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Abstract

Reclassification of epithelial ovarian tumors

by comparative proteomics

Yong Kyu Park

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Sei Kwang Kim)

We analyzed twelve epithelial ovarian tumors gsiproteomics to
construct intra and intertumoral distance map trees. The following
tumors were used: 4 serous tumors including 1 loalignant potential
(LMP) tumor and 3 serous carcinomas, 5 mucinousotamncluding 2
LMP tumors, 2 LMP tumors with aggressive featurasd 1 widely
invasive mucinous carcinoma, and 3 endometrioid otsmincluding 1
endometriotic cyst and 2 carcinomas. Proteins etdda from frozen
slides microdissected by laser capture microdissedCM) were
prepared for 2D-E gel, where only the spots thatanty showed a
greater than a twimld change in expression compared to controls were

selected.



We performed protein profile distance comparisand clustering
analysis. Epithelial ovarian tumors and normal ugss showed an
apparent separation on the distance map tree. Mugincarcinomas
were nearest to the normal group, whereas serorgngcmas were the
greatest distance from the normal group. All mugsioctumors with
aggressive histology were separated from the LM&umr

The benigAooking cysts adjacent to the IEC (intraepithelial
carcinoma) showed an expression pattern identwathé IEC area. The
extent of change on the lineages leading to theimous and serous
carcinoma was 1.9®Id different. The overall gene expression prdafile
of serous or endometrioid carcinomas appeared tdebg affected by
grading or stage than by histologic type.

In conclusion, ovarian mucinous tumors are appbredistinct from
other epithelial ovarian tumors. The LMP mucinousnoérs showing
histologic aggressive features belong to mucinoascicoma on the
molecular basis. The morphologic continuous spettrin mucinous

carcinoma has the same gene expression profiles.

Key Words : epithelial ovarian tumor, proteomics, distancaprmiree,

low malignant potential
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I. INTRODUCTION

Despite the critical importance of understandiagithelial ovarian
tumors, carcinogenesis in epithelial ovarian célsthe least understood
in cancer research. The majority of epithelial @ar tumors are
believed to be derived from the ovarian surfacethefiuim (OSE)-**
Epithelial ovarian tumors have a unique spectrumsising of benign
cystadenoma, low malignant potential (LMP) epithlelitumors, and
frankly invasive carcinom&’

LMP tumors are intermediary between those of ritedenign and
clearly malignant tumors of the same cell type wothbhistopathological
and biological aspects. However, the charactedmatof LMP tumors

has been controversial for more than a century.



Furthermore, LMP tumors occasionally manifest asthersome
clinical presentation, such as peritoneal implaimsserous tumors and
pseudomyxoma peritonei in mucinous tumors.

Most ovarian carcinomas seem to arise de novm f@SE. However,
approximately 510% of carcinomas may arise in a stepwise manner
from borderline tumord! More specifically, many mucinous carcinomas
often exhibit a wide spectrum, ranging from benigm malignant
epithelium in the same tumor. Moreover, there isafoabrupt transition
from benign to borderline or malignant epitheliﬁmRecentIy, a
continuous pathological spectrum based on multisterinogenesis has
been accepted in some wdifferentiated mucinous tumors, including
benign mucinous cystadenoma, LMP mucinous tumotraépithelial
carcinoma (IEC), stromal microinvasion and widelydsive mucinous
carcinoma’®

According to most studies that have attempteddééine the validity
of this spectrum in the biological aspect, IEC witktromal
microinvasion, by definition having more than onesolated
microinvasive focus of stromal invasion measuriegsl than 10 mmin
area, is regarded as a category of LMP, becauseitsoffavorable
outcome.

However, there has not yet been any verificabtbrnthe spectrums of
IEC or microinvasion, and whether it is similar tbMP in the
molecular aspects. Moreover, the folloyw periods of previous studies
have been too short to determine the clinical eelee of tumors
showing histologic aggressive features in the LMPategory.

Nonetheless, there have been rare molecular stidiemmpare between



ovarian tumors of LMP and those with aggressivaufes.

Morphological heterogeneity and difficulties inisctimination upon
gross examination are the main causative factorghef extreme rarity
of molecular studies of ovarian tumors. Furthermadresufficiency and
easy degeneration of proteins, when they were arbla from
multilocular cysts of mucinous tumors, make it idifft to rely on
literature regarding the molecular properties. Adowly, studies using
proteomics or cDNA arrays with tissues from pasehfive rarely been
performed, likely due to those limitatioP¥ while studies using serum
of patients may have ever been perforHéd.

The proteomics analysis of protein expressioriepad in OSHlerived
tumors can provide new insight into dysregulatedll cgignaling
pathways, which may in turn lead to the developmehtpromising
treatments*® In the present proteomics study, a distance teased on
intrac and intettumoral variations of gene expression patterns ledab
us to determine similarities between several orgdrem different
species of primate. Differences in apparent protein expression levels
were used to calculate an overall map distance suiped over all
genes>

In this study, we aimed to reclassify ovarianthglial tumors with
different histological types and grades and to mieitee the proteomic
similarities or differences between conventional RMumors and LMP
tumors with histologic aggressive features, such #sC or

microinvasion using a distance map tree.



1. MATERIALS AND METHODS

1. Tissue preparation and laser capture microdissection

All tumors and corresponding normal tissues wstered in sterile
bottles in a deep freezer. Prior to protein exioact all cases were
examined on cryosections, and again matched witk araffin
embedded tissues. A total of 12 epithelial ovarimmors: 4 serous
tumors including 1 LMP tumor and 3 serous carcingm@ mucinous
tumors, including 2 LMP tumors and 2 LMP tumors hwiaggressive
features (1 intraepithelial carcinoma and 1 withorsial microinvasion),
and 1 widely invasive mucinous carcinoma; 3 endooidt tumors,
including 1 endometriotic cyst and 2 carcinomasrewanalyzed using
proteomics.

Frozen slides were prepared from each case amdodigsected by
LCM with a Zeiss Axiovert 135 System (Zeiss, Obetken, Germany).
Frozen tissue specimens were cut into a series noirthick sections
and mounted on slides coated with a thermoplastembmane (PEN
foil slides; Leica Microsystems, Wetzlar, Germangystic tumor cells
were selectively dissected by focal melting of theembrane with a
UV-laser beam (337 nm) set to pulse at 80 kW. Micsmtited
fragments were dropped into embes under microscope inspection. To
minimize degradation, slides were fixed with 70%agiol for 1 min,
washed in diethylpyrocarbonate (DERated deionized water, and
stained with a Histogene LCM kit (Arcturus, MoumaiView, CA,
USA) to preserve the integrity of cellular nucle@cids. Based on

careful review of the histologic sections, each rodissection was



estimated to contain >98% of the desired cells. adrevith luminal

secretion, bloody substance, and necroinflammatiene avoided.

2. Protein extraction and 2-D gd electrophoresis

Tissue samples from patients were washed with /BSphate
inhibitor, incubated in lysis buffer [40 mM Tr4Cl, 7 M urea, 2 M
thiourea, 4% 3(3-cholamidopropy) dimethyammonid}propanesulfonate
(CHAPS; Sigma&ldrich, St. Louis, MO, USA), 100 mM 1, -4
dithioerythtitol (DTT; Sigma&Aldrich, St. Louis, MO, USA) with a
protease inhibitor cocktail (Sign#ddrich, St. Louis, MO, USA)], and
the samples were shaken for 15 minutes. Subsegueytates were
incubated at 4°C for 40 minutes with vigorous shgkievery 10
minutes, and then centrifuged at 4°C for 30 minu&ts14,000 rpm.
The proteircontaining supernatant was transferred to a neve, tund
then the protein concentration determined using i@-RAd Protein
Assay (BioRad, Hercules, CA, USA).

Nonlinear gradient strips, pH-80 were equilibrated by applying 7
M urea containing 2% CHAPS, 1% DTT, 1% pharmalyéed 2 M
thiourea for 1216 hours; 200ug of sample was loaded onto each
strip. Isoelectric focusing (IEF) was performed ngsia Multiphor I
electrophoresis unit and an EPS 3500 XL power supg@imersham
Biosciences, Uppsala, Sweden) at 20°C. During I&f€, voltage was
slowly increased over 3 hours from 150 V to 3,500 Rfior to the
second dimension, the strips were incubated in libcation buffer [6
M urea, 2% SDS, 50 mM TrldCl, pH 6.8, and 30 % glycerol] for
10 minutes. At that time, 1% DTT was added thet fitsne, and



subsequently 2.5% iodoacetamide (Sightdrich, St. Louis, MO, USA)
was added. The equilibrated strips were insertdad BDSPAGE gels
(2024cm, 1616%), and SD®AGE was performed using a Hoefer
DALT 2D system (Amersham Biosciences, Uppsala, ®ned2D gels

were downloaded at 1,700 Vh at 20°C and treateth wilver staining

3. Image analysis

An image analysis was performed using a PDQuefitvare (version
7.0; BioRad, Hercules, California, USA), and the amountpodtein in
each spot was normalized to the total valid spdensity. Only the
spots that clearly showed a greater than a -folb change in

expression compared to controls were selected.

4. MALDI-TOFMS

For each gel spot, a biopsy punch was preparedt@msferred to a
1.5 mL siliconized Eppendorf tube (Ambion, AustiTX, USA).
Subsequently, the transferred -gpbts were destained in destaining
solution [100 mM Ng50; (SigmaAldrich, St. Louis, MO, USA) and
30 mM KsFe(CN)} (SigmaAldrich, St. Louis, MO, USA)(V/V, 1:1)].
The destained gel slices underwent -q@guction using 100%
acetonitrile (HPLC grade). Gspots containing protein were reduced at
56°C for 30 minutes in reduction buffer [100 mM MCO; (Sigma
Aldrich, St. Louis, MO, USA), 10 mM DTT (Sigmadrich, St. Louis,
MO, USA)], and alkylated at room temperature for B&inutes in
alkylation buffer [L00 mM NEHCO; and 55 mM iodoacetamide]. Gel
slices were dried in a Spe®¥dc (GMI, Ramsey, MN, USA).



The dried gel slices were incubated at 37°C f@16 hours in
ABC buffer [50mM ammonium bicarbonate (Sigvkrich, St. Louis,
MO, USA), pH 8.0] containing 0.1mg/ml trypsin. Theeptide mixture,
treated with sequencing grade modified trypsin ifirga Biosciences,
San Luis Obispo, CA, USA), was concentrated using Zips
(Millipore Corp., Billerica, MA, USA).

Peptide samples were mixed at a ratio of 0.5 ratrisn (acyano4-
hydroxytranscinnamic acid; Sigaddrich, St. Louis, MO, USA) and
0.5 ml sample, loaded into a 96x2 samples plat& (?700813), and
crystallized. The crystallized samples were analyzesing an Applied
Biosystems Voyager System 4307 MALDOF Mass Spectrometer
(Applied Biosystems, Foster City, CA, USA).

Parameters were set as follows: positive -raftector mode,
accelerating voltage 20 kV, grid voltage 64.5%, rarir voltage ratio
1.12, N laser wavelength 337 nm, pulse width 3 ns, numifetaser
shots 300, acquisition mass range 8300 Da, delay 100 ns, and
vacuum degree 4 x 710torr. In addition, deérg™-Bradykinin, Glu-
Fibrinopeptide B, and ACTH (clip 1B9) were used as external

standards for mass calibration.

5. Protein profile distance comparison and clustering analysis

We applied filtering method to the protein exgies data to avoid
including in the data analysis those proteins ttat not vary or that
were not highly expressed. We selected only preteinose expression
was significantly different between the normal refeee pool and tumor

sample pools. The protein spots filtered by studefitest (0.05<P) and



for these spots, we performed protein profile diséa comparison and
clustering analysis.

The overall distances between protein expressmofiles were
calculated using the following formula by summing uhe absolute

ratio of the proteins.

L

n [E=]
>, | loga—

According to the abowmentioned formula, where n is the number of

proteins calculated in the tissue, normalized isitgnof protein spots in
each a and b sample tissue was used.
The pairwise distance matrix of protein expression profd@s used to
build distance trees. The values were entered at®EGA software
program (http://www.megasoftware.net and the neighbor joining tree
was constructed.

Clustering analysis was performed for selectelierdd spots. To
calculate the protein expression ratios, mean geergpot volume of
normal reference pools was used for individual rarnand tumor
samples. The Cluster and Tree View software wereedus
(http://rana.Stanford.EDU/software/)to group proteins with  similar
expression patterns and to display the tree. Weal useerage linkage
clustering with a modified Pearson correlation awilarity metric and

protein and array was median centered.
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1. RESULTS

1. Clinicopathologic analysis

Clinical information about the ovarian tumor tiss used in this
study is shown in table 1. The mean ages of patievith mucinous,
endometrioid, and serous tumors were 30.6, 41.3] 46.5 years,
respectively. Mucinous tumors were relatively larghan in the other
types, and all were stage | except one endometrigiccinoma (stage
I) and two serous carcinomas (stage Il and stdfje |Case 1 was
taken from two different lesions, one from an adc benign
cystadenoma (Tla) and another from an intraepahelarcinoma (T1b).
Case 2 ,case 3 and case 5 had no correspondingalndrssues,
probably due to the total replacement of ovary bg tumors. Papillary
serous carcinomas (PSC) representing with eachegaad clinical stage

were included in the present study.
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Table 1. Clinicopathologic characteristics of tested samples

No. | Age Histologic type Mass weight (g) |Stage| Labels tested *
and size (cm)
1 25 LMP Mucinous tumor with 15609/21x16x7cm | Tla: cystadenoma
intraepithelial carcinoma (IEC), Tib: IEC
non-invasive N1: remaining

normal tissue

2 32 Microinvasive mucinous ca 12309g/25x15x7cm | T2: invasive focus
less than 6mm?’

3 28 | LMP mucinous tumor, intestinal | 11509/25x20x8cm | T3: IMBT
type
4 26 | LMP mucinous tumor, Mullerian 5409/8x6x4cm | T4: borderline papillae
type N4: corresponding
normal tissue
5 42 Mucinous adenocarcinoma 15509/8x6x2cm | T5: carcinoma
6 35 Endometriotic cyst 25¢g/6x5x2cm NS |T6: endometriotic cyst
N6: normal tissue
7 49 Endometrioid carcinoma, 5339/12x10x8cm I} T7: sertoliform
sertoliform, grade 3/3 N7: corresponding
normal
8 40 Endometrioid carcinoma, 730g/15x13x9cm | T8: carcinoma
conventional, grade 1/3 N8: corresponding
normal
9 37 LMP serous tumor 45¢g/7x4x2cm | T9: borderline papillae
N9: corresponding
normal
10 49 Papillary serous ca, grade 1/3 170g/9x5x2.5cm | T10: carcinoma
N10: corresponding
normal
11 50 Papillary serous ca, grade 3/3, 909g/6x4x3cm Il |T11l: carcinoma
with node metastasis N11: corresponding
normal
12 50 |Papillary serous ca, grade 3/3, 75g/6x4x4cm 1l T12: carcinoma
with omental and parametrial N12: corresponding
invasion normal

IEC=intraepithelial carcinoma, LMP= low malignanbtential, NS= not stated
IMBT= intestinal mucinous borderline tumor, N:rmal, T: tumor
*. labels were nominated according to the areasctadl by microdissection

12



Figure 1 shows the selected areas used for pniteo and
microscopic portraits of each tumor. T1 exhibitdthracteristic stepwise
carcinogenesis (intraepithelial carcinoma) directhrising from the
conventional IMBT and no definite stromal invasioAdjacent to the
IEC of T1, a benighooking cystadenoma (Tla) was captured and
labeled separately from that of IEC (T1lb). T5 exkib disorderly
infiltrative nests with a desmoplastic stroma, veaer T2 showed a
small invasive focus less than 10ﬁ,1mvhich was compatible with LMP
intestinal mucinous tumor with microinvasion. LMRtastinal mucinous
tumor (T3) was microscopically similar to a villousdenoma in the
gastrointestinal tract, and LMP Mullerian mucinousnor (T4) showed
typical swollen papillae covered by endocerdde mucinous
epithelium. In contrast to a typical endometriotiyst composed of
normatlooking proliferative endometrial glands and stroni&6), the
sertoliform endometrioid carcinoma (T7a) demonstfatcord and
trabecular patterns that were less differentiatbdnt a conventional
endometrioid carcinoma (T7b).

In comparison with poorly differentiated carcirmman extremely
well-differentiated endometrioid carcinoma was includ€@8). LMP
serous tumor (T9) is characterized by detachediferaling papillae
with numerous cellular tufts toward the lumen. Ehreases of papillary
serous carcinomas showed each different clinicafjest Whereas T10 is
a welkdifferentiated PSC encompassing low stage, T11 &amh@ are
poorly differentiated high stage carcinomas. T1llowstd numerous
psammomatous calcifications admixed with carcinoma.

13



IMBT with IEC
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Intestinal Mucinous Borderline Tumor (T3)

(A

Mullerian Mucinous Borderline Tumor (T4)
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Qvarian Endometrioid Tumor

Ovarian Serous Tumor




Fig. 1. Selected areas for proteomics from fresh frozen tissues. A;
LMP mucinous tumor with intragpithelial carcinoma. T1 is
characteristic of carcinomatous transformation rigstd to surface
epithelium and no definite stromal invasion arisinffom the
conventional LMP mucinous Mullerian tumorB; Ovarian low
malignant tumor (LMP). LMP has two distinct subsets, including
LMP mucinous intestinal tumor and LMP mucinous Mukn tumor.
LMP mucinous intestinal tumor (T3) is similar tolleus adenoma in
gastrointestinal tract, LMP mucinous Mullerian tumd@T4) showed
typical swollen papillae covered by endocervida epithelium. C; The
stromal invasion in mucinous tumor. According to the dimension of
stromal invasion, LMP mucinous intestinal tumor hwinicroinvasion or
invasive carcinoma is determined. Their criteria te dimension of
stromal invasion is 10mm D; Endometriotic tumor. Compare
endometriotic cyst with endometrioid carcinoma. cl@&r area in
endometriotic cyst is composed of nordmaking proliferative
endometrial glands and stroma (T6). Cord and trnalbec pattern
appears to be a sertoliform endometrioid carcindifida) in the more
typical endometrioid carcinoma (T7b). Wdlfferentiated endometrioid
carcinoma is identified (T8).E; Atypical proliferating serous tumor
(T9) is characteristic of detached proliferatingpilae with numerous
cellular tufts toward lumen. Three cases of papillaerous carcinomas
showed each different grade. Wellifferentiated PSC (T10) is an early
-onset tumor. T11 and T12 demonstrated poorly diffeated
carcinomas. T11 showed numerous psammomatous icalicihs
admixed with carcinoma.

17



2. Proteomic anaysis

A. 2-DE andysis

Proteomic analysis was performed to assess tb&gmic similarity
or difference of the specific types of epithelialagan tumors. For the
comparison of LMP tumors, corresponding normal uiéss and
carcinomas were used as two reference groups Higln the analyzed
samples, approximately 1,400 protein spots werected. In order to
analyze similarities or differences in protein eegwmion patterns among
the three sample groups, quantity data from 117tsspmound a spot

without great variation (Fig. 3) were analyzed.
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T3 T9 T4

Fig. 2. 2-DE gel images of ovarian cancers and their corresponding
normals. For comparing the protein expression differencéshe tumor
and the paired normal samples, each histologic hiadbgic different
tumor was categorized.L; low malignant potential, B; benign
endometriotic cyst, M; mucinous tumor with IEC/invasion,E;
endometrioid carcinomaS; serous carcinoma,N; normal, T; tumor
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B. Distance map tree construction

The tree was constructed as a neighbor joinimg tby adding the
calculated distance of 117 spots as pairwise casgres and generating
a distance matrix. The distance map constructedssess similarities in
the protein expression between samples is showrFign 4A. Group
average distance map tree of ovarian epithelialotsmwas constructed
for estimation of similarities based on Fig. 4A dFi 4B).
Corresponding normal tissues from the remainingriasatissues spared
by ovarian tumors aggregated closely to each oth&P Mullerian
mucinous tumor (T4) exhibited an expression pattquite similar to
the normal tissue. LMP intestinal mucinous tumor3)(TLMP serous
tumor (T9) and endometriotic cyst (T6) were in therderline range
between the normal and carcinoma groups. LMP tunwite ominous
microscopic findings, such as IEC (T1lb) or micr@swn less than 10

mm’ (T2), were separated from the conventional LMP @l T4) and

normal group. Even benigaoking cystadenoma areas (T1a) adjacent to

the IEC (T1lb) showed an identical expression pattey each other.
Invasive mucinous carcinoma (T5) was slightly geeatlistance from
the LMP with IEC or microinvasion. Serous carcireem(T10, T11,
and T12) were found in a cluster at the greatestadce from the
normal group, and were apparently different frome thmucinous
carcinoma. Endometrioid carcinomas (T7 and T8) weetween the
serous and mucinous carcinomas. Sertoliform endaitet carcinoma
showed a similar map tree to the conventional eradboid carcinoma.

In terms of serous and endometrioid carcinomaserall gene

expression profiles appeared to be less affectedgtading or stage,

21



than by histologic type.

The degree of similarity or difference betweeme¢h distinct ovarian
epithelial carcinomas was analyzed by the relagwéent of expression
ratio when we use the initially branched point €ask in Fig. 4A) as
a reference.

When typespecific differences were compared, mucinous camsm
was different from the papillary serous carcinoma @endometrioid
carcinoma by 1.9®lId. The ratio of endometrioid carcinoma to serous
carcinomas was 1fbld, both of them represent similar to each other

(Fig. 4C).
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1.1

1.98

10

Fig. 4. Map tree of ovarian epithelial tumors.

S=serous, M=mucinous, E=endometrioid

A; Clustering of distance map tree. Numbers refeith® ratio between
the changes common to ovarian epithelial tumorschEdumor is

categorized according to protein expression extents

B; Distance tree representing the relative exteritexpression changes
between ovarian tumors and corresponding normaldis

C; Group average distance map tree of ovarian d@itheimors. This

represents the relative extend of expression éiffeg between three
different ovarian carcinomas when serous carcinogiup is a

reference.
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C. Clustering agorithm of ovarian tumors

In previous distance analysis of protein expmssiprofile, we
showed that protein expression profile discrimingtee features of
tumor type classified by histologic observation. thdugh profile
distance analysis reflected relative distances iwilarities or differences
of expression profiles, these calculations negtectke orientation of
expression pattern. For example, simultaneously fald upregulated
or downregulated pattern showed same distance.

In this reason, hierarchical clustering analysi®s performed to
compare the similarity according to expression goaff. All 117 spots
applied to the previous profile distance analysisrevalso adopted for
clustering analysis.

As shown in Fig. 5 thirteen tumor samples werassified principally
into three groups. The expression profiles of therogs carcinomas
were isolated forming swoilass consisting two endometrioid carcinomas
in one group. Five mucinous tumors were clustenedome group. In
previous profile distance analysis, T4 mucinous dunwas separated
from the rest of mucinous tumors showing rather ilaimexpression
profile to the normal tissue. Interestingly, in sthcluster analysis, T4
was represented similar pattern to the mucinousotumlthough T4
formed subclusters with T5. In the clustergram coseg overall
normal and tumor samples, T4 also showed more ainplattern to
normal than the rest of the mucinous tumors.

This fact implied that T4 did not reveal distinekpression profile to
the mucinous tumors, however, T4 shared more comrmgpression

pattern with mucinous tumors rather than other gypé tumors.

25



The last group consisting of two borderline tusavas isolated from
the two principal groups. In this analysis, distintiree groups were
classified from protein expression profile, althbugthe distance

relationship was not clearly deciphered.
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Fig. 5. Clustergram of ovarian tumor expression profile. Left panel
represents the expression pattern of thirteen tuexgression profile.
This clustergram was constructed from differentiakkxpressed 117
spots as compared with normal groupRight panel represents the
dendrogram showing the similarity relationship dfirteen tumors. In
scale bar, green color represents the fold of dmgunlation, and red
represents the fold of tnegulation of protein expression.
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V. DISCUSSION

A distance tree based on intrand inteftumoral variations of gene
expression patterns was first adopted to deternsinglarities between
several organs from different species of primateShe present study,
which aimed to phylogenetically classify and deteen proteomic
similarities between epithelial ovarian tumors,tie first application of
distance map tree proteomics in human tumors. Imticp&r, we
focused on the evaluation of mucinous tumors, betweonventional
LMP and LMP with histologic ominous features, suels IEC or
microinvasion. This was feasible due to the quaim differences in
protein expression profiles between closely relaggithelial tumors. It
is likely that there are numerous underlying reasér such expression
differences, for instance: duplications and deleticof genes, promoter
changes, changes in levels of transcriptional fact@nd changes in
cellular compositions of tissués

In general, mucinous tumors have been known tomoee prevalent
among younger patients and are more frequently ceded with
borderline or benign spectrums than serous or eattitd tumors’®
Therefore, some mucinous tumors are thought to ldevehrough
stepwise genetic alterations, in contrast to semarginomas, which are
thought to arise de novo from the ovarian surfapghelium and its
inclusion cyst$®'® We recognized that ovarian mucinous tumors are
apparently distinct from other ovarian surface legitmderived
epithelial tumors in their protein expression dexfi

Interestingly, we observed that morphologic hadeneity in
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mucinous tumors does hot result in proteomic hgemeity, which was
demonstrated by the divergent morphologic areash@é same mucinous
tumor having similar proteomic alterations.

The first evidence of this is that the proteinpmssion profiles of
benign cystadenoma were more likely to those of acijt
intraepithelial carcinoma than those from the aponding normal
areas. The second evidence is that the phylogertetie of LMP
mucinous tumors with microinvasion was very close that of widely
invasive mucinous carcinoma. All LMP tumors showirtgstologic
ominous features, such as LMP mucinous tumors WHC or
microinvasion, were distinctively different from LB mucinous tumors
and took protein expression patterns of mucinouximama in overall
protein expression profiles.

Mucinous intraepithelial carcinomas have beenindéef conceptually
same as carcinoma in situ, and foci of stromal sSiores <10mrh have
been designated “LMP with microinvasion” since caswith such
findings have had more favorable outcomes than mows carcinoma

in previous studie¥'’*®

However, their biological behaviors remain
unknown, not only because of a lack of discernaptetein profiles
between LMP and IEC or microinvasive tumors, bigoabecause there
have been very few studies on these tumors.

We speculate that ovarian mucinous tumors may tile proteomic
portraits from their worst histological featuresasbd on the results in
the present study exhibiting the same protein [@®feven in benign or
borderline areas adjacent to the carcinoma. Thenaito is consistent

with the previous study for detection of the sansmaiic aberrance, i.e.
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k-ras mutation, in separate areas exhibiting differbistologic grades
within the same mucinous tumSr.Nonetheless, the protein expression
profiles of Mullerian LMP mucinous tumors are ngathe same as
normal tissue, which may explain why they are natalf and have
excellent clinical behavidf:*

In the phylogenetic map tree, serous carcinomae wobviously
separated from mucinous carcinomas. Serous caresowere located
the greatest distance from the normal and LMP @puwhereas
mucinous carcinomas were more close to the normralupg This
protein expression profile of serous carcinomas ragpglain their highly
aggressive clinical behavior of this tumor.

As expected, high stage serous carcinomas (Tld &h2) were
slightly separated from the stage 1 serous caranor(r10).
Endometrioid carcinomas were mapped between theouserand
mucinous carcinomas. Sertoliform endometrioid cagia, a variant of
poorly differentiated endometrioid carcinoma, wasurfd to be of a
common lineage with conventional endometrioid cayma at least in
overall protein expression profiles.

When we compared typecific differences, we found that the
change of mucinous carcinomas was @@ that of serous
carcinomas, and the ratio of endometrioid carcinorta serous
carcinomas was 1fbld. These results show that mucinous carcinomas
are different from serous and endometrioid carca@mwhich may

reflect the improved prognosis of mucinous carciaem
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V. CONCLUSION

In the present study, we identified that ovariamalignant epithelial
tumors showed distinctively different protein exgmien profiles between
histological subtypes. Serous carcinoma was thet mifferent from the
normal group, while mucinous carcinoma was the tleifferent. LMP
mucinous tumors with IEC and stromal microinvasiexhibited the
molecular expression pattern closer to mucinougimama rather than
LMP mucinous tumors, which means that LMP mucinowsnors
showing histologic aggressive features belong t@inmus carcinoma on
the proteomic basis. Furthermore, the morphologiatinuous spectrum

in mucinous carcinoma has the same protein expregsiofiles.
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