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Abstract

Background Cutaneous polyarteritis nodosa (CPAN), a cutaneous vasculitis that affects small- and medium-sized arteries,
is thought to be mediated by immune complexes. However, little is known about its etiology. Macrophages are important
pathogenic factors in various vascular inflammatory diseases, including certain types of vasculitis. However, their role in CPAN
remains unexplored. Objectives To describe the demographic, clinical, and laboratory findings and investigate the distribution
of M1 and M2 macrophages in CPAN. Methods This was a cross-sectional study involving fourteen patients with CPAN and
nine control participants. Medical records were reviewed to determine demographic and clinical data, and laboratory findings.
Skin biopsies obtained during disease manifestations were evaluated immunohistochemically. M1 macrophages were identified
using STAT'1 expression, and M2 macrophages were identified using CD163, CD206, and CMAF expression. Results CPAN was
predominant in women, and the mean age of patients was 39 years. The main dermatological lesions were ulcers, subcutaneous
nodules, and livedo. Increased lipoprotein(a) levels (28%) and a positive tuberculin skin test in 40% of the tested patients were
our main laboratory findings. Direct immunofluorescence was positive in 88.9% of the cases. Immunohistochemical analysis
revealed an increased percentage of M2 macrophages in CPAN patients compared with that in the control group. Conclusions
This is a novel study on macrophage polarization in CPAN, where the number of cells expressing CD163 and CMAF was found
to be increased. M2 macrophage predominance suggests an important role for the innate immune system in the pathophysiology
of CPAN and may provide insights for potential therapeutic targets.

1 | INTRODUCTION

Cutaneous polyarteritis nodosa (CPAN) or cutaneous arteritis is a rare form of single organ vasculitis that
affects small- and medium-sized arteries of the dermo-hypodermic junction and subcutaneous tissue. CPAN
is a chronic and benign disease. It affects patients of all ages, and a female preponderance has been reported.
The incidence and prevalence of CPAN are not well-established. Despite its good prognosis, certain cases
exhibit major complications and may require careful management.!»2

CPAN is potentially mediated by immune complexes, as the presence of IgM and C3 deposits in affected
arterial walls is commonly found; however, its etiology is not fully understood.? For instance, serum IgM
and IgG anti-phosphatidylserine-prothrombin complex (anti-PT/PS) antibodies were found in 81% and 31%
of CPAN patients, respectively. Such findings support the hypothesis that the PS/PT complex may trigger
an immune response with the formation of antigen-antibody complexes. These may initiate the classical
complement pathway, leading to uncontrolled inflammation in vessel walls.*



CPAN may have genetic origins. CPAN was found to be in the spectrum of manifestations associated with
adenosine deaminase 2 (ADA2) enzyme deficiency. ADA2 plays an important role in maintaining vascular
integrity. Furthermore, ADA2 serves as a growth factor for endothelial and hematopoietic cells and acts as
a promoter of monocyte proliferation and M2 macrophage polarization.?°

The role of macrophages in vascular inflammatory diseases may provide insights for potential therapeutic
targets.” Recent studies revealed that these cells are an important pathogenic factor in the development of
various types of vasculitis, including giant cell arteritis, Kawasaki disease, Henoch-Schénlein purpura, and
ANCA-associated vasculitis.® !

However, the role of macrophages in patients with CPAN has never been reported. Therefore, the objectives
of this study were to investigate the distribution of M1 and M2 macrophage phenotypes in CPAN and to
describe the clinical characteristics of affected patients.

2 | PATIENTS AND METHODS
Patient characteristics and tissue collection

Fourteen patients with CPAN were admitted to the Vasculitis Outpatient Clinic, Dermatology Department
of University of Sdo Paulo Medical School (Sao Paulo, Brazil) between January 2004 and December 2018.
These patients were retrospectively analyzed in this study. Cases were selected according to the following
criteria: (1) patients with a clinical and histological diagnosis of CPAN, after exclusion of internal organ
involvement and (2) availability of adequate skin biopsy samples obtained from lesions located in the lower
extremities during disease activity with no active treatment.

Tissue specimens were fixed in 10% formalin, step-sectioned, and stained with hematoxylin and eosin (HE).
All histopathological exams were reviewed by an experienced pathologist, and the diagnosis of CPAN was
made by the presence of necrotizing vasculitis of medium-sized arteries. In certain cases, Weigert Resorcin-
Fuchsin staining for elastic fibers (WRF) was performed (Figures 1 and 2) to confirm whether the compro-
mised vessels were arteries. Medical records were reviewed to determine demographic and clinical data and
laboratory findings.

Additionally, we selected nine skin biopsy specimens as a control group. The biopsies had been previously
obtained from the lower limbs of nine healthy volunteers, and were stored in the pathology laboratory of the
Hospital. The control participants had a mean age of 55.4 years [standard deviation (SD) 13.5 years] and
included five female participants (55.6%) and four male participants (44.4%). Patients and controls matched
on gender, but not in age.

This study was approved by the Ethics Committee of Hospital das Clinicas of the University of Sao Paulo
Medical School under the reference number 1.904.121, and written informed consent was obtained from all
the participants.

Immunohistochemical analyses

Samples were processed for immunohistochemical evaluation. Histological sections obtained from paraffin
blocks of the skin biopsy fragments were used to identify M1 and M2 macrophages in the vascular walls. To
identify M1 macrophages, anti-STAT1 (SC135648, 1:50 dilution, Santa Cruz, Dallas, TX, USA) was used.
To assess M2 macrophages, anti-CD163 (NCL-L-CD163, 1:400 dilution, Novocastra, Newcastle, UK), anti-
CD206 (15-2, 1:200 dilution, Genetex, Irvine, CA, USA), and anti-CMAF (SC7866, 1:100 dilution, Santa
Cruz) were used. The working system used was labeled streptavidin biotin-horseradish peroxidase LSAB2
System-HRP (Code K0672, Dako Cytomation, Carpinteria, CA, USA), and the final product of the reaction
was visualized using diaminobenzidine (Dako Cytomation). All reactions included an appropriate positive
control. Negative controls were obtained by replacing the primary antibody with an IgG isotype.

The formalin-fixed, paraffin-embedded tissue samples were sliced into 4-ym sections. Slides were pre-coated
with 2% 3-aminopropyltriethoxysilane (code A3648, Sigma, St. Louis, MO, USA). The slides were treated
with xylene for wax removal and then rehydrated in a graded ethanol series (100%, 95%, and 70%). To



block endogenous peroxidase activity. The sections were next immersed in 3% hydrogen peroxide for 30 min
and washed in distilled water. Antigen retrieval was performed using Target Retrieval Solution pH 9.0 (code
S$2367, Dako Cytomation) in a preheated (95°C) water bath for 20 min. Sections were washed in distilled
water and placed in phosphate-buffered saline (PBS; pH 7.4). The slides were incubated in Molico®) skim
milk (Nestlé, Sdo Paulo, SP, Brazil) for 30 min to block nonspecific binding sites. Then, the tissue sections
were incubated with primary antibodies diluted in PBS containing 1% bovine serum albumin overnight at
4°C. The following day, tissue samples were washed with PBS pH 7.4 for 5 min, treated with secondary
antibody (Novolink Max Polymer Detection System, Leica Microsystems, Newcastle, UK) for 30 min at
22-240C, and then assessed using streptavidin-biotin-horseradish peroxidase (LSAB-Dako). Reactions were
visualized by treating the stained tissue sample with 3,3”-diaminobenzidine-tetrahydrochloride (code D5637,
SIGMA Chemical Co., St Louis, MO, USA) and 0.03% hydrogen peroxide.

Images of the sections were captured using a camera (Zeiss, AxioCam MRe, Germany) attached to a micro-
scope (Zeiss, Axiophot, Germany). Image Pro Plus version 4.1 software (Netics Midia Cibernetico, Silver
Spring, MD, EUA) was used for analysis. Cells were counted in a minimum of 15 randomly selected fields
next to the affected vessels under 40x magnification. The proportion of M1 and M2 macrophages in the
biopsies from CPAN patients and control participants was assessed relative to the total cell count.

Statistical analysis

Statistical analyses were performed using PASW Statistics V18 software, and graphs were generated using
Microsoft Excel(r). Continuous variables are presented as the mean, median, and SD, and categorical
variables are presented as absolute (n) and relative (%) frequencies. Comparisons of continuous data between
the CPAN and control groups were performed using the Chi-squared test or the Mann-Whitney U test, as
applicable. p<0.05 was considered to indicate a statistically significant difference.

3 | RESULTS
Demographic and clinical findings

The demographic, clinical, and serological findings of the patients with CPAN are summarized in Table 1.
The age of the patients in the CPAN group ranged between 15 and 61 years, and the follow-up time ranged
from 3 months to 14 years. There were no other diseases in 64% of the cases. Five cases had comorbidities,
such as diabetes, hypothyroidism, dyslipidemia, and essential hypertension, which were not associated with
CPAN. One patient was diagnosed with ductal breast carcinoma 3 years after CPAN diagnosis.

The most frequent symptoms were always present at the site of the cutaneous lesions. Patients who experi-
enced paresthesia (burning sensation or tingling) underwent electroneuromyography, and >40% of the cases
were diagnosed with mononeuritis multiplex.

Serological findings

Full blood count, liver and renal function, serum complement concentrations, and serum protein electrophore-
sis pattern were normal in all patients. The cases (35%) positive for antinuclear antibodies (ANA) exhibited
a nuclear speckled pattern. All patients underwent coagulation analysis and 28% exhibited elevated lipopro-
tein(a) levels (>30 mg/dl).

Presence of infectious agents

Increased antistreptolysin O (ASO) titers were observed in one patient. Serology for hepatitis B virus (HBV),
hepatitis C virus (HCV), and human immunodeficiency virus (HIV) was negative in all patients. The purified
protein derivative (PPD) test was performed in 10 patients, and four patients tested positive ([?] 5 mm).
These patients were subsequently referred to the infectious diseases clinic, and treatment for tuberculosis
was initiated with isoniazid, rifampicin, ethambutol, and pyrazinamide.

Immunofluorescence study



Direct immunofluorescence, previously performed on nine of the CPAN skin biopsy samples, was positive in
89% of the cases. The most frequent deposits were IgM (66.7%) and C3 (66.7%), followed by IgA (22.2%)
and IgG (11.1%).

Macrophages in skin biopsies

Macrophage markers associated with M1 cells were not found in either group. M2 markers were present in
the CPAN group. As shown in Table 2 and Figure 2, the frequency of cells expressing CD163 and CMAF
markers was significantly higher in patients with CPAN than in the controls. Representative images of the
immunohistochemical staining are presented in Figure 4.

4 | DISCUSSION

We presented an evaluation of the demographic, clinical, and laboratory findings of 14 patients with CPAN
seen in our clinic over a fifteen-year period. We also investigated the potential role of innate immunity in
the disease by evaluating macrophage polarization in skin biopsies.

Unlike systemic PN, the cutaneous variant more frequently develops in women, with some studies showing
a prevalence of up to 90%. The female to male (F/M) ratio ranges from 1.6-13;11213 in the present study,
a 3.6:1 F/M ratio was observed. Although the disease affects patients of all ages, young adults tend to be
the most affected,’'?!* as was observed in our results. The median age of onset can range from 35 to 45
years old.

The skin manifestations observed in the patients in the present study were similar to those reported in
the literature;»121516 however, the frequencies were somewhat different. The prevalence of ulcers was
higher, while that of subcutaneous nodules was lower in this study. Considering that ulcers usually develop
in nodules, and access to public health services is limited in Brazil, we believe that diagnosis in a more
advanced phase of the disease partly influenced these results.!?17-18

Livedo can occur in 40-80% of CPAN cases and can sometimes be the first manifestation of the disease;'317

our findings corroborate these figures. While some authors use the expressions livedo reticular and livedo
racemosa interchangeably, others consider the former as a physiological manifestation that is secondary to
vasoconstriction, while the latter condition presents as an irregular pattern of skin discoloration associated
with pathological processes such thrombosis and vasculitis.'619

As shown in this study, atrophie blanche may occur in some cases of CPAN. This type of scar is not
pathognomonic of livedoid vasculopathy and occurs in disorders such as venous stasis, antiphospholipid
antibody syndrome, and cutaneous vasculitis. The histological findings ofatrophie blanche , characterized by
a segmental hyaline degeneration of blood vessel walls with an intravascular deposition of fibrin, are usually
present in the dermis. To exclude CPAN in patients with atrophie blanche , repeated and deep biopsies are
often required to obtain samples of medium-sized arteries.!®-2°

As observed in other cases of CPAN, the legs were affected in all the patients. Although ulcers and nodules
could be found in the upper limbs and trunk, in our cases, these sites were affected only by livedo racemose
in only three patients. Previous studies suggest that patients with CPAN may have a local circulation
dysfunction, accounting for the predominance of skin manifestations in the lower extremities.!? 3.5

The prevalence of mononeuritis multiplex confirmed by electroneuromyography in our patients (21%) is
similar to those in other studies.!'®'617 An ischemic mechanism, secondary to the presence of necrotizing
vasculitis of vasa nervorum, may be the main cause of mononeuritis multiplex in CPAN.21:22 Nevertheless,
it is important to consider that confirmation through electroneuromyography in our study was performed
only in patients with peripheral neuropathy symptoms. This limitation may suggest that the prevalence
of mononeuritis multiplex could be even higher in CPAN if routine electrophysiological studies were to be
performed. Another finding was that among the three patients with mononeuritis, two were males. This
result requires further investigation in larger studies, preferably with a prospective design, in order to verify
if mononeuritis is more prevalent in men with CPAN.



The absence of extracutaneous symptoms such as fever, arthralgia, and weight loss contradicts the literature,
with studies describing extracutaneous manifestations in up to 64% of patients with CPAN. As a limitation
of a retrospective review, we believe that extracutaneous symptoms may not have been adequately registered
in medical records and, therefore, discrepancy between our data and that in the literature may have been
unintentionally created.

General laboratory results show only a few abnormalities in patients with CPAN. The increased levels of
lipoprotein(a) in 28% of our patients with CPAN is a novel observation that is significantly associated with the
disease. The plasma lipoprotein(a) level is considered a potential atherogenic and thrombogenic risk factor.
Alterations in plasma lipoprotein(a) level have been associated with the pathogenesis of vasculopathies such
as livedoid vasculopathy and vasculitis associated with Behcet’s disease.?? 25Studies with a larger number of
patients are required to establish whether lipoprotein(a) has a thrombotic role in the pathogenesis of CPAN.

Contrary to what is observed in PN, HBV and HCV infections were not associated with CPAN in our study.
The increased ASO titers in a 17-year-old patient is in line with other studies and may have been attributed to
streptococcal infection, which may occur in young patients with CPAN. The association with Mycobacterium
tuberculosis has been reported in a few cases of CPAN.1326-28 Although tuberculosis is endemic in Brazil,
the positive PPD test in 28% of patients with CPAN patients is a relevant finding and should be further
investigated.

Since CPAN has a prolonged course, with variable periods of relapse and remission, a follow-up is always
recommended. None of our cases progressed to PN after a mean follow-up of ~7 years, which supports
the notion that the cutaneous variant is distinct from PN. However, as there are reported cases of disease
progression to the systemic form after 18 years, a longer follow-up is necessary.'21718:29

A comparative summary of the epidemiological and clinical data observed in the main published works that
evaluated cases of CPAN is shown in Table 3.

Macrophages in tissue samples can be identified by the investigation of transcription factors or macrophage-
specific proteins such as enzymes, transmembrane proteins, scavenger receptors, or cytokines.?%3! Although
there are distinct markers that may be used to distinguish between M1 and M2 macrophages, STAT1, CD163,
CD206, and CMAF were investigated in this study as these are well-established in the literature and have
been used to investigate macrophage polarization in several diseases.32:33

M1 macrophages are usually implicated in autoimmune inflammatory diseases. Therefore, it would be
plausible to verify the same trend in CPAN. Surprisingly, our data revealed that M2 macrophages were more
frequent than M1 macrophages in the skin lesions of patients with CPAN. This finding may be justified by
the fact that many patients could have been treated with at least one medication prior to referral to our
clinic. During the first medical consultation, certain patients were unable to accurately provide their drug
history. It is not possible to completely rule out the prior use of oral corticosteroids, which could influence
the activation of M2 macrophages. However, Some authors advocate that the use of corticosteroids would
have little to no influence on the activation of M2 macrophages.'!

The presence of M2 macrophages has been previously reported in other autoimmune inflammatory diseases,
and in different types of vasculitis (Table 4). Furthermore, previous studies suggest that these cells may
predict patient outcomes. In Henoch-Schonlein purpura nephritis, the number of M2 macrophages was
related to elevated serum creatinine, chronic renal failure, and crescent formation. A similar trend was
observed in patients with ANCA-associated pauci-immune glomerulonephritis, suggesting that M2 cells may
be indicative of a poor prognosis in vasculitis with renal impairment.®:34

The hypothesis that M2 macrophages could influence the interval and frequency of relapses in chronic
vasculitis has also been suggested. Ohlsson et al compared the number of M2 cells in patients diagnosed
with microscopic polyangiitis (MPA) and granulomatosis with polyangiitis (GPA) during the active and
remission phases. They found a significant difference in the concentration of M2 macrophages between
active cases of MPA and those in remission. However, this trend was not observed in patients with GPA,



and M2 polarization was observed during remission in these patients. Therefore, there is an undefined role
of M2 cells in periods of relapse in certain types of vasculitis.!!

The predominance of M2 macrophages suggests a possible role of the innate immune system in CPAN and
may also provide insights for potential therapeutic targets. Future studies with larger samples are required
to establish a more accurate role of macrophages in vascular inflammation associated with CPAN.

The limitations of our study are mainly associated with its cross-sectional nature. Longitudinal evaluation of
the participants with skin biopsy samples collected during disease activity and after remission could better
explain the role of M2 cells in the evolution of CPAN. Furthermore, due to the difficulty in obtaining skin
biopsies from healthy controls, it was not possible to age-match the groups.
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FIGURES

Figure 1 — (A) Necrotizing vasculitis of a muscular artery in the subcutaneous (scanning magnification,
HE); (B) Details of the perivascular neutrophilic inflammatory infiltrate with fibrinoid degeneration of vessel
walls and lumen occlusion (HE, 200X).



Figure 2 — (A) Medium-sized artery in subcutaneous tissue exhibiting perivascular inflammatory infiltrate
with a complete disruption of vessel wall anatomy, fibrinoid necrosis, and fibrin deposits in the vessels (HE,
100X); (B) Staining for elastic fibers showing destruction of the internal elastic lamina (WRF, 100X).
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Figure 3 — Comparison of M1 and M2 macrophage

cutaneous polyarteritis nodosa (CPAN) and controls.
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Figure 4 — Representative images of immunostaining for M1 and M2 macrophages.

CD163, CD206, and CMAF is evident, while no expression of STAT1 was observed.
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TABLES

Table 1 — Features of patients with cutaneous polyarteritis nodosa (CPAN) in the present study

Variable

Results (n = 14)

Female, n (%)

Mean age, years + SD

Skin signs, n (%)

Ulcers

Subcutaneous nodules

Livedo racemosa

Subcutaneous nodules

Atrophie blanche

Purpura

Symptoms in skin lesions, n (%)
None

Pain

Paresthesia

Target skin sites, n (%)

Lower extremities
Extracutaneous symptoms, n (%)
Mononeuritis multiplex, n (%)
Serological findings, n (%)

11 (78,6%)
39,36 & 14,5

3 (21,4%)
11 (78,6%)
7 (50,0%)

14 (100%)

0 (0%)
3 (21,4%)

11



Variable

Results (n = 14)

Complement Consumption
ANA test positivity

ANCA positivity (IFI)
Coagulation analysis (%)
Elevated lipoprotein(a) levels
Increased D-dimer levels
Positive anti-cardiolipin antibody
Increased fibrinogen
Infectious agents (%)
Streptococcus

HBV

HCV

HIV

Mycobacterium tuberculosis
Mean follow-up, months + SD
Progression to PAN

0 (0%)
5 (35,7%)
0 (0%)

4 (28,6%)
82,57 + 42,8
0 (0%)

ANA, Antinuclear Antibodies; ANCA, Antineutrophil cytoplasmic antibody; HBV, hepatitis B virus; HCV,
hepatitis C virus; HIV, human immunodeficiency virus; IFI, indirect immunofluorescence; PNA | polyarteritis
nodosa; PPD, purified protein derivative.

Table 2 — Evaluation of macrophage scores in skin biopsies from CPAN and control groups

CPAN (n = 14) CPAN (n =14) CPAN (n = 14) Controls (n =9) Controls (n=9) C
Variable Mean Median SD Mean Median S]
CD163, % 2,466600 1,925350 2,0418141 1,049644 0,834200 0,
CD206, %  1,522679 1,314000 1,2466861 1,916822 2,190000 0,
CMAF, % 0,629729 0,546500 0,6960948 0,000000 0,000000 0,
STAT1, % 0,012650 0,000000 0,0330935 0,000000 0,000000 0,

CPAN, cutaneous polyarteritis nodosa; SD, standard deviation. *Significant differences.

Table 3 — Main epidemiological and clinical data of patients with CPAN published in the literature and in

the present case series

Ikeda et Morimoto Morgado Kawakami  Furukawa Ishiguro Marques
Author al. et al. et al. et al. et al. et al. et al.
(year) (2020)'? (2016)'5 (2015)16 (2013)'7 (2012)! n (2010)*3 (2020) n
NZ© cases n =84 n =21 n =35 n =101 = 22 n =16 =14
Woman 70% 81% 80% 70% 86% 87% 78%
F/M 2,3:1 4:1 4:1 2.4:1 6:1 7:1 3,6:1
ratio
Mean age 45 44 45 45 48 36 39
(years)
Nodule 24% 100% 74% 100% 86% 62% 50%
Ulceration  30% 1% 14% 49% 22% 18% 57%
Livedo 61% 62% 74% 84% 45% 43% 43%
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Author al. et al. et al. et al. et al. et al. et al.
(year) (2020)'? (2016)'5 (2015)16 (2013)'7 (2012)! n (2010)*3 (2020) n
NZ© cases n =384 n =21 n =35 n = 101 = 22 n = 16 =14
Atrophie - 14% - - - - 36%
blanche
Purpura 40% 9% - 67% 45% 25% 21%
Legs 85% 100% 100% 100% 100% 100% 100%
compro-
mised
Extracutaneod3% 24% 31% 67% 64% 66% 0%
symp-
toms
Mononeuritis- - 9% 57% - 22% 21%
multi-
plex
Progression 0% 0% 0% 0% 0% 0% 0%
to PN
F, Female; M, Male; PN, Polyarteritis nodosa; -, not available.
Table 4 — Vasculitis associated with macrophages and their phenotype
Type of vasculitis N©2 cases Sample type Macrophage phenotype Reference
GCA 20 Temporal artery biopsy M1 and M2 Ciccia F et al. (2013)%
GPA 22 Lung biopsy M2 Park J et al. (2014)3°
MPA 10 Blood M2 Ohlsson SM et al. (2014)%!
GPA 13 Blood M2 Ohlsson SM et al. (2014)!!
GPA 35 Respiratory tract biopsy M2 de Souza AWS et al. (2017)36
EGPA 1 Skin biopsy M2 Nakashima C et al. (2017)37
Henoch-Schénlein 49 Renal biopsy M2 Kim J et al. (2019)°
Kawasaki disease 5 Coronary artery biopsy ~ M1 Ohashi R et al. (2019)%°

GCA: Giant cell arteritis; GPA: Granulomatosis with polyangiitis; MPA: Microscopic polyangiitis; EGPA:
FEosinophilic granulomatosis with polyangiitis.
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