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Abstract

Bone marrow mesenchymal stem cells (BM-MSCs) have therapeutic potential in acute lung injury (ALI). Hypoxia-induced mitogenic 
factor (HIMF) is a lung-specific growth factor that participates in a variety of lung diseases. In this study, we evaluated the therapeutic role
of BM-MSC transplantation in lipopolysaccharide (LPS)- induced ALI and assessed the importance of HIMF in MSC transplantation. MSCs
were isolated and identified, and untransduced MSCs, MSCs transduced with null vector or MSCs transduced with a vector encoding HIMF
were transplanted into mice with LPS-induced ALI. Histopathological changes, cytokine expression and indices of lung inflammation and
lung injury were assessed in the various experimental groups. Lentiviral transduction did not influence the biological features of MSCs.
In addition, transplantation of BM-MSCs alone had significant therapeutic effects on LPS-induced ALI, although BM-MSCs expressing
HIMF failed to improve the histopathological changes observed with lung injury. Unexpectedly, tumour necrosis factor � levels in lung 
tissues, lung oedema and leucocyte infiltration into lungs were even higher after the transplantation of MSCs expressing HIMF, followed
by a significant increase in lung hydroxyproline content and �-smooth muscle actin expression on day 14, as compared to treatment with
untransduced MSCs. BM-MSC transplantation improved LPS-induced lung injury independent of HIMF.
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Introduction

Acute lung injury (ALI) and acute respiratory distress syndrome
(ARDS) are life-threatening conditions characterized by high mor-

tality, rapid onset of respiratory failure following extensive inflam-
mation, lung oedema and alveolar haemorrhage [1]. In ALI and
ARDS, inflammatory cells migrate into the lung parenchyma 
and release mediators that destroy bacteria but also cause tissue 
disruption and lung injury [2]. Although supportive therapies for
these conditions exist, no efficient therapies or targeting strategies
have been developed. Mesenchymal stem cell (MSC) transplanta-
tion has recently been proposed as a potential new alternative
therapy for ALI. Reportedly, systemic transfer of MSCs effectively
reduced bleomycin-induced ALI and fibrosis, likely through
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down-regulation of nitric oxide metabolites and pro-inflammatory
and angiogenic cytokines [3]. In addition, recent work has also
demonstrated the derivation of pulmonary progenitor cells such
as type II pneumocytes from embryonic stem cells (hESCs) [4], as
well as integrin-dependent differentiation and adhesion of stem
cells in lung tissue [5].

Hypoxia-induced mitogenic factor (HIMF), an autocrine and
paracrine cytokine primarily expressed in airway and alveolar
epithelial cells, plays a number of roles in lung disease, including
lung cell proliferation and development, in addition to mitogenic,
angiogenic and vasoconstrictive effects [6–8]. Furthermore, HIMF
has anti-apoptotic functions that can protect against the develop-
ment of lipopolysaccharide (LPS)-induced ALI through the reser-
vation of surfactant protein C production [9], although previous
studies have shown that HIMF can promote cell proliferation,
migration and production of vascular endothelial growth factor
and monocyte chemotactic protein-1 in pulmonary endothelial
cells, as well as the production of reactive oxygen species in
murine monocyte/macrophage cells. In addition, HIMF up-regu-
lates pro-angiogenic and pro-inflammatory factors, recruits
inflammatory cells into the lungs and promotes inflammation in
mice with pulmonary hypertension [10].

In the present study we sought to investigate the therapeutic
role of bone marrow MSC (BM-MSC) transplantation in LPS-
induced ALI and fibrosis and to explore the potential additive
and/or synergistic effects of HIMF on BM-MSC transplantation.
First, we transplanted BM-MSCs without any manipulation to 
prevent LPS-induced lung oedema and inflammation from 
developing. Second, in order to maintain the consistent produc-
tion of HIMF, BM-MSCs were transfected with virus encoding
HIMF or other vectors, then transplanted to treat LPS-induced
lung injury and fibrosis.

Materials and methods

Isolation, culture and identification 
of BM-MSCs

Adult BALB/c mice were obtained from Slac Laboratories, Shanghai,
China. The experimental protocol was approved by the Committee of
Animal Care and Use of Fudan University, according to National
Institutes of Health guidelines. BM cells were collected as previously
described [11]. Briefly, BM-MSCs were obtained from the femurs and
tibias of 6-week-old BALB/c mice and resuspended at 106 cells/ml in
DMEM/F12 media containing 10% foetal bovine serum (Gibco, Grand
Island, NY, USA). BM-MSCs at passages 4–6 were harvested for flow
cytometry analysis, and stained with fluorescein isothiocyanate-, phyco-
erythrin- or phycoerythrin-cy5-labelled antibodies against CD14, CD44,
CD105, CD19, CD73, CD29, CD34, CD45 and major histocompatibility
complex (MHC)-II (eBioscience, Inc., San Diego, CA, USA). BM-MSCs
from 4 to 6 passages were plated at 105 cells/cm2 for adipogenic,
osteogenic and chondrogenic differentiation experiments, as reported
previously [11].

Lentiviral transduction and identification of MSCs

The HIMF gene was PCR subcloned from the pcDNA3.1-HIMF plasmid, a
kind gift from Professor Dechun Li. High titre lentivirus vectors encoding
enhanced green fluorescence protein (eGFP) or the HIMF gene were pro-
vided by Genechem Co. Ltd. (Shanghai, China). Passage 4–6 BM-MSCs
were plated at 105/ml and transduced with lentivirus vector at different
multiplicity of infection (MOI) levels.

HIMF gene and protein expression in BM-MSCs

Transduced BM-MSCs were harvested at designated time-points and total
RNA was isolated, extracted and reverse transcribed (RT; Takara, Tokyo,
Japan). Primers used for amplification HIMF were: sense 5�TATCCCTC-
CACTGTAACGAA3�; and antisense 5�GTGGTCCAGTCAACGAGTAA3�. RT-
PCR was carried out using the PrimeScript™ RT-PCR Kit from Takara.
Amplified DNA products were run on a 2% agarose gel and bands were
visualized using ethidium bromide. Lentivirally transduced BM-MSCs were
lysed in buffer and the lysates were separated by precast polyacrylamide
gel. The proteins were transferred onto a nitrocellulose membrane
(Millipore, Billerica, MA, USA). HIMF was detected with a 1:1000 dilution of
anti-HIMF antiserum (a gift from Professor Dechun Li) and incubated with
goat anti-rabbit IgG conjugated to horseradish peroxidase (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). An enhanced chemiluminescence
substrate kit was used for the chemiluminescent detection of signals with
autoradiography film.

Experimental design

The experimental design is outlined in Figure 1. The first part of the exper-
iment was to determine the therapeutic effects of MSC transplantation in
LPS-induced lung injury. Animals were injected intranasally with 10 �g/g
body weight of LPS (Escherichia coli, Serotype 055:B5; Sigma-Aldrich, St.
Louis, MO, USA), followed by an intravenous injection of MSCs at a con-
centration of 5 � 105/ml or the same volume of phosphate-buffered saline
(PBS) as controls. Mice were terminated by anaesthesia overdose on 
days 0, 3, 7 and 14 after transplantation (n � 6–8 mice/time-point/group)
to collect tissue for analysis. Lung wet:dry (W/D) ratio, myeloperoxidase
(MPO) activity, cytokine expression and pathology were measured. In the
second part of the experiment, we investigated whether HIMF treatment
had an additive effect on MSC therapy. Animals were challenged with LPS
and transplanted with MSCs transduced with empty control vector (MSCs-
null vector) or vector encoding HIMF (MSCs-HIMF) at a concentration of 
5 � 105/ml. Samples were also collected on days 0, 3, 7 and 14 after trans-
plantation (n � 6–8 mice/time-point/group) for analysis.

Total protein in bronchoalveolar lavage (BAL)
fluid, lung wet/dry ratio and MPO activity

Lungs of ALI mice were lavaged three times with 1 ml of cold saline. BAL
fluid was collected and centrifuged at 4�C and 1000 � g, and the super-
natant was collected for analysis of total protein and cytokine levels. The
concentration of total protein in BAL fluid was determined using a bicin-
choninic acid protein assay (Pierce, Rockford, IL, USA). The lung W/D ratio
was measured by dividing the wet weight by the dry weight. MPO activity
was measured according to the manufacturers’ instructions (Nanjing
Jiancheng Biological Engineering Institute, Jiangsu, China).
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Measurement of tumour necrosis factor � (TNF-�)
and interleukin 10 (IL-10) in lung homogenates

Lung homogenate levels of the cytokines TNF-� and IL-10 were measured
with murine cytokine-specific Quantikine ELISA kits (R&D Systems,
Minneapolis, MN, USA) as previously described [12]. Lungs were homog-
enized and all results were normalized (25 mg of total protein per sample)
to individual protein concentrations measured from lung homogenate sam-
ples by bicinchoninic acid protein assay (Pierce). TNF-� and IL-10 mRNA
levels in lung homogenates were measured by quantitative real-time PCR
using SYBR Green PCR Mix (Takara). Primers used were: TNF-�, sense 
5�-GACCCAGTGTGGGAAG-3�; and antisense 5�-GGTTCAGTGATGTAGCGA-
3�; IL-10, sense 5�GGACAACATACTGCTAACCGACTC3�; and antisense
5�CCGCATCCTGAGGGTCTTC3�; �-actin, sense 5�-GTGGGCCGCTCTAG-
GCACCAA-3�; and antisense 5�-CTCTTTGATGTCACGCACGATTTC-3�. The
PCR conditions for amplification of TNF-�, IL-10 and �-actin were initially
denaturated at 95�C for 10 sec., then subjected to 40 cycles at 94�C for 
5 sec., 60�C for 30 sec.

Histological examination and immunohistochemical
staining for �-smooth muscle actin (SMA) 
and hydroxyproline quantification

Tissue sections were embedded in paraffin and prepared for haema-
toxylin–eosin staining. Lung sections were microscopically examined by a
board-certified pathologist blind to the treatment conditions according to 
a standard, previously described method [13]. A total lung injury score 
was calculated as the sum of the four criteria at an average of 10 slices.
Intra-alveolar septal thickness was measured in different groups. Paraffin-
embedded lung sections were used for immunocytochemistry via anti-�-
SMA antibody (Sigma-Aldrich) at day 14. The total hydroxyproline content
of the lung tissue was measured as an assessment of lung collagen content
after homogenization of lung tissue in cold PBS according to the manufac-
turers’ instructions (Nanjing Jiancheng Biological Engineering Institute).

Statistical analysis

Data are represented as means 	 S.E.M. Differences between groups were
assessed using analysis of variance. A value of P 
 0.05 was considered
statistically significant. Analyses were done using SPSS 11.5 software.

Results

MSC isolation, identification and transduction

After passaging, MSCs took on a spindle-shaped fibroblastic 
morphology. Flow cytometric analysis revealed that over 95% of
passages 4–6 MSCs expressed CD105, CD73, CD29 and CD44,
and were negative for CD45, CD34, CD14, CD19 and MHC-II 
(Fig. 2), consistent with the current criteria [14]. Passage 4–6
MSCs were tested for pluripotency. When subjected to osteogenic,
adipogenic and chondrogenic media, MSCs succeeded in differen-

tiating into osteoblasts, adipocytes and chondrocytes. Oil red O
staining was used for adipocyte staining, toluidine blue for chon-
drocyte staining and alkaline phosphatase and Alizarin staining
was used to identify osteoblasts in the corresponding media 
(Fig. 2). When MSCs were transduced with lentiviral vectors at
various MOIs, the majority of adherent cells were GFP� after 
96 hrs. Most transduced MSCs continuously adhered to the tissue
culture dish and appeared to be viable (Fig. 3). Five days after
transduction (MOI � 5) MSCs-null vector and MSCs-HIMF cells
were prepared for transplantation, as HIMF was successfully
expressed in transduced MSCs and detected by RT-PCR and
Western blot (Fig. 3).

MSC transplant improved LPS-induced lung injury
independent of HIMF

The severity of LPS-induced lung injury was evaluated using a semi-
quantitative histopathology scoring system. Lung injury occurred
after LPS challenge, with the peak of injury observed on 3 and 
7 days after treatment with PBS (Fig. 4A). The severity of LPS-induced
lung injury was slightly improved 3 days after MSC transplantation
and significantly improved after 7 days (*P 
 0.05). Transplantation
of MSCs-null vector resulted in significant effects after 7 days, 
similar to treatment with MSCs alone (Fig. 4B), whereas treatment
with MSCs-HIMF did not result in additional therapeutic effects.
Unexpectedly, the level of injury in animals treated with MSCs-HIMF
was significantly higher than those treated with PBS, MSCs alone or
MSCs-null vector (*P 
 0.05, Fig. 4B).

Histological assessment of lung sections after administration
of LPS revealed evidence of marked inflammatory infiltration,
interalveolar septal thickening and alveolar congestion and haem-
orrhage in animals challenged with LPS and treated with PBS.

Fig. 1 Mice were treated with LPS to induce lung injury, followed by intra-
venous injection simultaneously with PBS, cultured MSCs, MSCs-null 
vector or MSCs-HIMF. Mice were then sacrificed on days 0, 3, 7 and 14 to 
evaluate the therapeutic efficacy.
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LPS-induced infiltration of inflammatory cells, interstitial oedema
and alveolar collapse were significantly alleviated 7 days after
transplantation of MSCs alone or MSCs-null vector, but not MSCs-
HIMF (Fig. 5). Increased interalveolar septal thickening and fibrob-
last proliferation were observed 14 days after transplantation of
MSCs-HIMF (Fig. 5). Intra-alveolar septal thickness increased 4-
fold 3 days after LPS exposure (Fig. 4C). Transplantation of MSCs
or MSCs-null vector prevented LPS-induced increases in intra-
alveolar septal thickness on day 7 compared to treatment with
PBS (P 
 0.05, Fig. 4C and D). No such effect was observed after
treatment with MSCs-HIMF. In fact, intra-alveolar septal thickness
increased by 74% 14 days after transplantation of MSCs-HIMF,
significantly higher than that observed in PBS-treated animals
(Fig. 4D, P 
 0.05).

Lung W/D ratios and MPO activity were significantly higher in
animals treated with PBS 3 days after LPS challenge. This effect
was significantly inhibited by transplantation of MSCs (P 
 0.05
or 0.01, Fig. 6A and C). Treatment with MSCs alone or MSCs-null
vector consistently inhibited LPS-induced lung oedema after 7 days.
This did not occur after treatment with MSCs-HIMF. Animals
treated with MSCs-HIMF showed significantly increased MPO 

values 7 and 14 days after LPS treatment compared to animals
treated with PBS, MSCs alone or MSCs-null vector (P 
 0.05, 
Fig. 6C and D). The total protein concentration in BAL fluid was
significantly higher 3 days after LPS challenge (P 
 0.05 versus
day 0, Fig. 6E). However, these levels were reduced significantly
after treatment with MSCs alone or MSCs-null vector when compared
to PBS treatment. Treatment with MSCs-HIMF resulted in a signif-
icant increase in total BAL protein concentration 14 days after LPS
challenge when compared to other treatments (P 
 0.05, Fig. 6F).

MSCs treatment increased IL-10 and decreased
TNF-� expression levels

Levels of TNF-� mRNA expression were significantly higher in
lung tissue 3 days after LPS challenge in animals treated with PBS
when compared to day 0 (P 
 0.05, Fig. 7A). Levels of TNF-�
mRNA in the lungs of animals treated with MSCs or MSCs-null
vector were significantly lower than those treated with PBS on
days 3 and 7 after LPS administration, but remained higher than
observed on day 0 (P 
 0.05). There was a significant increase 

Fig. 2 In vitro identification of MSCs. FACS analysis of MSCs expressing CD105, CD73, CD29 and CD44, but not the typical haematopoietic or endothelial
markers CD45, CD34, CD14, CD19 and MHC-II. The multipotent potential of MSCs was assessed via (A) oil red staining for adipocytes, (B, C) alizarin
staining and alkaline phosphatase staining for osteoblasts and (D) toluidine blue staining for chondrocytes.
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in TNF-� mRNA expression in lung tissue from animals treated
with MSCs-HIMF 7 and 14 days after LPS, compared with those
treated with MSCs alone or MSCs-null vector (P 
 0.05, Fig. 7A
and B). Lung levels of TNF-� protein were consistent with the
changes observed in TNF-� mRNA expression (Fig. 7C and D).
Levels of IL-10 mRNA (Fig. 7E and F) and protein (Fig. 7G and H)
were significantly higher 7 days after LPS challenge in lung tissue 
harvested from animals treated with MSCs or MSCs-null vector
than those treated with PBS or MSCs-HIMF (P 
 0.05).

MSCs decreased lung fibrosis

We observed an increased number of myofibroblasts in the MSCs-
HIMF-treated group via staining with �-SMA antibodies. Animals
treated with MSCs alone or MSCs-null vector showed less 

Fig. 3 Transduction of MSCs with HIMF-eGFP or eGFP and identification 
five days after transduction. Fluorescence (left) and phase contrast microscopy
(right) showing the expression of eGFP in MSCs-HIMF (A and B) and MSCs-
null vector (C and D) five days after lentiviral transduction at a MOI � 5 � 200.
MSCs without eGFP transduction (E and F) are shown as a negative control for
autofluorescence. RT-PCR (G) and Western blot (H) indicating HIMF expression
in MSCs-HIMF.
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collagen deposition and fewer �-SMA� cells after LPS treatment
(Fig. 8A–D). Levels of hydroxyproline in the lungs of animals
treated with MSCs alone or MSCs-null vector were significantly
lower than those treated with PBS 14 days after LPS challenge
(Fig. 8E and F, P 
 0.05).

Discussion

ALI is characterized by extensive damage to the barrier of the lung
epithelium and endothelium, neutrophil influx into the lung and an
imbalance between pro-inflammatory and anti-inflammatory

Fig. 4 The histopathology score of lung injury was evaluated after LPS challenge (A, B). Transplantation of MSCs prevented LPS-induced increase in lung
injury score on day 7 compared to treatment with PBS (*P 
 0.05), but treatment with MSCs-HIMF had no effect. The scores increased significantly 
seven days after transplantation of MSCs-HIMF compared with MSCs-null vector (*P 
 0.05). Intra-alveolar septal thickness in lung sections of various treat-
ment groups was evaluated (C, D). In animals treated with MSCs, intra-alveolar septal thickness was significantly reduced compared with controls on 
day 7 (*P 
 0.05), whereas transplantation of MSCs-HIMF resulted in an increase in intra-alveolar septal thickness on day 7 and 14 compared with MSCs-
null vector (*P 
 0.05). Data are expressed as mean 	 S.D.

Fig. 5 Histopathology of injured lungs on day 7 (A–H) and day 14 (a–f). Lung tissue sections were stained with haematoxylin and eosin. Histopathological
changes in the lungs are shown at low (�100) and high (�400) magnification. (A, a) MSCs-HIMF transplantation; (C, c) MSC transplantation; (E, e) 
controls; (G) MSC-null vector transplantation.
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mediators. LPS, a glycolipid of the outermost membrane of gram-
negative bacteria, was used in this study to induce ALI and sub-
ALI, as measured by hyper-production of the pro-inflammatory
factor TNF-�, neutrophil infiltrates, alveolar congestion, haemor-
rhage and thickness of the alveolar wall. This was followed by an
analysis of the therapeutic potential of MSC treatment, with or
without HIMF expression. MSCs are widely used as therapeutic
tools in cell and gene therapy due to their pluripotency, easy iso-
lation and culture, and host compatibility [11, 15]. HIV-1-based
lentiviral vectors are an efficient method for transduction of MSCs,
with transgene expression sustained for up to 5 months [16].

A recent study demonstrated that intravenous injection of
MSCs alone could reduce systemic and pulmonary cytokine levels
in animals with abdominal sepsis, prevent the occurrence of 
ALI and organ dysfunction, as well as promote phagocytosis and
bacterial clearance [17]. It was noticed that circulating stem-

progenitor cells were elevated along with mobilizing cytokines in
neonatal respiratory distress syndrome [18]. This suggests that
the body mobilizes its own stem-progenitor cells when ALI/ARDS
initially occurs, followed by a decompensation in stem cell func-
tion if the disease becomes more serious. This could potentially
explain why the transplantation of stem cells into the lung could
ameliorate LPS-induced ALI and bleomycin and asbestos-induced
chronic lung injury, although the exact mechanism by which stem
cells function in this context remains unclear. Previous studies
suggested that the use of MSCs may support the injured lung
directly or indirectly via stimulation of resident cells in the lung,
and that MSC transplantation was a potentially therapeutic strat-
egy for lung disease [19]. In the present study, BM-derived MSCs
were cultured as described previously [20]. We found that sys-
temic transplantation of MSCs could reduce LPS-induced lung
injury, leucocyte recruitment, over-production of inflammatory

Fig. 6 Biochemical indices of lung injury were examined after LPS challenge. (A, B) Lung W/D ratio was significantly decreased after transplantation of
MSCs compared with controls (*P 
 0.05), but not after MSCs-HIMF transplantation. (C, D) MPO activity was significantly reduced in the MSC treated
group compared with controls on day 3 (*P 
 0.05). In animals transplanted with MSCs-HIMF, MPO activity increased significantly seven and 14 days
after LPS (*P 
 0.05). (E, F) Total protein levels in BAL fluid were significantly decreased with MSC transplantation on day 3 (*P 
 0.05), whereas TP
levels remained high in animals transplanted with MSCs-HIMF. Data are expressed as mean 	 S.D.
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mediators and development of lung fibrosis. However, we found
that such therapeutic effects could not ameliorate LPS-induced
lung injury completely, possibly due to the quantity of cells 
and frequency of MSC transplantation. Our data indicate that a 
single transplantation of MSCs may have therapeutic effects
within 1 week of transplantation. The therapeutic effects on LPS-
induced lung injury were noticed in animals treated with MSCs
alone or MSCs transfected with an empty vector; however, MSCs
transfected with a vector expressing HIMF had no additional 
therapeutic effects.

HIMF, a hypoxia-driven proliferation-promoting cytokine, plays
complex roles in lung injury, such as promotion of vascular adhe-
sion molecule-1 and vascular endothelial growth factor expression
and increased inflammatory cell infiltration of the lung
parenchyma, which worsens lung injury [21]. Alternatively, HIMF
can exert anti-apoptotic functions by regulating surfactant protein
C production and improving ALI [9]. We did not observe signifi-
cant improvement after transplant of MSCs-HIMF in LPS-induced
lung inflammation, tissue injury and repair. Not only did treatment
with HIMF-transfected MSCs fail to result in significant improve-
ment, but also exacerbated epithelial injury. Specifically, we
observed increased intra-alveolar septal thickness and pulmonary

vascular leak, and worsened lung tissue oedema and fibrosis in
MSCs-HIMF-treated animals compared to treatment with MSCs
alone or MSCs-null vector after LPS challenge. Therefore, we con-
clude that MSCs-HIMF transplantation contributed to increased
pro-inflammatory factor expression and lung injury, and that HIMF
may serve as an important pro-inflammatory but not anti-inflam-
matory mediator in ALI. We found that LPS initiated the develop-
ment of fibrotic proliferation after 5 days, as characterized by the
increased proliferation of fibroblasts and the de novo appearance
of myofibroblasts with a distinct �-SMA-expressing phenotype
[22]. HIMF was found to stimulate type I collagen and �-SMA
expression in lung fibroblasts [23]. The results from the present
study demonstrate that the addition of HIMF could increase tissue
levels of hydroxyproline and �-SMA expression in the lung 
14 days after LPS challenge. It seems that HIMF promotes consis-
tent expression of pro-inflammatory factors, development of
chronic lung injury and progressive fibrosis.

In conclusion, MSC transplantation had therapeutic effects on
LPS-induced overproduction of inflammatory mediators, leucocyte
influx and lung injury. However, the combination of HIMF with MSC
therapy failed to show any additive effects on the reduction of LPS-
induced lung inflammation and injury. Thus, our data indicate that

Fig. 7 Pro- and anti-inflammatory factor
expression in different groups. (A, B)
Compared to controls, TNF-� mRNA expres-
sion was significantly decreased in lung
homogenates on days 3 and 7 after MSC
transplantation (*P 
 0.05), whereas in ani-
mals transplanted with MSCs-HIMF, TNF-�
mRNA levels increased significantly seven
and 14 days after LPS (*P 
 0.05). (C, D)
Similar results were observed for TNF-� lev-
els in lung homogenates. (E, F) Lung levels
of IL-10 mRNA in animals treated with
MSCs or MSCs-null vector were significantly
increased seven days after LPS treatment
compared with those treated with PBS 
(*P 
 0.05), but not in animals treated 
with MSCs-HIMF. (G, H) Similar results 
were obtained for IL-10 levels in lung
homogenates. Data are expressed as mean
	 S.D.
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MSC transplantation has potential as an alternative therapy for both
ALI and chronic lung injury independent of the addition of HIMF.
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