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Background
AIDS or acquired immune deficiency syndrome is a pandemic 

disease that is caused by the human immunodeficiency virus 1 or 
2 (HIV1 or 2). HIV-1 spreads through the sexual, prenatal and 
percutaneous routes. Hence, it is easily transmitted among individuals 
[1].

AIDS is a lethal multi-spectrum disease with a variety of 
manifestations. The disease is latent in the early stages, with a high 
probability of showing no symptoms for the first two or three years. 
After the latent stage, symptoms of the disease slowly become visible. 
These symptoms are divided into early symptoms (fever, sweating, 
malaise, lethargy, anorexia, nausea, myalgia, arthralgia, headache, 
sore throat, diarrhea, lymphadenopathy, and rash) and late symptoms 
(opportunistic infections, malignancy and neurological disorders) [2].

According to the World Health Organization (WHO) report, the 
number of people worldwide who are living with HIV reached 35.3 
million in 2012; 1.6 million deaths were attributed to AIDS in the same 
year [3]. Despite these telling statistics, there is still no guaranteed cure 
for this lethal disease. These statistics as well as the prevalence and 
spread of AIDS across the world, have led to the demand for increasing 
research in the treatment and cure for this deadly disease. In recent 
years, a wide variety of therapies has been tested. Unfortunately, none 
of these has resulted in an effective method of treatment. HIV therapy 
often relies on highly active antiretroviral therapy (HAART) [4]. With 
the advent of HAART, increased survival rates and changes in the 

epidemiological facts were noted. HAART, in combination with anti-
retroviral agents, is used to suppress virus replication. Hence, it causes 
a decrease in HIV diversity related to mutations in the HIV genome 
as well as HIV drug resistance [5]. The therapies-based HAART is a 
combination of antiretroviral agents, such as nucleotides reverse 
transcriptase inhibitors, nucleoside reverse transcriptase inhibitors, 
non-nucleoside reverse transcriptase inhibitors, protease inhibitors, 
and fusion inhibitors [6]. After treatment of patients living with HIV, 
a rapid decrease in the level of HIV was detected in the patients’ blood; 
six months later, there were no signs of HIV-related disease and, the 
count of CD4 cells gradually increased as well. Several studies have 
shown that HAART can reduce the mortality of people living with 
HIV [7]. Further, adherence to HAART can be noticed in clear clinical 
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MIP) will be able to bind to any gp120 markers in the blood circulation. The nanomagnets will trap the virus particles in 
a dialysis column during the hemodialysis and under a strong electromagnetic field. Therefore, each nanomagnets will 
serve as a hook to capture millions of virus particles out of the patient’s body. In the present research, we suggested 
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results, reduction of mortality rate and the improvement of quality of 
life [8]. However, it has been reported that HAART can have many side 
effects, such as fatigue, nausea, vomit, diarrhea, and lipodystrophy, 
which in turn causes non-adherence to the treatment and, consequently 
result in increased level of blood viral count, decreased level of CD4 
cell count, increased resistance of the HIV to the drugs, treatment 
failure, opportunistic infections, and loss of financial resources [9]. 
The use of monoclonal antibodies is another therapy. According to 
the morphological structure of HIV, the most important therapeutic 
target is gp120, which has led to monoclonal antibodies (mAbs), 
in turn, becoming increasingly popular therapeutic agents due to its 
relevant features. However, in reality, the problem is more extensive and 
goes beyond what it is thought to be. Although antibodies have been 
identified that neutralize over 90 percent of circulating HIV-1 isolates, 
they are not conclusively accepted as an effective treatment for HIV 
[10]. Administration of mAbs carries the risk of immune reactions [11-
14], infections [15-18], platelet and thrombotic disorders, autoimmune 
diseases, cancer, dermatitis and, cardiotoxicity [19-23].

Envelope glycoprotein 120 (or gp120) is a glycoprotein expressed on 
the outer layers of both infectious and non-infectious viruses, and it is 
present in the tissues and blood of patients living with HIV. In addition, 
gp120 plays a vital role in the entry of the virus into cells [24,25]. 

Several therapies have focused on the reactivation of the latent 
HIV-1 reservoir, which is the main barrier that hamper the efficacy 
of current therapies design to eradicate HIV-1 [26-28]. However, 
killing the infected cells after virus reactivation, which is essential for 
elimination of the reservoir, has not been addressed. Here we describe 
a simple and practical method that could efficiently eradicate HIV 
particles from the bloodstream of infected patients.

Hypothesis 
The most important feature of the nanomagnets is how they are 

designed to capture gp120- bearing particles. To that end, three 
approaches could be used: antibodies, aptamers, or MIPs. In the present 
research, we suggest the application of the molecularly imprinted 
polymers (MIPs) as a new, emerging technology in designing our 
special nanomagents, which we have called the “Targeted nanomagnets” 
(T-nanomagnets). In this way, the MIP will serve as a template that can 
precisely mimic the actions of an antibody or aptamer against one of the 
major HIV markers (for example, gp120 receptors). The MIPs could be 
easily synthesized through self-assembling without any need for highly 

expensive Ab/aptamers [29-31]. Although antibodies have considered 
as the most successful affinity tools with diagnostic and therapeutic 
applications in both fundamental and applied research nowadays. 
Nonetheless, they do have several limitations, such as high production 
costs and low stability. MIPs are alternative affinity tools based on 
inorganic matrices (molecular imprinted polymers) that have received 
extensive attention. A major advantage of MIPs includes the efficient 
microbial production and in vitro selection procedures. Although 
MIPs are certainly not as widely used as antibodies, the number of their 
applications has progressively increased [29,31-34].

Thanks to the tiny size of nanoparticles, which allows them to enter 
any small capillaries within tissues, and also their enhanced circulation 
time, it is expected that the application of MIPs in the structure of 
magnetic nanoparticles (nanomagnets) will eliminate virus load in 
the blood. These nanomagnets will circulate in the patients’ blood and 
gather intelligently any particles carrying the HIV marker gp120. The 
Nanomagnet-Based Detoxifying Machine (NBDM) requires the simple 
and easy accessible materials to start, i.e, Targeted-nanomagnets (Fe3O4- 
PLGA-PEG-MIP) and magnet column. This protocol consists of three 
steps as following: synthesis of targeted nanomagnets (Fe3O4-PLGA-
PEG-MIP), Injection of targeted nanomagnets to the patients’ blood 
and finally the dialysis of the patients' blood. The proposed structure for 
T-nanomagnets is shown in Figure 1.

General Specifications
The efficacy of the approach can be affected by various factors listed 

below, which need to be optimized.

1) The size of the iron oxide that will determine its super 
paramagnetic property.

2) The preferred shape of the iron oxide.

3) The preferred magnetization of the particles: the thickness 
of the PLGA-PEG coating and the loading efficiency of iron 
oxide are parameters that will influence the magnetization.

4) The preferred surface density of PEG and the anti-gp120.

5) The intensity of electromagnetic field should be optimized in 
order to avoid the possible rheological changes in blood. 

It is also an important advantage for NBDM that does not require 
expensive membranes while the inner surface of the magnet column 
serves as an attachment surface for the T-nanomagnets. However, to 

Aptamer Mimic Ab MIP

PLGA    PEG

Magnet nanoparticle Targeted Magnet nanoparticle
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Figure 1: Illustrative structure of proposed T-nanomagnet.
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increase the surface area, it is possible to divide the inside part into 
small compartments. The column may have an internal volume to 
hold 300 to 500 ml of the blood. The volume of involved connection 
silicone–tubes may not to be exceeded 200 ml. Hence, the total volume 
of blood being processed at a given point of time would be less than 700 
ml. The flow rate may be between 100 and 300 ml min-1; however, the 
settings would be adjusted according to the treatment conditions.

Evaluation of the Hypothesis 
Synthesis of targeted nanoparticles

 Recently, nanoparticles have gained increasing popularity. One 
group of nanoparticles is magnet nanoparticles. It is shown that some 
metals, such as cobalt, nickel, cadmium, zinc, and silver can be toxic 
biologically and hence may not to be safe for the clinical applications 
while other metals, such as titanium and iron oxide are less toxic to the 
cells [35,36]. Thus, we recommend the use of iron oxides. In addition, 
to minimize the toxicity, the coated-nanoparticles have been suggested. 
For this purpose, there are many coating materials, such as PLGA-PEG, 
PCL-PEG and PLA-PEG. In this paper, the PLGA-PEG coated by iron 
oxide nanoparticles is considered. 

In the next step, the potential therapeutic targets should be selected. 
The best potential targets for therapy can be a surface marker. The 
two main potential markers that have attracted interest as potential 
therapeutic targets are gp120 and gp41. Gp120 is coded by the HIV 
env gene and is attached to viral envelop with a transmembrane 
glycoprotein, gp41. HIV1 envelope spikes include three gp120 attached 
to three gp41 in a trimer of heterodimers [37,38]. Gp120 has a potential 
for attachment to many receptors, such as a CD4 receptor, DC-SIGN, 

heparan sulfate proteoglycan, CXCR4, and CCR5 [38-44], making it a 
suitable marker to trap the HIV virus by T-nanomagnets. The method 
for synthesis of T-nanomagnets is depicted in Figure 2 and 3. Detailed 
instructions for the synthesis of MIP are available in literature [45,46]. 

Administration of synthesized T-Nanomagnets to patients 
and blood dialysis 

An optimized dose of T-nanomagnets will be injected to patients 
intravenously and, within 24 hours, a patient’s blood will be applied to 
the Nanomagnet-Based Detoxifying Machine (NBDM). As mentioned 
earlier, NBDM is a device that uses a magnetic field to trap magnet 
nanoparticles in a magnet column. The magnet column takes its name 
from the magnets that cover its outer surface to provide the maximum 
capacity for binding of T-nanomagnets under a strong, constant 
electromagnetic field. This system implies the presence of an input 
source injected into the infected blood, into the magnet column, and an 
output source to deliver the virus-nanomagnet depleted blood back to 
a patient’s body (Figure 4).

Dialysis could be repeated in appropriate intervals to eradicate as 
many viruses as possible. The virus count could initially be used as an 
indicator for efficacy of the dialysis; later, the number of CD4+ cells 
could predict the proper time for adjuvant therapy like HAART. 

Consequences of the hypothesis – clinical significance

The simplicity and safety of NBDM suggests its use as a routine 
therapeutic intervention for physicians to clear bloodstreams, not only 
for removing the lethal HIV viruses from patients’ blood, but it might 
cover a wide range of human implications, such as various human 
infectious diseases, different subsets of solid and hematologic cancers, 
etc. All that is needed is a specific marker to be used in MIP design. 
For example, in the case of prostate cancer, you need a template that 
could mimic the properties of an Ab/aptamer against the prostatic 
specific antigen (PSA), or in case of breast cancer, you can use an MID 
for a Her-2Neu antigen. In the case of solid tumors, we don’t expect to 

PLGA
PEG

Iron Oxide

N2 N2

Figure 2: Synthesis of PLGA-PEG coated by Iron oxide nanoparticles. The 
initial structure of Nanomagnets is prepared using an improved chemical co-
precipitation method29. According to this method, FeCl2.4H2O and FeCl3.6H2O 
are dissolved in deionized water and stirred under nitrogen atmosphere at 
80°C for 1 hour. Then, NH3.H2O is rapidly injected. After cooling in the room 
temperature, the precipitated particles are washed and separated by magnetic 
decantation, and are dried under vacuum at 70°C. In next step, PLGA-PEG is 
prepared according to the ring opening polymerization method [42,43]. Briefly, 
Lactide, glycolide and PEG are mixed in three necked bottle under nitrogen 
atmosphere at 1400°C.  Then stannous octoate (0.05% w/w) are added. The 
solution is stirred under nitrogen atmosphere at 1400°C for 8 hours. After 
cooling at room temperature, the mixture is dissolved in dichloromethane. 
Finally, the solution is precipitated in the cold chloroform.
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Figure 3: Scheme of molecular imprinting against gp120. Gp120 receptors 
are chosen as the target and imprint molecule for this hypothesis. First step 
is to consider the gp120 monomers and template (template is a constant, 
short peptide sequence illustrative of an available fragment of a larger protein, 
holes on the template are representative of the active sites on the gp120 
template). Afterwards, all elements of the MIPs are combined and allowed to 
be self-assembled to form the cross-linked polymer with the template (pre-
polymerization). After polymerization, monomers and the surrounding matrix 
are cleaved from the template molecules. The resulting targeted MIPs will be 
able selectively to bind to gp120.  
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cure but any decrease in the load of circulated tumor specific antigens 
would improve the efficacy of subsequent therapeutic interventions. 
NBDM especially could be used in advanced stages of disease when the 
high load of pathogen in patient’s system hinder effective therapeutic 
interventions

Conclusion and Prospective 
HIV is an infectious disease that feeds and survives on human 

immune system cells. By far, there is no efficient and safe therapy to 
control and cure the devastating effects of this virus on the human 
immune system. The key to successfully controlling HIV lethal 
symptoms initially depends on the load of virus and the number of 
CD4+ cells. While the latency is the main barrier to HIV eradication, 
some researchers tried ways to reactivate the latent reservoir. However 
a reliable method to clear these activated viruses needs to be accessed. 
A magneted-based dialysis system could meet this demand, not only 
in case of HIV, but could also be amenable for other infectious life-
threading diseases to improve the prognosis of the disease. Nontoxic 
nanomagnets described in this paper, could circulate freely and 
capture viruses residing in any possible part of the body, and finally 
exposure to a magnetic field will remove both nanomagnets and the 
attached viruses. Subsequently, blood starvation will make the virus 
harmless as soon as it gets out of bloodstream by means of sophisticated 
T-nanomagnets. Due to all advantages mentioned in the application 
of NBDM, we believe that it could be used as regular complementary 
therapy for efficient HIV targeted therapeutics.
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