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In several malignant tumors including lymphoma, macrophages
that infiltrate tumor tissues are called tumor-associated macro-
phages (TAMs). We discovered that TAMs, especially the CD163+

alternatively activated phenotype (M2), were closely involved with
progression of adult T-cell leukemia ⁄ lymphoma (ATLL). We used
CD68 (a pan-macrophage marker) and CD163 (an M2 marker) to im-
munostain 58 ATLL samples. Statistical analyses showed that a
high number of CD68+ TAMs and an increased percentage of
CD163+ cells among the TAMs were associated with a worse clini-
cal prognosis; multivariate analysis indicated that the percentage
of CD163+ cells was an independent prognostic factor. We also car-
ried out in vitro coculture experiments with ATLL cell lines (ATN-1
and TL-Mor) and monocyte-derived macrophages and found that
direct coculture with M2 macrophages significantly increased BrdU
incorporation into ATLL cell lines. A cytokine array analysis showed
that macrophage-derived soluble factors including C5a, tumor
necrosis factor-a, growth-related oncogene-a, CCL1 ⁄ I-309, and
interleukin-6 stimulated ATLL cell lines. CD163 expression in macro-
phages was strongly induced by direct contact with ATN-1 cells,
and downregulation of CD163 in macrophages significantly sup-
pressed growth of cocultured ATN-1 cells. These results suggest
that interaction between M2 macrophages and lymphoma cells
may be an appropriate target in treatment of patients with ATLL.
(Cancer Sci 2013; 104: 945–951)

M acrophages that infiltrate tumor tissues are referred to
as tumor-associated macrophages (TAMs) and are clo-

sely involved in tumorigenesis by inducing angiogenesis,
immunosuppression, and invasion.(1,2) Many studies of TAMs
in human malignant tumors have been published since 2000,
and they showed an association of TAMs with histological
grade and clinical prognosis in many kinds of tumors including
hematological malignancies.(1,2)

The heterogeneity of macrophage phenotypes has also been a
focus of study in recent years.(3,4) The functions and gene
expression profiles of classically activated macrophages induced
by c-interferon and alternatively activated macrophages induced
by anti-inflammatory cytokines such as interleukin (IL)-10, mac-
rophage colony-stimulating factor (M-CSF), IL-4, and IL-13
were found to be different, and these two types of activated mac-
rophages were named M1 and M2, respectively.(3,4) The M2
phenotype preferentially produces angiogenic factors and immu-
nosuppressive molecules and is associated with tissue remodel-
ing, neovascularization, and tumor progression.(3,4) In tumor
microenvironments, some kinds of tumor cells secrete many
anti-inflammatory cytokines, which seem to induce differentia-
tion of TAMs to the M2 phenotype.(5–7)

Adult T-cell leukemia ⁄ lymphoma (ATLL) is known to
develop in people infected with human T-cell leukemia virus

type 1.(8,9) The disease is classified into four categories: acute
(60%); lymphomatous (20%); chronic (15%); and smoldering
(5%).(10–13) Acute and lymphomatous ATLLs are aggressive
diseases, with a reported median survival time of <1 year.(10–13)

Although recent studies have focused on TAMs in malignant
lymphomas such as Hodgkin’s lymphoma, angioimmunoblastic
T-cell lymphoma, follicular lymphoma, and diffuse large
B-cell lymphoma, a few in vitro studies investigated details of
the molecular mechanisms of TAMs in the tumor microenvi-
ronment.(14–18) In addition, the significance of TAMs or
CD163+ M2 TAMs in ATLL has never been investigated. We
therefore investigated the significance of TAM or M2 TAMs
in ATLL by means of in vivo immunohistochemical analysis
of human ATLL specimens and in vitro coculture experiments.

Materials and Methods

Tissue samples. Paraffin-embedded tumor samples were from
lymph nodes obtained from 58 patients with acute or lympho-
matous ATLL who had been enrolled in our previous
study.(19,20) All samples were obtained with informed consent
from patients and with the approval of doctors in the partici-
pating hospitals. Serological tests had proved that the
peripheral blood of all patients was positive for anti-ATLL-
associated antigen.

Immunohistochemistry. Paraffin-embedded tumor tissue sam-
ples were used to analyze macrophage infiltration. CD163 was
used as a marker for M2 macrophages. Two mouse mAbs were
used, CD68 (PG-M1; Dako, Glostrup, Denmark) and CD163
(10D6; Novocastra, Newcastle, UK). Two pathologists who
were blinded to any information about the samples evaluated
infiltration of CD68+ and CD163+ cells and the results were
averaged as described previously.(21,22) For double-immuno-
staining, sections were at first reacted with anti-CD68 antibody
and visualized by the DAB system (Nichirei, Tokyo, Japan).
The following antibodies were washed in glycine buffer (pH
2.2), sections were reacted with anti-CD163 antibody, and
visualized by HistoGreen solution (Linaris Biologische Prod-
ukte, Wertheim-Bettingen, Germany).

Cell lines. The human ATLL cell lines ATN-1 and TL-Mor
were purchased from Riken Cell Bank (Wako, Japan) and were
maintained in RPMI supplemented with 10% FBS. The
mycoplasma test was carried out using a PCR detection kit
(Takara Bio, Otsu, Japan).

Macrophage culture. Peripheral blood mononuclear cells
were obtained from four healthy volunteer donors, and all
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donors supplied written informed consent for experimental use
of these cells. CD14+ monocytes were isolated by using
CD14-microbeads (Miltenyi Biotec, Bergisch Gladbach,
Germany). These monocytes were plated in 24-well plates
(5 9 104 ⁄well) and were cultured with granulocyte macro-
phage-colony stimulating factor (GM-CSF, 2 ng ⁄mL; Wako,
Tokyo, Japan) for 5 days, with c-interferon (1 ng ⁄mL; Pepro-
Tech, Rocky Hill, NJ, USA) being added for last 24 h to
induce M1 macrophages. To induce M2 macrophages, CD14+

monocytes were cultured with macrophage-colony stimulating
factor (M-CSF; 100 ng ⁄mL; Wako), with IL-10 (10 ng ⁄mL;
PeproTech) being added for the last 24 h.

Incorporation of BrdU and immunostaining. Incorporation of
BrdU and immunostaining were carried out by using the BrdU
ELISA Kit (Roche Applied Science, Penzberg, Bavaria,
Germany) according to the manufacturer’s protocol with minor
modifications. Briefly, after cells were cultured with BrdU for
90 min, they were attached to glass slides using Cytospin (Ther-
moFisher, Waltham, MA, USA), and were fixed with acetone. In
this assay, CD204 (clone SRA-E5; Transgenic, Kumamoto,
Japan) served as a macrophage marker and was visualized by
using the diaminobenzidine substrate system (Nichirei). The
staining intensity of CD204 in GM-CSF-primed macrophages
and M-CSF-primed macrophages did not differ (data not
shown). After washes in glycine buffer (pH 2.2), cells were
stained with anti-BrdU antibody and were visualized using His-
toGreen solution (Linaris Biologische Produkte). The secondary
antibody was HRP-labeled goat anti-mouse immunoglobulin
(GE Healthcare, Tokyo, Japan).

Cell proliferation assay. ATN-1 and TL-Mor cells (5000 cells
per well in 96-well culture plates) were stimulated with C5a
(1 pg ⁄mL), tumor necrosis factor (TNF)-a (5 ng ⁄mL), growth-
related oncogene (GRO)-a (1 ng ⁄mL), CCL1 ⁄ I-309 (1 pg ⁄mL),
or IL-6 (1 pg ⁄mL) for 2 days, then total cell numbers were
evaluated by using the WST assay kit (Dojindo, Kumamoto,
Japan).

Reverse transcription�PCR and real-time PCR. Total RNA was
isolated by using RNAiso Plus (Takara Bio); RNA was reverse-
transcribed by means of a PrimeScript RT reagent kit (Takara
Bio). The cDNA product was amplified by PCR. In RT-PCR,
PCR products were run on 2.0% agarose gels and stained with
SYBR Safe DNA Gel Stain (Invitrogen, Carlsbad, CA, USA).
Quantitative real-time PCR was carried out using TaqMan
polymerase with Sybr Green fluorescence (Takara Bio) with an
ABI PRISM 7300 Sequence Detector (Applied Biosystems,
Foster City, CA, USA). The primers are detailed in Table S1.

Small interfering RNA in human macrophages. Human macro-
phages were transfected with siRNA to human CD163 (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) by using Lipofec-
tamine RNAi MAX (Invitrogen). Control siRNA (Santa Cruz
Biotechnology) was used as a negative control.

Western blot analysis. In some experiments, CD163 expres-
sion was determined by Western blot analysis. The protein
(10 lg) was run on a 10% SDS-polyacrylamide gel and trans-
ferred to a PVDF transfer membrane (Millipore, Bedford, MA,
USA). The membranes were exposed to an anti-human CD163
antibody (PM-2K; Transgenic) and visualized by HRP-conju-
gated anti-mouse IgG antibody with ECL Western blotting
detection reagent. These membranes were reblotted with an
anti-b-actin antibody as an internal calibration control.

Enzyme-linked immunosorbent assay. We used ELISA to
examine the concentrations of C5a, TNF-a, GRO-a, I-309, and
IL-6 in culture supernatants. The ELISA kits were purchased
from PeproTech and BD Biosciences (San Jose, CA, USA).

Statistics. Statistical analysis of in vitro and in vivo data was
carried out using JMP10 (SAS Institute, Chicago, IL, USA). All
values from in vitro studies represent results of two or three
independent experiments. Data are expressed as means � SD.

Student’s t-test was used for two-group comparisons in in vitro
studies. A value of P < 0.05 was considered statistically sig-
nificant.

Results

Relation of higher proportion of CD163+ TAMs to poor clinical
prognosis in patients with ATLL. We used CD68 and CD163
immunostaining of 58 ATLL tissue specimens. Many CD68+

and CD163+ cells infiltrated tumor tissues, and double-immuno-
staining showed that CD163+ cells were in fact CD68+ TAMs
(Fig. 1a,b). These cell numbers and the percentage of CD163+

cells in CD68+ cells were not associated with age and sex; how-
ever, the increased number and higher percentage of CD163+

cells were closely related to clinical stage (Table 1). In univari-
ate analysis, higher clinical stage, increased number of CD68+

cells, and higher percentage of CD163+ cells were significantly
associated with worse clinical prognosis (Table 2; Fig. 1c).
However, only the percentage of CD163+ cells was correlated
with clinical prognosis in multivariate analysis (Table 2).

Significant activation of ATLL cells by direct coculture with M2
macrophages. We then carried out coculture experiments with
ATLL cell lines and human macrophages and investigated the
functional effects of macrophages on tumor cell activation.

(a)

(b)

(c)

Fig. 1. Immunostaining of CD68 and CD163 in adult T-cell leukemia
⁄ lymphoma samples and survival analysis. (a) Results of CD68
and CD163 immunostaining for two patients (Pt.). (b) Double-
immunostaining of CD68 (brown) and CD163 (green). (c) Kaplan–Meier
survival analysis of patients with a high or low number of CD68+ cells
(left panel) and patients with high or low percentage of CD163+ cells
among the CD68+ cells (right panel).
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After human monocytes were differentiated into the M1 or M2
phenotype, ATN-1 cells were directly added to cultured
macrophages. After 2 days of coculture, the BrdU incorpora-
tion assay was performed. Because two different cell types
were mixed in direct coculture, we carried out macrophage
and BrdU double-immunostaining and determined the percent-
age of BrdU+ cells among tumor cells that were negative for
macrophage marker. Coculture with macrophages significantly
increased BrdU incorporation into ATN-1 cells, with M2,
rather than M1, cells inducing a notable increase of BrdU
incorporation into ATN-1 cells (Fig. 2a,b). Similar results were
obtained when macrophages from all donors were used in
coculture experiments (Fig. 2b). Interestingly, BrdU incorpora-
tion was also detected in a small number of macrophages
(<1%) (Fig. 2a, right panel). Similar experiments were carried
out with other cell lines. BrdU incorporation into the cell line
TL-Mor was, as expected, upregulated by coculture with M2
cells, but it was not changed by coculture with M1 cells

(Fig. 2c). We also compared indirect coculture by using Tran-
swell culture dishes and direct coculture to analyze the signifi-
cance of direct contact in macrophage and lymphoma cell
interaction. Results showed that, in contrast to indirect coculture
conditions, direct cell–cell contact caused significantly stronger
BrdU incorporation in both lymphoma cell lines (Fig. 2d).

Involvement of macrophage-derived soluble factors including
C5a, TNF-a, GRO-a, I-309, and IL-6 in lymphoma cell activation. To
investigate what kinds of soluble factors are involved in cell–cell
interaction between M2 macrophages and lymphoma cells, 36
molecules in culture supernatant were tested by using a cytokine
array kit (Fig. S1). Of these 36, we focused on C5a, TNF-a, GRO-
a, I-309, and IL-6 because they were detected in macrophage
supernatant and coculture supernatant but not in ATN-1 superna-
tant (Fig. 3a). The RT-PCR analysis showed that ATN-1 and TL-
Mor cells expressed receptors for these molecules (Fig. 3b). Then,
to test whether these soluble factors would influence the prolifera-
tion of lymphoma cells, ATN-1 and TL-Mor cells were cultured
with these molecules and cell proliferation was evaluated. As Fig-
ure 3(c) shows, C5a, TNF-a, GRO-a, I-309, and IL-6 significantly
promoted the proliferation of these lymphoma cell lines.

Induction of higher expression in macrophages of CD163 by
direct macrophage–lymphoma cell contact. Because soluble
macrophage-derived factors from certain kinds of tumor cells
induced CD163 upregulation in macrophages, we studied
whether tumor cell supernatant (TCS) of ATN-1 and TL-Mor
cells would change CD163 expression. Western blot analysis
showed that TCS from ATN-1 cells did not influence the
CD163 expression and that TCS from TL-Mor cells downregu-
lated CD163 expression (Fig. 4a). The GM-CSF-primed
macrophages showed no CD163 expression (Fig. 4a). CD163
expression in macrophages was not significantly changed
by indirect coculture with ATN-1 cells, but direct coculture
with ATN-1 cells induced notable upregulation of CD163
expression (Fig. 4b). Similar results were observed when CD163
expression was examined using cell-ELISA methods (Fig. 4c).

Close association of CD163-mediated macrophage activation
with tumor cell activation in direct coculture. On the basis of
these results, we suspected that CD163 would play an important

Table 1. Clinicopathological correlation of CD68+ and CD163+ tumor-

associated macrophages in patients with adult T-cell leukemia

⁄ lymphoma (n = 68)

n

CD68+ cells

⁄mm2

CD163+ cells

⁄mm2

% of CD163+

cells

Mean P-value Mean P-value Mean P-value

Gender

Male 34 368 0.98 260 0.950 72.3 0.420

Female 24 369 263 82.3

Age

� 65 years 29 373 0.84 249 0.510 70.6 0.340

<65 years 29 362 281 82.2

Stage

I, II, III 24 340 0.34 203 0.011* 62.6 0.026*

IV 30 393 322 89.4

Data were statistically analyzed by the Mann–Whitney U-test. *Statisti-
cally significant.

Table 2. Univariate and multivariate Cox regression analyses of CD68+ and CD163+ tumor-associated macrophages in progression of adult

T-cell leukemia ⁄ lymphoma

n
Median survival

(months)

Univariate analysis Multivariate analysis

P-value (log–rank) P-value (Wilcoxon) HR 95% CI P-value

Gender

Male 34 17.8 0.160 0.380

Female 24 26.9

Age

� 65 years 29 19.3 0.320 0.420 1.56 0.79–2.85 0.210

<65 years 29 22.5

Stage

I, II, III 24 29 0.029* 0.130 1.67 0.86–3.34 0.130

IV 30 17.1

CD68+ cells

High (� 300 ⁄mm2) 32 13.7 0.114 0.031* 1.68 0.87–3.34 0.110

Low (<300 ⁄mm2) 26 26.8

CD163+ cells

High (� 250 ⁄mm2) 30 17.3 0.098 0.185

Low (<250 ⁄mm2) 28 26.1

CD163(%)

High (� 75%) 28 16.2 0.046* 0.138 2.03 1.06–3.99 0.032*

Low (<75%) 30 26.5

The mean numbers of the CD68 high group and low group were 224.7 ⁄mm2 and 484.5 ⁄mm2 respectively. The mean numbers of the CD163 high
group and low group were 113.9 ⁄mm2 and 406.2 ⁄mm2, respectively. The mean percentage of the CD163 (%) high group and low group were
37.5% and 111.2%, respectively. HR, hazard ratio; CI, confidence interval. *Statistically significant.
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role in cell–cell interaction between ATN-1 cells and M2 mac-
rophages. To confirm this hypothesis, we carried out a
coculture experiment after CD163 protein was silenced by
siRNA (Fig. 5a,b). The BrdU incorporation into ATN-1 cells
was significantly suppressed when cells were cocultured with
macrophages in which CD163 was downregulated (Fig. 5c).
The total number of ATN-1 cells was calculated as described
in “Materials and Methods.” Coculture with M2 macrophages
induced proliferation of ATN-1 cells, but such proliferation
was not induced when cells were cocultured with CD163-
silenced M2 macrophages (Fig. 5d). Finally, we attempted to
determine which cytokines related to the growth of ATN-1
cells were regulated by CD163 activation. We analyzed mRNA
expression of TNF-a, GRO-a, I-309, and IL-6 in macrophages,
but no significant changes in these mRNAs were induced by
CD163 downregulation (data not shown). We also carried out
ELISA to evaluate the production of these molecules in culture
supernatant. The concentrations of GRO-a and IL-6 tended to
be lower, but not significantly, after CD163 downregulation
(Fig. 5e). The ELISA did not detect C5a or TNF-a production
(data not shown).

Discussion

Certain clinicopathological studies recently indicated the sig-
nificance of CD163-expressing M2 TAMs in the growth of
tumor cells, and a high number of M2 TAMs is reportedly
associated with a worse prognosis in many malignant tumors
including lymphomas.(14–18,21,23–25) However, the present study

is the first report describing the involvement of TAMs in
ATLL. The number of CD68+ TAMs, the percentage of
CD163+ TAMs, and clinical stages were prognostic factors in
univariate analysis. Although the number of CD163+ TAMs
increased in patients with a higher clinical stage of disease, the
statistical finding from multivariate analysis that only the per-
centage of CD163+ TAMs was associated with clinical progno-
sis indicated that the percentage of CD163+ TAMs was an
independent prognostic factor. This may indicate that the com-
bination of the number of CD68+ and CD163+ TAMs is more
important for lymphoma progression. The fact that the number
of ATLL cases in this study is not large (<100 cases) might
have influenced this discrepancy. Although TAMs are believed
to be associated with angiogenesis and immune suppression,
our preliminary result indicated that the numbers of vessels
and of infiltrating CD8+ lymphocytes were not associated with
TAMs in ATLL. We therefore focused on the mechanisms of
cell–cell interaction between TAMs and lymphoma cells to
clarify the significance of CD163+ TAMs in the progression of
ATLL (summarized in Fig. 6).
In our study, the BrdU incorporation assay clearly revealed

significant activation of lymphoma cells by coculture with
macrophages. Although no study previously investigated which
molecules may be related to cell–cell interaction between
TAMs and lymphoma cells, our in vitro study here showed
that CD163+ M2 macrophages promoted lymphoma cell acti-
vation through macrophage-derived soluble factors such as
C5a, TNF-a, GRO-a, I-309, and IL-6. These molecules are

(a)

(b)

(c) (d)

Fig. 2. In vitro coculture assay of lymphoma cell lines and human
macrophages. (a) To analyze BrdU incorporation into cells, double-
immunostaining of BrdU (green) and CD204 (brown, a macrophage
marker) was carried out. (b) ATN-1 cells were cocultured with M1 or
M2 macrophages derived from four healthy donors, and BrdU incor-
poration was analyzed. *Statistically significant (P < 0.05). (c) TL-Mor
cells were cocultured with M1 or M2 macrophages derived from
four healthy donors, and BrdU incorporation was analyzed.
(d) Lymphoma cell lines and M2 macrophages were directly cocul-
tured with or without use of Transwell culture dishes, and BrdU
incorporation was analyzed. Data were analyzed using Student’s
t-test (n = 3–4).

(a)

(c)

(b)

Fig. 3. Soluble factors related to cell–cell interaction. (a) Culture
supernatants of M2 macrophages (Mac), ATN-1 cells, and coculture cells
were tested using a cytokine array, which revealed spots for C5a, tumor
necrosis factor (TNF)-a, growth-related oncogene (GRO)-a, I-309, and
interleukin (IL)-6. (b) RT-PCR analysis was carried out to evaluate mRNA
expression of CD88 (C5a receptor), TNFR1 ⁄ 2 (TNF-a receptors), CXCR2
(GRO-a receptor), CCR8 (I-309 receptor), and GP130 ⁄ IL-6R (IL-6 recep-
tors) in M2 macrophages and two lymphoma cell lines. (c) ATN-1 and
TL-Mor cells were stimulated by C5a, TNF-a, GRO-a, I-309, and IL-6 plus
sIL-6R for 2 days. Cell numbers were evaluated with the WST assay. Data
were analyzed by using Student’s t-test (n = 4).

948 doi: 10.1111/cas.12167
© 2013 Japanese Cancer Association



well known to activate nuclear factor-jB and the JAK ⁄STAT
pathway,(26–30) and constitutive activation of these molecules
is closely associated with progression of ATLL.(31–33) These
macrophage-derived molecules may therefore be involved to
some degree in constitutive activation of nuclear factor-jB and
the JAK ⁄STAT pathway in the ATLL microenvironment.
Certain kinds of tumor cells, such as glioblastoma and

kidney cancer cells, secrete many cytokines that upregulate
CD163 expression and other M2 markers in cultured macro-
phages.(22,24,25) We therefore studied whether TCS from ATLL
cells would drive the polarization of cultured macrophages to
the M2 phenotype. However, CD163 expression was not
induced by TCS from ATN-1 cells and was downregulated by
TCS from TL-Mor cells. The finding that CD163 expression
was reduced in IL-4-stimulated cells (Fig. 4a) could be due to
IL-4 or other unknown molecules produced by TL-Mor cells.
In this study, we could not determine what kinds of molecules
are involved in CD163 overexpression in patients with ATLL.
That direct contact with ATN-1 cells induced CD163 upregula-
tion in macrophages suggested that unknown molecules associ-
ated with M2 polarization were expressed on the cell surface
of ATN-1 cells or ATLL cells. If in the future we can identify
these molecules, they may be targets in ATLL therapy.

(a)

(b)

(c)

Fig. 4. Increased CD163 expression in macrophages as a result of
direct cell�cell interaction. (a) Macrophage colony-stimulating factor
(M-CSF)-primed macrophages or granulocyte macrophage-colony stim-
ulating factor (GM-CSF)-primed macrophages were stimulated with
interleukin (IL)-4, IL-10, tumor cell supernatant (TCS) of ATN-1, and TCS
of TL-Mor for 2 days. CD163 expression was examined using Western
blot analysis. IFN, interferon. (b) After M-CSF-primed macrophages
(Mac) or GM-CSF-primed macrophages were cocultured with ATN-1
cells indirectly or directly for 2 days, CD163 expression was examined
using Western blotting. (c) CD163 expression in macrophages stimu-
lated with TCS of ATN-1 or cultured directly with ATN-1 cells was
evaluated using cell-ELISA methods. Data were analyzed using Stu-
dent’s t-test (n = 4).

(a) (b)

(c)

(e)

(d)

Fig. 5. Involvement of CD163 in direct cell–cell interaction between
ATN-1 cells and M2 macrophages. (a) Schedule of this coculture experi-
ment. (b) Downregulation of CD163 was confirmed by Western blot-
ting. After CD163 in macrophages was silenced by siRNA, the coculture
experiment was carried out, in which the number of ATN-1 cells was
counted (c), and the BrdU incorporation was analyzed (d). ELISA data of
growth-related oncogene (GRO)-a and interleukin (IL)-6 in culture
supernatant are shown (e). ND, not detected; NS, not significant.

Fig. 6. Scheme of cell–cell interaction between ATN-1 cells and M2
macrophages. Tumor-association macrophages (TAMs) are activated
by direct contact with adult T-cell leukemia ⁄ lymphoma (ATLL) cells
through unknown molecules, growth factors secreted by TAMs stimu-
late ATLL cells and induce disease progression. CD163 protein on
TAMs is also upregulated by direct contact with ATLL cells. Although
the detailed functions of CD163 in direct cell–cell interaction between
ATLL cells and TAMs is unclear, the fact that ATLL cells were deacti-
vated by CD163 siRNA indicates the significant role of CD163-related
signals. GRO-a, growth-related oncogene-a; IL-6, interleukin-6; NF-jB,
nuclear factor-jB; TNF-a, tumor necrosis factor-a.
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In this study, we found that cell–cell interaction between
lymphoma cells and macrophages was strongly induced when
both cell types were in direct contact. We also found that CD163
was a cell surface receptor that was involved in direct cell–cell
interaction. However, our finding that the five molecules we
studied (C5a, TNF-a, GRO-a, I-309, and IL-6) were not affected
by downregulation of CD163 suggested the existence of
unknown molecules regulated by CD163 signals. Additional
studies are necessary to determine the molecular mechanisms of
CD163-related cell–cell interaction between TAMs and lym-
phoma cells. CD163 is one of the scavenger receptors specific
for macrophages and is especially highly expressed on M2
macrophages.(3,34) The haptoglobin–hemoglobin complex is well
known to bind to CD163, but recent studies showed that bacterial
components and TWEAK (TNF-like weak inducer of apoptosis)
are also ligands of CD163.(35–37) In our preliminary study, we
found no TWEAK expression in ATLL cell lines. Our study here
suggested that an unknown CD163 ligand is expressed on the cell
surface of ATLL cells, but it may be difficult to detect the specific
CD163 ligand because scavenger receptors such as CD204 and
CD36 generally have many ligands.(38)

In addition, the results shown in Figure 2(a) indicate that a
small number of macrophages incorporated BrdU by coculture
with ATN-1 cells. Proliferating cell nuclear antigen (PCNA)+

TAMs are detected in breast cancer and higher counts of PCNA+

TAMs are associated with shorter disease-free survival.(39) These
observations suggest that a part of TAMs strongly activated by
cancer cell-derived unknown signals could proliferate.
In conclusion, we showed that TAMs, especially the

CD163+ M2 phenotype, are closely associated with progression
of ATLL. Although we detected five macrophage-derived mol-
ecules that stimulate the growth of lymphoma cells, other
unknown molecules or unknown mechanisms may be involved
because our results cannot explain why downregulation of
CD163 in cocultured macrophages suppressed lymphoma cell
activation. Further studies related to cell–cell interaction
between macrophage and lymphoma cells could provide a new
treatment strategy for patients with not only ATLL but also
other malignant tumors.
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