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Abstract

Abstract

Triple-negative breast cancer (TNBC) is a pathological subtype of breast cancer, which
is insensitive to common hormone therapy and targeted therapy and has a poor prognosis. At
present, there is still a lack of reliable biomarkers that can distinguish triple-negative breast
cancer and its different prognosis. It was shown that the occurrence and development of
tumors are closely related to the glycosylation modification of proteins, and there are
abnormal glycosylation modifications in cancer tissues of patients. However, up to now, there
are few studies on abnormal glycosylation modification of triple-negative breast cancer.
Therefore, we combined proteomics with high-throughput and site-specific glycoproteomics
to quantitatively detect the level of protein and glycosylation modification in patients with
triple-negative breast cancer. The study of the molecular characteristics and functional
pathways of differential proteins and glycosylated proteins in the different prognosis of cancer
provided more abundant references for diagnosis and treatment of triple-negative breast
cancer patients. The main research results are summarized as follows:

(1) In this study, cancer tissues and paired non-cancerous adjacent tissues (NATs) of 9
patients with good prognosis and 9 patients with poor prognosis were collected. The
hydrolyzed peptides were quantitatively analyzed by tandem mass tag (TMT) labeling, and
glycopeptides were enriched by hydrophilic column.

(2) Through the functional and KEGG pathway enrichment analysis of differential
proteins, it was found that the highly expressed proteins in cancer tissues were mainly
involved in biological pathways such as cell adhesion, cell migration, and change of
extracellular matrix, which promoted the invasion of tumor cells. Through the analysis of
different prognosis of cancer, it was found that the expression of histone H1.2 was the highest
in cancer tissues with poor prognosis, which promoted the growth and development of cancer
cells.

(3) Through the functional and KEGG pathway enrichment analysis of differential
glycosylation modification in cancer tissues and non-cancerous adjacent tissues showed that
glycosylation of glycoprotein hemoglobin and antithrombin III may promote cancer
metastasis and invasion. Based on the analysis of glycosylation modification with different
prognosis, it was found that 25 glycoproteins with high expression in patients with good
prognosis were associated with extracellular matrix-receptor pathway and human
papillomavirus infection by KEGG pathway analysis. These pathways are closely related to
cancer cell differentiation and metastasis, among which PI3K/AKT pathway is one of the
common maladjusted signal pathways in triple-negative breast cancer.

(4) According to the differential protein glycosylation modification of triple-negative
breast cancer tissues, glycoprotein CO6A6, DCN, and COCAL are predictive biomarkers for
patients with good prognosis, poor prognosis, and triple-negative breast cancer patients,
respectively. It is worth noting that there are differences in the glycosylation on the same
glycosites of glycoproteins in cancer tissues with different prognosis.



Abstract

This study explained the molecular characteristics and functions of triple-negative breast
cancer and its different prognosis from the differential glycosylation modification level and
provided effective therapeutic strategy support for the search for biomarkers of triple-negative

breast cancer.

Keywords: Triple-negative breast cancer (TNBC); cancer prognosis; proteomics;

glycoproteomics; biomarkers
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Table 1 Subtypes of breast cancer

LE RS I 43
Luminal B (HER PFHE) ER FAM:, HER-2 it3ik
ER PHH:, HER-2 [H1H
Luminal B (HER Bi#) [F > B LU R A2
Ki67>14%
PR<14%

HER-2 [HE ER 5 PR [H1%, HER-2 I #ik
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Table 1 Subtypes of breast cancer (continued)

DR Il R 9 BE 4328
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Figure 1-1 Simplified schematic diagram of breast cancer structure
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Figure 1-2 Biosynthesis pathway of N-glycans
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WA, Hor g B SRR E R A B e B R E B, XM AR
TEAFTFA. BRGNS R AR G RP, JR, | BRI Eiig & D EeE
NEZR, HismEZE, 3E Lo g AR E R BIEEUS, FAESRREME. &
VRS B AR B R, R a2 ik, B 0 o AR R e T
W2 IR JE R R B s ASCGEEAT 20 A, A8 R 1 BIME B S5 8 B B 2 Al BEEAT VLG, DA
HOERER 2R, RAHENE B BE BN 3R R A R BRI B R . A
BT A EMRE, BN R 2 N T R S E ERAE .

1.3.2 FEEARASRR
1.3.2.1 BEERAFRAFAEX

Bl A B A A R AL — A 23 3, R ool i A BT AT A T AT
EAFR S 2R ERENE B, PEE B RS e N E &R P AAAE R B
AR E UUSGRAE B B ERRERE AL R S A5 . BE R B e 2 A R ki &



P

F—E 4R

PUEH, QOIEMRGES . IR R &AL SO S5V 2 5 A O,
BAEERE . B B R AL G S . DRI, 1 RS R 0 1) 52 20 5 L 19 26 0o LA fik
AR AR Thae 2 R o B A H B . i Bl A, Rll{g s A N 2 R
FIE IR R B AT DR S AT L 5 00m R AR RIS &R . SR, TR s A e
B 5 A AR A S W B 5 4 1) S o P A v S A, LA U 1) e 7 R R
T AR 2 Y. Bk, JEERASARH TR ERE, Tkt & e
AR REEARGEE. RO ARG ZEBERNE SN, B %R
WEIRREN), TERESBERERIRIT 7%, LR T ARG i E a5 HAb 1 2 1A
(5 228 HAE AN, B L2 i e 9o HUR R e, oA B T B R
A AE i R RDJos N A R 22 7
1.3.2.2 WA E 004 2 1) 48 R Ot 7 1k

FESL R it 07 B SR A i e Ak B B R WA B LA S AT IR G BE . H RITE DL IR 20
& TCERENEIR I AT, AFRRHE R G ENT . ML E EE AR K itk s . o,
BEEZORMBERM A T RHEE R SRR S R e G B X — YRR, X IRIEAT 7 B 2lidk,
TS M), SR, MR R A G . B AR S 45688 0555 6k, #ilin
— LR T LS R R B I IR B b AT AR e 45 S, SR RA TR ZNE R, K
TITERR s A PRSI A IE R R TR, A B IR e e 2 2]
PR SRR GRS SR IA IR, X Rt SERIHIRA B2 b E SikiEnt
T IR AR e R 1t S IR AR B T S AN 456, AT SRBE AR, kb 22 s
R AR SR A BRI 2R O T A B R, SRR MBS M AR S
W, SEREEARMESEAR. AR K GRS, PR E Rk
HA SRRV, TS SRR . e s T AR, SR e
SRR MAX FERS, BEEE ERSEK MR I SR A G, JLARAFE U [R5 — ki
I Ja BT MR I AR B 43 b LS b IR B iR, 45 31 's SR, SRk tailik
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JTAERAS AN 5E T AN R LA FRURE 5 AR 2

YEARIE, LI BORE 8 B AR bR ) 60375 W VR A PR 22 R SRR A B A SR B . 491
i, o-1-PRYEREER T (AGP) A BRI R X 22 /KT (1 T v 5 LR ARG 1 I A0 93 i
ARAXRET, FiEA (MUCDH 22— Msiiss, SIEEARASML, FErEs
AL AN LRI, SRR A BB ATUS AS RA KO, FUBRE B 1 S Bk
A AL UgAD FZRBEMERIR A BT M T e Bedh, AWt T Son
PRI S A £ o 2L e ZH 3 A P R AL 8 Jo A 1) 1 vy H 2 B 7 N2H8 ATN2HO
B AE = BIE AL 23 2 T HER-2 BH R FL AR 4L 2,

RT3 AR AR S R R AN SGHIE TT LICiZ W, TS FIVR T
TR AST A MERE S . 23, 7523t DR FORTE 0 1 =P AL B AL
R, FFIT R B R BRI AT S AR B A AEP0hR 50
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1.5 WIOLARHE BT TR

FUI g O NS RIS B 1™ B G T o AT [, S T — SR g ] e
FERLLHUHER, e R AOm R E BTt dEiofr i giit, JREGLT Ltk
WZ R R BB, T H B E 2 R RSIE AW, JF B VR4S FLIR R 0 25
AT IRR — N ERAIHE R . = FAEFL IR R LB i) — R B A, R B =
RVEREERI TS O, ImR BT . SHARIL R AL b, = FI Ik 2L b i
FEIRIT IR 2-5 SEN A AT RER R . SR, &R0 T R4 = BAVESLBRE B Lo EAE IR YT e
ST RAFI AR . T = B VE 2Ll S8 TS — i TG, B B 72 4k
=R R TS — R . DRI, BT ST AT T = B L e S TS AR
Yobs SR+ F BT RAFRCR I = A PEFL R 3 2R 2L

B AR 2 B> TAE IR B A B, H e ROy AR AEAE A K LR (1 2R
Ybs S . BEE R bR S B A SRS

(1) R REUE: HUAR A BE B 8 R IR R, B Bt o0 i 5 2 DA iy REUE
BEATAGLIN, At EL e D o RE 0 1) S SRS £ AR 54 o

(2) Ktk WS FO A BUHA O BT i R 1, XA EA S T XA
PRIRRA

(3) FasEtk: FEE AN AR AR SV EREE, 1 mRNA 2 DNA.
XA AT LUSE 2 5 A S it A7 (O AR AR A P A DI A 1

(4) AB[ANAIT AT RENE: —SBREEE AT REIN 2 5 R e, XAEE IR
7 RVH IS RE L, AR MRS B VR IR 2R Wb B 0K B TR (12 W

B HAT, AR =PI BUS S ORI 2 A e R A S K SRl R
2 Bt TR T = BAVEFL BRI AR R A 2 DR K 0 e R0, = B PRI I 77 2 5 R
e B AN NBAEAE D SIOIRES K AAF AT SE 2 R A 2 3E R R ERAE R, 25 DU
AT AT M, B A BRI SR R SR B SR AT R R, BT e R IR
Yo REFAER, PUEHZR mRNA FE A FRARN F IR “—— X7 1)
ZMER AR, PRUIEABEIRYE mRNA HIRIE /KPR E & AR HIRIE AT, Fit, =
LB B0 5 B A O A B AR O FC R AT R AR S R ImRZ W Ada )T HA M
FIAHET o B AT A = B 2L BRI AN R 10 7 00 ) 22 o 1 B e W B A AR A /KT
Wi RE 1% .

LR LRI, B EE AR DM ZE YA S AT DL SR A L 2 W AR YT . H TR
BIF 7 B 2 R T = A PR LR A TR T BRI R B 1 A s 35

1.6 WXHFAAE

AT T, MAERRIZ 9 =P FUIRIE B 18 AL A 2 R S g i 2 2R A 3 e 4
LRI (Noncancerous adjacent tissues, NATs), HA 9 i AT G RIFE#E, 9 A AT
Ja AN R X 18 AL AT A B TMT 3355 8 S AR 10 18 F 5 24H 2= R0 B (A5
M, IR B PR E MK AN B R IA K, 2 TR U BE B AR X e



P

F—E 4R

PR T 15 DA T RN R R AT o K BRI S BRVE 23 B T AR AN 1R T 175 450 1) = B 1 L AR
S o> TR SR R R AE, JFE I 3 2 AMEEE S, DR E S e AT B
(TR PR A ] S

WX RN AT

(1) =P FU e R SR AR P R R ke o WSCER IR N = B 1 L e R 5 4
g, JEI I AN - Gt DL g A G 0 1) T R N COSCEE IR L e R S SR A
e Ak M = P E AL IR EREA, Bl ER. PR A1 HER-2 MGt st I N . SRR
AN EEGEESHEARGE —— XN, REFARE, MHH S I A 514 H
Bradford VA @R E, HilfEiaEE A &IFTEEMEAEA S E, WRIFRAELR.

(2) BRBUE S Sl % o ¥ A SUER B (1) 2 1 B SR AR O IR B AT TMT 177 55
BAMCE, 7 FRERE G 2 IR Se BT, 50 FH v 23 R SR BUAH T 1 o0 A e i 4 2R DL A T
PR F AR AT AL BE B B B B, T AT TMT A1 bl 2 3 s 2 5 /0
EERAT, FIFHAEYE S5 TR B0 & & AR A A b7 o K 34
S8 AT R0 B o 45 DA ORI 2 0 B 008 I 46

(3) B H BB ACE B A RIS KF AT XS Lo b . R B s 4 24 F0
TP SR 0 AT e i, Gork R R FRE S A g E LR B E, N-
PEFEA 2 IR DA B N-FlESA A7 A5 R

(4) 2 A RSB K AR A R RIE AT 2 BT, WS AAB I KT K
TP RIE AT G B oA, % HsiE A i 5 R A0 20 2R 2 1) 2 1 BB 2R AL
1B 22 7 AV R 22 S R IE/KF, F-IRAENE @0 B A SR SR AR 1 K7 X 2 B R4
51EA RIRERE R A . b, 8 Dhae R o TR U RE AN [F) U5 1 0 1) 4r T X
K UNReim e 72 5, = BIPEFLIE AN [F 9005 15 G0 R0 2 AR VbR S SR A SRR
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2.1 SRR
2.1.1 SEKRAFH]

MRIETEE
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Table 2-1 The experimental reagents

EwilEp

B

#hEg (HCD
ZE (C,HsOH)

T HZE (C¢H4(CH3))
DAB Jetii
R
Friz EREN
T PR 8 22 s Wl
¥ L HLR R 2 B R (HEPES)
JRE FIEE (Trypsin)
2H 21 T 2 W
HE
W E4% (NHHCO3)
SAkAN (NaCD
FRZ (Urea)
DTT
IAM

L HE (Acetonitrile, ACN)

=% LM (Trifluoroaceticacid, TFA)

F# (Formic acid, FA)
Bradford &% [ A7 &
C-18 # (Sep-Pak lcc)
MAX # (Oasis lcc)
30kDa HJE
Ziptip C-18 ¥

[H 25 5L B 2l A IR A w

ATAYTRE (B BROaRAH
AR EARARARAF
LR R RAEDBARFIRAF]

2 [H Sigma-Aldrich £ 57 A F

RS REDH ARG R A F
[ Waters 2 7]

<[ Millipore 7 ]

2.1.2 LIS

R 2-2 PTG

Table 2-2 The experimental instruments

INE =S eI
TR 75 U A LA TR AL TR Z AR A A TR A ]
% DIRelghriL 2 [® Bio-Rad A ]
HYL-A 2R3 SRR SIS WA A PR A F
RN Mettler Toledo 1 #8 A PR A &
R EAX 1T HAR DR ES s A PR A

CT-5RE &Ml

HAHL A ]
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Table 2-2 The experimental instruments (continued)

& ELX S AT
T E R 3 PO BLREAX 28 PR 22 7]
B WAe
NanoDrop & 766 ETH 2% [E Thermo Fisher Scientific /A 7]

Orbitrap fusion lumos Jii 14X
2.1.3 SEBREACREE

(1) SEIGFEA: AHFFCRAEN 18 ) =B MEAL e B H S AR ok A AR e RLR
FHFIERE (2FLEVIBRARBORILTFARD, B A7 E 2 102 SR A 46 i 41 23RN HL e T
AR PEATIE 2 EY . AR R R KB A EERE R 2 Sl 2 (R EEEE) ORI A,
HZ 55 3t s [F = 15

(2) BEIGKEE: 18 CALEEW N, HEMEEETFRATA B2 80K
IT o KA B (1 5 MR RE 4 2 S O (g M ABIE 44, 3 Z MR R T55 T 3 em.
P B W A Z B R B O — P AL B A, e ZH 2% ER. PR 5 HER-2 3
SR IR EENZBURKE S, QISR A REH R, 1 IR

(3) PR FARUIBNEAN BE AL TGEEE S LHE, WRAH I
FARAFAE-80°C FRE% .

2.2 SIS HE
2.2.1 HE 35250 Rk PR H R

FEOR Ty K [ 5 7 505 (Formalin fixed paraffin embedded, FFPE) ZH4347) Fr i) i -
T 4k FFPE HZR ) 72 A5G — M ORISR B BB I 78 /02 W B O LA e A i, A IREF
2210 min. #3518 FH JG/K SBEAED) v s f () — FRORASE L, #F4E 10 mine ARV 3R
T R BEG, AR IR E TIRE SR I LB, BIXE S min, LFEIRE
TN 95% (vi v). 90% (viv). 80% (v:v) A170% (v:v), 30 ZRMKERE
AT A 3 T FiR T8 I i IR A sl 7R w et e 7 e
10 min J&5, {EHZABKIBEREZ REOR. BETH 1% (viv) 85I RS BT) Fidktr
SHACAL IR, FREE S min, BR25 A0 MAZAAH BT 45 G il 2 I R 2R TEKIE BRI 0.5%
(vi v) ZUKACER, [F2MAL T 990V R, Bl g il 6o )5 28 BTG SRS DT . At
R Yt S0 D U8 AT i A et e o RR 4 3 min S5, i R TEAKIE V. Al
P FE 36389 (1) SRV 0T U1 L5, IR 3 min, EEWNIX, LEEHREE 7370108 80%
(vi v)v 85% (viv) H195% (v:v)o HEWKHRY A THN ZHRFH IR, BIRE:
42 10 min, EEWXRG TR A . &G RV W mH s T E R, Bk RIs
Mo A A e T S P 2R D) AT I R L AR, SR TR S
#T
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FUEE LA PPA R bR E 2 IR TE R . ARIES UL A 2. 5
BE I AL MMAR, FUBEARE SRR R, HAIRIAR 2 09 SRk 20K 4
MR N AR R RS2, AR, Reine, HomAk.

2.2.2 BB HAL SR IE ER, PR, HER-2 & Ki67

FFPE HZY) Fr s il it J= s FH 28 KIE BE IR, TRONERA pH (N 6.0 TR
R SRS R B L IR fr, BRIREFSE 2 min, HE 4 k. WY A, fERHZ
TAKMSE, BEXFFEE 3 min, BEE 2 K. o HBEREZMRET R R, &R
FF2E 3 min, BHE 2 K. ALY TG, BRATRIEEIY, 85N 4% (viv)
Ho00 W, TR H R B EHLY A, ZRWE 10 min. B350 HBRE She bt
MLV, BRIRFREE 2 0%, EHE 4R, AP TRE TG, mHER RS m—
kA, BRI A aBREY A b RIEKRY - AR ET, &
T 4°C UKFEWE B 24 he 5P B 58 BUEF U A BUH, RN R mr, fd R
EBREMNRERE Y 4 e HRALZYI R TIRIESERE I —HusR, WRE A EmH
ZWI R, TRIEME 2.5 ho HLZWIRWE —vieis, HBEREZM RIS 4
e, FIMEFE TR, 556K DAB ROIREHL Y v LBRn, s ENNEHLY)
RGO, U R B, EHZEBKEEERAZY) A 4 REUEIER N B #Y)
B RA 75% (vi v) CEEERINBERAAST, SIFFE 3 70805 H Ol H 28 m0K
TEVEH ) v 3 IR B ECHIAS R L RL B 1 QBRI Forh SRS 73 N 75%
(v: V). 85% (viv) F195% (v:v), ALY KK E T30 L5 R 3 38 A gk
TR ALY RN RS USRI, BRREFEE 10 min, HE 2 K.
U R THETRG, W HRIEZEHE N R, SR8 S v RIE, iR
BH3hJE, @ BMEREALY ), RERBIFIRERES R,

2.2.3 BEHRSRMEA R

T JeH4-80°C WA URCRAT M ZH ZIE e A BUCH T oK i il (6 RS W 55 F R BY U K 4
BT R/ NEUBNET EP &, FRICFE S A ARG M 1 mL BERR £R 220 P i, W TiE 20 s, 5000 rpm
B0 4 min 5 AR BIER. BE FRETOPIRERIEBTCE . A 0 420 B T S
LY, BRI AT E-20°C UKFE T 20 min. 2455 BT 4L 2R R it B AN Bk 7
Kid NHT EP b, FRicRER ARG 1 mL AR ER B IA W, 8 P 2L 23t B A 2% 3k
ITERAFIEI. BT B17hE 60s, HIBETE] 60s, 4% 60 Hz, IE-30°C, H
SWFEE 2 K. B EE 5 B ZH 2L 12000 rpm 250 20 min Ji IRER B35, TN R R AL
WL )y 8 mol- L. )5 4l ] Bradford v 5 8 R, A0 3% IEARAEHR -

2.2.4 Bradford ¥EM @ AR e H B £8

HEmH] 1 mg-mL! F4RIME & E (Bovine serum albumin, BSA) ¥, RGN
TS £h 22 P VA VRO 1| — LUK FEBEFE ) BSA VAW, BSA WE M4 1.5 mgmL”, 1.0
mg-mL"!, 0.75 mg-mL", 0.5mgmL"!, 0.25mg-mL"!f10.125 mg-mL"!, FiREHREMAEMN



B MBS

BN 100 uLo. B, BRANREES B8 A bR - H 15 ul, A 500 pL Bradford T.
PRV, B amkBaR S, IR E RN 5 mine. FrdEd E 2 an & 2-1 s,

16 y=1.64x-0.8517
T, 14 R2=0.9968
= 12 e
[e)) .
= 1 »
i 08 o
&% 08 P
H 04 B e
a ., e
HEH 0 .".’
04 06 08 1 12 14 16
WK

K 2-1 prifE R e B 2k
Figure 2-1 Standard protein quantitative curve
P73 Bradford ArifE i & & 4 TAIIRE il 2 IR, BUIACRIBONE, MR E A TR
PN SN 5E BRI 300 pL AN 96 FLAR o s B AR O 7€ /£ AS95nm I T
AR EIRORE, DA . R AR E SR IR X N RO e B bR i e, TSR
i H R
2.2.5 B H B IR BORE

HoERE AR SR EP 4, I DTT RS HZ9KE A 10 mmol- L, &
RiZ&AF R 56°C, 45 min. HEE I TIAM AT TAM 529K 8 20 mmol L, M5k
HERERESE, 35 mine ARG RIE RS 2 30kDa [PHEJEME [, 10000 g £50> 3 min,
W E SR A TR F A 200 pL, #Br EP BB IE A E, 2800 g 5.0 3 min. U4
WWUGE, 1A EP &N 1.2 mL 40mmol-L™' NHHCOs 5, 1 A IR Rk RS
1.5mol-L'. RGN JE ABFLAZKRE 1:40 (m:m) AIELEI LN, 37°C % E
12 h. fxJ58 FH NanoDrop il B DI Ik B B2 IF1d 5%, TFA T WA %2 pH b 2.0 LIk
BEfR IS Z RIS C-18 MR E S, B M C-18 A 1 mL 100% (v: v)
ACN, EHE=W; #%F M 1 mL0.1% (v:v) TFA/75% (v:v) ACN, BEE = &
Ja EFE 1 mL 0.1% (v:v) TFA, EREIUR. LiRBEBHTIENL C-18 . HEBRIL)E
2 IRFE SN C-18 #i, BHE =k, A5 C-18 HHIIA 1 mL 0.1% (v:v) TFA,
EBREER TN TR, EE IR, BREE BT mL 1% (vi v) FA JEWE ¥ C-18 A4
Wik, EE =, &EA C-18 HF A 1 mL0.1% (v: v) FA/50% (v: v) ACN ¥
W, WES C-18 K4S & I IKER .

2.2.6 TMT EEMRICHREKE R

TMT € EApicH R0 HWRAECTRE A 2 KB T8, FEMEH 1 mol-L!
HEPES ¥ & %, NanoDrop Ml & iR E . 18 M AIE 36 MEM N 4 4, Il +F TMT
Fric iR AR ke S, 23 1264 127-C. 127-N. 128-C. 128-N. 129-C. 129-N. 130-C.
130-N A1 131721, S HUAF/NIEIE FAMCAEM 5 pg, Ziptip-C18 AR £ U IIARIE % .
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1 FSE KM B MAX #1506 52 80 Ak (Intact glycopeptides, IGPs) #EAT &, HiRi 2%
S SCERI BAR N 25 . {8 ] NanoDrop M2 5e B BE MK FE il s, B IRAE AT 1R
WIEH 2% (viv) ACN/0.1% (v:v) FA S¥%FEM, FTTRERKIRES 0.5 mg'-mL!, H(3
L HE R 0 B TR 2H 2 T

2.2.7 LC-MS/MS %418

W R B SRR TR 20 B L BVF T 2% (viv) ACN/0.1% (v:v) FA &+,
PREBUBTRZRE N 0.5 pg-ul !, BERRIERAIRIE N 0.7 pg-ult, NETRA RO R & H
Fo3Hr, BRREREARISAN 3 L. 53538 Orbitrap Fusion Lumos Jif i {33847 5 73 3%
Fotr, HEMEmEEWRXEE 2. 5%, HamiEid EASY-nLC 1200 & 48N R
#%) RSLC-C-18 it (75 pmx25 em) #7705 ASLKR A DDA i 7 A1 8
WEZAE A HCD . s AHIRIE4ERFE 650 nL-min™', H A #: 0.1% (v: v) FA 1 B
AH: 90% (v:v) ACN/0.1% (v:v) FA JE[EZH A . BB IPENESZ: 0 min-88 min,
0%-4% (v:v); 88 min-110 min, 4%-22% (v:v); 110 min-115 min, 22%-32% (v:v);
115 min-120 min, 32%-80% (v: v), FHPEBRIKRE NI B (H. —RRESE0xK
BUIT: AGC HEr N 4x10°, FiEARLEN 10.00 ppm, B 7 AKEANRTEA 50 ms, H
WHCH 2-5, 3 HER N 60000 BHATHHE RE. “RRESEEBW TR 4% 30000,
AGC BN 5x10% Ho Z 2053l HCD WAL 1 56 Bhs IR 1 5E 20 35%, JIKEX
b Ae BN 32%, FrERREIE BE R N+5.00%, 5515 RyE AN 70 ms.

2.3 SEIHEE A R AT AL
2.3.1 EHRMAEE QR EEELE

JR B 1] 25 e 4 B MaxQuant 1.6.1.0 #44 LA & Homo sapiens UniProt (4% % (2019

6 AR MR, WEYEE SR 20432 FiE AP, SRR ESEORENT: B
I “TMT” il s B EE A IE R E RS E B MR BT ER SN
0.02 Da, BFEFAEEAN 10.0 ppm; BEY)I N Trypsin/P - OISR BL BORS 2R 11 2 22 g
RVFEZARREYIRD; PP BR I WAl v BN B e 1, e Bk B ) 5
TR 7 R B R B A, IR BB D) S 18R AL R B KB O — A IRBR LG 1 &
(Peptide spectrum match, PSM) &R KA (False discovery rate, FDR) $574 1%.

HARPEFATRAEWH], MEOASEAAL . X IRBAR FEEAR AT ik KA irb
“CON-" Jz “REV-" [FIKBMIBR; Trypsin B V1AL A B RS N —ASs i F KB

5% (Intensity) HARHHATE RN, FUHBEEET R TE. B — IR T
R EAE AT 0 — AL B 15 TMTI31 818 (Mix) AH R KBCRE R A%, IFHL Log
{H; PSM £ H AR IE )58 EE I Log: &1~ PSM HAHXT S B 55 T L AE Log fH 5
HAE Mix A RIBEBE Log 18 < 2% 5 MhvREIK Bt (Unique peptides) 5% BB N AH [F K Bt PSM
R A 5 FEE AR ) S e S T P R il () S B B 08 3R AT U — A B e B A
(1) Mix HAHRIRE B Log fE SR Ar 8, SR 5 — R Se5e AH RIMURR RR B R AL, 754 i 4H.
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s . B0 — G SN Perseus B4, BEF0 L BCTE FITA FF 5 A 4 %5 52 B
RS S E S L RIR T 70% . HE 4 8 2 AL AN S (8, 34T 51—k f5 BT
7307 FH T8 B 1 e B FEE

R JoAJoR 2 /] 4 72 A8 GPQuest 2.0 1 78T FI 65 45491 Pk ik M2 252 Ft N-SE M 1)
B FEUAT AT 4 PR AR T o O RS 07 0 T v R B 0 R 7 v X, AR i A B
JEFEA—F, X F: 44 PSM K FDR /MT 1%; Ffh 2Bk 2 /DA% PSM.

2.3.2 SERBHE T A AL B

X ASHI T T B AT o BT Ab B, B R TR

(1) {1 Excel (2021) B AT EAR AT . Goit SLal Ak, xT 48 e 2/ & B
B2 DA S BB AT e Mo, DASRIDOH R P48 15 B IR A R A R 2H 18]
A4 5 B E AT € T AT o R IZE 1R 22 i B 5 B0 IR AE B AR ot e 25 5 1 IR IRBBON
KRB E 70%, HASRREAGIEEEE P (18 MFEM S 2 K47 BTG SE
B, 72 kesgSah, 51 RS UL ERES RN EEE R . [RIREE BT R A T-
BT A B8, DA GE 22 K. 50 BN IR KO R 5 A R RE 4 2R 5 A g A I A

(Non-cancerous adjacent tissues, NATs) FAS[EFf5 150 2 8] 1Y 22 7 R R B R & Gt

RO, TRk N R ZE 520 (Fold change, FC) >1.5 81 FC<0.67, P {H (p-Value) <0.05
MNZE 5 B2

(2) X} 2 R RA 5 HA A DAVID 7E26 W 5 T RS 7047 B F D RevE R S E % =
LT, GFREEAMAEL (Gene ontology, GO) FIE#FFER ALK H H{E4P (Kyoto
Encyclopedia of Genes and Genomes, KEGG) Z#T7. GO 7 #Ta iAWt FE (Biological
process, BP). 4iffi4ik% (Cellular component, CC) 5% FI)EE (Molecular function,
MEF). HiiffiktriEy FDR<0.05, P {£<0.05.

(3) i GraphPad Prism (8.4.3 JitA) %2 ik 55 52 8 b Bk 70 S i 4 23 K AR 1
AT H LR 2 A BUE AR M E TR, B2 B SR MR M. R
%= (pheatmap f, ComplexHeatmap {1, Mfuzz 1) M REH 4. AR 4RI 4 21
S AN B P A% 22 S R IR 1) 22 IR B B A e B RE AR B B 26 0 i (FCAE R T 1.5 i)
T 0.67). £ L/ OmicStudio Chttps://www.omicstudio.cn/tool) g7 H T 25 25 A B4
AR 8 i R AT Z e RE i (FCAERT 1.5 8T 0.67, PAE/NT 0.05) 24l
KL P SRR B mT A, T SR B AR A IS DL, AR IR B 2 R 2 Ik
SEREMEK . 2k I bioinformatics Chttps://www.bioinformatics.com.cn/) #4447 T. &
AT F R o8, H B2 il g e e B BREAN A A ) R I8 B 22 g AT X 4 M
Adobe Illustrator (2021) X 73 A T2 40 Hr Bk AT 23— P HiliE ol



IR AT i X
E=ZE HR5ITL

3.1 HERE MR RE
3.1.1 BFHLEARRE FAHRIERE E

AT 5T 19 BH = B e 7L e R85 () e e 4 2R 5 A e M A8 30 2H 2R 1) B 1 ot JH Ak
AR R, [FIN p Afr HAE TS RIS OIS AS R G0 AR 1S 2R3 () R AE & 2 52
PRI T 18 AL =B FU e B 3T ks, Horh 9 AL AR E TS T R i, 9 A 85 il
JETERAR (FEAREEFARGEHHIE RGN . FRA7 85 25 R A R e i 2H 21
AL e 1 2T ZH 2K

ARG - 2L G 3 (Hematoxylin-Eosin staining, HE) X &3 g 2 43 F %
R et 0 e & B TAME, a4 5%7% (Immunohistochemistry,
IHC) fll ER. PR. HER-2 DL Ki67 fIZi&/KT-, JFikH ER. PR LAJ HER-2 Ri&
S (KFRIE R, BEHLFEAH ER. PR 5 HER-2 KIESL AR &
WEFEAS, AT IR EEcEe . Hd Ki67 & —FumiE Ebn 9,  F R VP 7L i 20 i 1
FAAK- o REBFINIRAE BN 3-1, FEFH P2-P9 Ml P18 3L 9 AL BFH ARG R HIE K
TEOL, WX 9 A7 EH PG IEOA REF, SAMHR 9 M BFL S HEFAREmEE R,
WK g SUNTRE A RAG L. BT A B e, HIERESEg . A5 A% O RE 7 1
WAE B AR R o

R 3-1 18 L =AML FLERE B I RS B

Table 3-1 Summary of clinical information on the eighteen patients

B FER Tol A7 A JeE e ZH 2443 3 oA
P2 51 o T1, NO M
P3 63 o T1, NI LAR
P4 53 o T1, NI M
P5 47 ¥c T2, NI M
P6 61 ¥c T2, N3 M
P7 50 ¥c T2, NI M
P8 59 7 T1, NI M
P9 58 7 T3, NO LAR
P18 55 7 T2, N3 LAR
P10 49 6 T2, N3 M
P11 40 13 T2, NI BLIS
P12 56 16 T2, N2 M
P13 47 20 T2, NO M
P14 63 28 T1, NO LAR
P15 43 21 T2, NO BLIS
P16 56 13 T2, N3 M

P17 61 18 T3, N2 LAR
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Table 3-1 Summary of clinical information on the eighteen patients (continued)

EEmS R TR FEREZL LR 1 S F A
P1 67 45 T2, N1 IM
e TRAEANERR S NTFARVIGRE R K M E () o AL T fRm e, R
P KN L RREIR B AN E AT 4008 T1. T2 A1 T3 25 N 4BARME & 754 Ik 45 5 7 DL Kbkt gt 4%
B A H 5515 DL, AT43 8 NOw N1, N2 FIN3.

MR ALS DI A T HE g R EoR (i 3-1a), HEE IR AHN
FHEG, JEEH 234 M 22 o A RNTAR, SR IRHES, 40z ok H 2 8k T
A2 24, o EE AR AR I H S IR T AN, SRR IR 1 B B e A 2 AT
ER. PR F1 HER-2 [ b e te, 25 BB RN R gett, RPHMREARE
EEBAR, WEAM (WK 3-1b, ¢ d.

(a)

B 3-1 =BITEFLERE 4L i (KA A
Figure 3-1 Confirmation of triple-negative breast cancer tissues
Bl B ROy =B SL aee fE AH ZURE 1 HE B8] (a) A THC Zetaf®] (b-dD , 73 Kl ER (b)) <
PR (c¢) FIHER-2 (d) FiLIRE.
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