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ABSTRACT

Aims and backround. Several transcription factors predominantly used for B-cell lin-
eage identification are also expressed in a small percentage of T cells within germinal
centers and interfollicular areas. The aim of the study was to evaluate the expression
of Mum-1, Oct-2 and Bcl-6 in systemic anaplastic large cell lymphoma.

Methods. Thirty cases of anaplastic large cell lymphoma were retrieved from our
archives and tissue microarray constructed. Immunohistochemistry was carried out
using an avidin-biotin peroxidase complex method.

Results. A predominance of nuclear staining was observed for all transcription fac-
tors. Mum-1 was positive in all but one case (96.7%). Half of the cases displayed Oct-
2 expression (15/30 cases). A considerable number of cases also had Bcl-6 expression
(9/30). Bcl-6 staining was noted to be more common in ALK positive cases.

Conclusion. Our findings emphasize that these markers are not restricted to B-cell
lineage and that extensive expression can be observed in anaplastic large cell lym-
phoma of T/null cell phenotype.

Introduction

Antibodies to transcription factors are promising antibodies that are becoming
available as useful tools in diagnostic pathology. Their number is increasing steadily.
Being expressed in early embryogenesis, they are regarded to be highly specific for
certain differentiation pathways and hence very helpful in determining cell lineage.
Furthermore being nuclear stains, these antibodies are very easy to interpret, in-
creasing their diagnostic appeal.

Recently, there has been an expansion in the array of transcription factors available
in diagnostic hematopathology1. Although initially described for specific lymphoid
lineages, knowledge and experience with these markers is increasing, with expansion
of their expression spectrum. With regard to the transcription factors discovered so
far, studies show that their expression within the lymphoid system is not as cell type
specific as hoped.

MUM-1, Oct-2 and Bcl-6 are three of these transcription markers commonly iden-
tified as B-cell markers and predominantly used in B-cell neoplasms. However, their
expression has also been shown in a small percentage of activated T cells within ger-
minal centers and interfollicular areas2-4. Studies have also reported expression in
anaplastic large cell lymphoma (ALCL) and peripheral T-cell lymphomas3,5-10.

The expression of these transcription factors, mainly used for diagnosis of B-cell
lymphoma, has been evaluated in a wide variety of tumors. However, only a few AL-
CL were incorporated in most of the study groups. The present study was aimed at
evaluating the expression of these transcription factors more systematically in ALCL
and confirming previous findings using a relatively large series of 30 cases.
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Materials and methods

Case selection

The archives of the Pathology Department of the
Hacettepe University Faculty of Medicine were retro-
spectively reviewed, and cases of ALCL were identified.
From these, cases with sufficient diagnostic material
suitable for tissue microarray (TMA) construction were
chosen. This resulted in a total of 30 cases belonging to
26 patients. Cases of primary cutaneous ALCL were ex-
cluded. The hematoxylin-eosin (H&E) sections and
available immunohistochemical slides of all cases were
reviewed, and the diagnosis was confirmed based on
the criteria of the WHO 2008 classification. Additional
immunohistochemistry was performed when necessary
to aid the diagnosis.

Tissue microarray

Construction of TMA was carried out using a manual
precision instrument (ATA100, Chemicon International,
Temecula CA, USA). An H&E slide of each donor block
was used to define representative tumor regions. In
those cases with scattered rather than diffuse infiltra-
tion, regions with a large number of anaplastic cells
were selected. Tissue cylinders of 1-mm diameter were
cut out and incorporated within the recipient block.
Two replicates of each case were used to increase the
number of assessable cases.

Immunohistochemistry

Immunohistochemical investigation was carried out
on 5-µm-thick sections mounted on poly-L-lysine-
coated slides. Antibodies against the following antigens
were used: CD30, Mum-1, Oct-2 and Bcl-6. Pretreat-
ment conditions, dilutions and product source are list-
ed in Table 1. Primary antibodies were visualized with
an avidin-biotin peroxidase complex method. Di-
aminobenzidine was used as substrate. Sections were
counterstained by hematoxylin. Normal tonsils were
used as positive controls.

Morphological analysis

Staining with all markers was matched/compared
with CD30 immunostaining during evaluation. This was
most helpful in analyzing cases with scattered tumor
cells. Nuclear staining in more than 20% of the neoplas-

tic cells was considered positive. This threshold value
was chosen with respect to previous studies where a
threshold ranging from 10 to 20% was used3,5,9,11,12.
Staining intensity and distribution of expression was al-
so noted. Staining intensity was graded as weak, moder-
ate or strong.

Statistical analysis

Statistical analysis was carried out using Statistical
Package for Social Sciences 11.0 for Windows. The chi-
square test was performed to test the association be-
tween ALK status and Mum-1, Oct-2 and Bcl-6 expres-
sion. P <0.05 was considered to be statistically signifi-
cant.

Results

The study group consisted of 26 patients and 30 spec-
imens. Patient ages ranged between 16 and 75, with a
mean of 37 (36.9). There were 8 female and 18 male pa-
tients. Most of the cases were lymph node specimens
(27/30), there was one case with pleural involvement
(this case also had a lymph node sample), one case with
gastric involvement, and one case with skin involve-
ment (representing cutaneous involvement of systemic
ALCL). Twenty-five of the cases were of the T-cell phe-
notype, 5 of null cell type. There were 15 ALK-positive
and 15 ALK-negative cases.

CD30 positivity was present in all cases, in accord
with a diagnosis of ALCL. A predominance of nuclear
staining with occasional accompanying weak cytoplas-
mic staining was observed with all evaluated markers,
in keeping with the transcriptional role of these mole-
cules (Figures 1 and 2). Diffuse nuclear staining with
moderate to strong intensity was observed in all posi-
tive cases with Mum-1 and Oct-2. Mum-1 was positive

Table 1 - Source, dilution and retrieval technique for antibod-
ies used

Antibody Dilution Retrieval Source

CD30 1/40 Pressure cooker, 3 min, EDTA Neomarkers
MUM-1 1/25 Pressure cooker, 3 min, citrate DAKO
Oct-2 1/40 Pressure cooker, 3 min, citrate Neomarkers
Bcl-6 1/75 Pressure cooker, 3 min, EDTA Neomarkers

Figure 1 - A case of ALCL (A, H&E staining) demonstrating diffuse
and strong nuclear staining for MUM-1 (B) and Oct-2 (C).

A B C
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in all but one case (96.7%). Half of the cases displayed
Oct-2 expression (15/30 cases). A considerable number
of cases (30%, 9/30) also had Bcl-6 expression. However,
Bcl-6 mainly demonstrated focal and weak nuclear
staining (staining intensity compared to that of germi-
nal center cells within the control tonsil specimen).

When the cases were analyzed with respect to ALK
status, the expression of Mum-1 and Oct-2 was seen to
be similar among ALK-positive and negative cases
(Table 2). However, Bcl-6 expression was seen to be
more common in ALK-positive cases. Whereas 46.7%
(7/15 cases) of ALK-positive cases had Bcl-6 expression,
only 15.4% (2/15 cases) of ALK-negative cases were pos-
itive for Bcl-6 (Table 2). The difference was close to the
level of statistical significance (P = 0.054, chi-square
test).

Discussion

The number of transcription factors involved in diag-
nostic hematopathology is steadily increasing, as is ex-
perience with their expression patterns1. Most of these
markers are directed mainly at B-cell differentiation and
activation pathways. Several transcription factors pre-
dominantly used for B-cell lineage identification and
classification such as Mum-1, Oct-2, Oct-1, Bob-1 and

Bcl-6 are also expressed in a small percentage of T cells
within germinal centers and interfollicular areas1. Stud-
ies show that these positive T cells are activated T cells
coexpressing CD30. In this study, we analyzed the ex-
pression of Mum-1, Oct-2 and Bcl-6 in 30 systemic AL-
CL using TMA, a technique which allows simultaneous
examination of a large number of cases processed in
identical conditions and the use of small amounts of
archival tissues13. Prior studies with these markers only
included a small number of ALCL lymphoma cases
within the study group.

MUM-1 (multiple myeloma oncogene 1)/IRF-4 (inter-
feron regulatory factor 4) is a transcription factor initial-
ly characterized as the product of an oncogene in mul-
tiple myeloma cells. Later studies showed that its ex-
pression was restricted to melanocytes and lymphoid
cells14,15. Within the lymphoid system it is normally
identified in plasma cells, a small percentage of B cells
mainly located in the light zone of germinal centers, and
activated T cells, the highest expression being noted in
plasma cells and activated T lymphocytes2,3. Its exact
function is yet unknown. Mice deficient in MUM-1
demonstrate deficient B- and T-cell function, with lack
of germinal center formation, absence of plasma cells,
severe reduction in immunoglobulin production, and
appropriate B and cytotoxic T-cell activation16. There-
fore, it is reasoned that one of its main roles is to facili-
tate plasma cell differentiation. In line with its normal
expression pattern, positivity with the marker has been
noted in a variety of B-cell lymphoproliferative disor-
ders, mainly those with plasmacytic differentiation3,5.
Within B-cell neoplasms, its presence has been associ-
ated with a more aggressive clinical course in diffuse
large B-cell lymphoma17. Recently, a limited number of
studies with a limited number of cases have demon-
strated its expression in T-cell lymphomas2,3,5,12.

With respect to ALCL, four prior studies reported
MUM-1 expression in 80-100% of cases. In total, of the
29 cases of ALCL studied, 27 were seen to express MUM-
1 (Table 3). We also observed widespread MUM-1 ex-
pression, with all but one case demonstrating diffuse
nuclear positivity (96.7%). MUM-1 expression paral-
leled CD30 expression. Wasco et al.12, who analyzed sys-
temic and cutaneous ALCL (5 of each), also noted

Figure 2 - A case of ALCL with focal and weak nuclear staining with
Bcl-6. A) H&E, B) CD30, and C) Bcl-6 staining.

Table 3 - MUM-1 expression in ALCL, summary of prior stud-
ies

Study Diagnosis No. positive Percentage
cases of positive

(no./total) cases

Natkunam et al., 20013 ALCL 4/4 100%
Falini et al., 20002 ALCL 10/10 100%
Wasco et al., 200812 ALCL 9/10 90%

(cutaneous
& systemic,
5 of each)

Tsuboi et al., 20005 ALCL 4/5 80%

Table 2 - Expression of MUM-1, Oct-2 and Bcl-6 with respect to
ALK status

MUM-1 Oct-2 Bcl-6
(no. cases) (no. cases) (no. cases)

+ – + – + –

ALK + 14 1 7 8 7 8
– 15 0 8 7 2 13
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MUM-1 expression to parallel that of CD30, being pres-
ent in large activated T cells. A similar observation was
true of the 10 ALCL cases analyzed by Falini et al.2

Oct-2 is another transcription factor predominantly
expressed in B cells. It is involved in the regulation of
genes engaged in immunoglobulin expression, CD20,
CRISP-3 and CD36. It is also engaged in the transcrip-
tional regulation of T-cell activation, Kang et al.4 have
suggested that Oct-2 is a downstream component of the
regulatory cascade that follows T-cell activation. Weak
expression has been noted in interfollicular T cells6.
Saez et al.6 investigated Oct-2 expression in various lym-
phomas and found that within T-cell lymphomas Oct-2
was predominantly expressed in the angioimmunoblas-
tic type (all four cases showing moderate to weak ex-
pression). Weak expression was also noted in one of the
two anaplastic large cell lymphomas within their series.
The high level of expression was restricted to B cells.
However, the study only had 2 ALCL cases within the T-
cell lymphoma group. We also found Oct-2 expression
in half of the cases in our series (15 of 30). The intensity
of expression was strong to moderate.

Bcl-6, a gene originally identified due to chromoso-
mal translocations in diffuse large B-cell lymphomas,
encodes for a transcription factor which acts as a tran-
scriptional repressor18. According to recent studies, it
functions as an anti-apoptotic molecule19,20. It is pre-
dominantly expressed in germinal center B lympho-
cytes and germinal center-derived B-cell lymphomas
and is absent in B-cell precursors and plasma cells and
neoplasms derived from these cells21. Expression has al-
so been reported in a subpopulation of germinal center
and perifollicular CD4-positive T lymphocytes, mainly
coexpressing CD307,9, hence associated with an activat-
ed state9,22. Cortical thymocytes have also been shown
to express Bcl-67,11. Only a couple of studies have inves-
tigated its expression in T-cell lymphomas8-11.

Carbone et al.9 investigated a series of T-cell lym-
phomas and noted positivity only in ALCL (12 of 27 AL-
CL cases, 45%), suggesting that its expression is restrict-
ed to CD30-positive ALCL within the T-cell lymphomas
and that it could be used to differentiate ALCL from oth-
er T-cell lymphomas. Later, Ree et al.8 reported Bcl-6
positivity in some of the neoplastic cells in their 6 cases
of angioimmunoblastic lymphoma. Hyjek et al.11 ob-
served expression in 4 of 8 cases of T lymphoblastic lym-
phoma, contrasting with the observations of Carbone et
al.9, who had not observed positivity in any of their 8
lymphoblastic lymphoma cases. Likewise, Smock et al.23

also investigated Bcl-6 immunostaining in T-lym-
phoblastic lymphomas and showed expression in only 3
of 22 cases (14%).

In a more recent study with a relatively large number
of cases, Lamant et al.10 showed Bcl-6 expression in AL-
CL to be correlated with ALK status. Using gene expres-
sion profiling, they found Bcl-6 overexpression in ALK-
positive ALCL. They confirmed the observation with im-

munohistochemistry. Overall, 75% of their ALCL cases
showed Bcl-6 expression; 81.6% (40/49 patients) of ALK-
positive cases showed Bcl-6 expression, and Bcl-6 ex-
pression was present in only 28% (2/7 cases) of ALK-
negative cases. However, the authors noted that ALK-
positive cases were over-represented in their series.

In our study, we noted Bcl-6 positivity in 9 cases
(30%). Bcl-6 positivity was weak and focal compared
with the other two markers studied and with the inten-
sity of staining within germinal centers in the reactive
lymph nodes used for positive control. When we ana-
lyzed Bcl-6 expression with respect to ALK status, we al-
so noted more frequent expression in ALK-positive cas-
es (46.7% positivity in ALK-positive cases compared to
15.4% positivity in ALK-negative cases), although not as
predominant as that noted by Lamant et al.10 ALK status
of our cases was equally distributed, with 15 positive
and 15 negative cases. The difference in Bcl-6 expres-
sion with respect to ALK status was close to the level of
statistical significance.

In summary, using a series of 30 ALCL cases we have
shown staining of MUM-1 in 96.7% (29/30), Oct-2 in 50%
(15/30) and Bcl-6 in 30% (9/30) of cases. Our findings
confirm and extend data reported in prior studies. These
markers are predominantly used to show B-cell lineage.
Our findings once again emphasize that extensive ex-
pression of these markers can be observed in ALCL of
T/null-cell phenotype. Furthermore, we noted Bcl-6 ex-
pression to be more frequent in ALK-positive cases.

The most probable explanation for the presence of
these markers in ALCL is the fact that these markers
have been shown to be expressed in a small number of
T cells within and between germinal centers of normal
lymphoid tissue, although at lower levels compared to B
cells. Data suggest that these are cells coexpressing
CD30 and in most cases CD4 and that they represent ac-
tivated T cells. In turn, at least a proportion of ALCL are
thought to be derived from these activated CD30-posi-
tive T cells, which could explain the considerable
amount of expression present in our cases and those in
the previous literature9,24.

References

1. Ponzoni M, Arrigoni G, Doglioni C: New transcription fac-
tors in diagnostic hematopathology. Adv Anat Pathol, 14:
25-35, 2007.

2. Falini B, Fizzotti M, Pucciarini A, Bigerna B, Marafioti T,
Gambacorta M, Pacini R, Alunni C, Natali-Tanci L, Ugolini
B, Sebastiani C, Cattoretti G, Pileri S, Dalla-Favera R, Stein
H: A monoclonal antibody (MUM1p) detects expression of
the MUM 1/IRF4 protein in a subset of germinal center B
cells, plasma cells, and activated T cells. Blood, 95: 2084-
2092, 2000.

3. Natkunam Y, Warnke RA, Montgomery K, Falini B, van de
Rijn M: Analysis of MUM1/IRF4 protein expression using
tissue microarrays and immunohistochemistry. Mod
Pathol, 14: 686-694, 2001.

Mum-1, Oct-2, Bcl-6 EXPRESSION IN ALCL 637



638 A SAGLAM, AH UNER

4. Kang SM, Tsang W, Doll S, Scherle P, Ko HS, Tran AC, Lenar-
do MJ, Staudt LM: Induction of the POU domain transcrip-
tion factor Oct-2 during T-cell activation by cognate anti-
gen. Mol Cell Biol, 12: 3149-3154, 1992.

5. Tsuboi K, Iida S, Inagaki H, Kato M, Hayami Y, Hanamura I,
Miura K, Harada S, Kikuchi M, Komatsu H, Banno S, Waki-
ta A, Nakamura S, Eimoto T, Ueda R: MUM1/IRF4 expres-
sion as a frequent event in mature lymphoid malignancies.
Leukemia, 14: 449-456, 2000.

6. Saez AI, Artiga MJ, Sanchez-Beato M, Sanchez-Verde L,
Garcia JF, Camacho FI, Franco R, Piris MA: Analysis of oc-
tamer-binding transcription factors Oct2 and Oct1 and
their coactivator BOB.1/OBF.1 in lymphomas. Mod Pathol,
15: 211-220, 2002.

7. Cattoretti G, Chang CC, Cechova K, Zhang JD, Ye BH, Falini
B, Louie DC, Offit K, Chaganti RSK, Dallafavera R: BCL-6
protein is expressed in germinal-center b cells. Blood, 86:
45-53, 1995.

8. Ree HJ, Kadin ME, Kikuchi M, Ko YH, Suzumiya J, Go JH:
Bcl-6 expression in reactive follicular hyperplasia, follicu-
lar lymphoma, and angioimmunoblastic T-cell lymphoma
with hyperplastic germinal centers: Heterogeneity of in-
trafollicular T-cells and their altered distribution in the
pathogenesis of angioimmunoblastic T-cell lymphoma.
Hum Pathol, 30: 403-411, 1999.

9. Carbone A, Gloghini A, Gaidano G, DallaFavera R, Falini B:
BCL-6 protein expression in human peripheral T-cell neo-
plasms is restricted to CD30(+) anaplastic large-cell lym-
phomas. Blood, 90: 2445-2450, 1997.

10. Lamant L, De Reynies A, Duplantier MM, Rickman DS,
Sabourdy F, Giuriato S, Brugieres L, Gaulard P, Espinos E,
Delsol G: Gene-expression profiling of systemic anaplastic
large-cell lymphoma reveals differences based on ALK sta-
tus and two distinct morphologic ALK(+) subtypes. Blood,
109: 2156-2164, 2007.

11. Hyjek E, Chadburn A, Liu YF, Cesarman E, Knowles DM:
BCL-6 protein is expressed in precursor T-cell lymphoblas-
tic lymphoma and in prenatal and postnatal thymus.
Blood, 97: 270-276, 2001.

12. Wasco MJ, Fullen D, Su L, Ma LL: The expression of MUM1
in cutaneous T-cell lymphoproliferative disorders. Hum
Pathol, 39: 557-563, 2008.

13. Jacquemier J, Ginestier C, Charafe-Jauffret E, Bertucci F,
Bege T, Geneix J, Birnbaum D: Small but high throughput:
how "tissue-microarrays" became a favorite tool for
pathologists and scientists. Ann Pathol, 23: 623-632, 2003.

14. Matsuyama T, Grossman A, Mittrucker HW, Siderovski DP,
Kiefer F, Kawakami T, Richardson CD, Taniguchi T, Yoshina-
ga SK, Mak TW: Molecular-cloning of LSIRF, a lymphoid-
specific member of the interferon regulatory factor family
that binds the interferon-stimulated response element
(ISRE). Nucleic Acids Res, 23: 2127-2136, 1995.

15. Grossman A, Mittrucker HW, Nicholl J, Suzuki A, Chung S,
Antonio L, Suggs S, Sutherland GR, Siderovski DP, Mak TW:
Cloning of human lymphocyte-specific interferon regula-
tory factor (hLSIRF/hIRF4) and mapping of the gene to
6p23-p25. Genomics, 37: 229-233, 1996.

16. Mittrucker HW, Matsuyama T, Grossman A, Kundig TM,
Potter J, Shahinian A, Wakeham A, Patterson B, Ohashi PS,
Mak TW: Requirement for the transcription factor
LSIRF/IRF4 for mature B and T lymphocyte function. Sci-
ence, 275: 540-543, 1997.

17. Chang CC, McClintock S, Cleveland RP, Trzpuc T, Vesole
DH, Logan B, Kajdacsy-Balla A, Perkins SL: Immunohisto-
chemical expression patterns of germinal center and acti-
vation B-cell markers correlate with prognosis in diffuse
large B-cell lymphoma. Am J Surg Pathol, 28: 464-470,
2004.

18. Dalla-Favera R, Migliazza A, Chang CC, Niu H, Pasqualucci
L, Butler M, Shen Q, Cattoretti G: Molecular pathogenesis
of B cell malignancy: the role of BCL-6. Curr Topics Micro-
biol Immunol, 246: 257-263, 1999.

19. Niu HF, Pietrafesa R, Cattoretti G, Dalla-Favera R: The Bcl-
6 proto-oncogene controls apoptosis in B cells. Blood, 94:
693A, 1999.

20. Kumagai T, Miki T, Kikuchi M, Fukuda T, Miyasaka N,
Kamiyama R, Hirosawa S: The proto-oncogene Bcl6 in-
hibits apoptotic cell death in differentiation-induced
mouse myogenic cells. Oncogene, 18: 467-475, 1999.

21. Onizuka T, Moriyama M, Yamochi T, Kuroda T, Kazama A,
Kanazawa N, Sato K, Kato T, Ota H, Mori S: BCL-6 gene-
product, a 92-kD to 98-kD nuclear phosphoprotein, is
highly expressed in germinal center b-cells and their neo-
plastic counterparts. Blood, 86: 28-37, 1995.

22. Falini B, Bigerna B, Pasqualucci L, Fizzotti M, Martelli
MF, Pileri S, Pinto A, Carbone A, Venturi S, Pacini R, Cat-
toretti G, Pescarmona E, LoCoco F, Pelicci PG, Anag-
nastopoulos I, DallaFavera R, Flenghi L: Distinctive ex-
pression pattern of the BCL-6 protein in nodular lym-
phocyte predominance Hodgkin's disease. Blood, 87:
465-471, 1996.

23. Smock KJ, Nelson M, Tripp SR, Sanger WG, Abromowitch
M, Cairo MS, Perkins SL: Characterization of childhood
precursor T-lymphoblastic lymphoma by immunopheno-
typing and fluorescent in situ hybridization: a report from
the Children's Oncology Group. Pediatr Blood Cancer, 51:
489-494, 2008.

24. Stein H, Mason DY, Gerdes J, Oconnor N, Wainscoat J,
Pallesen G, Gatter K, Falini B, Delsol G, Lemke H, Schwart-
ing R, Lennert K: The expression of the Hodgkin's disease
associated antigen Ki-1 in reactive and neoplastic lym-
phoid-tissue: evidence that Reed-Sternberg cells and histi-
ocytic malignancies are derived from activated lymphoid
cells. Blood, 66: 848-858, 1985.


