
Int J Clin Exp Pathol 2020;13(7):1682-1687
www.ijcep.com /ISSN:1936-2625/IJCEP0113476

Original Article
The expressions of MUM-1 and  
Bcl-6 in ALK-negative systemic anaplastic  
large cell lymphoma with skin involvement and  
primary cutaneous anaplastic large cell lymphoma

Yeo-Rye Cho1, Jeong-Wan Seo2, Sung Yong Oh3, Min-Kyoung Pak4, Ki-Ho Kim1

1Department of Dermatology, Dong-A University College of Medicine, Busan, South Korea; 2Department of Derma-
tology, The Armed Forces Medical Gangneung Hospital, Gangwon-Do, South Korea; 3Department of Internal Medi-
cine, Dong-A University College of Medicine, Busan, South Korea; 4Department of Pathology, Dong-A University 
College of Medicine, Busan, South Korea

Received April 28, 2020; Accepted June 3, 2020; Epub July 1, 2020; Published July 15, 2020

Abstract: Background: It is important to differentiate between primary cutaneous anaplastic large cell lymphoma 
(PC-ALCL) and ALK-negative systemic ALCL with skin involvement, as the prognoses and treatments for these two 
diseases are considerably different. Objective: This study aimed to compare the expressions of multiple myeloma 
oncogene 1 (MUM-1) and B-cell lymphoma 6 (Bcl-6) in PC-ALCL and ALK-negative systemic ALCL. Methods: This 
retrospective qualitative study investigated the clinical features of 7 patients with ALK-negative PC-ALCL, 5 patients 
with ALK-negative systemic ALCL with skin involvement, and 6 patients with ALK-positive systemic ALCL with skin 
involvement. The MUM-1 and Bcl-6 expressions were evaluated using immunohistochemistry. Results: The MUM-1 
expression rates were 85.7% in the PC-ALCL cases and 100% in the ALK-negative systemic ALCL with skin involve-
ment cases. The Bcl-6 expression rates were 28.5% in the PC-ALCL cases and 20% in the ALK-negative systemic 
ALCL cases with skin involvement. Conclusion: Although the cutaneous manifestations of ALK-negative systemic 
ALCL and PC-ALCL are similar, the prognoses and treatment approaches are considerably different. Our results in-
dicate that MUM-1 expression is commonly expressed in both types of ALCL, but Bcl-6 is less commonly expressed 
in PC-ALCL cases and systemic ALCL with skin involvement cases.
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Introduction

In 2016, the World Health Organization classi-
fied anaplastic large cell lymphoma (ALCL) as  
a mature T and NK neoplasm [1]. Systemic 
ALCL can be divided into the ALK-positive and 
ALK-negative types, and ALCL with skin mani-
festations is considered primary cutaneous 
ALCL (PC-ALCL). As a disease entity, ALK-
positive ALCL typically affects children and 
young adults, has a morphological spectrum 
that includes small cell and lymphohistiocytic 
variants, and has a better prognosis than  
ALK-negative ALCL in many cases [2-5]. In con-
trast, PC-ALCL is a primary cutaneous CD30-
positive T-cell lymphoproliferative disorder that 
does not typically involve ALK expression. It  

is important to differentiate between PC-ALCL 
and ALK-negative systemic ALCL with skin 
involvement, especially if the ALCL diagnosis is 
based on a skin biopsy, as the prognoses  
and treatments differ considerably between 
these two diseases [6]. For example, PC-ALCL 
has a good prognosis and a five-year survival 
rate of >90%, which is substantially higher  
than the five-year survival rate of 30-49% for 
ALK-negative systemic ALCL [7, 8]. However, 
these two diseases usually present with iden- 
tical clinical morphologies and histological  
features during hematoxylin and eosin (H&E) 
staining, which highlights the importance of a 
systematic evaluation and the development of 
better histological screening tools. 
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The MUM-1 and Bcl-6 proteins are transcrip- 
tion factors that are commonly used as B-cell 
markers and markers of B-cell neoplasms [9]. 
However, the expressions of both MUM-1 and 
Bcl-6 have also been observed in a small per-
centage of activated T-cells within germinal 
centers and peripheral T-cell lymphomas, and 
some studies have examined the expressions 
of both markers in ALCL [10, 11]. The present 
study examines the expressions of MUM-1  
and Bcl-6 to determine whether they can be 
used in the diagnosis, differentiation, and prog-
nostication of cases of PC-ALCL and ALK-
negative ALCL with skin involvement.

Patients and methods

Patients

This retrospective qualitative study evaluat- 
ed data from 18 patients who visited the 
Dermatology Department of Dong-A University 
Hospital between 2000 and 2014. Skin biop-
sies were performed to support the diagnos- 
es of PC-ALCL (7 patients), ALK-negative ALCL 
with skin involvement (5 patients), and ALK-
positive ALCL with skin involvement (6 patien- 
ts). The present study involved reviewing the 
H&E-stained slides and additional immunohis-
tochemical (IHC) staining as necessary. The 
diagnoses were confirmed based on the 2016 
World Health Organization criteria. The study’s 
retrospective protocol was approved by the 

Dong-A University institutional review board 
(DAUHIRB-19-155).

Immunohistochemistry

Paraffin blocks of the skin biopsy specimens 
were cut into 4-µm sections. The IHC stain- 
ing was performed using antibodies that tar-
geted CD30 (Ber-H2, 1:50, ThermoFisher, US), 
ALK (ALK1, 1:80, DAKO, US), MUM-1 (MUM1P, 
1:50, DAKO, US), and Bcl-6 (PG-B6P, 1:10, 
DAKO, US). The sections were then counter-
stained using Mayer’s hematoxylin. The stain-
ing for all the markers was matched and com-
pared based on CD30 immunostaining during 
the evaluation of the cases with scattered 
tumor cells. Positive immunostaining was 
defined based on positive cell staining and 
intensity as >20% of lymphoma cells for MUM- 
1 and >10% for Bcl-6 [11-13]. The threshold 
value for Bcl-6 was chosen based on previous 
studies that used thresholds of 10-20% [11].

Results

We reviewed the medical records of the  
18 patients (Table 1) with ALK-negative PC- 
ALCL (4 men, 3 women; mean age: 57.0 years 
[range: 31-82 years]), ALK-negative systemic 
ALCL with skin involvement (4 men, 1 woman; 
mean age: 50.7 years [range: 27-79 years]),  
and ALK-positive systemic ALCL with skin 
involvement (3 men, 3 women; mean age: 48.0 
years [range: 15-73 years]). The PC-ALCL cases 

Table 1. Clinical characteristics of the patients with ALK-negative anaplastic large cell lymphoma
ALK-PC-ALCL ALK-systemic ALCL ALK+systemic ALCL

Number of patients 7 5 6
Sex (male:female) 4:3 4:1 3:3
Age of onset (years) 57 (31-82) 50.8 (27-79) 48 (15-73)
Therapy Excision (7/7) Surgery or excision (1/5) Surgery or excision (0)

Radiotherapy (7/7) Chemotherapy (2/5) Chemotherapy (5/6)
Chemotherapy (1/7) Radiotherapy (2/5) Radiotherapy (1/6)

Follow-up (months) 78.5 60.8 51.2
Five-year survival rate 100% 40% (2/5) 33.3% (2/6)
Mortality rate (%) 0% 80% (4/5) 83.3% (5/6)
IHC staining
    CD30 100% 100% 100%
    MUM-1 85.7% (6/7) 100% (5/5) ND
    Bcl-6 28.5% (2/7) 20% (1/5) ND
ALK, anaplastic lymphoma kinase; PC, primary cutaneous; ALCL, anaplastic large cell lymphoma; IHC, immunohistochemistry; 
MUM-1, multiple myeloma oncogene 1; Bcl-6, B-cell lymphoma 6; ND, no data. Data are shown as the mean (range) or percent-
age (fraction of cases).
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generally involved lesions at the extremities 
(legs for 3 patients and arms for 4 patients), 
and 6 of the 7 patients (87.1%) presented  
with a solitary lesion. In contrast, diffuse or 
multifocal skin lesions were observed in 5 
patients (45%) with ALK-negative or ALK-
positive systemic ALCL with skin involvement. 
The 5-year survival rates were 100% for 
PC-ALCL and only 40% for ALK-negative sys-
temic ALCL with skin involvement, despite 
those patients undergoing surgical removal, 
various chemotherapy regimens, and radio- 
therapy. The 5-year survival rate was 33.3%  
for ALK-positive systemic ALCL with skin 
involvement.

Negative expressions of ALK and positive 
expressions of CD30 were observed in all the 
patients with PC-ALCL and in the 5 patients 
with ALK-negative systemic ALCL and skin 
involvement. The MUM-1 expression rates were 

85.7% (6/7 patients) in the PC-ALCL cases  
and 100% (all 5 patients) in the ALK-negative 
systemic ALCL with skin involvement cases. 
Diffuse staining for MUM-1 was predominantly 
observed in the nucleus, with moderate-to-
strong staining intensity. The Bcl-6 expres- 
sion rates were 28.5% (2/7 patients) in the 
PC-ALCL cases but only 20.0% (1/5 patients)  
in the ALK-negative systemic ALCL with skin 
involvement cases. The Bcl-6 staining in the 
positive cases generally involved weak foci in 
the nuclei. Based on these characteristics, we 
failed to detect any noticeable differences in 
the MUM1 and BCL-6 expressions in the 
PC-ALCL and ALK-negative systemic ALCL 
cases (Figures 1 and 2).

Discussion

The recognition of ALCL is difficult, especially 
because it is challenging to differentiate 

Figure 1. Findings for the ALK-negative PC-ALCL. The hallmark cells are visible during the hematoxylin and eosin 
staining (A), with a negative expression of ALK (B), a positive expression of MUM-1 (C), and a weak, positive expres-
sion of Bcl-6 (D). ALK, anaplastic lymphoma kinase; PC-ALCL, primary cutaneous anaplastic large cell lymphoma; 
MUM-1, multiple myeloma oncogene 1; Bcl-6, B-cell lymphoma 6.

Figure 2. Findings for ALK-negative systemic ALCL with skin involvement. The hallmark cells are visible during the 
hematoxylin & eosin staining (A), with a negative expression of ALK (B), a positive expression of MUM-1 (C), and a 
negative expression of Bcl-6 (D). ALK, anaplastic lymphoma kinase; PC-ALCL, primary cutaneous anaplastic large 
cell lymphoma; MUM-1, multiple myeloma oncogene 1; Bcl-6, B-cell lymphoma 6.
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between PC-ALCL, lymphomatoid papulosis, 
mycosis fungoides, and systemic ALCL with 
skin involvement. Moreover, ALK dysregulation 
is not unique to ALCL, and a nested reverse 
transcription-polymerase chain reaction has 
been used to determine its expressions in 
inflammatory myofibroblastic tumors, carcino-
ma, tumors of neural origin, and peripheral 
blood cells from healthy people [14]. Thus, 
questions remain regarding the biology of the 
ALK-positive and ALK-negative subgroups, as 
well as their relationships.

Similar clinical features are observed in 
PC-ALCL and systemic ALCL with skin involve-
ment, although these two diseases have sub-
stantially different treatments and prognoses. 
For example, approximately 70% of patients 
with systemic ALCL present at an advanced 
stage (III or IV) and with B symptoms, which  
are associated with a rapidly progressive clini-
cal course, non-contiguous lymphadenopathy, 
and a five-year survival rate of 30-49% in  
ALK-negative ALCL cases [5, 15, 16]. In con-
trast, patients with PC-ALCL generally have a 
favorable prognosis and high five-year survi- 
val rates (>90%) [17]. In the present study,  
the five-year survival rates were 100% for 
PC-ALCL but only 40% for ALK-negative sys- 
temic ALCL with skin involvement, despite 
those patients undergoing surgical removal, 
radiotherapy, and various chemotherapies, 
including the CHOP regimen (cyclophospha-
mide, hydroxydaunorubicin, oncovin, and pred-
nisolone), the VIPD regimen (cisplatin, etopo-
side, ifosfamide, and dexamethasone), and 
rituximab. Therefore, the findings from the 
present study confirm the importance in differ-
entiating between these two diseases, given 
the remarkable survival difference. This differ-
entiation should be based on a clinical exami-
nation, pathological findings, and a staging 
work-up that includes computed tomography 
and a whole-body bone scan. Accurate diagno-
ses may also require the use of IHC staining 
and a fluorescence in situ hybridization 
analysis.

The MUM-1 transcription factor is encoded by 
an oncogene and was first identified in mul- 
tiple myeloma cells [18]. In the normal lym-
phoid system, MUM-1 is expressed in plasma 
cells, a small percentage of B-cells, light zones 
of the germinal center, and activated T-cells 
[12]. One study found that MUM-1, Oct-2, and 

Bcl-6 are extensively expressed in ALCL of  
the T/null cell phenotype, rather than being 
restricted to the B-cell lineage [19]. Wasco et 
al. also compared the MUM-1 expressions in 7 
cases of cutaneous ALCL and 5 cases of sys-
temic ALCLs, which revealed positive MUM-1 
expressions in all but one case of systemic 
ALCL [10]. The present study also confirmed 
that positive MUM-1 expressions were observ- 
ed in a high proportion of patients with ALK-
negative PC-ALCL and in patients with syste- 
mic ALCL and skin involvement, which are  
difficult to differentiate in the clinical setting. In 
this context, Wada et al. indicated that IRF4 
non-translocation abnormalities (involving a 
gene encoding MUM-1) are widely distributed  
in cases of systemic ALCL, PC-ALCL, and oth- 
er T-cell lymphoproliferative disorders [20]. 
However, IRF4 translocation is rarely observed 
in other T-cell lymphoproliferative disorders 
and in only 20% of PC-ALCL cases, which indi-
cates that IRF4 translocation is highly specific 
for PC-ALCL [20]. Our results also confirmed 
positive MUM-1 expression in various T-cell 
lymphoproliferative disorders, and they indi-
cate that MUM-1 expression is not significantly 
associated with IRF4 translocation, which is 
weakly detected in PC-ALCL.

The Bcl-6 protein was originally identified as a 
chromosomal translocation product in diffuse 
large B-cell lymphomas, where it functions as  
a transcriptional repressor [21]. This expres-
sion of Bcl-6 is mainly observed in germinal 
center B lymphocytes and in germinal center 
B-cell lymphomas. While Bcl-6 is known to be 
expressed in germinal centers and perifolli- 
cular CD4+ T lymphocytes (mainly co-express-
ing CD30), few studies have examined Bcl-6 
expression in T-cell lymphomas [21, 22]. Car- 
bone et al. reported that Bcl-6 is rarely 
expressed in other peripheral and precursor 
T-cell neoplasms, but is expressed in approxi-
mately 45% of ALCL cases [11]. Lamant et al. 
also reported that Bcl-6 was expressed in only 
28% of patients with ALK-negative ALCL [23]. 
The findings from the present study also con-
firm that there are low rates of Bcl-6 expres- 
sion in cases of ALK-negative PC-ALCL and 
cases of ALK-negative systemic ALCL with skin 
involvement.

The present study revealed that MUM-1 is not  
a suitable marker for differentiating between 
PC-ALCL and ALK-negative systemic ALCL with 
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skin involvement. This result is consistent with 
the high expressions of MUM-1 in both T-cell 
lymphomas from a previous study [24]. How- 
ever, these results also indicate that B-cell  
lymphoma and ALCL should be considered  
in the differential diagnosis when MUM-1 is 
found to be expressed in cutaneous lympho- 
ma. The present study also revealed relatively 
low Bcl-6 expression rates in both diseases, 
and we are only aware of a few studies that 
have analyzed Bcl-6 expression in PC-ALCL 
[25]. Therefore, further studies are needed to 
better understand the nature and significance 
of the Bcl-6 expressions in PC-ALCL and ALK-
negative systemic ALCL.

Our study has several limitations that should  
be considered. First, the sample size was  
small, so a larger prospective study is needed 
to more comprehensively examine the clinical 
relevance of the MUM-1 and/or Bcl-6 expres-
sions in systemic ALCL and PC-ALCL. Second, 
no data were available regarding the expres-
sions of MUM-1 and Bcl-6 in the ALK-positive 
systemic ALCL with skin involvement cases, 
which would have yielded potentially useful 
results.

The diagnosis and staging of ALCL currently 
involves a clinical work-up, radiographic imag-
ing, and laboratory testing. We hypothesized 
that immunohistochemical testing (e.g., to 
determine the expressions of MUM-1 and Bcl-
6) may help improve this diagnostic process. 
Unfortunately, neither protein appears to be  
a useful marker for differentiating between  
systemic ALCL and PC-ALCL. Further studies 
are needed to identify any immunohistochemi-
cal markers that could be used to differen- 
tiate between ALK-negative PC-ALCL and ALK-
negative systemic ALCL with skin involvement.
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