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Abstract

Obj ect ive: Clinical t rials with interferon beta in relapsing remit t ing mult iple sclerosis 
(RRMS) have demonst rated a reduct ion in the relapse rate. Nevertheless, not  all pat ients 
respond to this t reatment , although there is no consensus regarding the defi nit ion of 
response to therapy. The reasons for this failure are not  known but  genet ic factors 
probably infl uence this, as has been previously shown with Interleukin 10 or Interferon 
gamma polymorphisms.

The role of apolipoprotein E (APOE) gene in MS has been invest igated and does not  
appear to increase risk for MS or infl uence disease severity. Interest ingly APOE variat ion 
infl uences response to cholinesterase inhibitor t reatment  in Alzheimer disease or to 
stat ins in hypercholesterolemia. This might  have future implicat ions for MS.
Mat erial  and met hods: We ret rospect ively reviewed 38 RRMS pat ients (32 females and 
6 males) t reated with interferon beta (INFbeta) over at  least  two years. Criteria for 
t reatment  were uniform accordingly to an “ Advisory Commit tee for the Treatment  of 
Mult iple Sclerosis” . We collected data variables including age, age of onset , clinical type 
or disease durat ion. Pat ients were classifi ed, two years after the start  of t reatment , as 
responders and non-responders based upon clinical criteria available in the literature, 
which rely on the presence of relapses, increase of disabilit y, or both. APOE genotype was 
determined from blood samples using validated polymerase chain react ion methods. 
Correlat ion between pat ient  responding status with allele E2 or E4 was tested.
Result s: A total of 20 pat ients (52.6%) received subcutaneous INFbeta1b (Betaferon®),  13 
(34.2%) INFbeta1a int ramuscular (Avonex®),  and 5 (13.2%) subcutaneous INFbeta1a 
(Rebif®).  We found 2 pat ients (5.2%) heterozygous for the E2 allele and 9 (23.7%) for the 
E4 allele. No pat ient  was homozygous for E2 or E4. Comparison of pat ients with and 
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Introduction

Interferon-beta (INFB) is one of the t reatments of choice in 
remit t ing-relapsing mult iple sclerosis (RRMS). Clinical t rials 
have shown that  the frequency of relapses falls compared 
to placebo by approximately 30%. In addit ion, it  has been 
put  forward that  these drugs may delay the progression of 
disabilit y. Despite these known benefi ts, there is a signifi cant  

percentage of pat ients who do not  respond to t reatment  or 
who respond sub-opt imally.1-3

Nonetheless, it  is diffi cult  to establish whether or not  a 
specifi c pat ient  is responding to t reatment  and to what  
degree, and a long t ime may be needed to obtain evidence 
of this response; in fact , we st il l do not  have a clear, 
universally-accepted defi nit ion of the absence of response 
to INFB in RRMS.4,5 Genet ic heterogeneity or certain 
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con interferón beta en esclerosis múltiple

Resumen

Obj et ivos: Los ensayos clínicos llevados a cabo con el interferón beta (INFB) en esclerosis 
múlt iple remitente recidivante (EMRR) han most rado que reducen la tasa de brotes. Sin 
embargo, no todos los pacientes responden a este t ratamiento, si bien aún no hay un 
absoluto consenso a propósito de la defi nición de respuesta al t ratamiento. Las razones 
para este fracaso terapéut ico no son conocidas, y probablemente hay factores genét icos 
implicados, como se ha most rado con los polimorfi smos de los genes que codifi can la in-
terleuquina 10 o el interferón gamma. El papel del gen de la apolipoproteína E (APOE) en 
la EM ha sido invest igado en los últ imos años y no parece aumentar el riesgo de aparición 
de la enfermedad ni infl uir en su severidad. Variaciones en este gen infl uyen en la res-
puesta al t ratamiento con inhibidores de la colinesterasa en la enfermedad de Alzheimer 
o a las estat inas en la hipercolesterolemia. Esto podría tener implicaciones futuras en la 
EM.
Mat erial  y mét odos: Hemos revisado ret rospect ivamente 38 pacientes diagnost icados de 
EMRR (32 muj eres y 6 varones) t ratados con INFB durante al menos dos años. Los criterios 
para llevar a cabo el t ratamiento eran uniformes de acuerdo con las indicaciones del 
Comité asesor para el t ratamiento de la EM. Recogimos datos acerca de la edad y t iempo 
de evolución de la enfermedad. Al cabo de dos años del inicio del t ratamiento los pacien-
tes fueron clasifi cados como respondedores o no-respondedores de acuerdo con los crite-
rios clínicos disponibles, basados en la presencia de brotes, evolución de la discapacidad, 
o ambos. El genot ipo APOE se determinó de muest ras sanguíneas ut il izando métodos va-
lidados de reacción en cadena de la polimerasa. Se estudió la correlación ent re la condi-
ción de respondedor o no respondedor y la presencia de los alelos E2 o E4.
Result ados: Veinte pacientes (52,6%) recibían INFB1b subcutáneo (Betaferón®),  13 (34,2%) 
INFB1a int ramuscular (Avonex®) y 5 (13,2%) INFB1a subcutáneo (Rebif®).  Dos pacientes 
(5,2%) eran heterocigotos para el alelo E2 y 9 (23,7%) para el alelo E4. Ningún paciente 
era homocigoto para E2 o E4. La presencia o no de estos alelos no se correlacionó con la 
respuesta al t ratamiento de acuerdo con las 10 variables estudiadas.
Conclusión: Tras los resultados de un metanálisis que no muest ran infl uencia del gen 
APOE en la suscept ibilidad o severidad de la EM, no hemos encont rado en nuest ra serie 
infl uencia de este gen en la respuesta de pacientes con EMRR al INFB. En cualquier caso, 
series más extensas son necesarias para validar estos resultados.
© 2010 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.

without  E2 or E4 allele showed no signifi cant  dif ferences 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 
suscept ibilit y or severity. We have not  found, in our data, any infl uence of this gene in 
the RRMS response to INFbeta. However, larger series would be required to validate these 
results.
© 2010 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.
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environmental factors give rise to variat ions in the clinical 
pat terns of MS and probably cont ribute to the dif ferences in 
the response to t reatment  among dif ferent  pat ients. 
However, no conclusive advances have been achieved. 6

A large number of studies have invest igated the role of 
the APOE gene in MS. According to a recent  meta-analysis, 
polymorphisms of the APOE gene do not  infl uence the 
suscept ibilit y to suffer from MS, its clinical course or it s 
severity.7 An effect  of the APOE genotype has been described 
in the response to t reatment  with cholinesterase inhibitors 
in Alzheimer’s disease or to stat ins in hypercholesterolaemia. 8 
This has encouraged us to explore whether or not  the 
presence of E2 or E4 alleles of the APOE gene may infl uence 
the response to t reatment  with INFB in a homogeneous 
populat ion of pat ients with RRMS.

Patients and methods

We have ret rospect ively reviewed 38 pat ients (32 females 
and 6 males) monitored for at  least  2 years at  our Neurology 
Department  as a consequence of RRMS t reated with INFB.

Treatment  was started following the criteria set  out  by the 
Advisory Commit tee of the Spanish Minist ry of Health and 
Consumer Affairs, which fi nally approved the use of these 
drugs; in this way t reatment  began with any of the three 
forms of INFB (INFB 1a [Avonex®] 30 mcg int ramuscularly 
once a week, INFB 1a [Rebif®] 22 or 44 mcg subcutaneously 
3 t imes a week, or INFB 1b [Betaferon®] 8 MUI subcutaneously 
every 48 hours) in pat ients with a diagnosis of RRMS and an 
evolut ion 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 confi rmed by a neurologist  during the 
preceding three years. A relapse is defi ned as “ the appearance 
or re-appearance of one or more symptoms at t ributable to 
MS, last ing a minimum of 24 hours, with object ive involvement  
on neurological examinat ion, in the absence of fever, and 
preceded by neurological stability for at  least  30 days” .

Data were collected about  each pat ient ’s gender and the 
age at  onset  of the disease. We considered the score on the 
EDSS scale at  the start  of the t reatment , as well as the 
frequency of relapses in the two preceding years. During 
the fi rst  two years of t reatment , we assessed the evolut ion 
of the EDSS scale score, as well as the frequency of relapses. 
Whenever progression in the disabilit y was determined, it  
had to be confi rmed six months later. In 15 pat ients, 6 years 
of follow-up have been completed and we have considered 
the EDSS scale score at  the end of this period.

We defi ned response to t reatment  after two years in each 
of the pat ients in accordance with 10 response criteria, 4 
considering pat ients 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 relapses in 2 years.
 4.   Criterion D: reduct ion in the frequency of relapses less 

than 30% compared to the 2 years prior to t reatment .
 5.   Criterion E: reduct ion in the frequency of relapses less 

than 50% compared to the 2 years prior to t reatment .

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

 7.   Criterion G: presence of criterion A or criterion B.
 8.   Criterion H: presence of criterion A or criterion E.
 9.   Criterion I:  presence of criteria A and B.
10. Criterion J: presence of criteria A and E.

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

The APOE genotype was determined in blood samples 
using validated polymerase chain react ion methods. The 
infl uence of the presence of the E2 or E4 alleles was 
explored in the response to t reatment  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 t reatment  in pat ients 
who had achieved that  follow-up t ime. The stat ist ical study 
was carried out  using the Chi squared test  to study 
categorical variables and Student ’s “ t ”  test  for quant itat ive 
variables. A value of p less than 0.05 was considered to be 
stat ist ically signifi cant . The invest igators were blinded to 
the data on the polymorphism of the APOE gene when 
establishing the clinical variables.

Table 1 Clinical and demographic characterist ics of the 

38 pat ients with relapsing remit t ing mult iple sclerosis

Mean 

(mediana)±SD 

Range 

Age at  onset  of MS (years) 30.2±8.9 16-45

Age at  start  of t reatment  (years) 36.9±9.9 18-56

Durat ion of the il lness at  start  of 

t reatment  (years) 

11.6±6.4 3-29

EDSS at  start  of t reatment 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 

t reatment

1.2±0.3 1-2

Number of relapses after 2 years 1.1±1.7 0-10

Frequency of relapses after 

2 years

0.5±0.9 0-5

a Median for EDSS score. SD: standard deviat ion.

Table 2 Dist ribut ion of APOE genotypes in our populat ion

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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Results

We included 38 pat ients t reated 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 t reatment -related characterist ics of 
these pat ients are shown in table 1.

Table 2 shows the dist ribut ion of the APOE genotypes. No 
pat ient  was homozygot ic for E2 or E4.

The clinical evolut ion of pat ients depending on their 
status as responders or non-responders is given in table 3. It  
shows how the fact  they present  allele E4 was not  
signifi cant ly correlated to the pat ient ’s status as responder 
or non-responder according to the 11 criteria used: the 10 
after two years combining reduct ion in the number of 
relapses and disabilit y progression, plus disabilit y progression 
after 6 years in the 15 pat ients for whom this informat ion 
was available.

Discussion

There is no agreed defi nit ion for the response to t reatment  
with INFB in RRMS. Having available a way to classify 
individual pat ients adequately according to their response 
to t reatment  would make it  easier to take rat ional 

therapeut ic decisions, enable the design of future clinical 
t rials and allow the performance of studies correlat ing 
biological markers, such as for instance genet ic 
polymorphisms, to therapeut ic response.1,5

To begin with, there is no agreement about the follow-up 
t ime needed to asses therapeut ic response, as it  varies 
between 1 and 6 years in the studies published to date. 
Clinically, when it  comes to evaluat ing the response to INFB, it  
is possible to consider the reduct ion 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 immunomodulat ion 
treatment. A reduct ion in the frequency of relapses is the 
main goal of most clinical t rials done with INFB in recent years; 
however, sensorial relapses or other relapses with complete 
recovery can be considered qualitat ively different from motor 
or polyregional relapses. In addit ion, the frequency of relapses 
may be affected by regression to the mean.9 Thus, on this 
point  considerat ion could be given to the funct ional severity of 
acute symptoms or residual disability to take therapeut ic 
response into account.10

On the other hand, disabilit y progression may be taken 
into account  as a marker for response to t reatment . This 
st rategy has a less solid basis in terms of the results of 

Table 3 Status as responders or non-responders according to the dif ferent  defi nit ions and the E4 allele

Defi nit ion Non-responders Responders

A 7 (18.4%) E4: 1 31 (81.6%) E4: 8

No E4: 6 No E4: 23

B 23 (60.5%) 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%) 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

I 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
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clinical t rials, but  is more realist ic insofar as disabilit y is, at  
the end of the day, what  infl uences the pat ient ’s performance 
of everyday act ivit ies and its considerat ion seems to be of 
part icular interest  when evaluat ing the long-term 
situat ion.3,11-3 There is no agreement  about  the observat ion 
t ime needed to confi rm disabilit y progression, or about  how 
to consider other factors that  may have an infl uence such as 
the presence of depression, fat igue, spast icity or other 
intercurrent  diseases.10,14 In the same way, it  is also 
important  to defi ne a criterion for disabilit y progression 
that  depends on the baseline score on the EDSS scale; in our 
analysis we have used those proposed by Río et  al.4 Thus, 
one disabilit y step would be an increase of 1.5 in the EDSS 
score if  the EDSS was init ially 0, an increase of 1.0 if  the 
init ial 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 t reatment  response criteria with INFB using 
disabilit y progression are clinically more relevant  than 
those based only on the frequency of relapses and show a 
high posit ive predict ive value for signifi cant  disabilit y after 
6 years from the start  of t reatment . In this way, two thirds 
of pat ients with a score of 6.0 or more after 6 under 
t reatment  would have been classifi ed as responders after 
two years on the basis solely of the number of relapses, and 
only 3% of pat ients with increased disabilit y after 2 years 
presented an EDSS score of less than 6.0 after 6 years. 4,15

On the basis of all the above, and in view of the diffi culty 
for agreeing a homogeneous model defi ning t reatment  
response,16,17 we have decided to apply in the analysis of our 
series the mixed approach proposed by Río et  al.4 One way 
of simplifying the reading of our results is to opt  for using 
the t reatment  response criterion followed in the recent  
pharmacogenet ic study into MS published by Comabella et  
al,18 namely the absence of relapses and disabilit y 
progression, which would correspond to criterion I in our 
analysis.

We appreciate that  the interest  of our study would have 
increased if  we had assessed the response pat terns using 
nuclear magnet ic resonance (NMR).19 The ret rospect ive 
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 ment ioned above, a signifi cant  number of pat ients did 
not  show the expected response to immunomodulat ion 
t reatment . The causes of this occasional lack of response 
are not  completely understood, but  we can envisage that  
both environmental and genet ic factors might  cont ribute to 
the refractory nature of some pat ients under t reatment  
with INFB.10,20 Various clinical and demographic variables 
such as the durat ion of the il lness, the age at  start  of 
t reatment , the baseline scores on the EDSS scale or the 
frequency of relapses prior to the start  of t reatment  may 
have an impact  on this response.12 Several biological markers 
have been put  forward as possible predictors for response 
to t reatment , 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).5,12,21-23 The possible infl uence 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 HLA gene on response to t reatment  with INFB in pat ients 

with MS has also been suggested,13,16,24-29 although this 
infl uence, if  it  exists, will probably be polygenic, with an 
infl uence on other systems not  only implicated in the 
immune response.18

APOE, encoded in chromosome 19q13 is a ligand for lipid 
t ransport , init ially recognized as a maj or determinant  in 
the metabolism of lipoproteins and cardiovascular disease. 
It  has been posited that  APOE-dependent  lipoprotein uptake 
may play an important  role in the development , maintenance 
and response to harm in the cent ral nervous system. APOE 
is expressed in humans as 3 isoforms encoded by alleles E2, 
E3 and E4. Allele E4 is a risk factor for the age of onset  and 
development  of Alzheimer’s disease; it s infl uence has also 
been studied on other neurological condit ions such as 
Parkinson’s disease or amyot rophic lateral sclerosis, or it s 
relat ionship with recovery following ictus or t rauma-related 
damage to the cent ral nervous system.7

A large number of studies, some of them very recent ,30-32 
have invest igated 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 il lness, while those with allele E2 
present  a milder course; some authors have limited this 
lat ter infl uence to only females. However, a meta-analysis 
carried out  on 4,048 pat ients with MS has not  shown any 
infl uence by APOE gene polymorphism on disease severity.7 
The results from our group have revealed that  the absence 
of any infl uence by the APOE genotype on MS severity is also 
notable when considering the Mult iple Sclerosis Severity 
Score (MSSS),33 probably the best  way to determine severity 
with a single disabilit y met ric.34

Genet ic factors with an infl uence on certain stages of the 
il lness’s development  may play a maj or role in the dif ferent  
response by pat ients to certain t reatments; thus, 
pharmacogenet ic studies have established that  the APOE E4 
allele is a predictor for a poor response to t reatment  with 
cholinesterase inhibitors in Alzheimer’s disease.26 
Furthermore, the polymorphism of the APOE gene may 
infl uence the response to stat ins, which may also have an 
impact  on MS due to the immunomodulat ion profi le shown 
by these drugs.35,36 For example, it  has been shown that  the 
APOE genotype is a signifi cant  predictor for a drop in LDL 
cholesterol or t riglycerides when t reat ing hyperlipidaemic 
males with atorvastat in.8

Conclusion

The results of a recent  meta-analysis do not  support  the 
possible infl uence of the APOE gene on suscept ibilit y to MS 
or it s severity.

Although the number of pat ients in our study is too small 
to obtain stat ist ical signifi cance, we have not  detected any 
infl uence by this gene on the response to t reatment  with 
INFB in pat ients with RRMS. In any case, studies with a 
larger number of pat ients will have to be carried out .
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