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Atypical skin conditions of the neck and back
as a dermal manifestation of anti-HMGCR
antibody-positive myopathy
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Abstract

Background Immune-mediated necrotizing myopathy (IMNM) is an idiopathic inflammatory myopathy (IIM).
Though patients with IMNM were not considered to show skin rash, several reports have showed atypical skin
conditions in patients with anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMGCR) antibody-positive IMNM
(HMGCR-IMNM). The incidence and phenotype of skin conditions in patients with HMGCR-IMNM are not fully known.

Results Among the 100 IIM patients diagnosed from April 2015 through August 2022, 34 (34%) presented some
form of skin condition, with 27 having typical skin rashes; this included 13 patients with dermatomyositis (DM), 8 with
anti-synthetase syndrome (ASS), and 6 with IMNM. Meanwhile, 8 of 19 patients with HMGCR-IMNM (42%) presented
atypical skin lesions, but no patients with other IIMs did (p <0.001). Skin eruption with ash-like scales was observed in
four HMGCR-IMNM patients, and non-scaly red patches and lumps in the other four patients; accordingly, their skin
manifestations were considered as other dermal diseases except for IIM. However, skin and muscle biopsies revealed
the atypical skin conditions of patients with HMGCR-IMNM to have the same pathological background, formed by
Bcl-2-positive lymphocyte infiltrations.

Conclusions HMGCR-IMNM patients frequently have atypical skin conditions of the neck and back. Skin biopsy
specimens from these lesions showed the same Bcl-2-positive lymphocytic infiltrations as muscle biopsy specimens
regardless of the different gross dermal findings. Thus, such atypical skin conditions may be suggestive for
HMGCR-IMNM.
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Background

Idiopathic inflammatory myopathies (IIMs) are a rare
group of autoimmune diseases that can cause chronic
inflammation of skeletal muscle and/or organs, includ-
ing the skin, joints, lungs, gastrointestinal tract, and
heart. Muscle involvement may cause muscle weak-
ness, and extramuscular manifestations may lead to
life-threatening complications [1, 2]. Immune-mediated
necrotizing myopathy (IMNM) is an IIM characterized
by predominant muscle fiber necrosis and regeneration
with little inflammation [3, 4]. It is frequently associ-
ated with anti-signal recognition particle (anti-SRP) and
anti-3-hydroxy-3-methyl-glutaryl-coenzyme A reductase
(anti-HMGCR) autoantibodies [5—-14]. These autoanti-
bodies produce almost the same clinical and pathological
manifestations, including proximal muscle weakness and
a high serum CK value. Despite the presence of dermato-
myositis (DM), patients with IMNM usually have no skin
conditions or interstitial pneumonia [9-11].

Recently, several reports have indicated that skin con-
ditions including DM-like skin rash, Jessner-Kanoff dis-
ease, and cutaneous lymphoma are not rare in patients
with anti-HMGCR antibody-positive IMNM (HMGCR-
IMNM) [15-17]. However, the incidence and pheno-
type of skin conditions in such patients are not yet fully
known because HMGCR-IMNM is usually included in
polymyositis (PM) according to EULAR/ACR Classifica-
tion Criteria [18]. HMGCR is an enzyme resident in the
endoplasmic reticulum that catalyzes the rate-limiting
step of cholesterol biosynthesis within the mevalonate
pathway [19]. It can be competitively inhibited by statins
[20], which are widely used to lower cholesterol levels.
Previous studies have reported that statins induce apop-
tosis of Bcl-2-positive lymphoma cells [21]; recently, it
has also become evident that statins have pleiotropic
immunological effects involving antigen-presenting cells
and T cells [22, 23] and can even prevent tumor develop-
ment and T-cell lymphomas [24—26]. Statins also inhibit
beta chemokine receptor 4 [27], which is expressed in
Th2 lymphocytes and is the key molecule of adult T-cell
lymphoma and human T-cell leukemia virus type 1-asso-
ciated myelopathy [28]. In contrast to statins, there are
no previous reports of anti-HMGCR antibody having
an association with lymphomas or pleiotropic immuno-
modulatory effects. However, we previously reported
dermal and muscular Bcl-2-positive lymphocytic infil-
trations in patients with HMGCR-IMNM [29]. Some
HMGCR-IMNM patients with skin conditions histo-
logically showed lymphocytic inflammatory infiltrates
with perivascular arrangement and accumulation, which
were mainly composed of small lymphocytes with histio-
cytes [29]. As such, clarifying the dermal manifestation
of HMGCR-IMNM could reveal characteristics of anti-
HMGCR antibody-positive myopathy.
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Here we retrospectively reviewed 88 consecutive
patients with IIM by focusing on skin condition and
presented dermal manifestations of HMGCR-IMNM
compared with other IIMs. Though patients with
HMGCR-IMNM rarely showed DM-like rashes including
heliotrope eyelids, Gottron’s sign, and mechanic’s hands,
about 40% presented skin conditions that were clinically
and pathologically different from DM-like rashes. Our
findings enable us to more easily distinguish HMGCR-
IMNM from other IIMs and suggest that HMGCR-
IMNM might have a unique pathomechanism.

Methods

Study design and patients

This is a cross-sectional study of 100 consecutive Japa-
nese patients with IIM. We retrospectively collected
demographic information, symptoms, physical examina-
tion findings, and internal organ involvement.

We included all adults diagnosed as having IIM and
followed up at the National Hospital Organization Kure
Medical Center and Chugoku Cancer Center from April
2015 through August 2022. The data for this study was
analyzed in January 2023. Participants were clinicose-
rologically and myopathologically diagnosed with anti-
HMGCR-antibody-positive ~ necrotizing = myopathy
(HMGCR-IMNM, #=19), anti-SRP-antibody-positive
necrotizing myopathy (SRP-IMNM, #n=16), anti-syn-
thetase syndrome (ASS, n=18), anti-mitochondria M2
antibody-positive myositis (AMA-M2 myositis, n=12),
immune-mediated necrotizing myopathy without myo-
sitis-specific antibodies (seronegative IMNM, n=9), DM
(n=14), and polymyositis (PM, n=12) according to the
diagnostic criteria detailed in the following references
[3, 4]. Patients with inclusion body myositis (IBM) were
excluded from this study because the diagnostic crite-
ria of IBM do not feature skin conditions [3, 4]. We also
excluded patients with a diagnosis of mixed connective
tissue disease whose features were not primarily consis-
tent with DM, patients with other overlap connective tis-
sue disease, and patients with juvenile DM. Evaluations of
anti-HMGCR and anti-SRP antibodies were performed
by Cosmic Corporation (Tokyo, Japan) using ELISA kits
as previously reported [10, 11, 29].

This study was approved by and performed under the
guidelines of the ethics committee of the National Hospi-
tal Organization Kure Medical Center and Chugoku Can-
cer Center (No. 28-54).

Skin biopsies

Skin biopsies were performed in patients with skin
lesions found by our dermatologists. Skin biopsy speci-
mens were fixed in 10% formalin and paraffin-embedded.
Pathological diagnosis was confirmed by routine histo-
chemistry and immunohistochemistry.
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Immunohistochemistry

For each sample, 6-um serial sections of skin biopsy spec-
imens were immunostained using a Ventana BenchMark
Ultra automated slide staining system (Ventana Medical
Systems, Tucson, AZ) with mouse monoclonal antibod-
ies, or an En-Vision system (Dako, Glostrup, Denmark)
with a rabbit polyclonal antibody according to manu-
facturer instructions. The primary mouse monoclonal
antibodies and rabbit polyclonal antibody are described
in eTable 1 in the Supplement. We accessed skin biopsy
specimens by means of a previously reported methodol-
ogy [29].

Study endpoints

The objective of our study was to determine the preva-
lence of skin conditions in our cohort of patients with
IIM and to identify associated clinicopathological fea-
tures of IMNM, especially HMGCR-IMNM. Their skin
manifestations were classified as none, typical skin con-
ditions and atypical skin conditions. Typical skin condi-
tions includes heliotrope rash (bilateral purple or violet
rash of the eyelids), Gottron’s sign (flat red rash over the
back of the fingers, elbows or knees), mechanic’s hands
(roughening and cracking of the skin of the tips and sides
of the fingers), or shawl sign (redness and sunburn reac-
tion affecting the back and neck), which were excluded in
atypical skin conditions.

Statistical analysis

All values are expressed as mean [standard deviation]
unless stated otherwise. Differences among means of
all groups were analyzed with the Kruskal-Wallis test or
chi-square test by using the Prism 8 software (GraphPad
Software, La Jolla, CA). In addition, differences between
HMGCR-IMNM patients with skin conditions and with-
out skin conditions were analyzed by Mann—Whitney
test. The p value <0.05 was considered significant.

Results

Patient characteristics

We screened clinical records of 100 consecutive patients
with IIM (39 men [39%], 61 women [61%]). The mean
age of all IIM patients at diagnosis was 59.3 [16.6] years;
that of patients with HMGCR-IMNM was 48.4 [19.7]
years, which was not statistically different from those of
all IIM groups in this study (p=0.099). The mean disease
duration at diagnosis of all IIM patients was 20.1 [52.3]
months, but that of HMGCR-IMNM patients was 70.9
[101.5] months, longer than other IIM groups (p<0.001).
Interstitial pneumonia was observed more frequently in
patients with ASS or DM (p<0.001). At diagnosis, the
mean CK level across all patients was 3329.4 [3138.3]
IU/L. A summary of patient characteristics is given in
Table 1.

Page 3 of 10

Typical skin rashes are rare in patients with IMNM

Of the 100 IIM patients, 34 (34%) presented some form
of skin condition associated with IIM, and 27 a typical
skin rash. Thirteen of 14 patients with DM (93%) had
skin lesions including heliotrope eyelids, Gottron’s sign,
mechanic’s hands, or shawl sign, which was more fre-
quent than in patients without DM (p<0.001). These skin
rashes were also observed in 8 of 18 patients with ASS
(44%). Heliotrope eyelids and shawl sign were observed
in only 1 patient with HMGCR-IMNM. Gottron’s
sign was observed on the hands of 2 of 16 SRP-IMNM
patients and 2 of 9 patients with seronegative IMNM.
Two of 9 patients with seronegative IMNM also pre-
sented shawl sign. No patients with AMA-M2 myositis
and PM showed any skin condition.

Atypical skin conditions of HMGCR-IMNM are similar to
erythema multiforme or skin conditions mimicking tinea
versicolor
In contrast to other IIM patients, 8 of 19 patients with
HMGCR-IMNM (42%) presented atypical skin lesions
on the neck and back that were not similar to typical skin
rashes. Two of 19 (11%) had lesions on the head and face,
and 3 of 19 (16%) on the extremities. The skin conditions
of HMGCR-IMNM patients are summarized in Table 2.
Among the 8 HMGCR-IMNM patients with skin
lesions, 4 had skin eruption with ash-like scales on the
back and neck, which was clinically diagnosed as tinea
versicolor before they were diagnosed as HMGCR-
IMNM (Fig. 1A). The other HMGCR-IMNM patients
with atypical dermal manifestations presented non-scaly
red patches and lumps evolving into targetoid lesions on
the back and neck (Fig. 1B, C), head and face (Fig. 1D),
and extremities (Fig. 1E), which were considered to be
erythema multiforme. The age at onset of HMGCR-
IMNM patients with skin involvement was younger
than that of patients without skin involvement (p <0.05)
though there were no differences between the groups in
age at biopsy, disease duration, the titer of anti-HMGCR
antibody, or serum levels of CK, total cholesterol
(T-Chol), high-density lipoprotein cholesterol (HDL-C),
and low-density lipoprotein cholesterol (LDL-C).

Atypical skin conditions of HMGCR-IMNM share a
pathological background formed by bcl-2-positive
lymphocyte infiltrations

We performed skin biopsies for the atypical skin condi-
tions of HMGCR-IMNM. Skin eruptions mimicking
tinea versicolor and erythema multiforme showed peri-
vascular lymphocytic infiltrations and rare necrotic kera-
tinocytes with discrete vacuolization of the basal cell
layer at the basement membrane zone (Fig. 2A, B). Skin
eruptions that mimicked erythema multiforme and were
clinically diagnosed as pemphigus vulgaris also showed
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Table 1 Clinical manifestations of patients in this study
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HMGCR-IMNM SRP- ASS AMA-M2 Seronega- DM PM P
All With skin IMNM myositis tive value
conditions IMNM

N (M: F) 19(7:12) 8(5:3) 16 (7:9) 18 (7:11) 12 (4:8) 9 (3:6) 14(7:7) 12 (4:8) 0.964
Age at diagnosis (Y) 4841[19.71  3791[222] 604[16.7]  639[100] 65.8[12.8] 64.0(127] 589[186] 57.8[187] 0.099
Disease duration (M) 76.0[1023] 11291[1242] 39[1.7] 6.2 [5.3] 126[16.9] 13.6[194] 3.6[1.2] 9.3[16.3] <0.001
Muscle weakness 18 (95%) 8 (100%) 16 (100%) 16 (89%) 12 (100%) 9 (100%) 12 (86%) 12 (100%) 0.343
Myalgia 7 (37%) 3 (38%) 3 (19%) 3(17%) 2 (17%) 1(13%) 4 (29%) 4 (33%) 0471
Interstitial pneumonia 0 0 5(31%) 11 (61%) 0 3(33%) 6 (43%) 0 <0.001
Statin exposure 7 (37%) 2 (25%) 5(31%) 5 (28%) 2 (17%) 4 (44%) 4 (29%) 2 (17%) 0.545
T-Cholesterol (mg/dl) 222.1(575] 2250(71.1] 2454[486] 1959([367] 207.8[290] 2323[416] 221.7[346] 2178[527]  0.068
HDL-C (mg/dl) 615[137] 57601411 6161791 482[166] 55902401 516[11.8] 5411541  493[126] 0.111
LDL-C (mg/d) 138.8[43.11 149.0[52.2] 1555[36.0] 123.1[306] 1133[324] 1428[354] 1379[352] 133.8(37.7] 0.099
CK (IU/L) 3676.0 2769.6 4662.6 3694.5 2485.1 3679.7 23166 20876 0.062

[3578.2] [2633.1] [2606.0] [4394.2] [3393.8] [2544.5] [2006.9] [1249.2]
Skin conditions 8 (42%) 8 (100%) 2 (13%) 8 (44%) 0 3(33%) 13 (93%) 0 <0.001
Skin rashes 1 (5%) 1(13%) 2 (13%) 8 (44%) 0 3(33%) 13 (93%) 0 <0.001
Heliotrope eyelids 1 (5%) 1 (13%) 0 2(11%) 0 0 10 (71%) 0 <0.001
Gottron's sign 0 0 2 (13%) 8 (44%) 0 2 (22%) 12 (86%) 0 <0.001
Mechanic’s hand 0 0 0 6 (33%) 0 0 4 (29%) 0 <0.001
Shawl sign 1 (5%) 1 (13%) 0 6 (33%) 0 2 (22%) 12 (86%) 0 <0.001
Atypical skin conditions 8 (42%) 8 (100%) 0 0 0 0 0 0 <0.001
Head and Face 2 (11%) 2 (25%) 0 0 0 0 0 0 0.191
Back and Neck 7 (37%) 7 (88%) 0 0 0 0 0 0 <0.001
Extremities 3(16%) 3(38%) 0 0 0 0 0 0 0.040

Abbreviations: HMGCR, anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase antibody-positive myopathy; SRP, anti-signal recognition particle antibody-
positive myopathy; ASS, anti-synthetase syndrome; AMA-M2, anti-mitochondrial M2 antibody-positive myositis; Seronegative IMNM, IMNM without myositisi-
specific/associated antibodies; DM, dermatomyositis; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; CK, creatine kinase

Statistical analysis was performed by Kruskal-Wallis test

rare epidermal lesions and sub-epithelial vesicles, along
with perivascular lymphocytic infiltrations in the der-
mis (Fig. 2C, D). However, we did not detect antibod-
ies against desmogleins. Erythema multiforme that was
clinically diagnosed as primary cutaneous marginal zone
lymphoma also showed rare epidermal lesions and peri-
vascular lymphocytic infiltrations in the superficial der-
mis (Fig. 2E, F); meanwhile, the deep dermis presented
perivascular lymphocytic infiltrations mimicking lym-
phoid follicles (Fig. 2E, G). However, we did not detect
T-cell receptor gene rearrangement.

Next, we analyzed skin biopsy specimens by immu-
nohistochemistry. This revealed skin eruptions mimick-
ing tinea versicolor and erythema multiforme to include
perivascular CD3-positive lymphocytic infiltrations
(Fig. 3A). Almost all perivascular infiltrated lympho-
cytes were positive for Bcl-2 (Fig. 3B). In erythema multi-
forme-mimicking skin conditions clinically diagnosed as
primary cutaneous marginal zone lymphoma (PCMZL),
the superficial dermis also showed perivascular CD3-
positive lymphocytic infiltrations (Fig. 3C). About half
of the superficial perivascular lymphocytes were positive
for Bcl-2 (Fig. 3D). Finally, in erythema multiforme-mim-
icking skin conditions clinically diagnosed as primary
cutaneous marginal zone lymphoma, deep perivascular

lymphocytes formed similar structures to lymphoid fol-
licles (Fig. 3E). Bcl-2-positive lymphocytes were present
in the periphery of these structures, but not in the center
(Fig. 3F).

Discussion

Despite evidence of cutaneous diseases in IMNM, there
have been no robust and quantitative studies examining
them. In this study, we determined that skin involve-
ment is not rare in patients with HMGCR-IMNM. Skin
lesions in such patients are mainly observed on the neck
and back and rare at other sites, including the face and
extremities. Grossly, skin lesions of the neck and back
presented in various forms that were similar to erythema
multiforme or tinea versicolor but not to typical skin
rashes observed in patients with DM or ASS. Histopath-
ologically, skin biopsy specimens of HMGCR-IMNM
patients with skin lesions had Bcl-2-positive lymphocytic
infiltrations, which were not observed in those of other
IIMs, consistent with a previous report [29].

Previous studies reported the presence of anti-SRP
or anti-HMGCR antibodies at frequencies of 5-20%
in patients with PM and DM, and skin involvement in
about 5% of patients with IMNM [7, 10, 13, 30-32]. In
our study, typical skin rashes were observed in 1 (5%)
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Fig. 1 Examples of skin conditions in patients with anti-HMGCR antibody-positive immune-mediated necrotizing myopathy. A-C. Skin eruptions with
ash-like scales on the back and neck, which was clinically diagnosed as tinea versicolor. D, E. Non-scaly red patches and lumps evolving into targetoid
lesions which considered to be erythema multiforme around the ear and on the extremities
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Fig.2 Skin pathology of atypical skin conditions in patients with anti-HMGCR-antibody-positive necrotizing myopathy. A, B. Histopathology of skin erup-
tions mimicking tinea versicolor and erythema multiforme showed perivascular lymphocytic infiltrations and rare necrotic keratinocytes with discrete
vacuolization of the basal cell layer at the basement membrane zone. C, D. Histopathology of skin eruptions that mimicked erythema multiforme and
were clinically diagnosed as pemphigus vulgaris also showed rare epidermal lesions and sub-epithelial vesicles. Lymphocytes infiltrated the perivascular
lesions in the dermis. E, F, G. Histopathology of erythema multiforme clinically diagnosed as primary cutaneous marginal zone lymphoma showed rare
epidermal lesions. The dermis presented perivascular lymphocytic infiltrations mimicking lymphoid follicles. Scale bars represent 100 um (A, D, G), 50 pm
(B, F), 200 um (C), or 500 um (E)
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Fig. 3 Immunohistochemical analysis of skin tissues in patients with anti-HMGCR-antibody-positive necrotizing myopathy. (A) Skin biopsy specimens
of skin eruptions mimicking tinea versicolor and erythema multiforme showed perivascular CD3-positive lymphocytic infiltrations. (B) Almost all peri-
vascular infiltrated lymphocytes were positive for Bcl-2. (C) In skin biopsy specimens of erythema multiforme clinically diagnosed as primary cutaneous
marginal zone lymphoma, the superficial dermis also showed perivascular CD3-positive lymphocytic infiltrations. (D) About half of superficial perivascular
lymphocytes were positive for Bcl-2. (E) In skin biopsy specimens of erythema multiforme clinically diagnosed as primary cutaneous marginal zone lym-
phoma, deep perivascular lymphocytes formed similar structures to lymphoid follicles. (F) Bcl-2-positive lymphocytes were present in the periphery of
lymphoid follicle-like structures, but not in the center. Scale bars represent 100 um
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patient with HMGCR-IMNM and 2 (13%) patients with
SRP-IMNM. These findings are consistent with the data
in previous reports [7, 10, 11]. However, several reports
of patients with HMGCR-IMNM recently presented
various skin conditions including DM-like rash, Jess-
ner-Kanoff disease, or cutaneous lymphoma [15-17].
Our study revealed that 8 (42%) patients with HMGCR-
IMNM presented atypical skin conditions, mainly on
the neck and back, but patients with other IIMs (includ-
ing SRP-IMNM) did not; these atypical skin conditions
resembled erythema multiforme or tinea versicolor.
In addition, though the gross dermal findings varied,
biopsy specimens taken from the atypical skin lesions of
HMGCR-IMNM patients exhibited a common patho-
logical background formed by highly Bcl-2-positive lym-
phocyte infiltrations, consistent with our previous report
[29]. In skin tissues from patients with other IIMs, Bcl-
2-positive lymphocytes were rarely observed. Our find-
ings suggest that atypical skin conditions on the neck and
back might be specific for HMGCR-IMNM.

HMGCR is an endoplasmic reticulum enzyme that
catalyzes the rate-limiting step of cholesterol biosynthe-
sis within the mevalonate pathway [19]. Previous stud-
ies reported that statins have pleiotropic immunological
effects [22, 23]. Meanwhile, a role of anti-HMGCR anti-
body in the mevalonate pathway has not been confirmed.
We previously reported HMGCR-IMNM patients with
Bcl-2-positive lymphoid follicles to show higher levels
of serum LDL-C [29]. However, we observed no differ-
ence in serum LDL-C between patients with skin involve-
ment and those without skin involvement. This fact
suggests that Bcl-2-positive lymphocyte infiltration is a
characteristic pathological finding of HMGCR-IMNM
but not directly associated with the pathogenesis of
HMGCR-IMNM.

This study has unavoidable biases. First, IIM patients
without any clinical or radiological muscular manifesta-
tions were excluded because this study was based on the
muscle-biopsy cohort. Another inherent limitation is the
small number of cases, due to the rarity of this pathology.
Addressing these two limitations requires further exami-
nations evaluating IIM patients without any muscular
manifestations, especially clinically amyopathic dermato-
myositis patients without any muscle-specific antibodies
associated with DM.

Conclusions

Atypical skin conditions mimicking erythema multi-
forme or tinea versicolor may present on the neck and
back of patients with HMGCR-IMNM despite typical
dermatomyositis-like rashes being rare in such patients,
as previously reported [7, 10, 13, 30-32]. Skin biopsy
specimens from these lesions showed Bcl-2-positive
lymphocytic infiltrations regardless of the different gross
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dermal findings. Our overall findings suggest that atypi-
cal skin conditions including erythema multiforme or
tinea versicolor on the neck and back might be a novel
clinical characteristic of HMGCR-IMNM, which could
help us to diagnose HMGCR-IMNM.

Abbreviations

AMA-M2  Anti-mitochondria M2 antibody-positive myositis
ASS Anti-synthetase syndrome

DM Dermatomyositis

HMGCR 3-hydroxy-3-methylglutaryl-coenzyme A reductase
IIM |diopathic inflammatory myopathies

IMNM Immune-mediated necrotizing myopathy

PM Polymyositis

IBM Inclusion body myositis

SRP Signal recognition particle
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