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Disease-modifying therapies in multiple sclerosis have demonstrated a beneficial effect on
disease activity. Furthermore, an increasing number of new therapeutic strategies with a
diverse set of actions are becoming available. However, not all patients respond to current
disease-modifying therapies, and a substantial interindividual variability exists in both
efficacy and toxicity. This inevitable and unprecedented resource of new therapies and
the potential risk for treatment failure emphasizes the necessity of personalized therapy
for patients with multiple sclerosis. Currently, there is a lack of markers that reliably
correlate with responsiveness to disease-modifying therapies in multiple sclerosis.
Pharmacogenomics holds great promise for individualized therapy and is a reality in
several types of malignancies, in which markers influencing efficacy and toxicity of
therapy are identified and used to make therapeutic decisions. Nevertheless,
pharmacogenomics of multiple sclerosis is still in its infancy, and big efforts should first be
made in order to identify markers for treatment efficacy that may help tailor drug

therapy in patients with multiple sclerosis.

Multdple sclerosis (MS) is the most common
cause of chronic neurological disability in young
people. It is considered to be a T-cell-mediated
autoimmune disease of the CNS, pathologically
characterized by autoimmune inflammation,
demyelination, axonal damage and gliosis. To
date, the etiology of MS remains unknown; how-
ever, it is assumed that both a complex genetic
background and environmental triggers, such as
viral infections, contribute to disease manifesta-
tion (as reviewed by Sospedra and Martin [1]).
Evidence of heterogeneity in MS is not only
observed at the level of clinical manifestations
(relapse—onset versus primary progressive forms),
disease course (benign versus severe evolution),
morphological alterations of the brain found by
MRI (inflammation versus atrophy) [2,3], or com-
position of lesion pathology (cell-mediated versus
antibody-mediated) (4], but also in the response
to treatment [5,6]. Thus, two people with MS who
take the same medication, for instance, may have
very different clinical responses. One may con-
tinue to have relapses and progression of the dis-
ease in spite of treatment, while the other
experiences few, if any, relapses and shows a lack
of disease progression. Although the aspects
underlying this heterogeneity are not completely
understood, genetic factors are likely to play an
important role. Moreover, given the complex
nature of the disease, the heterogeneity observed
in the response to treatment is probably
explained by the contribution of multiple genes.
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Evidence for the necessity of
individualized therapy in

multiple sclerosis

Disease-modifying therapies (DMTs), such as
interferon-p (IFN-B) la, IFN-B1b, glatiramer
acetate (GA), mitoxantrone and natalizumab, are
the mainstay of treatment in relapsing—remitting
MS and have demonstrated a beneficial effect on
disease activity, as measured by both clinical and
MRI parameters (7-14].

Nevertheless, DMTs are partially effective, and
their long-term impact on disease progression
remains elusive. In addition, not all patients
respond to current DMTs. For instance, the per-
centage of patients that will show a lack of
response to IFN-B or GA is estimated at approxi-
mately 20-55% of treated patients, depending
on the clinical and radiological criteria used to
evaluate treatment failure [15,16]. While the per-
centage of nonresponders to mitoxantrone and
natalizumab is expected to be much lower com-
pared with IFN-B and GA, the risks of serious
adverse reactions, such as cardiotoxicity, leukemia
or progressive multifocal leukoencephalopathy,
are nonetheless a major concern [17-19].

Unfortunately, criteria to classify patients into
responders and nonresponders to DMTs are usu-
ally applied after 1 or 2years of follow-up.
Hence, many patients are treated with DMTs
without ultimate benefit and at high socio-
economic cost. In addition, patients receiving
ineffective therapy accumulate further disability
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and often suffer treatment-related side effects. It
is, therefore, highly desirable to identify surro-
gate markers that allow early identification of
treatment failure or, ideally, even predict nonre-
sponder status. Although several markers have
been proposed [20-25], to date, it is impossible to
predict which patients will respond favorably to
DMTs in MS.

The better understanding of disease immuno-
pathogenesis has allowed the development of new
treatments and substantially changed the scenario
of MS treatment. Several new treatment trials
investigating promising therapeutic ~strategies,
such as the oral therapies fingolimod [26) and
cladribine [27], or the monoclonal antibodies alem-
tuzumab (28], daclizumab [29] and rituximab (0],
are currently under investigation, and emerging
therapeutic targets continue to be explored.
Furthermore, patients begin treatment earlier, and
combinations of therapies are being studied in an
attempt to improve existing therapies.

In the near future, with this unprecedented
availability of newer therapies, the choice of a
first-line agent will become more complicated,
and risk:benefit ratios are likely to play a major
role in this decision process.

The increasing number of new therapies for
MS and the potential risk for treatment failure
and/or serious adverse reactions make individu-
alized drug therapy a high priority for MS. It will
be important to administer treatment to those
patients who are likely to respond to it.

Pharmacogenomics in multiple sclerosis:
where does the field stand at present?
The field of pharmacogenomics has evolved over
the past years from the analysis of single genes or
proteins to current approaches broadly analyzing
the entire genome or proteome. Pharmaco-
genomics involves the application of genome
technologies such as gene-expression profiling,
SNP screens and proteomics to predict patient
response and toxicity to drugs, with the ultimate
goal of facilitating the individualization of
patient treatment (as reviewed by Wolf ez /.
(31]). Identification of subgroups of patients who
differ in their response to treatment could help
to identify the best available drug therapy
according to the genetic profile.
Gene-expression profiling is the study of the
response that multiple messenger RNA species
present in a given tissue or cell type to specific
conditions or treatments. At present, transcrip-
tional profiling is possible through DNA micro-
arrays. Although the emerging and promising
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next-generation DNA sequencing technologies
(as reviewed by Mardis [321) also allow large-scale
gene-expression profiling, available data on this
field are still limited.

DNA microarrays consist of oligonucleotides
or complementary DNA molecules of known
composition attached to a surface in an ordered,
predetermined fashion at extremely high density,
as reviewed by Stoughton [33]. Microarray tech-
nology allows one to profile changes in the
expression levels of thousands of genes simultane-
ously in one hybridization experiment. Current
microarray platforms contain probes for nearly all
human transcripts and have the potential to aid
in individualized treatment design in MS by the
identification of the genomic signatures that dis-
tinguish responders from nonresponders to a par-
ticular treatment. These signatures consist of a set
of differentially expressed genes (up- and down-
regulated) between the two conditions that may
serve as clinical biomarkers for predictors of
response to particular therapies in MS.

A significant body of data on gene-expression
profiling has been generated in MS. Even though
results are promising, many discrepancies are
found when comparing results from different
studies using similar methodology. It should be
taken into account that microarray experiments
are multistep processes, and many sources of var-
iability, such as intraindividual and inter-
individual variations, the use of different sample
collection techniques, the use of different criteria
and statistical approaches to analyze data and
differences in the experimental conditions, to
name a few, may contribute to the discrepancies
and high rates of false positives observed in these
studies (as reviewed by Comabella and Martin
(34]). The majority of MS treatment-related tran-
scriptional profiling studies have been performed
with the goal of understanding the transcrip-
tional changes induced iz vizro or ex vivo by
IFN-B therapy. Only a few studies, based on
small cohorts of patients and using different
methodologies, investigated end points directly
measuring drug response in treated patients
(2235-37]. Interestingly, these studies report the
presence of transcriptional differences between
IFN-B responders and nonresponders, observed
for some of the cases even before initiation of
treatment. However, it is important to mention
that replication studies of candidate expressed
genes in large cohorts of treated patients with
long clinical and/or radiological follow-ups are
needed before using these genes as markers to
predict response to IFN-B in clinical practice.
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Additional transcriptional profiling studies
searching for molecular differences between
responders and nonresponders to other DMTs
or emerging therapies have not been reported in
the literature.

Genetic polymorphisms are known to contrib-
ute in the individual responses to therapies, either
by altering the pharmacokinetics and pharmaco-
dynamics of drugs or by modifying the cellular
response to treatments. Several genetic properties,
such as prevalence in the genome and stability, to
cite a few, make SNPs the ideal markers for many
DNA-analysis applications, including pharmaco-
genetics. Pharmacogenetic studies aim to identify
the allelic variants that influence response to drugs
by comparing the allele frequencies obtained for
each genetic polymorphism between responders
and nonresponders to a specific treatment. These
studies can be performed either at the candidate-
gene level or at the genome-wide level by using
different methods such as DNA microarrays,
electrophoresis, mass spectrometry-based SNP
assays and plate readers, among others.

The vast majority of pharmacogenetic studies
in MS have been related with the response to
IFN-B 38-44]. These studies genotyped poly-
morphisms located in genes that are part of the
type I IFN pathway, such as the IFN receptors 1
and 2 (/ENARI and IFNAR?2), or genes known
to be induced by IFN-B. In other studies, the
influence in the response to IFN-B of HLA
class IT (DRB1, DQAI and DQBI) alleles or the
HLA-DR2 haplotype was analyzed. Overall,
results from these studies revealed either lack of
association or weak and unreplicated associations
of candidate genes with the response to IFN-p.

To date, only one genome-wide pharmaco-
genomic study has been published in MS 45].
The study aimed to identify genes linked to the
response to IFN-B and was performed on pooled
DNA using SNP microarrays. While previously
reported pharmacogenomic associations were not
confirmed, the study identified interesting candi-
dates, such as genes involved in neuronal repair
and growth, and over-representation of genes
related to ion channels and signal transduction
pathways such as y-aminobutyric or glutamate
receptor genes. Similar genome-wide pharmaco-
genomic studies searching for genes associated
with the response to other MS therapies have not
yet been published.

The influence of allelic variants in the
response to GA has remained far less explored,
and is restricted to only two studies. In the first
study (20, the HLA-DRBI*I501 allele was
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reported to be associated with GA efficacy. In a
more recent study [25], 27 candidate genes were
selected mostly based on their implication in MS
pathogenesis and the mode of action of GA.
Even though, in the latter study, attractive genes
such as the T-cell receptor B (7RBS) and the
Cathepsin S (CTSS) were proposed as candidates
for GA response, the previous association found
with the HLA-DRBI1*1501 could not be con-
firmed. Overall, the paucity of such data suggests
the need for more GA-related pharmacogenetic
studies. Despite discrepancies between HLA and
response to treatment, the HLA-DRBI*1501
allele is a validated marker of MS disease suscep-
tibility and should be taken into account in the
analysis of the response to treatment in MS to
control for its potential confounding effect.

In general, data available from pharmaco-
genetic studies in MS reflect that the response to
treatment is complex and polygenic in nature,
and highlight the need for more studies.

Proteomics is the study of changes in part or
all of the protein species present in a given tissue
or cell type. Mass spectrometry-based approaches
have gained significant interest for the analysis of
complex protein mixtures. Advances both at the
level of mass spectrometry hardware and data
analysis software have expanded the applications
of proteomics to include biomarker discovery.
Thus, proteomics will allow the identification of
differences in protein profiles between two bio-
logically distinct conditions, that is, responders
and nonresponders to a specific treatment.
Although great progress has been made in pro-
teomics over the last years, proteomics is still in
its infancy. Proteomic studies in MS are scarce,
and studies comparing differentially expressed
proteins between responders and nonresponders
to therapies by using this technology are not
published as yet.

How pharmacogenomics will evolve in
multiple sclerosis?

Ideally, markers (principally genetic poly-
morphisms, but also expressed genes) that are
known from the pharmacogenomic studies to be
of relevance in the response to the various MS
therapies will be tested in patients before start-
ing treatment or in the first months of therapy.
Results from these markers (i.e., higher or lower
expression levels for a gene or set of genes, allelic
variations for selected genes) may be included in
a multivariate analysis that will make predic-
tions of the response of a particular MS patient
to the existing spectrum of therapies (Figure 1).
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Figure 1. Individualized therapy in multiple sclerosis to predict treatment efficacy by means

of pharmacogenomics.
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Additionally, changes in the expression levels of
selected markers (mainly expressed genes) may
be monitored in the initial stages of treatment
administration to improve dosing and regimen
optimization. Genes identified by pharmaco-
genomic approaches such as gene-expression
profiling and/or SNP screens should also be
combined with baseline clinical variables
(i.e., number of relapses in the previous years,
Expanded Disability Status Scale score and dis-
ease duration) and radiological measures (i.e.,
degree of inflammation and atrophy) in order to
enhance prediction of therapeutic outcomes.

Although still in their infancy, markers generated

Therapy (2008) 5(5)

by means of other methodologies, such as pro-
teomics or metabolomics, may also be incorpo-
rated in the analysis. In this multivariate analysis,
prediction of response may be made in terms of
probability of response or lack of response to a
particular treatment or treatments. Based on
these probabilities, the question will remain for
neurologists to decide the best treatment option
for the patient, possibly taking into account fac-
tors such as cost and toxicity, among others.
Related to the latter, pharmacogenomics can also
be used to identify markers (presumably genetic
polymorphisms) that predispose patients to
severe adverse drug effects. If known, genetic
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polymorphisms can also be incorporated in a
predictive model to identify those patients who
will have life-threatening adverse reactions.

Phamacogenomics in multiple sclerosis:
future perspective

Individualized therapy is a reality in several types of
malignancies, such as breast, colorectal and lung
cancer, in which specific gene polymorphisms in
drug-metabolizing enzymes and drug transporters
or molecular profiles influencing efficacy and toxic-
ity of anticancer therapy are identified and used in
the treatment decision process [46-49]. Moreover,
the FDA has recently updated the labels of several
drugs to incorporate information on pharmacoge-
netic testing and guide treatment [101]. Nonethe-
less, pharmacogenomics in MS is still far from this
futuristic scenario in which personalized therapy
can be offered to MS patients, and many challenges
remain that need to be overcome.

First, efforts should be made to better define
the clinical and radiological criteria of response
and treatment failure to each MS therapy. For
instance, in the case of IFN-B, the most widely
prescribed DMT for MS, no consensus on the
definition of lack of response to treatment has
been reached yet. For personalized therapy, dis-
tinction between full and partial responses to a
particular treatment may result in a more mean-
ingful and practical classification. Given the cur-
rent armamentarium of DMTs and the increasing
number of new therapies that will soon become
available for MS, identification of partial respond-
ers to a particular treatment seems sufficient rea-
son to treat these patients with alternative
therapies to which optimal response is guaranteed.

Second, there is a need for more therapeutic tri-
als that incorporate large-scale pharmacogenomic
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studies as part of their design. These studies will
make possible the identification of reliable markers
for treatment efficacy, and facilitate our capacity to
individualize patient-specific treatment.

Although limited safety data are available,
with the longer and more frequent use of new
treatments, as well as with the combination of
therapies, the potential risk for unexpected
adverse reactions should be considered. Identifi-
cation of the genetic polymorphisms associated
with these adverse reactions will help to predict
patients at high risk.

Finally, another issue that should be taken
into account is that technologies used in
pharmacogenomic studies are expensive. Never-
theless, individually tailored therapy will most
likely avoid the ‘try and see’ prescribing and
decrease the number of visits to the neurologist
due to reduced frequency of adverse drug
effects and increased probability of successful
therapy. In the long term, all these factors
together will probably give rise to a decline in
the cost of healthcare.

In summary, evidence for the need for
genomic-based personalized therapy exists in
MS. The current armamentarium of DMTs and
the increasing number of new therapies will
complicate the selection of first-line agents to
treat MS patients. The goal of pharmaco-
genomics is to maximize efficacy and minimize
side effects of therapeutic agents. Although
pharmacogenomics will be of help in the process
of MS treatment individualization, further stud-
ies in large cohorts of patients incorporating
pharmacogenomics are needed, in order to iden-
tify reliable markers that may be used to predict
treatment efficacy and toxicity in individual
patients by means of pharmacogenomic tests.

Executive summary

Evidence for the need of personalized therapy in multiple sclerosis

® Response to treatment is heterogeneous in multiple sclerosis (MS).

e Not all patients respond to current disease-modifying therapies (DMTs).
e There is a potential risk of serious adverse drug reactions.

e There is an increasing number of new therapies for MS.

Pharmacogenomics in multiple sclerosis: current status

¢ Available data in the field are still limited.
e Evidence suggests that the response to treatment in MS is complex and polygenic in nature.
e There is a current lack of markers that reliably correlate with responsiveness to DMTs.

Future directions of pharmacogenomic studies in multiple sclerosis

e There is a need for more therapeutic trials that incorporate pharmacogenomics as part of their design.

o Efforts should be made to identify markers for treatment efficacy that may help tailor drug therapy in MS patients.

e Better definition of the clinical and radiological criteria of response and treatment failure to MS therapies is required.

fsg

future science group www.futuremedicine.com

627




REVIEW — Comabella

Financial & competing interests disclosure
The author has no relevant affiliations or financial involve-
ment with any organization or entity with a financial

interest in or financial conflict with the subject matter or

materials discussed in

employment, consultancies, honoraria, stock ownership or
options, expert testimony, grants or patents received or
pending, royalties.

No writing assistance was utilized in the production of

the manuscript. This includes  this manuscript.

Bibliography

Papers of special note have been highlighted as of

interest (*) or of considerable interest (*®) to

readers.

1. Sospedra M, Martin R: Immunology of
multiple sclerosis. Annu. Rev. Immunol. 23,
683-747 (2005).

*¢  Outstanding and comprehensive review of
the immunopathogenesis of multiple
sclerosis (MS).

2. McFarland HF: Correlation between MR
and clinical findings of disease activity in
multiple sclerosis. Am. J. Neuroradiol.
20(10), 1777-1778 (1999).

3. Bielekova B, Kadom N, Fisher E et al.:
MRI as a marker for disease heterogeneity in
multiple sclerosis. Neurology 65(7),
1071-1076 (2005).

4. Lucchinetti C, Bruck W, Parisi J,
Scheithauer B, Rodriguez M, Lassmann H:
Heterogeneity of multiple sclerosis lesions:
implications for the pathogenesis of
demyelination. Ann. Neurol. 47(6),
707-717 (2000).

5. Rudick RA, Cohen JA,
Weinstock-Guttman B, Kinkel RP,
Ransohoff RM: Management of multiple
sclerosis. N. Engl. ]. Med. 337(2),
1604-1611 (1997).

6. Stone LA, Frank JA, Albert PS et al.:
Characterization of MRI response to
treatment with interferon-1p:
contrast-enhancing MRI lesion frequency as
a primary outcome measure. Neurology
49(3), 862-869 (1997).

7. Interferon p Multiple Sclerosis Study
Group: Interferon p-1b is effective in
relapsing—remitting multiple sclerosis. 1.
Clinical results of a multicenter,
randomized, double-blind, placebo-
controlled trial. Neurology 43(4), 655661
(1993).

8. Jacobs LD, Cookfair DL, Rudick RA et al.:
Intramuscular interferon B-1a for disease
progression in relapsing multiple sclerosis.
The Multiple Sclerosis Collaborative
Research Group (MSCRG). Ann. Neurol.
39(3), 285-294 (1996).

9. PRISMS (Prevention of Relapses and
Disability by Interferon B-1a
Subcutaneously in Multiple Sclerosis) Study
Group: Randomised double-blind placebo-

controlled study of interferon p-1a in

628

10.

13.

16.

relapsing/remitting multiple sclerosis. Lancet  18.  Cohen BA, Mikol DD: Mitoxantrone
352(9139), 1498-1504 (1998). treatment of multiple sclerosis: safety
Martinelli Boneschi E Rovaris M, considerations. Neurology 63(12 Suppl. 6),
Johnson KP ez al.: Effects of glatiramer $28-S32 (2004).

acetate on relapse rate and accumulated 19.  Stiive O, Bennett JL: Pharmacological
disability in multiple sclerosis: meta-analysis properties, toxicology and scientific

of three double-blind, randomized, rationale for the use of natalizumab
placebo-controlled clinical trials. Mult. Scler. (Tysabri) in inflammatory diseases. CNS
9(4), 349-355 (2003). Drug Rev. 13(1), 79-95 (2007).

Rovaris M, Codella M, Moiola L ez al.: 20.  Fusco C, Andreone V, Coppola G et al.:
Effect of glatiramer acetate on MS lesions HLADRBI*1501 and response to
enhancing at different gadolinium doses. copolymer-1 therapy in relapsing—remitting
Neurology 59(9), 1429-1432 (2002). multiple sclerosis. Neurology 57(11),
Hartung HP, Gonsette R, Konig N ez al.: 1976-1979 (2001).

Mitoxantrone in Multiple Sclerosis Study 21.  Wandinger KP, Lunemann JD, Wengert O
Group (MIMS): Mitoxantrone in et al.: TNF-related apoptosis inducing
progressive multiple sclerosis: a placebo- ligand (TRAIL) as a potential response
controlled, double-blind, randomised, marker for interferon-B treatment in
multicentre trial. Lancet 360(9350), multiple sclerosis. Lancer 361(9374),
2018-2025 (2002). 2036-2043 (2003).

Polman CH, O’Connor PW, Havrdova E 3 One of the first studies in MS proposing a
et al.: AFFIRM Investigators. A randomized, biomarker of response to IFN-.
placebo-controlled trial of natalizumab for 22.  Baranzini SE, Mousavi P, Rio J ez al.:
relapsing multiple sclerosis. N. Engl. J. Med. Transcription-based prediction of response
354(9), 899-910 (20006). to IFNB using supervised computational
Rudick RA, Stuart WH, Calabresi PA ez al; methods. PLoS Biol. 3(1), E2 (2005).
SENTINEL Investigators: Natalizumab plus ~ 23.  Soilu-Hanninen M, Laaksonen M,
interferon-B-1a for relapsing multiple Hanninen A, Eralinna JB, Panelius M:
sclerosis. N. Engl. J. Med. 354(9), 911-923 Downregulation of VLA-4 on T cells as a
(2000). marker of long term treatment response to
Comi G, Filippi M, Wolinsky JS: interferon B-1a in MS. J. Neuroimmunol.
European/Canadian multicenter, double- 167(1-2), 175-182 (2005).

blind, randomized, placebo-controlled 24.  Minagar A, Adamashvili I, Kelley RE,
study of the effects of glatiramer acetate Gonzalez-Toledo E, McLarty J, Smith SJ:
on magnetic resonance imaging — Saliva soluble HLA as a potential marker of
measured disease activity and burden in response to interferon-Bla in multiple
patients with relapsing multiple sclerosis. sclerosis: a preliminary study.
European/Canadian Glatiramer Acetate J. Neuroinflammation 4, 16 (2007).

Study Group. Ann. Neurol. 49(3), 290-297 25.  Grossman I, Avidan N, Singer C ez al.:
(2001). Pharmacogenetics of glatiramer acetate
Rio J, Nos C, Tintoré M et al.: Assessment therapy for multiple sclerosis reveals

of different treatment failure criteria in a drug-response markers. Pharmacogenet.
cohort of relapsing—remitting multiple Genomics 17, 657-666 (2007).

sclerosis patients treated with interferon f: *  Remarkable study that proposes attractive
implications for clinical trials. Ann. Neurol. genes associated with the response to
52(4), 400-406 (2002). glatiramer acetate in MS patients.

In this paper the authors compare the 26.  Kappos L, Antel J, Comi G ez al.;

clinical usefulness of four different criteria of FTY720 D2201 Study Group: Oral
treatment failure in IFN-B-treated patients. fingolimod (FT'Y720) for relapsing multiple
Ghalie RG, Mauch E, Edan G ez al.: sclerosis. . Engl. J. Med. 355(11),

A study of therapy-related acute leukaemia 1124-1140 (2006).

after mitoxantrone therapy for multiple 27.  Leist TR, Vermersch P: The potential role for

sclerosis. Mult. Scler. 8, 441—445 (2002).

Therapy (2008) 5(5)

cladribine in the treatment of multiple

fsg

future science group



28.

29.

30.

31.
32.
33.

34.

35.

fsg

Pharmacogenomics in multiple sclerosis: getting the right medicine to the right patient - REVIEW

sclerosis: clinical experience and development
of an oral tablet formulation. Curr. Med. Res.
Opin. 23(11), 2667-2676 (2007).

Coles AJ, Cox A, Le Page E ez al.:

The window of therapeutic opportunity in
multiple sclerosis: evidence from
monoclonal antibody therapy. J. Neurol.
253(1), 98-108 (20006).

Bielekova B, Richert N, Howard T ez al.:
Humanized anti-CD25 (daclizumab)
inhibits disease activity in multiple sclerosis
patients failing to respond to interferon B.
Proc. Natl Acad. Sci. USA 101(23),
8705-8708 (2004).

Hauser SL, Waubant E, Arnold DL ¢t al;
HERMES Trial Group: B-cell depletion
with rituximab in relapsing—remitting
multiple sclerosis. N. Engl. J. Med. 358(7),
676-688 (2008).

Wolf CR, Smith G, Smith RL: Science,
medicine, and the future: pharmacogenetics.
BM]J 320(7240), 987-990 (2000).

Mardis ER: The impact of next-generation
sequencing technology on genetics. Trends
Genet. 24(3), 133-141 (2008).

Stoughton RB: Applications of DNA
microarrays in biology. Annu. Rev. Biochem.
74, 53-82 (2005).

Comabella M, Martin R: Genomics in
multiple sclerosis — current state and future
directions. J. Neuroimmunol. 187(1-2), 1-8
(2007).

Comprehensive review of the gene-
expression profiling studies performed in
MS, with identification of the differentially
expressed genes that were common to
several studies.

Sturzebecher S, Wandinger KP,

Rosenwald A ez al.: Expression profiling
identifies responder and nonresponder
phenotypes to interferon-B in multiple
sclerosis. Brain 126(Pt 6), 1419-1429
(2003).

First gene-expression microarray study that
attempts to correlate gene-expression

changes with the IFN-B responder status.

future science group

36.

37.

38.

39.

40.

41.

42.

43.

44,

Singh MK, Scott TE, LaFramboise WA,
Hu FZ, Post JC, Ehrlich GD: Gene
expression changes in peripheral blood
mononuclear cells from multiple sclerosis
patients undergoing B-interferon therapy.
J. Neurol. Sci. 258(1-2), 52-59 (2007).
van Baarsen LG, Vosslamber S, Tijssen M
et al.: Pharmacogenomics of interferon-
therapy in multiple sclerosis: baseline IFN
signature determines pharmacological
differences between patients. PLoS ONE
3(4), E1927 (2008).

Villoslada P, Barcellos LE Rio J et al:

The HLA locus and multiple sclerosis in
Spain. Role in disease susceptibility, clinical

course and response to interferon-f.

J. Neuroimmunol. 130(1-2), 194-201 (2002).

Sriram U, Barcellos LE, Villoslada P ez al.:
Pharmacogenomic analysis of interferon
receptor polymorphisms in multiple sclerosis.
Genes Immun. 4(2), 147-152 (2003).
Ferndndez O, Ferndndez V, Mayorga C

et al.. HLA class II and response to
interferon-B in multiple sclerosis. Acta
Neurol. Scand. 112(6), 391-394 (2005).
Cunningham S, Graham C, Hutchinson M
et al.: Pharmacogenomics of responsiveness
to interferon IFN-p treatment in multiple
sclerosis: a genetic screen of 100 type I
interferon-inducible genes. Clin. Pharmacol.
Ther. 78(6), 635-646 (2005).

Leyva L, Ferndndez O, Fedetz M et al.:
IFNARI and IFNAR?2 polymorphisms
confer susceptibility to multiple sclerosis but
not to interferon-f treatment response.

J. Neuroimmunol. 163(1-2), 165-171
(2005).

Martinez A, de las Heras V, Mas Fontao A
et al.: An IFNG polymorphism is associated
with interferon-B response in Spanish MS
patients. /. Neuroimmunol. 173(1-2),
196-199 (2006).

Weinstock-Guttman B, Tamano-Blanco M,
Bhasi K, Zivadinov R, Ramanathan M:
Pharmacogenetics of MXA SNPs in

interferon-B treated multiple sclerosis

www.futuremedicine.com

45.

46.

47.

48.

49.

patients. J. Neuroimmunol. 182(1-2),
236-239 (2007).

Byun E, Caillier SJ, Montalban X e a/.:
Genome-wide pharmacogenomic analysis of
the response to interferon B therapy in
multiple sclerosis. Arch. Neurol. 65(3),
337-344 (2008).

Genome-wide pharmacogenomic study
that aimed to identify genes involved in the
response to IFN-B in patients with MS.
Muss HB, Thor AD, Berry DA ez al.:
c-erbB-2 expression and response to
adjuvant therapy in women with
node-positive early breast cancer.

N. Engl. ]. Med. 330(18), 1260-1266
(1994).

Salez LB, Cox JV, Blanke C ez al.:
Irinotecan plus fluorouracil and leucovorin
for metastatic colorectal cancer. Irinotecan
Study Group. N. Engl. J. Med. 343(13),
905-914 (2000).

Lynch TJ, Bell DW, Sordella R ez al.:
Activating mutations in the epidermal
growth factor receptor underlying
responsiveness of non-small-cell lung cancer
to gefitinib. N. Engl. J. Med. 350(21),
2129-2139 (2004).

Han JY, Lim HS, Shin ES et al.:
Comprehensive analysis of UGTIA
polymorphisms predictive for
pharmacokinetics and treatment

outcome in patients with non-small-cell
lung cancer treated with irinotecan and
cisplatin. /. Clin. Oncol. 24(15),
2237-2244 (20006).

Website
101. US FDA: Center for drug evaluation and

research
www.fda.gov/cder/genomics/genomic_bio

markers_table.htm

629




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [589.606 793.701]
>> setpagedevice


