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Breast Cancer in the U.S.

2Siegel et al. CA CANCER J CLIN 2014;64:9–29



Triple Negative Breast Cancer 

Triple Negative Breast Cancer
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Lund et al. Cancer. 2010; 116(11):2549-2559.
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TNBC is associated with poor survival
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Disease free survival Overall survival

Yuan et al.  MOLECULAR AND CLINICAL ONCOLOGY 2: 245-251, 2014

Need effective biomarkers for TNBC!



Peptidomics: promising, but challenging

 Proteolysis affects protein abundances, function and activities
 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
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Peptidomics
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of LMW proteome
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Peptidome isolation from blood plasma 
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Data analysis workflow
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Distribution of precursor mass and mass 
measurement error
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Median: -0.43 ppmMedian: 3253.49 

Distribution of precursor mass Distribution of mass measurement error
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Comparison of peptide IDs in the two groups
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Overlap:
3430 (86.18%) 

Healthy Control
3637

TNBC Patient
3773

Total: 3980 unique peptide IDs



Trypsin like protease cleavage specificity in all 
identified peptides
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Cleavage Site
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Cleavage Site
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Significantly increased peptidome level in TNBC 
samples
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T-test
62 significant 
peptides 
(p < 0.01)

Healthy Control TNBC Patients
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Protein name Protein description Peptide
A2GL_HUMAN Leucine-rich alpha-2-glycoprotein 1

APOA4_HUMAN Apolipoprotein A-IV; 3

CO1A1_HUMAN Collagen alpha-1(I) 4

CO3_HUMAN Complement C3 1

FA5_HUMAN Coagulation factor V 1

FIBA_HUMAN Fibrinogen alpha chain 15

FIBB_HUMAN Fibrinogen beta chain 2

GELS_HUMAN Gelsolin 2

GLR_HUMAN Glucagon receptor 1

IBP3_HUMAN Insulin-like growth factor-binding protein 3 1

IGF2_HUMAN Insulin-like growth factor II 1

ITIH4_HUMAN Inter-alpha-trypsin inhibitor heavy chain H4 2

FETUA_HUMAN Alpha-2-HS-glycoprotein 3

A1AT_HUMAN Alpha-1-antitrypsin 1

K2C1_HUMAN Keratin, type II cytoskeletal 1 1

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

SDPR_HUMAN Serum deprivation-response protein 1

TAGL2_HUMAN Transgelin-2 1

TLN1_HUMAN Talin-1 1

TTHY_HUMAN Transthyretin 2

TYB10_HUMAN Thymosin beta-10 2

TYB4_HUMAN Thymosin beta-4 11

TYB4Y_HUMAN Thymosin beta-4, Y-chromosomal 2

VTDB_HUMAN Vitamin D-binding protein 1
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Highly proteolytically active region in ITIH4
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MK PPRP VRTCSKV L VL L SL L AI HQT TTA EKNGI DI YSL TVDS RVSS RFA H

TV VTSRVVNRANT VQEA TFQMEL P KKAF I TNFSMI I DGMTYP GI I K EKA E

AQAQYS AAVA KGK SAGL VKA T GRNMEQF QVS VSVA PNA KI T F EL VY EEL L

KRRL GV YEL L L KV RPQQL VK HL QMDI HI F EP QGI S FL E TEST F MT NQL V D

AL T TWQNKT K AHI RFKP TL S QQQK SPEQQET VL DGNL I I RYDVDRA I SGG

SI QI ENGYFV HYF APEGL TT MPKNVVFV I DK SGSMSGRKI QQTREA L I K I

L DDL SP RDQF NL I VFST EAT QWRP SL VP ASA ENVNKARSFAA GI QA L GGT

NI NDAML MAV QL L DSSNQEE RL PE GSVS L I I L L T DGDP TVGE TNPRSI QN

NV REAV SGRY SL F CL GF GFDVSYA FL EK L AL DNGGL ARRI HE DSDS AL QL

QDF YQE VANP L L T AVTF EYP SNAV EEVT QNNFRL L FKGSEMV VAGK L QDR

GP DVL T ATVS GKL PTQNI TF QTES SVAE QEA EF QS PKY I FHNFMERL WA Y

L T I QQL L EQT VSA SDADQQA L RNQAL NL SL A YSF V TPL TSMV VTKP DDQE

QS QVAE KPME GES RNRNVHS GSTF FKYY L QGAKI P KPE ASF S PRRGWNRQ

AGAAGS RMNF RPGVL SS RQL GL PGPPDV PDHAAYHPFRRL AI L PAS APP A

TS NPDP AVSRVMNMKI E ETT MTTQTPAP I QA PSAI L PL PGQS VERL CVDP

RHRQGP VNL L SDP EQGV EVT GQYE REKA GFS WI EV TFK NPL V WVHA SPE H

VV VT RNRRSS AYK WKET L FS VMPGL KMT MDK TGL L L L S DPDK VT I GL L F W

DGRGEGL RL L L RDTDRF SSHVGGT L GQF YQE VL WGSPA ASDDGRRT L RV Q

GNDHSA TRERRL DYQEGPPGVEI S CWSV EL
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NFRPGVLSSRQLGLPGPPDVPDHAAYHPF

FRPGVLSSRQLGLPGPPDVPDHAAYHPF
RPGVLSSRQLGLPGPPDVPDHAAYHPF

PGVLSSRQL
PGVLSSRQLGLPGPPDVPDHAAYHP
PGVLSSRQLGLPGPPDVPDHAAYHPF
PGVLSSRQLGLPGPPDVPDHAAYHPFR

GVLSSRQLGLPGPPDVPDHAA
GVLSSRQLGLPGPPDVPDHAAYHPF

VLSSRQLGLPGPPDVPDHA
VLSSRQLGLPGPPDVPDHAAYHPF
VLSSRQLGLPGPPDVPDHAAYHPFR

SSRQLGLPGPPDVPDHAA
SSRQLGLPGPPDVPDHAAYHPF
SSRQLGLPGPPDVPDHAAYHPFR

SRQLGLPGPPDVPDHA
SRQLGLPGPPDVPDHAA
SRQLGLPGPPDVPDHAAYHP
SRQLGLPGPPDVPDHAAYHPF
SRQLGLPGPPDVPDHAAYHPFR

RQLGLPGPPDVPDHA
RQLGLPGPPDVPDHAAY
RQLGLPGPPDVPDHAAYHP
RQLGLPGPPDVPDHAAYHPF
RQLGLPGPPDVPDHAAYHPFR

QLGLPGPPDVPDH
QLGLPGPPDVPDHA
QLGLPGPPDVPDHAA
QLGLPGPPDVPDHAAYHP
QLGLPGPPDVPDHAAYHPF
QLGLPGPPDVPDHAAYHPFR

LGLPGPPDVPDHAAYHPF
LGLPGPPDVPDHAAYHPFR

GLPGPPDVPD
GLPGPPDVPDHAAYHPF
GLPGPPDVPDHAAYHPFR

LPGPPDVPDHAAYHPF
LPGPPDVPDHAAYHPFR

PGPPDVPDHA
PGPPDVPDHAA
PGPPDVPDHAAYHP
PGPPDVPDHAAYHPF
PGPPDVPDHAAYHPFR

GPPDVPDHAA
GPPDVPDHAAY
GPPDVPDHAAYHP
GPPDVPDHAAYHPF
GPPDVPDHAAYHPFR

PPDVPDHAAYHP
PPDVPDHAAYHPF
PPDVPDHAAYHPFR

PDVPDHAAYHPF
PDVPDHAAYHPFR

DVPDHAAYHPFR
VPDHAAYHPF
VPDHAAYHPFR

PDHAAYHPF
PDHAAYHPFR
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MK SL VL L L CL AQL WGCHSAP HGPGL I YRQPNCDDP ETE EAAL VAI DYI NQ

NL PWGY KHTL NQI DEVK VWP QQPS GEL F EI E I DT L ETT CHVL DPT P VARC

SV RQL K EHAV EGDCDF QL L K L DGK FSVV YAK CDSS PDS AEDV RKVCQDCP

L L APL NDTRV VHA AKAA L AA FNAQNNGS NFQL EEI SRA QL VP L PPS TYV E

FT VSGT DCVA KEA TEAA KCNL L AE KQYGF CK ATL S EKL GGAE VAVT CMV F

QT QPVS SQPQPEGANEA VPT PVVDPDAP PSP PL GA PGL PPAGSPPDSHV L

L A APPGHQL HRAHYDL RHT F MGVV SL GS PSGEVSHPRK TRTV VQPS VGA A

AGPVVP PCPGRI RHFKV
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HTFMGVVSLGSPSGEVSHPRKT

FMGVVSLGSPSGEVSHPRKT
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ROC curve for all 62 significant peptides

Most peptides showed moderate AUC value.
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ROC curve consisting of ITIH4 and AHSG
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AHSG_1 AHSG_2 ITIH4_1 ITIH4_2
AUC 0.769 0.772 0.731 0.712

AUC:0.962

Peptidome signature peptide of ITIH4 and AHSG pair can be a 
potential cooperative biomarkers for TNBC

Green: composite 
Other:  individual

29 samples 
(14 Control, 15 TNBC)



Summary and perspectives
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 Enhanced peptidome/degradome activity observed in the cancer 
group

 62 significantly-changing peptides separate TNBC group and control 
group

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

 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
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1. Peptides identified in 
>=10 samples are 
retained
2. p-value based median 
normalization
(p value > 0.75 as the 
background)

Normalization
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MFSMRI V CL VL SV VGTAWTA DSGEGDFL AEGGGVRGPRVV ERHQSA CKDS

DWPFCSDEDWNYK CPSGCRMKGL I DE VNQDFTNRI NKL KNSL FEYQKNNK

DSHSL T T NI MEI L RGDFSSA NNRDNT YNRVSEDL RSRI EV L KRKVI EKVQ

HI QL L QK NVRAQL VDMKRL E VDI DI K I RSCRGS CSRAL AREVDL KDYEDQ

QKQL EQV I AKDL L PSRDRQHL PL I KMKPVPDL V PGNFKSQL QKVPP EWKA

L TDMPQMRMEL ERPGGNEI T RGGSTS YGTGSET ESPRNPS SAGSWNSGSS

GPGST GNRNPGSS GT GGTAT WKPGSS GPGSTGS WNSGSSGTGSTGNQNPG

SPRPGST GTWNPGSSERGSA GHWTSE SSVSGST GQWHSES GSFRPDSPGS

GNARPNNPDWGT F EEVSGNV SPGTRREYHTEKL VTSKGDK EL RTGK EKVT

SGSTT T T RRSCSK T VTKTVI GPDGHK EVTKEVV TSEDGSDCPEAMDL GTL

SGI GT L DGFRHRHPDEAAFF DTASTGKTFPGFF SPML GEF VSETES RGSE

SGI FT NT KESSSHHPGI AEF PSRGKS SSYSKQF TSSTSYNRGDSTF ESKS

YKMADEA GSEADHEGTHSTK RGHAKS RPVRGI HTSPL GKP SL SP
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MP SSVSWGI L L L AGL CCL VPVSL AEDPQGDAAQKT DT SHHDQDHPTF NKI

T P NL AEFAFSL YRQL AHQSNSTNI F FSP VSI AT AF AML SL GT KADTHDEI

L E GL NFNL TEI PEAQI HEGFQEL L RTL NQPDSQL QL T TGNGL FL SEGL KL

VDKFL EDVKKL YHSE AF TVNFGDTEEAK KQI NDYVEKGT QGKI VDL VKEL

DRDTVFAL VNYI F FK GKWERPF EVKDT E EEDFHVDQVTTVK VPMMKRL GM

FNI QHCKKL SSWVL L MKYL GNAT AI FF L PDEGKL QHL ENEL T HDI I T KFL

ENEDRRSASL HL PKL SI TGTYDL KSVL GQL GI T KVFSNGADL SGVTEEAP

L K L SKAVHKAVL T I DEKGTEAAGAMFL E AI PMSI PPEVKF NKPF VFL MI E

QNT KSPL F MGKVVNP TQK
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