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| Breast Cancer in the U.S.
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Estimated New Cases”

Males Femaleg

Prostate 233,000 2% Braas! 232670 29%

Lung & bronchus 116,000 14% Lung & bronchus 108,210 13%
Codorectum 71,830 B% Colarecium B5,000 B%

Urinary bladder 56,300 % Utaring corpus 52,630 6%
Melanoma of the skin 43,890 5% Thyraid 47,790 6%
Kidney & renal pelvis 39,140 5% MNon-Hedgkin lymphoma 32,530 4%
Non-Hodgkin lymphaoma 38,270 4% Melanoma of the skin 32,210 4%
Oral cavity & pharynx 30220 4% Kidney & renal palvis 24,780 3%
Leukemia 30,100 4% Pancreas 22,590 %

Liver & infrahepatic bile duct 24,600 3% Leukemia 22,280 3%
All Sites B55,220 100% All Sites B10,320 100%

Estimated Deaths

Males Females

Lung & bronchus 86,930 28% Lung & branchus 72330 26%

Prostate 29 480 10% | Breast 40,000 15%

Colarectum 26,270 B% Colarecium 24,040 2%

Pancreas 20170 T9%, Pancreas 19,420 T%

Liver & intrahepatic bile duct 15870 5% Ovary 14,270 5%
Leukemia 14,040 5% Leukemia 10,050 4%

Esophagus 12,450 4% Utaring corpus &.500 %

Urinary bladder 11,170 4% MNeon-Hodgkin lymphoma 8,520 3%
Men-Hodgkin lymphama 10,470 3% Liver & intrahepatic bite duct 7,130 ¥

Kidney & renal pelvis &.900 3% Brain & other nenvous system 6,230 2%
All Sites 310,010 100% All Sites 275,710 100%

FIGURE 1. Ten Leading Cancer Types for the Estimated New Cancer Cases and Deaths by Sex, United States, 2014.
"Estimates are rounded to the nesrest 10 and exclude basal cell and sguamous cell skin cancers and in situ carcinoma except urinary bladder.

Siegel et al. CA CANCER J CLIN 2014,;64:9-29



Triple Negative Breast Cancer

Estrogen receptor (ER)
Progesterone receptor (PR)
Human epidermal growth factor receptor 2 (HER?2)

B ER+/PR+/HER2-

® ER-/PR-/HER2-

» ER+/PR+/HER2+

® ER-/PR-/HER2+

Triple Negative Breast Cancer

Lund et al. Cancer. 2010; 116(11):2549-2559.



TNBC Is associated with poor survival

A Survival functions B Survival functions
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Yuan et al. MOLECULAR AND CLINICAL ONCOLOGY 2: 245-251, 2014

Need effective biomarkers for TNBC!



Peptidomics: promising, but challenging

.\ Bottom-up analysis Top-down analysis
P R idomics
M (trypsin digestion) e of LMW proteome

Proteolysis affects protein abundances, function and activities

AN

Elevated expression/activities in cancer (e.g., OE of MMPs in BrCa: tumor growth)

<

Provides a complementary (or otherwise unseen) view of the proteome

» Challenges in sample preparation and informatics analysis



Peptidome isolation from blood plasma
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Shen et al., J Proteome Res. 2010, 9(5):2339-46
Shen et al., PLoS One. 2010, 5(10):e13133



Data analysis workflow

spiidomics. 300
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Data Acquisition
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Database Searching

MTDB Construction MT_Human_TNBC_Peptidomics

J

Label-free Quantification Informed Quantification
Data Interpretation Bioinformatics Analysis

LC-MS/MS conditions:

3 um Jupiter C18

110 cm x 75 ym i.d. column
300-min gradient

flow rate 200 nL/min

LTQ-Orbitrap Velos

Full MS @ 60K resolution
top 10 CID MS/MS @ 15K
resolution

3980 unique peptides
436 protein groups
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Peptidomics Poster 169 by Zhe et al, Jun 17 Oral talk: Fujimoto et al, Jun 16



Frequency

Distribution of precursor mass and mass
measurement error

Distribution of precursor mass Distribution of mass measurement error
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Comparison of peptide IDs in the two groups

Healthy Control Overlap: TNBC Patient
3637 3430 (86.18%) 3773

Total: 3980 unique peptide IDs



Trypsin like protease cleavage specificity in all
,ﬁiﬁd‘entified peptides
Cleavage Site

P6 P5 P4 P3 P2 P1| P1'P2'P3'P4'P5'P6’

Substrate Cleavage site .-.-.-
]

N terminus C terminus L ...
~ §6.6.0.0-0-0-0- " Aus
T e HEEN

N-Term: with or without the first methionine
C-Term

-l
_MK -- -
HENE

Number of 4411
matches

0 0024 0.055 0.086 0.12 0.14 0.17 0.19 021 024 026 0.29

Normalized Frequency
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MEROPS

Serine related protease cleavage specificity —

%TNBC group XPNPEP3
o Cleavage Site Cleavage Site Cleavage Site
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Significantly increased peptidome level in TNBC

ples

Color Key

T-test

62 significant
peptides

(p <0.01)

Healthy Control TNBC Patients

ontrol_14
ontrol_15
ontrol_16
ontrol_17
ontrol_18
ontrol_19
ontrol_20
ontrol_21
ontrol_22

Patient_20

Patient 21

Patient 22

Patient 23

Patient_24

Patient_25

Patient_26

Patient 27

Patient 28

Patient 20

Patient_30

Patient_19

K

DAAQKTDTSHHDQDHPTFNK

VAAGAFQGLR

QLTPYAQR

GRLTPYADEFK

AKIDQNVEELKGR

ADGQPGAKGEPGDAGAKGDAGPPGP

GADGQPGAKGEPGDAGAKGDAGPPGP

ADGQPGAKGEPGDAGAKGDAGPPGPA
EGSPGRDGSPGAKGDRGETGP

TLDPERLGR
SQHLDNFSNQIGKHY
HTFMGVVSLGSPSGEVSHPR
GSPSGEVSHPRKT
GSPSGEVSHPR

GEFVSET! TNTKESSSHt
FTSSTSYNRGDSTFESKSY
SGSTGQWHSESGSFRPDSPGSGNARP
TSSTSYNRGDSTFESKSY
STSYNRGDSTFESKSY
SSSYSKQFTSSTSYNRGDSTFESKSY
SSTSYNRGDSTFESKS
SSSYSKQFTSSTSYNRGDSTFESKSYKMADEAGSEADHEGTHST
SESGIFTNTKESSSHHPGIAEFPSRGKSSS
GGSTSYGTGSETESPRNPSSAGSWNSGSSGPGSTGNR
GEFVSET TNTKESSSHHPGIAEFPSRGK
TESRGSESGIFTNTKESSSHHPGIA
SKGDKELRTGKEKVTSG
GGSTSYGTGSETESPRN
TSSTSYNRGDSTFES
QGVNDNEEGFFSARGHRPLDKKREEAPS
PLDKKREEAPSLRPAPPPISGGGYR
DSQEEEKTEALTSAK
DSQEEEKTEALTSAKRYIETDPANRDR
WRLGKVLWEERNTSNHRASSSP
VSDPKFHPLHS

. GHVLAKELEAF

TLRVQGNDHSATR
NVHSGSTFFK

VAQDQLRDKAPF
DILLEKKKVAQDQLRDKAPF
'YEGSYALTSEEAERSDGDPVQPAVLQVHQTS
NFSDNQLQEGKNVIGLOMGTNR
TLREQGVEEHET

RYTIAALLSPYSYSTTA

RYTIAALLSPYSYSTT
KTETQEKNTLPTKETIEQEKRSEIS
ADKPDMGEIASFDKAKLKKTETQEKNTLPTKETIEQEK
KTETQEKNPLPSKETIEQEKQAGES
TQEKNPLPSKETIEQEKQAGES
PSKETIEQEKQAGES
DKPDMAEIEKFDKSKLK
TETQEKNPLPSKETIEQEKQAGES
SKLKKTETQEKNPLPSKETIEQEKQAGES
ETQEKNPLPSKETIEQEKQAGES
EKNPLPSKETIEQEKQAGES
QEKNPLPSKETIEQEKQAGES
FDKSKLKKTETQEKNPLPSKETIEQEKQAGES
KKTETQEKNPLPSKETIEQEKQAGES
SDKPGMAEIEKFDKSKLKKTE
SDKPGMAEIEKFDKSKLKKTET
RTHLPEVFLSKVLEPTLK 1 2



Protein description Peptide

Protein name

APOA4_HUMAN . mApoIipoprotein A-1V; 3

CO1A1 HUMAN
CO3_HUMAN Complement C3 1

Co”agenafwH%WTNMWWWWWWWWWWWWWW{ A

:7 Coagu Iatio nw mﬁ%&%%\%mm‘\ LSS RRE
FIBA_HUMAN Fibrinogen alpha chain 15

EIBB HUMAN Fibrinogen beta chain
GELS_HUMAN Gelsolin

~ Glucagon receptor

i
N
i

IBP3_HUMAN Insulin-like growth factor-binding protein 3 1
_IGF2 HUMAN
ITIH4_HUMAN Inter-alpha-trypsin inhibitor heavy chain H4

| n su I i n_l i k e grUWﬁthw w‘wﬂﬁ\:wwwwu \Iml\ e

’ p h a - 2 i H S-glwﬁ%m‘%‘%%}ﬁhﬁﬂwm AR N ERE R
A1AT_HUMAN Alpha-1-antitrypsin 1

MA1A1_HUMAN Mannosyl-oligosaccharide 1,2-alpha-mannosidase IA; 2

deprivation-response protein

TAGL2_HUMAN Transgelin-2 1

i w'uTM wmw TTH \‘W\ M‘W‘NW i 7 . Ta Ii n- wT e e e w‘: L m\ e

TTHY_HUMAN Transthyretin 2

- Thymosin beta-10

TYB4_HUMAN Thymosin beta-4 11

TYB4Y HUMAN osin beta-4, Y-chromosomal _
VTDB_HUMAN Vitamin D-binding protein 1

L
N
L

13



Highly proteolytically active region in ITIH4
119 unique peptides identified for ITIH4

ref|[NP_002209.2

17 MKPPRPVRTCSKVLVLLSLLAIHQTTTAEKNGIDIYSL TVDSRVSSRFAH
51 TVVTSRVVNRANTVQEATFQMELPKKAF I TNFSMI IDGMTYPGI | KEKAE
101 AQAQYS AAVAKGKSAGL VKATGRNMEQFQVSVSVAPNAKITFELVYEELL
1517 KRRLGVYELL LKVRPQQLVKHLQMD IHI FEPQGISFLETESTFMTNQLVD
201 AL TTWQNKTKAH | RFKPTLSQQQKSPEQQETVLDGNL | IRYDVDRA | SGG

2517 SIQIENGYFVHYFAPEGLTTMPKNVVFV IDKSGSMSGRKIQQTREAL IK |

301 LDDLSPRDQFNLIVFSTEATQAMRPSLVPASAENVNKARSFAAGIQALGGT

3517 NINDAMLMAVQLLDSSNQEERLPEGSVSL I I LLTDGDP TVGE TNPRSIQN counts
8401— NVREAVSGRYSLFCLGFGFDVSYAFLEKLALDNGGLARRIHEDSDSALQL I60
£4514 QDFYQEVANPLLTAVTFEYPSNAVEEVTQNNFRLL FKGSEMVVAGKLQDR 40
8501 - GPDVLTATVSGKLPTQN I TFQTESSVAEQEAEFQSPKY | FHNFMERLWAY 20

5511 LT IQQLLEQTVSASDADQQALRNQALNLSLAYSFVTPLTSMVVTKPDDQE

0
6017 QSQVAEKPMEGESRNRNVHSGSTF FKYYLQGAK | PKPE ASFSPRRGWNRQ

651 AGAAGSF*V\NFRPGVLSSRQQLM LPASAPPA 66 Unique peptides

701 TSNPDPAVSRVMNMKIEETTMTTQTPAP IQAPSAI LPLPGQSVERLCVDP Wlthln the blue bOX

7517 RHRQGPVNLL SDPEQGVEVTGQYEREKAGFSWIEVTFKNPLVWVHASPEH
801 VVVTRNRRSSAYKWKETLFSVMPGLKMTMDKTGLL LLSDPDKVTIGLLFW
8517 DGRGEGLRLLLRD TDRFSSHVGGTLGQF YQE VLWGSPAASDDGRRTLRVQ

9017 GNDHSATRERRLDYQEGPPGVE|SCWSVEL

0 10 20 dex 30 40 50 Song et al. Clinical Chemistry 52, No. 6, 2006

Region 658 -688 31 Proline-rich (PRR) potential bioactive peptide 1
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Highly proteolytically active region in AHSG

30 unique peptides identified for AHSG

ref[NP_001613.2

17 MKSLVLLLCLAQLWGCHSAPHGPGL | YRQPNCDDPETEEAALVAIDYINQ

51— NLPWGYKHTLNQIDEVKVWPQQPSGELFEIEIDTLETTCHVLDPTPVARC

1017 SVRQLKEHAVEGDCDFQLLKLDGKFSVVYAKCDSSPDSAEDVRKVCQDCP

151 - LLAPLNDTRVVHAAKAALAAFNAQNNGSNFQLEE | SRAQLVPLPPSTYVE

position

201 FTVSGTDCVAKEATEAAKCNLLAEKQYGFCKATLSEKLGGAEVAVTCMVF

251 QTQPVSSQPQPEGANEAVPTPVVDPDAPPSPPLGAPGLPPAGSPPDSHVL

301~ LAAPPGHQLHRAHYDLRHTFMGV: KTRTVVQPS VGAA
351—  AGPVVPPCPGR IRHFKV
T T T T T T
0 10 20 30 40 50
index

22 peptides within
blue box

Patient/Control Ratio

Red: >1 Ratio:

Green: <1
AAPPGHQLHRAHYDL 2.89
PPGHQLHR
AHYDLRHTFMG
AHYDLRHTFMGVVSLGSPSGEVSHPR
AHYDLRHTFMGVVSLGSPSGEVSHPRKT
HYDLRHTFMGVVSLGSPSGEVSHPRKT
HTFMGVVSLGSPSGEVSHPR
counts HTFMGVVSLGSPSGEVSHPRKT
I 20 FMGVVSLGSPSGEVSHPRKT
15 MGVVSLGSPSGEVSHPRKT
;0 VVSLGSPSGEVSHP
0 VVSLGSPSGEVSHPR
VVSLGSPSGEVSHPRKT
VSLGSPSGEVSHPR
SLGSPSGEVSHPR
C-term:
SLGSPSGEVSHPRKT
GSPSGEVSHPR
R 9 GSPSGEVSHPRKT
T 10 SPSGEVSHPR
other 3 SPSGEVSHPRKT
PSGEVSHPRKT
SGEVSHPR
16



True positive rate

ROC curve for all 62 significant peptides
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Most peptides showed moderate AUC value.
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Area Under Curve
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ROC curve consisting of ITIH4 and AHSG

AHSG_1 AHSG 2 ITIH4_ 1 ITIH4_2
AUC 0.769 0.772 0.731 0.712

ROC Curve for ITIH4 and FETUA

J
— ilJ ﬂ; (14 Ci?mtfslr,n1pflse1s"NBC)
ﬁ%ﬁ
i [
. I

1.0

08

0.6

True positive rate

AUC:0.962
] ﬁ Green: composite
— Other: individual
O_lt] 0_|2 O_|4 D_IG O_lﬁ 1_|O
False positive rate
Peptidome signature peptide of ITIH4 and AHSG pair can be a "

potential cooperative biomarkers for TNBC



Summary

» Enhanced peptidome/degradome activity observed in the cancer
group

» 62 significantly-changing peptides separate TNBC group and control
group

» Enhanced P1’ serine related protease activity in TNBC group

» Peptidome signature of peptide pairs from ITIH4-AHSG are a
potential indicator for TNBC

19



Perspectives

» Peptidomic biomarker discovery in plasma is interesting but still
challenging

» Future work may focus on tumor peptidomics to identify cancer
specific biomarker and follow up in plasma and serum

20
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