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bstract

Increasing evidence indicates that hypoxia-inducible factor 1� (HIF-1�) can be upregulated in different cell types by nonhypoxic stimuli such
s growth factors, cytokines, nitric oxide, lipopolysaccharides and a range of infectious microorganisms. In this study, the ability of the following
ononuclear phagocytes to express HIF-1� is reported: mouse macrophages (mM�), human macrophages (hM�) and human dendritic cells (DC),

arasitized in vitro with Leishmania amazonensis; as assessed by immunofluorescence microscopy. A logical explanation for HIF-1� expression
ight be that the mononuclear phagocytes became hypoxic after L. amazonensis infection. Using the hypoxia marker pimonidazole, observation
evealed that L. amazonensis-infected cells were not hypoxic. In addition, experiments using a HIF-1� inhibitor, CdCl2, to treat L. amazonensis-
nfected macrophage cultures showed reduced parasite survival. These studies indicated that HIF-1� could play a role in adaptative and immune
esponses of mononuclear phagocytes presenting infection by the parasite L. amazonensis.
 2007 Elsevier B.V. All rights reserved.
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. Introduction

Hypoxia-inducible factor 1 (HIF-1) is a heterodimeric
ranscriptional protein consisting of HIF-1� and HIF-1� com-
onents [1,2]. Whereas HIF-1� is constitutively expressed in
ll cells, HIF-1� has been shown to stabilize and accumulate in
ells during hypoxia, mainly through inhibition of its degrada-
ion by the ubiquitin–proteasome system [2,3]. The expression
f different genes is controlled at a transcriptional level by HIF-
�, including erythropoietin, vascular endothelial growth factor,
lucose transporters and glycolytic enzymes [2]. Recently, our
roup showed that HIF-1� is expressed in cutaneous lesions
f mice infected with Leishmania amazonensis, a parasite of
ononuclear phagocytes and one of the causative agents of
utaneous and diffuse cutaneous leishmaniasis in the Ameri-
as [4,5]. Immunohistochemical analyses demonstrated HIF-1�
ositive infected macrophages throughout the lesions suggest-
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ng a hypoxic intralesional microenvironment [5]. Although the
urrent paradigm supports HIF-1� as a regulator of the genetic
esponse to hypoxia [2,6–9], it has been shown that a number
f stimuli, such as iron chelator, growth factors and hormones,
ncrease HIF-1� in a normoxic condition [10–13]. In addition,
emonstrations that HIF-1� can also be activated in selected
ell lines infected with Bartonella henselae, Streptococcus,
taphylococcus aureus, Pseudomonas, Salmonella, Chlamydia
neumoniae, Epstein Barr virus and the eukaryotic parasite Tox-
plasma gondii under normoxic conditions [14–19], led us to
xamine the expression of HIF-1� and pimonidazole adduct for-
ation, a chemical marker for hypoxia, in macrophages (M�)

nd dendritic cells (DC) infected with L. amazonensis.

. Materials and methods

.1. Parasites
L. amazonensis (MHOM/BR/73/M2269) promastigotes were
ultured at 28 ◦C in RPMI 1640 medium (Nutricell, Campinas,
P, Brazil) supplemented with 25 �g/mL gentamicin, 2 mM l-
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lutamine, 100 mM HEPES (Sigma, St. Louis, MO), and 10%
etal calf serum (FCS) (Nutricell), pH 7.4. L. amazonensis
mastigotes were isolated from active skin lesions of BALB/c
ice, as previously described [20].

.2. Cell culture

Primary mouse macrophages (mM�) were obtained from
ormal BALB/c mice by peritoneal lavage, as previously
escribed [21]. The cells were cultured with complete RPMI
640 medium in 16-well slide-chambers (Nunc Inc., Naperville,
L) (2 × 105 mM�/well) at 37 ◦C in 21% O2, 5% CO2 and bal-
nced N2. Peripheral blood mononuclear cells (PBMC) were
solated from heparinized blood by centrifugation over Ficoll-
ypaque 1.077 (Sigma) as previously described [22]. Monocytes
ere cultured for 7 days with Iscove’s medium (Sigma) supple-
ented with 25 �g/mL gentamicin and 10% FCS, pH 7.4, in

6-well slide-chambers (2 × 105 M�/well), to achieve differen-
iation into macrophages (hM�). The generation of DC from
BMC drawn from healthy donors was realized, as previously
escribed [23]. DC were cultured for 7 days in complete Iscove’s
edium supplemented with interleukin 4 (250 ng/mL) and

ranulocyte macrophage colony-stimulating factor (50 ng/mL)
Sigma), in 16-well slide-chambers (2 × 105 DC/well), as previ-
usly described [24]. hM� and DC phenotypes were routinely
ssessed by flow cytometry.

.3. Normoxic and hypoxic conditions

Hypoxic cell culture conditions were established, as
escribed previously [25]. The cell cultures were placed in a
as-tight modular chamber (Billups-Rothenberg, Del Mar, CA);
he chamber was gassed for at least 15 min at a flow rate of
L/min using certified gases containing CO2 and N2 (White-
artins Gases, Rio de Janeiro, Brazil) and placed in a 37 ◦C

emperature-controlled incubator. The percentage of O2 was ver-
fied by measuring the outflow of gas at the end of the initial
ushing period and then at 24 h intervals using a Fyrite apparatus
Bacharach, Inc., Pittsburgh, PA). The oxygen tension in the cul-
ure medium under hypoxic conditions was 7 mmHg and it was
50 mmHg under normoxic conditions (O2 Analyzer YSI/53,
ellow Springs Instruments Inc., Yellow Springs, OH). In all
xperiments, cell exposure to <1% O2, 5% CO2, and balanced
2 is referred to as hypoxia, and cell exposure to 21% O2, 5%
O2, and balanced N2 is referred to as normoxia. The medium
H was 7.4 and did not change significantly during the course
f the experiments.

.4. Macrophage infection

Mouse M� were infected with L. amazonensis amastig-
tes (3:1 parasites/host cell) for 1 h, as previously described
26]. After the interaction period, the cultures were washed to

emove extracellular parasites and fresh medium was added to
he cell culture. Human M� and DC were infected with L.
mazonensis amastigotes (3:1 parasites/host cell) for 24 h, as
reviously described [24]. Mouse and human M� and DC were
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nfected with promastigote forms (10:1 parasites/host cell) for
4 h. Infected cell cultures were incubated in either normoxic or
ypoxic conditions at 37 ◦C.

.5. Cadmium chloride (CdCl2) assay

In the HIF-1� inhibition experiments, CdCl2 [27,28] were
dded to the mM� cultures that were infected in normoxic con-
itions for 24 h. Alternatively, CdCl2 were added to the mM�

ultures 1 h before the period of interaction with L. amazonensis.
fter the period of infection, the cells were stained with Giemsa

nd microscopically examined at 1000× magnification to eval-
ate the percentage of infected M� and the number of parasites
er M� [21]. CdCl2 treatment caused no toxicity to the infected
ells at a concentration of 25 �M, as the treated cells presented
he same morphology as nontreated cells.

.6. HIF-1α immunofluorescence

Cells attached to the slide-chambers were fixed for 10 min
ith 4% paraformaldehyde and washed 3× in PBS. The cells
ere permeabilized with 1% Tween 20 and then washed 2×

n PBS. Nonspecific binding sites were blocked with 3% BSA
Amresco, Solon, OH) for 30 min. The cells were then incubated
ith mouse anti-HIF-1� antibody diluted 1:100 (Abcam Inc.,
ambridge, MA) (hM� and DC) or rabbit anti-HIF-1� antibody
iluted 1:80 (Santa Cruz Biotechnology) (mM�) overnight at
◦C in a wet room. The cells were washed 4× in PBS + 0.1%
ween 20 and incubated with FITC-conjugated goat anti-mouse
econdary antibody diluted 1:100 (Sigma) or FITC-conjugated
oat anti-rabbit secondary antibody diluted 1:60 (Sigma) for 1 h
n a wet room at room temperature. The cells were washed 4×
n PBS + 0.1% Tween 20 and mounted with DAPI-containing
ABCO mounting media (Sigma). The cells were visualized
nder a Nikon Eclipse 50i fluorescence microscope (Nikon Inc.,
elville, NY). All images were captured and analyzed with
digital camera (Nikon DXM1200-F) and imaging software

ACT-1, Nikon).

.7. Detection of cellular hypoxia

Cellular hypoxia was detected by adding 200 �M of
imonidazole hydrochloride (Hypoxyprobe-1, Chemicon) to the
ell cultures for 24 h. The cells were fixed for 10 min with 4%
araformaldehyde and washed 3× in PBS. Nonspecific binding
ites were blocked with 3% BSA + 0.2% Brij (Sigma) for 15 min.
he cells were then incubated with mouse anti-pimonidazole
ntibody diluted 1:40 (Chemicon) for 1 h at room temperature
n a wet room, washed 3× in PBS + 0.2% Brij and incu-
ated with FITC-conjugated goat anti-mouse antibody diluted

:100 (Sigma) for 1 h at room temperature in a wet room. The
ells were washed 3× in PBS + 0.1% Brij and slide-chambers
ere mounted with DAPI-containing DABCO mounting media

Sigma). The cells were visualized as described in Section 2.6.
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and the number of intracellular parasites (Fig. 3B). Interest-
ingly, 50 �M CdCl2 was toxic to L. amazonensis-infected mM�
A. Degrossoli et al. / Immun

.8. Results analyses

The immunofluorescence experiments (HIF-1� and
imonidazole) were repeated at least 10 times. The CdCl2
xperiments were repeated at least three times and the results
xpressed as mean ± standard deviation. Statistical analyses
ere performed using the Student’s t-test, with a significance

evel set at P < 0.05.

. Results

.1. HIF-1α immunofluorescence analyses

Immunofluorescence studies were performed to localize HIF-
� protein expression in mononuclear phagocytes. As shown in
ig. 1, in normoxic cultures, very weak immunofluorescence
as detected in the cytoplasm and nuclei of mM� and hM�.

nterestingly hDC cultured under normoxia showed HIF-1�
taining. As might be expected, upon hypoxic exposure, all
hree mononuclear phagocyte types responded with a strong
ncrease in HIF-1� expression (Fig. 1). HIF-1� was expressed

ore intensely in the nucleus than in the cytoplasm of mM�,
M� and hDC.

Various studies have shown that HIF-1� is expressed in cul-
ured cells after an exposure to a range of bacteria and the
arasite T. gondii [14–19]. Thus, this study investigated whether
. amazonensis interfered with HIF-1� expression in vitro. The
resent experiments involved the incubation of parasites with
M� for 1 h and the examination of HIF-1� expression at

4 h post infection. Human M� and DC were infected with
arasites for 24 h and immediately tested for HIF-1� expres-
ion. The two experimental conditions, one for mouse cells
nd the other for human cells, permitted efficient infection
nd intracellular establishment of the parasites, as attested by
he high number of infected cells (about 80% for mM� and
bout 60% for human mononuclear phagocytes), the number of
ntracellular amastigotes (about 8 per mM� and 5 for human

ononuclear phagocytes), and in previous studies by our group
21,26]. Accordingly, immunofluorescence analyses revealed
he presence of HIF-1� in mononuclear phagocytes after L.
mazonensis infection under normoxic conditions similar to
he staining pattern of hypoxic noninfected cells (Fig. 1). The
xpression of HIF-1� in infected cells cultured in hypoxia was
lso apparent (Fig. 1). It should be noted that the expression of
IF-1� for infected hDC was more intense than HIF-1� expres-

ion for noninfected DC maintained in normoxia. The HIF-1�
rotein was mainly detected in the nucleus of L. amazonensis-
nfected mononuclear phagocytes. These cells showed some
iffuse cytoplasmic fluorescence with no staining of amastig-
te harboring vacuoles, which were identified as clear areas
f cytoplasm (Fig. 1). Since no labeling was associated with
ntracellular amastigotes, we suggest that the HIF-1� antibod-
es detected a host cell protein rather than a parasite antigen.

ack of parasite staining was confirmed in amastigotes isolated

rom mM� cultures or mouse cutaneous lesions. In these prepa-
ations amastigotes were HIF-1� negative (data not shown).
aken together these experiments indicated that L. amazonen-
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is amastigote infection results in HIF-1� expression in the
ost cells. Leishmania exists in two forms, amastigote and pro-
astigote, and the same HIF-1� immunostaining pattern in

mastigote-infected cells (Fig. 1) was found in promastigote-
nfected cells (data not shown). These results indicate that

ononuclear phagocyte HIF-1� expression occurs regardless
f the parasite stage used for infection.

.2. Immunofluorescence analyses with pimonidazole as a
ypoxic marker

Since hypoxia is a potent activator and regulator of HIF-1�,
he question of whether infection with L. amazonensis led to cel-
ular hypoxia was evaluated, using pimonidazole as a surrogate
arker of hypoxia [29]. This substance creates adducts with

hiol-containing proteins in hypoxic cells [16,30–32]. When
ITC-labeled antibodies are bound to these complexes pro-
uced in hypoxia, fluorescence microscopy can be used to
etect hypoxic cells [31]. As shown in Fig. 2, pimonidazole
taining was virtually absent in mM�, hM�, and hDC under
ormoxic conditions. When the cells were exposed to hypoxia,
imonidazole staining was easily detectable (Fig. 2). Further-
ore, intense cytoplasmic immunostaining was also observed

n L. amazonensis-infected cells cultured under hypoxic condi-
ions (Fig. 2). In contrast, pimonidazole staining was negative
ithin infected cells maintained in normoxic conditions (Fig. 2).
hese results demonstrate that infection with L. amazonensis did
ot lead to a substantial decrease in oxygen concentration.

.3. Effect of CdCl2 on L. amazonensis-infected M�

To address the question of whether the inhibition of HIF-
� affected M� susceptibility to L. amazonensis, amastigotes
ere added to mM� for 1 h in normoxic conditions to per-
it parasite invasion. Next, the cell cultures were washed to

emove extracellular parasites and treated with 25 �M CdCl2, an
nhibitor of HIF-1� [27,28]. As shown in Fig. 3 mM� were effi-
iently infected with L. amazonensis amastigotes (around 80%
f infected cells and seven intracellular parasites per infected
ell). Mouse M� infected with the parasite and treated with
dCl2 showed about 40% reduction in both the percentage of

nfection (Fig. 3A) and the number of intracellular parasites
Fig. 3B) compared with nontreated cells. To test whether HIF-
� is required for parasite invasion, the mM� cultures were
reated with CdCl2 1 h before the period of interaction with
. amazonensis and, after the period of interaction, infected
ultures were incubated with CdCl2 during 24 h in normoxia.
imilarly, CdCl2 treatment of mM� before L. amazonensis

nfection reduced the percentage of infected cells (Fig. 3A)
ut not to uninfected macrophages as observed by microscopy
nspection (data not shown). These data indicate that HIF-1�
ctivation is, at least partially, important for mM� support of L.
mazonensis development and survival of M�.
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Fig. 1. Expression of HIF-1� by mouse macrophages (mM�) and human macrophages (hM�) and human dendritic cells (DC). The cells were infected with L.
amazonensis amastigotes or left uninfected (control) and exposed to normoxia or hypoxia for 24 h, as described in Section 2. The cells were fixed and stained with
anti-HIF-1� antibodies. Isotype and secondary antibody controls were negative for staining (data not shown). Insets show cell nuclei stained with DAPI (bars = 50 �m).
L. amazonensis-harboring parasitophorous vacuoles are marked by asterisks.

Fig. 2. Pimonidazole staining of mouse macrophages (mM�) and human macrophages (hM�). Cells were infected with L. amazonensis amastigotes or left uninfected
( poxia
p e neg
( by ast

4

H
c
u

(
o

control), treated with pimonidazole (200 �M) and exposed to normoxia or hy
imonidazole complex antibody. Isotype and secondary antibody controls wer
bar = 50 �m). L. amazonensis-harboring parasitophorous vacuoles are marked

. Discussion
Despite the fact that hypoxia is the main activating factor for
IF-1�, an increasing body of evidence indicates that HIF-1�

an be upregulated in different cell types by nonhypoxic stim-
li, such as growth factors (insulin growth factor-1), cytokines

s
S
o
c

for 24 h as described in Section 2. The cells were fixed and stained with anti-
ative for staining (data not shown). Insets show cell nuclei stained with DAPI
erisks.

tumor necrosis factor (TNF-�), interleukin 1� (IL1�)), nitric
xide and lipopolysaccharides [11,13,14,33–37]. Pathogens

uch as B. henselae, Streptococcus, S. aureus, Pseudomonas,
almonella, C. pneumoniae, Epstein Barr virus and the eukary-
tic parasite T. gondii, lead to HIF-1� expression in different
ell types under in vitro normoxic conditions [14–19]. Recently,



A. Degrossoli et al. / Immunology

Fig. 3. Effect of CdCl2 on L. amazonensis-infected M�. Mouse M� were
infected with L. amazonensis amastigotes for 1 h and then washed to remove
extracellular parasites. Twenty-five micromolars of CdCl2 were added to the
cell cultures, which were incubated in normoxia at 37 ◦C for 24 h (24 h).
Alternatively, cell cultures were treated with CdCl2 1 h before the period of
interaction with L. amazonensis, and then incubated in normoxia at 37 ◦C for
24 h (1 h + 24 h). The percentage of infected macrophages (A) and the number of
amastigotes per macrophage (B) were determined as described in Section 2. The
results represent the mean ± S.D. of one representative experiment out of three
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ndependently performed experiments with similar results. The significance of
he differences between cell cultures treated or not with CdCl2 is indicated in
he figure: *P < 0.05.

ur group showed that HIF-1� is expressed in mouse cutaneous
esions during infection with L. amazonensis, an exclusive para-
ite of mononuclear phagocytes [5]. In this report, the expression
f HIF-1� and a chemical marker of hypoxia (pimonidazole) in
rimary cultures of M� and DC infected with L. amazonen-
is, were analyzed. These in vitro cell systems are very useful
or studying the cell biology of the host–parasite interactions
38,39]. In the experiments reported here, mM�, hM� and hDC
ere easily infected with L. amazonensis amastigote or pro-

astigote forms and supported the infection without rapid cell

egeneration. Large parasitophorous vacuoles, typically pro-
uced by this Leishmania species in M� and DC, facilitated
icroscopic analyses by visualization and counting [39,40].
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efore elaborating on HIF-1� expression in L. amazonensis-
nfected mononuclear phagocytes, it should be noted that, to the
est of our knowledge, these are the first experiments concern-
ng the examination of HIF-1� expression in DC. It was of some
nterest to observe that HIF-1� was detected in the nucleus of
oninfected DC under normoxic conditions, whereas HIF-1�
as not detected in noninfected mM� and hM� when cultured

n normoxia. This parallels the findings that HIF-1� is present
t detectable levels under normoxia in some skeletal cells and
uring PMA-mediated differentiation in monocytic cell lines
THP1 and U937) [41–43]. In addition, cytokines, such as TNF-
, interferon-�, IL1� and IL4 increase HIF-1� mRNA and/or
rotein levels during normoxia [44]. Ascertaining whether HIF-
� expression in DC under normoxic conditions is associated
ith the presence of IL4 and GM-CSF in the culture medium
uring the induction of DC differentiation should be the object
f further investigation.

Only one other study has reported HIF-1� activation by pro-
ozoan infection. Spear et al. [18] showed HIF-1� accumulation
n the cytoplasm and nuclei and the activation of HIF-1� reporter
ene expression in human fibroblasts, Hela cells and RAW264.7
� after T. gondii infection. The present experimental data

evealed that HIF-1� immunoreactivity is primarily elevated in
uclei of mM� infected with L. amazonensis. Similar patterns of
taining were obtained with L. amazonensis-infected hM� and
C. The most logical explanation for HIF-1� activation during

nfection is that parasite oxygen consumption leads to a local-
zed hypoxic response in the host cell. Although cellular hypoxia
as not determined in T. gondii-infected cells [18], a recent study

howed that HIF-1� activation by B. henselae-infected cells was
ccompanied by cellular hypoxia, as revealed by pimonidazole
taining [16]. Present data indicated that pimonidazole adducts
ere barely detectable in L. amazonensis-infected mononuclear
hagocytes under normoxic conditions. These results suggest
hat substantial hypoxia does not develop during L. amazonen-
is infection in vitro. Since pimonidazole adducts are formed
hen O2 tension is below 1–2% O2, with half-maximal binding

round 0.1% O2 [45–47], and HIF-1� half-maximal activation in
ultured cells requires O2 tension between 1.5 and 2% O2, with
aximal response at 0.5% O2 [48], the current results suggest

hat HIF-1� expression in L. amazonensis-infected mononuclear
hagocytes may be mostly independent of hypoxia. Conse-
uently, nonhypoxic stimuli must be involved in L. amazonensis
ctivation of HIF-1�. Spear et al. [18] proposed that a short lived
iffusible factor signal to the host cell, such as reactive oxygen
pecies (ROS), activated HIF-1� in T. gondii infection, based on
tudies showing that nitric oxide and superoxide are induced by
nfection [49] and the fact that studies have demonstrated that
OS activates HIF-1� [50,51]. This appears to differ from Leish-
ania, which reportedly suppresses the oxidative burst and nitric
xide production during in vitro infection [52,53]. The possibil-
ty that proinflammatory cytokines, such as TNF-�, involved
n wound M� and neutrophil HIF-1� induction [11], are also

nvolved in L. amazonensis-infected cell HIF-1� induction is
nlikely because Leishmania downregulates the expression of
roinflammatory cytokines during infection (Degrossoli and
iorgio, unpublished data; Refs. [53–55]).
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Despite the uncertainties regarding how HIF-1� is activated
uring L. amazonensis infection, the picture emerging from
hese studies is that HIF-1� induction and the target genes likely
onstitute part of an adaptative mechanism resulting from para-
ite infection and that this could permit the host cell to attenuate
amage, maintain integrity and survive such infection. This con-
lusion is supported by data reported previously obtained in T.
ondii-infected HIF-1� knockout cells where parasite survival
as partially reduced [18], and by the results shown here, indi-

ating that the addition of a HIF-1� inhibitor, CdCl2 [27,28],
o L. amazonensis-infected M� cultures partially reduced para-
ite survival. It is also noteworthy that L. amazonensis infection
f M� rendered them more susceptible to high dose CdCl2
reatment. Full understanding of HIF-1� involvement in infec-
ious diseases should contribute to elucidating the adaptative and
mmune responses of the host to parasitic invasion.
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esquisa do Estado de São Paulo and the Conselho Nacional de
esenvolvimento Cientifico e Tecnológico. The authors thank
r. Philip Badiz for reviewing the English.

eferences

[1] Wang GL, Semenza GL. Purification and characterization of hypoxia-
inducible factor 1. J Biol Chem 1995;270:1230–7.

[2] Semenza GL. Regulation of physiological responses to continuous
and intermittent hypoxia by hypoxia-inducible factor 1. Exp Physiol
2006;1:803–6.

[3] Salceda S, Caro J. Hypoxia-inducible factor 1� (HIF-1�) protein is rapidly
degraded by the ubiquitin-proteasome system under normoxic conditions.
Its stabilization by hypoxia depends on redox-induced changes. J Biol
Chem 1997;272:22642–7.

[4] Grimaldi Jr G, Tesh RB. Leishmaniases of the New World: current concepts
and implications for future research. Clin Microbiol Rev 1993;6:230–50.

[5] Arrais-Silva WW, Paffaro Jr VA, Yamada AT, Giorgio S. Expression of
hypoxia-inducible factor-1alpha in the cutaneous lesions of BALB/c mice
infected with Leishmania amazonensis. Exp Mol Pathol 2005;78:49–54.

[6] Talks KL, Turley H, Gatter KC, Maxwell PH, Pugh CW, Ratcliffe PJ,
et al. The expression and distribution of the hypoxia-inducible factors
HIF-1alpha and HIF-2alpha in normal human tissues, cancers, and tumor-
associated macrophages. Am J Pathol 2000;157:411–21.

[7] Burke B, Tang N, Corke KP, Tazzyman D, Ameri K, Wells M, et al.
Expression of HIF-1alpha by human macrophages: implications for the
use of macrophages in hypoxia-regulated cancer gene therapy. J Pathol
2002;196:204–12.

[8] Burke B, Giannoudis A, Corke KP, Gill D, Wells M, Ziegler-Heitbrock L,
et al. Hypoxia-induced gene expression in human macrophages: implica-
tions for ischemic tissues and hypoxia-regulated gene therapy. Am J Pathol
2003;163:1233–43.

[9] Lewis C, Murdoch C. Macrophage responses to hypoxia: implica-
tions for tumor progression and anti-cancer therapies. Am J Pathol
2005;167:627–35.

10] Wang GL, Semenza GL. Desferrioxamine induces erythropoietin gene
expression and hypoxia-inducible factor 1 DNA-binding activity: impli-

cations for models of hypoxia signal transduction. Blood 1993;82:3610–5.

11] Albina JE, Mastrofrancesco B, Vessella JA, Louis CA, Henry Jr WL,
Reichner JS. HIF-1 expression in healing wounds: HIF-1alpha induction
in primary inflammatory cells by TNF-alpha. Am J Physiol Cell Physiol
2001;281:C1971–7.

[

etters  114 (2007) 119–125

12] Bilton RL, Booker GW. The subtle side to hypoxia inducible factor (HIFal-
pha) regulation. Eur J Biochem 2003;270:791–8.

13] Dery MA, Michaud MD, Richard DE. Hypoxia-inducible factor 1: reg-
ulation by hypoxic and non-hypoxic activators. Int J Biochem Cell Biol
2005;37:535–40.

14] Cramer T, Yamanishi Y, Clausen BE, Forster I, Pawlinski R, Mackman N,
et al. HIF-1alpha is essential for myeloid cell-mediated inflammation. Cell
2003;112:645–57.

15] Wakisaka N, Kondo S, Yoshizaki T, Murono S, Furukawa M, Pagano JS.
Epstein-Barr virus latent membrane protein 1 induces synthesis of hypoxia-
inducible factor 1 alpha. Mol Cell Biol 2004;24:5223–34.

16] Kempf VA, Lebiedziejewski M, Alitalo K, Walzlein JH, Ehehalt U, Fiebig
J, et al. Activation of hypoxia-inducible factor-1 in bacillary angiomatosis.
Evidence for a role of hypoxia-inducible factor-1 in bacterial infections.
Circulation 2005;111:1054–62.

17] Peyssonnaux C, Datta V, Cramer T, Doedens A, Theodorakis EA, Gallo
RL, et al. HIF-1alpha expression regulates the bactericidal capacity of
phagocytes. J Clin Invest 2005;115:1806–15.

18] Spear W, Chan D, Coppens I, Johnson RS, Giaccia A, Blader IJ. The host
cell transcription factor hypoxia-inducible factor 1 is required for Toxo-
plasma gondii growth and survival at physiological oxygen levels. Cell
Microbiol 2006;8:339–52.

19] Rupp J, Gieffers J, Klinger M, van Zandbergen G, Wrase R, Maass M, et al.
Chlamydia pneumoniae directly interferes with HIF-1alpha stabilization in
human host cells. Cell Microbiol 2007;9:2181–91.

20] Barbieri CL, Giorgio S, Merjan AJ, Figueiredo EN. Glycosphingolipid
antigens of Leishmania (Leishmania) amazonensis amastigotes identified
by use of a monoclonal antibody. Infect Immun 1993;61:2131–7.

21] Degrossoli A, Colhone MC, Arrais-Silva WW, Giorgio S. Hypoxia modu-
lates expression of the 70-kD heat shock protein and reduces Leishmania
infection in macrophages. J Biomed Sci 2004;11:847–54.

22] Bosque F, Saravia NG, Valderrama L, Milon G. Distinct innate and acquired
immune responses to Leishmania in putative susceptible and resistant
human populations endemically exposed to L. (Viannia) panamensis infec-
tion. Scand J Immunol 2000;51:533–41.

23] Nair SK, Boczkowski D, Morse M, Cumming RI, Lyerly HK, Gilboa E.
Induction of primary carcinoembryonic antigen (CEA)-specific cytotoxic
T lymphocytes in vitro using human dendritic cells transfected with RNA.
Nat Biotechnol 1998;16:364–9.

24] Bosetto MC, Giorgio S. Leishmania amazonensis: multiple receptor-ligand
interactions are involved in amastigote infection of human dendritic cells.
Exp Parasitol 2007;116:306–10.

25] Degrossoli A, Giorgio S. Functional alterations in macrophages after
hypoxia selection. Exp Biol Med (Maywood) 2007;232:88–95.

26] Colhone MC, Arrais-Silva WW, Picoli C, Giorgio S. Effect of hypoxia
on macrophage infection by Leishmania amazonensis. J Parasitol
2004;90:510–5.

27] Chun YS, Choi E, Kim GT, Choi H, Kim CH, Lee MJ, et al. Cadmium
blocks hypoxia-inducible factor (HIF)-1-mediated response to hypoxia by
stimulating the proteasome-dependent degradation of HIF-1alpha. Eur J
Biochem 2000;267:4198–204.

28] Mikami M, Sadahira Y, Haga A, Otsuki T, Wada H, Sugihara T. Hypoxia-
inducible factor-1 drives the motility of the erythroid progenitor cell line,
UT-7/Epo, via autocrine motility factor. Exp Hematol 2005;33:531–41.

29] Chapman JD, Franko AJ, Sharplin J. A marker for hypoxic cells in tumours
with potential clinical applicability. Br J Cancer 1981;43:546–50.

30] Raleigh JA, Chou SC, Arteel GE, Horsman MR. Comparisons among
pimonidazole binding, oxygen electrode measurements, and radiation
response in C3H mouse tumors. Radiat Res 1999;151:580–9.

31] Doege K, Heine S, Jensen I, Jelkmann W, Metzen E. Inhibition of mito-
chondrial respiration elevates oxygen concentration but leaves regulation
of hypoxia-inducible factor (HIF) intact. Blood 2005;106:2311–7.

32] Tanaka H, Yamamoto M, Hashimoto N, Miyakoshi M, Tamakawa S, Yoshie

M, et al. Hypoxia-independent overexpression of hypoxia-inducible factor
1alpha as an early change in mouse hepatocarcinogenesis. Cancer Res
2006;66:11263–70.

33] Sandau KB, Fandrey J, Brune B. Accumulation of HIF-1alpha under the
influence of nitric oxide. Blood 2001;97:1009–15.



ology

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

A. Degrossoli et al. / Immun

34] Chavez JC, LaManna JC. Activation of hypoxia-inducible factor-1 in the rat
cerebral cortex after transient global ischemia: potential role of insulin-like
growth factor-1. J Neurosci 2002;22:8922–31.

35] Mateo J, Garcia-Lecea M, Cadenas S, Hernandez C, Moncada S. Regulation
of hypoxia-inducible factor-1alpha by nitric oxide through mitochondria-
dependent and -independent pathways. Biochem J 2003;376:537–
44.

36] Blouin CC, Page EL, Soucy GM, Richard DE. Hypoxic gene activation
by lipopolysaccharide in macrophages: implication of hypoxia-inducible
factor 1alpha. Blood 2004;103:1124–30.

37] Zarember KA, Malech HL. HIF-1alpha: a master regulator of innate host
defenses? J Clin Invest 2005;115:1702–4.

38] Handman E. Cell biology of Leishmania. Adv Parasitol 1999;44:1–
39.

39] Chang KP, Reed SG, McGwire BS, Soong L. Leishmania model for
microbial virulence: the relevance of parasite multiplication and pathoanti-
genicity. Acta Trop 2003;85:375–90.

40] Chang KP. Human cutaneous lieshmania in a mouse macrophage line: prop-
agation and isolation of intracellular parasites. Science 1980;209:1240–2.

41] Knowles HJ, Mole DR, Ratcliffe PJ, Harris AL. Normoxic stabilization of
hypoxia-inducible factor-1alpha by modulation of the labile iron pool in
differentiating U937 macrophages: effect of natural resistance-associated
macrophage protein 1. Cancer Res 2006;66:2600–7.

42] Oda T, Hirota K, Nishi K, Takabuchi S, Oda S, Yamada H, et al. Activation
of hypoxia-inducible factor 1 during macrophage differentiation. Am J
Physiol Cell Physiol 2006;291:C104–13.

43] Risbud MV, Guttapalli A, Stokes DG, Hawkins D, Danielson KG, Schaer
TP, et al. Nucleus pulposus cells express HIF-1alpha under normoxic

culture conditions: a metabolic adaptation to the intervertebral disc
microenvironment. J Cell Biochem 2006;98:152–9.

44] Scharte M, Jurk K, Kehrel B, Zarbock A, Van Aken H, Singbartl K. IL-4
enhances hypoxia induced HIF-1alpha protein levels in human transformed
intestinal cells. FEBS Lett 2006;580:6399–404.

[

Letters 114 (2007) 119–125 125

45] Rasey JS, Hofstrand PD, Chin LK, Tewson TJ. Characterization of
[18F]fluoroetanidazole, a new radiopharmaceutical for detecting tumor
hypoxia. J Nucl Med 1999;40:1072–9.

46] Bassnett S, McNulty R. The effect of elevated intraocular oxygen
on organelle degradation in the embryonic chicken lens. J Exp Biol
2003;206:4353–61.

47] Sobhanifar S, Aquino-Parsons C, Stanbridge EJ, Olive P. Reduced expres-
sion of hypoxia-inducible factor-1alpha in perinecrotic regions of solid
tumors. Cancer Res 2005;65:7259–66.

48] Jiang BH, Semenza GL, Bauer C, Marti HH. Hypoxia-inducible factor
1 levels vary exponentially over a physiologically relevant range of O2

tension. Am J Physiol 1996;271:C1172–80.
49] Gazzinelli RT, Denkers EY, Sher A. Host resistance to Toxoplasma gondii:

model for studying the selective induction of cell-mediated immunity by
intracellular parasites. Infect Agents Dis 1993;2:139–49.

50] Chandel NS, McClintock DS, Feliciano CE, Wood TM, Melendez JA,
Rodriguez AM, et al. Reactive oxygen species generated at mitochondrial
complex III stabilize hypoxia-inducible factor-1alpha during hypoxia: a
mechanism of O2 sensing. J Biol Chem 2000;275:25130–8.

51] Fandrey J, Genius J. Reactive oxygen species as regulators of oxygen
dependent gene expression. Adv Exp Med Biol 2000;475:153–9.
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