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Summary

Background. Macrophages are classified into classically activated (M1) and alter-
natively activated (M2) macrophages. Decrease in macrophage number in tumour
tissue with treatment has been reported.

Aim. The aim of this study was to determine whether treatment has an effect on
the number of dermal M1 and M2 macrophages in patients with mycosis fungoides
(MF).

Methods. In total, 21 patients (8 women, 13 men; age range 42—73 years) were
included in this study. We determined markers for dermal M1 (inducible nitric oxide
synthase and CD68) and M2 (markers: CD163 and CD206) macrophages using dou-
ble immunohistochemistry to reduce the error rate, and then counted the cells.
Results. The number of dermal M1 cells was significantly lower pretreatment
compared with post-treatment (P < 0.01). The numbers of dermal M2 cells were
also numerically decreased by treatment. These results did not change significantly
after exclusion of the patients who had recurrence (n = 2). There were no statisti-
cally significant differences between groups classified by stage, lesion type or treat-
ment outcome.

Conclusion. Macrophage numbers are decreased in MF after treatment of tumour

tissue.

Introduction

Macrophages are widely distributed immune system
cells, which have prominent roles in cytokine/chemo-
kine production and receptor expression.'* Classically
activated macrophages (M1 cells) are related to inflam-
mation and tumour inhibition, and produce inflamma-
tory cytokines such as tumour necrosis factor (TNF)-a,
interleukin (IL)-1b, IL-6 and IL-23, and high levels of
inducible nitric oxide synthase (iNOS). Alternatively
activated macrophages (M2 cells) are related to
tumour cell growth and produce IL-10. They are also
associated with high expression of the class A
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scavenger receptor CD204, and with mannose recep-
tor, dectin-1, CD209 and CD163.>*

Macrophages in the tumour microenvironment are
termed tumour-associated macrophages (TAMs) and
generally exhibit an M2 phenotype. TAMs produce a
variety of cytokines that act in two contradictory
ways, such as suppressing tumour cells and promoting
tumour progression. Both M1 and M2 macrophages
express CD68 antigens, which are used as markers for
detection of TAMs and macrophages.> >

Numerous studies have reported presence of CD68-
positive macrophages in glioma,® hepatocellular carcin-
oma’ and malignant melanoma;® of CD163-positive
macrophages in leimyosarcoma,” Hodgkin lym-
phoma'® and rectal cancer;'' and of CD206-positive
macrophages in renal cell carcinoma.'? In addition,
low level iNOS secretion has been correlated with poor
prognosis in renal cell'® and colorectal'* cancers.

Mycosis fungoides (MF) is the most common type of
cutaneous T-cell lymphoma (CTCL) and generally
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progresses slowly through patch, plaque and tumour
stages.!>!® Progression is seen in only a few cases over
years, followed by lymph node and visceral involve-
ment.®> Epidemiological studies have shown that the
annual growth rate of this disease is 0.3 cases per
100 000 of the population.'” The aetiology of MF is not
yet known.'® MF is generally a low-grade malignant
lymphoma that has a prolonged survival period." It is
is predominantly a disease of elderly people and is twice
as common in men as in women. '’

The aim of present study was to determine whether
treatment for MF is associated with a difference in the
number of dermal M1 and M2 macrophages, using
double immunohistochemistry with macrophage mark-
ers in skin lesions from patients with MF.

Methods

This study approved by our institutional review board
(5 October 2012, number 12/38), and all participants
provided written informed consent.

Patients and samples

The study was performed in the Dermatology Depart-
ment (Kirikkale University Medical School) between
June 2012 and March 2014. Exclusion criteria for this
study were age < 18 years, pregnancy or lactation,
and receipt of immunosuppressive drug therapy.

In total, 21 patients diagnosed with MF (8 women,
13 men; age range 42—73 years) were enrolled in this
study. Of the 21 patients, 15 patients with patch lesions
were treated with narrowband ultraviolet (UV)B pho-
totherapy and topical corticosteroids, while 6 patients
with plaque lesions were treated with a combination
of psoralen/UVA (PUVA) photochemotherapy and
acitretin.

After 6 months of treatment, 16 patients had com-
plete clearance and 3 patients had partial remission,
while the remaining 2 patients initially had complete
remission but later reported recurrence.

Biopsies

Pretreatment and post-treatment biopsies were obtained
from the same lesion. Because of ethical concerns, we
were not able to obtain biopsies from healthy skin for
comparison. Additional biopsies were also taken from
any patients with recurrence.

The samples were processed for routine examination
and embedded in paraffin wax. Haematoxylin and
eosin-stained slides of samples from patients with MF
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were evaluated, and any blocks considered to contain
tumour were identified for immunohistochemical
analysis.

Immunohistochemistry

Tissue was cut into sections 4 um thick and placed
onto slides coated with poly-L-lysine for immunohis-
tochemical detection of CD68, CD163, CD206 and
iNOS expression, wusing the streptavidin—biotin
immunoperoxidase method. The slides were placed in
an automatic immunostainer (Bond Max; Leica
Microsystems, Wetzlar, Germany). The paraffin wax
was melted, then samples were dewaxed at 72 °C,
rinsed in 96% alcohol and hydrated in Bond Wash
solution. Monoclonal mouse antibodies were used as
primary antibodies in all cases: anti-CD68 (Dako,
Glostrup Denmark) and anti-iNOS (Abcam, Cam-
bridge, UK) for detection of M1 macrophages, and
anti-CD163 (Thermo Fisher Scientific, Waltham, MA,
USA) and anti-CD206 (Santa Cruz Biotechnology Inc,
Santa Cruz, CA, USA) for M2 macrophages. As this
was a double immunohistochemistry staining process,
both antibodies in each set were used together.

The chromogens used for antibody visualization of
antibody were 3,3’-diaminobenzidine (DAB) for iNOS—
CD163 and 3-amino-9-ethylcarbazole (AEC) for
CD68-CD206 antibodies. Antigen retrieval from tis-
sue for antibodies to be used with DAB was carried
out using citrate buffer at 100 °C for 20 min for
anti-iINOS antibody and 10 min for anti-CD163, then
anti-iINOS (diluted 1 : 500) and anti-CD163 (diluted
1 : 50) were added together to the slides, which were
incubated at room temperature for 15 min. Incuba-
tion and washing were performed in an autostainer,
in accordance with the instructions of the antibody
manufacturers, then uncovering of the antigens for
the antibodies to be used with AEC was performed
using EDTA solution at 100 °C for 20 min for anti-
CD68 and 10 min for anti-CD206. Both anti-CD206
(diluted 1 : 50) and anti-CD68 (undiluted) antibodies
were added together to the slides, which were incu-
bated at room temperature for 12 min. A secondary
kit (ChromoPlex™ Dual Detection Kit; Leica, Wetzlar,
Germany) was used for detection of all primer anti-
bodies; the slides were incubated and washed in the
autostainer according to the manufacturer’s instruc-
tions, then the chromogens were added. After further
incubation and washing, the tissue sections were
mounted in glycerol on glass slides, which were
examined under a light microscope with a x 10
objective lens for the presence of M1 and M2 cells.
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Stained cells were counted in 10 microscopic areas
for each section and averaged.

Statistical analysis

All data were analysed with SPSS (Statistical Package
for the Social Sciences) software for Windows (v18.0;
IBM SPSS, Armonk, NY, USA). Statistical analysis was
performed using the Wilcoxon signed rank test for com-
parison of values. Differences in M1 and M2 cell number
between re-formed groups according to stages, lesion
types and treatment outcomes were analysed using
Mann—Whitney U-test and Kruskal-Wallis test. P-values
of < 0.05 were considered statistically significant.

Results

Patient demographics

Patients with MF comprised 38% men and 61.9%
women. Of the 21 patients, 7 (33.3%) were aged 40—
49 years, 8 (38.1%) were aged 50-59 years and 6
(28.6%) were aged 60-70 years (Table 1).

Disease stage

Of the 21 patients, 8 (38.1%) had stage la disease
and 13 (61.9%) had stage 1b disease. There were 15
patients (71.4%) with patch-type lesions and 6
(28.6%) with plaque-type lesions.

Treatment produced partial remission in 3 patients
(14.3%) and complete remission in 19; however, 2 of
these patients (9.5%) later had recurrence, thus com-
plete remission was actually achieved in 16 patients
(76.2%).

Repeat biopsies were taken from the two patients
who had recurrence, and epidermotropism was
detected in the specimens, confirming that a complete
cure had not been achieved in these patients, and they
were therefore placed on maintenance treatment.

Immunohistochemistry

The immunohistopathological staining of sections
stained with iNOS—-CD68 and CD163-CD206 for detec-
tion of dermal M1 and M2 macrophages, respectively,
before and after treatment are shown in Figs 1 and 2.

The number of dermal M1 cells was significantly
lower pre-treatment compared with post-treatment
(P < 0.01). The numbers of dermal M2 cells were also
numerically decreased after treatment, but this was
not significant. The results did not change significantly
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Table 1 Demographics of the patients with MF (n = 21).

Characteristic Result
Sex

Female 8 (38.1)
Male 13 (61.9)
Age, years

Mean + SD 54.48 + 8.08
Range 42-70
Age range, years

40-49 7 (33.3)
50-59 8(38.1)
60-70 6 (28.6)

Data are n (%) unless otherwise specified.

after exclusion of the patients who had recurrence
(Table 2).

Discussion

TAMs, which originate from blood monocytes, are
recruited and differentiated in a tumour mass by vari-
ous signals produced by neoplastic and stromal cells.
This differentiation is a result of the absence of M1-
orienting signals. TAMs play a pivotal role in tumour
growth, progression and dissemination by producing
proangiogenic molecules, vascular endothelial growth
factor, IL-8 and fibroblast growth factor. A high rate
of TAMs is associated with a poor prognosis, and
recent studies indicate that an abundance of TAMs
correlates with the metastatic process in tumours.?>
In this study, we used a double immunohistochem-
istry technique, using markers for M1 and M2 cells.
CD68-positive  stained macrophages have been
reported to be relatively nonspecific for melanoma,
angiosarcoma, lymphoma and schwannoma,'® and
Strojnik et al.® reported that CD68-positive macro-
phages correlated with poor prognosis in glioma.
CD163 has an anti-inflammatory function and its
expression level is much higher in TAMs than in
monocytes.”’ Studies have reported that intratumoral
CD163-positive macrophages correlate with poor prog-
nosis in a variety of tumours, including melanoma
and leimyosarcoma.®? Sugaya et al.> showed that the
numbers of CD163-positive cells in lesional skin of
patients with CTCL, atopic dermatitis or psoriasis were
significantly higher than those in normal skin, and
CD163 was a more abundant marker of TAMs in the
skin compared with CD68.> Similar results were
obtained from tumour tissue of patients with malig-
nant melanoma.® By contrast, Harris et al.?' noted
that the numbers of CD163-positive cells were lower
than those of CD68-positive cells in tumour tissue of
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Figure 1 Immunohistochemical staining of dermal CD68-iNOS positive cells (a,b) before and (c,d) after treatment in lesional skin of
patients with mycosis fungoides (MF). (a) Abundant red (3-amino-9-ethylcarbazole; AEC) points represent CD68 + cells. (b) In enlarged
size, double-stained [AEC + 3,3’-diaminobenzidine (DAB)] cells represent dermal M1 macrophages. (c,d) Numbers of red and double-
stained cells decreased after treatment. (b,d) original magnification x 100.

patients with Hodgkin lymphoma. Consequently,
CD163 may not be a specific marker of M2 macro-
phages in skin; nevertheless, it is still a more sensitive
and useful marker than CD68.?

The human mannose receptor CD206 is a specific
marker of M2 macrophages.”> A recent study reported
that a low number of CD11c-positive macrophages
and a high number of CD206-positive macrophages
are associated with reduced cancer-specific sur-
vival from renal cell carcinoma.!? Furthermore, stud-
ies have shown that CD206 and CD163 expression is
increased on macrophages in the microenvironment of
hepatic metastatic tumour.>?

M1 macrophages secrete high levels of iNOS.* One
study demonstrated that a low level of iNOS secretion
and a high level of CD163 expression were associated
with more advanced tumour stages in patients with
renal cell carcinoma.'® Another recent study also high-
lighted a link between high levels of iNOS secretion and
increased survival of patients with colorectal cancer.'*

4 Clinical and Experimental Dermatology

As mentioned earlier, the existing immunohisto-
chemical data on the identification of M1 and M2
macrophages on various tumours seems to be conflict-
ing. Consequently, we performed double immunohisto-
chemistry for each macrophage type in order to
reduce the error rate during microscopic examination,
using iNOS-CD68 and CD163-CD206 pairs as marker
pairs for detection of dermal M1 and M2 macrophages,
respectively.

We found that the number of M1 macrophages was
significantly reduced in tumour tissue of patients with
MF after treatment. There was also a reduction in M2
cells, but this was not significant. These results were
similar after we excluded patients who had recurrence,
and these changes in M1 and M2 cell numbers were
not affected by stage, lesion type or treatment outcome.

Sugaya et al.® demonstrated that the numbers of
CD163-positive and CD68-positive cells decreased
after treatment with topical steroid and ultraviolet
light in CTCL. Furthermore, an increased number of
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Figure 2 Immunohistochemical staining of dermal CD163—CD206 positive cells (a,b) before and (c,d) after treatment in lesional skin of
patients with mycosis fungoides (MF). (a) Red points represent dermal CD206+ cells. (b) Double-stained cells represent dermal M2
macrophages. Numbers of red and double stained cells decreased after treatment. (b,d) Original magnification x 100.

Table 2 Number of M1 and M2 cells before and after treatment
in all patients with MF, and after exclusion of the two patients
with recurrence.

Group Before treatment After treatment P

All patients (n = 21)

M1 2.75 (0.60-7.50) 1.30 (0.25-7.00) < 0.01
M2 2.00 (0.30-5.10) 1.70 (0.00-6.40) 0.24
No recurrence (n = 19)

M1 2.75 (0.60-7.50) 1.20 (0.25-3.20) <0.01
M2 2.00 (0.30-5.10) 1.70 (0.00-6.40) 0.1

Data are n (range). Wilcoxon signed rank test.

CD163-positive cells correlated with worse prognosis.
They also reported that there was no significant corre-
lation between prognosis and the high number of
CD163-positive macrophages in patch or plaque CTCL.
In addition, Miyagaki et al.>* reported that high serum
levels of CCL18 and high levels of CCL18 expression
by dermal macrophages in lesional skin were associ-
ated with poor prognosis in CTCL. Supporting this,
Gunther et al.*> highlighted that increased expression
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of CCL18 has an immunomodulatory effect on the
pathogenesis of CTCL, and they also observed that
serum levels of CCL18 and levels of CCL18 presenta-
tion in skin biopsy specimens of patients with MF were
higher compared with those of healthy controls. Simi-
larly, we demonstrated that the total number of der-
mal (M1 + M2) macrophages decreased after
treatment, with M1 macrophages showing the greatest
decrease. Although we did not evaluate the prognosis
of our patients with MF, we found that the differences
in M1 and M2 cell numbers were not affected by
tumour stage, lesion type or treatment outcome. These
results indicate the impact of the immunoregulatory
roles of macrophages in the aetiopathogenesis of MF.
TAMs play a prominent role in tumour growth,
progression and dissemination by producing certain
molecules as described above, and we have shown
that the number of macrophages decreased with treat-
ment in patients with MF. When therapy was success-
ful, the number of macrophages reduced and their
regulatory impact on tumour cells disappeared.
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A potential limitation of our study is that we consid-
ered only CD163+ CD206+ cells as being M2 macro-
phages, even though CD68+ iNOS- cells may also
indicate M2 macrophages. However, CD68 (KIP1) is
not a sufficiently specific marker for macrophages, as
it may also be found on neutrophils, basophils, large
lymphocytes, Langerhans cells and myeloid precursors.
Our choice of double staining did not affect our results,
as we detected M2 cells more specifically with CD163+
CD206+ staining.

Conclusion

The number of macrophages decreased after treatment
in patients with MF. This may be attributable to the
reduction of tumour activity due to treatment, provid-
ing a partial explanation for the disappearance of pro-
moting signals that lead to differentiation of M1
macrophages in the tumour microenvironment. Stud-
ies with larger numbers of patients are warranted to
confirm our results.
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What's already known about this topic?

* A decrease in macrophages in tumour tissue
after treatment has been reported.

What does this study add?

 We performed double immunohistochemistry
for each macrophage type in order to reduce
error rate.

e Macrophage numbers in tumour tissue of MF
patients decreased after treatment.

References

1 Schneberger D, Aharonson-Raz K, Singh B. Monocyte
and macrophage heterogeneity and Toll-like receptors in
the lung. Cell Tissue Res 2011; 343: 97-106.

2 Solinas G, Germano G, Mantovani A et al. Tumor-
associated macrophages (TAM) as major players of the

6 Clinical and Experimental Dermatology

cancer-related inflammation. | Leukoc Biol 2009; 86:
1065-73.

3 Sugaya M, Miyagaki T, Ohmatsu H et al. Association of
the numbers of CD163(+) cells in lesional skin and serum
levels of soluble CD163 with disease progression of
cutaneous T cell lymphoma. ] Dermatol Sci 2012; 68:
45-51.

4 Modolell M, Corraliza IM, Link F et al. Reciprocal
regulation of the nitric oxide synthase/arginase balance
in mouse bone marrow derived macrophages by TH1 and
TH2 cytokines. Eur | Immunol 1995; 25: 1101-4.

5 Fujii N, Shomori K, Shiomi T et al. Cancer-associated
fibroblasts and CD163-positive macrophages in oral
squamous cell carcinoma: their clinicopathological and
prognostic significance. ] Oral Pathol Med 2012; 41:
444-51.

6 Strojnik T, Kavalar R, Zajc I et al. Prognostic impact of
CD68 and kallikrein 6 in human glioma. Anticancer Res
2009; 29: 3269-79.

7 Zhu XD, Zhang JB, Zhuang PY et al. High expression of
macrophage colony-stimulating factor in peritumoral
liver tissue is associated with poor survival after curative
resection of hepatocellular carcinoma. J Clin Oncol 2008;
26: 2707-16.

8 Jensen TO, Schmidt H, Moller HJ et al. Macrophage
markers in serum and tumor have prognostic impact in
American Joint Committee on Cancer stage I/11
melanoma. | Clin Oncol 2009; 27: 3330-7.

9 Lee CH, Espinosa I, Vrijaldenhoven S et al. Prognostic
significance of macrophage infiltration in
leiomyosarcomas. Clin Cancer Res 2008; 14: 1423-30.

10 Klein JL, Nguyen TT, Bien-Willner GA et al. CD163
immunohistochemistry is superior to CD68 in predicting
outcome in classical Hodgkin lymphoma. Am ] Clin
Pathol 2014; 141: 381-7.

11 Shabo I, Olsson H, Sun XF, Svanvik J. Expression of the
macrophage antigen CD163 in rectal cancer cells is
associated with early local recurrence and reduced
survival time. Int | Cancer 2009; 125: 1826-31.

12 XulL, Zhu Y, Chen L et al. Prognostic value of
diametrically polarized tumor-associated macrophages in
renal cell carcinoma. Ann Surg Oncol 2014; 21: 3142-50.

13 Dannenmann SR, Thielicke J, Stockli M et al.
Tumor-associated macrophages subvert T-cell
function and correlate with reduced survival in clear
cell renal cell carcinoma. Oncoimmunology 2013; 2:
e23562.

14 Ropponen KM, Kellokoski JK, Lipponen PK et al.
Expression of inducible nitric oxide synthase in colorectal
cancer and its association with prognosis. Scand |
Gastroenterol 2000; 35: 1204-11.

15 Willemze R, Kerl H, Sterry W et al. EORTC classification
for primary cutaneous lymphomas: a proposal from the
Cutaneous Lymphoma Study Group of the European
Organization for Research and Treatment of Cancer.
Blood 1997; 90: 354-71.

© 2017 British Association of Dermatologists



16

17

18

19

20

Sanchez JL, Ackerman AB. The patch stage of mycosis
fungoides. Criteria for histologic diagnosis. Am |
Dermatopathol 1979; 1: 5-26.

Weinstock MA, Gardstein B. Twenty-year trends in
the reported incidence of mycosis fungoides and
associated mortality. Am ] Public Health 1999; 89:
1240-4.

Morales MM, Olsen ], Johansen P et al. Viral
infection, atopy and mycosis fungoides: a European
multicentre case-control study. Eur | Cancer 2003;
39: 511-16.

Nguyen TT, Schwartz EJ, West RB et al. Expression of
CD163 (hemoglobin scavenger receptor) in normal
tissues, lymphomas, carcinomas, and sarcomas is largely
restricted to the monocyte/macrophage lineage. Am |
Surg Pathol 2005; 29: 617-24.

Ritter M, Buechler C, Langmann T et al. The scavenger
receptor CD163: regulation, promoter structure

and genomic organization. Pathobiology 1999; 67:
257-61.

© 2017 British Association of Dermatologists

21

22

23

24

25

Macrophages in the pathogenesis of MF e D. O. Kara et al.

Harris JA, Jain S, Ren Q et al. CD163 versus CD68 in
tumor associated macrophages of classical Hodgkin
lymphoma. Diagn Pathol 2012; 7: 12.

De Palma M, Lewis CE. Macrophage regulation of tumor
responses to anticancer therapies. Cancer Cell 2013; 23:
277-86.

Roland CL, Dineen SP, Toombs JE et al. Tumor-derived
intercellular adhesion molecule-1 mediates tumor-
associated leukocyte infiltration in orthotopic pancreatic
xenografts. Exp Biol Med 2010; 235: 263-70.

Miyagaki T, Sugaya M, Suga H et al. Increased CCL18
expression in patients with cutaneous T-cell
lymphoma: association with disease severity and
prognosis. | Eur Acad Dermatol Venereol 2013; 27:
e60-7.

Gunther C, Zimmermann N, Berndt N et al. Up-
regulation of the chemokine CCL18 by macrophages
is a potential immunomodulatory pathway in
cutaneous T-cell lymphoma. Am | Pathol 2011; 179:
1434-42.

Clinical and Experimental Dermatology 7



