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Role of CD204-Positive Tumor-Associated Macrophages in
Adult T-Cell Leukemia/Lymphoma

Yoichi Saito,”” Yoshihiro Komohara,"" Daisuke Niino,” Hasita Horlad,” Koji Ohnishi,"”

Hiroto Takeya,” Hiroya Kawaguchi,"” Hirokazu Shimizu,” Koichi Ohshima,” and Motohiro Takeya"

Adult T-cell leukemia/lymphoma (ATLL) is endemic in southwestern Japan, the Caribbean basin, and parts of central Africa,
and is considered to be caused by long-term infection with human T-cell leukemia virus type I. CD204 is a scavenger receptor
that is overexpressed on alternatively activated macrophages and is known to be overexpressed in tumor-associated macrophages
(TAMs). CD206 is also considered a marker of alternatively activated macrophages. However, no studies have investigated
CD206 and TAMs. In the present study, we investigated the significance of CD204"™ and CD206" TAMs in ATLL tissue
samples. We also investigated the correlations with the Ki-67 labeling index (Ki-67LI) and the number of CD31" vessels. We
found that the number and ratio of CD204" TAMs were closely associated with the Ki-67LI, which reflects lymphoma cell
proliferation. The number of CD31" vessels was not correlated with the number or ratio of CD204" and CD206" TAMs. The
number and ratio of CD204" and CD206" TAMs, number of CD31" vessels, and the Ki-67LI were not associated with the
clinical outcome of patients with ATLL. Although further studies are necessary to uncover the detailed mechanisms of CD204
and lymphoma proliferation, these data may provide novel insight into the pathogenesis of ATLL. (J Clin Exp Hematop 54(1):
59-65, 2014)
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INTRODUCTION kian of.mallolifgnant tumor. including hematological

malignancies."”' In our previous paper, we showed that a

Adult T-cell leukemia/lymphoma (ATLL) develops in in- higher ratio of CD163™ TAMs is closely associated with a

dividuals infected with human T-cell leukemia virus type I more clinical course in patients with ATLL.'?> However, oth-

(HTLV-1), and p40 tax and HTLV-1 basic leucine zipper er M2 markers such as CD204 or CD206 were not analyzed in
factor are considered to be important for oncogenesis.'” ATLL tissues.

Acute and lymphomatous ATLL are aggressive diseases, and CD204 (macrophage scavenger receptor class A, types |
the median survival time is reported to be around 1 year.>® and II) is one of the major scavenger receptors expressed on

Macrophages that infiltrate tumor tissues are referred to as human and murine macrophages and dendritic cells.'
“tumor-associated macrophages” (TAMs) and are closely in- Immunohistochemical studies in gliomas,'"* pancreatic
volved in tumorigenesis by inducing angiogenesis, immuno-  cancer,!® kidney cancer,'® esophageal cancer,!” and lung

suppression, and invasion.” Many reports of studies focused cancer'® have shown that CD204 expression in tumor tissues
on TAMs in human malignant tumors have been published in is closely restricted to TAMs and that high expression of
this decade, and they have demonstrated an association of =~ CD204 is associated with a high malignant potential of tumor
TAMs with histological grading or clinical prognosis in many cells. In our previous study,'” we showed that CD204 inhibits

macrophage activation by scavenging ligands of Toll-like
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moral macrophage activation and tumor cell growth.

CD206 has broad ligands including microbial and endoge-
nous glycoproteins and is involved in immune responses.??
CD206 is up-regulated by interleukin-4 and -13 and is also
considered a marker of alternatively activated macrophages.?
In ovarian cancer, CD206 engagement by tumor-derived mu-
cins induced polarization of TAMs to the M2 phenotype.?*
However, few studies have investigated the significance of
CD206" TAMs in human malignant diseases.

In the present study, we evaluated the significance of
CD204" and/or CD206" TAMs in the progression of ATLL.
In addition, we compared the ratio of CD204" and/or CD206"
TAMs and CD163" TAMs using the same tissue samples as in
a previous study.'?

MATERIALS AND METHODS

Tissue samples

Paraffin-embedded tumor samples from the lymph nodes
of 58 patients with ATLL (lymphomatous and acute type)
were examined. Patients diagnosed during 1993-2003 were
treated by conventional chemotherapy and none was treated
by bone marrow transplantation. Twenty-seven patients
showed leukemic change. Written informed consent was ob-
tained from all patients in accordance with protocols approved
by Fukuoka University and Kurume University Review
Board. We previously published characteristics of this same
set of ATLL specimens,'? and thus the numbers of CD68" and
CD163" cells published in that previous report were used in
this study.

Immunohistochemistry

Paraffin-embedded tumor tissue samples were used for
analysis of macrophage infiltration, lymphoma cell prolifera-
tion, and neovascularization. The following mouse monoclo-
nal antibodies were used: CD68 (PG-M1; DAKO, Glostrup,
Denmark), CD163 (10D6; Novocastra, Newcastle, UK),
CD204 (SRA-E5; TransGenic, Kumamoto, Japan), CD206
(5C11; Acris Antibodies, San Diego, CA, USA), Ki-67
(MIB-1; DAKO, Glostrup, Denmark), and CD31 (JC70A;
DAKO). Normal mouse immunoglobulin (DAKO) was used
as a negative control and no signal was observed in these
sections. Each immunostaining was performed at the same
time. Infiltration of CD204" and CD206" macrophages, the
percentage of Ki-67" lymphoma cells (Ki-67 labeling index,
Ki-67LI), and CD31" vessels were evaluated by two investi-
gators who were blinded to any information on the samples,
and the data were averaged. The number of positive cells was
counted in four randomly selected high-power fields and fi-
nally calculated as the number per mm?. In some analyses,
the ratio of CD204" or CD206" cells among CD68" macro-
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phages was used for statistical analysis.

Statistics

Statistical analysis of in vitro and in vivo data was carried
out using JMP10 (SAS Institute, Chicago, IL, USA).
Spearman’s correlation test was used for two-group compari-
sons. The simultaneous relationship between multiple factors
for survival was assessed using the Cox proportional hazards
model. A value of p < 0.05 was considered statistically
significant.

RESULTS

The number and ratio of CD204-positive TAMs are
closely correlated to the Ki-67LI1

Immunostaining for CD204, CD206, Ki-67, and CD31
was performed in 58 cases of lymphomatous ATLL (Fig. 1).
Mutual correlations of their expression and the association
with clinical outcome were statistically evaluated. CD204
was strongly expressed on TAMs, but CD206 was weakly
detected on them (Fig. 1). The number of CD163" cells was
closely linked to the number of CD204" or CD206" cells (Fig.
2A, 2B), but we found no correlation between the numbers of
CD204" cells and CD206" cells (Fig. 2C). Lymphoma cell
proliferation was evaluated by Ki-67LI. The number of
CD163" cells was not statistically linked to the Ki-67LI (Fig.
2D). Interestingly, the number of CD204" TAMs and the
ratio of CD204" cells among CD68" TAMs were both
strongly correlated with the Ki-67L1 (Fig. 2E, 2F). In addi-
tion, the correlation between macrophages and neovasculari-
zation was evaluated, and the results showed that the numbers
of CD68", CD163*, CD204", and CD206" cells were each not
correlated with the number of CD31" vessels (data not
shown). The numbers and ratios of CD204" or CD206"
TAMs, the Ki-67LI, and the number of CD31" vessels were
all not correlated with the clinical prognosis (Table 1). In our
samples, 27 patients showed leukemic change. Although we
re-analyzed 27 patients with leukemic change, there was no
significant difference of TAM infiltration, Ki-67LI, and the
number of CD31" vessels between leukemic and non-
leukemic cases (data not shown).

DISCUSSION

Recent studies have focused on TAMs in malignant lym-
phomas such as Hodgkin lymphoma, angioimmunoblastic T-
cell lymphoma, and diffuse large B-cell lymphoma.”®> The
significant correlations between CD163" TAMs and clinical
outcome have been thoroughly investigated, and the results
demonstrated that patients with a higher number or ratio of
CD163" TAMs generally showed worse clinical outcome in
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Fig. 1. Immunostaining of adult T-cell leukemia/lymphoma tissues.
Anti-CD68, anti-CD204, and anti-CD206 antibodies were used to detect
pan-macrophages (CD68) and alternatively activated macrophages
(CD204 and CD206). Ki-67 was used to detect proliferating cells, and
CD31 was used to label blood vessels (arrows).
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Statistical analysis of macrophage infiltration, the Ki-67LI, and CD31" vessels. The correlations

between the numbers of CD204" and CD163™ cells (24), the numbers of CD206™ and CD163™ cells (2B), the
Ki-67LI and the number of CD163" cells (2C), the Ki-67 LI and the number of CD204" cells (2D), the Ki-
67LI and the ratio of CD204" cells (2E), and the number of CD31* vessels and the ratio of CD204" cells
(2F) are shown.
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Table 1. Univariate analysis of tumor-associated macrophages and
pathological factors in patients with adult T-cell leukemia/lym-
phoma

Median Univariate analysis
Antibody Frequency N= survival p value p value
(months)  Log-rank  Wilcoxon
CD204 High (> 100/mm?) 22 21.8 0.79 0.92
Low (< 100/mm?) 36 21.1
CD204 (%)  High (> 30%) 25 19.1 0.88 0.96
Low (< 30%) 33 233
CD206 High (> 250/mm2) 23 19.4 0.63 0.44
Low (< 250/mm?) 35 22.7
CD206 (%)  High (> 70%) 24 19.7 0.71 0.6
Low (< 70%) 34 225
CD31 High (> 60/mm?) 27 18.7 0.55 0.61
Low (< 60/mm?) 31 23.8
MIB-1 High (> 40%) 32 20.1 0.72 0.62
Low (< 40%) 26 21.9

Each threshold is set as the average.

these diseases.’*?® Not only CD163 but also CD204 or
CD206 is preferentially expressed on alternatively activated
macrophages.?’ However, the significance of CD204 and
CD206 expressed on TAMs has never been investigated in
malignant lymphoma.

In this study, a significant association between CD204"
TAMs and the Ki-67LI was found in ATLL samples, suggest-
ing that CD204" TAMs may be involved in lymphoma cell
proliferation. However, no correlation was found between
CD204" TAMs and clinical outcome. The reasons for this
discrepancy may be that a higher Ki-67LI was not always
correlated with a worse clinical outcome and that complex
mechanisms are involved in the effectiveness of clinical treat-
ment. Although we found no correlation between CD206 and
pathological factors in ATLL, further studies are necessary to
uncover the role of CD206 in the tumor microenvironment.

In some malignant tumors including breast cancer tumors,
a higher Ki-67LI is associated with a worse clinical outcome
and is a prognostic marker.’® In malignant lymphoma, a
higher Ki-67LI is a prognostic factor in patients with diffuse
large B-cell lymphoma and mantle cell lymphoma.3!32 Our
present work is the first to investigate the correlation between
the Ki-67LI and overall survival in patients with ATLL. We
showed no significant association between the Ki-67LI and
overall survival. A high number of Ki-67" cells in peripheral
blood was found to be correlated with a worse clinical out-
come in patients with ATLL.** However, that study was not a
histological study using tumor tissue samples.

TAMs, especially alternative phenotype TAMs, are con-
sidered to be involved in angiogenesis in tumor tissues by
secreting several angiogenic factors such as vascular endothe-
lial growth factors, thymidine phosphorylase, and matrix
metalloproteinases.** Co-culture with tumor cells induces
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macrophage activation, and activated macrophages stimulate
endothelial cell activation and vessel formation in culture
studies.®>” However, our observation that TAMs are not
associated with neovascularization in ATLL may indicate that
cell-cell interactions with ATLL cells are not associated with
the angiogenic functions of macrophages.

Since increased apoptosis is associated with lymphoma
proliferation®® and CD204 is involved in the phagocytosis of
apoptotic cells,** close association of CD204 expression and
Ki-67L1 might partly be due to the induction of CD204 in
TAMs engulfing apoptotic cells. Further studies are neces-
sary to elucidate the relationship between CD204 induction
and apoptotic cell clearance in ATLL.

Although the ratio of CD163-positive TAMs was signifi-
cantly correlated to poor prognosis in ATLL in our previous
study,!? the number or ratio of CD204-positive or CD206-
positive TAMs was not. CD163 expression is preferentially
up-regulated in the IL-10-induced M2c phenotype, whereas
CD206 expression is increased in the IL-4-induced M2a
phenotype.*! In glioma and kidney cancer, the number of
CD204-positive cells is higher than the number of CD163-
positive cells.!*!® In this study, the numbers of CD163-
positive, CD204-positive, and CD206-positive cells differ. It
is well known that these antigens are expressed on M2 macro-
phages; however, these antigens might be differently up-
regulated in subtypes of M2 macrophages.

In conclusion, we demonstrated a close association be-
tween the number or ratio of CD204" TAMs and lymphoma
cell proliferation in lymphomatous ATLL, although we found
no significant correlation between these factors and clinical
outcome. Further studies are required to reveal the detailed
mechanisms of CD204-associated cell-cell interactions be-
tween TAMs and lymphoma cells. However, our present
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findings may provide useful insight into the pathogenesis of
ATLL.
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