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Fig. 1 Azocarmine with
aniline blue (Azan)-Mallory
staining and transforming
growth factor beta (TGF-f)
immunostaining in the labial
salivary gland (LSG). Azan—
Mallory staining and
immunohistochemistry after
epitope retrieval were
performed for formalin-fixed,
paraffin-embedded sections
(3-pm thick) from the LSG
using the Histofine Simple
Stain Kit (Nichirei Co., Tokyo,
Japan). The primary antibodies
used for immunohistochemistry
were TGF-ff and mouse
immunoglobulin (Ig)G1
(x200). Hematoxylin was used
as a counterstain

HAM
Muscle

HAM
MSG

HAM

HTLV-
Carrier

Fig. 2 Immunohistochemistry in the labial salivary gland (LSG). nuclear factor kappa B (NF-xB) (p65), and human T-cell leukemia virus
Immunohistochemistry after epitope retrieval was performed for forma- type I (HTLV-I) [p19, p28, group-specific antigen (GAG)]. Lymph node
lin-fixed, paraffin-embedded sections (3-pm thick) from the LSG using from a patient with adult T-cell leukemia was used as a positive control
the Histofine Simple Stain Kit (Nichirei Co., Tokyo, Japan). The primary for staining HTLV-I-related proteins (data not shown) (x200). Hema-
antibodies used for immunohistochemistry were CD4, CD8, CD20, toxylin was used as a counterstain
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and CD8+ lymphocytes were found in a muscle specimen
from patient 2. It is interesting to note that HTLV-I-related
proteins including p19, p28, and GAG were detected in the
nuclei of a large percentage of infiltrating MNCs in LSGs
and in the muscle specimen in patient 2, which was in
accordance with the distribution of NF-xB p65.

TGF-f immunostaining in SS in the presence
or absence of anti-HTLV-I antibody or ACA

We finally showed TGF-f immunostaining according to
the presence of anti-HTLV-I antibody or ACA (Fig. 3). We
performed these experiments in four patients each in three
groups and show representative results (Fig. 3). In the
HTLV-I-seropositive SS patients without ACA, TGF-f
was dominantly found in vascular endothelial cells or
fibrous tissues in LSG; however, the frequency of TGF-f+
cells (patients A-D in Fig. 3) appeared to be lower than the
patients in cases 1 and 2 in Fig. 1. In the HTLV-I-sero-
negative SS patients with ACA, TGF-f was seen in infil-
trating MNCs, vascular endothelial cells, and fibrous
tissues in LSG. Then, in the HTLV-I-seropositive SS
patients without ACA, TGF-f expression was similar to
HTLV-I-seronegative SS patients with ACA (patients E-H
in Fig. 3). In contrast, TGF-f expression was less in
HTLV-I-seronegative patients without ACA (patients I, K,
L) compared with other groups. In a HTLV-I-seronegative
SS patient without ACA (as in patient J), TGF-f was not
found in fibrous cells but in MNCs.

Discussion

Both HTLV-I and ACA are known to contribute to SS [1-
8]; however, this coincidence of HTLV-I and ACA is
supposed to occur with low frequency [8]. Our two cases
presented here are rare but may illustrate the in vivo role
of HTLV-I in patients with ACA-seropositive SS.
Although both patients showed grade 3 MNC infiltration
in LSGs, results from exocrine function tests, including
Schirmer test and Saxon test in patient 1, were worse than
those in patient 2. Except for the degree of MNC infil-
tration in LSGs, other factors such as aquaporin-5 distri-
bution or type 3 muscarinic receptors [11, 12] might affect
lacrimal and salivary secretion. With respect to MNC
infiltration into the LSG, both cases showed similar
findings. However, there were significant differences in
fibrosis determined by Azan—Mallory staining and cyto-
kine profiles.

As patient 2 was diagnosed with HAM, the HTLV-I
viral load was high in comparison with patient 1, a finding
that is consistent with previous reports [13]. Striking dif-
ferences were observed in the Azan—Mallory staining
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findings; however, both patients showed high TGF-§
expression in LSGs. TGF-f is a key cytokine for promoting
the fibrotic process; thus, the prominent fibrosis of LSG is
believed to be driven by TGF-f. Fibrosis was found in the
LSG of both patients, which might be explained to some
extent by the presence of ACA, as we previously reported
[6]. However, a recent report found that HTLV-I basic-
leucine zipper (bZIP) factor enhances TGF-f signaling
through the p300 coactivator [14]. As strong expression of
HTLV-I-related proteins was found in the LSG of patient 2,
the TGF-p signaling pathways were suggested to be pro-
moted in situ by HTLV-I, resulting in marked fibrosis. A
similar phenomenon might occur in the muscle of patient 2,
resulting in inflammatory myopathy. We previously
reported that myopathy or uveitis was one characteristic of
HTLV-I-seropositive SS patients [15]. With respect to a
low level of IFN-y, Santos et al. [16] demonstrated that
administration of exogenous TGF-f induced a decrease of
IFN-y in cells from HTLV-I carriers, suggesting the pos-
sibility of the modulation of IFN-y by TGF-f in HTLV-I-
seropositive individuals. The high TNF-« level in patient 2
may also be driven by HTLV-I, as indicated for TGF-p.
To show the involvement of HTLV-I and ACA toward
TGF-f expression, we examined TGF-§ immunostaining
for HTLV-I-seropositive patients without ACA, HTLV-I-
seronegative patients with ACA, and HTLV-I-seronegative
without ACA (Fig. 3). Although the precise quantitative
analysis was not performed in this study, it may demon-
strate that TGF-f§ expression in vascular endothelial cells
and fibrous tissues of LSGs is more prominent in SS
patients positive for both anti-HTLV-I antibody and ACA
(two cases in Fig. 1) compared with SS patients positive
for either one alone [two groups (patients A—H in Fig. 3)].
Accordingly, TGF-f expression in the above-mentioned
sites was less in SS patients who were not positive for
either anti-HTLV-I antibody or ACA (patients I-L in
Fig. 3) in comparison with other groups. Therefore, we
speculate that the synergistic effect of HTLV-I infection
with ACA-carrying status induces the expression of TGF-f
in LSGs, especially in vascular endothelial cells and fibrous
tissue of SS patients (Fig. 4). However, we also found
intense expression of TGF-f in MNCs even in HTLV-I-
seronegative patients without ACA. As fibrous change
determined by Azan—Mallory staining was not so signifi-
cant in these patients, TGF-f in MNCs of LSGs may not be
directly associated with the fibrotic process. In fact, TGF-f§
is known to be produced by CD4+ T lymphocytes [17] and
influenced by other cytokines, such as IFN-y [18]. There-
fore, the two phenomena—Azan—Mallory-stain-proven
fibrosis and TGF-f expression—should be carefully
determined in patients with SS. Further studies with a
larger number of participants and more definitive qualifi-
cation approaches are necessary to prove our hypothesis.
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Fig. 3 Expression of
transforming growth factor beta
(TGF-p) in human T-cell
leukemia virus type I (HTLV-I)- 3
seropositive Sjogren’s 1
syndrome (SS) patients without HTLV-I(+) Ryt
anti-centromere-antibody ACA(-) 5'&? ¥
(ACA), HTLV-I-seronegative :t v
SS patients with ACA, and 5,
HTLV-I-seronegative SS

patients without ACA.

Immunohistochemistry for E
TGF-p after epitope retrieval
was performed for formalin-
fixed, paraffin-embedded
sections (3-pm thick) from the
labial salivary gland (LSGs)
using the Histofine Simple Stain
Kit (Nichirei Co., Tokyo,
Japan). Staining was performed
for four HTLV-I-seropositive
SS patients without ACA
(patients A-D), four HTLV-I-
seronegative SS patients with
ACA (patients E-H), and four
HTLV-I-seronegative SS
patients without ACA (patients
I-J). For patient J, TGF-p-
positive MNCs are shown in the
inset (x200). Hematoxylin was
used as a counterstain

HTLVJ&)-
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Mononuclear cells

Fig. 4 Hypothesis for fibrotic alternation of salivary glands in
Sjogren’s syndrome (SS) patients through human T-cell leukemia
virus type I (HTLV-I) infection and anti-centromere-antibody (ACA)-
carrying status. From the results of the this study, HTLV-I- and ACA-
carrying status induce fibrosis in labial salivary glands (LSGs).
Furthermore, synergistic effects of HTLV-I infection with ACA-
carrying status are assumed from the results of azocarmine with
aniline blue (Azan)-Mallory staining. However, transforming growth
factor beta (TGF-p), especially in mononuclear cells (MNCs), is also
induced in HTLV-I infection and ACA-carrying status
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In summary, we report two cases of ACA-seropositive
SS found in HTLV-I-seropositive individuals and com-
pared these patients with HTLV-I-seropositive SS patients
without ACA, HTLV-I-seronegative SS patients with
ACA, and HTLV-I-seronegative SS patients without ACA.
The predominant characteristics were found in a patient
with HAM, which was believed to have been caused by
elevated HTLV-I viral load and subsequent cytokine pro-
duction. Elements other than TGF-f are also suggestive of
influencing fibrotic alternation of LSGs in patients with SS.

Conflict of interest None.
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Increased Expression of HBZ and Foxp3 mRNA
in Bronchoalveolar Lavage Cells Taken from
Human T-lymphotropic Virus Type 1-associated
Lung Disorder Patients

Yuko Nakayama', Yoriko Yamazato', Maki Tamayose', Eriko Atsumi'?,
Satomi Yara'’, Futoshi Higa', Masao Tateyama' and Jiro Fujita’

Abstract

Objective Human T-lymphotropic virus type 1 (HTLV-I) causes adult T-cell leukemia/lymphoma (ATLL),
and is associated with chronic inflammatory diseases, including inflammatory pulmonary diseases. HTLV-I
DZIP factor (HBZ), which is expressed in all adult T-cell leukemia cells, plays a critical role in the develop-
ment of lymphoma and systemic inflammation. HTLV-I is harbored by CD4" T cells that express forkhead
box P3 (Foxp3), and HBZ interacts with Foxp3. This study investigated the chest computed tomography (CT)
findings and expression of HBZ and Foxp3 in the bronchoalveolar lavage (BAL) cells from patients with
HTLV-I-associated lung disorders.

Methods CT scans obtained from 37 patients (10 men and 27 women, aged 37-77 years) with HTLV-I-
associated lung disorders were retrospectively evaluated. The expression levels of HBZ and Foxp3 mRNA in
BAL cells and the levels of inflammatory cytokines in the BAL fluid (BALF) from patients were compared
with those in control subjects.

Results CT scans frequently revealed a diffuse panbronchiolitis (DPB)-like pattern, along with a nonspe-
cific interstitial pneumonia (NSIP) pattern. An analysis of the BALF revealed lymphocytosis and increased
expression of HBZ mRNA in patients with HTLV-I-associated lung disorders. The expression of Foxp3
mRNA positively correlated with the percentages of lymphocytes present in the BALF. The inflammatory cy-
tokine and IL-10 levels were significantly increased in the BALF from patients with HTLV-I-associated lung
disorders.

Conclusion The NSIP pattern may be a manifestation of pulmonary involvement in HTLV-I-infected pa-
tients, as is the DPB-like pattern. HBZ and Foxp3 likely have a role in the development of lung inflamma-

tion.

Key words: bronchoalveolar lavage (BAL), forkhead box P3 (Foxp3), HTLV-I bZIP factor (HBZ), human
T-lymphotropic virus type 1 (HTLV-I), nonspecific interstitial pneumonia (NSIP)

(Intern Med 52: 2599-2609, 2013)
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(ATLL), and is also associated with chronic inflammatory
Introduction diseases, such as HTLV-I-associated myelopathy (HAM)/
tropical spastic paraparesis (TSP), HTLV-I-associated uvei-

Human T-lymphotropic virus type 1 (HTLV-I) is known tis, arthritis and Sjogren’s syndrome. Pulmonary involve-
to be the causative agent of adult T-cell leukemia/lymphoma ment has also been reported in patients infected with HTLV-
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Table 1. Characteristics of HTLV-I-infected Patients and Subsequent BALF Analysis
Bronchoalveolar lavage fluid
Case.no Chest Sex/Age HTLV-lab Smoking(B.I) Total Cells AM(%) Ly(%) Neu(%) Eo(%) CD4(%) CD8(%) CD3(%) CD3/25(%) CD4/8

1 localized GGO F/71 4096 0 1.05 89.6 6.4 34 0.6 14 8.21 222 222/2.0 1.7
2 diffuse GGO + centrilobular nodules F/37 4096 40 48 279 64.1 53 2.6 539 33.9 89.3 89.5/2.7 1.6
3 coin lesions F/60 8192 N/A 3.92 46.7 26.3 24.1 2.9 NT NT NT NT NT
4 localized consolidation F/58 + 0 18.6 19.7 9.5 66.8 3.9 12.5 3.9 353 35.3/19 32
5 UIp M/53 & * 38 35.1 44 18.8 2.2 289 45.5 76.6 NT 0.6
6 coin lesions F/62 4096 N/A 0.86 78.6 211 0.3 0 63.7 28.2 87.7 NT 2.3
T coin lesions F/62 + 0 1.05 62.5 36 14 0.1 511 25.6 78 NT 2
8 OoP M/60 4096 1000 259 50.7 44 0.5 4 113 32 NT NT 35
9 NSIP pattern F/59 4096 0 127 555 445 0 0 16.6 50.2 87.4 88.5/10.2 0.3
10 NSIP pattern F/57 4096 450 4.8 99 0.6 0.2 0.2 NT NT NT NT NT
11 NSIP pattern F/65 >8192 0 3.56 71.4 279 0.32 0.32 69.2 10 735 73.5/60.3 6.9
12 NSIP pattern F/74 256 N/A 0.86 84.3 15.1 0.64 0 37.8 225 60.5 62.2/4.2 1.7
13 NSIP pattern F/63 4096 0 19 93.8 4.8 14 0 41 72.6 75.2 80.1/1.5 0.6
14 NSIP pattern M/60 4096 640 3.14 52.8 448 2:1 0.3 354 9.3 40.3 40.3/1.2 3.8
15 NSIP pattern F/63 >8192 0 1.45 722 24 24 1.2 43 2.3 9 - 9.1/34 1.9
16 NSIP pattern M/63 + 1640 6.94 48.3 46 38 19 64.05 16.8 83 83.0/7.3 38
17 NSIP pattern F/65 256 0 2:27 49.6 42.9 6.8 0.8 84.9 9.65 95.7 96.1/1.2 8.8
18 NSIP pattern F/64 + 0 6.9 76.5 L7 53 1.1 02 6.9 11.6 11.6/0.8 0
19 NSIP pattern F/75 e 0 2.5 67.7 18.3 13.4 0.57 226 14.3 36.9 37.0/4.13 1.6
20 DPB-like pattern F/53 4096 0 1.87 99.4 0.4 02 0 40.7 459 75.8 NT 0.9
21 DPB-like pattern M/77 >8192 >400 223 70.2 18.5 9.8 1.5 NT NT NT NT NT
22 DPB-like pattern M/59 4096 0 203 283 43.2 0 10.9 g 89.6 97.% NT 0.1
23 DPB-like pattern F/61 4096 0 0.78 83.6 13.9 1.9 0.5 NT NT NT NT NT
24 DPB-like pattern F/13 + 0 1.15 53.1 44.6 2.1 0.1 45.6 16.8 83.4 83.13.6 249
25 DPB-like pattern F/69 + 0 5.38 38 52.6 8.5 0.9 15.1 28.9 423 42.3/2.49 0.5
26 DPB-like pattern F/74 4096 0 0.9 67.8 18.9 13.1 0 2.4 248 NT NT 0.1
27 DPB-like pattern M/45 3 + 229 61.2 15.9 18.3 4.5 61.7 29.8 90.5 90.5/11.1 2
28 DPB-like pattern M/76 4096 100 5.65 50 19 30 1 6.4 23.5 55.6 54.5/3.3 0.3
29 DPB-like pattern F/61 4096 400 55 531 15 30.2 19 4.5 6.4 4.7 3.7/3.0 0.7
30 DPB-like pattern F/69 16 0 1.25 58 8.9 325 0.5 352 30 61.5 61.8/17.5 1.2
31 DPB-like pattern F/33 4096 0 8.9 26 35.6 383 0 L1 52 7 NT 0.2
32 DPB-like pattern F/67 1024 0 28.8 243 31.8 4209 0.9 3L 54 353 37.1/03 0.6
33 DPB-like pattern F/65 4096 + 6.2 28.1 11.3 59.5 0.9 11.8 14.6 41.3 39.3/1.0 0.8
34 DPB-like pattern F/52 8192 N/A 6.5 15 8.5 753 1.2 NT NT NT NT NT
35 DPB-like pattern M/77 8192 1080 6.88 15.6 3.9 78.6 1.8 16.6 28.2 583 58.4/22.5 0.6
36 DPB-like pattern F/70 1024 0 17.8 2.8 0.2 96.7 0.2 NT NT NT NT
37 normal CT findings F/68 + 0 24 68.1 30.2 0.7 1.1 NT NT NT NT NT
38 old inflammatory change M/52 - + 14 93.3 6.1 0.6 0 NT NT NT NT NT
39 round atelectasis M/56 - 0 NT 88.7 9.8 15 0 NT NT NT NT NT
40 normal CT findings F/15 - 0 0.78 90.5 5.6 0 39 14.1 8.78 179 18/1.5 1.6
41 normal CT findings M/69 - o 04 86.4 11.8 0.9 0.9 NT NT NT NT NT
42 normal CT findings F/66 - 0 0.8 91.8 53 2.6 0.3 45.9 23.1 69.2 69.5/6.3 2
43 normal CT findings F/50 - 0 0.83 843 83 74 0 30.7 274 70.8 70.8/8.3 14
44 normal CT findings F/57 - 0 0.47 88 10.9 0.9 0.2 352 324 72.8 72.7/9.6 1.1
45 normal CT findings M/32 - 40 0.6 86.5 13.1 0.2 0.2 439 18.2 71.4 NT 24

NT: not tested, N/A: not available, B.I.: Brinkman Index

I in the carrier state, such as in those with HTLV-I-
associated inflammatory diseases, including HAM/TSP and
uveitis (1, 2). It has been reported that there is an elevation
in the levels of soluble interleukin-2 receptors in the bron-
choalveolar lavage fluid (BALF) (2), along with increased
expression of mRNA transcripts for inflammatory cytokines
and chemokines in the bronchoalveolar lavage (BAL) cells
of patients with HTLV-I-associated lung disorders (3, 4).
The expression of some cytokines and tax (a factor impli-
cated in HTLV-1 pathogenesis) mRNA expression correlated
with the proportion of lymphocytes in the BALF (4). These

data suggest that HTLV-I infection induces pulmonary in-
flammation, at least partially via the local production of in-
flammatory cytokines.

The manifestations of these inflammatory pulmonary in-
volved in HTLV-I-infected patients vary widely, and include
bronchiolitis, alveolitis, diffuse panbronchiolitis (DPB) and
interstitial pneumonia (5-9). We recently reported on four
HTLV-I-infected patients with histology corresponding to
nonspecific interstitial pneumonia (NSIP) (10). NSIP is one
of the subtypes of idiopathic interstitial pneumonia, which
was first described by Katzenstein and Fiorelli (11), and is a
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Table 2. Chest Radiographic Findings of HTLV-I Carriers
Chest radiographic findings (n, %)  Male/Female Age (years) CD/HAM/uveitis
DPB-like pattern (17, 45.9) 5/12 67+11.8 1/2/1
NSIP pattern (11, 29.7) 2/9 63+5.3 2/0/1
Others (8,21.6) 3/5 60+9.2 1/0/0
Normal CT findings (1, 2.7) 0/1 68 0/0/0
Total 10/27 63+£9.9 4/2/2

Others: coin lesions (n = 3); localized consolidation (n = 1); organizing pneumonia (n = 1);
usual interstitial pneumonia (n = 1); diffuse GGO and centrilobular nodules (n=1);

localized GGO (n=1).

CD: collagen disease, HAM: HTLV-I-associated myelopathy

histopathological pattern that is often seen in patients with
immunodeficiency, following exposure to certain drugs or
environments and in those with some connective tissue dis-
eases. Using chest computed tomography (CT), the most
common findings of NSIP are lower lobes with peripherally
predominant ground-glass opacity and reticular abnormali-
ties, traction bronchiectasis and lower lobe volume loss
without honeycomb formation (12, 13). NSIP has rarely
been reported among patients with HTLV-I-associated pul-
monary involvement.

The proviral form of HTLV-I contains a unique region
known as pX (14, 15). The pX region is located between
the env gene and the 3’ long terminal repeat (LTR) that en-
codes viral accessory genes, including tax and HTLV-1 bZIP
factor (HBZ) (16), which are implicated in viral infectivity
and the proliferation of infected cells (17-19). It is well
known that fax activates transcriptional factors and plays a
critical role in HTLV-I pathogenesis. However, tax tran-
scripts are detected in only approximately -40% of adult T-
cell leukemia (ATL) cases (15).

It has been shown that HBZ is constitutively expressed in
both HTLV-I-infected cells and ATL cells (17). The trans-
genic expression of HBZ results in the development of T-cell
lymphomas and systemic inflammatory diseases, including
lung lesions in mice (20). Furthermore, the expression of
HBZ correlates with the levels of inflammatory markers and
the disease severity in HAM/TSP patients (21, 22). It has
also been reported that ATL cells strongly express Foxp3; a
marker specific for CD4°CD25" regulatory T-cells (23-25).
HBZ has been demonstrated to interact with Foxp3, and
therefore, tax may be critical for disease initiation, while
HBZ may promote disease progression. We have hypothe-
sized that rax and HBZ both play critical roles in the pulmo-
nary involvement of HTLV-I infection.

In this study, we investigated whether the NSIP pattern
could be a manifestation of the pulmonary involvement in
HTLV-I-infected patients. We evaluated the expression levels
of tax and HBZ mRNA transcripts in BAL cells, and the
levels of inflammatory cytokines in the BALF.

Materials and Methods

Subjects

Our study was reviewed and approved by the ethics re-
view board of the University of the Ryukyus. The subjects
investigated in our study were 37 HTLV-I carriers (10 men
and 27 women, aged 37-77 years) who had lung disorders
or respiratory symptoms, and visited the pulmonary division
of the University of the Ryukyus Hospital from 1993 to
2010. The selection criteria for inclusion in the study were
as follows: 1) chest CT scans were obtained, 2) BAL was
performed and BALF was obtained and 3) there was no
concurrent ATLL or development of ATLL. ATLL cells or
other malignant cells were not detected in the BALF cytol-
ogy or specimens obtained from the transbronchial lung bi-
opsies in any cases in this study. We also excluded the pres-
ence of other infections, malignancy or other pulmonary dis-
eases. HTLV-I seropositivity was determined using the parti-
cle agglutination method (New Seroclit-anti-HTLV-1; Sanko,
Tokyo, Japan). Eight control subjects were also included
who were seronegative for HTLV-1 (four men and four
women, aged 15-69 years). The CT findings and the results
of the BAL analyses are shown in Table 1.

Case 38 had no symptoms, and bronchoscopy was per-
formed to investigate a linear band in the lower lobe of left
lung. It revealed old inflammatory changes. Case 39 had no
symptoms, and bronchoscopy was performed to investigate a
lung tumor, and revealed round atelectasis. Six of the eight
control patients had normal chest radiographic findings.
Cases 40-42 had uveitis, and bronchoscopy was performed
to exclude sarcoidosis. Bronchoscopy was performed to in-
vestigate chronic cough in the remaining three patients.
They did not have abnormal findings in the BALF analysis
and there were no signs of malignancy or active inflamma-
tion. We considered these patients to be control subjects.

Chest CT findings

Chest CT examinations were performed with a GE Light
Speed scanner (GE medical systems, WI) or an Aquillion
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CT scanner (Toshiba Medical Systems, Tochigi, Japan). Pa-
tients diagnosed with concurrent infectious diseases by sero-
logical tests, and/or based on the clinical and pathological
findings were excluded from this study. Three Japanese
board-certified pulmonologists retrospectively interpreted the
chest CT scans. The chest CT images were assessed with re-
spect to the radiological patterns. NSIP patterns were cate-
gorized according to the ground-glass opacity and/or homo-
geneity of the reticular pattern, with neither consolidation
nor honeycombing. DPB-like patterns were defined as small
centrilobular nodules with branching linear opacities, with a
tree-in-bud appearance. Other abnormalities, including con-
solidation and honeycombing, were considered to be part of
the “other” group.

BAL and cell preparation

BAL was performed as described previously (4). Under
local anesthesia, a fiberscope was inserted into the middle
lobe, and 150 mL of sterile saline solution in three 50-mL
aliquots, was instilled. The fluid was recovered by gentle as-
piration into a sterile syringe, and was passed through two
gauze sheets. The BALF was transported to a laboratory at
4C within 30 min. The BAL cells were pelleted by cen-
trifugation (1,400 x g, 10 min, 4C), and the supernatant
was collected and stored at -80C for further experiments.
After being washed twice with calcium- and magnesium-
free phosphate-buffered saline (PBS) supplemented with 1%
heat-inactivated fetal calf serum (FCS), the total cells were
counted using a hemocytometer. An aliquot was adjusted to
1x10° cells/mL, and the proportion of CD4*, CD8" and
CD25" cells were analyzed by flow cytometry (EPICS XL
System II; Beckman Coulter, Fullerton, CA) after staining
with a fluorescein isothiocyanate (FITC)-conjugated anti-
CD4 or anti-CD8 monoclonal antibody (mAbs) (DAKO,
Glostrup, Denmark) or a phycoerythrin (PE)-conjugated
anti-CD25 mAb (DAKO). The remaining cells from the
BALF were lysed in 1 mL of Isogen (Nippon Gene, Tokyo,
Japan) and stored at -80°C until required for subsequent
analyses.

RNA isolation and quantitative PCR (qPCR) assays

To investigate the association of HTLV-1 infection with
pulmonary involvement, we examined the fax, HBZ and
Foxp3 mRNA expression levels in the BAL cells from seven
patients with a DPB-like pattern (cases 23, 25, 27, 30, 34,
35 and 40, Table 1), seven NSIP-patterned patients (cases
11, 12, 14-16, 18 and 19, Table 1) and three control subjects
(cases 40, 42 and 43, Table 1). Total RNA was extracted
from the BAL cells using Isogen (Nippon Gene; Tokyo, Ja-
pan), and reverse transcription was conducted using 1 pg of
sample RNA with a high capacity reverse transcription kit
(Applied Biosystems, CA, USA), following the manufac-
turer’s instructions. All gPCR assays were performed using
the ABI Prism 7000 sequence detection system. The primer
sequences for fax mRNA transcript detection were 5’-ATC
CCG TGG AGA CTC CTC AA-3’ and 5’-CCA AAC ACG

TAG ACT GGG TAT CC-3, along with a specific probe (5°-
TCC AAC ACC ATG GCC CAC TTC CC-3%) (26). The se-
quences of the primers used for spliced HBZ mRNA tran-
script detection were 5’-AGA ACG CGA CTC AAC CGG-
3’ and 5’-TGA CAC AGG CAA GCA TCG A-3’; and the
probe sequence was 5°-TGG ATG GCG GCC TCA GGG
CT-3’ (21). For the detection of Foxp3 mRNA transcripts,
an established Tagman assay was used (Catalog number
4331182; Applied Biosystems, CA). For internal calibration
of the gPCR assays, we used primers and probes specific for
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (Ap-
plied Biosystems, CA).

Determination of the cytokine levels in the BALF

To explore the possible mechanisms underlying the lung
involvement of HTLV-1 infection, we examined the cytokine
levels in the BALF from 27 HTLV-1 carriers (cases 1-5, 9,
11-14, 15-23, 25-28, 30 and 34-36, Table 1) and five control
subjects (cases 38 and 40-43, Table 1). The BALF superna-
tant was concentrated using Centricon-Plus centrifugal filters
(Centricon-Plus, Millipore, MA). We measured the cytokine
levels in the BALF samples using the human cytokine group
I multiplex cytokine assay (17-Plex; Bio-Plex, BioRad, Her-
cules, CA) and normalized the levels to those of albumin in
the BALE. The normalized values were reported as the ra-
tios of the cytokine concentrations in concentrated superna-
tants of the BALF samples to the albumin concentration in
the concentrated BALF supernatants.

Statistical analysis

The data are expressed as the means + standard deviation.
Statistical comparisons were conducted using Student’s z-test
for the BAL analyses, and the Mann-Whitney U-test for the
gqPCR results. Pearson’s correlation coefficient was used to
evaluate the level of correlation. A p-value <0.05 was con-
sidered to be significant.

Results

Radiographic findings in patients with HTLV-1-
associated lung disorders

Of the 645 patients who underwent BAL, 14.4% (93/645)
were HTLV-I-positive. Based on the chest CT findings,
bronchiectasis (n=19, 51.3%) was the most frequently ob-
served abnormality. Centrilobular nodules (n=17, 45.9%),
ground-glass opacities (n=16, 43.2%), thickening of the
bronchovascular bundles (n=13, 35.1%) and reticular shad-
ows (n=9, 24.3%) were also frequently observed. Areas of
consolidation were observed in two patients (5.4%) and hon-
eycombing was seen in one patient. The combination of
bronchiectasis and centrilobular nodules (n=11, 29.7%),
which were frequently observed in the DPB pattern, was the
most frequently seen combination, followed by ground-glass
opacities and reticular shadows (n=8, 21%). A typical image
of a DPB-like pattern is shown in Fig. 1A (case 31, Ta-
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Figure 1.

\

(A) A transverse CT scan from a 60-year-old man with a categorized NSIP pattern

showing peripheral ground-glass opacity (black arrow), a reticular shadow (black arrowhead) and
traction bronchiectasis (white arrow). (B) A transverse CT scan from a 71-year-old woman with a
categorized DPB pattern showing centrilobular nodules (black arrow) and dilated proximal bronchi

(black arrowhead).

Table 3. Total and Differential Cell Counts in BALFs

Total Cells (x10%mL)  AM (%) Ly (%) Neu (%) Eo (%) CD4 (%)  CDS8 (%) CD3 (%) CD3/25(%) CD4/8
HTLV-1 carriers 3.56" 53.1 19" 53" 0.9 19.6 19.6 61 3.15 1.4
n=37 (0.78-28.8) (2.8-99.4)  (02-64.1)  (0-96.7) 0-10.9)  (0.2-84.9)  (2.3-89.6)  (4.7-97.7)  (0.3-60.3)  (0-8.8)
NSIP 3.14 71.4 24" 2.1 0.32 36.6 12:1 67 3.7 1.8
n=11 (0.86-6.9) (483-99)  (0.6-46) (0-13.4) (0-1.9) (0.2-84.9)  (6.9-72.6) (9-95.7) (0.8-60.3)  (0-8.8)
DPB 55" 50 15.97 30" 0.9 11.8 24.8 56.9 33 0.6
n=17 (0.78-28.8) (2.8-99.4) (04-52.6) (02-96.7)  (0-10.9)  (1.1-61.7)  (52-89.6)  (4.7-97.7) (1-225)  (0.1=27)
normal CT findings 24 68.1 30.2 0.7 1.1 NT NT NT NT NT
n=1
Control 0.78 88.3 9.05 0.9 0.2 352 23.1 70.8 7.3 1.6
n=8 (0.4-1.4) (84.3-93.3)  (5.3-13.1) (0-7.4) 0-3.9)  (14.1-459) (8.8-32.4)  (17.9-72.8)  (1.5-9.6) (1.1-2.4)

"p<0.05, "p< 0.01 compared with control subjects (#-test).

Values are presented as medians (range).

ble 1), and a typical image of the NSIP pattern is shown in
Fig. 1B (case 17, Table 1). Of the HTLV-I carriers, a DPB-
like pattern was observed in 45.9% (17/37) of the patients,
and a NSIP pattern was seen in 29.7% of the patients (11/
37). One patient (case 37, Table 1) had normal CT findings.
Coin lesions, consolidations, diffuse ground glass opacity
and centrilobular nodules and usual interstitial pneumonia
were observed in the remaining patients (Table 2).

BAL analysis

The anti-HTLV-I antibody titers were consistently high in
the HTLV-1 carriers (Table 1). A summary of the results of
the BAL analyses for the 37 HTLV-I carriers is presented in
Table 3. The total cell numbers and the percentages of lym-
phocytes in the BALF samples were significantly increased
in HTLV-I carriers compared with the control subjects
(3.56x10°/mL and 0.78x10°/mL, 19% and 9.05%, respec-
tively, p<0.01). The percentages of neutrophils in the BALF

samples were also significantly increased in patients with a
DPB-like pattern compared with patients exhibiting NSIP
and control subjects (30%, 2.1% and 0.9%, respectively, p<
0.01). There were no significant differences in the percent-
ages of T lymphocyte subsets or in the CD4/8 ratios in the
BALF samples from HTLV-1 carriers compared to control
subjects.

HBZ and tax mRNA expression in BAL cells

To study the association between the fax and HBZ mRNA
transcripts in HTLV-1 patients with pulmonary involvement,
we performed qPCR assays. We examined 14 patients, seven
with a DPB-like pattern and seven with the NSIP pattern in
the CT findings. HBZ mRNA was detected in the BAL cells
from 13 of the 14 patients (Fig. 2A), and tax mRNA was
detected in 12 of the 14 patients (Fig. 2B); whereas there
was no mRNA for either molecule detected in the BAL cells
from control subjects. There were no significant differences
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Detection of HTLV-I tax mRNA and HBZ mRNA in the bronchoalveolar lavage cells

from patients with HTLV-I-associated lung disorders. (A) HBZ mRNA was detected in the BAL
cells from 13/14 patients (median 0.00327, range 0-462.439). (B) Transcripts corresponding to fax
mRNA were detected in the BAL cells from 12/14 patients (median 0.00000977, range 0-0.0568).
There was no correlation between the tax and HBZ mRNA expression levels in the BAL cells from

patients with HTLV-I-associated lung disorders.

of the expression levels of HBZ and tax mRNA in the BAL
cells between patients with the DPB-like and NSIP patterns
(data not shown). There was no significant correlation be-
tween the tax and HBZ mRNA expression levels.

Foxp3 mRNA in the BAL cells and lymphocytes in
the BALF

We used qPCR assays to examine the association between
the Foxp3 mRNA transcripts and lymphocytes with the pul-
monary involvement in HTLV-I-infected patients. We exam-
ined seven patients with a DPB-like pattern (cases 23, 25,
27, 30, 34, 35 and 40, Table 1), and four patients with the
NSIP pattern (case 12, 14, 16 and 19, Table 1) in the CT
findings and three control subjects (cases 40, 42 and 43, Ta-
ble 1). The expression of Foxp3 mRNA transcripts in the
BAL cells was increased in the patients compared with that
in the control subjects, although the difference was not sta-
tistically significant (Fig. 3A). The expression of Foxp3
mRNA transcripts in the BAL cells positively correlated
with the proportion of lymphocytes in the BALF, although
the correlation was not statistically significant (Fig. 3B). The
expression levels of Foxp3 mRNA seemed to be higher in
patients with the NSIP pattern compared with those with the
DPB-like pattern (701.84 and 21.90 respectively; p=0.211),

although there was no significant difference between the
groups.

Cytokine concentrations in the BALF

There were significant increases in the expression levels
of T helper cell type 1 (Thl) related cytokines, including in-
terleukin (IL)-2, IL-12 and interferon (IFN)-y, in the BALF
from HTLV-I carriers with pulmonary involvement com-
pared with control subjects (Fig. 4A-C). Additionally, the
IL-10 levels were also increased in the BALF from HTLV-I
carriers with pulmonary involvement compared with control
subjects (Fig. 4D).

Discussion

In this study, we demonstrated that there was increased
expression of fax and HBZ mRNA in the BAL cells from
patients with HTLV-I-associated lung disorders. Addition-
ally, we showed that a pattern of NSIP in chest CT scans
could be one manifestation of HTLV-I-associated lung dis-
eases. A positive correlation was observed between the ex-
pression of Foxp3 mRNA and the percentages of lympho-
cytes in the BALF of patients with HTLV-I-associated lung
disorders.
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