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ABSTRACT

Objective. To detect HTLV-1 bZIP fac-
tor (HBZ), tax and relevant molecules
in labial salivary glands (LSGs) from
patients with Sjogren’s syndrome (SS).
Methods. The expressions of HBZ and
tax in T cell lines and LSGs were ana-
lysed by in situ hybridisation (ISH) or
real time PCR. The expressions of fork-
head box P3 (Foxp3) and p65 in immu-
nohistochemistry were quantified.
Results. After specificity of ISH probes
was determined in 5 T cell lines, in LSGs
from an adult T-cell leukaemia (ATL) pa-
tient and 3 HTLV-I-associated myelopa-
thy (HAM)-SS patients, both HBZ and
tax signals were detected in infiltrating
mononuclear cells (MNCs) and ducts,
and HBZ and tax were dominantly ex-
pressed in MNCs of ATL and HAM-SS,
respectively. HBZ was dominantly ob-
served in LSGs from 8 HTLV-I asympto-
matic carrier (AC)-SS patients; faint ex-
pression of HBZ was observed in LSGs
from 5 HTLV-I-seronegative SS patients.
No cell adhesion molecule 1(CADM]I )
expressed in LSGs from the ATL patient.
Although Foxp3 expression was ob-
served in LSG MNCs of all of the SS pa-
tients, the ATL patient’s expression was
significantly greater than that of the AC-
SS (p<0.01) and HTLV-I-seronegative
SS (p<0.01) patients. The Foxp3 expres-
sion was similar in ATL and HAMSS,
but significantly higher in HAM-SS than
AC-SS (p<0.05). p65 was expressed in
LSG MNC nuclei from all SS patients
and co-expressed with Foxp3. The ex-
pressions of Foxp3 in ducts differed ac-
cording to HTLV-I infection.
Conclusion. These results suggest that
HBZ-mediated Foxp3 expression is
partly associated with the pathogenesis
of HTLV-I-seropositive SS.

Introduction
An association has been reported be-
tween human T lymphotropic virus type

I (HTLV-I) and Sjogren’s syndrome
(SS), an autoimmune disease character-
ised by xerostomia, xerophthalmia and
the presence of autoantibodies includ-
ing anti-Ro/SS-A and La/SS-B antibod-
ies (1-3). Although the causative factors
of SS remains clarified, elucidation of
pathogenesis of SS is of great interest
in view of treatment strategy (4). In our
previous experiments, we demonstrated
both an epidemiological relationship
between HTLV-I and SS, and a high
prevalence of SS among patients with
HTLV-I-associated myelopathy (HAM)
(5). We also obtained some findings in-
cluding less salivary gland destruction
and low frequency of germinal centre
formation in HTLV-I-seropositive SS
(6-8). Our recent study also demonstrat-
ed low frequencies of anti-Ro/SS-A an-
tibody and antinuclear antibody in pa-
tients with HAM-SS (9). Other research
groups (10, 11) also reported that they
detected HTLV-I fax signals or related
molecules in the labial salivary glands
(LSGs) of SS patients, following Shat-
tles et al. 1992 report describing the
presence of endogenous retrovirus in
LSGs of patients with SS (12). These
previous findings suggested direct as-
sociation between SS and retroviruses.
Because salivary glands of an HTLV-
I tax transgenic mouse model showed
Tax protein expression (13), fax is
thought to be associated with the induc-
tion of inflammation in HTLV-I-sero-
positive SS. The aetiology of HTLV-I-
seropositive SS has focused mainly on
the presence of the fax gene in LSGs,
but the importance of HTLV-I bZIP fac-
tor (HBZ)-which is derived from the
minus strand of the HTLV-I gene - in the
pathogenesis of adult T-cell leukaemia
(ATL) and HAM has been demonstrat-
ed (14). Because HBZ has the potential
to cause inflammation as well as carci-
nogenicity in ATL (15), the relationship
between HBZ and tax should be estab-
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lished in HTLV-I-associated diseases.

In addition, the phenotype of HTLV-
I infected lymphocytes in ATL is
CD4*CD25*Foxp3* regulatory T cells
(Tregs) (16), and the involvement of
Foxp3* T cells in HTLV-I-infected
LSGs is thought to be important in
HTLV-I-associated SS. The present
report is the first to describe the HBZ/
tax and Foxp3 expression and distribu-
tion in LSGs from patients with HTLV-
I-seropositive and seronegative SS.
Although the vast majority of patients
with SS have no HTLV-I infection, the
findings in this study may help to clar-
ify the relationship between HTLV-I
and SS in areas in which SS is endemic.

Materials and methods

Patients

We analysed 11 HTLV-I-seropositive
patients with SS (3 patients with HAM-
SS and 8 HTLV-I asymptomatic carrier
[AC] SS patients), 5 HTLV-I-seronega-
tive SS patients, and 3 normal subjects.
The classification of SS was conducted
using the American-European Consen-
sus Group (AECG) classification crite-
ria (17). All SS patients showed a posi-
tive result on a salivary gland biopsy
with at least one focus that consisted of
>50 lymphocytes per 4 mm?. Normal
subjects had been examined after re-
porting dry mouth and eye symptoms,
and had been categorised as non-SS
according to the AECG classification
criteria after having been examined
based on their report of dry mouth and
eye symptoms. The diagnostic criteria
for HAM (18) issued by the Ministry
of Health, Labour and Welfare of Japan
were used. Anti-HTLV-I antibody in the
serum and cerebral spinal fluid of the
HAM patients was positive.

To screen for anti-HTLV-I antibodies, a
chemiluminescent enzyme immunoas-
say (normal range: 1.0 cutoff index; Fu-
jirebio, Tokyo) was employed. Salivary
glands from a patient with ATL were
used as a positive control for HTLV-I in-
fection. The diagnosis of ATL was con-
firmed based on the presence of atypi-
cal lymphocytes in peripheral blood,
positive anti-HTLV-I antibody, elevated
soluble interleukin-2 receptor, and the
presence of infiltrating cells in salivary
glands that showed CD3/CD4 positive
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T cells with irregularity, as described
previously (19). Southern blot analy-
sis of peripheral blood in a patient with
ATL showed HTLV-I provirus clonality
with a monoclonal band processed by
EcoRI. HTLV-I proviral load (PVL) in
peripheral blood in a patient with ATL
was 25% as determined by quantita-
tive polymerase chain reaction at the
Department of Laboratory Medicine
of Nagasaki University Hospital. Be-
cause these cells in LSGs showed dif-
ference in size with nuclear constriction
with T cell dominance and the markers
UCHLI, CD3 and CD4 rather than B
cell markers including L26 and CD79a,
these findings show a mixture of chron-
ic inflammation and direct infiltration
of ATL cells into LSGs. The decreased
saliva secretion and xerostomia with
massive infiltration of CD3*CD4* T
lymphocytes in our ATL patient resem-
bled SS, because the patient met three
of the AECG criteria (17) for SS clas-
sification.

Antibodies and reagents

Mouse anti-Foxp3 antibody was ob-
tained from eBiosciences (San Diego,
CA). Rabbit anti-cytokeratin 8/18 an-
tibody was purchased from Dako, Agi-
lent Pathology Solutions (Santa Clara,
CA). Rabbit-SYNCAM/CADMI1 anti-
body was purchased from RayBiotech,
Inc (Norcross, GA). Rabbit anti-NF-kB
p65 antibody was purchased from Santa
Cruz Biotechnology, (Santa Cruz, CA).
The Histofine® Simple Stain MAX-
PO™ (M) kit, MAX-PO® (R) kit, Al-
kaline Phosphatase:AP® (R) kit and
Fast Red II substrate kit were purchased
from Nichirei Biosciences (Tokyo). The
3.3’-diaminobenzidine was purchased
from Dojindo (Kumamoto, Japan).

Cell lines

Jurkat and MOLT-4 were used as
HTLV-I uninfected cell lines. HCT-5
(3) that was established from cerebro-
spinal fluid from a patient with HAM
and two cell lines EE8 and YK8 from
patients with smoldering ATL (20) were
employed.

LSG biopsy
We performed an LSG biopsy from the
lower lip of each patient and control sub-

ject after administering local anesthesia.
All SS patients were classified accord-
ing to the AECG classification criteria.
Informed consent for the use of samples
obtained by the biopsy was obtained in
writing from all of the participants.

The study was conducted with the ap-
proval of the Ethics Committee (Human
Studies) of Nagasaki University Hospi-
tal (approval number 09102822-4).

Real-time PCR

Quantitative real-time PCR and primer
design (fax: accession no. AF033817,
HBZ: accession no. AB219938) were
carried out at Hokkaido System Science
Co., Ltd. Three Primers sets for rax are
shown as follows; first forward primer:
5’-  CTACCCGAGGACTGTTTGC-
CCACC -3, first reverse primer: 5’-
GTTGAGTGGAACGGAAGGAG-
GCCG -3’, second forward primer:
5’- TCTACCCGAGGACTGTTTGC-
CCACC -3’, second reverse primer:
5’- GTTGAGTGGAACGGAAGGA-
GGCCG -3’°, third forward primer:
5’- CGCCTACATCGTCACGCCCTA-
CTG -3’. Three Primers sets for HBZ
are shown as follows; first forward
primer: 5’- GAGGAGAAGGCACG-
GCGCAGGAG -3, first reverse prim-
er: 5°- CCTTGTCTCCACTTGCGCT-
CACGG -3°, second forward primer:
5’- CAGAACGCGACTCAACCG-
GCGTG -3’°, second reverse primer:
5’- CCGTCCACCAATTCCTCCAC-
CAGC -3’, third forward primer: 5’°-
GTCCTTGGAGGCTGAACGGAG-
GAAG -3, third reverse primer: 5’°-
TTATTGCAACCACATCGCCTCCA-
GC -3’. After RNA extraction with an
RNeasy Mini Kit (QIAGEN, Venlo,
Netherlands), complementary (c) DNA
adjustment and determination of the
primer concentration were performed.
Real time amplification was carried out
by using a QuantiFast SYBR Green
PCR kit (QIAGEN). The composition
of the reaction solution consisted of 7.5
uL of 2x Master Mix, 1.5uL of primer,
1.0uL of template cDNA and 5.0uL of
nucleus free water. Reaction conditions
were set as follows: initial denaturation
at 95°C for 3 min, followed by 40 cy-
cles of denaturation at 95°C for 10 sec,
annealing and extension at 60°C for
30 sec.

Clinical and Experimental Rheumatology 2018



The results were captured using a
CFX384 Touch Real-Time PCR Detec-
tion System (BIO-RAD, Hercules, CA).

In situ hybridisation

For the in situ hybridisation (ISH), cell
lines and the LSG sections were sent
to the Tokushima Molecular Pathology
Institute, and the highly sensitive rea-
gent ViewRNA™ purchased from Af-
fimetrix/Panomics (Santa Clara, CA)
was used there to detect HBZ and tax
messages. The specificity of the Vie-
wRNA™ probe is described in the in-
structions provided by Affimetrix/Pan-
omics. Briefly, the oligonucleotides in
the probe contain two components; the
lower component is complementary
to the target RNA, and shows effects
on specificity toward the target RNA
molecule without amplifying the back-
ground signal. For the ISH, T cell lines
and LSGs from a patient with ATL, 3
HAM patients with SS, 3 HTLV-I1 AC
patients with SS, 3 HTLV-I-seronega-
tive patients with SS, and the 3 normal
control subjects were used.

The ISH was performed according to
the manufacturer’s instructions at the
Tokushima Molecular Pathology In-
stitute. The Quantigene ViewRNA®
probes against HBZ and tax (HTLV
HBZ probe: accession no. AB219938,
VF6-19284; HTLV tax probe: acces-
sion no. AF033817, VF1-19939) were
designed and manufactured by Affy-
metrix. Briefly, after deparaffinisation,
the slides were treated with protease
for 10 min at 40°C. Following endoge-
nous alkaline phosphatase inactivation,
preamplifier reaction for 25 min and
amplifier reaction for 15 min were per-
formed at 40°C. The slides were then
labeled with each probe for 15 min at
40°C, followed by colour development
by reaction with Fast Blue and Fast
Red (alkaline phosphatase (AP) sub-
strates). Finally, the slides were fixed in
10% formalin and mounted with aque-
ous mounting medium.

Immunohistochemistry

For immunohistochemistry, we used
LSGs from the single patient with ATL,
3 HAM patients with SS, 8§ HTLV-I
AC patients with SS, 5 HTLV-I-seron-
egative patients with SS, and 3 normal
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control subjects. A tissue array (US
Biomax Inc.; Rockville, MD) includ-
ing 4 types of carcinoma was used for
control toward cell adhesion molecule
1(CADM1). Formalin-fixed, paraffin-
embedded sections (3 pum thick) from
the LSGs of patients and controls were
mounted on glass slides precoated with
aminopropyltriethoxysilane. After mi-
crowave epitope retrieval and endog-
enous peroxidase inactivation, the sec-
tions were incubated with mouse anti-
human cytokeratin 8/18 monoclonal
antibody, rabbit anti-human SYNCAM/
CADMI(synonym; tumour suppressor
in lung cancer 1; TSLC1) monoclonal
antibody, mouse anti-human Foxp3 pri-
mary antibody or rabbit anti-NF-kB p65
polyclonal antibody in a humid cham-
ber for 60 min at room temperature fol-
lowed by incubation with peroxidase-
conjugated secondary antibodies for 30
min (Histofine Simple Stain MAX-PO
(M) or (R); Nichirei Biosciences). The
colour was developed by soaking the
sections in DAB and H,0,, then coun-
terstaining by Mayer’s haematoxylin
solution. For double staining, incuba-
tion with primary antibodies including
mouse anti-Foxp 3 monoclonal anti-
body and rabbit anti-NF-kB p65 poly-
clonal antibody was followed by incu-
bation with a cocktail including Hist-
ofine Simple Stain MAX-PO (M) and
Histofine Simple Stain AP (R). Then,
the slides were reacted with DAB solu-
tion and Fast Red II solution for colour
development. For the internal control,
mouse IgG1 and normal rabbit serum
were used.

The images were captured by a digital
microscope colour camera (DFC295;
Leica Microsystems, Tokyo). A micro-
cell count system mounted on a mi-
croscope (BZ-X700; Keyence, Osaka,
Japan) was employed for quantifica-
tion. Briefly, the precise DAB signal
intensity was abstracted from the foci
composed of MNCs after erasing all
unnecessary areas. After this extrac-
tion condition was preserved, the same
condition was applied to other foci to
extract the DAB signal.

Statistical analysis
We used Student’s #-test to examine the
differences among the abstracted ar-
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eas. For the calculation of differences
among the abstracted areas, the total
number of foci from all patients in each
group was used. P-values <0.05 were
accepted as significant.

Results

In situ hybridisation (ISH) and
real-time PCR detection of HBZ

and tax signals on cell lines

In Jurkat and MOLT-4, neither HBZ nor
tax signals were detected by ISH (Fig.
1A). In contrast, a fax signal was detect-
ed in the large majority of HCT-5 cells,
although HBZ was observed in more
than half of tax-negative HCT-5 cells.
In EE8 and YKS, a rax signal was de-
tected in about half of the cells, although
HBZ signals were detected in a smaller
percentage of cells than fax signals
(Fig. 1A). Quantitative real-time PCR
revealed no fax signals in Jurkat and
MOLT-4 cells, although HCT-5 cells
showed the highest expression of fax,
with lower expressions in YK8 and EE8
cells (Fig. 1B). The HBZ signal in real-
time PCR was also highest in HCT cells,
followed in order by YKS8 and EES, al-
though no expression was detected in
Jurkat or MOLT-4 cells (Fig. 1C).

ISH detection of HBZ and tax signals
on LSGs

The HBZ and tax signals were detected
by specific probes. In the LSGs from
the ATL patient, many HBZ signals
(Fig. 2A) and a few tax signals (Fig.
2A) were detected in MNCs. High HBZ
expression was observed in thickened
ducts (Fig. 2B), and some expression of
tax was observed in all ducts (Fig. 2B).
In LSGs from the HAM patients with
SS, many fax signals and some HBZ
signals were observed in MNCs (Fig.
2C). HBZ signals and fax signals were
also detected in the ducts of LSGs from
the HAM patients with SS (Fig. 2D).
In LSGs from the HTLV-I AC patients
with SS, a clear HBZ signal was detect-
ed in all ducts and infiltrating MNCs,
although a low frequency of tax signals
was observed in both ducts and MNCs
(Fig. 2E). In contrast, HBZ expression
was faintly identified in LSGs from the
patients with HTLV-I-seronegative SS
(Fig. 2F) and LSGs from normal sub-
jects (Fig. 2G).
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Fig. 1. Detection of HBZ and tax signals on T cell lines by ISH.
A: In Jurkat, MOLT-4, HCT-5 cells and the smoldering ATL cell lines EE8 and YKS, expression of HBZ and fax was examined by ISH using specific Quanti-
gene ViewRNA® probes. Left and central columns show HBZ (green) and tax (red) as visualised by immunofluorescence and counter-staining with Hoechst
(blue). The right column shows HBZ (blue) and fax (red) in bright field. B. Bar: 20 uM. B: HBZ. C: tax signals in cell lines were also examined by real-time
PCR. *tax and HBZ signals were not detected in these cells.

Expression of CADM1/TSLCI on

LSG from an ATL patient

To show the HTLV-I-induced pro-
teins, an ATL surface marker CADM1/
TSLCI1 expression on LSGs was inves-
tigated. The ducts in the ATL patient
were stained with cytokeratin 8/18 (Fig.
3A), a marker of epithelial cells to clear-
ly show ducts. In LSGs from the single
ATL patient, no CADMI/TSLC1 ex-
pression was found on MNCs and ducts
(Fig. 3B). CADM1/TSLC1 expression
was observed on adenocarcinoma tissue
(Fig. 3C), although there was no expres-
sion of CADM1/TSLCI in squamous
cell carcinoma tissue (Fig. 3D). Positive
CADMI1/TSLCI expression was found
normal breast tissue (Fig. 3E).

Foxp3 expression in the LSGs

of SS patients
In LSGs from the single ATL patient,
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frequent expression of Foxp3 was
observed in the nuclei of infiltrating
MNCs, and Foxp3 expression was also
seen in the ducts (Fig. 4A). Infiltrating
MNC s of LSGs from the HAM-SS pa-
tients (Fig. 4B) showed frequent nucle-
ar expression of Foxp3. The samples
from HTLV-1 AC (Fig. 4C) and HTLV-
I-seronegative SS patients (Fig. 4D)
showed nuclear Foxp3 expression in
MNC:s of their LSGs, but the frequency
of Foxp3 expression was less than that
in the labial salivary gland MNCs from
the ATL patient and the patients with
HAM-SS.

No Foxp3 expression was observed in
LSGs from the 3 normal controls (Fig.
4E). The ductal expression of Foxp3
was limited in the LSGs from the ATL
patient (Fig. 4, insets). Our quanti-
fication of the DAB-positive area in
MNC s (Fig. 4F) revealed that the LSGs

from the ATL patient (no. of foci, 5;
17.2+7.7%) showed significantly larg-
er DAB-positive areas than the LSGs
from the HTLV-I AC-SS patients (n=8;
no. of foci, 32; 5.1+5.3%) and HTLV-
I-seronegative SS patients (n=5; no. of
foci, 28; 4.4+3.3%) (p<0.01).

There was no significant difference in
DAB-positive areas between the ATL
patient and the HAM-SS patients (n=3;
no. of foci, 910.4+9.4%), although the
expression in the HAM-SS groups was
significantly higher than that of the
AC-SS group (p<0.05).

Expression of p65 in the LSGs

of SS patients

In LSGs from the single ATL patient,
the expression of p65 was frequently
observed in the nuclei of infiltrating
MNCs, and p65 expression was also
detected in ducts (Fig. 5A). Infiltrat-
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Fig. 2. Detection of HBZ and tax signals by ISH.

ISH was performed to detect HBZ and fax signals by specific Quantigene ViewRNA® probes. A: HBZ (blue arrow) and fax (red arrow) were observed in
infiltrating MSCs from the ATL patient. B: HBZ (blue arrowhead) and fax (red arrowhead) were observed in ducts from the ATL patient. In LSGs from a
HAM patient with SS, (C) HBZ (blue) and rax (red) signals in MNCs are shown. tax: red arrows D: HBZ (blue) and tax (red) signal in ducts. HBZ and tax
expression in LSGs from HTLV-1 AC patients with SS (E), HTLV-I-seronegative SS patients (F), and normal control (G). Insets show an enlarged repre-
sentative signal of HBZ (blue) and tax (red). The blue arrowheads and blue arrows in panel E show HBZ in MNCs and ducts, respectively. HBZ (blue) and
tax (red) signals in MNCs and ducts are shown in the upper inset and lower inset of panel E, respectively. The black arrowheads in panel F and G show faint
HBZ signals. The figures show an ATL and representative data from 3 different patients. Bar: 40 pM.

ing MNCs of LSGs from the HAM-SS
group (Fig. 5B) showed frequent nucle-
ar expression of p65. The HTLV-I1 AC
(Fig. 5C) and HTLV-I-seronegative SS
patients (Fig. 5D) also showed frequent
nuclear p65 expression in LSG MNCs.
No p65 expression was observed in
LSGs from the normal controls (Fig.
5E). The ductal expression of p65 was
observed in all of the samples from the
SS patients (Fig. 5 insets).

Our quantification of the size of DAB-
positive areas in MNCs (Fig. 5F) re-
vealed that there was no significant
differences among LSGs from the ATL
patient (no. of foci; 5: 72.0+7.4%), the
HAM-SS patients (n=3, no. of foci; 9:
74.949.7%), the AC-SS patients (n=8,
no. of foci; 32: 70.9+21.0%) and the
HTLV-I-seronegative SS patients (n=5,
no. of foci; 28: 73.1£11.0%), although
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all of the groups’ percentage values
were >70%.

Co-expression of p65 and Foxp3

in the LSGs of SS patients
Co-expression of the P65 and Foxp3
proteins was identified by double stain-
ing. Frequent co-expression of Foxp3
and p65 was observed in infiltrating
MNCs of LSGs from the ATL patient
and the HAM-SS patients (Fig. 6A, B).
The HTLV-I AC (Fig. 6C) and HTLV-
I-seronegative SS patients (Fig. 6D)
showed frequent co-expression of nu-
clear Foxp3 and p65 in MNCs of their
LSGs, although the frequency of co-
expression was less than that of the
ATL and HAM-SS patients. In LSGs
from a normal control subject, cyto-
plasmic p65 staining of ducts was ob-
served (Fig. 6E).

Discussion

The high expression of HBZ and
Foxp3 in the MNCs of the LSGs from
an ATL patient and HAM-SS patients
compared to HTLV-I AC and HTLV-
I-seronegative patients was observed
in this study. In addition, frequent ex-
pression of fax in the MNCs was dis-
tinctive feature of HAM-SS patients.
Since most of the HTLV-I-infected
cells in the LSGs of patients with SS
are reported to be CD4*T cells (21), the
HTLV-I-induced SS pathogenesis pre-
sumably depends on HTLV-I-infected
CD4*T cells. The HTLV-I tax gene
works as a trans-activator (22), which
indicates that the NF-xB pathway per-
forms a crucial role to induce pro-in-
flammatory cytokines. With regard to
the involvement of HTLV-I infection in
the LSGs of SS patients, the functions
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Fig. 3. Expression of TSLC1/CADM1 on LSGs.

To discriminate ducts from MNCs in an ATL pa-

o .~ tient, expression of cytokeratin 8/18 was shown

: g by immunohistochemistry (A). Detection of

f e ; * TSLC1/CADMI was performed to show HTLV-

I-induced protein expression of LSGs from an

ATL patient (B). Expression of TSLC1/CADMI1

was shown in lung adenocarcinoma tissue (C),

lung squamous cell carcinoma tissue (D), and
normal breast tissue (E). Bar: 100 uM.

—
NS [~ % NS

Db

ATLPC HAMSS ACSS HTLV-I-SS
(n=5) (n=9) (n=32) (n=28)

Fig. 4. Expression of Foxp3 in the LSGs of SS patients.

Immunohistochemistry to detect Foxp3 protein expression was performed. LSGs from a patient with ATL (A),a HAM-SS patient (B), an HTLV-I AC patient
with SS (C), an HTLV-I-seronegative SS patient (D), and a normal control (E) were reacted with anti-mouse Foxp3 monoclonal antibody. After incubation
with Histofine Simple Stain MAX-PO (M), the brown colour was developed with DAB. Insets show representative ductal expression of Foxp3. The left
inset in panel A shows an isotype control, IgG1. Arrowheads in panel A indicate ductal expression of Foxp3. The figures show representative staining pat-
tern from patients in each group. Bar: 40 uM. F: The frequency of the DAB-positive area in each focus was quantitated by using a microcell count system.
The number on the longitudinal axis represents the percentage (%) of DAB-positive area. The numbers in parentheses are the numbers of foci, not patients.
*p<0.05, **p<0.01 by Student’s t-test; PC: positive control; NS: not significant; error bars; standard deviation.

of the tax gene and its downstream
pro-inflammatory molecules in the
MNCs-mediated production of these
molecules has been debated (10, 11).

S-56

In contrast, CD4*CD25*Foxp3*Tregs
cells are known to have suppressive
functions (23), including down-regu-
lation of CD80 mRNA on antigen pre-

senting cells (APCs) and production
of anti-inflammatory cytokines (24).
In many autoimmune diseases, the ra-
tio of CD4*CD25*Foxp3*Tregs cells is

Clinical and Experimental Rheumatology 2018
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Fig. 5. Expression of p65 in the LSGs of SS patients. Imnmunohistochemistry to detect NF-kB p63 protein expression was performed. LSGs from a patient
with ATL (A), a HAM-SS patient (B), an HTLV-I AC patient with SS (C), an HTLV-I-seronegative SS patient (D), and a normal control (E) were reacted
with anti-rabbit NF-kB p65 polyclonal antibody. After incubation with Histofine Simple Stain MAX-PO (R), the brown colour was developed with DAB.
Insets show representative ductal expressions of p65. The figures show representative staining patterns from patients in each group. Bar: 40 uM. F: The
frequency of DAB-positive area in each focus was quantitated using a microcell count system. The number on the longitudinal axis represents the percentage
(%) of DAB-positive area. The numbers in parentheses are the numbers of foci, not patients. ¥*p<0.05, **p<0.01 by Student’s ¢-test; PC: positive control; NS:

not significant; error bars; standard deviation.

known to be associated with the level of
inflammation. In contrast, the inflam-
mation detected in ATL has been ex-
plained by Foxp3*Tregs cells induced
by HBZ. Satou et al. (25) demonstrated
that HBZ-transgenic (Tg) mice that de-
velop T-cell lymphoma showed unique
characteristics regarding CD4*T cells.
Although HBZ-Tg mice showed
that HBZ itself directly increased
CD4*Foxp3*T cells, the suppressive
function of the proliferated Foxp3+*Treg
was rather impaired. This paradoxical
dysfunction of Foxp3*Tregs regard-
less of HBZ-mediated proliferation of
Foxp3*Tregs might have contributed to
the inflammation detected in the LSGs
from our patient with ATL.

Saito et al. (26) reported that HTLV-I
AC patients and patients with HAM
had high percentages of Foxp3*CD4*T
cells in peripheral blood mononuclear
cells (PBMCs) compared to those
from HTLV-I uninfected individuals.
However, differences in the presence
of HTLV-I-related genes and Foxp3
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in LSGs in SS patients had not been
reported before the present study. Al-
though there are conflicting reports
(27-29) regarding the number of
Foxp3* regulatory T cells in LSGs of
SS patients, our quantitative data sug-
gest that the ATL patient had an HBZ-
associated increase of Foxp3, although
a mechanism of increased Foxp3 in
HAM-SS patients is not concluded by
the results in this study.

Regarding the specificity of the ISH
system, the specificity of the ViewR-
NA probe was much higher than that
of traditional RNA probes, which has
already been reported (30) by using
a ViewRNA ISH system. Although
faint HBZ signals were also detected
in LSGs from HTLV-I-seronegative
subjects and normal subjects, the in-
volvement of HBZ and the significance
of HBZ expression in HTLV-I-seron-
egative subjects remain to be clarified.
However, these might be non-specific
signals, since no expression of Foxp3
that should be induced by HBZ was

detected in the LSGs from normal sub-
jects.

Although it is known that fax expres-
sion is not observed in PBMCs of all
ATL cases (31, 32), the strong posi-
tive expression of p65 in our ATL case
might have been caused by various
pro-inflammatory cytokines produced
in ATL cells. Conversely, a mechanism
of frequent co-expression of p65 and
Foxp3 in MNCs in HAM-SS patients
might be different from an ATL be-
cause fax-mediated NF-kB activation-
induced secondary inflammation pro-
cess or paracrine action toward adja-
cent lymphocytes is assumable. In ad-
dition, the NF-xB pathway is activated
by various stimuli (33, 34), thereby,
the similar expression pattern of p65
in all patients with SS observed in the
present study would not be explained
by transactivation of the NF-xB path-
way due to HTLV-I infection. In con-
trast, the different expression patterns
of Foxp3 in LSGs are characteristics
in this study aside from a direct influ-

S-57



HBZ and tax in SS / H. Nakamura et al.

Lo
(ol
“'w !'f,\fa ..
AR
it |“ ‘*‘-Ai‘.ﬁ
Fig. 6. Co-expression of p65 and Foxp3 in the LSGs of SS patients. Immunohistochemistry against p65 and Foxp3 protein was performed by double stain-
ing. LSGs from a patient with ATL (A), a HAM-SS patient (B), an HTLV-I AC patient with SS (C), an HTLV-I-seronegative SS patient (D), and a normal
control (E) were reacted with a mixture of mouse anti-human Foxp3 monoclonal antibody and rabbit anti-human NF-kB p65 polyclonal antibody. After

incubation with a mixture of Histofine Simple Stain MAX-PO (M) and AP (R), brown and red colours were developed with DAB and Fast red, respectively.
Insets show representative double expression of Foxp3 and p65. The figures show representative staining patterns from patients in each group. Bar: 40 uM.

ence of HBZ toward Foxp3 expression.
These novel findings detected in LSGs
have the potential to be used for dis-
criminating HTLV-I-seropositive SS
from HTLV-I-seronegative SS.
Another crucial point is the expression
of HTLV-I genes in ductal epithelial
cells in LSGs from HTLV-I-seropos-
itive SS patients. HTLV-I has the po-
tential to infect CD4*T cells (35). Two
major theories have been proposed re-
garding the route of HTLV-I infection
of uninfected CD4*T cells — namely,
the infection could occur via a biofilm-
like structure containing HTLV-I viral
assemblies (36) or via virological syn-
apses (37). In contrast, we recently ob-
served that HTLV-I has the potential to
infect cultured salivary gland epithelial
cells (SGECs) and to result in the in-
duction of chemokines and pro-inflam-
matory cytokines (38). With respect to
the in vitro infection of HTLV-I, other
studies have shown that HTLV-I had
the potential to infect epithelial cells
other than SGECs or synovial cells (39,
40).

Thus far, HTLV-I infection of salivary
gland tissue has not been well investi-
gated, although some studies (41, 42)
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have reported that HTLV-I-related mol-
ecules were expressed in LSGs from
SS patients irrespective of HTLV-I in-
fection. Other investigations (43, 44)
revealed that tax was rarely detected in
LSGs from HTLV-I-seronegative pa-
tients with SS. HBZ in ducts in LSGs
from HTLV-I-seropositive SS patients
had not been reported prior to the pre-
sent study. Further studies will be need-
ed to address the question of why the
protein expression of Foxp3 is scarce
on ducts from ATL and HAM-SS pa-
tients irrespective of the frequent ductal
HBZ expression. Although HBZ ex-
pression was prominent in ducts from
an ATL patient, expression of an ATL
surface marker CADM1/ TSLC1 was
not detected in Figure 3. As shown in
lung adenocarcinoma or normal breast
tissue, detection of CADMI/TSLCI1
expression was known in carcinoma or
normal tissue (45). In peripheral blood
of acute ATL patients, the percent-
age of CD4*CADMI1* cells were more
than 70%. In contrast, the frequency of
CD4*CADMI1* cells in chronic ATL or
HTLV-I AC was less than 5% (46). Al-
though the negative CADMI/TSLCI1
expression with positive HBZ signal

was detected in ducts and MNCs from
the ATL case in this study, the negative
CADMI/TSLCI expression might de-
pend on clinical entities of ATL as re-
ported previously (46).

There were some limitations of the pre-
sent study in regard to the comparisons
of the HBZ/tax mRNA level, because
the tax signal is detected in HAM-SS
samples regardless of the reported high
HBZ/tax mRNA ratio (25). First, there
is a possibility that the mRNA level
varies according to PVL, because HBZ
mRNA was correlated with PVL in
HAM-SS patients. Second, the differ-
ent nucleotide sequences and sequence
lengths of each probe could have had
an impact on the visualised signal.
Taken together, our findings indicate
that HBZ was dominantly expressed in
the LSGs of HTLV-I-seropositive SS
patients, although MNCs from HAM-
SS patients showed tax-dominant ex-
pression. In addition, the ductal expres-
sion of HBZ and tax may be a newly
identified feature of focal inflammation
in HTLV-I-infected salivary glands.
Regarding HBZ detection at the pro-
tein level, two reports have exam-
ined lab-generated antibodies against
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HBZ (47, 48). With a useful antibody
and in vivo detection system in hand,
we should be able to detect the HBZ
protein in a future study. Hitherto, fax-
mediated chronic inflammation could
presumably be considered a step in the
pathogenesis of HTLV-I-seropositive
SS. Our new findings suggest the role
of an HBZ-related inflammatory path-
way in the pathological condition of
HTLV-I-seropositive SS. The detection
of an HBZ-related pathway and the
involvement of ducts impacts on the
underlying mechanism of the linkage
between HTLV-I infection and SS.
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