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Objectives 

• Stem cells 101 

• Parkinson’s disease 101 

• A little history 

• Progress to date 

• Future horizons 

 

What is a stem cell? 
• Stem cells are cells that have the ability to reproduce into copies of 

themselves, or into specialized cells such as red blood cells, muscle or 

nerve cells. 

• There are 2 types of stem cells: embryonic stem cells, derived from 

embryos formed to help in reproductive conditions such as infertility, and 

adult stem cells, which are found primarily in bone marrow and body fat.  

• Stem cells can act to repair the body, replenishing blood cells, supporting 

the digestive system, and healing wounds, for instance. 

• Embryonic stem cells are pluripotent: they can develop into many types of 

cells.  

• Adult stem cells are tissue-specific and do not share the ability to develop 

into all different cell types.  

Types of stem cells 

 Adult stem cells: tissue-specific 

 Hematopoietic (HSC): blood-forming 

 Mesenchymal (MSC): support cells 

 

 

 Pluripotent cells 

 Embryonic (ESC) 

 Induced pluripotent  (iPS) 

• 2004: California voters passed Proposition 71, the California Stem Cell 

Research and Cures Initiative.  

• 2005: The California Institute for Regenerative Medicine established  

• The mission of CIRM is to support and advance stem cell research and 

regenerative medicine under the highest ethical and medical standards 

for the discovery and development of cures, therapies, diagnostics and 

research technologies to relieve human suffering from chronic disease 

and injury. 

• CIRM is the largest source of funding for embryonic and pluripotent 

stem cell research in the world. 

• The Independent Citizens Oversight Committee (ICOC) is the 29-

member governing board for the Institute. The ICOC members are 

public officials, appointed on the basis of their experience earned in 

California's leading public universities, non-profit academic and 

research institutions, patient advocacy groups and the biotechnology 

industry. 

 

Total grants: 605 Total funds: $1,792,973,195 
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Dr. Jan Nolta and Dr. Gerhard Bauer 

The UC Davis Institute for Regenerative Cures 

• Opened 2010 

• >100,00 sq feet research space 

• > 200 scientists and physicians 

working together 

UC Davis Good Manufacturing Practice 

(GMP) Facility  

What is Parkinson’s disease? 

• Neurodegenerative disorders are diseases in 

which specific populations of nerve cells die 

prematurely. 

– Ex: Alzheimer’s disease, Parkinson’s disease, ALS or 

Lou Gehrig’s disease, Huntington’s disease 

• PD is the most common neurodegenerative 

movement disorder 

– About 10 million people are affected world-wide 

– About 1 million people are affected in the US 

PD symptoms 
Clinical syndrome:  TRAP 

– Tremor 

– Rigidity 

– Akinesia/bradykinesia 

– Postural instability 

 

 

Lewy body, 1912 

1817, Parkinson 

1919, Tretiakoff 

In PD, there is a tremendous loss of dopamine-producing neurons. 

Epidemiology of PD 

• 1 million people in US 

• Male : female =  3 : 2 

• Racial/ethnic: found in all populations 

• Mean age: 65; 10% before age 40 

• About 5% of cases are familial 

• Risk factors: rural community dwellers 

• Lower incidence in smokers 

• Occupations with higher risk 

– Teachers, physicians, welders, miners 

Causes of parkinsonism 

• Idiopathic Parkinson’s disease: 80-85% 

• Drug induced 

– Dopamine blocking drugs 

• Antipsychotic drugs 

• Anti-nausea drugs 

– Intravenous drug users: MPTP toxin 

• Caused by other neurological disorders: 10-15% 

• Infectious (rare): 

– West Nile virus 

– Encephalitis lethargica early 1900’s 
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Neurological signs in PD 
• Hypomimia: loss of facial expression 

• Hypophonia: decreased voice volume 

• Cogwheel rigidity: increased tone with “rachet” 
quality 

• Tremor at rest 

• Bradykinesia: slow movement 

• Hypokinesia: decreased amplitude of movement 

• Festination: small, stuttering steps 

• Freezing: arrests in movement 

• Dyskinesia: Abnormal involuntary writhing or 
twisting movements caused by medication 

 

Hoehn and Yahr rating scale 

Stage I: unilateral signs 

Stage II: bilateral signs 

Stage III: decreased balance 

Stage IV: “off” immobility 

Stage V: Bedbound 

Non-motor symptoms in PD 

• Sleep disturbance 

• Constipation 

• Mood disorders 

• Light-headedness 

• Bladder control difficulties 

• Cognitive decline and dementia 

Etiology 

• Epidemic of acute parkinsonism in 

Santa Clara valley in 1980s 

• Dr. William Langston tracked the 

epidemic to an illegal “designer drug” 

1997: alpha synuclein discovered 

•First mutation discovered 

which caused PD 

•Alpha synuclein is the 

principle component of 

Lewy Bodies 

Alpha synuclein staining in 

substantia nigra 

2. Loss of smell 

1. REM sleep disorder 

3. Motor symptoms 

4. Executive dysfunction 

5. Visual hallucinations 

6. Memory loss 

BEFORE 

Diagnosis 
AFTER 

Diagnosis 
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Treatment strategies for PD 

Symptomatic 

– PD is the most treatable of all 

neurodegenerative diseases 

– Levodopa is the mainstay of treatment, 

developed in the 1960’s 

– Medications extremely effective for first 10 – 

20 years 

– Exercise, speech and physical therapy  

– Deep brain stimulation approved 1997 

Progression of symptoms of PD 

“ON” 

“OFF” 

I: Patient not aware of effects of individual dose of LD 
II: Mid-afternoon loss of effect 
III: Loss of sleep benefit; early morning akinesia 
IV:  Regular wearing off, every four hours, then shortens with time 
IVa: Delayed “on” 
V: Frequent wearing-off, abrupt off, unpredictable effect of LD 

Stages in the decline in response to levodopa 

1997: Deep brain 

stimulation is 

approved by FDA for 

PD 

Illustration by Lydia Kibiuk, copyright © 2004 Lydia Kibiuk.  

With all of these effective 

treatments, why stem cells? 
• We can’t yet stop the progressive 

neurodegeneration 

• Scientists have been intrigued for years by 

targeting the specific areas affected in the brain 

of PD patients with nerve cell transplants 

• Studies in rodent models in the 1980’s showed 

that parkinsonism could be reversed 

Cellular therapy for PD: 

A little history…. 

• 1987: The first report of fetal cell transplantation 

for patients wth Parkinson’s disease  (Madrazo, 

NEJM) 

• 1988-1990’s: Open-label trials of fetal cell 

implants for PD 

– Results looked promising, but did it really work? 

– The NIH agreed to sponsor 2 studies to determine 

whether fetal cell transplant really worked 

• 2001 and 2003: Double-blind, placebo controlled 

trials of fetal cell implants for PD  

Question: How do you perform a double-

blind, placebo controlled study of brain 

surgery? 

Definitions 

• Placebo-controlled: Patients are assigned 

to receive active treatment (fetal cells) or 

no cells.  

• Double-blind: neither the patient nor the 

physician evaluating the patient’s outcome 

are aware of which treatment they 

received. 
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Answer 
• “Sham surgery” 

• Patients were randomly assigned to either real treatment 

or placebo 

– Informed consent process for all who volunteered for the study 

• All patients were taken to the operating room and had a 

“burr hole” drilled into the skull under local anesthesia. 

• Half of the patients were given the actual treatment 

• The neurosurgeon and the OR staff used a script and 

“pretended” to inject the cells into patients assigned to 

placebo. 

• 1 year later, the placebo-treated patients were given the 

real treatment 

 

Results Results 

Results 

About 25% of the patients who received fetal cells developed 

uncontrolled dyskinesias. Some had to undergo DBS surgery.  

Patient A died 7 

months after 

transplantation 

in a MVA. 

Patient B died 

3 years after 

transplantation 

from a heart 

attack.  

Li J-Y et al. Lewy bodies in grafted neurons in subjects 

with Parkinson’s disease. Nat Med 2008:14;501-3. 

Summary: fetal cell transplants in PD 

• Fetal cell transplantation was generally safe 

– Although some recipients had dyskinesias 

• Earlier-stage and younger patients may have 

had some benefit, but overall the trials failed 

• In those who died later, 30,000-100,000 

surviving cells were found 

• Many questions are still to be answered 
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Stem cells as new treatments for PD 

• Human embryonic Stem Cells (hESC) 

– First line described 1998 

– Unlimited self-renewal capability 

– Can be developed into human dopaminergic neurons 

• Challenges:  

– Risk of cell proliferation and tumor formation 

– Recognized by the immune system and can be 

rejected 

– Source of cells raises ethical issues 

Induced Pluripotent Stem Cells: iPSC 

• Source: non-reproductive cells, such as skin 

cells, that are re-programmed into pluripotent 

cells 

– (Dr. Yamanaka, Nobel prize in 2012) 

• Human iPSC cells have been found to be helpful 

in mouse and primate models of PD 

• Challenges:  

– Require gene therapy to create neuronal-type cells 

– Risk of cell proliferation and tumor formation 

**New discovery Jan 2014: STAP cells, induced from 

blood cells by first stressing the cells to near-death 

iPSCs have another major role  

in PD research 

• Patients with PD have donated skin cells, 

which can then be programmed into iPSCs 

• PD iPSCs can allow us to study the 

disease more fully: “disease in a dish” 

• PD iPSCs can allow us to test new 

treatments at the cellular level  

Caution about stem cell therapies 

• “Stem cell tourism” 

•  “…stem cell tourism is used to an internet-based direct-to-consumer 

advertised industry where clinics offer untested and unproven stem cell 

interventions as bonafide therapies to patients with a range of diseases and 

injuries including Parkinson’s disease, multiple sclerosis, ALS, blindness, 

cancer, cerebral palsy, spinal cord injury and many others.” 

•  ”…. there is no scientific evidence of safety or efficacy of these modalities 

to offer them on a for-profit basis to patients. The term was originally coined 

as a form of tourism because patients traveled from countries like the U.S., 

U.K., Canada and Australia to clinics in countries with lax regulations, but 

this simply is not the case anymore. There are several clinics within highly 

regulated countries like U.S. that offer stem cell interventions.” 

• -Dr. Paul Knoeffler, bona fide Stem Cell Scientist at UC Davis and recent 

recipient of National Advocacy Award at the 2013 World Stem Cell 

Congress 
 

 

http://www.amc.edu/BioethicsBlog/post.cfm/patient-advocacy-groups-and-their-role-in-stopping-stem-cell-tourism 

Mesenchymal Stem Cells (MSC) 

Adult stem cells cannot form an 

entire tissue, unlike embryonic or 

induced pluripotent stem cells 

MSCs can be engineered to 

secrete copious amounts of 

factors for delivery to other cells 

and tissues in the body 

 

 
 

 

 

Mesenchymal 

Stem Cells 

(MSC) 

• Advantages: 
– Long safety record in human trials 

• Harvested from bone marrow 

– Home in on sick and dying cells 
– Immunologically privileged 

• Shelter themselves from the host immune system 
• Can be transplanted without tissue matching 

– Regulate inflammation 
– Secrete factors → promote nerve cell connections 
– Can be easily and safely engineered to transfer 

molecules and proteins to target cells 
 

 

36 
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http://www.cirm.ca.gov/PressRelease_2012-07-26 

Huntington’s Disease 
• Slowly fatal, hereditary, 

degenerative neuropsychiatric 
disease 

• Inherited as autosomal dominant 
• Estimated prevalence in US:  

– 30,000 people with HD in US  

– 150,000 at-risk in US 

– 2000 new cases annually in US 

– Estimated costs: $2.5 billion US 

• World-wide occurrence in all 
populations 

• Onset is usually in 30’s 

• Symptoms: Involuntary movements, 
loss of cognition, psychiatric 
disorders 

• Death after 15-20 years 

 

Woody Guthrie, 1943 

Huntington’s disease is caused by a gene 

mutation discovered in 1993. 

Normal CAGn:  <26 CAG 
Unstable:  27-35 CAG 
Reduced penetrance: 36-38 CAG 
Huntington disease:  > 38 CAG 

HTT gene 

htt protein Longitudinal MRI in HD

HD patient, age 45 Same patient, age 50

Medium Spiny neuron 

2010 – CIRM Spotlight on HD 

Monitor patient for 

Potential improvement in 

UC Davis Movement 

Disorders Clinic 

St 

Stem cell infusion 

via catheter 

41 

http://upload.wikimedia.org/wikipedia/commons/e/e0/Woody_Guthrie_NYWTS.jpg
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Human MSCs (green) making  

BDNF in mouse striatum 

43 

 
The grant is 

approved! 

July 26, 2012 

 

DR2A-05415 Objective 

To obtain FDA approval and to successfully complete a 2-

year Phase I trial of cellular therapy in patients with early-

stage Huntington’s disease (HD).  

 

Our cell/gene therapy development candidate is safety 

modified donor–derived human mesenchymal stem cells 

engineered to secrete brain-derived neurotrophic factor 

(MSC/BDNF), as a neuroprotective strategy to rescue brain 

cells that are degenerating in patients with Huntington’s 

disease.  

 45 

Project Plan: CIRM Grant DR2A-05415  

Pre-Cell: Years 1&2 HD-Cell: Years 3&4 

PRE-CELL: a longitudinal 

observational study  to enroll  

a cohort of early-stage HD 

patients who are potential 

candidates for the planned 

cellular therapy trial 

Planned Clinical trials  
HD-Cell: Phase 1 clinical trial 

of MSC/BDNF neurosurgically 

implanted into striatum using 

techniques similar to deep 

brain stimulator implantation. 

48 
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Summary 
• Over 1 million Americans suffer from PD 

• In the early stages, drug treatment is extremely effective, 

but as the disease progresses current treatments fail 

• There is a > 25 year history of cellular therapy trials in 

PD, leading to a glimmer of hope but many more 

questions to answer 

• CIRM has funded $ 42.5 million to date for PD research 

• Stem cell research holds great promise for better 

understanding of PD and for developing new cellular 

therapies 

Thank you! 

 

 

Questions are 

welcome…. 

Dopaminergic cells derived from 

skin cells in the Nolta lab, UC 

Davis 


