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The present invention provides molecular Weight markers
for accurate determination of the molecular Weight of glati
ramer acetate and other copolymers. The present invention
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further provides a plurality of molecular Weight markers for
determining the molecular Weight of glatiramer acetate and
other copolymers Which display linear relationships betWeen
molar ellipticity and molecular Weight, and betWeen reten
tion time and the log of the molecular Weight.

The molecular Weight markers also optimally demonstrate
biological activity similar to glatiramer acetate orcorre
sponding copolymers and can be used for treating or pre
venting various immune diseases.
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FIGURE 1a-3
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FIGURE 1b-3
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FIGURE 1c-3
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FIGURE 1d-3
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FIGURE 3a
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COPOLYMER 1 RELATED POLYPEPTIDES FOR
USE AS MOLECULAR WEIGHT MARKERS AND
FOR THERAPEUTIC USE

articular cartilage. It is the most severe form of joint disease.
The nature of the autoantigen(s) attacked in rheumatoid

arthritis is poorly understood, although collagen type II is a
candidate.

RELATED APPLICATIONS

[0001] The present application claims the bene?t of pro

visional application 60/101,825, ?led Sep. 25, 1998, Which
is incorporated by reference herein.
INTRODUCTION

[0002] The present invention provides molecular Weight
markers for accurate determination of the molecular Weight

of glatiramer acetate, terpolymers and other copolymers.
The molecular Weight markers are polypeptides having
identi?ed molecular Weights betWeen about 2,000 daltons
and about 40,000 daltons, and an amino acid composition
corresponding to glatiramer acetate or a related copolymer.

Identi?ed molecular Weights are provided by polypeptides
having de?ned sequences. Molecular Weight markers cor
responding to glatiramer acetate comprise the amino acids

alanine, glutamic acid, tyrosine and lysine in speci?c molar
ratios. Molecular Weight markers corresponding to related
terpolymers comprise three of the four amino acids. In a
preferred embodiment, the polypeptide has alanine at the
N-terminus and tyrosine at the fourth position from the
N-terminus. The present invention further provides a plu
rality of molecular Weight markers for determining the
molecular Weight range of a copolymer composition. The

plurality of molecular Weight markers ideally displays linear
relationships betWeen molar ellipticity and molecular

[0006] A tendency to develop multiple sclerosis and rheu
matoid arthritis is inherited. These diseases occur more
frequently in individuals carrying one or more characteristic

MHC class II alleles. For example, inherited susceptibility
for rheumatoid arthritis is strongly associated With the MHC
class II DRB1 *0401, DRB 1 *0404, or DRB 1*0405 or the

DRB1*0101 alleles. The histocompatibility locus antigens
(HLA) are found on the surface of cells and help determine
the individuality of tissues from different persons. Genes for
histocompatibility locus antigens are located in the same

region of chromosome 6 as the major histocompatibility
complex (MHC). The MHC region expresses a number of
distinctive classes of molecules in various cells of the body,
the genes being, in order of sequence along the chromo
some, the Class I, II and III MHC genes. The Class I genes
consist of HLA genes, Which are further subdivided into A,
B and C subregions. The Class II genes are subdivided into

the DR, DO and DP subregions. The MHC-DR molecules
are the best knoWn; these occur on the surfaces of antigen

presenting cells such as macrophages, dendritic cells of
lymphoid tissue and epidermal cells. The Class III MHC
products are expressed in various components of the
complement system, as Well as in some non-immune related

cells.

[0007] A number of therapeutic agents have been devel
oped to treat autoimmune diseases, including steroidal and

Weight, or betWeen retention time and the log of molecular

non-steroidal anti-in?ammatory drugs, for example, meth

Weight.

otrexate; various interferons; and certain inhibitors of pros
taglandin synthesis. HoWever, these agents can be toxic

[0003] Optimally, the polypeptides demonstrate biological
activity similar to the copolymer from Which they are

derived. Polypeptides having de?ned molecular Weights and
amino acid compositions similar to glatiramer acetate opti
mally have therapeutic utility for the treatment of immune
diseases and conditions.
BACKGROUND OF THE INVENTION

[0004] Autoimmune diseases occur When an organism’s
immune system fails to recogniZe some of the organism’s
oWn tissues as “self” and attacks them as “foreign.” Nor

mally, self-tolerance is developed early by developmental
events Within the immune system that prevent the organ
ism’s oWn T cells and B cells from reacting With the
organism’s oWn tissues. These early immune responses are

mediated by the binding of antigens to MHC molecules and
presentation to T cell receptors.
[0005] This self-tolerance process breaks doWn When
autoimmune diseases develop and the organism’s oWn tis
sues and proteins are recogniZed as “autoantigens” and

attacked by the organism’s immune system. For example,
multiple sclerosis is believed to be an autoimmune disease

occurring When the immune system attacks the myelin
sheath, Whose function is to insulate and protect nerves. It is

a progressive disease characteriZed by demyelination, fol

When used for more than short periods of time or cause

undesirable side effects. Other therapeutic agents bind to
and/or inhibit the in?ammatory activity of tumor necrosis
factor (TNF), for example, anti-TNF speci?c antibodies or
antibody fragments, or a soluble form of the TNF receptor.
These agents target a protein on the surface of a T cell and

generally prevent interaction With an antigen presenting cell

(APC). HoWever, therapeutic compositions containing natu
ral folded proteins are often dif?cult to produce, formulate,
store, and deliver. Moreover, the innate heterogeneity of the
immune system can limit the effectiveness of drugs and
complicate long-term treatment of autoimmune diseases.

[0008] Glatiramer acetate (Copolymer 1; Cop 1; herein
after GLAT copolymer) is a mixture of polypeptides com

posed of alanine, glutamic acid, lysine, and tyrosine in a
molar ratio of approximately 4.6:1.5:3.6:1.0, respectively,
Which is synthesiZed by chemically polymeriZing the four
amino acids, forming products With average molecular
Weights ranging from about 4000 to about 13,000 daltons.
The corresponding molar fractions are approximately 0.427
for alanine, 0.141 for glutamic acid, 0.337 for lysine and
0.093 for tyrosine, and may vary by about +/—10%. Related
copolymers are mixtures of polypeptides composed of three
(thus, “terpolymers”) of the four aforementioned amino
acids. Copolymer 1 and the terpolymers address the innate
heterogeneity of the mammalian immune system and human

loWed by neuronal and motor function loss. Rheumatoid
arthritis (“RA”) is also believed to be an autoimmune
disease Which involves chronic in?ammation of the synovial

population and are effective for treatment of autoimmune
diseases and other immune conditions. Preferred average

joints and in?ltration by activated T cells, macrophages and
plasma cells, leading to a progressive destruction of the

mers are described in US. Pat. No. 5,800,808, Which is

molecular Weight ranges and processes of making terpoly
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hereby incorporated by reference in its entirety. Also con
templated by the invention are other copolymers comprised
of other combinations of three, four, or ?ve or more amino
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molecular Weight and an amino acid composition corre

sponding approximately to that of the copolymer.

acids.

[0012] The present invention further provides a plurality
of molecular Weight markers for determining the molecular

[0009] To certify a Copolymer 1 or terpolymer preparation

Weight of glatiramer acetate or a terpolymer or other copoly

for use in a pharmaceutical products, it is necessary to

mer on a molecular Weight siZing column. The markers
comprise tWo to ten or more polypeptides, each polypeptide

accurately determine the molecular Weight distribution of
the polypeptides in the preparation. One method for deter
mining the molecular Weight is chromatography on a Super
ose 12 column. Calibration coef?cients of columns for

determination of glatiramer acetate molecular Weight have
been determined using glatiramer acetate batches With indi
rectly measured molecular Weights. Indirect measures have

included viscosimetry and velocity-sedimentation ultracen
trifugation. More recently, batches of glatiramer acetate
markers have been prepared Whose molecular Weights Were

determined by multiple angle laser light scattering

(MALLS).
[0010] Thus, a need exists for molecular Weight markers
useful as standards for determining the molecular Weight

distribution of copolymer compositions contemplated by the
invention. Desirable molecular Weight markers have de?ned
molecular Weights and physical properties Which are analo
gous to the molecules for Which molecular Weight is to be
determined. Ideally, there is a linear relationship betWeen the

having an identi?ed molecular Weight. When determining
the molecular Weight range of glatiramer acetate, a preferred
plurality of molecular Weight markers Will have de?ned
molecular Weights from about 2,000 daltons to about 40,000
daltons, and amino acid compositions corresponding to
glatiramer acetate or a selected terpolymer. In preferred
embodiments, there is a linear relationship betWeen the log

molecular Weight of the polypeptide molecular Weight mark
ers and either the retention time of the molecular Weight
markers on a siZing column or betWeen the molecular Weight

of the molecular Weight markers and the molar ellipticity of
the molecular Weight markers.

[0013] The present invention further provides pharmaceu
tical compositions Which include a therapeutically effective
amount of a polypeptide useful as a molecular Weight

marker for determining the molecular Weight range of GLAT

copolymer and consisting essentially of amino acids alanine,
glutamic acid, tyrosine and lysine in molar fractions of from

de?ned molecular Weights (or the log of the de?ned molecu

about 0.38 to about 0.50 alanine, from about 0.13 to about

lar Weights) of the markers and a measurable physical
property such as, for example, the molar ellipticity of the

0.15 glutamic acid, from about 0.08 to about 0.10 tyrosine,
and from about 0.3 to about 0.4 lysine, and a pharmaceuti

markers, or the retention time of the markers on a molecular

cally acceptable carrier.
[0014] The present invention further provides pharmaceu

siZing column.
SUMMARY OF THE INVENTION

tical compositions Which include a therapeutically effective

[0011] Sequence-de?ned molecular Weight markers that
have chemical and physical characteristics similar to GLAT
copolymer provide an accurate and robust calibration set for

marker for determining the molecular-Weight range-of a
terpolymer and consisting essentially of amino acids ala
nine, tyrosine, and lysine in the molar fractions of from

determinations of molecular Weight of production batches.
The present invention provides derivatives of GLAT copoly

about 0.3 to about 0.6 alanine, from about 0.005 to about
0.25 tyrosine, and from about 0.1 to about 0.5 lysine, and a

mer useful as molecular Weight markers for determining the

pharmaceutically acceptable carrier. The polypeptide is pref
erably substantially free of glutamic acid.

amount of a polypeptide useful as a molecular Weight

molecular Weight ranges of GLAT copolymer preparations
and optimally having therapeutic utility for treatment of
immune conditions. The invention further provides polypep

[0015] The present invention further provides pharmaceu

tides having de?ned molecular Weights Which are deriva
tives of other copolymers and Which are useful for deter

tical compositions Which include a therapeutically effective

mining molecular Weight ranges of preparations of those
copolymers. When those copolymers are therapeutically
useful, the derivative polypeptides optimally have therapeu
tic utility. For determination of the molecular Weight range
of a GLAT copolymer preparation, the preferred derivative

marker for determining the molecular Weight range of a

is a polypeptide having an amino acid compositon corre

sponding approximately to GLAT copolymer and an iden
ti?ed molecular Weight Which is betWeen about 2,000 dal
tons and about 40,000 daltons. The polypeptide preferably
has speci?c molar ratios of amino acids alanine, glutamic
acid tyrosine and lysine. Moreover, in a preferred embodi
ment the polypeptide has alanine at the N-terminus and
tyrosine at the fourth position from the N-terminus. For
determination of the molecular Weight of a terpolymer, the
preferred derivative Will have a de?ned molecular Weight
and an amino acid composition corresponding approxi
mately to that of the terpolymer. Other copolymers are also

contemplated by the invention. When determining of the
molecular Weight of a copolymer contemplated by the
invention, the polypeptide derivative Will have a de?ned

amount of a polypeptide useful as a molecular Weight

terpolymer and consisting essentially of glutamic acid,
tyrosine and lysine in molar fractions of from about 0.005 to
about 0.300 glutamic acid, from about 0.005 to about 0.250
tyrosine, and from about 0.3 to about 0.7 lysine, and a

pharmaceutically acceptable carrier. The polypeptide is pref
erably substantially free of alanine.
[0016] The present invention further provides pharmaceu
tical compositions Which include a therapeutically effective
amount of a polypeptide useful as a molecular Weight

marker for determining the molecular Weight range of a

terpolymer and consisting essentially of amino acids ala
nine, glutamic acid and tyrosine in molar fractions of from
about 0.005 to about 0.8 alanine, from about 0.005 to about
0.3 glutamic acid, and from about 0.005 to about 0.25
tyrosine, and a pharmaceutically acceptable carrier. The

polypeptide is preferably substantially free of lysine.
[0017] The present invention also provides pharmaceuti
cal compositions Which includes a therapeutically effective

Feb. 17, 2005
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marker for determining the molecular Weight range of a

de?ned by the X-axis. The presence of a lysine residue is
indicated by a vertical bar at the indicated amino acid

terpolymer and consisting essentially of alanine, glutamic

position.

amount of a polypeptide useful as a molecular Weight

acid and lysine, in molar fractions of from about 0.005 to
about 0.6 alanine, from about 0.005 to about 0.3 glutamic
acid, and from about 0.2 to about 0.7 lysine, and a pharma

ceutically acceptable carrier. The polypeptide is preferably
substantially free of tyrosine.
[0018] In general, pharmaceutical compositions of the
invention include therapeutically effective amounts of a
polypeptide Which is useful as a molecular Weight marker

for determining the molecular Weight range of a copolymer
of any number (e.g., three to ?ve or more) of amino acids.
In the manner of glatiramer acetate, such a copolymer is a

[0025] FIG. 1c provides the distribution of glutamic acid
in the TV-markers described in Table 1. The amino acid

position is de?ned by the X-axis. The presence of a glutamic
acid residue is indicated by a vertical bar at the indicated

amino acid position.
[0026] FIG. 1a' provides the distribution of tyrosine in the
TV-markers described in Table 1. The amino acid position is
de?ned by the X-axis. The presence of a tyrosine residue is
indicated by a vertical bar at the indicated amino acid

position.
[0027] FIG. 2 provides a plot of the molar ellipticity

diverse population of sequences of the amino acids. The
polypeptide useful as a molecular Weight marker consists of
those amino acids in molar fractions corresponding approxi

versus molecular Weight of the present TV-markers com

mately to the copolymer.

ellipticity is provided in 10-5 deg cm-2 dmole‘1 and the

[0019] The present invention further provides methods for
treating and preventing immune-mediated and autoimmune

molecular Weight is in daltons. Circles indicate TV-markers
and squares depict glatiramer acetate markers. As shoWn, the
TV-markers provide a linear relationship betWeen molar

diseases in a mammal Which include administering a thera

peutically effective amount of a molecular Weight marker of
the invention. In another embodiment, the method for treat
ing immune-mediated and autoimmune diseases in a mam

mal further involves inhibiting proliferation of T cells
involved in the immune attack. In another embodiment, the
method for treating immune-mediated and autoimmune dis
eases in a mammal involves binding a molecular Weight

marker of the invention to an antigen presenting cell. In yet

another embodiment, the method for treating immune-me
diated and autoimmune disease in a mammal involves
binding a molecular Weight marker of the invention to a

major histocompatibility complex class II protein Which is
associated With autoimmune diseases.

[0020] Autoimmune diseases contemplated by the present
invention include arthritic conditions, demyelinating dis
eases and in?ammatory diseases. For example, autoimmune
diseases Which can be treated by the present compositions

include multiple sclerosis, rheumatoid arthritis, osteoarthri
tis, autoimmune hemolytic anemia, autoimmune oophoritis,
autoimmune thyroiditis, autoimmune uveoretinitis, Crohn’s
disease, chronic immune thrombocytopenic purpura, colitis,
contact sensitivity disease, diabetes mellitus, Graves dis
ease, Guillain-Barre’s syndrome, Hashimoto’s disease, idio

pathic myxedema, myasthenia gravis, psoriasis, pemphigus
vulgaris, or systemic lupus erythematosus.
[0021] Immune-mediated diseases result from undesired
sensitivity of the immune system to particular foreign anti
gens. Examples are host-versus-graft disease (HVGD) and
graft-versus-host disease (GVHD) and numerous types of

delayed-type hypersensitivity (DTH).
[0022]

The present compositions can be used to treat one

or more of these diseases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1a provides the distribution of alanine in the
molecular markers (TV-markers) described in Table 1. The
amino acid position is de?ned by the X-axis. The presence
of an alanine is indicated by a vertical bar at the indicated

pared to knoWn glatiramer acetate markers. The molar

ellipticity and molecular Weight.
[0028] FIG. 3a provides a plot of the relative retention
time (RRT) of the present TV-markers versus the log
molecular Weight of those markers, using the RRT-based

algorithm.
[0029] FIG. 3b provides a plot of the log molecular Weight
of the TV-markers versus the retention time (RT) of those

markers, using the Millennium-based algorithm.
[0030] FIG. 4a provides a plot summariZing several cali
brations of the relative retention time (RRT) of the present
TV-markers versus the molecular Weight of those markers,
using the RRT-based algorithm. Data Were obtained from
sixteen columns. Average values for each of the sixteen
calibrations are depicted.

[0031] FIG. 4b provides a plot summariZing several cali
brations of the molecular Weight of the TV-markers versus

the relative retention time (RRT) of those markers, using the
Millennium-based algorithm. Data Were obtained from six
teen columns. Average values for each of the sixteen cali
brations are depicted.

[0032] FIG. 5 depicts inhibition of Cop 1 binding to
anti-Cop 1 polyclonal antibodies by four TV-markers and
Cop 1 (03494). Absorbance ratio indicates absorbance mea
sured With increasing inhibitor concentration relative to
absorbance in the absence of binding inhibition.
DETAILED DESCRIPTION OF THE
INVENTION

[0033] Molecular Weight markers of the invention (e.g.,
TV-markers), include polypeptides having an amino acid

composition approximately corresponding to glatiramer
acetate or related terpolymers, and an identi?ed molecular

Weight Which is betWeen about 2,000 daltons and about
40,000 daltons and are useful for accurately determining the

molecular Weight of GLAT copolymer and related terpoly
mers. It folloWs from the requirement for an identi?ed
molecular Weight that a TV-marker should have a discrete

amino acid position.
[0024] FIG. 1b provides the distribution of lysine in the

molecular Weight and not a range of molecular Weights.
Accordingly, TV-markers are synthesiZed according to a

TV-markers described in Table 1. The amino acid position is

predetermined amino acid sequence Which corresponds in

