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ABSTRACT

SYNGAP1-related NSID is a genetic neurodevelopmental disorder caused by an insufficient level of 
SynGAP protein. Due to the lack of normal levels of SynGAP, neuronal synapses do not function properly 
and develop too early which presents with a wide array of clinical phenotypes including intellectual 
disabilities, decreased motor skills, epilepsy, speech abnormalities, and sleep and behavioral disorders.
Currently there is no cure for SYNGAP1-related NSID and only palliative care is available.  Therefore, new 
and innovative therapies need to be developed where functional SynGAP can be delivered to affected 
neurons. 

Hematopoietic stem cell gene therapy for SYNGAP1-related NSID is a potential therapeutic approach for 
the treatment of patients as the cells of the hematopoietic system are found throughout the body, including 
in the central nervous system as brain microglia. If genetically modified to express functional SynGAP, 
these microglia, once engrafted in the brains of transplanted patients, could deliver protein to the affected 
neurons and possibly restore function or halt disease progression.   

In our current proposal, we will develop a stem cell gene therapy for SYNGAP1-related NSID by modifying
human hematopoietic stem cells with a lentiviral vector expressing functional SynGAP. We will also develop 
an immunodeficient and SynGAP deficient mouse model to evaluate the therapeutic efficacy of our 
approach.  This mouse model will allow us to transplant human cells without concern for rejection.  These 
proof-of-concept studies will allow us to determine if this approach can potentially help SYNGAP patients 
in future clinical trials.   

Exhibit A
Scope of Work



OBJECTIVE:  The overall goal of this project is to evaluate the feasibility of a stem cell gene therapy 
approach for SYNGAP1-related NSID.  We will develop a therapeutic candidate which includes the 
transduction of human hematopoietic stem and progenitor cells (HSPC) with a lentiviral vector expressing 
functional SynGAP.  These cells will subsequently be derived into mature immune cells to express the 
therapeutic protein throughout the body including in the brain thus delivering SynGAP to affected neurons.  
We will also develop an immunodeficient mouse model of SYNGAP1-related NSID to evaluate the in vivo 
efficacy of our stem cell gene therapy approach. 

 

HYPOTHESIS:  Human CD34+ HSPC transduced with a SYNGAP1-expressing lentiviral vector will 
effectively deliver functional SynGAP to affected cells and reverse and/or halt disease progression.  
Engraftment of the vector transduced cells and expression of SynGAP will be observed in the brains of 
transplanted mice.     

    

BACKGROUND:  SYNGAP1-related NSID is a genetic neurodevelopmental disorder caused by an 
insufficient level of SynGAP protein.  Most cases are due to de novo mutations which occur in the SYNGAP1 
gene (1-4).   Due to the lack of normal levels of SynGAP protein, neuronal synapses do not function properly 
and develop too early which presents with a wide array of clinical phenotypes including intellectual 
disabilities, decreased motor skills, epilepsy, speech abnormalities, and sleep and behavioral disorders (1-
4).   Currently there is no cure for SYNGAP1-related NSID and treatments are typically individualized 
depending on what clinical phenotypes are displayed (1-2).  These include physical and speech therapy, 
rehabilitation, behavioral therapy, and anti-seizure medications.  Therefore, novel therapies need to be 
developed which allow for the delivery of functional SynGAP to affected neurons.   
 
A stem cell gene therapy approach to treat SYNGAP1-realted NSID has great potential in offering a life-
long and one- PC with a 
functional copy of the SYNGAP1 gene, constitutive and systemic expression of SynGAP could be achieved.  
Patient CD34+ HSPC would be transduced with the SYNGAP1 lentiviral vector and directly infused 
intravenously.  The engrafted genetically modified HSPC would then produce immune cell progeny 
expressing this functional version of SynGAP throughout the body including in the central nervous system.  
Myeloid cells would engraft in the brains of transplanted patients as microglia and these cells would deliver 
functional SynGAP to affected neurons through a process called cross-correction.   
 
This approach has been successfully demonstrated in other monogenic diseases including metachromatic 
leukodystrophy (MLD), adrenoleukodystrophy (ALD), mucopolysaccharidosis I (MPSI), Tay-
Sachs/Sandhoff disease, and Angelman syndrome (AS) (5-13).  The success of this approach in numerous 
human clinical trials and preclinical studies leads us to believe that this approach of cross-correction can 
benefit other monogenic diseases including those affecting the CNS.  This is the main basis and hypothesis 
for the development of our therapeutic candidate.  Immune system cells derived from the genetically 
modified and transplanted HSPC migrate into the brain and establish long-term residence as microglia (14-
15). Through cross-correction, SynGAP will be secreted by the SYNGAP1 lentiviral vector modified cells of 
the hematopoietic lineage and taken up by neurons and other enzyme deficient cells in the CNS via the 
mannose-6-phosphate receptor where SynGAP can then provide its normal function.   
 
Our lab has proven that this approach can effectively be used for both lysosomal storage disorders and 
also for neurological diseases.  In our previous work in Tay-Sachs and Sandhoff disease we have 
demonstrated significant improvement in both motor and behavioral skills in an immunodeficient Sandhoff 
disease mouse model transplanted with human CD34+ HSPC transduced with a HexA/HexB expressing 
lentiviral vector (5).  An extension of life span was also observed.  This work is currently in the IND-enabling 
study phase.  To further exploit this strategy, we applied this therapeutic approach to a neurological disease, 
Angelman syndrome, and demonstrated both prevention and reversal of clinical symptoms in an 
immunodeficient Angelman syndrome mouse model transplanted with human CD34+ HSPC transduced 
with a Ube3a expressing lentiviral vector (6).  Expression of Ube3a was detected in the brains of these 
mice which would not normally have any Ube3a present (6).  This work is also currently in the IND-enabling 
study phase.  Our recent work in Angelman syndrome demonstrated that this therapeutic strategy could be 



utilized not only for lysosomal storage disorders but also for neurological diseases.  As myeloid cells engraft 
in the brains of transplanted mice and in future human patients as microglia, the hematopoietic system can 
successfully deliver these therapeutic proteins to affected neurons.  Therefore, if additional SynGAP protein 
was delivered throughout the body, including in the brain to affected neurons, a prevention and possible 
reversal of clinical symptoms could be achieved.   
 
Potential advantages of the proposed stem cell gene therapy approach for SYNGAP1-related NSID:  
1. Autologous HSPC are derived from each patient and thus less likely to cause complicating immune 
responses that require life-long immune suppression 
2. Genetically engineered HSPC-derived cells overexpressing SYNGAP1 are capable of secreting 
functional enzyme in large quantities. 
3. Genetically engineered HSPC-derived cells infiltrate the CNS and potentially all tissues in the body 
where they work as enzyme donors. This approach is likely to address CNS and peripheral tissue pathology 
and thus work as a whole-body therapy. 
4. Constitutive long-term expression of SynGAP from HSPC-derived cells will likely allow for a one-
time treatment. 
5.  Neurons are not transduced directly, minimizing the potential for vector-mediated neurotoxicity. 
6.          Lack of intracranial administration required by other vector systems including AAV and nucleic acid 
modifying enzymes including TALES and CRISPR systems. 
7.         Lack of reliance on specific correction of each individual neuron as microglia supply the therapeutic 
proteins.   
 
Lentiviral vectors and transduction of hematopoietic stem cells: 
Lentiviral vectors are an effective means of delivering the SYNGAP1 transgene into HSPC due to their 
ability to stably transduce both dividing and non-dividing cells (16).  They also provide long-term expression 
of the introduced genes due to integration in chromosomal regions that are less prone to gene silencing in 
differentiated cells (16-20).  The proven track record of lentiviral vectors in HSPC gene therapeutic 
approaches highlights its potential use for neurological diseases as we have successfully demonstrated for 
Angelman syndrome.     
 
Immunodeficient and SYNGAP1-deficient humanized mouse model: 
For translation of our research to human clinical trials, we utilize disease-specific immunodeficient mouse 
models where human CD34+ HSPC can be used to evaluate therapeutic efficacy.  This allows us to use 
the exact therapeutic candidate in our preclinical and IND-enabling studies as we would use in future human 
clinical trials.  In our current proposal, we will develop and use an immunodeficient SYNGAP1-/+ mouse 
model to evaluate the efficacy of the human CD34+ HSPC transduced with the SYNGAP1 lentiviral vector.  
We have previously been successful in developing these mouse models for both Sandhoff disease and 
Angelman syndrome.    

 

PRELIMINARY DATA:  As described above, a stem cell gene therapy approach for monogenic enzyme 
deficiencies, including those affecting the CNS, have been successful in both clinical trials and in preclinical 
studies.  In establishing whether the same success can be developed for SYNGAP1-realted NSID, the 
following preliminary data is being presented.   
 
The preliminary data presented here is from our previous work on Angelman syndrome and the lentiviral 
vector expression of a modified form of Ube3a in human CD34+ HSPC transplanted into an 
immunodeficient and Ube3a-deficient mouse model.  The data presented includes significant prevention 
and reversal of disease phenotypes in Ube3a-deficient mice and the expression of Ube3a in the brains of 
mice transplanted with Ube3a vector transduced human CD34+ HSPC.  
 
Prevention and reversal of Angelman syndrome phenotypes in Ube3a-deficient mice: 
 To demonstrate our ability to develop stem cell gene therapy candidates for monogenic 
neurological diseases, our previous work in immunodeficient and Ube3a-deficient double knockout mice for 
the treatment of Angelman syndrome are displayed below.  A novel mouse model created by our group, an 
immunodeficient Ube3a-deficient double knockout mouse model was made so that we could evaluate the 



in vivo efficacy of our Ube3a-expressing lentiviral vector transduced human CD34+ HSPC (6).  We 
successfully created this mouse model and demonstrated engraftment of human CD34+ HSPC at levels of 
20-65% human CD45+ in the peripheral blood as determined by flow cytometry.  These levels of human 
cell engraftment are similar to other immunodeficient mouse models including the NOD-SCID-IL2rg-/- 
(NSG) and NOD-RAG1-/-IL2rg-/- (NRG) mice (21-22).  We next evaluated the in vivo efficacy of the Ube3a 
vector transduced human CD34+ HSPC to either prevent or reverse motor and behavioral deficits observed 
in the mouse model.  Mice were transplanted as either 2-5 day old pups to evaluate the prevention of 
disease phenotypes or as 8 week old mice to evaluate the reversal of disease phenotypes.  Assays included 
open field, beam walking, rotarod, gait analysis, novel object recognition, and EEG which are specific for 
Angelman syndrome phenotypes.      
 As displayed in Figure 1, significant prevention of Angelman syndrome phenotypes were observed 
in immunodeficient Ube3a-deficient mice transplanted at 2-5 days old with Ube3a vector transduced human 
CD34+ HSPC (Ube3a-HET).  This was in comparison to mice left nontransplanted (HET) or transplanted 
with nontransduced (NT-HET) human CD34+ HSPC.   

Figure 1. Locomotor 
ability, balance, motor 
coordination, and gait 
from Ube3a vector 
transduced HSPC 
transplanted neonates: 
Rigorous assessment of 
motor translational 
phenotypes using four 
standard motor and 
behavioral tests in treated 
and untreated Ube3a mat-
/pat+ IL2rg-/y mice that 
were irradiated and 
transplanted as neonates 
with either nontransduced 
(NT-HET (open bar) or the 
Ube3a vector transduced 
(Ube3a-HET (hatched 
bar)) human CD34+ 
HSPC. Eight weeks post-
transplant, mice were 
subjected to (A,B) open 
field locomotion, (C,D) 

balance beam, (E) rotarod, and (F) DigiGait treadmill walking.  In all tests, Ube3a-deficient mice 
transplanted with the Ube3a vector-transduced human CD34+ HSPC (Ube3a-HET) exhibited wildtype 
values of performance. Data are expressed as standard error of mean. *p<0.05, ** p<0.001, *** p<0.0001. 
 
After successfully demonstrating prevention of Angelman syndrome phenotypes in transplanted mice, we 
next wanted to evaluate whether the Ube3a vector transduced cells could reverse and/or halt the 
progression of Angelman syndrome in transplanted adult mice.  As displayed in Figure 2, successful 
reversal of Angelman syndrome phenotypes were observed in adult immunodeficient Ube3a-deficient mice 
transplanted with Ube3a vector transduced human CD34+ HSPC compared to control mice. 



Figure 2. Locomotor ability, 
balance, motor coordination 
and gait from Ube3a 
lentivector transduced HSPC 
transplanted adults: Rigorous 
assessment of motor 
translational phenotypes using 
four standard motor and
behavioral tests in treated and 
untreated (HET) Ube3a mat-
/pat+ IL2rg-/y mice
transplanted as adults with 
either nontransduced (NT-HET 
(open bar) or the Ube3a 
lentivector transduced
(Ube3a-HET (hatched bar)) 
human CD34+ HSPC. Eight-
week old mice were 
conditioned with busulfan and 
transplanted via intravenous
injection. Six weeks later mice 

were subjected to (A,B) open field locomotion, (C,D) balance beam, (E) rotarod and (F) DigiGait treadmill 
walking. In all tests, Ube3a-deficient mice transplanted with the Ube3a vector-transduced human CD34+ 
HSPC (Ube3a-HET) exhibited wildtype values of performance. Data are expressed as standard error of 
mean (SEM). * p<0.05, ** p<0.001, *** p<0.0001.

Next we wanted to determine if Ube3a was being expressed in the brains of mice transplanted with the 
Ube3a vector transduced cells.  Immunohistochemistry was performed with a Ube3a specific antibody.  As 
displayed in Figure 3, successful detection of Ube3a was observed in the brains of Ube3a vector transduced
cell transplanted mice (Ube3a-HET). This was in comparison to nontransplanted (HET) and NT cell 
transplanted mice (NT-HET).

Figure 3. Immunohistochemical 
analysis of UBE3A expression 
in cortex of the mouse brain. Six 
weeks posttransplant, mice were 
assessed for UBE3A expression 
using DAB as a chromogen. A)
IHC images showing expression of 
UBE3A in the mouse cortex of 
nontransplanted WT mice, those 
transplanted with Ube3a vector 
transduced (Ube3a-HET) human 
CD34+ HSPC, those transplanted 
with nontransduced human 

CD34+ HSPC (NT-HET), and non-transplanted HET mice (HET). B) A significant increase in the UBE3A 
positive cells, similar to the WT level, was observed in transplanted Ube3a-HET compared to NT-HET and 
HET. Data are expressed as standard error of mean (SEM). * p<0.05

Data pertaining to the novel object recognition and EEG experiments performed on the transplanted mice 
can be found in our recent publication (6).

Together, the above data demonstrated that successful correction of a monogenic neurological disease 
can be accomplished with a stem cell gene therapy approach.  This along with the success of a similar 
approach for ALD, MLD, MPSI, and TS/SD in both clinical and preclinical studies highlight the potential for 
this strategy to be used for SYNGAP1-realted NSID.



RESEARCH PLAN:

Specific Aim 1:  Develop and evaluate a SynGAP expressing lentiviral vector in human hematopoietic 
stem and progenitor cells and in SYNGAP1-related NSID affected B cells.  Vector transduced cells will be 
evaluated for expression and functionality of SynGAP and for normal differentiation of the CD34+ HSPC
into lineage-specific colony units and mature macrophages. 

Demonstrate the expression and functionality of the SYNGAP1-expressing lentiviral vectors in 
SYNGAP1-affected B lymphocytes.  During this Aim, we will generate the SYNGAP1-expressing lentiviral 
vectors and evaluate the expression and functionality in SYNGAP1-affected B lymphocytes.  This will 
include western blots to demonstrate and measure expression in transduced cells and a GAP and/or Ras
activity assay to demonstrate the functionality of the expressed SynGAP protein.

1A) Lentiviral vector production:  The human SYNGAP1 self-inactivating lentiviral vectors will be 
generated in HEK-293T cells using a multi-plasmid transfection system and concentrated by ultrafiltration. 
Vector titers will be calculated based on transduction of HEK-293T cells and integrated vector 
measurements by quantitative PCR. The vector constructs will be designed to contain only the therapeutic 
expression cassette so data produced can be directly translated to future clinical work. Vectors will be 
produced in a GMP-compatible setting with GMP-compatible reagents.  Our lab produces all of our own 
preclinical and clinical vectors with the same protocols so translating vector production to a clinical trial will 
be an easy transition.

1B)  Evaluation of expression and functionality in SYNGAP1-affected B lymphocytes: To initially 
evaluate the levels of expression of SynGAP and its functionality post-transduction, human B lymphocytes 
obtained from a patient affected by SYNGAP1-related NSID will be transduced with the SYNGAP1 lentiviral 
vectors.  Cells will be transduced at an MOI of 20 and left to culture for fourty-eight hours.  Control cells 
including nontransduced (NT) B lymphocytes and empty vector (EV) transduced B lymphocytes will also 
be generated.  Cellular protein extracts and culture supernatants will be collected and evaluated for 
SynGAP expression by western blots and compared to control cells. 

Functionality of the SYNGAP1 lentiviral vectors will then be evaluated in the transduced B lymphocytes by 
a GAP and/or Ras activity assay which are commercially available.  Protein extracts from the transduced 
cells are evaluated for GAP activity and/or Ras inhibition and fluorescence readouts are then compared to 
control cells.  Together, this data will initially evaluate the expression and functionality of the SYNGAP1-
expressing lentiviral vectors.

Demonstrate the expression and initial safety profile of the SYNGAP1 expressing lentiviral vectors
in human CD34+ HSPC and their derived myeloid cells.  To further demonstrate expression of the 
SYNGAP1 expressing lentiviral vectors, human CD34+ HSPC will be transduced with the vectors. These 
cells will be subsequently derived in vitro into mature macrophages and evaluated for SynGAP expression 
by western blots.  During the derivation of the macrophages, colony forming units will be counted and 
compared to control cells.  These experiments will not only demonstrate expression of SynGAP via lentiviral
vector transduction but will also demonstrate initial safety of the cells as the transduced CD34+ HSPC.  The 
proliferation and differentiation of the vector transduced cells will be determined in the CFU assay and their 
ability to generate mature myeloid cells. 

1C)  CFU assay:  Due to the over expression of SynGAP in transduced cells, it is possible that adverse 
effects or dysfunction of the transduced HSPC could occur.  Therefore, to evaluate the safety of the 
SYNGAP1 lentiviral vectors, an in vitro CFU assay will be performed.  Human CD34+ HSPC will be 
transduced with the SYNGAP1 lentiviral vectors (MOI 20) and cultured in methylcellulose media for 14 
days.  Both CFU colony counts and colony phenotypes (BFU-E, GEMM, GM) will be evaluated and 
compared to control NT and EV vector transduced cells.  Total cell expansion will also be calculated by 
counting the number of input cells compared to the number of cells obtained after 14 days of culture.  
ANOVA statistical analyses will be performed to determine any significant differences in results. 

1D) Myeloid cell development from CFUs: Upon completion of the CFU assay, colonies will be further 
differentiated into mature myeloid cells by culturing in media containing granulocyte-macrophage colony 
stimulating factor (GM-CSF) and macrophage colony stimulating factor (M-CSF) for four days.  Once 
mature cells have attached and developed, the phenotypic profile of these cells will be determined by flow 



cytometry.  Cells will be stained with antibodies specific for the myeloid lineage including CD14, HLA-DR, 
and CD4.  SYNGAP1 lentiviral vector transduced cells will be compared to NT and EV vector transduced 
cells.  

1E)  Expression of SynGAP in vector transduced immune cells: Cellular protein extracts and culture 
supernatants from SYNGAP1 vector transduced human CD34+ HSPC derived macrophages will be 
obtained and evaluated for SynGAP expression by western blots.  Expression in lentivector transduced 
cells will be compared to control NT and EV cells.     

Specific Aim 2: Develop an immunodeficient mouse model of SYNGAP1-realted NSID (23) and evaluate 
the in vivo efficacy of our stem cell gene therapy strategy in these mice.  Adult heterozygous mice will be 
transplanted with the SYNGAP1 lentiviral vector and evaluated for behavioral and motor assays including 
open field and rotarod as previously described (24).  Expression of SynGAP will also be evaluated in the 
brains of transplanted mice by IHC. Homozygous neonates will be transplanted and monitored for an 
extension of their lifespan.   

Generate an immunodeficient and SynGAP deficient mouse model for use in therapeutic 
development. In this Aim, we will generate an immunodeficient and SynGAP deficient mouse model by 
crossing the B6-IL2-/- mice with the B6-SYNGAP1-/+ mouse models (23,25).  Motor and behavioral assays 
will be performed on the crossed mice to demonstrate that the new strain retained the clinical phenotypes
of the original SYNGAP1-/+ mouse model.

2A)  Mouse models and breeding strategy: In order to evaluate the in vivo efficacy of our therapeutic 
candidate which uses human CD34+ HSPC to express functional SynGAP, we will need to generate an 
immunodeficient version of the SYNGAP1 mouse model which would be capable of accepting human 
CD34+ HSPC for transplantation, engraftment, and multi-lineage hematopoiesis in the peripheral blood and 
lymphoid organs.  We have successfully made disease-specific immunodeficient mouse models for both 
Sandhoff disease (a model for Tay-Sachs and Sandhoff disease) and Angelman syndrome (5-6).  These 
mice were crossed with B6-IL2-/- knockout mice and the double knockout genotypes were determined by 
PCR according to standard protocols.  The IL2-/- knockout genotype is ideal for generating 
immunodeficiency as displayed in some of the original humanized immunodeficient mouse models, the 
NSG and NRG mice (21-22). Therefore, to generate the IL2-/-SYNGAP1-/+ mice, we will cross the B6-IL2-
/- and B6-SYNGAP1-/+ mice.  Both strains are on the B6 background and therefore, fewer crossings will 
be needed to create the new model.  Genotypes will be confirmed by PCR. The SYNGAP1-/+ mice are 
fertile and will be used for crossing and breeding since SYNGAP1-/- mice die within one week of birth. 

2B)  Motor and behavioral assays to confirm SYNGAP1-/+ phenotypes: To successfully generate a 
disease-specific immunodeficient mouse model to be used for in vivo efficacy studies, we need to make 
sure that after the IL2-/- cross and the eventual immunodeficiency, the disease-specific phenotypes are 
retained. The original SYNGAP1-/+ strain, displays phenotypes including significantly higher motor activity 
relative to wild type mice in an open field assay, shorter latency to fall in a rotarod assay due to grasping 
deficiencies, and decreased anxiety-related behavior by spending more time in open areas (24). Therefore, 
once genotypes have confirmed a successful cross of the SYNGAP1-/+ and IL2-/- mice, we will perform 
several experiments to verify that the SYNGAP1-/+ phenotypes were retained. Both males and females 
will be used and an N=6 (3 females and 3 males) will be included.  All behavioral and motor studies will be 
blinded by genotype. Mice will habituate in the testing room 30 minutes prior to performing the test and 
testing will be performed as close to the same time of day as possible.  All behavioral/motor experiments 
will be performed on adult mice at 16 weeks of age and again at 48 weeks of age. Data obtained from the 
IL2-/-SYNGAP1-/+ mice will be compared to the original SYNGAP1-/+ and IL2-/- control mice.

Open field: Exploratory locomotor activity will be measured in low lighting conditions in an open field 
measuring 45x45 cm, over a 30-min period. A photocell-equipped Accuscan apparatus will automatically 
record and analyze the behavioral parameters, including total distance traversed, horizontal activity, vertical 
activity, and center time. The apparatus contains eight photocells in each horizontal direction and eight 
photocells elevated 4.0 cm to measure vertical rearings.  Locomotor parameters are automatically 
calculated from the software analysis of photocell beam breaks during the 30-min testing session. This 
open field assay will assess both the increased motor activity and the decreased anxiety-related 
phenotypes of the IL2-/-SYNGAP1-/+ mice through calculation of total distance traversed both horizontally 



and by vertical breaks and also the amount of time spent in the center of the open field compared to the 
sides.   

Rotarod: The ability to maintain motor coordination on a rotating cylinder will be measured with a standard 
Ugo Basile accelerating mouse rotarod apparatus. The cylinder is 4.0 cm in diameter and is covered with 
textured rubber. Mice will be confined to a section of the cylinder 8.75 cm long by plastic dividers. Each 
mouse will be placed on the cylinder as it gradually accelerates to 35 rpm over a 5-minute test session and 
measured for 4 trials.  Mice which fall within 15 seconds and mice which tend to grip the textured rubber 
and ride the cylinder around will be given a second trial.  Latency to fall off the rotating cylinder will be 
measured. This assay will be performed to assess the deficiency in grasping observed in the original
SYNGAP1-/+ mice.

Demonstrate improved clinical phenotypes in IL2-/-SYNGAP1-/+ mice with human CD34+ HSPC 
transduced with the SYNGAP1 lentiviral vector. To evaluate whether our therapeutic candidate 
displays in vivo efficacy, we will transplant Il2-/-SYNGAP1-/+ mice with human CD34+ HSPC transduced 
with the SYNGAP1 lentiviral vectors. We will evaluate the transplanted mice in motor and behavioral 
skills and identify any recovery in phenotypes.  We will also evaluate engraftment of the transplanted cells 
in the peripheral blood, lymphoid organs, and in the brain. Expression of SynGAP will also be evaluated 
in the brain by IHC. 

2C)  Evaluation of the in vivo efficacy of SYNGAP1 vector transduced human CD34+ HSPC in IL2-/-
SYNGAP1 deficient mice:  Human CD34+ HSPC will be isolated from human cord blood obtained from 
the UC Davis Umbilical Cord Collection Program or from a commercial source and transduced (MOI 20) 
with either the SYNGAP1 lentiviral vectors or with the empty control vector (EV).  Eight week old adult mice 
(N=6 per cohort, 3 females and 3 males) will be conditioned with busulfan and transplanted with the specific 
cell type according to the cohort list below:

Cohort 1. Nontransplanted wild type IL2-/-SYNGAP1+/+ mice
Cohort 2. Nontransplanted mutant IL2-/-SYNGAP1-/+ mice
Cohort 3. IL2-/-SYNGAP1-/+ mice transplanted with empty vector (EV) control transduced human CD34+ 
HSPC
Cohort 4. IL2-/-SYNGAP1-/+ mice transplanted with SYNGAP1 lentiviral vector transduced human CD34+
HSPC.

Two months post-transplant, mice transplanted with the EV or SYNGAP1 vector transduced cells will be
bled via the tail vein and analyzed for engraftment by flow cytometry for human CD45.  We routinely obtain 
between 20-65% human CD45 engraftment in the peripheral blood of transplanted immunodeficient mice
(5-6). Engrafted mice will then be used for the open field and rotarod assays.  Brains will be collected from
euthanized mice after completion of the open field and rotarod assays.  Data will be collected and compared 
to control mice. 

2D)  Evaluation of human cell engraftment and SynGAP expression in the brains of transplanted 
mice: To evaluate whether SYNGAP1 vector transduced cells engrafted in the brains of transplanted mice 
and whether successful expression of SynGAP had occurred, immunohistochemistry will be performed on 
the brains of transplanted mice.  As described above, separate cohorts of mice (N=6) will be transplanted 
with the SYNGAP1 vector transduced cells, allowed to engraft, and will be perfused once the behavior and 
motor assays are performed.  Brain sections will be taken and probed for human myeloid cell specific 
markers.  We will also probe for SynGAP expression in these brains to demonstrate successful expression 
in the brains of mice engrafted with the SYNGAP1 vector transduced cells.

2E)  Evaluation of an extension of lifespan in transplanted neonates:  It has been previously shown 
that homozygous SYNGAP1-/- mice die within the first week of life.  Therefore, to evaluate whether the 
SYNGAP1 vector transduced cells are capable of extending their life span, 1-2 day old SYNGAP-/- mice,
conditioned by irradiation from a Cesium source, will be transplanted with either empty vector control 
transduced human CD34+ HSPC or SYNGAP1 expressing lentiviral vector transduced human CD34+ 
HSPC.  As we are not able to genotype the mice in time prior to the transplants, entire litters will be 
transplanted and genotypes will be performed at a later time depending on the survival of the mice.
Transplanted neonates will be closely monitored twice a day and any mice that die within one week of birth 
will be collected, genotyped, and evaluated for engraftment of the human CD34+ HSPC.  



TIMELINE:

Step Goal

QUARTERS

1 2 3 4 5 6 7 8

AIM 1 Demonstrate the expression and 
functionality of the SYNGAP1 expressing 
lentiviral vectors in SYNGAP1-affected B
lymphocytes

AIM 1 Demonstrate the expression and initial 
safety profile of the SYNGAP1 expressing 
lentiviral vectors in human CD34+ HSPC
and derived myeloid cells

AIM 2 Generate an immunodeficient and 
SYNGAP1-deficient mouse model for use in 
therapeutic development

AIM2 Demonstrate improved clinical phenotypes 
in immunodeficient SYNGAP1-deficient 
mice transplanted with human CD34+ 
HSPC transduced with the SYNGAP1
lentiviral vectors



RESOURCES AND ENVIRONMENT: 
 
Laboratory: The PI has his own lab space within a larger translational laboratory in the UC Davis IRC 
building which is 109,000 square feet. There is room for 6 people to work at the bench and to have 
desks. There are 7 tissue culture rooms with biosafety cabinets, one of which is designated for the PI 
and lentivector work. There is also a FACS Core equipped with a 5-laser Cytopeia Influx sorter, a BD 
FACS ARIA, and Fortessa, and a large amount of shelving for reagents. This Center contains a state 
of the art GLP facility and a mouse barrier facility, as well as bench space for multiple PIs and their 
teams.    

Animal: The PI also has a dedicated animal room for the disease-specific and immunodeficient mouse 
colonies in the IRC vivarium equipped with a biosafety cabinet. Two technicians care for the mice, 
breeding and weaning, monitoring each cage twice daily, preparing antibiotic-treated water and 
irradiated food, and changing microisolator cages. The health of the animals is checked daily. Sublethal 
conditioning is done by irradiation, using the animal irradiator purchased for the Stem Cell Program, 
and located in that facility, across the hall from the animal suite. Health screenings for each strain are done 
on a regular basis. 
 
Specific Pathogen Free Barrier Facility (SPF) Vivarium: The shower-in barrier facility consists of 
approximately 10,500 sf of disease-free housing for experimental animals comprised of twelve holding/ 
procedure rooms, and two that can be configured as holding or procedure rooms. These rooms are 
separated into four suites of three rooms and one suite of two rooms, supporting 15 senior investigators 
and multiple junior investigators. The following resources are situated within the animal facility: A tissue 
culture room for cell isolation, the animal irradiator for transplantation procedures, and four separate 
imaging/behavioral assessment rooms. 

Major Equipment: The main laboratory contains 7 tissue culture hoods, 4 centrifuges, 2 ultracentrifuges, 
5 inverted phase microscopes, 2 fluorescence microscopes, 2 water baths, PCR machines, two AB 7300 
Real Time PCR machines, cryotome, FC500 5-color flow cytometer, ELISA plate reader, CO2 and low 
oxygen tissue culture incubators, high-powered dissection microscope, microcentrifuges, 6-refrigerators; 6-
freezers (-20); (-80); water purifier, LN2 tanks; large and small Western blot apparatus, power supplies 
and transfer equipment, 2-sequencing gel apparatus and power supply; 15-gelboxes, power supplies for 
nucleic acids, gel dryer and hydro-tech vacuum pump, and gel reader. We share the use of 4 
preparative centrifuges, 2 scintillation counters, 2 gamma counters, lyophilizers, speed vac, and 
autoclave. The Stem Cell Program has an Influx high speed sterile cell sorter equipped with five lasers 
and an automated cell deposition unit. 

UC Davis IRC:  The UC Davis Stem Cell Program has a strong track record in translational and clinical 
science including a dedicated translational mouse core and a GMP facility which is cpable of producing 
clinical grade lentiviral vectors and processing and manufacturing patient cell products for stem cell and 
gene therapeutics.   

Building on the scientific assets and expertise of one of the largest life science faculties in the nation, the 
UCD Stem Cell Program has provided a visible intellectual home and a potent coordinating force for 
150 faculty investigators who are collaborating on regenerative medicine research, organized into more 
than 15 disease teams. Each team is comprised of leading researchers and clinicians who are exploring 
the most promising approaches that can lead to the greatest advances in improving patient health. These 
groups are supported by an NIH-funded Clinical Translational Science Center (CTSC) and a spectrum of 
institutional resources such as access to a wide range of animal models including outstanding mouse 
facilities, an immune deficient mouse core and an NCRR-funded non-human primate facility, sophisticated 
analytical and imaging technologies and expertise, a 6 suite Good Manufacturing Practice facility, and 
an integrated academic/clinical services health system structure poised to effectively move promising 
innovations in regenerative medicine into clinical trials. 
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