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Valproic acid is an anticonvulsant and mood-stabilizing drug used primarily in the treatment of epilepsy and bipolar disorder.

Adverse effects of valproic acid are rare, but hepatotoxicity is severe in particular in those younger than 2 years old and

polytherapy. During valproic acid treatment, it is difficult for prescribers to predict its individual response. Recent advances in

the field of pharmacogenomics have indicated variants of candidate genes that affect valproic acid efficacy and safety. In this

review, a large number of candidate genes that influence valproic acid pharmacokinetics and pharmacodynamics are discussed,

including metabolic enzymes, drug transporters, neurotransmitters and drug targets. Furthermore, pharmacogenomics is an

important tool not only in further understanding of interindividual variability but also to assess the therapeutic potential of such

variability in drug individualization and therapeutic optimization.
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INTRODUCTION

Valproic acid (VPA) is a fatty acid having an anticonvulsant property
for the treatment of various types of epilepsy and seizures, such as
absence, myoclonic, generalized and partial seizures. However, the
mechanisms of its therapeutic effect remain to be understood. It can
increase the level of γ-aminobutyric acid (GABA) in the brain by
inhibiting catabolism of GABA or preventing GABA from reabsorp-
tion of glia and nerve endings.1 Valproic acid can also act by
restraining neuronal repetitive firing through suppressing voltage-
sensitive sodium channel.2 Meanwhile, it is also applied in migraine,
bipolar, mood, anxiety, and mental illness widely.3 Recent studies have
demonstrated that it acts as histone deacetylase (HDAC) inhibitor to
treat cancer, HIV and neurodegenerative disease.4

Although valproic acid has been widely used in various areas, it
remains difficult to predict the patient’s individual response to
treatment, in terms of efficacy and genetic predisposition. In the
clinical, the effective therapeutic plasma level of VPA ranges
50 μg ml− 1 to 100 μg ml− 1 with a broad recommended dose range.
However, plasma concentration may vary greatly among patients
taking the same dose of valproic acid.5 With the development of the
pharmacogenomics in valproic acid, it is helpful to identify a large
amount of candidate genes, such as regulating signaling pathway
related transporter, protein, receptor gene mutations, affecting the
pharmacokinetic, pharmacodynamic and toxic reaction of VPA.6 In
general, a growing number of genes have been demonstrated in
influencing its metabolism, efficacy and safety, which partly illustrate
interindividual variability among patients taking VPA. Some genetic
variants also have been observed to have close relationship with
serious side effects, including hepatotoxicity and teratogenicity.6

The purpose of this review is to describe the major genetic variants
associated with valproic acid metabolism, efficacy and safety. We
searched literatures in PubMed using the following key words: valproic
acid/VPA/valproate/sodium valproate, polymorphism/SNP/variant.
Moreover, additional literatures were identified by cross-references
within original or review articles. Meeting or conference abstracts were
excluded. A study was included if it conformed to the following
criterion: (1) the study regarding the polymorphism and valproic acid;
(2) the article types are original or review; (3) can get full text.

GENETIC VARIANTS THAT INFLUENCE THE

PHARMACOKINETICS OF VPA

VPA is almost completely metabolized by liver, and only a small
percentage of non-metabolized VPA is excreted by urine.7 There are at
least three metabolic routes of VPA in human, including the uridine
5′-diphospho-glucuronosyl-transferase (UGT)-mediated pathway,
mitochondria β-oxidation pathway (both have been confirmed as
major metabolic routes accounting for 50% and 40%, respectively),
and CYP-mediated oxidation pathway (a slight route accounting for
10%).8 Currently, a number of studies have confirmed that drug
metabolizing enzymes encoded by genes can affect the pharmacoki-
netic behavior of drugs (Table 1). The following section will examine a
large number of candidate genes, associating with the pharmacoki-
netics of VPA.

CYTOCHROME P450 ENZYMES

Numberous studies have demonstrated that specific human cyto-
chrome P450 (CYP) enzymes play a crucial role in the metabolism of
VPA. The key CYP-mediated branch of the VPA pathway produces
the metabolite of 4-ene-VPA by CYP2C9, CYP2B6, CYP2A6, which
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may be linked to VPA-induced liver injury.5 Lan Tan et al.9 reported
that subjects with one or two CYP2A6*4 alleles variants had a higher
VPA mean plasma concentrations than those without. Meanwhile,
The subjects with CYP2B6*6 alleles showed higher VPA mean plasma
concentrations than those non-*6 alleles. Besides that, subjects with
the mutation of CYP2C9*3 also had a higher VPA mean plasma
concentrations than those with wild-type genotypes. These mutated
alleles in the CYP2A6, CYP2B6, CYP2C9 genes can interpret some of
the substantial variability in VPA pharmacokinetics among different
subjects. Also, VPA (1 nM) metabolism assay in vitro showed
CYP2C9*1 was responsible for the formation of VPA 4-hydroxylation,
and VPA 5-hydroxylation activities by 75-80%, while CYP2A6
contributes about 50% of VPA 3-hydroxylation formation; and
CYP2A6 and CYP2B6 promote the degree of VPA oxidative metabo-
lism in relation to the catalytic capacity of these enzymes in human
hepatic microsomes.10 Another study also confirmed that subjects
with CYP2C9*2 and CYP2C9*3 homozygotes reduced the oxidative
biotransformation of VPA in liver microsomes compared with subjects
with CYP2C9*2/*3 heterozygotes, and catalyzed the formation of
4-ene-VPA, 4-OH-VPA, and 5-OH-VPA.11 Therefore, the knowledge
of patients’ CYP2C9 status can contribute to the optimization of VPA
dosing and to the avoidance of side effects.12 Nevertheless, the role of
CYP2C9 various in attenuation of 4-ene-VPA formation cannot be
confirmed in Iranian patients.13 In addition, the study showed that the
carriers of CYP2C19*2 allele, an enzyme important for the metabolism
of VPA, required higher VPA doses to achieve a VPA concentration of
450 μg ml− 1.14 Although CYPs account for a minor part in VPA
metabolic pathway, it is important for toxicity in patients with
impaired UGTs. Because of the inconsistent results about the
influences of CYPs genetic variants on VPA pharmacokinetics, larger
cohorts are needed to verify these results and examine the newer
candidate genes.

UGT VARIANTS

It is well known that glucuronidation conjugation is the predominant
route of VPA elimination. Approximately 20–70% of VPA is excreted
in the urine as glucuronide conjugates. Currently, a great number of
studies on glucuronidation conjugation of valproic acid have focused
on these genes, including UGT1A1, UGT1A9, UGT1A4, UGT1A6,
UGT1A3, UGT2B7 and UGT2B15.15,16 A study of recombinant
enzymes and human liver microsomes to explore the effect of three
non-synonymous polymorphisms (19 T4G, 541A4G and 552A4C)

in human UGT1A6 gene. Compared with UGT1A6*1, UGT1A6*2, the
variant allele of the above polymorphisms showed 2-fold increased
VPA glucuronidation activity.17 However, further work confirmed that
the UGT1A6 genotype has no significant effect on serotonin glucur-
onidation. Similarly, another study of VPA monotherapy and stable
epilepsy control in 162 patients with epilepsy revealed that patients
with the variant allele of UGT1A6 19 T4G, 541A4G and 552A4C
tended to require higher VPA dosages and lower concentration-to-
dose ratios (CDRs) than noncarriers.18 This result was also verified in
Chinese children with epilepsy.19 Consequently, patients with the
UGT1A6 variant genotypes may need to be given a higher VPA
maintenance dose compared with those with wild-type genotypes in
clinical. However, the effects of these mutated haplotypes and
haplotype on VPA dose and CDRs remain to be revealed. Meanwhile,
these results should not be overly explained because the sample size is
limited, and further work is needed to determine whether UGT1A6
haplotypes contribute to the guidance of the VPA starting doses.
Apart from UGT1A6 variant, UGT2B7 is also discussed widely. A

recent study on UGT2B7 −161C4T polymorphism has shown that
adjusted plasma VPA concentrations with CC genotype patients are
lower than those with CT or TT genotype in pediatric epilepsy
patients.20 However, another study did not find a positive association
in Chinese epilepsy patients.18 In addition, two studies also confirmed
that patients carrying the UGT2B7 802C4T variant allele had
significantly higher adjusted VPA concentrations compared with those
without variant alleles in Chinese epilepsy patients. But, other studies
failed to identify any positive correlation between UGT2B7 802C4T
variant and VPA serum concentration.19,21 Moreover, others studies
also found that UGT2B7 genotypes had no influence on the plasma
concentration of VPA.22,23 The limited sample size and age variation
may partly explain this inconsistency in different studies. A report
showed that VPA clearance values were significantly reduced in elderly
patients compared with young people.24 Another study also confirmed
that age had a positive correlation with the adjusted serum VPA
concentration in pediatric epilepsy patients.23 A study of 242 Chinese
epilepsy patients demonstrated that UGT1A3*5 carriers required a
higher VPA dose to ensure that the treatment rang was 50–
100 μg ml− 1.21 However, other reports of the enzyme activities on
different UGT1A3 variants appear to be inconsistent with this. Hence,
it is arbitrary to infer that UGT1A3 variants affect the plasma
concentration of VPA.

Table 1 Influence of gene polymorphism on valproic acid pharmacokinetics

Metabolic enzyme Locus Influence References

CYP2A6 CYP2A6*4; The subjects with one or two variant CYP2A6*4 alleles showed higher VPA mean plasma concentra-

tions compared with non-*4 alleles.

9

CYP2B6 CYP2B6*6 The subjects with CYP2B6*6 alleles showed higher VPA mean plasma concentrations compared with

non-*6 alleles.

9,10

CYP2C9 CYP2C9*3; CYP2C9*2 The subjects with the heterozygous genotype CYP2C9*3, CYP2C9*2 had higher VPA mean plasma

concentration than wild-type genotype.

9,12

CYP2C19 CYP2C19*2; The carriers of the CYP2C19*2 variant required higher VPA doses to achieve the target VPA plasma

concentration.

14

UGT1A6 UGT1A6 19T4G; 541A4G;

552A4C

The carriers of the variant UGT1A6 19T4G, 541A4G and 552A4C allele tended to required higher

VPA dosages and lower adjusted plasma VPA concentrations than noncarriers.

18,19

UGT2B7 UGT2B7 161C4T; 802C4T Patients with the UGT2B7 -161C4T CC genotype had lower adjusted plasma VPA concentration than

those with CT or TT genotype; carrying the variant UGT2B7 802C4T genotype had significantly higher

adjusted VPA concentrations than those without variant alleles in Chinese epilepsy patients.

19,20,22

UGT1A3 UGT1A3*5 UGT1A3*5 carriers need a higher VPA dose to ensure its therapeutic range of 50–100 μg ml−1 22
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Meanwhile, it also has been confirmed that drug transporters play a
critical role in pharmacokinetics of VPA, which contributes to the flow
of toxins and drugs. The overexpression of efflux drug transporter
proteins can also be regulated by the nuclear receptor PXR.25,26

Among them, the most common drug transporters associated with
VPA including P-glycoprotein (P-gp) transporter, Multi-drug-
resistance protein transporter, which have pharmacogenetic relevance.
P-gp is an energy-dependent efflux pump that excludes several
antiepileptic drugs (AEDs), which is the product of the ATP-binding
cassette subfamily b member 1 (ABCB1), also known as the multi-
drug resistance 1 (MDR1) gene.27,28 The current researches mainly
focused on the study of genetic polymorphisms of ABCB1 C3435T,
G2677T/A and C1236T polymorphisms. A study showed that the
ABCB1 C3435T polymorphism is significantly relevant to drug
resistance in patients with epilepsy, which is defined as failure of
two (or more) adequate trials of tolerated, appropriately chosen, and
appropriately used antiepileptic drug regimens (mono-or polythera-
pies) to achieve sustained seizure freedom.29 And patients with CC
genotype at ABCB1 3435 were more likely to be resistant compared
with the TT genotype.30 A meta-analysis result also indicates that
ABCB1 G2677T/A polymorphism may increase the risk of drug
resistance epilepsy in Asians.31 However, other studies have failed to
find a significant correlations with these polymorphism in pharma-
cokinetics of VPA.32–34 Many factors may be attributed to the
inconsistency and poor repeatability of results among all types of
studies, including insufficient sample size, non-consensus the defini-
tion of intractability and genetic heterogeneity among studies. Apart
from ABCB1 transporters, the role of the other efflux transporter
ABCC2 (multi-drug-resistance protein 2, MRP2) has also attracted
more and more attentions. It has been investigated that ABCC2 gene
may determine individual sensitivity of VPA to central nervous system
adverse drug reactions (ADRs) by limiting the presence of antiepileptic
drugs into the brain.35

Genetic polymorphism may be a critical source of interindividual
differences in the pharmacokinetics of VPA. The dosage optimization
has a significant role in the treatment of epilepsy, thus exploring
genetic factors that influence the pharmacokinetics of VPA may help
to improve individualized therapies so that epilepsy patients receive
more effective treatment. Although VPA is substrate of a variety of
UGT isozymes and it has been found that many single nucleotide
polymorphisms in genes are associated with VPA metabolism, and the
current studies have not yet yielded definite judgments about their
effects on VPA glucuronation or clinical significance. Hence, in order
to determine the detailed enzymatic nature of the various UGTs and
CYPs variants, much work remains to be done. Future studies should
place emphasis on clinical studies of these genes to elucidate the effect
of polymorphisms on clinical outcomes.

GENETIC VARIANTS THAT INFLUENCE THE

PHARMACODYNAMICS OF VPA

VPA displays its pharmacodynamics effects in three pathways,
including acting on γ-aminobutyric acid (GABA) levels, blocking
ion channels, and also acting as histone deacetylase (HDAC)
inhibitor.6 In the brain, VPA changes the activity of the neurotrans-
mitter GABA by inhibiting GABA degradation, inhibiting GABA
transaminase (ABAT), increasing its synthesis, and reducing
conversion.3,36 In vitro researches have exhibited that VPA inhibits
GABA transaminase (ABAT), succinate semialdehyde dehydrogenase
(ALDH5A1), and α-ketoglutarate dehydrogenase (OGDH) to increase
GABA levels in the brain.2,6 A study result on 201 epileptic patients in

Chinese also demonstrated that ABAT and ALDH5A1 may play
important roles in the pharmacological mechanism of VPA.37,38

Besides acting on GABA levels in the brain, VPA may reduce
excitability by blocking various ion channels, including voltage-gated
sodium channel (SCN gene family), potassium channel, and calcium
channel.2,39 However, whether the conductance of potassium channels
will affect VPA response is still unknown. Previous studies also found
that the polymorphisms of SCN2A rs2304016 was significantly
associated with the efficacy of VPA.37,40 However, the results of
meta-analysis demonstrated that SCN1A, SCN2A and SCN3A gene
polymorphisms had no significant effects on VPA efficacy.40,41 Mean-
while, as another important ion channel, calcium channel not merely
participate in epileptogenesis but as a common antiepileptic drug
target. However, the literature revealed no significant correlation
between the CACNA1A, CACNA1C, CACNA1H and drug efficacy
in Chinese population.42

Recently, VPA has been used as an HDAC inhibitor, which plays an
important role in gene transcription by suppressing histone deacetyla-
tion and influences several crucial approaches, including DNA repair,
apoptosis, cell cycle control, and differentiation.43,44 VPA specifically
targets HDAC9 and HDAC11, which are closely related to neuronal
function and could partly illuminate the role of VPA in
neuropathology.3 VPA-induced overexpression of specific deacetylases
in AML and increased the response of antineoplastic therapies by
killing tumor cells.45 In addition, VPA could stimulate the generation
of less mature cell by targeting HDAC2; VPA could only enhance a
single aspect of osteoblast differentiation, and thus produce selective
effects by RNA interference.46

Because of the majority of current studies focusing on the
pharmacokinetic genes of VPA, the pharmacodynamics genes of
VPA were ignored. Moreover, many of previous study results have
not been replicated in other independent population. So genetic
variants that influence the pharmacodynamics of VPA is largely
unknown.

GENETIC VARIANTS THAT INFLUENCE THE VPA TOXICITY

Although VPA is one of the most commonly used AEDs in the world,
it may be limited due to lack of efficacy, or serious ADR. Severe ADRs
include liver damage, mitochondria toxicity, teratogenicity, hyperam-
monemia encephalopathy and other adverse events.47 A study on
freshly isolated rat hepatocytes has indicated that VPA-induced
oxidative stress and mitochondria dysfunction precedes hepatotoxicity
in rat.48 In addition, VPA also induced hepatotoxicity by involving
lysosomal membrane leakage as well as reactive oxygen species (ROS)
formation which as a result of metabolic activation by CYP2E1.49

CYP2E1 is an effective enzyme for ROS production and is one of the
most powerful inducers of oxidative stress in cells.50 VPA-induced
ROS formation was protected by inhibitors of CYP2E1 (1-phenylimi-
dazole, and 4-methylpyrazole). Genetic and environmental factors
could affect the patients susceptibility to adverse reactions of VPA
(Table 2). Moreover, the FDA-approved VPA drug labels indicated
contraindications in patients with urea cycle disorders (UCDs), who
often experience fatal hyperammonemia encephalopathy after initia-
tion of treatment. It has been confirmed that five key enzymes take
part in the urea cycle, including carbamoyl phosphate synthetase 1
(CPS1), ornithine transcarbamoylase (OTC), argininosuccinate
synthase (ASS1), argininosuccinate lyase (ASL), and arginase 1
(ARG1).51 Another N-acetylglutamate synthase (NAGS) expressed in
the mitochondrion, is also important for the function of the urea cycle
because it provides the necessary mutant activator N-acetylglutamic
acid (NAG). A study in rat liver mitochondria demonstrated that the
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metabolite valproyl-CoA inhibits NAGS activity, resulting in accumu-
lation of ammonia.52 CPS1 is the first rate-limiting enzyme in the urea
cycle, which accelerates the transformation of ammonium into
carbamoyl phosphate in the liver. CPS1 function dysregulation could
be resulted from genetic variation or epigenetic regulation in
hepatocellular carcinoma.53 Therefore, it is conceivable that the lack
of CPS1 or a decrease in activity may be largely related to VPA-
induced hyperammonemia. CPS1 4217C4A polymorphism is an
amino acid conversion from threonine to asparagine, which is
correlated with a poor CPS1 activity. A study in Japanese epileptic
patients undergoing VPA co-administered with other anticonvulsants
demonstrated that CPS1 4217C4A polymorphism was a risk factor
for hyperammonemia.54 This result was also verified in Caucasian
epileptic patients.55 However, a study in Japanese population found
that this polymorphism may not be associated with the evolution of
hyperammonemia during the treatment of VPA.56 This inconsistency
can be caused by the number of co-administered antiepileptic drugs
and the small sample size. In addition, ammonia is also consumed by
glutamine synthetase in the urea cycle, which is encoded by glutamine
synthetase gene (GLUL). A study found that GLUL rs107997771
polymorphism was a newfound risk factor for the evolution of serious
hyperammonemia during the treatment of VPA.57 However, the
results have not been further verified and repeated in other studies.
And the incidence of abnormal increase in serum ammonia during
VPA treatment was reported to have increased from 16.2% to
52.3%,58 while the potential mechanisms for the elevated plasma
ammonia level remains unclear. So it is necessary to conduct further
investigations to explore the association between CPS1 polymorphisms
and the development of hyperammonemia.
In addition, VPA is also forbidden in patients with polymerase γ

gene (POLG) variations. POLG is defined as mitochondria DNA
polymerase that is associated with various disorders such as Alpers
Huttenlocher Syndrome (AHS), which is associated with an increased
risk of fatal VPA liver toxicity. Approximately one-third of AHS
patients developed hepatic failure within 3 months after VPA
treatment. Common functional genetic variants of POLG are present
in up to 0.5% of the population.59 It has been confirmed that genetic
mutations in POLG was significantly related to VPA-induced
hepatotoxicity.60,61 VPA treatment resulted in a significant over-
expression of POLG and triggered increasing of mitochondria
biogenesis by changing the expression of several mitochondria
genes.62 The heterozygous p.Q1236H and p.E1143G mutations in
POLG1 gene were associated with VPA-induced hepatic failure.60,63

Therefore, POLG mutation testing should be carried out in patients
with suspected mitochondria disease before VPA treatment, and
should be avoided in these patients with VPA treatment. Filtering
functional POLG markers will minimize the risk of hepatic failure in
patients with VPA-based therapy. So further work is needed to identify

the relationship between more genetic variation of POLG and liver
injury during VPA therapy.
Additional new pharmacogenomics candidates for VPA-induced

liver injury included glutathione S-transferases (GSTs), catalyzing the
inactivation of various endogenous substances by oxidative stress in
the liver. The study demonstrated a significant increase in γ-
glutamyltransferase (GGT) levels in patients with GSTM1- genotype
and GSTM1-/GSTT1- genotypes in VPA-treated patients.64 Elevated
serum GGT activity in VPA-treated patients may be caused by the
elimination of liver GSH and it was also presented as an early maker of
oxidative stress. However, the clinical association between the GGT
levels and the GST polymorphism to VPA therapy remained
unknown. It was insufficient to prove whether the increase in GGT
levels resulted from VPA-induced liver toxicity. Also, the functional
polymorphism in SOD2 gene was demonstrated to be associated with
the VPA-induced elevation of serum aminotransferases.65 It was
reported that about one-third of patients with VPA monotherapy
occurred the liver adverse reactions, and the severity of liver toxicity
can be from reversible liver dysfunction to irreversible hepatic failure.
It would be interesting to investigate the mechanism of VPA-induced
liver injury in the future. Apart from hepatotoxicity, VPA also induced
teratogenicity by down-regulated genes IGF2R, RGS4, COL6A3,
EDNRB and KLF6, which is relevantly related to the prevalence of
neural tubular defect (NTD) in chicken embryo model.66 It is also
found that patients with BsmI polymorphism, a useful genetic maker
of bone mineral density and the risk of osteoporosis, had significantly
higher total levels of cholesterol, triglycerides, high density lipoprotein
cholesterol (HDL-C) and low density lipoprotein cholesterol (LDL-C),
which increased the risk of vascular risk factors.67 The 116C/G
(rs226957) variant in the promoter region of XBP1 is associated with
bipolar disorders. Valproate actives transcription factor 6, in the gene
upstream of XBP1, increasing treatment response with the G allele in
bipolar disorder.68 In addition, the newly found candidates genes
associated with VPA included LEPR and ANKK1, which may be
valuable in predicting VPA-induced weight gain.69 VPA was also
found to downgrade URG4/URGCP and CCND1 gene expression to
suppress the proliferation of SHSY5Y neuroblastoma cell.70

CONCLUSION

Pharmacogenomics is amid at exploring the individual differences in
their response to drug therapy and the mechanism of pathogenesis.
Different individual has a different genetic makeup, which is related to
the risk of evolving diseases and variable drug response. Therefore, the
understanding of genetic variations in interindividual drug response
behaviors have become an urgent affairs. Our study aimed at
discussing the pharmacogenomics of VPA, which has been used in
various areas widely, including various epileptic seizures, migraine,
bipolar disorder, anxiety, psychiatric disorders, and cancer, HIV, as
well as neurodegenerative disease. However, with a broad

Table 2 Influence of gene polymorphism on valproic acid hepatotoxicity

Gene Locus Influence References

CPS1 4217C4A The subjects with heterozygous or homozygous of the A allele of the CPS1 4217C4A were easily to develop

hyperammonemia

53,54

GLUL rs107997771 Patients having the C allele in the GLUL rs107997771 polymorphism easily exceeded a plasma ammonia level of

200 μg dl−1 during VPA-based therapy

56

POLG p.Q1236H; p.E1143G A heterozygous p.Q1236H and p.E1143G mutation in POLG1 gene was related to valproate-induced liver failure 59,62

GST GSTTI-/GSTM1- GGT level in patients treated with VPA were significantly higher in the GSTM1- genotype and the GSTM1-/GSTT1- genotypes 63

SOD2 Val16Ala SOD2 Val16Ala Val/Val genotype tended to show elevated alanine aminotransferase levels than Val/Ala and Ala/Ala genotypes 64

Pharmacogenomics of valproic acid
M-M Zhu et al

1012

Journal of Human Genetics



recommended dose range and a wide effective therapeutic plasma level
(50–100 μg ml− 1), the does requirements for VPA are highly variable
(10-fold differences in mean dose in adults).5 The pharmacological
treatment of epilepsy has been empirical and often based on trial and
error, such as increasing or decreasing the doses of AEDs, switching or
adding another AEDs.71 Although the plasma concentrations and
doses of VPA are highly correlated, the concentrations do not correlate
well with the therapeutic effects of the VPA. Therefore, a study
developed an equation regarding the relationship between the serum
VPA concentrations and the seizure control by developing a
population-based pharmacokinetic (PK)-pharmacodynamic (PD)
model. The model showed that age, seizure locus, SCN1A rs3812718
polymorphism and co-administration of carbamazepine, clonazepam,
phenytoin or topiramate were associated with an over 50% reduction
in the seizure frequency.72 It may be useful to determine the
recommended therapeutic concentration of AEDs for each patient,
and may contribute to the further development of individualized
treatment. Therefore, more PK-PD models should be performed
among a larger patient population, and more genetic factors should
also be considered. Moreover, the above studies demonstrated that
multiple genetic effects were involved in VPA treatment and safety.
Over the past few decades, a large number of possible candidate genes
have been found to be associated with VPA genetic behaviors. These
surveys presented new insights into the individualized use of VPA. It
seems plausible that VPA played a role through several different
mechanisms including metabolic enzymes, different neurotransmit-
ters, and drug targets. But very few studies have identified genomic
variants that influence VPA dosage, VPA-induced toxicity and
treatment effect. Although VPA therapy is relatively safe, it still has
many ADRs, including liver damage, mitochondria toxicity, terato-
genicity, hyperammonemia encephalopathy and other adverse events.
Rare polymorphism or ethnic-related mutations may be related to
toxic reactions and idiosyncratic adverse effects, and genotyping of
patients presenting toxicity signs may lead to answers regarding the
underlying mechanisms and possible prevention of such reactions.
Thus further studies should be performed to determine the genetic
variations in interindividual drug response behaviors and drug safety.
Complementary metabolomics studies may also aid in profiling
patients at risk for ADRs. At present, the majority of studies have
concentrated on the polymorphisms of CYP and UGT candidate
genes, whereas mitochondria genes that may affect VPA metabolism
directly or indirectly are yet to be explored. The catalysis of VPA
metabolism by CYP enzymes could accelerate the formation of
metabolic products such as 4-ene-VPA, thereby increasing the risk
of mitochondria stress and liver toxicity.10,13 Many candidate genes
have been thought to induce VPA liver injury, including CPS1 and
POLG mutation. However, inconsistent results restrict the credibility
of their correlation of pharmacogenomics due to insufficient sample
size and the poor repeatability. Thus the current findings need to be
verified among large cohorts, and pediatric cohorts in particular,
which includes patients from other ethnic groups, and examining the
action of new candidate genes and mutations in VPA therapy. Further
research should also focus on clinical studies of genotype-phenotype
correlations of these genes to clarify the impact of various poly-
morphisms on clinical level. Meanwhile, the advantages of pharma-
cogenomics researches far outweigh the single identification of genes
that could play an important role in personalized medicine in the
future.
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