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Abstract: Pulmonary fibrosis is a complex pathological process characterized by massive destruction of the struc-
ture of lung tissues and aggravated pulmonary function impairment. The underlying mechanisms of pulmonary
fibrosis are incompletely understood and therefore limited treatment options are available currently. Here, we re-
port that MLN4924, an NEDDS8 activation enzyme (NAE) activity-inhibiting molecule, blocks the maintenance and
progression of established pulmonary fibrosis. We found that MLN4924 acts against bleomycin-induced pulmonary
fibrosis mainly at the early inflammatory stage. Pharmacologically targeting the neddylation of Cullin-Ring E3 ligase
(CRL) by MLN4924, significantly abrogated NF-kB responses, suppressed MAPK activity, and reduced secretion of
TNF-o-elicited pro-inflammatory cytokines and MCPZ1-induced chemokines. MLN4924 inhibited pro-inflammatory
responses while maintaining or increasing the production of the anti-inflammatory mediators such as anti-inflamma-
tory interleukins (ILs) following bleomycin administration, which is closely correlated to its blocking NF-kB-mediated
signaling. Consistently, our studies identified MLN4924 as a promising therapeutic drug for pulmonary fibrosis and
suggested a potential role of MLN4924 that fine tunes the MAPK signaling pathway controlling the inflammatory
reactions at the early stages of pulmonary fibrosis. In addition, our findings may broaden the potential practical ap-
plication of MLN4924 as an effective therapeutic strategy against other inflammation-associated diseases.
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Introduction nary fibrosis in a bad feedback loop [2].
Pulmonary fibrosis is a complex pathological
process that involves numerous cell types and
cytokines [2, 3], and the underlying mecha-
nisms of such pathogenesis haven’t been fully

understood [4].

Pulmonary fibrosis is a fatal form of progressive
and irreversible lung damage with excessive
accumulation of the extracellular matrix and
striking destruction of normal pulmonary struc-
tures concomitant with pathological tissue

reconstruction. Pulmonary fibrosis is generally
caused by severe injury, infection, spontaneous
immune reaction, toxic substances or adverse
responses to drugs [1, 2]. The lungs of patients
with pulmonary fibrosis lose their function due
to the break-down of normal tissue structure,
leading to release of detrimental proteins/cyto-
kines that accelerate the progression of pulmo-

Previous studies concerning the pathogenesis
of pulmonary fibrosis focused on the regulation
of proliferation, differentiation and collagen
secretion [4, 5]. Recently, a large body of clini-
cal and experimental evidences have shown
that the number of inflammatory cells, proteins
and cytokines in broncho alveolar lavage fluid
(BALF) abnormally increase during the progres-
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sion of pulmonary fibrosis, suggesting a close
correlation between inflammatory mediators
and pulmonary fibrosis [1, 6-9]. In addition, one
of the striking hallmarks of pulmonary fibrosis
is loss of endothelial function and subsequent
activation of the immune system, which is
majorly considered as a direct outcome affect-
ed by intracellular pro-inflammatory responses
[10]. Thus, inhibition of the early inflammation
could be an intriguing alternative approach for
blocking the formation of pulmonary fibrosis.

The NF-kB pathway has been well established
as one of the key pathways for such pro-inflam-
matory signaling. NF-kB is regulated through
IkKB kinases and its activation relies on IkB
kinase degradation through the 26S protea-
some [10, 11]. The ubiquitination of IkB kinase
is mediated through Cullin (Cul) proteins, which
requires a multistep process called Neddylation
[10].

Neddylation is an important post-translational
modification involved in the regulation of pro-
tein degradation, trafficking and tumorigenesis
[12]. Neddylation is an enzymatic cascade cat-
alyzed by E1 (NEDD8-activating enzyme (NAE1/
UBA3)), E2 (NEDD8-conjugating enzyme (UBC-
12)), and E3 NEDDS ligases [12]. However, the
Cullin-Ring E3 ligases (CRLs), which are involved
in the degradation of various proteins, are the
most important targets of Neddylation [13].

MLN4924, an AMP analogue, is a specific inhib-
itor of the NEDDS8 activation enzyme (NAE) [14].
By forming a complex with NAE, MLN4924
blocks the neddylation of CRLs, leading to its
inactivation [14-16] and the resultant accumu-
lation of multiple CRL substrates including DNA
replication licensing proteins CDT1 and ORC1
as well as the cell cycle inhibitors p21, p27 and
Weel [15]. However, most studies of MLN4924
focused on evaluating its antitumor activities
[17] while its role in inflammation is still elusive.
Here we report that by testing multiple types of
small molecules, we identified MLN4924 could
efficiently improve the lung function against
bleomycin-induced pulmonary fibrosis at early
inflammatory stage. We analyzed the effect of
MLN4924 on certain pro-inflammatory cyto-
kines (TNF-a, IL-1 and IL-6) and the NF-kB sig-
naling pathway in LPS-stimulated macroph-
ages. We also examined endothelial function
such as iNOS enzyme activity to assess the role
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of this molecular process during LPS-induced
cytokine responsiveness. Our results demon-
strate that pharmacologically targeting ned-
dylation of Culs by MLN4924 abrogates the
release of certain pro-inflammatory cytokines
like MCP1 secreted from macrophages in
response to LPS. In addition to the well-known
NF-kB transduction pathway, our data show
that MLN4924 inhibits LPS-induced cytokine
up-regulation at translational level, albeit
through a different molecular mechanism
underlying the feedback activation of MAPK
signaling, suggesting a plausible mechanism
for its corresponding down-regulation of cell
proliferation and subsequent abnormal tissue
reconstruction. Thus, MLN4924 offers a novel
treatment strategy for pulmonary fibrosis,
which represents unique advantages on initiat-
ing the inhibition control of pro-inflammatory
mediators and the resultant tissue lesions. Our
study also sheds light on how to target specific
small molecules towards the up-regulation of
pro-inflammatory cytokines and the disease
processes associated with such up-regulation.

Materials and methods
Cell lines

A549, RAW264.7 and 3T3 cells were purchased
from the Shanghai cell bank of the Chinese
academy of sciences. RAW264.7 and 3T3 cells
were cultured in Dulbecco’s modified Eagle’s
medium (Gibco) supplemented with 10% fetal
calf serum (Gemini) and penicillin-streptomycin
antibiotics (Sangon Biotech). A549 cells were
cultured in RPMI-1640 medium (Gibco) supple-
mented with 10% fetal calf serum (Gemini).

Immunoblotting

Immunoblotting was performed as we have pre-
vious described [18]. Briefly, cells were washed
using PBS, lysed with SDS lysis buffer and
boiled at 100°C for 15 min. Proteins were
resolved by SDS/PAGE and transferred onto
nitrocellulose membranes (Millipore). Endoge-
nous IkBa, p-P38, P38, p-ERK, ERK, p-JNK and
JNK were detected using antibodies purchased
from Cell Signaling Technology (1:1000 dilu-
tion). Other antibodies were used as follows:
Mcl-1 (Santa Cruz, 1:1000 dilution), a-Tubulin
(Sigma, 1:3000) and cullin 1/3 (Epitomics,
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1:1000 dilution). Immunoblots were analyzed
using the Odyssey system (LI-COR Biosciences).

Quantitative real-time PCR

Total cellular RNA was isolated using the TRIzol
reagent (Takara) according to the manufactur-
er’s instructions. cDNA was then synthesized
from 500 ng of RNA using the cDNA Reverse
Transcription Kit (Takara). Quantitative RT-PCR
was performed with SYBR Premix Ex Taq
(Takara) using the TagMan Universal Master
Mix 1l (Applied Biosystems). The PCR primers
are in Supplementary Table 1. All reactions
were performed in duplicate, and the experi-
ments were repeated at least three times.

Mice

Mice were purchased from the National Rodent
Laboratory Animal Resources, Shanghai Bra-
nch (Shanghai, China) and maintained in a lami-
nar airflow cabinet under specific pathogen
free conditions according to NIH standards
established in the Guidelines for the Care and
Use of Laboratory Animals. All protocols were
approved by East China Normal University.

Bleomycin-induced lung fibrosis and acute
lung injury (ALI)

To induce lung fibrosis, C57BL/6J male mice
(8-12 weeks old) were anesthetized and sub-
jected to intratracheal infusion of saline ora 5
mg/kg bleomycin sulfate saline solution. For
acute lung injury (ALI), the indicated mice were
treated with a single intratracheal dose of
saline or LPS (5 mg/kg) for 48 hours.

MLN4924 treatment

For lung fibrosis, a dosage of 10 mg/kg
MLN4924 or an equal volume of PBS was
injected intraperitoneally into mice everyday 28
days after bleomycin administration and mice
were sacrificed at the 35th day. For acute lung
injury, the same dosage of MLN4924 or PBS
was injected intraperitoneally everyday for 7
days as well as LPS administration.

Bronchoalveolar lavage fluid cell count

At the indicated day after intratracheal admin-
istration of bleomycin or LPS with or without
MLN4924, the mice were euthanized, and BALF
was collected by cannulating the trachea and
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lavaging the lung with 1 ml of sterile PBS three
times to recover a final volume of 1 ml. The
total cell number was determined using a
hemocytometer. More than 200 cells were
counted for each sample.

Hydroxyproline and NO measurement

Certain lung tissues were triturated and filtered
through a 200-um pore mesh to remove debris
or cell clusters and subsequently used to ana-
lyze hydroxyproline levels. Lung hydroxyproline
content is considered a biochemical index for
parenchymal collagen content and was mea-
sured in the lung tissue homogenate with the
iagnostic reagent kit (Nanjing Jiancheng Bio-
engineering) using a colorimetric method at
550 nm. NO content was measured by using
Nitric Oxide Assay Kit (Beyotime). The residual
lung tissue homogenates were stored at-80°C.

Flow cytometry of apoptotic cells

Total apoptotic cell percentage was evaluated
using the PE-Annexin-V Apoptosis staining kit |
(BD Pharmingen, San Diego, CA). After treat-
ment with MLN4924 at the indicated doses for
18 hours, mice neutrophils were stained for 30
minutes using the kit. Positive cells were sorted
using a FACSCalibur and analyzed by FlowJo
software.

Histology

At the indicated days, mice were euthanized
and their lungs were inflated and fixed with 4%
paraformaldehyde. The lungs were surgically
resected and embedded into paraffin wax.
Lung sections (3 mm) were cut and stained with
hematoxylin and eosin or Masson’s trichrome.
The extent of lung injury and fibrosis was grad-
ed by a pathologist, blinded to the treatment
groups, on a scale of O (for normal lung) to 8 (or
severe distortion of structure and large tissue
areas [19]. The major criteria examined includ-
ed interstitial thickening of alveolar or bronchio-
lar walls, hydroxyproline, broncho alveolar
lavage fluid cell count, collagen deposition, and
inflammatory cell infiltration.

Statistical analysis

Numerical data and histograms were expressed
as the mean + SD. Comparisons between 2
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Figure 1. MLN4924 ameliorates bleomycin-induced pulmonary fibrosis. (A) Representative histology of HE and Mas-
son’s trichrome staining of lungs from mice treated with one intratracheal dose of PBS or bleomycin (15 mg/kg), or
with a intraperitoneal injection of MLN4924 (10 mg/kg) after bleomycin treatment, respectively (n=8). (B) Fibrosis
scores based on histopathological assessment as in (A). (C, D) Hydroxyproline content and relative mRNA expres-
sion of mice collagen 1 and collagen 3 from lungs treated as in (A), respectively. Error bars represent the mean +
SD, representative of three experiments, *P < 0.05. (E) Western blotting of A549 cell lines treated with TGF (5 ng/
ml) and MLN4924 (0.5 uM or 1 uM) for the indicated times, respectively.
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Figure 2. MLN4924 ameliorates LPS-induced acute lung injury. (A) Representative histology of HE staining of lungs
from mice treated with a single intratracheal dose of PBS or LPS (5 mg/kg), or with intraperitoneal injection of
MLN4924 (10 mg/kg) after LPS treatment, respectively (n=8). (B) Determination of lung wet-to-dry ratio for mice
treated as in (A). (C) Protein concentrations of broncho alveolar lavage fluid in lungs of mice treated as in (A). (D-F)
Relative mRNA levels of IL-6, IL-1B and TNF« in lung lysates of mice treated as in (A). (G-1) Total cell counts and neu-
trophil and macrophage numbers in the broncho alveolar lavage fluid of lungs in mice treated with PBS or MLN4924
after LPS intratracheal injection. Error bars represent the mean + SD, representative of three experiments, *P <
0.05.

groups were analyzed using 2-tailed unpaired was litter-based and at least three litters were
Student’s t test. P-values < 0.05 were consid- analyzed for every parameter. All the experi-
ered statistically significant. Analysis of mice ments were repeated three to four times.
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Results

MLN4924 suppressed pulmonary fibrosis le-
sions in mice induced with bleomycin

To examine whether MLN4924 has any effect
on the progression of pulmonary fibrosis, we
used the bleomycin-induced pulmonary fibrosis
mouse model, which has similar pathological
process to that of human pulmonary fibrosis [1,
20-22]. The data of HE and Masson’s trichrome
staining show that bleomycin treatment signifi-
cantly destroys mouse lung structure accompa-
nied by pulmonary interstitial collagen hyper-
plasia and deposition compared with the
control group treated with saline (Ctrl) (Figure
1A), while treatment with MLN4924 signific-
antly protected mice from the pulmonary dam-
age by bleomycin (Figure 1B). Bleomycin treat-
ment played an active role in upregulating
hydroxyproline level in BALF and enhanced the
expression level of collagen 1 and 3 [23, 24].
Our data indicate that MLN4924 also signifi-
cantly inhibits the bleomycin-induced pulmo-
nary collagen expression and hydroxyproline
production (Figure 1C and 1D). These results
suggest that MLN4924 may block bleomycin-
induced pulmonary fibrosis in mice.

MLN4924 ameliorates acute lung injury in the
early stages of pulmonary fibrosis

The hyperproliferation of myofibroblasts is one
of the major pathological features of pulmonary
fibrosis [1]. Myofibroblasts that are critical for
pulmonary fibrosis are mainly produced through
Epithelial-Mesenchymal Transitions (EMT) [1,
20-22, 25]. Thus we examine whether MLN49-
24 has effect on EMT. To this end, we induce
the EMT of A549, a human lung adenocarcino-
ma epithelial cell line, through treatment with
TGFB (5 ng/ml). EMT is examined by measuring
the expression level of EMT markers. It shows
that MLN4924 has no significant effect on
TGFB-induced EMT in A549 cells (Figure 1E),
suggesting that MLN4924 has no functional
impact on the TGFB-induced EMT.

It has been well established that inflammation
is intimately involved in the initiation and pro-
gression of pulmonary fibrosis [1, 6]. Since
MLN4924 had little impact on the EMT pro-
cess, we investigate whether it functions
actively at the early inflammatory stage of pul-
monary fibrosis. A LPS-induced acute lung inju-
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ry (ALI) mouse model is used. Treatment with
LPS for two days significantly induced disrupted
alveoli, thickened alveoli septum and infiltra-
tion of inflammatory cells in murine lungs,
which can be remarkably reversed by additional
treatment with MLN4924 (Figure 2A). The wet-
to-dry ratio and the total protein content in
BALF, the markers representing the severity of
acute lung injury, are changed in a consistent
way (Figure 2B and 2C). Moreover, the expres-
sion level of cytokines (IL-1pB, IL-6 and TNFq) in
murine lung lysates treated with LPS are
reduced by MLN4924 treatment (Figure 2D-F).
Similar results are observed from the accumu-
lation of neutrophils, macrophages as well as
the total cell numbers in BALF throughout all
the stages (days 1, 3 and 7) of ALI (Figure 2G-I).
Taken together, these results suggest that
MLN4924 protects against pulmonary fibrosis
through attenuation of cytokine-mediated
inflammation at early stages of ALl-related pul-
monary fibrosis.

MLN4924 inhibits the expression of pro-in-
flammatory cytokines and chemokines in vitro

Pulmonary macrophages are important indica-
tives for the initiation of pulmonary fibrosis.
They are responsible for releasing pro-inflam-
matory mediators at early stages of inflamma-
tion [1, 26, 27]. To test whether MLN4924
takes a part in mediating the inflammation-
induced effects on macrophage, we investigate
whether MLN4924 affects the production of
pro-inflammatory mediators. Our data show
that treatment with MLN4924 dramatically
reduces LPS-induced iNOS expression and NO
production in RAW264.7 cells (Figure 3A and
3B). Since it has been reported that MLN4924
inhibits pro-inflammatory cytokines (IL-6 and
TNFa) in macrophages [11], we check LPS-
induced expression of cytokines and chemo-
kines such as IL-1B3, TNFax and MCP-1. Their
expressions are also suppressed by MLN4924
treatment (Figure 3C-E). Collectively, MLN4924
may protect against pulmonary fibrosis by inhib-
iting the production of cytokine, chemokines
and NO from macrophages and thus suppress-
ing macrophage-mediated excessive inflamma-
tion.

Neutrophils are also involved in the progression
of ALI [28]. During the early stages of pulmo-

Am J Transl Res 2017;9(4):1810-1821
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Figure 3. MLN4924 inhibits the expression of pro-inflammatory cytokines and chemokines in vitro. A, B. Determina-
tion of INOS mRNA expression and NO production in LPS (1 ug/ml)-treated RAW264.7 cells, together with MLN4924
(0.5 uM) or PBS treatment for 24 hrs. C-E. Relative mRNA levels of IL-13, TNFa and MCP-1 in LPS (1 pug/ml)-treated
RAW264.7 cells, together with MLN4924 (0.5 uM) or PBS treatment for 12 hrs. F-H. Relative mRNA levels of IL-8,
CXCL5 and KC in an A549 cell line treated with IL-13 (10 ng/ml) and MLN4924 at the indicated doses for 24 hrs.
Error bars represent the mean + SD, representative of three experiments, *P < 0.05.

nary fibrosis, accumulation and transfer of neu-
trophils to the alveolar space are considered as
major mediators for excessive pulmonary
inflammation [29]. In the later stages, neutro-
phils are removed predominantly through apop-
tosis [30]. As we observed that MLN4924
reduced the accumulation of neutrophils during
ALI, we examined whether MLN4924 affects
neutrophil apoptosis. Neutrophils isolated from
mouse bone marrow were treated with MLN-

1816

4924 for 18 hours and apoptosis is analyzed
using flow cytometry. It shows that MLN4924
had no significant effect on neutrophil apopto-
sis except at a high dosage (5 uM) (Supple-
mentary Figure 1A). In addition, MLN4924
treatment had no effect on the expression le-
vel of Mcl-1, a marker of apoptosis (Supple-
mentary Figure 1B). These results indicate
that MLN4924 does not affect neutrophil
apoptosis.

Am J Transl Res 2017;9(4):1810-1821
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Figure 4. MLN4924 functions through the NF-kB signaling pathway. A, B. Western blotting analysis of NF-kB and
MAPK signaling in RAW264.7 cells under LPS (1 pyg/ml) and MLN4924 treatment at the indicated doses. C, D.
Western blotting analysis of NF-kB and MAPK signaling in an A549 cell line under IL-13 (10 ng/ml) and MLN4924

treatment at the indicated doses.

At the initial stages of ALl or pulmonary fibrosis,
alveolar epithelial cells are damaged upon
infection or injury [31, 32]. Damaged epithelia
produce additional chemokines that recruit
pro-inflammatory cells to lung and trigger fur-
ther immune responses [1]. We thus investi-
gated whether MLN4924 affects the chemo-
kine production of alveolar epithelia. It shows
that MLN4924 significantly inhibits IL-13-
induced production of IL-8, CXCL5 and KC in
A549 cells (Figure 3F-H), suggesting that
MLN4924 can block inflammation-triggered
diseases by reducing the chemokine produc-
tion of alveolar epithelia.

Taken together, our data indicate that MLN4924
suppresses the immune responses of ALl by
orchestrating the expression of various cyto-
kines and chemokines produced by both alveo-
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lar epithelia and inflammatory cells such as
macrophages.

MLN4924 functions through both the NF-kB
and MAPK signaling pathways

Next, we investigate the underlying mecha-
nisms by which MLN4924 blocks the produc-
tion of chemokines and cytokines in both mac-
rophages and epithelial cells. NF-kB pathway
is well known in producing cytokines such as
IL-1B, IL-6 and TNFa and releasing ROS and
NO [33, 34]. Therefore, we investigate whether
MLN4924 blocks the NF-kB signaling pathway
in macrophages. Our data show that MLN4924
significantly blocks the LPS-induced degrada-
tion of IkBa even at low concentrations (0.5
MM). The activity of MLN4924 is examined
by Cullinl neddylation (Figure 4A). Similarly,

Am J Transl Res 2017;9(4):1810-1821
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Figure 5. Graphic abstract of MLN4924 protects against bleomycin-induced
pulmonary fibrosis by inhibiting the early inflammatory process. When lung
injury occurs, the airway epithelia firstly detect the injury and recruit inflam-
matory cells by secreting chemokines, such as KC, IL-8 and CXCL5. Recruited
inflammatory cells, including macrophages and neutrophils, trigger inflam-
mation by producing NO and several cytokines, including IL-6, IL-1B and
TNFa, and thus contributing to acute lung injury. When the injury proceeds,
extracellular matrix (ECM) begins to form and deposit, which at last leads to
pulmonary fibrosis. MLN4924 can effectively block the production of chemo-
kines from the airway epithelia as well as NO and cytokines from the inflam-
matory cells. By this mechanism MLN4924 suppresses the recruitment of
inflammatory cells and the initiation of inflammation responses.

MLN4924 also blocks IkBa degradation in
A549 cells (Figure 4B). Therefore, we conclude
that MLN4924 efficiently inhibits IkBa degrada-
tion in both macrophages and alveolar epithe-
lial cells in vitro.

It has been reported that mitogen-activated
protein kinase (MAPK) pathway regulates both
innate and acquired immune responses, as
well as pulmonary fibrosis [35-37]. Consistently,
we find that MLN4924 significantly inhibited
LPS-induced phosphorylation of P38, Erkl/2
and Jnk1/2 in RAW264.7 cells (Figure 4C).
Similar results are obtained in A549 cells
(Figure 4D). These results indicate that
MLN4924 blocks the activation of MAPK and
NF-kB pathways in both macrophages and alve-
olar epithelia.

Discussion

Pulmonary fibrosis with persistent lung destr-
uction, accumulation of the extracellular matrix
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Healthy Lung

[2, 3], is a promising thera-
peutic candidate for bleomy-
cin-induced pulmonary fibro-
sis (Figure 1).

Although pulmonary fibrosis is
a complex process, we found
that MLN4924 mainly pro-
tects against pulmonary fibro-
sis at early stage. EMT is one
of the most important sourc-
es of ECM-produced myofibro-
blasts and vital for pulmonary
fibrosis progression [1, 25].
However, we did not find any
effect of MLN4924 on EMT of
lung epithelial cells whereas
we did found that MLN4924
significantly blocked produc-
tion of the pro-inflammatory
cytokines and chemokines
produced by both epithelial cells and macro-
phages. Thus, our data show that MLN4924
significantly blocked acute lung injury at the
early inflammatory stage.

Several studies have shown that the NF-«kB
and MAPK signaling pathways play important
roles in immune responses [33, 37, 38]. We
found that MLN4924 blocked the expression
of inflammatory cytokines and chemokines in
macrophages and epithelial cells through the
inhibition of NF-kB and MAPK signal pathways.
Because MLN4924 inhibits NAE activity that is
critical for numerous Cullin-Ring E3s, it is diffi-
cult to determine which E3s are inhibited by
MLN4924. Several studies have shown that
MLN4924 blocks the degradation of IkBa in dif-
ferent cells [11]. Interestingly, we found that
MNL4924 can also significantly block the acti-
vation of MAPK by LPS. Since MLN4924 is
known as a selective inhibitor of the NAE and
CULs, and TRAFG is the upstream signal of both
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NF-kB and MAPK pathways, we investigated
the neddylation and ubiquitination of TRAF6
with stimulation of MLN4924. However, no sig-
nificant modification changes were found (data
not shown). Thus, it will be of great interest to
examine the mechanism by which MLN4924
inhibits the activation of the MAPK pathways.

As an inhibitor of neddylation, accumulating
data have shown that MLN4924 has the poten-
tial for various cancer treatments. Interestingly,
different mechanisms underlying the change of
cancer cell proliferation by MLN4924 have
been reported. For example, in myeloma cells,
MLN4924 has been shown to induce apoptosis
via inhibition of Akt and mTOR through upregu-
lation of REDD1 [14]. MLN4924 also induces
the apoptosis of chronic lymphocytic leukemia
(CLL) B cells by blocking the activation of both
the canonical and noncanonical NF-kB path-
ways [39]. MLN4924 may also suppress liver
cancer cell growth by inhibiting the mTOR path-
way [40]. In this study, we identified a novel
potential role of MLN4924 in treating acute
lung injury and pulmonary fibrosis. As MLN4924
significantly blocks the production of pro-
inflammatory mediators, ur results may impli-
cate the potential role of MLN4924 as an effec-
tive treatment strategy for other inflammatory
diseases, such as Rheumatoid Arthritis (RA)
and Osteo Arthritis (OA).

In summary, our data support MLN4924 as a
novel potential drug for the clinical treatment of
pulmonary fibrosis, in addition to its current
application in anti-cancer therapy (Figure 5).
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Supplementary Table 1. Primers for quantitative real-time PCR

IL-1B Forward 5’-CAACCAACAAGTGATATTCTCCATG-3’ Mouse
Reverse 5-GATCCACACTCTCCAGCTGCA-3’

TNFo Forward 5’-GACCCTCACACTCAGATCAT-3’ Mouse
Reverse 5-TTGAAGAGAACCTGGGAGTA-3’

iNOS Forward 5’-CTTCAACCAGCAGTCCCTAGACA-3’ Mouse
Reverse 5-TCCAGGTCCAGGAGACGGTA-3’

MCP-1  Forward 5’-ACTGAAGCCAGCTCTCTCTTCCTC-3’ Mouse
Reverse 5'-TTCCTTCTTGGGGTCAGCACAGAC-3’

KC Forward 5-AGGGAATTCACCCCAAGAAC-3’ Human
Reverse 5-CACCAGTGAGCTTCCTCCTC-3’

IL-8 Forward 5’-ATGACTTCCAAGCTGGCCGTG-3’ Human
Reverse 5-GGAGTATGTCTTTATGCACTGACATCTA-3’

CXCL5 Forward 5-GAGAGCTGCGTTGCGTTTG-3’ Human
Reverse 5’-TTTCCTTGTTTCCACCGTCCA-3’

GAPDH Forward 5-TGACAACTTTGGTATCGTGGAAG-3’ Human
Reverse 5-CAGTAGAGGCAGGGATGATGTT-3’
Forward 5’-GTCGTGGAGTCTACTGGTGTC-3’ Mouse

Reverse 5’-GAGCCCTTCCACAATGCCAAA-3’
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Supplementary Figure 1. MLN4924 has no significant influences on neutrophil apoptosis at early stage of lung in-
jury. A. FACS analysis of apoptotic neutrophil (Pl+annexin-V+) numbers stimulated by MLN4924 of indicated doses.
Error bars represent mean + SD. B. Western blot analysis of neutrophil apoptosis under stimulations of MLN4924
with the indicated antibodies.



