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Re-polarization of tumor-associated macrophages to M1 macrophages induced by
bacteriophage T4

Li Qin, Yu Tao, He Lin, Hui Linping, Zhao Chenyang ( Central Laboratory, the Fourth Affiliated Hospital, China
Medical University, Shenyang 110032, Liaoning, China )

[ Abstract ] Objective: To analyse T4 phage-induced M1 re-polarization of tumor-associated M2 type macrophages, and
to evaluate the ability of re-polarized M1 macrophages on apoptosis and metastasis of mouse Lewis lung cancer cells in
vitro. Methods: Mouse macrophage RAW264.7 cells were induced into M2 type macrophages by interleukin4 ( IL4 ),
which were subsequently induced to re-polarize with T4-bacteriophage. In both IL-4-induced M2 macrophages and T4 re-
polariezed-macrophages, mRNA levels of [L-12, TNF-a, Arg-1, TGF-B, IL-10 and iNOS were analyzed by Real-time
PCR, and protein levels of iNOS and Arg-1 were determined by Western blotting. The effect of T4-phage-induced re-po-
larization on the apoptosis and metastasis of Lewis lung cancer cells were evaluated by the flow cytometry and transwell as-
says, respectively. Results: RAW264.7 cells were successfully induced into an M2 phenotype with a significant increase
in mRNA levels of Arg-1 and IL-10 ( 161.2 and 120.3 folds, respectively ), together with a significant decrease in iNOS
and IL-12 mRNA levels ( 3.3 and 7.8 folds, respectively ). Both wild-type and the soc-hoc-T4 bacteriophages effectively
induce M1 re-polarization of M2 type macrophages, but the induction activity of the soc-hoc-T4 phages was significantly
stronger than that of the wild-type ( P <0.05 ). Both wild-type and polarized M1 type macrophages more effectively in-
duced apoptotic cell death ([35.3+2.44 1% ,[39.1+2.08 1% vs[4.68 +0.56 |% , P <0.01 ) and suppressed the
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invasive capability in Lewis lung cancer cells ( [43.8+7.51 1% ,[23.2+4.33 1% vs[ 177.5+12.33 1%, P <0.01),

as compared with M2 macrophages. Conclusion: T4 bacteriophages can induce M1 re-polarization of M2 type macropha-

ges, which results in an increase in apoptotic cell death and a decrease in invasive activity in Lewis lung cancer cells in

vitro.

[ Key words ] T4 bacteriophage ; macrophage ; polarization ; lung cancer;Lewis cell ; apoptosis ; invasion
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#&1 Real-time PCR 3|15 %!

Tab.1 Sequences of Real-time PCR primers

Gene Primer sequence ( 5'-3") Length ( bp) Genebank 1D
1L-12 GGAAGCACGGCAGCAGAATA 180 NM_008352.2
AACTTGAGGGAGAAGTAGGAATGG
TNF-« AAAATTCGAGTGACAAGCCTGTAG 181 NM_013693.3
CCCTTGAAGAGAACCTGGGAGTAG
Arg-1 CAGAAGAATGGAAOAGTCAG 250 NM_007482.3
GGTGACTCCCTGCATATCTG
TGF-B CACAGTACAGCAAGGTCCTTGC 106 NM_011577.1
AGTAGACGATGGGCAGTGGCT
IL-10 GGTTGCCAAGCCTTATCGGA 191 NM_010548.2
ACCTGCTCCACTGCCTTGCT
iNOS CCCTTCCGAAGTTTCTGGCAGCAGC 497 NM_010927.3
CCAAAGCCACGAGGCTCTGACAGCC
GAPDH TGAAGCAGGCATCTGAGGG 210 NM_008084.2

CGAAGGTGGA AGAGTGGGAG

1.5 Western-blotting 4 E % 29 fi. A iNOS #= Arg-
1 & &8 F ik

X HRAH \TL-4 175 T 20 K s TR 4 Ak L 24 240 Jf 2
PP IR 2 1 e B 0 o e ) S g 1 B A5
fTo 70 ng BB 4 SDS-PAGE 7y & 5 i 7 &
PVDF i I, Bl 4F W3 f P 2 h,—¥$T 4 Cid i, TBST
PRI 3 K, HUR L S AL W b 10 9 A IR 2
h, TBST 3% 3 K, I ECL i3 & 6 5. Lk
3K,
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Fo IL-12 94 F
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BAELL « =5 F7R, R SPSS 19. 0 G it /4,
Z 4 8] LR 7 22539 ANOVA ), L P <0. 05 5%,
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2 # R
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Relative mRNA fold-change
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Fig. 1 Relative mRNA fold-change of cytokine
genes in M1-repolarized macrophage cells treated

with wild-type or mutant T4 bacteriophages( n =3 )
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Fig. 2 Changes of the relative expression level of iNOS, Arg-1( A ) and IL-10, IL-12 ( B ) in M1-repolarized

macrophage cells treated with wild-type or mutant T4 bacteriophages
**P<0.01 vs Ctrl group;“® P <0.01 vs IL4 treated group( n=3)
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Fig. 3 MIl-repolarized macrophage cells induced by T4

bacteriophages treatment promote the apoptosis of LLC cells
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Fig. 4 Ml-repolarized macrophage cells induced by

T4 bacteriophages treatment suppressed the

invasion ability of mouse LLC cells
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