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Abstract

Study Objective—To investigate potential associations between the histamine N-
methyltransferase (HNMT) C314T (Thr105l1le) polymorphism and atopic dermatitis (AD) in a cohort
of Caucasian children.

Design—~Prospective, multi-center (n=4) genotype/association study.

Setting—Four academic, tertiary care, medical centers within the Pediatric Pharmacology Research
Unit (PPRU) network

Patients or Participants—Caucasian children ages 6 months — 5 years with (n=129) and without
(n=127) AD. All subjects completed the study although data from 6 subjects (n=2 AD and n=4
control) were excluded due to violations in inclusion/exclusion criteria (n=5) and the informed
consent process (n=1).

Interventions—Information was collected regarding severity of AD, oral antihistamine treatment
and treatment response via parental report. Buccal swabs (n=1 per cheek) were also performed to
obtain epithelial cells for extraction of genomic DNA.

Measurements and Main results—HMNT genotypes were successfully obtained in 116 and
122 control and AD subjects, respectively. Frequencies of the T314 variant allele (0.12, p=0.04) and
combined CT/TT genotype (0.24, p=0.02) were significantly higher in children with AD compared
with controls (allele and genotype frequencies = 0.06 and 0.12). Children with genotypes conferring
reduced HNMT activity were two times more likely to have AD than those who were homozygous
for the C314 reference allele.

Conclusions—Increased histamine levels in patients with AD may result, at least in part, from
reduced inactivation via HNMT. Genetically-associated reduction in histamine biotransformation
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may therefore contribute to the pathogenesis, persistence and progression of AD. If confirmed, these
data indicate that HNMT might represent a common risk factor for development of AD, asthma and
allergic rhinitis and may be useful in identifying individuals who are candidates for early preventative
pharmacotherapeutic intervention. Additional longitudinal studies will be required in order to assess
the relationship between genotype, disease severity and antihistamine response.
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Introduction

Atopic dermatitis (AD) is a common condition in the pedlatrlc population, affecting an
estimated 15% of children greater than 18 months of age. 1 This chronic, relapsing-remitting
skin disorder is characterized by classic symptoms including pruritus and a distinctive rash that
exhibits an age-dependent distribution pattern. However, it is now recognized that AD is a
disease of significant heterogeneity with respect to both severity and response to conventional
pharmacologic treatment. With the recognition of this variability has come the understanding
that, as with many allergic diseases, there exist specific disease phenotypes that ultimately
govern response to pharmacologic intervention. Characterization of these unique phenotypes
and their associated biologic mediators is therefore of critical importance in the development
of disease- and patient-specific treatment strategies.

Increased sgstemlc exposure to histamine has been demonstrated in |nd|V|duaIs with atopy
and allergy* and also in children with AD and concomitant food aIIergles 5 This increased
exposure leads to a pharmacodynamic effect that is both exaggerated and adverse, and
constitutes a fundamental pathogenic mechanism of atopic conditions such as AD. Systemic
exposure to histamine is determined by a balance between the processes of release from
precursor cells (i.e., mast cells and basophils) and inactivation via endogenous metabolic
pathways. A key pathogenic determinant of AD may reside with a disruption in the balance
among those physiologic processes determining systemic exposure. Exaggerated histamine
release from AD-derived precursor cells has been previously demonstrated.8: 7 Whether the
detoxification/inactivation of this important mediator is similarly affected, however, remains
unclear.

Histamine N- methyltransferase (HNMT) is the primary enzyme respon5|ble for histamine
metabolism in the skln bronchial eplthella and central nervous system Slgnlflcant
variability in the expression and activity of HNMT has been observed in healthy adults and
this variability is mediated, in part, by genetic mechanisms.11 12 A single nucleotide
polymorphism (SNP) located in exon 4 (C314T, Thr105lle) of the HNMT gene has been
identified and is associated with decreased enzyme activity (up to 50%) and immunoreactive
protein in renal tissue and red blood cell lysates. 13 This allelic variant was also found to be
relatively common, occurring in an estimated 5 to 10% of the healthy Caucasian population.

13, 14 Given the known functional consequences of the C314T (Thr1051le) polymorphism on
HNMT activity, it is possible that this allelic variant, when present, may contribute to the
pathogenesis and heterogeneity of expression in diseases such as AD where histamine plays a
fundamental biochemical role. It is also possible that genetic differences in HNMT activity
may be responsible, in part, for the well-recognized inter-individual variability in response to
antihistamines in children with atopic/allergic diseases. To begin exploring the link between
genetics and AD disease pathogenesis / treatment response we therefore conducted this initial
study to investigate potential associations between the HNMT C314T polymorphism and AD
in a cohort of Caucasian children.
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Four institutions within the Pediatric Pharmacology Research Unit (PPRU) network
participated in this study: University of Louisville (Louisville, KY); Children’s Mercy
Hospitals and Clinics (Kansas City, MO), Baylor University College of Medicine (Houston,
TX), and Arkansas Children’s Hospital (Little Rock, AR). Children were enrolled between
August 2003 and September 2004. The protocol received approval from the Institutional
Review Boards of each participating site and the PPRU Network Steering Committee. Written
informed consent was obtained from each subject’s parent or guardian and required research
authorization (i.e., HIPAA) was obtained. All study procedures were performed in accordance
with ethical standards of each local Institutional Review Board and the Helsinki Declaration
of 1975. The study was also registered with the clinical trials registry sponsored by the United
States National Library of Medicine (www.clinicaltrials.gov, study identifier NCT00277433).

Study Subjects

Caucasian children ages 6 months to 5 years with a physician-confirmed clinical diagnosis of
AD were eligible for study enrollment. Upon study entry, parents were asked about clinical
symptoms during the 12 months prior to enrollment in order to confirm presence of active AD.
Subjects with at least three of the following major diagnostic features were considered to have
a confirmed clinical diagnosis of AD: pruritus, rash of typical morphology and distribution,
chronic or relapsing-remitting presentation and/or family history of atopy.15 Any child with
AD and either a documented history of asthma or bronchospasm or a current need for treatment
of either of these conditions was excluded. Healthy Caucasian children ages 6 months to 5
years without a personal and without a family (first degree relative) history of allergy, asthma
or atopy were concurrently recruited as controls.

Estimation of Disease Severity and Treatment Response

Information was collected regarding severity of AD, current and prior antihistamine treatment
and treatment response. Information regarding disease severity (mild, moderate or severe) and
treatment response (good, fair or poor) was obtained via parental report and based on a
subjective assessment by the parent or primary caregiver.

Buccal Swab Collection, Processing and Storage

Buccal swabs (n=1 per cheek) were performed in all subjects using Catch-All® Sample
Collection Swabs (Epicentre, Madison, W1) to obtain epithelial cells for extraction of genomic
DNA. Samples were collected by rotating a collection swab on the surface of each cheek a
minimum of 5 times. Following collection, samples were allowed to air dry for at least 20
minutes (maximum 1 hour), placed in their original packing and stored at —20° C for a
maximum of 12 months.

DNA Isolation and Detection of HNMT C314T Polymorphism

Genomic DNA was isolated using the Buccal Amp® DNA extraction kit (Epicentre, Madison,
WI1). Swabs were allowed to thaw at room temperature, rotated at least 10 times in the
commercially-available QuickExtract® Solution and heated to release DNA into the solution
according to the following protocol: 65° C for 1 minute, 98° C for 15 minutes. Isolated DNA
samples were then stored at —20°C for a maximum of 12 months before analysis.

The HNMT C314T polymorphism was determined via allele-specific restriction digestion after
poli/merase chain reaction (PCR) amplification of exon 4 according to the methods of Yan et
al..14 DNA was amplified using the following primers: (5’- tgt aaa acg acg gcc agt gaa aaa cgt
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tct ttc tat ctg ttt gta tat aa - 3’) and (5’- cag gaa aca gct atg acc ttg gaa tgt taa aga aaa tct tag tat
aata - 3”) (Midland Certified Reagent Company, Midland, TX). The PCR amplification
included an initial denaturation step of at 94° C for 1 minute followed by 30 cycles at 94° C
for 1 minute, 52° C for 1 minute and 72° C for 1 minute. Following a final 7 minute extension
at 72° C the resulting PCR product was cooled to 4°C. The PCR product (25 pL) was then
digested at 37° C for a minimum of 4 hours using EcoRYV restriction enzyme (New England
Biolabs, Ipswich, MA). The T314 allele was cleaved by EcoRV digestion while the C314 allele
was not digested. Digests were subsequently run out on 2% agarose gel using ethidium bromide
to visualize the fragments. Control samples with a known cleavage were included to ensure
digestion had occurred. Given that gel-based genotyping methods were used, HNMT genotype
assignments were determined independently by 2 separate research personnel.

Sample Size Estimation and Statistical Analysis

Results

Sample size calculation was performed a priori using PS Power and Sample Size Calculation
Software (version 2.1.31, Department of Biostatistics, Vanderbilt University, Nashville, TN).
16 Historical T314 allele frequencies in Caucasian adults with (0.14) and without (0.08) asthma
were used to estimate frequencies of the T314 allele in children with (p;) and without (pg) AD.
14 Assuming o = 0.05, p=0.2, pp = 0.08 and p; = 0.14, 213 subjects per group were projected
as a requirement to detect a statistically significant difference in the frequency of the T314
allele between children with and without AD. Given the hypothesis generating and descriptive
nature of this initial pilot study, however, it was neither practical nor feasible to conduct a study
of this magnitude. Furthermore, the intent of the current study was not to compare allele
frequencies between treatment groups, per se, but rather to investigate the potential association
between AD and HNMT C314T genotype. Therefore, for this initial pilot investigation, we
therefore chose to enroll 120 subjects per group and to perform an interim data analysis prior
to enrollment of additional subjects. A sample size of 120 subjects per group was selected
based on the anticipated subject enrollment rate at each participating site and the funds available
to complete this pilot investigation. Assuming a = 0.05, pg = 0.08, p; = 0.14 and n = 120 per
group, the predicted a priori power to detect a statistically significant difference in the T314
allele frequency between children with and without AD was 0.50.

Statistical analyses were performed using SPSS® version 13.0 (SPSS, Chicago, IL). Subject
demographics were compared using a two-sample, unpaired Student's t-test assuming equal
variances. Allele and genotype frequencies were calculated in AD and control subjects and
compared using 2 analysis. Given the small observed frequency of the TT genotype in both
groups, combined frequencies for genotypes associated with reduced function (i.e., CT and
TT) were used. Odds ratios and associated 95% confidence intervals were also calculated. The
level of significance for all statistical tests was a = 0.05.

A total of 255 children were enrolled during the 13 month study period (129 AD and 126
control). All subjects completed the buccal swab procedure. However, due to violations of the
inclusion/exclusion criteria (n = 5) and informed consent process (n = 1), 2 AD and 4 control
subjects were excluded from analysis. Subject demographics, AD disease severity and
antihistamine treatment / response information are presented in Table 1. Control subjects were
slightly older than those with AD (2.9 vs. 2.5 years, respectively, p = 0.03) although the
difference is of minimal clinical importance. The majority of children with AD were treated
(either currently or in the past) with antihistamines (57%) and, in subjects in whom disease
severity data was obtained from the parent (n=117), had either mild (51%) or moderate (43%)
disease. Parental report of a good treatment response (based on their own subjective
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assessment) was noted in 71% (n=41) of antihistamine treated subjects with evaluable response
data (n=58/73).

HNMT genotypes were successfully obtained in 116 and 122 control and AD subjects,
respectively. Allele and genotype frequencies of control subjects were in Hardy-Weinberg
equilibrium and are presented in Table 2. The frequency of the T314 variant allele in children
with AD was significantly higher than in controls (0.12 vs. 0.06, p = 0.04). The combined
frequency of genotypes associated with reduced HNMT activity (i.e., CT or TT) was also
significantly increased in children with AD (0.24) compared with controls (0.12) (p = 0.02).
Children with genotypes conferring reduced HNMT activity were 2 times more likely to have
AD than those who were homozygous for the C314 allele (odds ratio 2.3, 95% confidence
interval 1.1 — 4.6).

Discussion

Histamine is an important biochemical mediator that regulates numerous processes involved
in both the pathogenesis and symptomatology of AD. Through its interaction with the H
receptor, histamine plays a central role in mediating AD-induced pruritus, a common symptom
that if inadequately controlled, can significantly impact quality of life.17> 18 Histamine also
acts as a chemical mediator of inflammation exerting pro-inflammatory and
immunomodulatory effects which contribute to AD disease pa\thogenesis.lg‘21 Increased
local (i.e., skin) 22,23 gng systemic 2,4, 5 histamine levels have been consistently noted in
patients with AD suggesting that alterations in the synthesis, release and/or degradation of this
biochemical mediator may be important in the pathogenesis, persistence and progression of
disease.

HNMT is the primary enzyme responsible for histamine metabolism in human skin and its
activity is, in part, mediated by genetic mechanisms. The HNMT gene, located on the long arm
of chromosome 2 (g22.1) is approximately 34 kb in length, consists of 6 exons and has a second
intron that is approximately 15 kb in Iength.24 To date, a total of 8 SNPs in the HNMT gene
have been identified although of these, only 3 occur with frequencies of greater than 5%. 25
The current study, which investigated associations between one of these HMNT variants
(C314T) and AD, provides initial insight into how alterations in the physiologic processes
determining histamine exposure might influence disease pathogenesis.

This is the first study to demonstrate a significant association between AD and the HNMT
C314T (Thr105lle) polymorphism. This relatively common SNP, which occurs in 5-10% of
the Caucasian population, 3 results in decreased catalytic activity in the primary enzymatic
pathway of histamine elimination in human skin. Our data are consistent with the hypothesis
that genetically-associated reductions in histamine metabolism may contribute to AD disease
pathogenesis and suggest that increased histamine levels in patients with AD may result, at
least in part, from reduced inactivation via HNMT. They are also concordant with a recently
published investigation in adults with atopic eczema which demonstrated reduced functional
activity of diamine oxidase, a cytosolic protein that, although inactive in human skin, is thought
to play an important role in the degradation of circulating histamine.28 our finding of a
significant association of HNMT genotype with AD provides additional support for the
hypothesis that impaired histamine metabolism may be a common pathogenic disease
mechanism among the classic “atopic triad” of asthma, allergic rhinitis and AD given that
similar associations with HNMT genotype also been observed in Caucasian adults with asthma.
14 Opservation of a significant gene-disease association also indicates that HNMT genotype
might represent arisk factor for AD and consequently, that genotyping may be useful to identify
individuals who may be at increased risk of developing disease. This has potentially important
therapeutic implications given the natural history of AD, the characteristic pattern of disease
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progression to asthma and/or allergic rhinitis (i.e., the “atopic march”)27 and the possibility to
delay and/or prevent disease progression via early pharmacologic intervention with oral
antihistamines. 28

While statistically significant, our findings do not appear to represent a major disease locus for
AD given the relatively low frequency of the variant T314 allele in the AD group (0.12).
However, recognizing that AD is a polygenic disorder,32 it is possible that many different
combinations of genes could result in clinically similar phenotypes. Potential candidate genes
which may also influence histamine exposure and/or action include those involved in the
synthesis (histidine decarboxylase)33, release (IgE receptor polymorphisms)34 and
degradation (diamine oxidase, N—acetyltransferase)33. In addition, several SNPs in the H;
receptor gene have been identified3® and may similarly affect disease phenotype. Other
functionally-significant SNPs in the HNMT gene (e.g., A939G)25 may also play an important
role. We also cannot exclude the possibility that our observations might result from linkage to
additional polymorphisms within the HNMT gene and/or other genes important in the histamine
biosynthetic pathway and AD pathogenesis.

Given the significant variability in clinical presentation, disease severity and response to
conventional pharmacologic treatment among patients with AD, it is becoming increasingly
apparent that there are specific disease phenotypes whose expression may be significantly
influenced by inherited differences in disease pathogenesis. It is therefore possible that
HNMT genotype may contribute to development of one such phenotype where histamine
predominates as the primary biochemical mediator and consequently, where antagonism of its
physiologic effects with antihistamines would be more likely to confer therapeutic benefit.
Specifically, in individuals with genotypes conferring reduced HNMT activity (i.e., CT or TT),
reduced histamine metabolism via HNMT may, in turn, result in a disease phenotype in which
histamine predominates as a biochemical mediator. It is anticipated that these individuals
would be more responsive to antihistamine treatment. However, additional longitudinal
studies, in which standardized assessments are performed prior to and following an adequate
trial of antihistamine therapy will be required in order to sufficiently characterize the
relationship between genotype and treatment response. As with disease expression, treatment
response to antihistamines may be polygenically determined (e.g., genes controlling expression
of both histamine and drug biotransformation); a factor that must be considered in studies
designed to examine associations between disease expression and antihistamine response.

In conclusion, these data suggest that the frequency of an allelic variant of HNMT associated
with reduced enzyme activity is higher in children with AD as compared to those who are
unaffected by the disease. In such patients, increased persistence of histamine in tissues
resulting from reduced inactivation via HNMT may contribute to the pathogenesis, persistence
and progression of AD. If these results are confirmed in subsequent investigations, HNMT
genotype might represent a common risk factor for development of allergic disease and also,
could permit identification of patients who are candidates for early preventative
pharmacotherapeutic intervention. The current data do not rule out the potential for
involvement of multiple candidate genes in disease pathogenesis, severity and treatment
response in AD and thus, future investigations should consider multiple pharmacogenetic
associations in relevant candidate genes. Finally, potential influences of genetic differences in
the histamine biosynthetic pathway should be considered in future investigations of
antihistamine response as well as in the development of novel antihistamine agents (e.g., H4
receptor antagonists).
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Table 1
Subject demographics, AD disease severity and antihistamine response
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AD (n=127) Control (n =122)
Age (years) 25+15(03-59) 29:17(05-59°
Male (n, %) 71 (56%) 64 (52%)
Disease Severity (n=117) 60 Mild / 50 Moderate / 7 Severe N/A
Antihistamine Use (n, %) 73 (57%)
Antihistamine Response (n = 58) 41 Good / 9 Fair / 8 Poor

Ap =0.03, data presented as mean + SD (range)
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