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As the second leading cause of disability in young people, multiple sclerosis (MS) is clearly an important health problem. Fifteen years after the onset of MS, 50% of the 400,000 Americans affected by this disease will be permanently disabled and will either require assistance with walking or be non-ambulatory. It is now believed that loss of axons within the central nervous system (CNS) is the primary cause of this irreversible disability. However, none of the currently available therapies for MS directly protect axons; they do so only indirectly by decreasing inflammation. The lack of a therapy that directly protects axons is a major barrier in treating people with MS. Such a therapy would be expected to decrease progressive disability in MS and would be a valuable complement to currently available therapies.
Epigallocatechin gallate (EGCG) is an antioxidant extracted from green tea. Recent studies showed that this novel therapy was effective in treating experimental autoimmune encephalomyelitis (EAE), the animal model of MS. Mice with EAE treated with EGCG had significantly less axonal loss than untreated mice but the same levels of inflammation. Thus, EGCG is promising as a neuroprotective therapy for MS. 
Polyphenon E is a standardized extract that contains high concentrations of EGCG. The safety and pharmacokinetics of Polyphenon E have been well studied over several doses in healthy humans. A dose of Polyphenon E containing 400 mg of EGCG twice a day is known to be safe for repeated administration and is known to produce levels of free EGCG analogous of those that were neuroprotective in mice with EAE. The research proposed in this application translates the findings from the animal experiments in the EAE model into an early phase clinical trial that uses novel magnetic resonance imaging (MRI) techniques as outcomes. No studies thus far have investigated the safety or efficacy of Polyphenon E in subjects with MS. The overall research objective of this application is to generate pilot data that will support an application to the National MS Society, the Dana Foundation or other funding sources for funding a phase II clinical trial in subjects with MS to determine the safety of Polyphenon E and its effects on MRI markers of axonal loss. This study is significant because it is expected to result in a new therapy for MS that has a direct neuroprotective effect and because it will allow the development of a paradigm for testing additional neuroprotective therapies. 
Hypotheses:
The hypotheses tested in this study are derived our prior experience with advanced MRI, from the data on Polyphenon E obtained from the EAE model and from pharmacokinetic and safety studies in animals and humans. The following are the primary hypotheses:
1. We can reliably measure at our institution n-acetyl-aspartate (NAA)/ creatine ratios using magnetic resonance spectroscopy (MRS).
2. Polyphenon E at a dose of 400 mg twice a day for six months will be safe and well tolerated in subjects with MS. 
3. Treatment with Polyphenon E at this dose in order to protect axons and neurons in subjects with MS is not futile as evidenced by increasing levels of NAA, a marker of the number and metabolic function of neurons. 
Specific Objectives:
The following specific objectives will test the primary hypotheses: 
Specific Objective 1: 
Implement an advanced MRI protocol including magnetic resonance spectroscopy and determine the test-retest reliability of NAA/creatine ratios measured through MRS at our institution.
Specific Objective 2: 
Determine the safety of treatment with Polyphenon E at a dose of 400 mg twice a day over six months in subjects with MS.
Specific Objective 3: 
Obtain pilot data on the effect of Polyphenon E at a dose of 400 mg twice a day over six months in subjects with MS to determine if treatment with Polyphenon E is futile at increasing NAA/creatine levels, a marker of the number and metabolic function of axons and neurons. 
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[bookmark: _Toc158759351]Significance of the proposed research
This research project has significance in its potential to develop a new therapeutic approach to MS. There are still many barriers that exist in halting the progression of disability in people with MS. The FDA approved treatments for MS are expensive (more than $15,000 a year) and require injection or infusion and all are associated with significant side-effects. The cases of progressive multifocal leukoencephalopathy caused by Natalizumab, the most effective of these therapies, suggest that we are reaching the limit of what can be accomplished safely with anti-inflammatory therapies such as all of the ones currently available. Thus, developing neuroprotective therapies is a major goal of current MS research. Polyphenon E represents a novel neuroprotective therapy for MS that can be taken orally, is relatively inexpensive and is well tolerated. 
This initial pilot study will provide evidence that implementing advanced imaging techniques at our institution is feasible and evidence that treatment of subjects with MS with Polyphenon E is not futile. These results will be solid base for an application for funding a placebo controlled Phase II study of Polyphenon E in MS using NAA levels on MRS as the primary efficacy outcome. 
[bookmark: _Toc158759352]Background
MS is an immune-mediated demyelinating disease but it  is now recognized that axonal injury is the cause of  irreversible disability in MS (Trapp, Peterson et al. 1998). A new model in which neurons outside lesions become metabolically dysfunctional and thus more susceptible to injury is gaining acceptance as the explanation for the progressive increase in disability frequently experienced by people with MS(Imitola, Chitnis et al. 2006). In this new model, free radicals are an important mechanism of axonal injury i because they damage macromolecules (Kolb and Kolb-Bachofen 1992) and deplete neurons of nicotinamide adenine dinucleotide leading to mitochondrial dysfunction (Schild and Reiser 2005) which triggers  Wallerian degeneration (Kaneko, Wang et al. 2006). Thus, antioxidants may be effective in protecting axons and neurons in MS, a possibility tested by specific objective 3. 
Green tea is made from the boiled leaves of the Camellia sinensis plant and is widely consumed in large volumes by Asians. The consumption of large amounts of green tea possibly explains the lower incidence rates for certain cancers among Asians and has led to interest in green tea compounds as possible treatments and preventive agents for of cancer. Epigallocatechin gallate (EGCG) is  the main active compound in green tea. EGCG is a potent antioxidant (Pietta, Simonetti et al. 1998,Nakagawa, 1997 #39) and free radical scavenger (Isbrucker, Bausch et al. 2006). 
The antioxidant effects of EGCG have recently spiked interest in EGCG as a potential treatment for MS. Aktas and colleagues showed that EGCG effectively treats EAE, the animal model for MS (Aktas, Prozorovski et al. 2004). Drs. Marracci and Bourdette, from the group Dr. Lovera was part of when he was at Oregon Health and Science University, have replicated these results in the EAE model. Furthermore, they have also shown that low doses of 475mg/kg/day have a purely neuroprotective effect on animals with EAE (Figure 1) because EGCG decreases axonal loss in the cord but does not affect inflammation.
The doses for humans of EGCG equivalent to the doses that are neuroprotective in mice are known to be safe and well tolerated in humans. According to a recent pharmacokinetic study in mice a dose of 500 mg EGCG/kg-bw/day would result in a free EGCG level of 0.1 μg/m, assuming a linear relationship between dose and free EGCG levels (Lambert, Lee et al. 2006). These levels are similar to the free EGCG levels (0.29 ± 0.124 μg/ml) that are seen in humans after repeated dosing with Polyphenon E, at a dose containing 800 mg of EGCG per day (Chow, Cai et al. 2003) indicating that the doses of Polyphenon E that are neuroprotective in mice are achievable in humans. Thus, Polyphenon E is a promising neuroprotective therapy for MS.
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Frequent side effects of treatment with Polyphenon E at a dose containing 400 mg of EGCG twice a day are mainly gastrointestinal (upset stomach, diarrhea, mild nausea). There is a concern about liver toxicity because of rare cases of liver failure in people using green tea supplements for weight loss. A similar toxicity has been seen in dogs with high doses of Polyphenon E when given in the fasting state.
The risk of liver toxicity is minimized by taking Polyphenon E with food. In clinical trials so far mild to moderate increases in liver enzymes occurred in 1% of subjects and severe elevation of liver enzymes in 0.2%; all of these increases have been reversible. Higher doses could be pursued but single doses of Polyphenon E containing 1200 mg of EGCG are associated with more severe nausea and abdominal discomfort (Chow, Hakim et al. 2005). Currently the FDA does not allow long term studies with doses higher than 800 mg a day; this may change as more of the cancer studies using very high doses are completed.
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Oral administration of EGCG decreased the severity and degree of axonal damage in EAE
SJL mice were immunized with 
Proteolipid Protein
139-151 peptide in complete Freund’s adjuvant at day 0 (n=8 per treatment group) and provided ad libitum water containing either sucrose (2%) vehicle or EGCG (0.5%, 1.0%, and 2.0% ) plus sucrose (2%) commencing one day after immunization. The total daily dose for the 0.5% group was 475 mg/kg/day 
A) Mean EAE scores for each group. 
B-C) Spinal cord sections stained with an antibody to detect phosphorylated neurofilaments indicative of healthy axons: B) sucrose, C) 475 mg/kg/day EGCG. Arrowheads indicate areas of axonal loss.
D) Percentage of ventrolateral white matter area with axonal loss as assessed by neurofilament staining. 
E-F) CD4+ staining of spinal cords: E) Control, F) 475 mg/kg/day EGCG. 
Note that lowest dose of EGCG has no effect in immune cell infiltration into the cord but still significantly decreased axonal loss indicating a purely neuroprotective effect at this dose.
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)MRI has been an important tool in Phase II trials in MS. All of the available FDA approved therapies decreased the number of gadolinium-positive and new T2 lesions in their Phase II studies. However, more advance MRI techniques are needed to assess neuroprotective therapies that do not affect inflammation.
Measuring NAA using MR spectroscopy (MRS) is a well established technique. The new high field magnets, such as the 3T scanner we will use for this study, reduce the scanning time and increase signal to noise ratio. In MRS the water signal is suppressed allowing the detection of signals from protons such as NAA. Histopathology studies of spinal cords from subjects with MS obtained through rapid autopsy show that NAA levels in the cord measured using High Phase Liquid Cromatography correlate with the axonal counts (Bjartmar, Kidd et al. 2000). Furthermore, NAA is only present in axons and neurons (Bjartmar, Battistuta et al. 2002) where it is made in the mitochondria. When mitochondrial function is impaired, NAA levels decrease and they increase when mitochondrial function improves (Dautry, Vaufrey et al. 2000). Thus NAA is a valid measure of the number of neurons and importantly their metabolic function. NAA measurements using MRS have good test-retest reliability even across different centers (Narayana, Wolinsky et al. 2004) and are sensitive to treatment effects of glatiramer acetate(GA), one of theapproved therapies for MS (Khan, Shen et al. 2005; Arnold, Narayanan et al. 2008). Furthermore NAA levels measured using MRS correlate with cognitive impairment and disability in MS (Pan, Krupp et al. 2001; Christodoulou, Krupp et al. 2003; Mathiesen, Jonsson et al. 2006). Creatine is another metabolite measured using MRS. Since creatine levels are fairly constant brain NAA levels are usually normalized to creatine and reported as the NAA/creatine ratio. The brain NAA/creatine ratio measured using MRS is expected to be very sensitive to the effects of neuroprotective therapies because of its specificity as a neuronal marker and because NAA levels can increase if the metabolic function of neurons improves. Because of this we chose it as the efficacy outcome for this study.
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Levels for MS subjects and controls
Data from two MS subjects and two age matched controls using the proposed 1HMRSI protocol. Error bars represent 95% confidence limits for the means.
)Preliminary studies
Our preliminary MRI data show that we can implement the proposed imaging techniques in a reliable fashion and that these techniques are sensitive to the changes seen in MS. The coefficient of variation for global NAA in our MRS scans done at the Siemens Trio 3T scanner at OHSU was 2.6% and for NAA in an individual voxel 7.53%. Our preliminary spectroscopy data from two MS subjects and aged matched controls shows lower levels of NAA in the subjects with MS compared to controls and higher NAA levels in the grey matter compared with white matter in both MS subjects and controls. Both of these results agree with the literature on NAA in MS.
 We have now been able to implement a similar MR spectroscopy protocol on the 3T Signa GE scanner at the Medical Center of Louisiana New Orleans Interim Hospital. Figure 3 shows an MR spectrum obtained using this scanner.
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Figure 
3
 MR spectrum obtained using the 3T Signa GE scanner at the MCLNO Interim Hospital.
)Research design and methods
Overall design 
This research proposal involves two phases. During the first phase we will implement an advanced MR imaging protocol that will include MRS, QT1M (Clare and Jezzard 2001) and atrophy measurements (Smith, De Stefano et al. 2001)using the LSU Interim Hospital’s 3T scanner and then establish the reliability of this protocol. In the second phase we will conduct an open label study of Polyphenon E 400 mg twice a day for six months using the implemented protocol. 
Reliability study
After implementing the imaging protocol we will scan five subjects with MS. Each subject will be scanned at the start of the study and then one and two weeks later. We will determine the test-retest reliability by measuring the intraclass correlation coefficient (ICC) for NAA/creatine ratios.
Pilot open label study
Fifteen subjects with relapsing remitting or secondary progressive MS will be enrolled and treated for six months with Polyphenon E 400mg of EGCG twice a day. We will use capsules of Polyphenon E containing 200mg of ECGC manufactured by the National Cancer Institute Division of Cancer Prevention (NCI-DCP) under a contract with Mitsui Norin. We selected this dose as it highest dose known to be safe for repeated administration in humans and because based on the mice EAE studies and the pharmacology studies in humans and mice this dose should result in free EGCG levels in humans similar to levels that are neuroprotective in mice. 
Subjects 18-60 years of age with relapsing remitting  or secondary progressive multiple sclerosis (MS) and expanded disability status scale (EDSS) score of ≤6.5 who have been on stable therapy with Copaxone 20 mg for at least six months or on no disease-modifying therapy for at least six months are eligible for the study. We will obtain MRI scans at baseline and six months and measure the NAA/creatine ratios. We will remove the identifying information from the MRI data and shuffle the order of the scans to before processing to ensure that measurements are objective.
The subjects will be followed with monthly liver tests and complete blood counts and with comprehensive metabolic panels every two months. We will interview the subjects monthly examine the subjects as necessary to assess adverse events (AE). AE will be classified and graded according to the Cancer Therapy Evaluation Program Common Toxicity Criteria Version 3.0. Attribution to therapy will be graded as: definitely related, probably related, possibly related, probably not related and definitely not related.
NCI-DCP has an active Investigator New Drug (IND) application for Polyphenon E. We cross-referenced NCI-DCP’s for our IND for this pilot study (IND#102,493).  
Sample size calculations
Reliability study
The expected ICC’s for our measures are high (0.8). With five subjects and three repetitions we have 80% power to exclude an ICC of 0.2; three repetitions is the optimal number for this ICC(Walter, Eliasziw et al. 1998).
Pilot study
This is a pilot study; the goal is to show that treatment with Polyphenon E 400 mg twice a day is not futile. Futility studies do not attempt to prove efficacy but to reject clearly ineffective therapies. 
Our calculations are based on the study by Khan et al (Khan, Shen et al. 2005) where and the NAA/ creatine ratio levels was increased by 0.18 and the in the placebo group decreased by 0.11; we used 0.26 for the SD, the SD for NAA/creatine at exit reported by Khan et al and assumed that the correlation between two visits is 0.5. NAA levels are frequently normalized to creatine which is a metabolite whose levels are fairly constant. Assuming a similar effect with Polyphenon E we would expect an increase of at least 0.09 in the NAA/creatine ratio over a year. Smaller increases would be considered futile. If we see in our sample a decrease of 0.03 or more in NAA/creatine ratio we are 95% confident that the population mean is change in NAA/creatine is lower than 0.09 and we would declare further testing of treatment at this dose futile. With this design we would proceed to the phase II study only 39% of the times if the true population mean change in NAA was -0.05 (same as placebo in Khan’s study). 
Analysis plan
•	Specific Objective 1: Determine the safety of treatment with Polyphenon E at a dose containing 400 mg of EGCG twice a day over two years in subjects with MS. We will calculate the total number of adverse events, serious adverse events with a severity of three or higher, and adverse events per category. 
•	Specific Objective 2: Determine if treatment with Polyphenon E 400 mg twice a day for two years alters the rate of change of brain NAA levels in subjects with MS compared with those taking placebo. We will use a paired T-test to compare the baseline and exit NAA levels. 
Limitations
This is a short six month study and it is possible that improvements in neuronal function require a longer period of time to be observed. The study is only designed to show a positive trend but not statistically significant results. The study has no placebo control group; the study was designed this way because over this short period of time showing a significant difference between the two groups would require a large number of subjects. The selected dose of Polyphenon E is the highest dose known to be safe for repeated administration; the FDA will not allow repeated dose studies with higher doses except for cancer treatment studies where the risk/benefit may be higher. If treatment with the chosen dose is futile it may be possible to have approval for using higher doses of EGCG as the studies evaluating high doses of EGCG as treatment for chronic lymphocytic leukemia should be completed by then and non-fatal diseases like MS.
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HUMAN SUBJECTS
Risks to subjects 
Human subjects involvement and characteristics
Subject population
Fifteen subjects with RRMS or SPMS will participate in the study. Because of screen failures, we anticipate having to enroll up to 20subjects. Their age range will be 18 and 60 years; the subjects will have no major medical problems besides MS. The following will be the inclusion/exclusion criteria:
Inclusion criteria:
1. Diagnosis of MS by McDonald criteria(Polman, CH et al. 2005).
2. Relapsing remitting multiple sclerosis (RRMS) or secondary progressive multiple sclerosis (SPMS) according to the Lublin and Reingold classification (Lublin, FD et al. 1996)
3. EDSS score (Kurtzke, JF 1983) less or equal to 6.5 (ambulatory with bilateral support).
4. Ages 18 to 60
5. Use of a reliable form of contraception.
6. 
a) Treatment with GA for at least six months
b) or no disease modifying therapy for at least three months for subjects who are refusing available therapies.
Exclusion criteria:
1. MS relapse in the 30 days prior to enrollment. 
2. Any of the following abnormalities on the screening labs:
a. Leukocytes	<3,000/µL
b. Absolute neutrophil count	<1,500/µL
c. Platelets	<100,000/µL
d. Total bilirubin	>1.2 mg/dl
e. AST (SGOT)	>41 U/L
f. ALT (SGPT)	>48 U/L
g. Creatinine	>1.3 mg/dl
3. Green tea consumption in the prior 30 days.
4. Significant health problem besides MS (e.g. renal failure, active coronary heart disease, pulmonary disease, uncontrolled diabetes mellitus, alcohol or drug abuse).
5. Inability to give informed consent.
6. Inability to complete the baseline MRI scan.
7. History of allergic reactions to gadolinium or any other contraindication to MRI.
8. Other immunomodulatory or immunosuppressant therapies besides methyl-prednisolone for relapses or GA within prior three months.

Rationale for inclusion of vulnerable populations
No vulnerable populations are included.
Collaborating Sites
Subjects will be recruited from the LSU MS Clinic. All study procedures will be conducted at the CTRC and the department of Radiology at University Hospital. Advertisements will be placed in the MS Clinic area and distributed to the MS Clinic providers. We will plan to attend the clinic to be available to answer questions of interested subjects.
 Sources of materials
Each subject will be assigned an individual study ID at their entry into the study. The following information will be collected: age (in years), race, ethnicity, employment status, type of MS, years since onset of symptoms, years since diagnosis, medical history, EDSS, MSFC, physical exam, laboratory results, MRI results, weight, vital signs, lab results and adverse events. Contact information will also be collected to ensure proper follow-up. All of the information will be generated from the study procedures except for MS type, years since onset of symptoms and years since diagnosis, which will require review of the medical record. Personal identifiers will be removed from copies of the medical record retained for the study records. These data are being collected for research purposes exclusively.
Potential risks
The most serious risk with green tea extracts appears to be liver toxicity. This risk was estimated at one reaction for every 100,000 units of the extract sold. The liver toxicity is an idiosyncratic reaction that occurs within the first weeks of starting the green tea extract. The FDA has allowed studies with Polyphenon E to continue and did not identify a maximum dose or study duration. The FDA requires that doses are consumed with food, the risk of liver toxicity is explained to subjects in the informed consent, and liver testing is performed every month. Usually the reactions to EGCG resolve with discontinuation of therapy but there is one report where exposure to EGCG resulted in severe liver damage requiring a liver transplant.
So far 42 subjects have completed more than 6 months of follow up in the ongoing lung cancer prevention treatment and prevention trials using doses of Polyphenon E containing 800 mg of EGCG a day or more. No serious adverse events have occurred. This information supports the safety of prolonged treatment with Polyphenon E. However, it is possible that there are unexpected side effects of polyphenon E that only occur after longer periods of therapy. 
Side effects in prior studies using the dose proposed in this study have been mild and did not lead to discontinuation of treatment. The most frequently reported side effects were nausea, abdominal pain, headache and fatigue. People that work in plants producing green tea have developed asthma, but only allergic rhinitis has occurred as an allergic reaction in subjects taking polyphenon E and was not thought to be drug related; however, other allergic reactions are possible. 
The use of gadolinium in the imaging scans has a very small risk (<1:10,000) of allergic reactions. Gadolinium should be used with great care in people with renal involvement because of the risk of nephrogenic cutaneous fibrosis; we are excluding subjects with renal impairment.
Finally, there is a small risk of breach of confidentiality with this study, but proper safety precautions are in place to secure the data. 
The subjects may decide not to participate in the study. Alternatives to treatment with polyphenon E include the beta-interferons, GA, natalizumab and mitoxantrone. During the duration of the study, management of MS will be left up to the subject’s neurologist. If it is considered necessary to start a new disease modifying therapy then polyphenon E will be discontinued. The subjects are allowed to start new symptomatic therapies or medications during the duration of the study as they and their physician consider necessary. The subjects can discontinue the study drug at any time during the study.
Adequacy of protection against risks
Recruitment and informed consent
The principal investigator will explain the study, and possible risks, review the informed consent form with the subject and answer any questions for the subject. The subjects will sign the written informed consent.
Protection against risk
Most subjects will have had an MRI scan in the past so the risk of allergic reactions to the gadolinium is minimal; we are excluding patients with renal disease to decrease the risk of complications with gadolinium. 
To ensure the safety of the subjects’ health information, the subjects’ names, medical record numbers and contact information will be maintained on a database linking this data with the study ID. This database will be separate from the main database containing the rest of the study information coded only the study ID as the unique identifier. Both databases will be encrypted; password protected and kept in a secure network. The databases will only be available to the study investigators and research assistants. Paper records will be maintained in locked cabinets. Six months after the end of the study the database containing personal identifying information will be destroyed. The headers in the MRI data files will only include a unique ID that can later be linked to the study ID.
The subjects will be carefully followed for adverse events by frequent interviews and physical exams. We will educate our subjects regarding the symptoms that can indicate liver injury and follow them closely with monthly labs. 
The subjects will be instructed to take their Polyphenon E doses with meals. This minimizes the risk of liver toxicity.

Potential benefits of the proposed research to the subjects and others:
Subjects may not benefit from this study. If Polyphenon E is indeed neuroprotective then the treated subjects may have less progression of disability. Currently available therapies all have risks; this is especially the case for the more promising ones in terms of slowing the progression of disability like natalizumab. Patients receiving natalizumab are at risk for progressive multifocal leucoencephalopathy (PML), a usually fatal or severely disabling disease. The risk of PML is estimated to be 1 case for every 1000 treated people and may be as high as 1 case for every 300 treated people based on the Phase II studies of natalizumab. People receiving treatment with natalizumab incur this risk in order to prevent one out of eight treated people from progressing one point on the EDSS. Currently there are no neuroprotective therapies available for MS. If polyphenon E was indeed neuroprotective and thus slowed the progression of disability this would justify the small risk of liver toxicity incurred by the subjects in our protocol. 
Importance of knowledge to be gained:
This study can result in a new neuroprotective therapy that may benefit subjects with MS by slowing the progression of disability. Such a treatment would improve the quality of life of people with MS, reduce their economic losses due to reduced working capacity, and reduce the costs related to long-term care and hospitalizations. The safety and effectiveness of Polyphenon E cannot be adequately evaluated outside a randomized trial. If people with MS start using green tea supplements widely this may expose a large number of people to unnecessary risk if Polyphenon E is not really effective. 
The information gained in this study will be relevant to other diseases for which Polyphenon E may be a therapy such as cancer, atherosclerosis, Parkinson’s disease and other neurodegenerative diseases.

Data and Safety Monitoring Plan


Inclusion of women and minorities
National demographic data in MS reports 75% of patients to be females, a trend reflected in our MS clinic. Nationally, 95% of MS patients are Caucasian and 5% African-American, we expect similar trends in patient recruitment from our clinics. MS rarely affects other ethnic and racial groups. Efforts to include minority groups will include advertisements in local foreign language newspapers that target Hispanics and Asians and advertisements on the bulletins of local churches and other organizations that are attended by a high percentage of minorities. We will also give brief presentations about the study to support groups around the city. 
 

Targeted/Planned Enrollment Table
Total Planned: 15	
	TARGETED/PLANNED ENROLLMENT: 

	Ethnic Category
	Sex/Gender

	
	Females
	Males
	Total

	Hispanic or Latino
	0
	0
	1

	Not Hispanic or Latino
	10
	5
	15

	Ethnic Category: Total of All Subjects *
	10
	5
	15

	Racial Categories
	 

	American Indian/Alaska Native
	0
	0
	0

	Asian
	0
	0
	0

	Native Hawaiian or Other Pacific Islander
	0
	0
	0

	Black or African American
	2
	0
	2

	White
	8
	5
	13

	Racial Categories: Total of All Subjects *
	10
	5
	15

	The “Ethnic Category: Total of All Subjects” must be equal to the “Racial Categories: Total of All Subjects.”



Inclusion of Children  
We will be recruiting adults 18 years or older only as MS is a neurological disease that affects mostly the young to middle aged population. In fact, 75% of people with MS living in the community are between 35 and 64 years of age. The safety and dosing of Polyphenon E have not been established in children and pediatric MS is rare and would be better addressed in a study that only includes children.
Vertebrate animals
Not applicable.
Selected agent research
Not applicable
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4.

 

RESEARCH PLAN

 

A.

 

Specific Aims

 

As the second 

leading 

cause of disability in young people

, m

ultiple sclerosis (MS

)

 

is clearly an 

important 

health problem. Fifteen years after the onset of 

MS

, 50% of the 400,000 Americans

 

affected by this disease

 

will be perman

ently disabled and will either require assistance with walking or be non

-

ambulatory. It is now 

believed that loss of axons within the central nervous system (CNS) is the primary cause of this irreversible 

disability. 

However, n

one of the currently availabl

e therapies for MS directly protect axons; they 

do so 

only 

indirectly by decreasing inflammation. 

The lack of a therapy that directly protects axons is a major 

barrier

 

in 

treating people with MS. Such a therapy would be expected to decrease progressive dis

ability in MS and would 

be a valuable complement to currently available therapies.

 

Epigallocatechin gallate (EGCG) is an antioxidant extracted from green tea

. Recent

 

studies

 

show

ed

 

that 

this 

novel 

therapy

 

was effective in treating 

experimental autoimmune e

ncephalomyelitis (EAE), 

the animal 

model of MS

. Mice with EAE treated with EGCG had 

significantly 

less 

axonal los

s 

than untreated mice 

but the 

same levels of

 

inflammation. 

Thus

,

 

EGCG is promising as a neuroprotective therapy for MS.

 

 

Polyphenon E is a stan

dardized extract that contains high concentrations of EGCG. 

The safety and 

pharmacokinetics of Polyphenon E have been well studied over several doses in healthy humans.

 

A dose of 

Polyphenon E containing 

400 mg of EGCG twice a day 

is 

known to be safe for re

peated administration

 

and 

is 

known 

to produce levels of free EGCG 

analogous 

of 

those that were neuroprotective in mice with EAE

.

 

The 

research proposed in this application 

translates

 

the findings from the animal experiments in the EAE model into 

an early ph

ase clinical trial that uses 

novel

 

magnetic resonance imaging (

MRI

)

 

techniques as outcomes.

 

No 

studies thus far have investigated the safety or efficacy of Polyphenon E in subjects with MS. 

The 

overall 

research objective

 

of this application is to

 

generate 

pilot data that will support an application to the National MS 

Society, the Dana Foundation or other funding sources for funding 

a 

phase II 

clinical trial in subjects with MS to 

determine the safety of 

Polyphenon

 

E and its effects on MRI markers of axonal 

loss.

 

This study is 

significant

 

because it is expected to result in a new therapy for MS that has a direct neuroprotective effect and because it 

will allow the development of a paradigm for testing additional neuroprotective therapies.

 

 

Hypotheses

:

 

The hyp

otheses 

tested in this

 

study are derived our prior experience with advanced MRI

, 

from the data 

on Polyphenon E obtained from the EAE model and 

from 

pharmacokinetic and safety studies

 

in animals and 

humans. The following are the primary hypotheses:

 

1.

 

We can r

eliably measure 

at our institution n

-

acetyl

-

aspartate

 

(NAA)

/ creatine ratios

 

using magnetic 

resonance spectroscopy (MRS)

.

 

2.

 

Polyphenon

 

E at a dose of 400 mg twice a day 

for six months 

will be safe and well tolerated in subjects 

with MS.

 

 

3.

 

Treatment with 

Polyp

henon E 

a

t

 

this dose 

in order to 

protect axons 

and neurons 

in subjects with

 

MS 

is 

not futile

 

as evidenced by increasing levels of NAA

,

 

a marker of the number and metabolic function of 

neurons

.

 

 

Specific Objectives:

 

The following 

s

pecific 

o

bjectives 

will te

st th

e primary h

ypotheses: 

 

Specific Objective 1: 

 

Implement an advanced MRI protocol including 

magnetic resonance spectroscopy 

and determine 

the 

test

-

retest reliability 

of NAA

/creatine ratios 

measured through MRS 

at our institution.

 

Specific Objective 2: 

 

Determine the safety of treatment with Polyphenon E at a dose of 400 mg twice a day over six months in 

subjects with MS.

 

Specific Objective 

3

: 

 

Obtain pilot data on the effect of Polyphenon E at a dose of 400 mg twice a day 

over six months

 

in 

subjects wit

h MS to determine if treatment with Polyphenon E is futile at increasing

 

NAA

/creatine

 

level

s

, a 

marker of the number and metabolic function of axons and neurons

.

 

 

