In Vivo Animal Models
AIDS research has been hindered by the lack of an animal model that successfully models the progression of HIV infection to AIDS.  Humanized murine models are not sufficient for proof-of-concept experiments due to the fact that human immune cells must be injected into the mouse model and these cells cannot invoke a proper immune response before depletion \cite{Berges2006}. Current simian models either demonstrate SIV infection and progression to SAIDS (the simian variation of HIV/AIDS which contains too many genetic differences to be sufficient in immunogenicity) or demonstrate simian-human hybrid stHIV infection, which is then controlled by the animal’s immune system \cite{Hatziioannou2009}.  Therefore, we would need to perform a multi-step process to test the efficacy and safety of our treatment before proceeding onto clinical trials. 

Murine Models
While murine models are not optimal for efficacy tests, they provide useful tools for analyzing the safety concerns of our treatment. As with most stem cell therapies, the two biggest concerns are that the stem cells may induce graft-versus-host disease (GVHD) and the stem cells may become cancerous. Both of these concerns can be tested initially in murine models before proceeding onto the more costly simian models.  For both of these concerns, peripheral blood stem cells can be obtained from the murine hosts of the same species, engineered, and reintroduced to the mice in a similar fashion as detailed in the design section.  Following stem cell transplantation, safety effects can then be observed in the mice. 

Because the engineered stem cells are originally derived from murine hosts of the same species, we do not expect to see any indications of GVHD, and we can easily confirm that through a biopsy. The potential for cancer, on the other hand, is much harder to test, and we would most likely have to analyze that through fluorescence microscopy. Two potential options are the expression of Green Fluorescent Protein (GFP) and fluorescent in situ hybridization (FISH). For the first option, we could include expression of GFP under the same promoter as our gene for CD4 expression. After waiting several replication cycles, we could image the entire mouse and observe the fluorescent areas. An overabundance of fluorescence would indicate the possibility of hematopoietic neoplasm, and we can also use this method to confirm the sole differentiation of our engineered stem cells into erythrocytes.  However, problems may potentially arise with this approach. The biggest concern with using GFP is due to the size of the protein, which may also inhibit cell function.
FISH, on the other hand, seems to be a very viable option.

FISH

· Have female murine models

· Inject with male HSCs

· Add fluorescent probe for Y chromosome

· Only engineered HSCs will be labeled

Test “Suicide” Gene in mice

· Does the addition of the drug quench fluorescence

· Any adverse effects on mice? – blood cell count?

Confirm expression of CD4 in fluorescent RBCs
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Macaque Models

Include fluorescent marker

· Confirm differentiation – only RBCs and progenitors should have fluorescence 

· Analyze ratio of engineered RBCs to regular RBCs – Use to refine model

· Test “suicide” gene – similar to in mice

RBC Functionality

· Deformation tests similar to in vitro assays

· Oxygen concentration in blood?

Measure viral titer and CD4 T cell concentration

· With macaque + stHIV model

· Similar to HIV – early stage of infection

· Possible prophylaxis effect

· With macaque + SIV model

· Can progress to SAIDS – okay indication of possible outcome with AIDS

Follow up on in vitro tests.

Clinical Trials

Upon approval from the FDA, we would then proceed onto clinical trials in HIV-positive patients. Since our approach is a permanent treatment in the form of a stem cell therapy, we would most likely skip the testing of our therapy in healthy volunteers and instead, conduct a combined Phase I/Phase II trial.

Phase I/II
Objective

The purpose of our Phase I/II trial is to develop a basic understanding of the safety and efficacy of therapy in human patients infected with HIV. 

Peripheral blood stem cells would be drawn from patients, engineered, and injected back into patients by the same protocol as described in the design section.  Blood viral titer and CD4+ T Cell count would then be measured along with monitoring of blood pressure and blood oxygen levels every day for three weeks.
Criteria for Selection
We would like to gauge the effects of our treatment in about 50 patients of both genders, various age groups (18 to 60 years of age), and various ethnicities.  

We will model our inclusion criteria after that of the Koronis KP-1461 phase I trials \cite{http://clinicaltrials.gov/ct2/show/NCT00129194?term=koronis&rank=2}.  Our inclusion criteria consists of a CD4 count of greater than 100 cells/mm3, a viral load of 2,500-200,000 copies/mL, and a demonstrated resistance to several HAART regimens. 

Since our therapy is a HSC based treatment, our exclusion criteria consists of patients who have previously undergone bone marrow transplants, peripheral blood stem cell transplants, umbilical cord blood cell transplants, or chemotherapy, in addition to patients who have erythrocyte-associated diseases.
Trial Setup

Patients will be divided into a placebo control group and an experimental group.  Placebo group patients will continue with the HAART regimen while the experimental group will be subjected to our therapy through an intravenous injection in varying dosing groups (doses determined through computer modeling). 

In order to give the engineered HSCs time to reproduce and differentiate, data collection will begin a week after the injection of our engineered cells into the experimental group patients.  Every day, blood samples will be drawn and analyzed for viral titer and CD4+ T cell count, in addition to measurement of patient blood pressure and blood oxygen levels. At the start of the trial and at the end of every week, deformation tests will be performed on the blood cells with optical tweezers as described in the in vitro section to confirm the functionality of our erythrocyte traps.  
Phase III
Objective

The purpose of our phase III trial is to observe longer term effects of our therapy in HIV-positive patients.

Criteria for Selection

Selection criteria is similar to that of our Phase I/II trial.
Trial Setup

Trial logistics is also very similar to those of our Phase I/II trial. However, we will increase the number of participants to around 150 and increase the duration of the trial to at least six months.  Based on the dosing data from our Phase I/II trial, we will also determine the optimal intravenous dose needed and administer that to the patients in the experimental group instead of varying the doses.
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