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Abstract

Cutaneous adverse drug reactions include maculopapular exanthema, Stevens-Johnson syndrome, and toxic epidermal 
necrolysis and are a global public health problem associated with the use of antiepileptic drugs (AEDs). Lamotrigine (LTG) 
stands out among AEDs because it does not cause sedation and does not affect cognition. Cutaneous adverse reactions 
(cADRs) to LTG occur in patients carrying certain allele variants of the human leukocyte antigen (HLA) system; although 
infrequent, they are alarming because they put the life at risk and force discontinuation of the treatment. The fear of neurolo-
gists to cADRs to LTG decreases its prescription despite its therapeutic advantages. Here, we review the allele variants of 
the HLA system that have been associated with cADRs to LTG in Mexican mestizos and other ethnic groups; identification 
of these variants would serve to select the patients that may be treated with LTG.
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Farmacogenética de las reacciones cutáneas adversas a la lamotrigina

Resumen

Las reacciones cutáneas adversas a medicamentos incluyen el exantema maculopapular, el síndrome de Stevens-Johnson 
y la necrólisis epidérmica tóxica y son un problema de salud pública global asociado al uso de fármacos antiepilépticos. 
La lamotrigina destaca entre los fármacos antiepilépticos porque no causa sedación ni afecta la cognición. Las reacciones 
cutáneas adversas a lamotrigina ocurren en pacientes que portan ciertas variantes alélicas del sistema HLA; aunque infre-
cuentes, son alarmantes porque ponen en riesgo la vida y obligan a abandonar el tratamiento. El temor de los neurólogos 
a las reacciones cutáneas adversas a lamotrigina limita la prescripción del medicamento a pesar de sus ventajas terapéu-
ticas. Aquí revisamos las variantes alélicas del sistema HLA que han sido asociadas a las reacciones cutáneas adversas a 
lamotrigina en mestizos mexicanos y otros grupos étnicos; la identificación de estas variantes permitiría seleccionar a los 
pacientes que podrían ser tratados con lamotrigina.

Palabras clave: Farmacogenética. Fármacos antiepilépticos. Lamotrigina. Reacciones cutáneas adversas a medicamentos. 
Sistema HLA.
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Introduction

Antiepileptic drugs (AEDs) are among the most com-
mon drugs known to induce cutaneous adverse reac-
tions (cADRs) such as maculopapular exanthema 
(MPE), Stevens-Johnson syndrome (SJS), and toxic 
epidermal necrolysis (TEN), with significant morbidity 
and mortality. The incidence of SJS/TEN is estimated 
to vary from 1 in 1,000 to 10,000 drug exposures, and 
its mortality is as high as 35%. The highest rates of 
adverse drug reactions (ADRs) related to AEDs are 
caused by lamotrigine (LTG), one of the newer AEDs1.

Pharmacogenetics aims to identify the genetic poly-
morphisms associated with the efficacy and safety of 
medicines. In this paper, we review the allele variants 
of the human leukocyte antigen (HLA) system that have 
been associated with cADRs induced by LTG. Geno-
typing of the HLA allele variants would, therefore, serve 
to select the patients that might tolerate and benefit 
from LTG treatment.

Epilepsy

Epilepsy is a chronic brain disease caused by an 
imbalance in the electrical activity of neurons that af-
fects 70 million people in the world and at least 
five million in Latin America. It is characterized by an 
enduring predisposition to generate epileptic seizures, 
and by the neurobiological, cognitive, psychological, 
and social consequences of this condition. The defini-
tion of epilepsy requires the occurrence of at least one 
epileptic seizure2.

Epileptic seizures are considered focal if the electrical 
activity originates within networks limited to a cerebral 
hemisphere and affect a limb or a hemibody, generally 
contralateral. Seizures are generalized if they originate 
at some point of the cortical and subcortical networks 
distributed bilaterally; they may affect awareness and 
sometimes are accompanied by loss of sphincter con-
trol with frequencies ranging from less than once a year 
to several times a day3.

Epilepsy has diverse etiologies. The most frequent 
type is primary or idiopathic epilepsy, in which a genetic 
or structural cause has not been identified, that affects 
six out of every 10 patients. Epilepsy from known caus-
es is called secondary or symptomatic epilepsy. It may 
be due to brain damage from prenatal or perinatal in-
juries (e.g.,  asphyxia or trauma during birth, and low 
birth weight), congenital malformations or genetic alter-
ations with associated brain malformations, severe 
head trauma, stroke limiting the arrival of oxygen to the 

brain, brain infections (such as meningitis, encephalitis, 
or neurocysticercosis), some genetic syndromes, and 
brain tumors4.

The treatment of epilepsy is not always easy but ac-
cessible with AEDs, whose purpose is to free patients 
from seizures without side effects and return them to 
the life of quality without seizures. However, despite 
numerous attempts to develop safe and innocuous 
drugs, AEDs have different mechanisms of action, and 
all can cause adverse or undesirable effects. The ap-
pearance of ADRs during the therapy of epilepsy makes 
it difficult to control seizures, hinders adherence and 
promotes the suspension of treatment in 25% of cases 
with the consequent increase in the cost of therapy and 
the impact on the life quality of patients5.

Lamotrigine 

LTG stands out among the more than 17 AEDs ap-
proved for the treatment of focal and generalized epi-
lepsy6,7. It was approved by the FDA in 1994 for the 
treatment of partial seizures and generalized second-
ary seizures in adults and in 1998 as a complementary 
treatment for generalized seizures associated with the 
Lennox-Gastaut syndrome8.

LTG is a phenyltriazine (Figure 1) from a group that 
includes carbamazepine, phenytoin, and valproic acid 
that potentiate the inhibition mediated by sodium chan-
nels9. When a neuron is depolarized, sodium channels 
become inactive. When a neuron is depolarized, its 
sodium channels are inactivated by a short period (re-
fractory period) during which massive sodium entrance 
is blocked; this inactivation constitutes a crucial point 
for the prevention of recurrent discharges into an epi-
leptic potential focus10.

Figure  1. Chemical structure of lamotrigine. 
PubChem CID:  3878. Chemical name: 3, 5-diamino-6-(2, 
3-dichlorophenyl)-1, 2, 4-triazine. Molecular formula: 
C9H7Cl2N5. Molecular weight: 256.09.
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cADRs to AEDs

cADRs are defined as “the unintended, harmful 
response to a drug that occurs with the standard dose 
used in humans for the prophylaxis, diagnosis, or treat-
ment of a disease or the modification of some 
function”11.

The cADRs to AEDs represent a serious problem for 
public health and the individuals who suffer them 
because their prevalence ranges from 0.7% to 35% 
and they occur in 15% of hospitalized patients12. They 
are classified according to their mechanisms of 

pathogenesis (Table 1), the most common being types 
A and B5.

Type B reactions are idiosyncratic in nature, less fre-
quent, but more severe than type  A reactions; their 
control requires immediate suspension of the drug or 
even additional treatment. Type  B reactions include 
severe cADRs whose clinical manifestations range 
from MPE of varying severity, to life-threatening cuta-
neous reactions that include the SJS and TEN 
(Figure 2), with mortalities of up to 5% for SJS and 30% 
for NET. One of their most important sequels is ocular 

Table 1. Classification of adverse drug reactions and examples of those induced by antiepileptic drugs (adapted from 
Fricke-Galindo et al. 2018)5

Class Features Examples of adverse drug reactions

A Dosage-dependent; excessive pharmacological 
response; predictable; reversible; frequent low severity

Dizziness, headache, tremor, drowsiness, insomnia, vertigo, 
ataxia, diplopia, depression, hyponatremia, paresthesias, 
gastrointestinal disorders

B Not related to the dose or the mechanism of 
pharmacological action; related to individual 
vulnerability; unpredictable; infrequent; high morbidity 
and mortality; reversible

Skin and hypersensitivity reactions (mild maculopapular 
exanthema, Stevens-Johnson syndrome, toxic epidermal 
necrolysis, etc.), hepatotoxicity, aplastic anemia, 
agranulocytosis

C Related to dose and time (dose accumulation); 
infrequent; chronicles; most are reversible

Weight gain or loss, gingival hyperplasia, visual loss

D Related to time, usually with prenatal dose and exposure; 
infrequent; irreversible

Teratogenicity

E Related to the suspension of the medication Insomnia, anxiety, and disorders after sudden withdrawal 
of benzodiazepines

F Unexpected therapeutic failure; frequent related to the 
dose and interaction of drugs

Decrease in plasma drug concentration by enzymatic 
induction of concomitant therapy

Figure  2. Clinical presentations of adverse drug reactions to medications. A: Maculopapular exanthema. B: Toxic 
epidermal necrolysis. Photos of these patients were taken and provided to us by Dr. Ildefonso Rodríguez-Leyva. 

A B
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because up to 75% of patients with NET can have 
complications as severe as blindness5.

The highest rates of cADRs related to AEDs are due 
to LTG, carbamazepine, and phenytoin, drugs structur-
ally related by an aromatic ring12.

Pharmacogenetics of the cADRs by LTG

Pharmacogenetics emerged from various observa-
tions of heritable enzyme deficiencies associated with 
the toxicity of certain drugs in specific groups of 
individuals. Pharmacogenetic studies consider the as-
sociation of allele variants of the genes that encode 
transporters, receptors, and drug metabolizing en-
zymes with variations in the requirements of dose, ef-
ficiency, and development of ADRs15. Knowledge of 
individual genetics can improve the choice of pharma-
cotherapy to avoid undesirable effects and adverse 
reactions in patients13.

The HLA system

The genes of the human major histocompatibility 
complex (MHC), also called the HLA system, are locat-
ed in the short arm of chromosome 6. They encode cell 
surface molecules specialized in the presentation of 
antigenic peptides to lymphocytes T that activate critical 
processes in the generation of the immune 
response14.

Antigen-presenting MHC molecules are of two main 
Classes I and II. Class I molecules are encoded in the 
telomere region, and Class  II molecules in the cen-
tromere region. Between them is the Class  III gene 
region, or central MHC, of approximately one million 
base pairs (Figure 3).

The Class I region encodes classical (HLA-A, -B, -C) 
and non-classical (HLA-E, -F, -G) HLA proteins, where-
as the relatively homogeneous Class II region contains 
the genes encoding HLA-DP, DQ and DR proteins, 
heterodimers of an alpha and a beta chain that are 
present in B lymphocytes and monocytes. MHC Class I 
and Class II regions are so named because they mainly 
contain HLA genes, whereas the Class III region does 
not have that defining characteristic because it contains 
a large number of genes with diverse functions either 
participating or not in the immune system. MHC gene 
families have resulted from multiple gene duplication 
events, so some individual gene pairs such as HLA-B 
and HLA-C are almost identical15.

Some of the risks associated with the HLA system 
are autoimmune diseases such as rheumatoid arthritis, 
type 1 diabetes, Graves’ disease, multiple sclerosis16, 
and ADRs, among which the cADRs are mediated by 
dose-independent immune mechanisms associated 
with allele variants of this system5.

The main function of the immune system is to rec-
ognize and initiate rapid and specific responses 
against non-self-antigens. Further reactions occur 

Figure 3. Genetic region of the human major histocompatibility complex. The MHC region is located on the short arm 
of chromosome 6 (6p21.3) and occupies a DNA segment that extends around 3600 kbp. It is a region of highly polymorphic 
genes that form two separate groups: those of Class I (telomeric) and those of Class II (centromeric). Another group 
of unrelated genes, called Class III genes, separates the two regions.
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when the system responds inadequately to an ade-
quate stimulus; inadequate responses on cADRs are 
associated with certain allelic variants of the HLA 
system.

Although the mechanism of cADRs is not fully de-
fined, two theories have been proposed to explain 
them: hapten/prohapten and drug/receptor (p-i) immu-
nological interaction5. In the first case, it is assumed 
that, as the drug molecule is too small to induce an 
immunological response, it acts as a hapten or prohap-
ten that becomes immunogenic by its covalent bond 
with endogenous proteins to form a hapten-carrier 
complex. This complex is processed by MHC anti-
gen-presenting cells located in the lymph nodes and 
other tissues, which stimulate the production of T cells 
and the consequent clinical manifestations. The p-i 
theory (pharmacological interactions of drugs with im-
munological receptors) proposes that some drugs bind 
directly and reversibly (non-covalently linked) to MHC 
receptors or to the T cell receptor to stimulate T cells 
specific for the inducer drug17.

Since in the classic HLA system genes the more 
polymorphic exons encode Class  I and Class  II 
molecules (Figure 4), pharmacogenetic studies 
associated with cADRs by AED have focused on the 

identification of HLA Class  I alleles and to a lesser 
extent on Class II alleles5.

Allele variants of the HLA system 
associated with cADRs by LTG

In the decades following isolation of the first HLA 
gene by molecular cloning (HLA-B7 cDNA), thousands 
of alleles have been identified whose names and se-
quences are included in the IMGT/HLA database 
(http://www.ebi.ac.uk/imgt/hla/index.html), an invalu-
able tool for all HLA typing systems.

The first attempt at HLA DNA typing involved analysis 
of restriction fragment length polymorphism, which has 
many limitations. Development of the polymerase chain 
reaction (PCR) led to amplification of the polymorphic 
second and third exons of the HLA Class I and Class II 
genes and the analysis of polymorphic sequence 
segments with hybridization sequence-specific oligonu-
cleotide probes. Immobilization of these probes first on 
membranes and later on spherical particles, together 
with the first sets of sequence-specific primers (SSP), 
gave rise to the current set of HLA typing reagents18.

SSP-PCR is a fast, efficient, and relatively low-cost 
method. It has the advantage of distinguishing 

Figure 4. Genes and human leukocyte antigen (HLA) molecules of Class I and Class II. In the scheme of the upper part 
of the figure, the squares represent the exons, and the lines represent the introns of the HLA system genes. The domains 
of the HLA molecules encoded by the exons are indicated on the squares; blank squares highlight the exons that contain 
most of the polymorphisms.
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several alleles because it detects differences of a 
single base in the DNA sequence of two alleles, al-
though it cannot detect a new undefined allele unless 
the change occurs in a location detectable by the 
primer19.

The prevention of cADRs has focused on the HLA 
locus. Association studies in different populations have 
described that HLA alleles associated with cADRs are 
drug-specific and that ethnicity is important. The clin-
ically relevant HLA alleles that have been associated 
with cADRs induced by LTG are presented in 
Table 2.

Due to their incidence in cADRs by LTG, the five HLA 
alleles and the one HLA haplotype most clinically relevant 
in Mexican mestizos are the following: HLA-A*23:01:01, 
-B*35:01:01,  -B*40:02:01,  -B*57:01:01, B*58:01:01, and 

HLA-A*02:01:01/B*35:01:01/C*04:01:0112-20. The use of 
SSP-PCR to identify them would allow to predict the in-
dividual risk of cADR and to select the epileptic patients 
that may be treated with LTG and benefit from it.

Conclusion

LTG is a valuable AED that does not produce sedation 
and does not affect cognition. However, its use is limited 
by the fear of severe cADRs that could compromise the 
health and lives of the patients. Five alleles and one 
haplotype of the HLA system have been associated with 
cADRs by LTG in Mexican mestizos and other ethnic 
groups. Sequencing of the HLA-A and HLA-B SSP-PCR 
products would identify the epileptic patients that could 
tolerate and benefit from LTG treatment.

Table 2. Class I HLA alleles and haplotypes associated with cutaneous adverse reactions to lamotrigine in various 
ethnic groups

Alleles/haplotypes cADRs Ethnic group HLA+/total Year of 
publication

Reference

HLA-A*24:02 cADRs Norwegians 10/28 2015 20

MPE Korean 15/21 2015 21

HLA-A*30:01 MPE Chinese-Han 6/86 2013 22

HLA-A*33:03 MPE Thai 3/86 2013 22

HLA-A*68:01 cADRs Europeans 4/44 2009 23

HLA-B*44:03 SJS/TEN Korean 3/5 2015 24

HLA-B*58:01 cADR Mixed population 3/44 2009 23

HLA-B*35:01:01 MPE Mexican mestizos 6/10 2014 12

HLA-B*38:01:01 SJS/TEN White people 3/3 2017 25

HLA-B*57:01:01 SJS Mexican mestizos 1/2 2014 12

HLA-B*58:01:01 SJS Mexican mestizos 1/2 2014 12

HLA-A*24:02/C*01:02 MPE Korean 10/21 2015 21

HLA-B*40:02:01 SJS Mexican mestizos 2/4 2014 12

HLA-A*02:07:01 MPE/SJS Asians 5/15 2017 26

HLA-B*44:03:01 MPE Asians 3/10 2017 26

HLA-A*02:01:01/B*35:01:01/C*04:01:01 MPE Mexican mestizos 5/10 2014 12

HLA-B*13:02 MPE Chinese-Han 6/86 2013 22

HLA-B*15:02:01 MPE/SJS Asians 6/15 2017 26

HLA-A*23:01:01 SJS Mexican mestizos 1/4 2014 12

cADRs: cutaneous adverse reactions, HLA+/total: number of HLA allele positive subjects in the total number of subjects included, MPE: maculopapular exanthema, 
SJS: Stevens-Johnson syndrome, TEN: toxic epidermal necrolysis.
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