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AUTOIMMUNITY AND MULTIPLE SCLEROSIS TREATMENT

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. provisional application Serial No.
61/974,189 filed April 2, 2014, the disclosure of which is incorporated in its entirety by reference

herein.
STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT
[0002] The invention was made with Government support under Contract No.

PO1AGT034906 awarded by the National Institutes of Health/National Institute of Aging. The

Government has certain rights to the invention.
TECHNICAL FIELD

[0003] In at least one aspect, the present invention is related to the identification of a dietary
formulation and method for treating and reversing multiple sclerosis, type I diabetes and other
autoimmune /inflammatory diseases and preventing a relapse of the disease in part by reducing,
preventing, or reversing autoimmunity and inflammation and promoting regeneration at the lesion

site.
BACKGROUND

[0004] Autoimmune diseases are a class of illnesses in which normal tissues are damaged by
an abnormal immune response. T lymphocytes populations play critical roles in the immuno-
pathogenesis of many autoimmune/chronic inflammatory diseases. It has been shown that both the
reactive CD4" T cells and cytotoxic CD8" T cells and the related cytokines importantly contribute to
the pathogenesis of major autoimmune diseases/chronic inflammatory diseases including multiple
sclerosis, type 1 diabetes , HIV, Rheumatoid Arthritis, atopic dermatitis, ulcerative colitis, Crohn's

disease, psoriasis, Parkinson’s disease, irritable bowel syndrome, asthma, and hepatitis.
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[0005] These autoimmune/inflammatory diseases often occur by T-cell mediated attack of a
subject own cell-types but they can also involve a variety of cytokines that can directly cause
damage to cells, tissues and organs including TNF and interleukins. Antibodies, vaccines, cytokines,
chemicals and stem cell transplantation that can modulate autoimmunity have been considered as
potential therapies for treating T cell-mediated autoimmune diseases and chronic inflammatory
diseases. However, the inconvenience of intravenous (IV) administration, as well as the high costs
and adverse events, including anemia, neutropenia and thrombocytopenia, associated with

conventional therapies prevent their wide use as first-line medications.

[0006] Multiple sclerosis is an auto-immune disease of the Central Nerve System (CNS)
associated with abnormal inflammatory response, chronic demyelination and axonal loss. MS lesions
can be repaired by endogenous oligodendrocyte precursor cells (OPCs), but in most cases, re-
myelination does not occur or is insufficient, leading to chronic disability. Current MS treatments are
mostly immunosuppressive drugs that have minimal effect in regeneration of CNS myelin and in the
reversal of the disease symptoms and damaging effects. Therefore, development of therapies
promoting not only immunosuppressive effects but also re-myelination would represent an important
advance in MS treatment but also in a variety of autoimmune and inflammatory disecases in which
immune cells or cytokines are involved in the damage of specific tissues, including type 1 diabetes ,
HIV, rheumatoid arthritis, atopic dermatitis, ulcerative colitis, Crohn's disease, psoriasis, Parkinson’s

disease, irritable bowel syndrome, asthma, and hepatitis.

[0007] Accordingly, there is a need for improved methods for treating autoimmune and

inflammatory diseases and in particular, multiple sclerosis.

SUMMARY

[0008] The present invention solves one or more problems of the prior art by providing in at
least one embodiment a method for alleviating a symptom of and/or treating an autoimmune disease
in part by reducing/preventing/reversing autoimmunity and inflammation and in part by promoting
regeneration. The method includes a step of identifying a subject having an autoimmune or
inflammatory disease. A fasting mimicking diet is administered to the subject for a first

predetermined time period. The fasting mimicking diet is a calorie restricted diet and/or a ketogentic
2
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diet typically with proteins/amino acids and carbohydrates being restricted but otherwise providing
high micronutrient nourishment. A non-fasting diet is administered to the subject for a second time
period following the first time period. The non-fasting diet provides the subject a normal or even

elevated calorie intake necessary to return to the normal and healthy weight.

[0009] In another embodiment, a method for alleviating a symptom of and/or treating
multiple sclerosis or another autoimmune/inflammatory disease is provided. The method includes a
step of identifying a subject having a multiple sclerosis or another autoimmune/inflammatory
disease. A fasting mimicking diet is administered to the subject for a first predetermined time period,
the fasting mimicking diet. The fasting mimicking diet is a calorie restricted diet and/or a ketogentic
diet typically with protein and carbohydrate being restricted. A non-fasting diet is administered to
the subject for a second time period following the first time period. The non-fasting diet provides
the subject a normal or even elevated calorie intake necessary to return to the normal and healthy

weight.

[0010] In yet another embodiment, a method for alleviating a symptom of and/or treating T-
cell or cytokine-mediated disease is provided. The method includes a step of identifying a subject
having a T-cell or cytokine-mediated disease. A fasting mimicking diet is administered to the subject
for a first predetermined time period. The fasting mimicking diet is a calorie restricted diet and/or a
ketogentic diet typically with proteins/amino acids and carbohydrates being restricted but otherwise
providing high micronutrient nourishment. A non-fasting diet is administered to the subject for a
second time period following the first time period. The non-fasting diet provides the subject a

normal or even elevated calorie intake necessary to return to the normal and healthy weight.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 provides Table 1 showing FMD-altered T cell populations and cytokines as

therapeutic targets for treating major autoimmune diseases and chronic inflammatory diseases.

[0012] Figure 2 is a bar chart showing the mean clinical EAE severity score of the fasting
mimicking diet (FMD) treated mice of MOGs;s_ss induced EAE MS mouse model.
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[0013] Figure 3 shows fluorescent staining of pancreatic tissue demonstrating that observed

that pancreas-infiltrating T cells (CD3+) were greatly reduced by cycles of FMD.

[0014] Figure 4 is a bar chart showing that FMD reduces levels of circulating C-reactive

protein in a pilot human trials (¥p<0.05; n=5).

[0015] Figure 5 is a bar chart showing that the FMD increases levels of circulating Cortisol

in a pilot human trials (¥p<0.05; n=5).

DETAILED DESCRIPTION

[0016] Reference will now be made in detail to presently preferred compositions,
embodiments and methods of the present invention. The Figures are not necessarily to scale. The
disclosed embodiments are merely exemplary of the invention that may be embodied in various and
alternative forms. Therefore, specific details disclosed herein are not to be interpreted as limiting,
but merely as a representative basis for any aspect of the invention and/or as a representative basis

for teaching one skilled in the art to variously employ the present invention.

[0017] Except in the examples, or where otherwise expressly indicated, all numerical
quantities in this description indicating amounts of material or conditions of reaction and/or use are
to be understood as modified by the word "about" in describing the broadest scope of the invention.
Practice within the numerical limits stated is generally preferred. Also, unless expressly stated to the
contrary: percent, “parts of,” and ratio values are by weight; the description of a group or class of
materials as suitable or preferred for a given purpose in connection with the invention implies that
mixtures of any two or more of the members of the group or class are equally suitable or preferred;
description of constituents in chemical terms refers to the constituents at the time of addition to any
combination specified in the description, and does not necessarily preclude chemical interactions
among the constituents of a mixture once mixed; the first definition of an acronym or other
abbreviation applies to all subsequent uses herein of the same abbreviation and applies mutatis
mutandis to normal grammatical variations of the initially defined abbreviation; and, unless
expressly stated to the contrary, measurement of a property is determined by the same technique as

previously or later referenced for the same property.
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[0018] This invention is not limited to the specific embodiments and methods described
below, as specific components and/or conditions may, of course, vary. Furthermore, the terminology
used herein is used only for the purpose of describing particular embodiments of the present

invention and is not intended to be limiting in any way.

[0019] As used in the specification and the appended claims, the singular form "a," "an," and
"the" comprise plural referents unless the context clearly indicates otherwise. For example,

reference to a component in the singular is intended to comprise a plurality of components.

[0020] The terms “kilocalorie” (kcal) and “Calorie” refer to the food caloriec. The term

“calorie” refers to the so-called small calorie.

[0021] The term “subject” refers to a human or animal, including all mammals such as
primates (particularly higher primates), sheep, dog, rodents (e.g., mouse or rat), guinea pig, goat, pig,

cat, rabbit, and cow.

[0022] The “fasting mimicking diet” means a diet that provides the subject with a calorie
restricted diets formulated in a way to generate changes in glucose, ketone bodies, IGF-1 and

IGFBP1 similar to those caused by fasting but able to provide high nourishment and minimize

hunger.

[0023] Abbreviations:

[0024] “AL” mean ad [lib.

[0025] “DAPI” means 4',6-diamidino-2-phenylindole which is a fluorescent stain.
[0026] “EAE” means experimental autoimmune encephalomyelitis.

[0027] “FMD” means fasting mimicking diet.

[0028] “KB” means ketone bodies.

[0029] “KD” means ketogenic diet.

[0030] “MOG35-55" means myelin oligodendrocyte glycoprotein.
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[0031] “MS” means multiple sclerosis.
[0032] “STZ” means streptozotocin.
[0033] An embodiment, a method for alleviating a symptom of an autoimmune or

inflammatory disease in part by reducing/preventing/reversing autoimmunity and inflammation and
in part by promoting regeneration is provided. The method includes a step of identifying a subject
having an autoimmune or inflammatory discase. A fasting mimicking diet is administered to the
subject for a first predetermined time period. In one variation, the FMD diet reduces the subject’s
serum concentration of IGF-I1 by 25 - 90% and the blood glucose concentration by 25 - 75%.
Examples of FMD diets that can be used in the present invention are found in U.S. Pat. Appl. Nos.
14/060494 and 14/178953; the entire disclosures of which are hereby incorporated by reference. In
one refinement, the fasting mimicking diet provides less than 60 % of the subject’s normal caloric
intake with proteins/amino acids and carbohydrates being restricted. In a refinement, the fasting
mimicking diet provides less than 100 grams of carbohydrates and less than 30 g of sugar per day
and less than 28 g of proteins/amino acids per day. In another refinement, the fasting mimicking diet
is a ketogenic diet with or without caloric restriction as set forth herein. A useful ketogenic diet will

provide 52.4-82.4% fat, 10-16.6% carbohydrates, and 8-15% protein of total daily calorie intake.

[0034] In a variation, a non-fasting diet is administered to the subject for a second time
period following the first time period as set forth below. In some refinements, the non-fasting diet
provides the subject with normal or even elevated caloric intake necessary to return to the normal
and healthy weight. The methods of the invention are useful for treating any subject afflicted with an
autoimmune disease and in particular, humans and other mammals. A normal caloric intake is the
number of calories a subject consumes to maintain the subject’s weight. Typically, a normal caloric
intake is from about 1600 to 2400 Calories (i.c., kilocalories) per day. In a refinement, a normal

caloric intake is from 1800 to 2200 kilocalories.

[0035] In a variation, the methods of the invention are used for treating T-cell mediated
diseases including autoimmune diseases and chronic inflammatory diseases in a subject. In this
variation, method includes a step of identifying a subject having a T-cell mediated disease. A fasting

mimicking diet is administered to the subject for a first predetermined time period, the fasting
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mimicking diet providing less than 60 % of the subject’s normal caloric intake with protein and
carbohydrates being restricted. In a refinement, the fasting mimicking diet provides less than 100
grams of carbohydrates with less than 30 g of sugar per day and less than 28 g of proteins/amino
acids per day. In a further refinement, the fasting mimicking diet provides less than 20 g sugar per
day. In each of these refinements, the balance of the calories are from fat. In a variation, a non-
fasting diet is administered to the subject for a second time period following the first time period as
set forth below in more detail. In a refinement, the methods alter the numbers of pathogenic T cells
and the levels of circulating cytokines to alleviate the severity of autoimmune insults as well as
reduces markers that are highly associated with inflammatory diseases including EAE induced
multiple sclerosis (MS) and in STZ induced type 1 diabetes (T1D) mouse models. For example, the
method can decrease the numbers of CD4" and CD8" T cells by at least 20 percent and the level of
circulating cytokines by at least 20 weight percent. In some refinements, the method can decrease
the numbers of CD4" and CD8" T cells by at least 30 percent, 40 percent or 50 percent. In other
refinements, the method can decrease the level of circulating cytokines by at least 30 weight percent,
40 weight percent or 50 weight percent. Furthermore, at least some variations of the methods
stimulate regeneration of undifferentiated precursor cells and differentiated functional cells that were

lost or attacked by the inflammatory T cells.

[0036] Cycles of the FMD alleviate autoimmune/inflammatory diseases such as multiple
sclerosis and type 1 diabetes, in part, by reducing the number of circulating T lymphocytes and the
insults caused by the pathogenic T cells. FMD reduces markers that are associated with
inflammatory diseases i.e. TNF alpha, T cells, and C - reactive protein. This high efficiency, broad
effects on T cell populations and inflammatory markers with minimal initial requirements and long-
term safety/benefits allow the methods of the present invention to be incorporate into various types
of therapy, including those involving biological and pharmaceutical therapies. Overall, FMD poses a
great potential in both preventive and treatments for autoimmune/inflammatory diseases,
demonstrated here in different but similar disecases shown here: type 1 diabetes, multiple sclerosis,
and inflammatory dermatitis; therefore, the FMD treatment is widely applicable for treatment of
other autoimmune/inflammatory diseases. With no need of invasive approach, it can benefit the
conventional immunoregulatory approach in the way that directly regulates the T cells populations

and/or may indirectly change the cytokines to ameliorate the inflammatory autoimmune insults. Here
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we show that the fasting mimicking diet (FMD) as an intensive but brief form of restriction of
specific nutrient able to mimic fasting while preventing malnourishment can alter the numerical and
functional profiles of T cell populations and levels of circulating cytokines which are key therapeutic
targets of majority of autoimmune as well as reduces markers associated with inflammatory disecases
(Table 1). Table 1 provides examples of disecases and conditions that can be treated with the
methods of the invention. It is also demonstrated that the FMD promotes regeneration of
oligodendrocytes in the MS and Type I diabetes model. Cycles of the FMD also increase
regeneration of oligodendrocytes in MS by promoting differentiation of a precursor cells
(oligodendrocyte precursor cells) to increases in functional cell types (oligodendrocytes). FMD is
preferred over 120-hr fasting since it is extremely difficult for human subjects successfully fast due
to low compliance and side-effects of malnutrition. Advantageously, the present invention using
substitution diets, which maximize the micronutrient without interfering the beneficial effect of

fasting condition in re-modulating immune systems and promoting regeneration.

[0037] In at least one embodiment, a method for treating, alleviating, and preventing
recurrence of a symptom of multiple sclerosis (MS) is provided. The method includes a step of
identifying a subject having a diagnosis of a multiple sclerosis or exhibiting one or more symptoms
of multiple sclerosis. Examples of symptoms of multiple sclerosis include, but are not limited to,
neurological dysfunction (e.g., autonomic, visual, motor, and sensory dysfunction), muscle
weakness, muscle spasms, depression, mood swings, nervous system lesions (e.g., sclera),
demyelination, etc. The subject is periodically administered a fasting mimicking diet (FMD) as set
forth herein to treat or alleviate a symptom of multiple sclerosis. For example, in a refinement, the
fasting mimicking diet provides less than 60 % of the subject’s normal caloric intake with
proteins/amino acids and carbohydrates being restricted. In a further refinement, the fasting
mimicking diet provides less than 100 grams of carbohydrates and less than 30 g of sugar per day
and less than 28 g of proteins/amino acids per day. In another refinement, the fasting mimicking diet
is a ketogenic diet with or without caloric restriction as set forth herein. A useful ketogenic diet will

provide 52.4-82.4% fat, 10-16.6% carbohydrates, and 8-15% protein of total daily calorie intake.

[0038] In a variation of the methods set forth above, the fasting mimicking diet provides the
subject less than 80 percent, 70 percent, 60 percent, 50 percent, 45 percent, 40 percent, or 35 percent

of the subject’s normal caloric intake. In still other refinements, the fasting mimicking diet provides
8
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the subject with greater than, in increasing order of preference, 10 %, 20%, 25% or 30 % of the
subject’s normal caloric intake. In a refinement, the FMD is administered for a first predetermined
time period. Typically, the fasting mimicking diet provides the subject with less than 30 g of sugar
per day, less than 28 g of proteins per day, 20-30 grams of monounsaturated fats per day, 6-10 g of
polyunsaturated fats per day, and 2-12 g of saturated fats per day. In a refinement, the fasting
mimicking diet provides less than 25 g of sugar, less than 23 g of proteins, 16-25 grams of
monounsaturated fats, 4.8-8 g of polyunsaturated fats and 1-10g of saturated fats. In another
refinement, the fasting mimicking diet provides the subject with less than 20 g of sugars per day, less
than 18 g of protein per day, 10-15 g of monounsaturated fats per day, 3-5 g of polyunsaturated fats
per day and 1-6 grams of saturated fats per day. In still another refinement, the fasting mimicking
diet provides less than 16 g of sugars, less than 15 g of protein, 8-12 g of monounsaturated fats, and
2-4 g of polyunsaturated fats and 1-6 grams of saturated fats. Typically, the fasting mimicking diet
provides 100% of the recommended daily allowance (RD) for vitamins, minerals, and essential fatty

acids.

[0039] In a variation of the methods set forth above, the first time period is from 3 to 30
days. In another variation of the methods set forth above, the first time period is from 3 to 7 days. In
a refinement, the first time period is about 1 or 2 or 3 or 4 or 5 or 6 or 7 days. In another variation of
the methods set forth above, the first time period is from 3 to 7 days. In a refinement, the first time
period is about 1 or 2 or 3 or 4 or 5 or 6 or 7 days. In a further refinement, the first time period is
about 5 days. Typically, the fasting mimicking diet is periodically administered to the subject. In
one variation, the fasting mimicking diet is administered to the subject at 4-16 week time intervals.
In another variation, the fasting mimicking diet can be administered to the subject at 2 to 4 week
time intervals. In a variation, the subject is provided with 4.5-7 kilocalories per pound of the subject
on a first day of the fasting mimicking diet. In a refinement, the subject is provided with 3.5-5
kilocalories per pound of the subject on a first day of the fasting mimicking diet. For days 2-5 of the
fasting mimicking diet of this variation, the subject is provided with 3-5 kilocalories per pound of
the subject’s weight. 14. In a variation when the fasting mimicking diet is administered for 4 days,

the fasting mimicking diet provides 2.4 to 4 kilocalories per pound of the subject for days 2-4.

[0040] In a variation of the methods set forth above, the FMD is alternated with a non-

fasting diet (non-FD) in order to allow subject to regain normal weight. Typically, the non-FD is
9
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administered on the day after completion of a cycle of the FMD. In a refinement, the non-FD is
administered 1-7 days (e.g., 1, 2, 3, 4, 5, 6 or 7 days) after completion of a cycle of the FMD. The
non-FD diet provides the subject with normal caloric intake. The non-FD is administered for a
second time period. Typically, the second period of time is from 1 day to 55 days. In a refinement,
the second period of time is greater than or equal to, in increasing order of preference, 1 day, 3 days,
7 days, 14 days, or 20 days. In another refinement, the second period of time is from 1 day to 55
days. In a refinement, the second period of time is less than or equal to, in increasing order of
preference, 60 days, 50 days, 40 days, 30 days, or 25 days. In a variation, the FMD and the non-FD
are administered to the subject every 2 to 4 weeks over a period of treatment. In another variation,
the FMD and the non-FD are administered to the subject every 2 to 8 weeks over a period of
treatment. A period of treatment is typically from a month to several years or for the lifetime of the

subject.

[0041] The following fasting mimicking diets (FMDs) and method will be required to
effectively treat multiple sclerosis and to prevent relapsing —remitting multiple sclerosis. They were
developed by extrapolating from the mouse diet (see figures), based on calorie intake compared to
normal/ad [lib intake and macronutrient and micronutrient composition (compared to the standard
composition) and using human data from an ongoing clinical trial that reaches the fold change
ranges of the concentrations of glucose, ketone bodies, IGF-I level and IGFBP-1 level similar to the

mouse diet and that affect the anti-inflammatory corticosteroids and inflammatory markers.

[0042] The following examples illustrate the various embodiments of the present invention.
Those skilled in the art will recognize many variations that are within the spirit of the present

invention and scope of the claims.

[0043] The substitution diets are scaled for mice in the experiments set forth below. For both
treating and reversing autoimmune/inflammatory diseases, either Diet 1 or Diet 2 can be given to the
subjects and the frequency of the cycle should be decided based on the ability of subjects to regain
the normal body weight and/or the physician’s recommendation to be a healthy weight — BMI of at
least 18 or higher.

10
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[0044] It has been shown that the FMD cycles decrease glucose and serum IGF-1 level. A
decrease in serum IGF-1 level has been shown to be one of the biomarkers that indicate regeneration
effects and an increase in stems and and/or progenitor cells in hematopoietic stem cell in both mice
and human (Cheng et al., 2014 Cell Stem Cell; patent pending). In 10 week old female C57B1/6
mice, one cycle of FMD) reduced the bodyweight by 18% compared to controls and significantly
reduced glucose level and serum IGF-1 level. Upon re-feeding, FMD recovered to its normal body
weight. In a similar manner, an on-going clinical trial in humans has also shown that a single cycle
of the analogous FMD (adjusted for weight and other requirements specific for humans) shows
reduced blood glucose level as well as serum IGF-I levels. Morecover, IGFBP-1, which binds and
reduces the bioavailability of IGF-1, significantly increased upon a single FMD cycle to contribute
further to the inhibition of IGF-I signaling.

[0045] The experimental mouse FMD is based on a nutritional screen that identified
ingredients, which allow high nourishment during periods of low calorie consumption. The mouse
FMD diet consists of two different components designated as day 1 diet and day 2-3 diet that were
fed in this order respectively. Day 1 diet contains 7.87 kJ/g and the day 2-3 diet is identical on all
feeding days and contains 1.51 kJ/g. Day 1 and day 2-3 diets were supplied to the FMD cohort with
the average intake of the ad /ib control group (~4 g) every two weeks. On average, mice consumed
11.07 kJ (plant-based protein 0.75 kJ, carbohydrate 5.32 kJ, fat 5 kJ) on each day of the FMD
regimen. In both the MS and T1D models, we supplied TD.7912 chow ad /ib for 4 to 7 days after the
end of the day 2-3 diet. The duration of FMD and that of refeeding with TD.7912 may be adjusted
by the body weight loss (<20%) and recovery (= 95%). In the case of MS model, the refeeding
period was limited to 4 days. Prior to supplying the FMD diet, animals were transferred into fresh
cages to avoid feeding on residual chow and coprophagy. The experimental mouse KD contains 0.34

kcal/gm of protein, 6.76 kcal/gm of fat and 0.13 kcal/gm of carbohydrates.

[0046] Modified Human Fasting Mimicking Diet 1: The FMD will substitute a subjects’
normal diet for a period of 5 to 7 days (see below) every 4-16 weeks depending on the types and
severity of the subjects’ disease condition and ability of the patient to regain weight before the next
cycle is initiated. Patients with more severe symptoms who are able to regain weight will receive the
diet every 4 weeks and patients with milder forms of the disecase will receive the diet every 8-16

weeks. The FMD consists of ingredients, which are Generally Regarded As Safe (RGAS). Calories
11



WO 2015/153850 PCT/US2015/024021

are consumed according to the subject’s body weight. For day 1, total calorie consumption is 18.8-
29.2 kJ (4.5-7 kcal) per pound (or 42 - 67 kJ per kilogram). The daily diet should contain less than
100 grams of carbohydrates with less than 30 g of sugars, less than 28 g of proteins/amino acids, 20-
30 grams of monounsaturated fats, 6-10 g of polyunsaturated fats and 2-12g of saturated fats. For
days 2-5 or 2-7, total calorie consumption is 12.5-20.9 kJ (3-5 kcal) per pound (or 29-46 kJ per
kilogram). The diet should contain less than 100 grams of carbohydrates with less than 20 g of
sugars, less than 18 g of proteins/amino acids, 10-15 g of monounsaturated fats, and 3-5 g of poly
unsaturated fats and 1-6 grams of saturated fats. Diet should also be high nourishment containing

100% of the RDA for vitamins, minerals + essential fatty acids.

[0047] Modified Human Fasting Mimicking Diet 2: The FMD will substitute a subjects’
normal diet for a period of 4 days (see below) every 4-16 weeks depending on the types and severity
of the subjects’ disease condition and ability of the patient to regain weight before the next cycle is
initiated. Patients with more severe symptoms who are able to regain weight will receive the diet
every 2 weeks and patients with milder forms of the disease will receive the diet every 4 weeks. The
FMD consists of ingredients, which are Generally Regarded As Safe (RGAS). Calories are
consumed according to the subject’s body weight. For day 1, total calorie consumption is 18.8-29.2
kJ (4.5-7 kcal) per pound (or 42 - 67 kJ per kilogram). The daily diet should contain less than 100
grams of carbohydrates with less than 25 g of sugar, less than 23 g of proteins/amino acids, 16-25
grams of monounsaturated fats, 4.8-8 g of polyunsaturated fats and 1-10g of saturated fats. For days
2-4, total calorie consumption is 10-16.7 kJ (2.4-4 kcal) per pound (or 22.2-36.8 kJ per kilogram).
The diet should contain less than 100 grams of carbohydrates, with less than 16 g of sugars, less than
15 g of proteins/amino acids, 8-12 g of monounsaturated fats, and 2-4 g of polyunsaturated fats and
1-6 grams of saturated fats. Diet should also be high nourishment containing 100% of the RDA for

vitamins, minerals + essential fatty acids.

[0048] Modified Human Ketogenic Diet: The KD will substitute a subjects’ normal diet
continuously until subjects’ disease conditions persist. Ketogenic diet should contain food source
majority coming from mono- poly unsaturated fats and saturated fats. Briefly, the ketogenic diet
should contain 52.4-82.4% fat, 10-16.6% carbohydrates, and 8-15% protein of total daily calorie
intake. Diet should also be high nourishments containing 100% of RDA for vitamins, minerals and

essential fatty acids.
12
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[0049] Figure 2 provides a bar chart showing the mean clinical EAE severity score of the
fasting mimicking diet (FMD) treated mice of MOGss.ss induced EAE MS mouse model.
Experimental autoimmune encephalomyelitis is the most commonly used rodent experimental model
for human multiple sclerosis. It is shown that periodic cycles of a Fasting Mimicking Diet (FMD) (3
days of FMD and 4 days of ad libitum per week) have the therapeutic effects in MOGss_ss induced
EAE C57Bl1/6 mice model of multiple sclerosis as well as reduction of autoimmunity and prevention
of relapse of the disecase. Weekly Cycles of fasting mimicking diet (FMD) lead to significantly
reduced EAE severity scores (0 — no observable symptom and 5 — moribund) compared to the
control diet (CTRL). A continuous ketogenic diet (KD) showed reduced EAE severity compared to
the control but not to the extent of FMD.

[0050] Cycles of substitution diets reduced T cell populations and cytokines associated with
symptoms of autoimmune discases and alleviated the symptoms in the mouse models of multiple
sclerosis (MS) and type 1 diabetes (T1D) in vivo. Table 2 provides results showing that FMD
reduces splenic CD4 " and CD8" T cells in mouse model of MS at the end of three days of FMD

Table 3. FMD reduces splenic CD4" CDS' T cells._*p<0.05, **¥p<0.01. FMD, at the end of 3d
FMD)

Numbers (x10°) CTRL FMD
CD4 1.52+0.09 0.81£0.16 | **
CDS 1.07+0.16 0.60+0.16 |*
Active CD4 0.81+0.04 0.48 +£0.09 | **
Active CD8 0.56+0.01 0.35+0.53 | **
[0051] Table 3 shows that FMD promotes oligodendrocyte precursors and differentiated

oligodendrocytes at the spinal cord lesion of mouse model of MS. NG2 is used as a marker for the
undifferentiated oligodendrocyte precursor cells. BrdU is used as a marker for proliferation. GSTx is
used as a marker for differentiated oligodendrocyte. BrdU  GSTrn' cells indicate that newly
proliferated precursor cells that are differentiated to myelinating functional oligodendrocytes as a
marker for regeneratio. FMD treatment shows an increase in NG2+ oligodendrocytes precursor cells

and GSTn' matured oligodendrocytes in the spinal cord lesion. The FMD mediated increase in both
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precursor and differentiated oligodendrocytes is due to increase in proliferation (BrdU" cells) that are
successfully differentiated to mature oligodendrocytes (BrdU" GSTr'). These changes demonstrate

regeneration at the lesion site

Table 3. FMD promotes oligodendrocyte precursors and differentiated oligodendrocytes.

Fold-change from control CTRL FMD
NG2" Oligodendrocyte Precursor 1.00 +0.31 1.21+0.28 1
Oligodendrocytes
1.00 £0.047 1.44+£0.23 7%
BrdU" GSTn" cells
(Newly proliferated and
differentiated oligodendrocytes) 1.00 £ 0.26 1.94+£0.28 1%
[0052] Figure 3 shows fluorescent staining of pancreatic tissue. It was observed that

pancreas-infiltrating T cells (CD3+) were greatly reduced by cycles of FMD. Table 4 demonstrates
that FMD alleviates pathogenic autoimmune responses in STZ induced type I diabetes. Table 4

shows that FMD reduces levels of circulating cytokines associated with B-cell insults

Table 4. FMD reduces circulating cytotoxic CD8" T cells. *¥p<0.05, ***p<(.005. FMD, at the end of
4d FMD; post-FMD, 3 days after refeeding.

do FMD post-FMD
Total T cells 1.03+0.20 0.58+0.10 }* 035+£0.14 {1 *
% of cytotoxic T cells 39.54 £5.07 43.03 £ 6.70 -~ 14.52 +£3.76 |} **
218 030 ¢
cytotoxic T cells 2.62+0.34 1.34+0.17 {{*

Table 4. FMD reduces levels of circulating cytokines *»<0.05, ***p<0.005. FMD, at the end of 4d
FMD.

STZ FMD+STZ
TNFa 0.52:+0.28 -0.10+£0.14] |
MCP-1 2.02+1.02 0.35£0.62]] *
IL-12 0.09+0.16 |  -0.31+0.12] | ***
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| RANTES |  0.00+0.06 | -045+0.07]] *|

[0053] Figure 4 is a bar chart showing that FMD reduces serum CRP level and increase
cortisol level in a human trial. CRP is known to be one of the main markers for inflammatory

diseases. FMD treatment shows 3-fold decrease in CRP level in a human clinical trial.

[0054] Figure 5 shows that the FMD increases levels of circulating Cortisol in a human
clinical trial. (*»<0.05; n=5). Cortisol is in a class of glucocorticoids that are known to be anti-
inflammatory by interfering T-cell proliferation and activation as well as decreasing a wide variety
of cytotoxic cytokines including TNFalpha. FMD treatment shows a near 2-fold increase in cortisol

level compared to the control in a human clinical trial.

[0055] Cycles of substitution diet showed 2-fold reduction (20% in control cohort vs. 10% in

FMD cohort) in dermatitis incidence in wild-type C57Bl/6 mice as summarized in Table 5.

Table 5. FMD reduces rate of spontancous dermatitis incidence *p<0.05.

Control FMD

% incidence 20 10 [*

[0056] Table 6 shows that the percentage of disease-induced mice recovered / showed

improvement from type 1 diabetes STZ autoimmune model and MS EAE autoimmune model.

Table 6. 50-100% improvement of Type 1 diabetes and multiple sclerosis symptoms in mice treated
with an FMD diet

Control | FMD

Type 1 Diabetes (STZ model) 0% 100%
Multiple Sclerosis (EAE model) 0% 52.7%
[0057] While exemplary embodiments are described above, it is not intended that these

embodiments describe all possible forms of the invention. Rather, the words used in the

specification are words of description rather than limitation, and it is understood that various
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changes may be made without departing from the spirit and scope of the invention. Additionally, the
features of various implementing embodiments may be combined to form further embodiments of

the invention.
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WHAT IS CLAIMED IS:

1. A method for alleviating a symptom of autoimmunity or inflammatory disease while
promoting regeneration, the method comprising:

identifying a subject having an autoimmune or inflammatory disease;

administering a fasting mimicking diet to the subject for a first predetermined time period,
the fasting mimicking diet providing less than 100 grams of carbohydrates with less than 30 g of
sugars per day and less than 28 g of proteins/amino acids per day; and

administering a non-fasting diet to the subject for a second time period following the first

time period, the non-fasting diet providing the subject with normal caloric intake.

2. The method of claim 1 wherein fasting mimicking diet provides less than 60 % of the

subjects normal caloric intake.

3. The method of claim 1 wherein the fasting mimicking diet is a ketogenic diet.
4. The method of claim 1 wherein the first time period is from 3 to 7 days.
5. The method of claim 1 wherein the fasting mimicking diet is periodically

administered to the subject.

6. The method of claim 1 wherein the fasting mimicking diet is administered to the

subject at 4-16 week time intervals.

7. The method of claim 1 wherein the first time period is about 5 days.

8. The method of claim 7 wherein on a first day of the fasting mimicking diet the subject

is provided with 4.5-7 kilocalories per pound of the subject.
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9. The method of claim 8 wherein the fasting mimicking diet provides the subject 20-30
grams of monounsaturated fats per day, 6-10 g of polyunsaturated fats per day, and 2-12 g of
saturated fats per day.

10.  The method of claim 7 wherein for days 2-5 of the fasting mimicking diet the subject

is provided with 3-5 kilocalories per pound of the subject’s weight.

11.  The method of claim 8 wherein the fasting mimicking diet provides the subject with
less than 100 grams of carbohydrates and less than 20 g of sugars per day, less than 18 g of
proteins/amino acids per day, 10-15 g of monounsaturated fats per day, 3-5 g of polyunsaturated fats

per day and 1-6 grams of saturated fats per day.

12. The method of claim 7 wherein the fasting mimicking diet provides 100% of the

recommended daily allowance (RD) for vitamins, minerals, and essential fatty acids.

13.  The method of claim 1 wherein the first time period is about 4 days.

14.  The method of claim 13 wherein on a first day of the fasting mimicking diet the

subject is provided with 3.5-5 kilocalories per pound of the subject.

15.  The method of claim 14 wherein the fasting mimicking diet provides less than 100
grams of carbohydrates with less than 25 g of sugar, less than 23 g of proteins/amino acids, 16-25

grams of monounsaturated fats, 4.8-8 g of polyunsaturated fats and 1-10g of saturated fats.

16.  The method of claim 14 wherein for days 2-4 the fasting mimicking diet provides 2.4

to 4 kilocalories per pound of the subject.

17.  The method of claim 16 wherein the fasting mimicking diet provides less than 100
grams of carbohydrates with less than 16 g of sugars, less than 15 g of proteins/amino acids, 8-12 g

of monounsaturated fats, 2-4 g of polyunsaturated fats and 1-6 grams of saturated fats.
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18. The method of claim 13 wherein the fasting mimicking diet provides 100% of the

recommended daily allowance (RD) for vitamins, minerals, and essential fatty acids.

19.  The method of claim 1 wherein the subject is a mammal.

20.  The method of claim 1 wherein the subject is a human.

21.  The method of claim 1 wherein the autoimmune disease is multiple sclerosis.
22. A method treating multiple sclerosis comprising:

identifying a subject having multiple sclerosis;

administering a fasting mimicking diet to the subject for a first predetermined time period,
the fasting mimicking diet providing less than 50 % of the subjects normal caloric intake with both
severe proteins/amino acid and carbohydrate restriction intake and less than 30 g of sugars per day
and less than 28 g of proteins per day; and

administering a non-fasting diet to the subject for a second time period following the first
time period, the non-fasting diet providing the subject greater than 60 percent of the subject’s normal

caloric intake but a calorie intake necessary for the subject to return to a normal healthy weight.

23. A method treating a T-cell mediated disease comprising:

identifying a subject having a T-cell mediated disease;

administering a fasting mimicking diet to the subject for a first predetermined time period,
the fasting mimicking diet providing less than 50 % of the subjects normal caloric intake with both
severe protein/amino acids and carbohydrate restriction intake and less than 30 g of sugars per day
and less than 28 g of proteins/amino acids per day; and

administering a non-fasting diet to the subject for a second time period following the first
time period, the non-fasting diet providing the subject greater than 60 percent of the subject’s normal

caloric intake but a calorie intake necessary for the subject to return to a normal healthy weight.
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24, The method of claim 23 wherein the T-cell mediated disease is inflammation or an

autoimmune disease.

25. A method for alleviating a symptom of autoimmunity or inflammatory disease while
promoting regeneration, the method comprising:

identifying a subject having an autoimmune or inflammatory disease;

administering a fasting mimicking diet to the subject for a first predetermined time period,
the fasting mimicking diet being a ketogenic diet; and

administering a non-fasting diet to the subject for a second time period following the first

time period, the non-fasting diet providing the subject with normal caloric intake.
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