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ABSTRACT
Aims  Primary mediastinal large B-cell lymphoma 
(PMBL) diagnosis can be challenging on needle biopsies. 
Robust techniques are needed to ensure diagnosis of this 
lymphoma which is highly sensitive to recently developed 
therapy protocols.
Methods  In this study, we sought to determine 
precise PMBL phenotype, compared with diffuse large 
B-cell lymphoma not otherwise specified, by combining 
immunohistochemistry with anti-MAL antibody and 
RNA in situ hybridisation (RNAscope) with specific MAL 
probes.
Results  The overall MAL positivity level reached 93% 
(14/15) of cases of PMBL. Among the 15 cases enrolled 
in the study, 11 were undoubtedly positive for MAL 
immunostaining whereas 13 were positive by RNA in situ 
hybridisation. Interestingly, one case that was negative 
by in situ hybridisation turned out to be positive by 
immunohistochemistry.
Conclusions  Taken together, our results demonstrate 
that in situ detection of both MAL transcripts and protein 
are complementary and increase the sensitivity and 
specificity of PMBL diagnosis.

INTRODUCTION
Primary mediastinal large B-cell lymphoma (PMBL) 
is a rare subtype of diffuse large B-cell lymphoma 
(DLBCL), which accounts for about 2%–3% of 
non-Hodgkin’s lymphoma.1 It is usually seen in 
young women with bulky anterosuperior medias-
tinal mass and local invasion. At progression, the 
common sites of dissemination are kidney, adrenal 
gland or central nervous system.2 Histopatho-
logically, tumours show a diffuse growth pattern, 
composed of medium to large cells, with abundant 
pale cytoplasm, which are typically embedded in an 
alveolar stroma with various degrees of sclerosis. 
Lymphoma cells express CD20 intensely. CD30 
expression is present in >80% of cases but usually 
weak and heterogeneous.3 Almost 70% of cases 
express CD23.4 A majority of cases are CD15 and 
Epstein-Barr virus (EBV)-associated RNA negative.5 
Gene expression profiling has described a distinc-
tive PMBL gene signature compared with other 
large B-cell lymphoma types.6 In current practice, 
PMBL diagnosis is based on a confrontation of 
clinical, morphological and immunophenotypic 

findings. Diagnosis can be challenging, especially 
on needle biopsies, due to the overlap with systemic 
DLBCL with secondary mediastinal involvement.

One of the most specific markers of PMBL is 
MAL gene/protein expression.7 MAL is expressed 
in a subset of thymic medullary B-cell lymphocytes 
and mature T cells.8 MAL protein expression can 
be identified routinely by immunohistochemistry 
(IHC) with a commercially available MAL antibody 
(E1 clone, Santa Cruz).9 However, immunohis-
tochemical detection of MAL can be problematic 
because of instability of certain antibodies and/or 
lack of sensitivity of this test. RNAscope is a recent 
RNA in situ hybridisation (RNA ISH) method for 
formalin-fixed paraffin-embedded (FFPE) tissues, 
which represents a robust alternative to immunohis-
tochemical techniques in case of absence of reliable 
antibodies. The aim of our study was to determine 
precise PMBL phenotype by combining MAL IHC 
and chromogenic RNA ISH (RNAscope).

MATERIALS AND METHODS
This study screened 24 patients with PMBL diag-
nosis from the archives of two French University 
hospitals (Toulouse and Besançon) between January 
2011 and June 2017. Tissue samples were provided 
by the biobank BB-0033-00024 ‘Franche-Comté 
Regional Tumour bank (FCRT)’ for Besançon. 
FFPE tumour samples, in the form of CT-guided 
biopsies or surgical biopsies, were available for 
15 patients. Nine cases were retrieved from the 
pathology laboratory of the Toulouse Cancer 
University Institute and six cases from the univer-
sity hospital of Besançon. These tissue samples were 
compared with 66 cases of DLBCL not otherwise 
specified (NOS) retrieved from the same sources. 
All PMBL cases were evaluated on representative 
whole tissue sections. DLBCL cases were evaluated 
on tissue microarrays (TMAs) composed of three 
cores (1.5 mm) per cases. Morphological findings 
were obtained using HES stains. CD23, CD30 
immunostainings and EBV-encoded RNA (EBER) 
chromogenic ISH were studied at diagnosis and 
not repeated in this study. Three µm tissue sections 
were used for MAL IHC and RNA ISH. MAL IHC 
was performed on an automated immunostainer 
(Dako Autostainer; Dako Colorado) using Envi-
sionFlex detection (#K8000; Dako Omnis) with a 
9.0 pH EDTA-based buffer (EnvisionFlex TRS High 
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pH, #K8004). MAL antibody (clone E-1, #sc-390687; Santa 
Cruz Biotechnology, Dallas, Texas, USA) staining was performed 
using a 1:100 dilution for 15 min at room temperature after 
5 min peroxidase inhibition by a specific blocking reagent. A few 
cases and controls were checked on a Bond Max immunostainer 
(Leica) according to the protocol described by Gentry et al.9 
The quality and reproducibility of the staining turned out to be 
similar with the two systems.

In situ detection of MAL transcripts was performed with 
RNAscope 2.5 Assay for Ventana Discovery Ultra system 
(Advanced Cell Diagnostics, Hayward, California, USA) using 
RNAscope 2.5 vs Reagent kit—BROWN (#322200, ACD 
Bio). MAL probes (RNAscope 2.5 vs probe Hs-MAL, ACD Bio, 
#433319) were incubated with a 6.0 pH citrate-based buffer 
(RNAscope 2.5 vs Target Retrieval, #322221) maintained at a 
97°C for 32 min and treated with protease (RNAscope 2.5 vs 
mRNA pretreat 3-Protease, #322218) at 37°C for 16 min. MAL 
probes were hybridised for 60 min. To ensure results interpret-
ability, positive control probe (RNAscope 2.5 vs PPIB #313909) 
and negative control probe (RNAscope 2.5 vs DapB #312039) 
were used.

FFPE benign tonsil tissues were used as control for MAL 
immunostaining and MAL RNAscope. Both techniques were 
concordant and showed cytoplasmic MAL protein/gene expres-
sion in a subset of interfollicular T cells, nerves, endothelial 
cells and squamous epithelium (figure  1). In lymphoma tissue 
samples, MAL immunoreactivity/signal of T-cell lymphocytes 
served as an internal control. IHC for MAL was considered posi-
tive if cytoplasmic staining was shown in >10% of tumour cells.9 
Immunostaining was graded according to level of intensity: 
1+=weak was light/pal brown, 2+=moderate was light brown 
and 3+=strong was dark brown). RNAscope MAL analysis was 
also considered positive according to the threshold of 10% of 
tumour cells. MAL RNA expression was scored according to 
semi-quantitative Advanced Cell Diagnostics (ACD) scoring 
system. Score 0=no staining or <1 dot/10 cells, score 1+=1–3 
dots/cell, score 2+=4–9 dots/cell and none or very few dot clus-
ters, score 3+=10–15 dots/cell and/or <10% dots are in clus-
ters, score 4+=>15 dots/cell and/or >10% dots are in clusters. 
The tumour cell surface staining was evaluated by counting 100 
contiguous tumour cells.

RESULTS
PMBL and DLBCL characterisation
Fifteen cases of PMBL and 66 cases of DLBCL NOS were eval-
uated for MAL protein/gene expression. Among the 15 cases 
of PMBL enrolled, 8 patients were female and 7 patients were 
male, with ages ranging from 21 to 50 (median=30) years. One 
tissue sample came from biopsies by mediastinoscopy, others 
corresponded to needle biopsies. Crush artefacts on HES 
examination were frequent in microbiopsies. All cases strongly 
expressed CD20, 9/15 (60%) cases showed a weak and at least 
focal staining for CD30, 11/15 (73%) cases expressed CD23 
(table  1). None of the 12 PMBL cases tested with EBER at 
diagnostic were positive. The characteristics of our cohort of 
PMBL cases roughly match with those of other series.9 10 The 
66 cases of DLBCL NOS consisted of 24 females and 42 males 
and ranged on age from 17 to 98 (median=72) years. The 
DLBCL NOS were composed of a mixture of germinal centre 
B-cell and non-germinal centre B-cell phenotype (table 1). All 
cases expressed CD20. Forty-nine DLBCL NOS cases were 
nodal. Among the 17 extranodal cases, 1 case was from kidney 
involvement and 1 from lung involvement. Other extranodal 

cases were from the spleen, testis, maxillary sinus or digestive 
tract.

MAL staining in PMBL and DLBCL
MAL protein was expressed in 11/15 (73%) cases of PMBL and 
0/66 (0%) cases of DLBCL NOS (table 1). The staining was cyto-
plasmic, membranous and/or punctate perinuclear (figure 2A,B). 
All positive cases of PMBL had >30% positive tumour cells, 
5/11 cases showed a weak staining and 4/11 a moderate staining. 
Only two cases showed a strong expression of MAL protein. 
Four cases of PMBL were negative. The overall sensitivity 
and specificity for MAL staining in distinguishing PMBL from 
DLBCL NOS was of 73%.

MAL mRNA transcripts were detectable in 13/15 (86%) cases 
of PMBL and 1/66 cases of DLBCL NOS. The various number 
of MAL mRNA molecules was visualised in the form of variable 
number of perinuclear dots (figure 2A,C). Among the 13 positive 
PMBL cases, 6 (46%) cases were scored 1+, 5 (38%) cases were 

Figure 1  (A) Control for immunohistochemistry with MAL antibody 
in benign tonsil tissue. The pattern is predominantly cytoplasmic, 
weak to moderate in interfollicular T cells, with frequently Golgi zone 
accentuation. Note the intense reactivity seen in squamous epithelium. 
(B) Control for RNAscope with MAL probes in benign tonsil tissue. MAL 
transcripts appear as perinuclear dots, with a few number of copies 
in interfollicular T cells. More than 15 dots/cell was seen in squamous 
epithelium.
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scored 2+ and 2 (16%) cases were scored 3+, according to ACD 
scoring system. None of cases were scored 4+. One case was 
negative. One case was not reliably interpretable and considered 
negative (see details below). The overall sensitivity and speci-
ficity for MAL RNAscope in distinguishing PMBL from DLBCL 
NOS was 86% and 98.5%, respectively.

In one case of DLBCL NOS, RNAscope showed a moderate 
2+ level of expression of MAL mRNA while IHC was negative 
(figure 2D-F). This case corresponded to a man aged 49 years 
who presented multiple cervical lymphadenopathies associated 
with lung invasion at diagnostic. Mediastinal involvement was 
not clearly described. Microscopically, HES pictures showed an 
usual aspect of DLBCL without specific stromal changes.

Combined MAL gene/protein analysis, PMBL
Combining IHC and RNAscope analyses, 14/15 (93%) cases 
of PMBL were MAL positive (table  2). Out of 15, 10 (66%) 
cases of PMBL showed both expression of MAL gene/protein, 
with a relative agreement between the intensity of the immu-
nostaining and the number of copies of MAL mRNA molecules. 
Three cases of PMBL were only positive for RNAscope. Two of 
these three MAL IHC-negative cases displayed a low number of 
MAL mRNA copies. They were scored 1+ in 26% and 31% of 
the tumour cells, respectively. The third case showed a relatively 
high number of copies of MAL mRNA, scored 2+ according to 
ACD scoring system for 62% of the tumour cells.

Two cases of PMBL were considered negative for RNAscope. 
In the first, it was not possible to determine the origin of the 
cellular signals, either from tumorous cells or from reactive T 
cells. Crush artefacts made morphological analysis difficult. 
Interestingly, IHC analysis was more informative. Enough cells 

Table 1  Clinical and phenotypic characterisation of cases of PMBL 
and DLBCL NOS

PMBL DLBCL NOS

Median age (range) 30 (21–50) 72 (17–98)

Sex ratio (male/female) 7/8 42/24

CD20 (positive/total cases) (%) 15/15 (100) 66/66 (100)

CD10 (positive/total cases) (%) 6/14 (42) 15/56 (26)

BCL6 (positive/total cases) (%) 13/14 (92) 27/37 (72)

MUM1 (positive/total cases) (%) 6/14 (42) 30/41 (73)

MAL immunohistochemistry (positive/total cases) (%) 11/15 (73) 0/66 (0)

MAL RNA scope (positive/total cases) (%) 13/15 (86) 1/66 (1.5)

DLBCL NOS, diffuse large B-cell lymphoma not otherwise specified; PMBL, primary 
mediastinal B-cell lymphoma.

Figure 2  (A–C) HES MAL IHC and MAL RNAscope of a representative case of PMBL. (D–F) HES MAL IHC and MAL RNAscope of the case diagnosed 
as DLBCL NOS in cervical lymph node for patient with pulmonary involvement. Note the absence of stromal component in HES. (G–I) HES, MAL 
IHC and MAL RNAscope of the positive case for IHC and non-contributive for RNAscope. DLBCL NOS, diffuse large B-cell lymphoma not otherwise 
specified; IHC, immunohistochemistry; PMBL, Primary mediastinal large B-cell lymphoma.

Table 2  MAL phenotype of PMBL cases combining IHC and 
RNAscope

MAL IHC/
RNAscope 
double 
positivity

MAL RNAscope 
positivity only

MAL IHC 
positivity 
only

MAL 
negative

PMBL cases 
(positive/total 
cases) (%)

10/15 (66) 3/15 (20) 1/15 (7) 1/15 (7)

IHC, immunohistochemistry; PMBL, primary mediastinal B-cell lymphoma.
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showed an interpretable cytoplasmic/membranous staining 
(figure 2G–I). The second RNAscope negative case did not show 
protein expression. Combining MAL IHC and RNAscope, the 
sensitivity to distinguish PMBL from DLBCL NOS was 93%.

DISCUSSION
PMBL represents a distinct clinicopathological entity for which 
the diagnosis could be challenging on needle biopsies, especially 
in cases with atypical clinical presentation or extra mediastinal 
involvement.11 In our work, we have shown that combining MAL 
IHC and MAL RNA ISH is an excellent method for determining 
precise PMBL phenotype. MAL gene or protein expression was 
visualised in 93% of cases of PMBL with the combination of 
these two techniques. The sensitivity and specificity reported for 
MAL IHC ranged between 58%–72% and 97%–100%, respec-
tively, with series of 12–43 cases.7 8 12 In our study, we used the 
commercially available antibody with our routine IHC tech-
nique. Our results were very similar in terms of sensitivity and 
reproducibility to those previously described by Gentry et al.9 
Similarly, we observed that this anti-MAL antibody, even tested 
in optimal conditions, missed around 25% of the PMBL cases 
while requiring rigorous conditions for immunohistochemical 
techniques.

One important finding of our study is that MAL RNA ISH 
allowed to determine the PMBL phenotype of three cases which 
were negative for IHC. Other studies demonstrated the utility 
of RNA ISH for identifying phenotypic or prognostic markers 
in DLBCL.13–16 This highly sensitive technology is able to target 
partially degraded RNAs of <50 base pairs.17 RT-PCR-based 
technologies were initially reserved for frozen tissue, they are 
now usable in FFPE tissues. Two studies reported molecular 
classification assays for the distinction of PMBL from DLBCL 
subtypes based on gene expression profiles.18 19 These classifiers 
simultaneously evaluated the expression of 21 or 58 genes. They 
demonstrated a very high reproducibility and reported about 
10% of uncertain or unclassifiable cases. These unclassifiable 
cases underline the usefulness of confrontation with morpholog-
ical analysis. RNA ISH allows analysis of RNA expression while 
also preserving tissue architecture and mapping the observed 
signals to individual cells. Determining the cellular source of 
RNA could be useful, especially with biomarkers such as MAL 
which are expressed both in tumour and non-tumour cells. 
However, as shown in our cohort, it requires high-quality tissue 
material without crush artefacts. In addition, RNA ISH is much 
faster compared with global molecular techniques such as quan-
titative RT-PCR with comparable cost (€100/case).

Taken together, the results of our study clearly demonstrate 
that in situ detection of both MAL transcripts and protein are 
complementary and increase the sensitivity and specificity 
of PMBL diagnosis. Identifying PMBL with specific markers 
becomes critical given the emergence of novel therapeutic 
approaches.20 Combining RNA HIS and IHC could be a useful 
tool to identify numerous other biomarkers on FFPE tissue 
samples with a morphological context. These techniques are 
simple, reproducible and thus compatible with routine practice.
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