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Abstract
TNFAIP2 is a protein upregulated in response to TNF signaling but its cellular expression and
function in normal and neoplastic tissues remains largely unknown. Here we use standard
immunohistochemical techniques to demonstrate that TNFAIP2 is normally expressed by
follicular dendritic cells, interdigitating dendritic cells, and macrophages but not by lymphoid cells
in secondary lymphoid tissues. Consistent with this expression pattern, we found strong TNFAIP2
staining of tumor cells in 4/4 cases (100%) of follicular dendritic cell sarcoma and in 3/3 cases
(100%) of histiocytic sarcoma. Although TNFAIP2 is not expressed by the small and
intermediate-size neoplastic B-cells comprising follicular lymphoma, small lymphocytic
lymphoma, mantle cell lymphoma, or marginal zone lymphoma, we observed strong TNFAIP2
staining of the large, neoplastic cells, in 31/31 cases (100%) of classical Hodgkin lymphoma,
12/12 cases (100%) of nodular lymphocyte predominant Hodgkin lymphoma, and 27/31 cases
(87%) of primary mediastinal (thymic) large B cell lymphoma. In contrast, TNFAIP2 was
expressed by the malignant cells in only 2/45 cases (4%) of diffuse large B cell lymphoma, not
otherwise specified, 2/18 cases (11%) of Burkitt lymphoma, and 1/19 cases (5%) of anaplastic
large cell lymphoma. Further analysis indicates that TNFAIP2, as a single diagnostic marker, is
more sensitive (sensitivity= 87%) and specific (specificity= 96%) than TRAF1, nuclear cRel, or
CD23 for distinguishing the malignant B-cells of primary mediastinal (thymic) large B cell
lymphoma from those of its morphologic and immunophenotypic mimic, diffuse large B cell
lymphoma, not otherwise specified. Thus, TNFAIP2 may serve as a useful new marker of
dendritic and histiocytic sarcomas whose aberrant expression in the malignant cells of classical
Hodgkin lymphoma and primary mediastinal (thymic) large B cell lymphoma serves to distinguish
these tumors from other large cell lymphomas in routine clinical practice.
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INTRODUCTION
Major categories of large cell lymphomas include classical Hodgkin lymphoma (cHL),
nodular lymphocyte predominant Hodgkin lymphoma (NLPHL), anaplastic large cell
lymphoma (ALCL), primary mediastinal (thymic) large B cell lymphoma (PMBL), and
diffuse large B cell lymphoma not otherwise specified (DLBCL).(22). Whereas established
diagnostic criteria can be used to reliably distinguish cHL, NLPHL, and ALCL from
DLBCL in most, but not all cases, establishing the diagnosis of PMBL is frequently
problematic.(13, 22) The malignant B-cells of PMBL and DLBCL show extensive
morphologic and phenotypic similarities including a sheet-like growth pattern of large
lymphoid cells and the expression pan-B lineage markers such as CD19, CD20, CD79a, and
PAX5. Other routine phenotypic markers that are useful for the subclassification of B-cell
lymphomas such as Bcl6, IRF4/MUM1, and CD30 can expressed by the malignant B cells
of both PMBL and DLBCL. MAL, TRAF1, nuclear cRel, and CD23 are biomarkers that
have been reported to facilitate the distinction of PMBL and DLBCL.(2, 3, 13) (17)
However, the routine use of each of these markers presents challenges to the practicing
pathologist- from the lack of commercially available antibodies (MAL), to the lack of
sensitivity (TRAF1, nuclear cRel) or specificity (CD23) for PMBL relative to DLBCL. Thus
the identification of novel immunophenotypic markers that reliably distinguish PMBL from
DLBCL and which are amenable to routine surgical pathology practice remains an ongoing
effort.

Tumor necrosis factor- alpha inducible protein-2 (TNFAIP2) was originally identified as a
gene transcript induced in endothelial cells following stimulation with TNFα.(18, 24)
Subsequent work has shown that TNFAIP2 is induced in a variety of cell types in response a
spectrum of pro-inflammatory stimuli, including LPS and IL-1.(4) In mouse embryos,
TNFAIP2 transcripts are abundant in developing myocardium, liver, and the aorta, but in the
adult mouse, TNFAIP2 transcripts are restricted to lymphoid organs such as the spleen,
tonsil and Peyer’s patches.(25) In humans, TNFAIP2 has been identified as a retinoic acid
target gene in acute promyelocytic leukemia.(16) However, the normal tissue and cellular
distribution of TNFAIP2 protein in mice and humans remains largely unknown. Moreover,
TNFAIP2 shows no significant homology with any proteins of defined biologic function,
and a TNFAIP2 deficient mouse has yet to be reported. As a result the biologic roles of
TNFAIP2 remain poorly understood.

In this report, we used a specific antibody and standard immunohistochemical staining
(IHC) techniques to determine the cellular distribution of TNFAIP2 protein in secondary
lymphoid tissues- a tissue type showing high TNFAIP2 transcript levels in mice.(25) We
show that TNFAIP2 protein is largely restricted to the cell body, cellular processes and, to a
variable extent, in the nucleus of follicular dendritic cells, interdigitating dendritic cells, and
macrophages. TNFAIP2 is not expressed by non-neoplastic lymphoid cells in reactive
lymphoid tissues. In examining select dendritic cell, histiocytic and lymphoid malignancies,
we found that TNFAIP2 is robustly expressed by the tumor cells comprising follicular
dendritic cell sarcoma (FDCS) and histiocytic sarcoma (HS) but not expressed by the small
to intermediate-sized neoplastic B cells comprising follicular lymphoma (FL), mantle cell
lymphoma (MCL), marginal zone lymphoma (MZL) and small lymphocytic lymphoma
(SLL). In addition, we found that TNFAIP2 is highly expressed by the malignant Reed-
Sternberg (RS) cells and variants of the nodular sclerosis and mixed cellularity subtypes of
cHL and by the lymphocyte predominant (LP) cells (also known as lymphocytic and
histiocytic (L&H) cells) of NLPHL. We also found that the malignant B-lymphocytes
comprising the vast majority of PMBL express TNFAIP2 whereas the malignant cells of
DLBCL and ALCL do not. Upon further analysis we find that TNFAIP2 is superior to
TRAF1, nuclear cRel, or CD23 as an isolated biomarker for distinguishing the malignant
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cells of PMBL from DLBCL. Thus TNFAIP2 is a novel marker of normal and neoplastic
dendritic cells and histiocytes and we propose that the aberrant expression of TNFAIP2 by
the malignant cells of cHL and PMBL can serve as a useful marker for distinguishing these
tumor types from their morphologic and immunophenotypic mimics in routine surgical
pathology practice.

METHODS
Case selection

Previously diagnosed cases of FDCS (n=4), HS (n=3), cHL (n=31), NLPHL (n=12), (non-
mediastinal) DLBCL (n=45), PMBL (n=31), ALCL (n=19), FL (n=18), SLL (n=8), MCL
(n=13), MZL (n=14), Burkitt lymphoma (18), B lymphoblastic leukemia/lymphoma (13), T
lymphoblastic leukemia/lymphoma (10), angioimmunoblastic T-cell lymphoma (7),
peripheral T-cell lymphoma, NOS (10), extranodal NK/T-cell lymphoma, nasal type (5), and
reactive lymphadenopathy due to infectious mononucleosis (4), toxoplasmosis (1) and cat
scratch disease (3) were obtained from the files of the Department of Pathology at Brigham
and Women’s Hospital, Boston, MA, with institutional internal review board approval.
Diagnoses were established according to the criteria of the WHO classification using
morphology and a standard set of immunohistochemical studies.(22) Cases of classified as
PMBL were confirmed, as part of this study, to satisfy the combination of clinical,
radiologic, morphologic and phenotypic criteria for this entity. (20) These included
radiologic identification an isolated mediastinal mass in a young or middle aged individual
with or without local extension into adjacent tissues and organs, a morphologic pattern
showing sheets of large atypical lymphoid cells without or without a dense sclerotic
background and scattered thymic remnants, and positive staining of tumor cells for mature B
lymphoid markers and an absence of CD15 expression. In situ hybridization for Epstein-
Barr encoded small RNAs (EBER) was performed in a subset of cases of cHL by standard
methods.(23). The status of ALK in cases of ALCL was established by either
immunohistochemical staining for ALK protein (using clone ALK1, DAKO USA,
Carpentaria, CA) or by fluorescent in situ-hybridization using standard, commercial reagents
(Abbott molecular, Abbott Park, IL).(11)

Immunohistochemistry
IHC was performed using 5 μm thick formalin or B+ fixed, paraffin-embedded (FFPE)
tissue sections. Slides were soaked in xylene, passed through graded alcohols and put in
distilled water. Slides were then pre-treated with 10-mM citrate, pH 6.0 (Zymed, South San
Francisco, CA) in a steam pressure cooker (Decloaking Chamber, BioCare Medical, Walnut
Creek, CA) as per manufacturers instructions followed by washing in distilled water. All
further steps were performed at room temperature in a hydrated chamber. Slides were pre-
treated with Peroxidase Block (DAKO USA, Carpentaria, CA) for 5 minutes to quench
endogenous peroxidase activity.

Primary mouse anti-TNFAIP2 antibody (clone F-6, catalogue number sc-28318, 1:200
dilution; Santa Cruz Biotechnology, Santa Cruz, CA) was applied in DAKO diluent
(DAKO) for 1 hour at room temperature. Slides were washed in 50-mM Tris-Cl, pH 7.4, and
anti-murine horseradish peroxidase-conjugated antibody solution (Envision+ detection kit,
DAKO) was applied for 30 minutes. After further washing, immunoperoxidase staining was
developed using a diaminobenzidine (DAB) chromogen kit (DAKO) per the manufacturer
and counterstained with Harris hematoxylin (Polyscientific, Bay Shore, NY).

Immunostaining for TRAF1 was performed using mouse monoclonal antibody clone H-3
(Catalog # sc-6253, Santa Cruz Biotechnology, Santa Cruz, CA), immunostaining for cRel
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was performed using rabbit polyclonal antibody (catalog # PC139, Calbiochem/EMD
Chemicals, Gibbstown, NJ), and immunostaining for CD23 was performed using mouse
monoclonal antibody (clone 1B12, catalog # MHM6, DAKO, 1:25 dilution, heat mediated
retrieval) according to a standard IHC procedure that has been validated in our clinical
diagnostic laboratory and others. (8) (13, 14).

Reactivity for TNFAIP2 was determined and scored independently by two
hematopathologists (SK and SJR). For each stained slide, the percentage of tumor cells
showing positive staining for TNFAIP2 was recorded. Intra-tumoral macrophages and
dendritic cells served as internal controls for staining. Intensity of tumor cell staining for
TNFAIP2 was scored as follows: (−) = no staining detected, (1+) = weak staining, (2+) =
moderate staining, (3+) = strong staining. A case was scored as positive if at least 50% of
the tumor cells stained positive for TNFAIP2 with an intensity of 1+, 2+, or 3+. Positive
staining cells showed reactivity for TNFAIP2 in both the cytoplasm and nucleus.

Reactivity for TRAF1 and nuclear cRel was determined as described.(13) Briefly, positive
staining of tumor cells at an intensity scored as 2+ or 3+ in >20% of tumor cells was
considered positive staining for TRAF1. Staining that obscured nuclear detail and in excess
of cytoplasmic staining in >50% of the tumor cells was considered positive staining for
nuclear cRel.

RESULTS
Immunohistochemical analysis for TNFAIP2 revealed moderate to strong staining of a
subset of cells within reactive human tonsil, lymph node and spleen (Figure 1) and normal
thymus (Figure 1S-A). High power examination of these tissues indicated that the largest
collections of positive staining cells were localized to reactive germinal centers of secondary
follicles in the typical pattern of follicular dendritic cells (Figure 1B). The positive staining
cells were elongated and spindled with small and inconspicuous nuclei. TNFAIP2
expression in these cells localized to the cytoplasm and, to a variable extent, the nuclei.
Double labeling reactive tonsil for the follicular dendritic cell marker CD23 and TNFAIP2
revealed colocalization of these two markers (Figure 1D–F). Within germinal centers,
macrophages filled with apoptotic debris (tingible bodies) weakly stained for TNFAIP2
(Figure 1B, arrows). Within the inter-follicular regions of the secondary lymphoid tissues,
scattered small, spindled cells, consistent with interdigitating dendritic cells as well as
scattered larger cells with oval nuclei and abundant cytoplasm consistent with macrophages
stained for TNFAIP2 (Figure 1A). Double staining for the interdigitating dendritic cell
marker S100 and TNFAIP2 showed colocalization of the proteins within cells (Figure 1H).
In contrast to the dendritic cells and macrophages, the lymphoid cells within the germinal
centers, colonizing the mantle zones, and in spleen, within the marginal zones, were
uniformly negative for TNFAIP2 (Figure 1A–C). Double labeling tonsil with the B cell
marker CD20 (Figure 1G, I) or the T cell marker CD3 (not shown) with TNFAIP2 revealed
distinct cell populations.

To confirm that TNFAIP2 expression is absent in the non-neoplastic lymphoid cells
comprising reactive tissues, we additionally stained biopsy samples of normal thymus
(Figure 1S-A), Kikuchi’s lymphadenitis (1S-B), and lymph nodes with patterns and/or
phenotypes consistent with toxoplasmosis (Figure 1S-C), and acute EBV infection (Figure
1S-D). In each case, TNFAIP2 staining highlighted macrophages and follicular and
interdigitating dendritic cells but was negative in the reactive lymphoid cells.

The strong expression of TNFAIP2 by follicular and interdigitating dendritic cells as well as
macrophages in normal secondary lymphoid tissues raised the possibility that TNFAIP2
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might serve as a useful marker for neoplasms derived from these cell types. Follicular
dendritic cell sarcoma (FDCS) and histiocytic sarcoma (HS) are exceedingly rare entities.
However, we assembled a group of 7 tumors from our institution and found that the tumor
cells in 4 of 4 cases of FDCS and 3 of 3 cases of HS were positive for TNFAIP2 (Figure 2A
and B, respectively; Table 1). These results suggest that TNFAIP2 may serve as a useful
new marker for identifying these tumor types.

We had previously observed that select markers of dendritic cells and macrophages,
specifically fascin and galectin-1, are also expressed by the malignant RS cells of cHL.(7,
10, 12) To determine whether TNFAIP2 is also expressed by this malignant cell type, we
performed IHC on a large cohort of cHL cases. Weak, moderate, or strong staining of, at
minimum, 50% of the RS cells of cHL with cytoplasmic and, to some extent, a nuclear
pattern was observed in all examined cases (31 of 31 cases; Figure 2C, D; Table 1). These
cases included 20 cases of nodular sclerosis Hodgkin lymphoma (NSHL), 5 cases of mixed
cellularity Hodgkin lymphoma (MCHL), and 6 cases of cHL not otherwise specified. A
subset of the positive staining cases was EBV+ although staining patterns did not correlate
with EBV status (data not shown). The non-neoplastic macrophages that are generally part
of the inflammatory background of cHL also stained for TNFAIP2 (Figure 2). The non-
neoplastic lymphoid cells were negative for antigen expression. We conclude that TNFAIP2
is a robust marker of the RS cells comprising cHL, although care must be taken to
distinguish TNFAIP2 expression in RS cells from TNFAIP2 expression in intermixed
macrophages.

The neoplastic LP cells (also known as L&H cells) and the non-neoplastic lymphoid
infiltrate of NLPHL can resemble the RS cells and reactive background of cHL,
respectively(22). To determine whether LP cells express TNFAIP2 we stained a cohort of
NLPHL cases and observed positive staining of >50% the neoplastic LP cells in all 12 cases
(Figure 2E, Table 1). Non-neoplastic macrophages are less frequent in NLPHL than in cHL
and thus positive staining of the LP cells was straightforward to discern. As in cHL the small
reactive lymphoid cells surrounding the scattered neoplastic cells were negative for the
antigen (Figure 2E). We conclude that the malignant LP cells of NLPHL express TNFAIP2.

DLBCL is the most common large cell lymphoma and commonly identified by pan-B cell
antigen expression by the tumor cells. We stained 45 cases of DLBCL for TNFAIP2 and
detected no expression of the antigen in the tumor cells for 43 of 45 cases (Table 1).
However the (non-neoplastic) macrophages and dendritic cells interspersed throughout the
malignant B cells in most cases of DLBCL were positive for TNFAIP2 and these cells
served as an appropriate internal control for staining (Figure 2F). We found no
distinguishing clinical or pathologic features among the 2 positive staining cases of DLBCL
which would suggest that these 2 cases were mis-classified (data not shown). Double
immunohistochemical staining for CD20 and TNFAIP2 in select cases of DLBCL confirmed
that TNFAIP2 expression was not localized to the malignant B cells in this tumor type
(Figure 3A, B; data not shown). We conclude that TNFAIP2 is very rarely expressed by the
malignant B cells of DLBCL.

A specific subtype of diffuse large B cell lymphoma, termed T-cell/histiocyte rich large B
cell lymphoma (T/HRLBCL), shows a mixed inflammatory background reminiscent of cHL.
However in contrast to cHL, the malignant cells of T/HRLBCL resemble those of DLBCL,
and like DLBCL, express pan-B cell antigens. We examined 3 cases of T/HRLBCL and
found the malignant cells of each case to be positive for TNFAIP2 (Figure 2G). All three
cases of TCRBCL occurred in patients without a known history of lymphoma, presented as
rapidly developing adenopathy, and showed the typical morphologic and immunophenotypic
features of the diagnostic entity. Although our finding suggests that this rare type of DLBCL
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may more closely resemble HL with respect to TNFAIP2 expression, additional, larger
cohorts of cases will need to be studied to determine the frequency of TNFAIP2 expression
in TCRBCL with more certainty.

The malignant B cells of PMBL morphologically and immunophenotypically resemble
DLBCL, however this tumor has clinical, molecular and genetic features that more closely
resemble cHL.(13, 15, 20) We tested a large cohort of PMBL cases satisfying the major
clinical, radiologic, and pathologic criteria for this entity and readily detected TNFAIP2
expression in the tumor cells in 27/31 cases (87%, Table 1). As for cases of cHL, we found
that biopsy tissue stained for TNFAIP2 had to be examined with care to ensure that
expression of this antigen was localized to the malignant B-cells in addition the endogenous
expression of the protein by the numerous, intermixed macrophages and dendritic cells
(Figure 2H, I). Double staining for TNFAIP2 and CD20 in a subset of cases of PMBL
confirmed the expression of TNFAIP2 in the tumor cells in this tumor type (Figure 3D, E).
We conclude that TNFAIP2 is a robust marker of the malignant cells of PMBL.

Although the tumor cells of Burkitt lymphoma (BL) are generally intermediate in size,
occasional cases show large cell size and thus might be considered within the differential
diagnosis of a large cell lymphoma. We tested 18 cases of BL and found TNFAIP2
expression in 2 cases (11%). In the remaining cases, there was no staining of the tumor cells,
despite positive TNFAIP2 expression by the intermixed tingible body macrophages that are
characteristic of this tumor type (Table 1, and Figure 2L). We also tested 4 cases of B-cell
lymphoma, unclassifiable, with features intermediated between DLBCL and BL (int.
DLBCL/BL). The tumor cells in these cases were uniformly negative for TNFAIP2
expression (Table 1).

The final major category of large cell lymphomas that we examined for TNFAIP2
expression was ALCL. ALCL is a tumor of T-cell origin, and like non-neoplastic T-cells,
the malignant cells of ALCL were negative for TNFAIP2 expression in 18 of 19 of cases
(Table 1). The ALCLs in our cohort included those with an ALK-rearrangement (10 cases)
and without an ALK-rearrangement (9 cases) as determined by IHC or FISH (Table 1, data
not shown).

Staining of an additional cohort of low grade B-cell lymphomas, including follicular
lymphoma (FL, grades 1 and 2, n=18), mantle cell lymphoma (MCL, n=13), extranodal
marginal zone lymphoma (MZL, n=14), small lymphocytic lymphoma (SLL, n=8) revealed
expression of TNFAIP2 by the neoplastic cells in only few cases (Table 1; Figure 2J=
positive staining MZL, Figure 2K= negative staining SLL). Staining of additional non-
Hodgkin lymphomas, including angioimmunoblastic T-cell lymphoma (AIL-T, n=7),
peripheral T cell lymphoma not otherwise specified (PTCL, NOS, n=10), extranodal NK/T
cell lymphoma, nasal type (NK/T, n=5), and B and T lymphoblastic leukemia/lymphomas
(B-LL, n=13; T-LL, n=10 respectively) reveal that TNFAIP2 is rarely, but occasionally
expressed in other lymphoid neoplasms (Table 1).

Our data indicated that TNFAIP2 expression is largely restricted to the malignant cells of
FDCS, HS, cHL, NLPHL, and PMBL and largely negative in the malignant cells of DLBCL
and ALCL. Among these large cell lymphomas, PMBL and DLBCL are often difficult to
distinguish by morphologic and immunophenotypic features alone. We therefore examined
whether TNFAIP2 could serve as a more reliable diagnostic marker than the expression of
TRAF1, nuclear cRel, or CD23 for resolving this differential diagnosis.(13, 17) Antibodies
recognizing MAL, another antigen differentially expressed between PMBL and DLBCL, are
not commercially available and therefore not tested.(2) We found that the malignant cells in
23/31 cases (74%) of PMBL were positive for TRAF1, 17/30 cases (57%) of PMBL were
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positive for the expression and nuclear localization of cRel, and 9/28 cases (32%) of PMBL
were positive for CD23 (Table 2). The combined expression of TRAF1 and nuclear cRel in
the malignant cells was observed in 17/30 cases (57%) of PMBL - a value comparable to
that observed in a prior study (13). The overall immunophenotypic profile of the PMBL
cases revealed that no marker was entirely sensitive for this tumor type (Table 2). However,
among the tested biomarkers, TNFAIP2 proved to be the most sensitive (sensitivity= 87%)
and specific (specificity= 96%) marker of tumor cells comprising PMBL relative to (non-
mediastinal) DLBCL (Table 3). Among the same sets of cases, we found TNFAIP2
expression to be coordinately expressed with TRAF1 in the vast majority of PMBLs (Table
2). Four cases (13%) of PMBL in our cohort were negative for TNFAIP2, and of these
cases, all were positive for TRAF1.

DISCUSSION
In this report we demonstrate that TNFAIP2, a protein normally expressed by dendritic cells
and macrophages but not by lymphocytes in the secondary lymphoid organs, is strongly
expressed by the malignant cells in FDCS, HS, cHL, NLPHL, and PMBL. In contrast, the
malignant B cells of DLBCL, with the possible exception of TCRLBCL, are negative for
this protein. Similarly the malignant cells of ALCL, a tumor of T cell origin, do not express
TNFAIP2, nor do the neoplastic B cells comprising FL, MCL, MZL, and SLL.

The universal expression of TNFAIP2 by the RS cells of cHL and the LP cells of NLPHL
reveal TNFAIP2 to be a new diagnostic marker of Hodgkin lymphomas. Although this
expression pattern was unexpected, TNFAIP2 is not the first dendritic cell- associated
protein found to be upregulated in the malignant cells of Hodgkin lymphoma. Fascin is an
intermediate filament protein that is abundant in cells of the macrophage lineage, was
discovered 15 years ago to be highly expressed by the RS cells of cHL but not by the
neoplastic cells of other large cell lymphomas.(10) At the time, the expression of the fascin
in RS cells was considered evidence that this cell type might be derived from dendritic cells-
a hypothesis disproven when molecular genetic techniques firmly established a B-cell
lineage derivation for these cells. More recently, we reported that galectin-1, an immuno-
suppressive lectin normally expressed by macrophages, dendritic cells and endothelial cells,
is highly expressed by the RS cells of cHL and by the malignant T cells of ALCL but not by
the neoplastic cells of other large cell lymphomas.(7, 12) We demonstrated that galectin-1
expression in RS cells was attributable and dependent upon an AP1 binding site in the
galectin promoter and showed that constitutive AP1 signaling is a characteristic of RS cells
of cHL and the malignant T cells of ALCL but not the malignant B-cells of PMBL or
DLBCL.

Clinical evidence indicates that PMBL is a distinct tumor type from DLBCL.(6, 9) PMBL
typically occurs in a younger patient population and with less disseminated disease than
DLBCL. In some studies, patients with PMBL demonstrate a more favorable outcome than
those with DLBCL.(19) Recently, gene expression profiles of PMBL, cHL and DLBCL
confirmed the categorization of PMBL as a distinct tumor type, but unexpectedly,
demonstrated that PMBL is more closely related to cHL than DLBCL at the molecular level.
(15, 20) For the practicing pathologist, the distinction between PMBL and CHL can be
challenging in some cases. Likewise, the distinction between PMBL and DLBCL can be
very difficult in the absence of ancillary clinical and radiographic data. Several proteins,
detectable by IHC in formalin-fixed paraffin embedded (FFPE) biopsy specimens, have
been proposed to distinguish PMBL from DLBCL, including MAL, activated
(phosphorylated) STAT6 (p-STAT6), p63, TRAF1, activated (nuclear) cRel and CD23.(2, 5,
13, 17, 26) At this point in time, anti-MAL antibodies are not commercially available and, in
our hands, existing antibodies recognizing p-STAT6 are not robust enough for routine
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evaluation by IHC using FFPE biopsy samples (data not shown). We have also found p63 be
a poor discriminator between PMBL and DLBCL (data not shown). In contrast, well
validated IHC tests to detect TRAF1, cREL and CD23 are available and we have found
them to be useful for establishing the diagnosis of PMBL in routine practice. We found that
expression of TNFAIP2, with a sensitivity of 87% and a specificity of 96% for the tumor
cells of PMBL, is superior to TRAF1 (sensitivity= 74%, specificity= 88%), nuclear cRel
(sensitivity= 57%, specificity= 82%), and CD23 (sensitivity= 32%, specificity= not
determined) when the differential diagnosis is between PMBL and DLBCL.

Surprisingly, our cohort of cases showed a lower percentage of PMBLs positive for CD23
than previously reported (1, 17) A partial explanation for this difference may be the different
choice of antibodies used to detect CD23. Additional studies using defined staining
conditions and uniform sets of cases across institutions will be necessary to more rigorously
define the origin of these differences. Regardless, our finding that TNFAIP2 is expressed by
the tumor cells in 87% PMBLs indicates that this marker exceeds the sensitivity of CD23
even under ideal conditions (70% of cases positive). Furthermore all cases of PMBL tested
as part of this study had tumor cells that expressed either TNFAIP2 or TRAF1- a result that
suggests that staining for both of these markers is likely to be the most effective means to
diagnose PMBL in routine practice.

The basis for TNFAIP2 expression in select lymphomas is unknown. However activation of
TNF receptors strongly induces TNFAIP2 expression in several cell types(4, 18, 25), and
given the cytokine rich milieu of HL,(21) it is likely that TNFAIP2 expression is related to
cytokine-mediated activation of one or more TNF receptor family members expressed at the
surface of the malignant cells. Cytokine-mediated upregulation of TNFAIP2 might explain
the expression of this protein in cases of T/HRLBCL and PMBL as well. However,
macrophages, a major source of TNFα, are commonly found intermixed with the malignant
B cells in most DLBCLs. Thus, the abundance of macrophages and dendritic cells in various
tumors cannot fully explain the restricted expression pattern of TNFAIP2 to select
malignancies. Defining the biologic roles for TNFAIP2 in normal and neoplastic cells is an
area of active research, and preliminary work in ovarian cancer suggests that TNFAIP2 may
function in signaling pathways that promote intercellular communication (RD and SD,
unpublished data). Whether such signaling pathways are active in HL and PMBL is
unknown and the subject of future endeavors.

In conclusion, we have shown that TNFα-inducible factor, TNFAIP2, is normally expressed
by dendritic cells and macrophages in secondary lymphoid tissues, is expressed by the
malignant cells of FDCS and HS, and is aberrantly expressed by the malignant RS cells of
cHL, LP cells of NLPHL, and B-cells of PMBL. We anticipate that immunohistochemical
staining for TNFAIP2 will serve as a useful ancillary test to establish the diagnosis of PMBL
in routine surgical pathology practice in the future.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Reactive tonsil (A, 400×; B, 1000×) and spleen (C, 200×) stained for TNFAIP2 (brown
coloration) and showing a distribution of positive staining consistent with dendritic cells and
macrophages (B, red arrows= macrophages). Small lymphocytes within germinal centers (A,
B), mantle zones (A, C), splenic marginal zones (C), and interfollicular areas (A) are
negative for staining. Germinal center from a lymph node (D–F, 1000×) stained for CD23
(D, F; brown coloration) and TNFAIP2 (E, F; red coloration), and showing positive staining
of follicular dendritic cells for TNFAIP2. Germinal center from a lymph node (G, 400x)
stained for CD20 (brown coloration) and TNFAIP2 (red coloration), and showing no
staining of the germinal center B cells for TNFAIP2. The interfollicular region of a lymph
node (H, I; 1000×) stained for S100 (H; brown coloration) or CD20 (I; brown coloration)
and TNFAIP2 (H, I; red coloration) and showing staining of intedigitating dendritic cells
(H) but not the interfollicular B-cells (I) for TNFAIP2.

Kondratiev et al. Page 11

Am J Surg Pathol. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Cases of follicular dendritic cell sarcoma (A), histiocytic sarcoma (B), classical Hodgkin
lymphoma (C; D), nodular lymphocyte predominant Hodgkin lymphoma (E), diffuse large B
cell lymphoma, not otherwise specified (F), T cell/histiocyte rich large B cell lymphoma
(G), primary mediastinal (thymic) large B cell lymphoma (H, I), extranodal marginal zone
lymphoma (J), small lymphocytic lymphoma (K), and Burkitt lymphoma (L) showing
positive (A–E; G–J) and negative (F, K; L) staining for TNFAIP2 in tumor cells (red arrows
in B–E, G; I). All images were photographed at 1000×.
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Figure 3.
Cases of diffuse large B cell lymphoma, not otherwise specified (A, B), and primary
mediastinal (thymic) large B cell lymphoma (C, D) stained for CD20 (brown coloration) and
TNFAIP2 (red coloration). All images were photographed at 1000×.
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Table 1

TNFAIP2 expression in select lymphomas

Tumor Type # Tested # Positive % Positive

Follicular dendritic cell sarcoma 4 4 100

Histiocytic sarcoma 3 3 100

Hodgkin lymphoma

 Classical Hodgkin lymphoma 31 31 100

 Nodular lymphocyte predominant Hodgkin lymphoma 12 12 100

DLBCL

 Not otherwise specified 45 2 4

 Mediastinal (thymic) large B cell lymphoma 31 27 87

 T-cell/histiocyte rich large B cell lymphoma 3 3 100

 Unclassifiable, int. DLBCL and Burkitt lymphoma 4 0 0

Burkitt lymphoma 18 2 11

Anaplastic large cell lymphoma 19 1 5

Additional B-cell neoplasms

 Follicular lymphoma 18 0 0

 Mantle cell lymphoma 13 1 8

 Extranodal marginal zone lymphoma 14 1 7

 Small lymphocytic lymphoma 8 0 0

 B lymphoblastic leukemia/lymphoma 13 2 15

Additional T- and NK-cell neoplasms

 Angioimmunoblastic T-cell lymphoma 7 1 14

 Peripheral T-cell lymphoma, NOS 10 2 20

 Extranodal NK/T-cell lymphoma, nasal type 5 1 20

 T lymphoblastic leukemia/lymphoma 10 3 30
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Table 2

Phenotype of primary mediastinal large B cell lymphomas tested
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Table 3

Utility of select diagnostic markers for primary mediastinal large B cell lymphoma*

Marker Sensitivity Specificity

TNFAIP2 0.87 0.96

TRAF1 0.74 0.88**

N-cRel 0.57 0.82**

CD23 0.32 ND

*
for distinguishing from diffuse large B cell lymphoma, NOS.

**
Rodig et. al, AJSP, 2007

N-cRel= predominantly nuclear localization of cRel

ND= not determined
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