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Diminished regulatory T cells in cutaneous lesions of
thymoma-associated multi-organ autoimmunity: a newly described
paraneoplastic autoimmune disorder with fatal clinical course
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Introduction

Summary

Thymoma-associated multi-organ autoimmunity is a rare, autoimmune
disease that causes colitis, liver dysfunction and cutaneous graft-versus-host
(GVH)-like skin damage. This paraneoplastic autoimmune disorder may be
due to inadequate T cell selection in the tumour environment of the thymus.
Although sporadic case reports have revealed its clinical features, little is
known about its pathological mechanism. By comparing the skin-infiltrating
T cell subsets with those of GVH disease (GVHD) and other inflammatory
skin diseases, we sought to elucidate the pathological mechanism of
thymoma-associated multi-organ autoimmunity. Histopathological and
immunohistochemical analysis of skin biopsies was performed for three
patients with thymoma-associated multi-organ autoimmunity. Histopatho-
logical findings of thymoma-associated multi-organ autoimmunity were
indistinguishable from those of patients with acute GVHD, although the
aetiologies of these diseases are completely different. The frequency of regu-
latory T cells (Trs) is reduced in cutaneous lesions and CD8* cytotoxic T
lymphocytes that massively infiltrate into the epidermis of patients with
thymoma-associated multi-organ autoimmunity. Additionally, the ratio of T
helper type 17 (Th17) cells to CD4" cells in patients with thymoma-associated
multi-organ autoimmunity and acute GVHD was higher than that in healthy
controls, but similar to that in psoriasis vulgaris patients. Similarity of the
skin-infiltrating T cell subsets with those of acute GVHD suggested that skin
damage in patients with thymoma-associated multi-organ autoimmunity
might be induced by self-reactive cytotoxic T lymphocytes under the dimin-
ished suppressive capacity of Tieg.

Keywords: autoimmunity, graft-versus-host disease (GVHD), regulatory T
cells, thymus, Th17

GVH disease (GVHD) is caused by the activation of donor
T cells that recognize recipient antigens in normal tissues and

Thymoma-associated multi-organ autoimmunity, a rare
autoimmune disorder, is known to cause colitis, liver dys-
function and cutaneous graft-versus-host (GVH)-like skin
damage [1-9]. Although sporadic case reports have revealed
its clinical features, little is known about its pathological
mechanism.

As reported previously, thymoma patients occasionally
develop paraneoplastic autoimmunity, such as myasthenia
gravis (MG), pure red cell aplasia and acquired hypogam-
maglobulinaemia [10,11], probably because of abnormal T
cell maturation within the tumour environment.
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show clonal expansion after haematopoietic cell transplanta-
tion [12].In normal individuals, peripheral tolerance is main-
tained by regulatory T cells (T.;), even if self-reactive T cells
escape negative selection in the thymus. The development of
CD4*CD25" T, depends on the forkhead box P3 transcrip-
tion factor (FoxP3), which is a specific marker for Ty, [13,14].
Recent studies have revealed that the number of Ty is
reduced in allografts, peripheral blood and the skin lesions of
recipients of transplants with acute or chronic GVHD
[15-18]. More recently, it was demonstrated that increased
numbers of interleukin (IL)-17-producing CD4* [T helper
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type 17 (Thl7)] cells in the peripheral blood correlate
strongly with inflammatory processes and the clinical status
of acute GVHD (aGVHD) and active, chronic GVHD [19].

Here, we demonstrate that the frequency of T is reduced
in the cutaneous lesions of patients with thymoma-associated
multi-organ autoimmunity compared with healthy individu-
als or individuals with other inflammatory skin diseases.
Similar to aGVHD, dominant CD8" cytotoxic T lymphocyte
(CTL) infiltration in the epidermis suggests that skin damage
in patients with thymoma-associated multi-organ autoim-
munity might be induced by self-reactive CTLs under the
diminished, suppressive capacity of Tieg.

Case reports

The clinical data of our three thymoma patients are summa-
rized in Table 1).

Case 1

We have reported previously the case of a 40-year-old Japan-
ese woman presenting with psoriasiform erythroderma
caused by thymoma-associated multi-organ autoimmunity
[7], whereas others have reported similar cases [1-6,8,9].
This patient was diagnosed with MG associated with type-B1
thymoma, as defined by the World Health Organization
(WHO) classification, at 23 years of age, and extended
thymectomy followed by radiation therapy (RT) was per-
formed [20]. After several years, tacrolimus was introduced
for recurrent MG. At 37 years of age, ablative surgery and RT
were performed for multiple disseminated tumours in
the left pleural cavity. Two years later, multiple recurrent
tumours appeared in the peritoneal cavity, which were resis-
tant to chemotherapy. Subtotal resection of the peritoneal
tumours with bilateral oophorectomy was performed. For
mass reduction and relief of MG, steroid pulse therapy
replaced treatment with tacrolimus. A few days after steroid
pulse therapy was started, generalized erythema appeared.
Generalized, psoriasiform erythematous patches were fused

Table 1. Summary of patient characteristics.
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Fig. 1. Clinical appearance of thymoma-associated multi-organ
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autoimmunity on the trunk of case 1. Scaly erythemas were fused on
the chest.

on the trunk, developing into generalized erythroderma
(Fig. 1). Although high doses of oral steroids and cyclo-
sporin were continued, the patient developed liver dysfunc-
tion and diarrhoea. A skin biopsy specimen was taken from
an erythematous skin lesion of the left dorsal foot. Erythro-
derma gradually improved over 2 months after the initiation
of high-dose oral steroid therapy, but reappeared with dis-
continuation of steroid therapy. Five months after the first
appearance of erythroderma, the patient died of sepsis.

Case 2

A 36-year-old Japanese woman presented with psoriasiform
erythroderma after thymoma relapse (Fig.2). Extended

Case 1 Case 2 Case 3

Sex Female Female Female
WHO classification of thymoma Bl Bl B2
Age of thymoma detection (year) 23 31 39
Duration from thymoma detection to GVH-like disease onset (year) 18 5 3
Damaged organ due to GVH reaction

Skin + + +

Liver + + N

Intestine + - -
Complications MG MG MG, SLE
Relapse of thymoma + + +
Course of skin lesion Relapse Relapse Better

Prognosis

Died after 5 months

Died after 3 years Exacerbating thymoma

GVH, graft-versus-host; MG, myasthenia gravis; SLE, systemic lupus erythematosus.
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Fig. 2. Clinical appearance of thymoma-associated multi-organ

autoimmunity on the hand of case 2. Erythroderma lesions were seen
on the entire body.

thymectomy was performed for type-Bl thymoma associ-
ated with MG when the patient was 31 years of age. Despite
treatment with predonisolone (10 mg/day), tacrolimus
and ambenonium, the thymoma reappeared. Generalized
erythema was improved by higher-dose prednisolone
(20 mg/day) and topical steroid treatments; however,
skin lesions recurred after withdrawal of prednisolone
administration. Generalized erythemas were fused and
developed into erythroderma after systemic steroid with-
drawal, accompanied by alopecia, pneumonia and liver
dysfunction. A skin biopsy was performed on an erythe-
matous area of the abdomen. Three years after the
first appearance of erythroderma, the patient died of
pneumonia.

Case 3

A 42-year-old Japanese woman presented with scaling
erythematous patches during the treatment of systemic
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lupus erythematosus with prednisolone (10 mg/day) since
age 38 years. Thymoma was revealed by chest computed
tomography, and needle biopsy showed type-B2 thymoma-
infiltrating pleura. Subsequently, she developed eyelid
ptosis and was diagnosed with MG. Chemotherapy was
slightly effective in reducing the tumour size and subtotal
resection was performed for thymoma removal, followed
by chemotherapy and RT. Generalized psoriasiform eryth-
roderma and oral erosions appeared during the RT course.
A skin biopsy was taken from the involved area on the left
upper arm (Fig. 3). Skin lesions disappeared with predniso-
lone (30 mg/day); however, oral aphthae recurred after
withdrawal of systemic steroids. The patient developed
pleural dissemination and thymoma metastasis to the
lymph nodes and was started on a weekly docetaxel
regimen. However, the adverse effect of glossitis was too
severe to continue treatment.

Fig. 3. Clinical appearance of thymoma-associated multi-organ

autoimmunity on the left upper arm of case 3. Multiple erythemas
approximately 10 mm in diameter were seen on the entire body.
Aphthas in the oral cavity were also observed.
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Materials and methods

Samples and immunohistochemical analysis

Skin biopsy tissues were fixed with 10% formaldehyde, and
paraffin-embedded sections were stained with haematoxylin
and eosin and analysed by immunohistochemistry. Immuno-
histochemical staining was performed on skin sections from
the three thymoma-associated multi-organ autoimmunity
patients described in the case reports, three acute GVHD
(aGVHD) patients, three lichen planus (LP) patients, three
psoriasis vulgaris patients and three healthy controls.
aGVHD, LP and psoriasis vulgaris were diagnosed on clinical
appearance and histopathology. All aGVHD patients were
treated with immunosuppressive therapy. All psoriasis vul-
garis patients were treated only with topical steroids. No LP
patients were treated. Because our thymoma-associated
multi-organ autoimmunity patients and aGVHD patients
were treated with immunosuppressive therapy, the effect of
this medication on their immune condition cannot be
excluded in this study. Three-micrometer-thick sections were
stained with the following monoclonal antibodies (mAbs):
anti-CD4 antibody (CD4 mAb, clone 1F6, dilution 1:25;
Novocastra, Newcastle, UK); anti-CD8 mAb (CD8 mAb,
clone C8/144B, dilution 1:100; DakoCytomation, Minneapo-
lis, MN, USA); anti-CD1a mAb (CD1la mAb, clone 010, dilu-
tion 1:50; DakoCytomation); anti-FoxP3 mAb (FoxP3 mAb,
clone 236A/E7, dilution 1:100; Abcam, Cambridge, UK); and
anti-IL-17 antibody (polyclonal IL-17 antibody, dilution
1:150; R&D Systems, Minneapolis, MN, USA). Immunohis-
tochemistry was performed as described previously [21,22].
For FoxP3 staining, Dako LSAB*/AP was used, whereas for
other immunohistochemical staining, the Dako ChemMate
Envision Kit/horseradish peroxidase (HRP) was used.

Quantification of the frequency of immunostained cells in
the upper dermis was performed in single-stained serial
sections. The number of FoxP3" T, and IL-17* Th17 cells
was quantified (mean number/high power field calculated in
three non-adjacent, high-power fields) and related to the
number of CD4" T lymphocytes (FoxP3*/CD4" ratio and
IL-17*/CD4" ratio, respectively). The number of FOXP3* T,
was also related to the number of CD8" T lymphocytes (i.e.
FoxP3*/CD8" ratio).

Results

Figure 4 shows the results from histopathological and
immunohistochemical analyses of skin biopsies from three
thymoma-associated multi-organ autoimmunity patients
described in the case reports. As shown by haematoxylin and
eosin staining, focal liquefaction degeneration of the basal
epidermal layer, presence of superficial perivascular lympho-
cytes, infiltration with exocytosis and the presence of dys-
keratotic keratinocytes (satellite cell necrosis) were found
in all three cases. CDla" Langerhans cells disappeared

© 2011 The Authors
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Fig. 4. Haematoxylin and eosin staining revealed graft-versus-host
(GVH)-like reactions in cases 1-3 (a—c). Immunohistochemical
staining revealed the following: CD1a* Langerhans cells disappearing
from the epidermis (d—f); few forkhead box P3 (Fox P3)* regulatory T
cells (Treg) expressed (g—i); CD8" cytotoxic T lymphocytes infiltrating
the epidermis (j-1); and presence of interkeukin (IL)-17* cells in the
dermis (m-o). Dotted lines represent the basal epidermal layer
(original magnifications: x100).

completely from the epidermis, and CD8* CTLs infiltrated
massively into the epidermis (Fig. 4). These findings are
consistent with the histopathological features of aGVHD
(data not shown), as reported previously [23,24].

Because thymoma-associated multi-organ autoimmunity
has many clinical and histopathological similarities with
post-haematopoietic cell transplantation aGVHD, we
further examined infiltrating T cell subsets in the skin for the
presence of FoxP3" T, As reported previously, T are
found sparsely in the skin lesions of patients with aGVHD
[18]. In this study, compared to healthy controls, the per-
centage of skin-infiltrating FoxP3* T, per number of CD4
T cells decreased in patients with thymoma-associated
multi-organ autoimmunity, whereas T, increased in LP
and psoriasis vulgaris patients (Fig. 5a). The percentage of
skin-infiltrating FOxP3" T\, per number of CD8" T cells was
also profoundly decreased in thymoma-associated multi-
organ autoimmunity and aGVHD compared with psoriasis
vulgaris (Fig. 5b).

The scaling erythematous skin lesions seen in our three
thymoma-associated multi-organ autoimmunity cases was
clinically indistinguishable from patients with psoriasis
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Fig. 5. (a) In cases 1-3 and patients with acute graft-versus-host disease (aGVHD), the ratio of regulatory T cells (Tieg) to CD4* T cells was reduced

compared to that in healthy controls, while the ratio in lichen planus (LP) and psoriasis vulgaris patients increased. (b) In cases 1-3 and patients
with aGVHD, the ratio of T, to CD8" T cells was reduced compared to that in patients with psoriasis vulgaris. (c) In cases 1-3 and patients with
aGVHD, the ratio of T helper type 17 (Th17) cells to CD4" cells was increased as much as that seen in psoriasis vulgaris patients compared to that

in either LP or healthy controls. Horizontal bars represent the mean value and the mean * standard deviation of each group.

vulgaris, although the histopathology was quite different
between the two sets of patient materials (data not shown).
Recent reports suggest that Th17 cells are key players in the
induction of psoriatic skin lesions and putative targets for
therapeutic intervention [19]. Therefore, we assessed skin-
infiltrating Th17 cells. In thymoma-associated multi-organ
autoimmunity and aGVHD patients, IL-17-producing cells
infiltrated into the upper dermis, mainly into the perivascu-
lar regions. The ratio of Th17 cells per number of CD4" cells
in patients with thymoma-associated multi-organ autoim-
munity and aGVHD was higher than that in LP or healthy
controls, but similar to that in psoriasis vulgaris patients
(Fig. 5¢). Thus, skin-infiltrating T cell subsets are quite
similar between patients with thymoma-associated multi-
organ autoimmunity and those with aGVHD.
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Discussion

In the normal thymus, immature T cells are positively
selected by major histocompatibility complex peptides,
depending on T cell receptor affinity [9,25,26]. Self-reactive
T cells are usually depleted by medullary thymic epithelial
cells. Central tolerance depends largely on the autoimmune
regulator (Aire) gene, which controls the ectopic expression
of a wide range of peripheral tissue-specific antigens in med-
ullary thymic epithelial cells [27,28]. Recently, the complete
lack of Aire and minimal expression of FoxP3 in intratu-
moural T cells were reported in patients with enteroco-
lonopathy caused by thymoma-associated multi-organ
autoimmunity [9], suggesting that self-reactive T cells, but
not T, might be preferentially differentiated in thymomas.

© 2011 The Authors
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In addition, self-reactive T cells might escape negative selec-
tion because professional antigen-presenting cells that
‘educate’ naive T cells in the normal thymic medulla are
absent in thymoma [29]. This failure of central tolerance
might cause autoimmune diseases in thymoma patients. In
our study, sparse FoxP3* T, in the dermis and massive CD8"
CTL infiltration in the epidermis were common features of
both thymoma-associated multi-organ autoimmunity and
aGVHD patients. T, are reduced in the skin lesions of
patients with systemic sclerosis, which may be responsible
for the loss of tolerance in the autoimmune skin diseases
[30,31]. CD8" CTLs are the major cellular effectors of
aGVHD in either the Fas—Fas ligand or perforin/granzyme
pathway [32]. We speculate that insufficient generation or
skin recruitment of FoxP3" T, might cause self-reactive
CTL-induced cutaneous GVH-like reactions.

We found that the frequency of Th17 cells in the skin
lesions of patients with thymoma-associated multi-organ
autoimmunity was increased by showing an increased
number of IL-17%cells among the CD4* population.
Increased numbers of Th17 cells in the peripheral blood are
correlated strongly with inflammatory processes in GVHD
and have been shown previously [19]. The clinical appear-
ances of our three cases were similar to those of psoriasis,
another Thl7-mediated dermatosis [33,34]. As seen in
patients with aGVHD or psoriasis vulgaris, the ratio of
IL-17* cells to CD4" T cells increased in patients with
thymoma-associated multi-organ autoimmunity.

In conclusion, thymoma-associated multi-organ autoim-
munity provides useful information for understanding the
pathological differences and similarities between autoim-
mune skin diseases and GVH-like reactions, especially for
the involvement of T, CTLs and Th17 cells. To understand
more about thymoma-associated autoimmunity, long-term
observations of the T cell repertoire might be useful for
monitoring effector and Tieg.
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