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Clinical significance of CADMI1/TSLC1/IgSF4 expression
in adult T-cell leukemia/lymphoma

S Nakahata', Y Saito', K Marutsuka?, T Hidaka®, K Maeda®“, K Hatakeyama®, T Shiraga'®, A Goto', N Takamatsu', Y Asada®,
A Utsunomiya’, A Okayama®, Y Kubuki®, K Shimoda?, Y Ukai®, G Kurosawa® and K Morishita’

Cell adhesion molecule 1 (CADM1/TSLC1) was recently identified as a novel cell surface marker for adult T-cell leukemia/
lymphoma (ATLL). In this study, we developed various antibodies as diagnostic tools to identify CADM1-positive ATLL leukemia
cells. In flow cytometric analysis, the percentages of CD4"CADM1 " double-positive cells correlated well with both the
percentages of CD4 " CD25* cells and with abnormal lymphocytes in the peripheral blood of patients with various types

of ATLL. Moreover, the degree of CD4 " CADM1* cells over 1% significantly correlated with the copy number of the human
T-lymphotropic virus type 1 (HTLV-1) provirus in the peripheral blood of HTLV-1 carriers and ATLL patients. We also identified
a soluble form of CADM1 in the peripheral blood of ATLL patients, and the expression levels of this form were correlated

with the levels of soluble interleukin 2 receptor alpha. Moreover, lymphomas derived from ATLL were strongly and specifically
stained with a CADM1 antibody. Thus, detection of CD4 " CADM1 ™" cells in the peripheral blood, measurement of serum levels
of soluble CADM1 and immunohistochemical detection of CADM1 in lymphomas would be a useful set of markers for disease

progression in ATLL and may aid in both the early diagnosis and measurement of treatment efficacy for ATLL.

Leukemia advance online publication, 6 January 2012; doi:10.1038/leu.2011.379

Keywords: CADM1/IgSF4/TSLC1; ATLL

INTRODUCTION

Adult T-cell leukemia/lymphoma (ATLL) results from infection with
human T-lymphotropic virus type 1 (HTLV-1)." Following HTLV-1
infection, 2.1 to 6.6% of HTLV-1 carriers will develop ATLL, and
most of the ATLL patients will die within a year.? An estimated 10-20
million people worldwide are infected with HTLV-1, and HTLV-1
is endemic in southwestern Japan, the island of Kyushu, Africa, the
Caribbean Islands and South America.* ATLL cells are mainly
derived from activated helper T cells with the CD3 ™, CD4 ™", CD8~
and CD25™" (also known as interleukin 2 receptor alpha (IL-2Ra))
cell surface markers.? A fraction of ATLL cases have been shown to
also express forkhead box P3 (FOXP3), which is a master gene for
regulatory T cells (T-reg), suggesting that some cases of ATLL may
originate from HTLV-1-infected T-reg cells>® For diagnosis,
identification of mono- or oligoclonal provirus integration events
by Southern blot analysis is one of the definitive markers for ATLL.
In addition to viral integration, ATLL cells with multi-lobulated
nuclei (called ‘flower cells’) have been frequently seen in leukemia
cells in the peripheral blood of ATLL patients. Hypercalcemia and
high levels of either serum lactate dehydrogenase (LDH) or soluble
IL-2Ra (sIL-2Ra) have been found to be unfavorable markers for
ATLL; however, these markers are not specific for the diagnosis
of ATLL.®

The developmental steps of ATLL after HTLV-1 infection have
remained obscure for 30-40 years. HTLV-1 Tax is thought to be an
important viral protein that functions in the maintenance of HTLV-
T-infected lymphocytes;”'® however, expression of Tax protein

was not detected in over 70% of ATLL cases because of genomic
deletion and/or DNA methylation.'’"'* Recently, HTLV-1 basic
leucine zipper (HBZ) was found to be constitutively expressed in
ATLL cells and was shown to interact with JUN and CREB2 to
regulate Tax expression.'”'® HBZ also promotes CD4* T-cell
proliferation in transgenic mice;'® therefore, HBZ has important
roles and functions not only in maintaining the virus life cycle but
also in the maintenance of the HTLV-1-infected cells that
contribute to disease pathogenesis. Although HBZ is expressed
in the majority of ATLL cells, only 5% of HTLV-1 carriers develop
ATLL, suggesting that additional factors besides viral infection are
required for the development of ATLL.

To identify additional pathogenic factors or novel surface
markers for ATLL, we collected gene expression profiles for acute-
type ATLL. Using a comprehensive DNA microarray gene
expression analysis, we recently demonstrated that cell adhesion
molecule 1 (CADM1/TSLC1/IgSF4) is a novel cell surface maker for
ATLL." CADM1 was initially isolated as a tumor suppressor for
lung cancers by genomic analysis. CADM1 expression is reduced
in a variety of cancers by promoter methylation and is associated
with poor prognosis and enhanced metastatic potential.’® By
contrast, we identified that high expression of CADM1 has an
important role in enhanced cell-cell adhesion to the vascular
endo]tghelium, tumor growth and the organ infiltration of ATLL
cells.

In this study, we developed various antibodies for CADM1 to
be used as diagnostic tools for identifying ATLL leukemia cells.
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We successfully identified ATLL cells in the peripheral blood and in
lymphoma samples and detected the soluble form of CADM1 in
the peripheral blood of ATLL patients using specific antibodies for
CADM1. The CADM1 antibody may therefore represent a useful
tool in the diagnosis of ATLL cells.

MATERIALS AND METHODS
Quantification of HTLV-1 proviral load

HTLV-1 proviral DNA load was determined by real-time PCR as previously
described.?® Briefly, genomic DNA from peripheral blood mononuclear
cells (PBMCs) was extracted by proteinase K digestion and phenol/
chloroform extraction and then subjected to a real-time TagMan PCR assay
using an ABI PRISM 7000 detection system (Perkin Elmer/Applied
Biosystems, Forster City, CA, USA) with two sets of primers specific for
the pX region of the HTLV-1 provirus and the human gene encoding the
RNase P enzyme. The primers and the probe for the RNase P gene were
purchased from Applied Biosystems; those for the pX region of the HTLV-1
provirus were described previously.”° Genomic DNA of normal control
PBMCs mixed with a plasmid DNA, which contained almost the whole
genome of the HTLV-1 provirus (Sacl site of 5'-LTR to Sacl site of 3'-LTR),

was used as a standard to quantify the proviral DNA copies. The copy
number of the plasmid DNA was calculated based on the size and weight
of the plasmid DNA, as measured by spectrophotometry. HTLV-1 proviral
loads in some of the PBMC samples were measured by the Group of Joint
Study on Predisponsing Factors of ATL Development (JSPFAD, Japan) as
described previously.2' The amount of HTLV-1 proviral DNA was calculated
as the copy number of HTLV-1 per 100 PBMC = ((copy number of pX)/(copy
number of RNase P/2)) x 100.

RESULTS

Frequent expression of surface CADM1/TSLC1 among
ATLL-derived cell lines

CADM1/TSLC1/1gSF4 was identified as a novel surface marker on
ATLL cells by gene expression profiling using DNA microarray
analysis and was found to be frequently expressed in leukemia
cells from patients with acute-type ATLL."” We first analyzed the
CADMT1 protein levels in a panel of T-leukemia cell lines using a
chicken anti-human CADM1 antibody (MBL, Nagoya, Japan). A
107 kDa band was clearly detected in whole-cell lysates from the
KOB, KK1 and S1T cell lines (Figure 1a), which have been reported
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Figure 1.

High CADM1 expression in ATLL analyzed by immunoblot, flow cytometry (FMC) and immunohistochemical staining (IHC).

(a) Immunoblot analysis was performed on a series of T-lymphoid leukemia cell lines (three T-ALL, T-acute lymphoid leukemias; two
HTLV-1 4, HTLV-1-infected cell lines; six ATLL, ATLL-derived cell lines) with a chicken anti-human CADM1 antibody. (b) A human anti-human
CADM1 antibody (051-054), which was established by phage display, was used for FMC and IHC. The anti-CADM1 antibody was
visualized by Alexa 488 in FMC and by horseradish peroxidase in IHC.

Leukemia (2012), 1-9

58

© 2012 Macmillan Publishers Limited



to express CADM1 according to reverse transcriptase PCR and
northern blot analysis.’” To confirm CADM1 expression on the cell
surface of ATLL cells, we examined CADM1 membrane expression
by flow cytometry with an Alexa 488-labeled human anti-CADM1
antibody generated by phage-display technology.?? Four ATLL cell
lines were used for flow cytometry: CADM1-negative ED and
CADM1-positive KOB, KK1 and S1T cell lines. In all three CADM1-
positive cell lines, the fluorescence intensity of CADM1 expression
was two logs greater than that of the isotype immunoglobulin G
control (Figure 1b, upper panels), while only background levels of
fluorescence could be seen in the CADM1-negative ED-ATLL cell
line, which had high levels of DNA methylation in the CADM1
promoter region."” To evaluate the subcellular distribution of
CADM1, immunohistochemical staining was performed on
the same cell lines using the anti-CADM1 antibody (Figure 1b,
bottom panels). CADM1 was highly concentrated at the cell~cell
contact sites in the three CADM1-positive cell lines, and no
staining of CADM1 was detected in the ED cell line. These data
suggest that CADM1 expression in ATLL cells may promote
cell-to-cell contact.

Low levels of CADM1 expression in the T-reg fraction of peripheral
lymphocytes

To examine the expression of CADM1 in peripheral blood
T-lymphocytes of healthy volunteers, T-reg populations were
analyzed for CADM1 expression because CD4*CD25M" T-reg
cells are a potential source of ATLL cells.>® Initially, the
(D47 (D25 cell fraction was separated from PBMCs of a healthy
volunteer by the magnetic bead method and stained with an anti-
CADM1 antibody. Almost 100% of the S1T-ATLL cell line was
strongly stained with the anti-CADM1 antibody; however, 55.8% of
the CD47CD25™ cells were stained weakly in comparison with
the high level of staining of S1T-ATLL cells (Figure 2a). To confirm
whether the purified CD4TCD25™" cells expressing CADM1 were
T-reg cells, the sorted CD47CD25™" cells were stained for both
FoxP3 (a master regulator in the development of T-reg cells) and
CADM1. In all, 93% of the CD47CD25" double-positive cells in
the peripheral blood were stained by the anti-FoxP3 antibody,
while 37% of the cells were stained with both the anti-CADM1 and
anti-FoxP3 antibodies (Figure 2b), suggesting that a fraction of the
CD4*CD25%FoxP3™ T-reg cells weakly expressed CADM1 on
their cell surfaces.

We then determined the proportion of CD4*CADM1* and
CD4*CD25" T cells in PBMCs from 10 healthy volunteers after
selection with Cy5-labeled CD45 staining. On average, 7.3% of
CD45% cells in PBMCs expressed CD4 and CD25, while only 0.6%
of the cell population expressed CD4 and CADM1 (Figure 2c and
representative fluorescence-activated cell sorting data are shown
in Supplementary Figures 1a and b), indicating that the number of
CD4 " CADM1™ cells was significantly lower than the number of
CD47CD25* cells in the PBMCs of healthy volunteers. To
determine the percentage of CD4"CADM1 ™ cells in peripheral
lymphocytes of various types of ATLL and HTLV-1 carriers, CD45*
PBMCs from 40 patients diagnosed with various types of ATLL
(7 acute-type, 4 lymphoma-type, 6 chronic-type and 23 smoldering-
type), 51 HTLV-1 carriers and 10 normal volunteers were analyzed
for the surface expression of CD4 and CADM1 by flow cytometry
analysis, which was performed by double staining of CD12/CD19,
CD3/CD8, CD4/CD25, CD23/CD5, CADM1/CD4, CD20/CD11c,
CD16/CD56, CD30/CD7 and x-chain/A-chain. The median percen-
tages of CD4 T CADM1 ™ cells were 73.9% in acute cases, 72.4% in
chronic cases (except for a patient with CD4-negative ATLL
described below), 5.6% in lymphoma cases, 11.5% in smoldering
cases, 44% in HTLV-1 carriers and 0.5% in normal volunteers
(Figure 2d). In these subjects, the percentages of CD4*CD25%
cells were significantly correlated with those of CD4"CADM1*
cells (R=0.907, P<0.0001) (Figure 2e), suggesting that most of

© 2012 Macmillan Publishers Limited
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the ATLL cells were CD4*CD25%CADM™, However, we also
observed a cell surface profile of CD37CD8™ (91.3%),
CD25%CD4~ (81.5%) and CD4 CADM1™ (83.6%) in a case of
chronic ATLL, suggesting that the surface markers of the ATLL cells
represented CD47CD8~ double-negative T lymphocytes that
expressed CD25 and CADM1.

CADMT1 expression in leukemia cells from ATLL patients and HTLV-
1-infected cells from HTLV-1 carriers

To confirm that most of the HTLV-1-infected ATLL cells were
indeed in the CD4*CADM1 ™ cell fraction, PBMCs from an HTLV-1
carrier and two ATLL patients with chronic or smoldering ATLL
were isolated and separated into CADM1-positive and CADM1-
negative cell fractions by anti-CADM1 antibody-conjugated
magnetic beads. The cell fractions were then analyzed for
the expression of CD4 and CADM1 by fluorescence-activated
cell sorting analysis (Supplementary Figure 2). In these three
patients, 3.4 to 31.4% of PBMCs were positive for CD4 and
CADM1. After separation by the magnetic CADM1 antibody,
73.5 to 96.5% of the cells were CD4"CADM1™. To assess
whether these CD4TCADM1™* cells indeed represented the
HTLV-1-infected cell population, the HTLV-1 status was deter-
mined by PCR of the proviral DNA with primers against the
HBZ region of the HTLV-1 genome. As shown in Figure 3a,
the HTLV-1 genomic sequence was detected in the three
CADM1-positive cell fractions, while weak or no signal was
detected in the CADM1-negative cell fractions, indicating
that the majority of HTLV-1-positive cells are present in the
CADM1-positive cell fractions.

Next, the percentages of CD4 " CADM1™ cells were compared
with those of abnormal lymphocytes or with the DNA copy
numbers of HTLV-1 in PBMCs of patients with various types of
ATLL, which included 6 acute-type, 8 chronic-type and 6
smoldering-type of ATLL, and 20 HTLV-1 carriers (Figures 3b
and c). The percentages of CD4+*CADM1* cells showed a high
degree of correlation with those of abnormal lymphocytes (R=0.791,
P<0.0001) and with the HTLV-1 DNA copy numbers (R=0.677,
P <0.0001) in these patient samples. Notably, in two samples from
chronic- and smoldering-type ATLL patients, the number of
CD4*CADM1™ cells was less than one-half of the number of
HTLV-1 DNA copies (32.0% vs 107.97 copies and 30.0% vs 65.76
copies), which may be due to multiple copies of proviral DNA in
the cells. In addition, the percentages of CD4*CADM1™* cells
were correlated with the levels of slL-2Ra (R=0.586, P<0.0001)
and with the levels of LDH (R = 0.486, P =0.0015) (Figures 3d and
e). Consistent with earlier studies, both serum sIL-2Ra and LDH
levels were correlated with the HTLV-1 DNA copy numbers
(R=0.705; P<0.0001 and R =0.44; P=0.0045, respectively) in this
study (data not shown).

To further evaluate the diagnostic efficacy of measuring
CADM?1-positive cells to detect HTLV-1-infected cells, the copy
number of the HTLV-1 provirus in PBMCs of carriers was compared
with the percentages of CD4 " CADM1* cells and the serum levels
of slLl-2Rx and LDH. The percentage of CD4+CADM1™ cells
showed a significant correlation with the HTLV-1 DNA copy
number (R=0.921, P<0.0001) (Figure 3f), while there was a poor
correlation between HTLV-1 copy number and the levels of
sIL-2Ro. and LDH (data not shown). A correlation between the
percentage of CD4TCADM1™ cells and abnormal lymphocytes
was also observed in the HTLV-1 carriers (R=0.819, P<0.0001),
although abnormal lymphocytes and CD4"CADM1 ™+ cells were
very rare in these subjects (Supplementary Figure 3). On the basis
of these data, in addition to the determination of copy numbers
of HTLV-1 proviral DNA, quantification of CD4+CADM1™* cell
number by flow cytometry may be useful for monitoring the
number of HTLV-1-infected cells in the peripheral blood of ATLL
patients and HTLV-1 carriers.
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Figure 2.

Flow cytometric analysis of CADM1 in T-reg lymphocytes, ATLL ceils and HTLV-1-infected T cells. (a) Flow cytometric analysis

of CADM1 expression in the CD4TCD25™" fraction from peripheral T lymphocytes. Each sample was stained with an Alexa 488-labeled
anti-CADM1 antibody. The S1T-ATLL cell line with high CADM1 expression was used as a positive control. (b) The CD4*CD25™ fraction
from peripheral lymphocytes was stained by the Alexa 488-labeled anti-CADM1 and PE-labeled anti-FoxP3 antibodies. (c) Comparison

of percentages between the CD4*CD25* and CD4+CADM1 ™ cell fractions in the CD45™" fraction of peripheral blood lymphocytes.

(d) Box plots are shown for the percentages of the CD4 " CADM1 ™ cell fractions in CD45™ peripheral blood lymphocytes from patients
with various types of ATLL, HTLV-1 carriers and healthy volunteers. The data from a CD4-negative ATLL case are indicated by a white
circle. (e) Comparison between CD4 " CADM1™ and CD41CD25™ cell fractions in CD45 " peripheral blood lymphocytes from patients
with various types of ATLL, HTLV-1 carriers and healthy volunteers. Spearman correlation coefficients were calculated to assess the association

between CD4 " CADM1 ™" and CD4"CD25% cell fractions.

The soluble form of CADM1 is detected in the serum of ATLL
patients

A soluble isoform of CADM1 consisting of the extracellular domain
was recently isolated in murine mast cells.”®> We determined
whether the soluble form of CADM1 was present in the serum of
ATLL patients by western blot using a chicken anti-human CADM1
antibody. As a positive control, soluble CADM1 was produced by
transfection of 293 cells with a construct encoding a soluble form
of CADM1 (1 to 374 aa). The soluble CADM1 band (72 kDa) and
the recombinant soluble form of CADM1 were clearly detected
in the sera of five patients with acute-type ATLL but not in the
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sera of five healthy volunteers (Figure 4a). We screened the sera
of 5 healthy controls and 25 ATLL patients (14 acute-type,
7 lymphoma-type, 2 smoldering-type and 2 HTLV-1 carrier) for
the presence of soluble CADM1. We detected different levels of
soluble CADM1 among these ATLL patients by western blot (data
not shown). In addition, we compared the levels of soluble CADM1
in the serum and the percentages of CD4* CADM1* cells in the
peripheral blood (Supplementary Figure 4) and confirmed that
high levels of soluble CADM1 are present in the serum of patients
who had high numbers of CADM1 ™" cells in the peripheral blood.
As serum levels of soluble IL-2Rx are correlated with the prognosis
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Figure 3. Correlation of the percentages of the CD4*CADM1 ™ fraction with the percentages of abnormal lymphocytes, HTLV-1 DNA copy
number and the levels of soluble IL-2Ra. and serum LDH in both various types of patients with ATLL and HTLV-1 carriers. (a) Identification
of the HTLV-1 genome by PCR ampilification after separation by CADM1-magnetic beads. After separation of the peripheral blood of

three ATLL patients by magnetic beads, genomic DNA was extracted from both the CADM1 and non-CADM?1 fractions and amplified by
specific PCR primers for HTLV-1 HBZ. Two ATLL cell lines (S1T and KK1) were used as positive controls, and a T-ALL cell line (Jurkat) was used
as a negative control for the HTLV-1 HBZ. Lane 1, smoldering ATLL; lane 2, chronic ATLL; lane 3, HTLV-1 carrier. (b-e) The percentage of
the CD4+ CADM1 ™ fraction was compared with the percentage of abnormal lymphocytes, the HTLV-1 DNA copy number and the levels
of soluble IL-2Ra and serum LDH in both various types of patients with ATLL and HTLV-1 carriers. In (d), data from one acute-type patient
were not included in the analysis because of the extremely high levels of soluble IL-2Ra (CD4 " CADM1 ™, 32.9%; IL-2Ra, 96 900 U/ml).

(f) The percentage of the CD4*CADM1* fraction was compared with the HTLV-1 DNA copy number in HTLV-1 carriers.

of ATLL patients, we compared the serum levels of soluble CADM1
and soluble IL-2Ra in individual cases. As shown in Figure 4b,
significantly higher levels of soluble CADM1 were detected in the
serum of ATLL patients who had increased levels of soluble IL-2Re;
thus, serum CADM1 levels may be a diagnostic tool for the
prediction of disease progression in ATLL.

High expression of CADM1 in ATLL-derived lymphomas

To examine the expression of CADM1 in tissue sections from
lymphoma-type ATLL, formalin-fixed lymphoma samples from
different types of malignant lymphomas were immunostained
with the anti-CADM1 antibody. For these studies, we used a
monoclonal antibody (1-10C) raised against the recombinant

© 2012 Macmillan Publishers Limited

extracellular domain of the CADM1 protein. To confirm the
reactivity of the anti-CADM1 antibody in formalin-fixed ATLL cells,
cell pellets from various leukemia cell lines were fixed in 10%
formalin, embedded in paraffin and stained for CADM1. The
anti-CADM1  antibody specifically stained the surface of
the CADM1-positive S1T-ATLL cell line but did not react with the
CADM1-negative ED-ATLL and all non-ATLL cell lines (Figure 5a,
panels 1 and 2, and Supplementary Figure 5a). Western blot
analysis confirmed the lack of CADM1 expression in these cell lines
(Figure 1a and Supplementary Figure 5b). We next performed
immunostaining of lymph node biopsies from ATLL patients with
malignant lymphoma using the anti-CADM1 antibody. As positive
controls, we used erythrocytes and peripheral nerve tissue
(Figure 5a, panels 3 and 4)."”'® In addition, we examined CADM1
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Figure 4. Identification of a soluble form of CADM1 in ATLL patients.

(@) The soluble form of CADM1 in the peripheral blood from five
healthy volunteers and five patients with acute-type ATLL was
identified by immunoblot analysis using an anti-CADM1 antibody.
The asterisk indicates an albumin band. Truncated CADM1 with an
extracellular domain was purified from the culture supernatant of
293 cells after transfection of the CADM1 expression plasmid as a
positive control. (b) The relative band intensity of CADM1 by
immunoblot was compared with the level of slL-2Ra. in various
serum samples from healthy volunteers, HTLV-1 carriers and ATLL
patients. The band intensity was measured by the image Gauge
software (Fujifilm, Tokyo, Japan). The signal intensities were
classified as either high (3 +), medium (2+), low (1 +) or
undetectable (-). Asterisks indicate a significant difference between
the band intensities of the groups (*P<0.001, **P<0.0001).

expression in three cases of lymph nodes with reactive follicular
and/or paracortical hyperplasia (reactive lymph nodes) and found
that most of the lymphocytes in the reactive lymph nodes were
negatively stained and <1% of the cells were positively stained
(Figure 5a, panel 5). The staining pattern of the CADM1-positive
cells in the reactive lymph nodes mainly shows a uniform
cytoplasmic pattern rather than the specific membranous staining
that was seen in ATLL cells (as shown below and in Figure 1b). The
CADM1-positive cells in reactive lymph node possibly correspond
to histiocytes, including dendritic cells because a subset of T-cell
zone dendritic cells was reported to express CADM1 (Necl-2)
within the lymph node.?*** We examined 90 tissue samples from
patients with various types of lymphoma, including 36 patients
with ATLL and 54 with non-ATLL lymphomas, using erythrocytes
and nerve fascicles as positive controls. Of the non-ATLL samples,

Leukemia (2012), 1-9

62

29 cases were T- or NK-cell lymphomas, 37 cases were B-cell
lymphomas and 2 cases were null-cell lymphomas. Using a four-
grade scale to score CADM1 immunohistochemical staining (0 to
3+, Figure 5b), we found that 92% of ATLL lymphomas were
positive for CADM1, and 50% of them were heavily stained and
were scored 2+ or higher (Table 1). Of note, a few lymphoma
cells showed diffuse cytoplasmic staining in addition to mem-
brane staining with CADM1. Among the non-ATLL lymphomas, a
few CADM1-positive cells were observed, the morphology of
which was small to medium in size with normochromatic round to
ovoid nuclei and lacking nuclear atypia (Figure 5¢). Based on the
morphology and the CADM1-staining patterns, the CADM1-
positive cells in the non-ATLL lymphomas were not considered
as lymphoma cells but may correspond to histiocytes, including
dendritic cells, because these cells were similar to the CADM1-
positive cells found in reactive lymph nodes (Figure 5a, panel 5
and Figure 5c¢). Based on these results, a high degree of cell
membrane staining for CADM1 with a score of 2+ may provide
high specificity in the diagnosis of ATLL, and combined staining
with CADM1 and other T-cell-specific markers may be necessary
for a more accurate diagnosis of lymphoma-type ATLL.

DISCUSSION

In this study, we made a series of antibodies against CADM1 to be
used as diagnostic tools for ATLL, such as for the identification and
separation of ATLL and HTLV-1-infected cells, the detection of the
soluble form of CADM1 in peripheral blood and the pathological
identification of lymphoma-type ATLL after formalin fixation.
Expression of CADM1 by flow cytometry was clearly detected on
the surface of ATLL cells and HTLV-1-infected T lymphocytes,
which was confirmed by detection of the HTLV-1 genome after
separation by magnetic beads with a CADM1 antibody. The
percentage of CD4TCADM1* cells in the peripheral blood
correlated highly with the DNA copy number of HTLV-1 in
lymphocytes from HTLV-1 carriers and ATLL patients. In particular,
we identified the soluble form of the CADM1 protein in the
peripheral blood of HTLV-1 carriers and ATLL patients. The
definitive diagnosis of ATLL is based on the confirmation of ATLL
cells in the peripheral blood or in lymphoma tumors by detection
of HTLV-1 genomic integration; therefore, measurement of serum
levels of soluble CADM1 protein as well as detection of
CD4*CADM1 ™ cells in the blood, when used in conjunction with
other standard diagnostic methods, would be useful for identify-
ing and monitoring disease progression in HTLV-1 carriers with
increased accuracy and may aid in the early diagnosis and
measurement of treatment effects for ATLL.

It has been proposed that HTLV-1 infects various types of cells,
including T-reg cells and subsets of T helper cells (Th2 and Th17),
in a cell-to-cell manner.?®~% There is also evidence that ATLL cells
act as T-reg cells that express CD4, CD25 and FoxP3 and are
thought to contribute to the immune suppression of ATLL
patients;® however, it was reported that CADM1 is expressed at
low levels on resting naive T cells, and its expression is further
downregulated 14h following TCR activation.®® Therefore, we
determined the expression of CADM1 in the T-reg cell fraction of
the peripheral blood of healthy volunteers. The results showed
that a subset of the T-reg fraction weakly expressed CADM1,
suggesting that CADM1 is not a major marker for the T-reg
fraction and that CADM1 expression on ATL cells may reflect the
fact that ATL cells originate from T-reg cells. As ATLL cells that
constitutively express CD25 exhibited heterogeneous Foxp3
expression patterns,” a part of ATLL is likely derived from FoxP3*
T-reg cells. In another report, a population of FoxP3 ™ cells distinct
from ATLL cells was shown to have a regulatory function and was
found to impair the cell-mediated immune response to HTLV-1 in
patients with ATLL3' Although we do not know whether the
population of T-reg cells with weak expression of CADM1 in the
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Figure 5. Expression of CADM1 in lymphoma-type ATLL. (a) Immunostaining of CADM1 in the S1T-ATLL cell line was used as a positive control
(a1), and the ED-ATLL cell line was used as a negative control (a2) for CADM1 expression using an anti-CADM1 antibody (1-10C).
Immunostaining of erythrocytes in the blood vessels (c), peripheral nerve cells (a3) and reactive lymph nodes (a4) using the same antibody.
Scale bar, 20 um. (b) The immunoreactivity for CADM1 was scored using a standardized four-tiered scoring scale as follows: staining in >30%
of cells was scored as 3+ (b4); staining in > 5% but <30% of cells was scored as 2+ (b3); staining in <5% of cells was scored as 1+ (b2);
and a lack of staining was scored as 0 (b1). These images were taken from immunostained ATLL lymphoma sections. Scale bar, 20 um.

(c) Representative CADM1 immunostaining in B-cell (c1) and NK-cell (c2) lymphomas. Scale bar, 20 um.
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Table 1. Immunohistochemical staining of CADM1 in various types of
lymphomas, including ATLL

Case Staining scores Positive rates (%)
numbers
Negative 1+ 2+ 3+ =1+ =2+
ATLL 36 3 15 14 4 33/36 (92) 18/36 (50)
Non-ATLL 54 37 16 1 0 17/54 (31) 1/54 (1.8)
T/NK 15 12 3 0 0 3/15 (200  0/15 (0)
B 37 23 13 1 0  14/37 (38) 1/37 (2.7)
Null 2 2 o 0 ©o 0/2 (0) 0/2 (0)

Abbreviations: ATLL, adult T-cell leukemia/lymphoma; CADM1, cell
adhesion molecule 1. The immunoreactivity for CADM1 was scored using
a standardized four-tiered scoring scale as follows: staining in >30% of
cells was scored as 3+; staining in >5% but <30% of cells was scored
as 2+; staining in <5% of cells was scored as 1+; lack of staining was
scored as 0.

PBMCs of healthy volunteers is the cellular origin for ATLL cells,
CADM?1 is thought to be one of the major markers for the various
types of ATLL cells. In fact, we observed strong expression of
CADM1 in rare cases of ATLL characterized by the CD47CD8™,
CD47CD8* or CD4~CD8™ phenotypes (data not shown); there-
fore, the CADM1M9" population of T-lymphocytes in peripheral
blood can be considered ATLL cells.

The question of why CADM1 is strongly expressed on the
surface of various types of ATLL remains unclear. Previously, we
investigated whether the expression of CADM1 was induced by
HTLV-1/Tax expression and found that Tax protein expression did
not activate the expression of CADM1 in JPX-9 cells (data not
shown). We also introduced a Tax expression vector into MOLT4
and 293T cells and determined the expression level of CADM1. We
found that Tax could not induce CADM1 expression in these cells,
suggesting that Tax expression is not related to the high
expression of CADM1. As HBZ is known to be constitutively
expressed in both HTLV-1-infected cells and ATLL cells and can
modulate transcription of cellular genes,'® it is possible that HBZ
activates CADM1 expression. We also speculate that CADM1"9"
expression in ATLL cells may be associated with transcriptional
abnormalities in ATLL cells through the accumulation of genomic
or epigenomic alterations. In this study, we found a good
correlation between HTLV-1 copy numbers and the percentages
of CD4 ¥ CADM1 ™ cells in the peripheral blood of HTLV-1 carriers,
suggesting that HTLV-1 carriers with high percentages of
CD4*CADM1 ™ cells could be associated with progressive genetic
alterations and might be at high risk for developing ATLL.

Recent studies have shown that a few markers, such as CCR4
and CD70, are unique ATLL surface markers.>*** Although the
proportion of CD4TCCR4™ cells and CD4*7CD70* cells in the
PBMCs from healthy individuals were found to be approximately
5%,%”3* the proportion of CD4 T CADM1 ™ cells was < 1% (Figure 2);
therefore, measurement of CADM1 ™ T cells is particularly efficient in
the diagnosis of HTLV-1 infection in individuals who carry a small
number of HTLV-1-infected cells. We have demonstrated previously
that CADM1 has important functions in increasing cell adhesion
and mediating progression to organ invasion.'® In this study, we
succeeded in isolating a low percentage of both HTLV-1-infected
cells from the PBMCs of HTLV-1 carriers with high HTLV-1 copy
numbers and ATLL cells from patients with ATLL. The sorted HTLV-
1-infected cells and ATLL cells could become useful tools for
transcriptional and/or genomic analysis that may be used to
compare their results with those of PBMCs from either ‘healthy
volunteers or peripheral leukemia cells from patients with ATLL.
The results may provide important information on the expression
patterns and/or genomic abnormalities that occur at the early
stages of HTLV-1 infection and/or ATLL development.
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Abstract

Introduction The aim of this study was to show the
clinical and pathological characteristics of anti-centromere-
antibody (ACA)-seropositive Sjogren’s syndrome (SS) in
two anti-human T-cell leukemia virus type I (HTLV-I)-
seropositive patients.

Methods One patient was an HTLV-I carrier whereas the
other was diagnosed with HTLV-I-associated myelopathy
(HAM). Background data including serum HTLV-I titers,
viral loads, and cytokine profiles were recorded. Azocar-
mine with aniline blue (Azan)-Mallory staining and
immunohistochemistry of the labial salivary glands (LSGs)
and a muscle biopsy specimen from the HAM patient were
performed.
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Results  Serum transforming growth factor beta (TGF-f),
tumor necrosis factor alpha (TNF-¢), and HTLV-I viral
load were high in the HAM-SS patient compared with the
HTLV-I carrier. Fibrous change in LSG was prominent in
the HAM-SS patient. Although TGF-f expression was
similar in the two patients, expression of HTLV-I-related
proteins including p12, p28, group-specific antigen (GAG),
and nuclear factor kappa-B (NF-xB) in the LSG were
dominantly detected in the HAM-SS patient. Frequency of
TGF-f staining in HTLV-I-seropositive SS patients with-
out ACA, HTLV-I-seronegative SS patients with ACA, and
HTLV-I-seronegative SS patients without ACA was lower
than that of the previous two patients.

Conclusion A high HTLV-I viral load in situ is supposed
to promote the production of cytokines, especially TGF-p,
resulting in the fibrous change of LSG in ACA-seropositive
SS patients.

Keywords HTLV-I infection -
Anti-centromere antibody - Sjogren’s syndrome -
Cytokine

Abbreviations

ACA Anti-centromere antibody

ANA Anti-nuclear antibody

CSF Cerebrospinal fluid

HAM HTLV-I-associated myelopathy
HTLV-I Human T-cell leukemia virus type I
IFN-y Interferon gamma

MNC Mononuclear cell

LSG Labial salivary gland

SS Sjogren’s syndrome
TGF-f  Transforming growth factor beta
TNF-¢¢  Tumor necrosis factor alpha
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Introduction

Human T-cell leukemia virus type I (HTLV-I) is known to
be one of the causative agents of Sjogren’s syndrome (SS)
[1, 2]. Our previous epidemiologic studies show a close
association between HTLV-I and SS [3, 4]. In addition, we
found a significantly high prevalence of SS in patients with
HTLV-I-associated myelopathy (HAM) [3, 5]. On the other
hand, anti-centromere antibody (ACA) is known as a sec-
ond class of autoantibodies in SS patients [6, 7]. Our pre-
vious report revealed that ACA is detected in only 4 % of
HTLV-I-seropositive SS cases, demonstrating that HTLV-I
might not be involved in the pathogenesis in ACA-sero-
positive SS patients [8]. However, if HTLV-I infection
coincidently occurs in ACA-seropositive SS patients, the
influence of ACA on HTLV-I-associated SS might become
obvious. In this study, we report two cases of ACA-sero-
positive SS patients who were also seropositive for anti-
HTLV-1 antibody. One patient was complicated with
HAM, whereas the other was an HTLV-I carrier. The
variation in HTLV-I viral road in these patients appears to
explain the differences in labial salivary gland (LSG) his-
topathology and cytokine profile.

Patients and methods
Patients
Case 1

This was a 61-year-old female patient who complained of
sicca symptoms. Both ACA and anti-HTLV-I antibody
measured by chemiluminescent enzyme immunoassay
(CLEIA) were highly positive, as shown in Table 1. As no
other symptoms or signs, including in the neuromuscular
systems, were found in this patient, she was classified as an
HTLV-I carrier.

Case 2

A 57-year-old female patient who complained of sicca
symptoms and myalgia was diagnosed with HAM based on
the diagnostic guidance for HAM determined by the
Ministry of Health, Labour and Welfare. She had slowly
progressive and symmetrical pyramidal tract damage with
positive anti-HTLV-I antibody in both serum and cere-
brospinal fluid (CSF). Antibodies against gp46, p53, p24,
and p19 of HTLV-I in CSF were all positive. Serum ACA
was also positive at a high titer (Table 1). She also suffered
from inflammatory myopathy as evidenced by the elevation
of muscle enzymes and by magnetic resonance imaging
and muscle biopsy findings.

@ Springer

67

Both patients were diagnosed with SS according to the
revised criteria [9], as proposed by the American—European
Consensus Group. In both cases, HTLV-I viral roads
in sera and serum cytokines including tumor necrosis fac-
tor alpha (TNF-z), interferon gamma (IFN-y), and trans-
forming growth factor beta (TGF-f§) were measured. For
comparison, we studied the three groups of patients: (1)
HTLV-I-seropositive SS patients without ACA, (2) HTLV-
I-seronegative SS patients with ACA, and (3) HTLV-I-
seronegative SS patients without ACA with respect to
TGF-f immunostaining of LSG (four patients each in three

groups).

LSG biopsy

LSG biopsy from the lower lip was performed under local
anesthesia in SS patients. Informed consent to use biopsy
samples was obtained from all participating patients at the
commencement of the study. The study was conducted
with the approval of the human ethical committee of our
institution. The classifications of Chisholm and Mason [10]
were used to determine the severity of mononuclear cell
(MNC) infiltration.

Azan-Mallory staining and immunohistochemistry
of labial salivary glands

Formalin-fixed, paraffin-embedded sections (3-pm thick)
from the LSGs of these ACA-seropositive SS patients
were used for azocarmine with aniline blue (Azan)-—
Mallory staining and immunohistochemistry. The sec-
tions were then stained using the Histofine Simple Stain
Kit (Nichirei Co., Tokyo, Japan) with mouse anti-human
CD4, CDS8, CD20, and CD68 antibodies (DakoCytoma-
tion, Glostrup, Denmark), mouse anti-HTLV-I [p19, p28,
and group-specific antigen (GAG)] antibody (Chemicon
International Inc., Temecula, CA, USA), mouse anti-
nuclear factor kappa B (NF-xB) p65 antibody (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA), and
mouse anti-TGF-f antibody (LifeSpan BioSciences, Inc.,
Seattle, WA, USA). Briefly, endogenous peroxidase was
inactivated in a 3 % hydrogen peroxide (H,O,) solution
after microwave epitope retrieval. These sections were
then blocked with 5 % normal horse serum, followed by
incubation with monoclonal and polyclonal antibodies in
a humid chamber for 60 min at room temperature. After
incubation, all sections, including the negative control
sections, were treated with peroxidase-conjugated sec-
ondary antibodies for 30 min. The color was developed
by soaking the sections in 3.3'-diaminobenzidine (DAB)
and H,O, for 10 min, followed by counterstaining by
soaking the sections in hematoxylin solution. Negative
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Table 1 Background information and serum data of the human T-cell leukemia virus type I (HTLV-I)-associated anti-centromere antibody
(ACA)-seropositive patients

Case 1 Case 2

HTLV-I carrier with ACA-seropositive SS HAM with ACA-seropositive SS
Age and gender 61 years old, female 57 years old, female
Xerostomia Positive Positive
Xerophthalmia Positive Negative
Schirmer test (right/left mm; <5 mm: positive) 5/4 11711
Saxon test (g/2 min; <2 g: positive) 1.47 2.7
ANA: pattern 160x, centromere 640x, centromere
Anti-SS-A antibody: normal 10-30 U/ml 0.7 0.9
Anti-SS-B antibody: normal 15-25 U/ml 0.9 0.5
ACA: normal <16 index 172.8 165.0
IgG: normal 870-1,700 mg/dl 1,712 1,623
Rheumatoid factor: normal <15 IU/ml 11.4 17.0
Sialography® (Rubin and Holt) Stage 1 Stage 2
Lip biopsy grade® (Chisholm and Mason) 3 3
LST (cpm) . 105,936/617 184,859/19,319
PHA(+)/no stimulation
LST (cpm) 160,934/617 102,299/19,319
ConA(+)/no stimulation
Serum anti-HTLV-I antibody: normal <1.0 COI >45 >45
Serum viral load (copies/ 10% cells) <53 373
Serum TNF-o: normal 0.6-2.8 pg/ml 1.0 29
Serum IFN-y: normal <0.1 IU/ml <0.1 <0.1
Serum TGF-f: normal 1.56-3.24 ng/ml 2.76 12.6

Anti-SS-A Ab and anti-SS-B Ab (Mesacup SS-A/Ro test and SS-B/La test; Medical and Biological Laboratories, Nagoya, Japan) and ACA
(Mesacup-2 test CENP-B; Medical and Biological Laboratories, Nagoya, Japan) were measured using an enzyme-linked immunosorbent assay
(ELISA) kit. Serum anti-HTLV-I antibody was measured by chemiluminescent enzyme immunoassay, and HTLV-I viral load was measured by
the FastStart DNA Master Hybridization probe method. Serum TNF-o and TGF-f were measured by ELISA. Serum IFN-y was measured by
enzyme immunoassay. Data shown represent the period before treatments with agents such as glucocorticoids or immunosuppressive agents

SS Sjogren’s syndrome, ANA anti-nuclear antibody, COI cutoff index, ConA concanavalin A, cpm count per minute, HAM HTLV-I-associated
myelopathy, /g-G immunoglobulin G, LST lymphocyte stimulation test, PHA phytohemagglutinin, TNF tumor necrosis factor, IFN interferon
TGF transforming growth factor

# Sialography grading was determined by Rubin and Holt. Stages 1 and 2 represent punctate and globular patterns, respectively

® Grading defined by Chisholm and Mason: the presence of at least one focus of mononuclear cells per 4 mm? section = grade 3

control sections were treated with mouse immunoglob-  were increased compared with those in patient 1, although
ulin (Ig)Gl. serum IFN-y in both patients was within normal limits.

Azan-Mallory staining and immunohistochemical
Results analysis

Clinical and serological data with cytokine profile MNC infiltration was similar in both patients; however,

Azan-Mallory staining showed a stronger fibrosis in
As shown in Table 1, a high ACA titer was detected in both ~ patient 2 than in patient 1 (Fig. 1). In patient 2, TGF-f§ was
patients. Serum IgG was almost normal, which is charac-  highly stained in infiltrating MNCs and vessels, except in
teristic in ACA-seropositive SS patients [6]. As patient 2  ductal and acinar cells. TGF-f staining, although weaker
was diagnosed with HAM, spontaneous proliferation of  than MSG, was also performed in the muscle in patient 2.
MNCs was significantly higher than in patient 1. Serum  Accordingly, infiltration of CD4+ lymphocytes, which
HTLV-I viral load was 373 copies/lO4 cells in patient 2, were dominant compared with CD20 and CD68, was
which is obviously higher than in patient 1 (<53 copies/  shown in the LSGs of both patients (Fig. 2). Although
10* cells). Serum TNF-o and TGF-f levels in patient 2  CD8+ lymphocytes were also scattered in LSGs, CD4+
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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-f and mouse
immunoglobulin (Ig)G1
(x200). Hematoxylin was used
as a counterstain

HAM
MSG

HAM
Muscle

HTLVA
Carrier -

HAM
MSG

HAM
Muscle

HTLVA ©
Carrier

Fig. 2 Immunohistochemistry in the labial salivary gland (LSG).
Immunohistochemistry after epitope retrieval was performed for forma-
lin-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 CD4, CDS8, CD20,
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nuclear factor kappa B (NF-xB) (p65), and human T-cell leukemia virus
type I (HTLV-I) [p19, p28, group-specific antigen (GAG)]. Lymph node
from a patient with adult T-cell leukemia was used as a positive control
for staining HTLV-I-related proteins (data not shown) (x200). Hema-
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-f
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-f 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-o level in patient 2
may also be driven by HTLV-I1, as indicated for TGF-f.
To show the involvement of HTLV-I and ACA toward
TGF-f expression, we examined TGF-f 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-f) in human T-cell
leukemia virus type I (HTLV-I)-
seropositive Sjogren’s
syndrome (SS) patients without
anti-centromere-antibody
(ACA), HTLV-I-seronegative
SS patients with ACA, and
HTLV-I-seronegative SS
patients without ACA.
Immunohistochemistry for
TGF-f 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-f3-
positive MNCs are shown in the
inset (x200). Hematoxylin was
used as a counterstain

HTLVJQ)-
ACA(+)

HTLV-I(-)
ACA(?)

e

Other factors

Mononuclear cells

Fig. 4 Hypothesis for fibrotic alternation of salivary glands in
Sjégren’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-f3), 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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Abstract

Objective We investigated whether musculoskeletal
ultrasonography (MSKUS) assists the diagnostic perfor-
mance of the 2010 rheumatoid arthritis (RA) classification
criteria.

Methods Sixty-nine early arthritis patients were consec-
utively enrolled. None of the patients had been treated. In
MSKUS of bilateral wrist and finger joints from 22 sites,
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the findings obtained by gray-scale and power Doppler
(PD) assessment were graded on a semiquantitative scale
from O to 3. Plain magnetic resonance imaging (MRI) of
both wrist and finger joints was also examined. Diagnosis
of RA was defined by the initiation of disease-modifying
antitheumatic drugs within the first 3 months. The diag-
nostic performance of the patients was evaluated at entry
using 2010 RA classification criteria in conjunction with
MSKUS.

Results The indispensable MSKUS finding for differen-
tiating RA was the presence of a PD grade 2 or 3 that was
superior to 2010 RA classification criteria or MRI-proven
bone edema. We propose that the decision tree algorithm of
2010 RA classification criteria with PD grade 2 or 3 reveals
the best discriminative ability.

Conclusion MSKUS, especially with a strong PD signal,
is very useful to assist the diagnostic performance of the
2010 RA classification criteria in the early recognition of
RA. :

Keywords Rheumatoid arthritis - 2010 RA classification
criteria - Ultrasonography - Power Doppler - MRI

Abbreviations

ACPA Anticyclic citrullinated peptide antibody

ACR American College of Rheumatology

CRP C-reactive protein

DMARDs Disease-modifying antirheumatic drugs

ESR Erythrocyte sedimentation rate

EULAR European League Against Rheumatism

Gd-DTPA  Gadolinium-diethylenetriamine  pentaacetic
acid

GS Gray-scale

1P Interphalangeal

MCP Metacarpophalangeal
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MMP Matrix metalloproteinase
MRI Magnetic resonance imaging
MSKUS Musculoskeletal ultrasonography
NPV Negative predictive value
PD Power Doppler

PIP Proximal interphalangeal
PPV Positive predictive value
RA Rheumatoid arthritis

RF Rheumatoid factor

SIC Swollen joint counts

T2T Treat to target

TIC Tender joint counts
Introduction

Early diagnosis and the treat to target (T2T) strategy are
now indispensable for managing rheumatoid arthritis (RA)
[1]. Application of the T2T strategy using the tight control
approach in patients with RA, especially those with early-
stage RA, has been shown to improve RA outcomes [I, 2].
Thus, the early recognition of RA is a great benefit in
managing patients with RA. The 1987 American College of
Rheumatology (ACR) classification criteria for RA [3] are
not designed for early classification of RA. Consequently,
to identify patients with erosive arthritis early, a task force
of experts from both the ACR and the European League
Against Rheumatism (EULAR) derived new classification
criteria [4]. These new criteria, the 2010 RA classification
criteria, have been verified to classify patients early as
having RA more efficiently than the 1987 criteria; how-
ever, a substantial population is not still classified as hav-
ing RA, even by the 2010 RA classification criteria [4].
Although physical examination is still the gold standard
by which to identify the presence of arthritis [4], it has
come to be apparent that modern imaging techniques such
as musculoskeletal ultrasonography (MSKUS) and mag-
netic resonance imaging (MRI) are more sensitive than
physical examination for detecting joint injury in patients
with RA, especially early-stage RA [5-9]. MSKUS is well
tolerated and can image a large number of joints at multiple
time points over a relatively short period of time [10, 11].
Varying kinds of joint injury, including synovitis, teno-
synovitis, and bone erosion, can be recorded by gray-scale
(GS) and power Doppler (PD) [5-8, 10-13]. We recently
reported the utility of PD to reflect clinical disease activity
as well as serum biomarkers in patients with RA [14].
We speculated that the detection sensitivity for synovitis
would be increased if MSKUS was routinely incorporated
into clinical practice for patients with early arthritis. The
objective of the study reported here was to evaluate
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whether the findings of MSKUS, in comparison with MRI,
assist the diagnostic performance of the 2010 RA classifi-
cation criteria.

Materials and methods
Patients

Sixty-nine early arthritis patients suspected of having RA
were consecutively recruited. Patients who could be clas-
sified as non-RA at first visit were excluded. In addition,
we excluded patients who had experience with disease-
modifying antirheumatic drugs (DMARD:s), including
biologics and glucocorticoids. All patients were recruited
from the Unit of Translational Medicine, Department of
Immunology and Rheumatology, Graduate School of Bio-
medical Sciences, Nagasaki University, and the Depart-
ment of Internal Medicine, Nagasaki Municipal Hospital,
from May 2010 through February 2011. The duration from
the appearance of symptoms to entry into the study in these
69 patients was <1 year. Patients gave their informed
consent to be subjected to the protocol that was approved
by the Institutional Review Board of Nagasaki University.
This study was a prospective single-center observational
study. Follow-up periods were at least 6 months.

Clinical and laboratory assessment

A clinical diagnosis of RA was comprehensively made by
Japan College of Rheumatology (JCR)-certified rheumatol-
ogists (AK, HN, SY, and KE) using clinical histories, phys-
ical findings, blood tests including rheumatoid factor (RF)
(Dade Behring, Marburg, Germany; cutoff value, 14 IU/ml),
anticyclic citrullinated peptide antibodies (ACPA) (DIAS-
TAT Anti-CCP, Axis-Shield, Dundee, UK; cutoff value,
4.5 U/ml), C-reactive protein (CRP) (Eiken Chemical Co.,
Ltd., Tokyo, Japan), erythrocyte sedimentation rate (ESR),
matrix metalloproteinase 3 (MMP-3) (Daiichi Pure Chemi-
cals, Fukuoka, Japan), 2010 RA classification criteria, plain
radiography, ultrasound (US) findings, and MRI findings. All
patients underwent the examinations except for MRI every
1-3 months. If JCR-certified rheumatologists introduced
DMARDs within the first 3 months according to the above
information, patients are diagnosed as having RA. Therefore,
not only 2010 RA classification criteria but other information,
such as MSKUS, MRI, and clinical course, are actually
involved in these processes.

US examination

Each patient underwent a US assessment on the same day
as the clinical evaluation by a JCR-certified rheumatologist
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