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Bronchiectasis is a complex pathological endpoint arrived at through a diverse interplay between lung infection and
altered immune function. It comprises irreversible, abnormal dilatation of one or more bronchi, with chronic airway
inflammation and is associated with recurrent chest infections, airflow obstruction, chronic cough, excessive sputum
production, and malaise. Many pathogens are associated with this disease, including chronic bacterial infections,
nontuberculous mycobacteria, and aspergillis. However, the etiology is poorly defined. Disease-associated genes
indicate a likely contribution to disease mechanism both from innate and adaptive immunity. The role of immune
mechanisms is highlighted by the occurrence of bronchiectasis in a subset of patients with rheumatoid arthritis
or inflammatory bowel disease as well as diseases of immune dysregulation such as combined variable immune
deficiency, transporter associated with antigen processing (TAP) deficiency syndrome, and hyper-IgE syndrome.
Recent evidence indicates a possible role of excessive natural killer cell activation in pathogenesis.
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Bronchiectasis is commonly defined as an ir-
reversible, abnormal dilatation of one or more
bronchi, with chronic airway inflammation.! This
is associated with recurrent chest infections, air-
flow obstruction, chronic cough, excessive sputum
production, and malaise. However, the underlying
etiology is poorly defined, and these may best be
regarded as common clinical and pathological end-
points, potentially resulting from diverse underlying
causes. Evidence suggests that during the latter
part of the 20th century, when the incidence of
bronchiectasis might have been expected to fall due
to changes in immunization and antibiotic prescrib-
ing, the disease became more common—an increase
probably not attributable simply to improved de-
tection.” It had been thought that the prevalence
of bronchiectasis was decreasing in the developed
world as a result of childhood immunizations, in-
creased use of antibiotics, and decreased tuber-
culosis. A U.S. retrospective study for the period
1993-2006 showed an average age-adjusted annual

increase in hospitalizations of2.4% in men and 3.0%
in women.? The explanation for this apparent para-
dox may lie in the assumption that bronchiectasis
should be regarded as neither a simple susceptibility
to chronic infection nor as a physical defect of the
bronchi, but as a complex endpoint of the interplay
between microbial pathogens, host microbiota, and
the influence of these on host regulation of inflam-
mation and adaptive immunity.

Different populations show considerable differ-
ences in prevalence of the disease, an observation
most likely related to differences both in genetics
and environment, as discussed later. In Australian
Aborigines3 and Alaskan native children, the preva-
lence is 14 per 1,000, compared with around 1 per
1,000,000 in Finnish children.*

The majority of bronchiectasis cases are described
as idiopathic insofar as no causal, initiating factor
is identifiable. Other causes include postinfectious,
immune deficiency—associated, and allergic bron-
chopulmonary aspergillosis (ABPA)." There is also
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an interesting subset of patients in which bronchiec-
tasis is associated with autoimmune disease, most
notably, rheumatoid arthritis and ulcerative colitis.
This list of associated, predisposing factors exem-
plifies the mechanistic conundrum of this disease
process: since the work of Peter Cole in the 1980s,
it has been argued that this should be considered
the result of a vicious cycle of chronic infection and
dysregulated, excessive inflammation.’ Certainly, a
key feature, both of bronchiectasis and ABPA, is
the chronic interleukin (IL)-8—mediated homing of
neutrophils to the lung.®” Itis also possible that neu-
trophil migration is promoted by IL-17 release from
lung T cells, gamma delta (v8)) cells, and natural
killer (NK) cells responding to local bacterial infec-
tion. However, this is a disease endpoint that may
be arrived at either by deficiencies in immunity (no-
tably immunoglobulin deficiencies and transporter
associated with antigen processing (TAP) deficiency
syndrome, in which there is abrogated TAP func-
tion necessary for the proper expression of HLA
class I molecules loaded with antigenic peptide)® or
by conditions that might be regarded as compris-
ing excessive, dysregulated immune effector mech-
anisms, such as rheumatoid arthritis and ulcerative
colitis. Although bronchiectasis is evidently not pri-
marily autoimmune in etiology, there are important
clues to an underlying mechanism offered by the ap-
pearance of these symptoms in a proportion of pa-
tients with these autoimmune conditions.’'’ Fur-
thermore, combined variable immune deficiency
(CVID) patients are prone to both bronchiectasis
and to a wide range of autoimmune pathologies.'!

It is interesting to consider the role of As-
pergillus fumigatus as a trigger for bronchiectasis
in the context of this spectrum of immune compe-
tence. Infection with aspergillus may elicit diverse
host Th1/Th2/Th17 subset polarization depending
on several factors, including immunogenetic back-
ground and metabolic status of the fungal spores
themselves.'*! In the context of immune hyperre-
activity, lung exposure to fungal spores may lead to
immunopathologically mediated ABPA. However,
impaired immunity will predispose to invasive as-
pergillosis with pathology dependent on fungal en-
zymes. In general, patients with chronic lung disease
show enhanced susceptibility to A. fumigatus colo-
nization and infection.*

Hyper-IgE syndrome, or Job’s syndrome, an im-
mune deficiency resulting from mutations in the
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STAT3 cytokine signaling transducer, is associ-
ated with raised IgE, highly impaired Th1l7 im-
munity, and an elevated proinflammatory profile
with respect to tumor necrosis factor-alpha (TNF-
a) and interferon-gamma (IFN-vy).'®17 Further-
more, it has been proposed that defective gener-
ation of IL-10-induced tolerogenic dendritic cells
and inducible regulatory T cells may contribute to
proinflammatory changes.!® This immune defect
underlines the fact that bronchiectasis can be re-
garded not simply as an outcome from insufficient
immunity but from dysregulated control of the in-
nate and adaptive response to infection. Around
two-thirds of these patients manifest bronchiecta-
sis among a range of clinical symptoms that also
includes dermatitis, mucocutaneous infections due
to Staphylococcus aureus and Candida, as well as
pneumonia, mostly caused by S. aureus or Strepto-
coccus pneumoniae.®> Around one half of hyper-IgE
patients with structural lung disease have invasive
fungal disease."

Bronchiectasis is generally associated with
increased susceptibility to a number of specific
pathogens including Haemophilus influenza,
H. parainfluenzae, Pseudomonas aeruginosa,
S. pneumoniae, Moraxella catarrhalis, S. aureus,
Stenotrophomonas maltophilia, Gram-negative en-
terobacter, nontuberculosis mycobacteria (NTM),
and aspergillus. The prevalence of NTM in patients
with bronchiectasis is 2%, with mycobacterium
avium complex (MAC) the most frequent NTM
isolated. P. aeruginosa and S. aureus are frequently
cocultured. Bronchiectasis patients with NTM show
a higher prevalence of coexisting aspergillus-related
lung disease.”

Genome-wide association studies have not been
undertaken for idiopathic bronchiectasis, but a
number of candidate gene polymorphisms asso-
ciated with innate and adaptive immunity have
been investigated. Although no association has been
found with functional polymorphisms for TLR4 or
TLR2,%! an IFN-y polymorphism and a CXCR-1
polymorphism, which influences IL-8 binding and
neutrophil trafficking, were strongly associated with
bronchiectasis risk following colectomy in ulcerative
colitis, though not with enhanced bronchiectasis
risk per se.”2 HLA class II analysis shows an associa-
tion with HLA-DRB1x0101 and HLA-DQB1x%0501,
both commonly present in linkage disequilibrium
in the same DRI haplotype.”* This might be
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interpreted to indicate a classical immune response
gene effect with respect to adaptive immunity to a
key microbial pathogen involved in triggering dis-
ease. In line with this notion, CD4% T cells are
indeed found in lung biopsy tissue from patients,
although CD8" T cells are if anything more abun-
dant.?* This presumably indicates an additional,
common component to microbial pathogenesis that
has not yet been substantially investigated, whether
viral in nature or dependent on intracellular
bacteria.

Potential roles for other cell types in im-
munopathogenesis are indicated by more indirect
evidence. The rare individuals with TAP deficiency
syndrome suffer from a much more specific spec-
trum of infections and pathologies than might per-
haps be predicted for a defect as fundamental to
adaptive immunity as the inability to load anti-
genic peptides into the peptide-binding groove of
HLA class I molecules for presentation to T cells.
Within this spectrum of pathologies is bronchiecta-
sis.® It has been suggested that this and other defects
in mucosal immunity in these families may be a
consequence of abnormal activation of NK cells or
v T cells, downstream of the HLA class I loading
defect.

Alterations in NK cell activation are currently a
source of intense analysis in a very wide range of
conditions, spanning tumors, infections, autoim-
munity, and inflammation. NK cells were once con-
sidered simply “null” cells—lymphocytes lacking
the specific antigen receptors of either B cells or
T cells and yet capable of spontaneously lysing tu-
mors or herpesvirus-infected targets.?>2® This view
was followed by a period in which a model was de-
veloped to account for experiments showing that
NK cell activation ensued from recognition of cells
through downregulated expression of HLA class I
molecules.”” In the past 20 years, it has become
clear that NK cells follow a very complex program
of counterpoised receptor families that impart an
integrated array of activating and inhibitory signals
to the nucleus.”®

Furthermore, NK cells are likely to be as diverse
as CD4™" T cells in terms of cellular subsets, express-
ing different receptors and differentiation markers
and follow different transcriptional programs, from
proinflammatory to anti-inflammatory, in addition
to effects that feed into subsequent polarization of
adaptive T cells immunity. The NK cell paradigm
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has also shifted to encompass the fact that, far from
being limited to recognition of tumors and her-
pesviruses, they haves roles in immunity to autoanti-
gens as well as to bacterial, viral, fungal, and parasite
antigens.

NK cells are considered to be extremely impor-
tant in the normal functioning of lung host de-
fense.?”** Current models of NK cell activation have
focused in part on the component of activation de-
pendent on the interaction between HLA class I
molecules and a large family of cognate receptors—
the killer immunoglobulin-like receptors (KIR).
The KIR genes are encoded on human chromosome
19q13.4 as a string of genes of variable number and
identity between individuals. Depending on the sig-
naling domains attached to their cytoplasmic tails,
an immunoreceptor tyrosine-based inhibition mo-
tif (ITIM) or an immunoreceptor tyrosine-based
activation motif (ITAM), KIRs may impart an in-
hibitory or activating signal, respectively. This is an
extreme form of immune diversity within and be-
tween populations: there is considerable variation
of geography and ethnicity in the composition of
KIR haplotypes.? The significance of the interesting
observation that some populations, such as aborig-
inal Australians who have the highest prevalence of
bronchiectasis, also tend to carry some of the most
activating KIR haplotypes has yet to be elucidated.
There is further diversity and complexity due to the
fact that different individuals within a given pop-
ulation will carry different numbers of activating
and inhibitory KIR genes and different polymorphic
variants of these genes.31 Furthermore, the impact of
the KIR repertoires will vary depending on whether
a given individual also carries the cognate HLA class
I polymorphic variant with which the KIRs interact.
Finally, there is variegated expression of KIR gene
products, such that they are differentially expressed
on the NK cells (and T cells) within an individual.
In analysis of our UK idiopathic bronchiectasis co-
hort, HLA-C group 1 homozygosity, specifically, the
HLA-Cw=03 allele, was associated with disease.?>3?
Around 50% of this cohort was HLA-C group 1
homozygous, compared with 25% of controls. It
would be predicted that fewer NK cells would fall
under inhibitory control if the ligands for inhibitory
receptors are absent. In bronchiectasis, there is a
preponderance of only HLA-C group 1 with the
activating KIRs 2DS1 and/or 2DS2. Such combina-
tions might be predicted to contribute to a highly
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activated (and potentially proinflammatory) NK
cell program.*?

Concluding remarks

Bronchiectasis is a pathological endpoint resulting
from a complex interplay between lung infection
and immunity. The interaction both with diverse
forms of immune deficiency of distinct immune
pathways and with a subset of autoimmune patients
offers particular conceptual challenges. Recent im-
munogenetic analysis, predicting a pathogenic role
for excessive NK cell activation, may offer new ther-
apeutic options.

Conflicts of interest

The authors declare no conflicts of interest.

References

1. Boyton, R.J. 2012. Bronchiectasis. Medicine 40: 5, 267-272.

2. Seitz, A.E., K.N. Olivier, C.A. Steiner, et al. 2010. Trends and
burden of bronchiectasis-associated hospitalizations in the
United States, 1993-2006. Chest 138: 944-949.

3. Chang, A.B., K. Grimwood, E.K. Mulholland & P.J. Torzillo.
2002. Working group on indigenous paediatric respiratory
health. Bronchiectasis in indigenous children in remote Aus-
tralian communities. Med. J. Aust. 177: 200-204.

4. Sdyndjikangas, O., T. Keistinen, T. Tuuponen & S.L. Kivela.
1998. Evaluation of the incidence and age distribution of
bronchiectasis from the Finnish hospital discharge register.
Cent. Eur. J. Public Health 6: 235-237.

5. Cole, P. 1984. A new look at the pathogenesis and man-
agement of persis- tent bronchial sepsis: a “vicious circle”
hypothesis and its logic.al therapeutical connotations. In
Strategies for the Management of Chronic Bronchial Sepsis.
R.J. Davies, Ed. 1-20. The Medicine Publishing Foundation.
Oxford.

6. Gibson, P.G., P.A. Wark, J.L. Simpson, et al. 2003. Induced
sputum IL-8 gene expression, neutrophil influx and MMP-
9 in allergic bronchopulmonary aspergillosis. Eur. Respir. ].
21: 582-588.

7. Gaga, M., AM. Bentley, M. Humbert, et al. 1998. Increases
in CD4+ T lymphocytes, macrophages, neutrophils and in-
terleukin 8 positive cells in the airways of patients with
bronchiectasis. Thorax 53: 685—-691.

8. Gadola, S.D., H.T. Moins-Teisserenc, J. Trowsdale, et al. 2000.
TAP deficiency syndrome. Clin. Exp. Immunol. 121: 173~
178.

9. Tsuchiya, Y., N. Takayanagi, H. Sugiura, et al. 2011. Lung
diseases directly associated with rheumatoid arthritis and
their relationship to outcome. Eur. Respir. J. 37: 1411-1417.

10. Wilczynska, M.M., A.M. Condliffe & D.J. McKeon. 2012.
Coexistence of bronchiectasis and rheumatoid arthritis: re-
visited. Respir. Care. doi: 10.4187/respcare.01857. July 10
[Epub ahead of print].

11. Maarschalk-Ellerbroek, L.J., A.I. Hoepelman, J.M. van
Montfrans & P.M. Ellerbroek. 2012. The spectrum of disease

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Immune regulation in idiopathic bronchiectasis

manifestations in patients with common variable immun-
odeficiency disorders and partial antibody deficiency in a
university hospital. J. Clin. Immunol. 32: 907-921.

Rivera, A., H.L. Van Epps, T.M. Hohl, et al. 2005. Dis-
tinct CD4+-T-cell responses to live and heat-inactivated
Aspergillus fumigatus conidia. Infect. Immun. 73: 7170—
7179.

Rivera, A., T.M. Hohl, N. Collins, et al. 2011. Dectin-1 di-
versifies aspergillus fumigatus-specific T cell responses by
inhibiting T helper type 1 CD4 T cell differentiation. J. Exp.
Med. 208: 369-381.

Bollert, E.G., P.J. Sime, W. MacNee & G.K. Crompton. 1994.
Pulmonary mycobacterium malmoense and aspergillus in-
fection: a fatal combination? Thorax 49: 521-522.
Chandesris, M.O., I. Melki, A. Natividad, et al. 2012. Autoso-
mal dominant STAT3 deficiency and Hyper-IgE syndrome:
molecular, cellular, and clinical features from a French Na-
tional Survey. Medicine (Baltimore) 91: el—e19.

Paulson, M.L., A.E. Freeman & S.M. Holland. 2008. Hyper
IgE syndrome: an update on clinical aspects and the role
of signal transducer and activator of transcription 3. Curr.
Opin. Allergy Clin. Immunol. 8: 527-533.

Milner, J.D., .M. Brenchley, A. Laurence, et al. 2008. Im-
paired T(H)17 cell differentiation in subjects with autosomal
dominant hyper-IgE syndrome. Nature 452: 773-776.
Saito, M., M. Nagasawa, H. Takada, et al. 2011. Defective
IL-10 signaling in hyper-IgE syndrome results in impaired
generation of tolerogenic dendritic cells and induced regu-
latory T cells. J. Exp. Med. 208: 235-249.

Vinh, D.C., J.A. Sugui, A.P. Hsu, et al. 2010. Invasive
fungal disease in autosomal-dominanthyper-IgE syndrome.
J. Allergy Clin. Immunol. 125: 1389-1390.

Kunst, H., M. Wickremasinghe, A. Wells & R. Wilson. 2006.
Nontuberculous mycobacterial disease and Aspergillus-
related lung disease in bronchiectasis. Eur. Respir. J. 28: 352—
357.

Reynolds, C., L. Ozerovitch, R. Wilson, et al. 2007. Toll-
like receptors 2 and 4 and innate immunity in neutrophilic
asthma and idiopathic bronchiectasis. Thorax 62: 279.
Boyton, R.J., C. Reynolds, EN. Wahid, et al. 2006. IFN
gamma and CXCR-1 gene polymorphisms in idiopathic
bronchiectasis. Tissue Antigens 68: 325-330.

Boyton, R.J. & D.M. Altmann. 2007. Natural killer cells,
killer immunoglobulin-like receptors and human leucocyte
antigen class I in disease. Clin. Exp. Immunol. 149: 1-8.
Silva, J.R., J.A. Jones, P.J. Cole & L.W. Poulter. 1989. The
immunological component of the cellular inflammatory in-
filtrate in bronchiectasis. Thorax 44: 668—673.

Kiessling, R., G. Petranyi, K. Kirre, et al. 1976. Killer.cells:
a functional comparison between natural, immune T-cell
and antibody-dependent in vitro systems. J. Exp. Med. 143:
772-780.

Glimcher, L., EW. Shen & H. Cantor. 1977. Identification
of a cell-surface antigen selectively expressed on the natural
killer cell. J. Exp. Med. 145: 1-9.

Ljunggren, H.G. & K. Kirre. 1990. In search of the ‘missing-
self’> MHC molecules and NK cell recognition. Immunol.
Today 11: 237-244.

Cheent, K. & S.1. Khakoo. 2009. Natural killer cells: integrat-
ing diversity with function. Immunology 126: 449—457.

Ann. N.Y. Acad. Sci. 1272 (2012) 68-72 © 2012 New York Academy of Sciences. 71



Immune regulation in idiopathic bronchiectasis Boyton & Altmann

29. Culley, EJ. 2009. Natural killer cells in infection  31. Middleton, D. & E Gonzelez. 2010. The extensive polymor-

and inflammation of the lung. Immunology 128: 151— phism of KIR genes. Immunology 129: 8-19.

163. 32. Boyton, R.J., J. Smith, R. Ward, et al. 2006. HLA-C and
30. Wang, J., E. Li, M. Zheng, et al. 2012. Lung natural killer cells killer cell immunoglobulin-like receptor genes in idiopathic

in mice: phenotype and response to respiratory infection. bronchiectasis. Am. J. Respir. Crit. Care Med. 173: 327-

Immunology 137: 37-47. 333.

72

Ann. N.Y. Acad. Sci. 1272 (2012) 68-72 © 2012 New York Academy of Sciences.



