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SUMMARY

Human immunodeficiency virus (HIV) is nowadays 
one of the major health problems worldwide.  Several 
strategies have been explored for the eradication of 
latent HIV-1 reservoirs, current antiretroviral therapy 
stops the progression of HIV disease, however, as new 
therapies are being developed, CRISPR (clustered 
regularly interspaced short palindromic repeats) 
systems have recently been used as a genome editing 
technique.  CRISPR is becoming progressively one of 
the possible cures, although it remains experimental, 
for HIV in medical research.  This systematic review 
summarizes literature evidence of CRISPR gene editing 
in HIV/AIDS therapy.  This study also identifies the 
research gaps in the current literature, helping to 
guide future research.  

Keywords: HIV, CRISPR/Cas9, genome, systematic 
review.  

RESUMEN

El virus de la inmunodeficiencia humana (VIH) 
es hoy en día uno de los principales problemas de 
salud a nivel mundial.  Se han explorado varias 
estrategias para la erradicación de los reservorios 
latentes del VIH, la terapia antirretroviral actual 
detiene la progresión de la enfermedad del VIH; sin 
embargo, a medida que se desarrollan nuevas terapias, 
los sistemas CRISPR (repeticiones palindrómicas 
cortas agrupadas regularmente interespaciadas) se 
han utilizado recientemente como una técnica de 
edición del genoma.  CRISPR se está convirtiendo 
progresivamente en una de las posibles curas, 
aunque sigue siendo experimental, para el VIH en 
la investigación médica.  Esta revisión sistemática 
resume la evidencia bibliográfica de la edición de 
genes basada en CRISPR en la terapia del VIH/
SIDA.  Este estudio también identifica las brechas de 
investigación en la literatura actual, lo que ayuda a 
guiar la investigación futura.

Palabras clave: VIH-1, CRISPR/Cas9, genoma, 
revisión sistemática.
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INTRODUCTION

CRISPR (clustered regularly interspaced 
short palindromic repeats) is a group of 
deoxyribonucleic acid (DNA) sequences first 
identified in 1987 in the Escherichia coli 
genome (1,2); Cas genes, which code for multiple 
enzymes (nucleases, helicases, and polymerases), 
have been reported to be associated with CRISPR 
(CRISPR-Cas) (1,2).  Initial experiments 
demonstrated that bacteria could incorporate 
exogenous bacteriophage DNA into their genome 
as part of the CRISPR arrays (1,2).  CRISPR/Cas 
systems involve an adaptive immune response 
present in 95 % of archaea and 48 % of the 
bacterial genome, which allows bacteria to protect 
themselves from phages (1-3).  

Human immunodeficiency virus (HIV) is the 
causative agent of acquired immunodeficiency 
syndrome (AIDS) and several strategies have 
been explored for the eradication of latent HIV 
reservoirs (4,5).  Entry of HIV into lymphocytes 
requires the interaction of the viral surface 
envelope glycoprotein (gp120) and the target 
cell (CD4, CCR5, and CXCR4) (5).  Although 
antiretroviral therapy (ART) has proved to be 
effective at controlling the disease by targeting 
specific steps of the viral life cycle, it only 
works as a suppressing treatment (4-7).  Even 
if the therapy reduces viral load thus delaying 
the natural evolution of HIV, it is not a curative 
intervention.  As new therapies are being 
developed, CRISPR/Cas-associated protein 
9 (CRISPR-Cas9) is becoming progressively 
one of the possible cures, although it remains 
experimental, for HIV in medical research (5,7).  

To the best of our knowledge, no scoping or 
systematic review has summarized the evidence 
about the therapeutic role of CRISPR/Cas9-
based gene editing in HIV/AIDS therapy (8,9).  
Scoping studies are relevant for topics with 
emerging evidence like this, in which the paucity 
of randomized controlled trials makes it difficult 
for researchers to undertake systematic reviews 
and meta-analyses.  This systematic review 
summarizes literature evidence of CRISPR/
Cas9-based gene editing in HIV/AIDS therapy.  
This study also identifies the research gaps in the 
current literature, helping to guide future research.  

METHODS 

The review followed the steps proposed by 
Arksey and O´Malley (10) and refined by Levac et 
al. (11): i) defined the research question; ii) search 
and identification of relevant studies; iii) study 
selection, iv) charting the data, v) summarizing 
and reporting the results and vi) review by an 
expert.  The review abides by the Preferred 
Reporting Items for Systematic Reviews and 
Meta-Analysis for scoping reviews guidelines 
(PRISMA-Sc) (12).  

The research questions are as follows: 

1.	 What is the extent and nature of the literature 
on CRISPR/Cas9-based gene editing for HIV/
AIDS therapy?

2.	 What is the evidence on the effectiveness and 
safety of the therapeutic role of CRISPR/Cas9 
systems in HIV management?

3.	 What are the research gaps in the literature on 
CRISPR/Cas9-based gene editing for HIV/
AIDS therapy?

Inclusion criteria 

Participants: This scoping review included 
in vitro (human or animal cells) and in vivo 
(human or animal models) studies on CRISPR/
Cas9 editing techniques in HIV type 1 (HIV-1).  
We also included articles published between 
2012 and 2021 as well as studies in any phase 
of development.  This review included scientific 
publications on CRISPR/Cas9 and HIV-1 
regarding experimental research with direct 
implications on HIV-1 therapeutics employing 
CRISPR/cas9 genetic engineering.  Those studies 
should describe the technique and its applications.

Studies with empirical data including 
observational and experimental studies were 
incorporated.  Theoretical publications such as 
narrative reviews, comments, and letters to the 
editor were excluded.  The articles were published 
in English and Spanish, between the years 
2012 and 2021.  References cited in the chosen 
documents are added as well as papers provided 
by experts are also incorporated if they meet the 
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inclusion criteria and had not been previously 
identified.  Documents that did not fulfill the 
inclusion criteria were excluded.

Search strategy 

Initially, a search strategy was developed 
with the guidance of a research librarian at the 
University of La Sabana, Colombia, to identify the 
relevant references.  We used Boolean operators 
and truncation, and key terms according to each 
electronic database.  PubMed and Scopus were 
used (Appendix 1).

Information Sources

Databases for published studies include 
LILACS, PubMed, and Scopus.  To obtain a more 
specific search strategy for a scoping review, 
some additional keywords and potentially useful 
search terms were added to the search strategy 
as reviewers become more familiar with the 
literature.

In this step, Arksey and O’Malley’s (10) and 
Levac’s (11) frameworks proposed to identify 
the studies included in the scoping review.  Four 
independent reviewers (ET, VS, FM) assessed the 
records based on inclusion criteria; a third party 
was assembled when there was disagreement.  
Using a predefined screening form, the full text 
of selected citations was assessed in detail by each 
reviewer.  Any disagreements that arose between 
the reviewers at each stage of the selection process 
were solved through discussion, or with the fifth 
expert reviewer.  

Data were extracted from the papers included 
in the scoping review by four independent 
reviewers (ET, AR, VS, PB) using the data 
extraction form (Appendix II) to collect the 
relevant information.  Collected information 
included relevant information about the use of 
the CRISPR/Cas9 gene editing technique applied 
to animal models, or in human in vitro cells.  
Besides, information respecting the applications, 
security, and viability of this technique that was 
relevant to the review questions was also added.  
The draft data extraction tool was modified and 
analyzed as necessary during the data collection 
from each included paper.  Any disagreements 

that arose between the reviewers were resolved 
through discussion, or with the expert reviewer.  
The authors, title, journal, publication date, type 
of publication, and objective were taken from 
each article.  Authors of chosen papers were 
contacted to request missing or additional data 
when required.  

The study selection process was illustrated 
diagrammatically with a PRISMA flow diagram, 
collected data is synthesized and analyzed to broad 
data collected from all papers.  A clear explanation 
of each previously reported category is provided.  
The scoping review results are grouped by 
study details, characteristics, interventions or 
exposures, outcomes, and results, then presented 
in tables with their respective narrative and 
descriptive form that describes how the results 
relate to the review research question(s) and 
objectives.  Along with the tables, the findings 
are presented using visual maps, and charts.

RESULT 

It were selected 22 papers that met the eligibility 
criteria (Figure 1).  The general characteristics 
of the included studies are presented in Table 1.

Xu et al. (13), report the allogeneic trans-
plantation of CCR5-edited hematopoietic stem 
and progenitor cells into a patient with HIV-AIDS 
and acute lymphoblastic leukemia.  Antiretroviral 
drugs were immediately administered, which 
resulted in control of HIV-1 infection and 
undetectable virus ribonucleic acid (RNA) in the 
serum after 1 year, and received six courses of 
standard chemotherapy for acute lymphoblastic 
leukemia.

Olson et al. (14), employed a CRISPR/Cas9 
system to repress and block induction of latent 
HIV-1 through complementary guide RNA 
and enzymatically inactive Cas9 nuclease-
derived protein disabled Cas9 (dCas9) fused 
to a repression domain derived from Kruppel-
associated box (KRAB).  Blocking of reactivation 
of HIV transcription indicated that dCas9-KRAB 
prevents reactivation and maintains repression of 
the latent HIV-1 provirus.  The results provided 
proof of concept that dCas9-KRAB induces 
epigenetic changes at targeted sites to repress 
HIV-1 transcription.
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Rathore et al. (15), conducted a CRISPR-Cas9-
based whole genome-wide functional knockout 
screen, in the J-Lat 10.6 cell line, a model for HIV-
1 latency.  This study’s comprehensive approach 
revealed several genes to be involved in latency 
(POLE3, POLR1B, and TGM2), additionally, 
they identified several factors which may be 
involved in HIV-1 latency.  

Yu et al. (9), constructed a simian 
immunodeficiency virus-based CRISPR-
CCR5/Cas9 lentivirus to disrupt the CCR5 
gene in progenitor cells collected from simian 
immunodeficiency virus-infected macaques and 
assessed the frequency of CCR5 gene editing 
in vivo.  This study demonstrated that both 
single-guide RNA and dual-guide RNA-directed 
Cas9 could result in the disruption of CCR5 in 
monkey progenitor cells.  The adverse effects 
of this approach observed include weight loss, 
diarrhea, emesis, and hair loss, however, the four 
macaques all survived the operation of apheresis 
and autologous transplantation withdrawal during 
the study period.

DISCUSSION

Human immunodeficiency virus is nowadays 
one of the major health problems worldwide.  
Current antiretroviral therapy stops the progression 
of HIV disease, however, interruptions because 
of adverse reactions, contraindications, and drug-
associated toxicity have classified it as a negative 
therapeutic strategy (8,9,13-32).  Despite major 
effects, all infected people with the virus will 
remain infected for the rest of their lives, due 
to the fact it has not been possible to eradicate 
the latent viral reservoirs.  However, with the 
discovery of a bacterial defense mechanism 
CRISPR/Cas9 HIV treatment (31).  CRISPR 
has been studied as an extremely promising tool 
in genetic editing that, if used in the right way, 
could turn the tables in HIV treatment.  

CRISPR systems have recently been used as 
a genome editing technique.  These editing tools 
use a non-specific nuclease (eg.  Cas9) to cut the 
genome and a small RNA fragment to guide the 

Figure 1.  Flujogram PRISMA.
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s. nuclease to a researcher-defined cut site (1,3,4,6).  

By synthetically manufacturing the RNA 
fragment, the nuclease can be directed to desired 
areas of the DNA, thus achieving double-strand 
breaks (4,29).  The cleaved DNA is then repaired 
by either non-homologous end joining (NHEJ) 
or homology-directed repair (HDR). NHEJ 
displays a simple preparation method. Strand 
DNA is cut into two and resulting fragments are 
directly ligated one with another.  In contrast, 
HDR is a more precise repair mechanism.  It 
uses a homologous piece of DNA (that Cas9 can 
deliver) and inserts it between the two resulting 
DNA strands.  This method is the most common 
gene-repair mechanism in eukaryotes.  In short 
words, NHEJ would be better suited to knockout 
genes and HDR to insert ones (5,20-27).  

CRISPR/Cas systems can insert, delete and 
substitute virtually any gene in a genome.  The 
extent of utilities has not yet been completely 
determined but several living organisms have 
been modified to benefit humankind.  In 
agriculture, CRISPR/cas9 has been used to 
enhance the quality, nutritional value, and yield 
of crops.  Researchers report the potential utility 
of this technique since it is estimated that global 
food demand will increase 25-70 % by 2050 
and there is expected to be less land and water 
available (6,25).

CRISPR/cas9 technique has also been shown 
to be a potentially beneficial tool in medicine.  
The system has been successfully used to cure 
mice with Duchenne muscular dystrophy (7), 
and to cure in vitro intestinal cells of patients 
living with cystic fibrosis (8).  In cervical cancer 
cells, E7 and E8 papillomaviruses oncogenes 
have been effectively inactivated.  Furthermore, 
Hepatitis B virus replication has been successfully 
arrested in chronically and de novo infected 
hepatocytes (17,19).  Nevertheless, the ambitious 
relevance of CRISPR/cas9 has to do with HIV-
infected patients.

The definitive cure for HIV includes 
permanent inhibition of viral replication without 
ART and recurrent resurgence of viremia (33).  
The potential of CRISPR/Cas9 to eradicate 
the viral reservoir (cells that infect HIV), thus 
generating individuals resistant to HIV, has been 
described.  Even though this genomic editing 
technique was not used in the Berlin and London 
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patients, they were a very important advance 
for the development and understanding of the 
CRISPR-Cas9 system (34-37).  However, the 
bioethical implications of this treatment must 
be considered because hematopoietic stem cell 
transplantation with CCR5 ablation cannot be a 
therapy for all infected persons.

The proposed mechanism of action of 
CRISPR-Cas9 for HIV treatment is the genetic 
editing of the CCR5 gene which encodes the 
CCR5 receptor; this receptor plays a crucial 
role in the virus entry to CD4+ T lymphocytes 
(15,37).  However, this modality alters the host 
genome and CCR5-mediated immune system.  
There is evidence that this receptor is useful in 
infections such as Chagas disease.  The clinical 
significance in infectious or neoplastic diseases 
must be further assessed (19,37).  CRISPR/Cas9 
system can be used to knock out the CCR5 gene 
leading this way to the absence of this receptor in 
CCR5-ablated hematopoietic stem and progenitor 
cells and thus making cells resistant to HIV 
infection (12).  However, because of the novelty 
of this therapeutic approach clinical safety needs 
to be assessed.  Research in this field continues to 
advance and, undoubtedly, the use of increasingly 
innovative and accurate technologies could allow 
us to achieve the goal of curing HIV soon.

Limitations 

This scoping review aims to describe the 
clinical applications of CRISPR / Cas9-Based 
gene editing in HIV-1/AIDS therapy.  Unlike 
classical systematic reviews, scoping review does 
not include only one evaluation of the quality of the 
evidence, due to the broad thematic scope of the 
research question.  Also, the PRISMA extension 
to expose systematic exploratory reviews (10-12), 
does not recommend conducting quality evidence 
analyses.  This is an innovative methodology to 
encompass the available information.  

CONCLUSION

The presented results of this scoping review 
look for easier access to available knowledge and 
development of future studies or identification 
of new research questions about CRISPR/cas9 

systems.  The introduction of CRISPR/Cas9 in 
the management of infectious diseases have the 
potential for the eradication of HIV-1.  However, 
more studies are needed to replace ART, as well 
as toxicities drug-induced.  
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