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Abstract Adult T-cell leukemia/lymphoma (ATLL) is a
human malignancy associated with the retrovirus, human
T-cell leukemia virus type I (HTLV-I). In a previous series of
studies, our group and others characterized the histopatholo-
gical changes in HTLV-I-associated lymph node lesions. In
addition to the pleomorphic and anaplastic large cell types of
typical ATL lymphoma, we identified lymph nodes with an
unusual Hodgkin’s disease-like histology (Hodgkin-like
ATLL) in HTLV-I-positive patients, with Hodgkin-like
ATLL showing prodromal clinical features. We also reported
HTLV-I-associated lymphadenitis, characterized by non-
neoplastic HTLV-I-associated lymph node lesions. It has
become clear that the biological and clinical behavior of
malignant lymphoma is not only determined by the properties
of the lymphoma cells themselves, but also largely by the
interaction of these cells with their nonmalignant microenvi-
ronment. In this review, we discuss the pathological variations
of microenvironments, which are important for clarification of
the histological features associated with HTLV-1.
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Introduction

In the early 1980s, the first human retrovirus, human T-cell
leukemia virus type I (HTLV-I) was isolated and its
characterization opened up the new field of human viral
oncology. Adult T-cell leukemia/lymphoma (ATLL) is
clinically characterized by the appearance of characteristic
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flower cells, a rapid clinical course, occasional skin lesions,
lymphadenopathy, and hepatosplenomegaly [1, 2]. In
addition, HTLV-I infection is associated with autoimmune
and reactive disorders, such as HTLV-I-associated mye-
lopathy (HAM) and uveitis, and is also related to immu-
nodeficient infectious diseases. Pathological findings of
ATLL in the lymph nodes, skin, liver, and other organs
have been described elsewhere [3]. Histologically, ATLL
usually exhibits the characteristics of peripheral T-cell
lymphoma, with a diffuse proliferation of tumor cells
varying in size and form combined with the appearance of
cerebriform giant cells. In ATLL lymph nodes, the patho-
logical features change from those of lymphadenitis to
Hodgkin’s-like features and of lymphoma. Non-neoplastic
HTLV-1 associated lymph node lesions are thus considered
to be associated with HTLV-1 associated lymphadenitis,
while Hodgkin’s-like histological features are associated
with the initial stages of ATLL [4, 5].

It has also become clear that the biological and clinical
behavior of malignant lymphoma is not only determined by
the properties of the lymphoma cells themselves, but are
also and largely by the interaction of the lymphoma cells
with their nonmalignant microenvironment. The composi-
tion and functional status of the tumor microenvironment
vary greatly among different classes of malignant lym-
phoma and may provide both growth supportive and
growth suppressive signals via components of the adaptive
and innate immune response. Recently, the tumor pro-
moting features of innate and adaptive immune responses
have been recognized. For instance, the indirect growth
support by suppression of cytotoxic T cells by FoxP3*
regulatory T cells and innate immune cells and the direct
growth promoting features of innate immune cells as well
as humoral immune responses are considered to be
involved in epithelial tumors [6].
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Macrophages that infiltrate tumor tissues are referred to
as tumor-associated macrophages (TAMs) and are closely
involved in tumorigenesis by inducing angiogenesis,
immunosuppression, and invasion. Many studies of TAMs
in human malignant tumors have been published since 2000,
and they have demonstrated that TAMs are associated with
histological grade and clinical prognosis in many kinds of
tumors including hematological malignancies. As for
malignant lymphomas, it has been reported that TAMs of
T-cell-/histiocyte-rich large B-cell lymphoma (THRLBCL)
are recruited within neoplastic infiltrates mainly by clone-
derived macrophage chemotactic proteins (MCPs) and rep-
resent a major component of the infiltrates [7].

Morphology and characters of lymph node lesions

Histopathological examination of the HTLV-I associated
lymph nodes usually, although not uniformly, discloses a
pleomorphic type. In addition to overt ATLL, some
patients with pre-overt ATLL show a Hodgkin’s disease-
like morphology and lymph nodes in non-neoplastic car-
riers with features of lymphadenitis [4, 5].

Pleomorphic (medium and large cell) type

The medium and large tumor cells vary in size and clearly
show nuclear irregularity. Giant cells, with cerebriform,
Reed-Sternberg type or bizarre nuclei, are frequently seen

Fig. 1 Histology of
pleomorphic (medium and large
cell) type, pleomorphic small
cell type, anaplastic large cell
type and AILT-like ATLL.

a The pleomorphic (medium-
sized and large cell) type show a
diffuse proliferation of atypical
medium-sized to large lymphoid
cells with irregular nuclei,
intermingled with cerebriform
giant cells (in the center). b The
lymph nodes of pleomorphic
small cell type show a diffuse
proliferation of atypical
medium-sized to small
lymphoid cells. ¢ Anaplastic
large cell type show a diffuse
proliferation of atypical large
lymphoid cells with prominent
nucleoli. d AILT-like ATLL
shows proliferation of high
endothelial venules with various
infiltrating inflammatory cells

in these tissues (Fig. 1) and are nodal lesions typical of
ATLL. Immunohistological evidence indicates that these
tumor cells contain peripheral T cell phenotypes (CD17,
2+, 3%, 45RO™ and usually CD4") while receptor gene
analysis has identified a rearrangement and/or deletion of
the TCR gene CP and/or Jy. Proviral HTLV-1 DNA bands
have been detected in all cases [8].

Pleomorphic small cell type

Histologically, these tumor cells are as large as or slightly
larger than normal blood lymphocytes (Fig. 1) and show
mild nuclear irregularities with only a few cells displaying
mitotic features. Tumor cells are of the peripheral T cell
phenotype and with rearrangement and/or deletion of the
TCR genes. Proviral HTLV-1 DNA bands have been
detected in all cases [8].

Anaplastic large cell type

These tumor cells are much larger than the cells of large
cell lymphoma and show a uniform pattern of cell prolif-
eration. Tumor cells with prominent nucleoli and an
abundant cytoplasm have been detected as have multinu-
cleated giant cells such as Reed—Sternberg cells (Fig. 1).
Tumor cells containing the CD30 antigen and peripheral T
cell phenotype as well as rearrangement and/or deletion of
the TCR genes have been detected, with proviral HTLV-1
DNA bands present in all cases [8].
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AILT-like ATLL

This rare morphological variant of ATLL includes the
angioimmunoblastic T cell lymphoma (AILT)-like type.
The lymph nodes examined to date have shown prolifera-
tion of high endothelial venules and the presence of various
infiltrating inflammatory cells including plasma cells and
eosinophils (Fig. 1). The lymphoma cells are medium to
large in size with clear cytoplasm. Tumor cells are of the
peripheral T cell phenotype with rearrangement and/or
deletion of the TCR genes. Proviral HTLV-1 DNA bands
have been detected in all cases with this rare type [9].

Lymphadenitis type

Histological examination of the lymph nodes of HTLV-I
associated lymphadenitis reveals a preserved nodal archi-
tecture with small lymph follicles, enlargement of the par-
acortex, and diffuse infiltration of small or intermediate-size
lymphocytes (Fig. 2), with the latter cells showing slight
nuclear irregularities. Immunohistochemically stained sec-
tions have shown proliferating small to intermediate-size

lymphocytes which possess a peripheral helper/inducer T
cell phenotype (CD1-, 2%, 3%, 4%, 87), while no cases have
showed rearrangement or deletion of the T cell receptor gene
Cp and Jy, or rearrangement of the immunoglobulin heavy
chain gene (JH) has not been detected in any cases. Except
for a few cases with oligoclonal bands, no monoclonal
proviral DNA bands have been detected. However, these
bands were weaker than those of typical ATLL, probably
because of the small population of HTLV-I integrated
lymphocytes [5].

Hodgkin’s-like type

These lymph nodes exhibit a relatively preserved nodal
architecture with diffuse infiltration of small or medium-
sized lymphocytes with mild nuclear irregularities. Small
foci or clusters of a few aggregated giant cells with irregu-
larly lobulated, highly convoluted, Reed-Sternberg or
Hodgkin’s cell-like nuclei are scattered throughout the
expanded paracortex (Fig. 2). The giant cells occasionally
display mitotic features. Immunohistological analysis has
demonstrated that the proliferating small to medium-sized
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Fig. 2 Histology of HTLV-I associated lymphadenitis and Hodgkin-
like ATLL. a The lymph nodes of HTLV-I associated lymphadenitis
show enlarged paracortex with a diffuse infiltration of lymphocytes,
which express the CD4 antigen (window). b The lymph nodes of

@ Springer

Hodgkin-like ATLL show Reed-Sternberg-like giant cells. The giant
cells reacted with CD30 (c), CD15 (d) and EBV-LMP (e). The giant
cells represented EBV-EBER1 RNA (f)
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Fig. 3 A sorted single CD30-positive giant cell (HRS cell) (Giemsa
staining). A sorted CD3-positive small cell (T lymphocyte) (Giemsa
staining). The sorted CD30-positive giant cells morphologically
closely resembled the HRS cells, while they were also single and not
rosetted with lymphocytes. In addition, the sorted CD3-positive cells
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Fig. 4 In the single cell PCR analysis, HTLV-I of pX were amplified
in the T (CD3 and CD4-positive) cells, but were rarely observed in B
(CD19), giant (CD30), and T (CD8) cells. The number of integrated
HTLV-I cells was greater in the CD4-positive cells than in the CD3
cells. In an analysis of 100 sorted cells, B (CD19), T (CD3, CD4,
CD8), or giant (CD30) cells were sorted and PCR was performed. The
population of CD4-positive T cells showed monoclonal bands of
TCR+ (lane CD4). The CD3 (lane CD3), CD8 (lane CDS8) or giant
(lane CD30) cells represented polyclonal bands. The B cells (lane
CD19) represented no bands

lymphocytes possess a peripheral T cell phenotype of
helper/inducer cells (CD17, 2%, 3%, 4%, 87) and that giant
cells react with CD30 antibody and/or CD15. Receptor gene
analysis has demonstrated the presence of rearrangement

closely resembled the small lymphocytes. In the single cell PCR
analysis, Ig JH was amplified in numerous giant (CD30) and B
(CD19) cells. The giant cells showed one or two rearranged IgH
genes. In addition, the PCR productions of Ig JH in the giant cells and
B cells showed different lengths in each cell

and/or deletion of the TCR gene CP and/or Jy. Proviral
HTLV-1 DNA bands have been found, although these bands
are weaker than those usually seen in typical ATLL, prob-
ably due to the small population of integrated HTLV-1
lymphocytes.

Molecular analysis of single cell PCR (polymerase chain
reaction) has shown that the giant cells feature various
products of IgH, which closely resemble B cells. These
findings support the notion that the giant cells are reactive
cells of B cell origin (Fig. 3). In addition, while HTLV-1
was not detected in giant cells, HTLV-I was found to infect
the CD4" T cells, which demonstrated clonality (Fig. 4).
Based on these findings, CD4™ cells can be considered to
play an important role in ATLL tumorigenesis [10].

Survival rates

The median survival time (MST) and 2- and 5-year survival
rates for the different groups of patients are shown in Fig. 3.
Patients with lymph nodes with Hodgkin’s and pleomorphic
small cell types show the highest MST and 2- and 5-year
survival rates. The pleomorphic (medium and large cell)
type, which displays features typical of ATLL, has been
associated with a rapidly deteriorating survival curve during
both the early and late stages of the disease (Fig. 5). The
anaplastic large cell type and AILT type are also associated
with a highly aggressive course since almost patients die
within 2 years after diagnosis. Hodgkin’s type was found to
be associated with a progressive decrease in survival rate
during an 8-year observation period. Pleomorphic small cell
type lymphoma has been associated with an initial steep
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increase in mortality with the rate reaching a plateau during
the mid- and late period of observation. On the other hand,
all cases with lymphadenitis were still alive at the end of one
study (Fig. 5) [11].

FOXP3 and ATLL

Adult T-cell leukemia/lymphoma cells are believed to be
derived from post-thymic helper T cells with the phenotype
of CD4(+) and CD25(+). However, ATLL cells are not

HTLV-I associated lymph node lesions
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Fig. 5 Survival curve of HTLV-I associated lymph node lesions. The
pleomorphic (medium and large cell) type (n = 219) and anaplastic
large cell type (n = 27) are associated with a rapidly deteriorating
survival curve, while Hodgkin’s type (n = 18) shows a progressive
decrease in survival rate. Pleomorphic small cell type (n = 18) is
associated with an initial steep increase in mortality, reached a plateau
during the middle and late periods of observation. In contrast, all
cases with lymphadenitis (n = 14) were still alive at the end of the
study concerned

Fig. 6 FOXP3 expression in adult

regarded as having a helper function; on the contrary, they
have demonstrated a strong immunosuppressive activity
in vitro [12]. In fact, ATLL is involved in opportunistic
infections more frequently than other lymphoma, such as
Pneumocystis carinii pneumonitis and strongyloidiasis [3].

Recent studies have characterized regulatory T cells,
known as T\egs, in terms of coexpression of CD4 and CD25.
Upon T cell receptor (TCR) stimulation, 7. potently
suppress the activation/proliferation of other CD4™ T cells
and CD8" T cells in an antigen-nonspecific manner and
in vivo usually serve to protect the host against the
development of autoimmunity. FOXP3 represents a new
T-cell marker considered to be more specific for Ty, cells
than other markers such as CD4 and CD25. Gene transfer
of FOXP3 converts naive CD4(4)CD25(—) T cells into a
regulatory phenotype in both mice and humans, thus
making this molecule a functionally important marker of
the T, cell population [13, 14].

We analyzed the expression of FOXP3, a key molecule
of regulatory T cells, in nodal lesions of ATLL. Of 169
ATLL cases, 60 (36 %) showed FOXP3 expression in
lymphoma cells (Fig. 6). Only one (5 %) of 22 cases with
the anaplastic large cell variant expressed FOXP3, while
59/147 (40 %) of the pleomorphic cell variant cases did.
Cytogenetic analysis showed that FOXP3(+) cases had
simpler chromosomal abnormalities than FOXP3(—) cases,
while clinically, FOXP3(+) cases and FOXP3(—) cases did
not differ significantly in age distribution, clinical stage,
lactate dehydrogenase and calcium in serum and overall
survival. However, 8 of 34 FOXP3(+) cases showed a
severe infectious state, which is an indication of immu-
nosuppression, while only two cases of 62 FOXP3(—)
cases did (P < 0.005). However, EB-virus-infected cells
were significantly more frequently found in FOXP3(+)
cases (23/60; 38 %) than in FOXP3(—) cases (12/109;
11 %) (P < 0.0001) (Fig. 6; Table 1). EBV-positive lym-
phoproliferative disorders (LPD) are often associated with
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Table 1 Pathological features and FOXP3 expression in ATLL

FOXP3(+) FOXP3(-)
Morphology ALCL(n=22) 1 21 ] 2 s
(n=169) Pleo, large(n=76) 23 53 ;|
Pleo, medium(n=71) 36 35

EBER positivity 38%(23/60) 11%(12/109) P<0.0001
(n=169)
CCR4 positivity 98%(59/60) 93%(101/109) P=0.12
(n=169)
CCR8 positivity 32%(19/59)  37%(10/27) P=0.66
(n=86)
Other markers CD4 94%(34/36)  98%(59/60) P=0.29
positivity(n=96)

CD25 92%(33/36)  83%(50/60) P=0.25

CD30 14%(5/36) 27%(16/60) P=0.14

CD4+CD25+ 83%(31/36)  82%(49/60) P=0.57

*P<0.05, **P<0.0005

an immunodeficient state. In healthy carriers (Figs. 7, 8),
EBV-positive cell proliferation is well regulated by EBV-
specific cytotoxic T lymphocytes (CTL) [15]. In the
immunodeficient state, however, EBV-infected cells pro-
liferate accompanied by a decline in EBV-specific cyto-
toxic T-cell functions. In Hodgkin lymphoma, Hodgkin and
Reed-Sternberg (HRS) cells are often infected with the EB
virus, and regulatory T-cell infiltration around HRS cells
coincides with the suppression of latent membrane antigen-
specific CD8" T-cell function and helps HRS cells to
survive [16]. It is well known that EB-virus-infected cells,
the majority of them B cells, emerge in peripheral T cell
lymphoma types including ATLL [17]. The higher fre-
quency of EBV-positive cells occurrence in FOXP3(+)
ATLL than in FOXP3(—) cases indicates that FOXP3-
positive lymphoma cells may have a stronger suppressive
effect on T-cell control of EBV-positive cells and thus
induce their proliferation.

CCL18/CX3CR1 and ATLL

Chemokines are members of a family of small secreted
proteins with some of them having received considerable
attention because they display selectivity of cell targets
and receptors, and are closely associated with T-cell
subgroups. For example, the thymus and activation-reg-
ulated chemokine (TARC) is known to bind the CC
chemokine receptor 4 (CCR4), which is expressed on
activated Th2 lymphocytes. Yoshie et al. [18] reported a
high frequency of CCR4 expression in ATLL and HTLV-
1 immortalized T cells. Moreover, CCR4 may facilitate
ATLL-cell invasion of the lymph nodes. Hasegawa et al.
[19] found that increased surface expression of CC

chemokine receptor 7 (CCR7) correlated well with lym-
phoid organ involvement in ATLL.

To clarify the relationship between chemokines and
their receptor expression, as well as the development of
ATLL, 17 cases with ATLL were analyzed using DNA
chips of chemokines and their receptors. All cases exhib-
ited a varied and mixed pattern of up- and down-regulated
gene expression of Thl, Th2, naive and cytotoxic cell-
associated chemokine genes. The clustering analysis of
HTLV-1 associated lymphadenitis did not show any clus-
tering pattern in either Hodgkin-like ATLL or ATLL.
However, since CCL18 accounted for most up-regulated
genes and CX3CRI1 for most down-regulated genes, they
were selected for immunohistochemical analysis. Immu-
nohistochemical staining showed expression of the two
genes of CX3CR1 and CCL18 in immunological cells, with
a positive expression for reticulum cells and lymphocytes,
but not for ATLL cells. HTLV-1 associated lymphadenitis
type and Hodgkin-like type cases showed significantly
higher CCL18 expression than did non-specific lymphad-
enitis cases. On the other hand, all HTLV-1 associated
cases showed significantly lower CX3CR1 expression than
did non-specific lymphadenitis cases [20].

Fractalkine/CX3CL1 is a membrane-bound chemokine
that functions not only as a chemoattractant, but also as an
adhesion molecule, and is expressed on endothelial cells
activated by proinflammatory cytokines. The fractalkine
receptor CX3CR1 is expressed on cytotoxic effector lym-
phocytes including NK cells and cytotoxic effector T cells,
as well as on mature monocytes/macrophages and mucosal
dendritic cells, all of which play important roles in the
elimination of pathogens and cancer cells [21]. CCL18 is
mainly expressed by a broad range of monocytes/macro-
phages and dendritic cells. Within a severe inflammatory
environment, the CCL18-mediated attraction of naive T
cells toward the fully matured, interdigitating dendritic
cells could assist in the mounting of a primary immune
response. Enhanced CCL18 production has been demon-
strated in several diseases, including various malignancies
[22]. Immunohistochemical and in situ hybridization ana-
lysis showed that CCL18 was expressed by a subpopulation
of tumor-associated macrophages (TAMs) that were pref-
erentially located at the tumor invasion front, but not by
neoplastic or non-neoplastic gastric mucosal cells [22].

In our study, the panel expression of chemokines and
their receptors demonstrated that gene expression of
CCL18 is up-regulated and CX3CR1 down-regulated
compared with the gene expression in non-specific
lymphadenitis [22]. Immunohistochemical staining shows
that their expression occurs in immunological, but not in
ATLL cells. These results suggest that an increase in
CCL18 expression and a decrease in CX3CR1 expression
are involved in immune responses against ATLL cells.
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Fig. 7 Immunohistochemical staining for CCL18. The dendritic cells
but not tumor cells were positive, while Hodgkin-like giant cells were
also positive. Comparison of CCL18 expression in control cases (non-
specific lymphadenitis) and HTLV-1-associated diseases. HTLV-1-
associated lymphadenitis and Hodgkin-like type showed significantly
higher expression than control cases (control versus HTLV-1-
associated lymphadenitis, P = 0.0046; control versus Hodgkin-like

TAMs and ATLL

Tumor-associated macrophages (TAMs), which are known
to possess the immunosuppressive M2 macrophage phe-
notype, contribute to tumor growth, invasion, and metas-
tasis by producing various mediators. Macrophage
polarization is divided into types, M1 and M2, based on the
expression of membrane receptors, cytokines, and chemo-
kines. M1 expresses CD80, interleukin (IL)-6, IL-12, and
chemokine receptor 7, while M2 expresses CD163, IL10,
and the chemokine ligand [23]. The classically activated
M1 macrophages exhibit antitumor functions and the
alternatively activated M2 macrophages protumor func-
tions, which contribute to the development and progression
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type, P = 0.0018). Immunohistochemical staining for CX3CR1. In
pleomorphic type, the lymphoid cells were positive for CX3CR1 and
were fewer than those in non-specific lymphadenitis. Comparison of
CX3CRI expression in control cases (non-specific lymphadenitis) and
HTLV-1-associated diseases. All types of HTLV-1 associated
diseases showed significantly lower expression than control cases

of tumors. CD163 expression has been associated with an
anti-inflammatory M2 macrophage phenotype and is
believed to be effective for distinguishing M2 macrophages
from proinflammatory M1 macrophages [23].

For the in vitro study of ATLL, co-culture experiments
using ATLL cell lines (ATN-1 and TL-Mor) and mono-
cyte-derived macrophages were performed and BrdU
incorporation of ATLL cell lines were found to be signif-
icantly elevated by direct co-culture with M2 macrophages.
Analysis using the cytokine array indicated the presence of
macrophage-derived soluble factors such as C5a, tumor
necrosis factor (TNF)-o, growth-related oncogene (GRO)-
o, CCL1/1-309, and interleukin (IL)-6 stimulated ATLL
cell lines. CD163 expression in macrophages was strongly
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Fig. 8 Immunostaining of CD68 and CD163 in ATLL samples.
Immunostaining of CD68 and CD163 were performed and the results
of two patients were shown. Double-immunostaining of CD68 (brown
colored) and CD163 (green colored) was done. Kaplan—-Meier

induced by direct contact with ATN-1 cells, while down-
regulation of CD163 in macrophages significantly sup-
pressed the growth of co-cultured ATN-1 cells. In addition,
the number of CD68-positive macrophages in ATLL tis-
sues did not correlate with overall survival (P = 0.25),
whereas patients with a large number of CD163-positive
macrophages (>250 cells/mm” tumor area; n = 37) had
worse outcomes than those with a small number (<250
cells/mm? tumor area; n = 36) (P = 0.05). Moreover, a
higher ratio of CD163-positive to CD68-positive macro-
phages in ATLL significantly correlated with worse overall
survival (P = 0.039), while multivariate analysis demon-
strated that the number of CD163-positive macrophages
constitutes an independent prognostic factor [24].

Summary and conclusions

Adult T-cell leukemia/lymphoma was first discovered in
Japan, and isolation of the HTLV-1 retrovirus opened up a
new, broad field of research in human lymphomagenesis. It
also influenced histologic diagnosis, because a spectrum of
morphologically diverse lymphoma has now been unified
by the presence of the HTLV-1 proviral genome. By
delineating the main microenvironmental dynamics that
take place in ATLL, we aimed to convey the concept of the
leading role performed by nonneoplastic lymphoma-asso-
ciated immunological and stromal elements in influencing
the natural history of ATLL, which so far has been con-
sidered to be little affected by the environment. The reci-
procal effect of ATLL and its microenvironment results in
the enhancement of the proliferative and invasive capa-
bilities of the neoplastic clone and in the concurrent re-
shaping of the infiltrated tissues. The ATLL narrative is a
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survival analysis of patients with high or low percentage of
CD163" cells in CD68™ cells was shown. The patients with high
percentage of CD163" M2 macrophages showed poorer prognosis
than low percentage

good example of an effective multidisciplinary collabora-
tive approach by clinicians, pathologists, epidemiologists,
and molecular biologists.
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