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Abstract Idiopathic pulmonary fibrosis (IPF) is a
chronic disease characterized by fibroblast expansion,
and tissue remodeling. It is considered a multifactorial
disease but the possible involved genes are largely un-
known. Interestingly, studies regarding the possible role
of major histocompatibility complex (MHC) are scanty
and show contradictory results. In this study, we eval-
uated the polymorphisms of the MHC, locus HLA-B, -
DRB1, and -DQB1 in a cohort of 75 IPF patients and 95
controls by using PCR and hybridization with sequence-
specific oligonucleotide probes. In addition, we exam-
ined the effect of bronchoalveolar lavage (BAL) from
IPF patients with different MHC haplotypes on alveolar
epithelial growth rate by WST-1 cell viability assay and
on epithelial apoptosis by flow cytometry and by cleaved
caspase-3 in cell homogenates. Three haplotypes were
significantly increased in IPF: (1) HLA-B*15-
DRB1*0101-DQB1*0501 (OR=10.72, CI=1.43–459.6;
pC=0.011); (2) HLA-B*52-DRB1*1402-DQB1*0301
(OR=4.42, CI=1.21–24.1; pC=0.024); and (3) HLA-
B*35-DRB1*0407-DQB1*0302 (OR=4.73, CI=1.53–
19.5; pC=0.005). BAL from patients with the later
haplotype significantly reduced epithelial growth rate
(�30%) and caused epithelial cell apoptosis assayed by
cleaved caspase-3 (351.7±16.5 pg/106 cells versus

264±24 from controls, and 274±36.8 and 256.5±10.7
from the other haplotypes; P<0.05), and DNA breaks
labeling by flow cytometry (23.7±6.9% versus
3.1±0.7% from controls, and 6.5±0.6% and
7.6±1.2% from the other two haplotypes; P<0.01).
These findings suggest that some MHC polymorphisms
confer susceptibility to IPF, which might be related with
the induction of epithelial cell apoptosis, a critical pro-
cess in the development of the disease.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, pro-
gressive and usually lethal disease characterized by epi-
thelial damage/activation, fibroblastic/myofibroblastic
foci formation and aberrant extracellular matrix
remodeling (Selman et al. 2001). Susceptibility to IPF is
probably determined by both genetic and environmental
factors, although to date, the putative gene(s) implicated
remain elusive (Du Bois 2002; Pardo and Selman 2002;
Thannickal et al. 2004). Several gene polymorphisms
have been studied in IPF patients but results have shown
weak association or no association at all (Whyte et al.
2000; Pantelidis et al. 2001; Hutyrova et al. 2002; Sel-
man et al. 2003; Zorzetto et al. 2003; Xaubet et al. 2003;
Hodgson et al. 2005). Interestingly, studies regarding the
possible role of major histocompatibility complex
(MHC) in susceptibility are scanty, old, and show con-
tradictory results (Fulmer et al. 1978; Turton et al. 1978;
Varpela et al. 1979; Libby et al. 1983). Moreover, these
studies were performed before the new morphological
classification of the idiopathic interstitial pneumonias
that allow a more precise diagnosis of IPF (American
Thoracic Society 2002), and with the use of serologic
techniques that have been replaced by the more precise
polymerase chain reaction (PCR)-based MHC typing.
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The MHC maps to the short arm of chromosome 6
and contains the most polymorphic loci in humans, the
human leukocyte antigens (HLA) class I and class II
genes. HLA class I molecules comprise the classical
HLA-A, -B, and -C antigens which are expressed on the
surface of most mammalian cells (Rhodes and Trows-
dale 1999; McCluskey and Peh 1999; Holling et al.
2004). The HLA class II subtypes HLA-DR, DQ and
DP regulate T cell dependent immune responses and are
expressed by specific cell types, primarily on antigen
processing cells such as dendritic cells and macrophages,
although they can be expressed by other cell types,
including fibroblasts and epithelial cells. The MHC has
as its primary function the presentation of peptides to
T-cell receptors and plays an essential role in the
immune system (Rhodes and Trowsdale 1999; McClus-
key and Peh 1999; Holling et al. 2004).

MHC has been widely studied in human diseases, and
it has been associated mostly with degenerative, auto-
immune and infectious disorders; and we hypothesized
that some haplotypes of the MHC could be associated
with IPF.

With this aimwe typed the HLA-B, DRB1, andDQB1
locus using polymerase chain reaction and hybridiza-
tion with sequence-specific oligonucleotide probes. Our
results indicate that three haplotypes: HLA-
B*15-DRB1*0101-DQB1*0501, HLA-B*52-DRB1*1402-
DQB1*0301 and HLA-B*35-DRB1*0407-DQB1*0302
were increased in the IPF group. Then we explored some
possible phenotypic differences between these haplo-
types. Since alveolar epithelial cell apoptosis is a critical
event in the pathogenesis of IPF (Uhal et al. 1998; Bar-
bas-Filho et al. 2001; Maeyama et al. 2001), and a
number of genes related to apoptosis are located close to
MHC loci (Rebhan et al. 2005), we evaluated pro-
grammed cell death induced by BAL fluids of IPF pa-
tients with the different haplotypes. Our results show that
one of the increased haplotypes is associated with in-
creased epithelial apoptosis in vitro.

Patients and methods

Study population

Seventy-five unrelated IPF patients were included in this
study. Diagnosis of IPF (49 males, 26 females,
63±9.5 years) was supported by history, physical
examination, pulmonary function studies, HRCT, and
bronchoalveolar lavage (BAL) findings (American
Thoracic Society 2000). In 41% of the patients diagnosis
was confirmed by morphology (open lung biopsy) based
on typical microscopic findings of usual interstitial
pneumonia (Katzenstein and Myers 1998). In the ab-
sence of biopsy, patients had to fulfill the criteria of the
ATS/ERS international consensus (American Thoracic
Society 2000). Patients with known causes of interstitial
lung disease (i.e. collagen vascular disease, drug toxicity,
environmental exposure), were excluded.

The control group comprised of 95 unrelated healthy
subjects (48 men and 47 women). All patients and con-
trol subjects were informed of the purpose of the study
and their consent obtained. The protocol was approved
by the Ethics Committee of the National Institute of
Respiratory Diseases, México. Patients and controls
were integrated by individuals with the same ethnic and
geographic origin and with a minimum of second gen-
eration born in Mexico. To confirm the presence of in-
ferred haplotypes in linkage disequilibrium, a family-
based study was additionally made in the IPF group.
For this purpose, three or four first degree relatives of
patients carrying out these putative haplotypes were
examined.

Molecular typing for HLA-B, HLA-DQB1*
and HLA-DRB1* loci

Genomic DNA was extracted from 20 ml of peripheral
blood using the BD genomic DNA isolation kit (Maxim
Biotech, San Francisco CA). Molecular typing was done
by PCR sequence-specific primers (PCR-SSP) technique
using the Fastype HLA-DNA SSP Typing System (Bio-
synthesis Inc., Dallas TX), which have been certified by
the American Society for Histocompatibility and
Immunogenetics (ASHI). Briefly, 47 primer pairs were
used to determine the 45 major HLA-B group-specific-
ities (from B7 up to B81) in low resolution modality; For
HLA-DQB1* typing, 24 primer pairs were used. DQB1
high-resolution kit was used to achieve DQB1 amplifi-
cation, which includes 55 alleles for DQ6, DQ3, DQ4,
DQ5 and DQ2.

HLA-DRB1 typing was performed by low resolution
modality, which includes DRB1, DRB3, DRB4, and
DRB5 alleles in 24 independent reactions. For DR4 it
covers up to DRB1*0422, for DR11 up to DRB1*1122,
for DR13 up to DRB1*1322, for DR14 up to
DRB1*1421 and for DR8 up to DRB1*0811. Allelic
discrimination was done by DRB1* high resolution,
where subtyping for DR3, DR4, DR8, DR11, DR13 and
DR14 were performed with a panel of 16 primer pairs
for each one. DR1, DR7, DR12, DR15 and DR16
subtyping included a panel of 8 primer pairs in each
case. In the study of the three loci a 410 bp genomic
fragment of the human G3PDH gene was coamplified as
an internal control for amplification: The last well in-
cluded a DNA-free reaction as a contamination control.
The information for primer design was achieved from
IMGT/HLA database (Robinson et al. 2000).

All PCR amplifications were performed on 75 ng of
genomic DNA in a 10 ll reaction volume containing
50 mM KCl, 10 mM Tris-Cl, pH 8.3, 1.5 mM MgCl2;
60 lM of each dNTP’s (Olerup et al. 1993; Zetterquist
et al. 1997). Samples were subjected to 20 cycles 94�C
20 s. for denaturing, 61�C 50 s. for annealing, and 72�C
30 s. for extension using an automated thermal cycler
(GeneAmp PCR system 9700, PE Applied Biosystems.
Foster City CA). An additional hold of 94�C 20 s, 65�C
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1 min by 10 cycles, were added to the denaturing step
before the first cycle, and an additional 5 min was added
to the extension step of the after last cycle. In all cases,
amplifications was performed using recombinant Taq
DNA polymerase (Gibco BRL, Rockville MD).
Amplified PCR-SSP products were then electrophoresed
in submarine 2% agarose gels containing 0.2 lg/ml
ethidium bromide for 40 min (30 V/cm) and amplified
bands were visualized in a dual intensity UV light trans-
illuminator (UVP Inc. Upland, CA), and then analyzed
and stored in EDAS290 fotodocumentation system
(Kodak, Rochester, NY). The results were interpreted
following the instructions of typing sheets from the
procedure guide.

Bronchoalveolar lavage

BAL was performed through flexible fiberoptic bron-
choscopy under local anesthesia (Pardo et al. 2000).
Eight healthy individuals were studied for apoptosis
induced by BAL fluids (two current smokers, two
former smokers and four that never smoked). All had
normal chest X rays and spirometries. Briefly, 300 ml
of normal saline were instilled in 50-ml aliquots, with
an average recovery of 60–70%. In IPF patients the
bronchoscope was wedged in a subsegment of
the right or left lower lobe according to the extent of
the lesion based on HRCT appearances. Controls were
also lavaged in the lower lobes. The recovered BAL
fluid was centrifuged at 250 g for 10 min at 4�C. The
cell pellet was resuspended in 1 ml phosphate buffer
saline and an aliquot was used to evaluate the total
number of cells. Other aliquots were fixed in carbo-
wax, stained with hematoxylin and eosin and used for
differential cell count. Supernatants were kept at
�70�C until use.

Growth rate assay

Human lung epithelial cells (A549 cell-line from ATCC,
Rockville, MD) were trypsinized, harvested, resus-
pended in DMEM (Dulbecco’s modified eagle’s med-
ium, Sigma) supplemented with 10% FBS, (GIBCO,
BRL, Grand Island, NY) counted, plated in 96-well
culture plates at a concentration of 2.5·103 cells/well,
and incubated at 37�C in 5% CO2-95% air. After 24 h,
culture medium was replaced by 1% FBS-supplemented
medium plus 25% (4:1 v/v) of two-fold concentrated
BAL fluids. Cell number was examined at 48 h with the
cell proliferation reagent WST-1 (Roche Applies Sci-
ence, Indianapolis, IN, USA) as previously described
(Vazquez de Lara et al. 2000). The medium of corre-
sponding wells was replaced with fresh medium, and the
dye solution was added to each well according to the
manufacturer’s instructions. Absorbance was read on an
ELISA plate reader at a wavelength of 450 nm, with a
reference wavelength of 620 nm.

Apoptosis assays

Detection of DNA strand breaks by flow cytometry

To detect DNA breaks, 1·106 A549 epithelial cells were
cultured for 48 h in serum-free F12 HAMmedium in the
presence of BAL supernatants (25% total volume) from
patients with different haplotypes and healthy controls.
Cells stimulated 24 h with cisplatin (20 lg/ml; Bristol-
Myers, Puerto Rico) were used as positive controls. Cells
were resuspended in 5 ml PBS with 1% paraformalde-
hyde, (ice, 15 min), washed with PBS, and stored in ice-
cold 70% ethanol. Then an APO-BRDU kit (PharM-
ingen, San Diego, CA) was used as described by the
manufacturer. Briefly, cells were washed twice with
Wash Buffer and supernatant was discharged by cen-
trifugation. Freshly prepared DNA labeling solution
(containing TdT and Br-dUTP) was added to the cell
pellet and incubated for 1 h at 37�C with occasional
shaking. Cells were labeled by FITC-conjugated mAbs
to BrdU, washed again, and resuspended in staining
solution containing PI and RNAse. Cells were incubated
for 30 min at room temperature and immediately ana-
lyzed using a FACSAria flow cytometer (Becton Dick-
inson). The percentage of green fluorescent-positive cells
with DNA strand breaks was calculated using the FACS
Diva V.4.1 software.

Cleaved-caspase 3 protein

Cleaved caspase-3 (Asp175) was analyzed by Sandwich
ELISA Kit (Cell Signalling, Technology Beverly, MA)
according to the manufacturer’s instructions. Alveolar
epithelial cells (A549) were stimulated with the BAL
fluids from patients with different haplotypes during 6
hours, and levels of cleaved caspase-3 were spectro-
phometric determined reading absorbance at 450 nm.

Statistical analysis

Differences between groups were evaluated through the
Mantel-Haenszel chi-square test with Yates correction,
or the Fisher exact test when appropriate, by using the
Epi Info v5.0 statistical program (Stone Mountain, GA).
Odds ratios (OR) and 95% confidence intervals (95%
CI) were also calculated. Results of growth rate and
apoptosis were expressed as mean ± SD and analyzed
by Tukey’s and Dunnett’s tests. Statistical significance
was set at P<0.05.

Results

Baseline characteristics of the IPF patients

Demographic data, pulmonary function tests, and BAL
differential cell counts are summarized in Table 1. All

237



patients exhibited clinical, radiological and functional
evidence suggestive of IPF, with variable degrees of
dyspnea, decreased lung capacities, and hypoxemia at
rest that worsened during exercise. High resolution
computed tomography, BAL cell profile exhibiting
macrophages predominance with moderate increase of
neutrophils and eosinophils, and histopathology in the
cases with biopsy, corroborated diagnosis of IPF.

HLA-DRB1-DQB1 allele frequencies and haplotypes
in IPF patients and controls

Tables 2 and 3 illustrate the frequencies for HLA-DR
and HLA-DQ alleles among IPF patients and control
subjects. Regarding HLA-DRB1* a significant increase
of the alleles HLA-DRB1*-0407 and �1402 was
observed in the IPF group. The allele HLA-DRB1-0802

showed a tendency to increase in the control group, al-
though it did not reach statistical significance (Table 2).
Likewise, a significant increase of the allele HLA-
DQB1*-0301 was observed in the IPF group (Table 3).

Table 4 shows the HLA-DR/HLA-DQ haplotype
frequencies in both groups. Inferred haplotypes were
corroborated by family study which included 3-4 first
degree relatives. Three haplotypes DRB1*0407-
DQB1*0302 (OR=2.49, IC=1.28-4.95; P=0.0057),
DRB1*1402-DQB1*0301 (OR= 5.48, IC=2.22-15.36;
P=0.00005), and DRB1*0101-DQB1*0501 (OR=3.66,
IC=1.31-11.69; P=0.01) were significantly associated
with increased risk to IPF. The first two haplotypes have
been identified in Amerindian populations (Alaez et al.
2001, 2002; Vargas-Alarcon et al. 2003). To further
determine the ethnic origin and racial contribution to
the different haplotypes, we evaluated the HLA-class I
locus B. Results are shown in Table 5. The haplotype
DRB1*0101-DQB1*0501 was associated to HLA-B*15,
(OR=10.7, IC=1.4-459.6; P=0.011). Likewise, the
haplotype DRB1*1402-DQB1*0301, was associated to
allele HLA-B*52, (OR=4.42, IC=1.2-24.1; P=0.024)
and the haplotype HLA DRB1*0407-DQB1*0302 was
found mainly associated to HLA-B*35 (OR=4.73,
IC=1.5-19.5; P=0.005). HLA-B*35 has been associated
with Hispanic-American populations.

BAL from patients with the HLA-B*35
DRB1*0407-DQB1*0302 haplotype
reduced epithelial growth rate

To investigate whether BAL fluids obtained from IPF
patients with different haplotypes affect cell growth,
alveolar epithelial cells were exposed to twofold con-
centrated fluids for 48 h. As shown in Fig. 1, BAL fluids
obtained from patients carrying the haplotype HLA-
B*35 DRB1*0407-DQB1*0302 induced a significant loss
of cell density as measured by the WST-1 cell viability

Table 1 Baseline demographic, clinical, physiologic and BAL
characteristics of the IPF patients

Variable IPF (n=75)

Age 63.0±9.5
Sex (male/female) 49/26
Duration of symptoms before diagnosisa 29.6±23.4
Smoking status (Never) 36
Former 33
Current 6
Clubbing (Yes/No) 59/75
FVC % predicted 66±23
FVC/FEV1 % 91.6±10.3
PaO2mmHgb 49±10
BAL Macrophages % 81.6±11.6
BAL Lymphocytes % 14.0±11.0
BAL Neutrophils % 4.3±3.5
BAL Eosinophils % 1.0±2.0

BAL differential cell in controls: Macrophages 85–90%; Lympho-
cytes 10–15%
FVC, forced vital capacity; FEV1, flow expiratory volume in 1 s
a Months
b Normal values at Mexico City altitude: 67±3 mmHg

Table 2 Gene frequency of
HLA-DRB1* in IPF patients
and controls subjects

NS not significant; HLA,
human leukocyte antigen; gf
genotype frequency; OR, odds
ratio; CI, confidence interval

HLA DRB1* Patients (n=75)
(alleles=150)

Controls (n=95)
(alleles=190)

pC OR CI

n gf n gf

0407 32 0.213 19 0.100 0.0059 2.44 1.27–4.78
1402 26 0.173 8 0.042 0.00013 4.77 2.01–12.55
0101 17 0.113 7 0.036 NS
0701 16 0.106 21 0.117 NS
0802 13 0.086 31 0.163 NS 0.49 0.22–1.00
1602 8 0.053 3 0.015 NS
1101 7 0.046 11 0.057 NS
1302 7 0.046 4 0.021 NS
0301 5 0.033 9 0.047 NS
1301 4 0.026 4 0.021 NS
1503 4 0.026 3 0.015 NS
1501 3 0.020 9 0.047 NS
1201 3 0.020 1 0.005 NS
1407 1 0.006 7 0.036 NS
1104 1 0.006 3 0.015 NS
Others 3 < 0.006 50 < 0.015 NS
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assay (32±5%; P<0.01), suggesting that these fluids
provoked cell death. BAL fluids from normal subjects
induced a modest increase of epithelial cell growth. The
comparison of IPF patients with the different haplotypes
against controls by Dunnett’s test showed that the
haplotype HLA-B*15-DRB1*0101-DQB1*0501 also
caused a modest but significant decrease of epithelial
growth rate (P<0.05).

BAL from patients with the HLA-B*35
DRB1*0407-DQB1*0302 haplotype induced epithelial
cell apoptosis

To determine whether programmed cell death was
playing a role in the effect of BAL on epithelial cell
growth, apoptosis was determined by the laser scanning
cytometry APO-BRDU assay, a two-color staining
method for labeling DNA strand breaks and cellular
DNA content. The percentage of apoptotic cells, was
significantly increased after treatment of A549 alveolar
epithelial cells with BAL fluids obtained from patients

with the HLA-B*35-DRB1*0407-DQB1*0302 haplo-
type (23.7±6.9% versus 3.1±0.7% from controls, and
6.5±0.6% and 7.6±1.2% from the other two increased
haplotypes; P<0.01). One representative flow citometry
result is illustrated in Fig. 2.

To further examine the apoptotic effect of the BAL
fluids, we conducted an assay of cleaved caspase-3.
Consistent with the flow cytometric assay, we found that
alveolar epithelial cells treated with BAL fluids from
HLA-B*35-DRB1*0407-DQB1*0302 haplotype showed
a significant increase in caspase-3-like activity
(351.7±16.5 versus 264±24 from controls; P< 0.05;
Fig. 3). BAL fluids obtained from patients with other
haplotypes showed no effect and were similar to control
BAL (Fig. 3).

Clinical behavior and HLA haplotypes

No differences in pulmonary function tests, radiology,
BAL cell profile, and smoking were found between IPF
patients with the different MHC haplotypes. We have

Table 3 Gene frequency of
HLA-DQB1* in IPF patients
and controls subjects

NS not significant; HLA,
human leukocyte antigen; gf
genotype frequency; OR, odds
ratio; CI, confidence interval

HLA DQB1* Patients
(n=75)
(alleles=150)

Controls
(n=95)
(alleles=190)

pC OR CI

n gf n gf

0301 40 0.266 27 0.153 0.0063 2.20 1.23–3.95
0501 17 0.113 10 0.054 NS
0302 32 0.213 38 0.225 NS
0201 21 0.133 30 0.172 NS
0402 13 0.093 27 0.153 NS
0602 8 0.053 15 0.082 NS
0502 8 0.053 5 0.026 NS
0604 6 0.040 3 0.015 NS
0603 2 0.013 3 0.015 NS
0503 1 0.006 8 0.043 NS
Others 2 0.006 24 < 0.015 NS

Table 4 Haplotype frequency
of HLA-DRB1*-DQB1* in IPF
patients and control subjects

NS not significant; HLA,
human leukocyte antigen; hf,
haplotype frequency; OR, odds
ratio; CI, confidence interval

Haplotype
HLADRB1*-DQB1*

Patients (n=75)
(haplotypes=150)

Controls (n=95)
(haplotypes=190)

pC OR CI

n hf n hf

0407–0302 31 0.234 18 0.099 0.0057 2.49 1.28–4.95
1402–0301 26 0.191 7 0.037 0.00005 5.48 2.22–15.36
0101–0501 16 0.113 6 0.032 0.01 3.66 1.31–11.69
0701–0201 16 0.113 19 0.105 NS
0802–0402 13 0.090 25 0.141 NS
1101–0301 8 0.054 10 0.054 NS
1302–0604 6 0.040 3 0.015 NS
0301–0201 5 0.033 6 0.032 NS
1602–0502 5 0.033 2 0.010 NS
1501–0602 3 0.020 9 0.048 NS
1201–0301 3 0.020 1 0.005 NS
1301–0502 3 0.020 1 0.005 NS
1503–0602 3 0.020 1 0.005 NS
1407–0503 1 0.006 7 0.037 NS
Others 11 <0.012 75 <0.025 NS
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recently found that some IPF patients may develop an
accelerated form of IPF, usually consulting few months
after the beginning of symptoms, with severe lung
damage (Selman et al. 2005). Interestingly, 32% of the
patients with the haplotype HLA-B*35-DRB1*0407-
DQB1*0302 exhibited this type of accelerated course of
the disease compared with 11.7% of the patients with
the other haplotypes (Fisher exact test=0.033).

Discussion

Studies on gene polymorphisms and susceptibility to
IPF have been mostly focused on genes related to
cytokine pathways and most results have been negative
or have shown a weak association (Avila et al. 1999;
Whyte et al. 2000; Pantelidis et al. 2001; Hutyrova et al.
2002; Latsi et al. 2003; Xaubet et al. 2003; Zorzetto
et al. 2003; Hodgson et al. 2005).

In the present study, we examined the possible con-
tribution of the MHC class I and II regions (HLA-B*-
DRB1*-DQB1*) to IPF susceptibility in patients who
met the stricter recommended criteria for diagnosis. Our
results showed that three haplotypes were significantly
increased in the IPF group suggesting that the MHC

may be involved, at least partially, in the genetic sus-
ceptibility for this disorder. Two of these haplotypes:
HLA-B*52-DRB1*1402-DQB1*0301 and HLA-B*35-
DRB1*0407-DQB1*0302 have been identified in Amer-
indian populations (Alaez et al. 2001, 2002; Vargas-
Alarcon et al. 2003).

The mechanisms by which these haplotypes may en-
hance the development of IPF need to be elucidated. In
other diseases, primarily autoimmune diseases such as
rheumatoid arthritis, it has been suggested that some
MHC haplotypes predispose to alterations in the T-cell
regulation and consequently to an increased suscepti-
bility (Zanelli et al. 2000). However, an association with
some HLA alleles has been also described in epithelial-
driven fibrotic diseases that do not seem to have an
autoimmune/inflammatory background, such as idio-
pathic focal segmental glomerulosclerosis. Interestingly,
this non-inflammatory fibrotic disease characterized by
podocytes (glomerular visceral epithelial cells) dysfunc-
tion that evolves to segmental glomerular scars and
nephrotic syndrome has been also associated to HLA-
DR4 (Glicklich et al. 1988; Gerbase-DeLima et al.
1998). In these cases, the effect may be related with other
neighboring genes from this region that is characterized
by high linkage disequilibrium.

Table 5 Haplotype frequency
of HLA-B*-DRB1*-DQB1* in
IPF patients and control
subjects

HLA, human leukocyte anti-
gen; hf, haplotype frequency;
OR, odds ratio; CI, confidence
interval

Haplotype
HLA B*-DRB1*-DQB1*

Patients (n=75)
(haplotypes=150)

Controls (n=57)
(haplotypes=114)

pC OR IC

n hf n hf

35-0407-0302 22 0.146 4 0.035 0.005 4.73 1.53–19.53
52-1402-0301 16 0.106 3 0.026 0.024 4.42 1.21–24.15
15-0101-0501 13 0.086 1 0.008 0.011 10.72 1.43–459.63

Fig. 1 Effect of BAL fluids on
epithelial cell growth rate. A549
epithelial cells were exposed
during 48 h to BAL
supernatants of patients with
the different HLA haplotypes:
HO = IPF patients with other
haplotypes; H1, Patients with
the haplotype HLA-B*15-
DRB1*0101-DQB1*0501; H2,
Patients with the haplotype
HLA-B*52-DRB1*1402-
DQB1*0301; H3, Patients with
the haplotype HLA-B*35-
DRB1*0407-DQB1*0302; C =
Control individuals. Each bar
represents the mean ± SD from
7 to 8 subjects and the
experiments were done by
triplicate. * P<0.01 shows
significant difference comparing
with all the other groups.
** P<0.05 compared with
controls
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Recently, it has been proposed that a key pathogenic
event in the development of IPF is the damage/activa-
tion of the alveolar epithelial cells which is followed by
fibroblast migration/proliferation and an aberrant tissue
remodeling (Selman et al. 2001; Pardo and Selman
2002). In this context, several studies support the notion
that apoptosis of alveolar epithelial cells is a critical step
in the pathogenesis of this disorder (Uhal et al. 1998;
Barbas-Filho et al. 2001; Maeyama et al. 2001). More-
over, it has been found by in situ end labeling of frag-
mented DNA and electron microscopy the presence of
numerous apoptotic cells in an otherwise normal alveoli
with only few in fibrotic remodeled areas of IPF lungs
suggesting that this process can be an early event in this
disease (Barbas-Filho et al. 2001). However, the possible
mechanisms implicated in this pathological process are
unclear.

Interestingly, some recent studies suggest that HLA
class II molecules, in addition to participate in antigen
presentation by professional antigen-presenting cells,
can also activate intracellular signaling pathways often
associated with programmed cell death mainly of B-
lymphocytes (Drenou et al. 1999). The mechanisms of
HLA-class II associated with lymphocyte apoptosis have

not been elucidated. It has been proposed that CD95
activation recruits the adapter molecule Fas-associated
death domain protein providing a scaffold for procas-
pase-8 activation (Blancheteau et al. 2002). Other stud-
ies however, have suggested that HLA-DR-mediated
apoptosis does not involve caspases activation (Drenou
et al. 1999).

However, the possible relationship between some
HLA haplotypes and epithelial apoptosis has not been
previously described. Importantly, the expression of
MHC class II molecules is actively regulated upon var-
ious cellular stimuli, and it has been demonstrated that
alveolar epithelial cells from IPF lungs express HLA
class II molecules (Kallenberg et al. 1987). Moreover,
some experimental work has shown that class II MHC
antigens is expressed early on the type II alveolar epi-
thelium and before any inflammatory cellular infiltration
(Nakayama et al. 1992).

Our findings indicate that some specific haplotypes of
the MHC, specifically in this cohort the HLA-B*35-
DRB1*0407-DQB1*0302, may be associated with a
phenotype characterized by the increase of signals in the
lung microenvironment that enhance the apoptosis of
the alveolar epithelial cells. Thus, when human lung

Fig. 2 Detection of DNA strand breaks by flow cytometry. A549
epithelial cells were harvested at 48 hours after BAL stimulation
and processed for flow cytometric analysis. A typical experiment is
shown. Cells were labeled by FITC-conjugated mAb to BrdU and
resuspended in staining solution containing PI/RNAse. The
percentage of green fluorescent-positive cells with DNA strand
breaks was calculated using the FACS Diva V.4.1 software. Panel
A: BAL fluid from a control individual. Panel B: Positive control

stimulating the cells with cisplatin. Panel C: BAL fluid from an IPF
patient with the haplotype HLA-B*15-DRB1*0101-DQB1*0501
(H1). Panel D: BAL fluid from an IPF patient with the haplotype
HLA-B*52-DRB1*1402-DQB1*0301 (H2); Panel E: BAL fluid
from an IPF patient with the haplotype HLA-B*35-DRB1*0407-
DQB1*0302 (H3). Flow cytometry was performed in 4 controls and
7-8 patients with the different haplotypes
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epithelial cells were exposed to the BAL fluids from
patients with this haplotype, apoptotic death determined
by BrdU-staining of DNA strand breaks was detected in
�25% of the treated cells. Similarly, an increase of the
effector caspase-3-dependent apoptosis was also ob-
served.

Interestingly enough, a number of genes encoding for
proteins involved in apoptosis are located in the short
arm of the chromosome 6, relatively close to the MHC
complex (Rebhan et al. 2005). These include among
others, the cyclin-dependent kinase inhibitor 1A
(CDKN1A), the BCL2-antagonist/killer 1 (BAK1), the
death-associated protein 6 (DAXX), the immediate early
response 3 (IER3), the sex determining region Y-box 4
(SOX4), lymphotoxin alpha [which is part of the MHC
class IV, (Beck and Trowsdale 2000)], the high mobility
group AT-hook 1 (HMGA1), and the presenilin-asso-
ciated protein. Regarding the latter, it has been reported
that presenilin-2 homozygous deficient mice spontane-
ously develop with age, and as the only pathologic
phenotype, a considerable thickening of alveolar walls
by fibrosis (Herreman et al. 1999). Furthermore, in situ
experiments using several techniques also revealed cells
undergoing programmed cell death scattered throughout
the parenchyma and within the bronchial epithelium
(Herreman et al. 1999). Another apoptotic related gene
is the HLA-B associated transcript 3 (BAT3) which has
a canonical caspase-3 cleavage site (Wu et al. 2004).
There is evidence indicating that activated caspase-3 acts
on BAT3 releases a C-terminal fragment designated
CTF-131 which in turn induces apoptosis (Wu et al.
2004). Whether this or other of the apoptosis related
genes are upregulated in association with determined
HLA haplotypes is presently unknown and will require
further studies.

An additional clinical observation was the increased
number of patients with the HLA-B*35-DRB1*0407-
DQB1*0302 haplotype who request medical assistance

after few months of rapidly progressive symptoms. We
have recently found that patients with this clinical
behavior often show an accelerated form of the disease
with the worst survival rate (Selman et al. 2005).

In summary, our results suggest a role for a genetic
susceptibility associated to MHC in IPF and provide
support to the notion that susceptibility should be
visualized through a model involving several genes,
including those of the MHC. One particular haplotype,
HLA-B*35-DRB1*0407-DQB1*0302, is associated with
a phenotype characterized by the presence of lung fac-
tor(s) that induce alveolar epithelial cell apoptosis
in vitro.
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