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Background
The deregulation of several transcription factors contribute to the aggressive course of mantle
cell lymphoma. This study focuses on survival signals emanating from the tumor environment
and involving the signal transducer and activator of transcription (STAT) 3 through cytokines
or antigen recognition. 

Design and Methods
Primary mantle cell lymphoma cells were isolated from 20 leukemic patients. The phosphory-
lation status of STAT3 was evaluated by immunoblottting and immunofluorescence, the levels
of cytokine secretion by enzyme-linked immunosorbent assay and the cell survival signals by
apoptosis and cell viability assays. 

Results
STAT3 was constitutively phosphorylated in the Jeko-1 mantle cell lymphoma cell line and in
14 out of 20 (70%) cases of leukemic mantle cell lymphoma as the result of an autocrine secre-
tion of interleukin-6 and/or interleukin-10. In addition, B-cell receptor engagement resulted in
an increase of both in vitro cell survival and STAT3 phosphorylation in primary mantle cell lym-
phoma cells. Inhibition of the Janus-activated kinase/STAT3 pathway increased spontaneous
apoptosis and suppressed B-cell receptor-induced cell survival in all cases analyzed. The impact
of in vitro exposure to the proteasome inhibitor bortezomib was next evaluated in primary man-
tle cell lymphoma cells. Bortezomib induced apoptosis and a decrease of both interleukin-
6/interleukin-10 secretion and STAT3 phosphorylation. In addition, bortezomib inhibited B-cell
receptor-triggered STAT3 phosphorylation and cell survival. 

Conclusions
We demonstrated that STAT3 was activated in primary mantle cell lymphoma cells either con-
stitutively through a cytokine autocrine loop or in response to B-cell receptor engagement, both
processes leading to a survival signal inhibited by bortezomib. STAT3 appears, therefore, to
play a pivotal role in mantle cell lymphoma and represents a promising therapeutic target.
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Introduction

Mantle cell lymphoma (MCL) is an aggressive and incur-
able malignant lymphoma, representing approximately 5%
of non-Hodgkin’s lymphomas, with a median survival of 3
to 5 years. Despite new chemotherapeutic combinations,
MCL is characterized by a poor overall response due to
rapid relapse after initial treatment or primary resistance to
conventional drugs.1 However, phase II studies are currently
evaluating the efficacy of the proteasome inhibitor borte-
zomib in MCL with encouraging results in relapsed and
refractory cases.2 MCL was initially depicted as a prolifera-
tive pool of pre-germinal center (GC) naïve B cells with
germline immunoglobulin heavy chain variable-region
(IGHV) genes. However, numerous studies showed that
about 20-30% MCL carry somatic mutations in their IGHV
genes.3 By analogy with pre-GC and post-GC cells, a subset
of MCL might derive from B cells exposed to the GC envi-
ronment, thus reflecting a molecular heterogeneity of MCL.

Gene profiling studies in MCL cells have revealed over-
expression of oncogenic factors such as c-Myc as well as a
simultaneous deregulation of multiple genes implicated in
the regulation of nuclear factor kappa B (NF-κΒ).4

Furthermore, a previous immunochemistry study showed
that the oncogenic transcription factor signal transducer and
activator of transcription 3 (STAT3) was constitutively
phosphorylated on tyrosine residues in 20/43 (47%) lymph
node biopsies.5 Constitutively active STAT3 contributes to
the malignant phenotype in numerous human cancer cell
lines and primary tumors by promoting uncontrolled cell
growth and survival through dysregulated protein expres-
sion, including that of interleukin (IL)-10 and STAT3 itself.6

Moreover, STAT3 induces tumor angiogenesis by up-regu-
lating the expression of vascular endothelial growth factor,
and modulates immune functions towards tumor immune
evasion.6,7 Overall, several studies point to STAT3 as a
promising target for anticancer therapy.8 STAT proteins are
usually phosphorylated on tyrosine 705 by Janus-associated
kinases (JAK) upon cytokine receptor engagement. Both IL6
and IL10 are known to phosphorylate STAT3. It was also
shown that the MCL molecular signature included over-
expression of IL10 receptor4 and that IL10 was able to sus-
tain cell proliferation in MCL primary cells,9 suggesting an
autocrine/paracrine role for IL10 in MCL cell survival or
proliferation. Activation of STAT3 in B cells may also result
from B-cell receptor (BCR) engagement through two possi-
ble pathways: a delayed and indirect phosphorylation of
STAT310,11 or alternatively a JAK-independent rapid and
transient phosphorylation of STAT3 by Lyn.12 After BCR
engagement, human circulating normal CD5+ B cells pro-
duce more IL10 than CD5– B-cells,13 and in animal models a
strong BCR signal is responsible for the specific expansion
of CD5+ B cells.14 In our study, we deciphered the signals
generated by cytokines and BCR engagement resulting in
STAT3 phosphorylation and subsequent MCL cell survival. 

Design and Methods

Mantle cell lymphoma samples and cell lines
Peripheral blood mononuclear cells (PBMC) were obtained from

20 MCL leukemic patients by Ficoll-Hypaque density gradient.
The diagnosis of MCL was ascertained by immunophenotyping,
cytogenetics, fluorescence in situ hybridization (FISH) analysis of
t(11;14) and overexpression of cyclin D1. All patients provided

written informed consent, validated by the Ethics Committee from
the GOELAMS group, in accordance with the Declaration of
Helsinki. Patients usually received treatment very quickly after
sampling, making it difficult to repeat all experiments several
times. Nonetheless, reproducibility of the results was ensured in
eight out of 20 cases by repeating experiments two to six times.
For BCR stimulation, plates were coated with rabbit anti-human
IgM antibody (10 μg/mL) as previously described.15 The cell lines,
cell cultures and reagents are described in the Online Supplementary
Design and Methods.

Determination of IGHV mutational status
Amplification and sequence analysis of IGHV rearrangements

were performed on either DNA or cDNA as previously
described.16 A homology cut-off value of 98% to the germline
sequence was used to discriminate between unmutated (≥98%)
and mutated (<98%) IGHV gene status. 

Apoptosis and cell viability assays
Cell apoptosis was analyzed by annexin V-FITC and propidium

iodide staining and cell viability was evaluated by the methyltetra-
zolium salt (MTS) assay. Further details are provided in the Online
Supplementary Design and Methods.

Quantification of IL6 mRNA and cytokine proteins
The expression of IL6 mRNA was analyzed by quantitative

reverse transcriptase polymerase chain reaction (qRT-PCR) using
the RT2 profiler PCR arrays. Cytokines in cell culture supernatants
were quantified by enzyme-linked immunosorbent assay (ELISA).
Further details are provided in the Online Supplementary Design and
Methods.

Analysis of STAT3 by western blotting 
and immunofluorescence 

Total protein extracts from 3¥106 cells were separated on 10%
polyacrylamide denaturing gel, transferred to a nitrocellulose
membrane and incubated overnight either with rabbit polyclonal
anti-STAT3 antibody (1/1000) or with rabbit polyclonal anti-phos-
pho-Tyr705STAT3 antibody (1/1000) (Cell Signaling, Beverley, MA,
USA), followed by a secondary horseradish peroxidase-conjugated
antibody (Bio-Rad). Detection was performed using ECL and
autoradiography. Densitometric analysis of immunoblots was per-
formed using the Quantity One software (Bio-Rad). The immuno-
fluorescence analysis is described in the Online Supplementary
Design and Methods.

Statistical analyses
Differences between groups were determined using the

unpaired Student’s t-test or the Wilcoxon-signed rank test as
appropriate. Statistical analyses were performed using GraphPad
Prism software (San Diego, CA, USA). 

Results

The constitutive phosphorylation of STAT3 in mantle 
cell lymphoma cells is dependent on a cytokine 
autocrine secretion

Constitutive Tyr705-phosphorylation of STAT3 was
detected by western blotting in the MCL cell line Jeko-1
(Figure 1A). We, therefore, investigated whether this consti-
tutive phosphorylation of STAT3, as observed in MCL
tumors,5 might be dependent on a cytokine autocrine secre-
tion. This signal was considerably reduced when Jeko-1
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cells were washed. A gradual recovery of the phosphoryla-
tion was observed as early as 30 min when the cells were
re-incubated with their own supernatant (Figure 1A).
Similar results were observed in primary peripheral lym-
phocytes from a MCL patient (UPN1). Indeed, constitutive
STAT3 phosphorylation was already observed upon initial
cell isolation and this phosphorylation markedly increased
within 3 h of cell culture and remained high for up to 24 h
(Figure 1B). Additionally, incubation of the MCL cell line
Rec-1 and of primary MCL lymphocytes (UPN7), both lack-
ing basal STAT3 phosphorylation, in a Jeko-1 culture super-
natant led to rapid phosphorylation of STAT3 (Online
Supplementary Figure S1) confirming that STAT3 activating
factors are released by Jeko-1 cells. Treatment of Jeko-1 cells
with cycloheximide or brefeldin A, well-known inhibitors
of protein synthesis and secretion, respectively, led to com-
plete inhibition of STAT3 phosphorylation and incubation
of these treated cells with supernatant from untreated Jeko-
1 cells restored STAT3 phosphorylation (Online
Supplementary Figure S2). Secretion of both IL6 and IL10 was
measured by ELISA in MCL cell culture supernatants after
24 h (Online Supplementary Figure S3). Jeko-1 cells secreted
high amounts of IL10 alone (1250±210 pg/mL), cells from
UPN1 and UPN10 secreted both IL6 and IL10 (IL6 ≥ 750
pg/mL; IL10 ≥ 250 pg/mL for both cases) while cells from
UPN12 secreted only IL6 (450 pg/mL). Conversely, Rec-1
cells and primary cells from UPN7 did not secrete significant
amounts of these cytokines. To ascertain that IL6 and/or
IL10 secretion was responsible for STAT3 phosphorylation,
cells were treated with cytokine-neutralizing or receptor-
blocking antibodies. Exogenous treatment of Jeko-1 cells
with anti-IL10 neutralizing antibodies decreased STAT3

phosphorylation whereas exogenous anti-IL6 antibodies
did not (Figure 1C). Disruption of the IL10 signaling path-
way by anti-IL10 receptor-α (anti-IL10-Rα) antibody totally
blocked STAT3 phosphorylation, confirming that, in Jeko-1
cells, STAT3 activation was dependent on the IL10 activa-
tion pathway (Figure 1C). Similar results were obtained
with MCL patients’ samples (Figure 1D). In UPN10, addi-
tion of anti-IL6-Rα and anti-IL10-Rα antibodies led to an
almost complete inhibition of STAT3 phosphorylation
while in UPN12, whose cells secreted only IL6, anti-IL6-Rα
antibodies only reduced STAT3 phosphorylation. In UPN1,
blocking the IL10 pathway markedly decreased STAT3
phosphorylation indicating a higher sensitivity to IL10 of
these cells or a lower expression of IL6-Rα. Finally, we
observed induction of STAT3 phosphorylation upon IL10
treatment in MCL cell lines (Rec-1, HBL-2) lacking basal
STAT3 phosphorylation (Online Supplementary Figure S4).
Collectively, these results indicate that the constitutive
phosphorylation of STAT3 in MCL cells is mainly depend-
ent on IL6 and/or IL10 autocrine secretion. 

Inhibition of STAT3 constitutive phosphorylation 
is associated with increased apoptosis

Since IL6 and IL10 signaling is mediated by JAK proteins,
we studied the effect of AG490, a chemical inhibitor of JAK
proteins, on STAT3 phosphorylation. Treatment of Jeko-1
cells with AG490 resulted in a decrease of the tyrosine
phosphorylation level of STAT3 (Online Supplementary
Figure S5) and JAK3 (Online Supplementary Figure S6).
Moreover, the decrease in STAT3 phosphorylation was
associated with a dose- and time-dependent loss of Jeko-1
cell viability and a 3.3-fold increase of apoptosis (from 18%
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Figure 1. STAT3 is constitutively phosphorylated in MCL cells and depends on a cytokine autocrine loop. (A) Jeko-1 cells were either not
washed (lane 1, UW) or washed for 45 min in RPMI medium (lane 2, W) and then reincubated in their own culture medium for 30 min (lane
3) or 60 min (lane 4). Total protein extracts were analyzed by western blotting with anti-phosphotyrosine705 STAT3 antibody and by reblot-
ting with anti-STAT3 antibody. (B) Peripheral blood mononuclear cells (PBMC) from a MCL patient (UPN1) were separated from blood by
Ficoll, washed and immediately lysed (lane 1) or cultured for 3 or 24 h before lysis. (C) Top panel: Jeko-1 cells were washed and incubated
in the absence (-) or in the presence (+) of either anti-IL10 or anti-IL6 neutralizing antibodies (40 μg/mL); Bottom panel: Jeko-1 cells were
either not washed (UW) or washed and incubated in the absence (-) or in the presence (+) of anti-IL10 receptor-α (anti-IL10-Rα) blocking
antibody (40 μg/mL). (D) Decrease of STAT3 phosphorylation in primary MCL cells by disrupting the IL10/IL6 pathways. PBMC were purified
from blood and cultured for 24 h in the absence (-) or in the presence (+) of anti-IL10-Rα and/or anti-IL6-Rα antibodies (40 μg/mL). 

A B C

D

Jeko-1

UPN 12 UPN 10 UPN 1

UPN 1

incubation time (h)

anti-IL10 anti-IL6

24h 48h 24h 48h 24h 48h

UW 6h 24h
anti-IL10-Rα:

anti-IL10-Rα:
anti-IL6-Rα:

P-STAT3/STAT3 ratio: 1 0.17 1.12 1 0.1 0.23 0 1 0.92 0.68 0.52

re-incubation
time (min)

0 3 24UW W 30 60

P-STAT3

P-STAT3

P-STAT3

P-STAT3

P-STAT3

STAT3
STAT3

STAT3

STAT3

STAT3



to 60% of apoptotic cells) (Figure 2 A-B). A very limited
effect of AG490 on apoptosis was observed in Rec-1 cells
and normal B cells (Figure 2B), neither of which displayed
constitutive STAT3 phosphorylation (Figure 3 for B cells).
For primary MCL lymphocytes showing constitutive
STAT3 phosphorylation, treatment with AG490 (100 μM)
led to the complete disappearance of STAT3 phosphoryla-
tion and an increased rate of apoptosis (24% and 72% of
apoptotic cells for untreated and treated cells, respectively)
(Online Supplementary Figure S7). Moreover, we treated cells
showing constitutive phosphorylation of STAT3 with
Stattic, a small-molecule inhibitor of STAT3 dimerization
and activation.17 Stattic abolished the STAT3 phosphoryla-
tion (Online Supplementary Figure S8) and induced a dose-
dependent increase of apoptosis (Figure 2C) while it had a
limited effect on apoptosis in normal B cells lacking basal
STAT3 phosphorylation. Altogether, these results indicate
that survival of MCL cells is dependent at, least in part, on
the JAK/STAT3 signaling pathway.

Phosphorylation status of STAT3 in lymphocytes 
from mantle cell lymphoma patients with a leukemic
presentation

The expression and phosphorylation status of STAT3
were further evaluated in a series of 20 MCL patients. The
characteristics of the cases studied are summarized in
Online Supplementary Table S1. All these MCL patients had a
leukemic phase with a lymphocyte count superior to
4.6¥109/L (mean lymphocytosis 51.6¥109/L) and 18 out of
20 samples contained at least 59% of tumor cells.
Moreover, 45% (9/20) of the cases displayed mutated
IGHV gene status. All cases expressed STAT3 protein and
variable levels of STAT3 constitutive phosphorylation were
detected in 70% (14/20) of the cases (Figure 3). Constitutive
STAT3 phosphorylation was significantly higher in IGHV
mutated cases (n=9) than in IGHV unmutated cases (n=11)

(P<0.001). All cases with mutated IGHV genes (n=9/9) and
half of the cases with unmutated IGHV genes (n=5/11)
exhibited STAT3 constitutive phosphorylation. The pres-
ence of unphosphorylated STAT3 was restricted to IGHV
unmutated cases (n=6/6). Similarly, STAT3 phosphorylation
was not detected in purified normal B-lymphocytes or in
PBMC obtained from healthy subjects. In order to analyze
the cellular localization of phosphorylated STAT3, phos-
photyrosine STAT3 staining was performed by immunoflu-
orescence in primary MCL cells, Jeko-1 cells and normal B-
lymphocytes (Online Supplementary Figure S9). Staining was
equivalent for all the tumor cells from a given patient. In
terms of localization, primary MCL cells showed strong
phosphorylated STAT3 staining in both the cytoplasm and
the nucleus whereas Jeko-1 cells exhibited a predominant
nuclear localization. No staining was detected in normal B-
lymphocytes. All tested cases (n=12) showing constitutive
STAT3 phosphorylation secreted significant levels of IL6
(from 200 to 1700 pg/mL). Secretion of IL10 was more vari-
able (from 0 to 450 pg/mL) (Online Supplementary Figure
S10). Secretion of IL6 and/or IL10 by MCL cells was not
always correlated with a detectable phosphorylation of
STAT3 (see UPN19), thus suggesting that the expression
level of the cytokine receptors could also influence the level
of STAT3 phosphorylation. In conclusion, leukemic MCL
cells, notably those harboring mutated IGHV genes, often
exhibit constitutively phosphorylated STAT3 and secrete
significant amounts of IL6 and/or IL10, suggesting a role for
these cytokine-dependent pathways in extranodal and in
peripheral blood MCL cell survival.  

B-cell receptor engagement induces STAT3 phosphorylation
in primary mantle cell lymphoma cells and 
is associated with an inhibition of spontaneous apoptosis

Since lymph nodes are the most commonly affected
lymphoid structures in MCL, the impact of BCR engage-
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Figure 2. Blockade of STAT3 phosphorylation
induces apoptosis of MCL cells. (A) Treatment of
Jeko-1 cells with the JAK inhibitor AG490 induced
a dose- and time-dependent decrease of cell viabil-
ity measured by a MTS assay after 24, 48, and 72
h of treatment (n=3). (B) Jeko-1, Rec-1 and normal
B cells were incubated for 24 h with increasing
concentrations of AG490 and apoptosis was meas-
ured by flow cytometry. Fold increase of apoptosis
was normalized to apoptosis of untreated cells.
The percentage of apoptotic cells corresponded to
the percentage of annexin V-positive, including pro-
pidium iodide (PI)-negative and PI-positive cells. (C)
Jeko-1 cells (n=3), primary MCL cells (UPN) and
purified B cells (n=3) were incubated for 24 h with
Stattic and apoptosis was measured by flow
cytometry.
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ment on primary MCL cell survival was next investigated.
Mean in vitro spontaneous apoptosis in unstimulated cells
was 32% (range, 21% to 63%) (Figure 4A). Subsequent
stimulation via the BCR induced significant inhibition of
apoptosis (mean inhibition=25%, n=20; P<0.001).
Increased survival after BCR ligation was not statistically
different between IGHV mutated (mean=31%) and
unmutated cases (mean=33%). We next considered the
impact of BCR ligation on STAT3 phosphorylation status
(Figure 4B). In contrast with the rapid phosphorylation via
the IL6/IL10 receptor pathways (Figure 1A), BCR-induced
STAT3 phosphorylation was delayed for up to 3 h (data not
shown). In all cases exhibiting no constitutive STAT3 phos-
phorylation, BCR ligation further induced it (group A,
n=6). In cases displaying medium to low levels of STAT3
constitutive phosphorylation, noticeable BCR-induced
phosphorylation was observed (8 out of 10 cases, group
B). Finally, in cases exhibiting high levels of constitutive
STAT3 phosphorylation (group C, n=4), no additional
increase was detected, possibly reflecting some saturation
of the phosphorylation signal. 

We next investigated whether BCR-induced STAT3 phos-
phorylation might result from an indirect effect via IL6
and/or IL10 secretion. Blocking the IL6 pathway with an
anti-IL6-Rα antibody inhibited both constitutive and BCR-
induced STAT3 phosphorylation while blockade of the IL10
pathway had no effect (Online Supplementary Figure S11).
Accordingly, a 2- to 4.5-fold increase in IL6 mRNA level was
observed following 3 h of BCR ligation (Online
Supplementary Figure S12). This suggests that the cytokine-
dependent pathway is required for BCR-induced phospho-
rylation of STAT3. In addition, disruption of the JAK/STAT3
signaling pathway using AG490 or Stattic led to the sup-
pression of both BCR-induced STAT3 phosphorylation and
BCR-induced survival signals (Online Supplementary Figure
S13). Altogether, these results indicate that STAT3 is
involved in both inherent and BCR-induced survival of
MCL cells. 

Bortezomib inhibits constitutive activation of STAT3 
Bortezomib (PS-341, Velcade) is a proteasome inhibitor

currently in use for the treatment of MCL.18,19 We, therefore,
considered the impact of bortezomib on STAT3 phospho-
rylation and MCL cell survival. In vitro treatment of MCL
cells with bortezomib (10 nM) induced a variable but signif-
icant increase of apoptosis (mean increase in apopto-
sis=45%, n=14; P=0.001) (Figure 5A) but also abolished
constitutive phosphorylation of STAT3 (Figure 5B) and
decreased IL10 and IL6 secretion to variable extents (n=8,
P<0.01) (Online Supplementary Figure S14). Moreover, exoge-
nous addition of IL10 overcame bortezomib-mediated
blockade of STAT3 phosphorylation (Online Supplementary
Figure S15). These results were compared to those follow-
ing in vitro exposure to fludarabine, another therapeutic
agent in MCL known to interfere with the p53-dependent
apoptosis pathway.20 Even exposed to a high concentration
of fludarabine (20 μM), MCL cells showed stronger resist-
ance to apoptosis compared to bortezomib (mean increase
in apoptosis=19%, n=14, P=0.002), and phosphorylation of
STAT3 was sustained (Figure 5 A-B). Since bortezomib was
previously shown to inhibit constitutive activation of NF-
κΒ in MCL21 and IL6 and IL10 are target genes of NF-κΒ22,
our results were in line with a possible NF-κΒ-dependent
phosphorylation of STAT3. To assess the specific impact of
NF-κΒ on STAT3 phosphorylation, we used the BAY 11-
7082 specific inhibitor of IκBα phosphorylation. BAY 11-
7082 inhibited altogether the constitutive STAT3 phospho-
rylation, IL6 and IL10 secretion and induced cell apoptosis
(Online Supplementary Figure S16). Altogether, these data
indicate that inhibition of STAT3 constitutive phosphoryla-
tion by bortezomib may occur through a disruption of the
autocrine secretion loop of IL6/IL10. They also suggest a
link between NF-κΒ and STAT3, which are both constitu-
tively activated in MCL cells.  

Bortezomib inhibits B-cell receptor-induced survival 
signals and B-cell receptor-induced STAT3
phosphorylation

Bortezomib-induced in vitro apoptosis was further ana-
lyzed in the context of BCR stimulation. Bortezomib treat-
ment significantly abrogated the BCR-induced survival
response in all cases (n=14, P<0.001) (Figure 6A).

Bortezomib inhibits STAT3 activation in MCL
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Figure 3. Status of STAT3 phosphorylation in MCL cells from a series of 20 leukemic patients. Total protein extracts from PBMC of either
leukemic MCL patients (UPN1-20) or healthy individuals (PBMC1, PBMC2), from purified normal B lymphocytes (B-cells) or from the Jeko-1
cell line were obtained after 24 h of culture. p-STAT3 and total STAT3 expression were analyzed by western blotting (left panel). Mutated (M)
and unmutated (UM) IGHV status was noted. Densitometric results expressed as pSTAT3/STAT3 ratios are shown for each MCL sample and
in a scatter graph associating both IGHV mutated and unmutated cases (right panel) [median ± quartile (box) ± SE (bars)]. 
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Meanwhile, BCR-induced phosphorylation of STAT3 was
decreased or abolished after bortezomib treatment whereas
it was unchanged upon fludarabine treatment (Figure 6B).
BCR-induced STAT3 phosphorylation was also abrogated
in the presence of BAY 11-7082, supporting the existence of
a link between NF-κB and STAT3 pathways in the context
of BCR stimulation (Online Supplementary Figure S17).  

Discussion

This study was focused on the exploration of pathways,
emanating from the microenvironment (antigen,
cytokines) and contributing to MCL cell survival and
chemoresistance, in particular through STAT3 activation.
The study, performed on fresh primary MCL samples,
showed that 70% (14/20) of leukemic MCL cases present-
ed constitutive phosphorylation of STAT3 on tyrosine
residues and that its selective inhibition induced apopto-
sis. STAT proteins usually become rapidly activated upon
cytokine receptor engagement via associated JAK. In par-
ticular, IL6 and IL10 both activate STAT3. In this study, we
demonstrated that the constitutive STAT3 phosphoryla-

tion resulted from autocrine IL6 and/or IL10 secretion
probably dependent on NF-κΒ constitutive activation. In
the other six out of 20 (30%) MCL cases without indica-
tion of STAT3 phosphorylation, the absence of activation
may have reflected low levels of IL6/IL10 secretion (see
UPN7) and/or weak expression of IL6/IL10 receptors
thereby resulting in a non-functional cytokine autocrine
loop. An autocrine IL6/IL10 loop leading to the activation
of STAT3 was previously shown to promote tumor
growth in other malignant disease such as multiple myelo-
ma23 and squamous cell carcinoma of the head and neck.24

Furthermore, bortezomib-induced apoptosis of MCL cells
is associated with a decrease of IL6/IL10 secretion and
with inhibition of the constitutive phosphorylation of
STAT3. Given that bortezomib is also able to inhibit NF-
κΒ in MCL21 but does not affect STAT3 expression and
DNA binding activity,25 our results suggest that borte-
zomib-induced suppression of STAT3 phosphorylation in
MCL may occur through disruption of the NF-κB-
dependent cytokine autocrine loop. They also suggest that
NF-κΒ and STAT3 pathways may cooperate to play an
important role in MCL proliferation, as described in dif-
fuse large B-cell lymphoma.22
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Figure 4. BCR engagement induces
inhibition of spontaneous apoptosis
and STAT3 phosphorylation in pri-
mary MCL cells. (A) Spontaneous
apoptosis was measured by flow
cytometry of PBMC from 20
leukemic MCL patients. PBMC were
purified from blood and cultured for
24 h in the absence (control) or in
the presence of 10 μg/mL of immo-
bilized anti-IgM antibody (left panel).
BCR-induced apoptosis of the whole
sample population (n=20) is also
shown as median ± quartile (box) ±
SE (bars) (right panel). (B) STAT3
phosphorylation was analyzed fol-
lowing 24 h of BCR stimulation
(anti-IgM). Groups A, B and C were
defined depending on constitutive
and BCR-induced phosphorylation of
STAT3. Corresponding UPN cases
are noted. 

Figure 5. Bortezomib induced-apop-
tosis is associated with a decrease
of constitutive STAT3 phosphoryla-
tion. (A) Apoptosis rates were meas-
ured by flow cytometry after treat-
ment with bortezomib (10 nM) or
fludarabine (20 μM) for 20 h (left
panel). Fludarabine- and borte-
zomib-induced apoptosis are also
shown as median ± quartile (box) ±
SE (bars) (n=14) (right panel) (B)
STAT3 phosphorylation status after
treatment with bortezomib (borte,
10 nM, 20 h) as compared to treat-
ment with fludarabine (Fluda, 20
μM, 20 h). 
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Some studies identified IGHV mutational status as a rel-
evant prognostic factor in MCL,3,26-28 suggesting an involve-
ment of antigen stimulation in the course of the disease. In
these studies, patients with mutated IGHV appeared to
have a better clinical outcome.26 In the present study, all the
IGHV mutated cases were associated with constitutive
phosphorylation of STAT3 whereas all cases with basal
unphosphorylated STAT3 bore unmutated IGHV.
Examination of the pattern of IGHV rearrangements and
mutational status in our series revealed an absence IGHV3-
21 rearrangement and a high proportion of IGHV mutated
cases (55%) when compared to studies carried out on biop-
sies.29 This pattern appears to be characteristic of MCL
leukemic presentations and corroborates previous reports
indicating that IGHV mutated cases are more frequent in
non-nodal series than in nodal ones (56% and 10%, respec-
tively) and that IGHV3-21 rearrangements, associated with
unmutated IGHV, are mostly described in nodal MCL.27,30,31

Interestingly, IGHV3-21 cases as well as some unmutated
IGHV cases were not included in this functional study due
to either a low lymphoma circulating cell count or a major
rate of spontaneous apoptosis. Altogether, these results sug-
gest that the constitutive STAT3 phosphorylation observed
in MCL cases harboring mutated IGHV and with a
leukemic phase may confer an intrinsic survival potential to
malignant cells. 

Given that BCR engagement can promote B-cell prolif-
eration and survival,32 we investigated its effect in both
unmutated and mutated IGHV MCL cases. First, we
observed that sustained BCR signaling could promote
survival in almost all cases independently of IGHV muta-
tional status. These results are quite the opposite from
those observed in chronic lymphocytic leukemia in
which we and others have shown that a strong BCR-
induced survival signal was significantly associated with
absence of somatic IGHV mutations and disease pro-

gression.15 Next, we demonstrated that BCR stimulation
induced phosphorylation of STAT3 in 70% of the cases
(n=14/20). A link between STAT3 and BCR signaling was
initially highlighted in murine B lymphocytes.10,12,33 CD5+

self-renewing B1 lymphocytes were shown to express
phosphorylated STAT3 constitutively, conferring intrin-
sic resistance to radiation-induced apoptosis. Moreover,
BCR engagement in CD5– B2 cells could induce STAT3
activation leading to proliferation.34 The results of the
present study indicate that the IL6 pathway plays a role
in the BCR-induced phosphorylation of STAT3 in MCL.
An anti-IL6 receptor blocking antibody abrogated this
phosphorylation and BCR stimulation induced a signifi-
cant increase in the mRNA level of IL6. These results are
consistent with the effect of cycloheximide on delayed
STAT3 tyrosine phosphorylation upon BCR engagement
in B2 cells, probably by blocking cytokine-induced path-
ways.35 Finally, BCR-induced survival was associated in
the present study with enhanced STAT3 phosphoryla-
tion. Interestingly, the BCR-induced survival was abol-
ished upon treatment with AG490 or Stattic, indicating
that the JAK/STAT3 pathway is involved at least in part
in this signal. We found that bortezomib treatment could
block both the BCR-induced survival signal and BCR-
induced STAT3 phosphorylation in contrast to what was
observed in the presence of fludarabine which is active
through the activation of the p53 pathway. Moreover,
we also demonstrated that constitutive phosphorylation
of STAT3 is abrogated by bortezomib through disrup-
tion of the cytokine autocrine loop. These new mecha-
nisms of action of bortezomib targeting STAT3 could
thus contribute to its anti-neoplastic effects on MCL
tumor cells. 

In conclusion, we report here that in primary MCL cells,
two STAT3 activating processes, mediated through compo-
nents of the tumor environment, contribute to increased cell

Bortezomib inhibits STAT3 activation in MCL
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Figure 6. Bortezomib inhibits both
BCR-induced survival signal and
STAT3 phosphorylation. (A)
Primary MCL cells were either
stimulated for 20 h with an anti-
IgM antibody or left unstimulated,
both in the absence or in the pres-
ence of bortezomib (10 nM).
Apoptosis rates were then meas-
ured by flow cytometry. For each
condition (± bortezomib), the per-
centage of apoptotic cells was
normalized to that of unstimulat-
ed cells and calculated as relative
numbers as follows: [(% apoptosis
BCR-stimulated cells - % apoptosis
BCR-unstimulated cells) / (%
apoptosis BCR-unstimulated
cells)] x100 (left panel). Apoptosis
resulting from BCR-stimulated
cells (anti-IgM), bortezomib-treat-
ed cells and BCR-stimulated cells
treated with bortezomib is also
shown as median ± quartile (box)
± SE (bars) (n=14) (right panel) (B)
STAT3 phosphorylation status
upon BCR engagement was ana-
lyzed in parallel under bortezomib
treatment (Borte, 10 nM, 20 h) or
fludarabine treatment (Fluda, 20
μM, 20 h).
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survival. STAT3 was found to be constitutively activated
through a cytokine-dependent autocrine loop and/or
induced upon BCR engagement. Bortezomib appeared to
target both constitutive and BCR-induced STAT3 activation
in MCL, thus uncovering a new mechanism of action.
Consequently, development of STAT3 inhibitors could pro-
vide new useful therapeutic agents for the treatment of this
chemotherapy-resistant lymphoma.
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