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Using a novel cellular platform to optimize
CRISPR/CAS9 technology for the gene therapy
of AIDS

Dear Editor,

Despite tremendous effort devoted to the development of
antiretroviral therapies to combat HIV over the past decades,
AIDS remains one of the most important global infectious
diseases. According to UNAIDS report on the global AIDS
epidemic in 2016, the estimated number of people living with
HIV rose from 7.5 million in 2010 to 36.7 million in 2015.
Furthermore, drug-resistance HIV strains have recently been
reported (Wensing et al., 2017). Therefore, it is important to
develop new therapies to eliminate HIV in the patients.
Immortalized cell lines representing the major targets of HIV
in human are important for HIV research and therapeutic
development. In this context, HIV mainly targets macro-
phage and CD4+ T lymphocytes in vivo (Iordanskiy et al.,
2013). In addition, the co-receptors CCR5 and CXCR4 are
required for the HIV infection of T cells (Moore et al., 1997;
Zaitseva et al., 1998). Therefore, immortalized CD4+ T cell
stably expressing HIV-1 co-receptor CCR5 or CXCR4 will be
highly useful for HIV research. However, most of the T cell
lines generally do not express adequate level of CCR5 to
support the infection of CCR5 tropic HIV-1. Even if many
previously established T cell lines could overcome this
restriction after transduction of the expression vectors (Wu
et al., 2002; Krowicka et al., 2008), the random integration in
these lines leads to the unstable expression of transgene
and also could affect the expression of the nearby genes
(Modlich et al., 2005; Nienhuis et al., 2006).

Recently, CRISPR/CAS9 technology has become a
powerful tool for efficient gene editing by inducing DNA
double-strand breaks at the designated gene locus to stim-
ulate gene mutation or homologous recombination (Hsu
et al., 2014). Due to its high specificity and low off-target
mutation rate (Sander and Joung, 2014; Veres et al., 2014),
CRISPR/CAS9 technology is powerful for gene editing in
human cells. Therefore, we employed CRISPR/CAS9 tech-
nology to develop a novel CCR5-expressing CD4+ T cell line
by inducing the expression of CCR5 from its endogenous

locus by inserting the CAG promoter into the promoter of the
CCR5 gene via homologous recombination. The resulting
cell line is permissive for HIV infection and is useful for
developing gene therapy of AIDs.

We used Jurkat T cell line as the parental cell line
because it already expresses high levels of endogenous
CD4 and CXCR4 genes. To induce the expression of the
endogenous CCR5 gene in Jurkat T cells, we knock-in the
ubiquitous and strong promoter, cytomegalovirus enhancer
fused to the chicken beta-actin promoter (CAG), into the
promoter of CCR5 gene. The knock-in strategy is described
in Fig. 1. The guide RNA was used to target and introduce
the double strand break (DSB) at the designated locus as
indicated by asterisk in Fig. 1A. The schematic diagram of
the wild type and knock-in alleles is shown (Fig. 1A and 1B).
Homologous recombination events were screened by PCR
(Fig. 1C). The homologous recombination events were
confirmed by Southern blotting, further indicating the lack of
any random integration (Fig. 1D). The resulting knock-in cell
line is denoted Jurkat-KI-R5. Flow cytometric analysis of
Jurkat-KI-R5 cells shows high expression levels of surface
CCR5 in Jurkat-KI-R5 cells, indicating that the knock-in
strategy works as expected to induce the expression of the
endogenous CCR5 (Fig. 1E).

The main purpose to generate Jurkat-KI-R5 cells is to
create a permissive cell line for HIV infection. Therefore, we
examined the susceptibility of Jurkat-KI-R5 cell to the
infection of CCR5 tropic HIV. In contrast to the Jurkat cells
that produce no detectable p24 antigens in the supernatant
after HIV, high levels of p24 antigen were detected in the
supernatant of Jurkat-KI-R5 cells after 3 days and 7 days of
HIV infection (Fig. 1F). Therefore, Jurkat-KI-R5 cells repre-
sent a much-needed cellular platform to support future HIV
research.

To further demonstrate the feasibility to use Jurkat-KI-R5
cells for HIV research, we employed the Jurkat-KI-R5 cells to
develop gene therapy for AIDS. The highly pursued strategy
for gene therapy of HIV infection is to disrupt CCR5
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expression in CD4+ T cells. This will generate CD4+ T cells
that are resistant to HIV infection and help to eliminate the
infected cells. A pair of guide RNA was designed to target
the CCR5 exon before the Δ32 exon, a natural 32-bp dele-
tion mutation leading to resistance to HIV infection in
humans (Fig. 2A) (Samson et al., 1996). We cloned the
paired gRNAs into the plasmid expressing either Cas9 or
Cas9n, the D10A mutant nickase version of Cas9 that
mediates genome editing with improved specificity (Ran
et al., 2013). We also synthesized the chemically modified
sgRNAs and CAS9 mRNA, which are more stable and
shown to significantly improve genome-editing efficiency
after directly transfecting into cells (Hendel et al., 2015).

Seven days after transfecting the plasmid or chemically
modified sgRNA/Cas9n mRNA into the Jurkat-KI-R5 cells,
the disruption of the CCR5 gene was evaluated by flow
cytometry. FACS analysis demonstrated that the CCR5 gene
is disrupted in over 50% of Jurkat-KI-R5 cells with either
Cas9 or Cas9n, and cells transfected with sgRNA/Cas9n
mRNA achieved nearly 80% of knockout efficiency (Fig. 2B).
Efficient CCR5 disruption in Jurkat-KI-R5 cells with either
Cas9 or Cas9n plasmid was further confirmed by Western
blotting analysis of the CCR5 protein and by PCR assay
(Fig. 2C and 2D).

One of the key bottlenecks for HIV research is the lack of
HIV permissive human cell lines. Taking advantage of the
CRISPR/CAS9 gene editing technology, we generated a
human T cell line that stably expresses CD4 and both co-
receptors CCR5 and CXCR4. This T cell line is different from
previously reported CCR5 transgenic T cell line because the
CCR5 gene is expressed from its endogenous locus. The
feasibility to use Jurkat-KI-R5 cells for HIV research is further
supported by the findings that these cells are highly sus-
ceptible for HIV infection. Jurkat-KI-R5 cells can be useful in
many aspects of HIV research and therapy development,
such as HIV drug resistance, efficacy of new antiretroviral
therapy, and gene therapy. In support of this notion, we used
the Jurkat-KI-R5 cells to evaluate the efficiency of CCR5
disruption with CRISPR/CAS9 gene editing technology. Our
data demonstrate that both CRISPR/Cas9 and CRISPR/
Cas9n can efficiently ablate CCR5 with paired gRNAs in T
cell lines. In this context, it remains difficult to disrupt CCR5
gene in the primary human CD4+ T cells with single gRNA
(Mandal et al., 2014). As reported previously (Ran et al.,
2013), paired nicking can reduce off-target activity by 50 to
1,500-fold in cell line. This could improve the safety of this
technology for clinical application. The chemically synthe-
sized and stabilized gRNA/mRNA can further increase the
efficiency of CCR5 disruption. Considering that CRISPR/
CAS9 gene editing technology could induce off-target
genomic mutations, the Jurkat-KI-R5 cells can be further
employed to improve the efficiency and safety of CRISPR/
Cas9 mediated disruption of the CCR5 gene.

Figure 1. Knock-in of the ubiquitous CAG promoter into the

promoter region of the endogenous CCR5 gene of Jurkat T

cell line. (A) The configuration of the endogenous human CCR5

locus. The black box represents the exon of CCR5. Two homologous

armsare indicated byUp-ArmandDn-Arm. The asterisk indicates the

targeting site of gRNA. (B) The configuration of knock-in allele. The

location of internal and downstream probes for Southern blotting and

thesizesofSacI restriction fragmentsareshown.PCRprimers(a,d,A,

and D) were used to identify wild type allele. Primers (a, b, A, and B)

were used to screen knock-in clone. Primers a and b are specific for

identifying upstream arm recombination and primers A and B are

specific for downstream arm recombination. Size of PCR amplicon is

shown below each primer set. (C) PCR analysis of CAG knock-in

clone.GenomicDNA isolated from individual cloneswasexaminedby

PCR.Primersaandbamplifya1,297-bp fragment, andprimersAand

B amplify a 750-bp fragment from knock-in allele. (D) Knock-in

recombination event was confirmed by Southern blotting analysis.

Genomic DNA was digested with SacI and hybridized to the

downstream (Dn) and internal (In) probes, respectively. The wild type

(WT) and knock-in (KI) bands are indicated. Asterisks indicate bands

generated by single-crossover at the downstream homologous arm.

(E) Surface CCR5 is highly expressed in CD4+ Jurkat-KI-R5.

(F) Jurkat-KI-R5 permits the infection of HIV-1. Three and seven days

afterHIVinfection,supernatantswerecollectedandanalyzedforHIV-1

p24 antigen. HIV-1 entry was only detected in Jurkat-KI-R5 but not in

the parental Jurkat cells.
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Figure 2. Efficient disruption of CCR5 in Jurkat-KI-R5 cells using plasmid or RNA-based CRISPR/CAS9 technology.

(A) Schematic diagram of the dual gRNAs targeting the endogenous CCR5 gene. Forward and reverse primers were used to amplify

the region for T7 Endonuclease I assay. (B) Loss of CCR5 surface expression in Jurkat-KI-R5 cells seven days after the transfection

of plasmid expressing Cas9/Cas9n and gRNAs or chemically modified sgRNA/Cas9n mRNA. (C) CCR5 protein was overexpressed

in Jurkat-KI-R5 cells and silenced seven days after transfecting either the plasmid expressing Cas9/Cas9n and gRNAs or chemically

modified sgRNA/Cas9n mRNA. CCR5 and loading control β-actin are indicated with arrowheads. (D) Efficiency of CCR5 disruption in

Jurkat-KI-R5 transfected with plasmid expressing Cas9/Cas9n and gRNA1, 2 was assessed by surveyor assay. Percentage of gene

disruption is indicated under each panel.

T cell platform to optimize gene therapy of AIDS LETTER

© The Author(s) 2017. This article is an open access publication 851

P
ro
te
in

&
C
e
ll



FOOTNOTES

We thank the UCSD Translational Virology Core for HIV infection

study. This work was supported by grants from Chinese Ministry of

Science and Technology (2015AA020310), the National Natural

Science Foundation of China (Grant Nos. 815300045 and

81373166), Shenzhen Municipal Science and Technology Innova-

tion Council (20140405201035), and the Development and Reform

Commission of Shenzhen, and a scholarship from Her Royal High-

ness Princess Maha Chakri Sirindhorn.

Jingjin He, Thanutra Zhang, and Xuemei Fu declare that there is

no conflict of interest. This article does not contain any studies with

human or animal subjects performed by any of the authors.

Jingjin He1,2, Thanutra Zhang2, Xuemei Fu1,3&

1 The Eighth Affiliated Hospital of Sun Yat-sen University,

Shenzhen 518033, China
2 Division of Biological Sciences, University of California,

San Diego, 9500 Gilman Drive, La Jolla, CA 92093, USA
3 Shenzhen Children’s Hospital, Shenzhen 518026, China

& Correspondence: fxmzj2004@163.com (X. Fu)

OPEN ACCESS

This article is distributed under the terms of the Creative Commons

Attribution 4.0 International License (http://creativecommons.org/

licenses/by/4.0/), which permits unrestricted use, distribution, and

reproduction in any medium, provided you give appropriate credit to

the original author(s) and the source, provide a link to the Creative

Commons license, and indicate if changes were made.

REFERENCES

Hendel A, Bak RO, Clark JT, Kennedy AB, Ryan DE, Roy S,

Steinfeld I, Lunstad BD, Kaiser RJ, Wilkens AB et al (2015)

Chemically modified guide RNAs enhance CRISPR-Cas

genome editing in human primary cells. Nat Biotechnol

33:985–989
Hsu PD, Lander ES, Zhang F (2014) Development and applications

of CRISPR-Cas9 for genome engineering. Cell 157:1262–1278
Iordanskiy S, Santos S, Bukrinsky M (2013) Nature, nurture and HIV:

the effect of producer cell on viral physiology. Virology 443:208–
213

Krowicka H, Robinson JE, Clark R, Hager S, Broyles S, Pincus SH

(2008) Use of tissue culture cell lines to evaluate HIV antiviral

resistance. AIDS Res Hum Retroviruses 24:957–967

Mandal PK, Ferreira LM, Collins R, Meissner TB, Boutwell CL,

Friesen M, Vrbanac V, Garrison BS, Stortchevoi A, Bryder D et al

(2014) Efficient ablation of genes in human hematopoietic stem

and effector cells using CRISPR/Cas9. Cell Stem Cell 15:643–
652

Modlich U, Kustikova OS, Schmidt M, Rudolph C, Meyer J, Li Z,

Kamino K, von Neuhoff N, Schlegelberger B, Kuehlcke K et al

(2005) Leukemias following retroviral transfer of multidrug resis-

tance 1 (MDR1) are driven by combinatorial insertional mutage-

nesis. Blood 105:4235–4246
Moore JP, Trkola A, Dragic T (1997) Co-receptors for HIV-1 entry.

Curr Opin Immunol 9:551–562
Nienhuis AW, Dunbar CE, Sorrentino BP (2006) Genotoxicity of

retroviral integration in hematopoietic cells. Mol Ther 13:1031–
1049

Ran FA, Hsu PD, Lin CY, Gootenberg JS, Konermann S, Trevino AE,

Scott DA, Inoue A, Matoba S, Zhang Y et al (2013) Double

nicking by RNA-guided CRISPR Cas9 for enhanced genome

editing specificity. Cell 154:1380–1389
Samson M, Libert F, Doranz BJ, Rucker J, Liesnard C, Farber CM,

Saragosti S, Lapoumeroulie C, Cognaux J, Forceille C et al

(1996) Resistance to HIV-1 infection in caucasian individuals

bearing mutant alleles of the CCR-5 chemokine receptor gene.

Nature 382:722–725
Sander JD, Joung JK (2014) CRISPR-Cas systems for editing,

regulating and targeting genomes. Nat Biotechnol 32:347–355
Veres A, Gosis BS, Ding Q, Collins R, Ragavendran A, Brand H,

Erdin S, Cowan CA, Talkowski ME, Musunuru K (2014) Low

incidence of off-target mutations in individual CRISPR-Cas9 and

TALEN targeted human stem cell clones detected by whole-

genome sequencing. Cell Stem Cell 15:27–30
Wensing AM, Calvez V, Gunthard HF, Johnson VA, Paredes R,

Pillay D, Shafer RW, Richman DD (2017) 2017 update of the drug

resistance mutations in HIV-1. Top Antivir Med 24:132–133
Wu L, Martin TD, Vazeux R, Unutmaz D, KewalRamani VN (2002)

Functional evaluation of DC-SIGN monoclonal antibodies reveals

DC-SIGN interactions with ICAM-3 do not promote human

immunodeficiency virus type 1 transmission. J Virol 76:5905–
5914

Zaitseva MB, Lee S, Rabin RL, Tiffany HL, Farber JM, Peden KW,

Murphy PM, Golding H (1998) CXCR4 and CCR5 on human

thymocytes: biological function and role in HIV-1 infection.

J Immunol 161:3103–3113

Electronic supplementary material The online version of this
article (doi:10.1007/s13238-017-0453-z) contains supplementary

material, which is available to authorized users.

LETTER Jingjin He et al.

852 © The Author(s) 2017. This article is an open access publication

P
ro
te
in

&
C
e
ll

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1007/s13238-017-0453-z

	Using a novel cellular platform to optimize
CRISPR/CAS9 technology for the gene therapy
of AIDS

	FOOTNOTES
	References




