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ABSTRACT 

The data published by WHO for HIV rates is alarming. Today, people living with HIV are 34 million, newly infected are 2.5 million and 
total deaths are 1.7 million per year globally.    Highly active antiretroviral therapy (HAART) for HIV infection results in restored 
immune function improved quality of life, the near normalization of expected lifespan, indefinite viral suppression and reduced viral 
transmission. However the drawback is that it does not eliminate viral reservoirs, and needs lifelong adherence to expensive 
regimens that have short-term and long-term toxic effects. Combination HAART basically comprises of reverse transcriptase 
inhibitors, integrase inhibitors, protease inhibitors. Despite virus control using HAART’s, HIV-associated complications, including a 
higher than normal risk of cardiovascular disease, cancer, osteoporosis, and other end-organ diseases continue to persist. This 
increased risk might be due to the toxic effects of treatment or the consequences of persistent inflammation and immune 
dysfunction associated with HIV. Therefore novel treatment approaches that eliminate the HIV and thereby improve the immune 
system are needed. Inhibition or mutation of the CCR5 coreceptor using various techniques seems to be a promising approach to 
eradicate the virus.  
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INTRODUCTION 

he gp120 protein of the HIV has to bind the CD4 
receptor as well as the coreceptor CCR5 or CXCR4. 
Inhibition using chemokine inhibitor drugs or 

mutation that is genetic modification that makes CCR5 
resistant to HIV or allogeneic stem cell transplantation 
from an individual having a HIV resistant CCR5-Δ32 gene 
of these coreceptors can help to prevent or cure 
HIV/AIDS. 

 
Figure 1: Lifecycle of HIV 

 
Figure 2: HIV interaction with receptors 

Lifecycle of HIV 

(1)  HIV attaches the target cell. The surface glycoproteins 
(gp120 and gp41) of HIV must bind to a CD4 receptor and 
a chemokine receptor (CCR5 or CXCR4) on the host cell 
surface to penetrate the target cell (Fig.2). CCR5 is the 
major co-receptor for viral entry of HIV into macrophages. 
CXCR4 is the entry co-receptor for those HIV strains that 
have an affinity for T cells. 

(2) The HIV releases its enzymes and RNA genome into 
the infected cell. (Fig. 2, 1) 

(3) The viral RNA is converted to DNA, using the viral 
reverse transcriptase enzyme. (Fig. 1) 

(4) The viral DNA (provirus) enters the nucleus of the host 
cell. The viral DNA (provirus) becomes integrated into the 
host cell’s DNA using the viral integrase enzyme. (Fig. 1) 

(5) The DNA of the infected cell now produces RNA as 
well as proteins that are required to assemble a new HIV 
virion. New viral RNA is used both as genomic RNA and as 
a template for the production of viral proteins. (Fig. 1) 

(6) A new virus is assembled from RNA and short pieces of 
viral protein. The immature virus particle buds through 
the membrane of the host cell, enveloping itself in a 
fragment of the cell membrane of the host cell and it then 
pinches off from the infected cell (Fig. 1). 

(7) A large number of viruses are liberated from an 
infected cell. The HIV replication cycle generates 1,010–
1,012 virions every day.2   

(8) The newly formed virus can infect other host cells only 
after it matures. HIV matures when a viral enzyme (HIV 

Developing Resistance against HIV by Modifying the CCR5 receptor

T

Review Article 



Int. J. Pharm. Sci. Rev. Res., 29(1), November – December 2014; Article No. 29, Pages: 153-156                                          ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
 

154 

protease) cleaves and releases structural proteins within 
the virus.1 (Fig. 1) 

Importance of targeting the CCR5 receptor 

The gp120 protein present on HIV binds to the CD4 
receptor along with CCR5 or CXCR4 receptor. If the 
coreceptors are absent or mutated, the HIV will not be 
able to replicate. Thus, deletion or mutation of these 
coreceptors has become a target for both prevention as 
well as cure. 

The CCR5 gene that encodes the CCR5 protein is located 
on the short (p) arm at position 21 on chromosome 3. A 
few individuals carry a mutation known as CCR5-Δ32 in 
the CCR5 gene, protecting them against certain strains of 
HIV. Some people have inherited the Δ 32 mutation 
resulting in the genetic deletion of a portion of the CCR5 
gene. Homozygous carriers of this mutation are resistant 
to M-tropic strains of HIV-1 infection.3-8  

This hypothesis was tested in an AIDS patient who had 
developed leukemia. He  was treated with chemotherapy 
to suppress the cancer. A bone marrow transplant 
containing stem cells from a matched donor was then 
used to restore the immune system. However, the 
transplant was performed from a donor with 2 copies of 
CCR5-Δ32 mutation gene. Before the transplant, low 
levels of HIV X4, which does not use the CCR5 receptor, 
were also detected. After 600 days, the patient was 
healthy and had undetectable levels of HIV in the blood.9,4 
Following the transplant, HIVX4 type of HIV was not 
detected either, further baffling doctors.4 However it was 
found that cells expressing the CCR5-Δ32 variant protein 
lack both the CCR5 and CXCR4 receptors on their 
surfaces. Thus it conferred resistance to a broad range of 
HIV could including HIV X4.10 The patient is now 
pronounced cured of the HIV infection after a period of 6 
years. 

Enrollment of HIV-positive patients in a clinical trial was 
started in 2009 in which the patient’s cells were 
genetically modified with a zinc finger nuclease to carry 
the CCR5-Δ32 trait and then reintroduced into the body 
as a potential HIV treatment. Results reported in 2014 
were promising. This was done due to the fact that ARTs 
need lifelong adherence.11 

Gene therapy 

Allogeneic transplantation with stem cells from very rare 
donors who are naturally resistant to HIV is not a feasible 
strategy; therefore, much interest is now focused on gene 
therapy to delete the virus from infected cells or to 
produce cells resistant to HIV infection. Three classes of 
DNA-editing enzymes are being studied for safety and 
efficacy to target HIV coreceptors and pro-viral 
sequences: zinc-finger nucleases, transcription activator-
like effector nucleases, and homing endonucleases.12,13 
The targeted gene-therapy approach of blocking CCR5. 
CCR5–zinc-finger nuclease knockout T cells are in phase 1 

clinical trial ex vivo investigation.14 Phase 1 studies have 
shown that these approaches are safe and feasible. 

HIV viral proteins are targeted by other gene treatments 
with either an anti-HIV ribozyme or antisense RNA 
oligonucleotide constructs. It was observed that they 
safely and feasibly reduce the viral load in phase 1 and 
phase 2a clinical trials.15 Additionally, CD4 aptamer-CCR5-
siRNA chimeras have proven to be safe and efficacious in 
the humanised mouse model.16. Interventions that 
interfere with pre-integration steps in the viral-life cycle 
are promising, and are being assessed in phase 1 trials.17 
The safety and efficacy of gene delivery to specific cells 
and tissues, and access to these treatments, are major 
challenges for these approaches in the eradication of HIV 
infection.28 

Zinc finger nucleases  

CCR5 is the major co receptor for the HIV. Using zinc 
finger nuclease, gene editing was done that is the infusion 
of autologous CD4  T cells in which the CCR5 gene was 
rendered permanently dysfunctional. A single dose of 
ZFN-modified autologous CD4 T cells. It was tested on 
patients who had chronic aviremic HIV infection while 
they were receiving highly active antiretroviral therapy. 
The primary outcome was safety as assessed by 
treatment-related adverse events. Secondary outcomes 
included measures of immune reconstitution and HIV 
resistance. 

During treatment interruption and the resultant viremia, 
the decline in circulating CCR5-modified cells was 
significantly less than the decline in unmodified cells. HIV 
RNA became undetectable in one of four patients who 
could be evaluated. The blood level of HIV DNA decreased 
in most patients. 

Conclusions CCR5-modified autologous CD4 T-cell 
infusions are safe within the limits of this study.19 

Silencing genes 

CCR5 is one of the two coreceptors that are utilized by 
the HIV to enter the cell. ССR5Δ32 a deletion variant of 
the CCR5 gene, has been found in the Caucasian 
population and codes for a nonfunctional protein. 
Homozygous carriers of ССR5Δ32 are resistant to 
infection with the R5tropic virus, and heterozygosity for 
the variant correlates with a slower disease progression in 
HIV infected patients, while no pathology associated with 
the CCR5 mutation has been observed in its carriers. The 
findings provide a basis for developing drugs to inhibit 
CCR5, in particular using gene therapy.  

The efficacy and safety of CCR5 gene silencing has been 
demonstrated upon bone marrow transplantation from a 
ССR5Δ32/Δ32 donor to a HIV infected patient. The 
patient did not display any clinical or virological evidence 
of HIV infection for more than 3.5 years after the 
transplantation had been performed and highly active 
antiretroviral therapy terminated. This first case of a 
documented cure of the disease has given new impetus 
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to developing methods of HIV treatment based on the 
silencing of the CCR5 gene. Various technologies have 
been utilized over the past years to inhibit the CCR5 
expression at various steps from the gene to the protein. 
In particular, the technologies include RNA interference, 
mRNA cleavage with ribozymes, CCR5 neutralization with 
intracellular antibodies, and gene inactivation via 
deletions introduced using sitespecific nucleases.23  

Short interfering RNAs (siRNAs) provide one of the most 
efficient tools for gene silencing. Stable siRNA synthesis in 
the cell can be achieved via integration into the 
chromosome and subsequent expression of short hairpin 
RNAs (shRNAs) whose processing yields siRNAs. 
Expression of shRNAs directed to CCR5 was shown to 
substantially decrease the CCR5 amount on the cell 
surface and to confer HIV resistance on cells. Gene 
silencing requires high level shRNA expression, which can 
be achieved with RNA polymerase III promoters. 
However, an excess of shRNAs or their precursors is toxic 
for the cell. The cytotoxicity possibly occurs because 
protein complexes involved in RNA interference are 
saturated and because shRNAs compete with endogenous 
miRNAs, distorting the regulation of genes. A decrease in 
shRNA expression level, for instance, by using a weak 
promoter alleviates the toxicity, but the efficiency of 
inhibition also decreases in this case. 20 

CONCLUSION 

In addition to ART there are a lot of techniques by which 
the prognosis can be significantly altered by newer 
approaches. 

Allogeneic transplantation with stem cells from very rare 
donors who are naturally resistant to HIV is one way to 
eradicate the virus from the human body over a period of 
time. But humans having the CCR5-Δ32 genetic mutation 
are very rare and therefore are not always a feasible 
strategy. 

By using zinc finger nuclease, our strategy is to repopulate 
the immune system with CCR5-deficient central memory 
T lymphocytes by infusion of SB-728-T. 

In the concept of silencing genes, miRNA based genetic 
constructs can be used to silence human CCR5. The 
indicator cell lines constructed provide a convenient 
adequate model for rapidly assessing the CCR5 expression 
level. Exploring ways to eradicate the HIV by inhibiting the 
CCR5 receptor seems to be a promising way. 
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