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Recently, it has been reported that the presence of anti-phosphatidylserine-prothrombin complex (anti-PS/

PT) antibodies can serve as markers in cutaneous polyarteritis nodosa (CPN) patients.

We examined antiphospholipid antibodies (aPL) in 24 patients with CPN and 11 with livedo vasculopathy

(LV). Furthermore, we investigated B-thromboglobulin, platelet factor 4, thrombin anti-thrombin IIT complex, D-

dimer, protein C, protein S and thrombomodulin.

As a result, we detected several kinds of aPL in 10 CPN and 5 LV patients. Among them, IgM anti-PS/PT
antibodies were detected more frequently than other aPL in CPN and levels of the antibodies in CPN had a ten-

dency to be high, compared with healthy controls, although no significant differences were found (p =0.06). Those
antibodies were also detected in about 27% of LV patients. In addition, the titer of one case was much higher.

In conclusion, it can be suggested that IgM anti-PS/PT antibodies might act as a pathogenic factor for CPN,

and that there may be a common pathogenic mechanism between CPN and some cases of LV, thereby indicating

that CPN might have another pathogenesis and is a distinct entity from systemic polyarteritis nodosa.
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Introduction

Cutaneous polyarteritis nodosa (CPN), initially de-
scribed in 1931 by Lindberg”, is benign in many
cases, although the histological features of the skin
lesions are common with those of systemic polyar-
teritis nodosa (PAN). It has been controversial
whether CPN is a skin feature of PAN or a distinct
clinical entity.

In 2007, Kawakami et al® reported a high titer of
anti-phosphatidylserine-prothrombin complex (anti-
PS/PT) antibodies in patients with CPN. They sug-
gested that the thrombotic process may trigger the
development of CPN and that those antibodies will
become widely recognized as new factors for CPN.

On the other hand, CPN, livedo vasculopathy (LV)
and antiphospholipid syndrome (APS) present simi-

lar skin symptoms such as livedo reticularis clini-
cally, although they are not always the same his-
tologically. CPN shows necrotizing vasculitis of
small muscular arteries in subcutaneous tissues,
and LV and APS show vascular thrombosis in the
dermis and/or subcutaneous tissues. It has been re-
ported that antiphospholipid antibodies (aPL), in-
cluding IgM anti-PS/PT antibodies®, are also de-
tected in some cases of LV.

We examined aPL, platelet activity and coagula-
tion to investigate their relationship in CPN and LV,
and to determine whether there is a common factor
in these diseases.

Materials and methods
1. Clinical investigation (Table 1)
Subjects were 24 patients with CPN (1 man, 23



Table 1 Clinical characteristics of the pa-

tients.
CPN LV
Number of patient 24 11
Age Mean = SD 426+169 443+217
Range 1877 18-77
Sex Male 1 2
Female 23 9

CPN: cutaneous polyarteritis nodosa, LV: livedo
vasculopathy

women; mean age 426 = 169 years; mean = SD;
range 18-77) and 11 patients with LV (2 men, 9
women; mean age 44.3 = 21.7 years; mean * SD;
range 18-77) who visited our department between
February, 2007 and June, 2012.

The diagnoses of these patients were based on
clinical features and examinations of internal organs
including the following tests: chest x-ray, electrocar-
diogram, computed tomography of the brain, neck,
chest and abdomen, magnetic resonance imaging or
magnetic resonance angiography of the brain, abdo-
men and lower limbs, ultrasonography of the abdo-
men, heart and carotid artery, abdominal arterogra-
phy, neurological examination, and ophthalmologic
examination, and we attempted to confirm all re-
sults histologically.

2. Histological investigation

Skin biopsy specimens were obtained from le-
sional skin of the lower extremities in all patients,
fixed in 10% formalin, and stained with hematox-
ylin and eosin. All samples, except for 4 CPN cases
which were examined at a previous hospital, were
also used for direct immunofluorescence staining
and incubated with commercially prepared fluo-
resceinated antisera specific to human immuno-
globulin (Ig) G, IgM, IgA, C,, C; and fibrinogen. All
CPN samples except for 2, which were examined at
a previous hospital, were also used for Elastica-van
Gieson stain. Informed consent was obtained from
all patients.

3. Laboratory investigation

We examined aPL including IgG and IgM anticar-
diolipin (aCL) antibodies, IgG anti-B.-glycoprotein I-
dependent cardiolipin (anti-B.GP I/CL) antibodies,
lupus anticoagulant (LAC) and IgG and IgM anti-
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PS/PT antibodies. IgG and IgM aCL, IgG anti-B.GP
I/CL antibodies and IgG anti-PS/PT antibodies
were measured using specific enzyme-linked im-
munosorbent assays (ELISA), LAC was examined
by measuring dilute Russell's viper venom time
(dRVVT) in 34 cases, activated partial throm-
boplastin time (APTT) was measured in 22 cases,
and mixing studies and demonstration of phosphol-
ipid dependence (PL) was determined in 22 cases.
All tests were performed by SRL, Inc. (Tokyo, Ja-
pan). The normal range was determined based on
the data provided by SRL, Inc.

IgM anti-PS/PT antibodies were measured using
an ELISA method according to the manufacturer’s
protocol (Medical & Biological Laboratories Co.,
Ltd., Nagoya, Japan). Briefly, serum samples diluted
to 1: 100 were added to 96-well plates coated with
PS/PT and were incubated for 1 hour at 25C. After
washing, peroxidase-conjugated anti-human IgM

After
(33,55-
tetramethylbenzidine and H:O.) was added, which

antibodies were added to each well
incubation and washing, substrate
was acted upon by the bound enzyme to produce
color. The absorbance of the solution in the well
was read at 450 nm using a microplate reader. The
antibodies were measured even for 16 healthy con-
trols (2 men, 14 women; mean age 3243 £6.74 years;
mean * SD; range 26—-51).

Furthermore, we measured -thromboglobulin (B-
TG), platelet factor 4 (PF4), thrombin anti-thrombin
I1I complex (TAT), D-dimer, protein C, protein S
and thrombomodulin (TM), which is an index of the
activation of vascular endothelial cells.

We also examined antinuclear antibody (ANA),
rheumatoid factor (RF), myeloperoxidase (MPO)-
antineutrophil cytoplasmic antibodies ( ANCA),
proteinase-3 (PR3)-ANCA, hepatitis B virus antigen
(HBAg), hepatitis C virus (HCV) antibody, serologic
reaction for syphilis, CHs, Cs; and C,, in addition to
general laboratory investigations.

4. Statistical analysis

Statistical analyses were performed using JMP
ver.10 (SAS Institute, Cary, NC, USA). A p-value of
less than 0.05 was considered to indicate a statistical
significance.



Fig. 1 Clinical and histopathological features of cutaneous polyarteritis nodosa (case 7)
Clinical features (a) Indurated erythemas on the lower extremities. Histopathological fea-
tures. Necrotizing vasculitis of small muscular arteries in subcutaneous tissues (b, ¢). Elas-
tica van Gieson staining reveals partial destruction of the internal elastic lamina (d).

5. Ethical considerations

The protocol for this study was approved by the
Ethics Committee of Tokyo Women’'s Medical Uni-
versity.

Results

1. Clinical features

In the 24 CPN cases, indurated erythemas, about
10 mm in diameter, on the lower extremities were
the most common skin manifestations which were
observed in 21 patients (87.5%) (Fig. 1a). Fifteen of
the CPN patients (62.5%) had livedo reticularis and
8 (33.3%) had subcutaneous nodules on the lower
extremities, while 3 patients (125%) had purpuric
lesions and 2 (8.3%) had skin ulcers. Eight patients
(33.3%) had numbness on the lower extremities and
4 of those 8 patients showed neuropathy of the legs
confirmed by low conductive speed. Two of the
CPN patients (8.3%) had arthralgia of the foot joints
or hip joints, and none of the patients had myalgia.
We found no significant findings of internal organs
and other collagen diseases in any of the CPN pa-
tients.

Ten of the 11 LV patients (909% ) had both
smaller indurated erythemas than the CPN patients

and purpura, 9 (81.8%) had atrophie blanche, 8
(72.7%) had skin ulcers, and 7 (63.6%) had livedo re-
ticularis on the lower extremities and/or feet
(Fig. 2a-c). Two of the LV patients (18.1%) had sub-
cutaneous nodules on the lower extremities and
feet, and 4 patients (36.3%) had numbness on the
lower extremities with mild low conductive speed
in 3 patients, which were relieved by vasodilatation
therapy. None of the LV patients had arthralgia,
myalgia, internal involvement or other collagen dis-
eases.

2. Histological findings

Histologically, all 24 CPN cases showed vasculitis
of small muscular arteries in the deep dermis or
subcutaneous tissues (Fig. 1b, c). Elastica van Gi-
eson staining revealed destruction of the internal
elastic lamina (Fig. 1d) in 15 cases, but not in the re-
maining 7 cases, although histological findings
showed fibrinoid degeneration/fibrin deposit of the
artery walls with dense infiltration of neutrophils
and/or lymphocytes in all cases. Nineteen CPN
cases had accumulations of plasma protein or fibrin
thromboses in the vessels of the dermis and subcu-
taneous tissues. Immunofluorescence staining was
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Fig. 2 Clinical and Histopathological features of livedo vasculopathy (case 5)
Clinical features (a ~ ¢). Indurated erythemas, purpura, ulcers and atrophie blanche on the
lower extremities and feet. Histopathological features (d ~ f). Thrombosis in the small ves-
sels of the dermis and subcutaneous tissues with perivascular lymphocytic infiltrations.

performed in 20 cases, and showed positive reac-
tions for fibrinogen in 6 cases, C; in 4 cases, Ci, 1gG,
JgM and IgA in 1 case on the artery walls.
Histologically, all 11 LV cases had thrombosis in
the small vessels of the dermis and/or subcutane-
ous tissues with perivascular lymphocytic infiltra-
tions (Fig. 2d-f). Immunofluorescence staining was
performed in all 11 cases, and showed positive reac-
tions for C; and fibrinogen in 9 cases, IgM in 8 cases,
C,in 7 cases, IgG in 6 cases, IgA in 2 cases and a

—89—

negative reaction in 1 case on the artery walls.

3. Laboratory data (Table 2)

IgG aCL antibodies were detected in 1 of the 22
CPN patients and in 1 of the 11 LV patients. LAC
was detected in 2 of the 23 CPN patients and in 1 of
the 11 LV patients. IgG anti-PS/PT antibodies were
detected in 3 of the 21 CPN patients and in 2 of the
11 LV patients. IgM aCL antibodies and IgG anti-B.
GPI/CL antibodies were not detected in any of the
patients. On the other hand, the mean titer of IgM
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Table 2 Serologic features
Serologic findings in 24 CPN patients and 11 LV patients.

Patient e Sex IgGaCL IgMaCL B2GPI/CL ( di;égT) I&ﬁ}j ( ALI{’*TCT) TG aPS/PT  IgM aPS/PT
Normal <10 <8 <35 <13 <63 <555 <12 <177
range (cut off value)
Units/ml  Units/ml Units/ml sec sec sec Units/ml Units/ml
CPN
1 58 F <8 <5 <12 118  ND ND <5 205
2 27 F <8 <5 <12 103 ND ND <5 18
3 56 F <8 <5 <12 109  ND ND <5 107
4 33 F ND ND <07 12 ND ND ND ND
5 52 F 14 <5 <12 105  ND ND 9 146
6 7 F <8 <5 <12 109 ND ND <5 98
7 64 F <8 7 <12 109 ND ND 9 236
8 6 M <8 ND <12 116  ND ND ND 05
9 2 F <8 <5 <12 12 <0 472 <5 136
10 45 F <8 <5 <12 11 17 429 ND 5.1
11 33 F <8 <5 <12 12 45 439 <5 111
12 65 F <8 <5 12 126 46 418 6 42
13 61 F <8 <5 <12 136 102 525 15 185
14 18 F <8 <5 <12 123 14 488 <5 156
15 4 F <8 <5 <12 122 09 355 <5 55
16 27 F <8 <5 <12 127 46 485 20 543
17 23 F <8 6 <12 ND ND ND 5 362
18 23 F ND <5 <12 121 <0 47 10 32
19 5 F 27 <5 <12 18 201 946 53 673
20 35 F <8 <5 <12 01 <0 433 5 154
21 4 F <8 <5 <12 111 06 445 <5 177
22 4 F <8 <5 <12 106 05 457 <5 156
23 % F <8 <5 <07 111 <0 431 <5 37
2% 0 F <8 <5 <12 117 27 448 <5 103
LV
1 30 F <8 <5 <12 11 ND ND <5 6.4
2 U M <8 <5 <12 116  ND ND <5 71
3 2 F <8 <5 <12 109  ND ND 13 87
4 3 F 11 6 <12 114 ND ND 10 611
5 2 F <3 <5 <12 116 1 459 28 216
6 74 F <8 <5 <12 116 18 367 <5 04
7 7 M <8 <5 <12 119 107 542 7 0
8 18 F <8 <5 <12 111 12 444 <5 129
9 4 F <8 6 <12 111 2 457 <5 198
10 49 F <8 <5 <12 112 07 538 <5 118
11 74 F <8 <5 <12 111 <0 386 <5 0

ND: not done, CPN: cutaneous polyarteritis nodosa, LV: livedo vasculopathy, M: male, F: female, aCL: anticardiolipin antibod-
ies, B2GP1/CL: anti-B2-glycoprotein I dependent cardiolipin antibodies, LAC: lupus anticoagulant, aPS/PT: anti-phosphatidyl-

serine-prothrombin complex antibodies

anti-PS/PT antibodies was 18.47 =16.01 (mean £ SD)
U/ml in CPN, 13,61 *17.39 (mean £ SD) U/ml in LV
and 11.28 £ 6.48 (mean + SD) U/ml in healthy con-
trols, however no significant differences were found
between them (P = 0.06, Fig. 3). The cutoff value
was 17.7 U/ml for IgM anti-PS/PT antibody by
ROC curve between CPN and healthy controls. Fi-
nally, we detected some aPL in 10 CPN (41.6%) pa-

tients and 5 L'V patients (454 %).

B-TG and PF4 were examined in 20 CPN and 11
LV cases, and TAT and D-dimer were examined in
22 CPN and 11 LV cases. Elevations of B-TG were
shown in 4 CPN and 5 LV cases, PF-4 in 3 CPN and
4 1V cases, TAT in 1 CPN and LV case, respec-
tively, and D-dimer in 6 CPN and 2 LV cases. Eleva-
tion of TM was shown in only 1 of the 20 CPN cases.
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Fig. 3 The titer of IgM anti-PS/PT antibodies in CPN
(cutaneous polyarteritis nodosa), LV (livedo vascu-
lopathy) cases and healthy controls
The mean level of IgM anti-PS/PT antibodies in
CPN was 1847+1601 (mean=SD) U/ml, 1361+
17.39 {(mean=SD) U/ml in LV cases, and 11.28 +6.48
(mean=SD) U/ml in healthy controls (N), showing
no statistical significance (CPN vs N; P=0.06, LV vs
N; 061, CPN vs LV; 0.39).

The horizontal lines indicate the mean value in each
group.

Protein C activity was low in 2 of the 19 CPN cases,
and protein S activity was low in 2 of the 17 CPN
cases tested. Statistically, no significant difference
was observed between CPN and LV.

White blood cells were high in 5 CPN and 4 LV
cases. CRP was high in 9 CPN cases (0.38 to 1291
mg/dl) and 1 LV case (1.95 mg/dl). Liver and renal
functions were normal in all CPN and LV cases.
HBAg was negative in 21 CPN and 11 LV cases,
HCV antibody was positive in only 1 of 21 CPN
cases, and serologic reaction for syphilis was nega-
tive in 23 CPN and 11 LV cases. ANA was positive
in 13 of the 24 CPN cases (X 40 to X 640) and in 4 of
the 10 LV cases (X 80 to x 640). RF was positive in 2
of the 23 CPN cases and in none of the 10 LV cases.
MPO-ANCA and PR3-ANCA were negative in all
24 CPN and 11 LV cases. CHs was elevated in 14 of
the 21 CPN cases and in 5 of 9 LV cases, and was
low in 1 of the 21 CPN cases. C; was elevated in 5
out of 22 CPN cases and was low in 1 of the 22 CPN
cases. C; was high in 3 of the 22 CPN cases and in 1
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of the 10 LV cases, and low in 2 of the 22 CPN cases.
No significant differences were found in the data be-
tween CPN and LV.

Discussion

CPN is a type of vasculitis limited primarily to the
skin of the lower extremities without systemic in-
volvements, although it shows the same cutaneous
manifestations, indurated erythema, subcutaneous
nodules, livedo reticularis, purpura, ulceration and
gangrene, and the same histopathological findings
as PAN. CPN usually occurs in 20 to 40 year-old
women, which is a younger age group than PAN.
On PAN, immune complexes and antiendothelial
cell antibodies have been proposed as a pathogenic
mechanism®. The association of PAN and APS is
uncommon, and it is thought that aPL is not a direct
cause of PAN but one factor to increase a throm-
botic event, although there are a few reports of
PAN complicated by APS™. The exact etiology of
CPN is unknown, however there have been reports
of aPL detected in CPN cases””™®. Katayama et al.
reported that aCL antibodies may play a role in
CPN in the development of occlusive vascular le-
sions in a manner different from immune complex-
mediated vascular injury, and they suggested the
possible effect of aCL antibodies on thromboxane
production from platelets and prostaglandin pro-
duction from vascular endothelial cells”. In 2007, it
was reported that anti-PS/PT antibodies and/or
LAC are detected in all CPN patients®. It was sug-
gested from the study that those antibodies could
serve as markers of CPN due to the reason that the
mean IgM anti-PS/PT antibody level in patients
with CPN was significantly higher than in patients
with SLE, while levels were within normal limits in
all patients with microscopic polyangiitis and in
healthy controls (cutoff value; 10 U/ml)”. However,
there have been only a few reports” regarding anti-
PS/PT antibodies in CPN to date.

On the other hand, LV is a most common disease
in young to middle-aged women. The disease shows
necrotic purpuric lesions and small painful ulcera-
tions often with surrounding livedo reticularis and
atrophie blanche on the lower extremities, and re-
veals thrombosis rather than vasculitis histopa-
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thologically. Although the pathogenesis of LV is
also unknown, LV has recently been divided into
two types, idiopathic and secondary. In the latter,
various causes, factor V Leiden mutation, decreased
protein C or protein S activity, aPL and hyperhomo-
cystinaemia have been implicated". In aPL, aCL an-
tibodies (subclass unknown)™", IgM aCL antibod-
ies”, IgG aCL antibodies™", anti-3B2GPI/CL antibod-
ies and IgM anti-PS/PT antibodies® were de-
tected.

Thus, we characterized aPL in CPN and LV pa-
tients and examined the possible association be-
tween these 2 diseases. The results show that some
aPL were detected in 10 CPN patients (41.6%) and 5
LV patients (454%). Laboratory data, including
platelet activity, coagulation and immunological
data, did not reveal significant differences between
CPN and LV. In CPN, IgM anti-PS/PT antibodies in
particular, had a tendency to be positive, compared
with other aPL, and levels of antibodies in CPN
tended to be high, compared with healthy controls.
Some LV cases (27.2%) also had the same antibodies
compared with healthy controls (6.2%). We may be
able to find a significant difference between CPN
and healthy controls if we increase the number of
cases, since the p-value was very close to less than
0.05 in this study.

In 1996, anti-PS/PT antibodies were detected in
LAC positive patients™. Atsumi et al. examined
anti-PS/PT antibodies in a large population of pa-
tients with autoimmune diseases and found that
IgG anti-PS/PT antibodies were highly prevalent in
patients with APS compared to patients with other
diseases, and that the antibodies strongly correlated
with the clinical manifestations of APS™. Sakai et al.
also reported that the presence of anti-PS/PT anti-
bodies highly correlated with increased thrombin
generation in APS patients™. On the other hand,
the correlation between clinical features and IgM
anti-PS/PT antibodies are not clearly understood,
however, positive IgM anti-PS/PT antibodies may
be related with dysfunction of the peripheral circu-
lation and thrombosis because these antibodies
were detected in some cases of LV in past reports
in addition to this study. In other words, LV cases

with such antibodies are secondary LV cases and
might be regarded as APS clinically, although this
antibody is not yet included in the Sydney criteria®.

The fact that in CPN, IgM anti-PS/PT antibodies
in particular were detected more frequently than
other aPL, and the titer of the antibodies tended to
be higher than healthy controls, indicates that IgM
anti-PS/PT antibodies might act as a pathogenic
factor for CPN, although the mechanisms of CPN
caused by IgM anti-PS/PT antibodies is still undis-
closed. In addition, 27.2% (3/11) of LV cases also had
the same antibodies and the titer of one case was
much higher (61.1 U/ml) indicating that CPN might
have a similar pathogenesis to some cases of LV. In
fact, it has been reported that a case was finally di-
agnosed as CPN during treatment as LV*. CPN
generally affects the lower extremities without any
systemic involvement as does LV, and most CPN
(79.1%: 19/24) cases had accumulations of plasma
protein or fibrin thromboses in vessels of the der-
mis and subcutaneous tissues. In some CPN cases,
antithrombotic agents are effective without sys-
temic steroids or immunosuppressants®®. This
might be indirect evidence that CPN is initially in-
duced by a local dysfunction of the circulation.

Conclusion

Our speculation is that a thrombotic change of
small muscular arteries in their subcutaneous tis-
sues might progress to CPN due to vascular endo-
thelial dysfunction, may be related to IgM anti-PS/
PT antibodies, and that CPN might have another
pathogenesis which is a distinct entity from PAN.

This study was financially supported in part by the
Yayoi Yoshioka Grant of Tokyo Women's Medical Uni-
versity.

The authors have no conflicts of interest to disclose.
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