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W OE: ATHEFFEE (Adriamycin, ADM) 2 4T1 SLARJE#77% X BALB/c ¥ 2B AT HER, RAZEEA
BB EAA (TMT) 4riedi KR40 ADM #+ ATLAURE 2R B Qe %eh, FA S ERBEMS LREG
HATEMEEF oM. REFOMAFER, FREFAZATHLAT AL ey de s, @KL ZAM
M & (Enzyme linked immunosorbent assay, ELISA) #LZK ADM s+ FLAR & 24840 F Thl fafie. (Helper T cells 1, Thl)
Fo Th2 tmfie (Helper T cells 2, Th2) #9&f; @iLAKXMIEK5H ADM  CDA™ T @mfe. CD8' T Zmfiefeifl §i
M T 4nfie. (Regulatory T cells, Tregs) #1##f; HE % & UL5 ADM xt 4T1 FLAR & #778 R IR e9 L. ADM Lt
PBL0AF 27 &G, TRALBHEREA. A 13/ £F&A S5 LEAKiTAE4M X, KEGG (Kyoto encyclopedia of
genes and genomes, KEGG) & & T@ B FA LM XY TLE @, N F 17 (Interleukin 17, 1L-17) @
BAFEE I FORERIE. SARARMMROEFTEA LS CDA T @i, CD8' T @t Tregs tm it 69 2 46 A %,
X 4k R 6 o R R e FLIR B 69 S . ADM AR E & &% 2 (Interleukin 2, 1L-2), CD4™ T wje. CD8’
THE@MILA S (P<0.01), BFM41K Tregs 4842 (P<0.05). ADM R FLIRIE 49 %95 8% &4 A Ighm. Igkc.
S100A8. S100A9 #= Tmsb4x.
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Immunomodulatory effect of adriamycin in mouse 4T1 model
of breast cancer

Nan Zhang®", Xiaodong Cao?’, Ying Liu®, Dongdong Yang®, and Ziying Zhang®
1 Public Health of Inner Mongolia Medical University, Hohhot 010110, Inner Mongolia, China

2 The Center for New Drug Safety Evaluation and Research of Inner Mongolia Medical University, Hohhot 010110, Inner Mongolia, China
3 Basic Medical College of Inner Mongolia Medical University, Hohhot 010110, Inner Mongolia, China

Abstract: To explore the immunomodulatory effect of adriamycin on 4T1 breast cancer. We used a tandem mass tag-based
quantitative proteomic method to detect differential proteins in breast cancer tissues, and multiple bioinformatics databases to
analyze the differentially expressed proteins in the proteome. Also, we used enzyme-linked immunosorbent assay to detect the
effects of adriamycin on helper T cells 1 and 2 in breast cancer tissues, and flow cytometry to detect CD4* T cells, CD8* T
cells and regulatory T cells. We discovered the immunomodulatory targets of adriamycin in differential proteins. In total 170
differential proteins were significantly up-regulated, whereas 58 were markedly down-regulated. In addition, 73 proteins were
involved in immune regulation. Kyoto encyclopedia of genes and genomes enriched important protein pathways related to
cytokines and factor receptors, interleukin 17 pathway and cancer transcriptional regulatory pathways. These pathways and
important differential proteins related to immunomodulatory functions were ultimately regulated by adriamycin on CD4" T
cells, CD8" T cells and regulatory T cells, thereby affecting the prognosis of breast cancer. Moreover, adriamycin significantly
increased interleukin 2, CD4* T and CD8" T (P<0.01) and markedly reduced regulatory T cells (P<0.05). The function of
adriamycin against triple-negative breast cancer was closely related to the immunoregulation process of the differential
proteins Ighm, Igkc, S100A8, S100A9 and Tmsh4x. Adriamycin could regulate the content of helper T cells 1 cytokines, CD4"
T and CD8" T lymphocytes in breast cancer and reduce the number of regulatory T cells to produce immunomodulatory
effects.

Keywords: breast cancer, 4T1 cell, proteomics, tandem repeat sequences, adriamycin

FUIRE R ABREE 2 KSR, ST RELER
HESS 5 0, Rty W EENEz —, HA
PR BT RE, JFRHREG KB, AR
Lk T RN, SR (Triple
negative breast cancer, TNBC) 7£i2 Wi {15t &3+
VA B E RS, R AR AN 23%), TNBC
TCATTE BN AR IAA YT HE A LA T L 1o
S D RE S AE BT R s (E et mT LLid
TV SRR R B 2 410 T A PR 1k sl MR B 08 R G IR
SR, A e e Y T T IR T
TNBC HAMN B HEDS, Wi, %eiasr
TNBC A g [ b L M 988 A 5 45058 Ay s i 1.
I3 B 5 T P 45 6 pl 2 240 L N B 5 At 1R
IR, T AR BIYE T 40M (Helper T cells,
Th) FI40MI7FEYE T 4001 (Cytotoxic T cells, CTL),
Th #l CTL WA EZMpRiCY /& CDA™HI CD8”,
WS L PFLIEAL CDAT T 4 Ak 25 1
FH UG AEL, Th #hfE 332400 Thl fl Th2,
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Horp Thl F253 W 4/ % -2 (Interleukin-2,
IL-2). Hisi PRFEIH T o (Tumor necrosis factor-a,
TNF-a). T4t & vy (Interferon-y, IFN-y) 2541 Jifd 5
T PPN A0 Sy A, T Th2 W) 2243
W A% 10 (Interleukin 10, I1L-10) 44+ SRR
BB N2

FE 2 (Adriamycin, ADM) 2 Jitg & # JE
SR PEPIFLIE 2, AT B A A DNA [ BURTiE
B, RIEMEBERMVER, 4% DNA RAEGHTEE
TN DNA K2 RNA [R5 B, X9 4 i 45 301 3
HAGITER, 2 TNBC % LRI LT 25110,
HHi ADM $HiFLEm 23 E . 2, HHE
P 7L 8 AR RE 5G4 20 AL R ) B o
X, HIA LAY ADM 5t TNBC Hizif
WYEIMLE . ARFFEE/ N RN E 6 TNBC, LUH
#75 ADM 40 TNBC Ay S 421 ] o A PRASN F
T A SR 20 10k ADM XF 4T 1 FLIR e (0 S e 4 1
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PR S, A 4G A0 ] 40 i 437 . Thl A1 Th2
i, WHE ADM X} AT fapded B szs 8 VE .

1 MREFE

1.1 #RAKIR

BALB/c fd Fe itk /INER 20 H, 43 5145 Fh FLAR
I AT1 2000 1x20° ANmL B9, BENLIS IidL.
il IRs J5 — FE T 46 AR s v 5 ADM 100 mg/mL, %5
FAL4 TR AR K, 4520 1 A5 BuE 4l
ZUHAT TMT bRic i 2 1 B4 24 Al
1.2 FERFSME

R %K . DMSO, bt EEEREA R
/v H]; BALB/c /N, ¥FATHES : SCXK (&%)
2016-0002; BCA &, ¥ = K; ELISA i)
&, A E-2 (IL-2) (%5 : B265707). MIEIKst
K F-a (TNF-a) (L5 . B288663). [1/r%-10
(IL-10) (#1t 5 : B299453), Tt F-y (IFN-y) (5
B298549), BioLegend /A #); TMT Anicdidifl &,
Thermo AFl; — MR A% (TEAB), Sigma
/N 7] s DMEM K557 3E 0.25% Trypsin-EDTA, Gibco
/s #l; FBS, ExCell Bio A dl; =@ M,
Sigma-Aldrich A #]; ZJI§, Fisher Chemical 22 #] ;
TR AABERE, Sigma Aw]; JRZE, Sigma/aFE; H
iR, Fluka 2~ wl; WA 2 WERE, Sigma 2w ; RS,
Promega /A #); —HIK | ZEEEHN E =5
1.3 HEELE
1.3.1 TMT EEEHFRW H %

PR R, A BCA RF & T & 1k
W o B R B iR . U 2 kb
PRIS, BEMGEEME, B RRBOARSE TMT 5 &
FeVE UL bR IC KB . BRBE A& pH M) HPLC 43
%% , {5,341y Agilent 300Extend C18 (5 pm kiiz,
4.6 mm Ni%, 250 mm K)., KBS K
8%-32%Z )15 . pH >~ 9, 60 min 4355 60 ~4H5r, Bl
JEIKBCE IR 18 A4y, BIFEMAHS A EES Y
R T AT S SR . KB R ROA 3k i 2 A
A H (0.1% (VIV) HRK W) R A
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EASY-nLC 1000 ## = S AH R G474 5 . i3l
tH B NE 01%HMRMCIEEW, WE AR
500 nL/min. RKBzZ: i e B0AH 2R 45855 15 Ja Bk
WA NSI B 5 b 17 fL B 4R J5 i#F Orbitrap
Fusion Lumos Jii& T b, — 2 Eicds i
MaxQuant (v1.5.2.8) #11#&R. MRS HE
B H% % & Mus_musculus_10090_SP_20191115
(17 032 Z&JF5), W T RELAERR A REHLIC
T i & B AR BRI %8 (FDRY), I B ZESCR B TP om A
THEIWATE IR, TR ES R R EA
Hyszm s JEY) 7 B8 N Trypsin/P. Bt 4 & 3|
IR B I 3 A A5 AR SR IR, 3 B i 4
W&, i MoMo Zr#r Motif; f#iF InterProScan
H8 GO, Domain; f# /] KAAS, KEGG Mapper
T KEGG; f#iJf] Wolfpsort, CELLO ¥4 jifi &
575 {4 Perl module & &43#7 .
1.3.2 ELISA AT AL A4 uE 7R E
SE.Sv

BUNRIEHL, IMATAR PBS, HlAL 10%
ZHZH A3, 3000 r/min 2.0 20 min, B WS, 13
fr1-20 °C, #HREGH E U BRI A b IL-2,
TNF-o.. IFN-y & IL-10 f8E I RIKKN-, 2ilbs
Y S R 7E 96 FLAR i 100 pb s B s B —3t,
2-8 Cil., FEdi—bt, Vit 4 . A IxtEd
MR, S 1 ho YR 4 Wk, FALIA 100 pL
PRAESHECRE AL, 8 MRS, FAMRA), B, E=iR
BEE 2h, ViR 4 K, EALINA 100 pL FEFRHTIA,
wh, =W E 1h, etk 4, EfLAINA 100 pL
TR JE SE 2 -HRP, %, =EMFF 30 min,
Ve 5 W fin 100 pL ECHIAFR B AR, mEEE
30 min, HRNEIEA NG, LA 100 pL 2
1BV&, B PR R AR Bt 5 min NAE R PR
X F4 450 nm FEECIE ODaso 1, ARHR22: I il v
HHZRANEE i ODaso fEL, THEFERL & .
1.3.3  FCM #spil /N ERAM ] I A bk B 40 B ) B 51

/N BRI FE B if. 500-600 pL & THisEs
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TR HUBEE RS MM BESE , ¥ 10 fh & AV £L40 0
HEROMAPLEE T, BEVBEER 4 CHE
15 min, PLEEE H MBS A 15 mL .08
1 000 r/min &.0> 5 min, 3 B, FHRINA 10 f5
A0 40 i 2 A%, 37X 1 000 r/min &5.0 5 min,
FE RV, WE EPE Y, 1 mLPBS, BT
WA A0HL, 1000 r/min 5.0 5 min, 3 FiE,
fin 150 pL PBS HAEANM . Fir A 40 BT BEE o3
KRS, — 4 A Bk CD3-BV421.CD4-PE
Fl CD25-FITC, J3—#f43in Aditik CD3-BV421,
CD8-PE, [A]H fir A HiiA ¥y i B e s, ke
& 25-30 min. /i 1 mL PBS @k 1 000 r/min
B0 5min, 3 B3, 100 uL PBS &5, b
B
14 HitEFZE

7E ADM/CON P MFEAH L 1.2 f5748 40 R 2
SEE, WM EBCRA t KL, wES R
Fisher’s 556, 4 P<0.05 I, LI REikE L
Mk 1.2 fiek 112 fiAgit2%E5% . FCM il
ELISA (4 L X +s %R, L P<0.05 b 54 41t

2 BEREAH

2.1 AT1 F.BRE+ ADM/CON ZRERQ S
ATL FUBREABIL IS ), LIRS ADM

Y IR NI ZH CON (ADM/CON) i £H 41
(W& 1A-B), #l A MaxQuant % F 7t IPI
(International Protein Index) %4 & i AS 2% i 4
SEMEE, &P ADM 1 170 FEEF, iR 58 Fl
EHO(®1C, #1).
22 ERFTEEENIESE
221 GO Z_ZIERBHIK

Gene Ontology (GO) 4r#i& 73 FiEEHZ 5
T A, 5RO 2 R A AU
Cyba, Mmp9. Vamp7. Fcerlg. Lbp. Ccrl, Ifi202,
Itgal . Cybb, Cd36. Vtn, Ccrl. Clptml, Zmizl.
Bst2. Ighm. Igkc. lghm %&E M, Hrb Ighm,
Igke J& T 40 LB 26 6 2r +, = SmEf, 5
Thl Fl Th2 dfLPR 543 . Thi7 4534 A ¢
(Kl 2).
222 COG IhiEsk

[F]JH 25 17% (Clusters of orthologous groups
of proteins, COG) 4r#72% 58 1AL E s K 1y
[ Histlh3b, H3-3a, H4cl. Kat7. Top2a #IH
T Yy {5, 5 A 45 4 A5 J12%  (Chromatin structure
and dynamics); T i 25 5 8 AR LAY BRI
Tmsb4x 1 Tmsb10.Dmd & J5 T4 iz 5 (Cell
motility); &2 I8 T8 15T R 5% . BRJE 1E4 A o+
PEARRYA 20 FF, Hoh4udE Mmp8, Mmp9; COG
Tihesr2E LA 3.

Days after inoculation (d)

1 SN ATIARERERREEANE

2000 DT C 200
t c i E ez Up
é 1500 ADM % 150 == Down
= g
S 1000 < 100 -
E 500 | 2 sof
= g

0 : R
0 3 6 12 15 18

Comparable groups

Fig. 1 Successful model of 4T1 and the number of differentially expressed proteins in breast cancer. (A) 4T1 breast
cancer tissue. (B) The curve of tumor size. (C) Differential protein number of ADM/CON.
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* 1 ffit ADM/CON SN EREH
Table 1 Differential proteins of ADM/CON

Protein description ADM/CON ratio Regulated type Name
CD177 antigen 1.811 Up Cd177
Histone H3.2 2.162 Up Hist1h3b
Thymosin beta-4 0.392 Down Tmsb4x
Histone H3.3 1.721 Up H3-3a
Neutrophil collagenase 2.005 Up Mmp8
Matrix metalloproteinase-9 1.557 Up Mmp9
Bone marrow stromal antigen 2 1.410 Up Bst2
Zinc finger MIZ domain-containing protein 1 1.364 Up Zmizl
Apoptosis regulator Bcl-2 1.201 Up Bcl2
Matrix metalloproteinase-9 1.227 Up Mmp9
Vesicle-associated membrane protein 7 1.289 Up Vamp7
High affinity immunoglobulin epsilon receptor subunit gamm 1.214 Up Fcerlg
Cytochrome b-245 light chain 1.235 Up Cyba
Lipopolysaccharide-binding protein 1.213 Up Lbp
C-C chemokine receptor type 1 1.232 Up Ccrl
Interferon-activable protein 202 1.271 Up 1fi202
Integrin alpha-L 1.352 Up Itgal
Cytochrome b-245 heavy chain 1.241 Up Cybb
Platelet glycoprotein 4 1.332 Up Cd36
Vitronectin 1.391 Up Vin
Cleft lip and palate transmembrane protein 1 homolog 1.202 Up Clptm1
Protein S100-A9 1.474 Up S100a9
Protein S100-A8 1.384 Up S100a8
Neutrophil gelatinase-associated lipocalin 1.296 Up Lcn2
Stromelysin-1 1.398 Up Mmp3
Myeloperoxidase 1.491 Up Mpo
Integrin alpha-M 1.286 Up Itgam
Macrophage colony 0.746 Down Csflr
Immunoglobulin kappa constant 0.689 Down Igkc
Immunoglobulin heavy constant mu 0.734 Down Ighm

Note: proteins associated with immune regulation against breast cancer.

http://journals.im.ac.cn/cjbcn
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—log10 (Fisher’s exact test P value)
0 5 10 15 20 25

18

Extracellular space

Cell surface

Extemal side of plasma membrane
Blood microparticle

Intrinsic component of membrane

Secretory granule

Cellular component

Extracellular region

Integral component of membrane

Serine-type endopeptidase activity
Antigen binding

Serine-type peptidase activity
Serine hydrolase activity
Peptidase inhibitor activity

Endopeptidase inhibitor activity

Molecular function

Endopeptidase regulator activity

Cysteine-type endopeptidase inhibitor activity

Defense response to other organism 19.09
Defense response to bacterium 13.22
Response to bacterium 9.93
Leukocyte migration 7.55

Protein activation cascade 6.75

2 Antimicrobial humoral response 6.53
é Negative regulation of hydrolase activity 6.35
Eﬁ Phagocytosis 6.25
g B cell mediated immunity 5.96
Cell chemotaxis 5.62
Cellular response to cytokine stimulus 5.43
Immunoglobulin mediated immune response 5.23
Hydrogen peroxide biosynthetic process 5.17
Regulation of growth of symbiont in host 4.74

El2 ADM/CON £R&AERE GO ZRA KNGt HHE
Fig. 2 Statistical distribution diagram of ADM/CON differentially expressed proteins in GO secondary classification.

23 EBREBEAEEEN A5 A0 LA 1) 200 R S0 I L R RE P S R 4
EREATENEBOFEMENE T2 #. Mpo., Mmp3, H3-3a. Mmp9. Itgam &% T
KRR EE M. AR R . AR EAERYF A1 Mpo. Cyba. Itgh2, Cybb,
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Igkc. Cd36. Mrcl. Ighm. Itgam 5 7% WA
e iR 2% A S100a9., S100a8. Len2,
Mmp3. Mmp9 E&ET IL-17 (5 5@ #; M
%S Itgb2. Feerlg. Itgal &% T ARF M
YA T A M B . B Cerl AR
JE M Csfir 540 7 K& B F 32 A G &
EERAHBEKEAE X, FHAMESEA Itgh2,
Fcerlg. Itgal & 4EF H 4R 7 10 4t i A 5 ) 20 Jfa
BRI (B 4).

2.4 ADM ¥ Thl #1 Th2 8980

BRI AR L, ADM BH 2. T = i 4 4 IL-2
f) & & (P<0.01), 1B BFEAL TNF-a & &
(P<0.01), IFN-y &8 A1 IL-10 S8 IG5 ¢

[S] Function unknown

[R] General function prediction only

[Q] Seconday metabolites biosynthesis, transport...
[P] Inorganic ion transport and metabolism
[I] Lipid transport and metabolism

[H] Coenzyme transport and metabolism

[F] Nucleotide transport and metabolism

[E] Amino acid transport and metabolism

[G] Carbohydrate transport and metabolism
[G] Energy production and conversion

|O] Posttranslational modification, protein...
[U] Intracellular trafficking, secretion, and...
[W] Extracellular structures

[Z] Cytoskeleton

[N] Cell motility

[M] Cell wall/membrane/envelope biogenesis
[T] Signal transduction mechanisms

[V] Defense mechanisms

[D] Cell cycle control, cell division, chromosome...
[B] Chromatin structure and dynamics

[L] Replication, recombination and repair
[K] Transcription

[1] Translation, ribosomal structure and biogenesis

=X (P>0.05) (& 5),
2.5 ADM it % 2 B AY 2 Ml

S0 U AL N A O 1 A 737 N 7 O Y
CD3-BV421, CD4-PE Fll CD25-FITC #:faf5ic,
L CD3" CD4" MUKk 3 CDA™ T 4ifiEw, LA
CD3" CD4" CD25" = fH:At % Tregs. f44r Q3
i CD25 ik X3k, HhAsbr QL o CD4+FKIKIX
., Q2 & CD4" CD25" Tregs :[r] ik X e (&
6) . id 3t % /N BRUAI J I A% 4 i i 4T CD3-BV421
1 CD8-PE L) &% CD19-FITC J:{ttric, LA CD3"
1], CD3* CD8 X Pk Q1 185 CD8™ T 4
i (B 7).

3 ADM/CON ZRRIZEHH COGC N XL HE

40

Fig. 3 Statistical distribution diagram of ADM/CON differentially expressed proteins in GOG classification.
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—log10 (Fisher’s exact test P value)
0 1 2 3 4 5 6 7 8 9

Mmu05150 Staphylococcus aureus infection _ 8.‘5
Mmu04610 Complement and coagulation cascades ([ NNNEGEGEGEGEGENENNNN 7.95
Mmu05322 Systeminc lupus erythe matosus ﬁ

Mmu04640 Hematopoictic cell lincage |GGG 5.66
Mmu04080 Neuroactive ligand-receptor interaction | 5.12
Mmu05144 Malaria [ 461
Mmu05140 Leishmaniasis [ 4.19
Mmu04514 Cell adhesion molecules (CAMs) | 351
Mmu04145 Phagosome | 331
Mmu05310 Asthma | 322
Mmu04670 Leukocyte transendothelial migration | 2.8

Mmu05143 African trypanosomiasis [ NNEEREGE 2.44
Mmu05152 Tuberculosis |G 2.34

Mmu04216 Ferroptosis | GG 2.32
Mmu05202 Transcriptional misregulation in cancer ([N NG 2.25

Mmu05323 Rheumatoid arthritis || 2.19
Mmu04061 Viral protein interaction with cytokine and cytokine... || N 2.06
Mmu05416 Viral myocarditis ([N 1.86
Mmu04972 Pancreatic secretion [N 1.86
Mmu05133 Pertussis || 1.72
Mmu04970 Salivary secretion ([N 1.7
Mmu04657 IL-17 signaling pathway | 1.68
Mmu04260 Cardiac muscle contraction | 1.6
Mmu05414 Dilated cardiomyopathy (DCM) | 1.6
Mmu04979 Cholesterol metabolism || 1.55

4 ADM/CON 2R FRAEHE KEGG BT EEE
Fig. 4 ADMY/CON differentially expressed proteins in KEGG pathway.

600~ B SRR AR L, ADM W5 2T CDA* T

— Model
~ wmm ADM A1 CD8 T 4Hje (P<0.01), W E &ML Tregs
‘% 400 L éEHE@ (P<005), er»[z] 8.
£ 3 it
2 200}
t $F AJEYE TNBC ANRETE BA S S RE R /)N
. RN SR, FrAESNZ S A2
TNBC #4523 i 4T1 JEA 7 MEE 5 2L IR 1Y ey
Giroup WEEALH. UL ADM SRR AST 7 EhE B g R
5 NEUEALE IL-2. TNF-a. IFN-y F11L-10% 9 TNBC AURHISE 2% f# (Pathological complete
B EikKkE response, pCR) %M i Bl ADM %t TNBC A%k,

Fig. 5 Expression levels of IL-2, TNF-a, IFN- y and
IL-10 in mouse cancer tissues. *: compared with the
model group, P<0.01.
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6 ADM F/NEIMEMLAH CD4™ T 4Hff15 CD4™ CD25" Treg 4 i B 521
Fig. 6 Effects of ADM on CD4" T cells and CD4* CD25" Treg cells in peripheral blood of mice. (A) Model. (B) ADM.

A
5 1Q1 Q2
10754 e 1.75
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L
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£ 3 b g
0F éi:‘i.
F Q4 Q3
=10° 166.9 524 |
-1°° 0 10° 10* 10°
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Fig. 7 Effects of ADM on CD8" T cells in peripheral blood of mice. (A) Model. (B) ADM.

STV, A 73 MEA S5 ADM HiEL
Fi g ) S AR AR, 3K AE DA SCRR AR M
ADM/CON M2 5 HE 1B ADM 25 4T1
FLI g fr 88 B e R T RE . LR 2E R
AYER () Itgam A5 S8 K sl g 1 s 2
JA 7R Itgam AJ BE5 TNBC $t 4 S A 35 18 FH AR G .
Ighm . Igkc J& T4 ML ZE (o3, =5 mEnE AR,
55 Thl Fi1 Th2 4 57530 F1 Thi7 4k
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&, T Thl 1 Th2 40 74 Th 405w, 4%
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JNEUER Thl B IL-2, TNF-a BO& 8. AR
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60 -
- — Model
50+ T == ADM
£ a0l =
=
g 30— %
B o
3 201 e
10+
| 7 ke

CD4' T CD8'T CD4'CD25 Tregs

8 ADM /MR AMEIM A CD4*. Tregs #1 CD84
ok 6=g:0p-A1 1)

Fig. 8 Effects of ADM on changes of CD4" T cells,
Tregs and CD8" T cells in peripheral blood of mice. *:
compared with the model group, P<0.05, **: compared
with the model group, P<0.01.
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