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Expression of class II major histocompatibility
complex antigens on alveolar epithelium in interstitial
lung disease: relevance to pathogenesis of idiopathic
pulmonary fibrosis
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SUMMARY To determine whether expression of class II major histocompatibility complex antigens
on alveolar epithelium is relevant to the pathogenesis of idiopathic pulmonary fibrosis (IPF) lung
biopsy specimens were investigated from nine patients with IPF with or without connective tissue
disease, four patients with sarcoidosis, eight patients with lung disease of presumably infectious
origin, and five controls. The alveolar epithelium stained strongly with anti-Ia (HLA-DR) or Leu 10
(HLA-DS) monoclonal antibodies, in eight of nine biopsy specimens from patients with IPF, in
three of four biopsy specimens from patients with sarcoidosis, in all six biopsy specimens from
patients with presumably viral, mycobacterial, or pneumocystic lung disease, but not in control lung
tissue, nor in two biopsy specimens from patients with bacterial pneumonia.
Mononuclear cell infiltrates consisted of T4 positive (helper/inducer) lymphocytes, predom-

inantly present in a nodular arrangement in the interstitium, and T8 positive (cytotoxic/suppressor)
cells, distributed equally in the interstitium and subepithelially or intraepithelially. T8 cells out-
numbered T4 cells in six of nine biopsy specimens from patients with IPF, but in none of the biopsy
specimens from patients with sarcoidosis or interstitial lung disease of infectious origin.

Although the expression of class II antigens on the alveolar epithelium which is infiltrated by T8
cells in IPF is consistent with local presentation of autoantigens and an ensuing local immune
response, class II expression is also present in interstitial lung disease of sarcoidosis and microbial
infections: its role in the pathogenesis of IPF must therefore remain speculative.

Recent data on the pathophysiological mechanisms
of idiopathic pulmonary fibrosis (IPF) indicate acti-
vation of macrophages and polymorphonuclear leu-
cocytes, resulting in tissue damage and fibrosis.' The
initiating events leading to the accumulation of acti-
vated mononuclear cells in the lung interstitium are
not, however, fully understood. There is some evi-
dence that autoimmune mechanisms have a role in the
pathogenesis of IPF: serum autoantibodies to nuclear
antigens are often detected in IPF.2 3 In addition, pul-
monary disease in connective tissue illnesses such as
scleroderma, rheumatoid arthritis, and systemic lupus
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erythematosus (SLE), is, in many cases, indistinguish-
able histologically from that which occurs in IPF. The
accumulation of mononuclear cells in the interstitial
spaces in close contact with the alveolar epithelium,
observed in IPF with and without connective tissue
disease, might suggest that the supposed autoimmune
response is directed against structural antigens of the
alveoli. The prerequisites for the induction of such an
autoaggressive reaction are as yet unknown.

In organ specific autoimmune diseases such as
Hashimoto's thyroiditis, primary biliary cirrhosis,
and type I diabetes mellitus expression of class II
MHC antigens on the epithelial cells-for example,
HLA-DR and other antigens-has been shown
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recently.4- 6 It has been postulated that class II
expression on these cells might be an important initial
or additional event by which the presentation of the
relevant autoantigens to autoreactive T helper cells
could lead to an effective autoimmune response.78
Epithelial cells functioning as antigen presenting cells
are also able to produce another signal necessary for
the induction of an immune response-namely,
interleukin-1, as shown recently for epidermal cells.9
Normal epithelial cells do not express class II anti-
gens, and as such, are, not capable of presenting auto-
antigens.
For this reason we investigated whether the

prerequisites for local presentation of autoantigens
might also be present on the alveolar epithelium in
IPF. We described previously in a preliminary com-

munication the expression of class II antigens on the
alveolar epithelium in some patients with IPF with or

without connective tissue disease,10 and suggested
that alveolar epithelial cells may function as auto-
antigen presenting cells in IPF. In the present study
we investigated whether expression of class II MHC-
antigens on the alveolar epithelium is, indeed, a

specific finding in IPF, which may underly the
induction of an autoimmune response directed
against structural alveolar antigens. Thus we studied
the expression of class II antigens on epithelial cells in
lung biopsy specimens from patients with IPF, sar-

coidosis, viral, and bacterial infections. In addition,
we studied the distribution and localisation of lym-
phocyte subsets in these specimens to evaluate
whether the immunohistological findings were com-

patible with the hypothesis of local presentation of
autoantigens to the immune system.

Kallenberg, Schilizzi, Beaumont, de Leij, Poppema, The

Patients and methods

We studied lung biopsy specimens from nine patients
with pulmonary fibrosis (five with and four without a

connective tissue disease; cases 1-9), four patients
with sarcoidosis (cases 10-13), six immuno-
compromised patients with interstitial pneumonitis
probably related to viral, mycobacterial, or pneu-
mocystis infections (cases 14-19), and two patients
with bacterial pneumonitis (cases 20 and 21). Tables
1-3 give the clinical data of the patients. Normal lung
tissue was obtained during thoracotomy for lung car-

cinoma in five patients. A diagnosis of IPF was based
on: (i) a lung biopsy specimen showing interstitial
fibrosis with inflammatory changes and without gran-
ulomas; (ii) interstitial markings on chest x-ray; (iii) a

restrictive ventilatory disorder by pulmonary func-
tion testing; (iv) no history of exposure to materials
that are related to the development of interstitial lung
disease. The diagnosis of rheumatoid arthritis, SLE,
and systemic sclerosis was based on the criteria of the
American Rheumatism Association. Connective tis-
sue disease was diagnosed on the presence of anti-
bodies to nucleoribonucleoprotein in association with
clinical features of SLE and systemic sclerosis. A
diagnosis of sarcoidosis was based on: (i) a lung
biopsy specimen with non-caseating epitheloid granu-
lomas; (ii) no evidence of mycobacterial or fungal
infections; (iii) no history of exposure to materials
that are related to the development of granulomatous
lung disease.

LUNG BIOPSY SPECIMENS
A 3 x 3 cm biopsy specimen was obtained from the

Table 1 Clinical data and datafrom bronchoalveolar lavage in nine patients with pulmonary fibrosis at time oflung biopsy

Duration of Bronchoalveolar lavage
pulmonary Chest x-ray

Age (year) symptoms (interstitial Total cell % of % of
Case No and sex (year) markings) No ( x 106) neutrophils lymphocytes Diagnosis* Treatment

I 46/F 0 3 + + 31 3 53 3 Systemic None
sclerosis

2 43/F 03 + 21-0 0 11 SLE None
3 43/F 0-3 + + 15 0 12 27 UCTD Prednisone

(45 mg/d)
4 57/M 0-6 + + + 37-6 8 20 IPF None
5 66/M 8 + + 22-9 6 71 IPF None
6 51/M 3 + 18 3 1 5 IPF None
7 56/F 0-2 + + 20-0 13 35 UCTD Prednisone

(10 mg/d)
8 58/M 09 + + 38-7 77 3 RA NSAID
9 50/M 4 + + + 13 2 2 12 RA D-penicillamine
Controls

(n = 9) 326(124) 11-1(3-7) 1(2) 9(6)

*Coding: SLE, systemic lupus erythematosus; UCTD, undefined connective tissue disease; IPF, idiopathic pulmonary fibrosis;
RA, rheumatoid arthritis.
Case 3: Raynaud's phenomenon, arthralgia, IgM rheumatoid factor, interstitial lung disease.
Case 7: Raynaud's phenomenon, discoid lupus, arthralgia, fever, rheumatoid factor, interstitial lung disease.



Expression of class II MHC antigens in interstitial lung disease

Table 2 Clinical data and datafrom bronchoalveolar lavage infour patients with sarcoidosis

Bronchoalveolar lavage

Age (Duration of) Total
Patient (year)/ pulmonary cell No % of % of Accompanying
case No sex symptoms Chest x-ray (x 106) neutrophils lymphocytes Treatment Gallium scan symptoms

10 23/M Dyspnoea on Bihilar 210 0 25 None Bihilar, Uveitis
exertion lymphadenopathy, mediastinal and
(one month) no interstitial supraclavicular

markings uptake, normal
pulmonary
uptake

II 78/F Progressive Bihilar 40-8 1 51 None Increased uptake
dyspnoea on lymphadenopathy, in pulmonary
exertion reticulonodular parenchyma
(5 years?)

12 32/M No specific Reticulonodular 33 9 2 28 None Increased uptake Malignant
complaints in pulmonary melanoma of
(detected on parenchyma lower leg
routine x-ray
because of
melanoma)

13 37/F Progressive Reticulonodular ND ND ND Frusemide, Increased uptake Hepatospleno-
dyspnoea on digoxin in liver and megaly
exertion spleen (granulomas
(2 years?) in biopsy),

pulmonary
hypertension

ND = not done.

right upper lobe (case 15), the right middle lobe (case
16), the right or left lower lobe (cases 2, 4-6, 8, 9,
12-14, 17-19) or the lingula (cases 1 and 3). In case 7
multiple biopsy specimens were taken at thora-
coscopy; in cases 10 and 11 transbronchial biopsies
were performed. Part of the biopsy specimen was

fixed in formalin and embedded in glycol meth-
acrylate, and part snap frozen in liquid nitrogen for
immunohistological studies. Methacrylate sections of
2,m were stained with hematoxylin and eosin, and
for reticulin and elastin. For the detection of antigens

reacting with monoclonal antibodies, an indirect two
step immunoperoxidase method was used."1 The fol-
lowing monoclonal antibodies were used as primary
reagents: anti-Ia (HLA-DR); Leu 3a (helper/inducer
T cells); and Leu 10 (HLA-DS) (all from Becton and
Dickinson); OKT8 (suppressor/cytotoxic T-cells)
(Ortho); and Bl (B-lymphocytes).12 Peroxidase conju-
gated rabbit antimouse antibodies (Dakopatts) were

used as a secondary reagent. The peroxidase staining
was performed with 3-amino 9-ethyl carbazole and
H202. Sections were counterstained with Mayer's

Table 3 Clinical datafrom six patients with interstitial lung disease, presumably of infectious origin

Duration of
Diagnosis of pulmonary

Case Age (years)/ underlying symptoms
No sex disease (days) Chest x-ray Diagnosis

14 52/M Hairy cell leukemia 8 Reticulo-nodular Atypical mycobacteriosis (M avium)
1 5 75/M Acute myeloid leukemia 31 Consolidation in No diagnosis (negative cultures for fungi,

right upper lobe viruses, bacteria, mycobacteria)
16 20/M Aplastic anemia, 40 Diffuse consolidation Cytomegalovirus infection

bone marrow
transplantation

17 1 2/M Acute lymphoblastic 16 Reticulo-nodular No diagnosis (negative cultures)
leukemia

18 21 /M Hodgkin's disease 14 Reticulo-nodular No diagnosis (negative cultures), clinical
with consolidation improvement after addition of

acyclovir and rifampicin
19 54/M Acute lymphoblastic 7 Reticulo-nodular No diagnosis (negative cultures), clinical

leukemia improvement on co-trimoxazol,
seroconversion of cytomegalovirus
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hematoxylin, evaluated by two independent observ-
ers, and scored semiquantitatively.

Results

HISTOPATHOLOGY
Lung specimens from nine patients with IPF with or
without a connective tissue disease (table 1) showed
infiltration with mononuclear cells in the interstitium
and fibrosis in all cases. In three patients (cases 5, 8,
and 9) lymphocytic infiltrates were, in part, present in
a follicular arrangement (fig 1). Two of these patients
(cases 8 and 9) had rheumatoid arthritis. Table 4 sum-
marises these data. Lung specimens from four
patients with sarcoidosis (table 2) showed mono-
nuclear cell infiltration. In the cases 10 and 11 a few
granulomas were present, but fibrosis and Langhans'
giant cells were not detected. In cases 12 and 13
fibrosis and many giant cell granulomas were present.

In the biopsy specimens from six immuno-
compromised patients with interstitial lung disease of
acute or subacute onset (table 3) mononuclear cells
were invariably present in the interstitium. In addi-
tion, plasma cells were present in five of six biopsy
specimens. In cases 17-19 infiltration of poly-
morphonuclear cells was also observed. Two of these
patients were diagnosed as having atypical
mycobacterial infection (case 14) or cytomegalovirus
infection (case 16), whereas in the remaining cases a

diagnosis of viral infection was assumed but not sub-
stantiated (table 3). In all these biopsy specimens
cuboid metaplasia of the alveolar epithelium was
present to a greater or lesser extent; but fibrosis was

absent (cases 14-17) or present to a very limited
amount (cases 18 and 19).
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Fig 1 Immunoperoxidase staining with Leu 10 in cryostat

section oflungfrom patient with rheumatoid arthritis.
Lymphocyte infiltration is seen in follicular arrangement.

In the two patients with bacterial pneumonia there
was a heavy exudate of polymorphonuclear leuco-
cytes, and mononuclear cell infiltration was not
present.

Table 4 Immunohistological findings in lung biopsy specimens ofnine patients with IPF with and without connective tissue
disease, and offive controls

Case No
Controls

1 2 3 4 5 6 7 8 9 (n = 5)

Mononuclear cell infiltration + + + + + ++ + +++ + + + + ++ + +++ Absent
Interstitial fibrosis + + + + + + + + + + + + + Absent

Ia staining of bronchial epithelium + + + + + + + + + + + + + + + + + + + +

Ia staining of alveolar epithelium + + + + + + + + + + + + + +

Leu 10 (DS)-staining of bronchial
epithelium - - + + + + + + ND ND

Leu 10 (DS)-staining of alveolar
epithelium + - - + - - + ND ND

T4positivelymphocytes + + - + + + + + + + + + + Absent
T8positivelymphocytes + + + + + + + + + + + + + + + + + + Absent
Blpositivelymphocytes + + ND ND + + + + ++ + +++ Absent

ND = not done.
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Fig 2 Immunoperoxidase staining ofcontrol lung tissue
showing negative stainingfor HLA-DR. Bronchial epithelium
and scattered alveolar macrophages are positive.

macrophages were strongly positive in all five speci-
mens, and the vascular endothelium was positive in
two of the biopsy specimens. Using Leu 10 mono-
clonal antibody to detect the expression of HLA-DS,
we found only some scattered mononuclear cells to be
positive (fig 3).

In the patients with IPF with or without connective
tissue disease, bronchial epithelium was strongly posi-
tive for Ia-antigens. In all nine cases the alveolar epi-
thelium was also positive (fig 4), although weakly in
case 2. Expression of HLA-DS, detected by staining
with Leu 10, was observed on the bronchial epi-
thelium in five of seven cases, and on the alveolar
epithelium in two cases (fig 5).

In sarcoidosis strongly positive Ia staining of the
bronchial epithelium was present in all four cases (fig
6). The alveolar epithelium stained positive in three
cases. HLA-DS was detected on the bronchial epi-
thelium of only one patient. The alveolar epithelium
was negative for HLA-DS in all four cases (table 5).

Intense expression of Ia-antigens on both bronchial
and alveolar epithelium was also detected in the
biopsy specimens from six immunocompromised
patients with interstitial lung disease caused by
Mycobacterium avium infection (case 14), cyto-

megalovirus infection (case 16), or a possible viral
infection (cases 15, 17-19). Ia expression, however,
was not present on the alveolar epithelium from two
patients with bacterial pneumonia (fig 7). Tables 4-6
summarise these data.

MONONUCLEAR CELL INFILTRATION
In all cases with IPF with or without connective tissue
disease, lymphocyte infiltration was present in the
interstitium. T8 positive cells outnumbered T4 cells in
six of these nine biopsy specimens. In the remaining
specimens the number of T4 cells equalled that of T8
cells. T cells were distributed both diffusely and in a
nodular arrangement. T4 cells predominated in these
nodules (fig 8); T8 cells were more equally distributed
in the interstitium. Often T8 cells were localised sub-
epithelially or intraepithelially, and, in some cases,
also in the alveoli (fig 9). Seven out of the nine biopsy
specimens with mononuclear cell infiltration were
stained with anti-BI monoclonal antibody to detect B
lymphocytes. B cells were found in relatively small
numbers compared with T cells, with the exception of

..W:;" the biopsy specimens from three patients (two with
rheumatoid arthritis-cases 8 and 9, and one patient
with IPF, case 5). In these biopsy specimens the lym-
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Fig 3 Control lung biopsy tissue showing weak
immunoperoxidase staining ofbronchial epithelium and
negative staining ofalveolar epithelium to Leu 10. Scattered
alveolar macrophages are seen with positive staining.
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immune destruction of the gland. In IPF the main
histopathological feature consists of an alveolitis with
infiltration of, in general, mononuclear cells. Histo-
pathologically and clinically, a clear association exists
between IPF and autoimmune thyroid disease,13 and
IPF and primary biliary cirrhosis.'4 In primary bili-
ary cirrhosis expression of class II antigens on the
biliary epithelium has also been shown.5 These data
suggest that similar mechanisms play a part in IPF
with respect to presentation of autoantigens on alveo-
lar epithelial cells.

Immunohistologically, most mononuclear cells in
the interstitium consisted of T8 positive
(cytotoxic/suppressor) lymphocytes. These T8 posi-
tive cells were often situated subepithelially or intra-
epithelially, and in close contact with the alveolar
epithelial cells, suggesting that they might act as
immune effector cells with respect to alveolar anti-
gens. In contrast, T4 positive (helper/inducer) lym-
phocytes were found in clusters in the interstitium, in
some cases also within B lymphocyte follicles. These
observations concord with immunohistological data
from a recent study on six patients with IPF.'5 The
presence ofT4 positive clusters and B lymphocyte fol-
licles in the interstitium is, again, in favour of local
induction of an (auto)immune response, which might

Fig 4 IPF lung tissue showing strongly positive alveolar
epithelium to HLA-DR immunoperoxidase staining.

phocytes were present, in part, in a follicular arrange-
ment. Most of the latter lymphocytes were Bl positive
(fig 10). In general, B cells were also present in (small)
clusters in the other biopsy specimens.

In three cases of sarcoidosis, studied for the distri-
bution of lymphocyte subsets, the number of T4 cells
did not differ considerably from that of T8 cells. In
the biopsy specimens from patients with interstitial
lung disease, probably related to infection, T4 cells
outnumbered T8 cells in three of six cases, whereas in
the remaining three cases these numbers were the
same.

Discussion

In this study we have shown the expression of class II
MHC antigens on alveolar epithelial cells in patients
with IPF with and without connective tissue disease.
In autoimmune thyroid disease expression of class II
antigens on thyrocytes has been postulated as part of
a mechanism by which autoantigens on thyroid cells
might escape immunological tolerance.7 Class II posi-
tive thyroid cells have been shown to function as anti-
gen presenting cells in vitro.8 Thus these cells might
present their autoantigens in the context of class II
antigens to sensitised lymphocytes, resulting in auto-
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Fig 5 Immunoperoxidase staining ofIPF lung tissue
showing wt'eakly positive staining ofalv'eolar epithelium to
Leu 10 (arrowl).
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Table 5 Immunohistologicalfindings in lung biopsy
specimens offour patients with sarcoidosis

Case No

10 11 12 13

Mononuclear cell infiltration + + + + + + + + +
Granulomas + + + + + + ++

Langhans' giant cells - - + ++ +

Interstitial fibrosis - -- + +

la staining of bronchial
epithelium + + + + + + + ++

la staining of alveolar
epithelium + - + + +

Leu 10 (DS) staining of
bronchial epithelium + - - ND

Leu 10 (DS) staining of
alveolar epithelium - - - ND

T4 positive lymphocytes + + + + ND
T8 positive lymphocytes + + + + ND
BI positive lymphocytes - + - ND

ND = not done.

Fig 6 Strongly positive staining ofalveolar epithelium to
HLA-DR in patient with sarcoidosis (Immunoperoxidase
technique.) Strongly positive granulomas can be seen

(arrows).

also comprise a humoral effector phase.
To analyse the specificity of our findings in IPF we

studied biopsy specimens from patients with sarcoid-
osis and infection. Sarcoidosis, a multisystem disor-
der of unknown aetiology, is characterised by an

active cellular immune response,' the target of which
is unknown. Immunocytochemically, T4 positive
(helper/inducer) cells predominate both in the lavage
fluid and in the interstitium.16 Although spontaneous

fluctuations occur in many cases, the disease may pass

into a chronic state, resulting in extensive fibrosis. In
such cases mechanisms similar to autoantigen
presentation may be operative as in IPF. Indeed, we

found class II expression on the alveolar epithelium in
three cases of sarcoidosis. All these patients had
active disease at the time of the biopsy; but none of
them developed extensive fibrosis during an obser-
vation of several years, despite the fact that two of
them were not treated with corticosteroids. Appar-
ently, class II expression on the alveolar epithelium
does not necessarily result in fibrosis in sarcoidosis.

Class II expression was also observed on the alveo-
lar epithelium in patients with interstitial lung disease
caused by infection with viruses or mycobacteria. His-
tologically, the infiltrate consisted predominantly of
lymphocytes of the T4 phenotype (helper/inducer)

Table 6 Immunohistologicalfindings in lung biopsy specimens ofsix patients with presumably infectious diseases

Case No

14 15 16 17 18 19

Mononuclear cell infiltration + + + + + + +++ + + ++
Plasmacellular infiltration + + + + + - + + +
Cuboid metaplasia of alveolar epithelium + + + + + + + + + +
Fibrosis - - - - + +
Polymorphonuclear cell infiltration - - - + + +

la staining of bronchial epithelium + + + + + + + + + +
la staining of alveolar epithelium + + + + + + + + +

T4 positive lymphocytes + + + + + + + + + ++
T8 positive lymphocytes + + ++ + + + + ±
BI positive lymphocytes ND ND ND + ND

ND, not done.

731



ONp

C:._

a' b

b

e :

d. Wt

,ro 1 , e>

N-
*i: *

_

N#

1 O ^k

i ~tt t t:.t<

It'

Iq

*4*

,/:,j- ft.
A

. A

& to

...

c

Fig 7 Negative HLA-DR expression on alveolar epithelium
ofpatient with bacterial pneumonia. Scattered positive
alveolar macrophages can be seen.
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E.xpression of class II MHC antigens in interstitial lung disease 733
and plasma cells, reflecting an active immune
response against mycobacterial and viral antigens.
Apparently, this local immune response results in the
expression of class II antigens on epithelial cells,
probably as a result of the local production of
y-interferon (IFN-y) during a viral infection.17 18
Expression of class II antigens on renal epithelial cells
has been shown during cytomegalovirus infection in
recipients of renal allografts, and has been considered
to enhance graft rejection.19 We did not observe
chronic interstitial lung disease in patients recovering
from viral pneumonias (data not shown), but class II
expression on alveolar epithelium, caused by viral
infection in patients with allogeneic bone marrow
transplantation, may be related to progressive inter-
stitial lung disease, which develops in a substantial
number of these patients. In contrast, class II antigens
were not expressed by the alveolar epithelium of
patients with bacterial pneumonias. In these patients
the infiltrate consisted of polymorphonuclear leuco-
cytes that probably do not produce IFN-y.
The mechanism underlying the expression of class

II antigens on alveolar epithelium is not fully under-
stood. There is increasing evidence, however, that
IFN-y induces class II expression on epithelial cells.20
Viral infection, in vivo and in vitro, induces release of
interferon from mononuclear cells. '7 18 Interestingly,
spontaneous release of IFN-y has been shown in sar-
coidosis by alveolar macrophages and lung T lym-
phocytes,21 whereas normal lung mononuclear cells
produce little or no IFN-y. In IPF class II expression
on the alveolar epithelium is probably also a result of
local IFN-y production by activated T cells. Class II
expression on epithelia during cellular immune
responses of non-infectious origin has also been
shown for keratinocytes in several skin disorders.22
These studies suggest that class II expression on the
alveolar epithelium is probably a result of local prod-
uction of IFN-y by activated T cells. Although
induction of class II expression on the alveoli is not
restricted to IPF, it may still be relevant in the patho-
genesis of IPF-by facilitating the induction of an
autoimmune response.
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