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Abstract
Purpose: Skin disorders demonstrate highly variable phenotypical and histopathologi‐
cal features. Mogamulizumab, a humanized anti‐CC chemokine receptor 4 monoclonal 
antibody indicated for the treatment of adult T‐cell leukemia‐lymphoma, has been shown 
to induce skin‐related adverse events in some patients, including rare cases of Stevens‐
Johnson syndrome. Hence, we aimed to elucidate immunological primary reactions in 
skins of mogamulizumab by quantitatively comparing any patterns of other skin disorders.
Methods: We quantitatively analyzed Foxp3+, CD8+, CD4+, granzyme B+, CD56+, and 
macrophage‐derived chemokine‐positive cells, and compared the results with trends 
observed in other inflammatory skin disorders such as psoriasis vulgaris, atopic der‐
matitis, and lichen planus. The analysis was separately performed in dermis, base‐
ment membrane, or epidermis of skins.
Results: Foxp3+/CD8+ cell ratio in dermis and basement membrane of mogamuli‐
zumab‐emergent skin disorders was significantly lower compared with those of the 
other skin disorders. In inflammatory skins, the more the number of CD8+ cells were 
infiltrated, the more the number of Foxp3+ cells were prone to be infiltrated, but not 
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1  | INTRODUC TION

Mogamulizumab, a humanized monoclonal antibody (mAb) targeting 
the CC chemokine receptor 4 (CCR4), has demonstrated efficacy 
in patients with CCR4‐expressing adult T‐cell leukemia‐lymphoma 
(ATL). However, in a phase 2 study of mogamulizumab in Japan, ap‐
proximately 67% of patients with ATL reported skin disorders during 
or soon after mogamulizumab therapy,1 including Stevens‐Johnson 
syndrome (SJS) and toxic epidermal necrosis in some patients.2,3 This 
could be due to autoimmune reactions induced by the loss of or re‐
duction in regulatory T cells (Treg) known to express CCR4.4 Indeed, 
some case reports have indicated reductions in Treg and increases 
in CD8+ cells with mogamulizumab treatment; albeit, the assess‐
ments were qualitative in nature.2,3,5 Furthermore, mogamulizumab‐
induced immune response is thought to differ from responses 
observed in other inflammatory diseases, including autoimmune dis‐
eases; however, no reports directly comparing these responses have 
been published as yet.

In this study, we quantitatively analyzed the expression of 
Foxp3+ (a marker of Treg), CD8+, CD4+, granzyme B+ (a marker of 
cytoplasmic granules of cytotoxic T lymphocytes or natural killer 
[NK] cells), CD56+ (a marker of NK cells), and macrophage‐derived 
chemokine (MDC)/CCL22+ cells (a CCR4 ligand) in dermis, basement 
membrane, or epidermis of mogamulizumab‐emergent and other in‐
flammatory skin disorders, in order to elucidate the immunological 
primary reactions of mogamulizumab in skins.

2  | METHODS

This analysis was performed retrospectively using 27 archival skin 
samples. Of the 27 samples, seven were from patients with ATL in 
a phase 2 study of mogamulizumab.1 The patients received intra‐
venous infusions of mogamulizumab once per week for at maxi‐
mum 8 weeks at a dose of 1.0 mg/kg. Twenty samples from 10 
patients with psoriasis vulgaris, five patients with atopic derma‐
titis, and five patients with lichen planus were included for com‐
parison in the study.

The study was compliant with the Ethical Guidelines for Medical 
and Health Research Involving Human Subjects, and was conducted 
in accordance with the Declaration of Helsinki. The study protocol 
was approved by the ethics committee at each participating site, and 

written informed consent was obtained from each patient or, if ob‐
taining written consent was not possible, an opt‐out consent process 
was used.

Formalin‐fixed skin samples were used for immunohistochemi‐
cal staining with the following mAbs: anti‐Foxp3 (Abcam), anti‐CD8 
(DAKO), anti‐CD4 (Leica), anti‐granzyme B (Monosan), anti‐CD56 
(Leica), and anti‐MDC mAb (PeproTech), according to the manufac‐
turers’ instructions.

Positively stained cells for each mAb were counted in five or 
20 selected epidermis (40 × 40 μm or 20 × 20 μm, respectively), 10 
selected basement membrane (50 × 50 μm), and 10 selected der‐
mis (100 × 100 μm) regions (Figure S1). The positively stained cells 
from each region were summed up and represented as cell number 
per 0.005 mm2 of the epidermis, dermis, or basement membrane. 
Further, the total cell numbers from all three regions were summed 
up and represented as cell numbers per 0.015 mm2 of the skin disor‐
ders. The ratio of Foxp3+/CD8+ cells was also calculated. Cell count‐
ing for Foxp3, CD8, and CD4 was performed independently by three 
pathologists, and the mean value was reported, whereas positively 
stained cells for granzyme B, CD56, and MDC were quantified by 
one pathologist.

The results are shown as a box and whisker plot, indicating quar‐
tiles, minimum, and maximum values. Steel's test was performed 
using SAS (release 9.4, SAS Institute) to compare the results between 
skin disorders caused by mogamulizumab and other skin disorders, 
with a statistical significance level of P < 0.05.

3  | RESULTS

3.1 | Clinical characteristics of ATL patients with 
mogamulizumab‐emergent skin disorders

The quantitative analysis was retrospectively performed using 27 
archival skin samples. Of the 27 samples, seven were from ATL 
patients who experienced grade 2 or 3 rash (n = 5), SJS (n = 1), 
or nummular dermatitis (n = 1) in a phase 2 study of mogamuli‐
zumab.1 Clinical characteristics of these seven patients are sum‐
marized in Table 1. Patients included all sub‐types of aggressive 
ATL, and most of them had >5 doses of mogamulizumab before 
the skin biopsy, although the number of patients was small. Of 
the 7 patients, only patient No. 4 had ATL involvement in skin at 
the biopsy.

in mogamulizumab‐emergent skin disorders. No significant difference between all of 
the other skin disorders was observed in other immunological markers.
Conclusion: The low Foxp3+/CD8+ cell ratio of skins is the underlying reason for 
mogamulizumab‐emergent skin disorders.

K E Y W O R D S
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3.2 | Immunohistochemical staining of infiltrated 
Foxp3+ and CD8+ cells in skin

Representative immunohistochemical staining of infiltrated Foxp3+ 
and CD8+ cells in skin is shown in Figure S2. Mogamulizumab‐emer‐
gent skin lesions (upper panel) showed a paucity of Foxp3+ cells, and 
a predominant infiltration of CD8+ cells was observed, while pso‐
riasis vulgaris skins (lower panel) showed similar number of Foxp3+ 
and CD8+ cell infiltration (data not shown for atopic dermatitis and 
lichen planus).

3.3 | Quantitative analysis of infiltrated Foxp3+, 
CD8+, CD4+, granzyme B+, CD56+, and MDC+ cells 
in skin

Positively stained cells for each mAb were counted in epider‐
mis, dermis, and basement membrane regions according to the 
Method. The cell count was summed up from all the selected re‐
gions. Mogamulizumab‐emergent skin disorder had a lower num‐
ber of infiltrated Foxp3+ cells compared with psoriasis vulgaris 
and lichen planus skins, while significant CD8+ cell infiltration was 
observed in mogamulizumab‐emergent skin disorder compared 
with psoriasis vulgaris and atopic dermatitis skins (Figure 1A,B). 
However, the ratio of Foxp3+/CD8+ cells in mogamulizumab‐
emergent skin disorder was significantly lower than all of them 
(Figure 1C). In inflammatory skins, the more the number of CD8+ 
cells were infiltrated, the more the number of Foxp3+ cells were 
prone to be infiltrated, but not in skin disorders induced by moga‐
mulizumab (Figure 1H).

Mogamulizumab‐emergent skin disorder showed a significantly 
higher number of granzyme B+ cells and CD56+ cells compared 

with psoriasis vulgaris and atopic dermatitis skins, respectively 
(Figure 1E,F). No statistically significant difference was observed in 
the number of CD4+ cells or MDC+ cells between mogamulizumab‐
emergent and other inflammatory skin disorders (Figure 1D,G).

3.4 | Skin compartment analysis of infiltrated 
Foxp3+ and CD8+ cells

Infiltrated Foxp3+ and CD8+ cells were separately analyzed from 
each selected regions of epidermis, dermis, and basement mem‐
brane regions. Mogamulizumab‐emergent skin disorders had a 
lower number of Foxp3+ cells compared with those of psoriasis vul‐
garis, atopic dermatitis, and lichen planus skins. Especially, the de‐
crease was statistically significant in dermis (v.s. psoriasis vulgaris, 
atopic dermatitis, and lichen planus) and basement membrane (v.s. 
psoriasis vulgaris and lichen planus) (Figure 2A). On the other hand, 
the increase in CD8+ cells in mogamulizumab‐emergent skin disor‐
ders compared with psoriasis vulgaris and atopic dermatitis skins 
was statistically significant in basement membrane (Figure 2B). 
Accordingly, the ratio of Foxp3+/CD8+ cells in mogamulizumab‐
emergent skin disorder of dermis and basement membrane was 
significantly lower than that observed in psoriasis vulgaris, at‐
opic dermatitis, and lichen planus skins (Figure 2C). Although the 
Foxp3/CD8 ratio of epidermis was also low, the differences were 
not statistically significant.

4  | DISCUSSION

The paucity of Foxp3+ cells and the predominant infiltration of 
CD8+ cells resulted in a significantly lower Foxp3+/CD8+ cell ratio 

TA B L E  1   Clinical characteristics of ATL patients with mogamulizumab‐emergent skin disorders

Patient 
No. Age ATL subtype

ATL skin involve‐
ment before 
mogamulizumab 
doses

No. of mogam‐
ulizumab doses 
before skin 
biopsy

Skin 
disordera

Worst 
gradeb

Periods (Days) 
from the 1st 
mogamulizumab 
dose to skin 
biopsy

ATL skin 
involve‐
ment at the 
biopsy

Best 
overall 
respon‐
sec

1 70s Acute Negative 8 SJS 3 76 Negative CR

2 50s Acute Positive 8 Rash 2 58 Negative PR

3 60s Chronic, 
unfavorable

Positive 5 Rash 3 33 Negative PR

4 60s Chronic, 
unfavorable

Positive 7 Rash 2 49 Positive PR

5 70s Acute Negative 8 Rash 2 52 Negative CR

6 80s Lymphoma Negative 6 Rash 2 36 Negative SD

7 60s Lymphoma Negative 6 Nummular 
dermatitis

2 43 Negative PR

Abbreviations: ATL, adult T‐cell leukemia‐lymphoma; CR, complete response; PR, partial response; SD, stable disease; SJS, Stevens‐Johnson 
syndrome.
aAccording to the Medical Dictionary for Regulatory Activities/Japanese version terminology. 
bIt was graded according to the National Cancer Institute Common Terminology Criteria for AEs, version 3.0. 
cObjective responses were assessed after the fourth and eighth infusions of mogamulizumab according to the modified response criteria for ATL. 
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in mogamulizumab‐emergent skin disorder compared with other 
inflammatory skin disorders evaluated in this study. This quanti‐
tative result was equivalent to previous case reports that qualita‐
tively examined the immune status in mogamulizumab‐emergent 
skin disorders.2,3,5 No evident difference was observed between 
one SJS and the other mogamulizumab‐emergent skin orders in the 
study (data not shown). Additionally, we demonstrated that the low 
Foxp3+/CD8+ cell ratio might be more evident in dermis and base‐
ment membrane compared with epidermis. This observation can 
make us consider that the primary site of mogamulizumab‐emergent 
skin disorders may be dermis and/or basement membrane. However, 
the less evidence in epidermis may be due to the smaller region of 
analyzed area in epidermis compared with those in dermis and base‐
ment membrane.

While some studies have reported an increased number of Treg 
in psoriasis skin lesions, other reports are conflicting, and likewise, 
conflicting results have been observed with regard to the num‐
ber of Treg in skin lesions from patients with atopic dermatitis.6 

Immune dysregulation polyendocrinopathy enteropathy X‐linked 
syndrome, a rare disease involving Treg dysfunction due to germ 
line mutations in the Foxp3 gene, often presents with eczema as 
one of the characteristic symptoms.7 Additionally, in Treg‐deficient 
Scurfy mice injected with α‐1,3‐fucosyltransferase VII‐deficient 
Treg, which show impaired skin migration, Treg accumulation was 
reduced in the skin selectively, which in turn resulted in severe cu‐
taneous inflammation.8 These reports indicate that deficiency or 
dysfunction of Treg in the skin is closely related to onset of skin 
disorders. In our study, the absolute number of Treg in inflamma‐
tory skin diseases varied widely and was different across diseases; 
however, it had a positive correlation with that of CD8+ cells, sug‐
gesting the possibility that more Treg was infiltrated into the lesion, 
likely to suppress inflammation involving CD8+ cells. Conversely, 
Treg depletion in the peripheral blood induced by mogamulizumab 
was durable and profound in patients with ATL1; the number of 
Treg in mogamulizumab‐emergent skin lesions was consistently 
very scarce, although abundant CD8+ cell infiltration was observed, 

F I G U R E  1   Quantitative analysis of 
infiltrated Foxp3+, CD8+, CD4+, granzyme 
B+, CD56+, and MDC+ cells. The number 
of (A) Foxp3+, (B) CD8+, (D) CD4+, (E) 
granzyme B+, (F) CD56+, (G) MDC+ 
cells, and (C) Foxp3+/CD8+ cell ratio per 
0.015 mm2 in skins from patients with 
mogamulizumab‐emergent skin disorders, 
psoriasis vulgaris, atopic dermatitis, and 
lichen planus was shown, respectively. 
Box and whisker plot indicated quartiles 
with minimum and maximum values. P 
values were calculated by Steel test. (H) 
Correlation between number of Foxp3+ 
cells and CD8+ cells in inflammatory 
skin diseases (psoriasis vulgaris, atopic 
dermatitis, and lichen planus) and 
mogamulizumab‐emergent skin disorders. 
Simple linear regression analysis was 
performed, and regression line was 
indicated in the graphs. Mogamulizumab‐
emergent skin disorders; cross. Psoriasis 
vulgaris; closed triangle. Atopic dermatitis; 
closed circle. Lichen planus; open circle
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which implies a loss of immune suppression in ameliorating an ex‐
aggerated immune response.

In human T‐cell leukemia virus type 1 (HTLV‐1) Tax transgenic 
mice, a significant increase in CD8+ cells and decrease in Treg in the 
spleen were observed compared with non‐transgenic mice,9 and 
a majority of HTLV‐1 basic leucine zipper factor transgenic mice 
were reported to develop skin inflammation due to dysfunction 
of CD4+ Foxp3+ Treg.10 Furthermore, HTLV‐1 infection has been 
reported to lead to reductions in Treg and increases in CD8+ cells 
in skin lesions from patients with HTLV‐1–associated infective der‐
matitis.11 These findings allude that HTLV‐1 infection or ATL dis‐
ease itself may predispose mogamulizumab‐treated patients to an 

exaggerated immune response in the skin. Indeed, the frequency 
of skin disorders induced by mogamulizumab in the ATL study was 
higher than that in the peripheral T‐cell lymphoma/cutaneous T‐
cell lymphoma study: 67% vs. 51%, with grade 3/4 of 22% vs. 11%, 
respectively.1,12

In summary, the immune response in mogamulizumab‐emergent 
skin disorders differed from that in other skin disorders. The low 
Foxp3+/CD8+ cell ratio, possibly in dermis and/or basement mem‐
brane, is the underlying reason for mogamulizumab‐emergent skin dis‐
order, suggesting that different management strategies may be needed 
for skin disorders induced by mogamulizumab compared with other in‐
flammatory skin disorders, including autoimmune skin disorders.

F I G U R E  2   Skin compartment analysis of infiltrated Foxp3+ and CD8+ cells. The number of (A) Foxp3+, (B) CD8+, and (C) Foxp3+/CD8+ cell 
ratio per 0.005 mm2 in each skin lesion from patients with mogamulizumab‐emergent skin disorders, psoriasis vulgaris, atopic dermatitis, 
and lichen planus was shown, respectively. Box and whisker plot indicated quartiles with minimum and maximum values. P values were 
calculated by Steel test
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