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rabbit anti-VEGF-C (Abcam), and rat anti-human CD20 (clone L26; Abcam). After washing in PBS,
sections were incubated with the appropriate secondary antibodies conjugated to AlexaFluor (AF)-488,
DyLight (DL)-549, or DL-649 (Jackson ImmunoResearch). The sections were mounted with mounting
medium with or without 4,6 diamidino-2-phenylindole (DAPI, Invitrogen) and analyzed with confocal
scanning microscopy using a DSU spinning-disk head mounted on an Olympus IX81 inverted
microscope with a Hamamatsu ORCA-R? camera. Images were analyzed using Slidebook 5.0
(Intelligent Imaging Innovations) and are shown as maximum intensity projections of the z-stacks. For
quantification of positive staining with the lymphatic marker LYVE-1 and the pan-endothelial marker
CD31, a minimum of six randomly chosen fields (10x magnification) of each tumor region (peri,
peripheral, and central region) were evaluated (22). For whole-mount staining, the fixed tissues were
washed and blocked with 0.3% Triton X-100, 3% donkey serum, 3% goat serum, and 3% BSA in PBS
and immunostained using the following primary antibodies: Syrian hamster anti-mouse podoplanin
(clone 8.1.1) and rat anti-CD20 (clone L26; Abcam). Goat F(ab')2 anti—Syrian hamster IgG conjugated

to DL-649 or donkey anti—rat IgG conjugated to DL-549 were used as secondary antibodies.

Histology and immunohistochemical staining

Paraffin-embedded tissue sections (5 Pm in thickness) were stained with hematoxylin and eosin
(H&E) or were immunohistochemically stained (IHC). IHC was performed as follows: sections were
deparaffinized and rehydrated, endogenous peroxidase activity was quenched with 3% H,O, for 10
minutes, antigen retrieval was performed using antigen unmasking solution (Vector Laboratories), and
nonspecific binding was blocked with non-specific protein block (Dako) for 1 hour. The slides were
incubated with primary antibody against podoplanin (clone D2-40; AngioBio), CD34 (Dako), or

VEGFR-3 (Dako) at 4°C overnight. After washing, sections were incubated with anti—Syrian hamster
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secondary antibody conjugated to horseradish peroxidase. Immunoreactivity was visualized using a

peroxidase-diaminobenzidine kit (Vector Laboratories).

Immunoblotting

Tumor tissue lysates were used. For immunoblotting, anti-podoplanin (clone 8.1.1), anti-Prox1
(Abcam), anti-VEGFR-2 (R&D Systems), anti-VEGFR-3 (R&D Systems), anti-CCL5 (Cell
Signaling), and anti-GAPDH (Cell Signaling) were each used at a dilution of 1:1000. Horseradish
peroxidase—conjugated anti-rabbit, anti—Syrian hamster, anti—goat, or anti-mouse secondary
antibodies (Jackson ImmunoResearch) were each used at a 1:5000 dilution. The membranes were

developed with SuperSignal West Pico Kit (Thermo Scientific).

Real-time PCR analysis

Total RNA was extracted from MCL xenografts or cultured Mino cells using RNeasy Plus Mini
Kit (Qiagen), according to the manufacturer’s instructions. Total RNA was reversely transcribed to
cDNA using SuperScriptll Reverse Transcriptase (Life Technologies) with oligo(dT),o primers. Real-
time PCR was carried out using RT” Fast SYBR Green Mastermix (SABiosciences) with specific
primer sets 5’-GCTGTCATCCTCATTGCTACTG-3’ and 5’-TGGTGTAGAAATACTCCTT
GATGTG-3’for human CCLS5 (Integrated DNA Technologies). Amplification and detection of mRNA
were performed using the CFX96 Real-Time Detection System (Bio-Rad) according to the
manufacturer’s instructions. To standardize mRNA concentrations, transcript levels of 18S RNA were
determined in parallel for each sample, and relative transcript levels were corrected by normalization

based on 18S transcripts.

Cell migration assay
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Mino cells were cultured in the presence or absence of 10 uM LEN for 3 days (23). Same amounts
of pre-treated Mino cells (5.4x10°/ml) were washed with Hank’s balanced salt solution and then
cultured with serum-free media for 24 hours. Conditioned media was collected and added to the lower
compartment of a transwell (5 pum pore size, Corning). 10° of starved murine macrophages, which were
isolated from bone marrow of NSG mice and maintained in RPMI1640 medium containing 20% FBS
and 10 ng/ml M-CSF (R&D Systems), were seeded in the upper compartment of a transwell. In some
experiments, a neutralizing antibody against CCLS5 or isotype control (16 pg/ml, R&D Systems) was
added to the conditioned media from sham-treated Mino cells. After 4 hours at 37°C, migrated

macrophages were stained and quantified.

Macrophage depletion

MCL tumor-bearing NSG mice were intravenously administered 100 pL plain liposomes (control)
or clodronate-encapsulated liposomes (clodroplip, FormuMax), which deplete
monocytes/macrophages, every 4 days for 16 days to determine whether macrophages are
indispensible for tumor lymphangiogenesis. The efficiency of macrophage depletion was measured
using flow cytometry of peripheral whole blood that had been stained with anti-CD115 (clone AFS98;

eBioscience) 5 days after initial administration of liposomes.

Statistical analysis

Statistical analysis was performed using Student’s t-test. Differences were considered statistically

significant at P < 0.05.

Results

MCL tumors exhibit abundant intratumor lymphatic vessels
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To explore the role of lymphatic vessels in MCL development, we characterized the lymphatic
vessel density of primary tumors from MCL patient samples and mouse MCL xenografts.
Immunostaining for VEGFR-3 and podoplanin, which are lymphatic vessel markers, revealed
abundant intratumor lymphatic vessels in human MCL samples (Fig. 1A).

To determine whether intratumor lymphatic vascular density correlates with MCL development,
we analyzed different regions (peri-tumor, peripheral and central tumor regions, Fig. 1B) of mouse
xenograft MCL tumors using antibodies to LYVE-1, podoplanin, and/or VEGFR-3, three lymphatic
vessel markers, and CD31, a pan-endothelial marker. Our results demonstrated that MCL tumors
contained increased number of LYVE-17, podoplanin®, and CD31'¥ lymphatic vessels in the peri- and
peripheral regions of the tumor (Fig. 1C-D and data not shown) in comparison with the lymphatic
vascular density in the negative controls (Supplementary Fig. S1A-B), which was the mantle zone of
normal non-reactive lymph nodes (24). The lymphatic vessels in the peripheral regions appeared to
have open lumens (Fig. 1C; Supplementary Fig. S1C). Most lymphatic vessels were found in the tumor
peripheral region (Fig. 1E), as measured by the depth of lymphatic vessel infiltration (25), and the

central region rarely had any lymphatic vessels.

LEN inhibits lymphangiogenesis in MCL

Clinical trials have shown that LEN has significant activities in MCL (6). However, whether
LEN inhibits lymphangiogenesis is unclear. Thus, we investigated whether LEN treatment affects
MCL tumor lymphangiogenesis in the mouse xenograft MCL model. We observed a dramatic
reduction in lymphatic vessel density (Fig. 1C-D) and lymphatic vessel depth of infiltration (Fig. 1C-
E) in LEN-treated tumors as compared with sham-treated tumors. To further corroborate the effects of
LEN on lymphangiogenesis in MCL, we examined the levels of lymphatic markers in MCL tumors

with immunoblotting. Consistent with reduced lymphatic vessel density in MCL tumors after LEN
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treatment, western blotting detected reduced levels of murine Prox-1, podoplanin, and VEGFR-3, three
lymphatic vessels associated proteins, in LEN-treated tumor samples as compared with sham-treated

samples (Fig. 1F).

LEN treatment inhibits tumor growth and dissemination in a xenograft mouse model of MCL
To determine whether LEN affects the progression of MCL in our MCL xenograft model, we
examined development of LEN- or sham-treated tumors. Gross morphological analysis revealed that
LEN treatment resulted in significant growth retardation of MCL xenografts as compared with the

sham-treated group (Fig. 2A-B).

To determine whether LEN affects MCL dissemination, we injected Mino cells into the inguinal
lymph nodal region (Fig. 2C) of NSG mice to determine whether the tumor cells spread to axillary
lymph nodes, which drain the inguinal region. Thirty-five days after tumor cell injection, gross
analysis revealed that axillary lymph nodes were significantly enlarged in sham-treated MCL tumor—
bearing mice (Fig. 2D). In contrast, few LEN-treated, MCL tumor—bearing mice had enlarged axillary
lymph nodes. Since the NSG mice do not have lymphocytes, the enlarged axillary lymph nodes in
sham-treated mice were primarily resulted from disseminated MCL cells and infiltrated inflammatory
cells as demonstrated by histology and immunofluorescence staining (Fig. 2E, F and Fig. 4B). In
contrast, few tumor cells were detected in the axillary lymph nodes of LEN-treated mice. In addition,
significantly more lung dissemination was found in sham-treated mice as compared with the LEN-
treated group. In the sham-treated group, MCL spreading was occasionally detected in the spleen and
rarely detected in other organs, such as the liver or gastrointestinal tract; it was not detected in these

organs in LEN-treated mice (Supplementary Fig. S2).
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LEN treatment results in non-functional tumor lymphangiogenesis

To determine the functionality of tumor lymphatic vessels, we first measured the uptake and
transport of intra-tumor—injected FITC-dextran by lymphatic vessels. Immunofluorescence staining
revealed that FITC-dextran—filled LYVE-1" lymphatic vessels were frequently found in the sham-
treated tumors. However, most lymphatic vessels did not contain FITC-dextran in LEN-treated tumors
(Fig. 3A-B). Confocal imaging analyses of MCL samples demonstrated that human CD20" tumor cells
were frequently found inside lymphatic vascular structures in sham-treated but rarely in LEN-treated
tumors (Fig. 3C-D). Together, these data support that LEN treatment results in non-functional tumor

lymphangiogenesis that likely inhibits tumor cell dissemination through lymphatic vessels.

LEN inhibits MCL spreading through lymphatic vessels

We observed that MCL inoculated in the inguinal lymph nodal region often disseminated into the
axillary lymph nodes (Fig. 2C-F). Lymphangiography performed with Evans blue dye demonstrated a
major lymphatic vessel draining the inguinal lymph nodal region into the axillary lymph nodes
(Supplementary Fig. S3). To test whether MCL cells spread through this lymphatic route, we injected
FITC-dextran into the interstitial space of MCL tumors that were developed after inoculation of Mino
cells in the inguinal lymph nodal region and then monitored the transport of the injected FITC-dextran.
We found that, in sham-treated mice, FITC-dextran injected into the MCL tumor filled in the draining
collecting lymphatic vessels that lead to the axillary lymph nodes; this did not occur in LEN-treated
mice (Fig. 3E; Supplementary Fig. S4A). In addition, immunostaining revealed that CD20" tumor cells
were within or associated with LYVE-1" tumor peripheral lymphatic vessels (Fig. 3F) and in the
lymphatic sinuses of axillary lymph nodes (Supplementary Fig. S4B) of sham-treated mice but were

rarely observed in these locations in LEN-treated, MCL tumor—bearing mice (Fig. 3F). Functional
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lymphangiography demonstrated an equivalent rate of transportation of the Evans blue dye through the
collecting lymphatic vessels in LEN-treated mice non-tumor bearing mice, compared with sham-
treated group (Supplementary Fig. S3). And no substantial change was observed in lymphatic vessel
density in the intestine, lung and skin of mice treated with LEN relative to sham-treated mice
(Supplementary Fig. S2). These results suggest that LEN treatment impairs functional tumor
lymphangiogenesis but not the function of pre-existing host lymphatic vessels. Collectively, these
results support that tumor lymphatic vessels serve as an important route for MCL tumor cell spreading

and that LEN inhibits this process.

LEN inhibits tumor lymphangiogenesis by decreasing the number of tumor-associated VEGF-C"
macrophages

To investigate the mechanisms by which LEN affects tumor lymphangiogenesis, we first examined
whether LEN affects the survival, proliferation, and motility of lymphatic endothelial cells, which are
essential for lymphangiogenesis. However, despite its multiple anti-tumor activities, LEN did not
affect these cellular activities of murine lymphatic endothelial cells in vitro (Supplementary Fig. S5).
Further analyses indicate that LEN did not significantly alter the expression of genes related to
lymphangiogenesis and immune cell trafficking, such as VEGFR1, VEGFR2, VEGFR3, E-selectin, P-
selectin, PSGL-1, PIGF-2, and VE-cadherin (15, 26, 27), in lymphatic endothelial cells
(Supplementary Fig. S6A). These results support that directly targeting lymphatic endothelial cells is
not a mechanism by which LEN inhibits MCL lymphangiogenesis.

Lymphangiogenic factor VEGF-C derived from tumor-associated macrophage and/or cancer cells
are essential for tumor lymphangiogenesis (28, 29). We found that VEGF-C was expressed in
macrophages but not in tumor cells in human MCL samples (28.6% =+ 2.6% of macrophages, Fig. 4A),

suggesting that macrophages may be critical for lymphangiogenesis in MCL. Consistent with this
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finding, mouse MCL xenografts also contained large numbers of VEGF-C" cells that co-localized with
the macrophage markers F4/80 and CD11b (Fig. 4B). In addition, we found that cultured Mino cells
did not express VEGF-C under either normal culture condition or after CoCl, treatment, which induces
hypoxic condition (Supplementary Fig. S7A). This suggests that tumor-associated macrophages, but
not tumor cells, are the major source of VEGF-C. LEN treatment resulted in reduced expression of
VEGF-C mRNA in the MCL xenografts (Supplementary Fig. S7A). Immunofluorescence staining
revealed that large numbers of F4/80°'CD11b"VEGF-C™ macrophages were detected in the peripheral
regions of sham-treated but not LEN-treated tumors (Fig. 4B-C; Supplementary Fig. S7B-C). These

results support that LEN attenuates VEGF-C expression by decreasing tumor-associated macrophages.

LEN inhibits the recruitment of tumor-associated macrophages

Infiltrated monocytes/macrophages play important roles in the promotion of tumor
angiogenesis/lymphangiogenesis (27, 30). We then asked how LEN inhibits tumor-infiltrating
macrophages. Initial semi-quantitative RT-PCR analysis demonstrated that LEN did not significantly
alter the expression of genes related to the recruitment of monocytes/macrophages in macrophages
(Supplementary Fig. S6B). Further analyses of sham- or LEN-treated primary bone marrow-derived
macrophages from NSG mice indicated that LEN did not directly affect the proliferation, survival, and
migration of macrophages either (Supplementary Fig. S8).

Tumor cells-derived factors such as chemokines, cytokines, and cytokine-like growth factors are
essential for the recruitment of monocytes/macrophages (30). To determine whether LEN inhibits the
potency of MCL tumor cells to attract macrophages, we performed a focused gene profiling analysis of
sham- or LEN-treated MCL xenograft samples using a human SABiosciences RT? Profiler'™ Array,
which contains 84 key genes central to recruitment and/or activation of immune cells (31-33). This

analysis revealed that chemokine CCLS5 was ranked on top of genes that were significantly
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downregulated in LEN-treated samples relative to sham-treated (Fig. 4D; Supplementary Fig. S6C).
We chose to focus on CCLS5 for in depth analysis since it is a key regulator for monocyte/macrophage
recruitment (34, 35). Quantification of CCL5 by real-time PCR and immunoblotting validated the gene
array result (Fig. 4D-E). Consistent with this, conditioned media collected from Mino cell cultured in
the presence of LEN significantly decreased the macrophage chemotaxis in a transwell cell migration
assay compared to media from sham-treated cells (Fig. 4F). Importantly, macrophage migration was
significantly reduced when exposed to Mino cell conditioned media containing a CCL5 neutralizing
antibody but not control IgG (Fig. 4G) (36). These data indicate that LEN inhibits tumor
lymphangiogenesis by reducing MCL cells from producing factors such as CCLS5 that are important for

attracting macrophages.

Clodronate liposome—mediated macrophage depletion inhibits tumor lymphangiogenesis and
retards MCL growth and spreading

If LEN decreases MCL lymphangiogenesis by inhibiting MCL recruitment of macrophages,
depleting macrophages would result in a similar anti-MCL effect. To test this, we depleted
monocyte/macrophages in MCL tumor—bearing mice with clodronate encapsulated in liposomes
(clodrolip) (37). Flow cytometric analysis of CD115, a monocyte/macrophage marker on peripheral
blood cells, demonstrated that clodrolip treatment resulted in an 86.5% reduction in CD115" cells (Fig.
5A). Consistent with this result, F4/80 staining in clodrolip-treated tumors demonstrated a significant
reduction in the number of tumor-associated macrophages, which was accompanied by reduced tumor
growth (Fig. 5SB-C; Supplementary Fig. S9). A significant impairment in the function and the number
of intratumor lymphatic vessels after clodrolip treatment was observed as compared with the control
group (Fig. 5D-F). Moreover, clodrolip-treated mice exhibited reduced spreading of MCL xenografts

into the axillary lymph nodes and lungs as compared with the control liposome treatment (Fig. 5G, H
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and data not shown). Together, these results indicate that clodrolip-mediated depletion of tumor-
associated macrophages significantly blocks functional tumor lymphangiogenesis and subsequently

impairs the growth and dissemination of MCL.

Discussion

Lymphangiogenesis during tumor growth and metastasis has been an emerging focus of vascular
biology in recent years (27). However, whether and how lymphatic vessels contribute to dissemination
of lymphoma remains unclear. Our study provides novel and definitive evidence to support that 1)
mantle cell lymphomas in preclinical models have heightened lymphangiogenesis compared to the
mantle zone of normal lymph nodes; 2) LEN attenuates lymphatic spreading by reducing functional
lymphangiogenesis; and 3) the anti-lymphangiogenic mechanisms of LEN are, at least partly, mediated
by reducing the number of tumor-infiltrating macrophages and their production of VEGF-C. To our
knowledge, this is the first report on the novel therapeutic anti-lymphangiogenic mechanism of LEN in
lymphoma and highlights the potential pathogenic role of lymphangiogenesis in lymphoma
progression and dissemination.

Anti-lymphangiogenic agents may have therapeutic potential in a variety of malignancy types.
Currently, anti-lymphatic strategies target primarily the signaling induced by VEGF-C and its receptor,
VEGFR-3. A VEGFR-3—targeting monoclonal antibody, IMC-3CS5, has recently entered phase I
clinical trials for patients with advanced solid tumors that are refractory to standard therapy or for
which no standard therapy is available (15). Blocking antibodies to neuropilin-2, a co-receptor for
VEGF-C, have also shown efficacy in reducing lymphangiogenesis and lung metastasis in animal
models (38, 39). LEN (Revlimid™), a derivative of thalidomide, was initially introduced as a
treatment for multiple myeloma. Either alone or in combination with other drugs such as rituximab,

dexamethasone, and bortezomib, LEN has proven effective in the treatment of MCL in clinical trials
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(3, 40, 41). Therefore, it has recently been approved by the FDA for the treatment of patients with
relapsed or refractory MCL despite the fact that it may potentially induce secondary cancers such as
Hodgkin's lymphoma (42, 43). These anti-tumor effects of LEN have been largely attributed to its
cytotoxicity directly to MCL cell growth (10, 13). Our study provides an additional mechanism of
actions for LEN. We show novel evidence supporting that LEN attenuates tumor growth and lymphatic
metastasis by reducing functional tumor lymphangiogenesis without affecting pre-existing host
lymphatic vasculature. LEN inhibits lymphangiogenesis at the early stage of MCL development
(Supplementary Fig. S10), supporting that LEN-mediated reduction of lymphangiogenesis results in
suppression of MCL growth and metastasis. In addition to potent inhibition of lymphangiogenesis,
LEN treatment causes non-functional angiogenesis in our MCL mouse model (Supplementary Fig.
S11), which is consistent with the data from a recent phase II clinical study (44). Therefore, the anti-
lymphangiogenesis and anti-angiogenesis effects of LEN may synergistically contribute to its
inhibition of MCL growth and spreading.

Current knowledge regarding whether and how lymphatic vessels contribute to metastasis of MCL
is limited. The presence and significance of intratumoral lymphatic vessels has been a controversial
subject (14, 22, 45, 46). In this study, we identified intratumor lymphatic vessels in peripheral regions
of samples from both patients and mice with MCL. These vessels appeared to have open lumens and
contain tumor cells. The intratumor lymphatic vessels in the mouse MCL xenografts were functional as
shown with FITC-dextran lymphangiography. In addition, we observed MCL tumor cells in the
lymphatic vessels that surround the primary tumor and in the axillary lymph nodes of sham-treated
mice. However, tumor cells were not detected in these vessels in LEN-treated mice. These results
suggest that increased intratumor functional lymphangiogenesis contributes to tumor cell spreading
along draining lymphatic vessels to the adjacent lymph nodes and that blocking this process

contributes to the mechanisms of the anti-MCL action of LEN.
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The tumor microenvironment influences neoplastic progression and growth (32). Non-tumor

stromal and infiltrating immune cells, including lymphoma-associated macrophages, have been
recognized as important adverse prognostic factors (31, 33). Consistent with this, we detected high
numbers of lymphoma-associated macrophages in MCL. The CD11b" macrophage subset is known to
produce large amounts of VEGF-C, which is important for lymphangiogenesis (17). Importantly, LEN
treatment reduced the recruitment of tumor-infiltrating macrophages primarily at the tumor peripheral
region where tumor lymphangiogenesis is active. Depletion of macrophages reduced tumor growth and
metastasis. These results reveal a novel mechanism of action for LEN in MCL treatment and support

the importance of the tumor microenvironment in MCL progression.
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Figure Legends
Figure 1. MCL tumors exhibit abundant intratumor lymphatic vessels, and LEN decreases
lymphangiogenesis in MCL. A. Immunohistochemical analysis of two lymphatic markers,
VEGFR-3 and podoplanin (PDPN), and a blood vessel marker, CD34, in human MCL patient
samples. The black arrow indicates an intratumor lymphatic vessel. The white arrow indicates
a blood vessel. B. Schematic diagram showing different tumor regions. C.
Immunofluorescence staining for PDPN, LYVE-1, and CD31 in sections of sham- and LEN-
treated murine MCL tumors. Images were taken from peripheral regions of the tumor. White
arrow indicates a LYVE-1*, PDPN*, and CD31"°" lymphatic vessel with an open lumen. D.
Quantification of LYVE-1*, CD31" lymphatic vessels. Data represent the mean + SEM (n =
20). *P < 0.05. E. Quantification of the depth of infiltrated lymphatic vessels. The depths were
calculated as the distance from the tumor-host interface to the innermost lymphatic vessels.
Data represent the mean + SD (n = 20). ***P < 0.001. F. Immunoblots of Prox-1, PDPN,
VEGFR-2, and VEGFR-3 in sham- and LEN-treated mouse MCL tumors. GAPDH is an

internal control. Data represent two experiments. Scale bars, 100 pm.

Figure 2. LEN treatment inhibits MCL growth and dissemination. A. The tumor volume of
Mino cell-derived MCL mouse xenografts in NSG mice was measured at different times and
is presented as the mean + SEM (n = 10). Scale bar, 10 mm. B. Tumors were weighed at
harvest, and data are presented as the mean + SD (n = 10). C. Schematic diagram showing
inguinal lymph node, collecting lymphatic vessel, and axillary lymph node in mouse skin flaps.
The yellow circle indicates the site of MCL xenograft. Green arrow shows the direction of
lymphatic flow. D. Images and diameters of axillary lymph nodes. Data represent the mean +

SD (n = 10). Scale bar, 5 mm. E. H&E and immunostaining of the human B-cell marker,

22

Downloaded from cancerres.aacrjournals.org on April 25, 2018. © 2013 American Association for Cancer Research.


http://cancerres.aacrjournals.org/

Author Manuscript Published OnlineFirst on October 24, 2013; DOI: 10.1158/0008-5472.CAN-13-0750
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

CAN-13-0750R1
CD20, in sections of axillary lymph nodes from sham- and LEN-treated mice. Scale bars, 100
um. F. Quantification of disseminated CD20" Mino cells in the axillary lymph nodes using
ImageJ. The relative staining density was calculated by comparing CD20" areas per 10x field
of LEN-treated samples with those of sham-treated samples. Data represent three

independent experiments (Mean + SEM, n=10, *P < 0.05).

Figure 3. LEN treatment results in non-functional tumor lymphatic vessels. A. MCL tumors
immunostained for LYVE-1 and podoplanin (PDPN). The tumor tissues were collected 45
minutes after intratumor injection of FITC-dextran. Arrow indicates a FITC-dextran—filled
lymphatic vessel. B. Percent of lymphatic vessels filled with FITC-dextran per 20x field in
MCL tumors. Data represent the mean + SEM (n = 6). C. Representative three-dimensional
confocal images from sham- and LEN-treated tumor sections (1 mm in thickness)
immunostained for lymphatic markers LYVE-1 and PDPN and MCL tumor marker CD20.
Arrow indicates a tumor cell-containing lymphatic vessel. D. Percent of tumor cell-containing
lymphatic vessels in MCL tumors. Data represent the mean + SEM (n = 6). Scale bars, 50
pum. *P < 0.05. E. Two hours after intratumor injection of FITC-dextran, fluorescence analysis
of a whole-mount skin flap showed that the FITC-dextran was present in the collecting
lymphatic vessel (arrowheads) of sham-treated, but not LEN-treated mice. Arrow marks the
direction of lymph flow. Scale bar, 2 mm. F. Reconstructed 3-dimenstional confocal images of

PDPN" lymphatic vessels surrounding MCL xenografts. Scale bar, 50 ym.

Figure 4. MCL tumors contain VEGF-C—expressing macrophages and LEN reduces the
number of tumor-associated macrophages. A. Immunofluorescent staining of CD68, a
macrophage marker, and VEGF-C in human MCL tumor sections. Arrows indicate VEGF-C”,

CD68" macrophages. Scale bar, 100 um. B. Immunofluorescent staining of VEGF-C and
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macrophage markers F4/80 and CD11b in the peripheral regions of sham- and LEN-treated
mouse MCL tumors. Arrow indicates a VEGF-C* macrophage. Scale bar, 100 ym. C. F4/807,
VEGF-C*, and CD11b" macrophages were quantified in randomly selected areas from the
tumor peripheral regions. Data represent the mean + SD (n = 6, *P < 0.05). D. Expression of
human CCL5 in MCL tumor cells was analyzed by real-time PCR. Results represent relative
units after normalized to the expression of 18S RNA. Data represent the mean + SEM (n = 3,
***P < 0.001) from three independent experiments. E. Immunoblot analysis of human CCL5
levels in MCL tumor cells. GAPDH is an internal control. Data are representative of three
experiments. F. Macrophage migration measured in response to Mino cell conditioned media
(CM) with or without LEN treatment using a transwell assay. Results represent the mean +
SD (n = 9) from three independent experiments. **P < 0.01. G. Macrophage migration in
response to sham-treated Mino cell conditioned media with a neutralizing antibody against
CCLS5 or isotype IgG (control). Results represent the mean + SD (n = 9) from three

independent experiments. *P < 0.05.

Figure 5. Clodrolip reduces the number of tumor-associated macrophages, inhibits tumor
lymphangiogenesis, and impairs MCL growth and dissemination. A. Flow cytometry of
CD115" monocytes/macrophages in the peripheral blood from control liposome— (control) or
clodrolip-treated mice bearing MCL tumors. Data represent the mean + SD (n = 3). B.
Quantification of F4/80" cells from the peripheral regions of tumors. Data represent the mean
+ SD (n = 6). C. Volume of MCL tumors. Data represent the mean + SD (n = 6). D.
Lymphangiography of whole-mount skin flaps showed that the FITC-dextran was present in
the collecting lymphatic vessel (arrows) of control-treated but not clodrolip-treated mice.

Scale bar, 2 mm. E-F. Representative immunostaining images and quantification of LYVE-1"
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lymphatic vessels and infiltration depths in MCL xenografts treated with control liposomes or
clodrolip. Scale bar, 100 um. Lymphatic vessel density was determined from at least six
representative images from each tumor. Data represent the mean + SD (n = 6). G. Gross
analysis of axillary lymph nodes in control liposome— and clodrolip-treated mice bearing MCL
tumors. Red circles highlight the axillary lymph node region. Scale bar, 5 mm.
Immunofluorescence staining for human CD20 and murine LYVE-1 of axillary lymph node
sections. Scale bar, 100 um. H. Quantification of disseminated CD20" Mino cells in the
axillary lymph nodes (n=6). Relative CD20" positive staining density was presented as Mean

+ SD values (n=6). *P < 0.05.
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