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Abstract

Objectives: Peripheral blood monocytes are categorized as classical (CD14*/CD16")
or nonclassical (CD14 /CD16* and CD14"/CD16") based on their CD14 expression
and CD16 expression. Maturation of classical monocytes produces CD14"/CD16*
macrophages. Our aim was to clarify the in vivo distribution of CD14 and C16 mono-
cytes/macrophages in three granulomatous skin diseases—sarcoidosis, granuloma
annulare, and lupus miliaris disseminatus faciei.

Methods: CD14 and CD16 immunohistochemistry, and CD14/CD16, CD16/CD11c,
CD16/CDé68, and CD16/factor Xllla dual labeling were performed in tissues sampled
from three cases of sarcoidosis, four cases of granuloma annulare, and three cases of
lupus miliaris disseminatus faciei.

Results: The main infiltrating cell types were CD14"/CD16" and CD147/CD16"" mac-
rophages. A small number of CD14"/CD16™ macrophages localized along the granu-
loma periphery. Dual immunofluorescence showed that CD16" overlapped the most
with CD68" cells, partially overlapped with CD11c" cells, and did not overlap with
FXIlla" cells.

Conclusions: Inflammatory granulomatous skin diseases are characterized by
CD16", mature and inflammatory macrophages; some of which are in the process of

maturation.
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1 | INTRODUCTION (CD14*/CD16" and CD147/CD16") subtypes, of which CD14*/CD16*
makes up about 10%.% Due to their inflammatory cytokine produc-
Peripheral blood monocytes are typically characterized as classi- tion and antigen-presenting ability, nonclassical monocytes are also
cal (CD14**/CD16"), intermediate (CD14*/CD16"), or nonclassical termed inflammatory monocytes.
(CD147/CD16""), according to their cell surface markers.r A simpler Previous studies have shown that CD14**/CD16" cells differen-

classification includes only classical (CD14*/CD167) and nonclassical tiate into CD14*/CD16* macrophages.3 In addition, CD14*/CD16*
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cells have high HLA-DR content and low levels of CD11b and CD33,
which is consistent with the characteristics of alveolar tissue mac-
rophages.® CD16-positive tissue macrophages are the predominant
effectors in granulomatous skin diseases; however, the distributions
and levels of CD14 expression and CD16 expression in skin lesion
monocytes/macrophages remain undetermined.

In the present study, we describe the maturation and immuno-
logical function of monocytes/macrophages in three granulomatous
skin diseases—sarcoidosis, granuloma annulare (GA), and lupus mil-
iaris disseminatus faciei (LMDF).

2 | METHODS
2.1 | Patients and specimens

Over the past 6 years, the Showa University Department of
Dermatology (Tokyo, Japan) has diagnosed five cases of sarcoidosis,
five cases of GA, and seven cases of LMDF. Thus, a total of 17 cases
were retrospectively analyzed in this study. Ten sections from each
patient's stored tissue block were included in our analysis. The study
was approved by the ethics committee of Showa University.
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2.2 | Immunohistochemistry

Immunohistochemistry was performed using a previously published
amino acid polymer method (Nichirei).* For antigen retrieval, paraf-
fin-embedded sections were incubated at 98°C for 45 minutes in
1 mmol/L ethylenediaminetetraacetic acid (EDTA) and 10 mmol/L
Tris-HCI buffer (pH 9.0). CD14 (Novocastra Laboratories Ltd;
1:100) and CD16 (Abcam; 1:100) primary antibodies were added to
specimens and incubated overnight in a moist chamber at 4°C. The
preparations were incubated with Simple Stain MAX-PO (Nichirei)
for 30 minutes. Peroxidase binding sites were revealed using a
Liquid DAB (3,3-diaminobenzidine tetrachloride) Plus Substrate
Chromogen system (Dako), and sections were counterstained and
mounted.

2.3 | Dual immunofluorescence labeling

Dual labeling of CD14/CD16, CD16/CD11c, CD16/CDé68, and
CD16/factor Xllla (FXIlla) were performed in sarcoidosis tissues
(three cases), GA tissues (four cases), and LMDF tissues (three cases).
Double labeling of CD16/CD56 was only performed for sarcoidosis

FIGURE 1 Immunohistochemical
detection of CD14 and CD16. Low-power
view of CD14 (A,C,E) labeling and CD16
(B,D,F) labeling shows a pattern consistent
with granulomatous nodules in sarcoidosis
(A,B), granuloma annulare (GA; C,D), and
lupus miliaris disseminatus faciei (LMDF,
E,F)

5 W



ITOET AL.

12 Journal of
AYARB DA Cutancous Immunology s Allergy @

tissues (three cases). The deparaffinized sections were processed
for antigen retrieval (described above). Primary antibodies included
mouse anti-human CD14 antibody (Novocastra Laboratories Ltd;
1:100), rabbit anti-human CD16 antibody (Abcam; 1:100), mouse
anti-human CD11c antibody (Novocastra Laboratories Ltd; 1:100),
mouse anti-human CDé8 antibody (Dako Japan; 1:150), mouse anti-
human FXllla antibody (Novocastra Laboratories Ltd; 1:200), and
mouse anti-human CD56 antibody (Novocastra Laboratories Ltd;
1:500). An Alexa Fluor® 594 F(ab7)2 fragment of goat anti-rabbit 1IgG
[H+L] (Life Technologies) and an Alexa Fluor® 488 F(ab7)3 fragment
of goat anti-mouse IgG [H+L] (Life Technologies) were used. The
two signals were merged using the DP manager imaging software
(Olympus).

3 | RESULTS

CD14 and CD16 immunohistochemical staining revealed patterns
consistent with granulomatous nodules (Figure 1). Various types of
multinucleated giant cells were observed across the disease types.

The sarcoidosis series included three cases of CD147/CD16%, one
case of CD14*/CD16", and one case of CD14*/CD16™ multinucleated

giant cells (Figure 2A,B and Table 1). The GA series included two
cases of CD147/CD16" multinucleated giant cells (Figure 2C,D and
Table 1). All seven LMDF samples contained CD16" multinucleated
giant cells; five CD147/CD16" and two CD14*/CD16" (Figure 2E,F
and Table 1).

Dual CD14 and CD16 labeling in GA tissues revealed low repre-
sentation of CD14%/CD16™ cells in the outer granuloma nodule and
a high CD16" signal in the inner nodule (Figure 3A,B). In sarcoidosis
tissues, CD14%/CD16" cells (yellow) and CD147/CD16"" cells (red)
predominated, whereas fewer CD14*/CD16™ cells (green) were ob-
served. However, relative proportions of the three cell types varied
across cases and nodules. Overall, green stains were most prevalent
in granuloma nodule margins and occasionally scattered inside the
nodules (Figure 4A).

Dual labeling of CD16 and other macrophage/dendritic cell
markers (CD11c, CD68, FXllla, and CD56) revealed that there was
an overlap between CD16" cells (red) and CD68" cells (green) in
sarcoidosis tissues (Figure 4B). Most CD16" cells (red) and CD11c*
cells (green) overlapped, but some CD167/CD11c" cells were
also found along the granuloma margins (Figure 5A). There was
no overlap between CD16" cells (red) and FXllla* cells (green)
(Figure 5B). Previous studies reported that a CD56" monocyte

FIGURE 2 Expression of CD14 and
CD16 in multinucleated giant cells.
Multinucleated giant cell expression of
CD14™ (A,C,E) and CD16" (B,D,F) (arrows).
Sarcoidosis (A,B), GA (C,D), and LMDF
(E,F)
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subset was observed in this setting, but we found few CD56" cells
in the sarcoid nodule and no obvious overlap with CD16" cells
(data not shown).

In LMDF tissues, the nodule center was occupied by CD147/
CD16" cells (red) and surrounded by CD14"/CD16" cells (yellow),

TABLE 1 Immunohistochemical analysis of CD14 and CD16 in
granulomatous skin diseases

Multinucleated giant

Granuloma cell

Case Diagnosis CDhi14 CD16 CD14 CD16

1 Sarcoidosis  (+) (+) ) (+)

2 Sarcoidosis  (+) (+) (+) =)

3 Sarcoidosis  (+) (+) ) (+)

4 Sarcoidosis  (+) (+) (+) (+)

5 Sarcoidosis  (+) (+) ) (+)

1 GA (+) (+) =) Not found
2 GA (+) (+) ) (+)

3 GA (+) (+) Not Not found

found
4 GA (+) (+) Not Not found
found

5 GA (+) (+) ) (+)

1 LMDF +) (+) +) (+)

2 LMDF (+) (+) ) (+)

3 LMDF +) (+) ) (+)

4 LMDF (+) (+) (+) (+)

5 LMDF +) (+) ) (+)

6 LMDF (+) (+) ) (+)

7 LMDF (+) (+) ) (+)

Note: CD147/CD16"-multinucleated giant cells were detected in
sarcoidosis (3/5 cases), GA (2/5 cases), and LMDF (5/7 cases) tissues.

FIGURE 3 Dualimmunofluorescence
labeling of CD14/CD16 in GA tissue.
CD147/CD16" cells (red) predominate

in the inner portion of the granuloma,
whereas a small proportion of CD14*/
CD16™ cells (green) are present within the
outer portion
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with CD14%/CD16™ cells (green) distributed in the outermost layer
(Figure 6A). CD16" cells (red) and CDé8" cells (green) exhibited
the highest degree of overlap. CD167/CD68" cells were distrib-
uted around the granulomas (Figure 6B). There was overlap be-
tween CD16" and CD11c" cells (yellow), but CD16"/CD11c” (red)
and CD167/CD11c" cells (green) were also found in some areas
(Figure 7A). Similar to cases of sarcoidosis, there was no overlap be-
tween CD16" (red) and FXllIla* cells (green) (Figure 7B).

4 | DISCUSSION/CONCLUSION

Our results show that, in cases of noninfectious cutaneous granu-
lomatous disease, most infiltrating macrophages were CD14"/CD16"
and CD147/CD16"" mature macrophages. However, a small number of
CD14*/CD16~ immature macrophages were identified at the periph-
ery of granulomas in LMDF and GA tissues. These CD14*/CD16 cells
are derived from immature monocytes and migrate from the blood to
the skin tissue.? It is assumed that maturation continues during granu-
loma nodule formation, producing macrophages with strong CD16 ex-
pression. Compared with other peripheral blood monocytes, CD14"/
CD16"* monocytes produce high levels of TNF-a upon TLR-4 ligand
stimulation with LPS and TLR-2 ligand stimulation with Pam3Cys.5 In
addition, these cells express low mRNA and protein levels of the non-
inflammatory cytokine 1L-10.% Based on these observations, CD14"/
CD16" cells can also be termed inflammatory monocytes. A report
that examined the blood monocyte immune phenotype in sarcoido-
sis patients found that the percentage of CD14*/CD16* monocytes
increased significantly in sarcoidosis patients compared with healthy
controls (11.8 + 4.9% vs 5.8 + 2.8%).” In addition, a significant corre-
lation was identified between serum angiotensin-converting enzyme
levels and the proportion of CD14*/CD16* monocytes in sarcoidosis
patients.” Based on these results, the authors suggested that CD14%/

CD16" peripheral blood monocytes can be used as a sensitive marker
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of disease activity in sarcoidosis.” In the present study, we did not find

a correlation between the proportion of CD14*/CD16" macrophages
and clinical activity, which may be due to the variation observed in the
proportion and distribution of CD14*/CD16” and CD14*/CD16" cells
across cases and nodules.

CDé68, a 110-kDa membrane glycoprotein in the LAMP family, is
widely expressed in monocytes/macrophages.® We found the great-
est overlap between the CD16 and CDé68 signals. CD16 expression
in dendritic cells (CD11c)9 was common but not universal. In addi-
tion, CD16 expression did not overlap with that of dermal dendritic
cells derived from monocytes/macrophages or fibro-histiocytic cells
(FXIIla).X0 Collectively, these results support the conclusion that the
CD14"/CD16" and CD147/CD16"" cells observed in our study are

mature macrophages.

FIGURE 4 Dual immunofluorescence
labeling of CD14/CD16 and CD16/CD68
in sarcoidosis tissue. A, CD14*/CD16*
(yellow) and CD147/CD16™" cells (red)
occupy the majority of the granuloma,
with CD14%/CD16™ cells (green) localized
in a smaller area. B, Overlap of CD16"
(red) and CD68" cells (green). The dotted
line indicates the dermo-epidermal
junction

FIGURE 5 Dualimmunofluorescence
labeling of CD16/CD11c and CD16/FXllla
in sarcoidosis tissue. A, Most CD16" (red)
and CD11c" cells (green) overlapped, but
CD167/CD11c" cells were also found at
the granuloma margins. B, No overlap
between CD16" (red) and FXllIla* cells
(green) was observed. The dotted line
indicates the dermo-epidermal junction

Multinucleated giant cells were found in four of five cases
of sarcoidosis, two of five cases of GA, and all cases of LMDF.
Multinucleated giant cells are formed in vitro from peripheral
blood CD14**/CD16™ monocytes via stimulation with cytokines
and lectins.'! IFN-y plays an important role in monocyte fusion,
but other cytokines such as IL-3, IL-4, IL-13, and GM-CSF are re-
ported to be involved in multinucleated giant cell formation.**
IFN-y preferentially induces the development of Langhans-type
giant cells, whereas IL-4 induces the development of foreign body-
type giant cells.}? Relative to controls, peripheral blood mono-
cytes from sarcoidosis patients better induced multinucleated
giant cells in vitro due to their high expression of P2X7,'% a plasma
membrane receptor responsible for cell-to-cell adhesion.!* When

concanavalin A was cultured with blood monocytes to examine
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FIGURE 6 Dualimmunofluorescence
labeling of CD14/CD16 and CD16/
CD68 in LMDF tissue. A, CD147/

CD16" cells (red) occupied the center

of the granulomatous nodules and were
surrounded by CD14%/CD16" cells
(yellow). The outermost layer contained
CD14%/CD16 cells (green). B, Overlap of
the CD16" (red) and CD68" cells (green).
The dotted line indicates the dermo-
epidermal junction

FIGURE 7 Dualimmunofluorescence
labeling of CD16/CD11c and CD16/
FXllla in LMDF tissue. A, Positive overlap
between CD16" (orange) and CD11c*
(yellow) signals, and also between single-
labeled CD16"/CD11c™ cells (red) and
CD16/CD11c" cells (green). B, No overlap
between CD16" (red) and FXllla* (green)
signals was observed. The dotted line
indicates the dermo-epidermal junction

giant cell formation, a fusion index of 30%-40% was obtained
from freshly isolated monocytes and CD14*/CD16 monocytes
for both the Langhans type and foreign body types.** However,
CD14"/CD16" monocytes did not undergo fusion,'* suggesting
that CD14"/CD16™ monocytes were responsible for multinucle-
ated giant cell formation. In the present evaluation of sarcoidosis
tissue, CD147/CD16"-multinucleated giant cells were observed in
three cases, with each sample containing CD14*/CD16" or CD14"/
CD16 -multinucleated giant cells. Thus, our findings suggest that
sarcoidosis giant cells are formed via cell fusion of CD14"/CD16"
monocytes that are stimulated by cytokines, with these giant cells
expressing CD16 in skin tissue upon further maturation. In only
one case of sarcoidosis, CD14*/CD16~ immature giant cells were

exceptionally observed. As for macrophages, the proportion of

]
]
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immature macrophages varies from case to case, and it is therefore
assumed that giant cells can remain immature in the skin lesions. It
is necessary to verify by increasing the number of cases.

LMDF is now recognized as a granulomatous reaction to the hair
follicle and its contents.’®> The LMDF central nodule exhibits evi-
dence of necrosis and is negative for tuberculosis. The etiology of
GA is diverse, but there is a degeneration of connective tissue in
the central nodule, which is thought to result from an immunolog-
ical response. In both LMDF and GA, mature CD14"/CD16* mac-
rophages accounted for the majority of granuloma cells, but a small
proportion of CD14*/CD16™ cells were localized at the granuloma
periphery. Thus, our results suggest that maturation progresses
from the peripheral cells toward the center, where CD16 expression

is stimulated.
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In summary, our evaluation indicates that the infiltrating cells

in inflammatory granulomatous skin diseases are predominantly
CD16", mature, and inflammatory macrophages; some of which in-
clude residual CD14*/CD16” immature macrophages that are in the

process of maturation.
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