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Abstract
Background: It has been suggested that polymorphisms of histamine metabolising enzymes can
be a risk factor for developing histamine-involving diseases. The aim of the present study is
to research the possible association between two functional single nucleotide polymorphisms
(SNPs): C314T in the Histamine-N-Methyl Transferase gene and C2029G in the Diamine Oxidase
gene, with the severity of allergic rhinitis and the number of allergic diseases, in a group of
allergic Mexican children.
Methods: We studied 154 unrelated allergic children. SNPs were analysed by RT-PCR. The total
serum IgE was measured by chemiluminescence and the serum histamine by ELISA. We used
logistic regression analysis to determine OR.
Results: Patients carrying the mutant allele for any SNP had more risk to develop higher rhinitis
severity or a bigger number of allergic diseases. Haplotype analysis revealed that this effect is
synergistic. In patients carrying one or two mutant alleles, serum histamine levels were higher
than those of patients carrying only wild alleles. Serum IgE levels were not associated with the
presence of mutant alleles.
Conclusion: The presence of these SNPs in patients with allergic rhinitis can lead to higher serum
histamine, therefore to a higher risk of developing more severe symptoms or more associated
allergic diseases, even if the serum IgE remains low.
© 2016 SEICAP. Published by Elsevier España, S.L.U. All rights reserved.
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Background
Allergic rhinitis (AR) is the most common allergic disease.
With a prevalence of 20---23%, it affects more than 500 million people worldwide.1,2 It is characterised by nasal symptoms including sneezing, rhinorrhoea and nasal blockage.
AR, as other allergic diseases (AD) (asthma and eczema), is
associated with an IgE-mediated immune response against
allergens.3 It is believed that the disease may be the result of
the interaction between different genetic alterations, each
of which would contribute to a small defect. The heritability of AR has been estimated to be as high as 70---90%.3,4
Recently, special attention has been given to genes that
may be implicated in AR and other AD. A series of genomic
researches have been made, yielding different chromosomal
associations, the most common being those involving chromosomes 2, 3, 4, 9 and 21. Single-nucleotide polymorphism
(SNP) studies related to genes encoding for molecules implicated in the pathogenesis of AR have also been carried out.
Such molecules comprise chemokines and their receptors,
interleukins and their receptors, eosinophil peroxidase and
leukotrienes, among others.5,6
As in other AD, histamine plays a principal role in the
pathophysiology of AR. Some patients with AR are symptomatic only during the pollen season, while many others
are allergic to multiple allergens including indoor allergens,
which lead to perennial symptoms. Circulating IgE antibodies bind to the high affinity IgE receptor on mast cells
and basophils, then they are crosslinked by allergen, initiating the secretion of inflammatory mediators including
histamine.7 In this way, synthesis, activity and degradation
of histamine could impact on the severity of AR or other AD
symptoms.
It has been suggested that an over-expression of histidine decarboxylase (HD) gen is associated with rhinitis8
and that a polymorphism of this enzyme is more common
among patients with rhinitis.9 Another study demonstrated
that three SNPs of the H4 Histamine receptor are associated
with infection-induced asthma.10
Histamine is degraded through two enzymes: histamine
N-methyltransferase (HNMT, EC. 2.1.1.8) and diamine oxidase (DAO) or amiloride binding protein 1 (ABP1, EC
1.4.3.6). HNMT is involved in the inactivation of intracellular histamine11 while DAO is secreted and plays a role in
the inactivation of extracellular histamine.12
The genes coding for HNMT and DAO are polymorphic.
The HNMT gene, located in chromosome 2q22.1, shows
eight SNPs, but only one is non-synonymous. This SNP is
located in exon 4 and causes the amino acid substitution
Thr105Ile (rs11558538).13 This SNP is unambiguously related
to decreased enzyme activity.14
Three non-synonymous SNPs have been mapped to the
DAO gene, located in chromosome 7q34---36. Functional
impairment has been shown on serum DAO activity only for
the SNP rs1049793, which codes for an altered protein with
the amino acid substitution His645Asp.15 Because of this, we
focused on both SNPs: Thr105Ile for HNMT, and His645Asp for
DAO, which will be named C314T and C2029G respectively
(for the allelic nucleotide substitution) in this study.
HNMT and DAO SNPs involvement has been investigated in
several pathologies implying histamine participation, mainly
in AD. The association of the HNMT C314T polymorphism

with asthma was initially reported,16 although further independent studies failed to identify such an association.17,18
Recently, two studies have supported a positive association between these polymorphisms with asthma.19,20 On the
other hand, two studies suggest that C314T polymorphism
is a risk factor for eczema.21,22 DAO C2029G polymorphism
has not been associated with the presence of any histamine
related pathology. However, two studies were able to associate the severity of symptoms in Ulcerative Colitis23 and
the intensity of symptoms of asthma and rhinitis24 with this
polymorphism.
The aim of the present study is to investigate the possible association between the functional SNPs C314T in the
HNMT gene and C2029G in the DAO gene, with the severity of
rhinitis and the number of AD in a group of allergic Mexican
children.

Materials and methods
We studied 154 unrelated children from ages 3 to 18 years,
with a mean of 7.8 ± 3.84 (±SD). Patients were recruited
from the Paediatric Allergy Department of the Health Secretary in Torreon, Coahuila, Mexico, between March 2013
and May 2014.
The diagnosis of AR was made according to the ARIA
workshop.3 The Hanifin and Rajka Diagnostic Criteria were
used for atopic dermatitis, while the GINA criteria were
used for asthma. Patients who had a history of antihistaminic drugs within one month prior to the study were
excluded from the study. The total serum IgE level was measured by chemiluminescence (kit Cat.LKIE1 IMMULITE IgE
Total). The serum histamine was measured by ELISA (kit Cat.
IB89128). An immediate hypersensitivity skin prick test was
used to detect allergic reactions for a panel of 55 allergens:
4 epithelia, 2 mites, 9 fungi, 13 trees, 5 grasses, 12 weeds
and 10 foods. Histamine was used as a positive control and
saline solution as a negative control. A flare or induration
higher than 3 mm was considered positive.
All patients were invited to participate and signed an
informed consent. This study was done according to the
principles of the Declaration of Helsinki. The protocol was
approved by the Ethics Committee of the Medicine School,
University of Coahuila, Mexico.

Polymorphism analysis
DNA was obtained from peripheral blood (5 ml) using the
Salting Out method.25 The polymorphisms were analysed by
real-time polymerase chain reaction (RT-PCR). Genotyping
was performed using TaqMan assays (supplied by Applied
Biosystem®) designed to detect the following SNPs: for DAO,
rs1049793 (C 7599774 10) a non-synonymous variant causing the amino acid substitution His664Asp, and for HNMT
rs11558538 (C 11650812 20) a non-synonymous variant causing the amino acid substitution Thr105 Ile.
Polymorphisms were carried out by RT-PCR using the
RT-PCR equipment (7300 real time PCR system by Applied
Biosystem® , with software 7300 system). We used a concentration of 8 ng of DNA. The amplification conditions were:
after a denaturation time of 10 min at 95 ◦ C, 40 cycles of
95 ◦ C for 15 s and at 60 ◦ C for 90 s were carried out. 308
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samples were analysed (154 for HNMT and 154 for DAO polymorphisms).

Statistical analysis
We counted the frequencies for the HNMT and DAO SNPs. The
statistical analysis was performed with the 2 test, ANOVA or
Kruskal---Wallis test, each when appropriate. The magnitude
of association between HNMT and DAO mutations and phenotypic severity of AR were estimated by the odds ratio (OR)
with a 95% confidence interval. To assess whether HNMT and
DAO variants influence synergically upon the course of AR
or upon the number of AD, subjects were classified as carriers and non-carriers of both SNPs, resulting in four different
haplotypes. Logistic regression analysis was performed to
assess if haplotypes were correlated with the severity of
AR. A statistical analysis was performed using the software
STATA 11.1® .
The Hardy---Weinberg equilibrium was confirmed using the
software Arlequinver.2.000 (CMPG Zoological Institute, University of Berne, Berne, Switzerland).

3

Table 1

Characteristics of the patients.

Variable

n

Female
Male
Allergic disease
Asthma
Eczema
Rhinitis
Severity of rhinitis
Mild intermittent and persistent
Moderate --- severe intermittent
Moderate --- severe persistent

Age (years)
No. of allergic diseases
STP (+)
Serum histamine (g/L)

Serum IgE (IU/L)

Results
A total of 154 consecutive allergic children, of 7.8 ± 3.84
(mean ± SD.) years old were studied. All of them were diagnosed with AR and out of these, 84 also presented asthma,
and 35 had eczema. The main clinical characteristics are
shown in Table 1. Forty-five children (35.7%) only had one
AD, 80 (51.9%) had two AD, and 19 (12.3%) had three AD
(asthma, eczema and rhinitis). The range of serum IgE
was 4.9---2224.0 IU/L, and according to the cut-off point of
100 IU/L, there were 41 children (26.6%) with low IgE levels. Five children (3.2%) were negative for the 56 allergens
tested; one child was positive for 23 allergens.
Genotype distribution of HNMT polymorphism was in
concordance with Hardy---Weinberg law, but genotype distribution of DAO polymorphism was in discordance with it,
that is, there was a significant difference (p = 0.02) between
genotype distribution of this SNP in our allergic patients and
the healthy Hispanic population.26
Association was found between the mutant allele
of C314T HNMT polymorphism and the highest severity
(moderate-severe persistent) of AR (OR = 7.5, p = 0.017),
and with the highest number (3) of AD (OR = 3.7, p = 0.019)

%

56
98

36.2
63.8

84
35
154

54.6
22.7
100.0

25
119
10

16.2
77.3
6.5

Mean ± SD

Range

7.8
1.76
7.01
0.81

3---18
1---3
0---23
0.13---2.90

±
±
±
±

3.8
0.654
3.7
0.555

Median

IQ range

215

215---488

All children had allergic symptoms and all had allergic rhinitis.
Some children (19, 12.3%) had the three AD (asthma, eczema
and rhinitis). 56 allergens were proven in each child and the
range of positivity to these Skin Prick Test (SPT +) was of 0 to 23
allergens (median = 7), 42 children (27.3%) had serum IgE below
100 IU/L.

(Table 2). On the other hand, an association between the
mutant allele of C2029G DAO polymorphism and the severity
of AR was not found. However it was found with the number
of AD: two AD (OR = 2.9, p = 0.009) and three AD (OR = 10.3,
p = 0.029) (Table 3).
We considered four haplotypes: Haplotype 1 (Hap1) only
has wild alleles for the two locus, haplotype 2 (Hap2) has the
mutated allele in the HNMT locus, haplotype 3 (Hap3) has
the mutated allele in the DAO locus, and haplotype 4 (Hap 4)
contains mutated alleles in both locus (either as homozygous
or heterozygous individuals). We found that Hap3 (OR = 3.8,
p = 0.014) and Hap4 (OR = 6.1, p = 0.016) were associated
with the severity of AR. Association between these haplotypes with the number of AD was also found: Hap3 (OR = 3.6,
p = 0.011) and Hap4 (OR = 5, p = 0.007) (Table 4).

Table 2 Association between genotypes for HNMT polymorphism, the intensity of symptoms of rhinitis and the number of
allergic diseases in each child (asthma, eczema and rhinitis).
Endpoint

C/C

C/T or TT

OR (CI 95%)

Mild intermittent and persistent (sev1)
Moderate --- severe intermittent (sev2)
Moderate --- severe persistent (sev3)

20
84
4

4
36
6

1
2.14 (0.69---6)
7.5 (1.42---39)*

1 Allergic disease
2 Allergic diseases
3 Allergic diseases

40
60
8

15
20
11

1
0.89 (0.41---1.9)
3.7 (1.2---10.8)*

OR was obtained comparing sev2 or sev3 with sev1; as well as comparing 2 or 3 AD with 1 AD. OR were calculated by logistic regression
analysis and adjusted by age, sex and BMI.
* p < 0.05.
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Table 3 Association between genotypes for DAO polymorphism with the intensity of symptoms of rhinitis and with the number
of allergic diseases in each child (asthma, eczema and rhinitis).
Endpoint

C/C

C/G or GG

OR (CI 95%)

Mild intermittent and persistent (sev1)
Moderate --- severe intermittent (sev2)
Moderate --- severe persistent (sev3)

9
25
0

15
95
19

1
2.2 (0.89---5.8)***
---

1 Allergic disease
2 Allergic diseases
3 Allergic diseases

20
13
1

35
67
18

1
2.94 (1.3---6.6)**
10.3 (1.3---82)*

OR were calculated by logistic regression and adjusted by age, sex and BMI. OR were obtained comparing sev2 or sev3 with sev1; as well
as comparing 2 or 3 AD with 1 AD. OR for sev3 could not be calculated because of the absence of patients with this severity in the group
of wild homozygous individuals.
* p < 0.05.
** p < 0.01.
*** p = 0.085.

Table 4 Association between haplotype with the intensity of symptoms of rhinitis and with the number of allergic diseases in
each child (asthma, eczema and rhinitis).
Endpoint

Hap1

Hap2

OR (IC 95%)

Hap3

OR (IC 95%)

Hap4

OR (IC 95%)

Sev1
Sev 2 or Sev3
1 AD
2 AD or 3 AD

8
13
8
13

1
12
7
6

1
7.3 (0.8---63)
1
1.4 (0.35---5.6)

12
75
27
60

1
3.85 (1.3---11.2)*
1
3.6 (1.3---9.7)*

3
30
8
25

1
6.15 (1.4---25)*
1
5.0 (1.5---16.1)*

Haplotypes constitutions are explained in the text. Hap1 are wild homozygous for both alleles. OR were obtained comparing Hap2, Hap3
or Hap4 with Hap1. OR were calculated by logistic regression analysis and adjusted by age, sex and BMI.
* p < 0.01.

Table 5

Main characteristics of the allergic children grouped by haplotype.

Characteristics

Haplotype
HNMT
DAO
N (%)

Hap 1
C
C
21 (13.7)

Hap 2
T
C
13 (8.4)

IgE (IU/L)
Histamine (g/L)
SPT (+)
Num. of AD

Mean ± SD
Mean ± SD
Mean ± SD
Mean ± SD

417.5
0.41
7.1
1.3

490.5
1.1
8.1
1.5

Locus

±
±
±
±

404.3
0.2
2.8
0.4

±
±
±
±

Hap 3
C
G
87(56.5)
504.3
0.3
3.8
0.6

391.4
0.78
6.9
1.7

±
±
±
±

Hap 4
T
G
33(21.4)
451.4
0.57
3.7
0.5

291.1
1.2
6.6
2.0

±
±
±
±

404.3
0.3*
4.1
0.7*

Haplotypes constitutions are explained in the text. STP+: Skin Prick Test positive (number of positivity to tested allergens). AD (asthma,
eczema and rhinitis). IgE values were compared by Kruskal---Wallis Test. Histamine, STP (+) and number of AD were compared by ANOVA.
* p < 0.01.

Comparing some characteristics of the patients grouped
by haplotypes, it was evident that the presence of
the mutated alleles increases the level of serum histamine (p = 0.0001) and the number of AD in the patients
(p = 0.0020). The mutated alleles did not have any effect
on the serum levels of IgE nor on the positivity to allergens tested by Skin Prick Test (SKP+), as can be observed in
Table 5.

Discussion
The AR, like other atopic diseases, is the result of an
allergen-triggered response mediated by a series of

inflammatory cells and mediators (including histamine).
Histamine related genes may be important in the pathogenesis of rhinitis. These results indicate that the polymorphism
of HNMT and DAO enzymes involved in the degradation of
circulating histamine may influence the clinical presentation of AR. Individuals who are carriers of HNMT C314T
mutated allele developed significantly more severe clinical
symptoms of AR and more AD (even with low levels of serum
IgE). Individuals who are carriers of DAO C2029G mutated
allele tend to develop more severe symptoms of rhinitis
too, but this did not have any significance for severity 2
(moderate-severe intermittent). However, for severity 3
(moderate-severe persistent), all the patients carrying the
mutant G allele had this severity. Because of this, it was not
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possible to calculate the OR for severity 3, but it is evident
that individuals carrying the mutant allele of DAO C2029G
polymorphism have a high risk of developing a severe AR.
The presence of the mutant allele clearly increases the risk
to develop more AD additionally to AR.
Haplotypes analysis suggests that the presence of both
mutations in the same individuals not only increases the
risk of higher severity of AR, but also the risk of more AD
(Table 4), which is accompanied by a significant increase in
the serum level of histamine, but not by an increment in IgE
levels (Table 5). Thus, allergic patients carrying the mutant
allele for HNMT C314T or DAO C2029G polymorphisms have
a higher risk to develop a more severe AR. If both mutant
alleles are present, the risk is even higher, even if the serum
IgE remains low. There is more risk to develop a bigger number of AD too.
These findings are consistent with those observed in
Hispanic patients with Ulcerative Colitis, in which DAO
C2029G polymorphism was associated with the severity of
the disease,23 and with those observed in Hispanic patients
with asthma and rhinitis, in which carriers of the DAO mutate
allele are more prone to developing symptoms, even with
low levels of IgE.24 In these studies, HNMT C314T polymorphism does not seem to be associated with the severity of
the disease. The interaction between DAO and HNMT polymorphisms was not proven.
We hypothesised that the low frequency of the HNMT SNP
did not allow to see some effects, as others have demonstrated for asthma19,20 or eczema.21,22
Garcia-Martin (2007) demonstrated lower levels of IgE
in patients carrying the DAO mutant allele24 ; for the high
variability of IgE levels in our patients, this cannot be
demonstrated (although a tendency to lower levels of IgE
was observed in Hap 2 and Hap3 patients). However, from
all the 41 patients with low serum IgE (<100 IU/L), only
two were in the Hap1 group, and the rest were in the
haplotype containing mutate alleles groups. This differential distribution reaches statistical significance (Xi2 test,
p = 0.04), suggesting that in another condition (with an adequate degradation of histamine) these patients would not
have developed symptoms. In this condition (low IgE) the
histamine production should be low, but if its degradation
was decreased, the levels of serum histamine could be high.
In fact, this could be observed, and our patients had increasing levels of histamine through Hap1, Hap 2, Hap 3 and Hap
4 (Table 5).
Because histamine is metabolised by two polymorphic
enzymes, it could be possible that individuals with impaired
ability to metabolise histamine may be more likely to
develop histamine-related symptoms. Although histamine
plasma levels are highly variable due to circadian rhythm
and inter-individual variability in patients with AD.27 Several
independent studies indicate an increase of histamine and
a decrease of the histamine metabolite, N-methylhistamine
in plasma among patients with asthma, as compared with
healthy subjects.28---30 Thus, it may be speculated that individuals with altered histamine degradation may display
atopic symptoms even though the amount of histamine
released is not high.
The development of AR entails a complex interaction
between genetic predisposition and environmental exposure
to different factors, of which the most important is the

5

implicated allergen. There is a clear hereditary component
in AR that has been well corroborated by segregation studies
and investigations in twins.6 From the strictly genetic perspective, it is believed that the disease may be the result
of the interaction of different genetic alterations, each
one of which would contribute to a small defect. Among
these altered genes, HNMT and DAO histamine metabolising
enzymes can be relevant, as is suggested by this study.
In this study the sample size prevented us from observing
some potential relevant associations. However, this study
was conducted as a pilot study to explore potential associations for further exploration in larger and better defined
cohorts. We recognise that stratification with a small sample
may lead to erroneous results, however a Type II error would
more likely be the outcome, instead of finding an association
when none truly exists.
Future studies investigating the functional activity of
histamine receptors and enzymes are needed to clearly
elucidate potential implications of gene variants in the histamine degradation pathway on AD. Such findings may be
important for better understanding AR pathophysiology and
in guiding improved and more directed therapies for patients
with AR.

Ethical disclosures
Patients’ data protection and confidentiality of data. The
authors declare that they have followed the protocols of the
WMA Declaration of Helsinki, and that they have received
the approval of an Ethics Committee, attending the rules
on the publication of patient data and that all the patients
included in the study have received sufficient information
and have given their informed consent in writing to participate in that study.
Right to privacy and informed consent. The authors have
obtained the informed consent of the patients and/or
subjects mentioned in the article. The author for correspondence is in possession of this document.
Protection of human subjects and animals in research.
The authors declare that the procedures followed were in
accordance with the regulations of the responsible Clinical
Research Ethics Committee and in accordance with those of
the World Medical Association and the Helsinki Declaration.

Conflict of interest
The authors declare no conflicts of interest.

References
1. Bauchau V, Durham SR. Prevalence and rate of diagnosis of allergic rhinitis in Europe. Eur Respir J. 2004;24:758---64.
2. Settipane RA, Charnock DR. Epidemiology of rhinitis: allergic
and nonallergic. Clin Allergy Immunol. 2007;19:23---34.
3. Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias
A, et al. Allergic Rhinitis and its Impact on Asthma (ARIA) 2008
update (in collaboration with the World Health Organization
GA(2)LEN and AllerGen). Allergy. 2008;63 Suppl. 8:8---160.

Please cite this article in press as: Meza-Velázquez R, et al. Association between two polymorphisms of histaminemetabolising enzymes and the severity of allergic rhinitis in a group of Mexican children. Allergol Immunopathol (Madr).
2016. http://dx.doi.org/10.1016/j.aller.2016.01.002

Documento descargado de http://www.elsevier.es el 12/07/2016. Copia para uso personal, se prohíbe la transmisión de este documento por cualquier medio o formato.

+Model

ALLER-744; No. of Pages 6

ARTICLE IN PRESS

6

R. Meza-Velázquez et al.

4. Feijen M, Gerritsen J, Postma DS. Genetics of allergic disease.
Br Med Bull. 2000;56:894---907.
5. Hrdlickova B, Izakovicova-Holla LI. Association of single
nucleotide polymorphisms in the eosinophil peroxidase gene
with allergic rhinitis in the Czech population. Int Arch Allergy
Immunol. 2009;150:184---91.
6. Davila I, Mullol J, Ferrer M, Bartra J, Del Cuvillo A, Montoro
J. Genetic aspects of allergic rhinitis. J Invest Allergol Clin
Immunol. 2009;19 Suppl. 1:25---31.
7. Bush RK. Etiopathogenesis and management of perennial allergic rhinitis. Treat Resp Med. 2004;3:45---57.
8. Hirata N, Takeuchi K, Ukai K, Sakakura Y. Expression of
histidine decarboxylase messenger RNA and histamine Nmethyltransferase messenger RNA in nasal allergy. Clin Exp
Allergy. 1999;29:76---83.
9. Gervasini G, Agundez JA, Garcia-Mena J, Martinez C, Cordobes
C, Ayuso P, et al. Variability of the l-histidine decarboxylase
gene in allergic rhinitis. Allergy. 2010;65:1576---84.
10. Simon T, Semsei ÁF, Ungvári I, Hadadi É, Virág V, Nagy A, et al.
Asthma endophenotypes and polymorphisms in the histamine
receptor HRH4 gene. Int Arch Allergy Immunol. 2012;159:
109---20.
11. Preuss CV, Wood TC, Szumlanski CL, Raftogianis RB, Otterness DM, Girard B, et al. Human histamine N-methyltransferasepharmacogenetics: common genetic polymorphisms
that alter activity. Mol Pharmacol. 1998;53:708---17.
12. Elmore BO, Bollinger JA, Dooley DM. Human kidney diamine
oxidase: heterologous expression, purification, and characterization. Biol Inorg Chem. 2002;7:565---79.
13. Wang L, Thomae B, Wieben E, Weinshilboum R. Human
histamine N-methyltransferasepharmacogenetics: gene resequencing, promoter characterization, and functional studies of
a common 5′ -flanking region single nucleotide polymorphism
(SNP). Biochem Pharmacol. 2002;64:699---710.
14. Chen GL, Wang H, Wang W, Xu ZH, Zhou G, He F, et al. Histamine
N-methyltransferase gene polymorphisms in Chinese and their
relationship with enzyme activity in erythrocytes. Pharmacogenetics. 2003;13:389---97.
15. García-Martín E, Ayuso P, Martínez C, Blanca M, Agúndez JA. Histamine pharmacogenomics. Pharmacogenomics.
2009;10:867---83.
16. Yan L, Galinsky RE, Bernstein JA, Liggett SB, Weinshilboum RM.
Histamine N-methyltransferase pharmacogenetics: association
of a common functional polymorphism with asthma. Pharmacogenetics. 2000;10:261---6.
17. Deindl P, Peri-Jerkan S, Deichmann K, Niggemann B, Lau
S, Sommerfeld C, et al. No association of histamine-Nmethyltransferase polymorphism with asthma or bronchial
hyperresponsiveness in two German pediatric populations. Pediatr Allergy Immunol. 2005;16:40---2.

18. Sharma S, Mann D, Singh TP, Ghosh B. Lack of association of histamine-N-methyltransferase (HNMT) polymorphisms
with asthma in the Indian population. J Hum Gen. 2005;50:
611---7.
19. Szczepankiewicz A, Br˛
eborowicz A, Sobkowia P, Popiel A. Polymorphisms of two histamine-metabolizing enzymes genes and
childhood allergic asthma: a case control study. Clin Mol Allergy.
2010;8:14.
20. Raje N, Vyhlidal CA, Dai H, Jones BL. Genetic variation within
the histamine pathway among patients with asthma --- a pilot
study. J Asthma. 2015;52:353---62.
21. Kennedy MJ, Loehle JA, Griffin AR, Doll MA, Kearns
GL, Sullivan JE, et al. Association of the histamine Nmethyltransferase C314T (Thr105Ile) polymorphism with atopic
dermatitis in Caucasian children. Pharmacotherapy. 2008;28:
1495---501.
22. Lee HS, Kim SH, Kim KW, Baek JY, Park HS, Lee KE,
et al. Involvement of human histamine N-Methyltransferase
gene polymorphisms in susceptibility to atopic dermatitis
in Korean Children. Allergy Asthma Immunol Res. 2012;4:
31---6.
23. García-Martín E, Mendoza JL, Martínez C, Taxonera C, Urcelay
E, Ladero JM, et al. Severity of ulcerative colitis is associated with a polymorphism at diamine oxidase gene but not
at histamine N-methyltransferase gene. World J Gastroenterol.
2006;12:615---20.
24. García-Martín E, García-Menaya J, Sánchez B, Martínez
C, Rosendo R, Agúndez JA. Polymorphisms of histaminemetabolizing enzymes and clinical manifestations of
asthma and allergic rhinitis. Clin Exp Allergy. 2007;37:
1175---82.
25. Miller SA, Dykes DD, Polesky HF. A simple salting out procedure
for extracting DNA from human nucleated cells. Nucleic Acids
Res. 1988;16:1215.
26. NCBI. Single nucleotide polymorphism database. http://www.
Accessed
ncbi.nlm.nih.gov/SNP/snp ref.cgi?rs=rs1049793.
21.03.2015.
27. Baumgarten CR, De Baey C, Siebert B, Kunkel G. Circadianrhythm in allergic inflammation. Pneumologie. 1994;48:91---2.
28. Corhay JL, Bury T, Louis R, Radermecker MF. Plasma histamine and bronchial reactivity in allergic asthma. Allergy.
1993;48:547---9.
29. Ostronosova NS, Volozhin AI. Changes in content of biologically
active amines in plasma and blood cells in bronchial asthma.
Patol Fiziol Eksp Ter. 2005:11---3.
30. Wood-Baker R, Finnerty JP, Holgate ST. Plasma and urinary
histamine in allergen-induced early and late phase asthmatic
responses. Eur Respir J. 1993;6:1138---44.

Please cite this article in press as: Meza-Velázquez R, et al. Association between two polymorphisms of histaminemetabolising enzymes and the severity of allergic rhinitis in a group of Mexican children. Allergol Immunopathol (Madr).
2016. http://dx.doi.org/10.1016/j.aller.2016.01.002

