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Phase |: pattern discovery

Serum from
epithelial ovarian
cancer

| |
|

| Generate protein mass spectra |

Serum from small
myoma

v
| Pattern recognition with genetic algorithm |

A 4

Discriminatory pattern:
plot of relative abundance of
5-20 key proteins (mass/charge values)
that best distinguish cancer from non—cancer

Fig. 1. Phases of N-dimensional proteomic analysis.
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Phase Il: pattern matching

Obtain mass spectrum from
test serum

!

Generate signature pattern from test sample:
plot relative abundance of 5—20 specific key
discriminatory proteins identified in phase |

!

Pattern matching:
compare unknown test sample signature
pattern for likeliness to previously found
discriminatory pattern

—

Unaffected

Cancer

Table 1. Clinicopathologic characteristics of the ovarian
cancer patients included in the study

TR T

Age 495+16.0 551125  523+14.4*
Histology

Serous 7 81.0%) 17 (77.3%) 34 (79.1%)

Endometrioid 3 (143%) 1 (4.5%) 4 (9.3%)

Mucinous 1 (4.5%) 1 (2.3%)

Mixed epithelial 1 (4.8%) 2 9.1%) 3 (7.0%)

Undifferentiated 1 (4.5%) 1 (2.3%)
FIGO stage

| 3 (14.3%) 2 9.1%) 5 (11.6%)

Il 1 (4.8%) 1 (4.5%) 2 (4.7%)

1l 14 (66.7%) 16 (72.7%) 30 (69.8%)

1% 3 (143%) 3 (13.6%) 6 (14.0%)

*Not significant by Student t-test

A% vl2A) e Zo)aEA 2357 44 humidiy
chamber)ol] Hl %K(incubation)s}Att. 7} US sue
HPLC-grade water2 A &3to] ol EUEZL S A AHSIS
o} 93} o EUEL §Hof 52 AR E 4u4 7+ 9
o gEag0H th2A des g

8 M 84(urea)2} 1% CHAPS PBSE *]2]3} 3 H|Eo]
A S A As7] Y8t pH 4.09] 50 mM JEFQIAH
%(sodium phosphate)Z} 0.05% E.2]triton) X-1002-2
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Table 2. List of molecular weights of which log-
normalized intensity between ovarian cancers and
controls were significantly different and adopted as
candidates for decision tree analysis in pattern dis-
covery experiment

Log-normalized Intensity

m/z value o-value'
(kDa) Ovarian cancer Control

3719.14 2.4090+1.7261 1.1758+1.8124 0.010
3501.23* 1.3211+1.6376  2.7346+2.1584 0.019
4498.59 3.0872+1.2596  1.9249+1.5306 0.020
25689.60 0.4231+0.1593  0.3084+0.1230 0.021
6983.58 10.1106+9.7161  4.1790+5.7280 0.027
4275.12 -0.3035+0.6669 0.7299+1.7054 0.032
56197.76 0.2019+0.1670  0.4154+0.3533 0.038
3802.39 0.3856+1.3037  1.3485+1.7862 0.040
5110.09 2.1068+1.5371 1.1416+1.1071 0.044
50627.85 1.1254+1.2912  0.6872+0.9143 0.047
3343.80 0.7088+2.2278  1.7425+1.8160 0.049

*Determined as a biomarker by decision tree analysis, " Stu-

dent t-test
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3. SELDI-ToF-MS
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systems, USA)E AFEs}3 AEEAol| ProteinChip
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Entire group
n=60
Cancer=false
Misclassification=35.00%

M: 3501>3.015
n=18
Cancer=false
Misclassification=5.56%

M: 3501<3.015
n=42
Cancer=true
Misclassification=52.38%

Fig. 2. Decision tree classification generated by Bio-
marker Patterns™ Software to determine optimal m/z
value and cutoff for log-normalized intensity. M; peak
mass in kDa.

1.0 7
M3501<3.015—"
0.8 1
g 0.6 AUC=0.694
:‘5)‘
© 0.4
w
0.2 1
OO T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
1—specificity

Fig. 3. Receiver operating characteristic curve for pre-
dicting ovarian cancer by SELDI-ToF-MS in pattern
discovery experiment. Decision tree analysis deter-
mined 3501 kDa protein with log-normalized intensity of
3.015 or less as a biomarker for ovarian cancer. The
area under the curve was 0.694.

H] I35 o] 2 BFSE AR o] T 1170
A 5] IL]zL(g:L B33 Jo)= dAaa Uz

F9)3k 2}o]Z BTk Table 2). FA97 th2T
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Patterns™ Software 2 F-A13} 0™, WAt o) =) 714
23 AeASH & 350123 kDao] A=, 1 ¢
AXE 3.01480) ATHFig. 2). ©]Z o]&3}e] ROC F41&
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0.6949tHFig. 3). A5 FAZHvalidation statistics)
Table 33} 2t}



Table 3. Validation statistics by decision tree analysis
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A SEkHp <0.001)(Fig. 4, 5).
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8071  422+1.66 0<0.0001
>
2 6.0
(0]
1=
S 4.0 1.29+1.56
(0]
N
g 2.01
9]
c
| 0.04
(@)
o
-

—2.0 1

T T T 1
Control Ovarian cancer

Fig. 5. Boxplots for log-normalized intensity of 3501
kDa protein from controls and ovarian cancers detected
by SELDI-ToF-MS on sAX2® chips in pattern matching

experiment.
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Table 4. Performance of SELDI-ToF-MS for predicting
ovarian cancer from controls in pattern matching
experiment. Numbers in parentheses denote the
number of correctly classified sample out of total
number of samples in the group

Control
(N=38)

Ovarian cancer

'
(N=22) p-value

Log-nomalized oo 1 5633 42208+1.6504 <0001

intensity*
Sensitivity 90.9% (20/22)
Specificity 84.2% (32/38)
Positive predictive rate 76.9% (20/26)
Negative predictive rate  94.1% (32/34)

* Log—normalized intensity of 3501 kDa in Mean+STD, " Stu-
dent t-test
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Identification of biomarker for ovarian cancer by serum
proteomic analysis using SELDI-ToF-MS

Chul-Min Lee', Soon-Beom Kangf, Yong-Kyoon Cho', Hoon Chai', Bok-Rin Kim'
Devartment of Obstetrics and Gynecology’, Inje University Sanggye Paik Hospital,
Department of Obstetrics and Gyneco/ogf, Seoul National University College of Mediicine, Seoul. Korea

Objective : SELDI-ToF-MS is an affinity-based mass spectrometric method. This study was performed to determine feasibility
of serum proteomic pattern analysis using SELDI-ToF-MS for the detection of ovarian cancer.

Methods : Forty-three epithelial ovarian cancer patients and seventy-seven controls were included in the study from October
2003 to March 2005 in Sanggye Paik Hospital. Potential tumor biomarkers in sixty serum samples were screened, including
twenty-one ovarian cancers and thirty—nine controls. Proteomic pattern was analyzed by SELDI-ToF-MS and optimal discriminating
m/z value with proper cutoff of log-normalized intensity was determined by decision tree analysis (Phase I). Another sixty serum
samples were obtained from twenty-two ovarian cancers and thirty—eight controls. Through analysis using SELDI-ToF-MS, the
performance of diagnosing ovarian cancer was determined by applying previously adopted cutoff log-normalized intensity of m/z
value determined in Phase | experiment (Phase II).

Results : A biomarker of 3501.23 kDa was selected based on the collective contribution to the optimal separation between
ovarian cancers and controls. Sensitivity of 90.9% and specificity of 84.2% was achieved by SELDI-ToF-MS in Phase Il experiment.
Age, stage, and histologic type did not affect performance of SELDI-ToF-MS for diagnosing ovarian cancer.

Conclusion : Serum proteomic analysis by biochip and mass spectrometry is a feasible method in diagnosing ovarian cancer.

Key Words : SELDI-ToF-MS, Ovarian cancer, Biomarker, Proteomics, Bioinformatics
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