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[BE] BHH® HITHRZEEREN v-1 HEHE E X (immunoglobulin y-1 heavy chain constant region, IGHG1 ) 1£ 2.
B8 2 H 1155 (acute myeloid leukemia, AML) THP-1 £ il v () 2 3k DL K 8 45 55 4k 4 K I F B (transforming growth
factor-B, TGF-B) /Smad i 4T ARG FE JAT-FZ R, Ak DL o i) AML BILIB#8hr A 8 #8438 JL
BB BERRAS N E BEIE AN HS-5 & AML 4l i THP-1 HL60 MWFFT X4, Western blot K& IGHG1 & (13534 5
THP-1 40053241 923 1 (ANM R AT AE ) (si-NC si-IGHG1-1 si-IGHG1-2 si-IGHG1-3 [ TGF-B si-IGHG1-1+TGF-B .
si-IGHG1-1+TGF-B+1.Y364947 ( TGF-B/Smad i FEAMHIFI ) 4, CCK-8 LA A AIEHY ; 54N MEAR N Transwell SZ5;
S350 5 40 M P T FR 22 Western blot 3P4 418 IGHG1 [ TGF-B . p-Smad2 . p-Smad3 H A%k, R SHITHE
JLEBE LA, AML SBLE46 IGHGT 11 ( (0. 2420. 03)vs(0. 8720. 12) ) Fik/K T B E T8 (P<0.05) ; 5 HS-5 4
Jf L4, THP-1 HL60 40T IGHG1 2 1 ( (0. 89+0. 14) (0. 75+0. 08) vs (0. 2120. 02) ) T35 T+ (P<0.05) ; 525 1
4 103, si-IGHG1-1 41 THP-1 4}l OD,, (24 .48 .72 h) (RZE4HIEH TGF-B .p-Smad2 p-Smad3 & HFRIAH ¥
AR, A NI TR T, TGF-B XS B bR AR B (P<0. 05) s TGF-B 1035 T LR IGHG1 XF THP-1 4i JI 4% 51 | I
T-HR RN ; 5 si-IGHG1-1+TGF-B 4 H AL, si-IGHG1-1+TGF-B+LY364947 20 TGF-B . p-Smad2 . p-Smad3 & [,
0D, fH (24 .48 .72 h) MR ZEANMEAL H B 5 W%, AE TR T4 5 (P<0.05) , &t IGHG 1F AML 41 h & &
ik, UUER IGHGY TV AML 4HHI44 56 1% (72 A2 38 AML A0M8 T, 2 HLAHI AT -5 1036 TGF-B/Smad i BEA 3%,
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Mechanism study of IGHG]1 on proliferation, apoptosis, and invasion
of THP-1 cells in acute myeloid leukemia

LI Changmei, JIN Ya, SUN Yin, LIU Jian, JIANG Daoliang, ZHANG Jiaoguo, YANG Rui, YANG Yong, QIU Li"
(Department of Pediatrics, Tengzhou Central People’s Hospital, Tengzhou 277500, China)

[ Abstract] Objective To investigate the expression of immunoglobulin y-1 heavy chain constant region (IGHG1)
in acute myeloid leukemia ( AML) THP-1 cells and its influence on cell proliferation, apoptosis, and invasion via its
regulation of the transforming growth factor B ( TGF-B)/Smad pathway. Methods Bone marrow specimens from nine
children with AML and eight children with fractures, human bone marrow stromal HS-5 cells, and human AML THP-1 and
HL60 cells were used in the research. Western blot was used to detect IGHGI protein expression. THP-1 cells were

divided into a blank group (without any treatment), si-NC group, si-IGHG1-1 group, si-IGHG1-2 group, si-IGHG1-3
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group, TGF-B group, si-IGHG1-1+TGF-B group, and si-IGHG1-1+TGF-f +LY364947 group. Cell proliferation was

measured by CCK-8 method. Flow cytometry and Transwell experiment were performed to measure apoptosis and invasion.

Western blot was used to detect the protein expression of IGHG1, TGF-f, p-Smad2 and p-Smad3 in each group of cells.

Results Compared with the bone marrow of children with fractures, the bone marrow of children with AML ( P<0.05)
had significantly higher expression levels of IGHG1( (0. 24+0.03) vs(0.87+0.12)). Compared with HS-5 cells, human
AML THP-1 and HL60 cells had significantly increased expression levels of IGHG1( (0. 89+0. 14) (0.75+0.08)vs(0. 21
£0.02)) (P<0.05). Compared with the blank group, the si-IGHG1-1 group of THP-1 cells showed significantly reduced
0D,y values (24 h, 48 h, 72 h), invading cell numbers and protein expression of TGF-B, p-Smad2, p-Smad3 and their

apoplosis rate was increased ( P<0.05) , while the corresponding indexes showed the opposite trend in the TGF-B group (P

<0.05). TGF-B reversed the effects of silencing IGHG1 on the proliferation, apoptosis and invasion of THP-1 cells.
Compared with the si-IGHG1-1+TGF-B group, the si-IGHG1-1+TGF-B+LY364947 group had significantly decreased TGF-

B, p-Smad2, p-Smad3 and protein levels, OD,s, values and cell invasion numbers and the apoptosis rate was increased (P

<0.05). Conclusions IGHG]1 is highly expressed in AML cells. Silencing the IGHGI gene can inhibit the proliferation

and invasion of AML cells and promote the apoptosis of AML cells. This mechanism may be related to the inhibition of the

TGF-B/Smad pathway.
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S PERE R H ML (acute myeloid leukemia, AML)
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IGHG1 iK1 L LA S IGHGT 540 AML 4 Jifg 3 5 |
RZBITELENLE] , B 75k AML (8 ] 254 () T & 4
#E%

1 #Em7IE

1.1 SEIedrfd
111 4ij

N BERE A0 HS-5 K A AML 4 ig THP-1,
HL60 Y1 [ v E R B 1 i 240 e %
L 1.2 I RARAS AR

WdE 2018 4F 3 H & 2021 4F 3 A AR EARBE
WHIZH AML BILI B REFR AL 9 ], 55 B[] B 1]
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WEJF ) si-NC (3)7 )M J e BLAE Wy R4 A RS /A
e, #t 5. 20150217, 20171120, 20170523,
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A, #t 5. 20161125) ; TGF-B/Smad 18 &% 11 i 57
LY364947 ( & Selleck Chemicals 7% &), it = .
20150910) ; Lipofectamine™ 2000 &7 ( bt 5t B B &L
TERL A PR H, #E5:20160511) 5 I 2 1M 77 ( fetal
calf serum, FBS) . RPMI 1640 15 3% % BCA X7 &
(3£ [ Bio-Rad A w], it %5; 20170622, 20151019,
20170720) ; BEEC 26 4 V-5 6 U R 2¢ 96 & ( Annexin
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V- fluorescein isothiocyanate, Annexin V-FITC ) il il
TR & L CCK-8 37 & ( LiEEE = KA
FARA RS : 20160427 20151206 ) 5 45 A
PRGN & (BB s A YR A R A F] L A
20170326 ) ; B-actin, TGF-B. p-Smad2, p-Smad3 .
Smad2 ,Smad3 22 78 UK (anti-B-actin , anti-TGF-
B. anti-p-Smad2. anti-p-Smad3. anti-Smad2. anti-
Smad3) M BRAR i E ALY (horse radish peroxidase,
HRP) tRic B9 =40 (£ E Abcam A H], L5 .
20170821, 20170522, 20160325, 20170924,
20170326 .20151206 .20170321) , CO, Hi 5546 (L%
FERMT A R A 415 . 20170922) ; BRI 844 2R 48
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2000 1 100 pL JCIMLIE B 55 SR AT e 9, 0 1 5
UE IGHG1 BE 7538 1k 49 TGF-B/Smad 1 % 3 5 il
AML 41 e (%) 3 58 K A2 5%, T 156 9% IGHG1 /T4
RNA W [EEINA TGF-B i %38 Bk 5 TGF-B/Smad
AR LY364947 T THP-1 4, 70410 .
25 A (AR Z AT AT AE 3 ) | si-NC 41 (20 pmol si-
NC % v 4 g, si-NC O F. 5 -
CGUCACCUGAACGACAC-3") . si-IGHG1-1 #H (20
pmol si-IGHG1-1 % Y« 40 }fi, si-IGHG1-1 J¥ 51,5 -
CCAAGGACACCCTCATGAT-3") | si-IGHG1-2 #H (20
pmol si-IGHG1-2 % Y 40 i | si-IGHG1-2 J¥ 5.5 -
AGTGCAAGGTCTCCAACAA-3") | si-IGHG1-3 4H (20
pmol si-IGHG1-3 %5 YL 4 i | si-IGHG1-3 J¥ 51,5 -
GCCTCCTTCTTCCTCTACAG-3 ") . TGF-B 41 ( 40
pmol/L TGF-B % Y« i i) | si-IGHG1-1 + TGF-B 41
(20 pmol si-IGHG1-1 F1 40 pmol/L TGF-B [F]i &b B
i) \si-IGHG1-1+TGF-B+LY364947'°' 4 (20 pmol
si-IGHG1-1 .40 wmol/L TGF-B [Flf 2 P4 24 h J5
FHH 40 wmol/L LY364947 KbBRANNI 24 h) 3 8 41,
1.3.2  Western blot Kzl IGHG1 & TGF-B/Smad i
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H—$fE4CTHEF IR, HHLUT —$0: anti-
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i FH ECL b2 & iR £ WA 2 111 45 i i i
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WORBEAE, i & 6 M AL,
1.3.3  CCK-8 1M 21 Jifd 4
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6 ™AL,
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1.4 SFitFEHZE
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2 #R

2.1 IGHG1 7 AML ZJL BB EAE AML 4
R RIL

S8 LB (0. 24+0.03) He#g, AML &L
HHE+ IGHGT 2 H (0.87+0. 12) Fik/KF B E T
F(P<0.05, 8 1A) ., 5 A& #5540l HS-5
(0.21+0.02) L%, N AML 4ii g THP-1 (0.89
0.14) HL60(0.75+0.08) 1 IGHG1 & 125K F
BETHE (P<0.05), H IGHG] & [ 7 THP-1 40 il
) IR B A, AL, ERE THP-1 447 5 22
ey (K 1B) .
2.2 HBAMAMEREFIGHGI EARELRK

525 FH4 M si-NC 4 L #8, si-IGHG1-1 41 | si-
IGHG1-2 4 si-IGHG1-3 4 THP-1 41 i+ IGHG1 #
2k K S PR (P<0.05) |, H. si-IGHG1-1 41
H IGHGT & 1 i Kk w i I, Btk D) si-IGHG1-1
L A0 M R F 5T 0T G AT S B2 40 i AR ) 24 T BE R F
FE(E2,3%1),
2.3 Bk IGHG1 X THP-1 ARIE5E JEHTFEE
BE TR MM

525 IR si-NC 4 LA, si-IGHG1-1 4] THP-1
ML OD,5, {E (0,24 .48 .72 h) KAzZ24n % H W%
RREARG, 4t M0 T2 B 25 5 (P<0.05) 5 55 H 4L L
B, si-NC 21 THP-1 #4011 OD,,, (0,24 .48 .72 h) .
i TR LR MR E TR E N ES (P>
0.05,K3,%2),
2.4 % IGHG1 %t IGHG1 E B X TGF-B/Smad
BEEXEARIZNZN

525 FI4LRN si-NC 4 L4, si-IGHG1-1 41 THP-1
i rh IGHG1 , TGF-B . p-Smad2 . p-Smad3 & 1 £ ik
K- F AR (P<0.05) ;%5 FIZH si-NC 41 LA,
IRFEPRTC B 2 R (P>0. 05,181 4,38 3)
2.5 N3 IGHG1 EiZ#I#| TGF-B/Smad i& B P
%l THP-1 i S5EE

5as B4 L, TGF-B 41 TGF-B . p-Smad2 |, p-
Smad3 & 4 .0D,, 1H (24 .48 .72 h) M iz 2240 H
2T A O T 2 AR (P <0. 05) , IGHGI
EAMRBEMZE R TR ITFE X (P>0.05);5
si-IGHG1-1 4 1 #% , si-IGHG1-1+TGF-B 2H TGF-B . p-
Smad2 .p-Smad3 # 4 .0D,,, {A (24 .48 .72 h) 127
R E B W T, M TR W E R AR (P <
0.05),IGHG! HEH R BEER TG 2 E XL

(P>0.05) ;5 si-IGHG1-1+TGF-B 4 04X, si-IGHG1 -
1+TGF-B+LY364947 2 TGF-B .p-Smad2 .p-Smad3 2
F1.0D,s, fH (24 .48.72 h) KAz 22 4014 H W 35 1%
G, A0 PR T3 B 2 T8 (P<0.05) , IGHGT 2 1Y)
RIXBAZ R TG E L (P>0.05, 18 5 8 6,3
4.3%5),

< & HS-5 THP-1 HL60

IGHG1 [ — —
o [ ] [ ——]
T AEBET Y IGHGL 113815 B AN AML 4 i & v (¥
IGHG1 FEH A,
1  Western blot £l IGHG1 & H# ik
Note. A, IGHGI protein expression in bone marrow. B, IGHGI

protein expression in different AML cell lines.

Figure 1 Western blot detection of IGHG1 protein expression
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2 Western blot #6444 2 THP-1
A rp i IGHG] A 335

Figure 2 Western blot detection of IGHG1 protein

expression in THP-1 cells of each transfection group

R KU THP-1 4lirh IGHG1 S RIK
HLHE (x+5,n=6)
Table 1 Comparison of IGHG1 protein expression in
THP-1 cells of each transfection group

ZH 5
:E%J IGHG1/B-actin
Groups
23 194
=R 0. 88=0. 13
Blank group
< NC 4
S-NCA 0.89+0. 12
si-NC group
si-IGHG1-1 21 0.120.02**
4
si-IGHG1-1 group T
si-IGHG1-2 21 ,
., 0. 18x0.01"*
si-IGHG1-2 group
si-IGHG1-3 21
> 0.23+0.03 "

si-IGHG1-3 group
T 52 AL, * P<0.05;5 si-NC 41H#%, *P<0.05,
Note. Compared with blank group, *P<0.05. Compared with si-NC
group, *P<0.05.
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EHHE si-NCZH si-IGHG1-14H
A Blank group si-NC group si-IGHG1-1 group
i 361%| B.83% | 2337%
2 . 3.38%
100 T 100 o 102 00 0t
B THA si-NCZ si-IGHG1-144
Blank group si-NC group si-/GHG1-1 group
i : e Qe T S T ARt AT e
e 20, e :

Mok T T 00 (77 TR -
T A T B A I 20 195 72 s B : Transwell %W?ﬂﬂéﬂiﬂ@1§§(%ﬁﬁl%%@) °
3 AU T AR
Note. A, Apoptosis was detected by flow cytometry. B, Cell invasion was detected by Transwell assay ( crystal violet staining).
Figure 3 Cell apoptosis and invasion levels in each group

F 2 A4 THP-1 41jE OD,,, [EHFRZZ2ANMIEAY HedE (x+s,n=6)

Table 2 Comparison of OD 5, values and number of invasion cells of THP-1 cells in each group

£H 51 OD.s0 TR (%) CE i ks
Groups Oh 24 h 48 h 72 h Apoptosis rate Number of invasion cells
23194
a2 HAL 0.21+0.04 0.53+0.04 0.87+0. 09 1.23+0. 14 3.94+0. 45 87.67+10. 63
Blank group
GNC 4
= NC 4l 0.22+0.03 0.55+0. 06 0. 88+0. 07 1.21+0. 13 4.01+0. 48 85.24+9. 89
si-NC group

si-IGHG1-1 2]
si-IGHG1-1 group
TE: 524U, " P<0.05;5 si-NC 41 1L, *P<0.05,
Note. Compared with blank group, *P<0.05. Compared with si-NC group, *P<0. 05.

£ 3 & THP-1 40 IGHG] ,TGF-B .p-Smad2 Fl p-Smad3 & 15 M 4L (x+s,n=6)
Table 3 Comparison of IGHG1, TGF-, p-Smad2 and p-Smad3 protein expression in THP-1 cells of each group

0.23+0.05 0.27+0.02*%  0.39+0.04*% 0.84+0.12*" 26.52+1.13** 30.29+4. 68 **

5
(:rﬂoij)% IGHG1/B-actin TGF-B/B-actin p-Smad2/Smad2 p-Smad3/Smad3
Bl=F
== R 0.87+0. 12 0.82+0. 12 0.57+0. 04 0.43+0.03
Blank group
i- 4
s l\fC 4 0. 88+0. 14 0.83+0. 11 0.55+0. 05 0.42+0. 04
si-NC group
i- -14
si-IGHG1-1 2 0.1120.01** 0.34+0.03 " 0.15+0. 01 0.10+0. 01

si-IGHG1-1 group
TE 52 AL, * P<0.05;5 si-NC 41Hi1H, "P<0.05,
Note. Compared with blank group, *P<0.05. Compared with si-NC group, *P<0. 05.

F4 4 THP-1 41 IGHG1 \TGF-B . p-Smad2 Fl p-Smad3 & FHFRILAY L (x+s,n=6)
Table 4 Comparison of IGHG1, TGF-B, p-Smad2 and p-Smad3 protein expression in THP-1 cells of each group

ZH FI
4Ll IGHG1/B-actin TGF-B/B-actin p-Smad2/Smad2 p-Smad3/Smad3
Groups
<114
2 AL 0.87+0. 12 0.81+0. 06 0. 56+0. 04 0. 44+0. 03
Blank group
PR 4
TGF-p 4l 0.85+0. 13 1.24+0.15° 0.89+0.06° 0.72+0. 04"
TGF-B group
si-IGHG1-1 24
S IGHELA group 0. 130. 01 0.34+0. 02 0. 18+0. 01 0. 100. 01
si-IGHG1-1+TGF-B 41 " " #
L IGHG] L+ TCF-B grenp 0. 1220. 01 0.72+0. 05 0.37+0. 03 0.32+0. 02
i- - -B+L 4 y ' g
si-JGHG1-1+TGF-B+LY364947 £ 0. 14+0. 01 0.30+0. 02¢ 0. 19+0. 01% 0. 120. 01%

si-IGHG1-1+TGF-B+LY364947 group

H A AGMLE, " P<0.05; 5 si-IGHG1-1 4L, *P<0.05; 5 si-IGHG1-1+TGF- 414, “P<0.05,
Note. Compared with blank group, * P<0.05. Compared with the si-IGHG1-1 group, *P<0.05. Compared with si-IGHG1-1+TGF-B group, ¥ P<0. 05.
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Bl 4 Western blot #4541 THP-1 #iiffi-F IGHG1 , TGF-B Fl p-Smad3 HEHFEIA
p-Smad2 I p-Smad3 FE [ ik Figure 5 Western blot detection of IGHG1, TGF-3,
Figure 4 Western blot detection of IGHG1, TGF-B, p-Smad2 p-Smad2 and p-Smad3 protein expression
and p-Smad3 protein expression in THP-1 cells in each group
si-IGHG1-1+TGF-B
+LY3649474H
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Note. A, Apoptosis was detected by flow cytometry. B, Cell invasion was detected by Transwell assay ( crystal violet staining).

Figure 6 Cell apoptosis and invasion levels in each group

RS5 A4 THP-1 4Jfirh OD g, (AR R NIRRT LLEL (325, n=6)

Table 5 Comparison of OD 5, values and number of invasive cells in each group of THP-1 cells

5 ODis TR (%) (EE i) ks
Groups 0h 24 h 48 h 72 h Apoptosis rate Number of invasion cells
23114
+ FAL 0.23+0.02 0.59+0. 04 0.91+0.07 1.19+0. 13 4.24+0.52 90. 18+7. 25

Blank group
TGF-B 28 0.22£0.03  0.7240.05°  1.23x0.11°  1.37%0.15°  2.51+0.30 112.35+8. 42
TGF-B group

si-IGHG1-1 4

. 0.2560.02  0.29+0.02  0.410.04  0.82+0.06  22.300.91 32.57+3. 08
si-IGHG1-1 group
Si-IGHG1-1+TGF-B 41 . . ' . "
TG+ TCE-B woup 0.24x0.01  0.52+0.04*  0.83%0.06°  1.030.09 11.85+0. 64 79.89+6. 26
¢_ ~ _ ~ _ Q
SIGHGL-T3TOR-BHLY36A4T AL ) 3.0 03 0 3120,03%  0.4040.02%  0.80£0.06% 21,920, 87 34.78+2. 86%

si-IGHG1-1+TGF-B+1.Y364947 group
. SEAMMI, * P<0.05;5 si-IGHG1-1 ML, #P<0.05;5 si-IGHG1-1+TGF-B 414f1t, €P<0.05,
Note. Compared with blank group, * P<0.05. Compared with the si-IGHG1-1 group, *P<0.05. Compared with si-IGHG1-1+TGF-B group, ¥ P<0. 05.
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3 Wit

WFFE R, AML/ALL S LT 156G KT T4
BEHT, TGl J& TeG W 2K vh &% FH BTG I7 1 TeG
PO BT 161 HLAR AT A 36T AML™Y S IGHGL 1
FIR TR BEMIE T 1gG KBS m i3S, B IGHG1
2 55 jgs 40 I 38 4 PO T S b itk | RS A
TR0 R TE  IGHGT 15 E T H ) R
G P thE ik T IGHG 3k RBAE 37598 40
AT IF M S G TR AR 2R, AMPEA R BoR,
IGHG1 I 7E AML (L8 %8 &% AML 4 fff THP-1,
HL60 33k, H THP-1 4 il IGHG1 2 [ AH X}
Feik o, I, YERE THP-1 240 k17 I 2 i e
SCES . ARWFSTE it RNA T3 8 R &om IGHG 1
THP-1 4 Jfid vh 19 19 F38, & I si-IGHG1-1 4 | si-
IGHG1-2 4 si-IGHG1-3 4 THP-1 4 fiih IGHG1 %%
HER R K 8T 2 4L Ml si-NC 41, H si-
IGHG1-1 A IGHG] R F ik w & ik, I, 8
si-IGHG1-1 21 AN A 55 X G2 kA7 i Sl 4l i A= 4 2
IIRERFST . BLAh , AW 5EIE K BT IGHG1 FRik Al
B 2 4] THP-1 20 i i 36 5 55 42 28 68 ), I8 &
THP-1 4 T2, X 5 BE L R B Fe 46 1 — 3,
&R IGHG1 78 AML H R AE(E IR .

TGF-B/Smad {7 5 & 5 M1 & 1L (9 TGF-B 5
TGF-B 11 B SZ M4 45 ) 3l , SR )5 3545 TGF-p 1 7
ZARVLIE FEERR AL T UFAY Smad2 Fl Smad3 , Hk
b J5 5 Smadd 255 I = 1K, SR 5 75 75 2 40 g
B b DU A0S R A e s AR RGE , TGF-
B 11 R 1k 5 L Bl RE 1Y 0 ME R B A 6, an 3L AR
e EET g FUFE . TGF-B/Smad
5 %2 e L P 67 9 R 2 B P R IR A
JEFIL & A2 0 £ E ) LY364947 ( TGF-B
W AR ) R AT B TGF-8 38 B 3 i 1 1
PRI 5, IR S A T, ASLEh & B, Ul
2R IGHG1 F#f% T TGF-B/Smad i B§AH X 14 TGF-
B.p-Smad2 , p-Smad3 £ ik, #E /R LB IGHG1 X}
THP-1 4 a3 58 542 28 B4/ FH T B8 23 oo 41 il
TGF-B/Smad ¥ LI H) . o~ T B iE %M 4, A0F
FELEVIER IGHG LAl A TGF-B i Fik i hr
HEAT T, & Bad 3k TGF-B Al 55 L2k IGHG1 %}
THP-1 £ A 3 5 5 4= 28 i 40 i 4 FH LA B % THP-1
PR TR HEE R . e, 7F TCF-B i 323k kL
FIPLER IGHGY F:[R] b BE ) THP-1 41 48 Jin TGF-

B/Smad i# B T | I LY364947, 45 R B IR,
LY364947 24591 TGF-B 1 3¢ 1k 5k Ak B )5 A9 1
o VA EZERIESE T YRR IGHGT AT HIH] AML 41 9
HIREEE 51228, A S THP-1 40 T, iZHLH S5
3 TGF-B/Smad 18 54 X

ZE BT IGHG 75 AML 4 g v s 363k, ULk
IGHG1 T figii 1 % TGF-B/Smad 18 B& (30, M 1T
P AML 20 M () 14 58 55 4= 28 |, IF i — 2015 S THP-1
I T, ABFSE B SEIESE IGHGT 78 AML 7524
Fom LR T RERRIAYT AML TS TERE S, AML 1Y
AT UL T S . SR, A S M AR B I
F| IGHG1 X AML 20 it Aty 1) A 4 2 e 14 1 52 il L
KL, A HALE %S 5 bl R Je 2
HEATAHOCHR T .
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