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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.
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RESUMEN

El virus de la inmunodeficiencia humana (VIH)
es hoy en dia uno de los principales problemas de
salud a nivel mundial. Se han explorado varias
estrategias para la erradicacion de los reservorios
latentes del VIH, la terapia antirretroviral actual
detiene la progresion de la enfermedad del VIH; sin
embargo,amedida que se desarrollan nuevas terapias,
los sistemas CRISPR (repeticiones palindromicas
cortas agrupadas regularmente interespaciadas) se
han utilizado recientemente como una técnica de
edicion del genoma. CRISPR se estd convirtiendo
progresivamente en una de las posibles curas,
aunque sigue siendo experimental, para el VIH en
la investigacion médica. Esta revision sistemdtica
resume la evidencia bibliogrdfica de la edicion de
genes basada en CRISPR en la terapia del VIH/
SIDA. Este estudio también identifica las brechas de
investigacion en la literatura actual, lo que ayuda a
guiar la investigacion futura.

Palabras clave: VIH-1, CRISPR/Cas9, genoma,
revision sistemdtica.
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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 (gpl120) and the target
cell (CD4, CCRS5, 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
currentliterature, helping to guide future research.
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METHODS

The review followed the steps proposed by
Arksey and O"Malley (10) and refined by Levacet
al.(11):1)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. Whatis 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 amore
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
independentreviewers (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
thereviewers ateach 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
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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 datais synthesized and analyzed to broad
datacollected from all papers. Aclearexplanation
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

Itwere selected 22 papers that metthe 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 thatdCas9-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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Figure 1. Flujogram PRISMA.

Rathoreetal.(15),conducted a CRISPR-Cas9-
based whole genome-wide functional knockout
screen,inthe 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, POLRI1B, and TGM?2), 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 CCRS
gene in progenitor cells collected from simian
immunodeficiency virus-infected macaques and
assessed the frequency of CCRS5 gene editing
in vivo. This study demonstrated that both
single-guide RN A and dual-guide RN A-directed
Cas9 could result in the disruption of CCRS 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.
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DISCUSSION

Human immunodeficiency virus is nowadays
one of the major health problems worldwide.
Currentantiretroviral therapy stopsthe progression
of HIV disease, however, interruptions because
of adversereactions,contraindications,and drug-
associated toxicity have classified itas anegative
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

Vol. 131, N° 1, marzo 2023



TUTA QUINTERO E, ET AL

P8I 28nd ui onuijuo)

‘uonedrdar [-ATH payoolq pue uorssaxdxa urojoad [zd A3oronA “S[[99 [-dH.L PIo[eAw uewiny 61)
poseaoul §1dS( JO MOYoOWY gseD-ddsryD  Auewen IO TPHNOT wryoneordor [-ATH seouonpur g1dSN moy parpms T8 12 ‘1SO
‘A391e13S SI1Y) JO
A9®O1JJO 91 199JJ UBD SO)IS 1931.] [BIIA POAIISUOD UI SUOTJBLIBA *odeoso [ea1A Jusadxd pue saInymo [0
9ouanbas Jourwr UQAS INq ‘SAR[OST [-A [H I2UNSIp £q pajoajul SosnIIA pa109yur ur Apusuewiad uoneosridar [-ATH Y00[q ued .AwC ‘e
S[[92 I, 2Ind UurD juaunean 6Se)-JYJSIYD [eLIOIeUIqQUIO))  SPUBLIYIAN “A eyl SUOIIBUIqUIOD YN Y 9PINS-[enp paynuapl Auaddy 19 “SIeq
Ayunwwr ferowny Jo s[oAQ[ 2a199301d Ajrenuajod SUIDIPIIA -$no0] Y3] snousSopus oY) WO} SqVNQ Injew
Iajuod 0} sarpoquue judroyyns donpoid pue sesuodsar  eoLBWY JO [RIUWLIRAXT oo1dyo 01 65e/ SO SuIsn onia ur paypa oq ueo  (L1) [ 19
QUNUII ) OIUT PIAJIMNIOAL 9q URD S[[3D g PAIPH SAILIS PATUN JO [BUINOf g1155 g uewny pue osnow Arewrid ‘ornjew jey) moys oSomieH
*POPOOU a1k SAIPNIS ISYLINJ PUB JAISN[OUOIUT
surewar srsayiodAy oyl ySnoyly ‘wISruoSejue pajeIpawi-JoN ‘A3o[0uyo) gse)
I-ATIH PuUe uonoInsal [ellAnue GONTIAS JO s1oadse Aoy /ddSTID Sursn CONIIHS JO UONIBINUNOD PIRIPI
918311S9AUL 01 WAY) PI[qRUS CONTHAS JO SI[[[R snouafopud £Sopomp N T-AIH Jo swstueydow pasodord Ajrioa 03 pue OD®
Jo Sur3Sey odojdo pasisse-gsed/ AdSTAD Auewion Jo ewnop SONIIHS snouasopud jo sansadordorseqoyy Apnys o, 12 “sossed
juowdoroaa(g
[edTul[D %
*S1[99 J031uag01d Aoyuow ur YD Jo SPOYIIN STUIA AduQroyopounwul
uondnisip ay) U1 INSAI P[NOJ GSeD) PAIOAUIP-YN Y opIn3-fenp Aderoy], uerwiig yim pajoajul sonbeorw SNSaYI Ul WISAS SR 6)
pue YN 9pImsS-o[Suls yjoq jey) pajensuowop Apmis sIyf, euryn TeINOS[OIA /M dSTHD 2y Sursn Ayrunwiwul og10ds-snaia oy 210[dxg ‘[ 19 ‘nx
S[[00 ws Judjodunyd paonpur pajIpa-oudld
BOLIDWY JO SUDD WOI POALIOP S[[9D dUNTIWI JO ATATIOJUI [-ATH (8) ‘®
surens [ ATH JOUNSIp 01 JULRISISIIAIE S[[90 UNWIWI PIJIPI-9UALD)  S3)B)S Paju) SAIV ordon-4IDXD pue d1don-gydD o41a-ur Ay ssassy 19 ‘onbaog,
(TNDL PUE “d1ATOd *€ATOd) KUT 1) T8
Ul POAJOAUT 9q 0] SOUAS ‘9[0I [RONLID & ploy Aew A3y jei) SOIEIC DO sme < ) d 3 .
SOUSIIqeIse Kouate] [-ATH Ul soseuninbiqnap jo uonen[eaq 1e1S paiun INJeN oudje] [-AIH 21owold jey) SI010eJ 1SOY 9JBTNSIAU] 19 “‘aloyiey
X0q pPajerdosse-[oddnrs] woij poALIdp urewop Jossaidar
snarao1d [-ATH Iu9je] Jo uoneanoeal pue uondiiosuen [-ATH oMWY JO reuondriosuen e Y)im po[dnoos gseD po[qesIp JuaIoyap &1) e
ssaxdarxoq pajeroosse-foddnry] gseD pue YN opIn3 oyroadg  s9IelS pajrun SOSNIIA -3sed[onu Juronponul AqQ YN [el1Aold oy) 90u9[I§ 19 ‘Uos[O
9,6 Aorewrxordde Ajuo sem soyLooydwA] S[[@0 1031uag3oxd
ur uondnisip ¢YDD JO a3viudoiad oy ‘s[eo 10jtuagoid QUIDIPIJA  pue wdls onarodojewray pare[qe-S DD PNPI-AJSTHD
pue wals onodrodojeway paje[qe-gYDD PAPI-YJSTID JO Tewmof pojuedsuen yorym ur erudynof onsejqoydwL| 9noe pue (€1)
JO juounjei3ud wid)-3uo] pue uonejue[dsuer) [nJssaoons BUIYD purB[Sug MIN UOTIOJUI [-ATH YA juaned © ur S}nsalay) aquosdq ‘[ 10 ‘nY
sioyjne
swoonQ JO Anuno) [ewnof 2A102[qO sioyIny

MIIAQI AU} UT papnpour suonedrqnd oy Jo sonsuejorIey) " 9[qeL

183

Gac Méd Caracas



CRISPR AND GENE EDITING IN HIV THERAPY

681 28vd up onuyuo)

“S[[90

uewny ur uoneordar pue ‘uoIssaIdxa ‘UONOAJUI [BITA MU BOLIOWY
jsurese asuayop oandepe wi)-3uo| sopraoid pue sowousd Jo sojp)g SUONEOIUNW  -sosnIIA pue YN USIAI0] JSUIESE dSUQJOp IB[N[[denul ) Aormv
[enia poreiSojur Apuoje| sydnisip WasAs ¢seD/MdSTD paun "0 9IMEN 10j S[[00 uewny O} WAISAS 6SED/AdSIND oyl 1depy [E19°08Y]
) Kdeioyy 'SYNRS [BIIALUE PUE ¢SBD) YIIM S[[90 [, Sulssourey (62)
suoneoridwr adeosa [elIIA ) JOPISUOD pInoys A3arens TRINOSIOIN  Kq uoneondar [-ATH JO UOMIqIYUI punojoid 1ensuowaC] ‘T8 19 ‘Suen
onnadelay) Aue Inq ‘[eIIAIUE Ue 2q P[NOD §SBD-AJSTAD SPUBIRUION
‘uoneosridar snira yooyq A[qeinp jeyy
“Jueunean) 6SeD/AdSTID VNS SUOIBUIqUIOd YN S 0Mm] AJnuopt pue odeoso [eiia Ke[op (80
-fenp £q paInd A[[euonouny 2q Ued S[[9d PAJOAJUI-[-ATH SPUB[IOYION S0 [19D  syNYS [BIIAUR OM]) JO SUOHBUIQUIOD JBY) SIBISUOWD(] ‘Te 19 ‘Suen
*9)1S ey} Y6 Sunasdiel SeD/AdSTAD Foylny o) BOLIOWY SVNRIS 658D
jue)sisal pue uonesijdal 10y Jue)adwod SUTeWwal SNIIA 2) Jo soels uodar IS YULIAJYIP XIS 0} douE)sIsal podofoaap ey surens (LD
nq ‘6SeD/AdSTAD Aq pAaIps A[[njssaoons o9q Aew [-ATH panun OUNUAIdS  [-ATH 9zlI9)oeIeyd 0) Jurouanbas uonerousa3-jxou asn ‘Te 19 “I9pox
‘uoneurnure ATH
10J 3sonb ayy ur soyoerordde [oaou Surstwoad juasardax 'VNA
210J219) Aew pue Aouadje] ATH 10eIaunod o) pardde oq [extaoxd [-ATH juewiop donpur 03 sayoeoidde pajesie) 90
ued SAIF0[0UY D) PIALIIP-6SED/AJSTAD 18y 918N Suowa(| Auewon HANO SOTd  se SWa)SAS J0JBAIIOR PIALIOP-6SED/AASTAD oMl ato[dxg  “[e 19 “dorerg
*SIIOAIQSAI 93K00mse ul sosnataoxd [-ATH *$91K0043s€ 0) SOUAT A1031qQIYUI-A [H JOAI[SP 0} pasn
3unsisiad Jo uononnsop/uoneANORUI AU} 9)BI[I108] Aew pue 9q uBd J1 JI 91BSNSIAUL PUB SIJAD0I)SE JO UONONPSURI) I0] (€O
$91400135€ 03 KISAI[QP 2udF 10J [00) Surstwoid e s1 [JEAVY Auewron BID  opndad soeyims onoyuks & Yim [JEAVY [Aou Bliodoy — [e 39 “ozuny|
21NNy Jeau ) uI s[eLr) [edrur]d Jursrword 0y Kem € oq [[1m BOLIOWY [-ATH YA paje[nooul anssij 901
Adeioyyouas siy) Sunodrel sy NS xo[dnipenb yyim gsees Jo saje1s Aderoy], poziuewnyurSunipa swouss pARIPIW-yNYS/6seDes £q o)
AQ STewiIue Uur uoIsIoxXa [-ATH JO Aoedoyjo pue AI[IqIsed] payun  IB[NOJ[OJA  UOISIOXD [-AH JO ASUQIOLJO pue AJ[IQISBI) 91elISUOW(] LERERIIYN
"I-AIH
wolj uonosajoid 10Juod 03 yoroidde S1y) asn 0) passaippe UOTSIOA QANOLNISAI-|
9q 0} SoSuQ[[eyd UreW 9y} SOYNUSPI pue S[[9d urwny Ul -AIH A[renusiod sir 03 SINTYLL Seinu 03 [000301d Sunips (€0
QUuA3 SIATYLL QY3 SunIps Jo AJN[IQISes) Ay} SojenSuowd(J epeue) HNO SOTd SWOUST ¢seD-YJSTYD PIseq-uonoaysues) YN © Pas)) ‘e 19 “Inojng
Judjoduwod-uonesrdar Aur 109[9S 0] [1} 10 ¢SeD) AQ parqIyul BOLIOWY uonosaur oty
193uof ouare Kay) ‘synsaraysoddo sonpoird juswse (JYV.I) Jo saes S[[99 199101d 0} syueIn 2dedsd JO UONOA[AS Ay JuaAdld (¢
asuodsaruornieanoesue) [-A [H Y3 10J oy1oads Sy NS om], pajtun ASo[oxA St 2ouanbas [-ATH ue 0} pajediel YNYSS € JI MOUS 8 19 ‘PISJIIN
‘uoneor[dar [eIIA QdUBYUD BOLIOW Y
01 S[[99 I, +¥(1D PRIBATIOR UI SYNYOU[ [ VAN [BIA-1IUR Jo soels "oues [ LVHN 9U} JO INOO0UY B (Im (1)
Jo uone[ngar-umop [ewrou Ay sytojdxs uonoaqur [-ATH panun AZ0[OMIA - soul[ [[99 I, +H D YedIn[ 2)eIouds 0} 6SeD-UdSTUD 95N ‘Te 10 ‘nry
A3ororg
*S[[90 P2109JsuRn +NH TV.L Uey) SUnIps ouog orowr sown §' IeNOS[OIN OURS CYDD Y Jo Suruursaq dy) SUNIps 10§ (00)
PaUTRIUOD JBY) S[[2D JO SUILIOS ) PAIRIPAUW 6SBD-JYJSTAD [Izelg Pue dNAuRD 6SED-UdSTAD PUB NH'TV.L JO SII0uardyo oy aredwo)  “[e30 ‘SAION
sioyne
owoong Jo Anuno) [eurnor 2A12[qO sIoyINy

*(g81 28ed woiy anunuod) *MIIAI Y} UI papnjour suonedrqnd 9y} Jo sonsLsoeIRyD) | J[qeL

Vol. 131, N° 1, marzo 2023

184



8
o)
Q
2
=
o
Gy

. 5]

= >

3 54

= = O

) 3 5

% 53

2 <

£

o

&

9]

=

£ =

=

5 =

S | 3

A o

. -

2

[

-

>

0]

-

(0]

<=

S

=

R

kel

[0}

o

5

=

Q

=

8

)

=

9

=

<

Q

)

°

=

o

[0}

<

=

[

5

2]

.2

2 |2

2

= =

Q Q

3] R

& by

s |0

R

O

. 77]

S

2 | €

cc s

= <

Gac Méd Caracas

Show the potential of the CRISPR/

Ebina, et

CRISPR/Cas9 system efficiently cleaved and mutated long

Scientific Japan

report

Cas9 system to edit the HIV-1 genome and block its

expression.

al, 31)

terminal repeat target sites and removed internal viral genes

from the host cell chromosome.

Propose a workflow for the identification and development

of anti-HIV CRISPR therapeutics.

United

Sessions, Analyzed a panel of Streptococcus pyogenes Cas9 AIDS
etal. (32) gRNAs directed to the 5” and 3’ long terminal repeat Research

States of

America

and Human

regions of HIV-1 in vivo and in vitro.

Retroviruses

TUTA QUINTERO E, ET AL

Notes: CRISPR/Cas9, Clustered Regularly Interspaced Short Palindromic Repeats/CRISPR Associated Protein 9; HIV-1, Human Immunodeficiency Virus

Type-1; gRNAs, a guide RNA; AAVIP1, Adeno-associated virus-based vector; TALENT, transcription activator-like effector nucleases; gRNAs, guide RNAs.

nuclease to aresearcher-defined cutsite (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 HI'V-
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 HI'V, 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 CCRS5 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 CCRS5 gene which encodes the
CCRS5 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 CCRS5 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
tobe 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 systematicreviews,scoping review does
notinclude only one evaluation of the quality of the
evidence, due to the broad thematic scope of the
research question. Also, the PRISMA extension
toexpose systematic exploratory reviews (10-12),
does notrecommend 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
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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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