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Abstract

Background: We aimed to reveal the role of CD11b and hypoxia-inducible factors-

1alpha (HIF-1α) expressions on monocytes and alveolar macrophages of lung tissue,
and the levels of serum surfactant protein-D (SP-D) in severe malaria-associated acute
lung injury (ALI).
Methods: The C57BL/6 mice were divided into control group, renal malaria group
(inoculated with 106 Plasmodium berghei ANKA), and cerebral malaria group (inoculated
with 107 P. berghei ANKA). The expressions of CD11b and HIF-1α in lung tissue were
observed by immunohistochemistry, and serum SP-D levels were measured by ELISA.
This study was conducted from June 2014 to February 2015 in the Laboratory of Parasitology, Faculty of Medicine, Universitas Brawijaya, Malang.
Results: The CD11b expression on pulmonary tissue of renal and cerebral malaria
mice were significantly higher than control mice (P=0.002; P=0.002), as well as the
HIF-1α expression on pulmonary tissue (P=0.002; P=0.002). The level of serum SP-D
in renal malaria and cerebral malaria mice were significantly higher than control mice
(P=0.002; P=0.002). We found a strong correlation between the expression of CD11b
and HIF-1α in lung tissue (r=0.937, P=0.000), as well as between CD11b expression
and serum SP-D levels (r=0.907, P=0.000) and between HIF-1α expression and serum
SP-D levels (r=0.913, P=0.000).
Conclusion: Severe malaria-associated ALI increased the expression of CD11b and
HIF-1α in the lung tissue and increased serum SP-D levels of C57BL/6 mice significantly.
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Introduction

S

evere malaria is characterized by dysfunction of vital organs, which define
from clinical, or laboratory finding, and
often accompanied with high degree of asexual stage of malaria parasites in the blood (1).
In humans, Plasmodium falciparum is a common
cause of severe malaria disease, although P.
vivax and P. knowlesi can also cause severe infection (2, 3). The clinical features of severe
malaria are varies and may manifest singly or
simultaneously related to the target organs,
such as cerebral malaria, malaria with acute
renal failure (ARF) or renal malaria, and malaria with acute lung injury (ALI)/acute respiratory distress syndrome (ARDS) (4-6).
Acute lung injury (ALI) is a common complication in severe malaria and often progress
to become ARDS. Acute lung injury
(ALI)/acute respiratory distress syndrome
(ARDS) can also manifest at any time regardless of the status of anti-malarial treatment
that is being used. Therefore, ALI/ARDS can
increase morbidity and mortality in patients
with malaria (5-7). However, the pathogenesis
of malaria-associated ALI/ARDS is still not
clear, especially in the aspect of the host immunological response against parasite infection.
Monocytes are one of the first line defenses
that play an important role to eliminate malaria parasites (8). Monocytes also involved in
the initiation phase of resolution of lung tissue
after the extent of ALI (9). During the occurrence of malaria with ALI/ARDS, monocytes
are recruited into pulmonary tissue that mediated by the CD11b receptor (10, 11). Previous study of intravital malaria infected-mice
showed that merozoites, which release directly
from hepatocytes passes sinusoid barrier and
were stuck in the lung microvasculature, instead of go into the blood circulation. The
merozoites disintegrated and separated into
pulmonary blood capillaries, and subsequently
infected the erythrocytes (12).
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In response to inflamed and hypoxic lung
tissue, the expression and activation of hypoxia-inducible factors-1alpha (HIF-1α) on monocytes and macrophages can be increased
(13). Activation of HIF-1α will increase macrophages ability in phagocytosis and production of pro-inflammatory cytokines (e.g., Interleukin-1, Tumor Necrosis Factor-α) and
adhesion molecules (14). Hypoxia-inducible
factors-1α can also increase the levels of vascular endothelial growth factor (VEGF),
which is associated with increased capillary
permeability (15, 16). Vascular endothelial
growth factor (VEGF) can trigger pulmonary
endothelial barrier disruption and contribute
to the onset of ALI in mice models of severe
malaria (17).
The expression of CD11b and CD11c on
alveolar macrophages was regulated by surfactant protein D (SP-D) to prevent it from receptor degradation (18). Surfactant protein D
(SP-D) is a pulmonary collecting, which acts
as humoral immunity and able to regulate the
inflammatory response of macrophages (19).
The expression of SP-D also altered during
acute and persistent hypoxia in ALI (20). Thus,
SP-D may be correlated with the expression
of CD11b and HIF-1α in lung macrophages
of mice with severe malaria with ALI. Given
the lack of standard criteria for studying the
pathogenesis of severe malaria-associated ALI,
the biomarker measurements can support the
laboratory evidences of malaria with ALI. Related to this, serum SP-D may be used as a
potent biomarker because its levels increase
during ALI in humans (21, 22) and experimental animals (23, 24).
The objective of this study was to determine
the immune response that occurs during severe malaria-associated ALI, especially on
monocytes/alveolar macrophages, by observing the expression of CD11b and HIF-1α in
lung tissue of C57BL/6 mice, as well as serum
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SP-D levels of C57BL/6 mice infected by P.
berghei ANKA.

Materials and Methods
Experimental animals

The design of study is a randomized posttest
only control group. Eighteen female C57BL/6
mice, 6-8 weeks old, were bred and maintained in a pathogen-free facility at the Eijkman Institute for Molecular Biology, Jakarta.
The mice were then transferred to the Laboratory of Parasitology, Faculty of Medicine, Universitas Brawijaya, Malang, and adapted for
seven days prior to the experiment. The mice
were housed six animals per cage on wood
shaving bedding, and were maintained under
controlled temperature and humidity, with 12
h light/dark cycles. The mice were fed ad libitum and had unlimited access to water. All
protocols were approved by the Health Research Ethics Committee of the Faculty of
Medicine,
Universitas
Brawijaya
(410/EC/IEC/07/2014).
CD11b and HIF-1α expression in mice lung
tissue were observed by immunohistochemistry, while the serum SP-D levels were measured by enzyme-linked immunosorbent assay
(ELISA). This study also observed the degree
of parasitemia, serum creatinine and blood
urea nitrogen (BUN) levels, kidney tissue histopathology, signs/symptom of experimental
cerebral malaria (ECM), brain tissue histopathology, and lung tissue histopathology, to
confirm the presence of renal and cerebral
malaria-associated ALI in C57BL/6 mice.

Parasites, infection, and disease assessment

Plasmodium berghei ANKA obtained from the
Eijkman Institute for Molecular Biology, Jakarta. Six C57BL/6 mice were inoculated with
106 P. berghei ANKA-infected erythrocytes
intraperitoneally (i.p.) to induce malaria with
acute renal failure (ARF) or renal malaria according to previous studies (25, 26), while the
other six mice were inoculated with 107 P.
berghei ANKA-infected erythrocytes i.p. to in305

duce the ECM as a previous study (17). The
last six mice were not inoculated with P. berghei
ANKA-infected erythrocytes and were used as
a control group. The parasitemia in renal and
cerebral malaria groups was examined by
Giemsa staining, observed under a microscope
with a total magnification of 1000x (oil immersed), and was calculated based on the percentage of infected erythrocytes in 1000 erythrocytes. It was observed for 7 days for cerebral malaria group and 14 days for renal malaria group. Renal malaria was confirmed by
measuring the serum creatinine and BUN, observed the histopathology of kidney tissue,
and no signs/symptoms of ECM. Cerebral
malaria was confirmed based on the histopathology of brain tissue and signs/symptoms of
ECM, such as ruffled fur, hunching, wobbly
gait, limb paralysis, convulsions, and coma,
according to previous study (27). Acute lung
injury was confirmed by the histopathology of
lung tissue.

Histopathology

C57BL/6 mice with cerebral malaria and
control mice were sacrificed on day 7, while
mice with renal malaria were sacrificed on day
14 according to the standard of ethics. The
brain, kidney, and lung were harvested immediately after death. These organs were fixed in
formaldehyde solution (10%) for 24-48 h, dehydrated in an ethanol solution, embedded in
paraffin blocks, sectioned with 4 μm thickness,
stained with Hematoxylin-eosin (HE) and
immunohistochemistry. The histopathology of
brain, kidney, and lung tissue were observed
using a light microscope (Olympus ® CX22)
at a total magnification of 400x across 20 microscopic fields. The images were captured
with MicroStepper® and OptiLab® camera.
Renal malaria confirmed by the presence of
acute tubular necrosis (ATN), which is
marked by morphological changes in tubular
epithelial cells (swelling, karyolysis, necrosis),
hemosiderin deposits, infiltration of mononuclear (MN) cells or polymorphonuclear
(PMN) cells, and peritubular hemorrhage (25,
Available at: http://ijpa.tums.ac.ir
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26, 28). Cerebral malaria is indicated by the
presence of hemorrhage, cortex edema, vascular congestion, MN or PMN infiltrations, and
leukocytes adhesion with erythrocytes and endothelial brain tissue (17, 29). The extent of
ALI was measured by semi-quantitative scoring system (modified from (30)), by assessing
the presence of neutrophils in the alveolar and
interstitial space, hyaline membranes, thickening of the alveolar septal, and exudates in alveolar space or lung parenchyma, with a score
of 0-2 for each parameter per field in a total
magnification of 400x.

Immunohistochemistry

CD11b and HIF-1α expression was observed by immunohistochemistry using antiCD11b (101 202; Biolegend; San Diego; California; USA) and anti-HIF-1α (sc-53546; Santa
Cruz Biotechnology; Santa Cruz; California;
USA). CD11b and HIF-1α expressions were
measured by counting the number of positive
monocytes/macrophages in 20 microscopic
fields with 1000x magnification. Observations
made by researchers and confirmed by at least
two expert analysts with double-blind examinations.

Determination of protein content

The blood was collected from cardiac puncture, and then injected to BD Vacutainer ®
SST ™ plus Blood Collection Tubes (Becton,
Dickinson and Company; Plymouth; UK) to
obtain the serum. Serum SP-D levels was
measured using a commercial ELISA kit (EEL-M0993; Elabscience; Wuhan; Hubei; China) according to manufacture protocols.

Statistical Analysis

SPSS 20.0 software (Chicago, IL, USA) was
used for statistical analysis of CD11b and
HIF-1α expressions and serum SP-D levels.
Shapiro-Wilk test is used to confirm the distribution of data. Kruskal-Wallis test of Post
Hoc Mann-Whitney U was used to evaluate
the differences of CD11b and HIF-1α expressions and serum SP-D levels among groups.
Available at: http://ijpa.tums.ac.ir

Spearman's rank correlation test was used to
determine the correlation between two parameters. Data that met P<0.05 was considered
significant.

Results
The degree of parasitemia in renal malaria
and cerebral malaria groups

The degree of parasitemia of cerebral and
renal malaria groups was measured after inoculation phase until 14 days. The degree of
parasitemia and the morphology of the parasites on thin blood smear are presented in Fig.
1 & 2.

Renal function and kidney tissue histopathology of renal malaria group

The mean levels of serum creatinine in renal
malaria group was 0.52±0.17 mg/dL, which
was higher than the cerebral malaria group
(0.1±0.01 mg/dL) and the control group
(0.21±0.04 mg/dL), with (P=0.002; P=0.002).
The mean level of BUN serum in renal malaria group was 40.59±25.5 mg/dL, significantly
different from the cerebral malaria group
(15.72±3.77 mg/dL) and the control group
(16.64±0.73 mg/dL) with (P=0.002; P=0.002).
The observation of kidney tissue of control
group showed normal histology, while renal
malaria group showed evidences of ATN,
which were characterized by the degeneration
of tubular epithelial cells (karyorrhexis, karyolysis, and loss of brush border), debris in the
lumen of the tubular, peritubular hemorrhage,
and dilation of the tubular lumen. There were
sequestration of infected red blood cells
(iRBCs) and malaria pigment in glomerular
capillaries and peritubular capillaries. Vascular
edema is depicted by thickening of the tunica
media.

Signs/symptoms and brain tissue histopathology of cerebral malaria group

All mice with cerebral malaria showed the
signs and symptoms of ECM since the 5 days
post inoculation (dpi), when the mean percen306
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tage of parasitemia reached 4.98±1.30%. Other clinical signs, such as hunching and wobbly
gait, generally appear at 6 dpi, while the limb
paralysis observed at 7 dpi. Three of the six
mice had convulsions and coma at 7 dpi,
shortly prior to the surgery. The observation
of brain tissue of control group showed normal histology, whereas cerebral malaria group
showed evidences of ECM, which were characterized by multifocal hemorrhage, congestive blood vessels, leukocytes infiltration, and
cortical edema.

was dominated with exudate and alveolar septal thickening (Fig. 3E & 3F). Thickening of
the alveolar septal were found on all lungs of
C57BL/6 mice with renal and cerebral malaria,
which were rarely observed in previous studies
(17, 31).

Histopathology of lung tissue of control,
renal malaria and cerebral malaria groups

The histopathology of lung tissue was assessed by a scoring system (modified from
(30)). The mean score of ALI of renal malaria
and cerebral malaria group were 0.66±0.06
and 0.81±0.02. The score of renal malaria
group was significantly lower compared to
cerebral malaria group (P=0.001). The lung
tissue histopathology of control mice showed
normal histology (Fig. 3A & 3B). Lung tissue
in renal malaria mice showed diffuse inflammatory cells infiltration (Fig. 3C & 3D), whereas lung tissue of mice with cerebral malaria

Fig. 1: The degree of parasitemia. The mean percentage of parasitemia in renal and cerebral malaria groups. Each group consisted of six mice

Fig. 2: Thin blood smear of cerebral malaria and renal malaria groups. (A) Thin blood smear of cerebral malaria mice on 7 dpi, and (B) renal malaria mice on 14 dpi. Images were observed under 1000-x magnification
with Giemsa staining. Schizonts are indicated by the black arrow

307

Available at: http://ijpa.tums.ac.ir

Cahayani et al.: Increased CD11b and Hypoxia-Inducible Factors-1alpha Expressions …

Fig. 3: Histopathology of lung tissue of control, renal malaria and cerebral malaria groups. Images (A) and (B)
are representatives of control mice lung tissue that show normal histology; no thickening in septal alveolar;
black arrow indicated the normal alveoli; M=alveolar macrophage. Images (C) and (D) are representatives of
lung tissue of renal malaria mice that show alveolar septal thickening 2-4 times than control due to infiltration
of inflammatory cells (black arrow), vascular edema (*), and interstitial microhemorrhage (red arrow). Images
(E) and (F) are representatives of lung tissue of cerebral malaria mice that show alveolar septal thickening
more than 4 times compare to control (red arrow in E), exudates (*), thrombus with sequestration of iRBCs
and hemozoin (black arrow), and hyaline membrane (red arrow in F). A, C, E = total magnification of 100x; B,
D, F = total magnification of 400x. All tissues were stained with HE

CD11b expression in the lung tissue of
control, renal malaria and cerebral malaria
groups

The mean number of CD11b expression in
the renal malaria group was 3.32±0.19 monocytes/macrophages per field, and it was
5.68±0.45 monocytes/macrophages per field
in cerebral malaria group. Both of malaria
mice groups had higher expression of CD11b
than control group (0.12±0.03 monocytes/macrophages per field), with P=0.002
and P=0.002. Expressions of CD11b of lung
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tissue of C57BL/6 mice are presented in Fig.
4 (A, C, E).

HIF-1α expression in the lung tissue of
control, renal malaria and cerebral malaria
groups

The mean number of HIF-1α expression in
the renal malaria group was 3.32±0.14 monocytes/macrophages per field, and it was
5.40±0.09 monocytes/macrophages per field
in cerebral malaria group. Both of malaria
mice groups had significantly higher expressions of HIF-1α than control group
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(0.13±0.01 monocytes/macrophages per field),
with P=0.002 and P=0.002. Expressions of
HIF-1α of lung tissue of C57BL/6 mice are
presented in Fig. 4 (B, D, F).

Serum SP-D levels of control, renal malaria and cerebral malaria groups

The mean levels of serum SP-D in the group
of renal and cerebral malaria groups
(23.48±3.57 ng/mL and 57.74±4.33 ng/mL),
were significantly higher than control group
(1.63±0.31 ng/mL), with P=0.002 and
P=0.002.

Correlation among CD11b, HIF-1α, SP-D
and ALI score in renal malaria and cerebral malaria groups

Correlation between the expression of
CD11b and HIF-1α in lung tissue of renal malaria and cerebral malaria groups showed significant values (r=0.937, P=0.000), as well as
correlation between CD11b expression and
serum SP-D levels (r=0.907, P=0.000) and
correlation between HIF-1α expression and
serum SP-D levels (r=0.913, P=0.000). From
the results of Spearman's rank correlation test,
the mean levels of CD11b expression in lung
tissue and SP-D in the serum were strongly
correlated with ALI score (r=0.926, P=0.000;
r=0.908, P=0.000). The Spearman's rank correlation test also showed that the mean of
HIF-1α expression in lung tissue was correlated with ALI score (r=0.864, P=0.000).

Discussion
Acute lung injury in human malaria as a result of P. falciparum infection is marked with
diffuse alveolar damage (DAD), characterized
by inflammatory infiltrates, close contact between iRBCs and alveolar capillaries endothelium, hyaline membranes deposition, thickening of the septa, and swelling of endothelial
cells (30, 32). As long as the study of pathological hallmark correlates with malariaassociated ALI in human malaria, there are
many of murine models that could provide
some evidences to examine malaria-associated
309

ALI, such as VEGF (17) and hemozoin (33).
In the lung tissue of renal and cerebral malaria
mice, we found alveolar epithelial damages,
which were more diffuse in mice with cerebral
malaria (P< 0.05). The alveolar epithelial cells
of cerebral group were destroyed because of
accumulation of inflammatory cells. We also
found other aspects that met the criteria of
DAD, such as vascular edema, infiltration of
MN and PMN in the interstitial and alveolar
space, hyaline membrane, hemorrhage (thromboembolism formation), and thickening of the
alveolar septal (Fig. 3C-F). The mean of total
ALI score in the lung tissue of cerebral malaria
group was significantly higher than the group of
renal malaria (P< 0.05), which may indicate that
cerebral malaria mice had more severe lung injury than renal malaria mice.
Based on the lung histopathology features,
lung injuries that occur in both of malaria
group were still in exudative phase. It was also
supported with no finding of alveolar epithelial cells or type II pneumocytes hyperplasia,
and there were no fibrosis formation in interstitial area, which is the hallmark of ALI in the
proliferative phase. This condition was similar
with previous studies (17, 31, 32). Nonetheless,
the thickening of the alveolar septa was observed in all C57BL/6 mice with renal malaria
and cerebral malaria.
This feature was not found in most lungs of
C57BL/6 mice with malaria, but observed in
DBA and Balb/c mice with cerebral malaria
or malaria-associated ALI/ARDS (17, 32). In
this study, thickening of the alveolar septal in
cerebral malaria mice was more clear (4x normal septal), compared to renal malaria mice
(2-4x normal septal). Thickening of the alveolar septal is caused by congestion of blood
vessels and leukocytes infiltration, especially
monocytes/macrophages and neutrophils.
Monocytes recruitment into several organs is
mediated by CD11b/CD18 and endothelial
receptor (intercellular adhesion molecule-1
[ICAM-1]). CD11b and ICAM-1 interaction
will activate endothelial and facilitate mono-
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cytes migration into the extravascular compartment (10).

Fig. 4: CD11b and HIF-1α expressions in lung tissue of control, renal malaria and cerebral malaria groups.
Images (A), (C), (E) are representatives of CD11b expressions in lung tissue of control mice, renal malaria
mice, and cerebral malaria mice, respectively. Images (B), (D), (F) are representatives of HIF-1α expressions in
lung tissue of control mice, renal malaria mice, and cerebral malaria mice, respectively. All tissues were stained
with immunohistochemical staining (anti-CD11b for A, C, E; anti-HIF-1α for B, D, F) and were observed at
total magnification of 1000x. M = monocytes/macrophages.

In the lungs, monocytes will differentiate into alveolar macrophage, which is followed
with CD11b receptor pattern changes (18).
The change of monocytes receptor pattern
will give a difference functional aspect (34, 35).
According to this, the higher mean number of
CD11b expression in mice with cerebral malaria to renal malaria may indicate different response to malaria parasites in the lung. This
result may relate to the parasitic inoculation
doses, which was higher in cerebral malaria
mice (107) compared to renal group (106). FurAvailable at: http://ijpa.tums.ac.ir

thermore, lungs of cerebral malaria mice were
observed at 7-day post infection, whereas 14
day post infection for renal malaria mice. In
this case, the different time of observation
may affect the quantity and quality of CD11b
expressions, but it remains to be further investigated. Thus, the lower mean number of
CD11b expression in renal malaria group
compared to cerebral malaria group may be
caused by the increasing number of monocytes that have differentiated into macrophages, or increasing of CD11b expressed310
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monocytes/macropaghes apoptosis during 7
to 14 day post infection.
The role of monocytes/macrophages as a
protective or pathological agent in malaria still
becomes polemic (8). In this study, we did not
elaborate the role of CD11b in severe malariaassociated ALI. But in previous study (36),
monocytes that differentiate into alveolar macrophages were proposed as protective agent,
since the administration of anti-CD11b diminished the monocytes homing and decreased
parasite elimination in the lung. However,
monocytes and macrophages also have capabilities to damage the lung tissue, due to excessive cytokine production such TNF-α, IL1β, IL-12, and IL-18, as response to hemozoin
and glycosylphosphatidylinositol (33).
Related to that issue, the role of monocytes/macrophages CD11b in human malaria
may be different from murine malaria, since
human malaria is not always characterized by
adhesion of leukocyte to the vascular bed (37).
There is a possibility that increased CD11b
may lead to an improved potential for phagocytosis of opsonic iRBCs, as CD11b can play
role in complement-mediated phagocytosis
(38). Therefore, a more comprehensive study
of monocytes CD11b role in malariaassociated ALI remains needed.
The mean number of HIF-1α expression on
monocytes/macrophages lung tissue of cerebral malaria mice was significantly higher
compared to renal group (P< 0.05). As we
know, this is the first study that quantifies the
HIF-1α expression in the lung of malaria mice.
HIF-1α is a transcription factor that responds
to hypoxia and plays important role in the pathogenesis of ALI (39). The level of HIF-1α
was also increased in murine cerebral malaria
and contributed to the pathogenesis of severe
malaria (40). Increased of monocytes/macrophages HIF-1α expression may reflect hypoxia caused by capillary congestion, leukocytes accumulation, and sequestration of
iRBCs. It also may indicate enhancement of
monocytes/macrophage immune responses
(13), because HIF-1α stabilization lead to pha311

gocytosis increasing in monocytes/macrophages (14).
Reflect to human malaria, the previous study
about HIF-1α expression is observed in placental hypoxia during placental malaria in
African women. This study found higher HIF1α expression in the syncytiotrophoblast of all
malaria cases versus asymptomatic, particularly
with higher intensity and consistency in HIF1α expression of monocytes and neutrophils
in women with intervillositis malaria. The
higher HIF-1α expressions in placental are
expected to be a result of local inflammation
or the presence of iRBCs, which may lead to
malaria-associated low birth weight (LBW)
(41).
In the previous studies (23, 24), the rising of
serum SP-D level can be caused by instillation
of keratinocyte growth factor (KGF), bleomycin, HCl, lipopolysaccharides (LPS), and injection of paraquat plus oxygen for fibrosis mice
model. However, it is not known whether severe malaria infection will give raise to the increasing of serum SP-D levels or not. Our results showed that serum SP-D levels of both
cerebral and renal malaria groups were higher
compared to normal group (P< 0.05), which
were increase 35-fold and 14-fold, respectively.
Increased levels of serum SP-D has long
been hypothesized because of an alveolarendothelial barrier disruption, since most of
SP-D protein is synthesized by lung epithelial
cells (42). The leakage of SP-D into the circulation is also facilitated by the posttranslational modification, which resulted in
smaller subunit SP-D protein (43). However,
the source of serum SP-D is still unidentified
until now (42, 43). Our study also could not
identify the origin of protein SP-D that detected in serum, yet. In twins, 91% variations
in the serum SP-D levels is regulated by genes
(44), and upregulation of genes expression can
be triggered by illness, microbes exposure, and
lung injury (42).
Surfactant protein-D can also be detected in
a number of extrapulmonary tissues (45, 46).
Moreover, malaria infections are systemic and
Available at: http://ijpa.tums.ac.ir
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can infiltrate nearly all vital organs, so it may
be able to trigger the synthesis of SP-D outside the lungs. Still there is no information
whether extrapulmonary SP-D can be secreted
into the circulation or not (42), or only act as
local anti-inflammatory protein. Therefore, the
use of SP-D as a seromarker needs to be considerate in severe malaria-associated ALI.
Spearman's rank correlation test also showed
that the mean levels of serum SP-D is correlated with ALI score (r=0.908, P=0.000). It
means the diagnosis of ALI could be decided
based on the levels of serum SP-D. Serum SPD is potential biomarker since its levels increased during lung injury in mice (24). Serum
SP-D also has a high specificity for pulmonary
disease and may refer to the lung epithelial
disruption because most of the proteins is synthesized by the type II pneumocytes and Clara
cells (22).
In this study, the expression of CD11b
strongly correlate with HIF-1α (r=0.937, P<
0.05). That very strong correlation may be related to hypoxia during the lung injury. Hypoxia can induce the expression of IFN-γ that
facilitates phagocytosis of macrophages by
increasing the expression of CD11b/CD18
(47). In the previous study (48), myeloids cells
adhesion is mediated by HIF-1-dependent induction of β2 integrin gene expression during
hypoxia. Increased CD18 expression on myeloid cells occurs due to binding of HIF-1α in
the CD18 gene. As CD11b/CD18 composed
Mac-1 (CR-3) (49), it is possible that HIF-1α
increasing affects CD11b expression on monocytes/macrophages directly.
The expression of CD11b also very strongly
correlated with serum SP-D levels (r=0.907,
P< 0.05). Surfactant protein-D in the bronchoalveolar lavage (BAL) and lung tissue can
regulate the expression of CD11b on the surface of alveolar macrophages, thus SP-D deficiency can lead to decreased CD11b expression on alveolar macrophages (18). In mice
model of acute lung injury by LPS aerosols
inhalation, SP-D levels in both BAL and serum responded to pro-inflammatory stimuli
Available at: http://ijpa.tums.ac.ir

and increased during acute inflammation (24).
According to that previous study, increased
CD11b expression may be caused by elevated
levels of SP-D in BAL. In addition, increased
CD11b expression in mice lung tissue may
also be caused by other factors, such as increased recruitment of monocytes into the
lung tissue (36), hypoxia (47), increased
CD11b expression by alveolar macrophages
de novo (50). Therefore, we proposed that the
correlation of CD11b expression in lung tissue
and serum SP-D levels were related to the alveolar epithelial disruption, which caused by a
large number of monocytes recruitment that
express CD11b.
Serum SP-D levels are also highly correlated
with HIF-1α expression in lung tissue
(r=0.913, P< 0.05). Under acute hypoxia,
HIF-1α can increased the expression of SP-D
in alveolar cells (20), but it is not known
whether HIF-1α expression in monocytes/macrophages can be associated with
levels of SP-D in lung or even in serum, directly. In mice with severe malaria, increased
levels of VEGF in serum or plasma has been
triggered the extent of lung injury, because
VEGF is a highly potent protein to increased
vascular permeability (17, 40). Because of vascular permeability increasing, plasma proteins
(including SP-D) may leak into the circulation.
VEGF genes also regulated by HIF-1α (51), as
a result HIF-1α may also responsible to barrier
disruption and plasma leakage. Thus, increased HIF-1α expression in monocytes/macrophages was a response to inflammation and infection in the lungs, which cause
disruption of the alveolar epithelium integrity
indirectly, resulting in increased levels of serum SP-D of C57BL/6 mice with severe malaria-associated ALI.

Conclusion
Renal malaria and cerebral malaria-associated
ALI increase the expression of CD11b and
HIF-1α on monocytes/macrophages in the
lung tissue, and serum SP-D levels of C57BL/6
312
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mice. A very strong correlation among CD11b,
HIF-1α, and SP-D may suggest that monocytes/macrophages played important role to
eliminate parasites, and may implicated in alveolar-endothelial barrier disruption. SP-D
may be served as a potential biomarker candidate for the occurrence of ALI during severe
malaria infections. Taken as a whole, these
data support the use of murine models to
study severe malaria-associated ALI, in spite
of the fact that human malaria-associated ALI
requires further study.
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