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Abstract	
Human	cytomegalovirus	(HCMV)	is	a	common	herpesvirus,	which	is	carried	for	a	long	
time	 in	 the	 form	of	 latent	 infection.	After	 the	 initial	 infection	of	 the	host,	HCMV	 can	
establish	the	ability	of	persistent	infection	in	the	host	and	develop	associated	pathology	
in	multiple	organs,	which	is	due	to	the	rapid	transmission	of	the	virus	throughout	the	
body.	 In	 this	paper,	Tohoku	Hospital	Pediatrics‐1	 (THP‐1),	a	human	acute	monocytic	
leukemia	cell	line	stably	expressing	human	cytomegalovirus	UL23	gene	was	established	
by	lentivirus	vector‐mediated	gene	transfer.	Using	the	three	plasmid	packaging	system,	
pCDH‐CMV‐MCS‐EF1‐Puro	 lentivirus	 vector	 with	 different	 labeled	 target	 gene	 UL23	
stored	 in	 the	 laboratory	 was	 transfected	 into	 Lenti‐X‐293T	 cells,	 packaged	 into	
overexpressed	 lentivirus	 particles	 and	 then	 concentrated.	THP‐1	 cells	were	 infected	
with	 the	 obtained	 recombinant	 lentivirus,	 and	 a	 stable	 cell	 line	 with	 UL23	
overexpression	 was	 screened	 by	 puromycin	 (Puro),	 which	 was	 induced	 into	
macrophages	in	different	polarization	states.	The	mRNA	and	protein	expression	of	UL23	
gene	in	stable	cell	lines	were	detected	by	RT‐PCR	and	Western	blot.	The	results	showed	
monocytes	 and	 macrophage	 cell	 lines	 stably	 expressing	 UL23	 were	 successfully	
constructed,	that	UL23	protein	with	different	labels	could	be	stably	expressed	in	THP‐1	
cells	 and	 THP‐1‐derived	 macrophages.	 This	 cell	 line	 provides	 a	 powerful	 tool	 for	
studying	 the	 function	of	human	cytomegalovirus	encoded	protein	UL23	 in	monocytes	
and	macrophages	with	different	polarization	states.	
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1. Introduction 

Human cytomegalovirus is a ubiquitously prevalent β-herpesvirus, that infects approximately 60% in 
developed countries while 100% in developing countries, establishing a lifelong infection of the 
host[1]. Disease symptoms associated with HCMV infection depend on the immune status of the host. 
Usually, primary infection with HCMV is asymptomatic in healthy individuals, while approximately 
10% will develop into HCMV mononucleos[2]. In contrast, HCMV infection in 
immunocompromised individuals causes severe morbidity and mortality, including transplant 
patients, HIV infected patients and developing fetuses[3]. In these immunocompromised susceptible 
populations, HCMV infection can result in severe disease states manifested by involvement of 
multiple organ systems[4]. 

The capability of HCMV to establish persistent infection following primary infection within the host 
are due to systemic dissemination of the virus[5]. The hematopoietic step mediated by peripheral 
blood monocytes infected with HCMV is main dissemination strategy[6]. In addition, 
polymorphonuclear leukocytes have been shown to take park in the transmission of HCMV, but 



International	Core	Journal	of	Engineering	 Volume	8	Issue	6,	2022
ISSN:	2414‐1895 DOI:	10.6919/ICJE.202206_8(6).0106

	

797 

neither cell type can support virus replication[7]. However, expression and replication of viral gene 
have been reported in monocyte-derived macrophages[8]. 

Human cytomegalovirus UL23 gene belongs to US22 gene family with 13 members, whose encoded 
proteins totally have four conserved amino acid sequences, and at least one conserved sequence motif 
of each member[9]. It has been reported that herpesviruses other than HCMV, such as murine 
cytomegalovirus (MCMV) and human herpesvirus 6, also contain the US22 gene family, indicating 
that the US22 family plays an important role in the evolution of herpesviruses[10]. The HCMV 
coding gene UL23, as an early gene, belongs to the cortical protein of the virus with a base size of 
855bp and a molecular weight of about 33kDa, which has been reported to be mainly distributed in 
the cytoplasmic nuclear peripheral region in cells. Previous studies in our laboratory have shown that 
HCMV encoded protein UL23 blocks antiviral γ Interferon gamma (IFNγ) responses by interacting 
with human N-myc interactor (Nmi), which inhibites the nuclear translocation of Nmi and STAT1 
and resists the JAK/STAT1 signaling pathway dependent on IFNγ[11]. In addition, UL23 allows the 
virus to evade the innate immune response throught inhibiting the type 1 interferon response by 
blocking the phosphorylation of STAT1[12]. The results showed that UL23 was the key gene of 
HCMV immune escape. 

In view of the existing studies, HCMV encoded protein UL23 is an important gene in the process of 
virus growth. In order to further clarify the function of UL23 protein in monocytes and macrophages, 
this paper constructs a THP-1 Cell line stably expressing UL23, which provides a powerful tool for 
studying the effect of UL23 protein on the latency and reactivation of HCMV in monocytes, and on 
viral growth and replication, cell death and antigen presentation in macrophages with different 
polarization states. 

2. Materials and Methods 

2.1 Plasmids, Cells, and Reagents 

We used the vector pCDH-CMV-MCS-EF1-Puro (pCDH), the packaging vector psPAX2 and 
PMD2.G according to the Addgene instructions, pCDH-EGFP, pCDH-UL23-3×FLAG and pCDH-
UL23-HA were constructed by standard molecular biology technique. Lenti-X- 293T cells were 
provided by the American Type Culture Collection. A human monocyte leukemia cell line (THP-1) 
cells provided by Prof. Jianguo Wu (Institute of Medical Microbiology, Jinan University) were 
derived from boys with acute monocytic leukemia. We cultivated the cells within Dulbecco’s 
modified Eagle’s medium (DMEM) or RPMI 1640 medium (HyClone) containing 10% fetal bovine 
serum (FBS) and 1% penicillin/streptomycin under 5% CO2 and 37℃ temperature. PMA was 
purchased from Sigma-Aldrich. LPS was purchased from Beyotime. IFNγ and IL4 were purchased 
from PeproTech. 

2.2 Screening of the optimum Working Concentration of Puromycin in THP-1 Cells 

THP-1 cells were seeded in twelve-well dishes at 2×105cells/well. The cells were cultured in RPMI 
1640 medium containing different concentrations of puromycin. The concentrations of puromycin 
were 0, 0.5, 1, 2, 3, 4, 5μg/mL respectively. Medium with the same Puro concentration was changed 
every 1 to 2 days and cultured for 4 days. 

2.3 Preparation of Lentivirus 

According to Lipofectamine 2000 (Thermo) transfection reagent instructions, pCDH, pCDH-EGFP, 
pCDH-UL23-3×FLAG or pCDH-UL23-HA, psPAX2, pMD2G were transformed into Lenti-X-293T. 
After 48h of transfection, the virus supernatant was collected and filtered cell fragments by 0.45μm 
low protein binding membrane. Take the filtered virus supernatant and add 5×Lentivirus concentrated 
reagent (Genomeditech), mixed well, overnight at 4℃, the next day, centrifuged at 4℃, 4000g for 
25min, removed the supernatant, added an appropriate amount of RPMI 1640 medium without 
double antibiotics and serum, and resuspended. 
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2.4 Lentivirus Infection and Drug Screening 

THP-1 cells were seeded in six-well dishes at 5×105cells/well. Lentivirus suspension containing 
8μg/mL polybrene (Yeasen) was added into the culture media to infected THP-1 cells. After 48 hours 
of cell infection, the lentivirus suspension was replaced by the complete media containing 1μg/mL 
puromycin. Cells were cultured in puromycin containing medium for 7-10days, and puromycin was 
removed from the medium in subsequent cultures. 

2.5 To Establish the Induction Model of THP-1-Derived M0, M1 and M2 Macrophages 

THP-1 cells were seeded in six-well dishes at 5×105cells/well and with 100ng/mL phorbol 12-
myristate 13-acetate (PMA, Sigma) after induction for 24h, they were replaced with normal medium. 
After 24h, the morphological changes were observed under the microscope. At this time, they were 
non polarized macrophages (M0). Then unpolarized macrophages were induced to differentiate to 
M1 phenotype with fresh medium containing 50ng/mL IFNγ and 50ng/mL LPS or to M2 phenotype 
with 50ng/mL IL-4. The incubation time was 24h in both stimulating conditions. 

2.6 RNA Extraction and Quantitative Reverse Transcription-PCR (qRT-PCR) 

Cell Total RNA Isolation Kit (Foregene) was used to extracted the total RNA from each group of 
cells. For the reverse transcription of RNA, we used the TransScript® II All-in-One First-Strand 
cDNA Synthesis SuperMix for qPCR (TransGen Biotech) and PCR reactions were performed using 
Premix TaqTM (Takara) or TransStart Top Green qPCR SuperMix (TransGen Biotech). The GAPDH 
mRNA was amplifified simultaneously and examined as a reference gene for normalization. Primer 
sequences used in this study are listed in table 1. 

 

Table 1. Primers used in this study 

Target 
gene 

Upstream primer(5'-3') Downstream primer(5'-3') 

UL23 
AGGAATTCGCCACCATGATGTCGGTAATCA
AGGACTGTT 

AGACTCGAGCGCGTCGTCAAAAAG
TTGGTGG 

CD86 CTCCAGCTCTGCTCCGTATG TGGCCCATAAGTGTGCTCTG 

HLA-
DR 

CGAGTTCTATCTGAATCCTG CTGGAGGTACATTGGTGA 

CD16
3 

GCGGGAGAGTGGAAGTGAAA ACCTGCACTGGAATTAGCCC 

CD20
6 

ACCTGCGACAGTAAACGAGG TGTCTCCGCTTCATGCCATT 

GAPD
H 

GAAGGTGAAGGTCGGAGTC AAGATGGTGATGGGATTTC 

2.7 Surface Marker Expression Measured by Flow Cytometry 

THP-1 was induced into macrophages with different polarization states according to the above 
conditions.These cells in each experimental condition were incubated with antibody at room 
temperature for 1h first, the antibodies included anti-CD206-PE, anti-CD11b-FITC, anti-CD86-PE 
Cyanine7 (eBioscience), and washed with Stain Buffer. The stained cells were analyzed using a 
FACSCanto II flow cytometer (BD Canto), FlowJo software was used to analyze the expression of 
surface markers. 

2.8 Western Blotting Analysis 

By using western and IP cell lysate, we successfully extracted the total cellular protein, then a 10% 
sodium dodecyl sulfate-polyacrylamide gel was used for separated those protein. Those protein were 
then transferred into PVDF membrane (Millipore) which would latter blocked with 5% nonfat dry 
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milk (Bio-Rad) dissolved in TBS-T for 1h at room temperature. The antibodies including anti-α-
Tubulin, anti-FLAG, Anti-HA (Proteintech) were then incubated at 4°C overnight. The next day, 
HRP-conjugated secondary antibodies (ProteinTech) were preformed to be combined with the 
primary antibodies after TBS-T washing for three times, Finally, the immunoblots were visualized 
by using an ECL substrate kit (Millipore). 

3. Result 

3.1 Screening of the Optimum Working Concentration of Puromycin in THP-1 Cells 

Due to the different sensitivity of each cell to puromycin, it is necessary to determine the optimal 
puromycin concentration of THP-1 cells for subsequent screening of cell lines stably overexpressing 
the target protein. Here, THP-1 cells were treated with a series of concentrations of puromycin, then 
observe and photograph every day under an inverted microscope to record the cell growth status. As 
shown in Figure 1, cells cultured in RPMI 1640 medium containing 0, 0.5, 1, 2, 3, 4, 5μg/mL Puro 
showed varying degrees of death. When THP-1 cells were treated with Puro at a concentration of 
1μg/mL, almost all cells died after three days, indicating that 1μg/mL of Puro was the lowest lethal 
dose for THP-1 cells, and will serve as the optimal puromycin concentration for subsequent screening 
of THP-1 cell lines stably expressing HCMV encoded protein UL23. 

 

 
Figure 1. THP-1 cells under different treatment concentration and time of Puromycin 
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3.2 Identification of THP-1 Cell Line Stably Expressing Human Cytomegalovirus UL23 
Protein 

3.2.1 Identification of RT-PCR 

The screened positive cells were counted and 1×105 cells were taken to amplify the target gene UL23 
by RNA extraction, reverse transcription and PCR. As shown in Figure 2, the product of PCR, 
electrophoresed on a 1% agarose gel, has a clearly visible band between 750bp-1000bp with THP-1-
pCDH and THP-1-EGFP cells as negative controls, indicating that the UL23 gene could be correctly 
transcribed in THP-1-UL23-3×FLAG and THP-1-UL23-HA cells. 

 
Figure 2. RT-PCR results of stable cell lines 

Notes: M. DL2000 marker; 1.THP-1-pCDH cells; 2.THP-1-EGFP cells; 3.THP-1-UL23-3×FLAG 
cells; 4.THP-1-UL23-HA cells 

3.2.2 Identification of Western Blot 

Collect the screened positive cells, extract the protein, and then perform electrophoresis and Western 
blot with FLAG and HA labeled antibody. There are targeted bands at the molecular weight of about 
35kDa, which is consistent with the theoretical value, indicating that the stable cell line is successfully 
constructed, as shown in Figure 3. 

 
Figure 3. Western blot results of stable cell lines 

Notes: 1.THP-1-pCDH cells; 2.THP-1-EGFP cells; 3.THP-1-UL23-3×FLAG cells; 4.THP-1-UL23-
HA cells 
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3.3 Identification of THP-1-derived Macrophages in Different Polarization States 

THP-1 were seeded on a six-well plate and added with PMA to a final concentration of 100 ng/mL. 
After induction for 24h, they were changed into normal medium and the morphological changes of 
cells were observed under the microscope. The cells changed from a suspended state to an adherent 
growth state, the "particles" in the cells increased and tentacles extended around, which is the 
characteristic of primary monocytes and THP-1 differentiating into macrophages. Next, add 50ng/mL 
LPS and 50ng/mL IFNγ to stimulate and induce M1 macrophages, or add 50ng/mL IL4 to stimulate 
and induce M2 macrophages. The changes of cell morphology were observed under the microscope 
after 24h. , which showed that M1 had elongated fibroblast morphology, and M2 were oval cells with 
pseudopodia, as shown in Figure 4. Then extract RNA, detect the gene expression of CD86, HLA-
DR, CD163 and CD206 according to qPCR, And the expression of macrophage surface marker 
CD11b, M1 and M2 macrophage surface markers CD86 and CD206 were detected by flow cytometry, 
as shown in Figure 5. The results showed that the expression of macrophage surface marker CD11b 
on the surface of THP-1 cell membrane induced by PMA increased compared with untreated THP-1 
cells, indicating that THP-1 monocytes were successfully induced into macrophages, which were 
inactive macrophages (M0). When M0 was induced into M1, the transcription level of HLA-DR 
increased, and the transcription and protein level of CD86 increased. When M0 was induced into M2, 
the transcription level of CD163 increased, and the transcription and protein level of CD206 increased. 
The above results showed that THP-1 was successfully induced into M0, M1 and M2 macrophages. 

 
Figure 4. Morphological identification of M0, M1 and M2 macrophages derived from THP-1 

Notes: A.THP-1; B.M0; C.M1; D.M2 
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Figure 5. Detection results of M0, M1 and M2 THP-1 derived macrophage marker 

Notes: A.M0 marker protein level; B.M1 marker protein level; C.M2 marker protein level; D.M1 
marker mRNA level; E.M2 marker mRNA level 

 

3.4 Identification of THP-1-derived M0, M1 and M2 Macrophage Lines Stably Expressing 
Human Cytomegalovirus UL23 Protein 

3.4.1 Identification of RT-PCR 

Count the positive cells after screening and seeded in twelve-well dishes at 2×105cells/well, induced 
into M0, M1 and M2 macrophages according to the above method, extracted RNA, and detected 
UL23 gene according to the above method, as shown in Figure 6. The results are consistent with the 
theoretical value of UL23 of 855bp, indicating that UL23 gene can be transcribed correctly in THP-
1-derived M0, M1 and M2 macrophage cell lines. 

 
Figure 6. RT-PCR results of M0, M1 and M2 macrophage cell lines stably expressing UL23 

Notes: M. DL2000 marker; 1.M0-pCDH cells; 2.M0-EGFP cells; 3.M0-UL23-3×FLAG cells; 
4.M0-UL23-HA cells; 5.M1-pCDH cells; 6.M1-EGFP cells; 7.M1-UL23-3×FLAG cells; 8.M1-
UL23-HA cells; 9.M2-pCDH cells; 10.M2-EGFP cells; 11.M2 -UL23-3×FLAG cells; 12.M2-

UL23-HA cells 
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3.4.2 Identification of Western Blot 

Count the screened positive cells and seeded in twelve-well dishes at 2×105cells/well, and induced 
into M0, M1 and M2 macrophages according to the above methods. Then extract the protein, perform 
electrophoresis and Western blot with FLAG and HA labeled antibody. The target band with 
molecular weight of about 35kDa was detected, which was consistent with the theoretical value, 
indicating that the stable cell line is successfully constructed, as shown in Figure 7. 

 
Figure 7. Western blot results of M0, M1 and M2 macrophage cell lines stably expressing UL23 

Notes: 1.M0-pCDH cells; 2.M0-EGFP cells; 3.M0-UL23-3×FLAG cells; 4.M0-UL23-HA cells; 
5.M1-pCDH cells; 6.M1-EGFP cells; 7.M1-UL23-3×FLAG cells; 8.M1-UL23-HA cells; 9.M2-

pCDH cells; 10.M2-EGFP cells; 11.M2 -UL23-3×FLAG cells; 12.M2-UL23-HA cells 

 

4. Conclusion 

HCMV can infect a wide range of human cells though it is highly species-specific, including 
endothelial cells, epithelial cells, fibroblasts, neuronal cells, monocytes and macrophages. The first 
lytic replication of HCMV occurs in epithelial cells, and circulating peripheral blood CD14+ 
monocytes in contact with infected epithelial cells may be infected and differentiate into 
inflammatory macrophages, extending their lifespan. In addition, monocytes can directly enter the 
bone marrow and infect CD34+ hematopoietic stem cells to establish a lifelong latent infection. 
HCMV can be persistently latent in hematopoietic cells, but reactivated in response to immune injury, 
allogeneic stimulation or differentiation signaling. It has also been reported that HCMV modulates 
the differentiation of infected monocytes into macrophages, mostly M1-like phenotype, to promote 
the pro-inflammatory changes required for viral dissemination such as adhesion, motility and survival, 
furthermore, to suppress potential antiviral immune responses by promoting the expression of key 
M2-related genes such as IL-10 and CCL18. 

THP-1, a human leukemia monocytic cell line, has become a common model to investigate 
modulation of monocyte and macrophage activities, that has been extensively used to study the 
functions, mechanisms, signaling pathways of monocyte/macrophage. It is highly plastic and can be 
polarized into multiple lineages as a consequence of vary in responsiveness to stimuli. Early studies 
showed that THP-1 cells, whose morphology and differentiation characteristics are similar to primary 
monocytes, were differentiated into unactivated macrophages (M0) with stimulation of PMA, then 
M0 differentiated into classically activated macrophages(M1) under the combined effect of LPS and 
IFNγ, or into alternatively activated macrophages (M2) with stimulation of IL4.  

Human cytomegalovirus encoded protein UL23 is one of the members of US22 family, which is 
highly conservative in evolution and plays an important role in the growth and replication of human 
cytomegalovirus. Previous studies in our laboratory found that UL23 blocks antiviral IFNγ response 
by interacting with Nmi and resisting JAK/STAT1 signal pathway. It is also reported UL23 can resist 
the antiviral type I interferon response by inhibiting the phosphorylation of STAT1. And UL23 can 
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affect host immunity-related processes, revealed by ranscriptome sequencing. In order to further 
explore the interaction between HCMV-encoded protein UL23 and host immunity, we successfully 
constructed THP-1 Cell line stably expressing UL23 by integrating the UL23 gene into THP-1 cells 
through lentiviral infection. This cell line provide a powerful tool to study the effects of protein UL23 
on viral latency, reactivation and monocyte differentiation during HCMV infection of monocytes, as 
well as on virus growth and replicationhe, the effects biological activity(phagocytosis, antigen 
presentation and cytokine release), polarization and death of macrophage during HCMV infection of 
macrophages with different polarization states. 
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