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The expression of beclin-1, an oncosuppressor monoallelically deleted in 460% epithelial cancers, has been

shown to be developmentally regulated in T and B lymphocytes. By interacting with either bcl-2 or class III

phosphatidyl-inositol-3-phosphate kinase, beclin-1 regulates apoptosis and autophagy, two processes crucial

for lymphatic tissue homeostasis. We analyzed the potential link between beclin-1-mediated autophagy and the

malignant behaviour of lymphomas. The tissue expression of beclin-1 was analyzed in a large series of non-

Hodgkin lymphomas and correlated with patient’s clinical outcome. By immunofluorescence, beclin-1 staining

showed faintly detectable and diffusely distributed in the cytoplasm (regarded as negative) or confined to the

perinuclear region as large and brilliant puncta suggestive of macro-aggregate reactivity (regarded as positive).

The positive expression of beclin-1 well correlated with the presence of LC3-positive autophagic vacuoles and

was inversely correlated with the expression of bcl-2. Non-Hodgkin lymphomas in which X20% of tumour cells

expressed high level of beclin-1 aggregates were associated with a complete (57%) or partial (35%) remission.

The 5-year overall survival probability, calculated by the Kaplan–Meier method, was 92% and 42% in beclin-1-

expressing non-Hodgkin lymphomas with X20% and o20% positive cells, respectively (log-rank test,

Po0.000.1). In Cox multivariate analysis, the level of beclin-1 expression, adjusted for patient’s age and

pathologic stage, revealed to be significantly correlated with patient’s survival (Po0.0001). This is the first

demonstration of the involvement of beclin-1 and autophagy in the clinical behaviour of non-Hodgkin

lymphomas. The present data are compatible with the hypothesis that non-Hodgkin lymphomas with

upregulated autophagy are more responsive to chemotherapy and indicate that beclin-1 could be a valuable

independent prognostic factor in this heterogeneous group of tumours.
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The beclin-1 gene is reportedly monoallelically
deleted in a large proportion of prostate, breast and
ovary cancers,1–5 whereas its homozygous deletion
has never been found in either normal or tumour
tissues. The beclin-1 gene is regarded as a haploin-
sufficient tumour suppressor, because its hetero-
zygous deletion in transgenic mice favours the

spontaneous development of tumours in different
tissues.6,7 The gene codes for a 60 kDa protein
that was first identified in a yeast two-hybrid system
screen as an interactor of the anti-apoptotic pro-
tein bcl-2.8 Through its interaction with class III
phosphatidyl-inositol-3-phosphate kinase (PI3kIII/
Vps34), beclin-1 (also known as atg6/Vps30) reg-
ulates autophagy.9,10 Autophagy is a lysosomal-
dependent pathway for macromolecular and
organelle degradation that has a pivotal role in cell
homeostasis.11 Autophagy begins with the entrap-
ment of the substrate (protein aggregates, aged and
oxidized membranes or organelles) by a multi-
layered membrane originated in the proximity
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of the endoplasmic reticulum and trans Golgi
network.12 The resulting vesicle, named the ‘auto-
phagosome’, is marked by the insertion into its
membranes of the protein LC3-II (also known as
atg8) that arises, by partial proteolysis and subse-
quent lipidation, from the microtubule-associated
protein light chain isoform I (LC3-I).13 Subsequently,
by fusing with endosomal/lysosomal compartments,
the autophagosome matures into the autophagolyso-
some, wherein the substrate is degraded by acid
hydrolases.14 Autophagy is triggered by the so-called
beclin-1/PI3kIII interactome, a macro-complex parti-
cipated by several other proteins, which locates in
the proximity of the trans Golgi network.12 The
autophagy process is finely tuned by sensors of
nutrients and energy available.15 Stressful and poten-
tially toxic environmental stimuli, such as nutrient
and growth factors depletion or pro-oxidant radicals,
induce autophagy. By removing oxidatively damaged
proteins and organelles and by providing substrates
and energy through the catabolism of redundant
cellular components, autophagy confers a pro-survi-
val advantage to the cell exposed to potentially
adverse intra- and extracellular situations.16 How-
ever, the interplay between autophagy and the cell
survival and cell death pathways is quite complex. In
fact, depending on the nature of the stimulus and the
actual metabolic status of the cell, autophagy can
suppress or enable apoptosis.17 Clearly, the crosstalk
between the autophagy and apoptosis signalling
pathways is critical to the overall fate of the cell,
and beclin-1, owing to its ability to interact with
either PI3kIII or bcl-2, occupies a key position in this
crosstalk.18 Not surprising, autophagy has been
shown to have an active role in cancer development
and progression,19,20 as well as in the cytotoxic
response to anticancer drugs.21–24

In T lymphocytes autophagy has been implicated
in survival and cytokine-induced proliferation, as
well as in cell death after growth factor-withdra-
wal.25,26 The expression level of beclin-1 changes
during T and B lymphocyte maturation and T-cell
activation.27 Fluctuation of beclin-1 expression was
shown to parallel that of bcl-2 during the maturation
process of T cells in the thymus and of B cells in
bone marrow.27 In addition, overexpression of
ectopic beclin-1 in thymocytes exacerbates gluco-
corticoid-induced apoptosis.27 Altogether these data
imply that autophagy has a critical role in lympho-
cyte homeostasis. Consistent with such a role,
transgenic mice lacking one beclin-1 allele present
with a reduced autophagy activity in the lymph
node germinal centre and show a high incidence of
spontaneous lymphomas of the B lineage.6,7

In this work, we focused on the relationship between
beclin-1 expression and the clinical behaviour of non-
Hodgkin lymphomas. Our data show the involvement
of autophagy in the post-therapy outcome in non-
Hodgkin lymphoma-bearing patients and support the
usage of beclin-1 as a reliable prognostic factor in this
heterogeneous group of tumours.

Materials and methods

Patients and Tissue Biopsies

The study included 102 cases of non-Hodgkin
lymphomas selected in the years 2000–2008 from
the files of the Department of Pathology of Uni-
versità del Piemonte Orientale (Novara, Italy). Cases
were randomly selected, not knowing in advance
the clinical outcome, or the therapy regimen, and
not considering specific clinical presentation (such
as the performance status, immunodeficiency,
pathologic stage, and so on) of the patient at
diagnosis. Cases included in the study were of
de novo diagnosis, that is, not derived from relapse or
malignant progression of previously diagnosed and
cured lymphomas. All cases were classified accord-
ing to the current WHO Classification of Lymphoid
Neoplasms.28 The following cases, chosen among
the non-Hodgkin lymphomas diagnosed in our
department in the considered period, were available
for this study (WHO abbreviation; site of biopsy): no.
17 small lymphocytic lymphomas (SLLs; lymph
node), no. 32 diffuse large B-cell lymphomas
(DLBCLs; lymph node), no. 9 follicular lymphomas
of grade I and II (FLs I and II; lymph node) and no.
12 FLs of grade IIIB (FLs IIIB; lymph node), no. 11
marginal zone lymphomas (MZLs; three lymph
node, eight spleen), no. 16 mucosa-associated
lymphatic tissue lymphoma (MALToma; four sto-
mach, three skin, three parotid, three orbit, one
breast, one oropharynx, one rinopharynx) and no. 5
peripheral T-cell lymphomas (PTCLs, lymph node).
Biopsies were obtained from patients at diagnosis,
that is, before any therapeutic intervention.

Tissue Immunofluorescence

Formalin-fixed paraffin-embedded tissue sections
were cut from all non-Hodgkin lymphoma cases.
After extensive removal of paraffin, the sections
were incubated first with the primary antibody
(diluted in phosphate-buffered saline supplemented
with 0.1% Triton X-100 and 4% fetal calf serum, for
16h in a humid chamber at 4 1C) and then with
Texas Red- or FITC-conjugated secondary antibodies
(diluted 1:200 as above, for 1 h at room temperature
in a humid chamber). Excess of unbound antibody
was removed at each step by two washes with
phosphate-buffered saline. As negative control,
incubation with the primary antibody was omitted
and the section was incubated with the secondary
antibody alone. The following primary antibodies
were used: (1) mouse monoclonal anti-beclin-1 (BD
Pharmingen, San Diego, CA, USA; dilution 1:100);
(2) mouse monoclonal anti-bcl2 (Santa Cruz Bio-
technology, Santa Cruz, CA, USA; dilution 1:100);
and (3) rabbit polyclonal anti-LC3 (Novus Biological,
Littleton, CO, USA; dilution 1:500). As secondary
antibodies, goat-anti-mouse IgG or goat-anti-rabbit
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IgG (Sigma-Aldrich, St Louis, MO, USA; dilution
1:200) were used as appropriate.

The nucleus was evidenced by staining the
chromatin with the fluorescent dye 4,6-diamidino-
2-phenylindol-dihydrochloride (DAPI, 1:500 from
a stock solution 20mg/ml; 1 h). Stained sections
were mounted with Slow-FAD (Light AntiFADE Kit,
Molecular Probes Invitrogen, Carlsbad, CA, USA)
and observed under a fluorescence microscope
(Leica DM1600, Leica Microsystem, Heidelberg,
Germany) equipped with a digital camera. Each
biopsy was tested at least three times. Representa-
tive areas were imaged using a microscope equipped
with a digital camera. Cells were identified by DAPI
staining of the nucleus. The proportion of positively
stained (in terms of beclin-1 macro-aggregates) over
total cells present in the imaged areas were
expressed as percentage. At least five fields (ap-
proximately 5000 cells) per section were evaluated
independently by three investigators (GV, GN and
CI). Infiltrating macrophages and T-lymphocytes
were identified with anti-CD68 (clone KP1, Dako,
Glostrup, Denmark) and anti-CD3 (clone PS1,
Novocastra, Leica Biosystem, UK) monoclonal anti-
bodies, respectively.

Tissue Western Blotting

Pieces from frozen biopsy were cut and finely
homogenized by several cycles of freeze–thawing
and sonication in a phosphate buffer containing
detergents (Triton X-100 and Na-deoxycholate) and
a cocktail of protease inhibitors. A 50 mg of protein
homogenate was resolved by SDS-polyacrylamide
(13.5%) gel electrophoresis under reducing condi-
tions. Electrotransfer and immunodetection were
carried out as previously described.29 Beclin-1 and
bcl-2 polypeptides were detected, respectively, with
a monoclonal antibody (BD Pharmingen; dilution
1:250) and a rabbit polyclonal antiserum (Santa Cruz
Biotechnology; dilution 1:100). Immunocomplexes
were revealed by incubation with peroxidase-con-
jugated goat-anti-mouse or anti-rabbit (as appropri-
ate) antibody (Sigma-Aldrich; dilution 1:20.000),
and subsequent peroxidase-induced chemilumines-
cence reaction (Bio-Rad, Hercules, CA, USA). Equal
loading among lanes was ascertained by re-probing
the filter (after stripping and washing) with an anti-
actin monoclonal antibody (Sigma-Aldrich; dilution
1:250) followed by incubation with peroxidase-
conjugated goat-anti-mouse antibody and revealed
as above.

Statistical Analysis

Beclin-1 and LC3 expression were correlated to the
clinical outcome calculating the odds ratio, the
relative risk and the w2. The Fisher’s exact test was
also used for pairwise comparison of distributions
of categorized groups. The probability of overall

survival for patients, as related to the expression of
beclin-1, was estimated by the Kaplan–Meier method.30

Overall survival was calculated from the date of
initial diagnosis until the date of last follow-up or
patient’s death. Surviving patients were censored at
the date of last contact and mathematically removed
from the curve. The significance of differences
between survival curves was calculated by using
the log-rank test. To determine the relative influence
of beclin-1 and of patient’s age and pathologic stage
on the cumulative survival probability, univariate
and multivariate analyses were also performed
using the Cox proportional hazard model. These
analyses yielded the coefficient of regression, the w2,
the hazard ratios, the confidential interval and
P-value for each variable. To indicate statistical
significance, the threshold for P-values was taken at
5% level. Statistics was performed using the XL-
STAT 2010 software.

Results

Histologic Type and Main Clinical Characteristics of
Non-Hodgkin Lymphomas Included in the Study

The study was conducted in a series of 102 cases of
non-Hodgkin lymphomas that included the follow-
ing histologic types: SLL (17 cases), DLBCL (32
cases), FL I and II (9 cases) and FL IIIB (12 cases),
MZL (11 cases), MALToma (16 cases) and PTCL
(5 cases). Histologic diagnosis was corroborated by
complementary immunophenotyping with a panel
of antibodies. All patients were subjected to che-
motherapy and/or radiotherapy, following standard
criteria based on clinical stage, histologic type and
patient performance status. The following informa-
tion was made available at the end of the study:
patient’s gender and age, clinical stage at first
diagnosis, objective response to chemo- and radio-
therapy, and clinical outcome. Patient’s median age
was 67 years. Response to therapy regimen was
evaluated according to the international guidelines.
Clinical outcomes were classified as complete
remission (disappearance of any evidence of disease
for at least 24 months), partial remission (X50%
decrease in tumour lesions for at least 24 months)
and exitus. The histologic type and the main clinical
characteristics of the cases included in this study
are reported in Table 1.

Immunodetection of Beclin-1 in Non-Hodgkin
Lymphoma Tissue Sections

Beclin-1 is a protein ubiquitously expressed in eukar-
yotic cells. When activated, beclin-1 is recruited
together with other proteins to form macro-complexes
that locate in the proximity of the endoplasmic
reticulum and of the trans-Golgi network.12

The presence and the cytoplasmic distribution of
beclin-1 were analyzed by immunofluorescence in
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paraffin-embedded tissue sections (4mm thick) of the
most representative tumour area. Biopsies were
obtained from patients de novo diagnosed for non-
Hodgkin lymphoma and not yet subjected to therapy.
Non-neoplastic cells were excluded from the evalua-
tion. In the case of doubtful interpretation between
macrophages and large B neoplastic cells, the
sections were double-stained with the anti-beclin-1
and an anti-CD68 monoclonal antibody. In B-cell
low-grade lymphomas, the presence of reactive, non
neoplastic T lymphocytes infiltrating the lymphoma
was assessed by CD3 immunostaining. Double stain-
ing with anti-beclin-1 and anti-CD68 or anti-CD3
allowed to estimate the contribution of non-neoplas-
tic infiltrating beclin-1-positive cells and to deter-
mine the proportion of neoplastic cells expressing
beclin-1 macro-aggregates within the biopsy.

Typical staining of beclin-1-negative and beclin-1-
positive non-Hodgkin lymphomas is shown in
Figure 1. Beclin-1 immunoreactivity in tumour cells
presented as faintly detectable fluorescence diffused
in the cytoplasm or as discrete fluorescent spots
located near the nucleus. These immunoreactivity
patterns were referred to as negative or positive,
respectively, in terms of beclin-1 macro-aggregates.

Correlation of Beclin-1 Expression with Non-Hodgkin
Lymphoma Histologic Type

We performed an extensive analysis of beclin-1
expression and immuno-localization in 102 non-
Hodgkin lymphoma biopsies. On the basis of the
proportion of beclin-1-positive cells within the
tumour tissue, the samples were initially stratified
into four ranges of positivity: o10%; 10–20%;
20–40%; and 440%. Only a few tumours classified

in the 10–20% range of positivity and the final
threshold was set at X20% to indicate tumours with
a high proportion of beclin-1-positive cells. In all, 59
out of 102 non-Hodgkin lymphomas showed a high
proportion of beclin-1-positive cells. Beclin-1-posi-
tivity was not significantly associated with a
particular histologic type, although we note that a
large majority (16 out of 21) of FLs showed X20%
positive cells (Table 2). More in details, 11 out
of 12 of FLs IIIB were highly expressing beclin-1
aggregates. In addition, 13 out of 16 MALTomas
were highly expressing beclin-1. On the basis of
clinical behaviour or on pathologic ground, the
histologic types SLL, MZL, MALToma and FL I and
II are classified as ‘indolent’ or ‘low-malignant’
lymphomas and the histologic types DLBCL, FL IIIB
and PTCL are classified as ‘aggressive’ or ‘highly
malignant’ lymphomas.31,32 The high proportion of
beclin-1-positive tumour cells was not correlated
with either of these histologic subgroups (60 and
55% in ‘indolent’ and ‘aggressive’ lymphomas,
respectively).

Beclin-1 Expression does not Correlate with
Pathological Staging at Diagnosis

We then verified whether the proportion of beclin-1-
positive cells was correlated with the pathologic
stage at diagnosis. Of the 43 non-Hodgkin lympho-
mas with o20% of beclin-1-positive cells, 12 were
classified as I and II stage and 30 as III and IV stage
(one lacking data); of the 59 non-Hodgkin lympho-
mas with X20% beclin-1-positive cells, 24 were of I
and II stage and 35 of III and IV stage. No significant
correlation was found between the positivity for
beclin-1 and the pathologic stage (P¼ 0.3).

Table 1 Clinico-pathological data of non-Hodgkin lymphomas included in the study

Histologic type Sex No. of cases Age (range) Median age Stage CR rate Survival rate (5 year)

I and II III and IV

DLBCL (32) M 16 46–79 66 13* 18 41% 47%
F 16 27–81 71

SLL (17) M 9 34–81 51 1 16 12% 47%
F 8 68–90 75.5

MALToma (16) M 5 44–79 60 11 5 75% 75%
F 11 49–75 66

FL IIIB (12) M 5 35–77 63 5 7 50% 58%
F 7 49–76 68

MZL (11) M 4 53–74 70.5 4 7 36% 55%
F 7 55–82 68

FL I and II (9) M 1 69 69 2 7 22% 11%
F 8 48–73 62

PTCL (5) M 3 49–73 68 0 5 0% 0%
F 2 73–74 73.5

Abbreviations: CR, complete remission; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma (grade I, II or IIIB); MALTomas, mucosa-
associated lymphatic tissue lymphoma; MZL, marginal zone lymphoma; PTCL, peripheral T-cell lymphoma; SLL, small lymphocytic lymphoma.
*One lacking data.
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Figure 1 Immunofluorescence staining of beclin-1 in non-Hodgkin lymphoma tissue sections. Selection of representative cases. The
histologic type (DLBCL, diffuse large B-cell lymphoma; MALToma, mucosa-associated lymphatic tissue lymphoma; PTCL, peripheral
T-cell lymphoma), the clinical outcome (CR, complete remission; exitus) and the percentage of cells positive for beclin-1 aggregates
are reported. The nuclei are evidenced by DAPI staining. Examples of beclin-1 positive (panels a, c, d, e and f) and of beclin-1 negative
(panel b) immunostaining.
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Beclin-1 is a Predictor of Post-Therapy Clinical
Outcome in Non-Hodgkin Lymphomas

We performed a statistical analysis to correlate the
extent of beclin-1 expression (percentage of cells
with beclin-1 aggregates) with the clinical outcome
in the whole patient population. We note that 54 out
of 73 (74%) of the patients alive at the end-point of
the study were bearing a non-Hodgkin lymphoma
with a high proportion of beclin-1-positive cells
(Table 3). Only 5 out of 59 (8%) patients bearing a
non-Hodgkin lymphoma with a high proportion of
beclin-1-positive cells died during the observation
period. Conversely, as many as 24 out of the 29
(83%) patients who died within the period of
observation were bearing a non-Hodgkin lymphoma
with a low proportion of beclin-1-positive cells
(Table 3). These correlations were statistically
significant (Po0.0001). Among the 102 non-Hodg-
kin lymphoma cases, 39 patients (38%) underwent
complete remission. Of these, as many as 33 (85%)
were bearing a non-Hodgkin lymphoma with a high
proportion of beclin-1-positive cells. Conversely,
only 6 out of 43 (14%) patients bearing a non-
Hodgkin lymphoma with a low percentage of beclin-
1-positive cells underwent complete remission.
These correlations were statistically significant
(Po0.0001). Of the 43 cases with a low proportion
of beclin-1-positive tumour cells, as many as 24
(56%) died and 13 (30%) experienced a partial
remission, whereas of the 59 cases with a high
proportion of beclin-1-positive tumour cells, only 5
(8%) died and 21 (36%) experienced a partial
remission (Table 3). These correlations were statis-
tically significant (Po0.0001). Thus, although a
partial remission occurred with a similar frequency
in patients bearing either a highly beclin-1-expres-
sing or a low beclin-1-expressing non-Hodgkin

lymphoma, complete remission occurred more fre-
quently in the group of patients bearing a non-
Hodgkin lymphoma with a high percentage of
beclin-1-positive cells (56 vs 14%) and exitus was
observed more frequently in the group of patients
bearing a non-Hodgkin lymphoma with a low
percentage of beclin-1-positive cells (56 vs 8%).

Beclin-1 is a Prognostic Marker of Malignancy in
Non-Hodgkin Lymphomas

To definitively assess the potential of the proportion
of beclin-1-positive tumour cells to convey prog-
nostic information in non-Hodgkin lymphomas, we
estimated the overall survival probability in the
patient population by the Kaplan–Meier method.
Figure 2 shows the Kaplan–Meier curves of the
cumulative probability of survival of non-Hodgkin
lymphoma-bearing patients in relation to the per-
centage of beclin-1-positive cells within the neo-
plastic tissue. Log-rank test was applied to evaluate
the statistical significance of such correlation.

Patients bearing a tumour that presents with a
high percentage (X20%) of beclin-1-positive cells
show a 96% overall survival probability at 2 year
(93% at 5 year and 84% at 8 year). By contrast, a low
percentage of beclin-1-positive cells within the
neoplastic tissue significantly associated with a
low probability of overall survival of affected
patients. In particular, in these patients the 2-year

Table 2 Distribution of beclin-1-positivity among the histologic types of non-Hodgkin lymphoma

Histologic type DLBCL SLL MALToma FL IIIB MZL FL I and II PTCL No. of cases

Beclin expression
o20% 17 7 3 1 7 4 4 43
X20% 15 10 13 11 4 5 1 59
Total 32 17 16 12 11 9 5 102

Table 3 Correlation of beclin-1-positivity in non-Hodgkin
lymphomas with clinical outcome in patients

Clinical outcome CR PR Exitus No. of cases

Beclin expression
o20% 6 13 24 43
X20% 33 21 5 59
Total 39 34 29 102

Abbreviations: CR, complete remission; PR, partial remission.
w2¼ 31.28.
DF¼ 2.
Po0.0001.

Figure 2 Kaplan–Meier curves of overall survival probability in
the subgroups of patients bearing a non-Hodgkin lymphoma with
less (o) or more (X) than 20% of cells positive for beclin-1
aggregates. The P-value calculated by the log-rank test is indicated.
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overall survival probability was 58% (it was 44% at
5 year and 0% at 8 year). These correlations were
statistically significant (Po0.0001), based on both
log-rank and Wilcoxon tests. To determine whether
the prognostic value of beclin-1 persisted even when
also patient’s age and pathologic stage were con-
sidered, we performed a multivariate analysis using
the Cox proportional hazards model. The Cox
univariate analysis for these prognosticators con-
firmed a significant association with patient’s
survival of beclin-1 expression (Po0.0001) and of
pathologic stage (Po0.008) (Table 4a). We then
carried out the Cox multiple regression to test the
prognostic value of beclin-1 expression adjusting for
patient’s age and pathologic stage. Statistical data
reported in Table 4b indicate that the pathologic
stage and the expression of beclin-1 are independent
parameters significantly correlated with patients
overall survival with a Po0.01 and Po0.0001,
respectively. In particular, patients bearing a lym-
phoma-expressing beclin-1 (adjusted for the age
and the stage) at low level (o20% positive cells)
were associated with a shorter survival compared
with those bearing a lymphoma highly expressing
beclin-1 (hazard ratio of 10.3; 95% confidential
interval ranging from 3.8 to 27.5).

Beclin-1-Positivity Correlates with Favourable
Prognosis when Associates with LC3-Positive
Autophagy

We interrogated regarding the functional signifi-
cance of beclin-1 macro-aggregates in lymphoma
cells. Depending on the partners involved in
the protein macro-aggregate, beclin-1 can regulate

autophagy, endosome formation or apoptosis.10,33,34

In this study, we considered the role of beclin-1 as
an autophagy regulator, because this process has
been shown to have a crucial role in lymphatic
tissue homeostasis.6,7,27 On formation of the auto-
phagosome, the microtubule-associated protein LC3
(isoform I) is modified to generate the truncated and
lipidated isoform LC3-II, that is eventually inserted
into the autophagosome membrane.14 Thus, auto-
phagic vacuoles can be easily and reliably detected
based on LC3 staining.35 To observe whether indeed
beclin-1-positivity reflected ongoing autophagy, we
monitored the presence of autophagic vacuoles
visualized as LC3-positive puncta within tumour
cells. We performed the LC3 immunostaining in 24
out of the 59 beclin-1-positive cases and in 12 out of
the 43 beclin-1-negative cases, representative of the
various histologic types and of the different patho-
logic stage and clinical outcome. Examples of LC3
staining in beclin-1-positive tumour cells are shown
in Figure 3. The presence of LC3-positive discrete
puncta reflects the presence of autophagic vacuoles,
whereas a diffuse cytoplasmic staining is indicative
of absence of autophagic vacuoles.35 We estimated
the proportion of tumour cells showing LC3 as
clearly detectable discrete spots in the cytoplasm.
Data on beclin-1 and LC3 expression in relation to
the clinical outcome and the histologic type of the
cases examined are reported in Table 5a. We found
that 17 out of 24 cases highly positive for beclin-1
were highly positive for LC3 also, assuming X20%
of positive cells as the threshold. Of the 12 beclin-1-
negative cases examined, 7 showed X20% LC3-
positive cells. When data on LC3-positivity in
beclin-1-positive non-Hodgkin lymphomas were
correlated with the clinical outcome, it was found

Table 4 Cox regression analysis of the influence of beclin-1 expression and patient’s age and pathologic stage

Prognosticator Univariate P

(a) Univariate analysis
Beclin expression
o20% (n¼43) vs X20% (n¼59) o0.0001

Age
o67years (n¼ 47) vs X67years (n¼55) 0.867

Pathologic stage*
III and IV (n¼ 65) vs I and II (n¼ 36) 0.008

Prognosticator Multivariate

Regression coefficient Wald w2 P Hazard ratio 95% Confidential interval

(b) Multivariate analysis
*Beclin o20% 2.33 21.45 o0.0001 10.26 3.83–27.50
Age X67years �1.27 2.03 0.15 0.58 0.27–1.23
Stage I and II �0.57 6.24 0.013 0.25 0.09–0.75

The Cox proportional hazard model was applied to determine the prognostic significance of beclin-1 expression and of patient’s age and
pathologic stage at diagnosis.
*One case expressing o20% beclin-1, for which was not known the pathologic stage, was excluded from the analysis.
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that all the 5 exitus were associated with a very low
(o20%) proportion of LC3-positive tumour cells,
whereas 17 out of 17 (100%) of surviving patients
(15 in complete remission and 2 in partial remis-
sion) were bearing a non-Hodgkin lymphoma with a
high (X20%) proportion of LC3-positive tumour
cells (Table 5b). This correlation was statistically
significant (P¼ 0.0003). Statistics was then applied
for all the 36 cases immunostained for LC3. It was
found that of 24 LC3-positive non-Hodgkin lympho-
mas as many as 23 (96%) were associated with
survival at 8 year (Table 5c). Conversely, in the
group of patients bearing an LC3-negative non-
Hodgkin lymphoma only 50% were alive at the
end of the follow-up (2 complete remission and 4
partial remission out of 12). These correlations were
statistically significant (P¼ 0.002).

Expression and Immunolocalization of Beclin-1 and
bcl-2 as Related to Vacuolar LC3 Staining

Bcl-2 is one of the main interactor of beclin-1, and
also exerts anti-apoptotic functions.36 The beclin-1/
bcl-2 system has a critical role in the complex

regulation of both autophagy and apoptosis, two
processes that determines the cells fate.34 In parti-
cular, when bcl-2 sequesters beclin-1, the autophagy
interactome does not form.37 To learn more regard-
ing the regulation of beclin-1-dependent autophagy
in lymphoma cells, we performed a double immuno-
staining of bcl-2 and beclin-1 in selected cases of
non-Hodgkin lymphoma showing concordance or
discordance for both beclin-1 and LC3-positivity.
Moreover, in a small subset of non-Hodgkin lym-
phomas for which the frozen biopsy was available,
the expression of beclin-1 and of bcl-2 was assessed
by western blotting. A representative selection of the
examined cases is shown in Figure 4. The molecular
forms revealed by the respective antibodies corre-
sponded to the expected sizes for beclin-1 and
bcl-2, which indirectly proved the specificity of the
antibodies used in this study. In Figure 4, the
positivity for beclin-1 aggregates, the extent of
autophagy induction (based on percentage of vacuo-
lar LC3-positive cells) and the clinical outcome are
reported. In the majority of the cases, the relative
intensity of the beclin-1 band well corresponded to
the immunohistochemical assessment of its expres-
sion (as aggregates) in the tissue. Typically, vacuolar

Figure 3 Immunofluorescence staining of LC3 in non-Hodgkin lymphoma tissue sections. Selection of representative cases. The
histologic type (DLBCL, diffuse large B-cell lymphoma; MALToma, mucosa-associated lymphatic tissue lymphoma; SLL, small
lymphocytic lymphoma), the clinical outcome (CR, complete remission; PR, partial remission), the pathologic stage and the positivity for
beclin-1 aggregates and for vacuolar LC3 are reported. The nuclei are evidenced by DAPI staining. Examples of LC3-positive (panels a, b
and c) and of LC3-negative (panel d) immunostaining.

Beclin, autophagy, prognosis in non-Hodgkin lymphoma

944 G Nicotra et al

Modern Pathology (2010) 23, 937–950



LC3-positivity and beclin-1 macro-aggregates were
found in tumours expressing a high beclin-1/bcl-2
ratio (eg, lanes 4–6, 8 in Figure 4). Such typical
situation is documented in the images of Figure 5a.

In this tumour, the proportion of cells containing
beclin-1 aggregates is very high (440%). This
tumour also expresses bcl-2 at a relatively high level
in approximately 15% of the cells, and in a small
percentage of tumour cells this protein colocalizes
with beclin-1 (arrows). As a result, this tumour
revealed to be positive for the autophagy marker
LC3. We performed the immunostaining of beclin-1,
bcl-2 and LC3 in three paradigmatic situations
among the cases analyzed by western blotting
(shown in Figure 4). The images in Figures 5b, c
and d, refer to the tumour cases 1, 2 and 7,
respectively. (1) The tumour ‘case 1’ presented with
a low percentage of cells expressing beclin-1
aggregates (15%) and vacuolar LC3 (5%). This
tumour showed a very high expression of bcl-2,
both by western blotting (Figure 4, lane 1) and by
immunofluorescence (Figure 5b), which may ac-
count for the low level of autophagy activity (LC3
staining seems diffused in the cytoplasm). (2) By
western blotting, the tumour ‘case 2’ expresses less
beclin-1 and even much less bcl-2 as compared with
case 1 (lane 2 vs lane 1 in Figure 4). By immuno-
fluorescence, beclin-1 aggregates were undetectable
and vacuolar LC3 was detected in 15% of the cells.
In the area where vacuolar LC3 was evident, bcl-2
was undetectable by immunofluorescence (not
shown), whereas LC3 was undetectable in areas
with cells in which bcl-2 was brightly evident
(shown in Figure 5c). (3) By western blotting, the
tumour ‘case 7’ expresses very low amount of
both beclin-1 and bcl-2 proteins (Figure 4, lane 7).

Table 5 Correlation of vacuolar LC3-positivity in a subgroup of non-Hodgkin lymphomas with clinical outcome in patients

Histologic type Beclin LC-3 Survivors Dead No. of cases

o20% X20% o20% X20%

(a) Histologic type and positivity for beclin-1 and LC3 of the selected cases
DLBCL 3 10 3 10 10 3 13
SLL 5 5 5 5 8 2 10
MALToma 1 3 0 4 4 0 4
FL IIIB 0 4 1 3 3 1 4
MZL 1 0 1 0 1 0 1
FL I and II 2 1 1 2 3 0 3
PTCL 0 1 1 0 0 1 1
Total 12 24 12 24 29 7 36

% LC3 positive CR PR Exitus No. of cases

(b) Subgroup of beclin-1-positive non-Hodgkin lymphomas analyzed for LC3 (w2¼ 16.24; DF¼2; P¼ 0.0003)
o20% 1 1 5 7
X20% 15 2 0 17
Total 16 3 5 24

(c) Subgroup of 24 beclin-1-positive plus 12 beclin-1-negative non-Hodgkin lymphomas analyzed for LC3 (w2¼ 12.69; DF¼2; P¼ 0.002)
o20% 2 4 6 12
X20% 16 7 1 24
Total 18 11 7 36

Clinical outcome (CR, complete remission; PR, partial remission; exitus) was correlated with the proportion of cells showing vacuolar LC3.

Figure 4 Western blotting analysis of the expression of beclin-1
and of bcl-2 proteins in non-Hodgkin lymphomas. Selection of
representative cases. Tissue homogenates were subsequently
probed for beclin-1, bcl-2 and actin (the latter was used as
reference of homogenate protein loading). The molecular weight
of proteins detected with the specific antibodies is indicated. The
histologic type (DLBCL, diffuse large B-cell lymphoma; FL I and
II, follicular lymphoma of grade I and II; SLL, small lymphocytic
lymphoma), the clinical outcome (CR, complete remission; PR,
partial remission), the positivity for beclin-1 aggregates and the
percentage of cells positive for vacuolar LC3 are reported.
(Immunofluorescence staining of bcl-2 and LC3 of tumour cases
1, 2 and 7 is shown in Figures 5b, c and d, respectively).
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Figure 5 Immunofluorescence staining of beclin-1, bcl-2 and LC3 in non-Hodgkin lymphoma biopsies. Selection of representative cases.
The histologic type (DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; SLL, small lymphocytic lymphoma), the clinical
outcome (CR, complete remission; PR, partial remission), the pathologic stage, and the percentage of cells positive for beclin-1 aggregates
and for vacuolar LC3 are reported. The nuclei are evidenced by DAPI staining. (a) Beclin-1 and bcl-2 staining (merge and single-channel
as indicated). (b, c and d) LC3-bcl-2 co-staining of the tumour cases analyzed by western blotting in Figure 4, lanes 1, 2 and 7,
respectively. In (b) LC3 staining shows a cytoplasmic diffuse pattern. In (c) vacuolar LC3 staining is clearly evident in positive areas of
the tumour.
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By immunofluorescence, this tumour was judged
positive for beclin-1 aggregates and showed vacuolar
LC3-positivity in 25% of the cells. Only a small
proportion of cells showed positive for bcl-2. Thus,
the tissue expression of bcl-2 and of vacuolar LC3
seems mutually exclusive. The above data also
outline the warning that western blotting determi-
nation of beclin-1 may not be sufficient to draw a
definitive conclusion regarding the level of autop-
hagy. In fact, whatever the level of beclin-1 and bcl-2
proteins expressed by the tumour, for the assess-
ment of autophagy it seems mandatory to study their
relative localization within the cell, along with a
reliable autophagy marker such as LC3.

Discussion

In this work, the tissue expression of beclin-1 was
analyzed in a large series (102 cases) of non-Hodgkin
lymphomas and correlated with clinical outcome in
patients. By immunofluorescence, beclin-1 protein
was either distributed diffusely in the cytoplasm
and, therefore, faintly/not all detectable, or confined
to the perinuclear region as large and brilliant
puncta suggestive of macro-aggregate reactivity.
The latter immunofluorescence pattern likely re-
flected the engagement of beclin-1 in macro-com-
plexes associated with autophagy activity,23 as also
testified by the concomitant presence of LC3-
positive structures. In 59 non-Hodgkin lymphomas,
beclin-1 macro-aggregates were observed in a per-
centage of cells ranging from 20 to 90%. It is to be
stressed that in our study only tumour cells were
considered for beclin-1 expression. Reactive macro-
phages or T-lymphocytes infiltrating the tumour
area were identified and excluded from the count of
beclin-1-positive cells. The expression of beclin-1
was not correlated with patient’s individual char-
acteristics such as gender and age at the time of
diagnosis, nor was it with a particular histologic
type. Setting the cut-off at 20% of positive cells (in
terms of beclin-1 macro-aggregates), no statistically
significant correlation was found between beclin-1
expression and the pathologic stage at diagnosis. It
is noteworthy that non-Hodgkin lymphomas in
which X20% of tumour cells expressed high level
of beclin-1 macro-aggregates were associated with
patient survival (33 complete remission and 21
partial remission out of 59). More strikingly, of the
39 patients who underwent complete remission as
many as 33 were bearing a beclin-1-positive non-
Hodgkin lymphoma and only 6 were bearing a
beclin-1-negative non-Hodgkin lymphoma. More-
over, 24 out of 43 patients bearing a non-Hodgkin
lymphoma with o20% beclin-1-positive cells died
during the course of the study. These correlations
were statistically highly significant (Po0.0001).
Consistently, patients bearing a non-Hodgkin lym-
phoma with X20% cells expressing active beclin-1
showed greater than twofolds overall survival

probability toward patients bearing a non-Hodgkin
lymphoma in which o20% of tumour cells were
positive for this autophagy protein (Po0.0001),
regardless of the histologic type (whether aggressive
or indolent), the clinical assessment (pathological
staging) at diagnosis and of the therapy regimen.
Pathologic stage was also significantly correlated
with overall survival, as expected. Cox univariate
analyses confirmed the prognostic value of beclin-1
expression (Po0.0001) and of pathologic stage
(Po0.008). The Cox multivariate analysis for the
variables patient’s age, pathologic stage and tumour
cell beclin-1 expression revealed that both the
pathologic stage and beclin-1 expression were
independent prognosticators of overall survival with
Po0.002 and Po0.0001, respectively. Low expres-
sion of beclin-1 in the tumour context was signifi-
cantly associated with shorter patient’s survival
(hazard ratio of 10.3). On the basis of the Wald w2

value, it seems that the level of beclin-1 expression
is the most important variable (among the three
considered) influencing patient’s survival.

We note that five patients bearing a non-Hodgkin
lymphomas with X20% of beclin-1-positive cells
deceased within the follow-up period. This fact was
not related to a particular histologic type, regardless
of whether it belonged to the indolent (low-malig-
nancy) or aggressive (highly malignancy) subgroup
(one FL, one SLL, one PTCL and two DLBCL), and
was not associated with the patient’s age or the
pathologic stage at diagnosis or with a specific
therapy regimen (regardless of whether this in-
cluded or not rituximab). Beside the possibility that
exitus occurred because of patient’s clinical condi-
tions, we analyzed the molecular basis that could
explain why in some tumours the expression of
beclin-1 was not ‘per se’ sufficient to warrant the
beneficial effects of chemotherapy. Assuming that
beclin-1 main function was to drive autophagy, and
that autophagy was having a positive role in the
response to chemotherapy treatments, we consid-
ered the possibility that failure in chemotherapy
response could arise from impaired (or insufficient)
induction of autophagy in tumour cells in spite of
the high expression of beclin-1 macro-aggregates.
We therefore searched for signs of ongoing autop-
hagy in a number of beclin-1-positive and beclin-1-
negative non-Hodgkin lymphomas, representative of
the different clinical outcome. The vacuolar pattern
of LC3 immunolocalization was assumed to prove
ongoing autophagy.34 It is noteworthy that the five
beclin-1-positive non-Hodgkin lymphomas asso-
ciated with the patients who died during the study
resulted negative for vacuolar LC3 staining. Thus, in
these tumours autophagy was defective in spite of
the presence of beclin-1 macro-aggregates. However,
a high concordance between beclin-1-positivity
and LC3-positivity was observed in the large
majority of the cases. Moreover, the presence of
LC3-positive vacuoles in relation to the expression
and localization of beclin-1 and bcl-2 was compa-
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tible with the predicted model of bcl-2-mediated
regulation of beclin-1-dependent autophagy.37 Our
data are in agreement with the observation of Saeki
et al,38 who reported an increase of basal autophagy
in leukaemic cells after downregulation of bcl-2
expression. In a few cases, tumours with a low
percentage of beclin-1-positive cells presented with
a relative high proportion of LC-3-positive cells,
which is suggestive of the activation of a beclin-1-
independent autophagy pathway.39 Although the
number of cases examined for LC3-positivity was
relatively small (36 cases), and despite they were
arbitrarily chosen as representative of the whole
series, the data obtained indicate (1) that beclin-1
macro-aggregates associate with functional autop-
hagy (as assessed by vacuolar LC3-positivity) in the
majority of the cases (71%), and (2) that upregula-
tion of autophagy (assumed as X20% LC3-positive
cells) in the tumour context associates with a
favourable outcome.

According to the proposed model of autophagy
modulation during the various steps of carcinogen-
esis and tumour progression,19 we give the following
interpretation of our data. In the early step of
lymphomagenesis, defective expression of beclin-1
and/or hyper-expression of bcl-2 inhibit(s) autop-
hagy (and apoptosis) and favour(s) tumour develop-
ment. Thereafter, bcl-2 downregulation and/or
beclin-1 upregulation concur(s) to the hyper-induc-
tion of autophagy, which confers an advantage to the
tumour cells enabling them to survive in spite of the
high cellular density and the low supply of
nutrients. These cells are, however, unable to cope
with an additional stress such as that provoked by
the chemotherapeutic drug. Cells in which autop-
hagy is basally upregulated may succumb in
response to drugs that either over stimulate or, by
contrary, totally inhibit autophagy. The following
observations give support to our hypothesis: (1)
rapamycin is a natural inhibitor of the kinase mTOR
(mammalian target of rapamycin), which normally
represses autophagy. In a phase II clinical trial, the
rapamycin derivative temsirolimus revealed signifi-
cant clinical activity in patients with relapsed
mantle cell lymphoma.40 This drug was shown to
hyper-induce autophagy and to elicit synergistic
anti-tumour effect with vorinostat at low doses in
mantle cell lymphoma cells;41 (2) chloroquine is a
well-known lysosomotropic anti-malarial drug that
impairs intralysosomal proteolysis by alkalinizing
the vacuolar pH. In myc-overexpressing transgenic
mice that model human Burkitt’s lymphoma, chloro-
quine administration prevented the development
of myc-induced lymphomas by killing precancerous
B lymphocytes through a p53-dependent and cas-
pase-independent death pathway.42 Chloroquine-
induced autophagy, yet chronic administration
eventually impaired the degradation of autophago-
cytosed material and resulted in cell death of
premalignant myc-overexpressing B cells.42 Thus,
autophagy elicits a pro-survival function as long as

the lysosome is able to clear the incoming autopha-
gocytosed material, whereas it switches to a pro-
death function if the digestive properties of lyso-
somes are compromised. Yet another investigation
has shown that inhibition of autophagy by chlor-
oquine enhances the pro-apoptotic effects of the
histone deacetylase suberoylanide hydroxamic acid
in primary chronic myelogenous leukaemia cells
from patients clinically refractory to imatinib.43

Interestingly, the pro-death synergism between
these two drugs was associated with disruption
of lysosomal membrane integrity and cathepsin
D-mediated degradation of thioredoxin, a key reg-
ulator of cellular redox status.43 These findings
underscore the complexity of the role(s) of autophagy
in anticancer drug response, which likely depend on
the actual level of autophagy in the cell and the
cytotoxic mechanism of the therapeutic drug.

In conclusion, our data clearly show for the first
time a significant correlation of beclin-1 aggregates
with autophagy in non-Hodgkin lymphoma cells,
and with a favourable clinical outcome in chemo-
therapy-treated patients. The present findings out-
line the relevance of autophagy proteins as potential
targets for the treatment of this heterogeneous group
of cancer. Therefore, the introduction of autophagy-
enhancer drugs in the chemotherapy cocktail should
improve the chance to cure non-Hodgkin lympho-
ma. Beclin-1-independent pathways of autophagy
are being elucidated.39 We suggest that in non-
Hodgkin lymphomas not expressing beclin-1 the
chemotherapy regimen should include drugs able to
induce beclin-1-independent autophagy. Finally, the
data here reported show that the immunohisto-
chemical detection of beclin-1 (and of LC3) in non-
Hodgkin lymphoma has a great prognostic potential.
In the future, we plan to extend our analysis to a
larger cohort of patients, including other types of
lymphoma such as mantle cell lymphoma and
Hodgkin lymphoma.

Acknowledgements

This work was supported by grants from Regione
Piemonte (Ricerca Sanitaria Finalizzata), Fonda-
zione Cassa di Risparmio di Torino (Torino, Italy)
and Lega Italiana Lotta contro i Tumouri (Novara,
Italy). CP was supported with a fellowship from
Associazione per la Ricerca Medica Hyppocrates-
Rhazi (Novara, Italy). The authors are grateful to
Drs E Bartoli, G Gaidano, G Avanzi and A Bertoncelli
for their kind permission to analyze the clinical
files of the patients. The microscopy bio-imaging
facility is sponsored by Comoli-Ferrari & C. SpA
(Novara, Italy).

Disclosure/conflict of interest

The authors declare no conflict of interest.

Beclin, autophagy, prognosis in non-Hodgkin lymphoma

948 G Nicotra et al

Modern Pathology (2010) 23, 937–950



References

1 Gao X, Zacharek A, Salkowski A, et al. Los of
heterozygosity of the BRCA1 and other loci on
chromosome 17q in human prostate cancer. Cancer
Res 1995;55:1002–1005.
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