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ABSTRACT: The history of patients with idiopathic pulmonary fibrosis (IPF)
shows that the disease may be preceded by a viral-like illness. Although viruses
have not been demonstrated, it is possible that viruses were not detected in cul-
ture because they do not replicate during latency.

We investigated the presence of adenovirus in IPF and interstitial pneumonia
associated with collagen vascular disease (CVD-IP), using the nested polymerase
chain reaction (PCR) and in sifu hybridization (ISH) for the E1A region of the
adenovirus genome. Studies were performed on lung tissues obtained by trans-
bronchial lung biopsy from 19 patients with IPF, 10 patients with CVD-IP and,
for comparison, from 20 patients with sarcoidosis.

The E1A DNA was present in 3 out of 19 (16%) cases of IPF, in 5 of 10 (50%)
cases of CVD-IP, and in 2 of 20 (10%) cases of sarcoidosis. The incidence of E1A
DNA in CVD-IP was significantly higher than that in sarcoidosis (p<0.05). In pati-
ents with IPF and CVD-IP, E1A DNA was more prevalent in patients treated with
corticosteroids (6 out of 9 cases; 67%) than in those without it (2 out of 20 cases;
10%) (p<0.01). ISH studies showed that 1 out of 8 cases of IPF and CVD-IP, in
which E1A DNA was detected by PCR, was positive for EIA DNA.

We conclude that adenovirus E1A is unlikely to be aetiologically involved in the
pathogenesis of idiopathic pulmonary fibrosis or interstitial pneumonia associated
with collagen vascular disease. However, a latent adenovirus infection may be reac-
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tivated or may newly infect the host following corticosteroid administration.
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In vitro deoxyribonucleic acid (DNA) amplification
by the polymerase chain reaction (PCR) makes it pos-
sible to detect rare DNA sequences [1], and can be used
to identify the nucleic acids of infectious agents present
in copy numbers that are too low to be detected by other
methods [2]. This sensitive detection system has also been
used for the identification of viral DNA in archival
material, such as paraffin-embedded fixed tissue, where
much of the DNA has been degraded and is no longer
suitable for conventional methods of DNA analysis [3].

Although no one has been able to demonstrate viru-
ses in the bronchoalveolar lavage fluid or in lung tis-
sues from patients with idiopathic pulmonary fibrosis
(IPF), it is possible that viruses were not detected in cul-
ture because they do not replicate during latency. Latent
viruses may produce viral proteins that modulate viral
and host immune responses and can perhaps be reacti-
vated by a stimulus, such as immunosuppression.

Infection by group C adenovirus (types 1, 2, 5 and 6)
is common in humans, causing colds and other types of
infections. These viruses tend to become latent in the
tonsils [4], the peripheral lymphocytes [5], and the lung
[6]. The E1A region of the adenovirus was used as the

target DNA for amplification in this study because this
region of the virus is responsible for the transformation
of the cells and for sensitizing the infected cells to cyto-
lysis by tumour necrosis factor (TNF) [7], natural killer
(NK) cells, and activated macrophages [8]. If adeno-
virus is present, it could cause or modulate alveolitis,
which is thought to be the initial phenomenon in pul-
monary fibrosis. Patients with IPF and interstitial pneu-
monia associated with collagen vascular disease (CVD-IP)
were often treated with corticosteroid and/or other im-
munosuppressive agents. We hypothesized that latent
adenovirus infection may cause or modulate the patho-
physiology of pulmonary fibrosis, and that the virus
may be reactivated by immunosuppressive therapy.

To investigate this hypothesis, we used nested PCR,
which is a two-step in vitro amplification, first with
outer primers and then with inner primers nested with-
in the outer primers, attempting to increase both the sen-
sitivity and the specificity of the PCR [9], to determine
the incidence of adenovirus DNA in lung tissues from
patients diagnosed as IPF or as CVD-IP. We also used
an in situ hybridization (ISH) method to localize the
adenovirus DNA in specific lung cells.
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Materials and methods

Case material

The study of IPF was performed on 22 samples of lung
tissues obtained by transbronchial lung biopsy (TBLB)
from 19 patients with IPF, 8 males and 11 females, aged
41-81 yrs (mean 62 yrs). There were 10 smokers and
9 nonsmokers. The diagnosis of IPF was established by
a combination of medical history, physical examination,
laboratory tests, chest radiography, pulmonary function
tests, and the results of pulmonary biopsies, according to
criteria described previously [10].

The study of CVD-IP was performed on 17 samples
of lung obtained by TBLB from 10 patients. There were
4 males and 6 females, aged 37-67 yrs (mean 56 yrs).
Three patients were smokers and seven patients were
nonsmokers. There were five cases of rheumatoid arth-
ritis, two cases of dermatomyositis with Sjogren's syn-
drome, one case of rheumatoid arthritis with progressive
systemic sclerosis, one case of dermatomyositis, and one
case of progressive systemic sclerosis. The diagnosis of
collagen vascular disease was based on clinical criteria,
using a combination of medical history, physical exam-
ination, laboratory tests, and chest radiography. Pati-
ents with collagen vascular diseases were all in the chronic
stage, and pathological findings exhibited the usual
features of fibrosing alveolitis of the usual interstitial
pneumonia variety. More than three specimens from dif-
ferent parts of the lung were obtained by TBLB. Specimens
that consisted of bronchial mucosa only were excluded.
We ensured that the specimens included bronchiolar and
alveolar epithelial cells.

Results in these two groups (IPF and CVD-IP) were
compared with those in patients with sarcoidosis, in
which 20 samples of lung tissues were obtained from
20 patients with sarcoidosis by TBLB. There were 12
males and 8 females, aged 23-60 yrs (mean 42 yrs).
The diagnosis of sarcoidosis was confirmed by the pres-
ence of noncaseous epithelioid granulomas in tissue
samples.

DNA extraction

Specimens were obtained by TBLB, fixed in 10% for-
malin, and routinely embedded in paraffin. Four 10 pm
sections were cut from each block, using a fresh dispos-
able microtome blade for each block to prevent cross-
contamination. Sections were rinsed with xylene to remove
paraffin and washed with ethanol. Tissue was suspen-
ded in 200 pL of a mixture of 100 mM Tris HCI (pH
8.0); 40 mM Na, ethylenediamine tetra-acetic acid (EDTA);

10 mM NaCl; 1% sodium dodecyl sulphate (SDS) and
proteinase K (Amresco Inc., Solon, OH, USA), 500
pg-mL-l. Samples were incubated at 50°C overnight.
This mixture was subjected to phenol/CHCI, (1:1) extrac-
tion. After ethanol precipitation, the DNA was dried.

Oligonucleotide primers

The nucleotide sequences of the primers and probes
are presented in table 1. The primers used in the first
PCR specified the amplification of a 675 base pair (bp)
fragment of the E1A region of the genome of aden-
ovirus 5 [6]. This primer pair also amplified a 673 bp
fragment from the corresponding region of adenovirus
2. The primers used in the nested PCR specified the
amplification of a 261 bp fragment of the inner part of
the first PCR product. The primers used to confirm the
presence of DNA extracted from paraffin-embedded tis-
sues specified the amplification of a 240 bp fragment
of the human leucocyte antigen (HLA)-DQa gene [11].

Polymerase chain reaction

The extracted DNA was dissolved in a solution contain-
ing: 10 mM Tris HCI (pH 8.4); 50 mM MgCl,; 0.01%
Triton X-100; 100 pM each of deoxyguanosine triphos-
phate (dGTP), deoxyadenosine triphosphate (dATP),
deoxycytidine triphosphate (dCTP), deoxythymidine tri-
phosphate (dTTP); and 0.5 pM each of the first set of
primers. After the mixture had been heated in a DNA
thermal cycler (Perkin-Elmer Cetus, Emoryville, CA,
USA) at 100°C for 10 min, 2.5 units of Taq DNA poly-
merase (Takara Biochemicals, Otsu, Japan) were added.
The entire mixture of 50 pL was overlaid with 40 pL
of mineral oil and subjected to 35 cycles of 1 min dena-
turation at 93°C, 1 min to allow annealing at 63°C, and
2 min of extension at 72°C. During the last cycle, the
extension time was increased by 7 min. Five microlitres
of the first PCR product was subjected to nested PCR,
which differed from the first PCR only in the primers
used. The signal of the PCR product from each block
was analysed by electrophoresis in 2% agarose gel.

The reaction conditions for amplification of the HLA-
DQo gene were the same as those for the EIA PCR,
except that the MgCl, concentration was 2.5 mM. The
thermocycler programme was the same as that described
above, except that the annealing step was for 2 min at
45°C. The DNA was transferred from the gel to the fil-
ter. Filters with HLA-DQo PCR products were pre-
hybridized and hybridized with oligonucleotide probes
labelled with digoxigenin-dideoxyuridine triphosphate

Table 1. — Oligonucleotides used in polymerase chain reaction analysis

Primer or probe

Oligonucleotide sequence

E1A outer primers

5'-CTGCCACGGAGGTGTTATTACC-3'

5'-CTCAGGTTCAGACACAGGACCT-3'

E1A inner primers

5'-GAACCACCTACCCTTCACGAACTG-3'

5-GTGGCAGGTAAGATCGATCACCTC-3'

HLA-DQa primers

5'-GTGCTGCAGGTGTAAACTTGTACCAG-3'

5-GTTGAGATGGCGACGATGGCCTAGGCAC-3'

HLA-DQuo. probe

5-TGGACCTGGAGAGGAAGGAGACTG-3'

HLA: human leucocyte antigen; C: cytosine; T: thymine; G: guanine; A: adenine.
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(ddUTP) using the DIG Oligonucleotide 3'-End Label-
ing Kit (Boehringer Mannheim, Mannheim, Germany).
Hybridization was performed according to protocols
recommended by the manufacturer, and the digoxigenin-
labelled probe hybridized with HLA-DQa. PCR products
was detected by means of the DIG Nucleic Acid Detection
Kit (Boehringer Mannheim).

All samples were tested simultaneously, along with
positive and negative controls. For positive controls,
serially diluted adenovirus 2 DNA and DNA extracted
from paraffin sections of fixed Graham 293 cells, which
contain 4-5 copies of the E1A region of adenovirus 5
[12], were used. Human placental DNA (250 ng) and
no template DNA, which consisted of a sample con-
taining all the components for PCR except template DNA,
served as negative controls. DNA extracted from Raji
cells, that were fixed and embedded in paraffin, was used
as an additional negative control in the series of paraf-
fin-embedded lung tissues. Human placental DNA (250
ng) and no template DNA served as positive and neg-
ative controls, respectively, for HLA-DQo amplifica-
tion.

In Situ hybridization

Two 5 pm sections were cut from each block, and
placed on opposite ends of silane-coated slides. These
sections were dewaxed by washing for 5 min three times
in xylene, dehydrated in 100, 95 and 80% ethanol for
5 min each, and allowed to dry. They were then incu-
bated in acid pepsin solution (porcine stomach mucosa
pepsin (Sigma Chemical Co., St. Louis, MO, USA), 1.0
mg-mL-! in distilled water (dH,0) acidified to 0.2 M
HCI) for 10 min, and immediately fixed in 4% parafor-
maldehyde at room temperature for 5 min. The slides
were then washed with 0.5% Triton X-100 in phos-
phate-buffered saline (PBS) for 5 min at room temper-
ature, and incubated in 1% glycine-PBS solution. After
being rinsed with dH,O, the slides were dehydrated in
80, 95 and 100% ethanol and allowed to dry. One sec-
tion was inverted onto a coverslip with 10 pL of hybrid-
ization solution containing biotinylated adenovirus 5
probe (Enzo Diagnostics, New York, USA). The other sec-
tion on the same slide was inverted onto another cov-
erslip with 10 pL of hybridization solution containing
biotinylated plasmid pBR322 DNA (Enzo Diagnostics).

The DNA in both probe and tissue was denatured at
96°C for 10 min, and allowed to hybridize for 3 h at
37°C in humidified plastic dishes. The coverslips were
then rinsed with 2x standard sodium citrate (SSC), and
the slides were washed twice in 2x SSC for 5 min each
time, twice in 0.1x SSC for 5 min each time, and washed
once in 2x SSC for 2 min at room temperature. Five
hundred microlitres of 3% bovine serum albumin (BSA)
in 0.5% Triton X-100 PBS solution was placed on the
sections, and the slides were then incubated for 10 min
at 37°C. The slides were washed with PBS, blotted to re-
move excess moisture, and incubated in the same BSA
solution containing the streptavidin-alkaline phospha-
tase conjugate (Bethesda Research Laboratories, Gaith-
ersburg, MD, USA) at a concentration of 1 U-mL-!, for
30 min at 37°C. After being rinsed with PBS, the slides
were washed three times (for 5 min each time) in 0.5
% Triton/PBS, three times (for 5 min each time) in PBS,
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and three times (for 5 min each time) in AP 9.6 (0.1 M
Tris HCI (pH 9.6), 0.1 M NaCl, 0.1 M MgCl,). They
were then placed in AP 9.6 containing 5-bromo-4-chloro-
3-indole phosphate, 169 pg-mL-!, (Sigma), and nitro
blue tetrazolium, 331 pg-mL-! (Sigma), and left in the
dark for 30 min. The colour reaction was stopped by
washing with Na,EDTA, and the slides were examined
under a light microscope. Slides prepared from forma-
lin-fixed, paraffin-embedded lung tissue obtained from
a patient with adenoviral pneumonia served as a posi-
tive control for the detection of viral DNA. The nega-
tive control for the detection system was obtained by
comparing the section treated with the adenoviral DNA
probe with an adjacent section on the same slide treat-
ed with pBR322 DNA.

Statistical methods

For PCR analysis, the incidence of E1A DNA in the
IPF, CVD-IP, and sarcoidosis groups was analysed by
Chi-squared test. A p-value of less than 0.05 was con-
sidered statistically significant.

Results

Figure 1 presents a representative electrophoresed aga-
rose gel of the products of PCR amplification for seri-
ally-diluted adenoviral DNA and positive and negative
controls. In the nested PCR, one copy of adenoviral
DNA and DNA extracted from formalin-fixed, paraffin-
embedded Graham cells were successfully amplified. The
negative controls, consisting of human placental DNA
and DNA extracted from histological sections of Raji
cells, did not show a visible amplification product.

12345678

a)
b)
Fig. 1. — a) Conventional; and b) nested polymerase chain reaction

(PCR) amplification of adenovirus deoxyribonucleic acid (DNA).
Agarose gel of PCR amplification products. The template DNAs used
in the PCRs were the following: lanes 1 to 4, DNA from serially
diluted adenovirus DNA (103, 102, 10!, 100 copies); lane 5, no tem-
plate DNA; lane 6, DNA from Graham cells; lane 7, DNA from Raji
cells; lane 8, human placental DNA.
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Table 2. — Summary of results of PCR analysis
E1A PCR positive
IPF CVD-IP Sarcoidosis
n % n % n %
Cases 3/19 (16) 5/10 (50)* 2/20 (10)
Blocks 4/22 (18) 6/17 (35) 2/20 (10)
E1A PCR positive in IPF and CVD-IP
Steroid(+) Steroid(-)
n % n %
Cases 6/9 (67)f 2/20 (10)
Blocks 6/10 (60)* 4/29 (14)

PCR: polymerase chain reaction; IPF: idiopathic pulmon-
ary fibrosis; CVD-IP: interstitial pneumonia associated with
collagen vascular disease; Steroid(+); patients administered
corticosteroids; Steroid(-): patients not treated with corticos-
teroids. *: CVD-IP > sarcoidosis, p<0.05; ¥: Steroid(+) >
Steroid(-), p<0.01.

Table 2 summarizes the results of PCR analysis. Ad-
enoviral DNA was found in 3 out of 19 (16%) patients
with IPF, in 5 of 10 (50%) patients with CVD-IP, and
in 2 of 20 (10%) patients with sarcoidosis. The preva-
lence of adenovirus in CVD-IP was significantly high-
er than that in sarcoidosis (p<0.05). In the IPF and
CVD-IP patients, 6 out of 8 cases (75%), that were pos-
itive for adenovirus DNA by PCR, corticosteroids were
administered for 1-18 months. The incidence of aden-
ovirus DNA in patients with IPF and CVD-IP who
received corticosteroids was 6 out of 9 cases (67%),
which was significantly higher (p<0.01) than that in
patients who did not have corticosteroid treatment (2
out of 20 cases; 10%). The incidence of adenovirus
DNA in smokers (3 out of 13; 23%) did not differ from
that in nonsmokers (5 out of 16; 31%) in IPF and CVD-
IP patients. Hybridization of HLA-DQo PCR products
with an oligonucleotide probe confirmed the successful
extraction of DNA from all samples used.

ISH analysis was performed on sections cut from all
blocks used for PCR. Although 10 cases, which con-
sisted of three cases of IPF, five cases of CVD-IP, and
two cases of sarcoidosis, were positive for E1A by PCR
as shown in table 2, only one case of CVD-IP showed
positive signals for adenovirus probe in alveolar epithe-
lial cells by ISH. All the cases negative for EIA PCR
were also negative for adenovirus DNA by ISH.

Discussion

In this study, the negative E1A PCR controls, the sam-
ples without added template DNA, the samples with
purified human placental DNA, and the samples with
DNA extracted from paraffin-embedded Raji cells, all
of which were analysed at the same time as DNA from
the test samples, were consistently negative. Thus, we are
confident that our results are reliable and unaffected by
contamination. Figure 1 shows clearly that nested PCR
for EIA DNA was at least 100 times more sensitive
than conventional PCR, and able to detect a single copy
of adenovirus DNA. The PCR product was visualized
by agarose gel electrophoresis and ethidium bromide
staining. Thus, we were able to avoid the need for hy-
bridization in order to detect the PCR product.

Transbronchial biopsy in IPF is often inadequate, ten-

ding to sample endobronchial tissues only. We perform-
ed TBLB until we obtained at least three specimens. Only
specimens that included adequate lung parenchyma,
bronchiolar and alveolar epithelial cells, and lympho-
cytes were used. Thus, the TBLB specimens used in
this study were adequate for PCR study of adenovirus
DNA.

The possible role of infection in the genesis of pul-
monary fibrosis is often questioned [13]. In a review of
IPF, some 25-40% of patients with IPF reported clearly
that their disease began after a viral syndrome that in-
cluded chest symptoms [10]. Although no virus has been
cultured in IPF, the virus could be latent and, thus, it
would not replicate. The techniques of molecular biology
now make it possible to detect a latent virus infection
in clinical specimens that was not previously detectable
by culture. Previous study [6] showed that the PCR
technique demonstrated small amounts of adenovirus
DNA that are commonly present in human lungs.

We observed that adenovirus was more prevalent in
lung tissues obtained from patients treated with corti-
costeroids (67%) than in those who were not (10%) (table
2). The incidence of adenovirus in cases of pulmonary
fibrosis without corticosteroid therapy was identical
to that in patients with sarcoidosis (10%), who were
not administered corticosteroids before biopsy. It there-
fore seems unlikely that adenovirus infection is direc-
tly involved in the pathogenesis of pulmonary fibrosis.
MATSUSE et al. [6] demonstrated that adenovirus ETA
DNA is positive in 87% of paraffin-embedded speci-
mens of lung parenchyma obtained from patients who
underwent lobectomy for lung carcinoma. In a study
involving fresh blocks of lung parenchyma from smok-
ers, the incidence of E1A positivity was 44% in patients
without chronic obstructive pulmonary disease (COPD),
and 90% in those with COPD [6]. Thus, in the present
study, the frequency of positivity for adenovirus in pul-
monary fibrosis without corticosteroid treatment (10%)
was less than that in normal lung parenchyma in the
previous study [6], and even the high values in cortico-
steroid-treated patients (67%) was no higher than that
in normal lung parenchyma.

BATEMAN et al. [14] reported that the incidence of ade-
novirus DNA in follicular bronchiectasis (25%) was
lower than expected. They speculated that this might be
the consequence of a more effective immune elimina-
tion of the adenovirus in patients with a follicular his-
tology, possibly as a consequence of local populations
of antiviral cytotoxic lymphocytes. We speculate that
one reason for the low prevalence of adenovirus in fib-
rotic lung disease is the elimination of adenovirus by
the host's immune response, because the E1A region of
adenovirus is responsible for sensitizing the infected cells
to cytolysis by TNF [7], NK cells, and activated macro-
phages [8]. In lung tissues of patients with IPF and
CVD-IP, macrophages and lymphocytes are activated, and
produce proinflammatory cytokines. Another reason for
the low prevalence may be a lower population of alve-
olar and bronchiolar epithelial cells where adenovirus
persists, as demonstrated by ISH in the study by MATSUSE
et al. [6], since these cells are damaged and replaced
by fibrotic tissues.

The possible role of adenovirus, either in latent infec-
tion or in recurrent infection later in life, is open to
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question. The mechanism of its latency, a chronic, low-
grade infection, lysogenicity, or incorporation of the
virus genome to the host cell, has not been determined.
It is, therefore, possible that administration of corticos-
teroids might cause the virus to replicate. Corticosteroid
treatment may suppress the function of NK cells and
activated macrophages, or production of cytokines to
eradicate the virus. The incidence of viral infection in-
creases during administration of corticosteroids [15].
Therefore, the present study suggested the incidence of
adenovirus infection may be increased, or a latent ade-
novirus infection may be reactivated in corticosteroid-
treated patients. However, we should be careful to decide
whether the lower values in the IPF and CVD-IP are
statistically valid and biologically relevant and whether
higher values in corticosteroid-treated patients are applic-
able, because the number of cases employed in this
study was small.

Adenoviral infections are known to cause severe ne-
crotizing bronchitis, bronchiolitis and bronchiolitis
obliterans with associated pneumonic pulmonary fibro-
sis, both in animals [16] and in humans [17-20]. The
ElA region of the adenovirus was used as the target
DNA for amplification in this study because this region
is responsible for transactivation of the viral and cellu-
lar genes, transformation of the cells, and the sensitiza-
tion of infected cells to cytolysis by TNF [7], NK cells,
and activated macrophages [8]. In contrast, a glycosy-
lated 14,700 MW protein encoded by the E3 region of
the adenovirus protects infected cells from lysis by TNF
[21]. A glycosylated 19,000 MW protein encoded by E3
region is also thought to be involved in maintaining
latent adenoviral infection [8]. This viral protein pre-
vents cell surface expression of class I major histo-
compatibility complex (MHC) molecules by retaining
them in the cell's endoplasmic reticulum. Failure of
infected cells to express class | MHC protects them against
destruction by cytotoxic T-cells, and allows the virus to
persist in the host cell.

The present results suggest that corticosteroid treat-
ment may be associated with the prevalence of adenovirus,
although it is unlikely that adenovirus was aetiologi-
cally involved in the pathogenesis of IPF or CVD-IP.
Because only one out of the eight cases of IPF or CVD-
IP that were positive for adenovirus EIA DNA by PCR,
was positive for adenovirus DNA by ISH, and the popu-
lation studied was small, additional studies are needed
to demonstrate the expression of messenger ribonucleic
acid (mRNA) or proteins of adenovirus in infected cells,
in order to determine whether adenovirus is implicated
in the pathogenesis of pulmonary fibrosis.
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