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SUMMARY

 

Human T lymphotrophic virus type-I (HTLV-I), a human retrovirus, infects CD4

 

+

 

 lymphocytes and is
thought to modify their function; a possible association with pulmonary diseases has also been sug-
gested. However, little is known about the influence of HTLV-I on cryptogenic fibrosing alveolitis
(CFA), a chronic inflammatory interstitial lung disease of unknown aetiology. In order to clarify the
influence of HTLV-I infection on CFA, 72 CFA patients with and without HTLV-I infection were exam-
ined. HTLV-I positive CFA patients were likely to have larger affected areas and to show traction bron-
chiectasis with honeycombing change. An imbalance of matrix metalloproteinases and tissue inhibitor
of metalloproteinases were also observed in the BALF of HTLV-I positive CFA patients. CD3

 

+

 

/CD25

 

+

 

lymphocyte percentage was significantly higher in the BALF of HTLV-I positive patients compared to
negative patients. MIP-1

 

a

 

, IP-10 and sICAM levels in BALF were also significantly higher in HTLV-I
positive patients than in negative patients. The levels of MCP-1 and IL-8 were not significantly different.
In HTLV-I positive patients, the MIP-1

 

a

 

 and IP-10 levels showed a significant positive correlation with
percentage of CD3

 

+

 

/CD25 lymphocytes. HTLV-I positive CFA patients showed a larger lesion than neg-
ative patients and exhibited increased levels of certain cytokines that correlated with activated T cells
in the BALF. We suggest that HTLV-I infection may contribute to the development of CFA via acti-
vation of T cells. We also propose that these features should be taken into consideration in the treatment
of CFA in HTLV-I infected individuals.
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INTRODUCTION

 

Human T lymphotrophic virus type-I (HTLV-I), a human retro-
virus, is known to cause adult T cell leukaemia (ATL) [1] and
preferentially infects CD4

 

+

 

 cells 

 

in vivo

 

, modifying the immune
system as well as T cell functions [2]. HTLV-I is also associated
with several non-malignant disorders such as HTLV-I associated
myelopathy (HAM) [3], HTLV-I associated uveitis (HAU) [4]
and arthropathy [5]. In addition, several studies from HTLV-I
pandemic areas have reported that both ATL patients [6,7] and
non-ATL HTLV-I positive people develop frequent pulmonary
complications [8–12]. Unlike patients with ATL, pulmonary
involvement in non-ATL patients does not correlate with leu-

kaemic cell infiltration and pathogens associated with opportunis-
tic infection are not found in the lungs of these HTLV-I positive
individuals [8,13,14]. Bronchoalveolar lavage fluid (BALF) find-
ings in these patients are characterized by increased interleukin-2
receptor (IL-2R/CD25) positive T cells and marked elevation of
soluble IL-2R [11]. Other studies showed up-regulated HTLV-I

 

tax

 

 gene expression in lung tissue and a close correlation between
HTLV-I mRNA expression and lymphocytosis in the lung of
HTLV-I positive individuals [15,16]. The association of intrapul-
monary chemokine production with the HTLV-I product protein
has also been reported in transgenic mice [17]. These results sug-
gest that HTLV-I infection could induce chronic inflammation in
the lung through the activation of leucocytes; however, there has
been no clinical study correlating HTLV-I infection with pulmo-
nary disorders.

Cryptogenic fibrosing alveolitis (CFA) is a chronic interstitial
lung disease of unknown cause, characterized pathologically by
inflammation and fibrosis of the lung parenchyma and is included
in diffuse parenchymal lung diseases (DPLDs) that account for
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15% of the patient population seen by respiratory specialists [18].
The incidence of CFA has been estimated at 10·7 cases per
100 000 per year for males and 27 of 100 000 for females and is
considered to be one of the most common chronic interstitial lung
diseases [18,19]. There have been many reports focusing on the
inflammatory components of this disease and there is no doubt
that various inflammatory cells and mediators contribute to the
pathogenesis of this disease. Taken together, we hypothesized that
HTLV-I infection might influence CFA. In this study, we tried to
clarify the influence of HTLV-I on CFA by investigating 72 CFA
patients (18 patients were positive for HTLV-I and 54 patients
were negative) and have compared the clinical features and
cytokine levels in the BALF.

 

MATERIALS AND METHODS

 

Subjects

 

This study was reviewed and approved by the Kagoshima Uni-
versity Faculty of Medicine Committee on Human Research. All
cases of patients admitted to the Third Department of Internal
Medicine (Kagoshima University Faculty of Medicine) and the
Department of Respiratory Medicine (National Minami-Kyushu
Hospital) between 1996 and 2001 were reviewed retrospectively
by specialists of respiratory medicine. A total of 4782 patients
were admitted between 1996 and 2001. The mean age of the
patients was 62·4 

 

±

 

 19·9. Of these, 772 patients (16·1%) were
infected with HTLV-I.

 

Study protocol

 

The following are the steps undertaken during the review process:
(1) three specialists of respiratory medicine reviewed carefully
the records of all patients who were admitted to our departments;
(2) clinical symptoms were investigated carefully and all previous
chest radiographs were reviewed; and (3) a diagnosis of CFA was
presumed if a patient had either bilateral interstitial chest radio-
graphic shadowing with bilateral basal inspiratory crackles or
lung function parameters compatible with CFA (a restrictive and/
or gas transfer defect) and confirmed pathological findings. In
addition, a diagnosis of CFA required the patient to have no evi-
dence of allergic alveolitis, sarcoidosis or occupational exposures
that would cause pneumoconiosis. In order to evaluate the influ-
ence of HTLV-I infection in CFA, we excluded the patients with
systemic diseases such as collagen disease, HIV infection, vascu-
litis and malignant neoplasms as well as patients with immuno-
logical abnormalities that predispose them to opportunistic
infection, such as diabetes mellitus and acute or chronic liver dis-
ease. In order to exclude the influence of genetic and environ-
mental factors, we investigated patients from two separate
hospitals (Kagoshima University is in Kagoshima City and
National Minami-kyushu Hospital is in Aira-gun, wherein a pre-
vious study showed a significant difference in HTLV-I prevalence
between these two areas [20]). For HTLV-I positive patients, we
examined the counts of abnormal lymphocytes and excluded the
ATL patients.

 

Determination of serum HTLV-I antibody

 

As a policy of our centres, we performed a serum HTLV-I anti-
body test routinely on all patients admitted to our hospitals.
Serum samples were collected from all subjects and tested for
anti-HTLV-I antibody as follows. First, anti-HTLV-I antibody was
measured with an EitesT ATL kit (Eisai Inc., Tokyo, Japan), and

then the sera were re-examined by Western blot method using
MT 2 cell lysate antigens [21] to confirm positivity.

 

Radiographic analysis

 

We also examined the affected pulmonary segments on high
resolution computed tomography (HRCT) to evaluate the dis-
tribution of the lesion in patients with CFA. The ratio of the
affected area to the total lung field was judged subjectively by
the visual scoring method [22]. Each slice was evaluated indi-
vidually, and the right and left lungs were graded separately. A
score of 0 was given if there were no abnormal shadows on the
chest HRCT. If 

 

<

 

25% of the pulmonary parenchyma in a slice
was considered to be abnormal the score was 1; between 25%
and 50% the score was 2; between 50% and 75% the score was
3; and 

 

>

 

75% the score was 4. Therefore, the right and left lungs
each received a maximum score of 4, and a maximum score of 8
was given per slice. All slices above the level of the diaphragm
were assessed in each patient. For each subject, a visual score
(VS) in percentage (total of scores for each slice over the total
possible maximum score) was calculated. The radiographs of
each subject were evaluated independently by two investigators
(a pulmonologist and a radiologist) who have been blinded to
the clinical data.

 

Bronchoalveolar lavage fluid (BALF) analysis

 

The lavage fluid was spun in a cytometer (KN-70, Kubota Ltd,
Tokyo, Japan) at 44

 

¥

 

 g for 5 min and stained with May–Giemsa
stain to identify cell populations. Five hundred cells, excluding
epithelial cells, were identified per slide to establish differential
cell counts, and the counts were expressed in percentages. The
subtypes of lymphocytes were analysed by flow cytometry using
CD4, CD8 and CD25 monoclonal antibodies (Becton Dickinson
Co., Mountain View, CA, USA) and FITC-conjugated anti-CD3
monoclonal antibody. BALF fluids were stored at 

 

-

 

20

 

∞

 

C for fur-
ther analysis routinely in both hospitals.

 

Cytokines in BALF

 

To evaluate the immunological effect of HTLV-I on CFA, we
measured the macrophage inflammatory protein-1

 

a

 

 (MIP-1

 

a

 

),
interferron-

 

g

 

 inducible protein 10 (IP-10), monocyte chemoat-
tractant protein-1 (MCP-1), interleukin-8 (IL-8) and soluble form
of intercellular adhesion molecule (sICAM) concentrations in
BALF using an ELISA kit purchased from R&D Systems, Min-
neapolis, MN, USA. We also determined the matrix metallopro-
teinase (MMP) and tissue inhibitor of metalloproteinases
(TIMPs) titres in the BALF to evaluate the balance of fibrosis and
remodelling in the lung lesions. The concentrations of MMP-2, -9
and TIMP-1, -2 in BALF were measured by corresponding sand-
wich enzyme immunoassay systems using monoclonal antibodies
according to the manufacturer’s protocols (R&D Systems, Min-
neapolis, MN, USA).

 

Statistical analysis

 

The 

 

c

 

2

 

 test was used to evaluate the prevalence of HTLV-I infec-
tion in CFA patients. The Bonferroni/Dunn with analysis of vari-
ance (

 

ANOVA

 

) test was used to see the difference in laboratory
findings, lymphocyte subpopulations. The Mann–Whitney 

 

U

 

-test
was employed to evaluate the difference in VS and the BALF
results. We also employed Spearman’s rank correlation test to
evaluate the statistical correlation between cytokines or VS and
CD3

 

+

 

/CD25

 

+

 

 cell percentage in BALF. A 

 

P

 

-value below 0·05



 

Influence of HTLV-I on CFA

 

399

 

© 2003 Blackwell Publishing Ltd, 

 

Clinical and Experimental Immunology

 

, 

 

133

 

:397–403

 

was considered significant. Most values were expressed as
mean 

 

±

 

 standard deviation (s.d.).

 

RESULTS

 

Patients

 

The prevalence of HTLV-I infection in CFA patients (18/72, 25%)
was significantly higher than compared to the prevalence in
all patients admitted to the departments between 1996 and
2001 [odds ratio (OR) 

 

=

 

 1·75, 95% confidence intervals
(95%CI) 

 

=

 

 1·02–3·00, 

 

P

 

 

 

<

 

 0·05]. In HTLV-I positive CFA patients,
16 patients were suffering from HAM, five patients were suffering
from HAU and three patients were suffering from HTLV-I asso-
ciated arthropathy (four patients had HAM and HAU, two
patients had HAU and HTLV-I associated arthropathy). Of all
the HTLV-I infected patients in our study, 24 patients were suf-
fering from HAM, seven patients were suffering from HAU and
four patients were suffering from HTLV-I associated arthropathy.
Twelve HTLV-I positive CFA patients were transferred to our
centres because of an abnormal shadow found on routine exam-
ination for other HTLV-I associated diseases, four HTLV-I posi-
tive CFA patients were suffering from slight dyspnoea on effort
and two HTLV-I positive CFA patients were suffering from
chronic cough.

The affected areas were significantly wider, %FEV

 

1

 

 was sig-
nificantly lower and the prevalence of upper lobe involvement
and traction bronchiectasis with honeycombing were significantly
higher in HTLV-I positive than in negative patients (Table 1). The

mean age, smoking index, male/female ratio and laboratory find-
ings were not significantly different between two groups.

 

BALF analysis

 

There was no significant difference in lymphocyte numbers and
CD3

 

+

 

 lymphocyte percentage, however, CD3

 

+

 

/CD25

 

+

 

 percentage
was significantly higher in HTLV-I positive patients than in neg-
ative patients. The BALF level of MMP-2 was significantly higher
in HTLV-I positive patients than in negative patients while there
was no difference in MMP-9, TIMP-1 and TIMP-2 levels between
two groups (Table 1). IP-10, MIP-1

 

a

 

 and sICAM levels were sig-
nificantly higher in HTLV-I positive patients than in negative
patients. The levels of MCP-1 and IL-8 were not significantly dif-
ferent (Fig. 1). In HTLV-I positive patients, the MIP-1

 

a

 

, IP-10
and sICAM levels showed a significant positive correlation with
the CD3

 

+

 

/CD25

 

+

 

 percentage (MIP-1

 

a

 

: 

 

r

 

 

 

=

 

 0·5913, 

 

P

 

 

 

<

 

 0·01; IP-10:

 

r

 

 

 

=

 

 0·5926, 

 

P

 

 

 

<

 

 0·01; sICAM: 

 

r

 

 

 

=

 

 0·5579, 

 

P

 

 

 

<

 

 0·05, Fig. 2). There was
no significant correlation between BALF cytokine levels and
CD3

 

+

 

/CD2

 

+

 

 lymphocyte percentages in HTLV-I negative CFA
patients. In HTLV-I positive CFA patients, VS showed significant
positive correlation with the percentage of CD3

 

+

 

/CD25

 

+

 

 lympho-
cytes in BALF (

 

r

 

 

 

=

 

 0·6835, 

 

P

 

 

 

<

 

 0·01, Fig. 2) while no significant
correlations in HTLV-I negative CFA patients were observed.

 

DISCUSSION

 

In this study, we evaluated clinical and immunological HTLV-I
infection influence on CFA. There have been several reports

 

Table 1.

 

Comparison of CFA between HTLV-I positive patients and negative patients

HTLV-I positive patients (

 

n

 

 

 

= 

 

18) HTLV-I negative patients (

 

n

 

 

 

= 

 

54)

 

P

 

-value

Pulmonary function tests
%VC (%) 63·3 

 

± 

 

13·8 71·3 

 

± 

 

13·2

 

P

 

 

 

<

 

 0·05
%FEV

 

1

 

 (%) 66·8 

 

± 

 

10·2 74·1 

 

± 

 

11·3

 

P

 

 

 

<

 

 0·05
%DLCO (%) 50·8 

 

± 

 

16·9 55·3 

 

± 

 

15·2 n.s.
Radiographic appearance

Visual score 27·4 

 

± 

 

12·9 20·3 

 

± 

 

13·1

 

P

 

 

 

<

 

 0·05
Ratio of upper lobe involvement 10/18 15/54

 

P

 

 

 

<

 

 0·05
Prevalence of traction brochiectasis and honeycombing change 12/18 20/54

 

P

 

 

 

<

 

 0·05
BALF analysis

Total cell count (

 

¥

 

10

 

5

 

/

 

m

 

l) 2·88 

 

± 

 

1·99 2·91 

 

± 

 

1·85 n.s.
Macrophage (

 

¥

 

10

 

5

 

/

 

m

 

l) 1·82 

 

± 

 

1·66 1·36 

 

± 

 

1·41 n.s.
Lymphocyte (

 

¥

 

10

 

5

 

/

 

m

 

l) 0·69 

 

± 

 

0·44 0·61 

 

± 

 

0·38 n.s.
Neutrophile (

 

¥

 

10

 

5

 

/

 

m

 

l) 0·13 

 

± 

 

0·15 0·16 

 

± 

 

0·21 n.s.
Eosinophile (

 

¥

 

10

 

5

 

/

 

m

 

l) 0·03 

 

± 

 

0·06 0·03 

 

± 

 

0·05 n.s.
CD4

 

+

 

 lymphocytes(%) 35·9 

 

± 

 

10·1 35·8 

 

± 

 

16·9 n.s.
CD8

 

+

 

 lymphocytes (%) 34·1 

 

± 20·1 33·5 ± 13·5 n.s..
CD4+/CD8+ 1·49 ± 1·01 1·33 ± 1·36 n.s.
CD3+ lymphocytes (%) 92·3 ± 11·3 88·9 ± 12·5 n.s.
CD3+/CD25+ (%) 27·9 ± 16·4 18·9 ± 16·6 P < 0·05
MMP-2 (ng/ml) 3·89 ± 1·99 2·58 ± 2·01 P < 0·05
MMP-9 (ng/ml) 7·1 ± 10·9 5·29 ± 6·99 n.s.
TIMP-1 (ng/ml) 10·24 ± 9·97 11·43 ± 12·22 n.s.
TIMP-2 (ng/ml) 11·28 ± 5·22 9·67 ± 6·35 n.s.
MIP-1a (pg/ml) 29·7 ± 9·6 20·3 ± 12·2 P < 0·01
IP-10 (pg/ml) 27·8 ± 10·2 20·2 ± 10·8 P < 0·05
MCP-1 (pg/ml) 31·4 ± 12·3 34·3 ± 17·7 n.s.
IL-8 (pg/ml) 29·8 ± 18·6 28·7 ± 17·8 n.s.
sICAM (pg/ml) 104·5 ± 27·7 80·4 ± 30·4 P < 0·01
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describing possible association of HTLV-I infection and pulmo-
nary disorders [13,22,23]. Accordingly, a new clinical entity,
namely HTLV-I associated bronchopneumonopathy (HAB), has
been suggested [8,13,23]. However, to our knowledge there has
been no report to suggest a high prevalence of HTLV-I infection
in patients with CFA. In our study, the percentage of symptomatic
HTLV-I infection status is higher than in previous reports [24,25].
We think this is a potential bias of the study in hospitalized
patients and there may be more HTLV-I infected asymptomatic
carriers living in our area. It is interesting that all HTLV-I positive

CFA patients were suffering from HTLV-I associated diseases
and most HTLV-I positive CFA patients did not have major res-
piratory symptoms. Therefore, we propose that it is possible that
either more intensive investigation of minor symptoms or routine
investigation of lung function testing may have resulted in an
increased diagnosis of CFA among HTLV-I infected individuals.

In this report, we showed that HTLV-I positive CFA patients
were likely to have wide lesions and bronchiectasis with honey-
combing change. Of course, we cannot deny the possibility of
coincidence; however, we think that CFA patients with HTLV-I

Fig. 1. Comparison of cytokine levels in BALF between HTLV-I positive and negative CFA patients. The levels of MIP-1a, IP-10 and
sICAM were significantly higher in HTLV-I positive patients than in negative patients. The levels of MCP-1 and IL-8 were not significantly
different between two groups. Bar shows mean value in each group. (*P < 0·01, **P < 0·05, Mann–Whitney test).
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infection are likely to have incurred more damage to the lung
parenchyma because the BALF chemokine levels were correlated
with activated T cell percentages only in HTLV-I positive CFA
patients. In addition, our study showed that HTLV-I positive CFA
patients showed significantly increased BALF levels of MMP-2
compared to negative patients; no differences in the TIMP-2
levels were noted. MMPs are a family of zinc- and calcium-
dependent endopeptidases capable of proteolytically degrading
many of the components of the extracellular matrix [26] and
TIMPs are the endogenous inhibitors of MMPs [27]. MMPs are
thought to be associated with wound repair of human respiratory
epithelium [28], while TIMPs are thought to be associated with
irreversible pulmonary structure remodelling via myofibroblast
[29]. The imbalance of these factors has been thought to contrib-
ute to the development of interstitial lung diseases [30]. Taken
together, we propose the possibility that HTLV-I positive patients
are likely to have an imbalance of MMPs and TIMPs, which
induce pulmonary fibrosis.

Our study also showed increased MIP-1a and IP-10 BALF
levels that correlated with activated T cell percentages (CD3+/
CD25+ lymphocytes) in HTLV-I positive patients. MIP-1a is
known to regulate the trafficking and activation state of select
subgroups of inflammatory cells, including lymphocytes [31],
modulate leucocyte adhesion to the endothelium and contribute
to leucocyte recruitment into the lungs [32]. On the other hand,
IP-10 is chemotactic for activated T cells and plays an important
role in recruiting activated effector T cells into sites of tissue
inflammation [33]. IP-10 is also reported to be involved in the
pathogenesis of pulmonary fibrosis [34], bleomycin-induced pul-
monary fibrosis [35], radiation-induced pulmonary fibrosis [36]
and human immunodeficiency virus (HIV)-associated alveolitis
[37]. T cells can be the cellular source of MIP-1a [38] and IP-10
[39]. An in vivo study showed that p40tax protein of HTLV-I
could induce chemokine production in the lung including MIP-1a
and IP-10 in mice [17]. To our knowledge, this is the first report
that showed a possible correlation of HTLV-I infection and BALF
IP-10 levels. Taken together, we propose the possibility that
HTLV-I infected lymphocytes may contribute to the differential
levels of chemokines in BALF between HTLV-I positive and neg-
ative CFA patients.

ICAM-1 belongs to the immunoglobulin supergene family
and is expressed by many airway cells including bronchial epithe-
lium cells, endothelial cells, T cells, mast cells, eosinophils and
alveolar macrophages. It facilitates cell-to-cell interaction, which
could potentiate chronic inflammation and is particularly impor-
tant in neutrophil adhesion to epithelial cells. ICAM-1 plays an
important role in microvascular leucocyte recruitment in the ble-
omycin-induced pulmonary fibrosis [40] and its expression was
increased in CFA patients [40]. In vitro, HTLV-I infection of T
cells resulted in constitutive expression of ICAM-1 [41]. Besides,
HTLV-I infected individuals showed elevated levels of sICAM in
BALF and the concentration of sICAM-1 correlated with the per-
centage of activated T cells [13]. Our study also showed signifi-
cantly increased sICAM levels and a significantly positive
correlation of sICAM levels with the percentage of CD3+/CD25+

lymphocytes (activated T cells) was observed in HTLV-I positive
patients who exhibited wider lesions than HTLV-I negative CFA
patients. Although we cannot deny the possibility that increased
sICAM-1 levels reflected the increased movement of cells into the
lungs, we suggest that ICAM may be involved in the pathogenesis
of CFA in HTLV-I positive patients.

In our study, there was no significant difference of MCP-1 and
IL-8 levels between HTLV-I positive and negative patients. MCP-
1 is a major chemoattractant for monocytes in inflammation and
immune responses [42]. MCP-1 was detected in the BALF of CFA
[43] and suggested the possible association with the pathogenesis
of CFA [44]. However, macrophages and epithelial cells, not lym-
phocytes that were the targets of HTLV-I infection, were the main
cellular source of MCP-1 production in CFA [45]. On the other
hand, IL-8 is a potent chemoattractant for neutrophils and plays a
pivotal role in acute inflammation by recruiting and activating
neutrophils [42]. Because of this function, IL-8 is considered to
play a prominent role in the attraction of neutrophils to the lung
in CFA [46] and HTLV-I tax protein can trans-activate the human
IL-8 gene through acting concurrently on the AP-1 and nuclear
factor-kappaB-like sites [47]. However, in CFA the cellular
sources of IL-8 were considered to be alveolar macrophages [48].
We cannot deny the possibility that lymphocytes from HTLV-I
positive patients can potentially secrete more IL-8 than from
those of negative patients; we consider that the lymphocytes are
not the major cellular source of IL-8 production in HTLV-I pos-
itive CFA patients.

In summary, CFA in HTLV-I positive patients have the fol-
lowing features: (1) patients with CFA were likely to have large
lesions, bronchiectasis with honeycombing change and imbalance
of MMPs and TIMPs; and (2) increased BALF levels of MIP-1a,
IP-10 and sICAM-1 that correlated with the percentage of CD3+/
CD25+ T cells. Also, VS, which reflect the width of lesion, showed
a significant positive correlation with the percentage of activated
T cells, which are the target of HTLV-I infection. Therefore, we
suggest that the HTLV-I status should be checked when treating
patients with CFA to evaluate the role of HTLV-I in the patho-
genesis of fibrosing alveolitis. We propose a possible new clinical
entity, namely HTLV-I-associated fibrosing alveolitis (HAFA),
because we consider that HTLV-I infection may cause the differ-
ences between patients with HTLV-I infection and fibrosing alve-
olits compared with patients with CFA alone. However, we also
propose that this study must be repeated with a second cohort to
confirm these findings, because of the potential problems encoun-
tered when undertaking multiple comparisons. Further studies
addressing these points are necessary to clarify the influence of
HTLV-I in CFA.
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