
Summary. Different studies have suggested that the
expression of biomarkers related to lymphoid cell
activation may provide information on the behavior of
DLBCL. Most studies have concentrated on nodal or a
mixture of nodal and extranodal lymphomas. The
differential expression and potential clinical impact of
these markers in a homogeneous group of extranodal
DLBCLs are not well defined. In this study, we
investigated the expression of three activation markers,
Blimp1, Foxp1 and pStat3, in a cohort of 35 extranodal
DLBCLs homogeneously treated with R-CHOP.
Immunohistochemical stains were evaluated using an
immunoreactivity score on representative paraffin
sections. Blimp1 was positive in 55% (19/35), Foxp1 in
60% (21/35), and pStat3 in 69% (24/35) of our cases.
We did not observe any statistical differences in the
expression of these markers in GCB and non-GCB
tumors or in gastrointestinal and non-gastrointestinal
tumors. Blimp1 expression was negatively correlated
with overall survival (OS) (p=0.001) in the whole series
and in the non-GCB group (Muris algorithm) (p=0.002).
Foxp1 positivity and pStat3 positivity had no impact on
the outcome of the patients in the global cohort, but they
were associated with a better survival in the non-GCB
subgroup (p=0.033, p=0.044 respectively). Multivariate
analysis showed that Blimp1 expression but not COO
was an independent negative prognostic factor for OS
(HR=17.5, 95%, CI=2.2-141.1, p=0.007). Our results

suggest that these markers are differentially expressed
and have different impacts on outcome in extranodal
DLBCLs compared to nodal tumors, emphasizing the
need to evaluate separately these and probably other
markers in these subsets of tumors.
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Introduction

Primary lymphomas are defined as Extranodal, when
the major tumor mass is located at an extranodal site. The
incidence of non-Hodgkin Lymphomas (NHL) has
increased in the last decades, with almost 25% of them
arising in extranodal sites. The most common site of these
lymphomas is the gastrointestinal tract, with Diffuse
Large B-cell Lymphoma (DLBCL) being the most
frequent subtype (Jaffe et al., 2011). Interestingly,
extranodal DLBCLs may show differences in the
immunophenotype and genetic alterations, when
compared to nodal counterparts and may have site-
specific differences in prognosis. In addition, the subtypes
of DLBCL according to the cell of origin (COO) seem to
vary between nodal and extranodal sites and also in
different extranodal locations (Lu et al., 2007; Kim et al.,
2011; Lin et al., 2011; Martin-Arruti et al., 2012). 
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The subclassification of DLBCL according to their
COO is one of the most important characteristics related
to the heterogeneous behavior of these tumors. The COO
was initially defined by gene expression profiling
dividing these tumors into the favorable germinal center
B-cell-like (GCB) and the unfavorable activated B-cell-
like (ABC) subgroups (Rosenwald et al., 2002). The
introduction of Rituximab in the chemotherapy regimens
has lessened the differences in the outcome of these two
groups, but they are still relevant for the prognosis and
may also influence future treatment management
decisions (Fu et al., 2008; Nyman et al., 2009; Ott et al.,
2010; Gutiérrez-García et al., 2011; Meyer et al., 2011;
Visco et al., 2012; Culpin et al., 2013). Since gene
expression profiling is not used in routine clinical
practice, different algorithms have been designed, based
on the differential expression of several markers detected
by immunohistochemistry (IHC) (Hans et al., 2004,
Muris et al., 2006, Visco et al., 2012). Although all of
them have been shown to have a good relationship
between the IHC subgroups and the GEP classification,
the distribution of cases in the two subgroups of GCB
and non-GCB varies among the algorithms (Martin-
Arruti et al., 2012; Visco et al., 2012; Culpin et al., 2013).

In addition to the COO, different studies have
suggested that the expression of biomarkers related to
cell activation may provide information on the behavior
of DLBCL (Garcia et al., 2006; Mandelbaum et al.,
2010; Martin-Arruti et al., 2012; Van Keimpema et al.,
2015). However, these studies have provided conflicting
results that may be due to the heterogeneous
composition of the patients studied, mixing nodal and
extranodal cases together or including cases treated
before and after the immunochemotherapy era. The
potential clinical impact of these markers in a
homogeneous group of extranodal DLBCLs treated with
immunochemotherapy has not been well studied.

In this study, we aim to investigate the clinical
significance of the expression of several activation

markers in a cohort of extranodal DLBCLs treated with
R-CHOP. We studied Blimp1, Foxp1 and pStat3
immunohistochemical expression as markers engaged in
major pathways related to lymphoma cell activation and
differentiation in DLBCLs (Lam et al., 2008;
Sweetenham 2011; Yu et al., 2011; Wu et al., 2011; Hu
et al., 2012; Gupta et al., 2012; O’Shea et al., 2013,
Huang et al., 2013, Van Keimpema et al., 2015). We also
investigated the expression of these activation markers
in the context of the two subgroups of DLBCL according
to their COO defined by three different immunohisto-
chemical algorithms (Hans, Visco-Young (V&Y) and
Muris) (Hans et al., 2004, Muris et al., 2006, Visco et al.,
2012). 
Materials and methods

Patients

Thirty five patients with extranodal DLBCL
diagnosed at the Pathology Departments of the Aristotle
University Medical School of Thessaloniki and of the
Hippokration General Hospital of Thessaloniki were
included in the study. The patients were 19 males (54%)
and 16 females (46%) with a median age of 59 years
(range 17-79). The median duration of the follow up was
65 months, ranging from 1 to 162 months. The clinical
characteristics of the patients are shown in detail in
Table 1.

All cases were classified according to the 2008 WHO
classification and staged according to the Ann Arbor
staging system. The International Prognostic Index (IPI)
was calculated and used for the clinical correlations. We
divided patients in two different prognostic groups,
namely High Risk (HR) (IPI high and high/intermediate
scores) and Low Risk (LR) (IPI low and low intermediate
scores). All the patients received chemotherapy with R-
CHOP (Rituximab-Cyclophosphamide/ Doxorubicin/
Vincristine/ Prednisone). Patients staged I-IIA received 4
cycles of chemotherapy ± radiotherapy and those staged
IIB-IV received 6 cycles.

All investigations related to the present study have
been conducted according to the principles expressed in
the Declaration of Helsinki and under approval of the
ethics committee of the Medical School, Democritus
University of Thrace. 
Immunohistochemistry (IHC)

All IHC was performed on 4 μm sections of whole
tissue biopsies mounted on Superfrost slides using the
Dako Envision Flex System autostainer exploiting 3,3’-
diaminobenzidine (DAB) as the chromagen and using
mouse anti-human antibodies. Specifically, we used
CD10 (56C6, Novocastra, ER1, pH 6, dilution 1/30),
BCL6 (PG-B6p, Dako, ER2, pH 9, dilution 1/30), BCL2
(100/D5, Novocastra, ER2, pH 9, dilution 1/50),
IRF4/MUM1 (Mum1p, Dako, ER2, pH 9, dilution 1/30),
Ki-67 (MIB-1, Dako, ER2, pH 9, dilution 1/70), Blimp1
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Table 1. Clinical characteristics of 35 patients with extranodal DLBCL.

Extranodal DLBCL

Median age (range) in years 59 (17-79)
Males/Females 19 (54%)/16 (46%)
Stage I 20 (58%)
Stage II 2 (6%)
Stage III 4 (10%)
Stage IV 9 (26%)
B symptoms (%) 10 (29%)

IPI score and IPI groups

Low 9 (29%)
Low-Intermediate 7 (23%)
High-Intermediate 11 (35%)
High 4 (13%)
Relapses 14 (40%)



(ab2, PRS3991, Sigma-Aldrich, pre-treatment in pH 9,
dilution 1/500), Foxp1 (SP133, Spring, pre-treatment in
pH 9, dilution 1/100), pStat3 (Y705, EP2147Y, ab76315,
Abcam, pre-treatment in pH 9, dilution 1/150) as per Kit.
These protocols are thoroughly described in this link
www.dako.com/dist/download.pdf?objectid=114786005.
Tonsil sections were used as controls. Antigen
expression for each marker was evaluated and graded by
independent experienced pathologists, who were blinded
to the clinical data. Any disagreement between the
pathologists was resolved by joint reevaluation of the
cases, and consensus was reached on a multi-head
microscope. Positivity threshold of >50% was used for
BCL2 (cytoplasmic stain) and >30% for CD10
(membranous stain), BCL6 (nuclear stain) and MUM1
(nuclear stain). 

Blimp1, Foxp1 and pStat3 expression was semi-
quantified using an Immunoreactivity score (IRS) that
took into consideration both the percentage of the
positive cells and the intensity of the staining. The IRS
was calculated by multiplying the percentage of positive
cells (PP) by the staining intensity (SI) obtaining a total
score between 0 and 12. PP was graded as follows:
0=negative, 1=up to 10% positive cells, 2=11 to 50%,
3=51 to 80% and 4=more than 80% positive cells. SI was
categorised in 4 groups namely 0=negative, 1, 2,
3=weakly, moderately and strongly positive respectively
(Nagata et al., 2004). Blimp1 (nuclear stain), Foxp1
(nuclear stain) and pStat3 (nuclear stain) were considered
as positive when IRS≥2. Representative cases stained for
Blimp1, Foxp1 and pStat3 are shown in Fig. 1.
DLBCL cell of origin - Immunohistochemical algorithms

All cases were classified as GCB or non-GCB type
according to three well-established algorithms with high
concordance to molecular subtyping of DLBCLs,
namely Hans (CD10, BCL6, MUM1), Visco & Young
(V&Y) (CD10, Foxp1, BCL6), and Muris (BCL2,
CD10, MUM1), using the percentage thresholds for
positivity stated by these authors (Hans et al., 2004,
Muris et al., 2006; Yu et al., 2011; Visco et al., 2012;
Culpin et al., 2013).
Statistical Analysis

SPSS 20 software program was used to perform
statistical analysis by a statistician (KV). Patients with
positive and negative immunohistochemical results for
each marker were compared with the Kaplan-Meier
survival analysis. P<0.05 was used for statistical
significance. The Log-rank and Breslow tests were used
for the comparison between survival curves. Cox-
regression analysis was used to estimate the hazard ratio
(HR) with 95% confidence interval (CI) to determine
independent prognostic factors for survival and to
correct the confounding effect of differences in
prognostic factors. Categorical data were compared
using Fisher's exact test for a two-sided p-value, whereas
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Fig. 1. Immunohistochemical expression in our extranodal DLBCLs of:
Blimp1 (A), Foxp1 (B), pStat3 (C). We used a semi-quantitative
Immunoreactivity score (IRS) taking into consideration both the
percentage of the positive cells (PP) and the intensity of the staining
(SI). PP was graded as follows: 0=negative, 1=up to 10% positive cells,
2=11 to 50%, 3=51 to 80% and 4=more than 80% positive cells. SI was
categorised in 4 groups, namely 0=negative, 1, 2, 3=weakly, moderately
and strongly positive respectively. The IRS was calculated by
multiplying the PP by the SI obtaining a total score between 0 and 12.
Nuclear stain with IRS≥2 was considered as positive. 



for ordinal data, nonparametric tests were used. Chi-
square tests were used to compare percentages in cross
tabulations.
Results 

Cell of origin 

The results of the three algorithms showed a relative
high concordance among them (Table 2). The COO
categorization was concordant in 71% of the cases
between Hans and V&Y algorithm, 76% between Hans
and Muris, and 71% between Muris and V&Y. Most of
the cases in the three algorithms were non-GCB
irrespectively of the algorithm used. However, the
number of cases classified as GCB and non-GCB were
slightly different among the three algorithms. According
to Hans 80% of the cases was non-GCB, whereas they
were 67% according to V&Y and 57% according to
Muris. Similarly, the number of GCB and non-GCB
cases assigned to the different IPI subgroups was also
different (Table 2).

Eleven patients (31%) died during follow up, with
only four of them (40%) in the HR IPI group. According
to the IHC algorithm, 91% (Hans), 55% (V&Y) and
82% (Muris) of the deceased patients were in the non-
GCB subgroup. Among the three algorithms, Muris was
the only one that showed statistically significant
differences in survival between the GCB and non-GCB

DLBCL, with a better outcome for patients with GCB-
DLBCL (Breslow test) (Fig. 2). No significant
differences were seen with the other two algorithms.
Therefore, we used only the Muris subclassification of
DLBCLs for subsequent analysis. 
Blimp1, Foxp1 and pStat3 expression 

The immunohistochemical results of the three
biomarkers are summarized in Table 3. Blimp1 was
positive in 55% (19/35) of our cases with an
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Fig. 2. Kaplan-Meier curves regarding overall survival
between the patients with GCB and non-GCB DLBCL. Only
the Muris algorithm showed a better outcome for patients
with GCB-DLBCL with statistical significance (Breslow test)
and close to statistical significance (Log rank test).

Table 2. GCB and non-GCB DLBCL cases assigned to IPI scores and
groups according to different algorithms.

IPI group Hans* V&Y** Muris***
GCB Non-GCB GCB Non-GCB GCB Non-GCB

Low# 3 12 3 13 5 10
High## 3 12 7 8 6 9
Total 6 (20%) 24 (80%) 10 (32%) 21 (68%) 11 (43%) 19 (57%)

#: Low IPI group includes Low and Low-Intermediate IPI scores; ##:
High IPI group includes High and Intermediate-High IPI scores; *: In the
Hans column, there are 30/35 cases with the missing 5 consisting of 4
with no available IPI and 1 with no COO (CD10 negative, missing BCL6
and MUM1); **: In the V&Y column, the missing 4 cases are the ones
with no IPI data; ***: In the Muris column, there are 30/35 cases with the
missing 5 consisting of 4 with no available IPI and 1 with no COO
(MUM1 missing). 



immunoreactivity score (IRS) ranging from 0 to 6
(average 1.5). Foxp1 was positive in 60% (21/35) of our
cases with an IRS ranging from 0 to 12 (average 3.6).

pStat3 was positive in 69% (24/35) of our cases with IRS
ranging from 0 to 9 (average 3.1) (Fig. 1). No statistically
significant differences in the expression between GCB
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Fig. 3. Kaplan-Meier survival curves showing that
Blimp1 expression in extranodal DLBCLs was
negatively correlated with overall survival in (A) all
patients (p=0.001) and (B) in the non-GCB subgroup
(p=0.002).



and non-GCB tumors or between locations (gastro-
intestinal, respiratory tract and other) were observed with
any of these markers. All our cases of the respiratory tract
showed positivity for pStat3 (Table 3).

Outcome analysis

Blimp1 expression was negatively correlated with
OS (p=0.001) (Fig. 3A). In addition, Blimp1 expression
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Fig. 4. Foxp1 expression (A) and pStat3 expression
(B) in the non-GCB subgroup was correlated with
better OS (p=0.033, p=0.044 respectively).



in the non-GCB (Muris) patients was also negatively
associated with OS (p=0.002) (Fig. 3B). The Cox
regression analysis showed that Blimp1 expression but
not COO was an independent negative prognostic factor
for OS (Hazard Ratio=17.5, 95%, CI=2.2-141.1,
p=0.007).

Foxp1 positivity was associated with more frequent
relapses (p=0.048), but it had no impact on the outcome
of the patients in the global cohort. However, Foxp1
positive non-GCB DLBCL had a better outcome than the
negative ones (p=0.033) (Fig. 4A). 

The level of expression of pStat3 was associated
with the risk of relapse (Odds Ratio=10.6, 95%CI=1.2-
97.6, p=0.037). There was no statistical difference in OS
between pStat3 positive and negative cases in the global
series but pStat3 positive cases in the non-GCB
subgroup had better OS than the negative patients
(p=0.044) (Fig. 4B). 

Cox regression analysis, including Blimp1, pStat3
and Foxp1 expression, showed that Blimp1 expression
was an independent negative prognostic factor for OS
(Hazard Ratio=1.7, 95% CI=1.1-2.7, p=0.022).
Discussion 

In this study, we have performed a combined
analysis of three lymphoid activation markers in a
homogenous cohort of extranodal DLBCLs treated with
R-CHOP. These markers were expressed in 50-70% of
the tumors with a tendency to be more common in the
non-GCB subgroup. The expression of these markers
seems to have different impacts on the outcome of the
patients.

Blimp-1 or PRDM1 (PR Domain Zinc Finger
Protein 1) is a transcriptional repressor that is essential
for the terminal differentiation of B-cells into plasma
cells (Mandelbaum et al., 2010). The precise mechanism
by which Blimp1 contributes to lymphoma development
has not yet been fully elucidated. Nevertheless, BLIMP1
is frequently inactivated in a variety of lymphomas,
including DLBCLs, Natural Killer cell lymphomas and
anaplastic large T-cell lymphoma. PRDM1/BLIMP1
inactivating mutations have been found exclusively in
the non-GCB subgroup and a transcriptional repressor

role in a subset of GCB cells. In addition, Blimp1 plays
a critical role for most terminal effector cell
differentiation in T-cells (Pasqualucci et al., 2006;
Mandelbaum et al., 2010; Boi et al., 2013, 2014). In our
cases, Blimp1 was expressed more frequently in the non-
GCB cases (70%) than in the GCB cases (36%) (Table
3). Few studies have explored the possible relationship
of Blimp1 expression with outcome in DLBCL. In nodal
tumors, Blimp1 expression has been associated with
treatment-resistance (Saez et al., 2009) and shorter
failure-free survival (FFS) (Garcia et al., 2006). One
study showed that Blimp1 positive gastric DLBCL had
shorter OS and FFS (Martin-Arruti et al., 2012). Our
study expands these observations showing that Blimp1
expression was significantly correlated with shorter OS
in the whole series and also in the unfavorable non-GCB
subgroup. Multivariate analysis showed that Blimp1
expression but not COO was an independent negative
prognostic factor for OS. Also, we found that double
positivity of Blimp1 and MUM1 showed increased death
risk and Blimp1 expression retained its negative
prognostic impact when coexpressed with BCL2 and
even BCL6. Moreover, Blimp1 expression was an
independent negative prognostic factor, when compared
with Foxp1 and pStat3 expression. 

Foxp1 (Forkhead box protein P1) is a winged helix
transcription factor of the FOXP subfamily. The
interesting ability of Foxp1 to repress or activate genes
leads to its function as an oncogene in some tumors (e.g.
hepatocellular carcinomas) (Zhang et al., 2012) or tumor
suppressor in others (e.g. breast carcinomas) (Fox et al.,
2004; Koon et al., 2007; Yu et al., 2011; Katoh et al.,
2013). It is considered an essential transcriptional factor
for B-cell development and critical for plasma cell
differentiation, since it represses master plasma cell
transcriptional regulators, like BLIMP1, IRF4 and XBP1
(Van Keimpema et al., 2015). Some studies have shown
that Foxp1 may be useful as a biomarker for molecular
subtyping of DLBCL, for evaluation of prognosis, and as
a target for new therapeutic strategies (Koon et al., 2007;
Wong et al., 2014; Tzankov et al., 2015). However, its
particular value in nodal and extranodal lymphomas is
still controversial, probably due to the heterogeneity of
treatments (pre- and post-rituximab era), cut-off values
used in the scoring system, or mixture of nodal and
extranodal locations (Barrans et al., 2004; Hans et al.,
2004; Banham et al., 2005; Choi et al., 2009; Nyman et
al., 2009a,b; Hoeller et al., 2010; Yu et al., 2011; Wong
et al., 2014; Tzankov et al 2015). In our cohort of
extranodal DLBCLs, Foxp1 was expressed more
frequently in the non-GCB cases (75%), as previously
described for nodal DLBCLs (Table 3). Also, its
coexpression with BCL2 was more frequent in the non-
GCB cases (70%), as also shown by Barrans et al
(Barrans et al. 2004). Foxp1 expression was correlated
with more relapses, but we did not observe any
difference in OS in the whole series, although it was
associated with a significantly better OS in the non-GCB
subgroup, alone and when coexpressed with BCL2.

831
Extranodal diffuse large B-cell lymphoma

Table 3. Number of positive cases for each marker according to
subgroups GCB vs non-GCB and location in the gastrointestinal tract,
respiratory tract and other.

Cell of origin* Extranodal site
Positivity N GCB Non-GCB GI tract R tract Other

(n=14) (n=20) (n=16) (n=9) (n=10)

Blimp1 19 (55%) 5 (36%) 14 (70%) 8 (42%) 3 (33%) 5 (50%)
Foxp1 21 (60%) 6 (43%) 15 (75%) 7 (33%) 6 (66%) 6 (60%)
pStat3 24 (69%) 10 (71%) 14 (70%) 8 (33%) 9 (100%) 6 (60%)

*: according to Muris algorithm. One case could not be classified. GI:
gastrointestinal, R: respiratory.



Since Foxp1 behaves differently in various tumors
(Katoh et al., 2013), these results could be explained by
the previous suggestion that Foxp1 may use different
mechanisms in GCB and non-GCB subgroups (Banham
et al., 2005; Hu et al., 2012).

Stat3 is a transcription factor of the Signal
Transducers and Activators of Transcription (STAT)
family. Stat3 is activated by phosphorylation (pStat3)
and translocated to the nucleus where it regulates several
target genes such as MYC (Ding et al., 2008; Ok et al.,
2014). The expression of pStat3 has been observed in
30-40% of DLBCLs with a tendency to be more
frequently expressed in non-GCB than in GCB
subgroups. Some studies have shown no relation with
outcome whereas others revealed an association of high
pStat3 with poor outcome (Lam et al., 2008; Wu et al.,
2011; Gupta et al., 2012; Huang et al., 2013; Ok et al.,
2014; Paik et al., 2014; Batlle-Lopez et al., 2016). These
conflicting results were observed in cohorts of cases
treated both in the pre- and post- immunochemotherapy
era. All these studies have been performed on nodal
DLBCLs or in series in which the topographic location
of the tumor has not been specified. pStat3 has not been
studied in extranodal DLBCLs. In our study, we
observed pStat3 expression in 70% of the cases with a
similar distribution in GCB and non-GCB subgroups.
Although we did not observe a relationship with
outcome in the whole series, high pStat3 expression was
associated with better OS in the non-GCB subgroup. 

In this study we observed a high number of pStat3
positive extranodal DLBCLs (70%) (reaching 100% in
the respiratory tract) compared with the lower number of
positive cases previously described in nodal cases (30-
40%) (Lam et al., 2008; Wu et al., 2011; Gupta et al.,
2012; Huang et al., 2013; Ok et al., 2014; Paik et al.,
2014; Batlle-Lopez et al., 2016). This observation is
intriguing and may be reminiscent of the constitutive
activation of the JAK/STAT pathway in primary
mediastinal large B-cell lymphoma, also an extranodal
large cell lymphoma with relatively better outcome than
conventional nodal DLBCLs (Hao et al., 2014). These
observations suggest that activation of JAK/STAT
pathway may play an important role in extranodal
lymphomas.

In summary, we studied the expression of three
activation markers Blimp1, Foxp1 and pStat3 in a cohort
of pure extranodal DLBCLs treated with R-CHOP. Our
results indicate that these markers are differentially
expressed and had different impacts on outcome in
extranodal DLBCLs compared to nodal tumors. These
results emphasize the need to evaluate separately the
clinical and biological significance of these, and
probably other, markers in nodal and extranodal
DLBCL. As previously suggested, the same markers
may have different functions in different subsets of
tumors. Since there are limitations in our study regarding
the number of patients, further expanded series are
needed to verify our findings. The use of these markers
in clinical practice may require a better understanding of

their respective role in specific subset of tumors. 
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