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METHODS OF PREVENTING AND TREATING AUTOIMMUNITY

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of priority under 35U.S.C. §119(e) of U.S.
provisional patent application No. 62/167,844, filed May 28, 2015, the content of which is
incorporated herein by reference in its entirety.

GOVERNMENT INTEREST

This invention was made with government support by grants from the National
Institutes of Diabetes & Digestive & Kidney Diseases (K08 DK095995). The U.S.
government has certain rights in the invention.

TECHNICAL FIELD

The invention relates to methyldopa, extended-release pharmaceutical
compositions containing the same, and their use in the prevention or treatment of
autoimmune diseases, such as autoimmune diabetes.

BACKGROUND

Autoimmune disorders are diseases caused by the body producing an inappropriate
immune response against its own tissues, in which the immune system creates T
lymphocytes and autoantibodies that attack one’s own cells, tissues, and/or organs.
Researchers have identified 80-100 different autoimmune diseases and suspect at least 40
additional diseases have an autoimmune basis.

Autoimmune disorders are classified into two types, organ-specific (directed
mainly at one organ) and non-organ-specific (widely spread throughout the body).
Examples of organ-specific autoimmune disorders are insulin-dependent Type 1 diabetes,
which affects the pancreas, Hashimoto's thyroiditis and Graves' disease, which affects the
thyroid gland, pernicious anemia, which affects the stomach, Addison's disease, which
affects the adrenal glands, chronic active hepatitis, which affects the liver and myasthenia
gravis. which affects the muscles. Examples of non-organ-specific autoimmune disorders
are rheumatoid arthritis, multiple sclerosis, and lupus.

One of the most prevalent organ-specific autoimmune diseases, Type 1 diabetes, is
characterized by the production of autoantibodies that target the insulin-secreting
pancreatic beta cells. The destruction of the beta cells is mainly due to the action of T
cells. In most cases, T cells can respond to an antigen only when the antigen is properly

presented by an antigen presenting cell expressing the appropriate major
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histocompatibility complex (MHC) molecule. Thus, T cell immune response to an antigen
requires recognition by the T cell receptor of an antigen coupled to a MHC molecule, and
this recognition requires the assembly of a tri-molecular complex between an antigen, a
MHC molecule and T cell receptor.

Evidence strongly indicates that insulin/proinsulin is a key or primary auto-antigen
in the development of type 1 diabetes in the NOD (non-obese diabetic) mouse model.
Initial cloning of T cells from islets of NOD mice led to the discovery that the native
insulin B chain amino acids 9-23 (B:9-23 insulin peptide) is the dominant antigenic
peptide epitope presented by the class Il MHC molecule I-A. Mice lacking the native B:9-
23 sequence fail to develop diabetes and development of insulin autoantibodies and
insulitis are markedly decreased. Restoring the native B:9-23 sequence with an islet
transplant (but not bone marrow transplant) or peptide immunization, or a native
proinsulin transgene, restores anti-insulin autoimmunity and generates CD4 T cells that
cause diabetes.

The major genetic determinant of islet autoimmunity and diabetes in human and
animal models are genes within the major histocompatibility complex, and in particular,
class I MHC alleles. The NOD mouse’s unique sequence of TA (homologous to human
DQ) and lack of expression of I-E (shared with many standard mouse strains) are essential
for the development of diabetes.

There exists a need in the art for safer and more effective methods for treating and
preventing autoimmune disorders, such as autoimmune diabetes (type 1 diabetes) and
Celiac disease (gluten sensitivity). The instant invention addresses these needs by
providing molecules and formulations useful in the treatment and prevention of
autoimmune diseases while achieving other advantages discussed more fully below.

SUMMARY

This disclosure provides new uses of methyldopa to prevent or reduce the binding
of T cell receptors to peptides presented by class I MHC molecules, as well as therapeutic
uses of methyldopa and formulations comprising methyldopa to prevent or slow the
formation of autoimmune diabetes (type 1 diabetes; T1D) and Celiac disease in an animal
or human.

Many autoimmune disorders have strong associations with specific HLA alleles,
including T1D, which is the immune mediated form of diabetes resulting from the chronic
autoimmune destruction of pancreatic beta cells. The disease pathogenesis involves T cell

infiltration into the islets of the pancreas, which subsequently destroys insulin producing
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beta cells, and results in overt symptoms of disease. Approximately 90% of all individuals
with T1D have DQ8 and/or DQ?2 alleles with a predominance of DQ8 (DQA*0301,
DQB*0302) in 50-60% of all T1D patients. DQ8 and DQ2 alleles confer significant
disease risk while another DQ allele, DQ6 (DQB*0602), provides dominant protection
from diabetes development. DQ8 and DQ?2 are also the predominant HL A alleles in Celiac
disease, present in about 99% of all Celiac disease patients. T1D is now a predictable
disease with the measurement of islet autoantibodies (insulin, glutamic acid
decarboxylase, insulinoma associated antigen 2, and zinc transporter 8), but it cannot yet
be prevented. Furthermore, T1D incidence is increasing 3-5% every year in industrialized
countries with children less than five years of age being the most affected.

At the current time, there is no known cure for T1D, and treatment for this disease
consists of lifelong administration of insulin. Despite treatment with insulin therapy, long-
term complications, including nephropathy, retinopathy, neuropathy, and cardiovascular
disease can result. While the progress to complete insulin dependence occurs quickly after
clinical onset, initially after diagnosis the pancreas is still able to produce a significant
amount of insulin. The Diabetes Control and Complications Trial (DCCT) found that 20%
of patients studied, who were within 5 years of diagnosis, had remaining insulin
production (0.2-0.5 pmol/ml). Thus, immunologic intervention during this window
following diagnosis can potentially save beta cell function and reduce reliance on insulin
administration.

Class II major histocompatability molecules are the primary susceptibility locus for
many autoimmune diseases, including type 1 diabetes. “Diabetogenic” alleles HLA-DQS8
in humans and I-A#’ in non-obese diabetic (NOD) mice confer disease risk, and both
molecules share structural similarities. The present inventors have evaluated a novel
pathway to identify safe and specific therapies to treat the underlying T cell autoimmunity
in T1D. This pathway involves blocking allele-specific MHC class II antigen presentation
as a treatment to inhibit DQ8 mediated T cell responses. DQ8 confers significant disease
risk by presenting epitopes of insulin and other beta cell antigens to effector CD4 T cells.
The present inventors have surprisingly found that methyldopa blocks or reduces insulin
and gliadin peptide presentation to T cells. Without intending to be bound by theory, it is
believed that methyldopa occupies a pocket along the DQ8 (DQA*03:01, DQB*03:02)
peptide binding groove, thereby blocking in vifro DQS8 restricted T cell responses, and
inhibiting DQ8 antigen presentation in vivo. Blocking HLA-DQS8 antigen presentation in

this way may help preserve beta cell mass (and endogenous insulin production) in new
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onset T1D and may also prevent T1D onset in multiple islet autoantibody positive
individuals (i.e., greater than 2 autoantibodies), 70-90% of whom develop diabetes within
10 years.

Thus, in one aspect, this disclosure provides methods of reducing the binding of T
cell receptors to insulin/proinsulin peptides presented by class I MHC molecules, to
prevent or treat T1D in an individual having or suspected of developing T1D, comprising
administering methyldopa to such individuals. This disclosure also provides
pharmaceutical compositions containing methyldopa that are particularly useful in such
methods of preventing or treating T1D.

One aspect is a method of inhibiting an autoimmune disease by administering to an
individual in need of such treatment, a therapeutically effective amount of methyldopa that
inhibits the T cell response to the targeted antigenic peptide of the autoimmune disease. In
a preferred aspect of this embodiment, the methyldopa inhibits the binding of a DQS8
peptide to an MHC class II molecule for presentation to CD4+ T cells, thereby preventing
the development of autoimmune diabetes or Celiac disease.

Another aspect provides a method of preventing, treating or ameliorating
autoimmune disorders (including T1D and Celiac disease) by administering to an
individual in need of such treatment, a therapeutically effective amount of methyldopa to
the individual. The methyldopa may be administered in an extended release
pharmaceutical formulation, wherein the methyldopa component of the pharmaceutical
formulation is absorbed into the body of the individual over a period of between about 14
hours to about 24 hours. The extended release methyldopa formulation may be
administered orally, and the methyldopa component of the pharmaceutical formulation is
not completely bioavailable for a period of between about 12 hours to about 24 hours,
following oral administration of the formulation to the individual. The extended release
pharmaceutical formulations may comprise an oil and water emulsion. The oil and water
emulsion may comprise an oil phase consisting of olive oil and lecithin. In example
embodiments, the oil and water emulsion comprises an oil phase comprising olive oil and
lecithin, in a ratio of 3:1 w/w.

A related aspect provides an extended release formulation of methyldopa for use in
the treatment of autoimmune disorders (including T1D and Celiac disease). This extended
release formulation may be designed to be released from the formulation to the body of an
individual over a period of between about 14 hours to about 24 hours, following oral

administration of the formulation to the individual.
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A related embodiment provides a method of selectively treating T1D in an
individual, including selecting an individual for treatment with methyldopa on the basis of
the individual having at least two islet autoantibodies detectable in a blood sample from
the individual, and selectively administering methyldopa to that individual.

In any of these methods, the individual may be between 1 year and 15 years of age.
Alternatively, in these methods, the individual may be between 15 years and 30 years of
age. Alternatively, in these methods, the individual may be older than 30 years of age.

In any of these methods, the individual may be administered a dosage of
methyldopa between about 50 mg and about 3000 mg of methyldopa per day. Preferably,
the individual is administered a dosage of methyldopa between about 250 mg and about
1000 mg of methyldopa per day. The individual may be administered a dosage of
methyldopa between about 250 mg and about 500 mg in an oral immediate release dosage
formulation at least twice daily. Alternatively, or additionally, the individual may be
administered a single daily dosage of an extended-release pharmaceutical formulation of
methyldopa.

In any of these methods, in addition to methyldopa, the individual may also be
administered an anti-diabetic compound selected from at least one of an alpha-glucosidase
inhibitor, a biguanide, a Dpp-4 inhibitor, a meglitinide, a sulfonylurea, a thiazolidinedione
or combinations thereof.

In any of these methods, the individual may have been tested for the presence of
antibodies to a MHC class II molecule bound to an insulin protein or to a peptide fragment
of an insulin protein, wherein the presence of antibodies that recognize the MHC class 11
molecules is indicative of the presence or likely development of T1D. Thus, the present
disclosure also provides a method comprising treating an individual found to have
antibodies to a MHC class II molecule bound to an insulin protein or to a peptide fragment
of an insulin peptide by administering methyldopa to the individual.

Another aspect of this disclosure is a pharmaceutical composition comprising
methyldopa formulated in an extended release pharmaceutical formulation, wherein the
methyldopa component of the pharmaceutical formulation is released from the formulation
to the body of an individual over a period of between about 14 hours to about 24 hours,
following oral administration of the formulation to the individual. In example
embodiments, the extended release pharmaceutical formulation comprises at least one of
an oil and water emulsion, a liposome, a micelle, and a microsphere. The extended release

pharmaceutical formulation may comprise an oil and water emulsion. The oil and water
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emulsion may comprise an oil phase consisting of olive oil and lecithin (3:1 w/w). Thus,
related embodiments provide methods of delaying the onset of autoimmune diabetes in an
individual comprising administering to the individual a pharmaceutical composition
comprising methyldopa, wherein the methyldopa is administered in an extended release
pharmaceutical formulation, wherein the methyldopa component of the pharmaceutical
formulation is absorbed by the body of the individual over a period of between about 14
hours to about 24 hours, following oral administration of the formulation to the individual.

This disclosure also provides methods of monitoring and adjusting the dosage of
methyldopa administered to an individual having or suspected of developing an
autoimmune disorder (such as T1D or Celiac disease) including receiving a blood sample
from an individual having or suspected of developing the autoimmune disorder that has
been administering methyldopa and determining the DQ8-stimulated response of IL-2 T
cells in the blood sample. The DQ8-stimulated response of IL-2 T cells in the blood
sample are compared to a control level of DQ8-stimulated response of IL-2 T cells in
blood samples from at least one of a patient having the autoimmune disorder and a wild
type subject known to be free of the disorder. The dosage and/or the frequency of the
methyldopa administered to the individual is increased if the DQ8-stimulated response of
IL-2 T cells in the blood sample from the individual is statistically similar to the DQS8-
stimulated response of IL-2 T cells from the control level in the T1D patient.
Alternatively, the dosage and/or the frequency of the methyldopa administered to the
individual is maintained or decreased if the DQ8-stimulated response of IL-2 T cells in the
blood sample from the individual is statistically similar to the DQS8-stimulated response of
IL-2 T cells from the control level in the wild type subject.

Other aspects of the invention will be set forth in the accompanying description of
embodiments, which follows and will be apparent from the description or may be learnt by
the practice of the invention. However, it should be understood that the following
description of embodiments is given by way of illustration only since various changes and
modifications within the spirit and scope of the invention will become apparent to those
skilled in the art and are encompassed within the scope of this invention.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 shows a comparison of the DQ8 and DR4 T cell responses of T1D
patients treated with varying doses of methyldopa.

Figure 2 shows the glucose control achieved in individual human T1D patients

treated with methyldopa over 3 months.



10

15

20

25

30

WO 2016/191634 PCT/US2016/034527

Figure 3 shows the beta-cell function in individual human T1D patients treated
with methyldopa over 3 months.

Figure 4 shows the inhibition of DQ8 presentation to T cells in transgenic mice
following administration of immediate release or extended release methyldopa
formulations.

DESCRIPTION OF EMBODIMENTS

The present invention is drawn to methods of preventing or treating autoimmune
diabetes by reducing the binding of MHC class II molecules to antigenic peptides or
fragments of antigenic peptides of the autoimmune disease by the administration of
methyldopa to an individual having or suspected of having autoimmune diabetes (T1D).

The term “insulin peptide” is used to denote a peptide fragment of an insulin
protein. Although the fragment is typically a subset of the amino acid sequence of the
insulin protein, an insulin peptide may contain the entire amino acid sequence of a
naturally-occurring insulin protein.

For the purposes of this disclosure, the term "methyldopa" includes methyldopa or
any pharmaceutically acceptable salts thereof.

An “immediate release formulation” refers to a formulation that releases greater
than or equal to about 80% of the pharmaceutical agent in less than or equal to about 1
hour.

“Extended release” is defined herein as delayed bioavailability of a pharmaceutical
agent in a continuous manner over a prolonged period of time. By “prolonged period of
time” it is meant a continuous period of time of greater than about 1 hour, preferably,
greater than about 4 hours, more preferably, greater than about 8 hours, more preferably
greater than about 12 hours, more preferably still, greater than about 16 hours up to more
than about 24 hours. The continuous period of time may be between about 12 hours and
about 24 hours.

As used herein, “rate of release” or “release rate” of a drug refers to the quantity of
drug released from a dosage form per unit time, e.g., milligrams of drug released per hour
(mg/hr) or a percentage of a total drug dose released per hour. Drug release rates for
dosage forms are typically measured as an in vitro rate of drug release, i.e., a quantity of
drug released from the dosage form per unit time measured under appropriate conditions
and in a suitable fluid. The time at which a specified percentage of the drug within a
dosage form has been released from the dosage form is referred to as the “Tx” value,

where X is the percent of drug that has been released. The release rates referred to herein
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are determined by placing a dosage form to be tested in a medium in an appropriate
dissolution bath. Aliquots of the medium, collected at pre-set intervals, are then injected
into a chromatographic system fitted with an appropriate detector to quantify the amounts
of drug released during the testing intervals.

“C” denotes the concentration of drug in blood plasma, or serum, of an individual,
and is generally expressed as mass per unit volume, for example nanograms per milliliter.
For convenience, this concentration may be referred to herein as “drug plasma

2%

concentration,” “plasma drug concentration” or “plasma concentration” which is intended
to be inclusive of a drug concentration measured in any appropriate body fluid or tissue.
The plasma drug concentration at any time following drug administration is referenced as
Ctime, as in C9 hr or C4 hr, etc.

The maximum plasma drug concentration during the dosing period is referenced as
Cmax, while Cmin refers to the minimum blood plasma drug concentration at the end of a
dosing interval; and Cave refers to an average concentration during the dosing interval.

The term “individual” or “subject” typically refers to humans, but also to mammals
and other animals. “Tissue” means any sample taken from any individual, preferably a
human. Tissues include blood, saliva, urine, biopsy samples, skin or buccal scrapings, and
hair. Similarly, the term “patient” refers to both human and veterinary subjects.

Persons of skill in the art will appreciate that blood plasma drug concentrations
obtained in individual subjects will vary due to inter-patient variability in the many
parameters affecting drug absorption, distribution, metabolism and excretion. For this
reason, unless otherwise indicated, when a drug plasma concentration is listed, the value
listed is the calculated mean value based on values obtained from a group of subjects
tested.

The term “bioavailability” refers to the extent to which, and sometimes rate at
which, the active moiety (drug or metabolite) enters systemic circulation, thereby gaining
access to the site of action.

“AUC?” is the area under the plasma concentration-time curve and is considered to
be the most reliable measure of bioavailability. It is directly proportional to the total
amount of unchanged drug that reaches the systemic circulation.

The phrase “pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compositions, and/or dosage forms which are, within the scope of

sound medical judgment, suitable for use in contact with the tissues of human beings and
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animals without excessive toxicity, irritation, allergic response, or other problem or
complication commensurate with a reasonable benefit/risk ratio.

“Pharmaceutically-acceptable salts” refer to derivatives of the disclosed
compounds wherein the parent compound is modified by making acid or base salts
thereof. Examples of pharmaceutically acceptable salts include, but are not limited to,
mineral or organic acid salts of basic residues such as amines, or alkali or organic salts of
acidic residues such as carboxylic acids. Pharmaceutically-acceptable salts include the
conventional non-toxic salts or the quaternary ammonium salts of the parent compound
formed, for example, from non-toxic inorganic or organic acids. Such conventional
nontoxic salts include those derived from inorganic acids such as hydrochloric,
hydrobromic, sulfuric, sulfamic, phosphoric, nitric and the like; and the salts prepared
from organic acids such as acetic, propionic, succinic, glycolic, stearic, lactic, malic,
tartaric, citric, ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic,
salicylic, sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethane
disulfonic, oxalic, isethionic, and the like. Pharmaceutically acceptable salts are those
forms of compounds, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio. Pharmaceutically
acceptable salts may be chosen to complex with the methyldopa and delay the absorption
of the methyldopa into the individual to whom the methyldopa salt is administered.

The term “therapeutically-effective amount” of methyldopa means an amount
effective to modulate the formation or progression of autoimmune diabetes in an
individual.

Methyldopa is a-Methyl-3,4-dihydroxyphenylalanine (available commercially
under the tradenames ALDOMET™, ALDORIL™ DOPAMET™, DOPEGYT™) having

the chemical structure:
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Methyldopa is an alpha-adrenergic agonist (selective for a2-adrenergic receptors) that was
developed as a psychoactive drug and has been used extensively as a sympatholytic or
antihypertensive.

It will be appreciated from the chemical structure above that methyldopa has a
chiral center that may exist in, and may be isolated in, optically active and racemic forms.
It is to be understood that the formulations of this disclosure encompass any racemic,
optically-active, regioisomeric or stereoisomeric form, in isolation, or mixtures thereof,
which possess the therapeutically useful properties related to the prevention and treatment
of T1D described herein. It is well known in the art how to prepare optically active forms
(for example, by resolution of the racemic form by recrystallization techniques, by
synthesis from optically-active starting materials, by chiral synthesis, or by
chromatographic separation using a chiral stationary phase). The scope of this disclosure
encompasses not only the various isomers, which may exist but also the various mixtures
of isomers, which may be formed. The resolution of methyldopa isomers, may be carried
out by known procedures, e.g., as described in the four volume compendium Optical
Resolution Procedures for Chemical Compounds: Optical Resolution Information Center,
Manhattan College, Riverdale, N.Y , and in Enantiomers, Racemates and Resolutions,
Jean Jacques, Andre Collet and Samuel H. Wilen; John Wiley & Sons, Inc., New York,
1981, which is incorporated in its entirety by this reference.

As noted above, methyldopa may be purchased commercially. Methyldopa may
also be prepared in ways well known to one skilled in the art of organic synthesis.

This disclosure provides methods of preventing or treating autoimmune diabetes
by reducing the binding of MHC class II molecules to antigenic peptides or fragments of
antigenic peptides of the autoimmune disease by the administration of methyldopa to an
individual having or suspected of having autoimmune diabetes (T1D).

In these methods of preventing or treating T1D, methyldopa or a pharmaceutically
acceptable salt thereof, is administered to an individual suspected of having or developing
T1D. Preferably, the administration to individual having T1D commences within 5 years
of the initial diagnosis of T1D in the individual, or more preferably, within 1 year of the
initial diagnosis of T1D in the individual, or more preferably, within 6 months of the
initial diagnosis of T1D in the individual, or more preferably, within 1 month of the initial
diagnosis of T1D in the individual.

In these methods, the methyldopa may be administered in dosages ranging between

100 mg and 5000 mg per day. Typically, the methyldopa is administered in dosages
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ranging between 250 mg and 3000 mg per day. In most instances, the methyldopa may be
initially administered at a dosage of 250 mg to 500 mg once, twice, or 3 times daily.
Methyldopa is currently available for administration has an immediate-release tablet,
administered in multiple daily doses. Unfortunately, for long term administration, such as
for long-term use in delaying the onset of T1D or in treating a patient diagnosed with T1D,
compliance with a 2- or 3-times per day dosage regimen is low. This may be in part due to
the psychological or neurological side effects exhibited by the immediate release product,
especially when taken in high single dose(s). Therefore, in exemplary embodiments,
methyldopa is administered in a single daily dosage of an extended release (XR)
pharmaceutical formulation.

Thus, another aspect of this disclosure provides extended-release pharmaceutical
formulations of methyldopa. These formulations may be characterized by a maximum
steady state plasma concentration (Cmax) of methyldopa which is higher than the minimal
therapeutically effective concentration, and is in the range of 50% to 125% of the
maximum plasma concentration produced by the same amount of methyldopa
administered as an immediate release formulation twice daily. These extended release
formulations may provide for a relative Cmax in the range of 80% to 125%, as compared
to the same amount of methyldopa administered as an immediate release formulation
twice daily. The Cmax of these extended release methyldopa formulations may be lower
than the maximum plasma concentration produced by the same amount of methyldopa
administered as an immediate release formulation twice daily. The Cmin of the
methyldopa formulations may be about equal to, or higher than, a Cmin of an equivalent
amount of immediate release methyldopa formulation given twice.

Compared to the immediate release methyldopa formulation, the extended release
methyldopa formulations attenuate the Cmax of methyldopa while extending the coverage
of plasma concentrations above the minimum plasma concentration required for
therapeutic efficacy. These extended release formulations provide for a relative steady
state AUC in the range of 80% to 125%, while minimizing the degree of fluctuation,
which is preferably in the range of 25% to 90%, as compared to an equivalent amount of
immediate release methyldopa formulation given in divided doses twice daily.

The relative amount of methyldopa in these extended release formulations varies
from about 0.5 mg to about 5000 mg. In other words, methyldopa or its salt is present in
the composition in an amount of from about 0.5% to about 85% by weight, and preferably

of from about 2% to about 70% by weight. The term "about" is recited here and
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throughout the specification to account for variations, which can arise from inaccuracies in
measurement inherent and understood by those of ordinary skill in the chemical and
pharmaceutical arts.

The extended release component of these formulations may release methyldopa in
a continuous manner and is adjusted in such a way that 80% of the active ingredient is
released in vitro in the predetermined period of time. By way of non-limiting example, the
period of time may be not more than 24 hours, not more than 16 hours, not more than 12
hours, not more than 8 hours, or not more than 4 hours, depending on desired attributes of
the final product.

The extended release methyldopa formulations may comprise an oil emulsion. The
oil may be a vegetable oil, and in an example embodiment, the oil is olive oil.
Alternatively, or additionally, the oil comprises lecithin. Such oil emulsion extended-
release methyldopa formulations may be made by first acidifying the methyldopa, and
then introducing the acidified methyldopa into an oil-in-water emulsion. The resulting oil-
in-water emulsion may be administered orally as a liquid, or it may be encapsulated, such
as within a liquid capsule (LiquiCaps), for oral administration.

These extended release methyldopa formulations are suitable for once-daily
administration, and result in better patient compliance for long-term administration as well
as diminished levels or severity of side effects.

In addition to the specific oil-in-water emulsion extended-release methyldopa
formulations, also provided herein are pharmaceutical compositions containing
methyldopa and a pharmaceutically-acceptable carrier, which are media generally
accepted in the art for the delivery of biologically active agents to animals, in particular,
mammals. Pharmaceutically-acceptable carriers are formulated according to a number of
factors well within the purview of those of ordinary skill in the art to determine and
accommodate. These include, without limitation: the type and nature of the active agent
being formulated; the subject to which the agent-containing composition is to be
administered; the intended route of administration of the composition; and, the therapeutic
indication being targeted. Pharmaceutically-acceptable carriers include both aqueous and
non-aqueous liquid media, as well as a variety of solid and semi-solid dosage forms. Such
carriers can include a number of different ingredients and additives in addition to the
active agent, such additional ingredients being included in the formulation for a variety of
reasons, e.g., stabilization of the active agent, well known to those of ordinary skill in the

art. Descriptions of suitable pharmaceutically-acceptable carriers, and factors involved in
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their selection, are found in a variety of readily available sources, such as Remington's
Pharmaceutical Sciences, 17th ed., Mack Publishing Company, Easton, Pa., 1985.

This disclosure further provides methods of preventing or treating an individual
afflicted with T1D, which includes administering to the individual a pharmaceutical
composition provided herein. Such compositions generally comprise a therapeutically
effective amount of methyldopa, which is an amount effective to reduce the incidence or
onset, ameliorate, lessen, or inhibit T1D in the individual. Such amounts typically
comprise from about 100 to about 3000 mg of methyldopa. Therapeutically effective
amounts of methyldopa can be administered according to the methods of this disclosure by
any dosing regimen satisfactory to the prescribing healthcare practitioner and/or the
individual being treated. In example embodiments, the methyldopa is administered in an
extended release pharmaceutical formulation on a once or twice daily basis.

Administration may be, for example, administered orally in solid dosage forms,
such as capsules, tablets and powders; or in liquid forms such as elixirs, syrups, and/or
suspensions. Gelatin capsules can be used to contain the active ingredient and a suitable
carrier such as, but not limited to, lactose, starch, magnesium stearate, stearic acid, or
cellulose derivatives. Similar diluents can be used to make compressed tablets. Both
tablets and capsules can be manufactured as extended release products to provide for
continuous release of medication over an extended period of time that is longer than the
release time of traditional ‘immediate release’ oral dosage forms. Compressed tablets can
be sugar-coated or film-coated to mask any unpleasant taste, or used to protect the active
ingredients from the atmosphere, or to allow selective disintegration of the tablet in the
gastrointestinal tract.

Alternatively, compositions can be administered by various parenteral means.
Pharmaceutical compositions suitable for parenteral administration include various
aqueous media such as aqueous dextrose and saline solutions; glycol solutions are also
useful carriers, and preferably contain a water soluble salt of the active ingredient, suitable
stabilizing agents, and if necessary, buffering agents. Antioxidizing agents, such as sodium
bisulfite, sodium sulfite, or ascorbic acid, either alone or in combination, are suitable
stabilizing agents; also used are citric acid and its salts, and EDTA. In addition, parenteral
solutions can contain preservatives such as benzalkonium chloride, and methyl- or propyl-
paraben.

A preferred formulation is a mono-phasic pharmaceutical composition suitable for

oral administration for the prevention, treatment or prophylaxis of autoimmune diabetes,
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consisting essentially of a therapeutically-effective amount of methyldopa, and a
pharmaceutically acceptable carrier, in an extended release format.

Examples of suitable aqueous and nonaqueous carriers which may be employed in
these pharmaceutical compositions include water, ethanol, polyols (such as glycerol,
propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof,
vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate. Proper
fluidity can be maintained, for example, by the use of coating materials, such as lecithin,
by the maintenance of the required particle size in the case of dispersions, and by the use
of surfactants.

These compositions may also contain adjuvants such as wetting agents,
emulsifying agents and dispersing agents. It may also be desirable to include isotonic
agents, such as sugars, sodium chloride, and the like in the compositions. In addition,
prolonged absorption of the injectable pharmaceutical form may be brought about by the
inclusion of agents which delay absorption such as aluminum monosterate and gelatin.

In order to prolong the effect of the methyldopa, it may be desirable to slow the
absorption of methyldopa from subcutaneous or intramuscular injection. This may be
accomplished by the use of a liquid suspension of crystalline or amorphous material
having poor water solubility. The rate of absorption of the methyldopa then depends upon
its rate of dissolution, which in turn may depend upon crystal size and crystalline form.
Alternatively, delayed absorption of a parenterally-administered methyldopa is
accomplished by dissolving or suspending the methyldopa in an oil vehicle, which oil may
comprise a vegetable oil, for example olive oil.

Injectable depot forms are made by forming microencapsule matrices of
methyldopa in biodegradable polymers such as polylactide-polyglycolide. Depending on
the ratio of methyldopa to polymer, and the nature of the particular polymer employed, the
rate of methyldopa release can be controlled. Examples of other biodegradable polymers
include poly(orthoesters) and poly(anhydrides). Depot injectable formulations are also
prepared by entrapping the methyldopa in liposomes or microemulsions which are
compatible with body tissue.

Formulations of this disclosure suitable for oral administration may be in the form
of capsules, cachets, pills, tablets, powders, granules or as a solution or a suspension in an
aqueous or non-aqueous liquid, or an oil-in-water or water-in-oil liquid emulsions, or as an

elixir or syrup, or as pastilles (using an inert base, such as gelatin and glycerin, or sucrose
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and acacia), and the like, each containing a predetermined amount of methyldopa as an
active ingredient.

In solid dosage forms for oral administration (capsules, tablets, pills, dragees,
powders, granules and the like), the methyldopa is mixed with one or more
pharmaceutically acceptable carriers, such as sodium citrate or dicalcium phosphate,
and/or any of the following: (1) fillers or extenders, such as starches, lactose, sucrose,
glucose, mannitol, and/or silicic acid; (2) binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia;
(3) humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate;
(5) solution retarding agents, such as paratfin; (6) absorption accelerators, such as
quaternary ammonium compounds; (7) wetting agents, such as, for example, cetyl alcohol
and glycerol monosterate; (8) absorbents, such as kaolin and bentonite clay; (9) lubricants,
such as talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium
lauryl sulfate, and mixtures thereof, and (10) coloring agents. In the case of capsules,
tablets and pills, the pharmaceutical compositions may also comprise buffering agents.
Solid compositions of a similar type may be employed as fillers in soft and hard-filled
gelatin capsules using such excipients as lactose or milk sugars, as well as high molecular
weight polyethylene glycols and the like.

A tablet may be made by compression or molding optionally with one or more
accessory ingredients. Compressed tablets may be prepared using binder (for example,
gelatin or hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative,
disintegrant (for example, sodium starch glycolate or cross-linked sodium carboxymethyl
cellulose), surface-active or dispersing agent. Molded tablets may be made by molding in
a machine a mixture of the powdered compound moistened with an inert liquid diluent.

The tablets, and other solid dosage forms, such as dragees, capsules, pills and
granules, may optionally be scored or prepared with coatings and shells, such as enteric
coatings and other coatings well known in the pharmaceutical-formulating art. They may
also be formulated so as to provide extended or controlled release of the active ingredient
therein using, for example, hydroxypropylmethyl cellulose in varying proportions to
provide the desired release profile, other polymer matrices, liposomes and/or
microspheres. These compositions may also optionally contain opacifying agents and may
be of a composition that they release the active ingredient only, or preferentially, in a

certain portion of the gastrointestinal tract, optionally, in a delayed manner. Examples of
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embedding compositions which can be used include polymeric substances and waxes. The
active ingredient can also be in microencapsulated form.

The tablets or pills may be coated or otherwise compounded to provide a dosage
form affording the advantage of extended-release. For example, the tablet or pill can
comprise an inner dosage and an outer dosage component, the latter being in the form of
an envelope over the former. A variety of materials can be used for such enteric layers or
coatings, such materials including a number of polymeric acids and mixtures of polymeric
acids with such materials as shellac, cetyl alcohol, and cellulose acetate.

Release modifying polymers may be used to form extended release formulations
containing methyldopa. The release modifying polymers may be either water-soluble
polymers, or water insoluble polymers. Examples of water-soluble polymers include
polyvinylpyrrolidone, hydroxy propylcellulose, hydroxypropyl methylcellulose, vinyl
acetate copolymers, polyethylene oxide, polysaccharides (such as alginate, xanthan gum,
etc.), methylcellulose and mixtures thereof. Examples of water-insoluble polymers include
acrylates such as methacrylates, acrylic acid copolymers; cellulose derivatives such as
ethylcellulose or cellulose acetate; polyethylene, and high molecular weight polyvinyl
alcohols.

Liquid dosage forms for oral administration of methyldopa include
pharmaceutically-acceptable emulsions, microemulsions, solutions, suspensions, syrups
and elixirs. In addition to methyldopa, the liquid dosage forms may contain inert diluents
commonly used in the art, such as, for example, water or other solvents, solubilizing
agents and emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl
acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils (in
particular, cottonseed, groundnut, corn, germ, olive, castor and sesame oils), glycerol,
tetrahydrofuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and
mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring,
perfuming and preservative agents.

Suspensions, in addition to the active compounds, may contain suspending agents
as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan
esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and

tragacanth, and mixtures thereof.

16



10

15

20

25

30

WO 2016/191634 PCT/US2016/034527

Formulations of the pharmaceutical compositions of this disclosure for rectal or
vaginal administration may be prepared as a suppository, which may be prepared by
mixing methyldopa with one or more suitable nonirritating excipients or carriers
comprising, for example, cocoa butter, polyethylene glycol, a suppository wax or
salicylate, and which is solid at room temperature, but liquid at body temperature and,
therefore, will melt in the rectum or vaginal cavity and release the active compound.
Formulations which are suitable for vaginal administration also include pessaries,
tampons, creams, gels, pastes, foams or spray formulations containing such carriers as are
known in the art to be appropriate.

Dosage forms for the topical or transdermal administration of methyldopa include
powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches, drops and
inhalants. The ointments, pastes, creams and gels may contain, in addition to methyldopa,
excipients, such as animal and vegetable fats, oils, waxes, paraffins, starch, tragacanth,
cellulose derivatives, polyethylene glycols, silicones, bentonites, silicic acid, talc and zinc
oxide, or mixtures thereof.

Transdermal patches have the added advantage of providing controlled delivery of
methyldopa to the body of an individual. Such dosage forms can be made by dissolving,
dispersing or otherwise incorporating methyldopa in a proper medium, such as an
elastomeric matrix material. Absorption enhancers can also be used to increase the flux of
the compound across the skin. The rate of such flux can be controlled by either providing a
rate-controlling membrane or dispersing the compound in a polymer matrix or gel.

The methyldopa formulations of this disclosure may be presented in unit-dose or
multi-dose sealed containers, for example, ampules and vials, and may be stored in a
lyophilized condition requiring only the addition of the sterile liquid carrier, for example
water for injection, immediately prior to use. Extemporaneous injection solutions and
suspensions may be prepared from sterile powders, granules and tablets of the type
described above.

Suitable antioxidants may be selected from amongst one or more pharmaceutically
acceptable antioxidants known in the art. Examples of pharmaceutically acceptable
antioxidants include butylated hydroxyanisole (BHA), sodium ascorbate, butylated
hydroxytoluene (BHT), sodium sulfite, citric acid, malic acid and ascorbic acid. The
antioxidants may be present in these dosage formulations at a concentration between about

0.001% to about 5%, by weight, of the dosage formulation.
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Suitable chelating agents may be selected from amongst one or more chelating
agents known in the art. Examples of suitable chelating agents include disodium edetate
(EDTA), edetic acid, citric acid and combinations thereof. The chelating agents may be
present in a concentration between about 0.001% and about 5%, by weight, of the dosage
formulation.

These formulations may include one or more diluents such as lactose, sugar,
cornstarch, modified cornstarch, mannitol, sorbitol, and/or cellulose derivatives such as
wood cellulose and microcrystalline cellulose, typically in an amount within the range of
from about 20% to about 80%, by weight.

These formulations may include one or more binders in an amount of up to about
60% w/w. Examples of suitable binders include methyl cellulose, hydroxypropyl cellulose,
hydroxypropylmethyl cellulose, polyvinyl pyrrolidone, eudragits, ethyl cellulose, gelatin,
gum arabic, polyvinyl alcohol, pullulan, carbomer, pregelatinized starch, agar, tragacanth,
sodium alginate, microcrystalline cellulose and the like.

Examples of suitable disintegrants include sodium starch glycolate, croscarmellose
sodium, crospovidone, low substituted hydroxypropyl cellulose, and the like. The
concentration may vary from 0.1% to 15%, by weight, of the dosage form.

Examples of lubricants/glidants include colloidal silicon dioxide, stearic acid,
magnesium stearate, calcium stearate, talc, hydrogenated castor oil, sucrose esters of fatty
acid, microcrystalline wax, yellow beeswax, white beeswax, and the like. The
concentration may vary from 0.1% to 15%, by weight, of the dosage form.

Each publication or patent cited herein is incorporated by reference in its entirety.
Additional objects, advantages, and novel features of this invention will become apparent
to those skilled in the art upon examination of the following examples thereof, which are
not intended to be limiting.

EXAMPLES

Example 1 Human T1D treatment study

Human leukocyte antigen (HLA) alleles confer significant genetic risk for type 1
diabetes (T1D) with recent studies implicating DQS8 in its pathogenesis, and DQ8 antigen
presentation can be inhibited with methyldopa in animal models. In this pilot study, the
inventors evaluated methyldopa treatment in 10 DQS8 positive human subjects with T1D,
ages 18-46 years (mean 27) with less than 2 years of diabetes duration (mean 3 months).

This was an open label phase 1b dose escalation study. All subjects tolerated low (S00mg
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BID) and moderate (500mg TID) dosages of methyldopa, while 9/10 tolerated the high
dose (2-3g/day).

There was a dose dependent reduction in DQ8-stimulated IL-2 T cell response at 1
(-32%) and 3 weeks (-39%), which returned to normal 6 weeks after stopping therapy
(Figure 1a). This response was specific for the DQ8-stimulated T cell response because
DR4 T cell responses were minimally effected (Figure 1b). The treated T1D patients had
good glycemic control (Figure 2). Additionally, the 2 hour AUC for C-peptide following a
mixed meal tolerance test at 12 weeks was similar to baseline levels (Figure 3). No serious
adverse events (hypotension, DKA, or hypoglycemia) were reported throughout the study.
This example demonstrates that methyldopa inhibits DQS8 antigen presentation in T1D.

Example 2 Preparation of an extended release formulation of methyldopa.

An extended release formulation of methyldopa suitable for oral administration
was formed by dissolving methyldopa in an acid, and emulsifying the acidic solution in an
oil phase consisting of olive oil and lecithin (3:1 w/w). This formulation effectively slows
the release of the methyldopa from the formulation compared to the release profile of
methyldopa from immediate release formulations commercially available and known in
the art. Without intending to be bound by theory, the extended release profile of the
methyldopa from this oil emulsion formulation may result from slow or delayed digestion
of the formulation, and/or ion-pairing between the lecithin and the methyldopa, and/or
encapsulation of the methyldopa in micelles/liposomes which slows release in the GI tract
of the individual.

Example 3 Extended release study of methyldopa in mice

Methyldopa, and an extended release formulation of methyldopa, and a vehicle
control was administered via oral gavage to HLA-DQS8 transgenic mice (n=3 per group)
over 24 hours. Rapid acting methyldopa was administered in 4mg doses three times daily,
while 4mg of the extended release version was administered once, and a vehicle control
for the extended release version was administered once. The extended release version of
methyldopa is complexed with olive oil and lecithin as described previously. A bioassay to
determine the amount of DQ8 presentation to a responding CD4 T cell hybridoma was
determined and compared between groups. There is a similar reduction in the function of
HLA-DQ8 with both the rapid and the extended release version of methyldopa (Figure 4).

The foregoing description of the present invention has been presented for purposes
of illustration and description. Furthermore, the description is not intended to limit the

invention to the form disclosed herein. Consequently, variations and modifications
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commensurate with the above teachings, and the skill or knowledge of the relevant art, are
within the scope of the present invention. The embodiments described hereinabove are
further intended to explain the best mode known for practicing the invention and to enable
others skilled in the art to utilize the invention in such, or other, embodiments and with
various modifications required by the particular applications or uses of the present
invention. It is intended that the appended claims be construed to include alternative

embodiments to the extent permitted by the prior art.
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What is claimed is:

1.

10.

11.

12.

A method of preventing, treating or ameliorating an autoimmune disease in an
individual by administering to an individual in need of such treatment, a
therapeutically effective amount of methyldopa.

The method of claim 1, wherein the autoimmune disease is Celaic disease (gluten
sensitivity).

The method of claim 1, wherein the autoimmune disease is autoimmune diabetes
(T1D).

The method of claim 1, wherein the methyldopa is administered in an extended
release pharmaceutical formulation, wherein the methyldopa component of the
pharmaceutical is absorbed by the body of the individual over a period of between
about 14 hours to about 24 hours, following oral administration of the formulation to
the individual.

The method of claim 4, wherein the extended release pharmaceutical formulation
comprises at least one of an oil and water emulsion, a liposome, a micelle, and a
microsphere.

The method of claim 4, wherein the extended release pharmaceutical formulation
comprises an oil-in-water emulsion.

The method of claim 6, wherein the oil-in-water emulsion comprises an oil phase
consisting of olive oil and lecithin in a ratio of 3:1 w/w

The method of claim 4, wherein the extended release pharmaceutical formulation
comprises a pharmaceutically acceptable salt of methyldopa that delays the absorption
of the methyldopa administered to the individual.

The method of claim 8, wherein the salt is lecithin.

An extended release formulation of methyldopa for use in the treatment of an
autoimmune disorder including T1D and/or Celiac disease.

The extended release formulation of claim 10, designed to be absorbed into the
body of an individual over a period of time between about 14 hours to about 24 hours,
following oral administration of the formulation to the individual.

A method of selectively treating T1D in an individual comprising:

(a) selecting an individual for treatment with methyldopa on the basis of the
individual having at least two detectable islet autoantibodies detectable in a blood
sample from the individual and,;

(b) selectively administering methyldopa to the individual.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

The method or formulation of any one of claims 1 to 13, wherein the individual is
between 1 year and 15 years of age.

The method or formulation of any one of claims 1 to 13, wherein the individual is
between 15 years and 30 years of age.

The method or formulation of any one of claims 1 to 13, wherein individual is
older than 30 years of age.

The method or formulation of any one of claims 1 to 13, wherein the individual is
administered a dosage of methyldopa between about 50 mg and about 3000 mg of
methyldopa per day.

The method or formulation of any one of claims 1 to 13, wherein the individual is
administered a dosage of methyldopa between about 250 mg and about 1000 mg of
methyldopa per day.

The method of claim 1, wherein the individual is administered a dosage of
methyldopa between about 250 mg and about 500 mg in an oral immediate-release
dosage formulation at least twice daily.

The method or formulation of any one of claims 1 to 13, wherein the individual is
administered a single daily dosage of an extended-release pharmaceutical formulation
methyldopa.

The method or formulation of claim 11, wherein the single daily dosage is
administered at bedtime.

The method of claim 1, further comprising the administration of an anti-diabetic
compound selected from at least one of an alpha-glucosidase inhibitor, a biguanide, a
Dpp-4 inhibitor, a meglitinide, a sulfonylurea, a thiazolidinedione or combinations
thereof.

The method of claim 1, wherein the individual has been tested for the presence of
antibodies to a MHC class II molecule, wherein the presence of antibodies that
recognize the MHC class II molecules is indicative of the presence or likely
development of an autoimmune disorder.

A method comprising treating an individual found to have antibodies to a MHC
class II molecule bound to an insulin protein or to a peptide fragment of an insulin
peptide by administering methyldopa to the individual.

A pharmaceutical composition comprising methyldopa formulated in an extended
release pharmaceutical formulation, wherein the methyldopa component of the

pharmaceutical formulation is absorbed from the formulation to the body of an
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25.

26.

27.

28.

29.

30.

31.

32.

33.

individual over a period of between about 14 hours to about 24 hours, following oral
administration of the formulation to the individual.

The pharmaceutical composition of claim 24, wherein the extended release
pharmaceutical formulation comprises an oil-in-water emulsion.

The pharmaceutical composition of claim 26, wherein the oil-in-water emulsion
comprises an oil phase consisting of olive oil and lecithin in a ratio of 3:1 w/w.

The pharmaceutical composition of claim 24, wherein the extended release
pharmaceutical formulation comprises a pharmaceutically acceptable salt of
methyldopa that delays the absorption of the methyldopa to the body of the individual
to whom it is administered.

A method of delaying the onset of autoimmune disorder, including T1D and/or
Celiac disease, in an individual comprising administering to the individual a
pharmaceutical composition comprising methyldopa.

The method of claim 28, wherein the methyldopa is administered in an extended
release pharmaceutical formulation, wherein the methyldopa component of the
pharmaceutical formulation is released from the formulation to the body of the
individual over a period of between about 14 hours to about 24 hours, following oral
administration of the formulation to the individual.

The method of claim 29, wherein the extended release pharmaceutical formulation
comprises an oil-in-water emulsion.

The method of claim 30, wherein the oil-in-water emulsion comprises an oil phase
consisting of olive oil and lecithin (3:1 w/w).

The method of claim 29, wherein the extended release pharmaceutical formulation
comprises a pharmaceutically acceptable salt of methyldopa that delays the absorption
of the methyldopa to the body of the individual to whom it is administered.

A method of monitoring and adjusting the dosage of methyldopa administered to
an individual having or suspected of developing an autoimmune disorder, including
T1D and/or Celiac disease comprising:

a. Receiving a blood sample from an individual having or suspected of

developing an autoimmune disorder that has been administered methyldopa;

b. Determining the DQ8-stimulated response of IL-2 T cells in the blood
sample;
C. Comparing the DQ8-stimulated response of IL-2 T cells in the blood

sample to a control level of DQ8-stimulated response of IL-2 T cells in blood
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samples from at least one of a patient having the autoimmune disorder and a
wild type subject known to be free of the autoimmune disorder; and

Increasing the dosage and/or the frequency of the methyldopa administered
to the individual if the DQ8-stimulated response of IL-2 T cells in the blood
sample from the individual is statistically similar to the DQ8-stimulated
response of IL-2 T cells from the control level in the patient having the
autoimmune disorder; or

Maintaining or decreasing the dosage and/or the frequency of the
methyldopa administered to the individual if the DQ8-stimulated response of
IL-2 T cells in the blood sample from the individual is statistically similar to
the DQ8-stimulated response of IL-2 T cells from the control level in the wild
type subject.

34. A method of diagnosing and treating type 1 diabetes (T1D) in a patient, comprising:

a. obtaining a plasma sample from a human patient;

b. detecting the DQ8-stimulated response of IL-2 T cells in the plasma
sample;

c. diagnosing the patient with T1D when the DQ8-stimulated response of IL-
2 T cells in the plasma sample from the patient is statistically similar to the
DQ8-stimulated response of IL-2 T cells from the control level in a patient
having T1D; and

d. administering an effective amount of methyldopa to the diagnosed patient.

35. A method of diagnosing and treating type 1 diabetes (T1D) in a patient, comprising:

a. obtaining a plasma sample from a human patient;

b. detecting at least two detectable islet autoantibodies in the plasma sample;
c. diagnosing the patient with T1D when at least two detectable islet
autoantibodies are detected in the plasma sample; and

d. administering an effective amount of methyldopa to the diagnosed patient.
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individual patient responses to methyldopa
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individual patient responses to methyldopa
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inhibition of DQB8 Presentation in Mice Following
Administration of Extended Release Methyldopa
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