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Interferon-o enhances anti-leukemia

immunological effect of eosinophils

granulocytes

SUN Li-fei, HAN Bing, MA Xiang-shan, WU Qiang-giang, HAO Hong-feng, WANG Dong-qing ( Department of Tumor
Research and Treatment Centricity of Ji’ nan Military Area Command, The 148 . Hospital of PLA,Zibo 255300, Ji’ nan,
China )

[ Abstract ]

activity of eosinophils granulocytes ( EOSs ) in patients with chronic myelogenous leukemia ( CML ) after hydroxycarbmide

Objective: To observe the immunological enhancement effect of interferon-oo ( IFN-o ) on anti-leukemia

( OHU ) therapy, and to investigate the related immunologic mechanism. Methods: Forty-six BCR-ABL positive CML pa-
tients ( from Jan. 2010 to Feb. 2012 ) admitted in the 148" Hospital of PLA were included in this study, and were divided
into OHU group ( 20 cases ) and OHC combined IFN-a group ( 26 cases ) with a balance in sex ratio and age range. Mean-
while, specimens of 30 healthy volunteers from the Regular Physical Examination Center of the hospital were collected as
control. ELISA was used to determine the concentrations of cytokines IL-6, IL-12, IL-17 and IFN-vy in serum of the CML
patients. Cytochemistry staining was used to observe the peroxydase ( POX ) expression of immunocyte in bone marrow.
Immunofluorescence ( IF ) staining was used to observe cytokines IL-12 and IL-17A expression levels as well as the expres-
sion of mannose receptor ( MR ). Results: The serum concentrations of 1L-6, IL-12 and IL-17 were increased significantly
in CML patients compared with the healthy control group [ ( 116.13 +15.16 ) vs ( 90.98 +12.32 ) pg/ml; ( 189.26 =
22.14 ) vs (96.60 £4.92 ) pg/ml; (34.42 £2.16 ) vs (23.74 +1.36 ) pg/ml, P <0.05 ]. After OHU treatment, the
serum concentrations of IL-6, IL-12 and IL-17 in the CML patients decreased to ( 87.14 +13.37 ) , (60.22 +20.16)
and (17.03 £2.16 ) pg/ml, respectively ( P <0.05 ). Compared with the OHU treatment group, the serum 1L-6, IL-12
and IL-17 concentrations in the OHU combined IFN-q treatment group were significantly up-regulated [ ( 122. 04 =
10.25), (101.12 +27.16 ) and (40.16 +4.11) pg/ml, P<0.05 or P<0.01 1. EOS in bone marrow of CML patients
expressed IL-12, IL-17A and MR. OHU treatment combined with IFN-a could decrease immunosuppressive effect of OHU
therapy, the quantity of EOS with positive IL-12, IL-17A and MR expressions was increased obviously, and the POX ac-
tivity of EOS was also increased. Conclusion: EOS can secrete cytokines IL-12 and IL-17 and express MR. OHU treat-
ment combined with IFN-a can enhance the anti-leukemia immunological effect of EOS and decrease the immunosuppres-
sive effect of OHU therapy on EOS.

[ Key words ] chronic myelogenous leukemia; eosinophils granulocyte; interferon-o; hydroxycarbmide; IL-12; IL-17A;
mannose receptor
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[) CML 4136 3, Horp 534 26 1] 2otk 20 ], 47 i
25 ~50 &, P AERY S 40.5 % . ABERT ERE Y
B BRI R 3018 A2 kr — Il 55 A AR
2oxd 3 0 R 2 W 48 F— I W 7 43 W ) i
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(90.98 +12.32).(96.60 +4.92 )FI( 23.74 +1.36 )
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(7.13 £2.25 )pg/ml, 5% FEZHAY( 8. 87 £1.90)
py/mlZEF TG E (P >0.05),

Bgli OHU JAJT 15 d Y CML &, i b ik
2 L PRI ) e 1 J SR AR, (L TFN-o B63 OHU YR
S AN LG OHU IR 97 4L 4 Fh g i PR 7 1l 3 7%
EHBIE(P<0.05 8 P <0.01,% 1), 4554
B, OHU JAY7 Ml CML B2 135 1 1L-6 . 1L-12 F
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2A ), EOS $r S 0ky BH 4 2635 1L-12 ;7 CML #&
B EOS RSPk 5B 1L-12 R0tk

5 IL-12 i EOS & i /b ( & 2C ); 1fij IFN-o 65
OHU J&J7 W {3 3 1880 CML B3 B8Eh EOS &=

A 2B ). B4l OHU VAY7 )5, CML R E B a2 A IL-12 958k aksm (¥ 2D ).

El1 IFN-oBX& OHU igfr/5 CML BEFBEHE LA EOS Mk B MM x1 000 )
Fig. 1 EOS attacking leukemia cells found in the bone marrow of CML patients after IFN-oe + OHU treatment ( x1 000 )
A: EOS adhering and attacking leukemia cells; B: EOS adhering and capturing leukemia cells; C: Activated-EOS showed

strongly positive POX expression, and the staining of POX in leukemia cells attacked by EOS obviously decreased;
D: OHU inhibited POX staining of EOS; E: In the IFN-a + OHU group, POX positive EOS effectively attacked leukemia
cells; F: After IFN-a + OHU treatment, POX activity of leukemia cells attacked by EOS was impaired obviously

#1 IFN-o B OHU ¥ CML 3 & 1L-6.IL-12 #0 TIL-17 B9 $EI4EA( p,/pg - ml ™" )
Tab.1 IFN-o decreased the inhibitory effect of OHU on serum IL-6, IL-12 and IL-17 in CML patients( p,/pg - ml™" )

Group IL-6 IL-12 1L-17 IFN-y
Control( n =30 ) 90.98 +12.32 96. 60 +4.92 23.74 +1.36 8.87 +1.90
Pretherapy ( n =46 ) 116.13 +15. 16% 189.26 +22. 14% 34.42 £2.16 7.13 £2.25
OHU( n =20) 87.14 +13.37 60.22 +20. 16 17.03 £2.16 4.37+1.09
OHU + IFN-o n =26) 122.04 £10.25° 201.12 +27.16" " 40.16 £4.11° 18.95+3.64""

2P <0.05 vs control group; “ P <0.05,

IL-17A By YL a2 S 7 | B Pk 8 il A8 35 ) 1R
e B EOS F 5 P UKL BH PR 3R 3K TL-17A( A
2E ), 43R S bR A At R 10 200 B A B 5 AT TR
T AR A AR SR 40 i R0 0 200 ot ) Ay S 2 56
CML HB# B3 h G LAY EOS Hr vk Wioks 1L-17A &
PH: k(B 2F ), 4l OHU 3897 )G, & B aEh
IL-17A FHYE EOS % W 33w/ ( B 2G ); i IFN-a
BeA OHU 8T . B b TL-17A BHE EOS L K B
BRFRIRE AR (1 L7 40 AY EOS i Z2( K 2H ).
MR f 3 0 25 5 0 o, SRAge vk 22 0 A 3 B i

""" P<0.01 vs OHU group

EOS ANl 55 3k MR( & 21), 3 £k /) W 41 i F1
B SR 40 M B 22 35 MR 5 T CMIL &8 258 rh s 4k
i EOS FHEZIE MR( & 2] ), i F R &Y F i 40
PRI , WA R SR A DL . B4l OHU ¥R
S A RETh R IR MR E‘Jﬁﬂ%ﬁmﬂ’a EOS &
WD, BRI (B 2K )3 IFN-o B4 OHU 1697
HHEFHHET, F3K MR B9 EOS R £, 9t
o P i e Hon DL MR BHAE EOS 25 W5 1 1% 40
JC 2L ) . BRSER S5 R R IFN-o A {2 EOS
RS E OR300 TL-12 FIL-17A 3458 MR Y2635,



+ 352

o [ fosd A M a4 2012 4 8 A ,19(4)

B2 IFN-oBX& OHU i&f7 3t EOS 43ii IL-12.IL-17A F13Ri% MR BISHE( x 1 000 )
Fig. 2 IFN-o combined OHU treatment influenced IL-12, IL-17A secretion and MR expression in EOS ( x1 000 )

A: Macrophages weakly expressed IL-12 in iron deficiency anemia patients; B: IL-12 positive EOS capturing leukemia
cells; C: OHU therapy inhibited IL-12 expression on EOS; D: After IFN-a + OHU treatment, IL-12 positive EOS
attacking leukemia cells; E: EOS weakly expressed IL-17A in iron deficiency anemia patients; F: Two IL-17A positive

EOS attacking leukemia cells; G: OHU therapy inhibited I1L-17A expression on EOS; H: After IFN-a + OHU treatment,

lots of IL-17A positive EOS attacking leukemia cells; I: EOS weakly expressed MR in iron deficiency anemia patients;

J: MR positive EOS swallowing leukemia cells ( yellow arrow ); K: OHU therapy inhibited MR expression on EOS;

L: After IFN-a + OHU treatment, MR expression on EOS was increased

3 3t i
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BCR-ABL Ff 4 3£ . BCR-ABL Fl 4 JE X 2 15 (1)
BCR-ABL 25 42 J5 B T 41 A J5 P 10 6 7 i 220 R 13
Fitf 1 F2 2 By, M9 o D 2 T AN A 22 oy B
SR AP MRS R CML B, CML B
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S FIEACIRAS ) EOS $lie 34 2, 38 3500 17 1095 200 i
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o, IFN-o BC G OHU RY7 416 EOS Rk
RZRIR MR 50 FERG5E , HLIG ALY EOS 77 M 1 ML
AR LW, Z5RHER, IFN-o BEA OHU 22434
F1 00975 200 i 1), BB w80 P I3 40 e % 1T ) MHC
[ 285 F335, (L i EOS BT IR F 58 i 2 5 ]
Wi EOS # OHU 1) il (%) e % D) 6E, /v 7 A2 i
EOS X 1 M55 240 B 1) A8 33800 o 25 BTk, CML £
HEBETD EOS BE i 2 5 Hpt g e g
HARAT G, TR EOS 3RiK MR, AJ GE# o % B A
AR R I B D) 1 I 400 L, B ik POX. i HoAth
FH S 1645, B3 8 005 1 I 40 B 5 ol aod 439 1L
6 IL-12 F1 1L-17 &40 R 7, A 3 2 M e Bz, (] 42
A MLE AL . TFN-o B4 OHU 697 CML, AU
AES SRR 40 MHC T 2823 T3R8 3 Al ok
i OHU X} EOS my g i, {2 #f EOS 43 IL-12
FUIL-17 , 76 CML f8 35 A PN & 75 35 22 B B 11 000 4
JERIIY

[ % X ]

[1] Zang H, Trachootham D, Lu W, et al. Effective killing of
gleevec-resistant CML cells with T3151 mutation by a natural com-
pound PEITC through redox-mediated mechanism [ J]. Leukimia,
2008, 22( 6 ): 1191-1199.

[2] Rosti G, Palandri F, Castagnetti F, et al. Nilotinib for the front-
line treatment of Ph* chronic myeloid leukemia [ J]. Blood,
2009, 114( 24 ): 4933-4938.

[ 3] Kantarjian HM, Giles F, Gattermann N, et al. Nilotinib ( formerly
AMNI107 ), a highly selective BCR-ABL tyrosine kinase inhibitor,
is effective in patients with Philadelphia chromosome-positive chro-
nic myeloid leukemia in chronic phase following imatinib therapy
[ J]. Blood, 2007, 110( 10 ): 3540-3546.

[4] Padigel UM, Lee JJ, Nolan TJ, et al. Eosinophils can function as
antigen-presenting cells to induce primary and secondary immune
responses to strongyloides stercoralis [ J ]. Infect Immun, 2006,
7406 ): 3232-3238.

[5] Yanagisawa T, Inomata T, Watanabe I, et al. Clinical signifi-
cance of corticosteroid therapy for eosinophilic myocarditis [ J ].
Int Heart J, 2011, 52(2): 110-113.

[ 6] Katsunori K, Gen O, Koichi K, et al. Chronic eosinophilic pneu-



+ 354 -

o [ fosd A M a4 2012 4 8 A ,19(4)

monia with subpleural curvilinear shadow [ J ]. Acta Medica
( Hradec Kralove ), 2011, 54( 1 ): 45-48.

[7] Tefferi A, Patnaik MM, Pardanani A. Eosinophilia: Secondary,
clonal and idiopathic [ J ]. Br J Haematol, 2006, 133( 5 ): 468-
492.

[8] Metgeroth G, Walz C, Score J, et al. Recurrent finding of the
FIP1L1-PDGFRA fusion gene in eosinophilia-associated acute my-
eloid leukemia and lymphoblastic T-cell lymphoma [ J ].
Leukemia, 2007, 21(6): 1183-1188.

[9] Toffalini F, Kallin A. Vandenberghe P, et al. The fusion proteins
TEL-PDGFR beta and FIP1LI-PDGFR alpha escape ubiquitination
and degradation [ J ]. Haematologica, 2009, 94( 8 ): 1085-1093.

[ 10 ] Lahortiga I, Akin C, Cools J, et al. Activity of imatinib in sys-
lemic mastocytosis with chronic basophilic leukemia and a PRKG2-
PDGFRB fusion [ J ] . Haematologica, 2008, 93( 1 ): 49-56.

[ 11 ] 5k46, sy, BEE7E, 55, EOS B ZHRE M AR (L5058 [ ] .
T ESEI LR A A4, 2007, 15(3 ): 454457,

[ 12 ] Curtis CE. Two novel imatinib responsive PDGFRA fusion genes in
chronic eosinophilic leukemia [ J ]. Br J Haematol, 2007, 138
(1):77-78.

[ 13 ] Onishi RM, Gaffen SL. Interleukin-17 and its target genes: Mech-
anisms of interleukin-17 function in disease [ J . Immunology,
2010, 129( 3 ): 311-321.

[ 14 ] 32PEE, BREGHT, EER. RN EOS 1 2R KL i f fopr

WEFCHERE [ 1] AR 2Aa7E , 2010, 31011 ): 781-783.

[ 15 ] Bettelli E, Korn T, Oukka M, et al. Induction and effecter func-
tion of Th17 cells [ J |. Nature, 2008, 453( 7198 ): 1051-1057.

[ 16 ] Zhang J, Ma D, Zhu X, et al. Elevated profile of Th17, Thl and
Tel cells in patients with immune thrombocytopenic purpura [ J 1.
Haematologica, 2009, 94( 9 ): 1326-1329.

[ 17 ] Zou W, Restifo NP. Thl17 cells in tumor immunity and immuno-
therapy [ J ]. Nat Rev Immunol, 2010, 10( 4 ): 248-256.

[ 18 ] Linehan SA. The mannose receptor is expressed by subsets of APC
in non-lymphoid organs [ J]. BMC Immunol, 2005, 6( 1): 4.

[ 19 ] Crespo H, Jauregui P, Glaria I, et al. Mannose receptor may be
involved in small ruminant lentivirus pathogenesis [ J . Vet Res,
2012, 43(1): 43.

[ 20 ] Giraldi-Guimaraes A, de Freitas HT, Coelho Bde P, et al. Bone
marrow mononuclear cells and mannose receptor expression in focal
cortical ischemia [ J ]. Brain Res, 2012, 1452: 173-184.

[21 ]LiuZ, MaY, Moyer MP, et al. Involvement of the mannose recep-
tor and p38 mitogen-activated protein kinase signaling pathway of
the microdomain of the integral membrane protein after entero-
pathogenic Escherichia coli infection [ T]. Infect Immun, 2012, 80
(4): 1343-1350.

[ KFEE] 2012-05-18 [feEBH] 2012-07-15

[ AxHmE] £

0 <

BN S EE R TH)

1 £&F

0 <

R ¥ S F K F K

EFRERX FTETLHE. BAL AR ] HAbTHEE FIHnEEE ). BRI 1 RARZE SR ). AR AR, RRAE . R -1k L.
[1] Abrams WB, Beers MH, Berkow R. BRTEEAMFME [ M ). BRIIER, E95%, X128, 45, #25. 2 M. dbat: AR PA AL, 1996 22-25.

2 LTEHTH O

EFREX MG EZTUEH. SO SCIRZEIIPRAE /&3 BEFUEH. LEMA. ORI A - AR, R4 5T- 1k T
[1] Weinstein L, Swartz MN. Pathogenic properties of invading microorganisms [ M J//Soderman WA Jr, Sodeman WA. Pathologic physiology: Mech-

anisms of disease. Philadelphia: Saunders, 1974 : 457-472.
3 ATk

EFREN FETULE . WAL CREAbRE | A, MARAE, B S(W15 ). E -1kt
[ 1] Nobles KN, Guan Z, Xiao K, et al. The active conformation of beta-arrestin 1: Direct evidence for the phosphate sensor in the N-domain and con-

formational differences in the active states of beta-arrestins 1 and -2 [ J ]. ] Biol Chem, 2007, 282 (29 ): 21370-21381.

4 THCHk

ZRBX LRI EIIEE. TR LR ER], LRSS SCERERbRE ] A5 HBIELA T H L
[ 1] BRHZE ZHoy, RaT, % —MZURe R AR R A PIK ) JLH 475k K% H |, 2010101496839 [ P . 2010-10-14.

5 FiEX

ERENTULH. WAL SGIRFEIARE | FO T RN T A O T 3L, 4.
[ 1] W%, Cathepsin L Fl Cystatin B 9335 5 KW AEW=AT MR [ D 1 FRM, FBINKAE, 2007.

6 FFICHEk

EFRER  TEFEH . WA SCIRZERIAR S/ SCIREAPRE 1. T4, AR, &5 ) B 5T- 1k st SEse e BI01O0 51 A1 0. R

Vi) A%

[ 1] Christine M. Plant physiology: Plant biology in the genome era[ J/OL ]. Science, 1998, 281: 331-332[ 1998-09-23 . http://www. sciencemag.

org/ cgi/ collection/anatmorp.

[2] Hopkinson A. UNIMARC and metadata: Dublin core [ EB/OL ]. [ 1999-12-08 ]. http ://www. ifla. org/TV/ifla64/138-161e. htm.



