
Introduction

The pathogenesis of asthma involves a complex and

heterogeneous genetic component interacting with several

environmental factors. Among the chemokines receptors and

their ligands macrophage inflammatory protein (MIP) 1α,

MIP-β and regulated on activation normal T cells expressed

and secreted (RANTES) bind to the chemokine receptor-5

(CCR5) that is expressed on T cells, monocytes, and
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Abstract

Objective: To examine the possible associations between CCR5∆32 and asthma and related phenotypes in

high-risk families.

Methods: A total of 154 families (453 individuals), with at least two affected children with physician-diagnosed

asthma (PDA) and atopy defined as one or more skin prick test to common inhaled allergen (SPT wheal  > 3mm),

were studied. Samples were genotyped using PCR assay and tested for possible associations by TDT and PDT

and case control analyses.

Results: Overall allelic frequency for CCR5∆32 was 26.1%, and both TDT and PDT demonstrated similar non-

significant associations (p=0.123) and (p=0.088). Analysis by the clinical categories of non atopic and atopic

asthma and presence or absence of atopy without asthma failed to identify any significant associations. However

there were strong associations of the mutant allele with the phenotypes of negative SPT, PC 20 less than

8mg/ml, baseline FEV1 greater than the population median (83.5% predicted) and serum IgE less than 100 IU/l

for child probands but only for negative SPT in unrelated parents.

Conclusion: Non-significant association was seen with family based association tests (FBATs). The strong

associations with the asthma related phenotypes in child probands support previous observations that CCR5 is

in linkage disequilibrium with CCR2 or CCR3.
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macrophages.1,2

A frame-shift mutation caused by a 32-base pair

deletion at position 32 (CCR5∆32) results in a truncated and

inactive protein (Figure-1).3,4 It has been confirmed that

individuals heterozygous for CCR5 ∆32 exhibit a delay in

progression from HIV infection to the full expression of

Acquired Immunodeficiency syndrome (AIDS) that T cells

expressing a 5 to 10-fold less CCR5 than wild-type cells are

resistant to invasion by HIV and that CD4+ T cells in such

individuals produce approximately 20-fold more RANTES

than wild-type cells.5-7 In addition to these associations with

HIV disease Alam et al8 suggested that C-C chemokines may

play an important role in allergic inflammation. It was

therefore hypothesized that the CCR5 ∆32 polymorphism

may provide a degree of asthma protection in childhood from

families at high-risk of asthma and atopy. In this regard a

previous case-control study in Aberdeen found a lower than

expected frequency of ∆32 allele in Caucasian asthmatic

children when compared with unrelated, non-asthmatic

controls (p<0.002).9 Subsequent reports have not been able to

confirm this association.10,11 However case-control studies

are subject to false positive associations due to population

stratification. It was therefore decided to assess the possible

relevance of the ∆32 allele by performing family

transmission analyses including the transmission

disequilibrium (TDT) and pedigree transmission (PDT) tests

that are not influenced by stratification.12-14 TDT detects the

allelic association with disease by assuming the null

hypothesis that heterozygous parents have an equal (50%)

chance under Mendelian inheritance rules of transmitting one

of the two-marker alleles to their offspring with the disease in

question. PDT uses the same principles but has several

advantages not least that all available parent child trios within

a family pedigree can be used. The association of the CCR5

∆32 allele with asthma was therefore tested in nuclear

families comprising at least two or more asthmatic children

using both transmission and association analyses. 

Two studies reported that the frequency of the ∆32

allele exhibited a gradient across Europe with higher

frequencies in the north than in the south of Europe but

with a mean of approximately 9% across Europe and

11.1% in UK.15,16

This study was planned to see the possible association

between CCR5 ∆32 and asthma and related phenol-type in

high risk families.

Subjects and Methods

Population characteristics have been described

elsewhere.17 Briefly we identified 154 unrelated nuclear

families (598 individuals including children and parents)

from our Local Grampian population in 2001, containing at

least 2 children and young adults between 8-24 years, the

majority of whom had a physician diagnosis of asthma (PDA)

and current symptoms (wheeze in the past 12 months). All

154 families were white caucasian and were drawn from a

population in which the UK 2001 census showed that 84%

were born in Scotland, 12% in other parts of the UK and only

4% out of the UK. 

Atopy was defined as the presence of at least one

positive Skin prick test (SPT) with a wheal size of   3 mm

among 5 inhalant allergens (cat, dog, house dust mite, grass

and alternaria) referenced to negative control and serum IgE

categorised as above or below 100 IU/ml. Bronchial

hyperresponsiveness (BHR) was assessed by methacholine

challenge13 only omitting this test in subjects with a baseline

FEV1 below 70% predicted. A positive response and hence

significant responsiveness was defined as a fall in baseline

FEV1 of 20% or more at a dose of less than 8mg/ml of inhaled

methacholine. Predicted FEV1 values for adults > 18 years

were from Crapo et al 198114 and for children < 18 years from

Wang et al 1993.15 Baseline FEV1 was categorized as above

or below the median whole population percentage predicted

value. DNA was isolated from EDTA anticoagulated whole

blood using the phenol-chloroform method. 

This project was funded and supported by the ministry

of higher education in Saudi Arabia for education purposes.

This support included manpower and financial expense for

population recruitment and bench work research. Ethical

approval for all studies was awarded by the Grampian

Research Ethics Committee to the department of child health

which was facilitating the work flow. 

Statistical Analyses:

Family-based association tests (FBATs):

In order to assess familial transmission of the ∆32

allele, the pedigree disequilibrium test (PDT) was used in

addition to TDT as this test has advantages over the classical

transmission/disequilibrium test (TDT).13,14 PDT treats the

triads (parent-child trios) as the independent entities whereas

TDT treats the contribution from heterozygous parents to an

affected child as independent13,14 and is therefore open to

confounding by phenocopies or heterogeneity. The PDT test

is based on markers with two alleles M1 (the common allele)
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Figure-1: Part of the CCR5 gene showing the amino acid sequence and the 32 bp

deletion, and translation to the normal receptor (top lines) or the truncated mutant

receptor (CCR5 ∆32, bottom lines). 



and M2 (the affected allele), and pairs of these alleles

(M1M2) or (M2M2) transmitted from heterozygote parents

to an affected child, and pair of alleles (M1M1) not

transmitted. The analysis was performed as in any family-

based test by the McNemar test.12

Families were identified with at least one parent

heterozygote for the mutant allele. The test was also applied

separately for PDA, BHR, percentage predicted FEV-1 below

the population median, atopy defined as a least one skin prick

test (SPT) at least 3mm greater than negative control, and

serum -IgE greater than 120 iu/ml.

Case-control Study:

Out of the 598 available subjects, 453 contributed to

the case control study, as participants had to be unrelated to

each other. None of the parents were related thus providing

210 individuals including 114 cases and 96 controls from

the105 families identified through child sib pairs and 98

individuals, all cases, from the 49 families identified from the

population followed from childhood, a grand total of 308

subjects. For the case control study in the younger generation

only the first identified child within each of the 105 sib pair

families and the 49 families based on long term follow up of

their parents were included, a grand total of 154 younger

generation subjects. 

Allele frequencies for the wild type (wt) and the

mutant allele (∆32) were compared in all diagnostic

categories, atopic asthma, atopy without asthma and non

atopic asthma all referenced to non atopic non asthmatic

parent and child generation controls.

Genotype and allele frequencies among the different

groups were tested by Chi-square and OR's and 95% CI's

with adjustment for age and gender. As asthma and atopy are

often co-associated we performed univariate analyses for the

3 "disease" categories of atopic asthma, atopy without asthma

and non atopic asthma. 

Results

Of the 154 unrelated children probands (age 8-24

years [median 14 years]) 150 had complete data as did 303 of

308 parents (age 34-61 years [median 43]).

Family-based association tests (FBATs):

Only 45 families contained at least one heterozygous

parent and were therefore eligible for TDT and PDT analyses.

Table-1 displays the results of TDT and PDT analyses for

both the CCR5 wild-type (wt) allele and the mutant ∆32

allele, which were transmitted from heterozygous (∆32/wt)

parents to asthmatic and/or atopic offspring. In order to

confirm the hypothesis that ∆32 polymorphism might protect

against asthma in childhood,9 a lower allele frequency of  32

would be expected in children affected with asthma

compared with the wild-type allele. However as can be seen

TDT did not achieve significance for transmission of the two

alleles with disease or absence of disease (p=0.123), and only

a marginal effect with PDT (p=0.088) (Table-1). 

Case-control Study:

The overall allelic frequency of ∆32 polymorphism in

this population (children and parents) was 26.1% and was in

Hardy-Weinburg equilibrium and the lack of such

equilibrium in some of the population subgroups was

probably due to the small size of some of these subgroups. In

the case-control study cross tabulation of genotype

frequencies for the wt and ∆32 revealed no significant
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Figure-2: Map of the chromosome 3p21 region containing the CCR gene complex

in relation to neighboring microsatellite markers. Distances are given as

centimorgans (in parentheses). As can be seen the CCR1, CCR2, CCR3, and CCR5

genes are in close proximity and within 300 kb of each other22,4.



differences between diagnostic categories in both unrelated

parents and unrelated children although there appeared to be

a slight excess of individuals homozygous and heterozygous

for ∆32 in the not asthmatic non atopic category (Table-2 a,b

and Figure-2).

Odds ratios were also corrected for gender and age in

order to see whether the association was modified by these

factors. This analysis revealed non-significant effects for age

or gender. 

However when asthma related phenotypes were

assessed it became apparent that there were significant

associations with the mutant allele. As can be seen from

Table-3.3 and in unrelated parents a significant association

was observed between the ∆32 mutation and the absence of

atopy as defined by negative SPT (p=0.001). In unrelated

children on the other hand (n=150; aged 8-24 years) highly

significant associations were found with negative SPT,

"normal" s-IgE level, FEV1 above the population median and
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Table-1: Results of TDT and PDT analysis for ?32 allele for different disease phenotypes.

TDT

Phenotype Informative Pedigrees Parent Genotype Children Allele Transmission Z-score P tdt

Expected Observed

Wt/?32 Wt Aff Unaff ∆32 (%) Wt (%) ∆32 (%) Wt (%)

PDA 45 59 31 45 0 65.5 34.5 50.2 49.8 2.789 0.123

PDT

Phenotype Informative Pedigrees Parent Genotype Children Allele Transmission Z-score P pdt

Expected Observed

Wt/?32 Wt Aff Unaff ∆32 (%) Wt (%) ∆32 (%) Wt (%)

PDA 45 59 31 90 10 65.5 34.5 48.8 51.2 1.056 0.088

SPT 38 48 28 73 13 63.2 36.8 41.1 58.9 1.002 0.097

s-IgE 31 45 17 48 24 72.5 27.5 45.8 54.2 0.936 0.877

FEV1 26 40 12 36 26 76.9 23.1 44.4 55.6 0.876 0.623

BHR 40 51 29 83 17 63.7 36.3 51.8 48.2 1.235 0.059

The table evaluates only alleles that were transmitted from heterozygous parents (wt/ ?32) to affected children. Aff = Affected, Unaff = Unaffected,

PDA = Physician diagnosed asthma, SPT = Skin prick test, s-IgE = Serum IgE >120 iu/ml, FEV1 ? 83.5% predicted, BHR = PC20 <8mg/ml methacholine.

Table-2 (a): CCR5 ∆32 genotypes and allele frequencies in unrelated parents.

Patient group Genotypes Alleles

Unrelated Parents Wt Wt/∆32 ∆32 Wt ∆32 P OR 95% CI

Non asthmatic non-atopic 66 (68.7%) 25 (26.0%) 5 (5.3%) 157 (81.8%) 35 (18.2%)

Non-asthmatic atopic 104 (81.2%) 18 (14.1%) 6 (4.7%) 208 (87.4%) 30 (12.6%) 0.106 1.446 0.923-2.266

Asthmatic Non-atopic 8 (72.7%) 2 (18.2%) 1 (9.1%) 18 (81.8%) 4 (18.2%) 0.996 1.003 0.393-2.556

Asthmatic Atopic 50 (73.5%) 17 (25.0%) 1 (1.5%) 117 (86.1%) 19 (13.9%) 0.306 1.305 0.781-2.181

Male 113 (75.8%) 30 (20.1%) 6 (4.1%) 256 (85.9%) 42 (14.1%)

Female 115 (74.7%) 32 (20.8%) 7 (4.5%) 262 (85.1%) 46 (14.9%) 0.429 1.07 0.681-1.682

Age < 43 year 148 (77.0%) 35 (18.3%) 8 (4.7%) 331 (86.6%) 51 (13.4%)

Age > 43 year 80 (71.4%) 27 (24.1%) 5 (4.5%) 187 (83.5%) 37 (16.5%) 0.171 1.284 0.811-2.034

Crosstabulation analysis. Reference category (asthmatic, atopic), wt vs  32 allele.

Table-2 (b): CCR5?32 genotypes and allele frequencies in unrelated children.

Patient group Genotypes Alleles

Unrelated Children Wt Wt/∆32 ∆32 Wt ∆32 P OR 95% CI

Non asthmatics non-atopic 26 (68.4%) 10 (26.3%) 2 (5.3%) 62 (81.6%) 14 (18.4%)

Non-asthmatic atopic 22 (75.8%) 6 (20.7%) 1 (3.5%) 50 (86.2%) 8 (13.8%) 0.475 1.336 0.601-2.968

Asthmatic Non-atopic 10 (76.9%) 2 (15.4%) 1 (7.7%) 22 (84.6%) 4 (15.3%) 0.727 1.197 0.433-3.314

Asthmatics atopic 55 (78.6%) 13 (18.6%) 2 (2.8%) 123 (87.9%) 17 (12.1%) 0.210 1.517 0.792-2.906

Male 58 (73.5%) 18 (22.7%) 3 (3.8%) 134 (84.8%) 24 (15.2%)

Female 55 (77.5%) 13 (18.3%) 3 (4.2%) 123 (86.6%) 19 (13.4%) 0.390 0.862 0.450-1.652

Age < 14 year 58 (73.4%) 17 (21.5%) 4 (5.1%) 133 (84.1%) 25 (15.9%)

Age > 14 year 55 (77.5%) 14 (19.7%) 2 (2.8%) 124 (87.3%) 18 (12.7%) 0.271 0.772 0.402-1.484

Crosstabulation analysis. Reference category (asthmatic, atopic), wt vs  32 allele.



negative BHR (Table 3 a,b).

Discussion

The transmission disequilibrium test (TDT) found no

significant difference between  32 and wt alleles. However

the limited numbers of eligible parent-child trios for TDT (n=

45) reflects the restrictive nature of this analysis to one child/

parent trio per family. The PDT analysis however allowed the

inclusion of all siblings from informative families and the fact

that this increased the eligible trios to 100 suggested that this

latter method would provide greater power in assessing the

relevance of candidate polymorphisms. However in this case

and with the ∆32 CCR5 candidates both TDT and PDT failed

to achieve significance. Mitchell et al,10 applied TDT to 229

randomly selected nuclear families from Australia, and 86

nuclear families from Oxfordshire, UK and also found no

evidence for preferential transmission of the ∆32 CCR5

candidate to asymptomatic children. They established that

heterozygous (wt/∆32) parents in each independent group

and in the combined group transmitted approximately equal

numbers of each allele to asthmatic children (TDT  2 =0.30,

p<0.29 for the combined data). McGinnis et al11 also reported

non-significant associations between the ∆32 allele and

asthma in English families (n= 43 nuclear families, TDT  2 =

1.35, P < 0.125) and in German families (n= 28 nuclear

families, TDT  2 = 0.016, P < 0.45)(table 4). McGinnis et al11

considered that this negative result could be the consequence

of random population variation, or the selection of highly

affected families. Most of the parents in their population were

asthmatic and had multiple asthmatic children. An alternative

explanation could be that the families in the present
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Table-3 (a,b): CCR5?32 genotype and allele frequencies by asthma related phenotypes.

a) Unrelated Genotypes Alleles

Parents Wt Wt/∆32 ∆32 P OR 95% CI Wt ∆32
Skin test

Negative 58 (62.4%) 30 (32.2%) 5 (5.4%) 146 (78.5%) 40 (21.5%)

Positive 170 (80.9%) 32 (15.2%) 8 (3.9%) 0.001 2.152 1.399-3.310 372 (88.6%) 48 (11.4%)

IgE level

IgE < 100 IU/L 156 (75.4%) 42 (20.3%) 9 (4.3%) 354 (85.5%) 60 (14.5%)

IgE > 100 IU/L 72 (75.0%) 20 (21.9%) 4 (4.1%) 0.919 0.976 0.609-1.564 164 (85.4%) 28 (14.6%)

BHR

> 8mg/ml 124 (72.9%) 39 (22.9%) 7 (4.1%) 287 (84.4%) 53 (15.6%)

< 8mg/ml 104 (78.2%) 23 (17.3%) 6 (3.5%) 0.231 1.321 0.834-2.093 231 (86.8%) 35 (13.2%)

FEV1 %

> 83% predicted 121 (75.4%) 32 (19.9%) 8 (4.7%) 274 (85.1%) 48 (14.9%)

< 83% predicted 107 (75.4%) 30 (21.1%) 5 (3.5%) 0.839 0.955 0.614-1.485 244 (85.9%) 40 (14.1%)

b) Unrelated Genotypes Alleles

Children Wt Wt/∆32 ∆32 P OR 95% CI Wt ∆32 
Skin test

Negative 19 (50.0%) 15 (39.5%) 4 (10.5%) 53 (69.7%) 23 (30.3%)

Positive 94 (83.9%) 16 (14.3%) 2 (1.7%) 0.0001 3.033 1.681-5.472 204 (91.1%) 20 (8.9%)

IgE level

IgE < 100 IU/L 20 (48.9%) 17 (41.4%) 4 (9.7%) 57 (69.5%) 25 (30.5%)

IgE > 100 IU/L 93 (85.3%) 14 (12.8%) 2 (1.9%) 0.0001 3.512 1.926-6.402 200 (91.7%) 18 (8.3%)

BHR

> 8mg/ml 26 (55.3%) 18 (38.3%) 3 (6.4%) 70 (74.5%) 24 (25.5%)

< 8mg/ml 87 (84.5%) 13 (12.6%) 3 (2.9%) 0.0001 3.147 1.694-5.844 187 (90.8%) 19 (9.2%)

FEV1 %

> 83% predicted 36 (60.0%) 20 (33.3%) 4 (6.7%) 92 (76.6%) 28 (23.4%)

< 83% predicted 77 (85.6%) 11 (12.2%) 2 (2.2%) 0.001 2.857 1.484-5.501 165 (91.7%) 15 (8.3%)

Crosstabulation analysis. Reference genotype Wt with age and gender were accounted for.

Figure-3: Allele frequencies of the   32 polymorphism by diagnostic categories in

unrelated children (A), and unrelated parents (B).



population did not fit a single genetic model and could be

exhibiting either fully or partial penetrant (dominant or

recessive) inheritance which conflict with the principle of

family-based assessments using simple Mendelian

inheritance models.

Distribution of the CCR5 ∆32 deletion has been found

to vary considerably in British populations from 11.1%15 to

22.7%.9 Distribution in the present and selected family

population was 12.5%. Variable prevalence of the  32 allele

has been found in different populations world-wide and are

likely to be influenced by different genetic background,

environment factors, and population structure.17

Unrelated parents and children in the present nuclear

family collection were eligible for case-control analyses and

the negative findings with respect to the 3 diagnostic

categories of atopic asthma, non atopic asthma and atopy

without asthma, could not support or refute the hypothesis

that ∆32 allele may only protect against pre-pubertal asthma

as reported by Srivastava et al.18 This is because the majority

of the "children" in the present study were adolescents or

young adults. Further study in larger numbers of children

across the child/ early adult divide would be required to

confirm or refute this age specific effect. McGinnis et al.11

also compared ∆32 allele frequencies between their unrelated

asthmatic and non-asthmatic parents, looking to confirm any

association with asthma reported from mainly prepubertal

children in the north east of Scotland by Hall et al.9McGinnis

et al11 observed a significantly lower prevalence of the ∆32

allele (p=0.0083) within their asthmatic group (n=46)

compared with asymptomatic controls (n=106). However

they had insufficient data to undertake analysis of the

subtypes of asthma and of atopy. 

The largely negative findings of Mitchell et al10 and

McGinnis et al11 in the face of suggestions of a possible

association in the data from McGinnis et al11 together with

the trend towards a higher prevalence of the mutant allele in

asymptomatic non atopic individuals could be a chance

finding or due to other complicating factors. What has been

described as "locus heterogeneity" occurs if more than one

genetic locus on a chromosome influences disease

susceptibility. In the case of asthma and related phenotypes

this could be due to the contribution of other chemokine

receptor genes CCR1, CCR2,19 and CCR3 (data submited for

publication) that lie within 300 kb of each other on

chromosome 3p21 (Figure-3).18 "Polygenic" effects could

also be relevant where more than one genotype occurs at

more than one locus as seen for the chemokine ligand

RANTES on chromosome 17q11.2-q12.20,21 The different

outcomes between the present Grampian population, and the

English population studied by McGinnis et al,11 and from any

other populations could also be explained by their different

genetic backgrounds and environmental exposures.

Furthermore high-risk families, although ideal for the study

of familial transmission, may not be the best population in

which to study gene phenotype associations as they are

selected on the basis of a high prevalence of the disease or

phenotype in question. 

As non significant transmission was observed with

both TDT and PDT, albeit with a trend in the latter case, the

frequencies of the ∆32 allele with atopic and non atopic

asthma were also compared. This analysis showed a non

significant positive trend towards a higher allelic frequencies

in asymptomatic non atopic in both child probands and their

parents that was similar to that found by McGinnis et al11 in

their adult population. However the strong associations of the

mutant allele with absence of asthma and atopy associated

phenotypes (Table-3.3) in child probands and the absence of

such associations with then exception of atopy as defined by

negative SPT would support the possible relevance of the

allele in children and adolescents as previously suggested by

Srivastava et al.18

Although errors due to small population samples and

to different genetic background and environmental factors

could explain the observed differences between the present

and previous reports the trends observed and the associations

with the intermediate phenotypes of atopy, BHR and baseline

lung function suggest that the CCR5 ∆32 polymorphism.

Other reported studies for chemokine receptor genes CCR219

that confirm significant association with protection against

asthma and/or CCR3 (data submitted for publication) may

contribute in linkage disequilibrium and CCR5 ∆32 with to

the absent or the expression of asthma.
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