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ABSTRACT 

Allergic bronchopulmonary aspergillosis (ABPA) is a hypersensitivity lung disease that 

affects patients with cystic fibrosis (CF) and asthmatic patients. Indeed, HLA-DRB1 alleles 

have previously been associated with ABPA-CF susceptibility although HLA-DQB1 allele 

associations were not clearly established. Our aim was to study HLA class II associations in 

our ABPA-CF patients and determine their role in susceptibility or protection. Patients with 

ABPA-CF, CF patients without ABPA, asthmatic patients without ABPA (AST) and healthy 

controls were included in this study. DNA was extracted by automatic extractor. HLA-DRB1 

and -DQB1 genotyping was performed by luminex PCR-SSO method (OneLambda, CA). 

Allele specific PCR-SSP was also performed by high resolution analysis (OL, CA). Statistical 

analysis was performed by SSPS and Arlequin softwares. Both HLA-DRB1*15:01 and -

DRB1*11:04 alleles showed an increased frequency in ABPA-CF patients with respect to 

AST, CF and controls, corroborating the data previously published. On the other hand, 

analysis of haplotypes revealed that almost all patients with ABPA-CF lacking DRB1*15:01 

or DRB1*11:04 carry either DRB1*04, DRB1*11:01 or DRB1*07:01 alleles. In the HLA-

DQB1 region, HLA-DQB1*06:02 allele was increased in these ABPA-CF patients with 

respect to AST and CF patients, and healthy controls, whereas HLA-DQB1*02:01 was 

decreased in ABPA-CF patients. These data confirm that a correlation exists between HLA-

DRB1*15:01, -DRB1*11:04, DRB1*11:01, -DRB1*04 and -DRB1*07:01 alleles, and 

ABPA-CF susceptibility and suggest that HLA-DQB1*02:01 is an ABPA-CF resistance 

allele.  

Key words: Allergic Broncopumonary aspergillosis; HLA; cystic fibrosis; asthmatic patients 

List of Abbreviations: Human Leukocyte Antigen (HLA), Allergic Broncho-Pulmonary 

Aspergillosis (ABPA), Cystic fibrosis (CF), Asthmatic Patients without ABPA (AST). 



 

 Cystic fibrosis (CF) (MIM 219700) is the most common autosomal recessive disease 

in Caucasians (1). Chronic lung disease, pancreatic insufficiency and male infertility are the 

most characteristic clinical features. All of these phenotypic abnormalities are caused by 

mutations in the CF transmembrane conductance regulator (CFTR) gene (MIM 602421). A 

spectrum of CFTR mutations in CF patients from the Region of Murcia (Southeast of Spain) 

has previously been reported (2, 3).  

 On the other hand, allergic bronchopulmonary aspergillosis (ABPA) is a 

hypersensitivity lung disease that affects patients with CF and asthmatic patients and is 

caused by the colonization of the airways with the fungus Aspergillus fumigatus (4, 5). ABPA 

affects approximately 1-2% of AST and 7–9% of CF patients (6). The clinical features of 

ABPA include asthma, pulmonary infiltrates, bronchiectasis and pulmonary fibrosis. The 

immune and inflammatory responses against Aspergillus fumigatus antigens are characterized 

by an increase of total serum IgE, specific IgE and IgG antibodies, precipitating antibodies 

and eosinophilia (7). T cell reactivity in ABPA is characterized by the presence of CD4+ T 

cells producing IL-4 and IL-5 cytokines (8-10).  

In this sense, associations between HLA class II antigens purified allergens and IgE 

responses have been reported (11, 12). Indeed, HLA-DRB1 alleles have previously been 

associated with ABPA susceptibility, although HLA-DQB1 allele associations were not 

clearly established (17, 18). 

Our aim was to study HLA class II allele frequencies in our ABPA-CF patients and 

their comparison with those allele frequencies found in CF patients without ABPA, asthmatic 

patients without ABPA (AST) and healthy population to determine their role in susceptibility 

or protection. 

 



MATERIALS AND METHODS 

Patients and controls 

Patients with ABPA-CF (n=38), CF patients without ABPA (n=46) and AST (n=306) 

were included in this study and recruited at the University Hospital “Virgen de la Arrixaca” 

from the Murcia Region, in the Southeast of Spain. CF mutational analysis was performed by 

genetic service of our hospital, as previously reported (2, 3). AST patients were also 

diagnosed as previously reported (15, 16). Indeed, a total of 176 unrelated healthy Caucasoid 

blood donors (CS), living in the same area, were also used as control group. Patients with 

ABPA fulfilled the criteria for the diagnosis, as outlined by Patterson et al (17). In these 

patients ABPA was diagnosed by the presence of recurrent wheezing, the presence of chest 

radiographic infiltrates, peripheral blood eosinophilia, immediate Aspergillus fumigatus skin 

reactivity, positive precipitating antibodies against Aspergillus fumigatus antigens, elevated 

serum total IgE levels of greater than 1000 IU/ml, and IgE and IgG anti-Aspergillus fumigatus 

antibodies. All subjects gave their informed consent prior to their inclusion in this study to the 

collection and storage of blood, isolation of DNA, and determination of gene polymorphisms. 

Indeed, the study was approved by the local medical committee. 

 

DRB1 and DQB1 genotyping 

DNA was extracted by Maxwell16 extractor (Promega, WI) as previously published 

(18). HLA-DRB1 and -DQB1 genotyping was performed by luminex PCR-SSOP 

methodology (OneLambda, CA), according to the manufacturers recommended procedure, as 

previously published (19). In addition, allele specific PCR-SSP (OL, CA) was also performed 

by high resolution analysis, as previously published (20). 

 

Statistical analysis 



Statistical analysis of allele frequencies distribution between groups was performed by 

SSPS v15.0 (Chicago, IL) and Arlequin V2.0 (University of Geneva) softwares, as previously 

published (18, 20). Categorical data were analyzed using the Fisher´s exact test and the 

likelihood ratio χ2 test. P-value<0.05 was considered as significant. P values were corrected 

by Bonferroni correction (Pc), as previously published (18). 

 

RESULTS  

Allele frequencies in AST, CF and healthy control groups were very similar and no 

significant differences were found between these compared populations.      

However, both HLA-DRB1*15:01 (Pc=0.03) and -DRB1*11:04 (borderline, Pc=0.07) 

alleles showed an increased frequency in ABPA-CF patients respect to controls, CF patients 

and AST patients corroborating the data previously published by Chauhan et al (12) (Table 

1). 

On the other hand, analysis of haplotypes revealed that almost all patients with ABPA-

CF lacking DRB1*15:01 or DRB1*11:04 carry either DRB1*04, DRB1*11:01 or 

DRB1*07:01 alleles (Pc=0.04, ABPA-CF vs AST). 

Thus, these data showed that 84% of ABPA-CF patients carried either DRB1*15:01, 

DRB1*11:04, DRB1*11:01, DRB1*07:01 and/or DRB1*04 alleles in a significantly higher 

frequency than those found in controls, CF patients and AST patients (Table 1). Indeed, the 

DRB1*03:01 allele frequency was decreased in ABPA-CF patients with respect to controls, 

CF patients and AST patients, although not significant. 

The remaining HLA-DRB1 alleles showed no significant differences between the 

compared populations. No DRB1*15:03 allele, reported by Chauhan et al. (12), was found in 

our control and patient population.  



HLA-DQB1*06:02 allele was also increased in ABPA-CF patients with respect to AST 

patients, CF patients and healthy controls, being the HLA-DQB1*06:02 allele frequency the 

highest found in ABPA-CF patients with respect to controls, CF patients and AST (Pc=0.03 

ABPA-CF vs. AST, CS), whereas the HLA-DQB1*02:01 allele frequency was decreased in 

ABPA-CF patients (Pc=0.04 ABPA-CF vs. AST, CF, CS)(Table 1). 

HLA-DRB1*15:01 presents strong linkage with HLA-DQB1*06:02. Therefore, the 

observed increasing in this HLA-DQB1 allele may simply reflect the high frequency of the 

DRB1*15:01 allele in patients with ABPA-CF.  

 

DISCUSSION 
This study, as a whole, provides new information that identify HLA-DQ2 serological 

subtypes appointed by Chauhan et al. (12), being the HLA-DQB1*02:02 subtype an eventual 

allele for ABPA-CF susceptibility and HLA-DQB1*02:01 a possible allele of ABPA-CF 

protection. The difference between DQB1*02:01 and DQB1*02:02 is in exon 3 (amino acid 

135). Indeed, DQB1*02:01 allele is genetically linked to DQA1*05:01 and it has been 

classically associated with celiac disease, Type 1 diabetes and other autoimmune diseases. 

However, DQB1*02:02 is linked to several DQA1 alleles, DQA1*02:01 and DQA1*03:03. 

Thus, we will study in future studies other HLA genes to discard others possible associations. 

In addition, since ABPA as a complication of cystic fibrosis is an uncommon fact, it will also 

be important to determine and corroborate, with a higher number of patients in the future, 

these interesting points. 

We did not find any differences between the groups used as comparison control which 

consolidates our results. These results allow us, with respect to CF patients, to corroborate 

and rule out partnerships with primary genetic pathology. With regard to the asthmatic 

patients, it allows us to discard the possible association with other allergic pulmonary 



pathology and, compared with the healthy population, allows us to establish control of the 

population frequencies. 

In this sense, several reports show that a strong Th2 response to the Aspergillus 

fumigatus antigens could be responsible for ABPA development, as indicated by prominent 

eosinophil infiltration (21, 22). Thus, it is possible that particular HLA class II alleles play a 

critical role in the outcome of the T-cell responses (Th1 vs Th2) to Aspergillus fumigatus 

antigens. So, patients who suffer from cystic fibrosis but not with ABPA and also lack of 

permissive alleles possibly get to trigger a response Th1 type against the fungus Aspergillus 

fumigatus which prevent colonization of the lung and the development of the disease. The 

opposite situation would occur in patients with ABPA-CF and susceptibility alleles that 

mounted a Th2 type response (11, 15). In this sense, other authors also demonstrate that 

altered TCR-mediated signals can lead to altered T lymphocyte phenotypes (23). This does 

not mean that a susceptibility allele alone can cause ABPA, but could obviously have a 

relevant function. 

In conclusion, these data corroborate previous studies showing a correlation between  

HLA-DRB1*15:01, -DRB1*11:01, -DRB1*11:04, -DRB1*07:01 and -DRB1*04 alleles, and 

ABPA-CF susceptibility. Indeed, our data show that HLA-DQB1*02:01 is a possible ABPA-

CF resistance allele.  

 

ACKNOWLEDGEMENTS 
 

This work was possible in part thank to technical support from projects from Fondo de 

Investigación Sanitaria (FIS) (PI11/02686)(CIBERehd) funded by the Instituto de Salud 

Carlos III, Spain and Seneca Foundation Nº04487/GERM/O6 y CajaMurcia.  

 

 



DISCLOSURE 

 None of the authors has a conflict of interest to disclose. We confirm that we have 

read the Journal’s position on issues involved in ethical publication and we affirm that this 

report is consistent with those guidelines. 

 

REFERENCES   

1 Welsh M.J., Ramsey B.W., Accurso F., Ikuma M, Hoshi T, Hennager DJ. (2001) Cystic 

fibrosis. In: Scriver CR, Beaudet AL, Sly WS, Valle D, eds. The metabolic and 

molecular bases of inherited disease, 8th edn. New York: McGraw-Hill Inc: 5121–5188.     

2 Moya-Quiles M.R., Mondejar-Lopez P., Pastor-Vivero M.D., González-Gallego I., 

Juan-Fita M.J., Egea-Mellado J.M., Carbonell P., Casals T., Fernández-Sánchez A., 

Sánchez-Solís M., Glover G. (2009) CFTR mutations in cystic fibrosis patients from 

Murcia region (southeastern Spain): implications for genetic testing. Clin Genet 76: 

577–579. 

3 Moya-Quiles M.R., Glover G., Mondejar-Lopez P., Pastor-Vivero M.D., Fernández-

Sánchez A., Sánchez-Solis M. (2009) CFTR H609R mutation in Ecuadorian patients 

with cystic fibrosis. J Cyst Fibros 8: 280-281. 

4 Knutsen A.P., Slavin R.G. (2011) Allergic Bronchopulmonary Aspergillosis in Asthma 

and Cystic Fibrosis. Clin Dev Immunol ID 843763, doi: 10.1155/2011/843763. 

5 Fricker-Hidalgo E., Coltey B., Llerena C., Renversez J.C., Grillot R., Pin I., Pelloux H., 

Pinel C. (2010) Recombinant Allergens Combined with Biological Markers in the 

Diagnosis of Allergic Bronchopulmonary Aspergillosis in Cystic Fibrosis Patient. Clin 

Vac Immunol 17: 1330-1336. 

6 Knutsen A.P., Bellone C., Kauffman H. (2002) Immunopathogenesis of allergic 

bronchopulmonary aspergillosis in cystic fibrosis. J Cyst Fibros 1: 76-89. 



7 Knutsen A.P., Hutcheson P.S., Slavin R.G., Kurup V.P. (2004) IgE antibody to 

Aspergillus fumigatus recombinant allergens in cystic fibrosis patients with allergic 

bronchopulmonary aspergillosis. Allergy 59: 198-203. 

8 Knutsen A.P., Hutchinson P.S., Albers G.M., Consolino J., Smick J., Kurup V.P. (2004) 

Increased sensitivity to IL-4 in cystic fibrosis patients with allergic bronchopulmonary 

aspergillosis. Allergy 59: 81-87. 

9 Thia L.P., Balfour Lynn I.M. (2009) Diagnosing allergic bronchopulmonary 

aspergillosis in children with cystic fibrosis. Paediatr Respir Rev 10: 37-42. 

10 Chaudhary N., Staab J.F., Marr K.A. (2010) Healthy human T-Cell Responses to 

Aspergillus fumigatus antigens. PLoS One 5: e9036. 

11 Koehm S., Slavin R., Hutcheson P.S., Trejo T., David C.S., Bellone C.J. (2007) HLA-

DRB1 alleles control allergic bronchopulmonary aspergillosis–like pulmonary 

responses in humanized transgenic mice. J Allergy Clin Immunol 120: 570-577. 

12 Chauhan B., Santiago L., Hutcheson P.S., Schwartz H.J., Spitznagel E., Castro M., 

Slavin R.G., Bellone C.J. (2000) Evidence for the involvement of two different MHC 

class II regions in susceptibility or protection in allergic bronchopulmonary 

aspergillosis. J Allergy Clin Immunol 106: 723-729. 

13 Chauhan B., Santiago L., Kirschmann D.A., Hauptfeld V., Knutsen A.P., Hutcheson 

P.S., Woulfe S.L., Slavin R.G., Schwartz H.J., Bellone C.J. (1997) The association of 

HLA-DR alleles and T cell activation with allergic bronchopulmonary aspergillosis. J 

Immunol 159: 4072-4076. 

14 Aron Y., Bienvenu T., Hubert D., Dusser D., Dall'Ava J., Polla B.S. (1999) HLA-DR 

polymorphism in allergic bronchopulmonary aspergillosis. J Allergy Clin Immunol 104: 

891-892. 



15 Muro M., Marín L., Torio A., Pagan J.A., Álvarez-López M.R. (2007) CCL5/RANTES 

chemokine gene promoter polymorphisms are not associated with atopic and non-atopic 

asthma in a Spanish population. Int J Immunogenet 35: 19-23. 

16 Torio A., Sánchez-Guerrero I., Muro M., Villar L.M., Minguela A., Marın L., Moya-

Quiles M.R., Montes-Ares O., Pagan J., Alvarez-López M.R. (2003) HLA Class II 

Genotypic Frequencies in Atopic Asthma: Association of DRB1*01–DQB1*0501 

Genotype With Artemisia Vulgaris Allergic Asthma. Hum Immunol 64: 811-815. 

17 Patterson K., Streck M.E. (2010) Allergic bronchopulmonary aspergillosis. Proc Am 

Thorac Soc 7: 237-244. 

18 López-Hernández R., Valdés M., Lucas D., Salama H., Campillo J.A., Martínez-Garcia 

P., Salgado G., López-Sanchez M., Botella C., Minguela A., Miras M., Álvarez-López 

M.R., Carballo F., Muro M. (2010) Association analysis of the MICA gene 

polymorphism and MICA-129 dymorphism and inflammatory bowel disease 

susceptibility in a Spanish population. Human Immunol 71: 512-514. 

19 Lucas D., Campillo J.A., López-Hernández R., Martínez-Garcia P., López-Sanchez M., 

Botella C., Salgado G., Minguela A., Álvarez-López M.R., Muro M. (2008) Allelic 

diversity of MICA gene and MICA/HLA-B haplotypic variation in a population of the 

Murcia region in  southeastern Spain. Human Immunol 69: 655-660. 

20 Muro M., González-Soriano M.J., Salgado G., López R., Boix F., López M., Campillo 

J.A.,  Martinez P., Botella C., Gimeno L., Minguela A., Álvarez-López M.R., Llorente 

S. (2010) Specific “intra-allele” (IA) and “intra-broad antigen” (IBA) HLA 

alloantibodies in kidney graft transplantation. Human Immunol 71: 857-860. 

21 Kurup V.P., Knutsen A.P., Moss R.B., Bansal N.K. (2006) Specific antibodies to 

recombinant allergens of Aspergillus fumigatus in cystic fibrosis patients with ABPA. 

Clin Mol Allergy 4: 11. 



22 Chauhan B., Hutcheson P.S., Slavin R.G., Bellone C.J. (2003) MHC restriction in 

allergic bronchopulmonary aspergillosis. Front Biosci 8: 140-148. 

23 Mycko M.P., Waldner H., Anderson D.E., Bourcier K.D., Wucherpfennig K.W., 

Kuchroo V.K., Hafler D.A. (2004) Cross-Reactive TCR Responses to Self Antigens 

Presented by Different MHC Class II Molecules. J Immunol 173: 1689-1698. 

 

 



Table 1. HLA-DRB1 and -DQB1 allele in ABPA-CF, AST and Controls-CS 

                         

              

Allele 

Controls-CS       

Frequency 

2n=352 

ABPA-CF 

Frequency 

2n=76  

AST                

Frequency 

2n=612 

CF               

Frequency 

2n=92 

 

                       

Pc 

DRB1*01:01 0.07540 0.07621 0.05689 0.06712 NS 

DRB1*01:02 0.05952 0.07621 0.04874 0.06712 NS 

DRB1*01:03 0.01587 0.00000 0.00786 0.00765 NS 

DRB1*03:01 0.12302 0.11535 0.15192 0.13195 NS 

DRB1*03:02 0.00397 0.00000 0.00786 0.00000 NS 

DRB1*04:01 0.03571 0.00000 0.05689 0.03426 NS 

DRB1*04:02 0.02778 0.03879 0.03383 0.03426 NS 

DRB1*04:03 0.01587 0.00000 0.03383 0.02112 NS 

DRB1*04:04 0.01984 0.07621 0.02910 0.02112 NS 

DRB1*04:05 0.01190 0.00000 0.01863 0.00000 NS 

DRB1*04:07 0.00794 0.00000 0.00786 0.00000 NS 

DRB1*07:01 0.17857  0.23073 0.16373 0.17675 0.04 a 

DRB1*08:01 0.01190 0.00000 0.02910 0.02112 NS 

DRB1*08:03 0.00397 0.00000 0.01863 0.00765 NS 

DRB1*08:04 0.00397 0.00000 0.01863 0.00765 NS 

DRB1*09:01 0.00794 0.00000 0.00786 0.00765 NS 

DRB1*10:01 0.00794 0.00000 0.01863 0.00765 NS 

DRB1*11:01 0.03175 0.03875 0.02910 0.03426 NS 

DRB1*11:02 0.03175 0.00000 0.02910 0.03426 NS 

DRB1*11:03 0.00794 0.00000 0.00786 0.00765 NS 

DRB1*11:04 0.03175 0.05952 0.03383 0.02112 NS 

DRB1*12:01 0.01190 0.00000 0.01863 0.00765 NS 



DRB1*13:01 0.08333 0.11595 0.09174 0.08635 NS 

DRB1*13:02 0.05159 0.03879 0.05689 0.05547 NS 

DRB1*13:03 0.01587 0.00000 0.01863 0.00765 NS 

DRB1*14:01 0.00397 0.00000 0.00786 0.00765 NS 

DRB1*15:01 0.05159  0.15380 0.06162 0.05547 0.03 b 

DRB1*15:02 0.01984 0.00000 0.01863 0.00765 NS 

DRB1*16:01 0.01984 0.00000 0.01863 0.00765 NS 

      

DQB1*02:01 0.12302  0.08333 0.14186 0.13195 0.04 c 

DQB1*02:02 0.17460 0.23073 0.16018 0.17675 NS 

DQB1*03:01 0.16667 0.12561 0.16018 0.17675 NS 

DQB1*03:02 0.11111 0.11535 0.12436 0.09762 NS 

DQB1*03:03 0.01190 0.03879 0.00786 0.00765 NS 

DQB1*04:01 0.00397 0.00000 0.00000 0.00000 NS 

DQB1*04:02 0.01984 0.00000 0.01863 0.02112 NS 

DQB1*05:01 0.15873 0.15381 0.15192 0.15422 NS 

DQB1*05:02 0.02381 0.00000 0.01863 0.00765 NS 

DQB1*05:03 0.00397 0.00000 0.00786 0.00765 NS 

DQB1*06:01 0.01984 0.00000 0.01863 0.02112 NS 

DQB1*06:02 0.04762  0.15380 0.06162 0.05547 0.03 d 

DQB1*06:03 0.08730 0.11595 0.09174 0.08635 NS 

DQB1*06:04 0.03968 0.03879 0.05689 0.05547 NS 

DQB1*06:09 0.00794 0.00000 0.00000 0.00000 NS 

NS, not significant; Pc, P corrected; aABPA-CF vs. AST patients, CF patients and controls-CS; 

bABPA-CF vs. AST patients, CF patients and CS; cABPA-CF vs. AST patients, CF patients and CS; 

dABPA-CF vs. AST patients, CF patients and CS 


