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Abstract: Dermatofibroma (DF) is a mesenchymal tumor of the dermis, but its exact differentiation
lineage is still uncertain. A progenitor cell that may be able to differentiate into fibroblastic, myofi-
broblastic, or fibrohistiocytic cells has been hypothesized. Some authors have also proposed the
possibility of a monocytic-histiocytic origin. We stained 47 consecutive dermatofibromas with
CD64, CD34, CD14, CD163, and CD68 to test which marker is more reliable for the diagnosis and to
gain insight into their histogenesis. From the 35 cases stained with the whole immunohistochemical
panel, all were positive for CD64, mostly showing a strong and diffuse pattern. Regarding all the
other staining, CD14 was strongly positive in 77% of the lesions and CD163 in 20%. The CD68 stain
was intense and diffuse only in 20% of the cases. All lesions were negative for CD34, but two of
them showed patchy and weak staining. DFs were immunohistochemically stained positively with
a set of macrophage/monocyte/histiocyte lineage markers such as CD14, CD68, CD163, and CD64.
This finding favors an active pro-inflammatory immature monocyte-lineage cell as the more suita-
ble origin for DF. CD64 seems to be more sensitive than other markers to confirm the diagnosis.
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1. Introduction

Dermatofibroma (DF) is a common skin tumor, predominantly occurring on the
trunk or the extremities of young adults, that is histopathologically characterized by the
presence of different cell types in varying proportions, including fibroblastic, histiocytes,
and multinucleated giant cells [1]. Although its true differentiation lineage is still uncer-
tain, a progenitor cell that may be able to differentiate into fibroblastic, myofibroblastic,
or fibrohistocytic cells has been suggested.

Some authors have also proposed the possibility of a monocyte-histiocytic origin
[2,3]. As in many examples, the lesion arises secondary to trauma, a reactive inflammatory
process could be the cause [4], although most authors now consider DF as a neoplastic
process [5,6].

FXIIla, which was thought to stain dermal dendrocytes, is a classic immunohisto-
chemical marker for the diagnosis of DF [1].

Fibrocytes, dermal dendritic cells, and histiocytes are all known to be derived from
CD14 monocytes. Therefore, some authors have suggested that these cells could be the
origin of DF [2]. Finally, histiocytic markers like HAM-56, C68, and alpha-1-antitrypsin
positively stain DF [7,8].
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In our study, we attempt to show the expression of CD64 in DFs. Additionally, we
point out the usefulness of CD64 by comparing this staining with previously used markers
for DF that are helpful to delineate macrophage-monocyte lineages, such as CD68, CD163,
and CD14.

2. Materials and Methods

We stained 47 cases of DF with CD64, CD34, CD14, CD163, and CD68 antibodies.
They included 7 cases of cellular dermatofibroma and one each of xanthomatous, subcu-
taneous, and hemorrhagic DFs, respectively. Cases were consecutively retrieved from the
database of one of the authors (HK) throughout several weeks in 2016. Tissue sections
from each case were stained with hematoxylin and eosin.

Immunohistochemistry

Four-um sections were mounted on positively charged slides. Sections were later
dried overnight at 45 °C. Slides were deparaffinized in xylene for 30 min, rehydrated us-
ing graded ethanol concentrations, and incubated for 30 min at 95 °C in EDTA buffer (pH
=9.0). They were cooled down to room temperature for 20 min. Following quenching with
alkaline phosphatase and biotin blocking using avidin, sections were incubated with
CD163, CD34, CD64, CD34, and CD14. A list of the antibodies used in this study can be
found in Table 1. Automatic staining was performed by a TechMate 500 (Biotech Solu-
tions, Dako, Glostrup, Denmark) as a detection system and labeled with streptavidin-bi-
otin (LSAB).

Table 1. List of antibodies used in this study.

Anti Re-
Antibody Clon Source Company Dilution nhlf;:;l ¢ Predigestion
CDo64 3D3 Mouse Abcam, Cambridge/UK 1:4000 pH9.0 None
CD163 10D6 Mouse Menarini, Berlin/Germany 1:2000 pH9.0 None
CD14 7 Mouse Leica, Newcastle/UK 1:200 pH9.0 None
HPCA-1 My10 Mouse BD Blosc1encerf{alr-11}e;1delberg/Ger— 1:100 pH6.1 Proteinase K
CD68 PG-M1  Mouse DAKO, Hamburg/Germany 1:200 pH 6.1 Proteinase K
For every staining, intensity was tabulated as positive (strong diffuse, strong patchy, moderate dif-
fuse, moderate, patchy, weak diffuse, and weak patchy) and completely negative.
3. Results
Staining results in the 35 cases where all stains were performed (Table 2).
Table 2. Staining of 35 dermatofibroma cases with the complete set of biomarkers.
Number DF type CD64 CD14 CD163 CD68 CD34
1 Cel DF S, D S P M, P M, P NEG
2 Cel DF S, D S P M, P M, P NEG
3 Cel DF S F S P S P M, P W, P
4 S,D W, P W, P W, P W, P
5 S, D NEG W, P NEG W, P
6 Cel DF S, D S,D M, D S,D NEG
7 W, D NEG NEG NEG NEG
8 S,D W, P NEG M, P NEG
9 S, D W, P NEG NEG NEG
10 Cel DF S, D S P S P M, P NEG
11 S,D S,D M, D M, P NEG
12 Hem DF S,D S,D M, D M, P NEG
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13
14
15
16
17
18
19
20
21

22

23
24
25
26
27
28
29
30
31
32
33
34

35

Percentage of

positivity

Cel DF S, D S, D M, D M, P NEG
DF S, D s, D s, D M, P NEG
DF s, D s, D NEG M, P NEG

Scl DF S, D S, D W, P M, P NEG
DF S, D s, D M, D M, P NEG
DF s, D s, D M, D M, P NEG
DF s, D s, D W, D M, P NEG
DF W, D W, D M, D NEG NEG
DF W, D W, D M, D NEG NEG
DF s, D NEG W, P M, P (Scarce NEG

cells)
DF s, D NEG W, P W, P NEG
DF W, D W, D NEG M, P NEG
Hem DF S, D S, D S, D S, D NEG

Atr DF s, D s, D NEG M, F NEG

Atr DF s, D s, D NEG M, F NEG
DF s, D s, D s, D s, D NEG

Cel DF S, D S, D S, D S, D NEG

Hem DF S, D s, D s, D S, D NEG
DF s, D s, D M, D s, D NEG
DF s, D s, D NEG s, D NEG
DF S, F S, P M, P M, P W, P
DF S, D s, D M, D M, P NEG

Cel DF S, D S, P M, P M, P (Scarce NEG

cells)
100% 88.6% 80% 88.6% 11.4%

Sand D:86% SandD:51.4% SandD:14.3% Sand D:20% S and D: 0%

Legends: 4DF: classic dermatofibroma (DF). Cel DF: cellular DF. Scl DF: DF with sclerosis. Hem DF:
hemorrhagic DF. Pigm DF: Pigmented DF. Atr DF: atrophic DF. S: Strong. W: Weak. F: Focal. D:
diffuse. NEG: Negative.

All cases were stained positively with CD64. Most of them in a diffuse way, with
intense staining (91.5%). Regarding the staining with all the other markers, CD14 was in-
tensively positive in 77.1% of the cases and CD163 in 62.9%, most of them with a focal
dispersed staining mostly located in the deeper part or the periphery of the tumor. In five
cases CD163 was similar to CD64 in intensity and distribution. CD68 stained positively
and intensely only in 17% of the cases. No cases were positive for CD34, but two of them
showed focal and weak staining.

An example of CD14 and CD64 staining can be seen in Figure 1.

CD14 was negative in 5 of the cases stained with CD64. Twenty-six cases had a quite
similar pattern with CD14 and CD64, but the intensity of stain and clear delimitation of
DF tumor cells with CD64 was slightly better in 17 cases.

Finally, CD68 usually showed a focal, dispersed cytoplasmic staining while it stained
some cells in the periphery of the tumor and highlighted multinucleated giant cells when
present.
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Figure 1. HE staining of dermatofibroma. Panoramic image (20x magnification, upper panel) and
details of fibrohistiocytic cells (100x middle panels) and (200%, lower panels). CD14 shows a diffuse
pattern, although more intense in the deeper areas of the lesion. CD64 shows a similar staining pat-
tern but with a stronger and more diffuse reactivity.

4. Discussion

Although the histopathologic diagnosis of a classic DF is generally straightforward,
immunohistochemistry is an additional help in distinguishing some variants, such as cel-
lular DF, from other tumors [9]. In the differential diagnosis between DF and dermatofi-
brosarcoma protuberans (DFSP), many immunohistochemical markers have been used. A
classic one is CD34, which is mostly negative in DF, although it could be expressed in 6 to
20% of the cases [2,9]. Other markers have also been used, such as the extracellular matrix
metalloproteinase stromelysin3 (usually positive in DF), high mobility group A proteins
(HMGA?2) (usually positive in DF), apolipoprotein D (negative in DF), nestin (negative in
DF), and CD117 (negative in DF) [2,9].

In our cases, we included typical DFs as well as several variants of DF to test the
usefulness of different histiocytic/monocytic markers.

CD163 is a 175 KDa glycoprotein belonging to the family of scavenger transmem-
brane receptors. It functions as a hemoglobin scavenger receptor expressed by monocytes
and macrophages. In eyelid-located dermatofibromas, a group of authors reported a case
that stained with CD163, which is a lineage-specific biomarker for bone marrow-derived
monocytic/histiocytic cells, and they concluded that FXIIla (typically found in monocytes)
and CD163 were the benchmark biomarkers for dendritic cells (in a cytoplasmic staining)
[3].

As dermal dendritic cells form DF express factor Xllla+ and/or CD163, those cells
have been postulated to arise in the bone marrow as monocytes and to settle after circu-
lating in the blood. The authors of [3] describe how CD163 is usually expressed in DFs
(89%), cellular fibrous histiocytoma (100%), and rarely in DESP (17%) [10], but it is not
expressed in atypical fibroxanthoma (AFX) [11]. In our study, we found similar results for
CD163, which was expressed in 80% of cases and strongly and diffusely positive in 14.3%
of cases.

CD68 is a 110 kDa glycoprotein associated with lysosomes and used for the identifi-
cation of monocytes and macrophages. It is comparatively less specific because it
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positively stains myeloid cells, dendritic cells, fibroblasts, and Schwann cells [3]. In our
study, 88.6% of the cases were positive, albeit with moderate and patchy staining.

Remarkably, CD64 was positive in all but two cases. This marker is expressed in mac-
rophages and, as CD64-positive cells are a target for chronic inflammation, its positivity
in DF explains why these lesions frequently appear after an inflammatory process second-
ary to an unknown stimulus.

All our cases were negative for CD34 even when we used the QBend10 antibody due
to its greater sensitivity.

Moreover, although these markers favor a DF differentiation lineage mimicking
monocytes, there are plenty of differences between monocyte-macrophage lineage cells in
their transcriptional profiling and tissue homing, thus indicating that this differentiation
is a very dynamic process.

Macrophages show wide plasticity and differentiation dynamics towards M1 (CDé4,
CD80) and M2 (CD163, CD209) profiles. The M1 cell type results in the release of proin-
flammatory cytokines such as IL-6, IL-12, and IL-23 that promote Th1 and Th17 polariza-
tion, whereas M2 cells are alternatively activated by IL-4, IL-10, or IL-13. A subpopulation
with a less mature phenotype and characterized by high CD64 expression, along with a
weak expression of CD163 and absence of CD34 was the most frequent finding in our DF
series. This points to an M1 pro-inflammatory macrophage differentiation in most of the
cases, although up to 14.3% of the cases presented M2 CD163+ cells. We postulate that this
staining pattern could be related to the presence of mainly active pro-inflammatory im-
mature M1-type monocyte-lineage cells in DF, as described in previous articles on macro-
phage-based inflammation [12,13]. Moreover, in the blood, IL-6 modestly increases CD64
and seems to stimulate M1 pro-inflammatory macrophage differentiation [14]. It is well
known that a proper course of inflammation is strongly dependent on a correctly balanced
dynamic ratio of M1 and M2 macrophages. The failure to switch from a predominance of
M1 to M2 causes a perpetuation of chronic inflammation [15], which may lead later to the
appearance of a clone selection and a neoplastic process in DF. In fact, a macrophage re-
lated chronic inflammation has been demonstrated in non-healing wounds, and the rele-
vance of CD64+ cells in skin inflammation has been tested by using an antibody directed
against CD64 that demonstrates histological clearance of M1 macrophages followed by
other inflammatory cells [16,17]. Other experimental therapeutic approaches, such as the
use of a modified nanoparticle, plyethylenimine grafted with a mannose receptor ligand
to induce CD163 to reverse chronic wound, have not been tested to treat DF but may be
useful for a non-surgical therapeutic approach to these lesions [17].

In our work, FXIIla was not included in the antibody panel because we focused on
markers to clarify DF lineage, not to diagnose DF [18]. Nevertheless, based on the few
cases that were also stained with FXIIla, the sensitivity of CD64 seemed to mirror that of
FXIlla. However, a more detailed study would be necessary to compare the diagnostic
performance of both markers.

Finally, it is important to note that no cases of some infrequent variants, such as gran-
ular cell DF, were included in our series. Previous studies on this variant, caused by dys-
function of a lysosomal enzyme or a lysosomal-associated protein involved in enzyme
activation, reported CD68 diffuse positive staining as well as lack of expression of CD34,
Melan-A, and CD10 [19].

5. Conclusions

In conclusion, DF positively stained with a set of macrophage/monocyte/histiocyte
lineage markers such as CD14, CD68, CD163, and CD64. In our experience, CD64 stains
tumor cells more diffusely and intensely, making it a good marker for DF. Since all these
markers can be found in immature pro-inflammatory monocytes, their presence in DF
raises the question of a M1 monocyte-type differentiation lineage in DF, which should be
further studied.
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