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Distinguishing of primary mediastinal B-cell lymphoma and diffuse large
B-cell lymphoma using real-time quantitative polymerase chain reaction
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Primary mediastinal B-cell lymphoma (PMBL) seems to be reliably distinguished from diffuse large B-cell lymphoma
(DLBCL) with microarray technology. We measured expression of Fcer2, Pdl2 and Blk genes using real-time quantitative
polymerase chain reaction (RTqPCR) on formalin fixed, paraffin embedded material (FFPE) and suggested a formula to
discriminate PMBL from DLBCL. For 39/82 included patients the diagnosis of PMBL was expected clinico-pathologically.
Diagnosis of 10/39 and 2/43 of clinically considered PMBLs and DLBCLSs, respectively, was not genetically confirmed. Com-
pared to confirmed PMBLs, unconfirmed ones showed clinical features similar to DLBCLSs, e.g. spleen infiltration (p=0,028)
and decreased invasiveness in pericardium (p=0,045). They tended to have more common infradiaphragmatic involvement,
less often tumor sclerosis or fluidothorax. There were no immunohistochemical differences between genetically confirmed
and unconfirmed PMBLs. New approach of distinguishing PMBL and DLBCL is presented. It is based on expression of three

genes in routinely available FFPE material using RTqPCR.
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Primary mediastinal B-cell ymphoma (PMBL) is a subset
of diffuse large B-cell lymphoma (DLBCL) accounting for
2-5% of patient with non-Hodgkin lymphoma (NHL) [1-4].
It typically affects young women [1, 5-7]. Bulky mediastinal
masses, local invasiveness in the chest and elevated lactate
dehydrogenase (LDH) level are common at the initial pres-
entation [1, 2, 5-8]. Distant spread including bone marrow
and cerebrospinal fluid often appears at the time of relapse
[1, 2, 5]. PMBL was found to be genetically different from
DLBCL using gene expression profiling [5]. However, there
are no histological features reliably distinguishing these
two entities and PMBL thus remains a clinico-pathological
diagnosis only [8, 9].

Morphologically, PMBL is characterized by diffuse growth
of medium to large B-cells associated with sclerosis of different
degree. Focal nodularity, extensive necrosis, vascular invasion,
thymic remnants and Reed-Sternberg-like features can be seen
as well (2, WHO). PMBL typically expresses B-cell antigens

(CD19, CD20, CD22) but often lacks surface immunoglobulin
(Ig) despite expression of the Ig co-receptor CD79a. CD30,
STAT1, TRAF1, MAL, FIG1, CD58 and CD54 protein stain-
ing is often but not regularly positive. Distinct chromosomal
gains/amplifications and losses have been observed including
consistent gains in chromosomes 9p and 2p [6, 10-12].

Two extensive studies of gene expression profiling [5, 9]
confirmed NF-kB pathway activation [9, 13, 14], low expres-
sion levels of multiple B-cell signaling components [9] and
genetic features shared with classical Hodgkin lymphoma
(cHL) [5, 9]. 24% of patients for whom the diagnosis of PMBL
was clinically considered were not assigned as PMBL using
microarray technology. These discordant patients tended to
have worse clinical outcome [5]. The goal of our study was
to help to distinguish PMBL from DLBCL using limited
number of genes, real-time quantitative polymerase chain
reaction (RTqQPCR) and formalin fixed, paraffin embedded
tissue (FFPE).
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Materials and methods

Patients and samples. 82 patients with DLBCL were included
in the study. The DLBCL diagnosis was confirmed by two in-
dependent expert hematopathologists. Diagnosis of PMBL was
done based on histopathology and clinical criteria (predomi-
nant mediastinal involvement over 7cm) in 39/82 patients.
These patients were designated as ,,considered PMBLs“ and
were diagnosed de novo. Other 43 patients were designated as
“considered DLBCLS”. In this group, samples of eight patients
were obtained at the time of disease progression and they
were excluded from survival analysis. Patients were treated
with antracycline-based regimens. In two patients therapy
was not initiated. 72/82 patients received rituximab. The study
was reviewed by the Ethics committee and was performed in
accordance with the Helsinki Declaration.

Genes differentially expressed in PMBL and DLBCL. Genes
were chosen based on published microarray data. The human
leukocyte differentiation antigen (Fcer2) is a key molecule for
B-cell activation and growth and is overexpressed in PMBL [5].
Programmed cell death 1 ligand 2 (PdI2) encodes a regulator
of T-cell activaton and is highly expressed in PMBL [5]. B-
lymphoid tyrosine kinase (BIk) is a member of BCR signalling
cascade with decreased expression in PMBL [9].

RNA isolation from fresh leukocytes. 20 ml of blood were
obtained from 40 volunteers. RNA isolation from fresh leuko-
cytes was processed following the protocol of Chromcinsky et
al. (15) and stored at -80°C. The RNA quality was controlled
on agarose gel. RNA from all samples was mixed and used as
a calibrator in RTqPCR.

RNA isolation from FFPE. RNA was successfully isolated
from 99% of initially obtained paraffin blocks. Paraffin blocks
were cut 4 x 10 um. RNA was extracted using High Pure RNA
Paraffin Kit (Roche, Basel, Switzerland) based on glass fiber
filter isolation under a specific salt condition. Samples were
handled according to the manufacturer’s instructions. RNA
was spectrophotometrically evaluated.

Reverse transcription and RTgPCR. Reverse transcription
was processed using a RevertAid First Strand cDNA Synthesis
Kit (Fermentas, Burlington, Ontario, Canada) according to the
manufacturer’s instructions. Real-time quantitative PCR was
performed using the Stratagene 3000Xp cycler and Tagman
primer and probe system provided by Applied Biosystems
(AB; Foster City, CA, USA). The length of the amplicons in
RTqPCR experiments was within the range of 60 — 105bp.
Expressions levels of the following genes were measured: Beta-
2-microglobulin (B2m) Hs 00187842-m1, Ribosomal protein
PO (Rplp0) Hs 99999902-m1, CD23 receptor/Fc fragment of
IgE (Fcer2) Hs 00233627-m1, Programmed cell death 1 ligand
2 (PdiI2) Hs 00228839-m1, B lymphoid tyrosine kinase (Blk)
Hs 01017457-m1. RTqPCR for each AB probe was run in 20
ul reactions in duplicates or triplicates, using 10 pl of Tagman
Universal PCR Master Mix and 1 ul of probe and primer mix
according to the manufacturer’s instructions. 500 pg and 100
ug of cDNA template from FFPE and fresh leucocytes were

used for a single reaction, respectively. The temperature profile
consisted of an initial step of 95°C for 10 min and 40 cycles
of 95°C for 15 sec and 60°C for 1 min. In accordance to the
latest recommendations, mRNA level of each gene of interest
was normalized to the geometric mean of Ct values of two
housekeeping genes (B2m and Rplp0). For calibration we used
pooled leukocyte RNA from 40 volunteers, obtaining A A C_
values for each gene in each sample. Intraassay variability was
0,7%, interassay variability 5%.

Testing and validation sets. 32 patients were included in the
“testing” set, e.g. 11 and 21 patients with PMBL and DLBCL di-
agnosis, respectively. As mentioned above, diagnosis of PMBL
was done based on histopathology and clinical criteria in 39
patients. To minimize the risk that also clinico-pathologically
misdiagnosed PMBL patients will be included in the testing
set, only PMBL patients with no extrathoracic involvement
were included.

The “validation” set included 50 patients, for 28 of them the
diagnosis of PMBL was considered.

Expression of Fcer2, PdI2 and Blk genes was examined in
the testing set. Discrimination function was generated. The
median values of expression of each gene acquired with A A
C, method were compared in each group (PMBL and DL-
BCL). Then, a constant corresponding to a discriminating
importance between two groups was given to each gene and
a formula was generated.

Immunohistochemistry. Immunohistochemical staining
using standard methods was performed on FFPE slides.
Heat induced epitope retrieval was used for all antibody
protocols, in case of BCL6 with use of high pH solution.
This panel of antibodies was used: CD20 (DAKO, dilution
1:300), CD30 (DAKO, dilution 1:30), CD5 (Biogenex, dilu-
tion 1:30), CD23 (Neomarkers, dilution 1:100), (DAKO,
dilution 1:100), CD10 (Novocastra, dilution 1:80), BCL6
(DAKO, dilution 1:15), MUM1 (DAKO, dilution 1:100).
Samples were evaluated according to the algorithm published
by Hans et al. [16] discerning between GC-like phenotype
(CD10+BCL6+/-MUMI1+/- or CD10-BCL6+MUMI-) and
nonGC-like phenotype (CD10-BCL6+/-MUM1+ or CD10-
BCL6-MUMI1-).

Statistics. Gene expression in PMBL/DLBCL groups, as-
sociation of gene expression and organ involvement and age
comparison in different groups were analyzed using Wilcoxon
test. The predictor formula was generated with canonical
discriminant function. Progression free survival (PFS) was
evaluated using Kaplan-Meier analysis and log-rank test.
Crosstabs were used to compare organ involvement in PMBL
and DLBCL groups. Kruskal-Wallis test was used to compare
initial clinical stage and international prognostic index (IPI)
in PMBL/DLBCL groups. SPSS software was used.

Results

Gene expression in the testing set and the predictor. In the
testing set, Fcer2 and PdI2 genes were higher expressed in
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the PMBL group (p=0,002 for both genes), Blk was higher
expressed in the DLBCL group (p=0,042). Based on these
results, discriminant function was used to suggest a formula:
F=+0,029 * Fcer2 + 0,006 * PdI2 - 0,012 * Blk - 0,168. This
formula was termed the “predictor”. If the value of the sam-
ple was negative, the sample was assigned to the “predicted
DLBCL group’, a sample of a positive value to the “predicted
PMBL group”.

Three patients in the testing set did not correspond to the
expected expression of given genes and fell into the other
predicted group. Two of them belonged to the considered
DLBCL group and the third was of initial considered PMBL
diagnosis.

Validation Set. 50 samples were tested in the validation set.
Out of them, 28 patients belonged to the considered PMBL
group. With the predictor formula, 9/28 of expected PMBL
patients fell into the predicted DLBCL group. All the 22
patients from considered DLBCL group in the validation set
were assigned to the predicted DLBCL group.

Gene expression in the whole group. In summary, 82 patients
were tested with the formula. In the whole group, 10/39 (26%)
and 2/43 (5%) of considered PMBLs and DLBCLSs, respectively,
did not correspond to the initially considered diagnosis (Table
1). Patients for whom the considered diagnosis was confirmed
by the predictor were assigned as “concordant’, the others as
“discordant”. The distribution of discordant patients across the
testing and validation sets is shown in Table 2.

Expression of Fcer2 was positively associated with tumor
sclerosis (p=0,005) and bulky disease (p<0,001) and negatively
with an infradiaphragmatic involvement (p=0,009). Expression
of PdI2 gene was associated positively with tumor sclerosis
(p=0,001) and with bulky disease (p<0,001). Expression of

Table 1: Patients divided according to the clinical diagnosis and to the
predictor.

Predicted Predicted DL- total

PMBL BCL ot
Considered PMBL 29 10 39
Considered DLBCL 2 41 43
Total 31 51 82

Table 2. Discordant patients in testing and validation sets.

Discordant PMBL Discordant DLBCL
Testing set (%) 9 10
Validation set (%) 32 0
Total (%) 26 5

none of the genes was associated with involvement of lung,
pleura or spleen.

Clinical Features. Clinical data were evaluated separately
in the “considered” and “predicted” groups. Results are sum-
marized in Table 3.

In both groups, PMBL patients were significantly younger
and women were predominant. Infradiaphragmatic involvement
was significantly more common in the DLBCL group, PMBL
patients had more often elevated LDH levels, pericardium in-
filtration, fluidothorax and tumor sclerosis and none of them in
either group had any bone marrow involvement at the time of
diagnosis. 11 patients manifested superior vena cava syndrome
(SVCS). All of them were clinico-pathologically considered
PMBLs, two of them belonged to the discordant genetic group.
There were no significant differences between the PMBL and

Table 3. Comparison of clinical data of PMBL and DLBCL patients in considered and predicted groups.

Considered diagnosis

Predicted diagnosis

PMBL DLBCL PMBL DLBCL

(n=39) (n=43) p value (n=31) (n=51) p value
Median age (years) 33 60 Pp*<0,001 30 59 Pp*<0,001
Women (%) 74 51 p*=0,031 77 53 p*=0,027
Infradiaphragmatic (%) 33 67 Pp*=0,004 30 65 p*=0,002
Lung (%) 18 7 p=0,184 19 8 p=0,131
Spleen (%) 15 19 p=0,699 6 24 p=0,068
Pleura (%) 10 2 p=0,19 13 p=0,068
Pericardium (%) 23 0 p*=0,001 29 Pp*<0,001
Fluidothorax (%) 51 10 Pp*<0,001 52 16 Pp*=0,001
Chest wall (%) 10 0 p*=0,049 10 2 p=0,154
SVCS (%) 28 0 p*<0,001 30 p*=0,002
Elevated LDH (%) 92 61 p*=0,001 94 65 p*=0,003
Bone marrow (%) 0 18 p*=0,031 0 15 p=0,078
Tumor sclerosis (%) 77 33 p*<0,001 81 37 p*<0,001

Statistical significant data are indicated with an asterisk. The number of patients (n) in each group is given in brackets. These data was missing: LDH level
with three patients, bone marrow involvement with six patients and lung, pleura, pericardium, fluidothorax and chest wall infiltration with one patient. The
percentage sign in the left column indicates for percentage of patients with the given sex and involvement.
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Table 4. Comparison of clinical data of discordant PMBL versus concordant PMBL patients and concordant DLBCL ones.

Dis. versus con. PMBLs

Dis. PMBLSs versus con.DLBCLs

Dis. PMBL (n=10) CO(IIII':[;D;I)BL p value Dis. PMBL (n=10) COI(;I:)AIEECL p value
Mean age (years) 46 30 p*=0,037 46 60 p=0,039%
‘Women (%) 60 79 p=0,228 60 50 p=0,571
Infradiaphrag.(%) 50 28 p=0,195 50 70 p=0,232
Lung (%) 20 17 p=0,845 20 5 p=0,180
Spleen (%) 40 7 p*=0,028 40 20 p=0,185
Pleura (%) 0 14 p=0,556 0 3 p=1,000
Pericardium (%) 0 32 p*=0,045 0 0 NA
Fluidothorax (%) 40 62 p=0,408 40 10 p*=0,044
Chest wall (%) 1 10 p=1,000 1 0 p=0,204
SVCS (%) 20 32 p=0,504 20 0 p*=0,037
Elevated LDH (%) 67 100 *p=0,01 67 66 p=0,96
Bone marrow (%) 0 0 NA 0 18 p=0,156
T. sclerosis (%) 60 83 p=0,141 60 33 p=0,109

Statistically significant data is indicated with an asterisk. Missing data is explained in Table 3. Dis., discordant; con., concordant; infradiaphrag., infradiaphrag-

matic involvement; T. sclerosis, tumor sclerosis.

DLBCL groups in initial staging and international prognostic
index (IPI), neither in considered nor in predicted set. A certain
degree of sclerotic features was observed in 77% and 81% of
considered and predicted PMBLs, respectively. In considered
and predicted DLBCLSs it was 33% and 37%, respectively.

Discordant Patients. 26% and 5% of considered PMBLs and
DLBCLs, respectively, did not correspond to the clinically
considered diagnosis when gene expression was taken into
consideration. Clinical data of concordant and discordant
patients is compared in Table 4.

Altogether, six patients with mediastinal bulk had infiltra-
tion of spleen and four of them belonged to the discordant
group (p=0,028). None of the discordant patients showed
pericardium infiltration (p=0,045). Three considered PMBL
patients had initially no elevated LDH and all of them were
discordant (p=0,01). Compared to concordant PMBL cases,
discordant patients were older (p=0,037). They tended to have
more common infradiaphragmatic involvement, they had less
often tumor sclerosis, fluidothorax, SVCS or chest wall involve-
ment and none of them had pleura involvement.

Compared to concordant DLBCL patients, discordant
PMBL ones were younger (p=0,039) and presented more often
fluidothorax (p=0,004) and SVCV (p=0,037). Other clinical
differences were not statistically significant.

2/43 patients with initially considered DLBCL diagnoses fell
into the predicted PMBL group. Both the patients were in the
first CR with follow-up 46 and 40 month, respectively.

PFS of PMBL and DLBCL patients was compared in both,
considered and predicted groups. In both groups, PMBL
patients tended to have superior outcome. In the considered
group the result was not statistically significant (p=0,179), in
the predicted one marginally significant (p=0,084).

Immunohistochemistry. NonGC-like phenotype was found
in 53% (20/38) of concordant DLBCLs, in 61% (17/28) of
concordant PMBL (p=0,618) and in 90% (9/10) of discordant
PMBL group (p=0,124). One discordant DLBCL patient was
GC-like, the other one nonGC-like. CD23 positive staining was
found in 8% (3/39) of concordant DLBCLs, in 72% (21/29) of
concordant PMBLs (p<0,001) and 40% (4/10) of discordant
PMBLs (p=0,124). One discordant DLBCL patient was CD23+,
the other one was CD23-. CD30 staining was positive in 15%
(6/41) of concordant DLBCLs, in 64% (18/28) of concordant
PMBLs (p<0,001) and in 80% (8/10) of discordant PMBLs
(p=0,453). One discordant DLBCL patient was CD30+, the
other one was CD30-. In the discordant PMBL group, two
patients carried nonGC-like/CD23-/CD30- phenotype, four
were nonGC-like/CD23-/CD30+, three were nonGC-like/
CD23+/CD30+ and one was GC-like/CD23+/CD30+.

Discussion

Our study is focused on molecular distinguishing of DLBCL
and PMBL. We analyzed a group of 82 clinico-pathologically
classified DLBCL and PMBL patients. Based on published
microarray data we chose Feer2, PdI2 and Blk genes as potential
classifiers between the mentioned groups. RTqPCR was run in
testing set of 32 patients and the results were used to complete
a mathematical formula called predictor. With the predictor all
82 patients were finally reclassified to genetic DLBCL and PMBL
subgroups. These genetic groups were partially overlapping with
the clinico-pathological ones. Thus, discordant PMBL, discordant
DLBCL, concordant PMBL and concordant DLBCL groups were
finally analyzed. The group of discordant PMBLs showed some
clinical features similar to that of concordant DLBCL ones.
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There are no immunohistochemistry markers exclusively
typical for PMBL. We were however interested in the immu-
nohistochemical staining of typical PMBL markers as well as
in the immunohistochemical GC/nonGC-like classification in
the whole group of patients. As for PMBL markers, we used
usual available and routinely examined markers CD23 and
CD30. Immunohistochemistry confirmed higher incidence
of CD23 and CD30 positive staining in clinico-pathologically
considered PMBL tumors. Discordant PMBL patients tended
to be more often CD23 negative. However, negative immu-
nohistochemical staining of CD23/CD30 did not change the
clinico-pathologically considered diagnosis of PMBL.

The cell of origin of PMBL is most probably a thymic
medulla B-cell but also a similarity to GC-like or nonGC-like
DLBCL is discussed [17]. On gene expression level, PMBL was
more similar to GC phenotype in the work of Rosenwald et al.
In another work the uncommon presence of t [14; 18] translo-
cation resembled rather the nonGC group [18]. In our study,
considered PMBLs tended to be more often nonGC-like and
this fact probably influenced the high rate of nonGC-like cases
in the discordant PMBL group (90%). Taken together, there
was no GC/nonGC-like/CD23/CD30 immunophenotype that
would uniformly characterize the discordant PMBL group.

Particular attention was given to presence of tumor sclero-
sis. In some series, sclerosis has been defined as a diagnostic
criterion of PMBL, but its variability in different areas of the
same tumor makes this rather impractical [2]. Our data further
confirms that sclerosis can be seen in up to 33% of DLBCLs
from other localizations but not in 100% of PMBL cases.

39 patients were initially designated to the considered
PMBL group. This diagnosis was confirmed by our predic-
tor in 29 patients (74%). Of interest, further 2/43 of initially
considered DLBCL patients (5%) were genetically predicted
as PMBL. In the observation of Rosenwald et al [5], 76% of
patients for whom the diagnosis of PMBL was clinically consid-
ered were classified as PMBL by gene expression. Further, 5%
of clinically expected DLBCLs showed PMBL gene profiling
in their validation set. Higher discordant rate in PMBLs in our
validation set is attributed to the fact that the PMBL patients
in the testing set were strictly chosen as patients with limited
intrathoracic disease (Table 2).

Clinical features of PMBL and DLBCL groups judged sepa-
rately by clinical diagnosis and by predictor were as expected in
comparison with other authors [1, 2, 5-8]. In both the groups,
PMBL patients were younger, in particular women, had more
often elevated LDH levels and no bone marrow involvement
at the time of diagnosis. 33% and 30% of “considered” and
“predicted” PMBL patients, respectively, had also infradi-
phragmatic involvement. In the group of “considered” and
“predicted” DLBCLs it was 67% and 65%, respectively.

The group of discordant PMBL patients had some special
clinical features. They were older than concordant PMBL pa-
tients but younger than concordant DLBCL ones. As well as
concordant PMBLs, they tended to have local invasion, lung
infiltration, fluidothorax and SVCS. On the other hand, more

frequent infradiaphragmatic involvement, spleen involve-
ment and less often LDH elevated level made them similar to
concordant DLBCLs.

When the analysis of PFS was made, the predictor seemed to
better discriminate PMBL patients with superior outcome, al-
though the statistical significance was only marginal (p=0,084).
We suppose that our predictor can bring better prognostic in-
formation than the clinico-pathological diagnosis. The results
should be confirmed on a larger group of patients.

Our results further point out the problem of PMBL diag-
nosis. As soon as a patient comes with DLBCL histology and
mediastinal bulk, clinicians tend to state PMBL diagnosis
because more exact guideline is still missing. Gene expression
data shows that approximately 25% of these patients are not
diagnosed correctly and the course of their disease can be dif-
ferent. Thus, improvement of diagnostic process is needed.

Taken together, using three genes we identified 26% of
patients with a mediastinal bulk who did not express a typical
PMBL gene profile and 5% patients with expected clinical
DLBCL diagnosis who carried a PMBL gene set. These discord-
ant subgroups are numerically fully consistent with the data
obtained with microarray techniques [5]. Thus, we suppose it
is possible to use microarray data as a source of very valuable
data which can be translated into usage of more available tech-
niques, e.g. RTqQPCR. An important contribution of this work
is the successful use of widely available FFPE material.
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