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Abstract: HIV reached 37.6 million people by the end of 2020. Antiretroviral has many side effects and is
potentially resistant to HIV treatment. The development of advanced medical technology has led to the development
of CRISPR. CRISPR is proven better than ZFN and TALEN. CRISPR-Cas9 can be specific and efficient on target.
This scientific literature review uses the PRISMA method. HIV requires specific CC-chemokine receptor 4 (CCR5)
and CX-chemokine receptor 4 (CXCR4) to invade host cells. Previous studies have shown that disrupting one of the
co-receptors still allows HIV to invade. The vector used for CRISPR/Cas9 is Lenti-sgR5-Cas9. Both CCR5 and
CXCR4 co-receptor target gRNAs containing U6-gX4-1/-2-crRNA-loop-tracrRNA were amplified then inserted
into lenti-sgR5-Cas9. Primary isolation of CD4+T cells was taken from human blood. Lentivirus will be inserted
into CD4+T. As a result, this disruption was shown to be able to protect CD4+ cells from HIV-1. The purpose of this
literature review is to explain that there is the effectiveness of CD4+T resistance in disrupting CXCR4 and CCR5
receptors so that in the future, it can be used for HIV therapy development based on CRISPR/Cas9.
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1. Introduction HIV or human immunodeficiency virus has become
a hot issue in the health sector. Until now, there has
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been no treatment for this disease. According to WHO,
this disease has reached 37.6 million people by 2020;
2/3 of the sufferers are on the African continent. HIV
mortality in 2020 reached 690,000 people with new
sufferers of 1.1-2.1 million people [1]. The prevalence
of HIV at the age of 18-59 in 2009-2018 was HIV
positive at 83.9% [2].

The current therapy to eradicate the virus is ART.
Only 73 patients received ART treatment in 2020 [1],
while in 2009-2018, only 50% of the total number of
patients received ART [2]. ART has many different side
effects for each individual, including metabolic
dysfunction, systemic discomfort, dermatological
problems, and gastrointestinal problems [3]. Patients
often discontinue treatment because of side effects,
which makes HIV more resistant [4]. Non-nucleoside
reverse transcriptase inhibitors (NNRTIs) have the
highest percentage of resistance with 53.3% ADR and
10.88% TDR. NRTI and Pl also have resistance, but
the number of percentages is below the NNRTI.
Treatment adherence is still minimal is one of the
major challenges in solving HIV cases [5]. In addition,
virions are continuously produced due to the
persistence of the virus in the cells, e.g., resting CD4+
T cells, macrophages, and follicular dendritic cells) and
anatomical reservoirs (e.g., the central nervous system).
In addition, resting CD4+ HIV carriers is also an
extensive factor in the difficulty of viral eradication [6].

Genome editing technology has been developed
over the past two decades through several innovations
such as ZFN, TALEN, which use the principle of direct
recognition of DNA proteins to Fokl nucleases
according to their sequence [7]. However, the
technology has drawbacks: the difficulty of designing,
synthesizing, and validating proteins at loci-specific
genes. Therefore, this makes genome-editing research
developed and found CRISPR derived from the
immune system of bacterial RNA molecules, with the
Cas9 protein as a GRNA nuclease guide programmed
to introduce double-strand breaks so that it works
specifically and efficiently [8].

CRISPR has advantages compared to ZFN and
TALEN, among others: larger size (can load more
code), easy to carry by lentivirus vector construction,
has a small risk of off-target cutting, easy to design
protein synthesis, lower price, and far efficiency higher
[9].

The CRISPR-Cas9 genome editing system has been
successfully performed on mammalian cell cultures,
including human T cells and pluripotent cells, both in
vivo and in vitro on human genetic, infectious diseases,
one of which is HIV-1[10].

2. Materials and Methods

The preparation of this scientific literature review
using the PRISMA (Preferred Reporting Items for
Systemic Reviews and Meta-Analyzes) method. This
method uses an evidence-based method that focuses on

evaluating reviews of existing journals. There are five
stages: defining eligibility criteria, defining information
sources, literature selection, data collection, data item
selection. PRISMA checklist structure includes title,
abstract, introduction, method (eligibility criteria,
information sources, search strategy, selection process,
data collection process, data items, study risk of bias
assessment, effect measures, synthesis methods,
synthesis methods, reporting bias assessment, certainty
assessment),  result  (study  selection,  study
characteristics, risk of bias in studies, results of
individual studies, results of syntheses, reporting biases,
certainty of evidence), discussion, conclusion and
keywords,  bibliography.  PICOS  (Participants,
Interventions, Comparison, Outcomes, and Study
design) is used in the introduction. The author uses
search engines, including PubMed, Nature, Springer,
ScienceDirect, Google Scholar, and PL0oS One with
keywords: CRISPR-Cas9, CCR5, CXCR-4, HIV,
lentiviral vector, CD4+, in vivo, in vitro. Titles and
abstracts go through a scanning process to exclude
scientific journals that do not comply with CRISPR-
Cas9, CCR5, CXCR-4, HIV, lentiviral vector, CD4+.
Scientific journals that have been included and
excluded will be scanned for publication.

In this literature review, the authors use all scientific
journals that have been analyzed according to the
benefits, mechanisms, and clinical effects of
CRISPR/Cas9 using Lenti-sgR5-Cas9 vector with
CD4+.eadings should be of three-level type.

3. Results

Two different GRNA combinations targeting CCR5
and CXCR4 in one vector using CRISPR/Cas9 genome
editing could induce editing of both receptor genes
through primary TCD4+ cells and various cell lines
[11].

The apoptotic assay showed no cytotoxic effect on
cell viability by receptor alteration after editing CXCR4
and CCR5 of primary CD4+ T cells by CRISPR/Cas9

[11].
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Fig. 1 Potential HIV resistance through CCR5 and CXCR4
disruption using CRISPR/Cas9-based CD4 +

HIV co-receptors CCR5 and CXCR4 were disrupted
by gene editing. CXCR4 sgRNA was amplified and
inserted using the U6 promoter into the lenti-sgR5-Cas9
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vector. Then the efficiency of lenti-sgR5-Cas9 in
disrupted coreceptors. The first TZM-bl cell line was
placed in order to neutralize HIV-1 on CD4+ cells
broadly. Puromycin as much as 1 g/ml was applied on
cells for 24 hours to eliminate unmodified cells and
increase transfection efficiency. The Y7E1 assay was
used to measure the efficiency of the insertion and
deletion of the target coreceptor sites CXCR4 and
CCR5 [12].

Disruption of CCR5 and CXCR4 has been shown to
protect TZM-b cells from HIV-1 infection. Lentivirus
X4R5-Cas9 was then transduced to primary CD4+ T
cells, which had low efficiency [13] were then
electroporated to transfect to primary TCD4+ cells [14].
After the plasmid was transfected into CD4+ cells,
knockout efficiency analysis was carried out at the
genome level. Then the gene CCR5 CXCR4 was found
to be specifically edited [15]. DNA sequence analysis of
CCR5 CXCR4 on-target efficiency showed that lenti-
X4R5-Cas9 efficiently disrupted both receptor targets
[11].

Then a test is performed to check whether the
disruption carried out on the primary cells is protected
from HIV-1 infection. HIV-1 p24 levels in the infected
cell supernatant were measured on day 1,3,5,7 after
infection, and the results showed that the modified
lentivirus on CD4+ cells was able to protect against
HIV infection from both the X4 and R5 receptors of the
HIV-1 strain, compared to controls. unmodified [16].

Modified CXCR4 and CCR5 in 2.5x105 cells were
washed three times with PBS and then incubated for 8
hours. After incubation, the infected cells (already
added with CXCR-tropic HIV and CCR5-tropic HIV).
Then the number of viruses was calculated using the
p24 ELISA kit to detect and measure the protein and
antigen samples [11].
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Fig. 2 Graphic image: Lenti-X4R5-Cas9 modifies CD4+T

Figure 2 presents p24 ELISA, which shows that
lenti-X4R5-Cas9 #1 and #2, which are close to the
disruption of both coreceptors, have lower values than
CCR5 CXCR4-1, CXCR4-2, which only disrupts one of
the coreceptors. The control value has the highest p24
value.

The result was that the HIV-1 count in the
coreceptor-edited group showed the least significant
protection of the dual-tropic HIV variant than was
shown by the unmodified and modified groups of single
CCR5, CXCR 1, and 2 [11].

The off-target site was analyzed to see how much
sense the X4R5-Cas9 system had in disrupting CCR5
CXCR4. The off-target prediction site was analyzed,
and the results showed that there was no significance.

4. Discussion

4.1. HIV Receptor Pathogenesis via CXCR4 and
CCR5

HIV to target host cells requires interaction between
surface and transmembrane glycoproteins, namely
gp120 and gp4l, which are surface-specific receptors
[17]. HIV attaches to CD4 cells by interaction with
gp120, resulting in the induction of changes in gp120
that lead to membrane fusion. The interaction of gp120
with coreceptors is required for membrane fusion to
occur [18].

The human immunodeficiency virus (HIV) belongs
to the retroviruses belonging to the subfamily
Lentiviridae [19]. The HIV core contains two single
RNA chains bound to the gag protein (gag-derived
protein) p24. The HIV core is contained within two
lipid layers. The viral envelope contains glycoprotein
120 and transmembrane glycoprotein 41 [20]. The
components gp 120 and gp 41 play an important role in
HIV adhesion to host cells [21]. This virus has three
genes required for replication, namely gag, pol, env. Six
additional genes regulate viral expression that is
important in pathogenesis [22].

The main receptors for HIV-1 infection are CD4, co-
receptors such as CCR5 and CXCR4. HIV-1 infection
targets are CD4+ immune cells, including CD4+ T cells,
dendritic cells (DC), macrophages, monocytes,
thymocytes, and microglial cells [23]. HIV-1 also
invades the gut, lowers CD4+ T cell counts, and causes
lymphoid tissue damage. HIV continues to replicate and
avoid the host's antiviral response, resulting in a
decreased immune response, and viral dominance
occurs. After an infection outbreak, then HIV-1
becomes latent in certain cells such as resting memory
CD4+ T cells, dendritic cells (DC), monocytes, and
macrophages [24]. Naive CD4+ T cells, pluripotent
progenitor cells in bone marrow, CD4+ cells, and
macrophages in seminal fluid have also been reported
as reservoirs of latent infection. Other reservoirs include
microglobial cells and macrophage cells in the cranial
nerve system (CNS). HIV in these reservoir cells is very
difficult to reach with cARV therapy [25].

HIV-1 replication is closely related to the
transcriptional ability of host cells and the influence of a
complex  network  of  proinflammatory  and
immunoregulatory cytokines [26]. TNF- plays an
important role in the pathogenesis of HIV-1, which
stimulates HIV-1 transcription in both macrophages and
T cells [27]. Other proinflammatory cytokines such as
interleukin-1 (IL-1), IL-2, and IL-6 stimulate HIV-1
infection replication.
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In addition to CD4 as the main receptor, HIV
requires coreceptors to cause infection in host cells.
Coreceptors that have been identified that HIV can use
in vivo are CC-chemokine receptor 4 (CCR5) and CX-
chemokine receptor 4 (CXCR4) [28]. After binding to
CD4, the coreceptor occurs between the cell membrane
and the virus, followed by viral internalization. CCR5
and CXCR4 are receptors for chemokines and scientific
ligands for several chemokines such as MIP-1a, MIP-
1B, and RANTES on CCR5 and SDF-1 CXCR4 [29].
The binding between chemokines and receptors will
mediate the function and activity of cells, including cell
development, leukocyte movement, angiogenesis, and
immune responses. CCR5 and CXCR4 receptors are
found on B-lymphocytes, T lymphocytes, monocytes,
macrophages, and polymorphonuclear cells, but only
those with CD4 molecules and CCR5 or CXCR4
coreceptors are at risk for HIV infection [30].

There are two main components in the CRISPR-
Cas9 system, namely Cas protein and single-guide RNA
(SgRNA) [31]. In the CRISPR-Cas type Il system, Cas9
is an important protein that is the main character, and
this system is the most widely used in research. This is
because CRISPR-Cas type Il has simpler components,
namely three components (Cas9, crRNA, and trRNA)
which are easier to adapt than CRISPR-Cas types I, 111,
and 1V [32].

Cas9 functions as an enzyme that cleaves target
DNA in sequences positioned close to the adjacent
protospacer motif (PAM) site [33]. The sequences at
these PAM sites are usually marked with three
nucleotide bases (NGG, where N is the nucleotide base,
A: Adenine; T: Thymine; C: Cytokine; G: Guanine)
[34]. This cas9 protein has two homologous sites,
namely RuvC and HNH, each cutting one of the DNA
double strands, resulting in a blunt cut in the target
DNA sequence. Furthermore, sgRNA is a synthetic
RNA combined from two noncoding RNAs, namely
crRNA, which functions as a guide that can adjust to the
target DNA sequence, and tracrRNA, which functions
as a scaffold [35].

4.2. Research in Disruption CCR5 and CXCR4

In this study, the inactivation of CCR5 using
CRISPR-Cas9 has been shown to protect against HIV
infection.  Homozygous = CCR5-A32/A32  were
transplanted into the bone marrow. Another study
demonstrated the CRISPR/Cas9 gene-editing system in
human CD34+ hematopoietic stem cells (HSPC),
allowing long-term CCRS5 ablation [36]. Another study
found that editing the CCR5 and CXCR4 coreceptors
by CRISPR/Cas9 protects CD4+ cells from HIV-1
infection in vitro [11]. Disruption of CCR5 may trigger
an HIV-1 coreceptor switch that causes cells to enter
HIV-1 via CXCR4 [37]. In a clinical study of 27-year-
old Essen patients with HIV infection and anaplastic
lymphoma, who received HLA-compatible CCR5A32
stem cell transplantation, the results showed that the

HIV was able to enter through the CXCR4 coreceptor,
so it is reassuring that editing only one of CCR5 or
CXCR4 will not work enough [38].

Lenti-X4R5-CAS9-#1

B 3LTR

Fig. 3 Edited CRISPR-Cas9 Lenti-X4R5-Cas9

One genome editing study using ZFN was done in
mice by editing CXCR4 and CCR5 on primary CD4+
cells. The results showed that rats that received
treatment with modified CXCR4 and CCR5 coreceptors
could develop resistance to HIV infection [39].

In this study, the discussion focuses on the role of
CRISPR/Cas9 in modifying the CCR5 CXCR4 gene
carried by the lentivirus vector, which will then be
transduced on CDA4+ primary cells. The result is
efficiency.

4.3. The CRISPR-Based Lenti-sgR5-Cas9 Vector
Construction Method

This genome editing aims to insert CCR5 and
CXCRA4 targets into the lenti-sgR5-Cas9 vector. sSgRNA
targeting CCR5 was inserted with a different target
from the CXCR4 sgRNA containing crRNA-loop-
tracrRNA. U6-gX4-1/-2-crRNA-loop-tracrRNA  was
amplified and incorporated into the lenti-sgR5-Cas9
vector and digested by Pacl and Kpn1 [40].

4.4. lsolation of Cell Line Culture and Primary
CD4+T Cells

Human CD4+ T cells were cultured. Human blood
samples were taken for primary isolation of CD4+T
cells. Peripheral mononuclear blood cells (PBMCs)
were isolated. Primary CD4+ T cells in PBMC were
separated and completed with complete isolation
(Miltenyi Biotech). Primary CD4+T cells were cultured
and stimulated with CD3/CD28 to present 10 1U/ml
human interleukin-2 for three days [41].

4.5. Primary CD4+T Cell Nucleofection

Transfection was carried out on the primary cells
briefly by centrifuging the primary cells for 5x106 and
washing with PBS 2 times and then suspended with 100
ul of nucleofactory buffer solution and 2 pl of control
plasmid. Then this mixture was transferred to a specific
cuvette and electrotransferred with the primary cells
using the Lonza 4D-nucleofector system. After
transfection, these cells were then transferred to
CD3/CD28 coated on six plates and cultured [42].

To detect the expression of both receptors on the cell
surface for three days after transfection of lenti-X4R5-
Cas9 into cells. Flow cytometry was used to provide
knockout efficiency results. Control cells were washed
three times with PBS and then stained with PE-
conjugated anti-CXCR4 and APC-conjugated anti-
CCRS for 15 minutes at 4°C. These cells were washed
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three times after incubation. Then the receptor

expression was analyzed using flow cytometry [43].
Consider isolation, activation, and primary cell
culture. Isolation of peripheral blood mononuclear cells
(PBMC) from whole blood and isolation of CD4+ T
cells using the negative selection of EasySep T cell
isolation kit Stem Cell Technology [44].
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Fig. 4 Prlmary CD4+T cell nucleofection

4.6. The Advantages of Lentivirus as CRISPR/Cas9
Vector as CXCR4 and CCR5 Disruption

Researchers have developed several delivery
systems for CRISPR. The ideal CRISPR/Cas9 genome-
editing vector aims to combine large capacity, efficient
gene transfer, has strong and long-lasting expression,
minimum risk of oncogenicity, pathogenicity, and
toxicity, and can be applied in clinical research [45].

The authors chose to use a lentivirus vector derived
from human immunodeficiency virus type 1 because
this viral delivery system has several advantages: strong
and long-lasting delivery expression, efficient
transduction, low toxicity and immunogenicity, and
compatibility with advanced manufacturing techniques
[46].
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Fig. 5 Lentivirus base (A), HIV-1 genome (B), particle structure
lentivirus (C) plasmid used in third generation lentivirus

The lentivirus genome can accommodate 10.7 KBS
of ssSRNA with a diameter of 100 nm, which is coated
with lipid in its shell. This genome is also capable of
encoding structural and enzymatic genes such as pol
and gag. Gag encodes the viral matrix, capsid, and
nucleoprotein. While enzymatic consists of protease,
transcriptase, and integrase. This vector has an envelope
to attach to and enter the cell [47].

The 3rd generation lentiviral vector packaging
system is used. This aims to reduce the possibility of
creating competent  viral  replication  through
recombination between transfer and plasmid packaging
[48]. The difference between the first and second
generation is this: the system is split into two plasmids:
one encoding Rev and the second encoding Gag and
Pol, thus, increasing gene recombination. The second
advantage is that Tat is removed by adding a chimeric
5'LTR containing a Tat independent promoter. However,
although it is safer, this system is more complicated and
causes lower viral titers due to the higher number of
plasmids [49].

Vectors often used include adenovirus, AAV/adeno-
associated viral, retrovirus, and lentivirus [50].

Table 1 Comparison of vectors

Lentivirus Retrovirus Adenovirus AAV

Size 80-100 nm 80-100 nm 90-100 nm 25nm
Genome SSRNA SSRNA dsRNA sSRNA
Packaging 8 kb 10kb 8-36 kb 47kb
capacity
Transduction D|V|d|_ng gnd Dividing cell D|V|d!ng gnd D|V|d|_ng gnd
non-dividing non-dividing non-dividing
Integration Stable Stable Transient Transient or
stable
. Moderate- Moderate- :
Immunogenicity high high High Low
Gene therapy Ex vivo Ex vivo In vivo In vivo
strategy
5. Conclusion
The current HIV therapy still used is ART/

antiretroviral therapy, but this therapy has many side
effects so that patients cannot stand it and stop
treatment, which results in resistance. The current state-
of-the-art treatment technology is CRISPR. CRISPR-
Cas9 genome editing disrupts CC-chemokine receptor 4
(CCR5) and CX-chemokine receptor 4 (CXCR4).
SgRNA targets CCRS5 differently from CXCR4 was
amplified at U6-gX4-1/-2-crRNA-loop-tracrRNA, then
inserted into lenti-sgR5-Cas9, digested by pacl and
kpnl. We used a lentiviral vector because it is long-
lasting delivery, efficient, low immunogenicity than
another vector. Human CDA4+T cell cultures were
obtained from human blood samples and then isolated.
Lenti-sgR5-Cas9 was transfected on CD4+T cells. The
results found a significant difference in protection in the
modified compared to the control cell. The analysis also
showed no significant off-target effect on this genome
editing treatment. However, further research is still
needed to perfect this CRISPR therapy. So it is expected
to be a replacement therapy for ART in HIV patients
and reduce HIV prevalence.

References
[1] WHO. Why the HIV epidemic is not over. World Health
Organization. 2021. Available from:

https://www.who.int/news-room/spotlight/why-the-hiv-
epidemic-is-not-over

[2] MCQUILLAN, G.M., KRUSZON-MORAN, D,
MASCIOTRA, S., GU, Q., and STORANDT, R. Prevalence
and trends in HIV infection and testing among adults in the



229

United States: The National Health and Nutrition
Examination Surveys, 1999-2018. Journal of Acquired
Immune Deficit Syndrome, 2021, 86(5): 523.

[3] WAYMACK, J.R., and SUNDARESHAN, V. Acquired
Immune Deficiency Syndrome. StatPearls. 2020.

[4] IACOB, S.A., IACOB, D.G., and JUGULETE, G.
Improving the Adherence to Antiretroviral Therapy, a
Difficult but Essential Task for a Successful HIV
Treatment—Clinical Points of View and Practical
Considerations. Frontier of Pharmacology, 2017, 8(NOV):
831.

[5] NDASHIMYE, E., and ARTS, E.J. The urgent need for
more potent antiretroviral therapy in low-income countries to
achieve UNAIDS 90-90-90 and complete eradication of
AIDS by 2030. Infectious Diseases of Poverty, 2019, 8(1):
1-8.

[6] MARBAN, C., FOROUZANFAR, F., AIT-AMMAR, A.,
FAHMI, F., EL MEKDAD, H., and DAOUAD, F. Targeting
the Brain Reservoirs: Toward an HIV Cure. Frontier of
Immunology, 2016, 0(SEP): 397.

[7] GAJ, T, SIRK, S.J., SHUI, S., and LIU, J. Genome-
Editing Technologies: Principles and Applications. Cold
Spring Harbor perspectives in biology, 2016, 8(12).

[8] LINO, C.A., HARPER, J.C., CARNEY, J.P., and
TIMLIN, J.A. Delivering CRISPR: a review of the
challenges and approaches. Drug Delivery, 2018, 25(1):
1234,

[91 GUHA, T.K., WAI, A, and HAUSNER, G.
Programmable Genome Editing Tools and their Regulation
for Efficient Genome Engineering. Computational and
Structural Biotechnology Journal, 2017, 15: 146-60.

[10] LI, H., YANG, Y., HONG, W., HUANG, M., WU, M.,
and ZHAO, X. Applications of genome editing technology in
the targeted therapy of human diseases: mechanisms,
advances, and prospects. Signal Transduction and Targeted
Therapy, 2020, 5(1): 1-23.

[11] LIU, Z., CHEN, S., JIN, X., WANG, Q., YANG, K.,
and LI, C. Genome editing of the HIV co-receptors CCR5
and CXCR4 by CRISPR-Cas9 protects CD4+ T cells from
HIV-1 infection. Cell & Bioscience, 2017, 7(1): 47.

[12] LIU, S., WANG, Q., YU, X,, LI, Y., GUQO, Y., and LIU,
Z. HIV-1 inhibition in cells with CXCR4 mutant genome
created by CRISPR-Cas9 and piggyBac recombinant
technologies. Scientific Reports, 2018, 8(1).

[13] YU, S, YAO, Y., XIAO, H., LI, J, LIU, Q., YANG,
Y., ADAH, D, LU, J., ZHAO, S., QIN, L., and CHEN, X.
Simultaneous Knockout of CXCR4 and CCR5 Genes in
CD4+ T Cells via CRISPR/Cas9 Confers Resistance to Both
X4- and R5-Tropic Human Immunodeficiency Virus Type 1
Infection. Human gene therapy, 2018, 29(1): 51-67.

[14] ALLEN, A.G., CHUNG, C. ATKINS, AJ.,
DAMPIER, W., KHALILI, K., NONNEMACHER, M.R.,
and WIGDAHL, B. Gene Editing of HIV-1 Co-receptors to
Prevent and/or Cure Virus Infection. Frontiers in
Microbiology, 2018, 9.

[15] ZHANG, Z., QIU, S., ZHANG, X., and CHEN, W.
Optimized DNA electroporation for primary human T cell
engineering. BMC Biotechnology, 2018, 18(1): 1-9.

[16] WANG, Q., CHEN, S., XIAO, Q., LIU, Z, LIU, S,
HOU, P., ZHOU, L., HOU, W., HO, W, LI, C., WU, L., and
GUO, D. Genome modification of CXCR4 by
Staphylococcus aureus Cas9 renders cells resistance to HIV-
1 infection. Retrovirology, 2017, 14: 51.

[17] LI, Y., LIU, D, WANG, Y., SU, W,, LIU, G, and

DONG, W. The Importance of Glycans of Viral and Host
Proteins in Enveloped Virus Infection. Frontiers in
Immunology, 2021, 12(0):1544.

[18] Poletti, V., and Mavilio, F. Interactions between
Retroviruses and the Host Cell Genome. Molecular Therapy.
Methods & Clinical Development, 2018, 8: 31-41.

[19] SEITS, R. Human Immunodeficiency Virus (HIV).
Transfusion Medicine and Hemotherapy, 2016, 43(3): 203.
[20] CHEN, B. Molecular Mechanism of HIV-1 Entry.
Trends in microbiology, 2019, 27(10): 878.

[21] KELLER, P.W., MORRISON, O., VASSELL, R.A.,
and WEISS, C.D. HIV-1 gp4l Residues Modulate CD4-
Induced Conformational Changes in the Envelope
Glycoprotein and Evolution of a Relaxed Conformation of
gp120. Journal of Virology, 2018, 92(16).

[22] NAQVI, AA. FATIMA, K., MOHAMMAD, T,
FATIMA, U., SINGH, IK., SINGH, A., ATIF, S.M,,
HARIPRASAD, G., HASAN, G.M., and HASSAN, M.I.
Insights into SARS-CoV-2 genome, structure, evolution,
pathogenesis and therapies: Structural genomics approach.
Biochimica et Biophysica Acta. Molecular Basis of Disease,
2020, 1866(10): 165878 - 165878.

[23] WOODHAM, AW., SKEATE, J.G.,, SANNA, A.M.,
TAYLOR, J.R., SILVA, D.M.D., CANNON, P.M., and
MARTIN, K. Human Immunodeficiency Virus Immune Cell
Receptors, Coreceptors, and Cofactors: Implications for
Prevention and Treatment. Aids Patient Care and Stds, 2016,
30(7): 291-306.

[24] TONG, O., DUETTE, G., O’NEIL, T.R., ROYLE,
C.M., RANA, H., JOHNSON, B., POPOVIC, N.,
DERVISH, S., BROUWER, M.A., BAHARLOU, H.,
PATRICK, E., CTERCTEKO, G., PALMER, S.E., LEE, E.,
HUNTER, E., HARMAN, A.N., CUNNINGHAM, A.L., and
NASR, N. Plasmacytoid dendritic cells have divergent
effects on HIV infection of initial target cells and induce a
pro-retention phenotype. PLoS Pathogens, 2021, 17(4):
e1009522.

[25] MU, W., CARRILLO, M., and KITCHEN, S.
Engineering CAR T Cells to Target the HIV Reservoir.
Frontiers in Cellular and Infection Microbiology, 2020, 10.
[26] ISAGULIANTS, M.G., BAYUROVA, E.,
AVDOSHINA, D., KONDRASHOVA, A., CHIODI, F., and
PALEFSKY, J.M. Oncogenic Effects of HIV-1 Proteins,
Mechanisms Behind. Cancers, 2021, 13(2): 1-24.

[27] PASQUEREAU, S., KUMAR, A., and HERBEIN, G.
Targeting TNF and TNF Receptor Pathway in HIV-1
Infection: from Immune Activation to Viral Reservoirs.
Viruses, 2017, 9(4).

[28] WOODHAM, A.W., SKEATE, J.G., SANNA, A M.,
TAYLOR, JR., SILVA, D.M.D., CANNON, P.M., and
MARTIN, K. Human Immunodeficiency Virus Immune Cell
Receptors, Coreceptors, and Cofactors: Implications for
Prevention and Treatment. Aids Patient Care and Stds, 2016,
30(7): 291-306.

[29] STONE, MJ., HAYWARD, JA. HUANG, C.,
HUMA, Z., and SANCHEZ, J. Mechanisms of Regulation of
the Chemokine-Receptor Network. International Journal of
Molecular Sciences, 2017, 18(2): 342.

[30] COWIE, C.C., CASAGRANDE, S.S., GEISS, L.S.
Prevalence and Incidence of Type 2 Diabetes and
Prediabetes. Diabetes Am, 2018.

[31] ZHAO, J., FANG, H., and ZHANG, D. Expanding
application of CRISPR-Cas9 system in microorganisms.
Synthetic and Systems Biotechnology, 2020, 5(4):269.



230

[32] MIR, A., EDRAKI, A., LEE, J., and SONTHEIMER,
E.J. Type 1I-C CRISPR-Cas9 Biology, Mechanism, and
Application. ACS chemical biology, 2018, 13(2): 357.

[33] GLEDITZSCH, D., PAUSCH, P. MULLER-
ESPARZA, H., OZCAN, A., GUO, X., BANGE, G., and
RANDAU, L. PAM identification by CRISPR-Cas effector
complexes: diversified mechanisms and structures. RNA
Biology, 2019, 16(4): 504-517.

[34] LOUREIRO, A., and DA SILVA, G.J. CRISPR-Cas:
Converting A Bacterial Defence Mechanism into A State-of-
the-Art Genetic Manipulation Tool. Antibiotics, 2019, 8(1).
[35] VENUTI, A., PASTORI, C., and LOPALCO, L. The
Role of Natural Antibodies to CC Chemokine Receptor 5 in
HIV Infection. Frontiers in Immunology, 2017, 8(OCT):
1358.

[36] XU, M. CCR5-A32 biology, gene editing, and warnings
for the future of CRISPR-Cas9 as a human and humane
gene-editing tool. Cell & Bioscience, 2020 10(1).

[37] LIU, Z., LIANG, J., CHEN, S., WANG, K., LIU, X,
LIU, B., XIA, Y., GUO, M., ZHANG, X., SUN, G., and
TIAN, G. Genome editing of CCR5 by AsCpfl renders
CD4+T cells resistance to HIV-1 infection. Cell &
Bioscience, 2020, 10(1).

[38] ERNST, M.P.,, BROEDERS, M., HERRERO-
HERNANDEZ, P., OUSSOREN, E., VAN DER PLOEG,
A.T., and PIUNAPPEL, W.W. Ready for Repair? Gene
Editing Enters the Clinic for the Treatment of Human
Disease. Molecular Therapy. Methods & Clinical
Development, 2020, 18, 532-557.

[39] XIAO, Q., GUO, D., and CHEN, S. Application of
CRISPR/Cas9-Based Gene Editing in HIV-1/AIDS Therapy.
Frontiers in Cellular and Infection Microbiology, 2019,
9(MAR): 69.

[40] NERYS-JUNIOR, A., BRAGA-DIAS, L.P,
PEZZUTO, P., COTTA-DE-ALMEIDA, V., and TANURI,
A. Comparison of the editing patterns and editing
efficiencies of TALEN and CRISPR-Cas9 when targeting
the human CCR5 gene. Genetics and Molecular Biology,
2018, 41(1): 167-179.

[41] CHEN, H., SCHURCH, C.M., NOBLE, K.E., KIM, K.,
KRUTZIK, P.O., ODONNELL, E.A., VANDER TUIG, J.,
NOLAN, G.P., and MCILWAIN, D. Functional comparison
of PBMCs isolated by Cell Preparation Tubes (CPT) vs.
Lymphoprep Tubes. BMC Immunology, 2020, 21(1): 1-13.
[42] CHICAYBAM, L., BARCELOS, C., PEIXOTO, B.C.,
CARNEIRO, M., LIMIA, C.G., REDONDO, P., LIRA, C.,
PARAGUASSU-BRAGA, F.H., VASCONCELOS, Z.,
BARROS, L.R.,, and BONAMINO, M.H. An Efficient
Electroporation Protocol for the Genetic Modification of
Mammalian Cells. Frontiers in Bioengineering and
Biotechnology, 2017, 4: 99.

[43] YU, S., YAO, Y., XIAO, H,, LI, J.,, LIU, Q., YANG,
Y., ADAH, D, LU, J., ZHAO, S., QIN, L., and CHEN, X.
Simultaneous Knockout of CXCR4 and CCR5 Genes in
CD4+ T Cells via CRISPR/Cas9 Confers Resistance to Both
X4- and R5-Tropic Human Immunodeficiency Virus Type 1
Infection. Human gene therapy, 2018, 29(1): 51-67.

[44] HOGAN, L.E., VASQUEZ, JJ., HOBBS, K.,
HANHAUSER, E.B., AGUILAR-RODRIGUEZ, B,
HUSSIEN, R., THANH, C., GIBSON, E.A., CARVIDI,
AB., SMITH, L.C., KHAN, S., TRAPECAR, M,
SANJABI, S, SOMSOUK, M., STODDART, C.A.,
KURITZKES, D.R., DEEKS, S.G., and HENRICH, T..
Increased HIV-1 transcriptional activity and infectious

burden in peripheral blood and gut-associated CD4+ T cells
expressing CD30. PLoS Pathogens, 2018, 14(2): e1006856.

[45] LIU, C., ZHANG, L., LIU, H., and CHENG, K.
Delivery strategies of the CRISPR-Cas9 gene-editing system
for therapeutic applications. Journal of Controlled Release,
2017, 266: 17-26.

[46] MUNIS, A.M. Gene Therapy Applications of Non-
Human Lentiviral Vectors. Viruses, 2020, 12(10): 1106

[47] CAVALIERI, V., BAIAMONTE, E., and IACONO,
M.L. Non-Primate Lentiviral Vectors and Their Applications
in Gene Therapy for Ocular Disorders. Viruses, 2018, 10(6).

[48] GANDARA, C., AFFLECK, V.S., and STOLL, E.A.
Manufacture of Third-Generation Lentivirus for Preclinical
Use, with Process Development Considerations for
Translation to Good Manufacturing Practice. Human Gene
Therapy Methods, 2018, 29(1): 1-15.

[49] MERTEN, O.-W., HEBBEN, M., and BOVOLENTA,
C. Production of lentiviral vectors. Molecular Therapy:
Methods & Clinical Development, 2016, 3: 16017.

[50] ZHENG, C., WANG, S., BAI, Y., LUO, T., WANG, J.,
DAI, C., GUO, B., LUO, S., WANG, D., YANG, Y., and
WANG, Y. Lentiviral Vectors and Adeno-Associated Virus
Vectors: Useful Tools for Gene Transfer in Pain Research.
Anatomical Record, 2018, 301(5): 825 - 836.

SEX:

[1] S AEAHAR o R HESOSR BRI TG AR -
A 4HA - 2021 4F - AIfE ¢ https://www.who.int/news-
room/spotlight/why-the-hiv-epidemic-is-not-over J&15:

[2] MCQUILLLAN, G.M., KRUSZON-MORAN, D.,
MASCIOTRA, S., GU, Q. f1 STORANDT, R. E=k A
IR R R A T RIS S © B R 2 B
A > 1999-2018 F - JEISMERIERAIGSE S ERERS
202186 (5) :523-

[3] WAYMACK, J.R. fil SUNDARESHAN, V. &5
TRFESREIE © FiaT2ER - 2020 -

[4] IACOB, S.A. ~ IACOB, D.G. i1 JUGULETE, G. {5
HHiEsRE S RIIRIENE - e R OB RRE
— IR EEE AR AT DAL ——EE R RE A B 55 e -
e et > 2017 -8 (11 ) :831-

[5] NDASHIMYE, E. 1 ARTS, E.J. {EUg A5z t5E%
BRI ESR R - DUEH BEBSOLRE S
F 90-90-90 3 F( 2030 FHURARFRIZm - AREIYHE,
2019, 8(1): 1-8.

[6] MARBAN, C., FOROUZANFAR, F., AIT-AMMAR, A.,
FAHMI, F., EL MEKDAD, H. 1 DAOUAD, F. i Ah
JKIEE M MRS JAR o IEERHNE > 2016 0 0 (
JLA) 1397

[7]1 GAJ, T., SIRK, S.J., SHUI, S. 1 LIU, J. ZK4H4REE+L
il JFRERRIER] - /2 ARSI, - 2016 - 8(12) -

[8] LINO, C.A. ~ HARPER, J.C. - CARNEY, JP. #I
TIMLIN, JAf20t friFa © BPRECRID AR [E]E - 229
figya%, 2018, 25(1): 1234 -

[9] GUHA, T.K., WAI, A., f1 HAUSNER, G. A[4Rf2EH
4H4miE T H R HO S A R TR R 36T - ST RIS
AYFfiEEsE - 2017 - 15 © 146-60 -

[10] LI, H., YANG, Y., HONG, W., HUANG, M., WU, M.,
I ZHAO, X. EREHLRIEFMTIE NS R Y
JERT © B ERERIFTS o (B 9REENE AR - 2020




231

A5 5(1) t 1-23 -

[11] LIU, Z., CHEN, S., JIN, X., WANG, Q., YANG, K., fll
LI, C. fRitFex-Z 9 ¥ Wiwiws fLE<E fREA
=5 H £F&F 4 fvERHEmRERE L 4+5k8 0%WH
-1 Y T 4R o dfiREER AR > 2017 5 7(1) - 47

[12] LIU, S., WANG, Q., YU, X., LI, Y., GUO, Y., fI LIU,
Z. (R E-FM 9 1 /BRI ER K& 4 88 RH
HYAHRE R Y SOZPR #-1 MR E AR - B2 RS -
2018 4 > 8(1)

[13] Yu, S., YAO, Y., XIAO, H., L1, J., LIU, Q., YANG, Y.,
ADAH, D., LU, J., ZHAO, S., QIN, L., fI CHEN, X. i@
TREEE/ZE1E 9 G ELRR 6t 4 + WE g4Iy K& 4 Fl
HroiF 2 5 BRRIR T ¥ X4 Fl RS 24 A\ ez fhfém
# 1 RIECAIELE - NBERDEHRT, 2018, 29(1): 51-67 -
[14] ALLEN, AG, CHUNG, C., ATKINS, AJ, DAMPIER,
W., KHALILI, K., NONNEMACHER, MR, {1 WIGDAHL,
B. S -1 L E 2 A AR 4R EE DUTE PRI/ B0 U
FRE - ARG - 2018 0 9 -

[15] ZHANG, Z. - QIU, S. ~ ZHANG, X. fil CHEN, W. J5
RNE T 4l TRAE(L IREZEE BEEAL - Bahl
EHZ G2 AVl - 2018 - 18(1) 1 19 -

[16] WANG, Q., CHEN, S., XIAO, Q., LIU, Z., LIU, S.,
HOU, P., ZHOU, L., HOU, W., HO, W,, LI, C., WU, L. I
GUO, D. st m ik ik 9 ¥ K& 4 iy RN EH
(EAmpEY 0% mmE-1 B EAbE - R ES
2017 > 14 : 51 -

[17] LI, Y., LIU, D., WANG, Y., SU, W., LIU, G. fI
DONG, W. #1171 & I 2 BE T G fs s 35 B P Y B
T o TRIEERFTY > 2021 4F > 12(0):1544 -

[18] POLETTI, V. fil MAVILIO, F. 3fi#Ess5 355115 T 4H
A RN AH 2 VM G AR » 3 FB0% « J77ABLEE PR %
» 2018 > 8 : 31-41 -

[19] SEITS, R. A\Hifeysiflapizg CULMIRE) - s
ELLEA ({11 3759957, 2016, 43(3): 203.

[20] CHEN, B. X002 fas-1 AR T - MEYIE
#2019, 27(10): 878 -

[21] KELLER, P.W., MORRISON, O., VASSELL, R.A. fl
WEISS, C.D. S0%mke-1 2REA 41 FEEGHED bz 4
AR EL R DR LA 2RIEA: 120 FRotiE5ay
A - R EEERE 0 2018 0 92 (16) -

[22] NAQVI, AA., FATIMA, K., MOHAMMAD, T.
FATIMA, U, SINGH, LK., SINGH, A., ATIF, SM.,,
HARIPRASAD, G., HASAN, G.M. fil HASSAN, M.I.%f JE
SRR -2 ZERIAH - 451 - (L - SIS RRY
g GERE RN A o Y EER R A Y Y B g
o PRI 7 F-ELHE, 2020, 1866(10): 165878 - 165878 -
[23] WOODHAM, A.W., SKEATE, J.G., SANNA, AM.,
TAYLOR, JR. SILVA, D.M.D., CANNON, P.M. #
MARTIN, K. ABH el i o e e 2 f - whahsz
BE AR BN FRI AN R AR B« SO B B AR
# 5 2016 £F > 30(7) : 291-306 -

[24] TONG, O., DUETTE, G., ONEIL, TR, ROYLE, CM,
RANA, H., JOHNSON, B., POPOVIC, N., DERVISH, S.,
BROUWER, MA, BAHARLOU, H. PATRICK, E.,
CTERCTEKO, G., PALMER, SE, LEE, E., HUNTER, E.,
HARMAN, AN, CUNNINGHAM, AL #1 NASR, N. ##4fiff

BRRZS IR AR WG SO BEA FR R 2

MRl ER B R R R - AR EEEEREE, 2021,
17(4): €1009522 -

[25] MU, W. » CARRILLO, M. i1 KITCHEN, S. i ;5
AHRE TAZALLARE ) SO R o AR A
YIEEHY > 2020 45 > 10 -

[26] ISAGULIANTS, M.G., BAYUROVA, E,
AVDOSHINA, D., KONDRASHOVA, A., CHIODI, F. fl
PALEFSKY, J.M. X0HHE-1 EANEUEIER > &51&
AHER o JEE > 2021 4F > 13 (2) 1 1-24 -

[27] PASQUEREAU, S. ~ KUMAR, A. i1 HERBEIN, G.
£ X0vmE-1 BEsh A BRI SRR+ fEsRa st
R F 2 mR « e REHUEENHERE - HWe > 2017 »
9(4) -

[28] WOODHAM, A.W., SKEATE, J.G., SANNA, A.M.,
TAYLOR, JR. SILVA, D.M.D., CANNON, P.M. A
MARTIN, K. AR Ghfa i 5 e s g 288 - #iEhz
BE A BN R TRV TEPA R a2 2« %R B E e TR
#E > 2016 4 > 30(7) : 291-306 -

[29] STONE, M.J., HAYWARD, JA. HUANG, C.
HUMA, Z. fil SANCHEZ, J. #{LHE T2 Ba4g4s Jaemit s
o PR TRHEEREEE, 2017, 18(2): 342 -

[30] COWIE, C.C., CASAGRANDE, S.S., GEISS, L.S. 2 %l
18 PRIPS FE PR P AT EARY S R A8 2 » PRI » 2018
j’glg o

[31] ZHAO, J. ~ FANG, H. fil ZHANG, D. §i5fE {ffit&-2
9 RFEIEMEMTHIIER - SR RSBl
2020 > 5(4):269 -

[32] MIR, A. ~ EDRAKI, A. - LEE, J. il SONTHEIMER,
EJ. II-C &Y (REFE-ZEM 9 M52 - EHIRIIER] - ZORE
(BE2A#1E8 2018, 13(2): 357.

[33] GLEDITZSCH, D., PAUSCH, P. MULLER-
ESPARZA, H., OZCAN, A., GUO, X., BANGE, G.,
RANDAU, L. BRGR HiE (rEfe-FEERE S
akAl c HEEALHERIAIAERE o ERER AT, 2019,
16(4): 504-517 -

[34] LOUREIRO, A. fll DA SILVA, G.J. (Rt &-2:
UHEE LR S i e RS E LA - JidE
2019 > 8(1) -

[35] VENUTI, A. ~ PASTORI, C. fil LOPALCO, L. KZAHi
fe¥ CC MR 1288 5 75 Ui B AIfEM -
G ERRY > 2017 4£ - 8 (10 ) : 1358 ¢

[36] XU, M. o7z i< 5-A32 AW)E2 ~ ELRIRERFIES (7
fEe-ZEM 9 R R BRI N EE RS iR T EAVR RV E S
o AfREEL A YIRLE > 2020 4 10(1) -

[37] LIU, Z., LIANG, J., CHEN, S., WANG, K., LIU, X,
LIU, B., XIA, Y., GUO, M., ZHANG, X., SUN, G. #
TIAN, G. FH& 1 ¥ FrohZFeiiss 5 BUREREARIRE Seit
A+HIGAHAE S R -1 B E A DU o dREELE IR
£, 2020 4F > 10(1) -

[38] ERNST, M.P.,, BROEDERS, M. HERRERO-
HERNANDEZ, P., OUSSOREN, E., VAN DER PLOEG,
AT. 1 PIINAPPEL, W.W S {iT4E(E T 15 ? SRR 4RiE
AEERIER NN © 7 T8E o J/AHEEREFE -
2020, 18, 532-557 -

[39] XIAO, Q., GUO, D., fll CHEN, S. {fftf & /25 9-FLH
FRGRiE %R -1 SO e R FER - dHREARTE
ARy 0 201949 H (3 H) :69¢

[40] NERYS-JUNIOR, A., BRAGA-DIAS, LP, PEZZUTO,



232

P., COTTA-DE-ALMEIDA, V. A1 TANURI, A. TALEN A1
TREEE-ZMF 9 BV4m iR RN 4R i SR AV EL s S ) A3
i s b AR - BEEHS 4P, 2018, 41(1):
167-179 -

[41] CHEN, H., SCHURCH, C.M., NOBLE, K.E., KIM, K.,
KRUTZIK, P.O., ODONNELL, E.A., VANDER TUIG, J.,
NOLAN, G.P., fil MCILWAIN, D &% 20 Thas Ehi
RGPS () Bl MBI e - RS
TSR EEE » 2020 £ > 21(1) : 1-13

[42] CHICAYBAM, L., BARCELOS, C., PEIXOTO, B.C.,
CARNEIRO, M., LIMIA, CG, REDONDO, P., LIRA, C,,
PARAGUASSU-BRAGA, F.H., VASCONCELOS, Z.,
BARROS, L.R, il BONAMINO, M.H. —f& F Al A8
YRR FE I S E T IL A - Y TR ARl
BT > 2017 45> 4: 99 -

[43] YU, S., YAO, Y., XIAO, H., LI, J,, LIU, Q., YANG,
Y., ADAH, D., LU, J., ZHAO, S., QIN, L., il CHEN, X. i#
i CREEEIZEME 9 [EIRFELER Jeft 4 + ATy K& 4
fl hoZ e 5 AR T + 4 f1 &5 2VF A SR
EEhEw s 1 AR P - NERRE AR > 2018,
29(1): 51-67 -

[44] HOGAN, L.E., VASQUEZ, JJ. HOBBS, K.S.,
HANHAUSER, E.B., AGUILAR-RODRIGUEZ, B,
HUSSIEN, R., THANH, C., GIBSON, E.A., CARVIDI,
AB., SMITH, L.C., KHAN, S., TRAPECAR, M.,
SANJABI, S., SOMSOUK, M., STODDART, C.A.,
KURITZKES, D.R., DEEKS, S.G., fil HENRICH, T.J. 4}MN&
MAIRGEAERE ek 4 + Ui 4HAE 32 Seig 30 /Y SR
REE-1 ek EME MR a I - AR EEE E
JEBE 5 2018 4F > 14(2) : €1006856 -

[45] LIU, C., ZHANG, L., LIU, H., fil CHENG, K. {6t -
FMF 9 BN YRR 240 A E A EIRTRES - IRk
=k, 2017 4E > 266 : 17-26 ©

[46] BEHT » LAIE NS REEBIARIGREM -
%5, 2020, 12(10): 1106

[47] CAVALIERI, V. -~ BAIAMONTE, E. fil IACONO,
M.LIEE BB R EE e L AR ER AR R 1y
JEFH - %535 > 2018 > 10(6) -

[48] GANDARA, C. - AFFLECK, V.S. fil STOLL, E.A. 4=
A EERETE A = RU08mE - DU bR BT E
FERENY TEFE B EE - NBERARAR T, 2018,
29(1): 1-15 -

[49] MERTEN, O.-W. ~ HEBBEN, M. fI BOVOLENTA,
C. &R EHBBHVERE - &y FI/a « J/ABEEKREFE -
2016 4 » 3 : 16017 -

[50] ZHENG, C., WANG, S., BAI, Y., LUO, T., WANG, J.,
DAI, C., GUO, B., LUO, S., WANG, D., YANG, Y. #I
WANG - Y. 18 s s fI AR s Ecie « Bmbtst
FEREREAH T H - #3ECEE, 2018, 301(5): 825 - 836



