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( dendritic cells derived from chronic myeloid leukemia, CML-DCs )HAYFIA , KM TDO {&H:XT CML-DCs SsZE 0 3) BE A 52 i
Jiik: RT-PCR Kl 17 % CML-DCs B IDO mRNA 22545 B0, 35 40 MU AR I CML-DCs e 7645 8 T 1DO 1)
77 1-H R 2 H( 1-methyltroptophan,, 1-MT WEF T, 285 A s 2% CML-DCs( imDCs )AL CML-DCs( mDCs ) >0 il #4040 f
LA complete remission, CR )CML A1 E T Ik L4 40 Ky S5 17 4H i 8 57 V8 5 94k L4 400 B S 7 4k 2 , ELISA 354G I CML-
DCs FIBW IL-12 757, MTT Bl CML-DCs HI34 13 1 T 3k 40 i a4 st g 1. 45 s % CML-DCs (935 S L R,
IDO mRNAZRZHT [V ; 48 TNF-o 5% 1 DCs SR MR CD1a 51, CD80.CD86.CD83 \HLA-DR (A ¥ & FiF( P <
0.05), H Bl THIFIAARZ 1-MT 890, F 1-MT 4] 1DO 3% P J5 9 imDCs F1 mDCs , H: 1L-12 K28 @36 P <
0.05,P <0.01 ), Lk A1 T Ik 43 58 i B 0 B IR P <0.05,P<0.01 ), £ i IDO T 428 CML-DCs
B IL-12 437K, 3958 HE B 4R T 40 5 A B HE 11, 1DO %t DCs B SR D9 1 L0 AR 036 I St 1 3 it R B .
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Inhibition of indoleamine 2 ,3-dioxygenase activity promotes function of dendritic
cells derived from chronic myeloid leukemia

XU Si-juan, ZHANG Lian-sheng *, WU Chong-yang, CHAI Ye, SONG Fei-xue, YUE Ling-ling, LIU Ying( Department
of Hematology, Second Affiliated Hospital of Lanzhou University, Lanzhou 730000, Gansu, China )

[ Abstract ] Objective: To investigate the expression of indoleamine 2,3-dioxygenase ( IDO ) in dendritic cells derived
from chronic myeloid leukemia( CML-DCs )and to study the influence of IDO inhibition on the function of CML-DCs.
Methods: The expression of IDO mRNA in dendritic cells derived from 17 patients with chronic myeloid leukemia was
detected by RT-PCR. The phenotypes of CML-DCs were analyzed by flow cytometry. The immature CML-DCs ( imDCs )
and the mature CML-DCs ( mDCs ) were used as stimulating cells and autologous T-lymphocytes were used as reactive cells
for a mixed lymphocyte reaction system. IL-12 concentration was detected by ELISA kit; mix lymphocyte reaction was ana-
lyzed by MTT assay. Results: It was demonstrated that DCs derived from bone marrow mononuclear cells of CML dis-
played a typical morphology of DCs. Expressions of co-stimulatory molecules on DCs, such as CD80, CD86, CD83 and
HLA-DR, except for CDla, were obviously higher after maturation ( P <0.05 ) and were not influenced by 1-Methyltrop-
tophan( 1-MT, an inhibitor of IDO ). Inhibition IDO activity in mature and immature DCs by 1-MT significantly enhanced
their abilities to activate T cells proliferation and to produce IL-12 ( P <0.05,P <0.01 ). Conclusion: Inhibition of IDO
activity in CML-DCs can increase their abilities to produce IL-12 and activate autologous T cells. Negative regulation of
DCs by IDO paves a way for DC-based leukemia immunotherapy.
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P 2R 41 AE( dendritic cells, DCs ) [RH:5E KA
P 52 T BE AN O P A S % CTLC eytotoxic T
lymphocytes )V , B Ay i 968 G 2 76 7 0 J B 3 A
LA DCs Ay BEAilt (14 i 96 52 B A0 3 20 B vk g 1936 97
e o R EFRIROCR . F I 40 K Y DCs
PRIHEAT B B b e I 7R L 50 88 R T A A2 G
FE BRSR RN e R JR Y DCs 5 1E# DCs
FALE, R 431 R AL, EHT 552 5 D RE 458
N5 WER 2, 3- XU 48 B#( indoleamine 2, 3-dioxygenase,,
IDO ) J&— B & 4K I 21 2% 1 g, 2 (8 2 R o0 i AR
WA AT . T IDO R Ak, (75 25 1Y 0 24
R/, T80T T A0 W LR AR B
HESE IDO A7 #9703 35 VE FI JF 2 55 I g 4 952 16
W IET L ERIFSY, ARG I 1 A 0 R 4
P I YR PE AR 28R 41 Y ( dendritic cells derived
from chronic myeloid leukemia, CML-DCs )IDO 3
IRE G AT IDO {5 X CML-DCs S 2E DI g i 5%
Wi, 35 DO X DCs By S g S PR IR 5 4R A, S
i A= a7 BRI Y L AN T

1 R

1.1 HR%

PR 22 M K2R 5 R B IR 2 KRR R
CML 18 MR Be g 17 6], Hoh 3 10 41, 4 7 41,
AL AEHS 28( 17 ~40 )% o IRIRF I M Z HHES
BIfF G CML 2 M 112 Wi br off, G AR UK 4r Ph
FHPESN 1009% o WFFE R I B A R E A .

1.2 =&Z&A

RPMI 1640 #5774 F] 32 [E Hyclone 23 ], 4 1L
T E BTN DY 2 A4 4 TR AT R 9T T, - 3k Ao
ZIR( 1-methyltroptophan , 1-MT; IDO #i#l55] ) A1 MTT
W | 26 [E Sigma 23 7, thGM-CSF ., rhIL4 1 rhTNF-o
4 H Bioscience 2y ), IL-12 ELISA 57 &M B &3
H=¥1\ F), Bt A\ CD1a-PE ., CD80-FITC . CD83-FITC .
CD86-PE .HLA-DR-FITC ¥4/ >/ Burlingame 23 &) ;*
T
1.3 A @A 5 & Fo ik A

U CML B # R P S #8, H Ficoll-Hypaque
A3 B BN 1% 21 L ( mononuclear cells, MNCs ). fH
RPMI 1640 584357250 & 10% J5 4 M3 100 U/ml
HHERR A 2 5 x10°/ml. HI& 40%
B4 L3 .50% RPMI 1640 F1 10% — B 7 AR %) 74
FERTRAET - 196 CHA T . 178 76 25
J& , THHZE f# 3] ( complete remission, CR )CML &
FFRBLEESNA 1M 20 ml, $ 3k 7k 2 B i s A1 E i

P 41 BfL( peripheral blood monouclear cells, PB-
MC) , AR H
1.4 CML-DCs #4455 325

W IR CML-MNC , 5 B i e a3 1505
AL, ] RPMI 1640 58 435 77 L e 4 i %5 ) %2 3
x 10°/ml, 3P 24 LEEFRMR, 7F 37 CARFIRE 5%
CO, MEARTRIESR 3 h 5, VEAENGREAN i, U5 BE 240
MIAA S 1 000 U/ml thGM-CSF 500 U/ml rhIL4 fY
RPMI 1640 524555535 1 ml/fL, & 37 CIHEATEE |
5% CO, WAt IR, R BEFR BN 7 KIS A L
A DC(imDCs )43 AL P4 : (1) imDCs Xf 4, AAE
ARATALFE (2 ) imDCs + 1 mmol/L 1-MT 41;( 3 ) im-
DCs +100 ng/ml TNF-o 41[ BI DC( mDCs )4 |5
(4) imDCs + 100 ng/ml TNF-o + 1 mmol/L 1-MT £
( P mDCs + 1-MT 2 ), 4kZ355% 24 h JG AR 40AE.
1.5 RT-PCR ## CML-DCs ¥ IDO mRNA # % ik

A Trizol 3 551 $& B 40 B &2 RNA, i3 % 5% 1%
cDNA. SR Z1E R 45 CRIE 1 h, 8R)5 70 CKE
10 min DA 2K 3% 306 5% S . PCR 519 09 i 31 A 4
GenBank £ IDO 1) cDNA JE5#47° . IDO |
51 #. 5'-ATGTGTGGGGCAAAGGTCATGG-3"; F Jif
51#%): 5'-AAGTGTCCCGTTCTTGCATTTGC-3', ¥ 14
A B BN 550 bp. WZ A GAPDH, H: L i 5]
. 5'-TATGATGACATCAAGAAGGTGG-3"; T il 51
¥:5'-CACCACCCTGTTGCTGTA-3", ¥ 14 F Bt 220
bpo RMIAKRZ 50 wl, ¥4 5%44:90 CHAEM: 3 min,
SRJG 90 CAEME 45 5,59 CiE )k 45 5,70 C ZEfH 1
min, JEH 28 YK, fieJi 70 CHEMH 4 min, B 3G =4
5 wl, 2% SERRHEEERS LUK , AT 4545 70 AT
1.6 #AXmpeARébEn CML-DCs &R

PEEERFM CML-DCs % 2 1 x 10°/ml, B4 g
B 100 W/, 43I 15 we/ml AH W B 5 B 4T
PR IRAR T 3 U 30 min, fil PBS 2% i
W ,1000 xg5 min BLOVRERE, LL 1% 25 H R
5 L AE T A ARSI
1.7 ELISA %0 CML-DCs L& ¥ &9 1L-12

FEEEFREE 8 R DCs B0, B EIE W, ] ELISA
BAE £ 24H CML-DCs b3 1 IL-12 1953 WK F, B
IRERA RN G B kA T
1.8 RA#kE it R A CML-DCs *i#k & 28 iz,
¥ 78 o R AR R

BIHAE I CR-PBMC, 5 W} i U €6 31 006 4
Jit, F RPMI 1640 58 23535 568200 1 25 em® $5 550
W LE 37 CHIFIRE 5% CO, WM h 159 3 h )5,
WA BT AL, R A B A 1 % 10°/m, FIAE
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REANAL, BT RS 8 RINA4 DCs IMA £ HH R,
37 CKif 1 h, PBS WRUE W5 AE RS A M . e )
BN/ SN AN 1210 ,1: 20,12 50 A4 L1 in A
96 FLEEFEM P (200 wl/fL), B 3 ANMEFL, 7 ik
—2S AN EFL. 7E 37 CARANRE 5% CO, B4
Bigg 4 d, W EYE A MTT #( 5 mg/ml ) 20 pl/
fLEFR 4 h 55 BIE, BALIMmA Z P A 150
wl, 3% 10 min, f5F MTT %A 5 FHBEAR G 4 550
nm & FLGEEE( D), A 3 & FLIEEH A G5 1R
( proliferation index, PI),PI( % ) = {520 D {8/
2 D x 100%
1.9 %itFam

BB Y8 £ i 22 (x x5 )R, R H
SPSS10. 0 4, 25 240 N K A [ 8 45 64T dunnet-t K
5 K LR R T 25537 o

2 # R

2.1 IDO mRNA £ CML-DCs ¥ ¢4 £k

RT-PCR ¥l CML-DCs H' IDO mRNA (1) 3% 3%,
SR E 1) BR, K FRE 1 XA} CML-DCs ' IDO
mRNA 5% H(13.20 £0.29 )% , % DCs (17
F534E IDO mRNA kR AW m S 5 7 X EF-
F(73.51 £1.49 )% ; 4 TNF-o $l# /5 , CML-DCs
H1 IDO mRNA F56%R FTHEI(97.36 £0.61 )%
2.2 CML-DCs #) %, 9% & &

WA 4 20 CML-DCs FO5E SR, 45
RAK IR CDla 4b, Hofh 3% A1 53+ ( CD80 . CDS6 .
CD83 .HLA-DR ),imDCs + TNF-o + 1-MT £l imDCs
+ TNF-o 2034 2 5 T imDCs XF B4 P <0.05 );
[F AR, TTi imDCs i /& mDCs, 1-MT fg4b BRI

AT HAR B T RIFRIRC K 1),

CML patient | 2 3 4 5 6 7 B8

Day 1 DC
1 DO mRNA

Day 7 DC
D0 mRNA

TNF-u stumilated
DO 1DO mRNA

GAPDH I3

E 1 CML-DCs 1 IDO mRNA HJFRix
Fig.1 Expression of IDO mRNA in CML-DCs
detected by RT-PCR

2.3 #p4] IDO FHET4L3 CML-DCs 4~k 1L-12

FERGSRES 8 RIS 41 CML-DCs 4 g 1%
W, 1012 K. 858 5K, imDCs 28 TNF-a il
1-MT Bl sl e & b B 5 T3 b 1L-12 B 43 i 7K F-
B &5 F imDCs X BEZH( P <0.05 ); H TNF-o Fi1 1-
MT Bt A AL BEFS imDCs & P IL-12 119 43 3 7K SF- B
B (P<0.05)X %2).
2.4 A9 IDO T3 3% CML-DCs &k € 2 feL 3%
78 8 R A R

AR AR A KR 75 4 K, B MTT 3248300k
LA 5 6 450, T DL BR X BR AL imDCs 41, Hofth 3 41
CML-DCs 551 T AU 55 B i A A At i 1
JMHEERC P < 0.05 )5 76 [F]— %48 b ) T, 5 %) fE 2
imDCsAH Y, oAt 3 2 CML-DCs 26 5 Z 5 T 4
HEBE( P <0.05 ), T TNF-o F1 1-MT I56A-4b B H it 335
VeI P <0.05,%3 ).

F1 1-MT R&EHFE CML 2EKIE DCs RES FHIEW( x +5,% )
Tab.1 Phenotypes of DCs derived from CML before and after treatment with 1-MT( x =5, % )

Group CD80 CD86 CD83 HLA-DR CDla
imDCs 13.05 £5.74 14.53 £6.84 2.90 +2.08 16.14 +6.48 23.01 £8.96
imDCs + TNF-a/1-MT 32.15+6.61° 46.89 +10.41° 26.17 £11.21" 43.96 +6.66" 34.26 +10.26
imDCs + 1-MT 11.79 £8.14 12.89 +£8.52 3.36 £2.31 16.89 +5.94 26.07 £11.29

imDCs + TNF-a 35.07 £7.34"

46.04 £13.43"

23.50 £10.01° 47.25 +8.13" 37.31+£9.32

*P<0.05 vs imDCs

3

B R AR A AL AT LATEAR N 7 IR LA IE
HRBEIL, 1 HAEPU IR SR B ity P A T &
KFEEMEM . HIL BT &M, DCs 3wl il it b

8 IDO B IK A SR T A 2 e B9 € PR, 400 i 7 £
AL T Al AT S BORE Z KR SR
W1, L 200 T AR A5 5 Ak DCs , L3RI
s 1 % 3l =% B N 1) B B
S CTL 40, 5 57 PE s A 3 115 1 s 4 o
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{H51EH DCs A, F IR DCs I3 T ikt 20
S5 R BE g DL RO S CTL R0 e i ¥ 552
ARSI B 7 3 3 ) A I VR AR SR 4 i ) TDO
Tk, MBS RE TS B8 (1 MR IR M DCs YTHRE .

*2 & IDO FHEXF CML-DCs
S IL-12 BN x £5,% )

Tab.2 IL-12 production by CML-DCs after inhibition
of IDO activity by 1-MT( x +5,% )
Group IL-12( p,/pg * ml ")
imDCs 68.98 £45.95

imDCs + TNF-o/1-MT 350.62 +89.50* * 4

imDCs + 1-MT 225.01 £68.43"

imDCs + TNF-a 209.64 £62.01"

*P<0.05, “*P<0.01 vs imDCs; #P <0.05 vs imDCs +
1-MT or imDCs + TNF-o

x3 HIE DO EHE T HAEAIEEREE ( ST)

Tab. 3 T cells proliferation index after
inhibition of IDO activity

Stimulator/responder ratio

Group
1:10 1:20 1:50
imDCs 1.39 £0.25 1.12 £0.15 1.05+£0.09
imDCs +
4.42+0.44"% 3.32+0.38" 1.95+0.23*~
TNF-o/1-MT
imDCs +1-MT  3.04 £0.30" 2.45+0.39" 1.47+0.12~
imDCs + TNF-a 3.24 +0.23" 2.42+0.44" 1.55+0.22"

*P<0.05 vs imDCs; 2 P <0.035 vs imDCs + 1-MT or imDCs +
TNF-a

RT-PCR #ill CML-DCs i IDO mRNA A ik
R, BEE DCs W, IDO ik KR Widh o, 15 7
5957 KEFIDO iR FFHE(73.51 £1.49 )%,
FWIREE CML 40w 75 5 53 fk - DCs 19 [R] s B
ffi IDO Fik iy By, LA TNF-o 55 DCs #E—2
MG, 1IDO FIR TR, 5534( 97.36 £0.61 )% ,
KB TNF-o R[5 1DO [R5 , 3% 5 SCHkHR I 1Y 45
SR [ R A B DCs A B K Y
IDO Rk, K40 ML AR 45 240 DCs R AL, 7
TSI 1-MT (PS54 rh, S4K £ DCs 327,
Vi DCs iR

1E DCs & B G, 1L-12 AY40 %t DCs 3y
RERY 4 2 S MVERT oA R e Akt I 5L
FECE L ES MLRES( B 2 {55 ) EME3

BFSY ) DCs 38 43 W 1L-12 A2 ThO 41 i 1] Thi
Ak, NI =4 Th B2, Sl Bh CTL &500 , dEini 2
PR TEN-y SEA0 PR 50 W A A i s T . 7
ARSZH R 1-MT AL HE  JEI8 AN B DCs 18 J2& B2
DCs, BAITHY IL-2 43K P34 B & (P <0.05 B P
<0.01 ), FHAFPHI IDO 1M FTHETR DCs 4304 TL-12,
JEMIINGE T DCs Dhfig. 8 A A DCs A B 2L
SRR L 20 L34 5 5 R BB P 2, TS G DCs W)
ST AMICEE Uyttenhove AL HIBIEE R B, EB
Sy SRR AR B S L S A5 R R
JRIRE S )ies R IR Y IDO 43 M1 Jm 3 T Wk 2 41 3 4
AW, DT P Jgs 400 it 0k s e g R I . A
SEG I E— A T IDO J5 X CML-DCs #il3#
F A T 0B AR S s . ARSCEGEE R B, 7R
] R HE 51 L 1-MIT A2 B4 2 S0 i o E°8 400 B 1 5 g
JIRA S TR BTG 1-MT ZEFEZH( P <0.05 ), %M
TCiE DCs S 75, 77 1DO 76 M 3858 DCs 3%
RAPEN Y RE

2 DO WEYE)S , DCs 43 TL-12 Ffi B
AT ECL 4T 6 B 1% R 7 359 B S M5 5R oy A
TNF ZH A0 BEATE b 2 i) il 2% DCs FA 024 DCs #ilt
AT &I, A0 1DO FEPEXTAS B DCs B A 52 i i
Ko ATEE R B DCs 114 1E P 3Ll 343 7 il
CD80 .CD86 )F P75 43 -( il 1IDO ) &b T-—
AT, BRI DCs H IDO [ F XL T
B DCs, (HIZ A B3 DCs 22 11 14 1F Pk 2L 00138 43+
DB e e I T R DCs A28k, I, AN g DCs
[ IDO T Mk 300 i J AT 8 G T P ) 98 4 1 B
PERI A AE A LA S35 T DCs 7R B i 3635 IE M
LR AT, 1IDO I e S 5 /R =5 . BT L,
PR TDO W15 3006 TL-12 1) 5 0bk 2 40 i 4
RE T RCRAEAS B DCs B R B I

AR 25 R R, DCs A9 FUPETE Y 43 F 1DO Bl
# CML-DCs BB AW TH 5, 28 1-MT Ab PR JS 11
CML-DCs H TL-12 43-WA7KF- SRR B AR T 94k B 240 i
HEE B RE T R = T IR 4, BB IDO #E DCs
PRV R A o B AAE . ] 1DO 3 T
TR AH CML-DCs B & #5538 AT 11 IR,
XTIt PR 8/ N ok B8 o kB 1R 2 R R IR A LA
I35 A 25 VS AE R e F AN (B, A 1 I 2 3R 97 it
T AH R
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AIM2 KM E GMIRFI AN DNA BHUEES RN E

ARG N B AEN RS T T e R B AR S 2R . ZHUE 00 L R AHILAA 1 0 25 4 56 73 200 M 3 i oy A =X 151
SN, 5 R 2R A0 P A4 TR AT R, il R [ e % o (H H AT TR IS DNA (2 (K A T . B AT
B DAIC DNA-dependent activator of 1FN-regulatory factors )l NALP3( neutrophilic alkaline phosphatase )& % 2 5 iR 5l DNA,
NALP3 BRI 5 A VR () DNA . (HA 5T & B S6 A 2K R 1) DNA W] LU S TL-18 774 (H AR T NALP3 RVEE &1k,
X TR AT AE LAWY 1 i A S 5 1 B2 1A

AR SCYEFE AR M BT A ) DNA SZARRZEA DU PINMFAE . — R RS 455 91351 DNA ; 2 RE48 Bl 48 ia [X 7 1F R it R 4
PATRAIE S e 7 28 SR L o AR LA L W 25 0 e 1 7 A B 3, AR A ok TS0 8 23 B 235 4 Sl 2 A, 16 SE B 4 1F1204
IF1205 F1 AIM2( absent in melanoma 2 )ff: >k EZ BSR4 . FI confocol HA , SE46 K BATE IFI1204 \IF1205 Fl AIM2 3 ML
ST YT, A AIM2 RN E N . L, JREEMAIEST LA AIM2 1B R4, R So g i de 45 & e s i i i, R 3
AIM2 BERSTEARSIRT DNA EL#45 5, 3 HIN 455009 165 @ S Mo T H DNA PUIE ZECHZ M. XL T AIM2 15 i
J5 DNA A Z AR A Serle 54t o RSB 2L U0TE A confocol AR & B ATM2 RERS TN A 1 & A 1R B9 i35S 2 ASC M H 45
B IR IIERL . HOR MEETE THPL 4P UFSE AIM2 J& 7525 DNA 301, & B THPT 019 PMA 75550 fL it id
H, AIM2 ) mRNA ZKFB1E E R X8 AIM2 25 DNA f93U] . AT siRNA 40 AIM2 (92385 , BEAS W1 A ] DNA 7% 5
B IL-18 AR, X BEW] AIM2 XF T DNA A% IL-18 BBBUR AR . )5 /EH7E HEK-293 A h H 4y AIM2 RHEE A4,
KB AIM2 T SEREREVE I MR SR EEH S 505 1L-18 BB, ATM2 Z 3L Pyrin 53R 14 (7 & FERR X T H 45
B ASC HF I ZARHE caspase-1 THAL IL-18 BMUR ROCH N . ZWIFRRLIEN T, AIM2 PR -SRI DNA, TS R
RN TR, 5 S A SN2

[ X% 1P, BRI TR Y. Fernandes-Alnemri T, Yu JW, Datla P,et al. Nature,2009,458( 7237 ): 509-513 |



