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Background: The renin-angiotensin system (RAS) protects the circulation against sudden
falls in systemic blood pressure via generation of angiotensin II (AIl). Previously, we
demonstrated that patients with anaphylaxis involving airway angioedema and cardiovascu-
lar collapse (AACVS) had significantly increased “I” gene polymorphisms of the angioten-
sin-converting-enzymes (ACE). This is associated with lower serum ACE and AlI levels and
was not seen in anaphylaxis without collapse nor atopics and healthy controls.
Objectives: To examine the angiotensinogen (AGT-M235T) and chymase gene (CMA-1
A1903G) polymorphisms in these original subjects.

Method: 122 patients with I[gE-mediated anaphylaxis, 119 healthy controls and 52 atopics had
polymorphisms of the AGT gene and chymase gene examined by polymerase chain reactions
and gel electrophoresis. Their previous ACE genotypes were included for the analysis.
Results: AGT-MM genes (associated with low AGT levels) were significantly increased in
anaphylaxis (Terr’s classification). When combined with ACE, anaphylaxis showed
increased MM/II gene pairing (p<0.0013) consistent with lower RAS activity. For chymase,
there was increased pairing of MM/AG (p<0.005) and AG/II and AG/ID (p<0.0073) for
anaphylaxis consistent with lower RAS activity. A tri-allelic ensemble of the 6 commonest
gene combinations for the healthy controls and anaphylaxis confirmed this difference
(p=0.0001); for anaphylaxis, genes were predominately MM/AG/II or ID, while healthy
controls were DD/MT/AG or GG patterns.

Conclusion: Our gene polymorphisms show lower RAS activity for anaphylaxis especially
AACVS. Animal models of anaphylaxis are focused on endothelial nitric oxide (eNO) which
is shown to be the mediator of fatal shock and prevented by eNO-blockade. The interaction
of AIl and eNO controls the microcirculation in man. High serum AII levels reduce eNO
activity, so higher RAS-activity could protect against shock. Our data shows low RAS
activity in anaphylaxis especially AACVS, suggesting the influence of these genes on
shock are via All levels and its effects on eNO.

Keywords: IgE-mediated anaphylaxis, angiotensinogen M235T, chymase CMA1-1903,
angioedema, ACE genotype, endothelial nitric oxide

Introduction

IgE-mediated anaphylaxis can result in clinical symptoms ranging from mild
cutaneous effects (Grade I) to cardiac arrest from profound hypotension and
circulatory collapse (Grade 4) as described by Terr’s classification.' To date, the
severity of these reactions cannot be predicted from the IgE levels alone nor the
allergen involved. The most severe anaphylaxes involve angioedema of the airway
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and severe hypotension with cardiovascular collapse.”™
The effects of released histamine are central to this, and
produce falls in systolic blood pressure and venous return
along with bronchoconstriction and angioedema resulting
from its effects on the microcirculation and bradykinin
generation.®™®

There are unanswered questions as to which host fac-
tors may be influencing the effects of the released
histamine.”'* Anaphylaxis is increasing on a global
scale, with a 9-year Australian study showing an increase
of 150% in anaphylaxis admissions and a 300% increase
in fatalities, especially in children.'”

Epidemiological factors have suggested a high inci-
dence of anaphylaxis in young children <5yrs due to
food allergy and also in pre-menopausal women.'¢™"

In the UK 1-2% of the adult population carry
adrenaline.* A 15-year UK study also confirmed a 7-fold
increase in hospital admission for anaphylaxis with a dis-
proportionate increase in younger children <4yrs, without
a clear explanation for this increase.'>'®

Post-mortem findings in fatal anaphylaxis show 80% of
cases to have upper airway oedema with acute pulmonary
hyperinflation and circulatory collapse frequently as the
only features.?’!

Prior cardiovascular and respiratory comorbidities in
adults increase the risk of death, while prior asthma in a
young child increases the risk of a severe or fatal

12,16,17,19,

outcome. 2223 Small children have reduced lung

capacity allowing histamine-induced bronchoconstriction
to give greater respiratory difficulty than adults.''"'*-*!
From a cardiovascular aspect, children have lower blood
pressure (both systolic and diastolic) which starts to
increase steadily after the age of 4yrs with adult values
reached after 15yrs of age.”*** Childhood blood pressure
(BP) is related to age, height, BMI and subscapular skin
fold. Children >8yrs have significantly higher systolic and
diastolic BP than younger children.?**® In infancy and
childhood, increased activity of the renin-angiotensin-sys-
tem (RAS) is well rec:ognised.”’zg*31 Plasma renin and
aldosterone levels are 9-times higher in infants and young
children showing an inverse relationship to their diastolic
BP, age and body surface area noted up to the age of 12yrs.
After 12yrs, both hormones decrease slowly down to adult
values.?’2** These raised levels appear related to imma-
turity of the renal tubules and relative resistance to aldoster-
one giving high sodium and water loss in the kidney that
stimulates renin to support both blood pressure and the

. 27,32
autonomic nervous system. 7,32,33,35

Young children <4yrs also have lower serum ACE levels
that start to increase over the age of 4 years with stable adult
levels by 18yrs of age but they remain lower in females due
to oestrogen’s inhibitory effects on ACE biosynthesis.>'¢"
Studies show ACE is important for growth and differentia-
tion of the kidney in young animals.*®

Angiotensin-2 (AIl) levels follow serum ACE and
increase between 4 and 12yrs in order to elevate both BP
and correct the low serum sodium levels of childhood.?’
Systolic blood pressure in all children is correlated with
AII and serum ACE levels.>” The renin substrate “angio-
tensinogen” (AGT) that generates angiotensin-1 (Al) via
renin is a rate-limiting step if deficient.>* AGT levels reach
adult values between the ages of 6-9 years, and are sig-
nificantly related to BMI and race; with 20% higher levels
in children with T alleles, found most commonly in
African-Americans.>**%*"  Testosterone levels have an
inverse relationship to AGT, while oestrogen has a signifi-
cant positive relationship, possibly related to AGT produc-
tion by fat cells under the influence of oestrogen.*'

All these complex and evolving hormonal changes
could give one explanation for increased hospitalization
with anaphylaxis in children <4yrs of age, that later
decreases.'"!7*'“*> This may mask the influence of gene
polymorphisms in youth due to the confounding effects of
hormonal, autonomic and renal immaturity at that stage in
their development.*

Hermann and Ring (1993) were the first to examine the
renin-angiotensin system in adults with hymenoptera
venom-induced anaphylaxis and healthy controls.** Using
Terr’s classification, they showed a reduction in renin, Al
and AIl plasma levels in anaphylaxis grades 1-3." This
gave the first laboratory-measured parameter linked to the
severity of clinical symptoms.*> The findings fitted well
with Pumphrey’s observations that serum ACE levels
<37mmol/L in patients with tree/nut allergy were a risk
factor for pharyngeal oedema but not asthma.*® He sug-
gested that since ACE levels are stable in adult life they
reflected genetic inheritance.

Niedoszytko examined ACE gene polymorphisms (I/D)
in insect venom allergy of grades 3—4 on the Mueller scale,
showing 80% of subjects to have ID or II genotypes.*”*® Our
previous study also showed that IgE reactions to food, venom
or drugs involving angioedema and cardiovascular collapse
were significantly associated with II or ID gene polymorph-
isms of ACE (odds ratio=44) not seen in atopics and healthy
controls subjects.*’
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“I” (insertion) gene polymorphisms are associated with
lower serum ACE activity giving reduced AIIl generation
and increased bradykinin (BK) levels from reduced cata-
bolism of BK by ACE. This pattern would be consistent
with hypotension and angioedema reported in these cases
of anaphylaxis. Both II and ID genotypes share lower
serum ACE levels and activity, with lower Al and All
plasma levels under both exercise and rest.’*>°

Oestrogen has inhibitory effects upon mRNA synthesis
of ACE giving cardio-protection for women and contri-
butes to the hypotension of pregnancy (as oestrogen levels
climb) that is lost at menopause.*”>’° This renders pre-
menopausal women more ACE deficient than men for the
same genotype, and could offer one explanation for the
increased rates of anaphylaxis in pre-menopausal women
that decrease in menopause. There is also evidence that
oestrogen may augment mast cell histamine release in
rodent studies.”® The role of serum ACE in the generation
of All-induced vasoconstriction is well documented, but
Chymase from mast cell “leak” is now recognised to be an
important Non-ACE source of All in the circulation and
linked with circulatory disease and hypertension. Chymase
levels have been measured in anaphylaxis, but chymase
genes not been directly examined in anaphylaxis cases
unlike the genes of the renin-angiotensin system. We
have therefore included the Chymase promotor gene
CMA-1903 to our analysis as the GG polymorphism is
strongly associated with hypertension.

We have examined further our original study subjects
for Angiotensinogen (AGT-polymorphism M235T) and
Chymase (CMA1-1903-polymorphisms A/G) genes. We
have linked these findings to their prior ACE genotype,
to see if there is evidence for bi- or tri-allelic ensemble of
genes that could be a host factor for angioedema and
cardiovascular collapse in allergic reactions compared

with atopics and healthy controls.®

Methods

Objectives

To establish the M235T and A1903G genotypes of all 293
subjects and combine that with their prior determined ACE
(I/D) genotype. To examine these gene polymorphisms for
bi- or tri-allelic patterns that may differ between healthy
control, atopics and anaphylaxis especially those with
angioedema and cardiovascular collapse compared with

cutaneous and respiratory symptoms only.

Subjects

A parallel-group study of 293 subjects, 119 healthy (non-
atopic) controls without medication, 52 atopics without
anaphylaxis (minor pollen or oral allergy symptoms) and
122 subjects with IgE-mediated anaphylaxis on two or
more occasions to food, venom or drugs.*’ No subjects
taking ACE-inhibitors or
antagonists. The anaphylaxis patients had no personal

were angiotensin-receptor
history of hypertension, although 5% of venom patients
and 3% of food/drug confirmed a family history of hyper-
tension. Serum ACE levels were lower in the anaphylaxis
group. Any subjects <I18yrs old had informed consent
from the parent to participate in the study.

Study Ethics

The study was performed at St. Helier Hospital Allergy
Clinic in Surrey, with permission granted by our London
Surrey Borders regional Ethics Committee initially in
1997 (REC approval No. 14/97) and re-submitted and
expanded in 2005 (Rec. No. 14/97) to examine further
aspects of the RAS system and genotypes. The study
conformed to the declaration of Helsinki. Each patient
gave written informed consent and enrolment of cases
and controls were completed by 2009. The statistically
calculated sample size was a minimum of 50 subjects in
each of the 3 main groups. This was comparable at the
time with other studies linking genotype to disease states.
ISRCTN registry number: 10,465,389. Funding was from
a local R&D dept. grant initially and also by funds in our
departmental charity account.

Clinical Assessment

All subjects including healthy controls (HC) were skin
prick tested to airborne allergens, venom and food to
confirm their exact atopic status. Detailed records of aller-
gic history, past medical history, drug medication and
family history were recorded in all subjects.

Total Serum IgE And Allergen-Specific IgE
This was measured in all cases of hymenoptera venom
allergy and drug-induced anaphylaxis with intradermal
testing as appropriate. The food-induced anaphylaxis sub-
jects had IgE and specific IgE tests only if strong confir-
mation by skin prick test was judged unsatisfactory.

Most measurements were performed “in house” by our
Immunology Laboratory Department at St. Helier Hospital
by Phadia 250 Unicap analysis.

Journal of Asthma and Allergy 2019:12
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Skin Prick Tests

A range of products were used, Alk-Abello for airborne
allergens and Hymenoptera venom, Hollister—Stier for
food allergens with “fresh food” tests in some subjects.
Skin prick tests were read at 15 mins with appropriate
positive and negative controls.

Assessment Of Anaphylaxis

All reactions were recorded in detail including (route of
allergen exposure, time to onset, duration and treatment)
including a proforma of Terr’s classification for grading of
the anaphylaxis (Figure 1)."*

The anaphylaxis group was further subdivided into:*’

1. Those with Airway Angioedema & CardioVascular
System collapse (AACVS) suggestive of reduced
renin-angiotensin function n=95 subjects.

2. Those with Cutaneous and Respiratory Allergy
(CRA) symptoms only and suggestive of histamine
effects including skin itch with or without rash, eye
and nasal symptoms with a mild cough or chest
tightness or mild wheeze n=27 subjects.

Angiotensinogen And Chymase Gene
Polymorphisms

EDTA samples previously collected (and stored at —20°C)
and had their buffy coats used for DNA extraction.

Isolation Of Genomic DNA

Genomic DNA was prepared from the buffy coats (300 pL)
using the Promega Maxwell 16 semi-automated extraction
system. The extracted DNA samples were quantified

(Eppendorf Biophotometer) and stored at —20°C until ready
for PCR.

Angiotensinogen M235T Gene And

Polymerase Chain Reaction Method

PCR: The PCR reaction was set up in a total volume of 20 uL
containing 15 pL of PCR Master Mix (ABgene Ltd., UK,
Thermo Scientific) containing 1.5 mM MgCl,, 20mM
ammonium sulphate in 75 mM Tris-HCI buffer and 50pmol
of the forward and reverse oligonucleotide primer (MWG
Biotech, Germany) and 5uL (50-100ng) of genomic DNA
template.®!

The sense and antisense primers had the following
sequences:

Downstream 5'-CAG GGT GCT GTC CAC ACT GGA
CCC C-3’

Upstream 5°-CCG TTT GTG CAG GGC CTG GCT
CTC T-3’

PCR cycling conditions used were initial denaturation
at 90°C for 3 mins followed by amplification for 10 cycles;
at 94°C for 1 mins, 68°C for 1 min, 72°C for 1 min. This
was followed by 30 cycles at 90°C for 30 s, 68°C for 1
min, 72°C for 30s, and final extension at 72°C for 10 mins.

Enzyme digest
10 puL of PCR product was incubated for 30mins at 65°C
with 0.2uL of enzyme (Tth III-I), 2 pL buffer (X10 con-
centration), and 8 pL H,O followed by analysis by gel
electrophoresis.

Gel Electrophoresis
The PCR products (10uL) were separated on 2% agarose
gel with ethidium bromide using Triboreate EDTA buffer

Anaphylaxis 1 2 3 4
grades
Hypotension Faint/dizzy Unconscious Prolonged Cardiac
unconsciousness Arrest
Bronchospasm Wheezy Severe Poor response
to treatment
Angioedema Lips/face Generalised Severe
Airway Oedema Hoarse Difficulty in difficulty
swallowing breathing
Urticaria Mild General severe
Pruritus Mild Severe
Conjunctivitis Mild Severe Ulcerated
Vomiting Once Severe Prolonged
Diarrhoea Once Severe Prolonged
Abdominal pains Severe bleeding
cramps
CNS Describe all

Figure | Terr’s classification of anaphylaxis grades 1-4.
Note: Data from Terr.'
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solution at 110V for 60 mins. A 100bp (basepair) DNA
ladder size marker (8uL) was used. The amplified PCR
products were visualised as bands under UV light. M and
T alleles were identified at 165 bp and 141 bp,
respectively.

Chymase Gene (CMAI-A1903G) And

Polymerase Chain Reaction Method
PCR: The PCR reaction was set up in a total volume of 25 pL
with 12.5 pL of master mix containing 1.5 mM MgCl,,
20mM ammonium sulphate in 75 mM Tris-HCI buffer
(ABgene Ltd, UK, Thermo Scientific) 1.25 pL of primer-1
and 1.25 pL of primer-2 (50pmol of the forward and reverse
oligonucleotide primer, MWG Biotech, Germany), 3.5 uL of
genomic DNA (100-300ng) and 6.5 uL of water.>%*

The sense and antisense primers had the following
sequences:

5'-GGA AAT GTG AGC AGA TAG TGC AGT C-3'

5'-AAT CCG GAG CTG GAG AAC TCT TGT C-3'

The PCR cycling conditions used were heating at 95°C
for 5 mins followed by amplification for 39 cycles; each
cycle consisted of denaturation at 94°C for 30s, annealing
at 51°C for 15s and 72°C for 30s extension.

Enzyme digests
10 uL of PCR product was incubated for 30mins at 37°C
in an enzyme mix containing 2 pL of fast digest buffer
(X10), 1 pL restriction enzyme (BST X1) and 17uL of
nuclease-free  water

followed by analysis by gel

electrophoresis.

Gel Electrophoresis

The PCR products (10uL) were separated on 2% agarose
gel with ethidium bromide using Tri-boreate EDTA buffer
solution for 1 hr at 110V. A 100 bp DNA ladder size
marker (8uL) was used. The amplified PCR products
were visualised as bands under UV light. “A” genotypes
were identified at 190+90 bp and “G” at 280 bp,
respectively.

Statistical Analysis
Statistical analysis was carried out using Sigma Stats 3.1
and Prism 3.03 statistical package.

Genotype profiles for all the groups and subgroups
were compared by Pearson’s Chi-Square test for categori-
cal data. Chi-Square test was used for assessment of the
Hardy—Weinberg equilibrium for the distribution of

genotypes.

The analysis was performed for all patients as a group.
The genotype frequencies for atopics and anaphylaxis
groups were firstly compared with healthy controls using
a chi-square test (2df) for both AGT and Chymase genes.
Genotype subgroups with AACVS were compared with
CRA and Terr’s traditional anaphylaxis grades 1-4. The
level of significance was adjusted by the Bonferroni cor-
rection for multiple comparisons to avoid false-positive
findings. For example, 10 comparisons for the paired
gene analysis gave a statistical significance p valve of
0.05/10=0.005.

Bi-Allelic Pairing Of Genotype Patterns For The
Groups

The pattern of the shared genotypes (AGT/CMA, AGT/
ACE and CMA/ACE) for the groups was examined by
Chi-Square analysis with significance determined by the
Bonferroni correction and indicated in tables.

Tri-Allelic Ensembles For The 3 Commonest Gene
Patterns (AGT, Chymase And ACE)

The 2 main groups HC and anaphylaxis (with AACVS) were
examined for tri-allelic patterns.”” The 27 gene combinations
were generated, limiting reliable statistical analysis for all
combinations together, Figure 2 shows the tri-allelic pattern
for HC and anaphylaxis. By selecting the 6 commonest tri-
allelic gene patterns seen in HC and anaphylaxis (that
accounted for 47-58% of all subjects), analysis by Pearson’s
Chi-square testing could be used as shown in Table 7.

Results

Table 1 shows the demographics of the 3 main groups:
includes ethnic groups, allergen sensitivity, total number of
anaphylaxis events and time to onset (Table 1). Terr’s
grading 1-4 for anaphylaxis (see Figure 1) and the per-
centage of cases that involved AACVS (airway angioe-
dema and cardiovascular collapse) is shown. The female
predominance of the group reflects that reported in
the UK.*

Table 2 shows angiotensinogen (AGT) gene frequency
for the 3 groups. In our healthy controls, the AGT gene
frequency is entirely consistent with European data (MM
30%, MT 49%, TT 21%).%

There were no statistical differences in AGT gene
patterns between HC and atopics (Table 2). Anaphylaxis
patients, however, showed a predominance of the MM
genotype in 46%, of subjects (p=0.019) with a reduce
MT gene frequency compared to HC. This difference
was most marked in the AACVS group where the MM

Journal of Asthma and Allergy 2019:12
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Figure 2 Tri-allelic ensemble of the 27 genes combinations of AGT, CMAI and ACE for healthy controls (HC) and anaphylaxis.

Note: *Genes in the analysis.

frequency was 48% (p=0.017 but did not reach signifi-
cance). The MT/TT gene pattern predominated in our HC
and atopic subjects with 50-65% having 1 or 2 T-alleles
compared with only 36% in anaphylaxis.®’

MM genes are associated with 20% lower plasma AGT
levels, which is the precursor for Al and AIl generation and
results in lower BP through lower activity of the angiotensin
system. It is therefore more likely to produce hypotension
than MT or TT. T-alleles are strongly linked to diastolic
hypertension, left ventricular hypertrophy and myocardial
infarction especially in European Caucasians.*>¢"°

For Terr’s traditional grading, MM genes increased
significantly from grade 1 (0%), grade 2 (47%), grade 3
(52%) and grade 4 (60%) but 5 subjects only. Chi-squared
analysis showed a significant increase in MM frequency

between Terr grade 1 versus 2 (p=0.0011) and Terr grades

1 versus 3 (p=0.0017) with significance at p=0.008 as
shown in Table 2.

Table 3 shows the chymase gene frequency (CMAI-
1903) for the 3 groups.

The HC group was consistent with the European popu-
lation data for the Chymase gene A1903G (AA=17%,
AG=52%, GG=29%).65 There were no statistical differ-
ences between HC, atopics and anaphylaxis including
subgroups (Table 3). For Terr’s classification, the AG
genotype was commonest and increased through the
Terr’s grades 2—4 (44%, 61%, and 80%, respectively)
data not shown but did not reach significance. The AG
frequency was equal across the 2 main groups (HC and
anaphylaxis) at 53% and 54% although higher at 62% of
all atopics. The data does not differ from the expected
frequency of this gene at 52% in the European population.
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Table 1 Demographics Of Subjects

Subject Groups Mean Age SD Serum ACEXSD Ethnic Groups Allergen Sensitivity And
(Age Range) Levels U/L (Number Of Subjects)
Healthy controls N=119 53%11.1 (25-71) 48.9+25 95% Caucasian None
(73% female) 5% Asian
Atopic controls N=52 47+13.7 (18-77) 47.9+25 87% Caucasian Asian Fish (3)
(77% female) 10% Chinese 3% Dairy (3) Fruit/nut (13) Airborne (33)
Anaphylaxis group (venom, food | 45+14.0 (16-71) 33.8+21 93% Caucasian Wasp (35) Bee (9) Nut/fruit (36)
& drug) N=122 Asian 6% Latex/others (13) Drugs (6)
(65% female) African-American=1% Exercise (4)
Cereals (5)
Fish (14)

Cause of anaphylaxis and Venom n=44 Foods/drugs/latex
no. of subjects N=78
Symptom onset

<10mins 65% 66%

10-30mins 8% 46%

>30mins 27% 30%
Total no. of anaphylaxis 94 stings 170 reactions
(mean no. per subject) (2.1 each) (2.6 each)
AACVS reaction for venom/ 84% (n=37 subjects) 74% (n=58 subjects)
foods
Terr’s classification of Venom Food/drug/latex Total of subjects in each grade
anaphylaxis 44 subjects 78 subjects
Grade | 2 8 10
Grade 2 16 39 55
Grade 3 24 28 52
Grade 4 2 3 5

Abbreviation: AACVS, angioedema and cardiovascular collapse.

G alleles are very strongly associated with hyperten-
sion and higher IgE blood levels, and hypertensive risk.
There is increasing evidence that alpha-2 macroglobulin
captures released mast cell chymase, and enters the circu-
lation where chymase contributes to 80% of AIl genera-
tion within the circulation. No data is available from the
literature on AIl levels for the Chymase CMAI1-1903,
despite its strong association with hypertension. In our
previous study, we had measured serum ACE and renin
as described.*” Renin levels did not vary between the
Chymase polymorphism, but in anaphylaxis serum ACE
levels £ S.D. (U/L) were lower in the AG genotype (39+
19) compared with AG of HC (47« 28), but similar for GG
in anaphylaxis and HC (47+ 21 and 48+ 41, respectively).
This difference did not reach significance but may suggest

a yet unrecognised cross-regulation between ACE and
Non-ACE activity in those prone to anaphylaxis.

Table 4 shows the paired (bi-allelic) gene frequency for
AGT and CMA 1-1903 genes.

When the AGT (M/T) and chymase genes (A/G)
were paired for each individual within the 3 main
groups (+ anaphylaxis sub-groups); a statistically signif-
icant difference in gene sharing between HC and ana-
phylaxis occurred (Table 4). This showed statistically
significant increased pairing of AG/MM in anaphylaxis.
This was not seen for Chymase alone, although the
Terr’s grading had suggested increased AG genotypes
within grades 2-4. MM genotypes alone had been
increased in anaphylaxis (46%), but were not signifi-
cantly different from HC (35%).

Journal of Asthma and Allergy 2019:12
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Table 2 Angiotensinogen Genes For The Groups And Terr’s Classification

AGT Genotype (% Of Cases) MM MT TT Healthy Controls* Atopics* Anaphylaxis* CRA*
Healthy controls 42 (35%) 63 (53%) 14 (12%)

(HC) N=119

Atopic controls 20 (38%) 24 (46%) 8 (16%) P=0.671

N=52

Anaphylaxis 56 (46%) 43 (35%) 23 (19%) P=0.019 P=0.399

N=122

CRA" anaphylaxis only Il (41%) Il (41%) 5 (18%) P=0.449 P=0.883 P=0.89

N=27

AACVS" anaphylaxis 45 (48%) 32 (33%) 18 (19%) P=0.017 P=0.330 P=0.98 P=0.778
N=95

Significance The p values for the groups and subgroups are represented as a chequer board with significant values in bold

for example healthy control versus anaphylaxis p =0.019.
*Chi square with 2df with significance at < 0.005.
CRA"= cutaneous & respiratory anaphylaxis.

AACVS"= airway angioedema * cardiovascular collapse

Terr’s Traditional Grades Of MM MT TT Grade | Grade 2 Grade 3%
Anaphylaxis P value® P value® P value#
Grade | 0 9 |

N=10

Grade 2 26 16 13 P=0.0011

N=55

Grade 3 27 16 9 P=0.0017 P=0.718

N=52

Grade 4 3 2 0 P=0.220 P=0.468 P=0.593
N=5

Statistical significance *Chi square with 2df with “p-value significant <0.008.

The p values for the groups and subgroups are represented as a chequer board with significant values in bold for

example grade | versus grade 4 Terr p =0.220

Table 3 Chymase CMAI-1903 Genotype Frequency For The Groups

Chymase Genotype (% Of Cases) AA AG GG Healthy* Controls Atopics* Cutaneous* & RS
Healthy controls (HC) 23 (19%) 65 (55%) 31 (26%)

n=119

Atopic controls 7 (14%) 32 (61%) 13 (25%) P=0.597

n=52

Anaphylaxis 19 (16%) 66 (54%) 37 (30%) P=0.648 P=0.661

n=122

CRA I (3%) 15 (56%) I (41%) P=0.072 P=0.1991

n=27

AACVS 18 (19%) 51 (54%) 26 (27%) P=0.976 P=0.596 P=0.111
n=95

Notes: *Chi-square with 2df with significance at p<0.006. The p values for the groups and subgroups are represented as a chequer board with significant values in bold for
example healthy controls versus CRA p =0.072.
Abbreviations: CRA, cutaneous & respiratory anaphylaxis; AACVS, airway angioedema * cardiovascular collapse.
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N The MM/AG gene frequency in anaphylaxis subjects
% (including AACVS) was doubled (17% in HC to 31% in
;: N anaphylaxis; p<0.005). This was significantly different
E E s from HC, atopics and CRA where MT/AG was 31%,
3 31%, 22% respectively compared with 17% in anaphy-
E ~ \é laxis. The combination of AGT with chymase had
g % g increased the statistical significance between the HC and
< = ‘-;éo anaphylaxis groups that had not been reached for either
- § o § g gene polymorphism alone.
b § s % S M The MM pattern would reduce circulating angiotensi-
T - - - . % nogen levels by 20% for the anaphylaxis group as dis-
E . . .
ol _ = < < . 2 cussed previously, while the presence of T alleles is
,‘:’ § § °f =2 § g associated with higher BP responses and AGT levels.
il i _ il i § Blood pressure elevation is also associated with the num-
2 < § < < < é ber of G alleles.”""?
E “f S E/ E f n Table 5 shows the paired (bi-allelic) gene frequency for
% AGT and ACE genes.
:E < < < < ‘g When AGT (M/T) and ACE (I/D) genes were paired
E > = < o g % for each individual subject and their group (Table 5),
g anaphylaxis differed significantly from the HC, atopics
o % < 2 < & % and CRA groups due to an increased MM/II and MM/ID
g = * = i:/ = g' gene sharing (p=0.0013). These are gene polymorphisms
£|= i = ~ = o that give lower AGT levels and lower ACE activity,
ol s < < - < ";: respectively, with a tendency to lower BP and potentially
2 E D o = § 2 |eg angioedema from reduced BK catabolism. This gene pat-
§ |5 = ~ © = g % tern  also  included AACVS  (p=0.003  with
Ol gl o u - significance <0.005).
= E & § § § g = § HC, atopics and CRA showed increased MT/DD and
,_,3_ |2 o ™~ - © ::fog MM/DD gene sharing consistent with higher activity of
%" < g E the renin-angiotensin system. Higher Serum ACE is very
& 3 - € < < < 33 strongly associated with the DD genotype giving higher
% § 5 f ; i f’ g’ g" BP levels with increased BK catabolism that would reduce
% — — — — ‘% g a tendency to angioedema. Equally, the presence of a T-
,a_n g § § § s § g > allele is also associated with higher BP through genetically
ﬁ § § ~ 5 g’ E % g determined higher circulating levels of AGT.
E % ) Table 6 shows the paired (bi-allelic) gene frequency for
22| | |g g g3 CMA1-1903 and ACE gene.
E § f E :*( ° g é-' § Chymase (A/G) and ACE (I/D) gene pairing, showed
o ¥ g significant difference between anaphylaxis and HC
§ g § ;T (p<0.0073). There was an increased frequency of II/AG
<|§ g«% and ID/AG sharing in the anaphylaxis group (Table 6),
% g _ §o é which would be associated with lower ACE, Al and AIl
(i E \% 5 § circulating levels and reduced BK catabolism.
é .E 2 ” 3 g Conversely, HC and atopics showed increased DD/AG
S\ g g % 2 i § pattern with DD strongly associated with higher activity of
<|3 E ol s ;1 - o £ g serum ACE and higher blood pressure along with
215|3 Sl eS| ETIEN % QN5 increased BK catabolism. For CRA, the pattern was
N I i Tl T B 123 mixed with 56% showing genes for higher BP (DD or
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GQG), with 44% having the same II/AG pattern seen for
anaphylaxis.

Studies clearly show that IT and ID genotypes have lower
ACE levels and activity with higher basal BK levels.”*>*
Interestingly, the potency of intravenous Al is 5x greater in
people with the DD genotype. An observation not explained
by AII levels nor angiotensin-2 receptor density. DD genes
have the highest serum ACE and All levels with shortest
half-life for BK catabolism which may protect against a
tendency to hypotension and angioedema.>*>>

Figure 2 shows the 3 genotype combinations (Tri-alle-
lic ensembles) for HC and anaphylaxis.®

Twenty-seven possible gene combinations were generated
from the 3 alleles. These genes or “tri-allelic patterns or
ensembles” are shown in Figure 2 for the HC and anaphylaxis
groups only. The 6 commonest tri-allelic gene ensembles from
Figure 2 (marked by *) were analysed as shown in Table 7.
This confirmed statistically significant differences between
HC and anaphylaxis for the 6 commonest combinations
(including AACVS). Comparison tri-allelic graphs (data not
shown) for HC and atopics and also HC, atopics and CRA
showed a similar distribution of gene combinations without
any evident differences. Tri-allelic graphs of AACVS versus
CRA and atopics showed 4 clear peaks of difference again II/
MM/AG and ID/MM/AG for AACVS and while DD/MT/AG
and ID/MT/AG for CRAand atopics. The findings support the
bi-allelic gene combinations already demonstrated.

Table 7 Ensemble Of 6 Common Gene Combinations

In anaphylaxis, the tri-allelic genes patterns were pre-
dominately II or ID/MM/AG.

While in HC (including atopics and CRA) they were
predominantly DD/MT/AG or GG.

These gene polymorphisms would support differences
in BP responses under cardiovascular stress between HC
and Anaphylaxis. The atopics and CRA groups despite
their allergic disease followed the HC group’s tendency
to higher angiotensin activity and higher BK catabolism
through their gene pattern.

Discussion
There remains limited understanding of host factors in
anaphylaxis despite 2% of the UK adult population carry-
ing adrenaline.” Many genes for atopy, bronchial hyper-
responsiveness and asthma are recognised and form a
polygenetic pattern of inheritance, but so far there are no
links between individuals with anaphylaxis and any spe-
cific “anaphylaxis inducing genes.” Current research is
examining food allergy and conformational and sequential
antibody-antigen binding sites that may ultimately confirm
a difference in IgE binding that could influence levels of
histamine and other mediators in these reactions.

Our study demonstrates a potential genetic link
between ACE, AGT and CMA gene polymorphisms with
IgE-mediated anaphylaxis to food, venom and drugs,

Tri-Allelic Ensemble HC (No. Of Cases) Anaphylaxis (No. Of Cases) AACYVS (No. Of Cases)
Il or ID I 29 26
MM
AG
DD 29 7 6
MT
AG or GG
DD 8 6 4
MM
AG
ID 10 16 8
MT
AG
Total no. (% of total in group) 47 (40%) 58 (48%) 44 (46%)
Chi square HC versus anaphylaxis* and - Anaphylaxis AACVS
AACVS* P=0.0001* P=0.000*
Note: *Chi-square analysis with significance p<0.025.
Abbreviation: AACVS, airway angioedema * cardiovascular collapse.
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particularly for reactions that include cardiovascular col-
lapse and severe angioedema.

The subdivision of our anaphylaxis patients into AACVS
and CRA fits more closely with the Australian Classification of
Anaphylaxis (life threatening) with cardio-respiratory effects,
laryngeal oedema and hypotension or generalised allergic reac-
tions (non-life threatening) that involve mainly cutaneous and
abdominal symptom.'> AACVS reactions could be consistent
with lower activity of the renin-angiotensin system through
effects on ACE, Al, All, BK and angiotensinogen levels that
may encourage hypotension with angioedema in severe allergic
reactions involving endothelial nitric oxide (eNO) and its known
interactions with AIL'?

The classical view of the RAS is that of an endocrine system
in which All is generated within the circulation and responsible
for salt and water balance and blood pressure regulation via
multiple target receptors (Figure 3). Multiple gene polymorph-
isms of RAS have been extensively examined for associations
with hypertension in a large sample of sibling pairs.*® Tri-allelic
gene ensembles were examined for predisposition to hyperten-
sion, with the D alleles of ACE and G of Chymase clearly
linked to idiopathic hypertension with normal plasma renin and
aldosterone levels. M235T was not examined but the T genes

are clearly linked to hypertension in many other studies.®***

The human genome project has shown that 30-50% of
BP variance is attributable to genetic heritability with 50%
affected by environment. Although multiple genes contri-
bute a 1-2mm increases in systolic and diastolic pressure,
genes for the renin-angiotensin system, kallikrein, nitric
oxide and natriuretic peptide B feature strongly in the
analysis of relevant genes.” Previous work in anaphylaxis
and the RAS has focused on venom-induced anaphylaxis
and its association with the ACE and AGT genes.
Niedoszytko examined ACE gene polymorphisms in 30
patients with insect venom allergy of Grade III or IV
severity on the Mueller scale. They found ID or II geno-
types in 80% of subjects.*” Studies clearly show that II and
ID genotypes have 50% lower ACE levels and activity
with higher basal BK levels that could explain their
findings.>>>* A recent study of exercise-induced anaphy-
laxis to wheat also confirmed increased II or ID gene
polymorphisms of ACE in subjects with the condition
compared with a very large control group.”* Likewise,
our prior study of ACE genes found II/ID genes linked
to anaphylaxis involving hypotension and angioedema.*’

Our findings for AGT show the MM genotype to be
increased in anaphylaxis (46%), but significant only for

Renin-Angiotensin System
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Terr’s grades 2+3 relative to grade 1. Prior data for venom
anaphylaxis also showed an MM— gene frequency of 29-39%
in grade 3 and 4 reactions, with 17% in healthy controls.*’

M- alleles are reported to be more frequent in asthma,
allergic rhinitis and atopic dermatitis.®> M235T genes predict
AGT levels from which Al and Al are generated. Since the
MM genotype has 20% lower angiotensinogen levels this is
likely to produce more hypotension in cardiovascular stress. In
contrast, the T alleles have the highest blood levels of AGT, Al
and AlI levels; with the number of T-alleles linked to diastolic
hypertension, left ventricular hypertrophy and myocardial
infarction especially in European Caucasians.**% The
MT/TT gene pattern predominated in our HC and atopic
subjects with 62—-65% having 1 or 2 T-alleles.

When AGT was paired with ACE, a significant
increase in bi-allelic sharing of MM/II or MM/ID for
anaphylaxis especially AACVS occurred again, supporting
the lowered activity of RAS as already reported for venom
anaphylaxis.*****7*° HC favoured the DD/MT combina-
tions consistent with greater RAAS activity and hyperten-
sion. As mentioned previously, the effects of intravenous
Al is 5 times more potent in people with the DD genotype,
which is not explained by AII levels or ATR;-receptor
density alone, suggesting additional unrecognised factors.
DD genes have the highest serum ACE and AII levels,
with shortest half-life for BK that could protect against a
tendency to hypotension, nitric oxide activation and
angioedema in anaphylaxis.’*>7>-7¢

Chymase (CMA1-1903) alone showed no statistical dif-
ferences between the 3 groups and subgroups. However, its
pairing with AGT showed significantly increased MM/AG in
anaphylaxis and AACVS, while HC showed increased MT/
AG or GG pairing.

Likewise, the pairing of Chymase and ACE also
showed increased AG/II or AG/ID for anaphylaxis com-
pared with AG/DD genes in HC.

The AG pattern of the Chymase gene was consistently
observed in our analysis, but unlike ACE and AGT, no data
are available in the literature that links CMA1-1903 with
measured All levels despite the G-allele link to hyperten-
sion and GG-homozygosity being strongly associated with
cardiovascular disease. As outlined in “Results® section,
serum ACE levels were lower in the AG anaphylaxis
group compared with AG healthy controls, and may suggest
a yet unrecognised cross-regulation between ACE and Non-
ACE activity in those prone to anaphylaxis.

When all 3 genes were examined for tri-allelic patterns,
the same findings were confirmed with the generation of

greater p values for statistical significance. The genes for
low AGT and ACE activity (MM/II/AG or MM/ID/AG)
were seen in anaphylaxis and AACVS and associated with
the Chymase AG polymorphism; While higher RAS activ-
ity was seen in HC, CRA and atopics (MT/DD/AG or GG)
and associated with AG or GG.® This suggests a polyge-
netic contribution from genes of RAS that could influence
hypotension and angioedema in allergic reactions. The AG
frequency for the Chymase gene in the general population is
52% from European data, and this was unchanged between
HC (53%) and anaphylaxis (54%) but increased in atopics
(62%). This AG polymorphism of chymase was therefore
equally associated with anaphylaxis and HC and may reflect
its gene frequency although it had a significant influence on
the tri-allelic pattern and its differences between HC and
anaphylaxis. The role of the serine protease Chymase in BP
control and anaphylaxis is not well understood and warrants
a brief review in the light of these findings.

Chymase is generated by mast cell degranulation in ana-
phylaxis. The non-ACE generating system of Chymase
involves its secretion from mast cells and its capture by
alpha-2 macroglobulin (alpha-2M) which facilitates entry to
the circulation.””-”® Data show Chymase to be responsible for
80% of our circulating All levels and unaffected by ACE-
inhibitors and angiotensin-receptor blockers.”**" The mast
cells of the skin, heart and blood vessels are the main source
of Chymase, with only 7% from bronchial mast cells.***

Chymase is normally stored in secretory granules
bound to its inhibitor heparin and was thought to mediate
only local AIl generation in allergic reactions due to rapid
inhibition by other serine proteases.”” ' When captured
by alpha-2M was recognised, this theory changed.”®**5

Upon capture, access to small molecules like Al continues,
giving an important role in systemic BP control.””!:5¢
Standard chymase assays do not detect captured chymase
due to shielding of the antibody site.”**” Newer assays do,
and suggests a steady leak of chymase from mast cells as
responsible for tonic AIl effects on vascular smooth
muscle.”*#”# Homozygosity for G alleles is assumed to
give higher AIl production accounting for its strong associa-
tion with hypertension, atherosclerosis, atrial fibrillation and
reduced left ventricular function.**™!

In anaphylaxis, blood Chymase levels increase after
lhr and remain raised for 824hrs.*’*°* An autopsy
study showed mean Chymase blood levels of 89.8ng/
mL in anaphylaxis compared with <3ng/mL in cases

without anaphylaxis.””*’
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After mast cell release, chymase can inactivate peptides
such as BK, kallikrein and substance P, while its co-released
heparin activates the “contact system” with auto-activation of
factor XII giving Factor X-mediated further BK formation®***
(Figure 3). Heparin is recognised in human anaphylaxis and
animal models, where it is linked to both the circulating BK
levels and the severity of anaphylaxis.” "

Mice deficient in Factor X and the BK-receptor do not
develop hypotension in systemic anaphylaxis.'®*

Raised IgE levels are associated with CMA 1-1903-GG
(297 KU/L) and also AG (144KU/L) polymorphisms that
may influence the level of mast cell activation with
secondary effects on the contact system and BK
generation.'” The reason for the significant association
of G with raised IgE levels is not understood but thought
to involve regulation of IgE. The G-allele is also linked
with bronchial asthma and chronic dermatitis particularly
for GG homozygosity in Caucasians.'®*1

The chymase AA genotype has the lowest IgE levels
(48.4KU/L) and no association with hypertension and did
not feature significantly in our data.*>'*'% Greater under-
standing of the Chymase CMA1-1903 promotor gene poly-
morphism is required along with its effects on non-ACE
generated AIl production and IgE levels. Since chymase
potentiates histamine and IgE levels, mast cell activation
could give increased BK levels in those with a G-allele.-
93,96,105-108

Human mast cells contain renin so local Al production can
occur; anaphylaxis is associated with the release renin and
histamine from mast cells in guinea pig models.'”''® The
drug Aliskiren is an orally active non-peptide direct-inhibitor
of the enzyme renin used in hypertension. It was noted on
post-marketing surveillance to show the occurrence of ana-
phylaxis and angioedema in some patients with histories of
hypersensitivity.''! This effect was deemed similar to other
medicinal products acting on the renin-angiotensin system,
including the severe anaphylaxis in patients on ACE-inhibitor
drugs seen especially with hymenoptera venom field stings.''*

Anaphylaxis research is predominately focused upon
animal models of IgE-mediated reactions due to the diffi-
culty of such studies in man. In man, IgE levels alone do
not explain a patients susceptibility to anaphylaxis, as
some subjects experience near-fatal anaphylaxis with low
levels of circulating allergen-specific IgE, while others
with higher levels have no symptoms on exposure, sug-
gesting other pathways play a part that are yet to be

understood.'"?

Studies in rodents suggest that platelet-activating factor
(PAF) is involved in anaphylaxis-induced cardiovascular
collapse and can be prevented by a PAF antagonist.''*!'"
In PAF-knockout mice, no hypotension or death in anaphy-
laxis occurs. PAF levels have been measured in man, and are
reduced immediately following anaphylaxis, but are normal
if measured away from the event.!'®!"” Anaphylaxis in wild-
type mice can be blocked by anti-histamines and the PAF
antagonists, suggesting a synergistic effect between hista-
mine and PAF. Animal models examining the depletion of
monocytes/macrophage in anaphylaxis suggests that they
may also be the source of PAF.'!>118:119

PAF, like BK maybe acting through endothelial nitric
oxide (eNO) when mediating its hypotensive effect in anaphy-
laxis, as the NO-inhibitor L-NAME (L-Nitro Arginine Methyl
Ester) can block severe hypotension induced by PAF and
prevent shock.""*''” Endothelial NO is now of interest in
murine models of anaphylaxis, and chronic blockade of eNO
increases the expression of mRNA for renin, ACE and ATR;-
receptors in the aorta with the risk of hypertension.'**'*! In
man, eNO is involved in the regulation of the micro-
circulation.'? Activation of RAS enhances eNO, producing
a vasodilator effect to protect against AIl vasoconstriction.”
Local administration of an NO-synthase inhibitor into human
brachial arteries causes a dose-dependant fall in forearm blood
flow, confirming that it participates in vascular tone. A func-
tional feedback exists between AIl and eNO under normal
conditions. AIl and eNO interact at the level of the endothe-
lium, where ACE converts Al to AIl. eNO has been shown to
downregulate the synthesis of ACE in the endothelium, as well
as ATR;- receptors in vascular smooth muscle, thus decreasing
All production and its action. Endothelial NO can be activated
by BK, substance P and physical shear forces on the blood
vessel walls. BK exerts a powerful arterial vasodilatation
through NO synthase; while ACE degrades BK. ATR,- recep-
tor stimulation by AIl can enhance eNO release.

Vascular production of superoxide radicals is enhanced
by AIl and accompanied by impairment of eNO vasodilata-
tion. All causes oxidant damage to the vascular system via
activation of NADPH oxidase. The oxidant species leads to
depletion of eNO and blood vessel injury with vascular
remodelling and cardiovascular disease. All generated oxi-
dants also inactivate extracellular NO. Higher basal AIl
levels are shown to reduce eNO levels.” An imbalance in
AII-NO, rather than the absolute concentration of either is
what determines cardiovascular physiology and pathophy-
siology. Oestrogens have been shown to increase eNO
levels probably through effects on eNO synthase and so
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protect the circulation in women leading to the better renal
function and resistance to renal injury.'*"'>*1?* Individuals
with the DD genotype of ACE and T-alleles of AGT and G-
alleles of Chymase may be more protected from the risk of
cardiovascular collapse through chronically depleted eNO
secondary to chronically raised AlII levels.''*!?1-12>7127 The
converse may be true for the “I” genotypes of ACE, where
eNO levels are shown to be higher giving benefit at high
altitude from eNO- maintained vasodilatation of the micro-
circulation that is not seen with DD genotype.'** Likewise,
MM would have lower AIl levels and higher eNO activity.

Our data may suggest that individuals with the DD-
ACE genes and T-alleles of AGT and the GG-alleles of
Chymase would be more protected from cardiovascular
collapse from chronically higher AIl levels suppressing
the eNO system.'?"'?*> This may not be true for the ID/II
and MM genotypes where All levels are lower,''?1247130
Assessment of other gene polymorphisms of nitric oxide

synthase and renin in our patients could be interesting.

Conclusion

Clearly, there are complex changes in the RAS between
birth and adulthood, some of which could explain the
increased hypotension and angioedema to allergic med-
iators manifesting more in childhood and pre-menopau-
sal women. The influence of the RAS genes may be
disguised in childhood by the systems immaturity and
changing hormone levels that once stabilized in adult-
hood offers easier identification of gene polymorphisms
and their influence in anaphylaxis. This data in adults
suggest an influence from several genes involved in the
generation of AIl and the catabolism of BK as relevant;
With the gene patterns for lower ACE, Al, AIl and BK
seen in AACVS reactions possibly reflecting higher
eNO activity. In animal studies, eNO appears to be the
main mediator of shock, and AII-NO balance controls
the microcirculation. As with all gene studies, confirma-
tion requires larger case numbers and controls while
environmental and epidemiological studies can address
other reason for the increasing incidence of anaphylaxis
in adults and children.

Abbreviations

ACE, angiotensin-converting enzyme; HC, healthy con-
trols; AACVS, airway angioedema & cardiovascular col-
lapse; CRA, cutaneous & mild respiratory anaphylaxis;
BK, bradykinin; Al, angiotensin-1; All, angiotensin-2;
RAS, renin-angiotensin system; AGT, angiotensinogen;

CMA-1 1903, Chymase gene polymorphisms; alpha-2M,
alpha-2-macroglobulin; IgE, immunoglobulin E; BP, blood
pressure; BMI, body mass index; DNA, deoxyribonucleic
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angiotensin-converting enzyme inhibitor; eNO, endothelial
nitric oxide.
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