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Abstract

BACKGROUND: At present, the nature CD4"CD25"Foxp3* regulatory T cells are too rare to meet the clinical requirement.
OBJECTIVE: To establish an effective amplification system of murine CD4"CD25°T cells in vitro.

METHODS: Mature dendritic cells from C57/BL6 mouse bone marrow were combined with different doses of transforming growth
factor B were used to amplify autologous or allogeneic CD4*CD25°T cells in vitro.

RESULTS AND CONCLUSION: After 2 weeks culture, magnetic bead sorted CD4"CD25'T cells in the amplification factor for
natural regulatory T cells were (17.3+£10.6) times, 0.2 and 2 ug/L concentration had the strongest amplification on T cells. The
expansion CD4"CD25" positive rate was (85.38+1.82)%, CD127 positive rate was (78.8620.91)%; The expansion of regulatory T
cells with high expression of FOXP3 mRNA was 1.5 folds than nature ones in vitro. The regulatory T cells inhibitory test showed
that regulatory T cells could inhibit the proliferation of auto-and allo-CD4'T cells in vitro in a cell dose-dependent manner. The
inhibit rate of CD4"CD25"T cells to autologous CD4'T cells was (60.1+0.71) %, the inhibit rate of allogeneic CD4'T cells was
(35.5£0.57)% (P < 0.05). We successfully amplified CD4"CD25'T cells in vitro. The cells expanded have inhibitory effects in vitro,
and as the method can obtain large quantity and purity cells, which may be used in clinical trials in future.
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Figure 1 Morphology of dentritic cells after cultured for 5 d
under inverted microscope (x40)
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Figure 3 Magnetic bead sorted CD4'CD25'T cells detected
by flow cytometry
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Figure 4 Amplification of auto- and allo-CD4" D25°T cells in
vitro
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Figure 2 CD80 and CD86 expressions of bone marrow
derived dentritic cells were detected by flow
cytometry
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Figure 5 Detection of CD4"CD25T cells by flow cytometry
after amplification in vitro
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Figure 6 Expression of FOXP3 in nature and in vitro amplified
CD4"CD25'T cells sorted by immunomagnetic

beads
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Figure 7 Relationship between the concentration of amplified
regulatory T cells and inhibitory rates of auto-and
allo-CD4°T cells

Bl 7 sy eE T 4xd (4R 4400 CDA'T 41 i st 5
FHIEH S 2 A B OC &

ISSN 1673-8225 CN 21-15681/R  CODEN: ZLKHAH

3 it

CD4'CD25" Foxp3* il 1 £ T 4 g A 4 12 1 i1 4F
F, AENUR P T G2 N S X 4EREHLAAR 1) A 3R B Fa
YR A 5 i sz R EEAEA . Rk, T40Mrgn i
SRR RIS 0 B2 R R E v A
HERENY, BTN RARTHRAR D, k40
SrE G AMECEA R, ANREMEIRIRTE . Har, i
1z 19t CD3HMICD28 51 v FE HL AR I A 1 41 A~ 244 5F
PTG, (Y WRCRA R, HAEEM, FitA
PRI ] T T 152,

P SR 41 A g H 9% 2R G H o o 2 (1) S A0 2
—, FE BT FRERIT AN M1 . YamazakiZ ™)
IRFFCR T, A SR AN i 304 =1 7K T 1) CD80/86 4>
T, HAERGEIRA T RERS 703 (141 A/ %10, TGF-B,
HTGF-BE T4y My d w78, KRR
J R SOTR AN B 48 S 1 T A0 M R B A 1) g%
TS RE, BESRAT A2 5 H I e AR e T 41 B ok il A fanie 5
KM FETGR-BRIE M SRR L F R T, AhH
CD4"CD25 T4l ffy fE % 1) CDA"CD25 T4l f # 4k, 7
TGF-BAAAEMTEIL T, RERS A STATIZ 1 & A= W R 1k 1
454 BIFoxp3KE M Ja 31, 15 FFoxp34r FIIRIA, ff
LHHECDA TAN M FRAT e ik Th e, TGF-BREFEMASME
SCD4"CD25 T4 it Foxp3#i5®.  F A IE A #hoxt T+
TR 2 0 T AR B UE 0 ThREWFIL.
g e RN, T AR 5 R
WIEERONL, LR R 0 R0 A5 A S AR IR VR T AR
UK Z N MR v A OCHERT ST . H AT A SR BRI
W EHEMER. AN =2, AN 215800
Bk RART4H i, CD3/CD28. cGMP(LAP). 4H i
%1 %4 1 A IL(CD121a/CD121b)%5 J5 v A i 44 4h
SR PSR PR T AN 9T, (R I R SR
Y1 i be TGF-BAARAN Y 58 1 5 P T 40 o 11 J7 72 24 WF e R
B0 g DTSR — R R T 2 A I RE AR
FETHIHI T BE (A A 38 7 v R T 7 i) 2 18 1
e R 1R D58 BT A

ARSI SR FH R S8R 41 o 16 & TGF-BAA A 184
7' FCDA'CD25 TAI M, 45 FL W R 7E 2 S PR 41 i E
A TGF-BREAERANM BICDA CD25 T4 i, RSN 1
CD4'CD25 T4l Jitd i 461k, CD127. Foxp34r 1 #4k4h
O S 56 o U T 0 ks AR R S AR (1 C DA T 4 Mt 417
HIRE ST, JFRl o R LA 8 1) B T B AT, ) 3 DRI 1 4%
R SR AN Mk L A 1 e T B i T e 3R DR K B A R
SORANM,  IX 1T BEAE PR R R AR T 41 B 0 I R b 5 1
G PUEUR G B I 45 A 1 BT 1 [ 35 PR R 58 4R 4
OB A USRI, 7E B R AT, R

2731



@ 2722 wnrrenons

WA, SR MBI TR BPATIFEL AR T B B RS I8 RO T PE T 20

PSR A M B T4 Mok = RIEEZEAEM . t
CD4"CD25 T4l il if5 T 4% Ak 11175 T T 41 B 5o 0 KT I
(0 S W B R, FR MR, e I DRI SR AN o) 15 3 7Y
TANML 3G e 7o T R EE R SR A e, DRI, 5
T 240 WA ] ) P S 55 DSBS A h RS R A 01 2008 1 4
BN P, ASCIGVERCT T Mo 8 5 B
B SR S BGAL, BT A0 BRI A5 7] 255 DR Rl vt STk 4 B 41
ROy 345 TA R IR TR . 255 RIN, 28 R R R
AR SR A M 386 5 1) T 40 il g Kk CD4 . CD254!
Foxp3%5Ebn &tk o 1o A, ¥ 38 5 T4 i = 1A CD4
FICD25. CD127 JxFoxp34r ¥, Hoxh[m) 3 [A] G s i i)
DiRe s T80y 40 .

ZEEPTIR, AHIFTOR A SR Al 1 & TGF-B
& b 88 S /N L CD4'CD25'T 40 i, 37 14 11
CD4"CD25 T4l g FL AT o e ikl Th fig 9F HLFF 8 m R ik
CD25%r T X FOXP3, A F— I PR i 3 KI5 11
CD4"CD25" 41l fu M A M P g R4t 7 52 at L at

4 SHEHE

[1] Taylor PA, Lees CJ, Blazar BR, et al. The infusion of ex vivo
activated and expanded CD4+CD25+ immune regulatory cells
inhibits graft versus Host disease lethality .Blood.2002;99(10):
3493-3499.

[2]  Burchill MA, Yang J, Vogtenhuber C, et al. IL 2 receptor beta
dependent STATS5 activation is required for the development of
Foxp3+ regulatory T cells. J Immunol.2007;178(1): 280-290.

[8] Ring S, Thome M, Pretsch L, et al. Expanded murine regulatory T
cells: analysis of phenotype and function in contact
hypersensitivity reactions. J Immunol Methods. 2007;326(12):
10-21.

[4] Trenado A, Sudres M, Tang Q, et al. Ex vivo expanded
CD4+CD25+ immunoregulatory T cells prevent graft versus
host disease by inhibiting activation/differentiation of pathogenic T
cells. J Immunol. 2006;176(2):1266-1273.

[5] Yamazaki S,lyoda T,Tarbell K,et al. Direct expansion of functional
CD25+ CD4+ regulatory T cells by antigen  processing dendritic
cells. Exp Med.2003;198(2): 235-247.

[6] Horwitz DA,Zheng SG,Gray JD,et al. Natural and TGF- B induced
Foxp3+CD4+ CD25+ regulatory T cells are not mirror images of
each other . Trends Immunol. 2008;29(9): 429-435.

[7] Yang SW,Cao L,Yang SW,et al.Imbalance of immunological
functions of T and TGF-B1 aggravated cerebral ischemia damage
in mice .Xi Bao Yu Fen Zi Mian Yi Xue Za Zhi. 2011;27(4):408-
411.

[8] GodkinA,GallimoreA Setting the Threshold for
Extra-ThymicDifferentiation of Foxp3(+) Ts: TGFB-dependent and
T-cell autonomous. Eur J Immunol. 2011;41(5):1491-1498.

[9] Mahnke K, Johnson TS, Ring S, et al. Tolerogenic dendritic cells
and regulatory T cells: a two way relationship. Dermatol Sci. 2007;
46(3): 159-167.

[10] YiH, Zhang J, ZhaoY, et al.The effects of antibody treatment on
regulatory CD4+CD25+ T cells. Transplant Immunology.2008;
19(1):37-44.

[11] Ouabed A, Hubert FX, Chabannes D, et al. Differential control of T
regulatory cell proliferation and suppressive activity by mature
plasmacytoid versus conventional spleen dendritic cells. J
Immunol. 2008;180(9): 5862-5870.

[12] Tarbell KV, Yamazaki S, Steinman RM, etal.The interaction of
dendritic cells with antigen specific, regulatory T cells that
suppress autoimmunity. Semin Immunol.2006;18(2):93-102.

[13] Lal G,Zhang N,Van der,etal.epigenetic regulation of Foxp3
expression in regulatory T cells by DNA methelation.Nat Rev
Immunol.2009;9(2):83-89.

[14] Shevach EM. CD4+CD25+ suppressor T cells:more question than
answers.Biol Direct.2008;3:6-6

[15] Veerapathran A, Pidala J, Beato F,et al.Ex vivo expansion of
human Tregs specific for alloantigens presented directly or
indirectly. Blood. 2011 Sep 23.

2732

[16]

(171

(18]

[19]

[20]

[21]

[22]

(23]

[24]

(25]

[26]

[27]

(28]

[29]

(30]

Pahwa R, Jaggaiahgari S, Pahwa S,etal. Isolation and expansion
of human natural T regulatory cells for cellular therapy.Immunol
Methods. 2010;363(1):67-79.

Rasmussen AM, Borelli G, Hoel HJ,et al. Ex vivo expansion
protocol for human tumor specific T cells for adoptive T cell
therapy.Immunol Methods. 2010;355(1-2):52-60.

Zeng M, Guinet E, Nouri-Shirazi M.etal. Comparative analysis of
dendritic cells and anti-CD3/CD28 expanded regulatory T cells for
application in transplantation.Transpl Immunol. 2009;22(1-2):
82-92.

Tran DQ, Andersson J, Hardwick D,et al. Selective expression of
latency-associated peptide (LAP) and IL-1 receptor type I/l
(CD121a/CD121b) on activated human FOXP3+ regulatory T
cells allows for their purification from expansion cultures.Blood.
2009;113(21):5125-5133.

Trzonkowski P, Szarynska M, Mysliwska J,et al.Ex vivo expansion
of CD4(+)CD25(+) T regulatory cells for immunosuppressive
therapy. Cytometry A. 2009;75(3):175-188.

Hippen KL, Riley JL, June CH,Clinical perspectives for regulatory
T cells in transplantation tolerance. Semin Immunol. 2011 Aug 4.
[Epub ahead of print]

Kujawski M, Zhang C, Herrmann A.Targeting STAT3 in adoptively
transferred T cells promotes their in vivo expansion and antitumor
effects. Cancer Res. 2010;70(23):9599-610.

Safinia N, Sagoo P, Lechler R,et al.Adoptive regulatory T cell
therapy: challenges in clinical transplantation.Curr Opin Organ
Transplant. 2010;15(4):427-34.

Quezada SA, Simpson TR, Peggs KS,etal. Tumor-reactive CD4(+)
T cells develop cytotoxic activity and eradicate large established
melanoma after transfer into lymphopenic hosts. Exp Med. 2010;
207(3):637-650.

Elinav E, Adam N, Waks T,et al. Amelioration of colitis by
genetically engineered murine regulatory T cells redirected by
antigen-specific chimeric receptor.Gastroenterology. 2009; 136(5):
1721-1731.

Molling JW, Moreno M, de Groot J,et al. Chronically stimulated
mouse invariant NKT cell lines have a preserved capacity to
enhance protection against experimental tumor metastases.
Immunol Lett. 2008;118(1):36-43.

Elpek KG, Yolcu ES, Franke DD, et al.Ex vivo expansion of
CD4+CD25+FoxP3+ T regulatory cells based on synergy
between IL-2 and 4-1BB signaling.J Immunol. 2007;179(11):
7295-7304.

DiGiusto DL, Cooper LJ. Preparing clinical grade Ag-specific T
cells for adoptive immunotherapy trials.Cytotherapy. 2007;9(7):
613-629.

LiY, Yee C. IL-21 mediated Foxp3 suppression leads to enhanced
generation of antigen-specific CD8+ cytotoxic T lymphocytes.
Blood. 2008 ;111(1):229-235.

Dang Y, Knutson KL, Goodell V, et al. Clin Cancer Res.Tumor
antigen-specific T-cell expansion is greatly facilitated by in vivo
priming. 2007;13(6):1883-1891.

REANEENESFE—-
KELERF: K A48 R (k0902174-31).

TEZTTA: % — 14 R S35k, JH5) 5 — 4 5
Yoikits, S =M TR AT, B W R TR E AL,
5 BARE ARIITER, IRANE EF1E. oAb ARAK
A AR R .

FUYBEHSE AR BALAT ) READ KB ERIEMLZ 5
LA 4R A R A HE Y 2R R A BB

EEEESL: SIridA2 3t Sy ik B AFE 2006 F4H 5 3
RIBEA G (KT E/HEBRHMAIEFHEILY 47k,

AXEYFIE B W B AT AR RIS R IR a0 AR S h 38
BT T mieeRiE, K2R FRAM KK MR I3
PP T @ieegiRil, (2BE45 F A KEF B #9iRiE
SERA . I B RIE R R IR Gm R B AL A KB T B AR
Shy ¥ R T e, SLART 48 CD3 4= CD28 # #.1%
RIS A mIeNF 2 WL 38 T mie, ¥ EELRS,
B RS L, M BRGT Ve mIet i F RN,
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