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A B S T R A C T

Background: Classically activated macrophages produce IL-12, IL-23, and TNF-a, whereas alternatively

activated macrophages (M2 cells) produce IL-10 and express several receptors such as mannose receptor

and CD163. Tumor-associated macrophages exhibit M2 phenotype, whose presence has been associated

with poor prognosis in various tumors.

Objectives: To investigate distribution of CD163+ cells in lesional skin and serum levels of soluble CD163

(sCD163) in patients with cutaneous T cell lymphoma (CTCL), atopic dermatitis (AD), or psoriasis.

Methods: The numbers of CD163+ and CD68+ cells in lesional skin of CTCL, AD, or psoriasis, and in normal

skin were examined by immunohistochemistry. Serum soluble CD163 (sCD163) levels were quantified

by enzyme-linked immunosorbent assay.

Results: The numbers of CD163+ cells in lesional skin of CTCL, AD, or psoriasis were significantly larger

than in normal skin. In CTCL, the numbers of CD163+ or CD68+ cells increased as more tumor cells

infiltrated and they decreased after treatment with topical steroid and ultraviolet light. Moreover, CTCL

patients with an increased number of CD163+ cells showed worse prognosis. Serum sCD163 levels in

patients with CTCL, AD, or psoriasis were significantly higher than those in normal controls. In CTCL

patients, serum sCD163 levels significantly correlated with serum soluble interleukin-2 receptor and

CCL17 levels. In AD patients, serum sCD163 levels correlated with serum IgE levels.

Conclusion: The numbers of CD163+ cells in lesional skin and serum sCD163 levels were associated with

disease progression of CTCL. Further study focusing on CD163+ cells in CTCL lesional skin would be an

interesting research field.

� 2012 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights

reserved.
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1. Introduction

Macrophage subpopulations show different types of receptor
expression and cytokine/chemokine production [1–6]. Classically
activated macrophages, also called M1 cells, are induced by IFN-g
and have a high capacity to present antigen. They produce
inflammatory cytokines such as interleukin (IL)-1b, tumor necrosis
factor (TNF)-a, IL-6, and IL-23. In contrast, alternatively activated
macrophages, also called M2 cells, are induced by IL-4, which
promotes type 2 responses. They produce IL-10 and show
high expression of several receptors such as class A scavenger
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receptor (CD204), mannose receptor, dectin-1, CD209, and CD163
[1–8]. M1 cells are related with inflammation and tumor inhibition,
while M2 cells are related with tumor cell growth and metastasis
through angiogenesis and tissue remodeling.

There are emerging data suggesting that tumor-associated
macrophages (TAMs), the most frequently found immune cells
within the tumor microenvironment, promote tumor growth by
releasing many pro-angiogenic cytokines and growth factors
such as vascular endothelial growth factor, IL-8, and fibroblast
growth factor [9–11]. The presence of TAMs, usually showing M2
phenotype, has been associated with poor prognosis in patients
with bladder, cervical, breast, prostate, and colon cancers [12–
16]. In malignancy of lymphoid cells, the number of CD163+ cells
significantly correlated with shorter overall survival in patients
with follicular lymphoma, angioimmunoblastic T-cell lympho-
ma, Hodgkin’s lymphoma, and diffuse large B cell lymphoma
[17–20].
mbers of CD163+ cells in lesional skin and serum levels of soluble
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Fig. 1. Immunohistochemistry for CD68 and CD163 using normal skin (n = 5),

lesional skin of atopic dermatitis (AD; n = 3), psoriasis (n = 5), patch (n = 12), plaque

(n = 6), tumor (n = 6), and erythroderma (n = 4) of cutaneous T cell lymphoma.

Representative pictures from each group (400�).
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Mycosis fungoides (MF) and Sezary syndrome (SS) are the most
common types of cutaneous T cell lymphoma (CTCL) [21]. MF is
characterized by malignant proliferation of neoplastic CD4+

CD45RO+ T cells that preferentially traffic to the skin and has a
classically prolonged clinical course. Only limited cases progress
over years through patch, plaque, and tumor stages, followed by
lymph node and visceral involvement [22]. SS is characterized by
fever, erythroderma, lymphadenopathy, and leukemic involvement,
and usually has a rapid clinical course [23]. Although pathogenesis of
CTCL is unknown, a variety of cytokines/chemokines are reported to
be involved in the development of the disease [24,25]. Dermal
macrophages are a possible source of these cytokines/chemokines.
CD163+ cells were detected in the invasive margin of the tumor in
CTCL patients [26]. Moreover, abundant CD163+ cells were observed
intermingled among tumor cells in a murine cutaneous lymphoma
model [27]. Thus, we decided to stain lesional skin of CTCL for CD163.
Expression of CD68, which was a widely accepted macrophage
marker [28], was also examined. Relationship between numbers of
CD163+ cells or CD68+ cells and types of skin lesions or clinical
courses was investigated. We also examined serum levels of soluble
CD163 (sCD163) in patients with CTCL, atopic dermatitis (AD), or
psoriasis.

2. Materials and methods

2.1. Tissue and serum samples

Skin samples were obtained from 28 cases of CTCL (12 patch, 6
plaque, 6 tumor, and 4 erythroderma) and 5 normal skin adjacent
to benign skin tumors. As disease controls, skin samples from 3
cases of atopic dermatitis (AD) and 5 cases of psoriasis vulgaris
were also enrolled in the study. In 3 cases of CTCL (plaque 1, tumor
1, erythroderma 1), skin after treatment with topical steroid and
ultraviolet light was also collected. Serum samples were obtained
from 30 cases with CTCL (mean � standard deviation (SD) age:
59.9 � 14.3 years; 10 patch, 3 plaque, 8 tumor, and 9 erythroderma),
52 cases with AD (33.9 � 11.6 years), 44 cases with psoriasis vulgaris
(55.7 � 13.9 years), and 30 healthy control subjects with no history of
CTCL, AD, psoriasis, or other immune diseases (39.6 � 16.3 years). All
samples were collected during daily clinical practice. The clinical and
laboratory data as well as blood samples were obtained at the same
time. The laboratory data used in this study were serum soluble IL-2
receptor (sIL-2R), CCL17, and IgE levels. The medical ethical
committee of the University of Tokyo approved all described studies
and the study was conducted according to the Declaration of Helsinki
Principles. Informed consent was obtained to use blood samples from
patients and healthy controls. All serum samples were stored at
�20 8C until use.

2.2. Immunohistochemistry

Tissue sections were stained for CD68 and CD163 as previously
described. Briefly, 5-mm thick tissue sections from formaldehyde-
fixed and paraffin-embedded samples were dewaxed and rehy-
drated. These sections were then stained with mouse anti-human
CD68 antibody (Dako, Glostrup, Denmark), mouse anti-human
CD163 antibody (Leica Biosystems Newcastle Ltd., Newcastle,
U.K.), or control mouse IgG followed by ABC staining (Vector Lab,
Burlingame, CA, USA). Diaminobenzidine was used for visualizing
the staining, and counterstaining with Mayer hematoxylin was
performed, according to the manufacturers’ instructions. The
numbers of dermal CD68-positive or CD163-positive cells per high
power filed (HPF; 400�) were counted in skin lesions and healthy
skin. Each section was examined independently by two investi-
gators in a blinded manner.
Please cite this article in press as: Sugaya M, et al. Association of the nu
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2.3. Enzyme-linked immunosorbent assay

Immunoreactive sCD163 in sera were quantified by Quantikine
Human CD163 ELISA kit (R&D systems. Minneapolis, MN, U.S.A.).
These assays employ the quantitative sandwich enzyme immuno-
assay technique. Optical densities were measured at 450 nm using
a Bio-Rad Model 550 microplate reader (Bio-Rad Laboratories,
Hercules, CA, U.S.A.). The concentrations were calculated from the
standard curve generated by a curve-fitting program. The
measured values from individual patients were plotted by dots.

2.4. Statistical analysis

Statistical analysis was performed using the Mann–Whitney’s
U-test for comparison of values. Correlation coefficients were
mbers of CD163+ cells in lesional skin and serum levels of soluble
atol Sci (2012), http://dx.doi.org/10.1016/j.jdermsci.2012.07.007
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determined by using the Spearman’s rank correlation test.
P-Values of <0.05 were considered statistically significant.

3. Results

3.1. Immunohistochemical staining for CD68 and CD163

We first performed immunohistochemical staining for CD68
and CD163 in lesional skin of CTCL, AD, and psoriasis vulgaris
(Fig. 1). In normal skin, very few CD68+ cells were detected in the
dermis. CD163+ cells were also scarcely populated in the dermis. In
lesional skin of AD or psoriasis, some dermal cells expressed CD68,
suggesting that macrophages infiltrated into the lesional skin of
Fig. 2. (a and b) The numbers of dermal CD68+ (a) or CD163+ (b) cells per high power fie

psoriasis, and cutaneous T cell lymphoma (CTCL). Each bar represents mean � SD. *p < 0.0

are counted in different types of CTCL skin lesion. Each bar represents mean � SD. *p < 0.05.

CTCL. (f) The ratios between the number of CD163+ cells and that of infiltrating lymphocy
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these diseases. Interestingly, the number and distribution of
CD163+ cells were quite similar to those of CD68+ cells (Figs. 1 and
2a, b), which was consistent with a previous report [28]. In CTCL
lesional skin, more dermal CD68+ cells were detected as disease
progress through patch, plaque and tumor stages (Figs. 1 and 2c).
The number and distribution of CD163+ cells were quite similar to
those of CD68+ cells (Fig. 2d) as in AD and psoriasis. The number of
CD68+ cells and that of CD163+ cells in all specimens in this study
were almost the same (Fig. 2e), suggesting that CD163 might be a
marker of macrophages in the skin rather than a marker for M2
cells. In some specimen, the number of CD163+ cells was larger
than that of CD68+ cells probably because of difference in
sensitivity of the staining [29]. We next calculated the ratios
ld (HPF; 400�) are counted in normal skin, lesional skin of atopic dermatitis (AD),

5 and **p < 0.01. (c and d) The numbers of dermal CD68+ (c) or CD163+ (d) cells per HPF

 (e) Correlations between the number of CD68+ cells and CD163+ cells in lesional skin of

tes in lesional skin of AD, psoriasis, and different types of CTCL.

mbers of CD163+ cells in lesional skin and serum levels of soluble
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between the number of CD163+ cells and that of infiltrating
lymphocytes in lesional skin of AD, psoriasis, and different types of
CTCL to know whether the increase in macrophage number was
simply a reflection of the greater density overall of inflammatory
and neoplastic cells. The ratio was significantly higher in psoriatic
skin than in AD skin, suggesting that macrophages play different
roles in different types of skin diseases (Fig. 2f). Moreover, the ratio
in CTCL lesional skin decreased as the disease progressed from
patch, plaque, to tumor. In patch or plaque lesions, macrophages
may be important for proliferation or survival of malignant
lymphocytes, whereas in tumorous lesions, malignant lympho-
cytes may proliferate without help of macrophages. Thus, almost
all dermal macrophages expressed CD163 and they increased in
lesional skin of CTCL, AD, and psoriasis. In CTCL, the numbers of
CD163+ or CD68+ cells increased as more tumor cells infiltrated
into skin lesion, although the ratio between the number of
macrophages and that of tumor cells decreased.

3.2. The number of CTCL lesional macrophages before and after

treatment

In 3 cases of CTCL (plaque 1, tumor 1, and erythroderma 1), we
compared the number of lesional macrophages before and after
treatment with topical steroid and ultraviolet light. Oral etretinate
was also administered to a patient with tumors. The number of
macrophages, either CD68+ or CD163+, was significantly decreased
after treatment (Fig. 3a and b). The treatment resulted in
improvement of the skin lesions in patients with plaques or
erythroderma. The number of infiltrating tumor cells and dermal
macrophages remarkably decreased. Epidermal hyperplasia was
also normalized. By contrast, in the patient with tumorous lesions,
Fig. 3. (a) Immunohistochemistry for CD68 and CD163 using skin samples from a

patient with Sezary syndrome before and after treatment. (b) The numbers of

dermal CD68+ and CD163+ cells per high power field (HPF) in CTCL skin before and

after treatment (n = 3).
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plaque lesions were still persistent. There were many tumor cells
in the dermis and the number of dermal macrophages was still
more than 40 cells/HPF even after treatment. Thus, less macro-
phages infiltrated into lesional skin as the number of tumor cells
decreased.

3.3. Relationship between the number of lesional macrophages and

prognosis

We next examined whether the number of lesional macro-
phages were related with prognosis of CTCL patients. Kaplan–
Meier survival curve for patients with CTCL was shown in Fig. 4.
The zeropoints were set when skin samples were collected.
Patients with an increased number of dermal CD68+ cells
(40 cells/HPF and more; n = 13) tended to show worse prognosis
compared to those with a small number of dermal CD68+

cells (less than 40 cells/HPF; n = 15), although the difference was
not statistically significant (Fig. 4a; p = 0.12 by the logrank test.).
On the other hand, patients with an increased number of dermal
CD163+ cells (40 cells/HPF and more; n = 16) showed worse
prognosis compared to those with a small number of dermal
CD163+ cells (less than 40 cells/HPF; n = 12), which was
statistically significant (Fig. 4b; p = 0.039 by the logrank test).
Thus, the number of CD163+ cells in lesional skin was a
prognostic marker of CTCL.
Fig. 4. (a) Kaplan–Meier survival curve for patients with cutaneous T cell lymphoma

(CTCL) with an increased number of dermal CD68+ cells (40 cells/HPF and more,

n = 13) and a small number of dermal CD68+ cells (less than 40 cells/HPF; n = 15).

p = 0.12 by the logrank test. (b) Kaplan–Meier survival curve for patients with CTCL

with an increased number of dermal CD163+ cells (40 cells/HPF and more, n = 16)

and a small number of dermal CD163+ cells (less than 40 cells/HPF; n = 12).

p = 0.039 by the logrank test.

mbers of CD163+ cells in lesional skin and serum levels of soluble
atol Sci (2012), http://dx.doi.org/10.1016/j.jdermsci.2012.07.007
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Fig. 5. (a) Serum soluble CD163 (sCD163) levels in patients with cutaneous T cell lymphoma (CTCL), atopic dermatitis (AD), psoriasis, and in normal controls. *p < 0.05 and

**p < 0.01. (b) Correlations between the number of CD163+ cells per high power field (HPF) and serum sCD163 levels. (c) Serum sCD163 levels in patients with CTCL classified

with types of skin lesions. (d) Serum sCD163 levels in patients with AD classified with disease severity. The measured values from individual patients are plotted by dots. Bars

represent average.

M. Sugaya et al. / Journal of Dermatological Science xxx (2012) xxx–xxx 5

G Model

DESC-2399; No. of Pages 7
3.4. Serum sCD163 levels in patients with CTCL, AD, or psoriasis, and

in healthy controls

We next measured serum sCD163 levels in patients with skin
diseases and healthy controls. Serum sCD163 levels in patients with
CTCL were 487.4 � 131.3 ng/mL, which were significantly higher than
those of healthy controls (Fig. 5a; 406.3 � 113.9 ng/mL; p < 0.05).
Patients with AD or psoriasis also showed elevated sCD163 levels in
sera (503.6 � 149.0 ng/mL and 617.1 � 181.3 ng/mL, respectively). In
CTCL patients whose skin and sera were both available, serum sCD163
levels significantly correlated with the numbers of dermal CD163+ cells
(Fig. 5b). Serum sCD163 levels in CTCL with patch (n = 10), plaque
(n = 3), tumor (n = 8), and erythroderma (n = 9) were 460.8 � 113.3 ng/
mL, 476.3 � 37.5 ng/mL, 498.6 � 158.4 ng/mL, and 512.3 � 173.3 ng/
mL, respectively (Fig. 5c). There was a slight trend that serum sCD163
levels increased as disease progressed, although there was no statistical
significance. Serum sCD163 levels in mild-type AD (n = 14), moderate-
type AD (n = 13), and severe-type AD (n = 25) were 440.7 � 97.0 ng/mL,
459.6 � 142.0 ng/mL, and 565.9 � 156.5 ng/mL, respectively (Fig. 5d).
There was also a slight trend that serum sCD163 levels increased in
patients with severe AD, although there was no statistical significance.
Thus, serum sCD163 levels were elevated in patients with CTCL, AD, or
psoriasis, although they did not reflect severities of skin conditions.

3.5. Correlation between serum sCD163 levels and clinical and

laboratory data

We next compared serum sCD163 levels with clinical and
laboratory data: age, serum levels of sIL-2R, IgE, and CCL17. In CTCL
patients, serum sCD163 levels significantly correlated with serum
sIL-2R levels (Fig. 6a; r = 0.40, p < 0.05) and serum CCL17 levels
Please cite this article in press as: Sugaya M, et al. Association of the nu
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(Fig. 6b; r = 0.59, p < 0.05), both of which are regarded as disease
severity markers of CTCL [30,31]. In AD patients, serum sCD163
levels significantly correlated with serum IgE levels (Fig. 6c;
r = 0.44, p < 0.05), while there were no correlations between serum
sCD163 levels and serum sIL-2R or CCL17 levels. In psoriatic
patients, there were no correlations between serum sCD163 levels
and PASI scores (Fig. 6d). Thus, serum sCD163 levels correlated
with disease severity markers in CTCL patients, whereas there
were no or little, if any, correlations between sCD163 levels and
disease activities in AD or psoriasis.

4. Discussion

In this report, we showed that the numbers of CD163+ cells in
lesional skin of CTCL, AD, or psoriasis were significantly larger than
those in normal skin. In CTCL, the numbers of CD163+ or CD68+ cells
increased as more tumor cells infiltrated and they decreased after
treatment with topical steroid and ultraviolet light. Moreover, CTCL
patients with an increased number of CD163+ cells showed worse
prognosis. Serum sCD163 levels in patientswith CTCL, AD, or psoriasis
were significantly higher than those in normal controls. In CTCL
patients, serum sCD163 levels significantly correlated with serum
soluble IL-2 receptor and CCL17 levels. These results suggest that
CD163+ cells may have important roles in the development of CTCL.

Macrophages have a variety of immunological functions such as
phagocytosis, antigen presentation, and cytokine production,
playing important roles in various skin diseases. In this study, we
showed that the numbers of dermal macrophages increased in AD
and psoriasis, which was consistent with previous reports [32–34].
To our surprise, the number and distribution of CD163+ cells were
quite similar to those of CD68+ cells in all specimens in this study,
mbers of CD163+ cells in lesional skin and serum levels of soluble
atol Sci (2012), http://dx.doi.org/10.1016/j.jdermsci.2012.07.007
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Fig. 6. (a and b) Significant correlations between serum levels of soluble CD163 (sCD163) and soluble IL-2 receptor (sIL-2R; (a)) and CCL17 (b) in patient with cutaneous T cell

lymphoma (CTCL). (c) Significant correlation between serum sCD163 and IgE levels in patients with atopic dermatitis (AD). (d) No correlation between serum sCD163 and

PASI score in patients with psoriasis. The measured values from individual patients are plotted by dots.

M. Sugaya et al. / Journal of Dermatological Science xxx (2012) xxx–xxx6

G Model

DESC-2399; No. of Pages 7
suggesting that CD163 might be expressed by all dermal macro-
phages. In some specimen, the numbers of CD163+ cells were larger
than those of CD68+ cells. Similar findings were previously reported
in skin samples of squamous cell carcinoma (SCC) and malignant
melanoma (MM), leading to the conclusion that CD163 was a more
abundant, sensitive, and accurate marker of TAMs in the skin when
compared with CD68 [29,35]. Previous studies using psoriatic skin
revealed that CD163+ cells in the skin included both M1 cells and M2
cells [33,34]. Also, a subset of TAMs in SCC was bi-activated as
CD163+ cells expressed markers for both M1 and M2, shown by
triple-label immunofluorescence [35]. Taken together, CD163 may
not be a specific marker of M2 cells in the dermis. Nonetheless,
CD163 is still an important marker because the numbers of CD163+

cells in the dermis was increased in different kinds of malignancy in
the skin such as MM, SCC, and CTCL. Our study clearly showed that
the numbers of CD163+ cells in CTCL skin correlated with disease
activity and prognosis. We tried in vain to find any cases of patch or
plaque lesions with high numbers of macrophages that later ended
up in progression to tumor. The number of CD163+ cells in patch and
plaque patients could not predict their clinical courses (data not
shown). However, seven (88%) out of eight patients who had already
died showed high numbers (more than 40 cells/HPF) of CD163+ cells,
while only five (63%) showed high numbers of CD68+ cells. These
results suggested that CD163 was a more sensitive and accurate
marker of TAMs in the skin when compared with CD68. We and
others recently have shown that CCL18 mRNA is up-regulated in
CTCL lesional skin and that serum CCL18 levels are significantly
increased and correlate with the severity of CTCL [28,36]. Because
TAMs mainly express this chemokine, they may play important roles
in establishing Th2-dominant environment in CTCL lesional skin.
Please cite this article in press as: Sugaya M, et al. Association of the nu
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Abrogated tumor formation by depletion of macrophages in a
murine cutaneous lymphoma model also suggested a central role of
macrophages in CTCL [27].

CD163 is a member of the scavenger receptor cysteine-rich
family, which is expressed exclusively on human monocytes and
macrophages [37,38]. While CD163 is expressed as a membrane-
bound protein, sCD163 is constitutively present in the serum as a
result of proteolytic shedding [39]. Serum sCD163 levels are
elevated in inflammatory conditions such as sepsis, atherosclero-
sis, liver diseases, and collagen diseases [40–44]. The levels of
sCD163 in synovial fluid were elevated and correlated directly with
global inflammation in spondylarthropathy. In contrast, serum
sCD163 levels were only moderately increased, which did not
correlate with sCD163 levels in synovial fluid [45]. In this study,
serum sCD163 levels were elevated in patients with AD or
psoriasis; however, they did not reflect disease activities. Serum
sCD163 levels are believed to reflect the general body macrophage
load and activation status [46], and macrophages in the skin are
therefore expected to only marginally contribute to the serum
levels. Taken together, sCD163 levels in inflammatory site may
reflect macrophage activation status, while those in sera may not
be a sensitive marker for inflammatory diseases. With regards to
malignancy, serum levels of sCD163 were reported to be an
independent predictor of overall survival in early MM [29]. Serum
sCD163 levels, however, were not related with disease-specific
survival or macrophage infiltration in patients with primary MM,
indicating a causal relationship with other factors, such as
pneumonia, atherosclerosis, or bacteremia. We showed that serum
sCD163 levels in CTCL patients significantly correlated with serum
sIL-2R levels and CCL17 levels, both of which are regarded as
mbers of CD163+ cells in lesional skin and serum levels of soluble
atol Sci (2012), http://dx.doi.org/10.1016/j.jdermsci.2012.07.007
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disease severity markers. Moreover, they significantly correlated
with the numbers of CD163+ cells in CTCL lesional skin. A small
number of tumor cells move throughout the body in cases of CTCL
even though they expand only in the skin. They may induce
systemic activation of macrophages, increasing serum sCD163
levels.

In conclusion, CD163 was a more abundant and accurate
marker of TAMs in the skin when compared with CD68. The
numbers of CD163+ cells in lesional skin and serum sCD163 levels
were associated with disease progression of CTCL. These results
suggest that CD163+ cells may have important roles in the
development of CTCL. Further study focusing on function of
CD163+ cells in CTCL lesional skin would be an interesting research
field.
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