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ABSTRACT

Breast cancer is a common malignant tumor among women, with its prevalence ranking first among malignant

diseases in women in our country, so attention is increasingly being paid to this disease. Regulatory T cells (Tregs)

play an important role in breast cancer immune response, and the therapeutic strategy of targeting Tregs in breast

cancer appears to have potential feasibility. In this paper, the authors address the issues in this field.
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1 EATHET ARt

P T 41 ML (regulatory T cell, Treg) f& H

A A0 AL A S e B 0 Y O LA M, R i 44 O 4 o
T 40 ffd (suppressor T cell ) , [F &= B8 (1) 3% 1

PRk, WFE— HiE R ; 1995 4F Sakaguchi 45 1Y
KA JE I CDAT 48 il v 2 5%~10% ik CD25
yF, B “CD4*'CD25"Treg” 4. W ¥E T 40
FF R 43T N SUR K #E SE R F Foxp3™, & CD4*
CD25" i 15 ¥£ T 4 L (regulatory T cell, Treg)
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g, A 2EE PN CD8” & H At 4i i th T
L3RR Foxp3, W F Foxp3 B4IMENEH, MR
Foxp3 W ZEB SR A B IS, B T Treg (4 8F 5% .
FF L, 5 B4k B F Foxp3 [Al AR B A 5 5 1k X AFAE
TFAMAEA 5> T CDI27T RHAEN K 7 Z1K o
BE (TL-7R « ) . Seddiki %5 ' % ¥l cD127 0] L #%
b iR %] Treg . Hartigan-0'Connor %8 " % ¥ 18 i
CD4*CD127 - 4ifb il (i R BL T Treg 20 A 1)
RIREAE, R, A CD127 W25 PE T 40 i 4
S5 FARIg

2 IR EmEEIEMAMABLRF Treg BIHHE
KR

X R HAE T R B L B e AR A R cD4”
CD25'Treg 20 M 5 bk [ 40 B A9 B 3 & T
ROV Ibogm B B fd R R R H. LR R R H
CD4°CD25°CD127"" Treg 40 I /& CD4'T 40 Jiy
)t = T 3L ZF 4k 9 R E P'. Abo-Elenein
S5 AR T~1V M 3LORR 9 AR AN JE I AR b kB
CD4'CD25"Treg 4l il 5 Foxp3 Treg 4 il 1Y A 43 A
BEE BB BN, I H R IEM G, Wang % "l
RINFLNRIE IV W85 Treg 20 0 L 22 W] W 4R LI
B, Matsuura % 7032 || RT-PCR 304 T
FLMR IR (837 A g Fe A S R 38 Foxp3 #ik, KA
Ji% 958 B # Foxp3 3 M ik i 40 ® o Ohara % " I
K Foxp3 mRNA Y 3R IK7E S5 114 57 100 1160 401 4 4
o Jaberipour % VA UE 52 7L R A=V 1 2 O AR
# CTLA-4 RIXHIEH AN w10 £, R UIZLR B
HANAIML CD4CD25 Treg 4 i HL A G 58 301 76
XoF FL M g A8 A B S M RIAE R CD47CD25 Treg
20 L AE A FE 1 B 2 AR 11 [R) B X6 e 928 HL A
7, 12 40 BURE EE 3 ) 38 i n] B8 S 5 g 1) & A
I H. ] 3@ 1 4h 1 CD4*CD25 Treg 40 Jif 451 %5 1l
Foxp3 3 30 i 7L IR g s 3 7 1,

3 Treg @RS ZRERIGST
Treg 2 M 76 ¥ ] T 4 i /9 T 95 e 1 v &
HEEMEM, Wik, 2MWEesinirn—K

B A L WL IR T O SUELEE TR T A
W4T WA T AR WEST Y AR WY LR BB TR T
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Ji CD4*CD25 Treg 41 My (5 Wk B 41 i (%) He 1] 43 51
H(5.0+2.6) % F (4.0+1.8) %, 20Xtk
B, Z5A %00 %E X (t=2.090, P=0.044) ,
SN I  NET R N 1 e e M o N =
i g6 B TR B2 2 AT 25 W SR I e VO Ak gE T
IBIT R AN I CD4TCD25 Treg 240 M A B F FE ., M
WEZM (ER) PHYEMBRFELEZ NS IWIRIT G
CD4'CD25 Treg 20l 4 B g 'Y,

FES IR TIRIE ST, A 2 L 1 FLAR R /D B
JE e TR A R A E WY A EHE R
R PR LU, R BR E E
40 ML B CD4"CD25 Treg 40 i B &k 2>, Qin 45 17
FE /I BRFL AR 8 B AR TP 48 R T miR-126 3@ i 5 Y
PI3K/Akt i % Hl 59 Treg 41 i 7 14 P9 19 4 52 30
I BE I £E B CTLA-4 1 GITR B9 %35 T F&. Hong
A5 Pl A S BRCEL IR A R R B o — A 22 B i RN
CD25 Hr B 45 12 FH AT LA NK T 20 j 53 ik s 2>
CD4*CD25"Treg 4 fd, JF HAEAF RN 85%, W4
15 T N R PR 25 B 44 % (AR

EZ IR b, 36 EIBG ZE B2 oo i R
T E75 £ (RIE T HER-2/neu I 52 JAE L ) 12
BT I I R, & RE NS B AR &0 A 1 7
FYET 0L ANIME TGF- B, Hfm CD4™ A1 CD8”™ 4t
Jl o AE TR T I AR 56 & B B ETS B R
BN 10%, RIES ET5 B RHH 20%, WEW] E75 68
% ek 20 3R 8 A2k P Rech 28 77V 4T CD25 B 5
FEHURZE IR T B CD4*CD25 Treg 41 i 14 J7 s B 1k
LIRS, [l 3k o [ B G e e e 1 2k P, il
H mam-a FEHBERTE 7 61 1V PIFE R M@ b A 547
I m R, 4 7R E T BITE 0, 28, 56 d T4
3W N, Jfiz A = 40 M AR U CD4™ Foxp3'T
HHEFN CD4" 1COS (F:HBE A 7 ) iz, K
mam-a Ji& K $ 1 0] i Treg 20 450 K 0 /0 5 H #84n
CD4'TICOS #i g fi % P01,

TET 4RI IT 71, Kawabata &5 PURZ T ffi
FH I BB ot 1] 58 55 1 40 B 36 7 30 R i e BAs T AR
TP RS, L R PR A K B O L R A
ZUPEBE R CD8™ . CD4A™T 41 il F1 NK 41 Jid 4= 3
JLF- A WEE Treg 4G, (HZ7EXT HRAL MR T
Treg 40l . iF B K BRUBE 100 18] 78 5% 1 4 it 38 Ao 3 5
B R S 325 10 ) LR bR A= K o Pruiee 55 U5
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GITR FA7 /Y T 248 At 0 i g8 B J 67 28 DC 32 1 14 AR
AR FH e 1 5 B b R e 5 175 R) I oRE SR 1 Bt g

A AR £ 4 X CD4'CD25 Treg 40 i Jy 40 45
IR IT LR Y D) 68 A JEL . BE A0 BH T Treg 40 Y
e W % k(I CCR6) , Xu % P59 & 3
CD4"CD25"CCR6 Treg 4il i 76 FL AR Ji £ 3 iy 3B 107
wAE SIMEREEAE AR, 5 CCR6
AR AT R R K 6T i R G e R A AR A . H A
LA B H PP AR B, FF XS T 41
P19 9k L B 95 & B, Ba Mk IR F 32 4k CCR4 7
Treg 40 2 i 5 2235 P, BRI H T anti-cerd B7E
FEHi R, S AF W] anti-cerd BA T BEPUAR AT LLAA &
BRI R CCR4treg 40, MM A& £ 35 (40 b
e BT nT DL AR, AR S DL B A 45 S T
anti-cer6 PURKIGIF FUNRIE . BLAL, B 0] L i)
Treg 21 Il Ty fig I F1 FLAR I AT OC F (9 AH & 43+ 4 1L-
10, 0X40 %,

4 Pl Treg 4l TCR B $% CDR3 X A% 5
HIZLBR R YT

T A (B ) ZAKRT (T cell receptor, TCR)
FOVE RN PR, 2 T 4l R AR e vE bR i, &
5 CD3 7 7454 K M TCR-CD3 & &% . TCR H
P 4% IR A8 8, AR 4k T & IR BE A W] 4324 TCR o« B
MITCRy & PIFRZEAL, AKNZE TCR B o Al
B #EAIAL. TCRPB BERENS T 1 T 4 M A Th Bk %
TCR B %% Ml 4 IX A] 43 2 AT 48 X (variable, V)
M fEH %2 X (constant, C) , 7 48 X B CDRI1.
CDR2. CDR3 3 X4 %, CDRI1 #1 CDR2 X &4
RALEG /L, CDR3 X J& TCR 5 HT 7 £ fih 19 o0 A7
B o I H B R B Oy BE AL I HE A P T 2
ZREPE . R TRD T 40 v B B AR R K B [P
Y1) TCR CDR3 £, B T ZMZH1 TCR BV
B CDR3 12 " WL TCR AJ4EJy T 41 4%
THeE *,

Yang % " EWFGE T 25 4418 I vk AT 5 08 R
HM 30 pEE CRUFR B CD4"CD25 Treg 4 i
TCRBV CDR3 XAl , ¥l TCRBV11, BV13.1,
BV18, BV20 4 > 5 & 7618 fin 2 Pk T 5 v F0 48 Pk
ORI R I B v B R A R, FROR X
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4 RG] RS B Pk £ R g AR . il ELTE
JE S R B, — S8 i St I 3 TCRBV20
CDR 7R “tgtghsplh” 1Y & & 58 16 97 500 i
T TCRBV CDR3 F4H “ishtgel” 5 “ggsnqpq”
() B, CDR3 ¥4 “tgighsplh” H1E7E T % 1%
AN =AM 2 BT . Sainz-Perez % Y R ]
B BE B AR 43 M1 Foxp3 I TC-1 K B [ 44 fih g
3k TCR #% 3 a A /N B, & 3R> F 7 TCRBV
CDR3 Treg 4l Ml &8 45 b 3 48, TC-1 Jih 98 3=
Treg FE i 7E 6 A0 37 1) 5250 Hh 2[Rl £ 72 A HL 751
ZFW EE CD4" CD25"Treg 40 il 1] GE & % 3¢ A
R 4 G 58 S, PR L B Treg 1230 2 i /b K
M T 20 i T R G AR Y B ARl . AR 22 BF gt
F W] CD4*CD25 Treg 41 i TCR CDR3 A R 77 7E
Z eI R S e AR 0. H R N A R L L AR
S HH Treg 4NAY TCR 43 FHEAE . ALEI K 35
i AR ST . B SR BTN, 0 H S 40 i e
B % J7 TH R BFSY, 2 I i CD4°CD25"Treg TCR
CDR3 XJF41, figfs AL CDR3 X NHE S 67 LR
9a A AU 1 42 2 1

5 RHESERE

1 2L MR o B AR T T, B A )
YT HETE &M UF R o 0 Gl AR TR
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I8 T R P S e A AR R AR BL s RE TR ST
Treg 2 i 100 44 790 A 42 i L e o) 20 8 5 76 AN ) A4
PRXT Treg 4 MISE mIVG T B9 SN 4% . AR5 i i ik —
A I 508 S LR Y 36 9 RE B SR B

2% SCHk

[1] Sakaguchi S, Sakaguchi N, Asano M, et al. Immunologic self-tolerance
maintained by activated T cells expressing IL-2 receptor alpha-chains
(CD25). Breakdown of a single mechanism of self-tolerance causes
various autoimmune diseases[J]. J Immunol, 1995, 155(3):1151-
1164.

[2] Sakaguchi S. Naturally arising Foxp3-expressing CD25°CD4"

regulatory T cells in immunological tolerance to self and non-self[J].

http://www.zpwz.net



1570

2385

Nat Immunol, 2005, 6(4):345-352.

[3] Hori S, Nomra T, Sakaguchi S. Control of regulatory T cell
development by the transcription factor Foxp3 [J]. Science, 2003,
299(5609):1057-1061.

[4]  Ziegler SF. FOXP3: not just for regulatory T cells anymore[J]. Eur J
Immunol, 2007, 37(1):21-23.

[S]  Morgan ME, van Bilsen JH, Bakker AM, et al. Expression of FOXP3
mRNA is not confined to CD4"CD25" T regulatory cells in humans[J].
Hum Immunol, 2005, 66(1):13-20.

[6] Seddiki N, Santner-Nanan B, Martinson J, et al. Expression of
interleukin (IL)-2 and IL-7 receptors discriminates between human
regulatory and activated T cells[J]. ] Exp Med, 2006, 203(7):1693—
1700.

[7]1 Hartigan-0'Connor DJ, Poon C, Sinclair E, et al. Human CD4"
regulatory T cells express lower levels of the IL-7 receptor alpha
chain (CD127), allowing consistent identification and sorting of live
cells[J]. J Immunol Methods, 2007, 319(1/2):41-52.

(81 XM, FA, AL, 4F . FLIERB A SN CD4". CD25",
IR T AIH ARSI S RS (). AR R L 2005, 27(7):423~
425.

(91 Kl , #AEW, BB 45 . CD4" CD25" CD127"" P51 T 4
JHL 200 A L 5 A it A 3K B S ()], AR SRR AR
7R, 2012, 29(11):2288.

[10] Abo-Elenein A, Elgohary SE, Hashish A, et al. Significance of
immunoregulatory T cells in different stages of breast cancer
patients[J]. Egypt ] Immunol, 2008, 15(2):145-152.

[11] Wang ZK, Yang B, Liu H, et al. Regulatory T cells increase in breast
cancer and in stage IV breast cancer cancer[J]. Cancer Immunol
Immunother, 2012, 61(6):911-916.

[12] Matsuura K, Yamaguchi Y, Ueno H, et al. Maturation of dendritic
cells and T-cell responses in sentinel lymph nodes from patients with
breast carcinomal[J]. Cancer, 2006, 106(6):1227-1236.

[13] Jaberipour M, Habibagahi M, Hosseini A, et al. Increased CTLA-
4 and FOXP3 transcripts in peripheral blood mononuclear cells of
patients with breast cancer[J]. Pathol Oncol Res, 2010, 16(4):547-
551.

[14] Ohara M, Yamaguchi Y, Matsuura K, et al. Possible involvement of
regulatory T cells in tumor onset and progression in primary breast
cancer]J]. Cancer Immunol Immunother, 2009, 58(3):441-447.

[15] Bates GJ, Fox SB, Han C, et al. Quantification of regulatory T cells
enables the identification of high-risk breast cancer patients and those
at risk of late relapse[J]. J Clin Oncol, 2006, 24(34):5373-5380.

[16] Ghiringhelli F, M é nard C, Terme M, et al. CD4°CD25" regulatory

T cells inhibit natural killer cell functions in a transforming growth
factor-beta-dependent manner[J]. J Exp Med, 2005, 202(8):1075-
1085.

[17] Slavina EG, Chertkova Al, Zabotina TN, et al. Variations in the

© WA )3 i [ & F A F A EFH

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

126

=

(27]

28

=

129

[}

130

number of regulatory T cells (CD4°CD25") in patients with breast
cancer during herceptin therapy[J]. Bull Exp Biol Med, 2006,
141(3):361-363.

Generali D, Bates G, Berruti A, et al. Immunomodulation of FOXP3+
regulatory T cells by the aromatase inhibitor letrozole in breast cancer
patients[J]. Clin Cancer Res, 2009, 15(3):1046-1051.

Noori S, Hassan ZM, Salehian O. Sclareol reduces CD4* CD25"
FoxP3" Treg cells in a breast cancer model in vivo[J]. Tran J Immunol,
2013, 10(1):10-21.

Farsam V, Hassan ZM, Zavaran-Hosseini A, et al. Antitumor and
immunomodulatory properties of artemether and its ability to reduce
CD4" CD25" FoxP3+ T reg cells in vivo[J]. Int Inmunopharmacol,
2011, 11(11):1802-1808.

Noori S, Hassan ZM. Dihydroartemisinin shift the immune response
towards Th1, inhibit the tumor growth in vitro and in vivo[J]. Cell
Immunol, 2011, 271(1):67-72.

Langroudi L, Hassan ZM, Ebtekar M, et al. A comparison of low-dose
cyclophosphamide treatment with artemisinin treatment in reducing
the number of regulatory T cells in murine breastcancer model[J]. Int
Immunopharmacol, 2010, 10(9):1055-1061.

Qin A, Wen Z, Zhou Y, et al. MicroRNA-126 regulates the induction
and function of CD4(+) Foxp3(+) regulatory T cells through PI3K/
AKT pathway[J]. ] Cell Mol Med, 2013, 17(2):252-264.

Hong H, Gu Y, Zhang H., et al. Depletion of CD4"CD25" regulatory T
cells enhances natural killer T cell-mediated anti-tumour immunity in
a murine mammary breast cancer model[J]. Clin Exp Immunol, 2010,
159(1):93-99.

Hueman MT, Stojadinovic A, Storrer CE, et al. Levels of circulating
regulatory CD4°CD25" T cells are decreased in breast cancer patients
after vaccination with a HER2/neu peptide (E75) and GM-CSF
vaccinel|J]. Breast Cancer Res Treat, 2006, 98(1):17-29.

Mittendorf EA, Clifton GT, Holmes JP, et al. Clinical trial results of
the HER-2/neu (E75) vaccine to prevent breast cancer recurrence in
high-risk patients: from US Military Cancer Institute Clinical Trials
Group Study 1-01 and 1-02[]]. Cancer, 2012, 118(10):2594-2602.
Rech AJ, Vonderheide RH. Clinical use of anti-CD25 antibody
daclizumab to enhance immune responses to tumor antigen
vaccination by targeting regulatory T cells[J]. Ann N 'Y Acad Sci,
2009, 1174:99-106.

Rech AJ, Mick R, Martin S, et al. CD25 blockade depletes
and selectively reprograms regulatory T cells in concert with
immunotherapy in cancer patients[J]. Sci Transl Med, 2012,
4(134):134ra62. doi: 10.1126/scitranslmed.3003330.

Morita R, Hirohashi Y, Sato N. Depletion of Tregs in vivo:a promising
approach to enhance antitumor immunity without autoimmunity[J].
Immunotherapy, 2012, 4(11):1103-1105.

Tiriveedhi V, Fleming TP, Goedegebuure PS, et al. Mammaglobin-A

http://www.zpwz.net



5511 1) EF, % RTH T I s s T AR R 1571
¢DNA vaccination of breast cancer patients induces antigen-specific TR T 200 6 4 A R B 5 [J]. =P fsiIf PRI 2 2 3k E SO

[31]

[32]

[33]

[34

[35]

[36]

[37]

[38]

[39]

[40]

cytotoxic CD4"TCOShi T cells[J]. Breast Cancer Res Treat, 2013,
138(1):109-118.

Kawabata A, Ohta N, Seiler G, et al. Naive rat umbilical cord matrix
stem cells significantly attenuate mammary tumor growth through
modulation of endogenous immune responses[J]. Cytotherapy, 2013,
15(5):586-597.

Pruitt SK, Boczkowski D, de Rosa N, et al. Enhancement of anti-tumor
immunitythrough local modulation of CTLA-4 and GITR by dendritic
cells[J]. Eur J Immunol, 2011, 41(12):3553-3563.

Xu L, Xu W, Wen Z, et al. In situ prior proliferation of CD4* CCR6"
regulatory T cells facilitated by TGF- B secreting DCs is crucial for
their enrichment and suppression in tumor immunity[J]. PLoS One,
2011, 6(5):€20282. doi: 10.1371/journal.pone.0020282.

bk, R L AR, 4% . ZUIRE B CD4°CD25highCCR6" Y
Pk T ALY ZE A [J). PUJTTR S5 - BESA0, 2010, 41(3): 415~
419.

Xu L, Xu W, Qiu S, et al. Enrichment of CCR6+Foxp3+ regulatory
T cells in the tumor mass correlates with impaired CD8" T cell
function and poor prognosis of breast cancer{]]. Clin Immunol, 2010,
135(3):466-475.

Kurose K, Ohue Y, Oka M. Anti-CCR4 mAb and regulatory T cells[J].
Gan To Kagaku Ryoho, 2013, 40(9):1150-1155.

Sugiyama D, Nishikawa H, Maeda Y, et al. Anti-CCR4 mAb
selectively depletes effector-type FoxP3*CD4" regulatory T cells,
evoking antitumor immune responses in humans|J]. Proc Natl Acad
Sci U S A, 2013, 110(44):17945-17950.

Rowen L, Koop BF, Hood L. The complete 685-kilobase DNA
sequence of the human  beta T cell receptor locus|J]. Science, 1996,
272(5269):1755-1762.

Assaf C, Hummel M, Dippel E, et al. High detection rate of T-cell
receptor beta chain rearrangements in T-cell lymphoproliferations
by family specific polymerase chain reaction in combination with
the GeneScan technique and DNA sequencing[J]. Blood, 2000,
96(2):640-646.

BERZ K B S APL JRESMEIL TCR V o 5

© WA )3 i [ & F A F A EFH

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

2007, (6):591-593.

Garcia-Castillo H, Barros-Nufiez P. Detection of clonal
immunoglobulin and T-cell receptor gene recombination in
hematological malignancies: monitoring minimal residual disease[]].
Cardiovasc Hematol Disord Drug Targets, 2009, 9(2):124-135.

Yang J, Yi P, Wei L, et al. Phenotypes and clinical significance of
circulating CD4(+)CD25(+) regulatory T cells (Tregs) in patients with
acute-on-chronic liver failure (ACLF)[J]. J Transl Med, 2012, 10:193.
doi: 10.1186/1479-5876-10-193.

Sainz-Perez A, Lim A, Lemercier B, et al. The T-cell receptor
repertoire of tumor-infiltrating regulatory T lymphocytes is skewed
toward public sequences|J]. Cancer Res, 2012, 72(14):3557-3569.
Fujishima M, Hirokawa M, Fujishima N, et al. TCRalphabeta
repertoire diversity of human naturally occurring CD4°CD25"
regulatory T cells[J]. Immunol Lett, 2005, 99(2):193-197.

Hsieh CS, Liang Y, Tyznik AJ, et al. Recognition of the peripheral self
by naturally arising CD25" CD4" T cell receptors[J]. Immunity, 2004,
21(2):267-2717.

Wang C, Sanders CM, Yang Q, et al. High throughput sequencing
reveals a complex pattern of dynamic interrelationships among human
T cell subsets[J]. Proc Natl Acad Sci U S A, 2010, 107(4):1518-1523.
PUEL, Atk SRHERT . 30 SRR FLIRIE I Y Ao a g (1], Hh
Wl AN AR L 2000, 18(11):1111- 1105.

WREAE 22T . LB IR IT TS ()] PR BR Rl ek
2012, 40(5):509-513.

RS, et . FURIEIL IR BOWFSEHE I SRR DT 1) )],
FER¥m AN 4R | 2011, 20(5):541-545.

(Rt £18)

A5 A AET . AR E], BEBAE R T 40 AL AR
FEIRTT ST R (1], Hh R AR AR 2014, 23(11):1567-1571. doi:
10.7659/j.issn.1005-6947.2014.11.022

Cite this article as: REN Y, YANG WM, YAO XS. Regulatory T cells and
breast cancer: current therapeutic progress[ J]. Chin J Gen Surg, 2014,
23(11):1567-1571. doi: 10.7659/j.issn.1005-6947.2014.11.022

http://www.zpwz.net



