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Introduction
The Human Immunodeficiency Virus (HIV) is as simple as it is successful. Consisting of only relatively few elementary
molecules, it is exceedingly hard to detect and has proven both difficult and expensive to treat. Treatment modalities are
limited by the simplicity of its life cycle and the already compromised immune systems of patients. Current antiretroviral
treatments are reasonably effective, but far too expensive for widespread distribution. Similarly, education can only go so
far in combating such a virulent disease that is infectious in the absence of symptoms. This scenario presents an
epidemiological dilemma: The highest rates of HIV prevalence are in underdeveloped and uneducated parts of the world.
The areas worst afflicted lack the finances and infrastructure to initiate effective treatment programs.
This paper discusses the pathway for activation of the HIV provirus, and proposes the use of inexpensive plant extracts
to slow rates of transmission and the progression from HIV infection to AIDS. It also addresses the growing problem of
HIV/tuberculosis co-infection and use of combined treatments to slow infection rates of both diseases.

Origin of the HIV Virus
To find the origin of the AIDS epidemic, one need only follow the trail of devastation: The pandemic radiates around
54
south and central Africa. While the HIV virus is specific to humans, it is undoubtedly of zoonotic origin [ ]. It bears striking
60
homology to the Simian Immunodefiency Virus (SIV) found in the common chimpanzee [ ], which is native to these areas.
However, the original crossover from primates to humans remains unknown and is a point of academic interest. The most
common notion is that it was transferred to humans via consumption of bush meat. The African diet is notoriously low in
protein, and it became a profitable enterprise to collect and sell wild animals for food. This theory of transmission holds that
one of these animals collected was infected with SIV and brought back to the human population. Consumption of the
infected animal is an unlikely source of transmission, but improper slaughtering or contact between a wound and the
animal's blood could have accounted for its entry into a person's bloodstream. At this point the SIV virus adapted to the
human immune system, and began to spread. Estimates on when HIV began infecting humans vary greatly, going as far
back as the 1800s [60]. Most estimates center on a zoonotic transmission occurring in the 1930s [54,60]. The first verified
case of HIV was in the Democratic Republic of Congo in 1959 [59]. After that there were sporadic reports until the 1980s,
when AIDS reached pandemic status [58].

Epidemiology of HIV/AIDS
Sub-Saharan Africa bears the brunt of the HIV pandemic, with two thirds of AIDS cases worldwide [52]. In 2003 an
estimated 25 million people were infected in this region, with a growing prevalence in congenitally infected children [ 27,52,58].
Infection rates among adults have reached up to 38% of adults in Swaziland [52], and continue to rise throughout the area.
AIDS is also becoming an issue in Asia, with the second highest prevalence worldwide and 7 million AIDS cases since the
58
original outbreak [ ].
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Groups at highest risk of infection are intravenous drug users, infants of infected mothers, and those involved in the sex
trade [27,58]. Migrant workers especially help to transmit the disease from areas of high prevalence to new areas. Similarly,
international travel has been important in spreading the disease to nearly every country around the world. The recurring
problem with HIV is that it can be transmitted even when an individual is asymptomatic and may be unaware that he/she is
infected. Given these conditions, awareness, education and preventative measures are still the best available method of
combating transmission.

Immunology of HIV/AIDS
HIV is a diploid retrovirus, containing 2 copies of only 9 genes [28,54]. The viral capsid itself is enclosed in a lipid bilayer
32
with interspersed gp120 proteins [ ]. Immediately following infection, the HIV virus targets a variety of immune cells. Entry
into the cell involves binding to the CD4 surface receptor by the gp120 protein, followed by a membrane-mediated
internalization [13,54]. The viral contents are liberated of the lipid coat, and the capsid proteins insert the viral genome into
the host DNA using the enzyme reverse transcriptase [2]. At this point, the viral proteins become obsolete as the virus exists
only in the host DNA. Replication and manufacture of new viral proteins makes use of exclusively host replication machinery
2
[ ]. Immediately following infection there is a brief period of illness corresponding with a widespread viraemia as the virus
59
spreads throughout the host tissues [ ]. As the virus spreads signals are sent to CD4 cells to undergo apoptosis,
35 44
compromising the host's immunity [ , ]. The infection then subsides, and the remaining CD4 cells harbour the latent virus in
their genome. Evidence suggests that macrophages in particular resist undergoing apoptosis, acting as reservoirs that
periodically release newly synthesized viruses [42].
Following the original viraemic episode, the patient undergoes seroconversion: The body begins to manufacture
antibodies against proteins in the viral capsid. These antibodies are, however, ineffective at neutralizing the virus, as the
capsid is protected by a lipid bilayer [13]. The HIV diagnosis is geared at detecting the presence of these capsid antibodies
27
rather than the virus itself [ ], which is not continually present in the blood. The immune system cannot successfully
13
neutralize the gp120 surface protein due to its extreme variability [ ]. In order to bond, gp120 forms heterotrimeric spikes
with the gp41 protein, which is recessed and unavailable for antibody targeting [13,32]. The gp120 protein is exposed, but
consists of several variable domains and is in variable arrangements with other proteins [13]. On top of this, gp120 has a
relatively low affinity for the viral envelope and even if antibodies were to bind to it, it is unlikely that the entire virus would
be neutralized. This combination of factors has made the search for an antibody based HIV treatment unproductive, but still
a promising target.
Scattered release of new viruses into the blood occurs at irregular intervals, but results in a slow decline in CD4 cell
count lasting up to a decade. Once CD4 cell count falls below a threshold point there is a mass propagation and viraemic
58
episode that lasts indefinitely if not treated [ ]. When white blood cell count falls below 200 cells/µL the patient has the full
AIDS complex and shows characteristic symptoms [36].

Common Opportunistic Infections
The immune function of an AIDS patient is so severely compromised that any malignancy propagates in the host. While
the body normally detects and destroys carcinomas, they are allowed to spread unchecked in an immunocompromised
27 59
patient. One of the characteristic symptoms of AIDS is the rare cancer Kaposi's sarcoma [ , ]. This malignancy of the
connective tissue is a disease that was previously endemic to only a small portion of the elderly men, exclusively of
Mediterranean or Jewish descent. However, when the AIDS pandemic began, cases of Kaposi's sarcoma began to show
up in younger people in areas where it was previously not seen. Certain rare types of lymphomas were also diagnosed in
unusually high prevalence in the younger population [27]. These originally indicated the presence of a new disease and
hinted at immune deficiency.
In addition to cancers a plethora of viral, bacterial and fungal infections proliferate in AIDS patients. The most common
bacterial parasites are Mycobacterium tuberculosum and M. avium, followed by a variety of oral parasites [27,59]. Though
M. tuberculosum/avium are typically pulmonary pathogens, in AIDS patients they can spread to the skin, gastrointestinal
59
tract and even cause meningitis [ ]. There is also a high incidence of viral infections in AIDS patients such as herpes
zoster/simplex and cytomegalovirus. In advanced viraemia the HIV virus causes its own set of symptoms, typically
characterized by flu-like symptoms and one or more cutaneous rashes [59]. There is also a loss of cortical mass in the
brain, isolated mainly to the parietal and frontal cortices [9]. There is also ventricular expansion and thinning of the corpus
callosum [50]. It is unclear whether this loss of brain matter is due to the HIV virus itself, a potentially associated immune
response, peripheral infections/malignancies, or drug treatments. The loss of cortical function can result in diminished motor
9 59
function, coordination and instances of HIV-related dementia [ , ]. Fungal infections that are normally easily contained by
the immune system also spread in patients with advanced AIDS complexes, including cryptococcosis, histoplasmosis,
aspergillosis, and coccidioidomycosis [59].
The infections that afflict AIDS patients are subject to chance of exposure, stage of the disease, and the natural
endemicity of pathogens. A typical patient may acquire any or all of the aforementioned infections/malignancies depending
on living conditions, region, and access to health care. Receiving treatment for HIV increases the chance that the immune
system will be able to fend off opportunistic infections, thereby increasing the life expectancy of treated individuals. Lack of
treatment both compromises the patient's immune system making them susceptible to infections and can increase
transmission of opportunistic infections to other individuals. An AIDS patient is the perfect host in which parasites can
breed, recombinate, and then transmit to new hosts.

Activation of the HIV Provirus
Theoretical Approach
The targets for treatment of HIV increase as we continue to elucidate different aspects of the HIV virus' life cycle. One
area in particular that has confounded researchers is how the latent provirus is activated and becomes infectious. During
the asymptomatic phase, cells infected with HIV do not contain any viral proteins, allowing them to evade detection by the
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immune system [27]. The provirus exists only as an extension of the host's DNA. Like any other host gene, the viral genes
require a trigger in order to be expressed. A change in cellular environment directs the host cell to transcribe both its own
genes as well as the embedded viral genes, allowing the virus to begin synthesis of new viral proteins and spread to other
cells. The HIV virus' problematic choice of infecting immune cells affords it the ability to use the host's system of detecting
concurrent infection in order to coordinate replication. The receptors that the HIV virus uses are critical to host pathogen
recognition, the Toll-like receptors [4].

Toll-Like Receptor (TLR) Structure and Function
The Toll receptor was first classified as a developmental protein in Drosophila, implicated in determining dorso-ventral
4
56
embryonic polarity [ ] and mediating cardioblast development [ ]. In maturity, the Toll receptor plays a key role in antiviral
61
and antibacterial immunity [ ]. The homologous receptor in mammals is a family of transmembrane receptors consisting of
an extracellular domain which recognizes various pathogen-associated molecular patterns (PAMPs), a transmembrane
domain, and an intracellular Toll/IL-1 identity region (TIR) [23]. The extracellular domain contains several leucine rich repeats
to facilitate PAMP binding [23]. The intracellular domain is homologous to the interleukin-1 (IL-1) receptor [23] and begins
2
similar transcriptional changes that ultimately lead to the production of inflammatory cytokines [ ].

TLR Expression on CD4 Cells
The pathogenic patterns recognized by the various receptors include viral, bacterial and fungal ligands, though there are
also binding sites for heat shock proteins and fibrinogen [5]. Ligands for TLR 3 & 9, dsRNA (double stranded viral RNA) and
CpG oligodeoxynucleotides (unmethylated bacterial DNA), stimulate TLRs on the endosomal compartments to initiate a
24 40
signaling pathway that leads to CD4 cell proliferation [ , ]. TLR detection of viral single stranded RNA has also been
7
implicated in stimulating dendritic CD4 cells after infection [ ]. The stimulation of TLRs induces the release of the cytokines
such as type I interferons (IFN-α & β), tumor necrosis factor alpha (TNF- α), IL-18 and cyclooxygenase-2 (COX-2) [51]. The
release of IFNs is important in creating a cordon of uninfectible cells around the infected cell via RNA degradation, and
acting as a chemotaxin for cytotoxic cells [6]. TNF- α, IL-18 and COX2 induce the synthesis of vasoactive substances,
fever, and changes in other immune cells. More importantly, these cytokines promote CD4 cell survival and proliferation,
7 24
supporting the cellular immune response [ , ].

TLR Mediated HIV Proliferation
After HIV infection and reverse transcriptional encoding into the host genome, there is an asymptomatic period during
which the virus makes periodic excursions into the blood [2]. The mechanism of this sporadic viral replication is mediated by
the stimulation of TLRs. Ligands for TLR 2 & 9 (gram-positive/mycobacterial cell wall components and CpG ODNs,
4 18
respectively) induce proliferation of the HIV virus in an additive fashion [ , ]. TLR 4 ligands (lipopolysaccharides from
gram-negative bacteria) have also been shown to induce viral replication in transgenic CD4 cells [4,18,22]. Levels of viral p24
proteins in the blood correlate in a positive and linear manner to concentrations of TLR 2,4 and 9 ligands [18,19]. This
mechanism suggests that this viral proliferation is dependent on the degree of TLR stimulation. From the perspective of the
HIV virus, stimulation of TLRs has two key benefits: The proliferation (and subsequent higher concentrations) of CD4 cells,
and the presence of a co-infection. Both of these constitute ideal conditions for the HIV virus: High levels of infectable CD4
cells that are circulating to a variety of infectable host tissue, and an immune system preoccupied with a co-infection.

Cellular Interactions of HIV
The HIV virus requires a primary binding site, the CD4 receptor, as well as the co-receptor CCR5 [2]. Unfortunately
these receptors are found in conjunction only on immunocompetant cells, especially T-helper, dendritic and mast cells [29].
The co-expression of Toll-like receptors as well as the primary binding receptors results in the viral proliferation. This in turn
leads to virally induced CD4 cell apoptosis and a decline in immunocompetancy. The assays of HIV responsiveness to TLR
2 stimulation were conducted by adding soluble tuberculosis factor (a solution containing mycobacterial membrane
components) to a colony of infected monocytic cells [18]. TLR mediated HIV proliferation and progression to AIDS in
humans is likely associated in vivo with stimulation of TLRs by the intracellular parasites Mycobacterium
tuberculosum/avium [25]. These strains of Mycobacteria predominantly infect alveolar macrophages, which also express
the CD4 surface protein [29]. This parasite stimulates both TLR 2 (via mycobacterial cell wall components) and TLR 9 (via
CpG ODNs) on these macrophages. As in lab models, this would quicken CD4 cell apoptosis, the progression of HIV
4
infection, and the onset of AIDS. In vivo transgenic mice studies support this model [ ].
Interestingly, these factors that induce replication are not part of the immune reaction to the virus itself. The fact that
Toll-like receptor stimulation with bacterial ligands induces HIV replication suggests that not only do opportunistic bacterial
infections occur concurrently with HIV infection, but that the normal immune response to bacterial infections causes AIDS in
HIV infected people.

The Signaling Pathway
The TLRs implicated in causing HIV replication (TLR 2, 4 & 9) share an associated protein known as myeloid
differentiation factor 88 (MyD88). The MyD88 protein consists of a C-terminal domain that associates with the TIR
intracellular domain on the TLR, and an N-terminal death domain [11]. The structure of the MyD88 protein allows it to act as
11
a medium between the TLR family of proteins as well as the IL-1-associated kinase (IRAK) family [ ]. The IRAK family
proteins are serine/threonine kinases that are stimulated after MyD88 activation to continue the signaling cascade. This
cascade transfers signals through various pathways, mostly involving MAP kinase kinases (MKKs), into the nucleus via
Nuclear Factor-κB (NF-κB) [11,29]. Most inhibitors of TLR signaling, such as SIGIRR transmembrane protein or the MyD88s
cytosolic protein, target the MyD88 protein thereby preventing the signaling cascade at its source [11,55].

HIV Activation
The mechanism of transcription of the HIV provirus is not yet fully understood. The long terminal repeat (LTR) region on
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the HIV type 1 (HIV-1) virus has a binding site for NF-κB [28,45,49]. Current evidence suggests that the binding of NF-κB to
47
the LTR region is sufficient to induce replication of the HIV-1 provirus [ ]. Conversely, experiments involving chemical
20
inhibition of NF-κB have demonstrated that NF-κB binding is also necessary to induce transcription [ ]. While the presence
of NF-κB in the nucleus normally mediates the production of inflammatory mediators and cytokines, it also transactivates
HIV replication via binding to the LTR on the viral DNA [18]. It is in this fashion that the latent HIV virus detects the presence
of bacterial infections and begins to replicate. Other transcription factors have been isolated as well. Notably, small
extracellular concentrations of viral proteins Tat and Vpr have been shown to induce transcription [8,53]. The assays using
synthetic Vpr to induce replication have also shown increased levels of NF-κB and other TLR mediated signaling proteins
53
[ ]. This evidence indicates that the replication signals (viral proteins) are not acting directly on NF-κB or nuclear proteins.
While the matter is still under investigation, it is probable that the viral proteins induce replication by binding to sensitized
surface proteins that then activate Toll-like receptors at the beginning of the signaling cascade.
A relatively recently suggested mode of HIV treatment involves exposing patients to synthetic CpG ODNs in order to
stimulate TLR9, promoting the production of interferons [1,4,6] . While this pathway would indeed activate interferon
production, it would also transactivate HIV replication. Given what in vitro studies have shown about HIV activation from
bacterial ligands (such as CpG ODNs), this treatment should be done cautiously or not attempted at all.

Synopsis
Infection with the HIV virus is independent of the Toll-like receptor system, targeting only CD4 immune cells. However,
the expression of Toll-like receptors on activated CD4 cells is a necessary condition for viral propagation. The HIV provirus
relies on the stimulation of TLRs to begin a signaling cascade that induces both the production of immune cytokines as well
as viral proteins. The TLR pathway acts as a medium to signal the presence of bacterial co-infection, which entails a
perfect breeding environment for the HIV virus. The HIV virus has embedded itself in the TLR signaling pathway, and is
reliant on TLR signaling to begin replication.
This proposition has several implications. Without stimulation of any of the TLRs, the HIV provirus is unable to replicate.
If a patient is theoretically isolated from any endogenous or exogenous TLR ligands, they will not only fail to develop the full
AIDS complex, but they will survive indefinitely with a fully functional immune system. A more realistic option is to target
the TLR pathway with specific drugs, thereby holding the HIV virus in genomic stasis and allowing immune system to
recover.

TLR Inhibition Therapy
Harmala Extracts
16 39

Harmala compounds are chemically simple organic molecules originally isolated from the plant Peganum harmala [ , ].
These extracts are β-carbolines consisting of 3 rings, an aromatic indole and an affixed hybridized six-membered ring [30].
Natural harmala extracts contain short additions to these rings, resulting in a plethora of compounds with similar biological
functions. These extracts are fairly common in a variety of plants worldwide, and have a long history of use in ethnic
medicine. In Iran, seeds from the P. harmala shrub have been used for centuries to treat cancer and infections [16,39].
Controlled studies have confirmed the potent cytotoxicity of harmala on carcinoma cell lines [16,33]. Other varieties of
30
harmala-containing plants are native to India, southern China, South America and recently the southern United States [ ].
Recently, harmala compounds have also been found to act as monoamine oxidase inhibitors (MAOIs) with
21
34
antidepressant properties [ ]. MAOIs can activate dimethyltryptamine (DMT), resulting in hallucinogenic effects [ ]. Certain
South American shamanistic practices involve the use of yagé (ayahuasca), a mixture of harmala compounds and DMT [ 34].
Anecdotes from drug-related literature have reported a strange phenomenon when using yagé - a perceptible drop in body
temperature [12]. Regulation of body temperature is critical in immune function, and few mechanisms could be accountable
for a drop in body temperature. One of the most likely explanations of this mechanism is the antagonism of pyrogenic
receptors. In this scenario, membrane proteins typically responsible for binding inflammatory molecules would be blocked.
This would result in decreased production of pyrogenic cytokines and a drop of overall body temperature. Investigation into
the compound responsible for this phenomenon led to molecules with a specific area of action on the immune system, and
therefore considerable therapeutic value.

Harmala Compounds and TLR Inhibition
Tests have shown that harmine hydrochloride blocks certain TLRs in a concentration dependent manner [37]. Specific
pathogenic ligands responsible for activation of the TLR signaling cascade are blocked from binding, preventing the
production of inflammatory cytokines. These findings indicate that harmala compounds are responsible in vivo for the drop
39
in body temperature associated with using yagé [ ]. More importantly, it demonstrates that raw, unrefined plants containing
harmala compounds block TLRs and the production of certain pyrogenic cytokines . Blocking the TLR pathway prevents the
production of inflammatory cytokines at the source, targeting a very specific aspect of immune function. The potential for
blocking this signaling cascade carries enormous therapeutic potential in the treatment of both external pathogens and
autoimmune diseases. The potential for TLR inhibition as a method of treatment also extends to new applications,
especially the prevention of HIV activation.

Contemporary HIV Treatments
Most current HIV treatments target the protein reverse transcriptase, a component of all retroviruses [36]. This protein is
solely responsible for encoding the viral genome (RNA) into the host DNA [2]. These antiretroviral treatments (ARVs) are
remarkably effective in reducing symptoms and decreasing serum levels of the virus. There are, however, serious side
effects associated with the recommended dose. Patients on ARVs often suffer from anaemia and bone marrow depletion,
as well as less serious side effects such as nausea, headaches and skin discolouration [41]. Classic ARVs are either
nucleotide analogs or are metabolically converted into nucleotide analogs by the cell. The side effects seem to be
associated at least in part to the fact that they not only block viral reverse transcription, but also native DNA polymerase to
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a lesser degree [41]. The dose dependent inhibition of DNA polymerase could account for the loss of function in the parietal
9
(motor) cortex of AIDS patients [ ], an area requiring cellular reorganization and hence high levels of polymerase action. A
separate class of drugs, the protease inhibitors, blocks synthesis of viral proteins by preventing cleavage of the larger and
unprocessed transcriptional product [41]. Again the side effects can be severe, even deadly. A treatment consisting of two
types of reverse transcriptase inhibitors and a protease inhibitor is entitled Highly Active Anti-Retroviral Therapy (HAART).
The causative agent is still unclear, but it is possible that HAART may also be responsible for the loss of cortical mass,
associated diskinesia and AIDS-related dementia [41]. HAART is also prohibitively expensive, with American patients paying
around 6000$ US per year of treatment in the asymptomatic HIV infected phase [36]. Individuals living in the United states
36
with AIDS pay well over 8000$ US per year for medication alone [ ]. While ARV treatment is effective, it has dangerous
side effects and could not be realistically distributed to places in the world with the highest prevalence of AIDS.
Impoverished areas such as sub-Saharan Africa could not support the financial burden of sustaining widespread ARV
treatment, even with significant assistance from international organizations. The problem is growing increasingly difficult:
AIDS is considered a chronic disease, and a growing number of people need long-term treatment. To compound the
problem further, infected individuals tend to belong to the economically productive demographic, and the longer that the
AIDS problem continues, the less sustainable ARV treatment becomes.

Potential Treatment with Harmala Extracts
Harmala extracts provide a new possibility for treatment, and an entirely new method of blocking the viral life cycle. In
assays of HIV inhibition, they induce a marked decrease in HIV activation [30] and show promising therapeutic value. They
are also relatively non-toxic in normal doses and side effects at high doses are not severe, mainly nausea and vomiting
coupled with nervous agitation [16,39]. To date, no long term side effects have been reported as a result of ingesting plants
39
30
containing these compounds [ ]. Admittedly the degree of HIV inhibition is a fraction of that of ARV therapy [ ], but there
are other benefits to be considered. Acquiring harmala compounds does not require lengthy and expensive synthesis; they
are readily available from a variety of plants. Extraction from the whole plant requires only hot water or alcohol as a solvent
[39]. The simplicity of this process and low risk of contamination implies that this could be done on an industrial scale at
relatively low cost. To simplify matters further, P. harmala is native to warm, dry climates, and could possibly be grown
locally in areas most afflicted by HIV [39]. This would render the extraction process redundant, as seeds containing the
active compounds could simply be ingested. The variety of compounds in these seeds all inhibit HIV replication by varying
30
degrees, so preparation would not require extraction of a specific molecule [ ]. Growing plants containing harmala
compounds would carry only a marginal cost, and would make HIV treatment available to low income individuals who can
not afford expensive ARV treatment. The low risk of side effects of harmala treatment also makes it a safer option. In vitro
assays of carcinoma cytotoxicity indicate that harmala compounds may also be useful in treating cancers often associated
with AIDS [16,31,33], especially Kaposi's sarcoma. Structural variants show different potency, though some offer up to 50%
growth inhibition of various types of induced carcinomas [16]. This phenomenon is seemingly tissue independent, with no
lasting side effects [16].

Treatment issues
The problem with HIV treatments, including ARVs, is that the possibility of transmission remains. Treatments are
geared only towards lengthening the asymptomatic phase, improving longevity and quality of life. Neither ARV treatment nor
the proposed harmala treatment eliminates the risk of transmission, but they do decrease the probability of passing on
infection. By decreasing serum levels of the HIV virus, drugs inhibit the progression of the disease within the body as well
as the ability of the virus to transfer to a new host. Implementing widespread harmala treatment in areas heavily afflicted
with HIV would be geared towards increasing the longevity of infected individuals, but it may also begin to decrease the
prevalence of the disease if it lowers the probability of transmission. An issue surrounding treatment is that once a patient
begins to regain their health, they may begin to engage in high-risk sexual behaviours, infecting others. As a result it is
essential to increase awareness and emphasize that treated patients are still infectious. Any treatment campaign would
need to be accompanied by a drive to educate treated individuals about the hazards of transmission.

Drug Resistance
RNA viruses tend to be highly recombinant, and develop resistance to drug treatments relatively easily. HAART is
geared at preventing this by attacking the viral life cycle from multiple angles, diluting the effect of viral recombination. This
greatly decreases the probability that HIV will proliferate: HIV would need to evolve resistant variants of both the reverse
transcriptase and the HIV protease proteins. Given time, however, HIV mutants will prevail and render current drugs
ineffective. Harmala treatment on the other hand largely circumvents the issue of drug resistance. These compounds target
a host mechanism at a stage when the virus exists only as DNA and is unable to change its expression. Its location in the
host genome means that HIV is only activated by NF-κB [20,47], a transcription factor specific to immune function. In order to
evolve resistance to harmala treatment, the HIV virus would need to evolve a new promoter sequence, one with no affinity
for NF-κB. This would entail losing its ability to utilize the TLR signaling pathway: HIV would no longer be able to detect
co-infection, and would lose much of its virulence.

Future Considerations
Directions for Vaccine Research
The high mutation rate of the HIV virus has afforded researchers an interesting opportunity. The HIV Tat protein, which
normally helps to transactivate viral replication [8], has several geographical variants. One particular variant isolated from
long term non-progressor patients in Gabon, Tat Oyi, has lost its ability to transactivate replication through chance mutation
[44,57]. The structure of Tat Oyi is different enough that a substantial humoral response can be raised against it, effectively
halting the progression of HIV without the help of drug therapy [57]. This provides patients with the Tat Oyi variant with
innate immunity against HIV. Anecdotes report that HIV loses ability to transmit sexually or congenitally in individuals with
43
Tat Oyi [ ]. However the benefits of this innate immunity do not stop with this geographical subset of people: When
antibodies cultured against the Tat Oyi variant are introduced into heterologous sera, they bind other Tat variants as well
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[43]. Normally the body's humoral response is ineffective at neutralizing Tat proteins; it seems that the structure of the Tat
Oyi variant is similar enough to other Tat variants to draw a humoral response towards them. Tat Oyi acts as a
compromise between HIV and our immune system: It is similar enough to other variants to be recognized as a viral protein,
43
and yet different enough to be recognized by the immune system [ ]. Though in the past HIV's high rate of recombination
has frustrated vaccine research, now is has afforded us a chance to use it against the virus. Theoretically antibodies
fabricated against Tat Oyi would stop HIV replication, slow the progression to AIDS, and immunize a person against further
infection. Preliminary testing of these antibodies in vivo has shown no toxicity, and allows a gradual increase in CD4
reservoir cells [57]. This seems to indicate that a Tat Oyi vaccine would in time even cure AIDS patients, ridding them of the
virus. However due to the nature of introducing potentially transactivating viral proteins into AIDS patients, the Tat Oyi
vaccine will require careful and lengthy testing before introduction into human subjects. In the meantime, treatment options
remain the best method of combating transmission.

HIV/TB Co-infectivity
An estimated 2 billion people have infectious tuberculosis (TB), or have been exposed to the parasite [27]. With such a
high prevalence it is not only one of the most successful human parasites, but a viable part of the human phenotype. Not
surprisingly, M. tuberculosum/avium account for over 30% of deaths in people with AIDS [15]. Approximately 70% of
27
HIV/TB co-infected individuals live in sub-Saharan Africa [ ]. Both the HIV virus and the tuberculosis bacterium compliment
each other, living in an unwittingly mutualistic arrangement. Immunocompromised HIV patients succumb to the M.
27
tuberculosum/avium parasite more readily, progressing to the infectious stage of tuberculosis [ ]. People with the
infectious disease are more contagious, helping the bacteria propagate in the host and spread throughout the human
population. Though tuberculosis is most commonly a pulmonary infection, in AIDS patients it can spread to other tissues
[27,59]. Meanwhile, the HIV virus is strongly activated by the host's immune response to this co-infection, infecting the
increased number of circulating CD4 cells. While most CD4 cells undergo apoptosis, macrophages resist this pathway and
instead act as reservoirs for HIV and tuberculosis [42]. The more advanced the stage of either infection, the more it
facilitates the progression of the other. The delocalization of M. tuberculosum/avium infection in AIDS patients creates a
greater physical area of intersection, enhancing the effect of each parasite on the other. In conjunction the HIV and TB
parasites create a cascade effect, each hastening the degradation of the patient's health and increasing the probability of
transmission.
Strikingly high co-infectivity rates have classically been attributed to the ubiquity of M. tuberculum/avium in
underdeveloped parts of the world. While tuberculosis is common, it should be considered that it is more than simply an
opportunistic infection. It seems as if they traverse paths along the TLR signaling pathway in the alveolar macrophages, a
mutual reservoir of infection for both diseases. If this is the case, then each of these epidemics may indeed be fuelling the
other, and treating one may be futile unless the other is attended as well. With the emergence of multi-drug resistant strains
of tuberculosis, eliminating TB may not be possible in the near future. Current drugs are becoming less and less potent with
each ineffective campaign [27]. The only responsible approach is to simultaneously attack the HIV and TB reservoirs in
afflicted areas of the world by employing treatment programs for both illnesses.

Novel Co-infectivity
The NF-κB/TLR dependent activation of HIV should also serve as a predictor of potentially devastating co-infection. The
looming influenza pandemic threatens to create a global state of emergency. Upon arrival to AIDS-devastated areas, the
influenza virus will find a plethora of immunocompromised hosts in which to spread unchecked. The most catastrophic
aspect of this relationship is that the immune response elicited by the influenza virus activates NF-κB, which transactivates
HIV [46]. In vivo assays have shown increased viral load during influenza infection. Should the influenza virus reach
sub-Saharan Africa or certain areas of Asia and Eastern Europe that suffer worse from the AIDS pandemic, HIV mortality
will reach record proportions. The inability of these hosts to elicit an immune response will facilitate the process of genetic
recombination of influenza. Co-infectivity with multiple strains could lead to antigenic shift and new deadly strains of
influenza. If this relationship proves accurate, the HIV/TB co-epidemic could be eclipsed by an accelerated and even
deadlier co-infection.

Conclusion
The activation of the HIV provirus is entirely dependent on the immune infrastructure of the host. Toll-like receptor
signaling allows humans to detect a variety of pathogens in the body, and orchestrate a systemic reaction. The HIV virus
has embedded itself in this signaling chain, giving it the ability to proliferate in the presence of certain opportunistic
infections. Knowing this pathway affords researchers the ability to target this system and prevent viral proliferation in
infected individuals. Given the prohibitive cost of antiretroviral drugs, new methods of treatment should be sought out in
order to treat those who cannot afford medication. The harmala family of plants contains natural compounds that block
specific aspects of the TLR pathway thereby preventing HIV from detecting co-infection and proliferating. These plant
extracts are a fraction of the cost of current HAART treatment, and could be made available to those who need treatment
the most but cannot afford it. Their relatively low toxicity and benign side effects also make them a candidate for addition to
HAART. Using this treatment provides promise of stemming the co-epidemic of AIDS and tuberculosis in sub-Saharan
Africa and throughout the world.
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