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Abstract: Potential of CRISPR / Cas9 encapsulated lentivirus vector for silencing the CCR5 gene on 

CD34+ hematopoietic cells mediating HIV-1 resistance. CRISPR-Cas9 and modified dual guide RNA encapsulated 

by lentivirus vector can silence CCR5 gene CD34+ hematopoietic cells. The purpose of this research was to 

determine the use of CRISPR-Cas9 in vivo using hematopoietic stem cells so that it can be a therapeutic modality 

with the aim of resistance to HIV-1. CRISPR-Cas9 has a specific target on the DNA sequence encoded by the 

modified guide RNA. This specificity allows CRISPR-Cas9 to reduce the risk of off-targeting the DNA of the host 

cell. Silencing of the CCR5 gene on CD34+ hematopoietic cells can make its derivative cells resistant to HIV 

because the CCR5 gene is not expressed as CCR5 chemokines. As a result, the host cell will become immune to 

HIV infection. 
Keywords: CCR5, CRISPR/Cas9, Hematopoietik cell CD34+, Lentivirus vector. 

 

潜在的CRISPR-卡斯9相关载体慢病毒用于光盘34 +造血细胞介导艾滋病病毒-

1抗性的CCR5基因沉默 

 

摘要：CRISPR /卡斯9封装的慢病毒载体在沉默介导艾滋病病毒-1抗性的光盘34 

+造血细胞上沉默CCR5基因的潜力。慢病毒载体封装的CRISPR-

卡斯9和修饰的双向导核糖核酸可以沉默CCR5基因光盘34 

+造血细胞。这项研究的目的是确定使用造血干细胞在体内使用CRISPR-

卡斯9的方法，从而使其成为具有抗艾滋病病毒-1能力的治疗手段。CRISPR-

卡斯9在修饰的指导核糖核酸编码的脱氧核糖核酸序列上具有特定的靶标。这种特异性使CRI

SPR-卡斯9可以降低脱靶宿主细胞脱氧核糖核酸的风险。CCR5基因在光盘34 

+造血细胞上的沉默可以使其衍生细胞对艾滋病病毒产生抗性，因为CCR5基因未表达为CCR

5趋化因子。结果，宿主细胞将对艾滋病病毒感染免疫。 

关键词：CCR5，CRISPR /卡斯9，造血细胞光盘34 +，慢病毒载体。 
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1. Introduction 

Human Immunodeficiency Virus (HIV) is a 

causative agent for acquired immunodeficiency 

syndrome (AIDS). In 2019 HIV cases reached 38.0 

million, with deaths reaching 690,000 in the world. 

New cases totaling 1.7 million (GLOBAL HIV [1]). 

This disease is characterized by infection and impaired 

CD4 T lymphocyte function, severe immunodeficiency, 

opportunistic infections, secondary neoplasms, and 

neurologic manifestations.  

The entry of HIV into cells requires CD4 molecules 

that function as high-affinity receptors. Gp120 is an 

HIV coat that binds to the CCR5 chemokine receptor. 

This binding causes a conformational change that 

exposes a new introduction site for CCR5 co-receptor 

on most T cells and macrophages [2].  

People with HIV need antiretroviral (ARV) 

treatment to reduce HIV in their body so that they do 

not enter the AIDS stage and people with AIDS need 

ARV treatment to prevent opportunistic infections with 

various complications [3]. Anti-HIV drugs consumed 

are toxic and can interact with other drugs, especially 

in pregnant women. The side effects of ARVs are often 

a medical reason to substitute or stop HIV treatment. 

Side effects such as lipid disorders often arise due to 

LPV/r and d4T at the start of treatment. Other side 

effects are anemia, lactic acidosis, and neuropathy [4].  

Genome editing can specifically remove, replace, 

and damage DNA sequences at specific target loci. 

Genome editing offers compelling biological tools and 

methods for treating disease through gene therapy [5]. 

In recent years, researchers have developed a gene-

editing method that is specific to the target genome, 

namely the Clustered Regularly Interspaced Short 

Palindromic Repeat (CRISPR) associated protein 9 

(CRISPR / Cas9) technology using RNA as the 

complement genome of the target genome [6]. 

This method has a high level of specificity on the 

target genome, does not involve integration between 

DNA, can target more than one target genome, and is 

not sensitive to the target area's methylation process 

[7]. The difficulty of applying CRISPR-Cas9 in vivo 

means that this method is only used in vitro and ex 

vitro. Viral vectors such as lentivirus vectors can be 

used to effectively deliver CRISPR-Cas9 into the 

nucleus because they have a high transfection ability 

compared to non-viral vectors [8], [9]. 

 

2. Material and Method 
This literature review scientific paper uses PRISMA 

(Preferred Reporting Items for Systemic Reviews and 

Meta-Analyzes) method. PRISMA is a literature study 

based on facts and random data collection. The 

structure used in this scientific paper applies 

background; target; data source; journal, participant, 

and intervention eligibility criteria; study appraisal and 

synthesis methods; result; the scope of the problem; 

conclusions and keywords; bibliography. In the 

introduction section, PICOS principles (Participants, 

Interventions, Comparisons, Outcomes, and Study 

design) are used, which provide explicit data. The 

author uses the search engines PubMed, ScienceDirect, 

GoogleSchoolar, PloseOne, Nature with keywords: 

"CCR5, CRISPR/Cas9, lentiviral vector, CD34+ 

hematopoietic cells (HSPCs), in vivo, in vitro, the 

resistance of HIV-1". Titles and abstracts will undergo 

a scanning process (scanning) to exclude scientific 

journals that are irrelevant to CCR5, CRISPR/ Cas9, 

lentiviral vector, CD34 + hematopoietic cells (HSPCs), 

the resistance of HIV-1. Scientific journals that have 

successfully passed the inclusion and exclusion criteria 

will undergo another scanning process for additional 

publications regarding CCR5, CRISPR/ Cas9, lentiviral 

vector, CD34 + hematopoietic cells (HSPCs), the 

resistance of HIV-1. 

In this literature review, the authors use all scientific 

journals discussing the analysis of benefits, 

mechanisms of action, and clinical effects of CRISPR / 

Cas9 using lentivirus vectors with CD34 + 

hematopoietic cell (HSPCs) media as management of 

HIV patients. Scientific journals will undergo an 

exclusion process if the year of publication or 

publication of the journal has exceeded 10 years. There 

are 136 articles or scientific journals that match the 

topics discussed, but only 72 journals meet the author's 

inclusion criteria. 

 

3. Result  
The HIV-1 virion is spherical and contains an 

electron-dense structure with a conical core surrounded 

by a lipid sheath emanating from the host cell 

membrane. The cell membrane contains (1) major 

capsid protein p24, (2) nucleocapsid protein p7 / p9, (3) 

two copies of the RNA genome, and (4) three viral 

enzymes, proteases; reverse transcriptase; and 

integration. The p24 protein is the easiest viral antigen 

to detect and is the target of the antibodies used for 

HIV diagnosis on blood screening. The HIV membrane 

is surrounded by a matrix [10]. CRISPR / Cas9 was 

discovered and had the ability to manipulate the 

genome of the target DNA [17]. Chimeric guide RNA 

(gRNA) results from a combination of noncoding 

RNAs, namely crRNA and trans-activating crRNA 

(tracrRNA). The amalgamation of gRNA and Cas9 

forms a complex that can encode double-strand breaks 

(DSBs) by insertion and deletion or indels in the 

specific target genome [18]. Human CD34 + cells were 

cultured on serum-free medium II supplemented by 

stem cell factor (SCF; 100ng / mL), fms related 

tyrosine kinase 3 ligand (Flt-3L; 100ng / mL), 

thrombopoietin 100ng'mL, IL6 20ng / mL, and 1% 

penicillin-streptomycin solution (Gibco). Before 

transfection, CD34 + cells were stimulated for 24 hours 

in culture media. CD34 + cells were transfected with a 

modified lenitivirus vector at a dose of 2x108 IG per 

mL. (Tetsuo 2017) The nucleofected CD34 + cells were 
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cultured for 3 days at 37 ° C and incubated with 5% 

CO2 for further analysis [32], [33]. 

NPG neonate mice obtained from Beijing Vitalstar 

Biotechnology were irradiated with a power of 1.0 Gy 

(gray) and then transplanted by 1x106 CD34 + cells 

with 0.9% NaCl in 20µL in rat liver. After the rats were 

6-8 weeks old, they were irradiated with a power of 1.6 

Gy, and a second CD34 + cell transplant was carried 

out by injection of 1/3 of 1x106 CD34 + cells with 

0.9% NaCl in 30 µL in the bone marrow of the rats. 

Before the second transplant, bone marrow was 

harvested from 12 weeks old mice [27]. 

 

4. Discussion 
  

4.1. Pathogenesis of HIV-1 via the CCR5 Receptor 

on CD4 + Cells 

CCR5 expression influences HIV infection and its 

replication process. There is a strong association 

between viral load and the number of CCR5, but HIV 

infection does not cause an increase in the number of 

CCR5. CCR5 expression is regulated by three factors: 

(1) receptor activation, (2) genetics, (3) environment. 

Activation of CCR5 is mediated by protein G αi and 

protein βδ [11]. 

The HIV membrane consists of a lipid bilayer 

containing two glycoprotein receptors, namely gp120 

and gp41. These HIV receptors will bind to receptors 

on the host cell's membrane surface and trigger HIV 

endocytosis fusion. HIV has a protein matrix, p17, 

which is under the lipid bilayer has a function to 

maintain the unity of the viral capsid. At the core, 

nucleocapsid p6 and p7 proteins function to maintain 

HIV RNA material stability. At the core, there are also 

enzymes required for replication, such as transcriptase, 

integrase, and protease [12], [13]. 

Furthermore, protein G will activate adenyl cyclase 

and phospholipase C and trigger intracellular calcium 

reflux and the formation of IP3. IP3 will phosphorylate 

CCR5 through protein kinase C and G protein-coupled 

receptor kinase. Serine and C-terminal complex will 

bind β-arrestin 1 and 2 to enter the host cell and use the 

cell material as the basis for replication [14], [15]. 

HIV genetic material comprises 9 genes: gag, pol, 

env, tat, rev, nef, vpr, vif, and vpu. The gag gene 

encodes the proteins that make up the virus's core, 

while the env and pol genes encode for glycoprotein 

receptors on the HIV capsid. Seven other HIV genes 

act in a replication function [16]. Viral replication 

begins when the virus attaches the gp120 receptor to 

the surface of the CD4 cell receptor. Furthermore, the 

HIV gp41 receptor will attach to the host cell's CCR5 

chemokine receptor. The binding between these 

receptors allows g41 to form pores in the CD4 

membrane and facilitate cell fusion between HIV and 

CD4 cells [10]. 

Cellular factors such as p17, Vif, and Nef will 

immediately trigger RNA release from the HIV 

nucleocapsid. RNA is then transcribed into 

complement DNA double helix (DNAc), mediated by 

the transcriptase enzyme. DNAc will be transported 

into the nucleus by the Vpr protein and will integrate 

with the host cell chromosomes. Furthermore, 

transcription occurs due to the host cell RNA 

Polymerase stimulus. The result is proteins that play a 

role in the synthesis of HIV components. The rev 

protein will carry mRNA to ribosomes in the cytoplasm 

to translate into protein and gp160 to go to the 

endoplasmic reticulum and modify the translated 

protein, which will then be sent to the cell membrane. 

Gag and pol polyproteins will become functional 

virions of HIV [2]. 

 

4.2. Principle of CRISPR/Cas9-Lentivirus Vector 

against HIV Pathogenesis 

CRISPR / Cas9 technology has been highlighted as 

a better gene-editing system than ZFNs and TALENs 

[19]. The Watson-Crick base pairing on the CRISPR / 

Cas9 system delivers higher precision and sequence 

specifications than ZFNs and TALENs. CRISPR / Cas9 

technology has an average success rate of 90% [20]. 

Several studies have shown that CRISPR / Cas9 can 

show the same or better ability to target specific 

sequences than ZFNs or TALENs [5], [21]. 

Relationship between the Cas9 protein and the locus 

on CRISPR consisting of nucleases and helicase 

domains. CRISPR can be used as a virus-attacking 

agent. In another study, it was found that CRISPR 

RNAs (crRNAs) can be combined with gRNAs as an 

intervention to inhibit viral proliferation [22]. 

CRISPR's basic function is to target DNA and not 

RNA for adaptive immunity in the body [23]. Cas9 can 

target DNA via the 5'-NGG-3 'PAM sequence through 

direct gRNA recognition. The mechanism of action of 

Cas9 is guided by the gRNA arranged in its dual form: 

crRNA, specific to the target, and tracrRNA. These two 

RNAs are called chimeric guide RNA (gRNA) [23]. 

CRISPR-Cas9 consists of an RNA-guided nuclease 

(Cas9) and a guide RNA (gRNA). CRISPR-Cas9 works 

by cutting a specific area of DNA to be repaired by 

cellular endogenous mechanisms. gRNA consists of 

100 nucleotides, and the last 20 nucleotides at the 5 

'end are the complement of the DNA chain, which will 

be the target of Cas9 endonucleases. Chemically 

modified gRNA synthesis can induce and accelerate 

genome editing in CD34 + cells. Besides, the 

effectiveness of genome editing is increased by sending 

Cas9 as a protein rather than via plasmid DNA [24]. 

 

4.3. The CRISPR-Based Lentiviral Vector 

Construction Mechanism 

The chemical synthesis of sgRNAs in genome 

editing can be modified with a long arm using 2'-O-

thionocarbamate-protected nucleoside 

phosphoramidities. To determine the effectiveness of 

the ability of modified sgRNA, the addition of 2'-O-
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methyl (M), 2'-O-methyl 3'phosphorothioate (MS), 2'-

O-methyl 3'thioPACE (MSP) was added at the 3 'and 5 

ends. 'sgRNA. Of the three types of modified sgRNA, 

MSP-modified shows a significant mutation frequency 

rate, so it is proven that modifying sgRNA can increase 

the effectiveness of cell genome mutation [25], [26]. 

Furthermore, sgRNA sequencing was performed to 

specify targets for the CCR5 gene, which has the 

sequences 5'-GACTATGCTGCCGCCCAGT-3 'and 5'-

GCAGAAGGGGACAGTAAGA-3' [27]. 

The U6 RNA promoter was synthesized using Gene 

Blocks (IDT) and cloned on the hU6 sgRNA sequence. 

IDT is also inserted at the 3 'mRNA end of Cas9, which 

encodes T2A and eGFP (enhanced green fluorescent 

protein) peptide sequences to control Cas9 mRNA 

expression. The T2A peptide itself functions to 

stimulate gene co-expression. Cas9 endonuclease was 

obtained from Streptococcus pyogens modified to 

express human Cas9 (hCas9). Furthermore, the hCas9-

T2A-eGFP sequence was transferred to the lentivirus 

vector plasmid promoter containing the human 

ubiquitin C (hUbC) promoter for the expression 

process. hUbC is restricted for insertion of sgRNA in 

the upstream region of its promoter [28]. 

The purpose of gene transfer through the lentivirus 

vector is to efficiently and safely transmit proteins for 

gene editing and avoid attacks by the host cell immune 

system. Evidence of gene therapy ineffectiveness using 

vectors is the accumulation of vectors in the spleen and 

liver [4]. This could be avoided by modifying the 

vector cell's surface to increase vector tropism in the 

host cell by attaching glycoprotein receptor morbilli 

viral to the lentivirus vector capsid surface. 

Furthermore, Design Ancryne Repeat Proteins 

(DARPins), which act as ligands, are bound to the 

surface of the morbillivirus glycoproteins [29]. This is 

so that the lentivirus vector can bind directly to CD34 + 

cell membrane receptors [30]. 

The protospacer adjacent motif (PAM) is 2-6 pairs 

of DNA sequences used to attach the Cas9 

endonuclease target. PAM was ligated to a modified 

lentivirus vector plasmid using T4 DNA ligase (NEB) 

and incubated at 16° C for 1 hour in 10 µL of reaction 

consisting of 50ng vectors and 1µL oligonucleotides 

and reagents. Subsequently, the modified vector 

colonies were cultured on LB agar containing 50 µg / 

mL kanamycin and incubated for 24 hours at 37 ° C. 

The result is a modified lentivirus vector CRISPR-Cas9 

which is ready to be used as a vector for CD34 + cell 

transfection [29], [31]. 

  
Fig. 1 Dual gRNAs carrying the target genome at the respective loci cloned on the lentivirus vector expressing the Cas9 endonuclease protein 

 

4.4. Transplantation Mechanism in Experimental 

Animals 

Peripheral blood of rats was taken every 2 weeks, 

and human cells were observed by flow cytometry. 

Genome DNA is extracted from lysed erythrocytes. 

The disruption efficiency of CCR5 was analyzed using 

the T7EI assay followed by sequencing [34].  

For 11 weeks after transplantation of CD34 +, 

whose CCR5 gene had been disrupted and normal, 

mice were placed in the laboratory animal biosafety 

level 3 (ABSL3) for one week before intraperitoneal 

injection of HIV-1-Bal. Furthermore, the peripheral 

blood of the mice was drawn twice a week. Viral levels 

are determined by the level of HIV-1 RNA in 

peripheral blood plasma. Eight weeks after a viral 

infection, all mice euthanized and disrupted by CCR5 

were analyzed [34]. 

 

4.5. HSCs (Hematopoietic Stem Cells) 

Hematopoietic stem cells are progenitor cells that 

can self-renewal and be differentiated into certain types 

of cells. Stem cells that makeup blood and immune 

cells are called hematopoietic stem cells (HSCs). These 

hematopoietic stem cells are responsible for 

regenerating blood cells by producing millions of new 

blood and immune cells every day. Hematopoietic stem 

cells can be found in bone marrow, peripheral blood, 

umbilical cord blood and can be used as therapy for 

many diseases, especially diseases related to blood and 

immune system, such as HIV infection [35], [36]. 

CD34+ cells are hematopoietic progenitor cells 

commonly found in the bone marrow, cord blood, and 

peripheral blood. CD34+ cells are often used as therapy 

through bone marrow transplantation. Treatment for 

HIV is possible if allogeneic hematopoietic cell 

transplantation is performed using stem cells that have 

acquired resistance to the HIV through prior in vitro 

mutations [35]. 

Human lymphocyte antigen (HLA) identification 

should be performed to determine the donor and 

recipient's potential match. The success of allogeneic 

stem cell transplantation is determined by the gene 

locus of MHC and HLA cells on chromosome 6. 

Ideally, a match between sibling and recipient HLA is 

ideal. The gold standard used to assess fit is the 

equation between HLA-A, HLA-B, HLA-C, and DRB1 

[11]. 

Low HLA compatibility between recipients and 

donors can increase the risk of Graft Rejection and 

Graft versus Host Disease (GVHD). To prevent 

GVHD, cyclophosphamide may be given before 

transplantation [37], [38]. 

The collection of CD34 + hematopoietic cells can 

be done with apheresis technology that can take certain 
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blood components according to the donor's needs. 

Apheresis success is determined by stem cell 

mobilization from bone marrow to peripheral 

bloodstream. This is still an obstacle to granulocyte 

colony-stimulating factor (G-CSF), which has a role in 

triggering stem cell mobilization to peripheral blood 

circulation. G-CSF is injected subcutaneously at a dose 

of 10 µg / kg/day for 4-6 days until apheresis is 

performed on the fifth to seventh days. Apheresis is 

performed via jugular or femoral catheterization. 

Leukoferesis is performed when peripheral blood 

circulating CD34 + cells (pCD34) have exceeded 40 / 

mcl on the fourth or fifth day [39]. 

 

4.6. Potential HIV Resistance through CCR5 

Silencing Using CRISPR/Cas9-Based CD34 + 

HSPCs 

The use of CRISPR / Cas9 consisting of the Cas9 

endonuclease protein and one or more short gRNAs to 

target nucleases in specific DNA sequences can be the 

preferred therapy method for people with HIV. The 

advantage of CRISPR / Cas9 is its easy design, high 

mutation efficiency in HSPCs, high targeting 

efficiency, and low risk of off-target mutagenesis [40]. 

The most appropriate way to knock-out CCR5 gene 

expression is to directly disrupt the genomic locus that 

encodes a protein from CCR5 chemokines or, in other 

words, create a mutated CCR5 gene which is 

commonly called the Δ32 phenotype. Insertions or 

deletions (INDELs) after the DNA double chain 

breakdown can trigger mutations of the amino acid 

sequence and produce nonfunctional proteins. If this 

modification is applied to CD34 + cells, all types of 

progenitor cells will show identical modifications to 

one another. This modification will show a negative 

expression of chemokine CCR5 [39]. 

The use of RNA guide to determine the 

effectiveness of the ability of the modified sgRNA, 2'-

O-methyl (M), 2'-O-methyl 3'phosphorothioate (MS), 

or 2'-O-methyl 3'thioPACE (MSP) was added. At the 3 

'and 5' ends of the sgRNA. To test the effectiveness of 

these three types of sgRNA, these three sgRNAs will 

modify the CCR5 gene through insertion and deletion 

(indels) by nucleofexing CD34 + cells in vitro [41], 

[42]. 

After the treatment, the results showed that the 

sgRNA control without modification only showed an 

indelible frequency of less than 5%. Meanwhile, M-

modified sgRNA shows smaller indels number. MS and 

MSP-modified showed significant, indelible frequency 

numbers, so it was proven that modifying sgRNA could 

increase the effectiveness of the indel genome of target 

cells [25]. 

 
Fig. 2 Structural modification of the synthesis of sgRNA. B. 

Modified-sgRNA was used at a dose of 1µg (light color) and 20µg 

(dark color) per 1 million cells. As a positive control, 2 µg plasmid 

sgRNA encoding sgRNA and Cas9 protein is depicted in gray. C. 

One million peripheral cd34 + cells nucleofected with 15 µg of 

Cas9 mRNA and 10 µg of CCR5 sgRNA 

 

The mutation significance level in the CCR5 gene is 

a parameter of CRISPR-Cas9 method success. To 

determine CCR5 gene mutation efficiency, genomic 

DNA extracts from peripheral blood of mice 

transplanted by modified CD34 + cells were tested and 

compared with control mice. The results of the test 

showed that CCR5 gene mutation by CRISPR-Cas9 

reached 32.2% (± 1.6%) in the five mice tested [34]. 
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Fig. 3 T7EI assay depicts the efficiency of CCR5 gene disruption in 

CD34 + cells in mice's peripheral blood circulation after 

transplantation 

 

To check the effect of HIV-1 resistance after 

reconstruction for 10-12 weeks, the Bal-1 virus (CCR5 

infected with HIV-1 strain) was infected into NPG 

mice whose CD34 + cells had mutated and had not 

mutated. measurements of HIV RNA levels in mice 

were performed on peripheral blood once every two 

weeks post-infection. The results of observations and 

measurements obtained were that there was a decrease 

in HIV-1 RNA levels in mice transplanted with mutated 

CCR5 CD34 +. in contrast, HIV RNA levels in control 

mice that did not undergo the mutation increased 

significantly [34]. 

 
Fig. 4 HIV-1 RNA levels after being given HIV in peripheral blood. 

There was a difference between control mice and mice with deleted 

CCR5 gene 

 

4.7. The Advantages of Lentivirus as CRISPR/Cas9 

Vector as CCR5 Inhibitor 

Gene delivery has become a very important 

technology in the application of gene therapy [43]. 

Currently, lentivirus vectors derived from retroviruses 

are often the medium of choice for gene delivery 

because they have high transfection ability, are more 

stable, and have a small risk of integrating with host 

cell DNA. The lentivirus has a large capacity of 18kB 

with a diameter of 125 nm to contain the therapeutic 

genome. The lentivirus vector CD133 (CD133-LV) has 

a higher specificity for hematopoietic CD34 + cells 

than other hematopoietic cells [4], [44]. 

The benefits of the lentiviral vector encoded by 

CRISPR Cas9 that have been found include (1) long-

term use, (2) large transgene memory, up to 18kb, (3) 

stability in transduction, whether cells undergo division 

or dormancy. CRISPR Cas9 could offer a potential 

therapy in treating ODH before it enters the AIDS stage 

by coding specifically for the CCR5 gene. The 

lentiviral vector is targeted at CD4 progenitor cells, so 

it can be used to implant a lentiviral vector that has 

been coded CRISPR Cas9 on progenitor stem cells 

[45]. 

 

5. Conclusion 
Many researchers have conducted trials on gene 

therapy methods and mechanisms to treat HIV with 

multiple DNA targets. One of the most recent methods 

is CRISPR-Cas9 which can directly delete, insert, and 

substitute in the DNA genome, which is considered to 

express and mediate the onset of HIV infection. 

Disruption of the CCR5 gene on CD34 + hematopoietic 

cells can deactivate the expression of the CCR5 

receptor on all derived immune cells, resulting in 

resistance to HIV. Gene editing performed for HIV 

treatment must be done in vitro first on CD34 + cells 

taken from peripheral blood, and the mechanism of 

transfection is assisted by lentivirus vectors. After the 

mutation occurs, mutant CD34 + cells are transplanted 

into the bone marrow to differentiate into HIV-resistant 

strains. The level of HIV RNA in peripheral blood was 

shown to decrease after transplanting CD34 + cells in 

mice. Thus, transplanted CD34 + cells whose CCR5 

gene has been disrupted by CRISPR-Cas9 via a 

lentivirus vector can be used as HIV therapy in the 

future without forgetting innovation and development 

of more effective methods. 
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