
Antineoplastic effects of liposomal short interfering
RNA treatment targeting BLIMP1/PRDM1 in primary
effusion lymphoma  

RNA interference (RNAi) has been suggested to repre-
sent a promising therapeutic approach in different disease
settings. Primary effusion lymphoma (PEL) is a plas-
mablastic lymphoma consistently expressing B lympho-
cyte-induced maturation protein 1 (Blimp-1), a pivotal
transcriptional regulator during terminal differentiation
of B cells into plasma cells. Here we report, for the first
time, that transient knockdown of the BLIMP1 gene (also
known as PR Domain Containing 1 with ZNF Domain,
or PRDM1) using small interfering RNA (siRNA) deliv-
ered by liposomes, induced remarkable killing in PEL cell
lines. Furthermore, in a murine model of PEL, significant-
ly prolonged survival was achieved by intraperitoneal
treatment with such anti-BLIMP1 lipoplexes, while no
vector-induced toxicity was observed. This effective and
safe RNAi strategy, based on liposomal siRNA targeting a
master transcription factor of post-germinal center B
cells, may indeed be a potential treatment against plas-
mablastic lymphoma.

Over the last decade, after the discovery of RNAi as a
useful experimental tool for selective gene silencing, the
possibility of harnessing siRNA also in disease treatment
has been increasingly investigated.1-4 With regard to can-
cer treatment, several preclinical studies have shown
promising therapeutic potential associated with siRNA-
mediated down-regulation of different tumor-relevant
genes, both in solid neoplasms and hematologic malig-
nancies. However, clinical applications of RNAi seem to
be dependent on the use of optimal delivery systems. To
date, while there are still safety concerns regarding
siRNA-expressing viral vectors, the use of liposomal car-
riers has been suggested to be a safe and effective option,
protecting siRNA from rapid degradation after adminis-
tration, as well as efficiently delivering them into target
cells.3,4 Recently, two clinical trials have provided major
proof of concept for cationic liposome-mediated RNAi
therapy, targeting abnormal genes implicated in
transthyretin amyloidosis and hypercholesterolemia.5,6

PEL is an aggressive B-cell lymphoma, characterized by
a plasma cell-like gene expression profile,7 driven by
human herpesvirus-8/Kaposi sarcoma associated her-
pesvirus (HHV8/KSHV). PEL typically arises in serous
body cavities of immunocompromised patients (mainly
those infected with human immunodeficiency virus) or
elderly subjects; it is manifested by pleural or peritoneal
malignant effusions and has a poor prognosis.8 Indeed, it
is often not feasible to administer standard chemothera-
py or systemic antivirals (e.g. Cidofovir) to such fragile
patients, who frequently have comorbidities and
impaired organ function, and novel therapeutic strategies
are, therefore, required for PEL. Interestingly, Godfrey et
al. first proposed an RNAi-based approach to treat PEL,
showing effective PEL inhibition in vitro and in vivo by
lentiviral vectors encoding short hairpin RNA able to
knockdown HHV8/KSHV-associated oncogenes.9 Aiming
to expand RNAi strategies for PEL treatment, we previ-
ously tested different lipid-based nanocarriers for their
ability to target PEL cell lines efficiently.10-12 In the present
work, we investigated the in vitro and in vivo antineoplas-
tic activity associated with liposomal siRNA-mediated
knockdown of the BLIMP1/PRDM1 gene, which encodes
Blimp-1, a transcription factor considered a crucial regu-
lator of the transcriptional network in post-germinal cen-

ter B-cell stages.
For in vitro experiments, PEL cell lines (BCBL-1, HBL-6

and CRO-AP/3) were cultured in fetal calf serum-supple-
mented RPMI 1640 medium, as described elsewhere,13,14

and were treated with siRNA against BLIMP1/PRDM1
(siRNA sequences in the Online Supplementary Information)
complexed with liposomes to form anti-BLIMP1 siRNA
lipoplexes (formulated and characterized as previously
described).10-12 The same liposomes, either loaded with
scrambled oligonucleotides (i.e. mock siRNA, commer-
cially provided together with validated siRNA) or empty
(vehicle), as well as free anti-BLIMP1 siRNA without a
vehicle, were used as negative controls. PEL viability and
cell concentration were assessed daily by staining with
annexin V/propidium iodide (Miltenyi Biotech, Bergisch
Gladbach, Germany), in accordance with the manufactur-
er’s instructions, and by using an AcT8 automated cell
counter (Beckman Coulter Inc., Brea, CA, USA), respec-
tively. Caspase-3 activity was assayed (Calbiochem,
EMD Biosciences, San Diego, CA, USA) as previously
reported,15 to detect the activation of the apoptotic path-
way. The cell cycle was analyzed using a commercial
BrdU/7-AAD assay (BD Biosciences, San Jose, CA, USA),
according to the manufacturer’s instructions.
Quantitative real-time polymerase chain reaction and
western blot assays were performed, as previously
described,15 to evaluate mRNA levels and protein expres-
sion, respectively, for Blimp-1 and other relevant B-cell
transcription factors. 

To investigate putative antineoplastic effects associated
with BLIMP1 silencing in PEL and, at the same time, to
define the most suitable carriers for such RNAi therapy,
we preliminarily performed a screening set of in vitro
experiments (data not shown), using different lipid-based
formulations to deliver anti-BLIMP1 siRNA (50-200 nM)
into PEL cell lines, and then we tested PEL viability at 24,
48 and 72 h after treatment, by using the annexin V/pro-
pidium iodide assay. Compared with controls, most for-
mulations of anti-BLIMP1 siRNA-lipid lipoplexes were
able to cause increased cell death in all PEL cell lines test-
ed. In particular, we found that a single treatment with
anti-BLIMP1 siRNA (100 nM), delivered by dioleoyl
trimethylammonium propane (DOTAP) liposomes (i.e.
anti-BLIMP1 siRNA/DOTAP lipoplexes, 1:100 molar
ratio; mean encapsulation efficiency 85%, mean diameter
402±31 nm, polydispersivity index 0.13±0.02, ζ-potential
19±1 mV; transfection efficiency 60-80%), induced the
most remarkable and consistent reduction of PEL viabili-
ty and cellularity, while only mild toxicity was associated
with the use of empty DOTAP liposomes (10 mM) (Figure
1, and Online Supplementary Figures S1 and S2). Of note,
at 48 and 72 h after such treatment, we observed a mean
decrease in PEL viability of 83% and 95%, as well as a
mean cell loss equal to 79% and 91% of the number of
cells treated, respectively (Figure 1A,B). All these results
were statistically significant when compared with related
controls (ANOVA test, P<0.001). In line with these find-
ings, activation of caspase-3 (Online Supplementary Figure
S3) and accumulation in the sub-G1 phase (data not
shown) were detected in PEL cells treated with anti-
BLIMP1 siRNA/DOTAP lipoplexes, without evidence of
cell-cycle arrest in G1 or G2 phase (no increase of either
G1/S or G2/S ratios between treated cells and controls),
thus suggesting that Blimp-1 inhibition induced apoptosis
directly rather than having a cytostatic effect. In parallel,
the effective knockdown of BLIMP1 after liposomal
siRNA treatment was confirmed by quantitative real-
time polymerase chain reaction analysis and western blot
assays, showing a specific decrease in BLIMP1 transcrip-
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tion levels and protein expression, respectively (Figure
1C,D), while no consistent modifications of other rele-
vant B-cell transcription factors (namely BCL6, PAX5 and
CIITA3; data not shown) were observed. Taken together,
these findings demonstrate that transient silencing of
BLIMP1 by liposomal siRNA is sufficient to rapidly
induce PEL killing, revealing that this transcription factor
is strictly required for PEL survival. Interestingly, our data
are in agreement with the results of an in vitro study on
multiple myeloma, reporting that the infection of myelo-

ma cell lines with lentiviral vectors expressing anti-
BLIMP1 short hairpin RNA may directly cause tumor
apoptosis, without triggering a process of de-differentia-
tion or reprogramming the molecular network of neo-
plastic plasma cells.15

We next tested the therapeutic potential of anti-
BLIMP1 siRNA/DOTAP lipoplexes in vivo, using a previ-
ously described PEL xenograft murine model.14 Briefly, 24
severe combined immunodeficiency (SCID)/CB17 mice
were intraperitoneally (i.p.) injected with 25x106 CRO-
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Figure 1. In vitro antineoplastic
effect of BLIMP1 silencing by anti-
BLIMP1 siRNA/DOTAP lipoplexes.
(A) Proportion of viable PEL cells
(BCBL-1) after treatment with
DOTAP liposomes delivering anti-
BLIMP1 siRNA (i.e. anti-BLIMP1
siRNA/DOTAP lipoplexes), empty
DOTAP liposomes, mock
siRNA/DOTAP lipoplexes, or free
anti- BLIMP1 siRNA (without vehicle)
as assessed by annexin V-propidium
iodide assay at three different time-
points. Results are expressed as rel-
ative percentages, calculated on
viable cell fractions detected in
untreated cells at the same time-
points (% viability in treated cells / %
viability in untreated cells, x 100).
Data represent mean values of three
independent experiments, per-
formed in triplicate wells for each
condition. Error bars represent stan-
dard error (SE) of the mean. Similar
data were obtained with HBL-6 and
CRO-AP/3 cells (Online
Supplementary Figures S1 and S2,
respectively). (B) Modifications in
PEL cellularity over time, after treat-
ments as in panel A. Results are
expressed as fold variations of the
density of PEL cells at day 0. Data
represent mean values obtained in
three independent experiments, per-
formed in triplicate wells for each
condition. Error bars represent SE of
the mean. (C) Relative expression of
BLIMP1 transcripts was determined
by real-time reverse transcriptase
polymerase chain reaction in BCBL-
1 cells at 12, 24 and 36 h, after the
treatments indicated above. Data
are reported as mean ± SD. (D)
Western blot panel shows Blimp-1
protein expression at 48 h in
untreated BCBL-1 cells, in cells
exposed to empty DOTAP liposomes,
or treated with either anti-BLIMP1 or
mock siRNA/DOTAP lipoplexes.
After treatment with anti-BLIMP1
siRNA/DOTAP lipoplexes, the rela-
tive quantification of Blimp-1 protein
was reduced to 0.41, using untreat-
ed cells as the reference (Image Lab
5.1, Bio-Rad Laboratories, Hercules,
CA, USA). (E) Light microscopy (mag-
nification 200x) of BCBL-1 cells
shows marked cell death at 48 h
after treatment with anti-BLIMP1
siRNA/DOTAP lipoplexes (upper
panel), compared to cells treated
with empty DOTAP liposomes or
mock siRNA/DOTAP lipoplexes
(lower panels).
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AP/3 cells, and i.p. treated or mock–treated on days 1, 2
and 3 after tumor induction. Animals were divided into
three groups: one group received DOTAP liposomes
loaded with anti-BLIMP1 siRNA (1.2 nmol/mouse/day),
one control group received empty DOTAP liposomes and
another control group was untreated. Mice were moni-
tored daily for the development of ascites, by measuring
body weight gain and abdominal distension, and survival
studies were performed.14 This study was evaluated and
approved by the local ethical committee (CEASA, n.
66698/2012); as suggested, we minimized the number of
control groups.

Survival curves obtained in two independent experi-
ments are reported in Figure 2. All control, untreated
mice (8 of 8) and mock-treated animals (empty DOTAP
liposomes, 8 of 8) developed lymphomatous ascites and
were culled by day 23 and 27, respectively (median sur-
vival in both groups, 23 days). The treatment with anti-
BLIMP1 siRNA/DOTAP lipoplexes significantly increased
the overall survival time (median survival, 34 days) of
treated animals (log-rank test, anti-BLIMP1
siRNA/DOTAP lipoplexes versus empty DOTAP lipo-
somes, P=0.002), even if lethal lymphomatous ascites
eventually developed in all cases. These data indicate
that anti-BLIMP1 siRNA were able to exert marked anti-
tumor activity also in vivo, while DOTAP liposomes alone
were well tolerated and did not delay PEL growth. Here,
by using a “pre-emptive” treatment approach, which
indeed was likely to reduce the incipient, high
(25x106cells) tumor dose, we obtained prolonged survival
associated with long-lasting prevention of PEL out-
growth. As previously discussed,9 the treatment of full-
blown ascites in murine models of PEL remains a chal-
lenge, and will require more intensive therapy with anti-
BLIMP1 siRNA/DOTAP possibly in combination with
standard chemotherapy.

In conclusion, these preclinical observations provide
evidence that a safe liposomal siRNA treatment targeting
Blimp-1 may be effective against PEL, and, conceptually,
that silencing a master transcription factor of post-germi-

nal center B cells exerts remarkable antineoplastic activity
against a plasmablastic lymphoma. Thus, this work may
offer the rationale for testing such an approach in PEL
patients, as well as for exploring similar RNAi-based ther-
apy in other lymphoproliferative diseases. Additional
studies are warranted to address other interesting issues
of BLIMP1 inhibition, such as putative effects against nor-
mal plasma cells as well as on the HHV8/KSHV life cycle. 
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Figure 2. In vivo antineoplastic effect of
anti-BLIMP1 siRNA/DOTAP treatment.
Kaplan-Meier survival curves for CRO-
AP/3-injected SCID mice treated with
anti-BLIMP1 siRNA/DOTAP lipoplexes or
empty DOTAP liposomes, and for
untreated animals. Data were obtained
from two separate experiments of 12
animals each (4 mice per group).
BLIMP1 siRNA/DOTAP-treated mice
showed a statistically significant
increase in survival compared to control
mice (log-rank test, P=0.002).  

Days after PEL cell injection

untreated mice
control DOTAP liposome-treated mice
anti-BLIMP1 siRNA/DOTAP lipoplex-treated mice 
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