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Abstract

Human papillomavirus (HPV) is the main etiological factor for cervical cancer

development. HPV is also associated with other anogenital and oropharyngeal

tumors. HPV associated tumors are frequent and constitute a public health

problem, mainly in developing countries. Therapy against such tumors is usually

excisional, causing iatrogenic morbidity. Therefore, development of strategies for

new therapies is desirable. The tumor microenvironment is essential for tumor

growth, where inflammation is an important component, displaying a central role

in tumor progression. Inflammation may be a causal agent, suppressor of anti-

tumor T cell responses, or may have a role in angiogenesis, drug resistance, and

metastasis. The aim of this work was to investigate the role of HPV transformed

cells in the tumor microenvironment and tumor effects on myeloid populations in

lymphoid organs in the host. We used experimental models, where we injected

cervical cancer derived cell lines in immunodeficient mice, comparing HPV

positive, SiHa, and HeLa cells (HPV 16 and HPV18, respectively), with HPV

negative cell line, C33A. Our data shows that HPV positive cell lines were more

efficient than the HPV negative cell line in leukocyte recruitment to the tumor

microenvironment and increase in myeloid cell proliferation in the bone marrow

and spleen. We also observed that HPV positive cells lines expressed significantly

higher levels of IL-6 and IL-8, while C33A expressed significantly higher levels of

IL-16 and IL-17. Finally, in spite of cytokine secretion by tumor cells, leukocytes

infiltrating SiHa and HeLa tumors displayed almost negligible STAT3 and no

NFkB phosphorylation. Only the inflammatory infiltrate of C33A tumors had

NFkB and STAT3 activated isoforms. Our results indicate that, although from the

same anatomical site, the uterine cervix, these cell lines display important

differences regarding inflammation. These results are important for the design of

immunotherapies against cervical cancer, and possibly against HPV associated

tumors in other anatomical sites.

Introduction

Persistent infection with high oncogenic risk human

papillomavirus (HPV) is the main cause for a percentage

of anogenital and oropharyngeal tumors and virtually all

cervical tumors [1, 2]. Upon HPV infection, tumor

development involves persistence of the virus in the basal

epithelial cell layer and viral DNA integration into the host

cell’s genome in a way that E6 and E7 oncogenes are

constitutively expressed, causing cell immortalization [3, 4].

Through time, immortalized cells acquire more mutations

or HPV oncoproteins cause further disruptions leading to

cell transformation [5]. The expression of HPV oncopro-

teins E6 and E7 is essential for the maintenance of the

transformed phenotype of HPV associated tumor cells, as

shown by senescence induction when E6 and E7 expression

was inhibited in cervical cancer derived cells [6, 7].

Throughout tumor development, immune evasion mecha-

nisms are important [8]. HPV infected cells, immortalized or

transformed, display several immune evasion mechanisms,
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among them non-lytic viral cycle, decrease in the expression

of antigen presentation machinery and inhibition of

Interferon type I triggered pathways [8]. The host, however,

is capable of mounting efficient immune responses against

tumor antigens, so that most of the infected women

eliminate the virus and cervical precursor lesions [9, 10].

Tumor development occurs when immune evasion mech-

anisms are more efficient than immune responses, allowing

tumor cells to grow, at least partially unchecked by the

immune system [8].

In cancer development, inflammation is a two edged

sword: while essential for triggering of anti-tumor responses,

it can also promote tumor progression and growth. Chronic

inflammation, through production of oxygen and nitrogen

reactive species, can promote mutations and chronic tissue

lesion [11, 12]. It may also be responsible for chronic

secretion of angiogenic and mitogenic factors that may favor

tumor growth [13]. Finally, in grown tumors, suppressor

cytokines, as TGFb and IL-10, andmetabolites, influence the

phenotype of infiltrating inflammatory cells inducing

suppressive phenotype to generate M2 macrophages, N2

neutrophils, myeloderived suppressor cells (MDSC) and

regulatory T cells [14, 15].

Among lesions generated by HPV, cervical cancer is the

best-studied one. Recently, publications regarding HPV

associated lesions or tumors and inflammation are increas-

ing. Although most of the published data points to an anti-

inflammatory response, there is evidence of oxidative stress as

well as Th2 responses playing a role in cervical cancer

development [16, 17]. There is data regarding the inflamma-

tory infiltrate in patients and experimental models showing

CD8 infiltration high grade lesions [18], regulatory CD4 T

cells, CD4 and CD8 T cells infiltrating tumors [19], as well as

myeloid cells, both macrophages and dendritic cells with

potentially suppressor phenotype in cancer [20]. Moreover,

some studies have shown an increase in the frequency of

macrophages in proportion to tumor grade [21, 20]. In

experimental models, it has been shown that macrophages

are important for angiogenesis and suppression of T cell anti-

tumor responses [22, 23]. Systemic effects of HPV associated

tumors usually comprise alterations in circulating cytokine

concentration or frequency of cells in the peripheral blood of

patients. Recent data has shown that patients with advanced

cervical cancer may suffer of myeloid cell leukocytosis, which

represents a poor prognostic in patients with recurrent

disease [24, 25]. In experimental models, HPV associated

tumors induce suppressive responses in secondary lymphoid

organs [23, 26], where myeloid derived suppressor cells

inhibit T cell responses in a MHC-I dependent manner [26].

Through all this piece of information, one point seems to be

clear, developed tumors are infiltrated by myeloid cells with

suppressor phenotype, which also seem to be more frequent

in peripheral lymphoid organs.

Using experimental models, we have shown that depleting

tumor associatedmacrophages or neutralizing cytokines [23,

27], it is possible to interfere with tumor growth, creating

opportunities, where conventional therapies as chemother-

apy and radiotherapy, or even other types of immunothera-

py, may display more efficient or complete responses against

cancer. Therefore, the aim of this work was to understand

mechanisms triggered by HPV associated tumor cells that

control inflammation within the tumor microenvironment

and also understand how these tumors may promote

leukocytosis and myeloid cell recruitment. We opted to

study cervical cancer derived cell lines, because this is the best

HPV associated tumor studied until now. We chose

experimental models where we could compare cell lines

derived from tumors from the same anatomical site, but with

different status regarding HPV. Our results clearly showed

differences in inflammatory infiltrate, cytokine expression

profile and systemic effects between HPV positive tumors

and aHPV negative tumor. Our findings identify targets that

may be used for therapy against HPV associated tumors, not

only in the cervix, but also, probably, in other anatomical

sites.

Material and Methods

Tumor models

Cervical cancer derived cell lines HeLa, SiHa and C33A cells

were kindly donated by Prof. Luisa Lina Villa (ICESP, Sao

Paulo, Brazil). HeLa is positive for HPV18, SiHa for HPV16

and C33A is negative for HPV, but has mutated p53 [28, 29,

30]. Cells were detached from the culture flasks by trypsin

treatment, ressuspended in 10% Fetal Bovine Serum (FBS)

RPMI, counted, washed twice with PBSþþ (phosphate

buffered saline supplemented with 1mMCaCl2 and 0,5mM

MgCl2) and injected subcutaneously into RAG1�/� mice

(B6.129S7-Rag1tm1Mom/J, The Jackson Laboratory, Bar

Harbor, Maine) or Nude mice (Nude NIH-III, Charles

River Laboratories, Wilmington, MA). These mice were

maintained in the Isogenic Mouse Facility at the Institute of

Biomedical Sciences, with food and water ad libidum, 12 h

cycles of light and dark and spf conditions. All animal

experimentation procedures were approved by the Institu-

tional Committee for Animal Use in Experimentation,

under the protocol number 151/2010. Each mouse was

injected with 5� 106 cells and evaluated every week until

tumor detection and then every other day until tumors

reached themaximum diameter of 7mm. At this point, each

mouse received an intraperitoneal injection of 1mg of

bromodeoxyuridine (BrdU) (Sigma–Aldrich, St Louis,

MO), and was anesthetized and euthanized 1 h later. We

harvested the tumor, spleen, and bone marrow from each

mouse.
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Tissue processing

We split the tumors in two fragments. One was frozen in

Tissue-Tek OCT compound (Sakura-Finetek, Torrance,

CA) and the other was finely minced and digested with

1mg/ml Collagenase I and IV in MTH buffer (1x Hanks’

buffered salt solution, 15mM HEPES pH 7,4, 5% FBS,

0,5U/ml DNAse I) at 378C, under agitation of 1300 rpm, in a

Thermomixer (Eppendorf, New York, NY). After digestion,

cells were washed in MTH, counted, and stained for

immunophenotyping.

Bone marrow and spleens were mechanically disrupted.

Erythrocytes were eliminated by ACK lysis (0.15M

ammonium chloride, 10mM potassium bicarbonate,

0.1mM EDTA). Cells were counted and stained for

immunophenotyping. BrdU was detected through intracel-

lular staining after cells fixation, permeabilization and DNA

fragmentation, using the BrdU detection kit (BD Bio-

sciences, San Jose, CA). Alternatively, after fixation and

permeabilization, we stained cells with DAPI for quantifica-

tion of DNA content [31].

All stained cells were analyzed by flow cytometry in a

FACSCalibur or FACSCanto II (BD Biosciences), where at

least 30,000 events were acquired.

Immunohistochemistry and histology

Frozen tumor fragments were sectioned into 5mm sections.

Cryo-sections were fixed in a mix of acetone and methanol

(2:1 volumes) at room temperature for 5min. Air-dried

sections were hydrated by three PBS incubations, 2min each,

at room temperature. Endogenous peroxidase activity was

quenched with 3% H2O2 for 10min, and endogenous biotin

was blocked with the Avidin/Biotin Blocking Kit (Vector

Laboratories, Burlingame, CA). We also performed a

blocking step with 5% FBS and 1mg/ml FcBlock (BD

Biosciences) for 30min in PBS, prior to incubation of

sections with primary antibody. Rat anti-CD45 antibody was

diluted in 5% FBS in PBS and incubated on the tissue for 1 h.

Sections were washed and the antibody was detected using

the ABC Vectastain kit and DAB, 3,30-diaminobenzidine

(Vector Laboratories, Burlingame, CA). We performed

counterstaining with Harrys Hematoxylin (VectorLabor-

atories) and Eosin (Sigma–Aldrich), dehydrated the tissue

sections and mounted with Permount (Thermo Fisher

Scientific, Waltham, MA) and a coverslip. Images were

acquired with a BX61 Olympus microscope (Olympus

Corporation, Tokyo, Japan).

Transversal 5mm spleen cryo-sections, were fixed as

described above, stained with Harrys Hematoxylin, washed,

dehydrated, and mounted with Permount and a coverslip.

Images were acquired with a BX61 Olympus microscope

(Olympus Corporation).

Cytokine expression profile and Western blotting

Cell lysates were prepared from HeLa, SiHa, and C33A

cultures (in vitro) and from tumor cells sorted from tumors

grown in mice (in vivo). Tumor single cell suspensions were

obtained as described above, and CD45� cells (tumor cells)

were sorted from inflammatory CD45þ cells with magnetic

beads conjugated with anti-CD45 antibody (Miltenyi Biotec,

Bergisch Gladbach, Germany). Cells were lysed with reagents

from the Proteome Cytokine Array Kit, according to the

manufacturer’s instructions (R&D Systems, Minneapolis,

MN). We used 100mg of protein for each array and ECL

Chemiluminescence kit (GE Healthcare, Waukesha, WI) for

detection of cytokine/antibody complexes. The resulting

autoradiograms were scanned for densitometry.

For Western blottings, we used 25mg of proteins from

CD45þ and CD45� cell lysates. Proteins were fractioned by

SDS–Page and transferred to PVDF membranes (GE

Healthcare). After blocking with 5% skim milk in 0,1%

Tween 20/PBS, membranes were incubated with antibodies

against anti-phosphorylated STAT3 and NFkB (p65) or

anti-STAT3, NFkB and Akt (Cell Signaling Technology,

Danvers, MA). Anti-tubulin was purchased from Sigma–

Aldrich (St. Louis, MO). Secondary antibody was anti-rabbit

from GE Healthcare, and detection was performed with ECL

as described above.

Statistical analyzes

We used both one-way ANOVA and t-test for our statistical

analyzes. In both cases, differences between groups were

considered significant if P< 0.05. t-Test was used to

compare HPV positive and negative cells or tumors, and

for comparisons between cells from tumor bearing mice and

control mice.

Results

Tumor inflammatory infiltrate is different
between HPV positive and negative tumors

All tumor cell lines were capable of growing in both RAG1�/�

and Nude mice. The first difference we observed related to

these tumors, was cell viability. At the end of the enzymatic

dissociation, cells were washed and counted with Trypan blue

to determine cell numbers and viability. Although tumors

were processed simultaneously and under the same con-

ditions, C33A tumor cell suspensions displayed significantly

lower viability compared to SiHa and HeLa (57� 6.7%,

98� 3% and 92� 5.6%, respectively). We also observed,

through immunohistochemistry and flow cytometry ana-

lyzes, that HeLa and SiHa tumors had significantly higher

frequency of inflammatory cells than C33A in both RAG1�/�

and Nude mice (Fig. 1A and B, upper panels). Through
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immunohistochemistry, we detected both CD11bþ andGr1þ

cells in both HeLa and SiHa tumors (Fig. 1A, middle and

lower panels). By flow cytometry, we observed that HeLa

tumors had two fold more macrophages (CD45þCD11bþF4/
80þ) than CD11bþGr1þ cells in RAG1�/� mice and fourfold

more in Nude mice (Fig. 1B–D). In SiHa tumors, we

observed sixfold more CD11bþGr1þ cells than macrophages

in RAG1�/� mice, and similar proportions of these

populations in Nude mice (Fig. 1B–D). C33A tumors were

mostly infiltrated by macrophages (Fig. 1B–D).

Figure 1. Leukocyte infiltrate in HeLa, SiHa, and C33A tumors. A: Immunohistochemistry from tumor sections stained with anti-CD45, anti-CD11b, and

anti-Gr1. Tissue cryo-sections were incubated with the indicated antibodies, which were detected with the Vectastain Elite kit. Sections were

counterstained with hematoxylin and eosin before mounting with Permount. Images were acquired in an Olympus BX61 microscope with 100�
magnification. The bar indicates 100mm. B–D: Flow cytometry analyzes of tumor cell suspensions. After harvesting, tumors were digested with

Collagenase. Single cells suspensions were washed, aliquoted, and stained with antibodies against the indicated cell surface markers. In B, we show the

flow cytometry results of a representative experiment. Upper panels display the CD45þ population, within which, all other analyzes were performed

(arrows indicate the CD45þ population gate that contained the other populations). C and D. Average of cell population frequency in tumors in RAG1�/�

mice (C) and Nudemice (D). Each experimental group had, at least, fourmice. � indicates significant differences in a population comparedwith the same in

the C33A tumors, �� indicates significant differences between HeLa and SiHa tumors.
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Cytokines and chemokines have an essential role in

inflammatory cell recruitment, activation and phenotype.

Therefore, we proceeded to investigate cytokine expression

in tumor cells in vitro and in vivo. This experiment had two

objectives, identify cytokines differentially expressed among

the cervical cancer cell lines and observe the effect that tumor

microenvironment may have on the tumor cells. It is

important to highlight that to estimate cytokine expression

from tumor cells in vivo, we sorted CD45� cells from tumor

cell suspensions immediately after tumor harvesting from

mice. These preparations had average purity of 99.9%,

therefore free of inflammatory cells. As observed in Figure 2,

all cell lines displayed different cytokine expression profiles

in vitro and in vivo (red arrows below each graph indicate

significant differences between in vivo and in vitro cells). In

general, we observed that the cytokine expression profiles of

the cell lines in vitro were relatively homogeneous (Fig. 2,

white markers). However, in vivo, HPV positive cell lines

displayed significant differences in relation to C33A (Fig. 2,

dark and light gray arrows under the abscissa axis). IL-6 and

IL-8 (gray arrows) together with IL-16, IL-17, and IL-17E

(white filled arrows) expression profiles differentiated HPV

positive and negative tumor cells in vivo. HPV positive cell

lines displayed significantly higher IL-6 and IL-8 expression

than C33A, and the opposite was observed regarding IL-16,

IL-17, and IL-17E.While there was nomodulation of sICAM

expression in C33A cells, both SiHa and HeLa cells

downregulated sICAM expression in vivo. Although not

significant, we observed that Serpin E1, the Plasminogen

activator inhibitor-1, was upregulated in C33A tumors,

while downregulated in SiHa and HeLa tumors. SiHa cells

additionally expressed CXCL1 in higher levels than the other

cell lines Finally, we observed relatively high expression levels

of MIF and CCL5 in all experimental conditions.

Tumors are typically chronic diseases. Therefore, tumor

cells generate persistent signals that have autocrine,

paracrine, or endocrine effects. Long-term exposure to

stimuli can downregulate signaling pathways [32]. In our

model, tumors take up to two months to reach the

maximum acceptable diameter, which means that the

cytokines expressed by the different tumors can stimulate

cells from the host, locally and systemically, in a chronic

manner. Given the differential cytokine expression profiles

between HPV positive and negative cell lines in vivo, we

asked whether we would find any differences in signaling

pathways in tumor cells and inflammatory infiltrates. In

Figure 3, we show the results of STAT3 and NFkB protein

expression. Both are key proteins in signaling pathways

involved in inflammatory responses and cancer [33, 34]. In

these experiments, we used cell lysates from tumor cells in

vitro, CD45� sorted tumor cells (in vivo) and from sorted

CD45þ leukocyte infiltrate. We did not observe significant

differences in total STAT3 and NFkB protein expression

among tumor cells either in vitro or in vivo, except for the

low NFkB expression in HeLa cells in vivo (a longer exposed

autoradiogram shows a band correspondent to NFkB in

HeLa cells). We noticed alterations regarding the phosphor-

ylated isoforms of our proteins of interest, mainly NFkB.

First, we observed that in vivo SiHa cells displayed higher

levels of phosphorylated NFkB than the other cell lines.

More striking, however, was the absence of phosphorylated

NFkB expression in the inflammatory infiltrate of HeLa and

SiHa tumors. Phosphorylated STAT3 expression was very

low in the inflammatory infiltrates of HeLa and SiHa tumors

compared to the expression in the leukocytes present in

C33A tumors.

HPV positive cell lines induce myeloid cell
proliferation and accumulation in lymphoid
organs

One of the first observations we made when we evaluated

mice with tumors was that mice with HeLa and, more

dramatically, with SiHa tumors had spleen hyperplasia

compared to C33A and control mice (Fig. 4A). This effect

was only observed in RAG1�/� mice, probably because their

spleens are empty of lymphocytes, therefore easier to observe

alterations in myeloid populations. Interestingly, there were

mainly monocytic cells in the spleen of na
::
ıve and C33A

injected mice (Fig. 4B). In mice with HeLa tumors, we

observed amix of monocytic cells and cells with nuclei in the

shape of a doughnut. In SiHa injectedmice, we foundmainly

cells with doughnut shaped nuclei (Fig. 4B). We analyzed

these spleens single cell suspensions by flow cytometry with

focus on macrophages CD11bþF4/80þ cells and myeloid

cells CD11bþGr1þ and CD11bþGr1int. We split the analyzes

of CD11bþGr1þ cells in Gr1þ and Gr1int populations

because looking at CD11b versus Gr1 dot plots, we could

actually see different populations. Data in the literature

suggests that CD11bþGr1int cells may be myeloid suppressor

derived cells, while CD11bþGr1þ would be neutrophils or

other granulocytes [35]. As shown in Figures 4C and D,

splenocytes fromRAG1�/�mice with SiHa tumors displayed

significantly higher frequencies of CD11bþGr1þ and

CD11bþGr1int cells than splenocytes from control na
::
ıve

mice. In Nude mice (Fig. 4D, right panel), we observed

similar results when mice were injected with SiHa cells, and

also observed an increase in CD11bþGr1int andmacrophages

in mice injected with HeLa cells. We did not observe

differences in the frequency of the investigated populations

in the spleen of C33A tumor bearing mice. We used in vivo

metabolic incorporation of BrdU to estimate cell prolifera-

tion in tumor bearing and na
::
ıve mice. In Figure 4E, we show

that in RAG1�/� mice, the percentage of CD11bþGr1þcells
incorporating BrdU was significantly higher in SiHa tumor

bearing mice than in control mice (5.6-fold increase). In
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Figure 2. Continued.

Inflammation in HPV associated tumors S. C. Stone et al.

68 © 2014 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd.



Nude tumor bearing mice, we observed an increase in the

numbers of BrdU incorporating CD11bþGr1þ and

CD11bþGr1int cells in mice with SiHa tumors (20-fold

and 3-fold increase, respectively) and CD11bþGr1int cells in
mice with HeLa tumors (3.95-fold increase). As controls, we

performed the same assay in mice without BrdU injections,

where we observed that our anti-BrdU antibody is specific

(Fig. 5C). We also did cell cycle analysis with DAPI

stained cells, and observed that populations that displayed

an increase in BrdU incorporation also had higher

percentages of cells in S and G2/M phase (Fig. 5D). These

results corroborate the data showing that in SiHa tumors

CD11bþGr1þ cells are more frequent, while HeLa

tumors have mixed populations.

We also investigate myeloid cell frequency and prolifera-

tion in the bone marrow of tumor bearing mice. As in the

spleen, we did not observe an increase in the investigated

populations frequency or proliferation, in the bone marrow

of C33A tumor bearing mice. We did observe an increase in

CD11bþGr1þ and CD11þGr1int cells in SiHa bearing

RAG1�/� mice, and of CD11bþGr1int in SiHa bearing

Nude mice (Fig. 5A). Interestingly we observed that in both

SiHa and HeLa tumor bearing mice, there was an increase in

BrdU incorporation in CD11bþGr1þ and CD11bþGr1int

cells, in bothmouse strains (Fig. 5B).We did not observe any

significant increase in macrophage proliferation in the bone

marrow or spleen of tumor bearing mice, indicating that any

increase in this population may be derived from differentia-

tion from CD11bþGr1þ/int cells.

Discussion

This manuscript shows the effects of HPV associated tumors

from signaling in the populations present in the tumor

microenvironment to proliferation and frequency of cells in

lymphoid organs. Our results show that local inflammation

and systemic effects uponmyeloid cells are different between

HPV positive and negative cervical cancer derived cell lines.

Interestingly, SiHa and HeLa are derived from a squamous

carcinoma and an adenocarcinoma, respectively, indicating

that HPV overcomes any differences these cells might have,

related to inflammation, in spite of cell origin. Pyeon and

collaborators reached similar conclusions comparing head

and neck tumors positive or negative for HPV with cervical

cancer derived cell lines, in a study focused on the effects of

HPV oncoproteins on cell cycle control [36].

Except for C33A, we observed a parallel between the type

of cell populations expanding in lymphoid tissues and the

populations infiltrating tumors. Our hypothesis is that

tumors create a vicious circle, where molecules generated

and secreted by the tumor cells induce expansion and

recruitment of myeloid cells to the tumor microenviron-

ment (Fig. 6). Once in the tumor, these cells contribute to the

tumor microenvironment, which modulates cytokine ex-

pression in tumor cells, feeding back the cycle. Interestingly,

although the tumor microenvironment modulated cytokine

expression in tumor cells, there was no significant difference

in the activation of the evaluated signaling pathways in these

cells. It is possible that other signaling pathways may have

been modulated in the tumor cells, but this remains to be

investigated.

3
Figure 2. Cytokine expression profiles in in vitro and in vivo cervical cancer cell lines. Cell lysates were prepared from cells in culture (in vitro, black

diamonds) or from cells sorted from tumors (in vivo, white diamonds). Sorted cells were obtained from tumors single cell suspensions eluted from

magnetic columns after labeling with anti-CD45 magnetic beads. For all incubations, we used 100mg of protein. Each of the lysates was incubated with

membranes from the Human Cytokine Proteome Array kit, according to manufacturer's instructions. Cytokine/antibody complexes were detected using

the ECL Chemiluminescence kit. Autoradiograms were scanned and densitometry data was used to generate the results. The graphs show absolute

densitometry from each cytokine minus the average of six background spots with the same area of all other spots. The black lines in each graph represent

the determined threshold of detection. Red arrows indicate significant differences between cytokine expression in a given cell line in vitro and in vivo. Gray

arrows indicate cytokines with significant higher expression in HPV positive cell lines. White arrows indicate cytokines with significant higher expression in

C33A. Three independent experiments are represented in this figure.

Figure 3. Signaling proteins expression in cervical cancer cell lines.

Western blotting analyzes of 40mg of proteins from cells in culture or

from sorted CD45� and CD45þ tumor cells. Sorted cells were obtained

from tumors single cell suspensions eluted from magnetic columns after

labeling with anti-CD45 magnetic beads. The membranes were first

incubated with anti-phosphorylated proteins, as indicated in the left side

of each autoradiogram. After striping in acidic glycine, Tris solution,

membranes were incubated with antibodies that recognize the indicated

proteins independently of post-translational modifications. This is one

representative experiment of two independent ones. Control corresponds

to Akt expression, which we have observed to be constitutive among all

our expression conditions. The last reaction depicted, NFkB� is a longer

exposure of the same autoradiogram shown for NFkB.
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3
Figure 4. HPV positive tumors induce accumulation of myeloid cells in the spleen of mice. A: Number of nucleated cells in the spleen of control mice

(na€llve) or mice bearing C33A, HeLa, and SiHa tumors, respectively. After spleen dissociation and red cell lysis, nucleated cells were counted in Neubauer

chambers to obtain the number of nucleate cells/spleen. All groups had significantly more cells than control na€llve mice (�), HeLa and SiHa tumor bearing

mice had significantly more cells than C33A tumor bearing mice (§). The inset over the graph shows a representative photograph of the spleens of tumor

bearing mice, in the same order they are represented in the graph. B: Cell morphology in the spleens of control mice (na€llve) and tumor bearing RAG1�/�

mice (lineages indicated above each image). Frozen and fixed spleen sections were stained with hematoxylin prior to mounting the slides. 400�
magnification images were acquired with an Olympus BX61 microscope. The insets show nuclei details under 1000� magnification. Scale bar indicates

100mm. Arrows indicate mononuclear cells and arrowheads indicate cells with doughnut shaped nuclei. C. Representative experiment of flow cytometry

analyzes of myeloid CD11bþGr1þsplenocytes (left) and CD11bþF4/80þsplenocytes (right) from RAG1�/� mice. In the right panels, gates indicate the

CD11bþGr1int and Gr1þ populations as indicated. In the right panels, gates indicate the macrophage populations, independently of F4/80 staining

intensity. D. Quantification of splenocyte populations analyzed by flow cytometry, within the nucleated population, as represented in C (right side

splenocytes from RAG1�/� mice, left side from Nude mice). E: The graphs in the right side show the percentage of BrdU incorporating cells within each

specific population in C (right side splenocytes from RAG1�/� mice, left side from Nude mice). � indicates significant differences in comparison to the

control (na€llve) group. Mac corresponds to CD11bþF4/80þ, which we assume are macrophages.

Figure 5. HPV positive tumors induce accumulation of myeloid cells in the bone marrow of mice. Bone marrow single cell suspensions from RAG1�/� (A)

and Nude (B) mice were stained with antibodies against the indicated antigens and analyzed by flow cytometry. CD11bþGr1þ population was split in

Gr1int and Gr1þ for our analysis. The graphs in the left side show the frequency of each population within the nucleated cell population in control, C33A

(C33), HeLa and SiHa tumor bearing mice. The graphs in the right side show the percentage of BrdU incorporating cells within each specific population. �

indicates significant differences in comparison to the control group. Mac corresponds to CD11bþF4/80þ, which we assume are macrophages.

C: Splenocytes from mice injected or not with BrdU (BrdUþ , solid line and BrdU-, dashed line, respectively) were processed the same way as cells in all

other experiments and incubated with anti-BrdU in the same exact conditions. This experiment demonstrates that the antibody anti-BrdU is specific and

our results are not a staining artifact. D. Splenocytes from control RAG1�/� mice (RAG1�/�) or RAG1�/� mice with SiHa tumor (SiHa) were stained with

anti-CD11b and anti-Gr1, as described before. Cells were then fixed, permeabilized and incubated with 10mg/ml DAPI for 30min, washed and

ressuspended in the same DAPI concentration right before acquisition [22]. The histograms represent frequency of cells in each cell cycle phase, G1, S and

G2/M, as specified in the right side of each graph, within the CD11bþGr1int population.
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One of the cytokines possibly involved in myeloid cell

accumulation is IL-6. IL-6 has been described as capable of

inducing myeloid cell proliferation and splenomegaly, as

well as inducing suppressor phenotype in these cells in

mice [37, 38]. In vitro experiments have shown that IL-6,

together with PGE2, induce suppressor phenotype on

monocyte derived dendritic cells [39]. Moreover, IL-6

expression has been associated with disease severity in

cervical, head and neck and breast cancer patients [40, 41,

42]. While, we believe that chronic IL-6 expression may be

responsible for STAT3 and NFkB downregulation in tumor

associated inflammatory cells; its systemic effect may be

stimulatory, due to lower concentration in the body

compared to the intratumoral concentration. It is important

tomention that while wemeasured only proliferation of cells

in lymphoid tissues, it is possible cell survival may also be

impacted by tumors.

Among the cytokines upregulated by the tumor microen-

vironment, we found IL-8 and CXCL1, which display

redundant activities, chemoattracting neutrophils, inducing

angiogenesis, cell survival and tumor evasion, including in

patients with cervical cancer [43, 44, 45, 46]. Data in the

literature also indicates that CXCL1can recruit MDSC

(myeloid derived suppressor cells) to breast tumors [47]. It is

of notice that SiHa tumors, which had the most robust effect

in accumulation of myeloid cells in lymphoid tissues and

recruitment to the tumor, displayed higher expression of IL-

8 and significantly higher expression of CXCL1 in vivo than

in vitro, indicating a potential role for these chemokines in

the mechanism of action of SiHa tumors. At this point, we

do not know if CD11bþGr1þ cells observed in our

experimental models are MDSC or neutrophils. In mice,

MDSC may have doughnut shaped nuclei [48], indicating

that this population is present in our HPV positive tumor

hosts. However, specific assays should be performed to

confirm this hypothesis.

In C33A cells isolated from tumors, we observed increased

expression of IL-16 and IL-17, cytokines typically associated

with T cell activity. Recently, several groups have shown that

IL-16 display pro-tumoral activity in cutaneous T cell

lymphoma, multiple myeloma and breast cancer [49, 50].

Although through different mechanisms, IL-16 induced

proliferation of lymphocytes in T cell lymphomas and

multiple myeloma and recruitment of pro-tumoral macro-

phages to breast tumors. IL-17 has been associated to

different types of tumors, mainly due to the role of Th17

CD4 T cells or innate lymphoid cells in chronic inflamma-

tion [51, 52, 53]. Although there are no lymphocytes in our

model, our data shows that tumor cells themselves express

IL-16 and IL-17. There is evidence of IL-17C expression in

epithelial cells [54], but, as far as we could find, there is no

evidence of epithelial cells expressing IL-16 in the literature.

Our laboratory has been investigating the status of

signaling pathways in experimental models and cervical

cancer biopsies. The results regarding the inactivity of NFkB

in the inflammatory infiltrate of SiHa and HeLa tumors are

consistent with what we have been observing in an isogenic

HPV16 associated tumor model and in cervical cancer

biopsies (data not shown). At this moment, we believe that

inactivity or impaired activity of NFkBmay be a mechanism

that renders inflammatory cells less likely to respond and

present antigens from tumors, therefore consisting of used

by HPV associated tumors. It will be of interest to design

methods to activate NFkB in vivo and test this hypothesis.

Together, our results points to therapeutic possibilities.

We have shown before that depletion of tumor macrophages

from a HPV16 positive tumor model inhibits tumor

growth [23]. Figure 6 shows a diagram of the interaction

between the tumor microenvironment and leukocytes in the

host’s lymphoid organs. It also shows targets that may be use

for therapy in cervical cancer, and possibly in HPV positive

tumors in the oropharynx and other ano-genital areas.
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