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Establishment of Normal Cell-Derived Monocyte Cell Line Stably
Expressing the ZsGreenl Gene

Huang Jiaying, Tan Zhihai, Yan Ziqi, Cui Yizhi, Wang Tong, Guo Jiahui*
(Institute of Life and Health Engineering, Jinan University, Guangzhou 510632, China)

Abstract It is demanded in the field of immunology to establish monocyte cell lines derived from normal
human cells that stably express exogenous genes. To address this question, we employed multiple methods to
transfect the ZsGreenl gene into the normal human SC monocytic cells, including Lipofectamine®™ 3000, adenovirus
and Tet-on element containing lentivirus. We found that the transfection/infection rates by using Lipofectamine®
3000 and adenovirus in SC cells were 0.66% and 0%, respectively. The infection rate of 7et-on lentivirus was
8.5% in SC cells. ZsGreenl® SC cells (SC-ZsGreenl cells) were then screened out and cultured, resulting in the
acquisition of two SC-ZsGreenl cell strains. Both stains reached over 95% of the positive ZsGreenl expression
rate. Next, we used PMA to allow these cells to differentiate into macrophages. In addition to the upregulated
phagocytotic effect, PMA introduced increased CD11b and CD14 expression, and promoted IL-8 secretion in both
SC-ZsGreenl cell stains, similar to SC cells. In conclusion, we reported a feasible strategy for the establishment of
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normal cell-derived monocyte cell lines stably expressing the exogenous gene of ZsGreen.
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Representative bright field and fluorescent images of HEK-293 cells (A) and SC cells (B) with Lipofectamine® 3000 transfection. Yellow arrows

indicate the GFP* SC cells. Scale bars=200 pm.
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Fig.1 Comparison of the transfection effect of ¢GFP on HEK-293 and SC cells with Lipofectamine® 3000
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Representative bright field and fluorescent images of HEK-293 cells (A) and SC cells (B) infected by the adenovirus of Ad-eGFP. Scale bars=200 pum.
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Fig.2 Comparison of infection effects of adenovirus of Ad-eGFP on HEK-293 cells and SC cells
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A: representative bright field and fluorescent images of SC cells infected by both Lenti-7et-On and Lenti-ZsGreenl. B,C: SC-ZsGreenl-7G cells (B)
and SC-ZsGreen1-10B cells (C) cultured for 1 day (left) and 16 day (right), respectively. Yellow arrows indicate the Tet-on" ZsGreenl” SC cells. Scale
bars=200 pum. D,E: the positive ZsGreenl expression rate in SC-ZsGreenl-7G cells (D) and SC-ZsGreenl-10B cells (E) per flow cytometry. Red and
black lines indicate the expression of ZsGreenl in SC-ZsGreenl cells with and without treatment of DOX, respectively. The percentages of ZsGreenl"
cells are shown in red.
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Fig.3 SC-ZsGreenl cell strains constructed with the Zet-On lentivirus and the ZsGreenl expression
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Flow cytometry analysis of CD14 (A) and CD11b (B) expression of SC cells, SC-ZsGreen1-7G cells and SC-ZsGreen1-10B cells.
El4 PMAN SHISCHRMFISC-ZsGreenl ZAEKAICD14F1CD11bTRIE
Fig.4 Expression of CD14 and CD11b in SC cells and SC-ZsGreenl1 cells mediated by PMA
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Phagocytosis of SC cells (A), SC-ZsGreenl-7G cells (B) and SC-ZsGreenl-10B cells (C) pre- and post-treatment with PMA, respectively. The
percentages of phagocytic cells are shown in red.
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Fig.5 Phagocytosis of SC cells and SC-ZsGreenl cells treated with PMA
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Table 1 Concentration of inflammatory cytokines in the supernatant of PMA-treated SC and SC-ZsGreenl1 cells

RIER T SC (ng/L) SC-ZsGreenl-7G (ng/L) SC-ZsGreenl-10B (ng/L)
Inflammatory cytokines  PMA- PMA+ PMA- PMA+ PMA- PMA+
IL-12p70 0.05* 2.05 0.05° 0.39° 1.14° 1.52¢
TNF-a 0? 1.03° 0* 0.28* 0.68" 0*

IL-10 0* 0* 0* 0* 0* 0*

IL-6 0* 17.47 0* 0* 0? 0?

IL-1B 0" 0.2* 0* 0* 0* 0*

IL-8 1.44* 789.9 0" 16.75 1.62° 23.56

R T B T PR & SRR AR SN FR R -k R BRAEL B AR W R IL-12p70291.9 ng/L. TNF-0243.7 ng/L. 1L-10793.3 ng/L.
IL-6342.5 ng/L+ IL-1B47.2 ng/LAIIL-8743.6 ng/L.

* below the low limit of detection limit (LLD). The LLDs were 1.9 ng/L for IL-12p70, 3.7 ng/L for TNF-a, 3.3 ng/L for IL-10, 2.5 ng/L
for IL-6, 7.2 ng/L for IL-1P and 3.6 ng/L for IL-8.

I, ASHI TN 40 B s 77 B IE 40 i R IL-12p 70
TNF-a. IL-10. IL-6. IL-1BFIIL-8347 1 5 & A6 Il
(F)o SR EIR, TESCHIE WK LiEd, Like
Tl 240 Jf O8] - )R P 3R TR R . 2PMA R,
SCHH fi 73 s /b 5 TAH M R B R 5 1L-12p70, WIEHN
2.05 ng/L; 1 % 40 M K 7 IL-6 K0 i 1k R 7 1L-8 53 Wb

BRI, 2051917.47 ng/LF1789.9 ng/L; {2 4 4
J PR - TNF-afIIL- 18 BA K 411 58 PRl F-IL- 10/ 34 i 35
K F 4 PR . SC-ZsGreenl-7GH1SC-ZsGreenl-10B
21 10 14D 240 it R A 155 40 5 SCA i K A — B TL-
12p70. TNF-o.. IL-10F1IL-1B£EPMAALLH {17 5 1) 43
WhEE R AR AR H 5 SCHH M AR 245 TL-81F) 73 b & BH {2



1640

RSN 8

Bahn, 43 %1°816.75 ng/LAI23.56 ng/L, {H1% hnig & B
SAKFSCAMI . MIL-67E 20k SC-ZsGreen 1 ZH Jfd 1t 1
FE LRI R T PR

3 Wig

A% AN BT N AR S R G h A B A, AR
— 8 R AE N AT T RO SRR 4 A B I R 4 PR
AP R 5 N2 B 9T i DKL A %) 4 i D e 5 il
M T Bro SR, SAZ 40 it Mk % G Bl % L 25 3R A1
SR TG X — o M2 E AL, A [ B
i, &5 B e 20 i mT dE sk A A Ak ) /)N BB BE SR IR
B 4 i % iz DLar B s A oL i B B LR T,
G5 AR IR A OC BRI, IRk e gk 45 E
¥ 92 400 B PR35 A0 B G RS, A [ At i DL JE AR
MDMAE N TR, M8 25 AR k% 40
5y B RAFR R FTHIV-1 81 78 IR, 35
W38 B B T — SRR R Dy Re, A2 R T DLKE A
PRIE DR 5 N A%/ 5 e 20 O T i

AT R FH A0 25 AN [ 43 0 07, R
720k T AR T AR AR I K ZsGreen ] 1) I N\ K
P ERAZ AN kR, EAEPMALE S0 5 vl R BLH
s EREM R, FIRG IR, 1E A%/ B
S R, B 5T H A AR I DR ) T RE AL | BN ] 25 R
F T MUt Ao Fd s 718 2 B kg
B, R T I e Gl R gL TR I AN BRI 2 H IR
T E, AR — e 2%

AT 5T 5 At [ BAAE B A/ W 4 B S N b
JRER TAE — e mT Ltk B AT 708 5 146
NE UL Geid . B B B AR B i . 1800 B A K
Gk B HL e e ik In) B A% 40 52 N MR R 021 45
11, Naf5 P20 FH s 2 204408 GFPEE IR 5 ANU9374H
&R, B8 2162% . SchnoorZESZETHP- 140
s AL AR B G oR, 5 Qe 3R 1550%. SR,
TXERF T ER DA LS5 S5 03 R R ) SR A% 4 i A b,
AN B SC IR I Rk . EARAN T WRkIE, 2595 550
& 4 FHH AMAXA NucleoFector ITHL 54 HL 55 % JF AL 4
JE LA AZ 0B, PTIR60% e Gl e . (R Tt AR Be
FRAL L 5 A A AR R 50, H R 8et s

A5 98U (1) 2, AHIE 50 R (9 7 Tet-Onifil 42 70
1B B A R G, 1E T NSNS 5 R [F] B
GIN T Tet-On¥ K RBERIERG . ZRGR] 2N
F T FORZ 4 B 1R A5 ik R o 3R 08, B ) B s

ATCEEHEE LA, M ) I1SC-ZsGreen1 41 i
PR AER: 77 2 - DOXET, 7 FF UM 4 75 255 8] (1)
o BRI, AT HERAZ AN AR 1 S0 E L DN R IA I
B, FEAR AN R 2= 0 5 0 B I R i o X AEBF 7T L
B E A R A

AL N, A B F K 2 I SC-ZsGreen1 41 il £k
VIR EE T SCAN L ) A TEAS Je T RERFAE, L5 40
M A& T B o Ar, LR APMAE S 5 B mRiA
CDI14F1CD11b. FrWife 77 8 Fath K F-1L-8 73wk
R T  E RN MR BRI . 5 AR A 45 R
FHEE, HultgrenZ5 2514 2 i, SC- W 41 i H 2% 4 fo O
JEATH L R IR A R R 1T 2 AR SRR AE

[ i, ASHIE 7 BT 449 222 9 2k SC-ZsGreen 1 41 g
L SCa A R 2 5, HARRIAE 7 i SC-E Wi
YRS, ZMICDI4FICD11bRIE R, MRS J A1 %
Y AH DG AH B R 7 o0 W 7K SF J THT . ELAAHE, SCHT i E:
PMA ¥ 5, CD14F1CD11bf) %¢ Y6 58 FEC VAR 2 5l
1711£93.84%#197.33%, 427~ SCHH M LE 540 il /K 17
TE S P, Stiebing®5*VR I, FIPMAI% FTHP-14
3 A BRI 5 40 P 5, THIP- 1 Wk 230 ) P s D i %
WCRE ST AFE . 594, LuSsPEU937 E e 4l
Ji A IR, B 28 B T AE AN [ 1) 2 i 2 AR
CassanelliZEPFIHF 78t R B, FEMCF-7T40 e &, %
ANGH AL B 22 B 2 R RIS BAAE RN E R, H X
S B 1T 184 5 177 S P I 40 B R 5 JIRMICF-741 i &R 2
R AR ZE R, PR #EMN, SC-ZsGreenl-7G Al
SC-ZsGreen1-10BZH it 5 SCHH g 2 8] 1) 3 24 2 S I
GAT DL SCHH I 2 A 1 40 i 57 Joa P R AR

g5 b, AW E RIRIE T — R e AR E R IA
AMIE S IR I I 5 N A0 ] I SKe Y5 A% 4 I ik 1R T AT 7
Fo M B Ter-Oni 1% oA HIE TR B 8K R4 45 &
e 1G 1K 7 9%, P3RS i BH R Rk FE i IR B
YRR, BASSUR BAZ AN ) AR . BTk A3
Fet 5 Ak AN FE R (W SCHN B bk A B2 )32 N FH T
F% A G 24 L AF DS A

SE LAk (References)

1 Moghaddam AS, Mohammadian S, Vazini H, Taghadosi

M, Esmaeili SA, Mardani F, et al. Macrophage plasticity,
polarization and function in health and disease. J Cell Physiol
2018; 233(9): 6425-40.

2 Sica A, Mantovani A. Macrophage plasticity and polarization: in
vivo veritas. J Clin Invest 2012; 122(3): 787-95.



T A ARG E RAB Zs Green 1 FE IR B4 1E 6 200 O AR S A% 200 O A 140 ) 22 1641

Bility MT, Cheng L, Zhang Z, Luan Y, Li F, Chi L, et al.
Hepatitis B virus infection and immunopathogenesis in a
humanized mouse model: induction of human-specific liver
fibrosis and M2-like macrophages. PLoS Pathog 2014; 10(3):
¢1004032.

Qin Z. The use of THP-1 cells as a model for mimicking the
function and regulation of monocytes and macrophages in the
vasculature. Atherosclerosis 2012; 221(1): 2-11.

Fu J, Yuan D, Xiao L, Tu W, Dong C, Liu W, et al. The crosstalk
between alpha-irradiated Beas-2B cells and its bystander U937
cells through MAPK and NF-kappaB signaling pathways. Mutat
Res 2016; 783: 1-8.

Shen C, Chen MT, Zhang XH, Yin XL, Ning HM, Su R, et al.
The PU.1-Modulated MicroRNA-22 is a regulator of monocyte/
macrophage differentiation and acute myeloid leukemia. PLoS
Genet 2016; 12(9): €1006259.

Rindi L, Lari N, Garzelli C. Virulence of Mycobacterium avium
Subsp. hominissuis human isolates in an in vitro macrophage
infection model. Int J Mycobacteriol 2018; 7(1): 48-52.

Lee JS, Hmama Z, Mui A, Reiner NE. Stable gene silencing
in human monocytic cell lines using lentiviral-delivered small
interference RNA. Silencing of the pll0alpha isoform of
phosphoinositide 3-kinase reveals differential regulation of
adherence induced by lalpha,25-dihydroxycholecalciferol and
bacterial lipopolysaccharide. J Biol Chem 2004; 279(10): 9379-88.
BIOCA, INSCiE, 2555, IR, M. =R R 7 i YL THP-1 B
W4T R LA w0 99 4 75 (BB B0 [ Yan Wengjie, Sun
Wenkui, Li Pei, Su Xin, Shi Yi. Comparison of transfection of
THP-1 macrophage by three different methods. Chinese Journal
of Lung Diseases (Electronic Edition)] 2015; 8(1): 7-12.

Tang J, Wu Q, Li Y, Wu X, Wang Y, Zhu L, et al. Construction
of a general albumin promoter reporter system for real-time
monitoring of the differentiation status of functional hepatocytes
from stem cells in mouse, rat and human. Biomed Rep 2017;
6(6): 627-32.

Khader H, Solodushko V, Al-Mehdi AB, Audia J, Fouty B.
Overlap of doxycycline fluorescence with that of the redox-
sensitive intracellular reporter roGFP. J Fluoresc 2014; 24(2):
305-11.

Tang S, Deng S, Guo J, Chen X, Zhang W, Cui Y, ef al. Deep
coverage tissue and cellular proteomics revealed IL-1beta can
independently induce the secretion of TNF-associated proteins
from human synoviocytes. J Immunol 2018; 200(2): 821-33.
Yz, WPRZE. IR s AR (Wt et . o B AR ] i o 2%
(Fan Lingyun, Xie Qingjun. Construction of adenovirus vector.
Chinese Journal of Biologicals) 2008; 21(2): 153-7.

Escors D, Breckpot K. Lentiviral vectors in gene therapy: their
current status and future potential. Arch Immunol Ther Exp
(Warsz) 2010; 58(2): 107-19.

Schnoor M, Buers I, Sietmann A, Brodde MF, Hofnagel O,
Robenek H, et al. Efficient non-viral transfection of THP-1 cells.

20

21

22

23

24

25

26

27

28

J Immunol Methods 2009; 344(2): 109-15.

Maurisse R, De Semir D, Emamekhoo H, Bedayat B, Abdol-
mohammadi A, Parsi H, e al. Comparative transfection of DNA
into primary and transformed mammalian cells from different
lineages. BMC Biotechnol 2010; 10: 9.

Goudot C, Coillard A, Villani AC, Gueguen P, Cros A,
Sarkizova S, et al. Aryl hydrocarbon receptor controls monocyte
differentiation into dendritic cells versus macrophages. Immunity
2017; 47(3): 582-96.¢6.

Chen Z, Yang L, Cui Y, Zhou Y, Yin X, Guo J, et al.
Cytoskeleton-centric protein transportation by exosomes
transforms tumor-favorable macrophages. Oncotarget 2016;
7(41): 67387-402.

Wang T, Xu Y, Zhu H, Andrus T, Ivanov SB, Pan C, et al.
Successful isolation of infectious and high titer human monocyte-
derived HIV-1 from two subjects with discontinued therapy.
PLoS One 2013; 8(5): e65071.

Gibbings DJ, Ciaudo C, Erhardt M, Voinnet O. Multivesicular
bodies associate with components of miRNA effector complexes
and modulate miRNA activity. Nat Cell Biol 2009; 11(9): 1143-9.
Gao H, Jiang Q, Han Y, Peng J, Wang C. shRNA-mediated
EMMPRIN silencing inhibits human leukemic monocyte
lymphoma U937 cell proliferation and increases chemosensitivity
to adriamycin. Cell Biochem Biophys 2015; 71(2): 827-35.

Na M, Fan X. Design of AdSF35 vectors for coordinated dual
gene expression in candidate human hematopoietic stem cells.
Exp Hematol 2010; 38(6): 446-52.

A5, WL AL, PV N, B e N AhJE I SR A0 I 4 B
AL 7 L g A ) BOK G (L Tao, Man Jianghong,
Gong Weili, Jin Baofeng. Isolation of human monocytes from
peripheral blood and transfection via electroporation. Letters in
Biotechnology) 2010; 21(5): 673-6.

Das AT, Tenenbaum L, Berkhout B. Tet-On systems for
doxycycline-inducible gene expression. Curr Gene Ther 2016;
16(3): 156-67.

Hultgren EM, Patrick ME, Evans RL, Stoos CT, Egland KA.
SUSD2 promotes tumor-associated macrophage recruitment by
increasing levels of MCP-1 in breast cancer. PLoS One 2017;
12(5): e0177089.

Stiebing C, Meyer T, Rimke I, Matthaus C, Schmitt M,
Lorkowski S, et al. Real-time Raman and SRS imaging of living
human macrophages reveals cell-to-cell heterogeneity and
dynamics of lipid uptake. J Biophotonics 2017; 10(9): 1217-26.
Lu Y, Xue Q, Eisele MR, Sulistijo ES, Brower K, Han L, et al.
Highly multiplexed profiling of single-cell effector functions
reveals deep functional heterogeneity in response to pathogenic
ligands. Proc Natl Acad Sci USA 2015; 112(7): E607-15.
Cassanelli S, Louis J, Seigneurin D. Progesterone receptor
heterogeneity in MCF-7 cell subclones is related to clonal origin
and kinetics data. Tumour Biol 1995; 16(4): 222-9.





