10 min for antigen retrieval. Immunohistochemical staining
was then performed with rabbit polyclonal anti-OCIAD2 anti-
body diluted 1:1000 (Takara Bio, Shiga, Japan) using a HIS-
TOSTAINER 36A autostainer (Nichirei, Tokyo, Japan). Using
the same sections, immunohistochemical staining was also
performed with a mouse monoclonal anti-CEA (carcinoem-
bryonic antigen, clone CEMO010) antibody diluted 1:200
(Takara Bio), without antigeri retrieval treatment, and with a
rabbit polyclonal anti-OCIAD1 antibody diluted 1:400 (Pro-
teintech Group Inc, Chicago, IL, USA) with antigen retrieval
using TE buffer at 105°C for 15 min.

Evaluation of immunoreactivity and statistical analysis

For evaluation of OCIAD2 and OCIAD1 staining, we used a
case of lung adenocarcinoma as a positive control. This case
had been confirmed to show high expression of OCIAD2 by
RT-PCR and in situ hybridization (data not shown). The cyto-
plasmic granular staining pattern of the tumor cells was
judged to be positive. For evaluation of CEA staining, we
used a case of colonic adenocarcinoma as a positive control.
This case revealed a significantly higher serum CEA level (20
ng/ml) and showed a diffuse cytoplasmic staining pattern (not
apical staining showing polarity) that was judged as positive.

As all of the benign adenomas showed less than 30%
staining for CEA per case, we defined positivity in 30% or
more of the tumor area as positive. The intensity of staining
with each antibody in positive cases was easily judged, and
we did not use the staining intensity as a positive criterion. To
examine the association between OCIAD2, OICIAD1, CEA
and tumor malignancy, we used the y? test. To evaluate the
correlation between OCIAD2, OCIAD1 and CEA positivity, we
used Spearman’s rank correlation test.

RESULTS

Immunohistochemical staining of OCIAD2, OCIAD1
and CEA

OCIAD2 was detected in the cytoplasm of the tumor cells of
ovarian mucinous tumor. They showed a granular staining
pattern, similar to the cases of lung adenocarcinoma that
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were positive for OCIAD2. Unlike lung cancer, however,
secreted mucin was stained as background.

Among the 43 cases of mucinous adenoma, 6 (14%)
showed positive staining for OCIAD2 (Table 2, Fig. 2a). Inthe
tumor cell cytoplasm, OCIAD2 showed a granular staining
pattern that was separated from intracytoplasmic mucin.
Secreted mucin was also stained in intracystic areas and the
brush border. Sometimes, nuclei of tumor cells were also
stained, but this staining was judged as negative. Among the
40 cases of mucinous borderline tumor, 25 (63%) including 8
of 10 of the endocervical type (80%) showed positive staining
for OCIAD2 (Table 2, Fig. 2b, c). There was also background
positive staining for secreted mucin in intracystic areas and
the brush border. The nuclei of tumor cells showed non-
specific staining, but this was judged as negative. The cyto-
plasm of the tumor cells showed a granular OCIAD2 staining
pattern like that of adenoma, and also positive staining for
mucin when mucin secretion was abundant. Areas of papillary
proliferation showed strongly positive staining for OCIADZ in
comparison to flat lining tumor cells (Fig. 3a). Among the 34
cases of mucinous carcinoma, 26 (74%) (6 of the infiltrating
invasive type and 20 of the expansile invasive type) showed
positive staining for OCIAD2 (Table 2, Fig. 2d). Areas of
stromal invasion showed strongly positive staining for
OCIAD2 in comparison with flat lining tumor cells (Fig. 3b).

The stainability of OCIAD1 was similar to that of OCIAD2,
and positive staining for secreted mucin at the brush border
was also evident. However, staining for intracystic secreted
mucin and staining of nuclei were unremarkable. Among the
43 cases of mucinous adenoma, 21 (49%) were positive for
OCIAD1 (Table 2, Fig.4a). In the tumor cell cytoplasm,
OCIAD1 showed a granular staining pattern that was sepa-
rated from intracytoplasmic mucin like that of OCIAD2. On
the other hand, unlike OCIAD2, positive staining was evident
in the stromal cells. Among the 40 cases of mucinous bor-
derline tumor, 26 (65%) including 9 among 10 of the endocer-
vical type (90%) were positive for OCIAD1 (Table 2, Fig. 4b,
c). Similarly to adenoma, OCIAD1 showed a granular stain-
ing pattern in the cytoplasm of the tumor cells. The tumor
stroma also showed staining in the stromal cells. Several
cases showed positive staining only in the stromal cells,
whereas the tumor cells were negative. Among the 34 cases
of mucinous carcinoma, 30 (86%) (7 of the infiltrating inva-
sive type and 23 of the expansile invasive type) were positive

Table 2 Immunohistochemical results of OCIAD2, OCIAD1 and CEA
N OCIAD2 OCIAD1 CEA
Mucinous adenoma 43 6 (14) 21 (49) 0 (0)
Mucinous borderline tumor Endocervical 10 40 8 (80) 25 (63) 9 (90) 26 (65) 5 (50) 10 (25)
Intestinal 30 17 (57) 17 (57) 5 (17)
Mucinous adenocarcinoma Infiltrating 8 34 6 (75) 26 (76) 7 (88) 30 (88) 5 (63) 25 (74)
Expansile 26 20 (77) 23 (88) 20 (77) .
Total 117 57 (49) 77 (66) 35 (30)
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Figure 2 Immuohistocheical staining of ovarian cancer immunore-
active antigen domain containing 2 (OCIAD2) in mucinous ovarian
tumors. Immunohistochemistry of OCIAD2 for adenoma (2a), bor-
derline lesion (endocervical type) (2b), borderline lesion (intestinal
type) (2c), and adenocarcinoma (2d). OCIAD2 is granularly positive
in borderline tumor and carcinoma.

Figure 3 Histological staining pattern of ovarian cancer immunore-
active antigen domain containing 2 (OCIAD2) for OCIAD2 in mugci-
nous borderline tumors and invasing mucinous adenocarcinoma. (a)
Immunohistochemial staining of OCIAD2 for the case of mucinous
borderline tumor. Areas of papillary proliferation showed more
intense reactivity for OCIAD2 than flat lining tumor cells. (b) Immu-
nohistochemical staining of OCIAD2 in a case of mucinous adeno-
carcinoma. Areas of stromal invasion (arrow heads) showed more
intense reactivity for OCIAD 2 than flat lining tumor cells.

for OCIAD1 (Table 2, Fig. 4d). As was the case in adenocar-
cinoma, OCIAD1 showed a granular staining pattern that was
separated from intracytoplasmic mucin. Stromal cells also
showed positive background staining.

With regard to GEA, tumor cells showed a diffuse cytoplas-
mic staining pattern, as had been observed in colonic adeno-
carcinoma, and also positive staining for mucin. Among the
43 cases of mucinous adenoma, 0 (0%) were positive for
CEA (Table 2, Fig. 5a). Background staining for intracystic
and brush border secreted mucin was evident, but this was
judged as negative. Among the 40 cases of mucinous bor-
derline tumor, 10 (25%) including five among ten of the
endocervical type (50%) were positive for CEA (Table 2,
Fig. 5b, c¢). There was strongly positive background staining

Figure 4 Immuohistocheical staining of ovarian cancer immunore-
active antigen domain containing 1 (OCIAD1) in mucinous ovarian
tumors. Immunohistochemistry of OCIAD1 for adenoma (4a), bor-
derline lesion (endocervical type) (4b), borderline lesion (intestinal
type) (4c), and adenocarcinoma (4d). OCIAD1 is granularly positive
in borderline tumor and carcinoma.

Figure 5
tumors. Immunohistochemistry of CEA for adenoma (5a), borderline
lesion (endocervical type) (5b), borderline lesion (intestinal type)
(5¢c), and adenocarcinoma (5d). CEA is granularly positive in border-
line tumor and carcinoma.

Immuchistocheical staining of CEA in mucinous ovarian

for intracystic and brush border secreted mucin. Non-specific
positive staining was evident in the nuclei of tumor cells and
in the tumor stroma. Among the 34 cases of mucinous car-
cinoma, 25 (71%) (5 of the infiltrating invasive type and 20 of
the expansile invasive type) were positive for CEA (Table 2,
Fig. 5d). Strongly positive background staining for intracystic
and brush border secreted mucin was evident, similarly to
adenoma and borderline lesions. Diffuse cytoplasmic stain-
ing was judged as positive. The tumor cell nucleoli and tumor
stroma showed non-specific positive staining.

© 2012 The Authors
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The one case of borderline tumor showing pseudomyxoma
peritonei was stained with OCIAD2, but negative for OCIAD1
and CEA.

Statistical analysis

Positivity for OCIAD2 increased gradually with tumor pro-
gression, and more than 70% of the mucinous carcinomas
were positive (Table 2). A similar tendency was seen for CEA
and OCIAD1, more than 70% of the carcinomas also being
positive. The expression of OCIAD2, CEA and OCIAD1
increased significantly as the malignancy of the tumor
increased (P<0.01, P<0.01, and P<0.01, respectively).
Table 2 compares the positivity ratio of adenoma vs border-
line lesion and adenocarcinoma. Among the cases of
adenoma, 6 (14%), 21 (49%), and 0 (0%) were positive for
OCIAD2, OCIAD1, and CEA, respectively, whereas among
the cases of borderline lesion and adenocarcinoma, 51
(68%), 56 (75%), and 35 (47%) were positive, respectively.

DISCUSSION

The ovarian cancer immunoreactive antigen domain
(OCIAD) family comprises OCIAD1 and OCIAD2. In 2001,
Luo etal. immunoscreened an ovarian carcinoma cDNA
expression library using ascites from a patient with ovarian
cancer and detected an antibody against OCIAD1.8 There-
fore, OCIAD1 is thought to be a cancer-specific protein that
could be applicable for detection of carcinoma, and several
reports have siressed the association between ovarian car-
cinoma malignancy and OCIAD1 expression. On the other
hand, OCIAD2 was identified in 2001 by Strausberg et al. on
the basis of its sequence similarity to OCIAD1 through the
National Institute of Health Mammalian Gene Collection
project.® Although OCIAD2 has high homology with
OCIAD1, to date, no reports have examined the relationship
between its expression and carcinoma or autoantibody
against human tissue. Ishiyama T. first reported the associa-
tion between lung adenocarcinogenesis and OCIAD2 on the
basis of a cDNA microarray study.” In the present study, we
examined the expression of OCIAD2 in ovarian carcinoma,
especially ovarian mucinous tumors, since the diagnosis of
their malignancy is based on histology, and no biomarkers for
these tumors have been characterized.

In order to examine the relationship between the OCIAD
family and other immunohistochemical biomarkers, we also
examined the expression of CEA. As Table 2 shows, OCIAD2
expression was detected in 74% of mucinous ovarian carci-
nomas and 63% of borderline tumors (i.e. 69% of ovarian
mucinous tumors with malignancy), but in only 14% of muci-
nous adenomas (benign counterpart) (P < 0.01). Expression

© 2012 The Authors
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of OCIAD2 was associated with the malignancy of ovarian
mucinous tumors. OCIAD2 showed a granular staining
pattern in the cytoplasm of the tumor cells, but interestingly
its positivity was stronger in areas of papillary proliferation
and stromal invasion than in flat tumor cells, suggesting
an association between OCIAD2 expression and tumor
malignancy.

With regard to borderline tumors, it was of considerable
interest that positivity for all of the markers examined
(OCIAD2, OCIAD1, and CEA) had a tendency to be higher in
the endocervical type than in the intestinal type. As the tumor
cells of intestinal-type tumors contain much mucin in their
cytoplasim, relative to those of endocervical-type tumors, it
might be difficult to judge the staining positivity of intestinal-
type tumors. On the other hand, in the carcinomas, the rates
of positivity for the three proteins showed no significant dif-
ference between the infiltrating invasive type and the expan-
sile invasive type.

The staining patterns of OCIAD1 and CEA were similar to
that of OCIAD2, but several differences were evident.
OCIAD1 was positive in 86% of carcinomas and 65% of
borderline tumors (i.e. 75% of all ovarian mucinous tumors
with malignancy), whereas 49% of adenomas were also posi-
tive for OCIAD1. These results indicated that positivity for
OCIAD1 increaséd in the earlier stage of malignant progres-
sion. Although we are unable to verify whether the staining
was non-specific, stromal cells also showed positive staining
for OCIAD1. However, the results suggested that OCIAD2 is
a marker more associated with malignancy of ovarian muci-
nous tumor cells than is OCIAD1.

CEA was immunopositive in 71% of carcinomas and 25%
of borderline tumors (i.e. 47% of all ovarian mucinous tumors
with malignancy). The specificity of CEA for diagnosis of
malignancy in ovarian mucinous tumors was highest among
the three markers we examined, thus confirming that CEA is
a very useful biomarker for detection of ovarian tumors. The
CEA positivity rate mainly increased during the course from
borderline tumor to carcinoma. Therefore, CEA might be a
marker of more advanced-stage mucinous tumors in com-
parison with OCIAD2.

The association between OCIAD2 stainability and tumor
malignancy was of considerable interest; papillary proliferat-
ing and invasive tumor cells were positive, whereas flat lining
tumor cells were negative. Six cases of adenoma gave a
positive reaction with anti-OCIAD2 antibody. These tumors
were histologically diagnosed as adenoma, but may have
had the potential to progress to borderline tumors. As it has
been suggested that OCIAD2 may be localized to the tumor
cell membrane, OCIAD2 protein in exfoliated tumor cells or
cell fragments in ascites or blood could be detectable and
applicable as a new biomarker of ovarian mucinous tumors.

In summary, we have demonstrated specific expression of
OCIAD2 in ovarian mucinous tumors. Immunohistochemi-
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cally. OCIAD2 appeared to be more specific than OCIAD1
and more sensitive than CEA. Examination of OCIAD2
expression is thus expected to become a new immunohis-
tochemical biomarker of the malignancy of ovarian mucinous
tumors. OCIAD2 is a membrane-localized protein expressed
in several malignant tumors including lung cancer and
ovarian cancers, but its function is still unclear. As normal
tissue is unreactive with a specific antibody against OCIAD2,
it appears that OCIAD2 is not a basic protein required for the
survival of human cells. However, the biological implications
of OCIAD2 should be examined extensively and utilized for
the detection or treatment of malignant tumors expressing it.
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Summary: Cancer stroma is thought to play an important role in tumor behavior,
including invasion or metastasis and response to therapy. Cancer stroma is generally
thought either to be non-neoplastic cells, including tissue-marrow or bone-marrow-
derived fibroblasts, or to originate in epithelial mesenchymal transition of cancer cells.
In this study, we evaluated the status of the p53 gene in both the cancer cells and the
cancer stroma in epithelial ovarian cancer (EOC) to elucidate the origin of the stroma.
Samples from 16 EOC patients were included in this study. Tumor cells and adjacent
nontumor stromal cells were microdissected and DNA was extracted separately. We
analyzed p53 sequences (exons 5-8) of both cancer and stromal tissues in all cases.
Furthermore, we examined p53 protein expression in all cases. Mutations in p53 were
detected in 9 of the 16 EOCs: in 8 of these cases, the mutations were detected only in
cancer cells. In 1 case, the same mutation (R248Q) was detected in both cancer and
stromal tissues, and p53 protein expression was detected in both the cancer cells and the
cancer stroma. Most cancer stroma in EOC is thought to originate from non-neoplastic
cells, but some parts of the cancer stroma might originate from cancer cells. Key Words:

Ovarian cancer—Stroma—p353.
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matory cells, immunocytes, macrophages, and fibro-
blasts. The stroma is thought to play an important role
in tumor behavior, including invasion or metastasis and
response to therapy (1-3). Finak et al. (4) used laser
capture microdissecion (LCM) to compare gene-
expression profiles of tumor stroma from 53 primary
breast cancers and established a new stroma-derived
prognostic predictor that stratifies disease outcome
independent of the standard clinical prognostic factors
or published gene expression-based predictors. We
previously reported the gene-expression profile in the
cancer stroma to be an independent prognostic factor in
epithelial ovarian cancer (EOC) (5). Cancer-induced
fibroblasts are generally thought to be derived from
tissue or bone marrow (6,7), or to originate from
epithelial mesenchymal transition of cancer cells.
Cancer stroma had been thought to originate mainly
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from tissue-marrow or bone-marrow-derived fibro-
blasts until Kurose et al. (8) recently demonstrated
high frequencies of somatic mutations in 7P53 and
PTEN in breast neoplastic epithelium and stroma.
Patocs et al. (9) reported that TP53 mutations in the
stroma of sporadic breast cancers were associated with
regional nodal metastases. In this study, we evaluated
the status of the p53 gene in both the cancer cells and
the cancer stroma in EOC.

MATERIALS AND METHODS

Patients and Samples

Subjects eligible for this study had histologically
confirmed EOC (excluding mucinous and clear cell
types). The study was approved by the institutional
review board of the Osaka City General Hospital and
School of Medicine, Keio University, and written
informed consent was obtained from all patients.
Specimens obtained at operation were immediately
stored at —80°C.

LCM and DNA Extraction

LCM was performed as described previously (10,11).
In brief, frozen sections (6 pm) prepared from tumor
tissue specimens were affixed to 4-pm-thin Laser
Microdissection Film glass slides (PALM Micolaser
Technologies GmbH, Bernried, Germany) and stained
using the Histogene LCM Frozen Section Staining Kit
(Arcturus Engineering, Mountain View, CA). Stained
sections were microdissected using a PixCell Ile LCM
system (Arcturus Engineering). Tumor cells and
adjacent nontumor stromal cells were visualized under
the microscope and selectively detached by activation
of the laser. Dissected stromal tissues were located
within 200 cells of the margin of tumors. DNA
extraction was performed using the PicoPure DNA
Extraction Kit according to the manufacturer’s
instructions (Arcturus Engineering).

Polymerase Chain Reaction (PCR) Amplification
of p53 Gene and Sequence Analysis

We analyzed p53 sequences (exons 5-8) of both
cancer and stromal tissues in 16 cases. To amplify
exons 5, 6, and 8 of the p53 gene, we performed PCR,;
only exon 7 was amplified with nested PCR using
whole aliquots of DNA (12,13). Primer sequences
were as follows: exons 5-6, 5-GTTTCTTTGCTGC
CGTCTTC-3 (sense) and 5'-TTGCACATCTCAT
GGGGTTA-3 (antisense); exon 8, ¥-GGTAGGA
CCTGATTTCCTTACTGCC-3 (sense) and 5'-CCC

TTGGTCTCCTCCACCGTCTCTTG-3 (antisense);
exon 7 first, Y-GCGGTCCCAAAAGGGTCAGT
CCCTGCTTGCCACAGGTC-% (sense) and 5-GC
GGTCCCAAAAGGGTCAGTAAGAAATCGGTA
AGAGGTGGG-3 (antisense); exon 7 second, 5'-
CCAAGGCGCACTGGCCTC-3 (sense) and 5'-
TGGGGCACAGCAGGCCAG-3 (antisense). PCR
products were then subjected to electrophoresis on
2% agarose gel. Direct sequencing was performed
using the ABI PRISM Big Dye Terminator Ver3.1
Cycle Sequencing Kit according to the manufac-
turer’s instructions on an ABI PRISM 3100 (Applied
Biosystems, Foster City, CA). PCR amplification and
sequence using the same primers. The sequences were
compared with the published wild-type sequences
(http://getentry.ddbj.nig.ac.jp).

Immunohistochemistry of p53 Protein

We examined the expression of p53 protein in 16
cases. Formalin-fixed, paraffin-embedded tissues were
cut into 4-pum sections. Sections were deparaffinized in
xylene and 100% ethanol for 5min each, followed by
washing in water. Antigen retrieval was accomplished
by autoclave in sodium citrate buffer (10mM, pH 6.0)
at 121°C for 10 min. The sections were then incubated
in methanol containing 3% hydrogen peroxide for
30min at room temperature to quench endogenous
peroxidase activity. Sections were rinsed in phosphate-
buffered saline and incubated with the primary anti-
body, anti-human p53 (DO7) mouse monoclonal
antibody (Dako, Glostrup Denmark), at 4°C over-
night. The sections were washed in phosphate-buffered
saline and EnVision+ Peroxidase (Dako), and then
incubated for 30min at room temperature. p53-
positive staining was visualized by applying a
3,3'-diaminobenzidine chromogen containing 0.05%
hydrogen peroxidase for 5min at room temperature.
Nuclei were counterstained using Mayer’s hematox-
ylin. Negative controls not exposed to the primary
antibody were included in all experiments. Positive
and negative tumor-staining controls were included.

RESULTS

Patients’ Backgrounds

The samples were obtained from 16 EOC patients
with a median age of 55yr (range, 34-72yr). One
sample was Stage I, 3 were Stage I1, 7 were Stage III,
and 5 were Stage IV; 5 were Grade G1, 4 were Grade
2, and 7 were Grade 3. Five tumors were endo-
metrioid, 8 serous, and 3 of undifferentiated type.
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Status of p53 Gene and p53 Protein

p53 mutations and p53 protein expression were ex-
amined in 16 cases (Table 1). p53 mutations were
detected in 9 cases, in 8 of which the mutations were pre-
sent only in the cancer cells. In case 3, the same mutation
(R248Q) was detected in both cancer and stromal
tissues, but not in the normal uterine tissue of the patient
(Fig. 1). The p53 mutation is present in cancer (Fig. 1A),
and the p53 mutant is the dominant allele in the stromal
samples (Fig. 1B, C) but not the uterine tissue (Fig. 1D).
This case was stage 3c endometrioid adenocarcinoma
with lymph node metastasis.

Among the 16 cases examined, p53 protein
expression was detected in the cancer cells of 9 cases
and the stromal tissues of 2 cases. Of the 9 cases with
p53 protein expression in cancer tissue, 5 had p33
mutations, and of the 7 cases without p53 protein
expression in cancer tissue, 4 had p53 mutations. Case
7 had p53 protein expression in both cancer and
stromal tissues, with no p53 mutation. In contrast,
case 3 had a p53 gene mutation and p53 protein
expression in both cancer and stromal tissues
(Figs. 2A, B). The stromal cells expressing p53 were
adjacent to the border between the cancer cells and
the cancer stroma.

DISCUSSION

We evaluated p53 mutations separately in cancer and
stromal cells of 16 EOCs to elucidate the origin of
cancer stroma. Mutations in p53 were detected in 9 of 16
EOCs, and in 8 of these cases, the mutations were
detected in only cancer cells. Cancer-induced fibroblasts
are generally thought to either be non-neoplastic cells,
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FIG. 1. p53 gene mutation: in case 3, the p53 gene mutation is
present in cancer cells (A) and stromal cells (B, C) but not detected
in the uterine tissue (D).

including tissue-marrow or bone-marrow-derived fibro-
blasts (6,7), or originate from epithelial mesenchymal

TABLE 1. Immunolocalization of p53 protein and p53 gene status in 16 cases

Case Age HIS ST GR P53 cancer p53 stroma p33 uterus p53 IHC cancer p53 THC stroma
1 70 EC 2 3 Wwild wild ND + -
2 66 EC 3c 1 C176Y Wwild ND + -
3 66 EC 3c 1 R248Q R248Q wild + +
4 55 EC 4 3 wild wild - ND + +
5 54 EC 4 3 P278L wild ND - -
6 61 SC 1cb 2 wild Wwild ND + -
7 53 sC 2a 1 F212del wild ND - -
8 49 sC 2c 2 wild wild ND - -
9 34 sC 3c 1 L194H wild ND +

10 59 SC 3c 2 R306stop Wild ND - -

11 63 SC 4 3 E171stop wild ND - - -

12 57 sSC 4 2 Wild wild ND - -

13 53 SC 3c 1 H273R wild ND + -

14 61 UD 3c 3 wild wild ND + -

15 51 UD 3c 3 V216M Wwild ND + -

16 72 UD 4 3 Wild wild ND - -

EC indicates endometrioid adenocarcinoma; GR, histologic grade; HIS, histology; IHC, immunohistochemistry; ND, not done; SC, serous
cystadenocarcinoma; ST, FIGO stage; UD, undifferentiated carcinoma.
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FIG. 2. Hematoxylin-eosin stain and p53 protein expression in case 3. (A, B) In case 3, p53 protein was detected in both cancer cells and
stromal cells near the border between the cancer cells and the cancer stroma [(B); arrows].

transition of cancer cells. At present, tissue-marrow or
bone-marrow-derived fibroblasts are thought to be more
common. In our study, the cancer stroma of EOC seems
to derive from non-neoplastic tissues in 8 of 9 p53
mutant cases.

However, there was 1 case where the same
mutation (R248Q) was detected in both cancer and
stromal tissues, but not in normal uterine tissue of the
patient. Furthermore, p53 protein expression was
detected in both the cancer cells and the cancer
stroma, and the p53-expressing stromal cells were
near the border between cancer cells and cancer
stroma. There are at least 2 possible interpretations: it
may be that in this case, some part of the cancer
stroma originated from cancer cells; alternatively,
although we carefully used the LCM technique, there
could have been cross-contamination between the 2
compartments. However, the latter seems unlikely
because the p33 protein was detected in both the
cancer cells and the cancer stroma. In breast cancer,
high frequencies of somatic mutations in 7P53 and
PTEN have been detected in breast neoplastic
epithelium and stroma, and TP53 mutations in the
stroma of sporadic breast cancers are associated
with regional nodal metastasis (8,9). However, Qiu
et al. (14) showed that the loss of heterozygosity
and copy number alterations are extremely rare in
cancer-associated fibroblasts of ovarian cancer. Re-
cently, Kato et al. (15) isolated and characterized
side-population cells from human endometrial
cancer. They demonstrated that side-population cells
form large, invasive tumors composed of both tumor
cells and stromal-like cells, and that the stromal-like
cells were derived from the inoculated tumor cells.

In 1 case, p53 protein expression was detected in
both the cancer cells and the stroma, but no p53
mutations were detected in either. In 4 cases, p53
protein expression was detected in the cancer cells,
but p53 mutations were not detected. We had
expected p53 gene mutations to be related to p53
protein expression but found p53 gene mutations to
not always be accompanied with p53 protein ex-
pression (16). The p53 protein may accumulate from
other factors such as cellular insults or hypoxia, or by
forming complexes with other molecules such as
PMDM?2 (17-19).

In conclusion, most cancer stroma of EOC is
thought to originate from non-neoplastic cells but
some parts might originate from cancer cells.
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Possible involvement of glycolipids in anticancer drug resistance
of human ovarian serous carcinoma-derived cells
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Glycolipid and transporter protein gene expression in
ovarian serous carcinoma-derived 2008 cells, and their
paclitaxel-resistant Px2 and cisplatin-resistant C13
forms was examined to confirm the previous finding,
i.e., that it was characteristically altered in anticancer
drug-resistant cells established on continuous cultiva-
tion of ovarian carcinoma-derived KF28 cells in the
different anticancer drug-containing media. Although
the concentrations of lipid constituents in 2008 cells
were higher than those in KF28 cells, and the glycolipid
compositions were different, the following glycolipids
and genes were commonly altered in KF28- and
2008-derived resistant cells. Gb;Cer was increased in
all resistant cells, irrespective of whether the resistance
was to paclitaxel or cisplatin, and expression of
the MDR1 gene and gangliosides was ephanced in
paclitaxel-resistant cells, but gangliosides were absent
in cisplatin-resistant cells. In accord with the decreased
amounts of gangliosides in cisplatin-resistant cells, the
gene expression and specific activity of GM3 synthase
were greatly decreased in cisplatin-resistant cells.
Furthermore, paclitaxel- and cisplatin-resistant cells
were converted to forms more sensitive to the respective
anticancer drugs on cultivation with D-PDMP, an in-
hibitor of GlcCer synthase, and GMS3, respectively,
prior to the addition of anticancer drugs, indicating
the possible involvement of glycolipids in anticancer
drug resistance.

Keywords: anticancer drugs/gangliosides/glycolipids/
ovarian carcinoma/sialyltransferase.

Abbreviations: ABC, ATP-binding cassette; BSA,
bovine serum albumin; CMH, ceramide monohexo-
side; MDR, multidrug resistance; MRP, multidrug

resistance-associated protein; PDMP, 1-phenyl-2-
decanoylamino-3-morpholino-1-propanol.

Glycosphingolipids are amphipathic molecules consist-
ing of hydrophobic ceramide and hydrophilic carbo-
hydrate moieties, and are ubiquitously distributed in
tissues and cells [The glycolipid nomenclature is based
on the recommendations of the IUPAC-IUB Commis-
sion on Biochemical Nomenclature (7).]. Their carbo-
hydrate structures characteristically change in
association with cellular differentiation and trans-
formation, mainly due to the aberrant expression of
glycosyl transferases, and among the transformation-
associated carbohydrates, a sialylated lacto-N-
fucopentaose (sialyl Le®) has been successfully applied
for the clinical diagnosis of cancer patients (2, 3). Also,
on the basis of the finding that sialylated or sulfated
Lewis carbohydrates are included in the ligands for
selectins (4, 5), detection of related carbohydrates in
sera of patients has been performed to determine the
metastatic potential of a cancer (6, 7). On the other
hand, ceramide has been characterized as a'signal me-
diator for several cellular events, i.e., stress responses
to heat, UV-irradiation and hypoxia, and apoptosis
caused by chemotherapeutic agents (&), during which
ceramide is generated from sphingomyelin by acid
sphingomyelinase as an initial event of signal transduc-
tion (9). Also, enhanced glycolipid synthesis on trans-
fection with the ceramide glucosyltransferase gene has
been revealed to abolish ceramide-dependent apop-
tosis, probably through conversion of ceramide gener-
ated from sphingomyelin into glycolipids, which yields
cells exhibiting greater resistance to anticancer drugs
(10). However, since the cellular distribution of sphin-
gomyelinase is different from that of glycosyltransfer-
ase, it is unclear whether or not ceramides derived from
sphingomyelin are really converted into GlcCer in the
signal transduction cascade (/1). In fact, that antican-
cer drug-sensitivity is irrelevant as to the synthetic
potential for glycolipids has been reported for neuro-
blastoma, leukemia and melanoma cells (12, 13).

In our previous studies, when ovarian serous
carcinoma-derived KF28 cells were compared with
their anticancer drug-resistant KF28TX, KFrl3 and
KFr13TX forms, the resistant cells were found to
express transporter genes, i.e., characteristic expression
of MDRI1 in paclitaxel-resistant KF28TX and
KFr13TX cells, and enhanced expression of MRP2
in cisplatin-resistant KFr13 and KFr13TX ones. In
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addition, although no significant differences in the
amounts of ceramide and sphingomyelin were
observed between them, GbsCer was increased in
both paclitaxel- and cisplatin-resistant cells, and
GM3 was increased in the paclitaxel-resistant cells,
but was absent in the cisplatin-resistant ones (14, I5),
suggesting that glycolipids together with transporter
proteins are necessary for the survival of cells in antic-
ancer drug-containing media, probably through regu-
lation of the activity of transporters by both the
carbohydrate and ceramide moieties of glycolipids in
membrane rafts (/6). To further characterize the
glycolipids associated with anticancer drug resistance,
we determined the glycolipid compositions and
gene expression of transporters in ovarian serous car-
cinoma-derived 2008 cells (I7), and paclitaxel-resistant
Px2 and cisplatin-resistant C13 cells (I8, 19), and
examined the effects of D-PDMP, an inhibitor of
GlcCer synthase, and of exogenous addition of GM3
on the anticancer drug resistance of KF28- and 2008-
derived cells, and their anticancer drug-resistant forms.

Materials and Methods

Materials

Sphingolipids from various sources were purified in our laboratory:
GlcCer, LacCer, GbsCer, Gb4Cer, nLcyCer and GM3 from human
erythrocytes, and GalCer and sphingomyelin from bovine brain,
and their N-stearoyl derivatives were prepared by deacylation with
sphingolipid ceramide N-deacylase (Pseudomonas sp. TK4), followed
by reacylation with stearoyl chloride. Ceramides were prepared by
treatment of sphingomyelin with Clostridium perfringens phospho-
lipase C. The following monoclonal antibodies were kindly donated:
MSN-1 towards Le? plus Le® by Dr S. Nozawa, Keio University,
Tokyo, 3Cl1 towards sialyl Le* by Dr K. Matsumoto, Mikuri
Immunol. Lab., Kyoto, YHD-06 towards GM2 by Dr M.
Yamazaki, Konica Co., Tokyo, and M2590 towards GM3, and
anti-Gb3Cer and anti-Gg;Cer antibodies by Seikagaku Co.,
Tokyo. Peroxidase-conjugated anti-mouse IgG, A and M antibodies,
peroxidase-conjugated-cholera toxin B-subunit and sialidase (V. cho-
lerae) were purchased from Sigma Aldrich, St. Louis, MO, USA.
The inhibitor of ceramide glucosyltransferase, D-threo-1-phenyl-2-
decanoylamino-3-morpholino-1-propanol  (D-PDMP), and its
L-isomer were kindly donated by Dr J. Inokuchi, Tohoku
Pharmaceutical University, Sendai. Cisplatin and paclitaxel were ob-
tained from Bristol-Myers Squibb Co., Tokyo.

Cell lines

Ovarian serous carcinoma-derived 2008 and KF28 cells, and
paclitaxel-resistant Px2 and KF28TX cells, and cisplatin-resistant
C13 cells and KFrl3 cells were used in this experiment.
PRM1-1640 and DMEM media supplemented with 10% FCS, 100
U/ml penicillin and 0.1 mg/ml streptomycin were the media for 2008,
Px2 and C13 cells, and for KF28, KF28TX and KFrl3 cells, respect-
ively, which were cultured in a humidified incubator at 37°C under a
5% CO; atmosphere (I7—19). At every subculture step, Px2 and
KF28TX, and C13 and KFrl3 cells were cultured in media contain-
ing 0.1 pg/ml paclitaxel and 0.3 pg/ml cisplatin, respectively, for 2h
before the addition of 0.05% trypsin and 0.02% EDTA.

Cell wab:hty in media containing anticancer drugs
Cells (1 x 10%) cultured in 96-well plates for 24h were exposed to
various concentrations (0.0001 ~ 20 pg/ml) of paclitaxel or clsplatm
for a further 48h, followed by culture in the medium containing
MTT (3(4,5-dimethyl-2-thiazolyl)-2,5-dimethyl-2 H-tetrasolium
bromide, 1 pg/pl) for 4h. The resultant formazan pigment was dis-
solved with dimethy! sulfoxide, and then the optical density was
determined at 560nm (/4). Also, cells were cultured in the medium
containing D- and L-PDMP or GM3 at the concentration of 10 tM
for 48 h prior to exposure to anticancer drugs.

588

Separation and quantitation of lipids

After extraction of the total lipids from lyophilized cells, the concen-
trations of cholesterol, ceramide and phospholipids in the lipid ex-
tracts were determined by TLC-densitometry with n-hexane/diethyl
ether/acetic "acid (80:30:2, v/v/v), chloroform/methanol/acetic
acid (94:1:5, v/v/v) and chloroform/methanol/water (60:35:8, v/v/
v), respectively, followed by visualization with cupric
acetate-phosphoric acid reagent. Then, the lipid extracts were frac-
tionated into neutral and acidic lipids on a DEAE-Sephadex column
(A-25, acetate form; Pharmacia, Uppsala, Sweden), and neutral gly-
colipids and gangliosides were prepared from the neutral and acidic
lipids as described previously (14, 15). The gangliosides and neutral
glycolipids thus obtained were separated by TLC with chloroform/
methanol/0.5% CaCl, in water (55:45:10, v/v/v) and chloroform/
methanol/water (60:35:8, v/v/v), and then visualized with
resorcinol-HCl and orcinol-H,SO4 reagents, respectively. Standard
glycolipids: N-stearoyl derivatives of GalCer, LacCer, Gb3Cer and
GM3 (0.1-1.5 ug) were developed on the same TLC plates for the
preparation of standard curves. The glycolipids were also detected
by TLC-immunostaining as described previously (/4, 15), and for
characterization of ganglioside GDla, after blocking, the plate was
incubated with neuraminidase (20 mU) in PBS at 37°C for 1h, and
then stained with peroxidase-conjugated cholera toxin B-subunit
(1:500) at room temperature for 30 min.

RT-PCR analysis

Total RNA extracted from the cell lines by the acid guanidine
thiocyanate-phenol-chloroform (AGPO) method was
reverse-transcribed to cDNA with reverse transcriptase (M-MuLV;
Takara, Kyoto) and random primers, and then subjected to PCR
under the following conditions: MDRI1 (GenBank Accession
Number AF016535), sense primer, cccatcattgcaatagcagg, antisense
primer, gttcaaacttctgetectga; MRPL (NMO004996), sense primer,
atgtcacgtggaataccage, antisense primer, gaagactgaactcecttect;
MRP2 (NM000392), sense primer, ctgcctcticagaatctiag, antisense
primer, ataacccaagttgcagget; ceramide glucosyltransferase (Gle T,
NMO003358), sense primer, caaaactctggctcatattc, antisense primer,
atattgtcatggattcgogg; ceramide galactosyltransferase (Gal T,
NMO003360), sense primer, ctctctgaaggcagagacatcgee, antisense
primer, catccacaggctggacccatgaac; and LacCer sialyltransferase
(GM3 synthase, AB018356), sense primer, atttgagcacaggtatagc, anti-
sense primer, gatgtcaaaggcagtctct, 35 cycles of 95°C for 155,
52—64°C for 30s, and 72°C for 40s. The primers for glyceraldehyde
3-phosphate dehydrogenase (GAPDH) were used as controls. The
resulting PCR products were electrophoresed on a 1.5% agarose gel,
stained with ethidium bromide, and then examined under a UV
transilluminator.

GM3 synthase activity

Cells were homogenized in 0.25M sucrose with a Potter-Elvehjem
homogenizer to prepare 10% (w/v) homogenates, which were then
centrifuged at 1,000 x g for 10 min at 4°C to remove cell debris, fol-
lowed by centrifugation at 100,000 x g for 60min to obtain cytosol
and microsomal fractions. Each microsomal fraction was suspended
in 0.25M sucrose by sonication and its protein concentration was
measured by the protein dye binding method with BSA as the stand-
ard (20). The standard assay mixture comprised 5 pg LacCer, 10 mM
MgCl,, 5mM CaCl,, 0.3% Triton CF-54, 10mM CMP-{4-
14C]NeuAc (67 uBg/mmol), 50mM 4-morpholmoethane sulfonic
acid buffer (pH 6.4) and 50—100pg enzyme protein, in a final
volume of 50 pl. After incubation at 37°C for 2h, the reaction was
stopped with 150 ul of methanol, and the products were separated by
hydrophobic chromatography with a Sep-pak cartridge (C18;
Waters Associates, Milford, MA), followed by TLC with chloro-
form/methanol/0.5% CaCl, in water (55:45:10, v/v/v). The TLC
plate was exposed to an X-ray film (RX-U, Fuji, Tokyo) and the
radioactivity incorporated into GM3 was determined using a liquid
scintillation counter (Tri-Carb 1500; Packard, Foster City, CA).

Structural analysis of glycolipids

Purification of individual glycolipids was performed by sxhca gel
(Iatrobeads 6RS8060; Iatron Laboratory, Tokyo) column chroma-
tography as described previously (/4, 15). The purified glycolipids
were identified by negative ion FABMS (JMS-700TKM; JEOL,
Tokyo) with triethanolamine as a matrix solvent, and their fatty
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acid and long chain base compositions were determined by GC-mass
spectrometry (GP5050; Shimadzu, Kyoto) on a DB-1 column
(0.25mmo x30m) as their methyl ester and aldehyde derivatives,
respectively (21).

Results

Ovarian serous carcinoma-derived KF28 and 2008
cells, and their anticancer drug-resistant forms
Paclitaxel-resistant KF28TX and Px2, and cisplatin-
resistant KFr13 and C13 cells well retained their resist-
ance against the respective drugs. As shown in Table I,
the IC50s of paclitaxel for KF28TX and Px2 cells, and
of cisplatin for KFr13 and C13 cells were about 10-fold
and about 6-fold those for the parent cells, respect-
ively. As to ABC-transporter proteins, although no
significant difference was observed in the gene expres-
sion of MRP1 or MRP2 between the parent 2008 cells
and the resistant ones, the relative expression of the
MDRI1 gene in the paclitaxel-resistant Px2 cells was
higher than that in the parent 2008 and
cisplatin-resistant C13 ones (Fig. 1), and these findings
were in accord with our previous observations for
KF28-derived resistant ones (14).

Lipids in ovarian carcinoma-derived KF28 and 2008
cells, and their anticancer drug-resistant forms
When the lipid compositions of ovarian carcinoma-
derived KF28 and 2008 cells were compared, the
amounts of cholesterol and phospholipids in 2008
cells were found to be 2- to 3-fold those in KF28
ones, probably due to the smaller cell size of 2008
cells than that of KF28 ones, but the relative ratio of
total phospholipids to cholesterol were similar in the
two types of cells, being 1.2 for KF28 and 1.6 for 2008
cells, respectively (Table II and Fig. 2) (/4). But, the
glycolipid composition in 2008 cells was distinctly dif-
ferent from that in KF28 cells. The major glycolipids
present at more than 0.02 pg per mg dry weight in 2008
cells were LacCer, CMH, GbsCer, GgiCer, GM3,
GM2, Le® and GMI1, whereas those in KF28 cells
were CMH and GM3 (Figs. 2 and 3). Thus, 2008
cells showed a more complex glycolipid composition
than KF28 ones, the occurrence of GM1, a component
in human neural cells, being a particularly notable
character of 2008 cells (Fig. 4).

As to 2008-derived anticancer drug-resistant cells,
the amounts of cholesterol and total phospholipids in
both paclitaxel-resistant Px2 and cisplatin-resistant
C13 cells were similar to those in the original 2008
cells, but the amounts of glycolipids were dramatically
different in the resistant ones (Fig. 3). GbsCer and
Gg;Cer, whose structures were confirmed by their
reactivities with anti-Gbs;Cer and anti-Gg;Cer antibo-
dies, respectively, in both Px2 and Cl13 cells were
3- and 2-fold those in the parent 2008 cells, respect-
ively, comprising 32, 58 and 74% of the total neutral
glycolipids in 2008, Px2 and Cl13 cells, respectively
(Fig. 4 and Table II). Thus, trihexaosyl ceramides, par-
ticularly GbsCer, were characteristically increased in
both Px2 and CI13 cells, irrespective of whether the
resistance was to paclitaxel or cisplatin, and these

Anticancer drug resistance and glycolipids

findings were in accord with our previous observations
for KF28-derived resistant ones (Fig. 2) (14).

Also, the increased amount of gangliosides in the
paclitaxel-resistant cells and their absence in the
cisplatin-resistant ones, in comparison to those in
KF28 cells, were similarly observed in 2008-derived
Px2 and C13 cells, respectively. However, in contrast
to that KF28 cells contained GM3 as the sole ganglio-
side, which was increased in paclitaxel-resistant
KF28TX cells (14), 2008 cells contained GM3, GM2
and GM]1, whose amounts, together with that of
GDla, in Px2 cells were more than 4-fold those in
the parent 2008 cells (Figs. 3 and 4, and Table II).
The structures of GM3 and GM2 were confirmed by
their reactivities with anti-GM3 and anti-GM2 antibo-
dies, respectively, and that of GM1 with anti-GM1
antibodies and cholera toxin (Fig. 4). Also, GDla
was confirmed by the staining with cholera toxin B
subunit after neuraminidase treatment (Fig. 4H) and
negative ion FABMS, on which molecular ions, m/z
1835 for the 18:0-containing one and m/z1917 for the
24:1-containing one, as the major molecular species,
and fragment ions corresponding to GMI1, GM2,
Gg;Cer, LacCer, CMH and ceramides were yielded,
as reported previously (22).

Although GM1 was not detected in 0.05mg dry
weight of Cl13 cells on immunostaining with anti-
GM1 antibodies, whose detection limit for GM1 is
about 5ng (Fig. 4G), it was revealed to be present in
C13 cells on staining with cholera toxin, which detects
more than 1pg of GMI, the amount of GMI in C13
cells being estimated to be about 1ng per mg dry
weight (trace amount in Table II). As shown in
Table 11, the rates of increase of GM1 and GDla in
Px2 cells in comparison to those in 2008 cells were
higher than those of GM3 and GM2. Also, sialyl Le?
was found to be present only in Px2 cells, i.e., not in
2008 or C13 cells. Thus, the total negative charge due
to sialic acid in gangliosides in Px2 and C13 cells was
more than 10-fold and less than one-hundredth of that
in 2008 cells, respectively. On the other hand, although
the proportion of 2-hydroxy fatty acid-containing
glycolipids was characteristically increased in KF28-
derived resistant cells (15), no significant changes in
the fatty acid and long chain base compositions of
glycolipids were observed between anticancer
drug-sensitive 2008 cells, and resistant Px2 and C13
ones, the major molecular species being 16:0-, 18:0-,
22:0-, 24:0- and 24:1-containing ones.

GMS3 synthase activity

On RT-PCR, the ceramide glucosyltransferase and
galactosyltransferase genes were found to be intensely
expressed in all cells, but the relative intensity of the
GM3 synthase gene was higher in Px2 cells and lower
in C13 cells than in 2008 cells (Fig. 1). Also, enhanced
and attenuated expression of the GM3 synthase gene
was observed in KF28TX and KFr13 cells, respect-
ively, as reported previously (14). To examine the cor-
relation between gene expression and enzyme activity,
GM3 synthase activity in the microsomal fraction was
determined with CMP-[4-'*C]NeuAc and LacCer as
the substrates. As shown in Fig. 5 and Table III, the
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Table 1. Sensitivity to paclitaxel and cisplatin of ovarian
carcinoma-derived cells and their anticancer drug-resistant forms.

1C50 concentration (pg/mi)

Cells Paclitaxel Cisplatin

KF28 0.12£0.03 0.90+0.02
KF28TX 1.22:£0.05 0.114+0.02
KFrl13 0.20 £0.02 5.54£0.11
2008 0.10:£0.03 1.024+0.05
Px2 0.9540.06 0.97£0.03
C13 0.1540.03 5.95£0.20

1 2 3 1 2 3

Fig. 1 RT-PCR analysis of transporter proteins and glycosyltrans-
ferase genes. 1, ovarian carcinoma-derived 2008 cells; 2,
paclitaxel-resistant Px2 cells; and 3, cisplatin-resistant C13 cells.
GalT, ceramide B-galactosyltransferase; GIcT, ceramide B-glucosyl-
" transferase; and GM3, LacCer sialyltransferase.

Table II. Lipid compositions of human ovarian carcinoma-derived
2008 cells, and taxol-resistant Px2 and cisplatin-resistant C13 ones

(ug per mg dry weight).

Lipid 2008 Px2 C13
Cholesterol 10.8+0.6 10.94+04 9340.5
PE 59+0.7 49+09 6.0:£0.7
PG 1.0+02 09+03 1.1+04
PC/PS 8.6+14 84+1.6 79+13
SM 1.7£04 1.6+0.3 21+04
Ceramide 1.70 £ 0.09 1.61£0.03 1.57+£0.06
CMH 0.60 +£0.06 0.49 +£0.07 0.35+0.07
LacCer 0.92 £0.08 0.66 +0.08 0.10+0.01
Gb3Cer 0.45+0.03 1.35+£0.04 1.57£0.05
Gg;Cer 0.26 £0.03 0.48 +£0.03 0.58 £0.04
GbyCer - 0.16 £0.02 0.30£0.06
Le? 0.01 0.03 -

Le® 0.03 0.02 -

GM3 0.05 0.21 -

GM2 0.03 0.33 —

GMI 0.02 0.33 tr

GDla — 0.22 -

Sialyl Le? — 0.14 —

Values are the means for individual lipids in four different
experiments.

tr, trace amount (<0.005 pg/mg dry weight); —, not detected; PE,
phosphatidyl ethanolamine; PG, phosphatidyl glycerol; PC, phos-
phatidyl choline; PS, phosphatidyl serine; and SM, sphingomyelin.

activity was detected in both KF28 and 2008 cells, and
their paclitaxel-resistant forms, whose activities were
not closely correlated with the relative intensity of
the gene, but there were only trace levels in their
cisplatin-resistant forms.
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Effects of PDMP and GM3 on anticancer
drug-resistance

To further characterize the possible involvement of
glycolipids in anticancer drug resistance, KF28,
KF28TX and KFrl3 cells were cultured in media
containing D- and L-PDMP, and GM3 at the con-
centration of 10 pM for 48 h, prior to the addition of
anticancer drugs. KF28TX cells treated with D-PDMP
were converted into ones more sensitive to paclitaxel
than those without treatment (Fig. 6A), but no signifi-
cant effect on paclitaxel sensitivity was observed in
the following cells, KF28TX with either L-PDMP or
GM3, and KF28 and KFrl3 cells with any of
D-PDMP, L-PDMP or GM3. While KFr13 cells trea-
ted with GM3, but not with D- or L-PDMP, became
more sensitive to cisplatin (Fig. 6B), an effect of GM3
on cisplatin sensitivity was not clearly observed in
KF28 or KF28TX cells.

To evaluate the effects of D-PDMP and exogenous
GM3 on the amounts of glycolipids in KF28, KF28TX
and KFrl13 cells, the relative amounts of Gbs;Cer and
GM3 were examined by TLC-immunostaining, as
shown in Fig. 7. GbsCer and GM3 in KF28TX cells
after treatment with D-PDMP were reduced to 25%
and 45% of the levels in KF28TX cells, respectively,
but no significant change in MDR1 gene expression
was observed in KF28TX cells after treatment with
D-PDMP. Consequently, although MDRI1 gene
expression was essential for the paclitaxel resistance,
the reduced amounts of glycolipids, particularly of
GbsCer and GM3, were thought to be involved in
the decreased activity of the transporter proteins in
the glycolipid-rich membrane rafts, resulting in the
conversion of KF28TX cells into ones with a more
responsive character as to paclitaxel. On the other
hand, GM3 was undetectable in the cisplatin-resistant
KFrl13 cells, in which GM3 after incubation with
exogenous GM3 was present in a 2.2-times higher
amount than that in cisplatin-sensitive KF28 cells, re-
sulting in conversion of KFrl3 cells into cisplatin-
sensitive cells due to an increase in cellular GMS3.
Exogenous GDla also converted KFrl3 cells into
more responsive cells as to cisplatin, suggesting that
gangliosides are involved in the cisplatin-sensitivity.
Similarly, preincubation of Px2 and Cl13 cells with
D-PDMP and GM3 effectively converted them into

more responsive cells as to paclitaxel and cisplatin, |

respectively.

Discussion

Platinum and taxane are used as key drugs in the
standard regimens for chemotherapy for ovarian
cancer. Although the serous type of ovarian carcin-
omas is generally sensitive to these anticancer drugs
in comparison to the mucinous and clear cell types,
resistance to these drugs, particularly on repeated ad-
ministration, remains a major obstacle for chemother-
apy. More than 50% of patients originally responsive
to paclitaxel and carboplatin have been reported to
have recurrences within 5 years and to develop che-
moresistance to these drugs (23). In accord with the
clinical properties of the serous type of ovarian
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Fig. 2 Comparison of the lipid compositions of ovarian carcinoma-derived KF28 (A) and 2008 (B) cells, and their anticancer drug-resistant forms.
Closed columns, original cells; open columns, paclitaxel-resistant cells; and dotted columns, cisplatin-resistant cells.

carcinomas, anticancer drug-resistant cells can be read-
ily established from sensitive cells by continuous culti-
vation in media containing the respective anticancer
drugs. Ovarian serous carcinoma-derived 2008 cells
have been reported to exhibit stable 2- to 3-fold resist-
ance to alkylating and platinating agents after four
selections by subculture in drug-containing media,
and have been frequently utilized for examination of
the molecular machinery underlying anticancer drug
resistance (17). As reported in this article, glycolipids,
among the lipid constituents, of paclitaxel-resistant
Px2 and cisplatin-resistant C13 cells were found to be
characteristically different from those in the parent
2008 cells, and the mode of their alteration was essen-
tially identical with that in KF28 and KF28-derived
paclitaxel and cisplatin-resistant cells (/4, I15).
Gb;Cer was commonly increased in the paclitaxel-
and cisplatin-resistant cells derived from both KF28
and 2008 ones, but its molecular species differed
between KF28 and 2008-derived resistant cells,
a-hydroxy and non-hydroxy fatty acid-containing

ones being the major species in the former and latter
cells, respectively (/4). Because a-hydroxy fatty acids
already comprise about 17% of the total fatty acids in
glycolipids in the parent KF28 cells, the increase in the
proportion to more than 50% of a-hydroxy fatty acids
in glycolipids in both paclitaxel- and cisplatin-resistant
cells was thought to be due to enhanced glycosylation
into o-hydroxy fatty acid-containing ceramides as
substrates. However, o-hydroxy fatty acids were not
detected in the glycolipids in 2008 or 2008-derived re-
sistant cells, even in trace amounts, probably due to a
lack of a-hydroxy fatty acid synthetic potential of the
parent 2008 cells.

Whereas, as to glycolipids commonly changed in
both KF28- and 2008-derived cells, gangliosides were
significantly increased in the paclitaxel-resistant cells,
but had disappeared in the cisplatin-resistant ones.
Although GM3 was the sole ganglioside in KF28
cells, and increased to twice in paclitaxel-resistant
KF28TX ones, 2008 ones contained GM3, GM2 and
GMI1 belonging to the ganglio-series a-pathway, and
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CMH Lac Gb, Gg; 1 2 3 Gb, Gg, Leb

Sul GM3 GM2 1 2 3 GM1GD1a

Fig. 3 TLC of neutral (A) and acidic (B) glycolipids in ovarian
carcinoma-derived 2008 cells (1), paclitaxel-resistant Px2 (2) and
cisplatin-resistant C13 (3) ones. The glycolipids, corresponding to
0.5mg dry weight, were developed on TLC plates with chloroform/
methanol/water (65:35:8, v/v/v) for (A) and chloroform/methanol/
0.5% CaCl, in water (55:45:10, v/v/v) for (B), and were detected with
orcinol sulfuric acid reagent. CMH, GalCer; Lac, LacCer; Gbs,
Gb;Cer; Ggs, GgsCer; Ggg, GgaCer; and Sul, sulfatide.

all gangliosides together with GDla and sialyl Le*
were increased in paclitaxel-resistant Px2 cells. Thus,
paclitaxel-resistant cells were found to be active as to
ganglioside synthesis, the metabolic pathways for
which were possessed by the original KF28 and 2008
cells. Since gangliosides have been reported to enhance
the ability of P-glycoproteins to extrude hydrophobic
anticancer drugs from cells (24), the active synthesis of
gangliosides in the paclitaxel-resistant cells might be
related to enhanced expression of the MDRI gene,
which encodes P-glycoprotein, in both paclitaxel-
resistant KF28TX and Px2 cells. However, our find-
ings indicate that coexpression of the MDRI gene and
all glycolipids including gangliosides is necessary for
the survival of cells in media containing paclitaxel
through regulation of transporter proteins with glyco-
lipids in membrane rafts (76). Glycolipids, whose
amounts in paclitaxel-resistant cells were higher than
those in the original cells, were LacCer, Gb;Cer, Le*,
Le® and GM3 for KF28TX cells and GbsCer, GgsCer,
Gb,Cer, Le?, Le®, GM3, GM2, GM1, GD1a and sialyl
Le? for Px2 cells, suggesting that all glycolipids, whose
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GM11 2 8 GDla
Fig. 4 TLC-immunostaining of neutral (A)—C) and acidic (D)—(H)
glycolipids in ovarian carcinoma-derived 2008 cells (1), and
paclitaxel-resistant Px2 (2) and cisplatin-resistant C13 (3) ones. The
glycolipids, corresponding to 0.5mg dry weight for (A)—~(G) and
0.01 mg dry weight for (H), were developed as described in Fig. 2,
and then detected with carbohydrate-specific antibodies, i.e., (A)
anti-Gb;Cer; (B) anti-GgsCer; (C) anti-Le® plus Le?; (D) anti-GM3;
(E) anti-sialyl Le*; (F) anti-GM2; and (G) anti-GMI1 antibodies. For
(H), the plate was firstly treated with neuraminidase and then stained
with cholera toxin B subunit as described in the text.

GM3

1 2 3
Fig. 5 Autoradiogram of products of GM3 synthase with microsomal
fractions of 2008 cells and their anticancer drug-resistant forms. GM3
synthase was determined with CMP-N-acetyl [4-"*C]NeuAc and
LacCer as substrates, and microsomal fractions of 2008 (1), Px2
(2) and C13 (3) cells, as enzyme sources, as described in the text. The
products, after purification with a Sep-Pak cartridge, were developed
on a TLC plate with chloroform/methanol/0.5% CaCl; in water
(55:45:10, v/v/v), followed by exposure to an X-ray film.

Table IIl. Specific activity of GM3 synthase in ovarian
carcinoma-derived K¥28 and 2008 cells, and their anticancer
drug-resistant forms.

Cells Specific activity (nmol/mg protein/h)
KF28 0.18 £0.02

KF28TX 0.25+0.05

KFr13 tr

2008 0.31£0.02

Px2 0.30+0.05

C13 tr

synthetic potentials were retained in the original cells,
are increased in paclitaxel-resistant ones, and no char-
acteristic structure is involved in the paclitaxel-
resistance. In fact, paclitaxel-resistant cells became
more sensitive on cultivation with an inhibitor of
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Anticancer drug resistance and glycolipids

0.8

0.6

0.4

Relative Viability

0.2

0.001 0.01 0.1 1
Paclitaxel (pg/mil)

0.01 0.1 1 10 100
Cisplatin (pg/ml)

Fig. 6 Viability of KF28TX (A) and KFr13 (B) cells in media containing anticancer drugs. Paclitaxel-resistant KF28TX [e, for (A)] and
cisplatin-resistant KFr13 cells [e, for (B)] were cultured in media containing 10 pM D-PDMP (&) and 10 pM GM3 (A) for 48 h, followed by with
paclitaxel (A) and cisplatin (B), and then viable cells were determined by the MTT-method as described in the text.

A

D-PDMP GM3

Fig. 7 TLC-immunostaining of total lipids in ovarian carcinoma-
derived KF28 cells, and paclitaxel-resistant KF28TX and cisplatin-
resistant KFr13 ones. KF28 (1), KF28TX (2) and KFrl13 (3) cells
were cultured in media containing 10 pM D-PDMP and 10uM GM3
for 48 h and were collected by treatment with 0.05% trypsin and
0.53 mM EDTA, followed by centrifugation at 200 x g for Smin, and
the lipids were extracted from the lyophilized cells as described in the
text. The lipids, corresponding to 0.5 mg dry weight, were developed
with chloroform/methanol/0.5% CaCl, in water (55:45:10, v/v/v),
and then detected with anti-GbsCer (A) and anti-GM3 (B)
antibodies as described in Fig. 4.

GlcCer synthase, D-PDMP, probably through reduced
activity of transporter proteins due to retarded synthe-
sis of glycolipids. The reason why the paclitaxel resist-
ance of the original and cisplatin-resistant cells did not
change on cultivation with D-PDMP seems to be the
lowered expression of the MDRI1 gene in both types
compared to that in paclitaxel-resistant cells.
Enhanced expression of glycolipids in hydrophobic
anticancer drug-resistant cells in comparison to that
in sensitive cells has also been reported in melanomas,
and mammary gland and prostate carcinomas (25—27).

On the contrary, the gangliosides in KF28 and 2008
cells had disappeared in both KF28- and 2008-derived
cisplatin-resistant cells, mainly due to a diminished ac-
tivity of GM3 synthase. We suggested that increased
amounts of GbsCer and Gg;Cer in cisplatin-resistant
C13 and KFrl3 cells were brought about by the meta-
bolic shifts of LacCer-modifying pathway from GM3
synthase to GbsCer- and GgsCer-synthases, respect-
ively. Instead of the preferential involvement of
ATP-dependent transporters of hydrophobic paclitaxel
in paclitaxel-resistant cells, resistance to water-soluble

cisplatin has been reported to be attained through sev-
eral means, i.e., reduced incorporation into cells with
channels for hydrophilic drugs, enhanced extrusion
through transporters, such as MRP2, and so on (28).
Since the difference in the expression of the MRP2
gene between the original and cisplatin-resistant cells
was not significant, changes in the physiochemical
properties of membranes due to the altered glycolipid
composition, such as lowered fluidity (15), might con-
tribute to cisplatin resistance. In particular, since cul-
tivation of cisplatin-resistant cells with exogenous
GM3 resulted in a higher amount of cellular GM3
than that in cisplatin-sensitive original cells, and their
conversion into a more sensitive form, the decreased
amount of gangliosides might contribute to the
cisplatin-resistance, probably due to the reduced in-
corporation of cisplatin.

On the other hand, the enhanced synthesis of glyco-
lipids for the survival of cancer cells in the presence of
anticancer drugs has been extensively studied in rela-
tion to the detoxification pathway for the removal of
free ceramides that trigger apoptosis as second messen-
gers (11). If the pathway for the glycosylation of cer-
amides derived from sphingomyelin is activated as
compared with that in the parent cells, the molecular
species of sphingomyelin should be reflected in those of
ceramides and glycolipids in the resistant cells. As re-
ported previously (I5), the molecular species of
sphingomyelin and ceramides in resistant cells were
very similar to those in the original cells, but were dis-
tinct from those of glycolipids in the same cells, indi-
cating that the enhanced synthesis of glycolipids in
anticancer drug-resistant cells is not linked with cleav-
age of sphingomyelin.

On the basis of our findings, regulation of glycolipid
metabolism is thought to be a useful approach for im-
proving the effects of paclitaxel and cisplatin, respect-
ively, and studies along these lines are now in progress
in our laboratory.
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Numerous studies have suggested that the different histological
subtypes of ovarian carcinoma (i.e. clear cell, endometrioid,
mucinous, and serous) have distinct clinical histories and charac-
teristics; however, most studies that have aimed to determine
biomarker have not performed comprehensive analyses based on
subtype specificity. In the present study, we performed two-
dimensional gel electrophoresis-based differential proteomic
analysis of the different histological subtypes of ovarian carci-
noma using tissue specimens from 39 patients. Seventy-seven
protein spots (55 unique proteins) were found to be up- or
downregulated in a subtype-specific manner. The most signifi-
cant difference was observed for: (i) annexin-A4 (ANXA4) and
phosphoserine aminotransferase (PSAT1), which are expressed
strongly in clear cell carcinoma; (ii) cellular retinoic acid-binding
protein 2 (CRABP2), which is expressed specifically in serous carci-
noma; and (iii) serpin B5 (SPB5), which is upregulated in mucin-
ous carcinoma. Validation of these candidates by western
blotting using a 34 additional test sample set resulted in an
expression pattern that was consistent with the screening and
revealed that differential expression was independent of cancer
stage or tumor grade within each subtype. Thus, the present
study reinforces the notion that ovarian cancer subtypes can be
clearly delineated on a molecular basis into four histopathologi-
cal groups, and we propose that ANXA4, PSAT1, CRABP2, and
SPB5 are candidate subtype-specific biomarkers that can help
define the basis of tumor histology at a molecular level. (Cancer
Sci 2012; 103: 747-755)

E pithelial ovarian carcinomas (EOC) are grouped histopatho-
logically into serous, endometrioid, mucinous, and clear cell
carcinomas. These subtypes have been suggested to differ in
their oncogenic mechanisms,” precursor lesions,>? risk fac-
tors,"~ and molecular signatures as determined by mRNA
expression profiling.® Clinically, EOC subtypes respond differ-
ently to chemotherapy. For example, clear cell carcinoma is rel-
atively resistant to chemotherapy, with approximately 30% of
cases responding to combination therapy with carboplatin and
paclitaxel (TC regimen), © resulting in a relatively poor progno-
sis and high recurrence rate.” Clear cell carcinoma is also
unique in that its incidence is ma.rkedly higher in Japan than in
Western countries and is rising.® Although current clinical
practices regard EOC as a single disease entity and treatment
regimens are not subtype specific, the evidence from the litera-
ture suggests that EOC is a multifaceted disease with subtypes

doi: 10.1111/.1349-7006.2012.02224.x
© 2012 Japanese Cancer Association

that have distinct clinical features. However, the recent NCI
State of Science meeting proposed that separate clinical trials
for mucinous and clear cell EOC subtypes be undertaken.®
Moreover, a recent study argued that biomarkers that take sub-
type specificity into account could convey more information by
demonstrating that the association between prognosis and
Wilms’ tumor-1 expression was unique to the serous subtype‘(m)

The aim of the present study was to discover better candi-
date biomarkers for EOC that were associated with the histo-
pathological classification by identifying proteins that were
correlated with specific subtypes. Using clinical tissue
specimens we undertook the expression profiling of clear cell,
endometrioid, mucinous and serous carcinoma using two-
dimensional gel electrophoresis (2-DE)-based differential pro-
teomic analysis. Although extensive proﬁh ng studies have
been performed using mRNA microarray,¢ only a handful
of studies have undertaken proteomic analysis of EQC!¢19
and many of the studies have experimental shortcomings, such
as insufficient sample size, analysis of only a single subtype,
or analyses based on cell lines.

To overcome these issues, we used 39 fresh frozen ovarian
cancer specimens for differential analysis and 34 additional
specimens for validation of a number of promising targets.
This is the first report to describe the comprehensive proteomic
expression profile of EOC subtypes.

Materials and Methods

Ovarian cancer specimens. Ovarian cancer samples were col-
lected from patients who had provided informed consent by
Keio University Hospital, with the approval of the Ethics
Committee of Keio University (Approval No. 15-96-6). The
characteristics of the samples used are summarized in Table 1,
with details provided in Table S1. Resected tumor samples
were snap frozen in liquid nitrogen and stored at —150°C until
protein extraction. Cancer staging in the present study adhered
to the International Federation of Gynecology and Obstetrics
(FIGO) criteria.®®

The present study was approved by the Keio University
Institutional Review Board.

Reagents. DeStreak Reagent, IPG buffer, Immobiline Dry-
Strip gel, HRP-conjugated anti-rabbit IgG, the ECL detection

“To whom correspondence should be addressed.
E-mail: takaaki@shimadzu.co.jp
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Table 1. Summary of the ovarian cancer specimens used in the
present study

Epithelial ovarian carcinoma subtype

Clear cell Endometrioid  Mucinous  Serous
n 13 10 6 10
FIGO stage
Stage | 10 4 6 Q
Stage Il 0 2 0 5
Stage 11l 3 4 0
Tumor grade '
Grade 1 N/A 5 6 0
Grade 2 N/A 2 0 6
Grade 3 N/A 3 0 4
Mean age at 55 48 54 54

diagnosis (years)

FIGO, the International Federation of Gynecology and Obstetrics.

kit and chemiluminescence films were purchased from GE
Healthcare (Buckinghamshire, UK). The HRP-conjugated anti-
B-actin antibody (Sp2/0-Agl4) was obtained from Abcam
(Cambridge, UK). Sequence grade modified trypsin was from
Promega (Madison, WI, USA). ZipTip pC18 was from Milli-
pore (Madison, WI, USA). The MALDI matrix, a-cyano-4-
hydroxycinnamic acid, was purchased from Shimadzu-GLC
(Tokyo, Japan).

Two-dimensional gel electrophoresis. Frozen tissue blocks
were first pulverized in liquid nitrogen, transferred to screw-
cap microtubes, and homogenized in buffer composed of
50 mM HEPES-NaOH, pH 7.5, 100 mM NaCl, 2% CHAPS,
and 1% Triton X-100. Lysis was performed by using a ball
mill homogenizer operated at 4000/min for 1 min with zirco-
nium beads (1 mm diameter; Tomy Seiko, Tokyo, Japan).
After centrifugation at 20 000g for 15 min, the supernatant
was collected for 2-DE analysis. For 2-DE, tissue extracts con-
taining 300 pg total protein were desalted by 15% trichloro-
acetic acid precipitation followed by cold ethanol/ether
washing and then redissolved in buffer containing 6 M urea,
2 M thiourea, 2% CHAPS, 1% Triton X-100, 0.5% DeStreak
Reagent and 0.5% IPG buffer. Isoelectric focusing was per-
formed using a 13-cm Immobiline DryStrip, pH 3-10, non-lin-
ear gel, whereas a 10-18% linear gradient polyacrylamide gel
was used for second-dimension SDS-PAGE. Protein spots were
visualized by 0.1% Coomassie brilliant blue G-250 stain and
gel images were acquired using a GS-800 Imaging Densitome-
ter (Bio-Rad Laboratories, Hercules, CA, USA).

Analysis of 2-DE data. The 2-DE gel images were analyzed
using Progenesis PG200 software ver. 2006.2160.3 (Nonlinear
Dynamics, Newcastle, UK) to compute spot detection and den-
sity calculations. Detected spots were matched across all gels
while manually flagging poor-quality spots. The background
level was computed according to the modal density in the 50-
pixel margin surrounding each spot and subtracted accordingly.
Spot volume was normalized by dividing each spot volume by
the sum of all matched spots (excluding large spots derived
from blood, such as albumin), followed by further division by
the B-actin spot on the same gel, thereby collectively correct-
ing for the varation in total loading amount and blood pro-
teins. As a consistency criterion, all spots observed at frequency
of <50% in all histological subtypes were excluded from further
analyses. Absent spots were given an arbitrary expression value
of eithier the smallest value among the matched spot set or one-
third of the mean, whichever gave the smaller value. In all, 323
spots that fulfilled the consistency criterion were identified by
mass spectrometry (Table S2). Subtype-specific expression was
tested by the Mann—Whitney U-test. For each spot, P-values

748

were calculated with respect to each subtype testing the null
hypotheses mediangyyp. = medianyg. The Mann—Whitney
U-test, Spearman’s correlation (rho) test, and principal compo-
nent analysis were performed using SPSS ver. 15.0] (IBM,
Tokyo, Japan). Computed principal components were
subsequently transformed by varimax rotation and the first two
principal components were used for scatter plot display. Gene
ontology (GO) annotation for the listed proteins was collected
from QuickGO (http://www.ebi.ac.uk/QuickGO/, accessed 20
May 2011) using the GO slim algorithm.®?

Protein identification. Protein spots were excised to gel
pieces that were 1.5 mm in diameter and transferred to a
96-well microtiter plate. In-gel trypsin di%esﬁon was per-
formed as described by Shevchenko et al. 22) using 50 ng
sequencing grade modified trypsin per gel piece. Extracted
peptides were desalted by ZipTip pC18 and eluted directly
onto a matrix-assisted laser desorption ionization (MALDI) tar-
get plate. The MALDI matrix, a-cyano-4-hydroxycinnamic
acid, was prepared at a concentration of 3 mg/mL in aqueous
50% acetonitrile and 10 mM ammonium dihydrogen phos-
phate, and 0.5 pL was applied to each well. After drying,
peptide mass fingerprints were acquired using the AXIMA-
CFRplus MALDI time-of-flight mass spectrometry (MALDI-
TOF MS) instrument (Shimadzu/Kratos, Kyoto, Japan) for m/z
700-3500. Proteins were identified by MASCOT Server ver.
2.3.02 (Matrix Sciences, London, UK), searching against
20 239 human sequences of UniProt (http://www.uniprot.org/,
accessed 1 Jun 2011, database release 2011_05). The search
parameters were as follows: enzyme, trypsin; allow up to one
missed cleavage; carbamidomethyl (cysteine) fixed modifica-
tion; oxidation (methionine) and acetylation (protein N-termi-
nus) variable modifications; peptide tolerance 0.15 Da. Protein
spots were regarded as identified only when confirmed by at
least two independent identification results acquired from the
same position of different 2-DE gels of ovarian cancer sam-
ples. For acid ceramidase only, protein identification was
assisted by an MS/MS ion search by AXIMA-QIT (Shimadzu/
Kratos) using a fresh preparation.

Western blotting. Target proteins annexin A4 (ANXA4), cel-
lular retinoic acid-binding protein 2 (CRABP2), serpin B35
(SPB5), and phosphoserine aminotransferase (PSAT1) were
quantified by western blotting using the same tissue lysates as
used for biomarker screening plus an independent sample set.
Total protein (5 pg) was separated by tricine-buffered SDS-
PAGE and blotted on a PVYDF membrane. Polyclonal antibod-
ies were produced by immunization of rabbits with human
full-length recombinant ANXA4, CRABP2, SPBS5, and PSATI,
and used at a dilution of 1:2000 using 5% skim milk as a
blocking agent. The HRP-conjugated secondary antibody was
used at a dilution of 1:5000 in 2% BSA. Reactivity was visu-
alized on chemiluminescence films using an ECL detection kit
(GE Healthcare). Directly after detection, the membranes were
washed twice in 100 mM glycine-HC1 pH 2.5 buffer, blocked
in 5% skim milk and reprobed with HRP-conjugated anti-p-
actin as a loading control.

Immunohistochemistry. Formalin-fixed,  paraffin-embedded
tissues from EOC patients were sectioned at 4 um. All slides
were deparaffinized in xylene and rehydrated by stepwise
immersion (for 2 min each) in 100%, 100%, 90%, 80%, and
finally 70% ethanol. Residual peroxidase activity was quenched
in 0.3% hydrogen peroxide in methanol for 30 min. Immuno-
histochemical staining was performed using the VECTASTAIN
Elite ABC kit and ImmPACT DAB solution (Vector Laborato-
ries, Burlingame, CA, USA) according to the manufacturer’s
instructions. The primary antibodies were anti-ANXA4 anti-
body (clone D-2; 1:200 dilution; Santa Cruz), anti-SPB5 anti-
body (clone EAW24; 1:20 dilution; Thermo Fisher Scientific, -
Waltham, MA, USA), anti-CRABP2 antibody (clone TAS2; 1:
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2000 dilution; Chemicon, Temecula, CA, USA), and anti-
PSAT1 polyclonal antibody (product code 10501-1-AP; 1:100
dilution; Proteintech, Chicago, IL, USA). For antigen retrieval
for SPB5, CRABP2 and PSAT]1 staining, slides were boiled in
10 mM citrate buffer (pH 5.0) at 110°C for 1 min in an auto-
clave and anti-SPB5 antibody was diluted in Can Get Signal
Immunostain Solution B (Toyobo, Osaka, Japan). Stained
sections were lightly counterstained with hematoxylin and then
examined under a light microscope (DM6000B; Leica
Microsystems, Wetzlar, Germany).

Results

Proteomic profiling by 2-DE. Surgically dissected tissue
blocks of 39 ovarian cancer patients (Table 1) were prepared
and the total protein content in each was differentially ana-
lyzed by 2-DE to compare clinically important histological
subtypes: clear cell, endometrioid, mucinous, and serous ade-
nocarcinoma. The screening process is summarized in Fig-
ure 1. Representative 2-DE images of each subtype are shown
in Figure 2(a), detecting a total of 800-900 protein spots. As
described previously,”® each spot volume was normalized
against the B-actin spot. After spot matching and the applica-
tion of consistency criteria, 323 spots were selected for further
analysis and were identified by MALDI-TOF MS, giving 217
unique protein identities. The expression levels of the identi-
fied spots in each subtype were compared against all other sub-
types combined by the Mann—Whitney U-test to elucidate
subtype-specific features. Table 2 lists those proteins that were
significantly up- or downregulated (P < 0.0125, considering
Bonferroni’s correction). In total, 77 spots (55 proteins) were
identified as potential subtype-specific biomarker candidates.
According to the cellular_component of the GO annotation,
the screened proteins were mostly cytoplasmic and demon-
strated that the influence of blood on our tissue proteome anal-
ysis was minimal. As indicated in parentheses following the
protein names in Table 2, redundancy in protein identification
was frequently observed owing to multiple conformations of
the same protein separating into individual spots. Differential
expression observed in only one of the multiple spots was

No. spots

Frozen tissue blocks

l 2-DE

Spot matching, quantification

lValid value criteria

Spot identification (Table S2)

lMann-—Whitney U—test

List of subtype—specific spots (Table 2)

I~

Western blotting

PCA

Immunohistochemistry

Fig. 1. Overall workflow of the screening performed in the present
study. 2-DE, two-dimensional gel electrophoresis; PCA, principal com-
ponent analysis.
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possibly indicative of a subtype-specific change in protein
modification, such as phosphorylation, acetylation, glycosyla-
tion, or site-specific protease cleavage. For example, Spots 1

(a) Clear cell Endometrioid

(b)
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Fig. 2. Seventy-seven differentially expressed spots were identified

by two-dimensional (2D) gel electrophoresis analysis of epithelial ovar-
ian carcinoma subtypes. (a) Representative 2D gel images of clear cell,
endometrioid, serous, and mucinous tumor lysates, separated over a
pH 3-10NL gel in the first dimension and a 10-18% gradient gel in
the second dimension. Arrows indicate the position of annexin-A4
spots. (b) Scatter plot of the first two components computed using
the expression values of 77 subtype-specific spots with P < 0.0125,
showing separation of clear cell carcinoma from the other subtypes.
Individual tumors are annotated with histological subtype as indi-
cated.
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