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(FERERIR A E 25— B B IHAMEL, FEK 400016)

e F\ B %, J% A% FR % (immunomagnetic beads, MACS)ABALB/c/)> S EBE ¥ 57 5 B i
CD4'CD25'Tregs(regulatory T cells)#2CD4'T4g fit,, CD4'CD25 Tregs#n Aanti-CD3/CD28%% 2k 51 000 U/mL
IL-2/k 409738 14 d; CD4'T4afi e Aanti-CD3/CD28#%k . 100 U/mL IL-2495 ng/mL & 2H AR M 4544,
4 K @ -F-B(transforming growth factor-B, TGF-BYRIN 385 d. A7 AT 77 ik I 38 )& Tregs % 9% 47 4|
NEBIE. LRI T, WA 7 EY 386 Tregs LI 374 2h 48 L B £ 5 (P>0.05), 1224 A A K
A8 % 49 BALB/c/)s KR P 4R BR o 64 am i P, 38 3ECD4 T4 ey 385 dvT vA 43 2 (4.940.4)x 107 Tregs,
7 i8 i1 CD4'CD25 Tregs¥ 3% 14 d R 444F%](1.9£0.1)x107 Tregs(P<0.05). % R & I, i@ it AAFF kY
W 1F 3| 69 Tregs K I 5| A RE LB B £ 5+, 12 % 18 1L CDA' T4a iy 38 Tregs 7 ik FT % BF 1842, fo BLAF
A minie$.
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A Comparison of Two Methods to Expand Regulatory T
Cells (Tregs) In Vitro

Liu Zhao, Luo Shigiao*
(Department of Hepatobiliary Surgery, the First Affiliated Hospital of Chongqing Medical University, Chongqing 400016, China)

Abstract CD4"CD25 Tregs (regulatory T cells) and CD4'T cells were isolated from BALB/c spleens
by MACS (immunomagnetic beads), respectively. CD4"CD25 Tregs were cultured for 14 d in 96-well plates
coated with anti-CD3/CD28 microbeads in the presence of 1 000 U/mL of IL-2; then CD4™T cells were cultured
in 24-well plates coated with anti-CD3/CD28 microbeads in the presence of 100 U/mL IL-2 and 5 ng/mL of
recombinant human TGF-f (transforming growth factor-p) for 5 d. The immunosuppression and counts of Tregs
expanded by the two methods were analyzed. The experiment results showed that there was no obvious difference
in immunosuppression between the two methods of expanding Tregs in vitro (P>0.05), but when used the same
size BALB/c mice, we can get (4.9£0.4)x107 Tregs through CD4T cells and only get (1.9+0.1)x10" Tregs through
CD4'CD25 Tregs (P<0.05). The result suggested that there was no obvious difference in immunosuppression
between the two methods of expanding Tregs, but get more Tregs and take less time through CD4'T cells.

Keywords regulatory T cells (Tregs); expansion; immunosuppression
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20HEAL504FEAR LK, B & ik o B 4R 1Y)
PRI A WA B TT J7iEN . SR, A G HE R R
)R A T B A R MO 2R, H ATt R B
2RI STHE E, LFE AT B o 2K ] e i H At £ 2 410
T3 245 W) R A KA R A R A 35 I 18], AR & B A e jR
AT58R 1 i VF 22 1), 490 4an 4% P HE B Y LA A 24 P AH
K ERIEIERR. P, F-4—Phogr st 67 75k
BAFIC N EEL

B HHA 1k, AT T8 45 T4 M (regulatory
T cell, Tregs) I 5T A K 2047 ¥ J; 52 o Tregstt:
G 98 W T 7 THT () A2 4 2 Dl e CU a8 T B IE S Tregs
J& 1 R IACD25FFoxp34) T H Ak #IL-22E 17 11
CDA TN AR, & 2 R U1 i 118 % AR 1 5
PET4H i (natural regulatory T cells, nTregs) fil H 1%
GiCDA T M 483 2 Fh 5 3 07 V5 15 3 B 2 R AR
YA PET A0 A4 S 4 38 17 R PR AR 5 T i
(induced regulatory T cells, iTregs). H §J, & W57
KW, Tregsit ixf 43 WA BT 28 i 4H B PR 7~ [l 4 A0 A= K A
- -B(transforming growth factor-B, TGF-B). IL-10] &k
T 41 i TR 4 Ak [ U0 Tregs % I CTLA-4 55 T JR 2 5
4fl Jf (antigen presenting cells, APCs)# [ICD80/CD86],
B T e e N, [, Tregs7E4EFE B £ G iy
Tl AR, R A R R 12 R
RESONE . S E A IR S P e A 1

YT TregsE S U 15 77 R B ZEAE ], W90
AT IE AR R I A S i S 22 v 97 N T 1l DR 1)
Al HEME . H20024F Taylor2s PR ILFE S A Al vh | o
Yk AR SN Tregs B8 % ¥R 77 GVHD(graft versus
host disease)¥ i, 220094 Iifw bR b FF 4 4 FH AR 40~
i TregsifJ7 GVHDY IR, TregstE k40 fi 63 97 76 ¥
ST G FE R OV AT TR R g . A U,
fivE 55 CD4 TN o B i A 24 1 CD4' CD25 " Tregs fig %
I HIGVHDE W9, {5 & HL{A& N CD4"CD25 Tregs{X v
CD4" T4 L 1) 5%~10%, 4k /> [F)CD4'CD25 Tregs
AN JE L 2% B 4 J5 CD4* RICD8 A 5 1 [R] B 57
PRTAN B 1) Je U, PRI, 3R A5 A2 1 1) Tregs A& HL W
HI T IR 5 TR T 32 . R Hanti-CD3/CD28HT A4 A &
WPEIL-24] T Tregs ¥ G [ BOIR A, A& H AT 2144
AN W Tregs i /71 1T KA HRIE N H B £ CD4'T
4 Mo 1T 25 T anti-CD3/CD28 T /A FIK ¢ F5 E5 24 N I
PETGF-B. IL-2551F T, #4385 digfig 43 2 2 & i1
Tregs®. HH, MAA K TIXPIF L RG LR IR

T8, ASCR EEROX P A 38 715 18 8 R Ay 1
Jii Tregs 1 S s 2= 1IE o

1 HR5H#®
1.1

4~6 JA HfE PEBALB/c/)™ B (W T~ B R S B} K 2% I
K shWdoty), B /N RAESPR 46 1 g%, AH
ST SR S50 ) P A8 R S5 AR 38 7 A <
ERIE R} 2 S50 5 ) BRI R B AH S
1.2 HHpEiES

37 °C. 5% COSME T, A7 gk 746 5 10%

525 1135 (Gibco s 7)) F1100 U/mLTT BE 8 2 (34 = K

AW T IRPMI1640(Gibco 2 7)) 58 42 15 57
s
1.3 CD4'CD25'Tregs 9% & 3 1%

sk ab st BALB/c/INER, ECHINE , +fi% B4t
WA TERMARLLAN S, $4ECD4"CD25 Tregs /%1
& (Miltenyi Biotec A #)it #1543 ECD4' CD25 Tregs,
BT S e [ 4 3 15 21 CD4 4 i, 28 5 A B
PR 43 3% N E 43 3% H R FICD4 4N i 43 25 HICD25 T
40 fii(Miltenyi Biotec A ). Fifi J K5 B fF 43 25 H ok
f\) CD4'CD25 " Tregs 45 anti-CD3/CD28 % Bk (Miltenyi
Biotec s 1)) LA1:27R 45 FF45 771 000 U/mL IL-2(Sigma
ANFENRSNT 14 do 14 dJ5, T 40 B AR I 4 g
ali fE K Ay 4k Dy e o
1.4 CD4'THREMER ARSI 1E

iz I8 F T 5 v M BEBALB/e/ B, HCH U,
il £ B A M A . AR MR 24 M S, 32 IRCDA'T
41 1 43 7% 358 F) £ (Miltenyi Biotec 2y 7)) B 45 43 1k
CD4'THH Ma, B FH % 43 3% tHCD4' T . 4R )5 #4
CD4 T4 i 5 anti-CD3/CD28 14 Bk LL1:24F %7100 U/
mL IL-2(Sigma’y )15 ng/mL#E 241 A J& E TGF-
B(RD) 244LH N 15785 do 5 dJiT, v =X 41 e {L(B&D
28w )R AN A % G e A T e
1.5 {RSMINHRLE

FIFHCFSE(SigmaZs 7))k i i i CD4*CD25 Tregs
A3 AR TR 43 3% R I CD4 CD25 T4H B Al Tregs )
G REEIThEE, 5%10° CFSEARICCD4'CD25 T4 5k
bR Tregs 42 1: 18 1209 LU B5 FRAE24 5L N, IF
TIA1x10° anti-CD3/CD28#i ¥k . 3 dJi, Wakdl i it
FH 3 =X 41 B ASCR ), Modfit LTH 4 (Verity software
House) 73 &4 -
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(A) | (B) |
S o3
95.9% I 74.6%
S5 =
= <
g e %é— :
o ::.‘QI" = QL
S+ o B
1] . Q3 | QF:
T Illllll(l)2 T II|1II(I)|3 TT I“1"34 T Illlll(I;5 T -Iillilll ﬁl_]h.s._ N
10 10 104 10
CDA4-Percp CD4-Percp
© (D)
] ]
11.8% ] 80.6%
5] =]
O 3 S
< 3 N
T -
EF R £ 23
e 3 =3
NS—;, 3 = s
E Q g
-IIIIIII| RRLIUEEEE _|"|\|'F|il"_|_|_fﬁ'ﬁ'|_'f T T T T
10 108 104 108 102 10° 10 10°
CD4-Percp CD4-Percp

A: FH% 4> B5CD4'CD25 Tregs 1'CD4'CD25 () 11 43 tt; B: CD4'CD25 Tregsy™ 1 i Tregs ' CD4 Foxp3 I 71 43 Lty C: i 4 B (ICD4 T4 g vh
CD4 Foxp3' I 43 LL; D: CD4' T4l 14 5 Tregs ' CD4 Foxp3 11 1 43 LL -
A: the CD4°CD25" percentage of fresh CD4"CD25 Tregs; B: the CD4"Foxp3™ percentage of Tregs expanded from CD4*CD25°T cells; C: the
CD4Foxp3™ percentage of fresh CD4°T cells; D: the CD4 Foxp3™ percentage of Tregs expanded from CD4'T cells.
B RN AR Tregs £h
Fig.1 The purity of Tregs tested by flow cytometry

1.6 FRAREARE

LAY T 2 FEFACSZZ 1 i (PBS+1%/If 44 IfiL.
TH0.1% S 28 . 1 kil R B, 4350
CD4-Percp(B&D /A 7). CD4-APC(B&D/A 7). CD3-
FITC(B&D/A 7). CD25-PE(B&D/A ), 4 °Cit ' i
H45 min. T BhRdZNPUR, K HEvEE A
Foxp3 [l 5 W I 275357, 4 °CHEEYGIF H3 h, ik o
S Anti-Mouse/Rat Foxp3 APC(eBioscience), 4 °Citt
JEI% B 45 min, EPVEANIGHER L HL. FACSAriajiz
4 A (B&D 2wl )A il 48 i, FACSDivak £f:(B&D
YNGIDYGSLE €
1.7 HitZEHH

K HHSPSS17.04¢ vk 3 A 43 Ar, W4 18] EL 3R F e
KL 2041, P<0.051Ah 2 7 B geih242 53 o

2 R
2.1 Tregs#fi & &)
I FH 0 95 Rt ¥R 125, BATTRE W M IE H BALB/c/)

BT 45 31 4l 1 8 11 95% 1) CD4"CD25 Tregs, 14
Hb45 T anti-CD3/CD28HEEEFI 1 000 U/mL IL-2 ]
TN M S, S I 14 dJS 15 3 Al L 74% )
CD4'Foxp3'Tregs, 1M #7732 \ICD4A TH MU 7E 25 1
anti-CD3/CD28 /% ¥k. 100 U/mL IL-2 15 ng/mL &
MNP PETGF-PEE IS5 dJn Bets 19 21 40 8 1L 80% 1)
CD4'Foxp3'Tregs(&1).
2.2 (RSN I fE Tregs % % 30 ) Th BE4A&
PLCFSE(carboxyfluorescein diacetate succinimidyl
ester)bi 10 ICD4'CD25 T4 M 1 b 2% N TZH
(effector T cell, Teff), K F V& & Wk B 40 B 5% 772 46 M
19 J5 Tregs I S B I D e, 7 4K41M45 Tanti-CD3/
CD28HEZRIIRIT T, 73 mHECDA A L 1 J5 Tregs
LjCD4"CD25 Tregs# 1 5 Tregst& M 1:1. 2:1 (1) L 43
5N T MR ARG, R EX 4. Teff5 Tregs
LA A 101 < 120, 5 20 Tregs 715 tHARABL A4 71,
ZERNTGE 27 X (43.1% vs 47.3%, P>0.05; 61.49%
vs 66.6%, P>0.05)(2).
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3 80 4 B Expanded Tregs from CD4°CD25 Tregs
s
s 60+
=
.2
E, 40 -
é
&~ 204
0
1:0 1:1 1:2

Ratio of Teff:Tregs

A AT HESRRBCT, Teft5 EL 1), B: 7E45 TRAERRIIL R, Teff:CD4 T 3 )5 Tregs=1: 11, TeftH 5 L ); C: 745 T RAERMI R, Teff:CD4 T 14
Jii Tregs=1:215, TeffBAME LLA9]; D: (AT REERANBL R, TefR 4 ELB; B: R4 T REEKHIBL N, Teff:CD4'CD25 TH 15 Tregs=1: 11, Teffi# 5 LLfl; F:
TELE THESRI T, Teff:CD4'CD25 T4 1 J& Tregs=1:2IM, Tefth4 i L f4l; G: AN [R] LU G vk L 40 s 5 40 M H9 40 1 70 L e v Il ME: TefERi i LL
.

A: the proliferation of Teff when stimulated by anti-CD3/CD28 microbeads; B: the proliferation of Teff when coculturing Teff and Tregs expanded from
CD4'T cells at the ratio of 1:1 in the presence of anti-CD3/CD28 microbeads; C: the proliferation of Teff when cocultured Teff and Tregs expanded
from CD4'T cells at the ratio of 1:2 in the presence of anti-CD3/CD28 microbeads; D: the proliferation of Teff when stimulated by anti-CD3/CD28
microbeads; E: the proliferation of Teff when coculturing Teff and Tregs expanded from CD4"CD25'T cells at the ratio of 1:1 in the presence of anti-
CD3/CD28 microbeads; F: the proliferation of Teff when coculturing Teff and Tregs expanded from CD4'CD25°T cells at the ratio of 1:2 in the
presence of anti-CD3/CD28 microbeads; G: the histogram of Teff proliferation in different ratio. M: the proliferation ratio of Teff.

E2 4 85 Tregs T f& 4 I T BE A A&
Fig.2 Suppressive ability detection of expanded Tregs

2.3 FMIE AR A K2k

F] FHCD4'CD25" Tregs 73 76 1 571 £ A — L IE 3
BALB/c/)™ i 13 F] £15x10° CD4"CD25 Tregs, 4 it
14 AR A1, WA B AT(1.940.1)x107 Tregs. 1 f#
FICD4 T 43 3 3 71 & A\ R K /N IR BALB/e /) Bl H?
3B LK 295100 CD4'THH i, 2855 df 44, 75 51

(4.940.4)x10" Tregs, 55 5 —FhJ7ikAH L, 55 PP ri:

P32 (1) Tregs B0 I 14 2 (P<0.05)(&13)

2.4 LREERFRIIE A AT fF Tregs 40 ARTE 1
FIFICD4"CD25 Tregs 7y ¥ i 7 fr 73 ¥k H! ok

() 40 M 28 3 AR A9 35, WOAR 4h T, A 3L 3% DT A

66%+3%. 1] il FHC D 4T 43 3% 3k 7 £ 7 3% ok (1)



A FER AR SN I T TR R B T

707

(A)

60-
50-
40

304

Counts (x10°)

204

104

O 1 1 1 1
0 3

—_
\S}
E

Time (d)

W -

Counts (x10°)

(=
1

0 3 6 9 12 15
Time (d)

A: CD4' T 1 5 TregsE [ #Hh£k; B: CD4'CD25 Tregsy 1 J Tregs F [ Hh £k
A: the cell growth curve of expanded Tregs from CD4'T cells; B: the cell growth curve of expanded Tregs from CD4"°CD25'T cells.
E3 MG AL %

Fig.3 Cells growth curve of two amplification methods
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90 *
80
70
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504
404
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204
104
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Cell viability (%)

Tregs frorln CD4'T Tregs from CD4'CD25 Tregs

*P<0.05.
E4 #1853 TregsMAEE 11 AOAEN
Fig.4 Cells vitality detection of expanded Tregs

CD4 Tl Mo 28 1t AR Ah 4 38, 13 20 1040 M is 1 ok
75%+3%. 55 —Fh 7 AR L, B A Oy A4S #
) Tregs 4l UGG 7 55 35 (75%+3% vs 66%+3%, n=3,
P<0.05)(K4).

3 itig

Tregs{E 2 HIMLAA 171 B %05 P2 I3 S 4 FEF A
J& G 52 RAE I B AR, 518 T AR 3L
TR T AR s o A% 2% D) BB 1E W 1) Tregs
JEH AR T A A N T A b —, H
J2, TregsfEAME LSk LA 25 BRI 5 CD4'T
A A5%~10%), BRI BRI T Tregsf b 41 A fu 2
BIT R AT . PR, ARA 38 2 A X A 7 I
WI77k2 — o ABEFCR PR 5 iR SN B Tregs,
o5 —Fh 7 vk, WIE FHCD4'CD25 Tregs 73 i i 71 &1,

SEBA T4 A5 BICDA 40 i, 4% J5 R B 2 2 A 2
531 K B CDA™ 41 i v 43 25 H CD25 48 i, #4453 31
ff)CD4'CD25" 4l ffd £E anti-CD3/CD28F1 1 1k ETL-2 4%
PE RSN 114 d; 55 RO 1L 2R HCDA T3 15K
A&, — D HEFH 2> 1 H CD4 T4 Y, #Eanti-CD3/
CD28FICH B2 I B N U VETGF-B IL-219 551 T
PRANT 145 do R E A AR v, FRATTR IR
FH 28— 7 v A 149 31 2(1.940.1)x107 Tregs, FJH]
W RO VR e 15 5] £9(4.9£0.4)x 107 Tregs, 1 H. 45
TR TTER Sy B A AR SR I RN (3 hovs 6 h) A S I ]
HEBH 2 BLHI(S d vs 14 d), ORI A0 B s PR AR T
[ ISF, 55— oy ik B I T2k B 2 (19 1710, KK
AR T A . PR, FRATTIAA, SR 56 P iksb
W Tregs 1) 771560 THET Tregs /L I IR b T2 v H
HAERKEX.

g L BTIA, A BG4 48 5 B AR A1 4 T anti-
CD3/CD28%t 14 Fil =y W FEIL-24 4 37 e 43 ik (1)
CD4'CD25 Tregs, K Hanti-CD3/CD28$i A& FIE 4 &
() E 2 N U5 PETGF-B. IL-244& 44 B5CD4 T4 i 11
PErS 0 2 Mo IX AT 8 JE TGF-BAEY 18 Tregsif & %
HHKAEH . TGF-B&—Fi e % 4 15 T4 J 2 Fl
R Z D Real LR 7, & REBSHIHITL-250 0, i
051 DR 7 (0 M i, PELASCDAT T4 i (0 436 5 101,
TGF-Bi& G815 T Th340 i A Te1 40 i 1) 2 AL, H
Hf 4 A W5 08, TGF-BAETregs ) p= 2L g HE v
RYEAE — 5 PAVE M, FE BARNLHE AN . X
s B 28 22 A AT IR 5 SERF PR AL T R A, 3R
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