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Application of TMT quantitative proteomics in identification of differentially ex-
pressed serum proteins of breast cancer patients with axillary lymph node metas-
tasis

LI Xizhou, FANG Min”®, SHENG Yuan, YU Enda ( Department of General Surgery, Changhai hospital , Second Military
Medical University, Shanghai 200433, China )

[ Abstract ] Objective:To indentify the differentially expressed proteins in serum among patients of breast cancer with
and without axillary lymph node metastasis, and to screen the diagnostic biomarkers and therapeutic targets that related to
breast cancer metastasis. Methods: Quantitative proteomics TMT( tandem mass tag )technology was used to detect and
quantitatively analyze serum proteins of breast cancer patients with and without axillary lymph node metastasis ( 14 cases in
each group ), and to further screen significant differentially expressed proteins. Uniprot database and proteome discoverer
software were applied to analyze the bioinformatics. Results: One hundred and nineteen differentially expressed proteins
were identified, and 6 proteins were significantly up-regulated, 113 proteins were significantly down-regulated. Gene ontol-
ogy ( GO ) annotation and functional cluster analyses showed that these differentially expressed proteins are locate at extra-
cellular domain, and correlate with biosynthesis, cell proliferation and angiogenesis of tumor. Western boltting and qRT-
PCR verified that the expressions of K1C19 ( down-regulated by 0. 11 times ) and PSME2 ( up-regulated by 2. 02 times ).
Conclusion: TMT quantitative proteomics is a compelling way to discover differentially expressed proteins of breast cancer
patients with and without axillary lymph node metastasis, and K1C19 and PSME2 are the potential serum biomarkers that
deserve further exploration.
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BN 3o 5 a NP d e S ot N e
MR SR LRI VR TT R W T B LG R B S
U RERUR R LR R IR T R ORI BE T Y
FERH . BRI AR TS A TR KR
ek  EJE 2 A0 O A R Pk 0y ZL I i E IR AR
BEARERIT L . B FLR R 4 BhA T
WA S K KA O AR W 2 i W, T it & kI E A g
SERRRIBTEFE R WO TR AN o TS b 8 25 5 7%
R R W RS R AR e R 1 i A R R
o A AR BS0R 2B ) B 40 LA, X SR RS Ak L 4
I 5T RE A 3R 4 B W TR e B 1 i A0 B 1 AR ) o R
PE L IR ELEE RS BB R 0 A B

HE AR DI Re r) BT FEFLIR
Ik LR R T HEMAER . MR, &
3 £ P B 1 A 2R R R 4 B iy FH Ay i 1 55 2 B A DG
B, RIAIT TS AR T A RO S ARG
FFH BRI 0T 15 5 25 ( tandem mass tag, TMT ) % 12 8
F2H 2707 ¥R 53 A Ik L 5 5% Gk L 45 5% 4 1 L A
R SEREF S22 R EN, IFHEITAEY
TR, R S IR IR R A R R AR
S F LIS AE , i R 2L A 12 W FLR T HR 43t
TETE B A

1 #REHE

L1 ARARR

IMFAR A H 2014 48 1 H 2 2015 4F 12 A
O AR AR KT B B LR A RHIBGIA 19, I
AR B S DA R 1 A e 1Y) 28 491 L e F
HO A RS I L A e B S T M S Tk L S5 B RS 45 14
i, 28 B FL IR I S -1, 14 B
WK ZERL R bk L 25 R R B TE 1 ~4 D, 4
%34 ~67 %, FIAERY 49.7 &, B R IMLAT Y &
HE R, 22 o A

MR SARME . A AR ZAER M AT AR
BZALMNRIT . WHRRAESEH KM 4 ml, 4 CH
1 h, B2 13,5 ¢m 3 000 r/min .05 min J5
SYBINTE , —80 CYKFEMRAF & i MG bR A TE
J3T i S A R B S SR R R
1.2 EZRXA L%

BCA HH E i & . TMT 175 1 T Thermo
Fisher Scientific 23], T " beJE A FR 84 A T Amresco
A, CHEW T ). T. Baker 24 1), BRGNS T Gibeo 24
AL 7 EE A T Promega /A F, qPCR JE
3 & W A Promega, B-actin LK H Abcam,
PA283 .Keratin 19 BRI H Cell Signaling Technolo-

gy 7~ &, HRP/TRITC/FITC #5ic -4 T Southern
Biotech A 7,10 KD #3451 [ Millipore A ], H
AR R E M el . 1.5 ml BOHLE
F Thermo Fisher Scientific, 45 ff A 5 B .0 8 ¥ W T
Axygen, bR T Bio-rad, ABI 7300 7E & PCR
1T ABI,

1.3 BRBH/ AARCLEHSGIZARTERE

ik ¥ EG
1/ TCIR EEE T 54 I 41 FL IR BB ) IS T

UK AR AT G, 7 A b B 45 7 % 4 b 3 R AR B
2wl IRA, TOIbk U5 55 7% 20 1 35 tho SO W) b 22, 7 R
Jei FH BCA A k7] 5 B 2R R B . 96 LA 4
FUA bR o S BRI 10 WL, BRI R R
80 wl TAEW, P as BIRAT. 37 CHERTINE
30 min, Kf 96 FLAR VS 20 Z % IR T AR 1R
570 nm PR AL B CHBEC D OME. KBRS D
{ELU 2 blank #5019 D AE, F-55 v B I/ b ofi i £&
IERR IR I M L8 RR IR i (R B

B 250 pg B, B2 T 10 k BIgE ™,
200 wl JRZ B Lo BRI, 15 200 pl FR
R, B Do 100 pl M2 WERC PR B, =552
A1 EEERFE 2 he BOo 1100 wl JRE, B
O, B i, 100 pl NH,HCO, &L, H& —
W BOET R, B EE( NH,HCO, Fik¢),37 C K
200 r/min R, B OUWCERKE . BRI 60 pl
0.5 mol/L NaCl =i, B 0>, FRR WA KB, A 1
52 K. BESARIL,0.1% CF,COOH FRILIKE:. Mk
BUBER o BV VR ELAS T AU TR S R TR IR AE
1.4 TMT 4t % &

100 mmol/L = Z JEHRBE i A &, K2l pH 2
8.5, 41 pl M ZNE W TMT IX5/45 , TMT-126 4r
TCIF I A TG Ik U 485 7 A% 21 1 v Bk Be v, TMT-128
FRic iR A I B 25 55 R 41 L3 KB TR AT #8 IR
Eh 4 ho A 8 wl B9 5% F2M%( hydroxylamine,
HDX)ZE W, $ERZE I 20 min, S5 LR A, BR 1L
R R T
1.5 LC-LTQ-MS/MS( & A8 & 3% R #F R ) 57 vA
B R A R

e R 10 Wl B 2% ORI f#
12 000 r/min & > 5 min, #17 LC-MS/MS 43 #7
HPLC R Ia)#EJE M 248 % H] 300 nl/min ik ,5% ~
32% CMERBEEHATRE S A BRI, ] 4 h; HPLC
5 LTQ Orbitrap XL B {lEk , \—4ik B h i BUF
SEGRMY 3 NMEEE 4T HCD( Higher energy colli-
sional dissociation )i, %(#i{di F Proteome Discov-
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erer A JRA 1. 4 )FATHE R 0HT
1.6 A5 8F 5

Xof BCHE PR A R A B Y B AT 4 1 B AT 20 A
PRI 1.5 4% A E( protein ratio KT 1.5 1§
/NF0. 67 )R HE BN 2257 8 1, XX EEER FITE Ge-
neCoDis3 H 7R AAL( Gene ontology , GO ){F B
SIFTAIINRESR 2 M. 1 Uniprot B4 128 HL X i &
Ty 22 5 A A B AT R R X AT I RE AP 2R S
I3
1.7 Western blotting 324 2 5+%& &

ZH AR R FH 2473 50 mmol/L Tris( pH 7.4 ),
150 mmol/L NaCl,1% Triton X-100,1% sodium deoxy-
cholate,0.1% SDS, LA & sodium orthovanadate , sodium
fluoride , EDTA , leupeptin ) /£ 17 2 fif, I 2 & (e B
J& , B 20 ~30 pe B 12. 5% 19 SDS-PAGE #1743
BLOREHEARER M R OIEE L. 10.05% +
e PBST BChi] 5% I BE 054 , 6T 35 PAT L #H0m
A—HUEE , Ve, FH HRP ARic i —5iie s, & H
Fl AL RO R R
1.8 qRT-PCR #MBiE £ & G A B KPF A&

TEML 2 A 22 5 R GK W BE PR, 76 ABI 7300 JE &
PCR X IR SYBR Green[3% 47T qRT-PCR 43 1iF.
SR ZR(20 wl ):SYBR Green Realtime PCR Master
Mix 10 pl,ROX Reference Dye 0.4 ul,cDNA( 50 ng/
ph) 1wl IER 519 10pumol/1. ) 45 0.4 pl,ddH,0
7.8 wlo Y HESAFE:95 C HUAEME 10 5340 MG 95
CAEME 15 5560 CiBK 30 ;72 CHEAH 30 s, HI PCR
PIGHZATE] Ce B, H AR 3 5k 12 16k
AACt 18 J7 ¥ #E 47 1H 55, JF LA Bractin YE B N S,
KRTI9( 174 21 B 22 19( Keratin, type | cytoskeletal
19, 8 A ISHER )54 : 5'-ACCAAGTTTGAGACG-
GAACAG-3'( Sense ), 5'-CCCTCAGCGTACTGATTTC-
CT-3'( Antisense ). £ 1 B 1A UG 1 &2 & 1A W74 2
( Proteasome activator complex subunit 2, PSME2 ) 5|
Y): 5'-GCAAGAGGACTCCCTCAATGT-3'( Sense ), 5'-
CTTCTGGCTTAACCAGGGCA-3'( Antisense ).
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Fig.1 Heat maps of differentially expressed proteins
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x1 BATHEBRHER
Tab.1 Parts of the proteins changed with relatively large fold

Protein name UniprotKB Fold change
WD repeat-containing protein 5B WDR5B_HUMAN 3.33
Tyrosine-protein kinase Lyn LYN_HUMAN 3.27
Protein IGKV3D-15 ( Fragment ) AOAO87WSY6_HUMAN 2.74
Apolipoprotein A- ][ APOA2_HUMAN 2.58
Proteasome activator complex subunit 2 PSME2_HUMAN 2.02
Apolipoprotein C- [ APOC1_HUMAN 1.60
Ig kappa chain V-1 region Mev KV120_HUMAN 0.11
Ig mu chain C region IGHM_HUMAN 0.11
Pre-mRNA-splicing factor SYF1 SYF1_HUMAN 0.11
Protein S100-A9 S10A9_HUMAN 0.11
Coagulation factor V FA5_HUMAN 0.11
Hepatocyte growth factor activator HGFA_HUMAN 0.11
Adiponectin ADIPO_HUMAN 0.11
Complement factor H CFAH_HUMAN 0.11
N-acetylmuramoyl-L-alanine amidase PGRP2_HUMAN 0.11
Inter-alpha-trypsin inhibitor heavy chain H4 ITIH4_HUMAN 0.11
Protein IGKV3D-20 ( Fragment ) AOAOC4DH25_HUMAN 0.11
Mannan-binding lectin serine protease 1 MASP1_HUMAN 0.11
Complement component C8 gamma chain CO8G_HUMAN 0.11
Keratin, type [ cytoskeletal 19 K1C19_HUMAN 0.11
Fetuin-B FETUB_HUMAN 0.11
Ig delta chain C region IGHD_HUMAN 0.11
B Blood congulation (BP) |

A Protein binding (MF) |EEEG_——
Serine-type endopeptidase activity (MF) _-
Serine-lype endopeplidase inhibitor activity (MF) il
Lipid binding (MF) i
Endopeptidase inhibitor activity (MF) -
Phosphatidylcholine binding (MF) I-
Lipid transporter activity (M) -
Cholesteral transporter activity (MF) i
Phosphatidylcholine-steal O-acy ltransferase activator activity (MF) l.

Apolipoprotein receptor binding (MF) i
0 10 20 30

Complement and coagulation cascades _

Regulation of actin cytoskeleton ===
Systemic lupus erythematosus _
Swphylococcus aureus infection _
PPAR signaling pathway -
Affican tryanosomiasis —
Malaria -
Prion disease -
Vitamin digestion and absorption I-

Biotin metabolism Jj§

0 3 6 9

Innate immune response (BP) | _—_—_—_——
Platelet activation (BP) |
Platelet degranulation (BF) |
Complement activation (BP) _
ical pathway (BP)
Cholesterol mebolic process (BP) ISR
Lipoprotein metabolic process (BP) [N
Iriglveeride metabolic process (BP) _
High-density lipaprotein particle remodeling (81*) [N

0 5 10 15

Complement activation.cl

D

Extracellular region (CC)

Extracellular space (CC)

Platelet alpha granule lumen (CC)

Protein complex (CC)

High-density lipoprotein particle (CC)
Very-low-density lipoprotein particle (CC)
Chylomicron (CC)

Spherical high-density lipoprotein particle (CC)
Membrane attack complex (CC)

Extrinsic 1o external side of plasma membrane (CC)

A :Molecular functions;B:Biological process;C:Signal pathway;D : Cellular position

The vertical axis is the GO category and the horizontal axis is the-log P of these GO terms
2 AR EAREHREEEERIRENEERBAEREANBEEEERSW

Fig.2 Significant enrichment analysis of identified proteins in breast cancer with axillary lymph node or not
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2.4 2FEZFEGA AR qRT-PCR 4l

qRT-PCR Z5 W, PSME2 R 75 A ik L 255
% FL e BB G rh Rk B A i B B
(1.054 +0.060 ) vs (0.560 £0.017 ), P <0.01 ),
KRT19 K& R e 0F BRAH 3Rk i I 35 (0. 217 =
0.012 ) vs (1.488 £0.034 ), P <0.01 ), 5 Western
blotting X W 2 [ & 35 7K~ B 5 33 i 16 19 2 11 Rk
—3

Axillary  Lymph
+ =

KICIg . —

PSME2 Nl st

P-actin ———

3 PSME2 #1 KIC19 EAEMHBLEER
FLARE R R MiBhRIA KT
Fig.3 Expressions of PSME2 and K1C19 protein in serum

of patients with breast cancer with axillary lymph nodes
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I 2 S LA AILRE (4 1 11, B3 ik L 25 5
P I S N E 2 s A W Ol s = b N oy 4
FITC AR o3 R EL 45 55 7% A MY P 2 A kL
J i 2 RS R DRI 100 A 25 0 1 B B2 — 25, T Il v 2R
P20 2 2R s 3 3 A Y 2 4R T A AL R R T
B S U A SR s B 1 AL AE A B AR X
14 151145 Ji s R EL S5 5 RS 11 B 14 1) JC IR bk 12 45 7
& 0 L I £85I A AT A, o et 2 1 A
SEOYHT AR E] T — R R U S R
TR R RS AHOC I AR Wb 7 6 LR 1 A A
fRiRIT EOCEEL, AW — 1) 57
FHIC I A bR ) o

PSME2 3 i3 % 85 [ it () i 38 2 5 88 (1 oK ff
BT . A REFE W], PSME2 Al REZ 5 T e 1Y &
AR A AR SR B HE W EE PSME2
IR AT PR A K BB AN R R EAR IR
i & B, PSME2 754G 63 bk UL 25 54 4% 1 ZL IR i
PR X B (2,02 /% ). PSME2 7 1E
e v A R, SCHR A A0 25 SRt R R AR TRD, He
PSME2 2K A 1A 76 il O v S 98, i e B s
B B SRR A L, PSME2 2R
TR 6 7 1 S8 (0 0% vh A3 o i KO i R R

PSME2 4 I 7E g3 A tE S b i D RE A R A9
K1C19 J& T & H 505, 2R 4 i i 2R & A
RR] 22 06 0 800 AR b B AT P R e 3R L A
fiERE N RSN I ek, B 5 E ST
J LR T 52 2 L R K1C19 AT ]
IS, TR IR 2R, 5 B W A A IR B A
RAUFHISE > FERLBEE h, K1C19 2 A A
SRR ELEE SR K B R A bR
B N D & R G B R RS A OGO,
K1C19 Rt 5 ER.PR Z K%, HER2 i %1k,
Ki67 fRRBHISE T, ABFSE A AR HE G 55k 1 45
PR AT R L A5 B2 K1C19 383K .35 T I
(0. 1118 ) ABFFEICT B FL IR 835 IR i
RS e B 1 bk L 25 A AU 1, R ) AR B P I
( two-dimensional gel electrophoresis technology , 2-
DE )R 347 8 A 2058, 2R 5 R I b 8 A4
SRR T HE R KFER) KICL9, 17 5 AL ik 45 H
24
S AR T I RE S T R B, REE AR RS
EEHRE I ST T, A JLIE 5 T DI RE Y 4k X 3R A
TR . HohiE T 8 45 S D RE R B R 3R
RS St WY ., A R T O AR A R ( SRk 22
%> 1.5, 805 <0.67 ), LAMNEA] B MRE
1 Fif Lyn ( tyrosine-protein kinase Lyn ). WIBEH
A-T ( apolipoprotein A- I )Rk i 2. 58 ~3.27
7533864 33 AL =45 B ripartite motif-
containing protein 3 ), B-2-H & H-1( beta-2-glycopro-
tein 1), fﬁ%*ﬁ@@:@%i&@@( telomerase reverse tran-
scriptase )55 |FRIEH FIH0. 11 ~0.45 f5. FEI%IEHE
, N# B8 & 1 H( human apoplipoprotein H,
APOH )APOH. 7 L ot 25 45 £ 32 $58 41 M 2 o iy 4] 9
PTE Y BE I B S I, 52 T i 38 s A A B 2
1( extracellular matrix protein 1, ECM1 ), 75 PN 5z 2
PR S SR I AS A B, 2 T A A 5 I £ 4 2 VA
J5( plasminogen, PLMN )/E iy — it e /E F 1 A 5
Z 53| — R YR G, ISV iR iR 1
AT, RGNS Mg i 5 R
FRIG, BR8I35 ki
25 Lng , TMT ARic 8 H 4125 BE S A R 0 18 I
LR IR 2R E A . RN AYE B
OIMTitE— T2 S I TE RV A R T S
SRR B T LR RO L S RS BRI S 2
SEZ NI FE R E5 2R, 5830 W — M ik 2
JURNEE F AR A T e — BT 5E . AW FE 0 18
i K1C19 il PSME2 J2 175 B8 il A LI i L 45 5%



- 416 -

v b A IR T 2k 2017 4E 4 H ,24(4)

P B PN FEbRIL 5 IR AT
(& % Wk ]

[1] PEIRIS H H, MUDDUWA L K, THALAGALA N I, et al. Do
breast cancer risk factors affect the survival of breast cancer pa-
tients in Southern Sri Lankal J ]. Asian Pac J Cancer Prev, 2017,
18( 1 ): 69-79. DOI:10.22034/APJCP.2017. 18. 1. 69.

[2] SONGJL, CHEN C, YUAN J P, et al. The association between
prognosis of breast cancer and first-degree family history of breast
or ovarian cancer: a systematic review and meta-analysis| J/OL J.
Fam Cancer, 2017[ 2017-01-10 ]. [ Epub ahead of print ] ht-
tps://link. springer. com/article/10. 1007 % 2Fs10689-017-9969-
x. DOI: 10. 1007/s10689-017-9969-x.

[3] PORTO-MASCARENHAS E C, ASSAD D X, CHARDIN H, et
al. Salivary biomarkers in the diagnosis of breast cancer: a review
[ J/OL . Crit Rev Oncol Hematol, 2017, 110 62-73[ 2017-01-
10 1. http://www. croh-online. com/article/S1040-8428 ( 16 )
30388-2/abstract. DOI: 10. 1016/j. critrevonc. 2016. 12. 009.

[4] GIPPONI M, FREGATTI P, GARLASCHI A, et al. Axillary ul-
trasound and fine-needle aspiration cytology in the preoperative
staging of axillary node metastasis in breast cancer patients [ J/
OL ]. Breast, 2016, 30: 146-150[ 2017-01-10 ]. http://www.
thebreastonline. com/article/S0960-9776( 16 )30170-9/ abstract.
DOI: 10. 1016/]. breast. 2016. 09. 009.

[5] DUARTE T T, SPENCER C T. Personalized proteomics: the fu-
ture of precision medicinel J/OL ]. Proteomes, 2016, 4( 4 ): £29
[ 201701-10 ]. http://www. mdpi. com/2227-7382/4/4/29.
DOI: 10. 3390/ proteomes4040029.

[6] SUMAN S, BASAK T, GUPTA P, et al. Quantitative proteomics
revealed novel proteins associated with molecular subtypes of
breast cancerl J/OL |. J Proteomics, 2016, 148: 183-193[ 2017-
01-10 1. http://www. sciencedirect. com/science/article/pii/
S1874391916303463. DOL:10. 1016/]. jprot. 2016.07. 033.

[7] JIANG N, KHAM S K, KOH G S, et al. Identification of prognos-
tic protein biomarkers in childhood acute lymphoblastic leukemia
(ALL)[ J ]. J Proteomics, 2011, 74( 6 ): 843-857. DOI: 10.
1016/j. jprot. 2011. 02. 034.

[8] THONGWATCHARA P, PROMWIKORN W, SRISOMSAP C, et
al. Differential protein expression in primary breast cancer and
matched axillary node metastasis [ J ]. Oncol Rep, 2011, 26( 1 ):
185-191. DOI: 10.3892/0r.2011. 1266.

[9] HUANG Q, HUANG Q, LIN W, et al. Potential roles for
PA28beta in gastric adenocarcinoma development and diagnosis
[J]. J Cancer Res Clin Oncol, 2010, 136( 8 ): 1275-1282.
DOI: 10.1007/500432-010-0778-y.

[10] KIMJ E, KOO K H, KIM Y H, et al. Identification of potential

B Y S T S s e e s s s S e s O e T S s e e s s s e e s s e e A e s e e s O e 2 s e B

lung cancer biomarkers using an in vitro carcinogenesis modell J 1.
Exp Mol Med, 2008, 40( 6 ): 709-720. DOI: 10. 3858/emm.
2008.40.6.709.

[ 11 JEBERT M P, KRUGER S, FOGERON M L, et al. Overexpression
of cathepsin B in gastric cancer identified by proteome anal-ysis
[ J]. Proteomics, 2005, 5( 6 ): 1693-1704. DOI:10. 1002/ pmic.
200401030.

[ 12 ] PERROUD B, LEE J, VALKOVA N, et al. Pathway analysis of
kidney cancer using proteomics and metabolic profiling[ J/OL .
Mol Cancer, 2006, 5: 64[ 2017-01-10 ]. https://molecular-canc-
er. biomedcentral. com/articles/10. 1186/1476-4598-5-64. DOI:
10. 1186/1476-4598-5-64.

[ 13 ] AL-GHOUL M, BRUCK T B, LAUER-FIELDS J L, et al. Com-
parative proteomic analysis of matched primary and metastatic mela-
noma cell lines[ J ]. ] Proteome Res, 2008, 7( 9 ): 41074118.
DOI: 10.1021/pr800174k.

[ 14 ] SHAO M M, CHAN S K, YU A M, et al. Keratin expression in
breast cancers| J ]. Virchows Arch, 2012, 461( 3 ):313-322.
DOI: 10.1007/500428-012-1289-9.

[ 15 ] ALIX-PANABIERES C, VENDRELL J P, SLIJPER M, et al.
Full-length cytokeratin-19 is released by human tumor cells: a po-
tential role in metastatic progression of breast cancer[ J/OL ].
Breast Cancer Res, 2009, 11(3): R39[ 2017-01-10 J. https://
breast-cancer-research. biomedcentral. com/articles/10. 1186/
ber2326. DOI: 10. 1186/ber2326.

[ 16 ] OHI Y, UMEKITA Y, SAGARA Y, et al. Whole sentinel lymph
node analysis by a molecular assay predicts axillary node status in
breast cancerl J ]. BrJ Cancer, 2012, 107( 8 ): 1239-1243. DOI:
10. 1038/bjec. 2012. 387.

[ 17 ] OSAKO T, IWASE T, KIMURA K, et al. Sentinel node tumour
burden quantified based on cytokeratin 19 mRNA copy number pre-
dicts non-sentinel node metastases in breast cancer: molecular
whole-node analysis of all removed nodes[ J ]. Eur J Cancer,
2013, 49( 6 ): 1187-1195. DOI: 10. 1016/j. ejca. 2012. 11.022.

[ 18 ]1JUJH, YANG W, LEE K M, et al. Regulation of cell prolifera-
tion and migration by keratinl9-induced nuclear import of early
growth response-1 in breast cancer cells[ J ]. Clin Cancer Res,
2013, 19( 16 ): 4335-4346. DOI: 10. 1158/1078-0432. CCR-12-
3295.

[ 19 ] MILIOLI H H, SANTOS S K, KAVISKI R, et al. Comparative
proteomics of primary breast carcinomas and lymph node metastases
outlining markers of tumor invasion[ J ]. Cancer Genomics Pro-

teomics, 2015, 12(2): 89-101.

[ KkFEEHE] 2017 -01 -03
[ AXmE] #HEHA

[f£EEE ] 2017 -03 -08

R T Tl

&

i

%
(P EAMZEWLTRE )R E B A k4T A E

QB R, Ry o, R R, R, Ko, o, R, R, Ry o, R, Ry Ry Ko, R, R, o, Ko, P, R, R, Ry o, R, R, Ry Ko, R, R, R, R, o, R, R, oy o, P, R, o, o, A



