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HPV16 Tumor Associated Macrophages Suppress Antitumor
T Cell Responses
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Abstract

Purpose: High-risk human papillomavirus (HPV) is the main etiologic factor for cervical cancer.
The severity of HPV-associated cervical lesions has been correlated to the number of infiltrating
macrophages. The objective of this work is to characterize the role of tumor-associated macrophages (TAM) on the immune cellular response against the tumor.
Experimental Design: We used the HPV16 E6- and E7-expressingTC-1mouse tumor model to
study the effect ofTAM onT-cell function in vitro, and depletedTAM, using clodronate-containing
liposomes, to characterize its role in vivo.
Results: TAM, characterized by the positive expression of CD45, F4/80, and CD11b, formed the
major population of infiltrating tumor cells. TAM displayed high basal Arginase I activity, producing interleukin-10 (IL-10); they were resistant to iNOSII activity induction, therefore reversion to
M1 phenotype, when stimulated in vitro with lipopolysaccharide/IFNg, indicating an M2 phentoype. In cultures of isolated TAM, TAM induced regulatory phenotype, characterized by IL-10
and Foxp3 expression, and inhibited proliferation of CD8 lymphocytes. In vivo, depletion of TAM
inhibited tumor growth and stimulated the infiltration of tumors by HPV16 E749-57-specific CD8
lymphocytes, whereas depletion of Gr1+ tumor-associated cells had no effect.
Conclusions: M2-like macrophages infiltrate HPV16-associated tumors causing suppression of
antitumorT-cell response, thus facilitating tumor growth. Depletion or phenotype alteration of this
population should be considered in immunotherapy strategies.

Human papillomavirus (HPV), the main etiologic factor for
cervical cancer, is detected in 99.7% of the tumor cases (1).
Epidemiologic evidence shows that HPV is the causal agent in a
significant percentage of other genital tumors (2). HPV16, the
most prevalent type, is present in 50% of cervical tumors
throughout the world (2). Although most women clear the
infection within two years, some sustain persistent infection,
which correlates with increased risk of cancer development
(3, 4). Cancer is the final step of a long natural history preceded
by the infection itself, infection persistence, and integration of
the viral genome (5, 6).
Persistent infection requires immune tolerance, and HPV,
mainly via the E6 and E7 oncoproteins, has evolved several
evasion mechanisms such as absence of inflammation (7 – 12),
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production of regulatory cytokines (i.e. transforming growth
factor h; ref. 8), disruption of IFN type I – responsive pathways
(9, 10), and down-regulation of TLR9 expression (11). The
immune responses of the host against HPV antigens eliminate
most of the infections and promote lesion regression, probably
through a CD4 Th1 response against the proteins E2, E6, and
E7 (13). Interestingly, women bearing HPV-associated tumors
not only have weak CD4 responses (13, 14), but also display
regulatory ones from lymphocytes stimulated with HPV
antigens (15). In addition, a positive correlation was found
between the number of CD68+ macrophages in cervical disease
and lesion grade (16, 17). Increasing evidence indicates that
tumor-associated macrophages (TAM) and other myeloidderived cells have important roles in tumor progression in
several models (18 – 21). These myeloid cells secrete regulatory
cytokines such as interleukin 10 (IL-10) and transforming
growth factor h, have high Arginase I activity, and induce a
regulatory phenotype or cell death on lymphocytes (18, 19).
On the other hand, M1 macrophages exhibit cytotoxic function
and are involved in antitumor activity either directly (22, 23) or
by activation of natural killer and T cells (24).
In the present study, we investigated the role of macrophages
in HPV16-induced tumors using the E6/E7-expressing TC-1
tumor model (25 – 28). Complementary methods were used to
show that CD45+CD11b+F4/80+/ArginaseI+IL10+ M2 macrophages (TAM) are the main population of immune cells
infiltrating TC-1 tumors. Depletion of this population using
clodronate-containing liposomes inhibits tumor growth, and
enhances tumor-specific CD8 T-cell responses. Our results
clearly indicate that TAM facilitate tumor growth by inhibiting
antitumor T-cell function.

4391

Clin Cancer Res 2009;15(13) July 1, 2009

Downloaded from clincancerres.aacrjournals.org on June 13, 2021. © 2009 American Association for Cancer
Research.

Cancer Therapy: Preclinical

Flow cytometry
Single cell suspensions were stained with different antibodies
(indicated in each figure) after blocking with anti-CD16/CD32 at 0.5
ug/106 cells for 15 min. All cell cytometry acquisition and analyses
were done in a FACScalibur, using the CellQuest software (BD
Biosciences).

Translational Relevance
Increasing evidence has indicated that tumor-associated
macrophages promote tumor growth by inducing angiogenesis or by suppressing antitumorT-cell responses. In human papillomavirus (HPV)-associated cervical lesions,
increasing numbers of infiltrating macrophages correlate
with higher-grade lesions. The main proteins mediating immune evasion and tumor growth in HPV-associated tumors
are the oncoproteins E6 and E7. In this work we used a tumor model that expresses both E6 and E7 proteins from
HPV16 to characterize the tumor-infiltrating macrophage
population. We observed that these cells have an M2-like
profile and that they induce a regulatory phenotype in
Tcells and inhibit antigen-driven lymphoproliferation.
We used clodronate-containing liposomes to deplete
these macrophages from tumors in mice, both before and
after tumor establishment, and observed increased antitumor responses and tumor growth inhibition. Depletion, via
local liposome application or manipulation of this population, should be considered in immunotherapy against HPVassociated lesions.

Immunohistochemistry and immunofluorescence
Acetone/methanol (2:1 v/v)-fixed 5-Am cryosections were blocked
with 5% fetal bovine serum in PBS, together with, when necessary,
1 mg/mL rat IgG and 0.5 Ag/mL anti-CD16/CD32 for 30 min at room
temperature prior to incubation with primary antibodies. The ABC
Vectastain kit (Vector Laboratories) was used for immunohistochemistry, followed by Mayer’s hematoxylin counterstaining and slide
mounting in Permount (Fisher Scientific). For fluorescence, fluorochrome-conjugated antibodies were incubated for 30 min after blocking. Tetramers were incubated overnight at 4jC. Tissue was
counterstained with 4’6-diamidino2-phenylindole (Sigma-Aldrich).
Slides were mounted with Prolong (Invitrogen). Images were obtained
with an IX70 Olympus fluorescence microscope (Olympus, Corp.), a
DP70 Olympus camera, using its own software.
For ArginaseI and iNOSII immunocytochemistry, cells seeded in Labteks were fixed in buffered 4% formaldehyde, permeabilized with 0.1%
Triton X100, 5% fetal bovine serum in PBS, and treated as above.

Materials and Methods
Cell line, mice, and reagents
The TC-1 cell line was kindly donated by Dr. TC Wu, John Hopkins,
Baltimore (25). Cells were maintained in 10% FCS in RPMI supplemented with 400 Ag/mL neomicin at 37jC and 5% CO2 atmosphere. For
mouse injections, 105 cells were suspended in 100 AL of 0.5 mmol/L
MgCl2, 1 mmol/L CaCl2 PBS. All mice were injected with 105 cells s.c. in
the right dorsal flank.
C57Black/6 mice were maintained in specific pathogen-free conditions, with 12 h light/dark cycles. All procedures using mice were
approved by the Ethical Animal Care and Use Committee, Fundação
Antônio Prudente (Project 018/07).
Disodium clodronate (Rhodia Pharma) was used without further
purification. Egg phosphatidylcholine was prepared as described (29).
Cholesterol (Sigma-Aldrich) was recrystallized from methanol/acetate.
Mouse recombinant IFNg was from Peprotech, and lipopolysaccharide
(LPS; Escherichia coli endotoxin serotype 0111:B4; Sigma-Aldrich) was
kindly donated by Dr. Adriana A. Dias, Fundação Antônio Prudente
(Brazil). Carboxyfluorescein diacetate succinimidyl ester and propidium iodide were from Invitrogen. PE-conjugated Kd HPV16E749-57 and
irrelevant tetramers were provided by Dr. Philippe Guillaume and Dr.
Immanuel Luescher (Ludwig Institute for Cancer Research, Switzerland). The antibodies, with the respective clones in parentheses, used
throughout this work were CD3e (145-2C11), CD4 (GK1.5), CD8 (536.7), F4/80 (6F12), Gr1 (RB6-8C5), CD16/32 (2.4G2), CD19 (1D3),
CD45 (30-F11), TCRgy (GL3), IFNg (XMG1.1), Arginase I (19), and
iNOSII (6) from BD Biosciences; F4/80 (BM8) and Foxp3 (FJK-16s)
from eBiosciences; CD11b (M1/70) from R&D Systems; and IL-10
(JES5-16E3) from Miltenyi Biotec.
Cell preparations
All cell preparations were made using 1 Hanks’ solution with 15
mmol/L HEPES pH 7.4, 0.5 U/mL DNase (Worthington) and 5% fetal
bovine serum. Spleen suspensions were obtained by tissue dissociation
through a 70-Am metal mesh and red cell lyses in hypotonic buffer.
Tumor suspensions were obtained by digestion of minced tissue with
0.5 mg/mL collagenase I, in a Thermomixer (Eppendorf). Cell viability
in the final suspensions was between 90% and 95%.
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Cell sorting
Cells were stained for flow cytometry and sorted either in a
FACSCalibur or using magnetic beads conjugated with antibodies
against the fluorochrome EasySep system (Stem Cell Technologies). In
general, we obtained 98% viable cells with at least 95% purity. For
fluorescence-activated cell sorting, we used propidium iodide staining
for dead cell exclusion.
Arginase and iNOSII activity
Arginase activity assay in total cell lysates was done as previously
described (30). For iNOSII activity, cells were seeded in 96-well culture
dishes in 10% RPMI and incubated at 37jC for 2 h. Adherent cells were
treated with 100 U/mL IFNg (Peprotech) and 10 ng/mL LPS for 12 h.
Supernatants were then harvested for nitrite detection by Griess test
(31). Aliquots of cell lysates were used for protein quantification by the
Bradford assay (BioRad; ref. 32).
Mouse immunization
Mice were immunized with three doses of 100 Ag of purified HPV16
E7 recombinant protein or three doses (25 Ag each) of purified HPV16
E648-57 and E749-57 peptides (kindly provided by Dr. Maria Juliano,
Universidade Federal de São Paulo, Brazil) at days 0, 15, and 45. One
hundred micrograms of oligonucleotide 1826ODN was used as
adjuvant. The E7 recombinant protein was expressed from a construction of HPV16 E7 complete gene in the pET28a system in BL21 bacteria
after 24 h induction with 1 mmol/L isopropyl-h-D-thiogalactopyranoside. The recombinant protein was purified with the His-trap FF system
(GE Healthcare) according to the manufacturer’s instructions. Eluted
fractions were analyzed for E7 expression by Western blotting, using a
specific anti-E7 antibody (Invitrogen).
T cell functional assays
T cells from lymph nodes from HPV16 E7-immunized C57B/6 mice
were cocultured with CD11b+ splenocytes or CD45+ cells from TC-1
tumors in a 4 lymphocyte:1 myeloid cell proportion. HPV16 E7 protein
(10 ug/mL) was used as antigen. For cytokine staining we used the
GolgiStop Fixation/Permeabilization kit following the manufacturer’s
instructions (BD Biosciences); Foxp3 staining was done in fixed and
permeabilized cells; for apoptosis detection we used FITC-conjugated
Annexin V (University of São Paulo). Carboxyfluorescein diacetate
succinimidyl ester – labeled T cells were used in lymphoproliferation
studies with total adherent splenocytes as antigen-presenting cells.
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Fig. 1. TC-1tumor infiltrate characterization. A, left panels, immunohistochemistry of tumor cryosections showing localization of total leukocytes (CD45), myeloid cells
(CD11b and Gr1), macrophages (F4/80), and Tcells (CD3). Dotted lines highlight the tumor/capsule border, except the F4/80 panel, where we chose a central area to
exemplify this population distribution. IgG, isotype control. Magnification 200. Scale bar, 100 Am. Right graph, total tumor cell suspension flow cytometry analysis from
tumors harvested 2 to 3 wk post ^ TC-1injection. Cells were stained with antibodies against the indicated markers; 30,000 events were acquired per sample. Results represent
the average of 10 mice. B, arginase and iNOS activities (graphs) and expression (right panels) in sorted cell lysates or cell supernatants from naI« ve and tumor-bearing mice.
Horizontal axis, peritoneal macrophages (pM) and tumor isolated macrophages (TAM); +, treatment with 100 ng/ml LPS/100 U/ml IFNg for 16 h. Results are the average of
cells harvested from at least six mice. Significant differences are indicated by * (treated  untreated pM) and ** (treated TAM and pM). Micrographs represent Arginase I and
iNOSII expression in CD45+ sorted fromTC-1tumors. Positive controls are resident peritoneal macrophages stimulated as described in C and D (IFNg/LPS-treated pM).
Magnification 400. Scale bar, 50 Am. C and D, cell cytometry analysis. C, CD86 expression in tumor (tM) and peritoneal macrophages (pM), stimulated (arrows) as
described in B. D, IL-10 expression in CD45+ tumor isolated cells. Controls are cells incubated with isotype antibody, 10,000 events were acquired per sample.

Liposome preparation
Clodronate was entrapped in liposomes by ether injection as
described (33). Typically, 0.5 mL of an ethereal solution containing
50 mg phosphatidylcholine, and 8 mg cholesterol were injected (0.2
mL/min) into 5 mL of a 50 mmol/L clodronate aqueous solution
maintained at 42jC. The ethereal solution was injected with a syringe
adapted in a KD Scientific Inc. Model KDS120 Push-Pull Pump,
equipped with a fine-gauge needle (No 3D). During injection, an N2
stream was bubbled into the clodronate solution, which continued after
liposome formation until removal of residual solvent. The liposome
suspension was centrifuged at 22800 g for 30 min (Hitachi Himac
CR20B2 centrifuge; Hitachi Ltd.) at 25jC. The liposome-containing
pellet was washed twice, by centrifugation under the same conditions,
in saline solution. All the times saline is mentioned in the text it is a
0.9% (w/v) NaCl solution. The final pellet was resuspended in 2 mL of

www.aacrjournals.org

saline solution and filtered through a 0.8 Am polycarbonate membrane.
Clodronate concentration in aqueous phase was determined as
described (34). Phosphatidylcholine concentration was determined as
described (35). Typically, the final phosphatidylcholine and clodronate
concentrations in the liposomes were 10 mmol/L and 0.5 mmol/L,
respectively. The yield of entrapped clodronate was about 1% of the
initial quantity added, 60 Ag per mL of preparation.
Clodronate-containing liposome treatment and tumor growth
kinetics
Depletion of macrophages before tumor growth. Mice were injected
i.p. with 200 AL of liposome preparation (12 Ag of clodronate), 24 h later
injected s.c. with a mix of 105 TC-1 cells and 100 AL of liposome
preparation (6 Ag of clodronate), and 7 d later with another 100 AL dose
of liposome preparation near the tumor cell injection site.
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Fig. 2. Flow cytometry analysis of spleen cell populations. Nucleated single cell
suspensions from spleens of naI« ve (white bars) or tumor-bearing mice (gray bars)
were stained with antibodies against the indicated cell markers. A, comparison of
myeloid and Tcell populations; results are the average of 10 mice. Significant
differences are indicated by P values in the graph; 30,000 events per sample were
acquired. B, expression of M-CSFR in subsets of CD11b+Gr1+ population. Cells
were stained with anti-CD11b, Gr1and M-CSFR; Gr1hi and Gr1int populations were
gated separately for M-CSFR expression analyzes. Significant differences are
indicated (t-test); 50,000 events per sample were acquired.

Depletion of macrophages after tumor establishment. TC-1 cells (105)
were injected s.c. in the dorsal flank of mice. When the tumors were
palpable (3-4 mm in the largest diameter), the mice received two doses
of 100 AL each of liposome preparation with a 1-wk interval, near the
tumor site. One week later the tumors were harvested for analysis.
Statistical analysis
Tumor growth kinetics experiments were tested by the MannWhitney U-test and by Student’s t-test, when comparing groups at
specific time points. All other experiments were tested by Student’s ttest, comparing data between two groups. In all cases, P < 0.05 was
considered significant.

Results
CD45 +CD11b+F4/80 +ArginaseI + macrophages are the main population infiltrating TC-1 tumors. Two to three weeks after
inoculation of TC-1 cells, immunohistochemical analysis
showed tumor infiltration by F4/80+, CD11b+, and/or Gr1+
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leukocytes, whereas CD3+ lymphocytes were rarely found
(Fig. 1A, micrographs). The CD45+ leukocyte population
represented 13.5 F 3% of all cells in the tumor (Fig. 1A, right
panel). CD11b+F4/80+ macrophages (TAM) were predominant
(11 F 1.7% of all tumor cells), whereas CD11b+Gr1+ macrophages corresponded to 2.12 F 1% of all cells in the tumor
(Fig. 1A). Notably, the CD11b+F4/80+ tumor-associated macrophages were actually infiltrating the TC-1 tumor cell nests and
were seen all over the tumor area (Fig. 1A; F4/80, micrograph
representing the central tumor area), whereas Gr1+ cells were
concentrated in the capsule and tumor periphery (Fig. 1A; Gr1,
arrows).
Both CD45+ and CD45+F4/80+ cells were characterized after
sorting from TC-1 tumors. TAM were either immediately lysed
to measure Arginase activity or stimulated with 100 U/mL
IFNg/100 ng/mL LPS to activate iNOS. TAM Arginase activity
was higher than that of nonstimulated peritoneal macrophages
(pM) and similar to the activity of in vitro – activated peritoneal
macrophages (pM+; Fig. 1B, left panel). The CD45-negative
tumor cell population (tumor) displayed very low Arginase
activity (Fig. 1B, left panel). TAM did not display iNOS
activity even after activation with 100 U/mL IFNg/10 ng/mL
LPS (Fig. 1B, middle panel). In contrast, peritoneal macrophages
harvested from either tumor-bearing or naBve mice displayed an
8-fold increase in iNOS activity after stimulation (Fig. 1B, middle
panel). Immunocytofluorescence assays confirmed that unstimulated TAM expressed Arginase I and did not express iNOSII
(Fig. 1B, right panels). The controls for antibody reactions were
activated peritoneal macrophages as described above (Fig. 1B,
right panels). Stimulation of TAM with IFNg/LPS did not induce
CD86 expression (Fig. 1C; arrows, LPS/IFNg treated cells), and
IL-10 was expressed independently of stimulation, as measured
by intracellular staining (Fig. 1D). Collectively, these data
indicate that the main population of HPV16-associated TC-1
tumor-infiltrating immune cells are M2-like macrophages,
resistant to IFNg/LPS treatment. This finding corroborates
previous data in other types of tumors (36 – 38).
Myeloid populations are expanded in the spleen of tumorbearing mice. The spleens of tumor-bearing mice were hypercellular, with 127.5 F 10.75 million nucleated cells, compared
with naBve mice with 70 F 8 million nucleated cells. There was
a 2-fold increase in the numbers of CD11b+Gr1+ and
CD11b+F4/80+ populations in tumor-bearing mice, whereas
the percentage of T cells was somewhat decreased (Fig. 2A).
Within the CD11b+Gr1+ population, the Gr1int represents
myeloid-derived cells and Gr1hi granulocytes (39). We observed
expansion of both subsets, and still within these, higher
number of cells expressing MCSF-R, a suppressor marker
(39), in splenocytes tumor-beating mice (Fig. 2B). Altogether
our data suggest that the outgrowth of HPV16+ TC-1 tumors
results in the expansion and infiltration of macrophage
populations that, according to their phenotypes, are potential
suppressors of T-cell function.
Myeloid cells from HPV16-associated tumor model TC-1 induce
regulatory phenotype on T cells. In other tumor models,
myeloid populations expanded in tumors are able to induce
regulatory phenotype on T cells, suppressing the antitumor
response (19, 40).
The immunomodulatory capacity of myeloid cells in TC-1
tumor – bearing mice was evaluated in vitro. Sorted CD45+ TAM
as well as CD11b+ and Gr1+ splenocytes, pulsed with
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recombinant E7 protein, were antigen-presenting cells. Lymph
node – derived lymphocytes from HPV16 E7 – immunized mice
were the responder cells. CD11b+ splenocytes from naBve mice
were used as controls. Upon stimulation of responder cells with
control CD11b+ cells, 10% of the CD4 T cells and 14% of the
CD8 cells produced IFNg (Fig. 3A; upper panels, CD11bN), and
no IL-10 expression induction was observed (Fig. 3A; lower
panels, CD11bN). CD11b+ cells from tumor-bearing mice

efficiently induced IFNg production by CD4 and CD8 T cells
(Fig. 3A; upper panels, CD11bT), although with a significant
decrease in their capacity to stimulate IFNg by CD8 T cells
(8.7 F 1%; Fig. 3A; CD11bT, right upper panel). The percentage of
IFNg-producing lymphocytes in cocultures with Gr1+ cells was
similar to that of the nonstimulated control samples (Fig. 3A;
upper panels, Gr1T). Lymphocytes incubated with TAM were
virtually negative for IFNg expression (Fig. 3A, upper panels). In

Fig. 3. Effect of myeloid populations onT-cell functions. A, B, and D, abscissas indicate antigen-presenting populations: CD11b+ splenocytes from naI« ve (CD11bN) or tumor
bearing mice (CD11bT), Gr1+ splenocytes of tumor-bearing mice (Gr1T), or CD45+ TC-1isolated tumor cells (TAM) loaded with 50 Ag of E7 recombinant protein; control are
unloaded cells. A, ordinates indicate percentages of CD4 and CD8 lymphocytes expressing IFNg or IL-10, as indicated on the top of each graph, measured by flow cytometry.
B, coexpression of IL-10 and Foxp3 on CD8 lymphocytes measuredby intracellular staining and flow cytometry analysis. C, lymphoproliferation measured by carboxyfluorescein
diacetate succinimidyl ester dilution in responder cells stimulated with15 Ag of E749-57 peptide (pep) or with 0.5 Ag/mL anti-CD3 and anti-CD28 (Ab). D, CD8 apoptosis rate
in cocultures as previously described and measured byAnnexinV binding and flow cytometry analysis where 50,000 events gated on lymphocyte population were acquired.
*, significant differences between each population and the naI« ve control; **, significant differences between the populations and unstimulated control.
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Fig. 4. Effects of CL treatment onTC-1tumors. A, tumor growth kinetics in mice treated as indicated: Saline (0.9% w/v NaCl), Clodronate, indicated dose diluted in saline;
SL, saline containing liposomes; CL, clodronate containing liposomes, indicated doses. Data represent the average of 10 mice per group. Significant differences between
CL-treated mice and other groups was P < 0.0001by Mann-Whitney U test. B and C, flow cytometry analysis and immunofluorescence of tumor infiltrate (results are the
average of six mice). B, myeloid population phenotype and significant differences are indicated in the graph. C, upper panel, lymphocyte populations in total tumor cell
suspensions. All differences between SL and CL were significant, except for the B cell population. Lower panels, immunofluorescence for CD3 in tumor cryosections. Tissue
sections were counterstained with 4’6-diamidino2-phenylindole. Magnification 600 (40 objective, plus 1.5 in the microscope). D, immunofluorescence for CD8 and
tetramers in cryosections of tumors. Sections were stained with FITC-conjugated anti-CD8 and the indicated tetramers conjugated to PE. 4’6-diamidino2-phenylindole was
used for counterstaining. Arrows, double positive cells. This experiment is representative of three independent ones. Magnification 400. Scale bars, 50 Am.

contrast, E7-specific CD4 T cells (4 F 1.5%) and CD8 T cells
(26.18 F 2%) produced IL-10 upon stimulation with E7-pulsed
TAM (Fig. 3A, lower panels). In addition, CD11b+ and Gr1+ cells
derived from tumor-bearing animals significantly stimulated IL10 production in CD4 and CD8 lymphocytes when compared
with controls (Fig. 3A; lower panels, CD11bT and Gr1T). In view
of the IL-10 production by CD8 lymphocytes, reminiscent of
CD8 regulatory T cells (41), we analyzed the expression of Foxp3
in this T cell population. Simultaneous expression of IL-10 and
Foxp3 was found in 2.4% of CD8 T cells stimulated with TAM

Clin Cancer Res 2009;15(13) July 1, 2009

and in 3.8% of CD8 T cells stimulated with CD11b+ splenocytes
from tumor-bearing mice (CD11bT; Fig. 3B).
The immunomodulatory capacity of myeloid cells in tumorbearing mice on antigen-specific – driven lymphoproliferation
was tested. There was a 40% reduction in proliferation in
response to E7 when T cells were stimulated in the presence of
splenocytes from tumor-bearing mice (Fig. 3C). This reduction
may be related to enhanced apoptosis as we detected a 2.4-fold
higher apoptosis rate in CD8 lymphocytes incubated with
CD11b+ cells from tumor-bearing mice when compared with
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CD11b+ cells from naBve mice (Fig. 3D; tumor and naBve,
respectively). Apoptosis was not measured in cocultures with
TAM, because the latter displayed a high background when
probed with Annexin V. Overall, these results indicate that TAM
and splenic myeloid cells from tumor-bearing mice suppress
CD4 and CD8 T-cell responses by inducing a regulatory
phenotype in these cell populations and by lowering their
proliferative capacity, possibly by inducing apoptosis.
Macrophage depletion delays HPV16-associated tumor growth
and allows tumor infiltration by lymphocytes. Modulation of
activity of myeloid-derived cells or TAM may reduce tumor
growth and stimulate antitumor T cell responses (24, 42).
We evaluated the role of TAM in vivo by depletion with
clodronate-containing liposomes (CL; ref. 43). Clodronate
reacts with ATP generating methylene containing ATP analogs,

Fig. 5. Effect of CL treatment on spleen populations. A, flow cytometry analysis of
nucleated single cells from spleens of naI« ve, CL-treated, and LS-treated mice.
Cells were stained for the indicated markers; 30,000 events per sample were
acquired. Results are the average of data obtained from six mice. *, significant
difference (t-test). B, detection of E7 specific population in the spleen. CD8
splenocytes were incubated with PE-conjugated tetramers HPV16 E749-57 or loaded
with an irrelevant peptide and analyzed by flow cytometry. Left panels, cells stained
with E7 peptide loaded tetramers; right panels, with an irrelevant peptide. CL,
clodronate liposomes; SL, saline liposomes ^ treated mice.

www.aacrjournals.org

which induces cell death if accumulated in the cell cytoplasm
(44). CL did not affect the viability of TC-1 tumor cells in vitro
or in vivo (Supplementary Fig. S1). Macrophages were depleted
by an i.p. injection of CL 24 hours before the s.c. injection of
105 TC-1 cells and another dose of liposomes. One week later,
the mice received a peritumoral s.c. dose of CL (Fig. 4A).
Control mice were treated with saline, clodronate in aqueous
solution, or saline-containing liposomes (SL). In CL-treated
mice palpable tumors were detected one week after the last
treatment dose (Fig. 4A). The differences in tumor growth
kinetics between CL-treated mice and controls were highly
significant (P = 0.0001 by Mann-Whitney; P = 0.001 by
Student’s t-test comparing CL-treated mice against any other
group, at each kinetic time point). Furthermore, a robust
change in tumor infiltrate was observed in CL-treated mice as
compared with SL treatment. In CL-treated mice TAM
represented 2.6 F 1% of the total tumor cells, whereas in SLtreated mice, these cells represented 11.1 F 3.3% of the total
tumor population (Fig. 4B). No difference in the tumorassociated CD11b+Gr1+ population was observed between
treatments (Fig. 4B). CL treatment resulted in an increase of
tumor infiltration by lymphocytes: 2.8% of CD4 lymphocytes,
1.8% of CD8 lymphocytes, and 1% TCRgy T cells related to
total tumor cells (Fig. 4C, upper panel). In contrast, lymphocyte
infiltration was <0.5% of the tumor cells in control-treated
mice. Immunofluorescence of tumor cryosections stained with
anti-CD3 revealed a similar pattern (Fig. 4C, lower panels,
arrows). As TC-1 presents the dominant MHC class I – restricted
CTL epitope HPV16 E7, we assessed whether CL treatment also
enhanced tumor infiltration by HPV16 E749-57-specific C8 T
cells. In tumor cryosections stained with anti-CD8 and MHC-I
E749-57tetramer, E7-specific CD8 T cells were detected only
when mice were treated with CL (Fig. 4D, left panels, arrows).
We did not observe binding of irrelevant tetramer to the tumor
tissue (Fig. 4D).
In addition, the effect of liposome treatment on spleen
populations was investigated. At one week after treatment,
when tumors became palpable but were very small, the mice
treated with CL displayed a significant reduction of both the
CD11b+F4/80+ and CD11b+Gr1+ cells in their spleen when
compared with SL-treated mice (Fig. 5A). Simultaneously, an
expansion of MHC-I E749-57tetramer-positive CD8 T cell
population was observed (Fig. 5B). Notably, when tumors
grew larger, we failed to detect E7-specific CD8 T cells in the
spleen; however, they were still detected in the tumors of these
CL-treated mice, suggesting that they were attracted to the
growing tumor.
Macrophage depletion was also investigated in mice with
established tumors. Mice were treated with two doses of CL with
a one-week interval, and one week later, tumor size and infiltrate
were analyzed as described before. Similar to what we observed
when macrophages were depleted before tumor challenge, the
tumors of CL-treated mice were significantly smaller than in
control mice (Fig. 6A), and displayed a significant decrease in
TAM (Fig. 6B) and an increase towards detectable numbers of
tumor-specific CD8 lymphocytes (Fig. 6C, solid arrows). Tumorisolated TAM displayed no basal iNOS activity (not shown) and
decreased Arginase activity (Fig. 6D).
As CL treatment affected the F4/80+ TAM population, we
assessed the contribution of Gr1+ cells by depletion with
functional anti-Gr1 antibody. Mice were treated with an i.v.
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Fig. 6. Effect of CL treatment on established tumors. A, tumor volume after harvesting. Results are the average of five mice per group. B, total tumor cell suspensions stained
with anti-CD45, anti-F4/80, and anti-CD11b, and analyzed by flow cytometry; 30,000 events per sample were acquired. Results are the average of five mice; significance
is indicated. C, immunofluorescence of a tumor cryosection from a CL-treated mouse stained with FITC-conjugated anti-CD8 (solid arrows) and PE/Cy5.5 conjugated
anti-F4/80 (open arrows), cell nuclei are stained with 4’6-diamidino2-phenylindole. D, arginase activity in sorted TAM. pM, untreated; pM+, 100 U/mL IFNg/100 ng/mL LPS
treated peritoneal macrophages. CL and SL tumor macrophages from mice treated with clodronate and saline liposomes, respectively. CD45- tumor cells. Results are the
average of three mice.

dose of 100 Ag of anti-Gr1 or irrelevant IgG and 24 hours later
injected with TC-1 cells. Subsequently, the mice received
another three doses of 50 Ag of antibody, with an interval of
four days between doses (Supplementary Fig. S2A). No differences in tumor volume were observed between anti-Gr1 and
IgG-treated mice when the experiment was terminated 16 days
post – TC-1 injection. Gr1+ depletion was effective, as can be
evidenced by the staining of cryosections of tumors showing
few Gr1+ cells in the anti-Gr1+ – treated group, whereas Gr1+
cells were distributed as expected, in the capsule and most
external areas of the tumor, in control-treated mice (Supplementary Fig. S2B, arrows). These results suggest that the
CD11b+Gr1+ macrophage population infiltrating TC-1 tumors
was not as significant for tumor growth as TAM.

Discussion
TAM constitute a link between the innate and adaptative
responses influenced by the tumor microenvironment (21). As

Clin Cancer Res 2009;15(13) July 1, 2009

macrophages, other myeloid-derived cell populations present in
tumors may cause tolerance towards tumor antigens, for example,
by inducing specific regulatory T-cell responses (18, 19, 45). Here
we have shown that the TC-1 tumor model, transformed by
HPV16 E6 and E7 proteins, is infiltrated by a large number of
TAM, an M2-like macrophage population CD45+F4/80+CD11b+,
but also by myeloid-derived cells CD45+CD11b+Gr1+. This
model was chosen because E6 and E7 mediate the main immune
evasion mechanisms displayed by HPV and are widely used in
preclinical protocols for therapeutic vaccines against HPV (25 –
28). TAM from TC-1 tumors displayed high basal Arginase
activity, expressed IL-10, and were resistant to IFNg/LPS
induction of iNOS activity and CD86 expression, supporting
an M2-like phenotype (45). In parallel, we observed expansion of
myeloid cells in the spleen of tumor-bearing mice, including
populations positive for M-CSFR, which is a marker of
suppressive phenotype in myeloid cells, mainly in CD11b+Gr1int
population (39). In our case, we observed an increase in MCSFR+ population mainly within the Gr1high cell subset.
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Expansion of CD11b+Gr1+ cells capable of suppressing CD8
T-cell function in the spleens of mice bearing C3 tumors,
another HPV16+ tumor model, was previously described (46).
In our model, not only the spleen myeloid cells but also TAM
induced, with different efficiencies, a regulatory phenotype on
lymphocytes, mainly on CD8 T cells by expression of IL-10 and
Foxp3. T cell proliferation was partially inhibited and CD8
apoptosis was increased by antigen-presenting splenocytes from
tumor-bearing mice. Proliferation inhibition might be due to
the higher apoptosis rate or the effect of regulatory lymphocytes
(47). No concrete evidence regarding CD8 regulatory cells in
cases of HPV infection or associated disease has been described,
but IL-10 secreting CD8 regulatory T cells have been found in
patients with other types of cancer and with chronic viral
infections by HCV and EBV (48, 49). Our results indicate that
immune suppression in tumor-bearing mice is due to both
tumor-infiltrating and secondary lymphoid organ myeloid
populations.
We aimed to confirm the suppressor function of TAM in vitro,
by depletion of TAM in vivo, by using CL. This method has been
widely used in animal models (43) and consists of clodronate
encapsulated in phosphatidylcholine and cholesterol liposomes, which are phagocyted by macrophages promoting cell
death (44). In our study, treatment with CL inhibited tumor
growth either when started before tumor cell injection or after
tumor establishment. In the first case, we observed tumor
growth only after the treatment was interrupted. Clodronate
had no toxic effects on TC-1 cells; therefore, we conclude that
CL effect was due only to macrophage depletion. Depletion of
macrophages led to tumor infiltration by lymphocyte populations, including HPV16 E749-57-specific CD8 lymphocytes. This
CD8 population was expanded in the spleens of CL-treated
mice, for as long as the CL treatment was maintained and
myeloid cell numbers were low. Similar results, although with
smaller effects, were observed when mice with established
tumors were treated with CL.
As mentioned before, myeloid-derived CD11b+Gr1+ cells
have a role in antitumor suppression in other tumor models

(42). Our results indicate that these cells play a minor role in
our model. Firstly, in the tumors, we observed that these cells
were localized mainly in the fibroblast capsule around the
tumor and in the most external tumor areas, whereas TAM
were localized all over the tumor. Secondly, we observed that
reduction of Gr1+ cells caused no effect on TC-1 tumor
growth. Finally, although expanded in the spleens of tumorbearing mice, in vitro, they were less potent to induce IL-10
expression in lymphocytes than CD11b+ cells from the same
mice.
We have shown that, in vitro, TAM are resistant to treatment
with IFNg and LPS. TAM from E2-K14HPV16 transgenic mice
down-regulated the expression of MMP9 upon mice treatment
with zolendronic acid (a biphosphonate-like clodronate, but
with a different mechanism of action; ref. 50). In a mouse
ovarian cancer model, inhibition of the nuclear factor-nB
pathway led to macrophage phenotype alteration (24).
Whether the phenotype of TC-1 TAM may be altered by the
above treatment strategies remains to be established. Our data
indicate, however, that depletion of this population may
improve the efficacy of therapeutic vaccines. A prolonged CL
treatment may be possible, once it is specific and nontoxic to
cells other than those that phagocyte the vesicles. We propose
that, whether by modification or by depletion, TAM be taken
into consideration in immune therapeutic approaches against
tumors associated with HPV or other tumors that are infiltrated
by similar populations.
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