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Figure 5. For figure legend please see page 454.
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saline or basic cell culture media. Washing medium from the last 
supernatant was used as control. LMPs were characterized with 
annexin V staining by fluorescence-activated cell sorting (FACS) 
analysis. The concentrations of LMPs were determined using 
the Bio-Rad protein assay. For fluorescent DiI labelled LMPs  
(DiI-LMPs), DiI was added to CEM T cells 24 hours (h) before 
actinomycin D treatment.

proangiogenic and progrowth response under pathophysiological 
conditions. In these settings, enhanced generation of LMPs may 
counterbalance endogenous and exogenous VEGF signals, but it 
does not exclude the possibility that LMPs modulate other pro-
angiogenic factors such as keratinocyte-derived chemokine, basic 
fibroblast growth factor (bFGF), etc. Although our study impli-
cates LDLR in the uptake of LMPs, the components of LMPs 
involved in triggering this process, as well as the specific receptors 
and subsequent events mediating LMPs antitumor effects remain 
to be elucidated.

Materials and Methods

Antibodies and reagents. VEGF-A rabbit polyclonal anti-
body, LDLR antibody (sc-11824), mouse LDLR silenc-
ing RNA (siRNA; sc-35803) and scramble siRNA (Santa 
Cruz Biotechnology, CA); Actinomycin D, 3-(4,5-dimethyl 
thiazol-2yl)-2,5-diphenyl tetrazolium bromide (MTT) and 
TRITC-lectin (Sigma Aldrich); [3H]-thymidine (Amersham, 
Mississauga, Ontario, Canada); optimal cutting temperature 
(OCT) medium (Sakura Finetek, Torrance, CA); vybrant 
apoptosis assay kit, fluorescent microbeads (1 µm) and 
1,1'-dioctadecyl-3,3,3'3'-tetramethylindocarbocyanine (DiI; 
Molecular Probes, Eugene, OR, USA); mouse VEGF-A ELISA 
(RayBiotech, Inc., Norcross, GA).

Cell culture and production of LMPs. Mouse LLC cells 
(LLC1, CRL-1642) were purchased from ATCC (Manassas, 
USA) and cultured in Dulbecco’s Modified Eagle’s Medium 
(DMEM; Gibco BRL, Long Island, NY) supplemented with 
10% FBS, 100 units/mL penicillin and 100 µg/mL streptomycin. 
LMPs were generated and characterized as described previously.3 
Briefly, CEM T cells were treated with 0.5 µg/ml actinomycin 
D for 24 h, and a supernatant was obtained by centrifugation at 
750 g for 15 min and then at 1,500 g for 5 min to remove cells 
and large debris. MPs from the supernatant were washed after 
three centrifugation steps (50 min at 12,000 g) and recovered in 

Figure 5 (See opposite page). Influence of LDLR on the uptake of LMPs into LLC cells. (A) Representative fluorescent images of DiI-LMPs uptake into 
LLC cells. Photos were taken after LLC cells were incubated with 20 µg/mL DiI-LMPs at different time points (10x and 40x magnification in upper and 
lower parts, respectively). (B) Uptake of DiI-LMPs into LLC cells was evaluated by spectrofluorometry and presented as mean fluorescent intensity 
(MFI). (C) Efficiency of LDLR downregulation via siRNA in LLC cells. LDLR protein expression was determined by western blot in LLC cells transfected 
with or without siRNA-LDLR and (D) presented as percentage of control (scramble siRNA). (E and F) Incubation of DiI-LMPs with LLC cells transfected 
with siRNA-LDLR for 24 h. Fluorescence intensity of DiI-LMPs was assessed in intact cells (E) and in membrane or cytosolic fractions (F) and expressed 
as a percentage of control (scramble siRNA). *p < 0.05, *p < 0.01 vs. control.

Figure 6. Interfering LMPs effect by LDLR. (A) LLC cells were transfected 
with siRNA-LDLR subsequent to treatment with LMPs (20 µg/mL). 
VEGF-A protein expression was determined by western blot analysis 
and normalized to β-actin. Values are presented relative to control 
(scramble siRNA without LMPs treatment). (B) Data are presented as 
means ± SEM. #p < 0.05 vs. scramble siRNA + LMPs, ***p < 0.001 vs. 
scramble siRNA. (C) Cell viability was assessed in LLC cells transfected 
with siRNA-LDLR and treated with 20 µg/mL LMPs for 24 h. Data are pre-
sented as percentage of control (scramble siRNA). #p < 0.05 vs. control 
+ LMPs. (D) Cell viability was assessed in LLC cells preincubated with 
15 µg/mL LDLR antibody followed by LMPs treatment (20 µg/mL, 24 h). 
Data are presented as percentage of control. #p < 0.05 vs. LMPs, ***p < 
0.001 vs. CTL.
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serum starved for 4 h and proliferation was inhibited by add-
ing 10 µg/mL mitomycin C for 30 min. Next, coverslips were 
carefully removed, washed with fresh media and transferred into 
a 12-well plate containing 10 ng/mL VEGF in the presence or 
absence of 10 µg/mL LMPs. Images were captured after 36 h and 
72 h using an Axiovert 200M inverted microscope (Zeiss). After 
72 h, coverslips were removed and the proportion of migrated 
cells quantified by MTT assay.

Apoptosis and DNA fragmentation analysis. LLC cells were 
treated with indicated concentrations of LMPs for 24 h, followed 
by incubation with reagents from the Vybrant Apoptosis Assay 
Kit. Apoptosis was determined by flow cytometry according to 
the manufacturer’s protocol and expressed as the percentage of 
apoptotic cells relative to the total number of cells per condition. 
For the DNA fragmentation assay, LLC cells were seeded at 60% 
confluence, incubated with 20 µg/mL LMPs and harvested after 
24 h. DNA was isolated as described.43 DNA fragmentation was 
assessed by resolving 20 µg DNA per sample. Electrophoresis was 
performed on a 1.6% agarose gel containing ethidium bromide 
and visualized with a UV illuminator.

Downregulation of LDLR with siRNA. LLC cells were 
grown to 50% confluence and transfected using Lipofectamine 
2,000 with scrambled siRNA or sequence-specific siRNA target-
ing LDLR (Santa Cruz Biotechnology); 40 nM siRNA-LDLR 
showed 60% knock-down efficiency, therefore this concentration 
was used in subsequent DiI-LMPs uptake experiments.

Uptake of DiI-labelled LMPs (DiI-LMPs) into LLC cells. 
LLC cells (60 x 103) were seeded onto 12-well plates with cov-
erslips. The following day, cells were incubated with 20 µg/
mL DiI-LMPs for indicated time periods. After treatment, 
one set of cells was fixed and nuclei were counterstained with 
DAPI (1:3,000, 5 min). Bound or ingested cells were detected 
by red fluorescence and observed using a Nikon eclipse E800 
epifluorescent microscope with Nikon digital camera DXM 
1200. Photos were taken at 10x and 40x magnification. A sec-
ond set of cells was collected for spectrofluorometer readings 
(SPECTRAmaxGEMINI XS, Molecular Devices) and the 
mean fluorescent intensity (MFI) was determined. To investi-
gate whether LDLR mediated the uptake of LMPs, 20 µg/mL 
DiI-LMPs were added to LLCs transfected with siRNA-LDLR 
for 24 h. DiI fluorescence intensity was then measured in intact 
cells and in membrane and cytosolic fractions. Cytosolic and 
membrane fractions were prepared from a protein extraction kit 
according to the manufacturer’s instructions (ZmTech Scientific 
Company, Montreal, Canada).

Western blot analysis. Protein extraction from cells and west-
ern blots was performed as previously described3,44 using 40 µg 
total protein and anti-VEGF-A (1:200), anti-LDLR antibody 
(1:200) or anti-β-actin (1:50,000) antibodies. Proteins were 
visualized using the ECL western blotting detection system 
(Perkin Elmer) and quantified via densitometry (Image-Pro Plus 
software, ver. 4.1; Media Cybernetics, Silver Spring, MD).

Statistical analysis. All experiments were repeated at least three 
times and values are presented as mean ± SEM. Statistical analy-
sis was performed using Prism software (GraphPad Software, San 
Diego, CA). Data were analyzed by one-way ANOVA followed by 

Tumor growth and treatment in LLC-bearing mice. Six-
week old female C57BL/6 mice were purchased from Charles 
River (St-Constant, Quebec, Canada) and used according to 
a protocol approved by the Animal Care Committee of the 
Research Center of CHU Sainte-Justine. Mice were housed in 
a room maintained at 25 ± 1°C with 55% relative humidity 
and given food and water ad libitum. After 3 days, mice were 
anesthetized and used in 2 independent experiments. In the first 
experiment, mice were randomly selected to receive subcutane-
ous (s.c.) injections of 0.5 x 106 LLC cells (in 50 µL PBS) (con-
trol group) or 0.5 x 106 LLC cells plus 50 µg LMPs (treatment 
group) on the right flank. After 10 days, mice were sacrificed 
and primary tumors collected and weighed. In a second exper-
iment, mice were s.c. inoculated with 0.5 x 106 LLC cells on 
the right flank. One week later, mice were randomly grouped 
to receive intratumoral injection: control group—50 µL PBS; 
treatment group—2.5 mg/kg LMPs (in 50 µL PBS) every 2 days 
for 4 consecutive injections. Mice were sacrificed 15 days post-
LLC inoculation; locally growing tumors were separated from 
skin and muscles, weighed and snap frozen in liquid nitrogen. 
During and after each treatment, mice were observed ≥3 times 
weekly for signs of toxicity (lethargy, bloating, ruffling of fur).

Analysis of tumor vasculature. Tumors were fixed with para-
formaldehyde, embedded in OCT medium and sectioned (∼15 µm 
thick) with a cryostat (Microm International, HM500 O). Sections 
were fixed in cold (-20oC) methanol for 10 minutes. After 2 washes 
(1% PBS-Triton), sections were blocked (1% PBS-Triton/3% BSA) 
and incubated overnight with the microvascular specific marker—
TRITC-conjugated lectin (1:100 in 0.1% PBS-Triton/3% 
BSA/4oC). Sections were then washed with 0.1% PBS-Triton (3 
times), counterstained with DAPI and visualized by epifluores-
cent microscopy. Microvessel density was defined as the number 
of TRITC-lectin microvessels per 200X field. Vessel counts were 
determined using Image-Pro Plus 4.5 software;41,42 average counts 
from 3 different fields was used for statistical evaluation.

Quantification of VEGF-A in tumor and LLC cell lysates. 
Quantification of VEGF-A in tumor supernatants, LLC cultur-
ing medium and LCC cell lysates was achieved using commercial 
VEGF-A ELISA kits according to the manufacturer’s instruc-
tions. Tumor supernatants were obtained by mincing fresh fro-
zen tumor tissue followed by centrifugation at 400 g (10 min). 
LLC culture media and cell lysates were obtained from LLC cells 
treated with 20 µg/mL LMPs for 24 h. VEGF-A levels were nor-
malized to protein concentrations.

Cell viability and proliferation assays. Cells at approximately 
60% confluence were incubated for 24 h with vehicle or the indi-
cated concentrations of LMPs. Cell viability was estimated by 
mitochondrial-dependent reduction of MTT as described previ-
ously.3 LLC cell proliferation was evaluated by [3H]-thymidine 
incorporation assay. Briefly, 4 x 104 LLC cells were plated into 
24-well plates, serum starved (24 h) and thereafter cultured in 
complete medium containing different concentrations of LMPs 
for an additional 24 h.

Cell migration assay. Cell migration was determined using 
a coverslip border migration assay.3 Briefly, 0.5 x 106 LLC cells 
were seeded onto 12 mm coverslips in a 24-well plate. Cells were 
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post-hoc Bonferroni tests for comparison among means. Student’s 
t-test was used to assess the differences between control and treat-
ment groups. Statistical significance was set at p < 0.05.
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