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Table 1. Patient demographic and clinical information

Table 2. NosID results for the healthy controls and breast cancer patients using the p-value
weighted algorithm.

Table 3. NosID results for the healthy controls and breast cancer patients using the random
forest-based algorithm.

Table 4. m/z values and TIC normalized intensity values between the healthy controls (n = 30)
and the breast cancer patients (n = 30)

Table 5. Additional m/z values and TIC normalized intensity values between the healthy
controls (n = 30) and the breast cancer patients (n = 30)

Table 6. Human serum protein biomarkers (Table 4) and their possible protein identities based
on the comparison to the list from the UniProt database.

Table 7. Human serum protein biomarkers (Table 5) and their possible protein identities based
on the cancer biomarker.

Fig. 1. TIC normalized intensity comparisons between the healthy controls (n = 30) and the
breast cancer patients (n = 30) for the different masses (m/z)

Fig. 2. Heatmap clusters showing the pattern differences of the statistically significant m/z
peaks between 30 healthy controls and 30 breast cancer patients.

Fig. 3. Waterfall plot showing the spectral pattern differences between the statistically
significant m/z peaks between 30 healthy controls and 30 breast cancer patients.

Fig. 4. Principal Component Analysis (PCA) plots of the TIC normalized intensity values
between the two groups. Left: 2D PCA plot; Right: 3D PCA plot

Fig. 5. The ROC curves for the healthy controls and breast cancer patients

Fig. 6. Scatter plot of m/z values and TIC normalized intensity values between the healthy
controls (n = 30) and the breast cancer patients (n = 30) A: 2161m/z B:4153 m/z C: 4600 m/z
D: 7618 m/z E: 8503 m/z F: 9575 m/z



CA 15-3: Cancer antigen 15-3

CEA: Carcinoembryonic Antigen

ELISA: Enzyme-linked immunosorbent assay

LC-MS/MS: Liquid chromatography tandem-mass spectrometry

MALDI-TOF MS: Mass-assisted laser desorption/ionization time-of-flight mass

spectrometry

m/z: mass-to-charge ratio

TFA: Trifluoroacetic acid

ACN: Acetonitrile

TIC: Total Ion Count

PCA plot: Principal Component Analysis plot
ROC: Receiver operating characteristic

AUC: Area under the curve

SELDI-TOF MS: Surface-Enhanced Laser Desorption/Ionization Time-of-Flight

Mass Spectrometry
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Table 1. Patient demographic and clinical information

Breast Cancer

Characteristics Patients Controls
No. of patients 30 30
Gender
Male 0 0
Female 30 30
Age (Year)
Mean (SD) 45 (5.8) 52 (7.7)
Range 36-56 34-64
Tumor Stage (No. of patients)
Stage 1 0
Stage 2 20
Stage 3 10
Stage 4 0
CA15-3
Mean (SD) 11.05 (4.75)
Range 3.9-22.7
Receptor types (No. of patients)
HR+/HER2- 24
HR+/HER2+ 2
HR-/HER2+ 0
HR-/HER2- 3
Unknown 1

11



| H

=0l
EIACt. &
=

a

-
(@]

a
= 1

| —
e

=

SH
o
74

o2 M TIC Htst

[

8 101 Lt
AE0l 0.05¢

725k Xo17t Sle A (m/2)

AMAMS
o

=

=

=
L

(p-8f <0.05)0f CH3H ==

=1

TICO| ofsff Szt ZRACE AZS =
= O

2 p-value

ZrO
HA ==
3k Xl
ot

57| 2dH, heatmap=

—

—

2 R]e

24740 Aol A=EA20, 3iF heatmap clustering

o THUE TIC B2t Z& %ol
o

.l

X

30) ALO|Q| TIC &3 Z = X}O|

wotAct 8 10 BAlE m/z &t SO

o QAL

= A

=
o

F

e
(s}
—

S| Z-score
o

o
T

400

=

5E m/z D30 Hiet 2= HOf Zk
o

B 42 A= SHRICE ANOVA

X
2

.l

—

29} ZLf.

3
A

8 o KU
k o Q ]
..” S = |
] — - w15
” — 2 o3 = D
| 3 s - o
E 0 —~ ﬂ_ bron
1 © S o__._._ {0
i . A Kb =5 —
_ < [ 5 £ 5
O _
< g o Z ar
— ) {0
~ m or M zr
R 3 80 o
| 3 £ =t &
: i 3 g =
- — <N R M JJ
j 0 N Q - T
Sr 2E m AW
] 5y 88 5T N
: 2 BE N oD
— ¥ mm _|_|._ =0 bl
= % S B < g
._, N Z 8 RS o
: 00 8 N Lt
E X g2 o <
: o S = 2 N0 ol
E 2 > S OF _ %0
E N .H\n/ Ll_._.t |_._._
..ﬂ o 23 o K
4 )
”, T i1 GE
o ..mm\ = mo 10
3 gg 0D
o~ = 5 ol 2 %
S = 0T =
S = 8 N S
e Tl ool
. . . N o N @ﬂ
o o o o o o o o nﬂ u.M_|
2 & S S 8 83 ¢ O 2 X 80
- - = = =8 N
Ayisus1u] pazijeuwlioN DIL =3 3
-2 n JI.__A.ﬂ
20 3 mx .
=5 ~ KIr

12

of oheh sber =& 07t ECHAad 2).

=
=)

2 1

H

X
o

o EX
[ |

3

=
o



COMNTROLS BREAST CANCER
PATIENTS

frewpes
1138
T

LT

SEEoRzZRJgEEE
‘B Basad gy 2 &

Fig. 2. Heatmap clusters showing the pattern differences of the statistically significant m/z
peaks between 30 healthy controls and 30 breast cancer patients.
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Fig. 3. Waterfall plot showing the spectral pattern differences between the statistically
significant m/z peaks between 30 healthy controls and 30 breast cancer patients
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Fig. 5. The ROC (receiver operating characteristic) curves for the healthy controls and breast
cancer patients. AUC : Area under the Curve
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Table 2. NosID results for the healthy controls and breast cancer patients using the p-value
weighted algorithm.

Samples Specificity Sensitivity Accuracy

30 Healthy vs 30 BR 71.7% 87.5% 79.6%
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Table 3. NosID results for the healthy controls and breast cancer patients using the random
forest-based algorithm.

Samples Specificity Sensitivity Accuracy

30 Healthy vs 30 BR 93.3% 94.9% 94.2%
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Table 4. m/z values and TIC normalized intensity values between the healthy controls (n = 30)
and the breast cancer patients (n = 30)

Breast cancer

Mass (m/z) Controls patients p-value
3260 2.34+£2.54 7.02+4.14 0.000002
4207 8.95+7.79 17.67 £6.61 0.000018
2101 1.19+1.69 3.52+2.66 0.000153
2550 3.92+4.44 8.44+£4.79 0.000354
5001 9.53 +£12.50 0.82 £2.03 0.000392
4150 4.88 +5.87 1.00 £ 1.60 0.000928
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Table 5. Additional m/z values and TIC normalized intensity values between the healthy
controls (n = 30) and the breast cancer patients (n = 30)

Mass (m/z) Controls Breast cancer patients
2161 25.1£10.58 77.6 £10.71
4153 86.6 £15.08 51.1+23.03
4600 8.4 +3.58 16.8 +3.60
7618 19.0 £5.50 5.8+£2.25
8503 4.6+2.57 3.6+ 1.51
9575 17.2£6.79 11.6 £2.07
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Table 6. Human serum protein biomarkers (Table 5) and their possible protein identities based

on the cancer biomarker.

Mass (m/z) Possible Proteins

UniProt Access
ID/Reference

Epidermal Growth Factor receptor tyrosine kinase

3260 domain

Fibrinogen a-chain fragment

AO0A1Y0B9G4
P02671 (FIBA_HUMAN)

4207 Vitamin D binding protein fragment

AOAIBICYCS

UniProtKB
02 22g 21 0
OfL|X[2F m/z 3,260 % 42072
factor receptor (EGFR) tyrosine kinase =0 @l (UniProtkB
Ao A2l
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00t
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Table 7. Human serum protein biomarkers (Table 5) and their possible protein identities based
on the cancer biomarker.

Mass (m/z) Possible Proteins
apolipoprotein C-3

2161
4153 complement C5
4600 complement C4-B
7618 alpha 2 macroglobulin
8503 tropomyosin alpha -4 chain
9575 -
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Abstract

SOOJEONG CHOI

Department of surgery, Seoul Medical center
Ulsan University college of Medicine, Republic of Korea
Purpose

The main objective of this study was to develop novel methods for the screening of
breast cancer by analyzing various human blood serum proteins and peptides by MALDI-

TOF MS system and discover any meaningful protein biomarkers.
Subjects and methods

Thirty healthy controls and 30 breast cancer serum samples were obtained from Asan
Medical Center (Korea). The serum samples were first diluted, after which the proteins
were purified and concentrated by using Peptide Cleanup C18 pipette tips (Agilent
Technologies). The proteins were then analyzed by MALDI-TOF MS in linear positive
mode, and the acquired data were statistically analyzed by heatmap, PCA plotting, and
ROC curve analysis methods. An In - house diagnostic software was also used for

diagnosis.
Results

From the analyses, six protein biomarkers were discovered, which would become the
basis for future breast cancer diagnosis. Further, more studies are needed to validate
such biomarkers, and more clinical samples are needed to further verify their diagnostic

performance.
Conclusion

The more m/z values overlap between the samples used in future studies, the more

promising breast cancer biomarkers will be. Furthermore, a novel or improved method to
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minimize any variations in sample preparation steps is strongly encouraged, especially
because low data variations are crucial for obtaining more accurate and reliable cancer

screening.
Keywords

Breast neoplasms, tumor marker, heatmap, MALDI-TOF MS, peptide
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