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L BiEE T & K& R FEEK REF K # BRELT
(EREE R AR BE 2, I A B2 W7 27 20 0 A S22, T 400016)

WE  MEERA G @AF-12(interleukin-12, TL-12)49 THP-184% % IF98 ta Ja A AT &
F. B mie kAT E KT BB 1837 MAR AT A IAIL- 1268 5 8 7 4% 2 M98 fm ) B ik
mia b, EREI, 5= G AT HIAAW, IL-1248 69 THP-1 28R PR A BA 2, 3R a g %, 2
T SAHLIN B T, A% I B AR AL AR K, M E &R & LIRS, CD68 mRNAFZE & & ik
FH) I 5H(P<0.05). 5% &40k, CD11b mRNAFE & K& FH 5 R 2 (P>0.05), /272 h CD11b
O AT RS TAARZREM T T HRA(P<0.05)., 32/R72 We &M mIeA AL biz, IL-12
LA A F(36.7+1.2)% % T 2 @ 41(15.7+3.1) % = 3 40(28.0£1.5)%, £ 7+ A 4itF & L(P<0.05).
iR RR T, LR GATL- 125 VAR 3 .47 2 BT I8 4m i ié) B4 4m e o1k,

KHIA AR FE-12(I0-12); I KIE; Bk R IR 40 i, BRI 34k

IL-12 Overexpression Regulate the Differentiation of Monocytic
Tumor Cell to Macrophagocyte

Ma Tingting, Xiong Haiyu, Wang Qin, Cheng Feng, Li Ziwei, Wu Bitao, Lin Yan, Tu Zhiguang*
(College of Laboratory Medicine, Key Laboratory of Laboratory Medical Diagnostics of Education Ministry,
Chongqing Medical University, Chongqing 400016, China)

Abstract In this study, whether IL-12 overexpression could regulate differentiation of monocytic tumor cell to
macrophagocyte was investigated. Firstly, a monocytic tumor THP-1 cell model overexpressing IL-12 was established.
Furthermore, the change of cell morphology, matured macrophagocyte marker expressions and phagocytosis were
detected. Morphologically, the experimental group cells were round or irregular round shape, and some cell membrane
processes were observed; cell nucleolus became fuzzy or completely disappeared; the nuclear chromatins appeared to
be dense and cordlike. Compared with the control group and empty vector group, CD68 mRNA and protein expressions
were up-regulated (P<0.05). However, compared with blank group, CD11b mRNA and protein expressions had no
remarkable change in the IL-12 overexpression group (P>0.05), whereas CD11b protein expression in experimental
group was significantly higher than that in empty vector group (P<0.05). Moreover, phagocytosis of the experimental
group was significantly better than that of the control group and empty vector group (P<0.05). In conclusion, IL-12
overexpression could promote the differentiation of monocytic tumor cell to macrophagocyte.

Key words interleukin-12 (IL-12); overexpression; monocytic tumor cell; macrophagocyte; differentiation

B (1 S e I B A SR IR R, V2 20 A A, AE S SRAERRIBCR, BAT I 40 . DCAN
PN 2L, PR A R I R R RE. FAT, BN AR R E S

pai

Wk 11 39 2013-10-25 P23 11 0): 2013-12-23 % 16 (phorbol myristate acetate, PMA)!". 41 iy /¢
B 2K SRR S G (HEHE 5 81172016) BRI A B e . ORI ] A e
SEIEH . Tel: 023-68485759, E-mail: tuzhiguang@aliyun.com #:-6(interleukin-6, IL-6)""% [ 4 1M 3 FIRIA,
Received: October 25, 2013 Accepted: December 23, 2013 Ej é[ﬂ H@ fl\ %'%_ 1 2(interleukir1— 12, IL-1 2)72% Lﬁ T rleg |j\] %
This work was supported by the National Natural Science Foundation of China NS .

(Grant No.81172016) Tl O 958 I8 257 I N, AR il A AV Dby B g e 2 1) L 4

*Corresponding author. Tel: +86-23-68485759, E-mail: tuzhiguang@aliyun.com [4-5] N VS IL-12 &7 IL-6—
“Comesponding o Tl 156 MR 745, B2 AL L1222 7 b %

URL: http://www.cnki.net/kems/doi/10.11844/cjcb.2014.04.0345_htm] FEZ 5 T B BV B AT, R WA S HRIE .



456

LR -

ik, AT N R AR TL-12 9 THP-1 5 A% i
N BRI, HaF ik R IR TL- 12 8 75 41 1k B A% g 40
i 1) A 24

1 MRS

1.1 ##

111 @mfetcfesmas N kSR AN A il 4n
HRRTHP-1( B R} 2 Bt LA a8 Rl 27 B 41 i 9%
JErpey); BRI AT IR R IR T NIL-123E K]
20 B 5 (AD-IL-12) RS 3R IR 25 (Ad-GFP), Jf
X SRRSO AT T I B H 5 Bkl

1.1.2 ZZXABAZE  RNAiso plus(TaKaRa A #l);
RT-PCRI¥ #5618 51 £ (TaKaRa 2> 7] ); S & i PCRE
SYBR GREEN II(TaKaRa/\ # ); FITC-4i %€ 5 400001
FIFIPMAIR7)(SigmaZs 7]); AIL-12 p70 ELISAIR G &
(R&D2 F]); HLCD1bFL A (Abcam A 7)), HLCDOSHLIA.
Pt p-actinPi {4 (Santa Cruz/s 7l ); 7 WH= YL (L (AL 5L 5%
BB AEYIEAA B 7]); PCRE14) H1 3% H Invitrogen
ANF G IEE . BIE SO0 B HEE (Olympas A wl);
CO AN M5 7744 (32 [E Thermo Fisher Scientific 2 ).

1.2 KWHZE

12,1 #mfessdc FE10%006 4 ik UL Rk
VIR IR 2 7)) 164085 9% 3£ (GIBCO A /), 78
37 °C. 5% COB5F-4H T B 7R THP-141 il .

122 SIai KA EP R AR 23 a2
25 [TYL(THP-140 Ma 41); 25 3 4 (3% 5 25 2 A4 s
Ad-GFPIJTHP-141 i), 150 7% 18400 i IL-1248
(%5 47 NIL-1255 DA 40 96 22 Ad-1L-12[%) THP-14H
fitw); PMARH 5 X} B 2H(320 nmol/L PMA# 524 hif)
THP- 140 Jf1), 1 A BH A%

123 @ & 54 n B M. a4l
L1221 FIPMA B X6} B AT 41 i L 1< 10%/FL 11 o 2
T T-6fLM, 153772 h(PMAZH 40 0355524 h). (1)f3
BB NS IR, il QFH Il
BE YL B4 41, PBS(pH7.4)iH VeI 5,
AT mL PBSH &A1 M, WCHGEAT o B — 3 B E Al
RO 7E B i B IR RARIR A, B TR R s A
FER ORI ] e dl i g th . EIE & WIS T e
OB, HHdsk.

124 ZBEZPCRAM K AbEE 5 THP-141 i
PL1x10%4L B B B M 64U AR, 43 42024 has
. AL IL-1240PMAZH 41 f it MIRNA, JF38
JcDNA. LU [FIcDNA AR, JE4T 00 R 20 #T:
(DI FRAZH HHIL-12 p35HFIp40TF 5 (I mRNA %
IR ()R I44T H E AN M 3K T 2> A bR A CD 1B RN
CD6SIFImRNAFR L AR WIFIL . AHIEFPCRE )
JFPHI A

1.2.5 AIL-12 p70 ELISA#  WERALEET2 hiG i)
A FRAFIL-1241 DL EZPMARH P X 1 21 (5%
7724 h)WE5 7R LG, 10 000 r/min .05 min, WH -
o TMNIL-12 p70 ELISAIR A & Ui W] Ptk £
W A450 nmAd Bb (00 52 25 B 10O JE AE(DME) -
AR it R B2 A AR AR (Y )« DAR A B AR A (X il
o TRARVE 2R, kBN ERGhIL-1210 7 &
ANFE SN AL, SR 3R

1.2.6 Western blot Bt b B S I THP-140 i LA
1} 10%FLIIR B R T 67LAR, 40 BIEE 72 has (141,
A TL-1241 FIPMA BHPEXT AL 41 i (357 77224 h)
S 1, LAB-actinhy P92, AT s44] b E g 41
i 2 6 43 Ak b5 B CD11bMICD68 5 [ 4 34 2 48 1 1

%1 PCR3IHF7
Table 1 Sequences of PCR primers

G 3L A e R BIFH(5'—3) I FE (bp)
Genes Orientation Sequence (5'—3") Amplification size (bp)
. Sense CTG GGA CGA CAT GGA GAAAA
B-actin (NM_001101.3) ) 564
Anti-sense AAG GAA GGC TGG AAG AGT GC
Sense GTG GAG TGC CAG GAG GACA
40 (NM_002187.2) ) 148
- Anti-sense TCT TGG GTG GGT CAG GTTT
Sense CTG GAC CAC CTCAGTTTG G
P35 (NM_000882.3) ) 155
- Anti-sense TCA GAA GTG CAA GGG TAAAA
Sense CGC AGC ACA GTG GAC ATT
CD68 (NM_001040059.1) ] 246
Anti-sense AGG CCA AGA AGG ATC AGG
Sense GCT GCC GCC ATC ATC TTA C
CD11b (NM_001145808.1) ) 108
Anti-sense CCA CAT GCCAGT GTTCTG C
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‘{Rto
127 taf Al FITC-55 S b 2 % ) 41 o 25
TV T BEI— B 7. FITC-4 BRE40000 4% 43 —p3
20 * = p40

T N40 000, THFITCHRZE MK TH 0. A4
M AT AE 2 4 R, 1E490 nmi KR
R T P2 ARG 9. 4 CCREFEAAE N, AW
WA BAT AW E I, AN BeAR I S 5 11137 °CREFR 4%
PR, A A, R EmDIGE. AR AN E )52
D] XA AR S R (2 A B R ) Mg S ¢
DIEFSL IEIRIE)D

EDIAR AL FRT2 hi) s AL S A RIIL- 1240
4 1, PBS(pH7.4)iF UE3 X, 5% F300 wLif vk il 5 &
AN H, WK AT FEALE2 03 100 WL B, 441:1Lh
N 5 & (I FITC- 4 28 B40000 T AFE#((1 mg/mL),
BEBWATIRAL 20 AE4 °C. 5% CO.H137 °C. 5%
COBEFRAMTHEE 1 hy ZJ51 000 r/min5.005 min,
PBS{H VL4l ffi4 vk, 1100 uL PBSHE & 40 i, W HTE
A7 B B RIR(Z50 pLyia e T sk A b, w6 b
wE I, WG ARG AR IR SO B T S
I W T SR PR A9 L, T E 200040 i, v B AR AL
K, MRS A Engae ). R AT

SN Y °C&i£$éﬁi?'ri%ﬁ‘témﬂ@&

el x100%

1.3 FitEHE
FIHISPSS 17.04c v 224k, % 4l (A b H A
B 70001, P<0.05 A 25 A gt 5 X

2 H#R

2.1 mRNAFIERKFRMIL-1289FR %S
mRNAZKF b, 8 G i 3 IAIL-1290 B¢ [ THP-1

i 0 15 2R 1A p3SFIp40FE N, 5 TLA3 4L AH L, P<0.05,

Z A gt s X8, R2); A P K450 nmAk

I — R 2 R0 BE 1) NIL-12 p7045 ¥ 5 1R '

s

Relative mRNA expression of p35 and p40

0.0 — - =
1 2 3 4

1 A 20 A 30 IL-1241; 4: PMAFH X B2 . *P<0.05, 43
7R VAL AP MA BH X A LA

1: blank control group; 2: empty vector group; 3: experimental group; 4:
positive control group. *P<0.05 compared with the blank control group,
empty vector group and positive control group, respectively.

E1 %&%H24 h IL-12 p35F1p40T EAImRNA R IEKF
Fig.1 mRNA expression of IL-12 p35 and p40 in
each group after incubating 24 h

£, W A B 55 WO B AR £ 1k 0L o 1 s A D 2%, 45
F]: y=488.31x—58.253(r=0.998 9). F| J Uk Hly £& 7]
Pl s G dl. 3. IL-1241 FIPMARH 74 %
WA B35 P IOIL-12 p708 H(R2): 2. ZSEM
BH P X6k 2 347 oK A I BITL-12 p70, TL-124H & % &
(558.808+0.003 pg/mL), i B i FIATL-12 THP-144 i
BRI R ) o
2.2 YHAARESEFEREN

523 A A e (2 AFTE2B)AH EE, TL-12
ZH B THP- 144 Jifa [4] B [0 40 Ji 57 PRAS B &2, 07 40 i
HE W] IGO0 40 Mol AN e, R W B IDIR Sk
(E12C); v] UL 52 21 B RE I G (7T 20 M 45 T 6 FL AR IS
i, AR Ry R, O A AG) . 15 PMA
BH A %o R ZH (I2D) M L, TL-122H THP-1 48 it By B 45
AESEHSGERE D R, B R H B,

X2 mRNAFNE BTN SR IRATL-12R% BRI G it 23R
Table 2 Statistics of IL-12 mRNA and protein expressions in each group

=S|

Blank control group

LoRIEi=g Y
Examination index

A
Empty vector group

IL-1241
Experimental group

PMABHEXT 4L
Positive control group

IL-12 p35 mRNA expression at 24 h ~ Undetected Undetected 1.710+0.269* Undetected
IL-12 p40 mRNA expression at 24 h  Undetected Undetected 1.710+0.182* 0.026+0.008
IL-12 p70 protein expression at 72 h  Undetected Undetected 558.808+0.003* Undetected

*P<0.05, 7 A5 A AR A FIPMABR X 2L L .

*P<0.05 compared with the blank control group, empty vector group and positive control group, respectively.
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A, ar B By b AL Cy o IL-1241; Dy d: PMAFIPEX 4L, AL By C. D: S AbFRZH ARG A4 M TE AL 6(200%); av by ey d: #hb
PRALAN N T 15 G (05 T 2241 000%); 27 kBT vl WAL S, 2 (R Sk i WA, B 87 ST i vl WAL e (0 B SR S A R
A,a: blank control group; B,b: empty vector group; C,c: experimental group; D,d: positive control group. A,B,C,D: morphologic change of unstained
cells in each group (200%) ; a,b,c,d: morphologic change of cells stained by Giemsa's staining in each group (1 000x); The red arrows indicated cell
processes; The blank arrows indicated cell nucleolus; The blue arrows indicated that the nuclear chromatins appeared to be dense and cordlike.
B2 &ABETHP-14MFSFETNL
Fig.2 Morphologic change of THP-1 cells in each group

(A) - (B)
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Z
g2 2 10 I
(] -
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= &
0 0.0
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_—— |
C D
© 1 2 3 s (D ,
25
a3
b1 — e 4
2.0 .
1
Q
on v
JL:) # #
2 10 - -
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- —— )
0.5
0.0 e ——
CD11b CD68

A: FAFAAN124 h CDLIbIImRNAZKIAIEBL; B: A FZH 40 824 h CD6SIImMRNAKIATEBL; Cv D: %A EE41CD11bMICD68 4 [/ Western
blot 45 5. 1: 45 (A41; 2: 254405 3: IL-1241; 4: PMAFHMEXHE AL . *P<0.05, 43735 4% (I RIS 8041 EL A #P<0.05, 525 8 241 LL s
A: 24 h CD11b mRNA expression in each group; B: 24 h CD68 mRNA expression in each group; C,D: CD11b and CD68 protein expressions in each
group. 1: blank control group; 2: empty vector group; 3: experimental group; 4: positive control group. *P<0.05 compared with the control group and
empty vector group respectively; “P<0.05 compared with the empty vector group.

E3 EREMES LARSEAI mRNATIE B RiLKF&N

Fig.3 Relative mRNA and protein expressions of macrophage differentiation markers
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A: 4 °C A, B: 4 °CHEH; C: 4 °C IL-124; D: 37 °CHE 4 E: 37 °CA¥ 44 F: 37 °C IL-124H.
A blank control group at 4 °C; B: empty vector group at 4 °C; C: experimental group at 4 °C; D: blank control group at 37 °C; E: empty vector group at

37 °C; F: experimental group at 37 °C.

El4 ZALIBEATHP-1ZHREMRERE /1 EEE(200%)
Fig.4 A comparison of THP-1 cells phagocytosis in each group (200x)

T A 2 e (0 J TL- 1240 FTPMA BH 24 5o 1 2 400 ffu
I B AZ AT, A3 EE 3 58 AT R A g (0 TR 4,
EARRIRE2cHE2d).
2.3 N EREMpE S RS

wEBET s, 52 AR 2 &AM L, 11241
CDI11bFICD6S 24 h mRNA L IE A AR FLRE T 5,
{HCD11BZEAL A 5.(P>0.05); 1TIPMA B %6} e 20 |
R FEBR A IE 58 W25 TS (P<0.05)(EI3A T EI3B).
IL-12472 h CD11bHICD68 K 115 B W] B T8 %
M, ZRA G4 L(P<0.05)(KI3CAIE3D).
2.4 YRARENED) RER

BFE 72 hi S 4], FSEAIIL-1241 THP-141
J, INNFITC-H S0 o 4k £255 7% 1 h, K252 40 A
(R i g, R BN BAR R P IR W 1.2.7. 26
W TSR I 4 CCERFRAMET, S4linl Wb
ERF SO0, 22 A3 A (A 7 W A 2 1, WL 58
FEAN M B A5)(200%, [Kl4); MT7E3T7 °CHE A &5 F, %
M A I RIE 2, 2 Rk Y, A8 4 5l
A&, THA15.7£3.1) % T (28.0£1.5) % 1L-12
2H(36.7+1.2)%; 52 IR LE, IL-1241THP-1
I A 5 E ) W38 N (P<0.05)

3 iR

N 140 1A Z-12(interleukin-12, TL-12), f& 5
P~ B W A B Ibk B2 40 PRI SR 40 i 5 e J 2 5
Y B 43wk, FF HIP3S. PAOT AN V3 T 41 il 1 S YR
RARG 1, LR R Ty R Sz TR
BT DA ONK A AT 40 f = ZETFN-y, fie 8t 26 B
Iy 1k, B S HIEACDA T M 4> A6 4 Thigh s, [7]
B3I Th2 40 B 7= A2 40 i DA - IL-4. IL-13%617. K
IO BT FUUE B, TL-12 68 6% 40 i Iy 448 5, 4iE K i
TSI AT I (8], AT — e PR/ S, 8%
M, X T IL- 120 E ARG HLE R e T, H
H T LN B R L RROK, BRI T ARG R o
T U P BV

ARSI R ok ek N PR PETL- 12 595 25 48 1 Jak
YeTHP-140 g, #4) 5k 22 IATL- 1219 B A% 2 o988 40 e
B, PRITIL-1247 TG F 5 A% i 968 48 i 0 A4 1) 4
o G FRORTL- 121890 85 )5, fEmRNAFIEE 17K
SRS [ e 44 A O 2 A b s B, A A il A
S W 2 T8 bR A&, CD6STEIL-12FIPMA B 4 %if 1 41 B
T, AHJE & TG SR CD11bA Zb 2 11—,
TEPMA P 6] 21 w5y 2k, 1 AEIL-124H /8 i B T
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i, 72 hiE IR B W TR A, 57 4l
R LG R X HEW R IAIL-120] {2 1 5%
iR 240 i 1) G A i o)Ak, (E LR A RE 085S, 5
PMA 5524 h)m i (1) 70 AR FEAH Le AT — s 228 .

MIEZS 27 R G D BE VR J7 T 43 T, 559772 hif)
IL-1241 THP-1 40 Ji AN A W 8 ) 328 7 389 o, T4
0 IPMAS T (1) W8 41 M 2 4 T A AN e R
AR, BRETESAIRTE, %A, HILE
PRI, 35 A Je 00 Ja i — 20 I8 4l i 0 5 %
784k, R I MR AR, A7 1R 22 58 A 2k 44
Yot Rk e, BAAZRRM, BE— b e U i i R IA
IL-12 BB (e E 5k 2R e 40 1m) = M 4 B 4044 o

55U A0 Mo AR G, i Re i i 23 A0 AR FE AR, i HL
TR JE S OB MRS 2 U DG IL-124E F T i
1% 2% e A0 L, A2 0 4 L ) 652 S A ) T 1) 4, G iR
HAEWERE ), — R B RRAR 1 s 40 i e ol v A2
B, G IRIETT BRAZ 40 M 1 s 4 it 708 K . £
I, I RIAIL- 1268 0% 2 3F BA% i 78 41 A ) [ i
M. (HAE, TL-128))i 2 HEE0E 75 5l
% I A2 A e 5 T A 3 A AT DG 48 L DR 1 TR 4 A A
H, & 75— ITIE S
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