
EDITORIAL

Glatiramer Acetate Therapy: The Plot Thickens

G LATIRAMER ACETATE (COPAXONE; TEVA

Pharmaceuticals, North Wales, Pa) is a
random polymer of glutamic acid, ly-
sine, alanine, and tyrosine, and is of con-
siderable interest for its ability to re-

duce the frequency of relapses in relapsing-remitting
multiple sclerosis (MS).1 Several mechanisms have been
proposed to explain these findings. Lando et al2 sug-
gested that inhibition of clinical disease in an animal model
of MS, experimental autoimmune encephalomyelitis, was
due to suppressor cells because protection could be adop-
tively transferred from glatiramer acetate–treated mice.
Early studies suggested that glatiramer acetate could in-
hibit antigen-specific responses through competition for
major histocompatibility complex molecules.3 More re-
cent work suggests that glatiramer acetate treatment of
MS patients and mice with experimental autoimmune en-
cephalitis has several potential mechanisms, although the
favored one seems to be of inducing a shift in the bal-
ance of Th1 and Th2 cells.4,5 However, the exact T-cell
populations responsible for these shifts were not char-
acterized immunophenotypically in most of these stud-
ies. Glatiramer acetate has been shown to act as an al-
tered peptide ligand and antagonize T-cell clones specific
for myelin basic protein 82-100 in vitro.6 In addition, re-
cent studies also propose an effect on antigen-
presenting cells, suggesting that the mechanism of ac-
tion is more complex than mere immune deviation.7,8 It

is thus unclear whether glatiramer acetate acts by alter-
ing the cytokine phenotype of myelin-reactive T cells, de-
letes these cells, or induces a regulatory T-cell popula-
tion which mediates its effects through regulatory
cytokines or direct suppression/elimination of target im-
mune populations.

With regard to the 2 major immunomodulatory drugs
presently used in relapsing-remitting MS, the mecha-
nism of action of neither interferon beta nor glatiramer
acetate is well understood. This has become a major is-
sue with the recent withdrawal of natalizumab (Tysa-
bri; Biogen Idec, Cambridge, Mass), which blocks the ad-
hesion molecule VLA-4 on activated lymphocytes.9 Since
the combination of both natalizumab and interferon beta
resulted in the appearance of progressive multifocal leu-
koencephalopathy in 2 MS patients, aggressive block-
ade of inflammation at the blood-brain barrier appears
to have significant consequences. Use of interferon beta
may also have effects that counter some of the proposed

actions of glatiramer acetate, such as bystander suppres-
sion and neuroprotection. Thus, understanding how MS
therapies, including glatiramer acetate, regulate lympho-
cyte trafficking and alter the function of immune cells is
of significant interest to neurologists caring for MS pa-
tients.

Recently, using a novel flow cytometric assay, we pro-
vided the first direct evidence that glatiramer acetate
therapy induces not only CD4�, but also CD8� T-cell
responses.10 In fact, treatment of MS patients with glat-
iramer acetate results in the differential expansion of these
glatiramer acetate–reactive CD8� T cells, while the glat-
iramer acetate–reactive CD4� T-cell response dimin-
ishes over time, suggesting that these T cells may exert a
regulatory function and mediate the therapeutic effect of
glatiramer acetate. Other investigators have also sug-
gested the involvement of CD8� T cells in the response
to glatiramer acetate. In this context, the mechanisms
regulating the trafficking of glatiramer acetate–reactive
T cells becomes an important issue.

In this issue of the ARCHIVES, Allie et al11 examine the
chemokine receptor expression on both glatiramer ac-
etate–reactive and myelin-reactive T cells from MS pa-
tients treated with GA. As previously shown, these au-
thors have observed a shift in the cytokine secretion of
both glatiramer acetate–reactive and myelin-reactive T
cells from a Th1 to Th2 phenotype. In agreement with
our findings and those of others, these authors have also
observed a decrease in CD4� glatiramer acetate–
reactive T cells over time and an increase in CD8� glat-
iramer acetate–reactive T cells.

However, the most intriguing observations are re-
lated to the chemokine expression of the glatiramer ac-
etate–reactive and myelin-reactive T cells. The authors
observed that prior to glatiramer acetate therapy, my-
elin basic protein–reactive, tetanus toxin, and glat-
iramer acetate–reactive T cells expressed high levels of
the Th1-associated chemokine receptors CXCR3, CXCR6,
and CCR5. However, after 12 months of therapy, these
molecules were significantly down-regulated with a con-
comitant increase in the chemokine receptor CCR7. This
was only significant on CD4� glatiramer acetate–
reactive T cells, not CD8� glatiramer acetate–reactive T
cells.

These shifts in chemokine receptor expression may
have significant effects on the trafficking of these T-cell
populations. Allie et al show that as these shifts in che-
mokine expression occur, the glatiramer acetate–
reactive T cells that lose expression of CXCR3 no longer
migrate well in response to interferon-inducible protein
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10, while these T cells now migrate better to the chemo-
kine MIP3�, a ligand for CCR7. These findings may have
implications for the concept of bystander suppression and
the notion that glatiramer acetate–reactive T cells exert
their effect in the central nervous system. During the in-
flammation that occurs during MS, interferon-
inducible protein 10 is expressed in brain tissue along
with an increase in CXCR3-expressing lymphocytes.12 If
one of glatiramer acetate’s major effects is to alter the ex-
pression of these chemokine receptors, then it is pos-
sible that glatiramer acetate–reactive CD4� T cells may
not be preferentially recruited to the central nervous sys-
tem as previously hypothesized. On the other hand, re-
cruitment of CCR7-expressing T cells to the lymphoid
tissue may allow for regulatory effects to occur in the im-
mune compartment. Interestingly, since the changes from
a CXCR3- to CCR7-expressing cell population are not
observed on CD8� T cells, it is also possible that glat-
iramer acetate–reactive CD8� T cells may be able to ex-
ert a regulatory effect in an interferon-inducible protein
10–expressing inflammatory environment such as the in-
flamed central nervous system in MS.

Our group has also recently observed that there are a
significant number of CD8� myelin-reactive T cells in
patients with MS.13 While it is not known whether these
T cells are pathogenic, we have recently observed that
many of these CD8� myelin-reactive T cells have down-
regulated the costimulatory molecule CD28 and up-
regulated the CD57 surface marker, which is character-
istic of chronically stimulated lymphocytes. In terms of
MBP-reactive T cells, Allie et al observed that CXCR3 ex-
pression was reduced on CD4� myelin basic protein–
reactive T cells, but not CD8� myelin basic protein–
reactive T cells. This would imply that glatiramer acetate
therapy might reduce recruitment of CD4� T cells to the
central nervous system, but not affect the recruitment of
CD8� T cells to that site. Further work will be required
to determine whether CD8� myelin-reactive T cells have
pathogenic activity, as has been suggested in some ex-
perimental autoimmune encephalomyelitis models.

Overall, the observation that glatiramer acetate therapy
alters chemokine receptor expression of both glat-
iramer acetate–reactive T cells and myelin-reactive T cells
would suggest that by inference, lymphocyte traffic will
also be altered. In addition to glatiramer acetate, with the
introduction of nataluzimab to the mix and the known
effects of interferon beta on adhesion molecule expres-
sion, it is clear that a better understanding of lympho-
cyte trafficking will be important to our understanding
of the pathogenesis of MS and its manipulation as a means
of therapeutic intervention. We will eagerly await the next

chapter of this saga to know whether alteration of lym-
phocyte trafficking will lead to successful management
of MS.
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