melanoma patients
Patient SPARC GPC3 5-S-
ID* (pg/mL) (units/mL) cysteinyldopa
(nmol/L}
1 Pre ope 4.7 0 4.6
POD566 1.6 0 4.9
9 Pre ope 25 8 47
POD1484 0.5 0 41
10 Pre ope 3 0 6.8
POD15 34 0 33
12 Pre ope 3.2 77 5.5
POD7 2.3 40 8.8
13 Pre ope 3 0 6.8
POD37 32 0 5
23 Pre ope 33 0 1
POD274 0.9 0 4
44 Pre ope 34 0 6.6
POD140 2 0 34
POD217 2.3 0 49
49 Pre ope 2.9 0 4.6
POD1472 1.6 0 37
50 Pre ope 39 0 4.3
POD1008 33 0 5.3
POD1358 2.6 0 2.9
61 Pre ope 38 0 34
POD1567 2.3 0 5
69 Pre ope 42 0 6.3
POD329 2 0 4.3
POD462 (Meta) 1.6 0 34
POD559 (Free) 0.4 0 31
87 Pre ope 32 0 8.8
POD82 24 0 5
POD345 14 0 5.1
POD713 (Meta) 35 45 46
92 Pre ope 39 0 10.3
POD465 0.3 0 7.8
POD678 24 0 7.3
POD762 (Meta) 2.2 0 10
NOTE: Increased values are underlined.
Abbreviations: POD, postoperative days; Meta, metastasis; Free, disease free.
*Patient ID was the same as shown inTable 1.
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patient 69 did not increase again when tumor recurrence was
identified. The 5-S-cysteinyldopa level increased in all patients
whose melanoma recurred. Further examinations are needed
to elucidate whether the serum SPARC is useful for detecting
recurrent tumors.

Discussion

SPARC is a matricellular glycoprotein that modulates cellular
interaction with the extracellular matrix during tissue remodel-
ing. Although the specific functions of SPARC still remain
unclear, it also plays an important role in wound repair, cell
proliferation, cell migration, morphogenesis, cellular differenti-
ation, and angiogenesis (11, 19-21). SPARC was first identified
in 1981 as a major noncollagenous constituent of bovine bone
{22} and is expressed abundantly in the bone and platelets (23).
Recently, many publications have described a high expression of
SPARC in a variety of human malignancies (12, 24 - 35). Tumor-
derived SPARC was reported to stimulate tumor progression in
many types of cancers. The expression levels of SPARC correlated
with the histologic grade of tumor cells (25, 26, 30, 33). A higher
SPARC expression was associated with local tumor invasion
(24, 29-31, 33); metastasis to the lymph nodes, liver, and
bone (24, 28, 32, 33); and poor prognosis and survival (24,
32, 33, 35). Conversely, the expression levels of SPARC was
inversely correlated with the degree of malignancy in ovarian
cancer (34). In most cancers, SPARC protein is overexpressed
in the stromal cells of tumor tissue but is rarely expressed in
cancer cells themselves (24, 31). In contrast, melanoma cells
by themselves have been shown to express a high level of
SPARC, and such increased levels are associated with an
invasive phenotype in vivo (12, 13).

We confirmed the expression of SPARC at the mRNA and
protein levels in human melanoma cell lines and melanoma
tissue specimens. In addition, we proved that SPARC was
secreted and detected in the culture supernatants of melanoma
cell lines and the sera of melanoma patients. In this study,
increased serum levels of SPARC were observed in 33% of the
melanoma patients. A correlation between the serum levels of
tumor markers and tumor progression has been reported (6), as
is the case of 5-S-cysteinyldopa in their study. However, no
significant correlation was observed between the serum SPARC
levels and the progression levels of melanoma in this study. We
wonder why only 33% of the melanoma patients showed
increased levels of SPARC in the sera, and such SPARC con-
centrations did not correlate with tumor progression, although
most melanoma tissues specimens express SPARC protein and
almost all examined melanoma cell lines secreted SPARC
protein. In melanoma cell lines, the expression level of
SPARC did not completely correlate with the levels of soluble
SPARC secreted in the culture supernatant (Fig. 1B and Fig. 2A).
The same phenomena were also observed in melanoma
patients in this study. Sixteen of 24 patients who expressed
moderate or strong SPARC protein in melanoma cells did not
show elevated SPARC protein in their sera (Table 1). Therefore,
not all but some subpopulations of melanoma cells might
secrete SPARC protein in the sera of melanoma patients. The
concentration of soluble SPARC secreted into the culture
supernatant positively correlated with the cell number in the
culture dish (data not shown). However, the serum SPARC
concentration was not positively associated with the tumor size
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