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<ABSTRACT> 

Comparative proteomic analysis of advanced serous epithelial ovarian 

carcinoma: Predictors of chemoresistant disease  

 

Sang Wun Kim 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Young Tae Kim) 

 

To identify specific proteins associated with chemotherapeutic responses, 

we analyzed protein expression patterns in stage IIIc primary serous epithelial 

ovarian cancer (EOC) tissues displaying differential responses to first-line 

postoperative adjuvant chemotherapy. Initially, the expression profiles of five 

chemoresistant serous EOC tissues [progression-free survival (PFS)  ≤ 12 

months] and five chemosensitive serous EOC tissues (PFS ≥ 48 months) were 

analyzed with two-dimensional (2D) electrophoresis, and the spot intensities 

of differentially expressed proteins were quantified. A total of 46 

differentially expressed protein spots were identified in serous EOC tumors 
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compared to normal ovarian samples. In chemoresistant tissues, four proteins 

[thioredoxin domain containing 4, similar to RIKEN cDNA 1700016G05, 

tubulin alpha 1A chain, and the pyruvate dehydrogenase (PDH) E1-beta 

subunit precursor] were over-expressed. Seven proteins [keratin 1, vitamin D-

binding protein, creatine kinase B (CKB), annexin V, SH3-containing guanine 

nucleotide exchange factor (SGEF), tryptophan-aspartate repeat protein-1 

(WDR1), and WDR 1 isoform 1] were under-expressed in the chemoresistant 

tissues. To examine these proteins as potential markers for chemoresistant 

disease, we analyzed tissues from an additional 17 EOC stage IIIc patients 

using 2D protein electrophoresis. Receiver operating characteristics (ROC) 

curve analysis for selected protein spots was performed and the appropriate 

cut-off levels for protein spot intensity were selected. Patients were allocated 

to the over- or under-expressing group according to protein spot intensity, and 

survival analysis was performed. The over-expression of the PDH E1-beta 

subunit precursor (p = 0.0025) and the under-expression of keratin 1 (p = 
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0.0080), CKB (p = 0.0357), annexin V (p = 0.0008), SGEF (p < 0.0001), 

WDR1 (p = 0.0489), and WDR1 isoform 1 (p = 0.0010) were significantly 

correlated with poor progression-free survival in stage IIIc serous EOC. The 

two most reliable combinations of differentially expressed proteins for 

predicting chemoresistant disease were: 1) the over-expression of PDH E1-

beta subunit precursor and the under-expression of SGEF protein, and 2) the 

over-expression of PDH E1-beta subunit precursor and the under-expression 

of WDR1 isoform 1. Therefore, the relative expression of these proteins may 

be useful as a predictor of chemoresistance in advanced serous EOC. 

However, further studies with a larger number of patients are required to 

confirm these results.  

 

 

 

-------------------------------------------------------------------------------------- 

Key words: antineoplastic drug resistance, ovarian cancer, proteomics, 

two-dimensional electrophoresis 
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Comparative proteomic analysis of advanced serous epithelial ovarian 

carcinoma: Predictors of chemoresistant disease  

 

Sang Wun Kim 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Young Tae Kim) 

 

I. INTRODUCTION 

Epithelial ovarian cancer (EOC) is one of the most frequent gynecologic 

cancers and the leading cause of death among gynecological malignancies.1 

Most EOC patients present at advanced stages (stages III and IV) and are 

treated with primary cytoreductive surgery and platinum/taxane-based 

postoperative adjuvant chemotherapy.2,3 In patients with advanced disease, the 

response rate to initial platinum-based chemotherapy is quite high 

(approximately 70−80%), but is followed by recurrence in more than 75% of 

cases.4,5 
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Despite efforts to reduce recurrent disease, platinum-based chemotherapy 

fails in the majority of patients, primarily due to drug resistance.6,7 The 

mechanisms underlying drug resistance are multifactorial and include genetic 

changes, alterations in oncogene expression, and the modulation of signal 

transduction pathways.8−12 Previous studies have attempted to identify 

changes in RNA and protein levels as biomarkers associated with 

chemoresistant disease.13−15 

Although recent advances in proteomics have permitted proteomic analyses 

in ovarian cancers, these studies were primarily aimed at identifying useful 

biomarkers for early diagnosis.16,17 However, proteomic analysis may also aid 

in the identification of new biomarkers for chemoresistant disease. Although 

comparative proteomic analyses have been reported in chemoresistant ovarian 

carcinoma cell lines,18,19 no information is available regarding advanced 

ovarian cancer tissues. 
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To identify specific proteins associated with chemoresistant disease, we 

analyzed protein expression patterns using two-dimensional polyacrylamide 

gel electrophoresis (2D PAGE) in primary advanced serous EOC tissues 

displaying differential responses to first-line postoperative adjuvant 

chemotherapy. Initially, 2D PAGE-based comparative proteomic analyses of 

five chemoresistant serous EOC tissues [progression-free survival (PFS) ≤ 12 

months] and five chemosensitive tissues (PFS ≥ 48 months) from optimally 

debulked stage IIIc patients were performed. Quantitative analysis of digitized 

images was performed, and differentially expressed proteins were selected 

and then identified via matrix-assisted laser desorption ionization-time-of-

flight mass spectrometry (MALDI-TOF MS). To confirm these proteins as 

markers of chemoresistant disease, receiver operating characteristics (ROC) 

curve analysis was performed, and a cut-off level for the intensity of each 

protein spot was selected. We then analyzed an additional 17 EOC tissues via 

2D PAGE. Patients were allocated to over- or under-expressing groups 
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according to protein spot intensity, and survival was compared between 

groups using the Kaplan−Meier method. The over-expression of pyruvate 

dehydrogenase (PDH) E1-beta subunit precursor and the under-expression of 

keratin 1, creatine kinase B (CKB), annexin V, SH3-containing guanine 

nucleotide exchange factor (SGEF), tryptophan-aspartate repeat protein-1 

(WDR1), and WDR1 isoform 1 were correlated with poor progression-free 

survival in stage IIIc serous EOC patients. Various combinations of these 

differentially expressed proteins were assessed for their ability to accurately 

diagnose chemoresistant diseases. The two most reliable protein combinations 

were: 1) over-expression of the PDH E1-beta subunit precursor and under-

expression of SGEF protein, and 2) over-expression of the PDH E1-beta 

subunit precursor and under-expression of WDR1 isoform 1. These results 

indicate that differentially expressed proteins may be functionally implicated 

in the evolution of chemoresistant and chemosensitive phenotypes. 
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II. MATERIALS AND METHODS 

 

1. Patients and Tumor Tissues 

Twenty-seven fresh tumors, snap-frozen in liquid nitrogen, were obtained 

from 27 stage IIIc serous ovarian carcinoma patients according to the 

guidelines of the institutional review board of the Yonsei University College 

of Medicine, Seoul, Korea. Three normal ovarian samples were also obtained 

from perimenopausal individuals who had undergone surgery for benign 

uterine diseases. All patients were staged according to the International 

Federation of Gynecology and Obstetrics criteria for ovarian cancer. 

To identify differentially expressed proteins in chemoresistant tumors, we 

initially selected ten patients (total) with chemoresistant and chemosensitive 

tumors. The available clinico-pathological data of these patients are provided 

in Table 1. All patients had optimally debulked stage IIIc serous ovarian 

carcinoma and were initially treated with six cycles of platinum-based 
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combination chemotherapy. Five patients whose cancer progressed within 12 

months from the initiation of primary chemotherapy were deemed 

chemoresistant, whereas the remaining five patients whose cancer did not 

recur for more than 48 months were deemed chemosensitive. Progression was 

defined as the appearance of a new metastatic site that was not present upon 

the initiation of primary chemotherapy or an abnormal CA-125 value with an 

increase greater than 25% over the previous level. PFS was defined as the 

interval from date on which primary chemotherapy was initiated to the date 

that progression was noted. Overall survival was calculated based on the date 

on which primary chemotherapy was initiated until the date of death or the 

most recent follow-up visit. 

To verify selected proteins as prognostic markers, we analyzed an 

additional 17 patients with stage IIIc serous ovarian carcinoma. In these 

patients, the progression-free and overall survival rates were analyzed with 

respect to the expression levels of selected proteins.  
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2. Protein sample preparation 

Tumor  tissues were homogenized directly using a motor-driven 

homogenizer (PowerGen125, Fisher Scientific) in sample lysis solution 

consisting of 7 M urea, 2 M thiourea containing 4% (w/v) 3-[(3-

cholamidopropy)dimethylammonio]-1-propanesulfonate (CHAPS), 1% (w/v) 

dithiothreitol (DTT), 2% (v/v) pharmalyte, and 1 mM benzamidine. Proteins 

were extracted for one hour at room temperature with vortexing. After 

centrifugation at 15,000 × g for one hour at 15°C, the insoluble material was 

discarded and the soluble fraction was subjected to 2D PAGE. Protein was 

quantitated using the Bradford assay.20 

 

3. 2D PAGE 

IPG dry strips were equilibrated for 12−16 h in 7 M urea, 2 M thiourea 

containing 2% CHAPS, 1% DTT, and 1% pharmalyte, and loaded with 200 

µg of sample. Isoelectric focusing (IEF) was performed at 20°C using a 
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Multiphor II electrophoresis unit and an EPS 3500 XL power supply 

(Amersham Biosciences, Piscataway, NJ, USA), according to the 

manufacturer’s instructions. For IEF, the voltage was linearly increased from 

150 to 3,500V over 3 h for sample entry and then maintained at 3,500V; 

focusing was complete after 96 kVh. Prior to the second dimension, strips 

were incubated twice for 10 min each in equilibration buffer (50 mM Tris-

HCl, pH 6.8, containing 6 M urea, 2% SDS, and 30% glycerol), first with 1% 

DTT and then with 2.5% iodoacetamide. Equilibrated strips were inserted 

onto SDS-PAGE gels (20 × 24cm, 10−16%). SDS-PAGE was performed 

using a Hoefer DALT 2D system (Amersham Biosciences), according to the 

manufacturer’s instructions. The 2D gels were run at 20°C for 1,700 Vh and 

then silver stained as described by Oakley et al.21; however, the fixing and 

sensitization step with glutaraldehyde was omitted. 

 

4. Image analysis 
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Quantitative analysis of digitized images was carried out using PDQuest 

software (version 7.0, BioRad, Hercules, CA), according to the 

manufacturer’s instructions. The intensity of each spot was normalized against 

the total valid spot intensity. Spots that showed significant variation in 

expression were identified through comparison with normal ovarian or 

chemosensitive tumor samples using the Mann−Whitney U-test. Spots with p-

values < 0.05 were selected. 

 

5. Enzymatic digestion of protein in-gel 

Selected protein spots were enzymatically digested in-gel using modified 

porcine trypsin in a manner similar to that previously described by 

Shevchenko et al.22 Gel pieces were washed with 50% acetonitrile to remove 

SDS, salt, and stain, and then dried to remove the solvent. The pieces were 

then rehydrated with trypsin (8−10 ng/µl) and incubated for 8−10 h at 37°C. 

The proteolytic reaction was terminated by the addition of 5 µl of 0.5% 
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trifluoroacetic acid. Tryptic peptides were recovered by combining the 

aqueous phase from several gel extractions with 50% aqueous acetonitrile. 

After concentration, the peptide mixture was desalted using C18ZipTips 

(Millipore, Billerica, MA) and the peptides were eluted in 1−5 µl of 

acetonitrile. An aliquot of this solution was mixed with an equal volume of a 

saturated solution of α-cyano-4-hydroxycinnamic acid in 50% aqueous 

acetonitrile, and 1 µl of this mixture was spotted onto a target plate. 

 

6. MALDI-TOF analysis and database search 

Protein analysis was performed using an Ettan MALDI-TOF system 

(Amersham Biosciences). Peptides were evaporated with an N2 laser at 337 

nm using a delayed extraction approach. They were then accelerated with a 

20-kV injection pulse for time-of-flight analysis. Each spectrum was the 

cumulative average of 300 laser shots. The search program ProFound, 

developed by Rockefeller University (http://129.85.19.192/profound_bin/ 
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WebProFound.exe) was used for protein identification by peptide mass 

fingerprinting. Spectra were calibrated using trypsin auto-digestion ion peaks 

(m/z, 842.510 and 2211.1046) as internal standards. Search parameters were 

assigned as follows: databases, Swiss-Prot (10.30.200) and NCBI nr 

(10.21.2003); mass tolerance, 50 ppm; 1 missed cleavage site permitted; 

species, Homo sapiens; monoisotope mass; test range, experimental pI ± 2 

pH units; Mr ± 20%. Z estimation was then applied, which is a method used 

to measure the identification confidence level by evaluating the z-scores of 

various candidate groups. The z-score is a measurement of the distance from 

the mean value in standard deviation units and is obtained using the formula z 

= (x − y)/σ, where x is a Gaussian random variable, y is the mean value of x, 

and σ is the standard deviation of x. In this study, z-scores of 1.645, 2.326, 

and 3.090 represent confidence levels of 95%, 99%, and 99.9%, respectively. 

 

7. Statistical Analysis  
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The data were analyzed using parametric and nonparametric statistics, with 

SPSS 11.0 (SPSS, Inc., Chicago, IL). Descriptive statistics were used for 

quantitative experimental data. Mann−Whitney U-tests were performed to 

compare spot intensities between groups, and spots with a p value < 0.05 were 

selected. ROC curves were constructed to determine the spot intensities that 

provided the highest sensitivity and specificity in predicting chemoresistant 

tumors (i.e., the optimal values). All 27 patients were divided into two groups 

according to spot intensity. Patients with spot intensities higher or lower than 

the optimal value were assigned to the over-expressing or under-expressing 

group, respectively. Over- and under-expressing patients were subjected to 

survival analysis to compare progression-free and overall survival. The 

Kaplan−Meier method was used to estimate survival curves, and the log-rank 

statistic was used to test the equality of survival functions between patients 

showing over- or under-expression of each protein. Proteins which showed 

significantly different survival rates were selected and these proteins were 
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then arbitrarily combined in the hope of increasing their diagnostic accuracy 

for chemoresistant disease. To identify the combination(s) that most 

accurately detected chemoresistant disease, each pair was compared via ROC 

curve analysis. This analysis was performed for 17 patients (10 patients with 

chemoresistant disease and seven patients with chemosensitive disease). The 

combinations with the fewest variables and greatest area under the curve 

(AUC) values were selected. 
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III. RESULTS 

 

Initially, total protein from 10 serous EOC tumors of five chemoresistant 

tumors and five chemosensitive tumors, and three normal ovarian samples 

was analyzed using 2D PAGE-based comparative proteomics (Figure 1 and 2). 

 

Figure 1. Representative 2D PAGE image in primary advanced serous EO

C tissue.  
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S1 S2 S3 S4 S5

R1 R2 R3 R4 R5

S1 S2 S3 S4 S5

R1 R2 R3 R4 R5  

Figure 2. Differentially expressed protein spot image (spot no: 2507) in 

chemoresistant disease (R1~R5) compared to chemosensitive disease (S1~S5).  

The protein spot intensities were lower in chemoresistant disease compared to 

chemosensitive disease. 

 

The differentially expressed proteins were identified using MALDI-TOF 

MS. The clinical characteristics of these patients are summarized in Table 1. 

The median follow-up period was 48 months (range, 11−81 months). In total, 

46 differentially expressed protein spots were identified in serous EOC tumors 

compared to normal ovarian samples (Table 2). In MALDI-TOF MS analysis 
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of these 46 protein spots, several protein spots were identified to be the same 

protein. As a result, 24 proteins were identified to be over-expressed and 12 

proteins under-expressed in serous EOC tumors. Moreover, 11 differentially 

expressed proteins were detected between chemoresistant and chemosensitive 

tumors, including four over-expressed proteins (thioredoxin domain 

containing 4, similar to RIKEN cDNA 1700016G05, tubulin alpha 1A chain, 

and the PDH E1-beta subunit precursor) and seven under-expressed proteins 

(keratin 1, vitamin D-binding protein, CKB, annexin V, SGEF, WDR1 protein, 

and WDR1 isoform 1) in chemoresistant tumors (Table 3). Among 36 proteins 

which were differentially expressed in serous EOC tumors, only one protein 

(similar to RIKEN cDNA 1700016G05) protein were over-expressed in 

chemoresistant tumors. The results of ROC curve analysis for the selected 11 

proteins are shown in Table 4. 

To confirm these proteins as predictive markers for chemoresistant disease, 

we analyzed an additional 17 patients and the clinico-pathologic 
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characteristics of these individuals are summarized in Table 5. All patients 

had undergone platinum-based postoperative adjuvant chemotherapy for stage 

IIIc serous EOC. Survival analysis with respect to differential protein 

expression revealed that the over-expression of the PDH E1-beta subunit 

precursor (p = 0.0025) and the under-expression of keratin 1 (p = 0.0080), 

CKB (p = 0.0357), annexin V (p = 0.0008), SGEF (p < 0.0001), WDR1 (p = 

0.0489), and WDR1 isoform 1 (p = 0.0010) were significantly correlated with 

poor progression-free survival (Table 6). In addition, the under-expression of 

keratin 1 (p = 0.0454), CKB (p = 0.0136), annexin V (p = 0.0007), SGEF (p = 

0.0002), WDR1 (p = 0.0065), and WDR1 isoform 1 (p = 0.0001) were 

significantly correlated with poor overall survival. We then used ROC curve 

analysis to examine the effect of combining differentially expressed proteins 

on the ability to predict chemoresistant disease (Table 7). Two combinations, 

in particular, showed the fewest variables and large AUC values: 

“4204&8401” (AUC, 0.950; over-expression of the PDH E1-beta subunit 
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precursor and under-expression of SGEF) and “4204&8607” (AUC, 0.950; 

over-expression of the PDH E1-beta subunit precursor and under-expression 

of WDR1 isoform 1). 

Our results suggest these two combinations, in addition to the over-

expression of the PDH E1-beta subunit precursor and the under-expression of 

keratin 1, CKB, annexin V, SGEF, WDR1, and WDR1 isoform 1, may serve 

as predictive markers for chemoresistant disease in patients with advanced 

serous EOC. 
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Table 1. Clinico-pathologic Characteristics of 10 Optimally Debulked  

Stage IIIc Serous Epithelial Ovarian Carcinoma Patients 

aS: chemosensitive disease group. bR: chemoresistant disease group. cPOAC: 

postoperative adjuvant chemotherapy. dPFS: progression-free survival (the 

interval from the date of initiation of primary chemotherapy to the date of 

progression). eCaP: carboplatin/paclitaxel. fCaT: carboplatin/taxotere. gNED: 

no evidence of disease. hDOD: dead of disease.  

Case 

no.   

Age 

(years) 

Histologic 

grade 
POACc Ascites 

Initial 

CA125 

(U/mL) 

Residual 

(cm) 

LN 

metastasis 

PFSd 

(months) 

Follow-up 

(months) 

S1a 55 3 CaPe + 564 1 + 66 NEDg 66 

S2 52 3 CaP - 953 1 + 81 NED 81 

S3 32 3 CaP - 4980 1 + 48 NED 48 

S4 53 3 CaP - 805 0.5 + 73 NED 73 

S5 44 2 CaP - 298 0.5 + 73 NED 73 

R1b 54 3 CaP - 3065 0.5 + 3 DODh11 

R2 39 3 CaTf + 2351 2 - 8 DOD 36 

R3 49 3 CaP + 560 1 + 12 DOD 25 

R4 50 3 CaP + 69 1 - 5 DOD 54 

R5 40 3 CaP + 2402 2 + 6 DOD 16 
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Table 2. Differentially Expressed Proteins in Serous Epithelial Ovarian Cancer Tissues Compared with Normal Ovarian 

Tissues 

Intensity 

ratio 
Spot 

no. 
Protein 

Accession 

no.a 
Probabilityb 

Est. 

Zc 

No. 

peptidesd 

Seq. 

cov. 

(%)e 

pIf 
MW 

(kDa)g 
C/N 

P-value 

(A) Overexpressed in Serous Ovarian 

Cancer          

207 Keratin 8 gi|49256423 1.00E+00 2.37 11/11 26 5.5  53.79 26.49  0.021  

209 Chain A, Cr2-C3d Complex Structure gi|14488494 1.00E+00 2.41 10/9 24 5.7  34.55 55.25  0.021  

306 hASNA-I  gi|1616741 1.00E+00 1.47 7/5 16 5.0  37.64 17.06  0.011  

310 Preprohaptoglobin gi|306880 1.00E+00 2.41 9/9 26 6.1  38.95 5.11  0.043  

410 Keratin 9  gi|55956899 1.00E+00 2.1 11/8 20 5.1  62.27 58.62  0.011  

414 Retinoblastoma binding protein 7 gi|57209889 1.00E+00 2.34 11/10 23 4.9  47.6 14.55  0.034  

510 Chain A, Cleaved Alpha-1-Antitrypsin Polymer gi|7546268 1.00E+00 2.3 10/10 30 5.4  37.63 2.80  0.043  

711 Rejection antigen (gp96) 1 gi|4507677 1.00E+00 2.34 24/22 24 4.8  92.74 105.59  0.011  

1108 Nuclear chloride channel gi|4588526 1.00E+00 1.83 6/6 31 5.0  27.25 21.78  0.027  

1203 Keratin 8 gi|49256423 1.00E+00 2.29 13/11 25 5.5  53.79 4.36  0.041  

1302 Keratin 19 gi|14043271 1.00E+00 2.41 21/20 48 5.0  44.09 57.38  0.011  
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1306 HP protein gi|34785974 1.00E+00 2.35 14/12 41 6.1  25.73 3.52  0.018  

1312 Keratin 8 gi|49256423 1.00E+00 2.37 29/22 41 5.5  53.79 88.41  0.037  

1315 Keratin 19 gi|6729681 1.00E+00 2.4 30/27 56 5.0  44.09 42.71  0.037  

1316 Thioredoxin domain containing 4  gi|52487191 1.00E+00 2.01 13/10 31 5.1  47.35 27.78  0.037  

1412 Protein disulfide isomerase-related protein 5  gi|1710248 1.00E+00 2.27 12/11 38 5.0  46.52 1.88  0.018  

1601 BiP protein gi|6470150 1.00E+00 2.4 20/18 33 5.2  71.03 6.55  0.011  

1604 BiP protein gi|6470150 1.00E+00 2.31 22/18 32 5.2  71.03 2.67  0.028  

1701 Isopeptidase T  gi|1585128 1.00E+00 2.08 7/7 11 4.9  94.08 3.20  0.043  

2510 Chaperonin  gi|31542947 1.00E+00 1.83 9/8 22 5.7  61.21 3.23  0.043  

3003 similar to RIKEN cDNA 1700016G05  gi|51094768 1.00E+00 1.59 8/6 31 9.4  26.77 6.53  0.011  

3206 Fascin 2 isoform 1  gi|6912626 1.00E+00 1.74 8/8 19 8.5  55.72 3.97  0.043  

3507 Chaperonin gi|31542947 1.00E+00 1.56 12/11 24 5.7  61.21 2.31  0.043  

4110 Prohibitin gi|4505773 1.00E+00 2.36 8/8 40 5.6  29.84 2.02  0.043  

4111 Pyrophosphatase 1 gi|11056044 1.00E+00 2.35 18/15 49 5.5  33.1 4.15  0.043  

4706 Fibrinogen gamma  gi|223170 1.00E+00 2.31 12/12 34 5.5  46.83 12.98  0.034  

4709 Fibrinogen gamma  gi|223170 1.00E+00 2.39 14/12 35 5.5  46.83 45.96  0.021  

5107 Annexin A3 gi|4826643 1.00E+00 2.39 15/12 38 5.6  36.53 7.36  0.011  

6514 Tubulin, alpha, ubiquitous  gi|57013276 1.00E+00 2.26 16/13 41 4.9  50.82 19.79  0.021  

8608 Glycerol-3-phosphate dehydrogenase gi|1020315 1.00E+00 2.36 14/14 20 7.3  81.33 6.62  0.011  
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(B) Underexpressed in Serous Ovarian Cancer        

2005 Glutathione S-transferase M3 (brain) gi|14250650 1.00E+00 2.41 15/13 51 5.4  27.01 0.11  0.009  

2109 Osteoglycin OG  gi|33150528 1.00E+00 2.34 9/9 22 5.3  34.25 0.03  0.001  

2110 Mutant desmin gi|19908424 1.00E+00 2.15 10/8 22 5.2  53.56 0.01  0.001  

2210 Osteoglycin OG  gi|33150528 1.00E+00 2.26 12/8 22 5.3  34.25 0.03  0.001  

2211 Osteoglycin OG  gi|33150528 1.00E+00 1.6 5/5 13 5.3  34.25 0.02  0.001  

2212 Osteoglycin OG  gi|33150528 1.00E+00 2.25 8/8 18 5.3  34.25 0.03  0.001  

3211 similar to human albumin gi|763431 1.00E+00 1.65 9/8 22 5.7  53.43 0.26  0.034  

3518 SERPINC1 protein gi|18490839 1.00E+00 1.3 9/8 27 9.4  29.47 0.15  0.017  

4005 Plasma glutathione peroxidase  gi|404108 1.00E+00 1.61 7/7 23 9.2  16.75 0.38  0.028  

5012 Immunoglobulin heavy chain VHDJ region gi|21670309 1.00E+00 1.56 9/5 46 9.5  13.03 0.18  0.018  

5105 Dimethylarginine dimethylaminohydrolase 2 gi|7524354 1.00E+00 2.38 10/10 45 5.7  29.91 0.43  0.018  

5211 Mel transforming oncogene-like 1  gi|55962869 1.00E+00 1.21 8/7 10 5.6  90.03 0.07  0.004  

5702 Gelsolin isoform b gi|38044288 1.00E+00 2.16 14/8 15 5.6  80.91 0.39  0.018  

7316 Vesicle amine transport protein 1 gi|18379349 1.00E+00 2.19 13/12 25 5.9  42.13 0.13  0.011  

7512 PRO2044 gi|6650826 1.00E+00 2.03 11/11 44 7.0  30.09 0.03  0.001  

8012 similar to human albumin gi|763431 9.50E-01 1.13 7/6 36 5.3  19.78 0.23  0.021  
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aAccession no.: NCBI protein database. bProbability: the normalized probability that a protein in a database is the protein 

being analyzed based on data, experimental conditions and other background information. cEstimated Z is the probability 

that a candidate in a database search is the protein being analyzed. Z score is the distance to the population mean in unit of 

standard deviation. It also corresponds to the percentile of the search in the random match population. dNo. of peptides: 

the number of measured peptides followed by the total number of peptide matches found for the given protein. eSeq. Cov.: 

percent of identified sequence to the complete sequence of the known protein. fPI: theoretical isoelectric point of the 

matched protein. gMW: theoretical molecular weight of the matched protein in kDa. hC/N: the ratio of average intensity of 

ovarian cancer tissues over normal ovarian tissues.  
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Table 3. Differentially Expressed Proteins in Chemoresistant Serous Epithelial Ovarian Tumors Compared to Chemosensitive 

Tumorsa  

Spot intensity (Mean ± SD) 
Spot 

no. 
Protein 

Accession 

no. 
Probabilityb 

Est. 

Zc 

No. 

peptidesd 

Seq. 

cov. 

(%)e 

pI/MW 

(kDa)f 
Chemosensitive 

disease 

Chemoresistant 

disease 

Intensity 

ratio 

(R/S)g 

P-

valueh 

(A) Over-expressed in Chemoresistant Disease          

1316 Thioredoxin domain containing 4  gi|52487191 1.00E+00 2.01  13/10 31  5.1/47.35  164 ± 191 472 ± 239 2.88  0.047 

3003 Similar to RIKEN cDNA 1700016G05  gi|51094768 1.00E+00 1.59  8/6 31  9.4/26.77  607 ± 351 1304 ± 438 2.15  0.028 

4202 Tubulin, alpha 1A chain gi|17986283 1.00E+00 2.00  8/8 26  4.9/50.80  218 ± 214 1115 ± 1060 5.12  0.047 

4204 PDH E1-beta subunit precursor  gi|387010 1.00E+00 1.18 8/6 19 5.4/36.81 1058 ± 253 1983 ± 1224 1.87 0.028 

(B) Under-expressed in Chemoresistant Disease          

2504 Keratin 1 gi|1346343 9.20E-01 0.80  13/5 7  8.3/66.17  1704 ± 900 622 ± 445 0.37  0.028 

2507 Vitamin D binding protein gi|18655424 1.00E+00 2.35  15/14 40  5.2/52.80  1795 ± 898 544 ± 321 0.30  0.016 

4305 Creatine kinase B gi|21536286 1.00E+00 2.31  16/15 41  5.3/42.91  1838 ± 1670 462 ± 230 0.25  0.028 

8118 Chain , Annexin V gi|999926 1.00E+00 2.26  8/8 27  5.03/5.84  440 ± 303 79 ± 83 0.18  0.028 

8401 SGEF protein gi|16741655 1.00E+00 2.18  11/9 21  9.0/34.88  524 ± 209 303 ± 181 0.58  0.047 

8603 WDR 1 protein  gi|3420181 1.00E+00 2.34  16/15 32  6.4/58.61  697 ± 238 292 ± 149 0.42  0.028 

8607 WDR 1 isoform 1 gi|9257257 1.00E+00 2.38  20/19 40  6.2/66.86  710 ± 243 406 ± 235 0.57  0.047 
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a The peptide profiles of the protein spots treated with trypsin were analyzed by MALDI-TOF MS. The ProFound 

(http://129.85.19.192/profound_bin/WebProFound.exe) was used to search protein database for protein identification using 

peptide mass fingerprinting (PMF). Database: Swiss-Prot (10.30.200) and NCBI (nr) (10.21.2003). bProbability: the 

normalized probability that a protein in a database is the protein being analyzed based on data, experimental conditions and 

other background information. cEstimated Z is the probability that a candidate in a database search is the protein being 

analyzed. Z score is the distance to the population mean in unit of standard deviation. It also corresponds to the percentile of 

the search in the random match population. dNo. of peptides: the number of measured peptides followed by the total number 

of peptide matches found for the given protein. eSeq. Cov.: percent of identified sequence to the complete sequence of the 

known protein. fThe mass and pI values specified are theoretically matched by database search. gR/S; The ratio of average 

intensity of chemoresistant serous ovarian cancer tissues over chemosensitive serous ovarian cancer tissues. hThe protein 

spot intensities of chemoresistant and chemosensitive serous epithelial ovarian cancer tissues were compared by Mann 

Whitney U test. 
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Table 4. ROC Curve Analysis of Selected Proteins in 10 Serous Epithelial Ovarian Cancer Patients. 
 

 Protein AUCa P-value 
Optimal value 

of intensity  
Sensitivity Specificity 

(A) Over-expressed in Chemoresistant Disease      

Thioredoxin domain containing 4  0.880  0.047 491.5  0.800  1.000  

Similar to RIKEN cDNA 1700016G05  0.920  0.028 1171.9  0.800  1.000  

Tubulin, alpha 1A chain 0.880  0.047 409.5  0.800  0.800  

PDH E1-beta subunit precursor  0.920  0.028 1174.8  1.000  0.800  

(B) Under-expressed in Chemoresistant Disease      

Keratin 1  0.920  0.028 1211.6  0.800  1.000  

Vitamin D binding protein 0.960  0.016 851.9  1.000  0.800  

Creatine kinase B 0.920  0.028 919.1  0.800  1.000  

Annexin V 0.920  0.028 90.7  1.000  0.800  

SGEF protein 0.880  0.047 322.9  1.000  0.800  

WDR 1 protein  0.920  0.028 512.1  0.800  1.000  

WDR 1 isoform 1 0.880  0.047 559.2  0.800  0.800  
 

aAUC: area under the ROC curve.  
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Table 5. Clinico-Pathologic Characteristics of the Additional 17 Stage IIIc Serous Epithelial Ovarian Carcinoma Patients  
 

Case 
no.   

Age 
(years) 

Histologic 
grade 

POACa  Ascites 
Residual 

(cm) 
LN 

metastasis 
PFSf 

(months) 
Follow-up 
(months) 

1 71 2 CaPb  + 3 + 7 DODg 27 
2 54 3 CiPc  + 2 - 6 DOD 8 
3 50 3 CaP - 0.5 + 12 DOD 46 
4 55 2 CiXd  + 2 - 12 DOD 23 
5 48 2 CaTe  + 2 + 12 DOD 49 
6 62 3 CaT + 3 + 14 DOD 19 
7 66 2 CaP + 1 + 15 DOD 21 
8 50 3 CaT + 3 - 39 NEDh 39 
9 72 3 CaP - 2 + 15 DOD 23 
10 48 3 CaP + 0.5 - 16 DOD 66 
11 58 2 CaT + 2 + 18 DOD 56 
12 46 3 CaP - 0.5 - 23 DOD 51 
13 44 3 CaP - 3 + 26 DOD 51 
14 65 3 CaP + 2 - 28 DOD 40 
15 54 3 CaP + 2 + 35 DOD 52 
16 59 3 CaP + 2 + 50 NED 50 
17 58 2 CiP - 0.5 + 58 NED 58 

 

aPOAC: postoperative adjuvant chemotherapy. bCaP: carboplatin/paclitaxel. cCiP: cisplatin/paclitaxel. dCiX: cisplatin/cytoxan. 
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eCaT: carboplatin/taxotere. fPFS: progression-free survival (the interval from the date of initiation of primary chemotherapy to 

the date of progression). gDOD: dead of disease. hNED: no evidence of disease. 
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Table 6. Survival Curve Analysis of Selected Proteins in 27 Stage IIIc Serous Epithelial Ovarian Carcinoma Patients 

PFS (months)  Survival length (months) 
Protein 

Intensity 
level 

Patient  
no. Mean (95% CI) P-value  Mean (95% CI) P-value 

Low 19 39 (25~54)  57 (45~68) 
Thioredoxin domain containing 4  

High 8 19 (7~30) 
0.1184 

 37 (23~50) 
0.2349 

Low 19 40 (26~54)  57 (44~70) 
Similar to RIKEN cDNA 1700016G05 

High 8 15 (7~23) 
0.0778 

 45 (29~60) 
0.2624 

Low 14 43 (26~60)  58 (43~72) 
Tubulin, alpha 1A chain 

High 13 23 (11~36) 
0.1233 

 45 (33~56) 
0.3121 

Low 14 52 (34~69)  60 (45~75) 
PDH E1-beta subunit precursor 

High 13 15 (10~21) 
0.0025 

 43 (32~54) 
0.0833 

Low 9 14 (5~22)  39 (24~54) 
Keratin 1 

High 18 43 (28~57) 
0.0080 

 60 (47~72) 
0.0454 

Low 12 20 (11~29)  41 (31~51) 
Vitamin D binding protein 

High 15 42 (25~58) 
0.1215 

 56 (42~69) 
0.3629 

Low 12 21 (7~34)  38(25~50) 
Creatine kinase B 

High 15 44 (28~60) 
0.0357 

 66(54~78) 
0.0136 

Low 7 10 (7~13)  31 (20~43) 
Chain , Annexin V 

High 20 42 (28~57) 
0.0008 

 61 (49~73) 
0.0007 

Low 7 7 (5~10)  28 (15~42) 
SGEF protein 

High 20 43 (30~57) 
< 0.0001 

 62 (51~73) 
0.0002 

Low 11 22 (7~36)  36 (24~49) 
WDR 1 protein 

High 16 42 (26~57) 
0.0489 

 64 (52~76) 
0.0065 

Low 9 12 (7~16)  30 (18~42) 
WDR 1 isoform 1 

High 18 45 (30~60) 
0.0010 

 66 (55~77) 
0.0001 
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Table Table Table Table 7777.... ROC Curve Analysis of Differentially Expressed Protein 

Combinations for Detection of Chemoresistant Disease 

95% CI 
Combination of spot no. AUC a P-value 

Lower Upper 

4204&8401&8607 0.950 0.002 0.835 1.065 

4204&8118&8401 0.950 0.002 0.835 1.065 

4204&8401 0.950 0.002 0.835 1.065 

4204&8607 0.950 0.002 0.835 1.065 

2504&4204&8401 0.936 0.003 0.809 1.062 

2504&4204&8607 0.936 0.003 0.809 1.062 

2504&8401&8607 0.929 0.003 0.798 1.059 

2504&8401 0.914 0.005 0.771 1.058 

2504&8607 0.907 0.005 0.756 1.059 

  
a AUC, area under the ROC curve.  
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IV. DISCUSSION 

 

The overall survival of patients with advanced EOC remains poor because 

most patients show persistent disease or develop recurrent, chemoresistant 

disease. To avoid unnecessarily subjecting a patient to the adverse effects of 

anticancer drugs, it is important to understand the molecular mechanisms of 

anticancer-drug resistance and to identify markers capable of predicting 

sensitivity to chemotherapy in patients with advanced ovarian cancer. 

Several studies have reported differentially expressed proteins in 

chemosensitive and chemoresistant ovarian cancer cells. Le Moguen et al.18 

compared the 2D proteomic pattern of the cisplatin-sensitive ovarian cancer 

cell line, IGROV1, with its cisplatin-resistant counterpart, IGROV1-R10. 

They reported that cytokeratins 8 and 18 and aldehyde dehydrogenase 1 were 

over-expressed in IGROV1-R10, whereas annexin IV was down-regulated. 

Stewart et al.23 reported that the expression profiles of certain proteins were 

correlated with cisplatin resistance in ovarian cancer cells. They compared the 

proteomes of cisplatin-sensitive (IGROV-1) and cisplatin-resistant ovarian 

cancer cells (IGROV-1/CP) through isotope-coded affinity tag 

(ICAT)/MS/MS. In this previous study, 63 proteins, including hepatocyte 

growth factor inhibitor 1B (13.3-fold) and programmed cell death 6-

interacting protein (12.7-fold), were over-expressed in cisplatin-sensitive 

cells; 58 proteins, including the cell recognition molecule CASPR3 (13.3-
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fold), S100 protein family members (8.7-fold), the junction adhesion molecule 

claudin 4 (7.2-fold), and CDC42-binding protein kinase beta (5.4-fold), were 

over-expressed in cisplatin-resistant cells. Yan et al.19 compared total protein 

expressed in two sensitive (SKOV3 and A2780) and four resistant 

(SKOV3/CDDP, SKOV3/CBP, A2780/CDDP, and A2780/CBP) human 

ovarian cancer cell lines and reported that five over-expressed proteins, 

including annexin A3, destrin, cofilin 1, glutathione-S-transferase omega 1 

(GSTO1-1), and cytosolic NADP+-dependent isocitrate dehydrogenase 

(IDHc), were co-instantaneously significant compared to parental cells. 

Tetu et al.24 evaluated the clinical significance of selected over-expressed 

genes in 158 women who had undergone surgery and chemotherapy for 

advanced serous papillary ovarian carcinoma (FIGO stages III and IV). After 

performing immunohistochemistry on microarray blocks containing samples 

from all 158 cases, the authors found that tumors over-expressing HSP10 had 

a lower risk of progression than those with low expression (HR, 0.6; CI, 

0.42−0.87; p = 0.007). 

In our study, we directly compared proteomic expression patterns via 2D 

gel electrophoresis in ovarian cancer tissues. It is very important to study 

tumor tissue itself and not cancer cells alone because the tumor’s stromal 

microenvironment influences not only tumor progression, but also response to 

chemotherapy. To our knowledge, this is the first report using ovarian cancer 
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tissues that showed a differential response to postoperative adjuvant 

chemotherapy. Furthermore, we examined only stage IIIc serous EOC tissues 

treated via primary cytoreductive surgery and platinum-based postoperative 

adjuvant chemotherapy. We found 30 over-expressed and 16 under-expressed 

proteins in serous ovarian cancer tissues compared to normal ovarian tissues. 

We also discovered that the over-expression of the PDH E1-beta subunit 

precursor and the under-expression of keratin 1, CKB, annexin V, SGEF, 

WDR1, and WDR1 isoform 1 were related to the drug-resistant phenotype in 

advanced serous ovarian carcinoma.  

PDH catalyzes the conversion of pyruvate to acetyl-coenzyme A, which 

enters into the Krebs cycle and ultimately leads to the production of adenosine 

triphosphate. Koukourakis et al.25 reported that non-small-cell lung cancer 

patients with simultaneous defects in both aerobic (low PDH expression) and 

anaerobic (low hypoxia-inducible factor-1α or low lactate dehydrogenase 5) 

metabolism showed favorable outcomes.  

Keratin 1 is a specific marker for terminal differentiation in the mammalian 

epidermis.26 In our study, keratin 1 was down-regulated in chemoresistant 

ovarian cancer tissues, suggesting that chemoresistant ovarian cancers are less 

differentiated compared to chemosensitive ovarian cancers.  

The under-expression of creatine kinase (CK), which is involved in the 

regeneration of ATP, was also correlated with poor clinical outcomes in this 
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study. CK exists in tissues and serum as dimers of its two isoenzymes (CKB 

and CKM), yielding CK-MM, CK-MB, or CK-BB. Interestingly, serum levels 

of the brain isoenzyme (CK-BB) are reportedly elevated in many tumors, 

including small-cell lung cancer, prostate cancer, breast cancer and ovarian 

cancer.27,28 Huddleston et al.29 reported that CKB gene expression was up-

regulated in ovarian cancer cells both in vitro and in vivo, and that CKB 

enzyme activity was significantly elevated in sera from ovarian cancer 

patients, including those with stage I disease. The authors suggested a 

potential role for CKB as a marker for early diagnosis. In 1995, Zarghami et 

al.30 examined the prognostic value of the CK-BB isoenzyme in epithelial 

ovarian carcinoma; the authors reported that CK-BB levels were higher in 

endometrioid cell carcinomas, but that CK-BB was not associated 

significantly with either disease-free or overall survival. They concluded that 

CK-BB levels had no prognostic value in ovarian cancer. However, in our 

study, CKB was down-regulated in chemoresistant ovarian serous 

adenocarcinoma tissues. In general, CK is found in high concentrations in 

cells with high energy requirements. Actively proliferating cancer cells 

usually require high energy and are more sensitive to antineoplastic drugs 

than are quiescent (G0) cells. CKB under-expressing cancer tissues may thus 

be in a more quiescent state and subsequently are more resistant to 

antineoplastic drugs. 

Annexin V belongs to a family of Ca2+-dependent phospholipid binding 
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proteins, known as annexins, which bind to phospholipids that are 

preferentially located on the cytosolic face of the plasma membrane. Annexins 

have diverse functions, including cell division, apoptosis, Ca2+ signaling, 

growth regulation, and secretory functions involving the exocytotic and 

endocytotic pathways.31,32  Previously, annexin IV and XI were reported to 

be associated with acquired cisplatin resistance in ovarian cancer and were 

proposed as predictive markers of chemoresistance to platinum-based 

chemotherapy.18,33 In our study, annexin V was down-regulated in 

chemoresistant serous EOC tissues and may represent a useful biomarker of 

chemoresistant disease.  

SGEF was initially identified in a screening study for androgen-responsive 

genes in the human prostate.34 Leukocyte trans-endothelial migration (TEM) 

is a key event in host defense. During TEM, leukocytes use adhesion 

receptors, such as intercellular adhesion molecule-1 (ICAM1), to adhere to the 

endothelium.35 Van Bull et al.36 reported that ICAM1 colocalizes with RhoG 

and binds to the RhoG-specific SGEF. Silencing SGEF also resulted in a 

substantial reduction in RhoG activity, cup formation, and TEM. In our study, 

SGEF was down-regulated in chemoresistant serous EOC tissues, suggesting 

that SGEF under-expression results in reduced leukocyte TEM and perhaps a 

subsequent reduction in the immune response to cancer cells. This may then 

result in a reduced response to antineoplastic drugs and poor overall survival. 
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Tryptophan-aspartate (WD) repeats are approximately 30- to 40-amino acid 

domains containing several conserved residues, including a Trp-Asp at the C-

terminal end. These domains are involved in protein−protein interactions, and 

WD repeats typically occur multiple times within a single protein. WD repeat 

proteins are found in all eukaryotes and play an important role in the 

regulation of a wide variety of cellular functions, such as signal transduction, 

transcription, and proliferation.37,38 WD repeat-containing proteins interact 

with histone deacetylases (HDACs) and function as transcriptional repressors 

to regulate the expression of genes involved in the cell cycle and chromatin 

assembly.39,40 For instance, the WD repeat-containing mitotic checkpoint 

proteins Bub3 and Cdc20 act as transcriptional repressors during interphase.40 

Adler et al.41 reported that the WDR1 gene was expressed at high levels in the 

acoustically damaged chick basilar papilla. They identified a chicken gene 

encoding a protein composed almost entirely of 9 WD repeats, which they 

named WDR1. However, because little is known regarding the function of the 

WDR1 protein, further studies are required to elucidate its role in the cell 

cycle.  

The proteins identified in this study have potential as markers of 

chemoresistant disease in patients with advanced serous ovarian cancer. In 

serous ovarian cancer patients without these over- or under-expressed proteins, 

six cycles of platinum-based combination chemotherapy may be sufficient, 

and further consolidation therapy could be avoided. Conversely, patients 
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exhibiting over- or under-expression of these proteins may require additional 

treatment modalities to improve patient survival rate. However, none of these 

proteins (with the exception of CKB) is secreted from the cell, meaning that 

serum analyses to detect the presence of chemoresistant serous EOC are not 

possible.  

These data are the result of a preliminary investigation into differential 

protein expression in serous ovarian cancer tissues. Before they can be 

considered reliable predictive markers of chemoresistant disease, however, 

further analyses in large-scale studies are required.  
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V. CONCLUSION 

In conclusion, 2D PAGE-based comparative proteomic analysis of 

chemoresistant or chemosensitive serous EOC tissues revealed several 

proteins that are differentially expressed in chemoresistant serous ovarian 

carcinomas. The over-expression of PDH E1-beta subunit precursor and the 

under-expression of keratin 1, CKB, annexin V, SGEF, WDR1, and WDR1 

isoform 1 appear to be associated with the drug-resistant phenotype in 

advanced serous ovarian carcinoma. Moreover two protein combinations 

(over-expression of the PDH E1-beta subunit precursor with under-expression 

of SGEF protein, and over-expression of the PDH E1-beta subunit precursor 

with under-expression of WDR1 isoform 1) were the most reliable in 

detecting chemoresistant disease. This study provides further insight into 

chemoresistant serous ovarian carcinomas and suggests that differentially 

expressed proteins may be useful as predictive markers of chemoresistant 

disease. 
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ABSTRACT (IN KOREAN) 

 

장액성장액성장액성장액성 난소암의난소암의난소암의난소암의 항암제항암제항암제항암제 반응성반응성반응성반응성 예측인자예측인자예측인자예측인자 발견을발견을발견을발견을 위한위한위한위한 

단백질체학적단백질체학적단백질체학적단백질체학적 비교분석비교분석비교분석비교분석  

< 지도교수 김 영 태 > 

연세대학교 대학원 의학과 

김 상 운 

난소암은 흔한 부인암 중의 하나이고 부인암으로 인한 

사망원인 중 제 1위를 차지하고 있다. 이 연구에서는 병기가 

Ⅲc인 장액성 난소암에서 일차 종양 감축술 후 보조적 

항암화학요법을 시행 받은 환자 중 치료에 반응이 좋은 

항암제 감수성 환자와 치료에 반응이 나쁜 항암제 저항성 

환자를 대상으로 일차 종양에서 단백질 발현의 차이를 비교 

분석하여 항암제 저항성과 관련된 단백질을 찾고자 하였다. 

항암제 저항성과 관련된 단백질을 알아보고자 성공적으로 

일차 종양감축술이 가능했던 장액성 난소암 병기 Ⅲc 환자 중 

항암제 저항성 환자 [progression-free survival (PFS) ≤12 months] 

5명과 항암제 감수성 환자 (PFS ≥48 months) 5 명을 대상으로 
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하여 동결 보존된 일차 종양으로부터 단백질을 분리하여 2차 

전기영동을 시행하였다. 2차 전기영동에서 spot intensity가 

유의하게 차이가 있는 단백질을 MALDI-TOF MS를 이용하여 

규명하였다. 그 결과 항암제 저항성 난소암 조직에서는 4개의 

단백질 (thioredoxin domain containing 4, similar to RIKEN cDNA 

1700016G05, tubulin alpha 1A chain, PDH E1-beta subunit 

precursor)이 유의하게 증가되어 있었고, 7개의 단백질 [keratin 1, 

vitamin D binding protein, CKB, annexin V, SGEF, WDR1 protein, 

WDR 1 isoform 1] 이 감소되어 있었다. 이 단백질들을 항암제 

저항성 질환을 예측하기 위한 표지자로서 의미가 있는지 

확인하기 위하여 추가로 17명의 장액성 난소암 병기 Ⅲc 

환자를 2차 전기 영동을 시행하여 각 단백질의 spot intensity를 

측정하였다. 또한 1차 실험한 10명의 결과에서 ROC curve 

분석을 통하여 항암제 저항성 질환을 예측하기 위한 각 

단백질의 spot intensity의 cut off level를 결정하였다. Spot 

intensity에 따라서 각 환자를 두 개의 그룹(high 또는 low 

group)으로 나누어 두 그룹간에 무병생존율에 차이가 있는지 

확인하였다. 그 결과 PDH E1-beta subunit precursor (p = 0.0025)의 
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과발현과 keratin 1 (p = 0.0080), CKB (p = 0.0357), annexin V (p = 

0.0008), SGEF (p < 0.0001), WDR1 protein (p = 0.0489), WDR1 

isoform 1 (p = 0.0010)의 저발현이 통계적으로 유의한 차이를 

나타냈다. 또한 이 단백질들의 항암제 저항성 난소암에 대한 

예측 인자로서의 정확성을 높이기 위하여 ROC curve분석을 

통하여 가장 높은 AUC를 보이는 단백질 조합을 구하였다. 그 

결과 PDH E1-beta subunit precursor과 SGEF의 조합(AUC 0.950)과 

PDH E1-beta subunit precursor과 WDR1 isoform 1의 조합(AUC 

0.950)이 항암제 저항성 난소암을 예측하는데 가장 정확한 

것으로 나타났다.  

결론적으로 이러한 단백질들은 장액성 난소암에서 항암제 

저항성 질환을 예측할 수 있는 예측인자로 사용될 수 있을 

것이다. 그러나 실제로 임상에 적용하기 위해서는 더 많은 

환자를 대상으로 추가적인 연구가 필요할 것으로 판단된다.  

 

 

-------------------------------------------------------------------------------------- 

핵심되는 말: 항암제 저항성, 난소암, 단백질체학, 2차 전기영동 
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