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Multiple sclerosis; Objective: Cinical trials with interferon beta in relapsing remitting multiple sclerosis
Treatment response; (RRMS have demonstrated a reduction in the relapse rate. Nevertheless, not all patients
Pharmacogenetics; respond to this treatment, although there is no consensus regarding the definition of
APOE response to therapy. The reasons for this failure are not known but genetic factors

probably influence this, as has been previously shown with Interleukin 10 or Interferon
gamma polymorphisms.

The role of apolipoprotein E (APOE) gene in MS has been investigated and does not
appear to increase risk for MSor influence disease severity. Interestingly APOE variation
influences response to cholinesterase inhibitor treatment in Alzheimer disease or to
statins in hypercholesterolemia. This might have future implications for MS
Material and methods: We retrospectively reviewed 38 RRMS patients (32 females and
6 males) treated with interferon beta (INFbeta) over at least two years. Criteria for
treatment were uniform accordingly to an “Advisory Committee for the Treatment of
Multiple Slerosis’. We collected data variables including age, age of onset, clinical type
or disease duration. Patients were classified, two years after the start of treatment, as
responders and non-responders based upon clinical criteria available in the literature,
which rely on the presence of relapses, increase of disability, or both. APOE genotype was
determined from blood samples using validated polymerase chain reaction methods.
Correlation between patient responding status with allele E2 or E4 was tested.

Results: Atotal of 20 patients (52.6% received subcutaneous INFbetalb (Betaferon®), 13
(34.2% INFbetatla intramuscular (Avonex®), and 5 (13.2% subcutaneous INFbetala
(Rebif®). We found 2 patients (5.2% heterozygous for the E2 allele and 9 (23.7%) for the
E4 allele. No patient was homozygous for E2 or E4. Comparison of patients with and
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without E2 or E4 allele showed no significant differences in any of the ten therapy
response variables assessed.

Conclusion: Findings of a recent meta-analysis have not supported a role for APOE in MS
susceptibility or severity. We have not found, in our data, any influence of this gene in
the RRMSresponse to INFbeta. However, larger series would be required to validate these
results.
© 2010 Sociedad Espariola de Neurologia. Published by Hsevier Espafia, SL. All rights
reserved.
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Introduction

Resumen

Objetivos: Los ensayos clinicos llevados a cabo con el interferén beta (INFB) en esclerosis
multiple remitente recidivante (EMRR) han mostrado que reducen la tasa de brotes. Sn
embargo, no todos los pacientes responden a este tratamiento, si bien ain no hay un
absoluto consenso a propdsito de la definicion de respuesta al tratamiento. Las razones
para este fracaso terapéutico no son conocidas, y probablemente hay factores genéticos
implicados, como se ha mostrado con los polimorfismos de los genes que codifican la in-
terleuquina 10 o el interfer6n gamma. H papel del gen de la apolipoproteina E (APOE) en
la EM ha sido investigado en los Ultimos afios y no parece aumentar el riesgo de aparicién
de la enfermedad ni influir en su severidad. Variaciones en este gen influyen en la res-
puesta al tratamiento con inhibidores de la colinesterasa en la enfermedad de Alzheimer
0 alas estatinas en la hipercolesterolemia. Esto podria tener implicaciones futuras en la
EM.

Material y métodos: Hemos revisado retrospectivamente 38 pacientes diagnosticados de
EMRR (32 mujeresy 6 varones) tratados con INFB durante al menos dos afios. Los criterios
para llevar a cabo el tratamiento eran uniformes de acuerdo con las indicaciones del
Comité asesor para el tratamiento de la EM. Recogimos datos acerca de la edad y tiempo
de evolucion de la enfermedad. Al cabo de dos afos del inicio del tratamiento los pacien-
tesfueron clasificados como respondedores 0 no-respondedores de acuerdo con los crite-
rios clinicos disponibles, basados en la presencia de brotes, evolucién de la discapacidad,
o0 ambos. B genotipo APOE se determin6 de muestras sanguineas utilizando métodos va-
lidados de reaccion en cadena de la polimerasa. Se estudio la correlacion entre la condi-
cion de respondedor o no respondedor y la presencia de los alelos E2 o E4.

Resultados: Veinte pacientes (52,6% recibian INFB1b subcutaneo (Betafer6n®), 13 (34,2%
INFB1a intramuscular (Avonex®) y 5 (13,2% INFB1a subcutaneo (Rebif®). Dos pacientes
(5,2% eran heterocigotos para el alelo E2 y 9 (23,7% para el alelo E4. Ninglin paciente
era homocigoto para E2 o E4. La presencia o no de estos alelos no se correlacioné con la
respuesta al tratamiento de acuerdo con las 10 variables estudiadas.

Conclusion: Tras los resultados de un metandlisis que no muestran influencia del gen
APOE en |a susceptibilidad o severidad de la EM, no hemos encontrado en nuestra serie
influencia de este gen en la respuesta de pacientes con EMRR al INFB. En cualquier caso,
series mas extensas son necesarias para validar estos resultados.

© 2010 Sociedad Espariola de Neurologia. Publicado por Hsevier Espaia, SL. Todos los
derechos reservados.

percentage of patients who do not respond to treatment or
who respond sub-optimally. '3

Interferon-beta (INFB) is one of the treatments of choice in
remitting-relapsing multiple sclerosis (RRMS). Clinical trials
have shown that the frequency of relapses falls compared
to placebo by approximately 30% In addition, it has been
put forward that these drugs may delay the progression of
disability. Despite these known benefits, there isasignificant

Nonetheless, it is difficult to establish whether or not a
specific patient is responding to treatment and to what
degree, and a long time may be needed to obtain evidence
of this response; in fact, we still do not have a clear,
universally-accepted definition of the absence of response
to INFB in RRMS“*® Genetic heterogeneity or certain



Influence of APOE gene polymorphisms on interferon-beta treatment response in multiple sclerosis 139

environmental factors give rise to variations in the clinical
patterns of MSand probably contribute to the differencesin
the response to treatment among different patients.
However, no conclusive advances have been achieved.®

Alarge number of studies have investigated the role of
the APOE gene in MS According to a recent meta-analysis,
polymorphisms of the APOE gene do not influence the
susceptibility to suffer from MS its clinical course or its
severity.” An effect of the APOE genot ype hasbeen described
in the response to treatment with cholinesterase inhibitors
inAlzheimer’sdisease or tostatinsinhypercholesterolaemia.®
This has encouraged us to explore whether or not the
presence of E2 or E4 alleles of the APOE gene may influence
the response to treatment with INFB in a homogeneous
population of patients with RRVS

Patients and methods

We have retrospectively reviewed 38 patients (32 females
and 6 males) monitored for at least 2 years at our Neurology
Department as a consequence of RRMStreated with INFB.

Treatment was started following the criteria set out by the
Advisory Committee of the Sanish Mnistry of Health and
Consumer Affairs, which finally approved the use of these
drugs; in this way treatment began with any of the three
forms of INFB (INFB 1a [Avonex®] 30 mcg intramuscularly
once a week, INFB 1a [Rebif®] 22 or 44 mcg subcutaneously
3timesaweek, or INFB 1b [Betaferon® 8 MUI subcutaneously
every 48 hours) in patients with a diagnosis of RRMS and an
evolution of at least 6 months, over 18 years of age, scoring
from 0 to 6.5 on the EDSS scale and with at least two acute
relapses of the disease confirmed by a neurologist during the
precedingthree years. Arelapse isdefined as“the appearance
or re-appearance of one or more symptoms attributable to
MS lastingaminimum of 24 hours, with obj ective involvement
on neurological examination, in the absence of fever, and
preceded by neurological stability for at least 30 days’.

Data were collected about each patient’s gender and the
age at onset of the disease. We considered the score on the
EDSS scale at the start of the treatment, as well as the
frequency of relapses in the two preceding years. During
the first two years of treatment, we assessed the evolution
of the EDSSscale score, aswell asthe frequency of relapses.
Whenever progression in the disability was determined, it
had to be confirmed six monthslater. In 15 patients, 6 years
of follow-up have been completed and we have considered
the EDSSscale score at the end of this period.

We defined response to treatment after two yearsin each
of the patients in accordance with 10 response criteria,*
considering patients to be non-responders in each case if
they met any of the following criteria:

1. Criterion A: increase of at least 1 step in the EDSS
score.

2. Criterion B: one relapse in 2 years.

3. Criterion C: two or more relapsesin 2 years.

4. Criterion D: reduction in the frequency of relapses less
than 30%compared to the 2 years prior to treatment.

5. Criterion E reduction in the frequency of relapses less
than 50%compared to the 2 years prior to treatment.

Table 1 Clinical and demographic characteristics of the
38 patients with relapsing remitting multiple sclerosis
Mean Range
(median?)+SD
Age at onset of MS(years) 30.248.9 16-45
Age at start of treatment (years) 36.949.9 18-56
Duration of the illness at start of 11.646.4 3-29
treatment (years)
EDSSat start of treatment 3.0+1.3 1-5.0
EDSS after 2 years 3.4+1.5 1-6.5
EDSS after 6 years (n: 15) 3.8+1.6 2-7
Frequency of relapses at start of  1.2+0.3 1-2
treatment
Number of relapses after 2 years  1.1£1.7 0-10
Frequency of relapses after 0.5+0.9 0-5

2 years

aMedian for EDSSscore. SD: standard deviation.

2]

. Criterion F: absence of any drop in the frequency of
relapses compared to the 2 years prior to treatment.

. Criterion G: presence of criterion Aor criterion B.

. Criterion H: presence of criterion Aor criterion E

. Criterion I: presence of criteria Aand B.

. Criterion J: presence of criteriaAand E

O O 00 N

An increase of 1.5 in the score on the EDSS scale was
considered to be one step in the increase of disability if the
initial value was 0; an increase of 1.0 was considered to be
one step if the initial EDSS score was between 1.0 and 5.0;
and only 0.5 was considered to be one step if the initial
EDSS score was greater than 5.0.4

The APOE genotype was determined in blood samples
using validated polymerase chain reaction methods. The
influence of the presence of the E2 or E4 alleles was
explored in the response to treatment with INFB according
to the above criteria, as well as the existence of a score of
6.0 or higher 6 years after the start of treatment in patients
who had achieved that follow-up time. The statistical study
was carried out using the Chi squared test to study
categorical variables and Sudent’s“t” test for quantitative
variables. A value of p less than 0.05 was considered to be
statistically significant. The investigators were blinded to
the data on the polymorphism of the APOE gene when
establishing the clinical variables.

Table 2 Distribution of APOE genotypes in our population

APOE N %

E3/ E3 28 73.7
E4/ E3 8 21.1
E4/ E2 1 2.6
E3/ E2 1 2.6
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Table 3 Satus as responders or non-responders according to the different definitions and the E4 allele

Definition Non-responders Responders
A 7 (18.4% E4: 1 31 (81.6% E4: 8

No E4: 6 No E4: 23
B 23 (60.5%9 E4: 6 15 (39.5% E4: 3

No E4: 17 No E4: 12
C 9 (23.7% E4: 1 29 (76.3% E4: 8

No E4: 8 No E4: 21
D 5(13.2% E4: 1 33 (86.8% E4: 8

No E4: 4 No E4: 25
E 7 (18.4% E4: 1 31 (81.6% E4: 8

No E4: 6 No E4: 23
F 5(13.2% E4: 1 33 (86.8% E4: 8

No E4: 4 No E4: 25
G 24 (63.2%9 E4: 6 14 (36.8% E4: 3

No E4: 18 No E4: 11
H 11 (28.9% E4: 1 27 (71.1% E4: 8

No E4: 10 No E4: 19
| 6 (15.8% E4: 1 32 (84.2% E4: 8

No E4: 5 No E4: 24
J 2(5.3% E4: 1 36 (94.7% E4: 8

No E4: 1 No E4: 28
EDSS after 6 years (n: 15) 7 (46.7% E4: 1 8 (53.3% E4: 2

No E4: 6 No E4: 6

Results

We included 38 patients treated with INFB; 20 (52.6%
received Betaferon® 13 (34.2% Avonex® and 5 (13.2%
Rebif® (four of them 44 mcg and one 22 mcg).

The baseline and treatment-related characteristics of
these patients are shown in table 1.

Table 2 shows the distribution of the APOE genotypes. No
patient was homozygotic for E2 or E4.

The clinical evolution of patients depending on their
status as responders or non-respondersisgiven in table 3. It
shows how the fact they present allele E4 was not
significantly correlated to the patient’s status as responder
or non-responder according to the 11 criteria used: the 10
after two years combining reduction in the number of
relapsesanddisability progression, plusdisability progression
after 6 years in the 15 patients for whom this information
was available.

Discussion

There is no agreed definition for the response to treatment
with INFB in RRMS Having available a way to classify
individual patients adequately according to their response
to treatment would make it easier to take rational

therapeutic decisions, enable the design of future clinical
trials and allow the performance of studies correlating
biological markers, such as for instance genetic
polymorphisms, to therapeutic response. '

To begin with, there is no agreement about the follow-up
time needed to asses therapeutic response, as it varies
between 1 and 6 years in the studies published to date.
Qinically, when it comesto evaluating the response to INFB, it
is possible to consider the reduction in the frequency of
relapses, the absence of disability progression, or the absence
of conversion to the secondary progressive phase of the illness.
The number of relapses and disability progression are the two
basic clinical phenomena in MS and both can be taken into
account when determining response to immunomodulation
treatment. A reduction in the frequency of relapses is the
main goal of most clinical trialsdone with INFBin recent years;
however, sensorial relapses or other relapses with complete
recovery can be considered qualitatively different from motor
or polyregional relapses. In addition, the frequency of relapses
may be affected by regression to the mean.® Thus, on this
point consideration could be given to the functional severity of
acute symptoms or residual disability to take therapeutic
response into account. '

On the other hand, disability progression may be taken
into account as a marker for response to treatment. This
strategy has a less solid basis in terms of the results of
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clinical trials, but ismore realistic insofar as disability is, at
the end of the day, what influencesthe patient’sperformance
of everyday activities and its consideration seems to be of
particular interest when evaluating the long-term
situation.®'""® There is no agreement about the observation
time needed to confirm disability progression, or about how
to consider other factorsthat may have an influence such as
the presence of depression, fatigue, spasticity or other
intercurrent diseases.’™ In the same way, it is also
important to define a criterion for disability progression
that depends on the baseline score on the EDSSscale; in our
analysis we have used those proposed by Rio et al.* Thus,
one disability step would be an increase of 1.5 in the EDSS
score if the EDSS was initially 0, an increase of 1.0 if the
initial EDSS score was between 1.0 and 5.0, or only 0.5 if
the EDSS score was greater than 5.0. According to these
authors, the treatment response criteria with INFB using
disability progression are clinically more relevant than
those based only on the frequency of relapses and show a
high positive predictive value for significant disability after
6 years from the start of treatment. In this way, two thirds
of patients with a score of 6.0 or more after 6 under
treatment would have been classified as responders after
two years on the basis solely of the number of relapses, and
only 3%of patients with increased disability after 2 years
presented an EDSS score of lessthan 6.0 after 6 years.*'®

On the basis of all the above, and in view of the difficulty
for agreeing a homogeneous model defining treatment
response, %17 we have decided to apply in the analysis of our
series the mixed approach proposed by Rio et al.* One way
of simplifying the reading of our results isto opt for using
the treatment response criterion followed in the recent
pharmacogenetic study into MS published by Comabella et
al,” namely the absence of relapses and disability
progression, which would correspond to criterion | in our
analysis.

We appreciate that the interest of our study would have
increased if we had assessed the response patterns using
nuclear magnetic resonance (NMR).™ The retrospective
design and the heterogeneity in the number of studies and
apparatus used to perform the NMR have not allowed us to
conduct this analysis.

As mentioned above, a significant number of patients did
not show the expected response to immunomodulation
treatment. The causes of this occasional lack of response
are not completely understood, but we can envisage that
both environmental and genetic factors might contribute to
the refractory nature of some patients under treatment
with INFB."%20 Various clinical and demographic variables
such as the duration of the illness, the age at start of
treatment, the baseline scores on the EDSS scale or the
frequency of relapses prior to the start of treatment may
have animpact onthisresponse. 2 Several biological markers
have been put forward as possible predictors for response
to treatment, such as the expression of the TNF-related
apoptosis inducing ligand (TRAIL) or the serum levels of
INFgamma, or receptor 1 of soluble tumour necrosis factor
(sTNF-R1).>122!-3 The possible influence of polymorphisms
on the genes in the promoter of IL-10, INFgamma, glypican
5, sub-unit 1 of the INF receptor (IFNAR), or the alleles of
the HLAgene on response to treatment with INFBin patients

with MS has also been suggested,16242 although this
influence, if it exists, will probably be polygenic, with an
influence on other systems not only implicated in the
immune response. '8

APOE, encoded in chromosome 19q13 is a ligand for lipid
transport, initially recognized as a major determinant in
the metabolism of lipoproteins and cardiovascular disease.
It hasbeen posited that APOE-dependent lipoprotein uptake
may play animportant roleinthe development, maintenance
and response to harm in the central nervous system. APOE
is expressed in humans as 3 isoforms encoded by alleles E2,
E3 and E4. Allele E4 isarisk factor for the age of onset and
development of Alzheimer’s disease; its influence has also
been studied on other neurological conditions such as
Parkinson’s disease or amyotrophic lateral sclerosis, or its
relationship with recovery followingictus or trauma-related
damage to the central nervous system.”

Alarge number of studies, some of them very recent,30-3
have investigated the role of the APOE gene in MS Thus, it
has been suggested that carriers of the E4 allele present a
more severe form of the illness, while those with allele E2
present a milder course; some authors have limited this
latter influence to only females. However, a meta-analysis
carried out on 4,048 patients with MS has not shown any
influence by APOE gene polymorphism on disease severity.”
The results from our group have revealed that the absence
of any influence by the APOE genotype on MSseverity is also
notable when considering the Multiple Slerosis Severity
Score (MSSS),* probably the best way to determine severity
with a single disability metric.3*

Genetic factorswith an influence on certain stages of the
illness’'s development may play a major role in the different
response by patients to certain treatments; thus,
pharmacogenetic studies have established that the APOE E4
allele is a predictor for a poor response to treatment with
cholinesterase inhibitors in  Alzheimer's disease.®
Furthermore, the polymorphism of the APOE gene may
influence the response to statins, which may also have an
impact on MS due to the immunomodulation profile shown
by these drugs.®% For example, it has been shown that the
APOE genotype is a significant predictor for a drop in LDL
cholesterol or triglycerides when treating hyperlipidaemic
males with atorvastatin.®

Conclusion

The results of a recent meta-analysis do not support the
possible influence of the APOE gene on susceptibility to MS
or its severity.

Although the number of patientsin our study istoo small
to obtain statistical significance, we have not detected any
influence by this gene on the response to treatment with
INFB in patients with RRMS In any case, studies with a
larger number of patients will have to be carried out.
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