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Pdcd4 modulates markers of macrophage
alternative activation and airway remodeling
in antigen-induced pulmonary inflammation
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ABSTRACT

Pdcd4 has been known as a tumor-suppressor gene
initially and is up-regulated during apoptosis. Surpris-
ingly, we found that Pdcd4 was differentially expressed
in the lung from E3 rats with AIPI, an animal model for
asthma, but the precise role of Pdcd4 in AIPI still re-
mained to be defined. In the present study, we first
evaluated the expression of Pdcd4 in lung from control
and AIPI rats with RT-gPCR, Western blot, and immuno-
histochemistry. Then, we investigated the effects of in-
tervention of Pdcd4 on markers of macrophage alter-
native activation and airway remodeling. Upon chal-
lenging E3 rats with OVA, Pdcd4 was up-regulated in
lung tissue with AIPI. Immunohistochemistry results
showed that alveolar macrophages and airway epithe-
lia expressed Pdcd4 protein. Overexpression of Pdcd4
in the rat alveolar macrophage cell line, NR8383 cells,
increased the mRNA expression of arginase-1 and TGF-
B1, which are markers of macrophage alternative acti-
vation. In response to Pdcd4 RNA/in NR8383 cells, the
mMRNA expression of markers Fizz1, Ym1/2, arginase-1,
and TGF-p1 was decreased significantly. In addition,
Pdcd4 RNAI in AIPI rats led to a decrease of the mRNA
expression of Fizz1, Ym1/2, arginase-1, and TGF-31 in
BALF cells. Finally, knockdown of Pdcd4 suppressed
airway eosinophil infiltration, bronchus collagen deposi-
tion, and mucus production. Overall, these results sug-
gest that Pdcd4 may be worthy of further investigation
as a target for macrophage alternative activation and

Abbreviations: AlPl=antigen-induced pulmonary inflarmmation,
BALF=bronchoalveolar lavage fluid, elF4=eukaryotic initiation factor-4,
Fizz1=found in the inflammatory zone, NC-shRNA=negative control short
hairpin RNA, OVA=ovalbumin, PAS=Periodic acid-Schiff, Pdcd4=
programmed cell death 4, PPAR-y=peroxisome proliferator-activated re-
ceptor y, gPCR=quantitative PCR, RIPA=radioimmunoprecipitation assay,
RNAi=RNA interference, shRNA=short hairpin RNA, SSH=suppression-
subtractive hybridization, Ym1/2=chitinase 3-like protein 3/4
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airway remodeling in allergic pulmonary inflammation.
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Introduction

Asthma is a chronic inflammatory disorder of the airways, and
airway remodeling is the cardinal feature [1]. Airway remodel-
ing refers to airway wall structure changes, mainly including
deposition of bronchus collagen, increase of mucus secretion,
hyperplasia, and hypertrophy of airway smooth muscles and
angiogenesis [2]. It has been confessed that airway remodeling
is present in each form of asthma at all stages of disease pro-
gression, even before the development of the airway inflamma-
tion process [3]. Ample evidence indicates that airway remod-
eling contributes to the development and persistence of air-
flow obstruction and decreased lung function [4]. As
populations become more “Westernized” and urbanized, the
prevalence of asthma has increased dramatically in the past
few decades, and researchers conjecture that asthma will affect
~400 million people worldwide by 2025 [5]. Thus, decipher-
ing the cellular and molecular mechanisms responsible for
airway remodeling would be crucial for the identification of
potential targets for future intervention of asthma.

To learn more about the molecular mechanisms of airway
remodeling, we performed SSH to analyze the differentially
expressed genes in lung of E3 rats with and without AIPI in
our previous study [6]. It was observed that the Pdcd4 gene
was differentially expressed in AIPI, suggesting that Pdcd4 may
play a potential role in the disease progression. Pdcd4 is also
called a death up-regulation gene in rats. Its gene is mapped
to chromosome 155 in rat genome [7]. Pdcd4 is originally
identified as a tumor-related gene in mouse epidermal carci-
noma cells and consistently down-regulated in a variety of hu-
man cancers [8-14]. Very few reports indicate that Pdcd4 is
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involved in inflammatory processes. One group reported that
Pdcd4-deficient mice are resistant to autoimmune encephalo-
myelitis and diabetes [15]. A recent study has shown that the
polymorphism within the promoter of the PDCD4 gene is asso-
ciated with severe asthma in children [16]. However, the pre-
cise mechanisms responsible for Pdcd4 participating in the
development of inflammatory disease remain to be elucidated.
Our following experiments after SSH revealed that alveolar
macrophages can express Pdcd4 protein, suggesting that
Pdcd4 may participate in the biological activity of alveolar
macrophages.

Macrophages have a plastic gene expression phenotype that
changes depending on the biochemical signals of the local
milieu. They are polarized to an alternative-activation (or M2)
phenotype under the Th2 cytokine milieu, exemplified by
asthma [17, 18]. These macrophages participate in tissue re-
pair and airway remodeling through expressing such M2 mark-
ers, such as Fizzl, chitinase-like protein Ym1/2, arginase-1, and
TGF-B1 [19-21].

In the present study, we induced AIPI in E3 rats, evaluated
the difference of Pdcd4 expression between control and AIPI
rats, and tried to identify the role of Pdcd4 in airway remodel-
ing and macrophage alternative activation. To the best of our
knowledge, this is the first report to show that Pdcd4 plays
roles in airway remodeling.

MATERIALS AND METHODS

Rats

E3 rats were bred and kept in a specific pathogen-free animal house. Rats,
aged from 8 to 12 weeks, in each group were age- and sex-matched in the
experiments. Animal study protocols were approved by the Institutional
Animal Ethics Committee of Xi’an Jiaotong University (Permission No.

2009-12).

Induction of AIPI in rats

Rats were sensitized on Day 0 by i.p. injection of 1 mg OVA (Sigma-Al-
drich, St. Louis, MO, USA), emulsified in 50 mg AI(OH), (Pierce Biotech-
nology, Rockford, IL, USA) in a total volume of 1 mL PBS; on Day 14, the
rats were subjected to intranasal challenge of 100 ul OVA/PBS (1 mg/
mL), once daily for 7 days, whereas rats from the control group were ad-
ministrated OVA/Al(OH) for sensitization and PBS for challenge. On Day
21, the rats were anesthetized with diethyl ether and killed. Lung tissues
were removed and stored at —80°C until used. The lungs were lavaged or
not, depending on the experiment demands. The blood cells and spleens
were collected for RNA isolation and RT-qPCR.

Overexpression of Pdcd4 with recombinant plasmid
in NR8383 cells

For the construction of the pEGFp-Pdcd4 recombinant plasmid, rat Pdcd4
c¢DNA was amplified and subcloned into the pEGFp-C1 vector at the Xhol
and HindIlI sites. NR8383 cells were seeded at 8 X 10°/well in six-well
plates, cultured in F-12 K medium (Sigma-Aldrich) containing L-glutamine
and sodium bicarbonate with 20% heatinactivated FBS (HyClone, Logan,
UT, USA), and transfected with 2 ug pEGFp-Pdcd4 recombinant plasmid
(pEGFp-Pdcd4 group) and pEGFp-C1 empty vector (pEGFp group) by us-
ing 8 ul FuGENE6 (Roche Diagnostics GmbH, Mannheim, Germany) as a
carrier. Twenty-four hours after the transfection, the cells were harvested
for RNA and protein isolation as described below. Each experiment was
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performed in triplicate. Data shown are the averages of three separate ex-
periments.

Pdcd4 knockdown with RNA: in vitro and in vivo

Four target sequences of the Pdcd4 gene for RNA: are: GCGATTCAGT-
CAGTGAGAATG, named as Pdcd4-shRNAT; GCGTTTGAGAAGACGT-
TAACA, named as Pdcd4-shRNA2; GCGGAGATGTTAAGGGATTTG,
named as Pdcd4-shRNA3; and GGGACAGTGATGAGCACAAAT, named as
Pdcd4-shRNA4. The sequence of the NC-shRNA is GTTCTCCGAACGTGT-
CACGT. These sequences were inserted into the PGPU6/GFP/Neo RNA:
plasmid. NR8383 cells were transfected with these RNA: plasmids, and
mRNA expression of Pdcd4 was detected by RT-qPCR. Pdcd4-shRNA3 was
found as the most efficient to knock down Pdcd4 expression. Then,
NR8383 cells were transfected with Pdcd4-shRNA3 (sR-Pdcd4 group) and
NC-shRNA (sR-nc group) for three more times. After 24 h transfection, the
cells were harvested for RNA and protein isolation. Each experiment was
conducted in triplicate.

RNA in vivo was performed as described previously [22]. Briefly, 32 E3
rats were intranasally instilled with saline or plasmids on Days 13 and 17
during the period of AIPI induction. The rats were divided randomly into
four groups: 50 ul saline, served as control and AIPI groups; 50 ug NC-
shRNA plasmid in 50 ul saline, named as AIPI + sR-nc group; and 50 ug
Pdcd4-shRNA3 plasmid in 50 ul saline, named as AIPI + sR-Pdcd4 group.
Rats were killed on Day 21. The lungs in each group were lavaged by instil-
lation and withdrawal of 2 mL ice-cold PBS for three times through the
tracheal route, and BALF cells were collected. After centrifugation (1000
rpm for 10 min), the cell pellet from BALF was resuspended in 1 mL PBS.
Resuspension fluid of 30 ul was used to determine the total cell numbers
by using a hemocytometer. Suspension smear was prepared and stained
with Wright-Giemsa staining. The eosinophils, macrophages, and lympho-
cytes were counted microscopically. The residue of the resuspension fluid
was centrifuged again, and the cellular pellet was used to isolate total RNA.

Then, another 32 rats were treated as above without collecting BALF.
Lung tissues were homogenized in RIPA lysis buffer (Beyotime, Beijing,
China) for protein extraction, Western blot, and arginase activity analysis.

Lung immunohistochemistry and histochemical
staining

Immunohistochemistry was performed with the Non-Biotin HRP Detection
System (Zhongshan, Beijing, China). The sections were incubated with goat
polyclonal antibody to rat Pdcd4 (Santa Cruz Biotechnology, Santa Cruz,
CA, USA) in 1:100 dilution at 4°C overnight. Then, the slides were incu-
bated with the poly-HRP-conjugated anti-goat IgG (Zhongshan) at 37°C for
30 min. Finally, the 3,3'-diaminobenzidine staining kit (Zhongshan) was
used for color development. Images of stained sections were obtained
through an optical microscope (Olympus BX51; Olympus, Tokyo, Japan),
equipped with a digital camera (Olympus PD71; Olympus).

Lung tissues were stained with H&E to observe pathological changes, as
described previously [23]. Masson staining was performed for the detection
of bronchus collagen fibers stained blue in rat lung tissues by using a
method described previously [24]. The scale of the blue color was deter-
mined by Image-Pro Plus 6 (Media Cybernetics, Rockville, MD, USA). The
relative collagen area was calculated as a ratio of mean bronchus wall/
mean airway lumen.

PAS staining was performed to detect bronchus mucus secretion, as de-
scribed previously [25]. We selected at least three medium-sized bronchi-
oles on each slide and calculated the ratio of PAS-positive cells with total
airway epithelia. The mean of the ratios on each slide was further calcu-
lated to represent mucus secretion.

RNA quantitation

RNA isolation and reverse transcription were performed using TRIzol (In-

vitrogen Life Technologies, Carlsbad, CA, USA) and an RT kit (RevertAid;
Fermentas Life Science International, Ontario, Canada). RT-qPCR was per-
formed using SYBR Premix Ex Taq II (TaKaRa, Japan) in an 1Q5 real-time
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TABLE 1. Information of Primers for RT-qPCR

Gene name Sequence, 5'-3’

Annealing temperature, °C Product size, bp

Rattus norvegicus Pdcd4
GCTAAGGACACTGCCAACAC
CCACCAGGGAAGTTCACAGG
TTGTTGTCCTTGAGCCACTGAG

Ym1/2

Fizz1
AAGCCACAAGAACAACCAGTAGC
AGTGTGGTGCTGGGTGGAG
GCGGAGTGTTGATGTCAGTGTG
AAGAGACGCACAGGCAGAG
CAGGCACACGCAATGATGG
GGACTACTACGCCAAAGAAG
TCAAAAGACAGCCACTCAGG
TGCACCGAGATGTTTGTACCAGA
TTGCGAAGCACCCTGGAAG
CGGCAAGTTCAACGGCACAG

Arginase-1 iNOS

TGF-1
IL-12b

GAPDH

GAAGACGCCAGTAGACTCCACGAC

U6 CTCGCTTCGGCAGCACA
AACGCTTCACGAATTTGCGT

AACTATGATGATGACCAGGAGAAC

AGGTCAAGGAACTTCTAGCCCATC

62 200
57 191
62 139
54 118
60 124
57 294
54 92
60 148
60 89

PCR detection system (Bio-Rad Laboratories, Hercules, CA, USA). The to-
tal PCR system included 0.2 ul ¢cDNA, 0.5 ul each primer, 5 ul 2X SYBR
Premix, and 3.8 ul H,O. The changes of RNA transcripts were calculated
by the 2~ Aacomparative threshold yethod with rat GAPDH for lung tissues and
U6 for NR8383 cells as internal controls. The information of primers, an-
nealing temperature, and product size is depicted in Table 1.

Western blot

Lung tissues and NR8383 cells were lysed with RIPA. All of the lysates were
centrifuged at 12,000 rpm for 20 min at 4°C, and the supernatant was kept.
Protein concentrations were measured by the bicinchoninic acid protein
assay kit (Zhuhai Joincare Biosciences, China), and then, an equal amount
of the denatured protein (200 ug for Pdcd4 and 80 ug for B-actin) was
separated on SDS-PAGE and transferred onto nitrocellulose membranes,
which were then incubated with corresponding primary antibodies (Santa
Cruz Biotechnology) and peroxidase-conjugated secondary antibodies
(Santa Cruz Biotechnology). The bands of interest were visualized with the
SuperSignal West Pico Trial Kit (Thermo Fisher Scientific, Waltham, MA,
USA).

Arginase activity assay

Arginase-1 activity was measured in rat lung tissue and NR8383 cell lysates
in the presence of urea, which is a conversion product of L-arginine, ac-
cording to the procedure described previously [26], with some modifica-
tions. Briefly, 400 ug protein dissolved in 50 ul RIPA was added into 5 ul
10 mM MnCl, and 50 pl 0.5 M L-arginine (pH 9.7). After incubated at
37°C for 60 min, the reaction was stopped with 400 ul H,SO, (96%)/
H,PO, (85%)/H,O (1/3/7, v/v/v). Then, 20 ul 0.8% a-isonitrosopropio-
phenone (Sigma-Aldrich), dissolved in pure ethanol, was added to the
tubes, which were heated for 30 min at 95°C. After cooling, 200 ul of each
reaction mixture was transferred to microplates in duplicates, and absor-
bance was measured at 540 nm with an ELISA reader (Thermo Electron,
Vantaa, Finland). Arginase activity was expressed as units/milligram protein
(1 U was defined as the amount of enzyme that catalyzed the formation of
1 uM urea/min).

Analysis of hydroxyproline in lung tissue

Lung tissue was weighed and scissored into small pieces. Two milliliters of
1 M HCL was added to the sample in a glass test tube. The tubes were
tightened carefully and incubated at 120°C for 6 h. After cooling, the spec-
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imen was transferred to a 15 mL tube. Then, pH was adjusted to six, and
the volume was adjusted to 5 mL. After centrifugation at 12,000 g for 15
min, 25 wl citric acid buffer (pH 6.0) and 50 ul chloramine-T were added
to 25 wl fluid, and the mixture was incubated for 5 min at room tempera-
ture. Then, 50 ul perchloric acid and 50 ul 10% paradime thylaminobenz-
aldehyde were added, which were then incubated for 5 min at room tem-
perature and another 5 min at 100°C, respectively. At last the absorbance
of 100 ul sample was read at 260 nm with an ELISA reader (Thermo Elec-
tron). The concentration of hydroxyproline was calculated by comparison
with a standard curve of 6.25-100 pg/ul hydroxyproline, and the result was
expressed as pg/ug protein.

Coimmunoprecipitation

NR8383 cells were lysed with 120 ul cell lysate (Beyotime Institute of Bio-
technology, Shanghai, China) and incubated at 0°C for 30 min. All of the
lysates were centrifuged at 12,000 rpm for 15 min at 4°C, and the superna-
tant was kept. The protein was added with corresponding immunoprecipi-
tation antibodies (Santa Cruz Biotechnology) and incubated at 4°C for 14
h. Then, 20 ul protein A/G agarose was added to the sample for per-ug
antibody, and the mixture was incubated at 4°C for 4 h. After centrifuga-
tion at 3000 rpm for 5 min, the pellets were added with 800 ul cell lysate
and washed five times. Last, 30 ul of the denatured protein was used for
Western blot analysis.

Statistical analysis

Data were expressed as mean * sEm. The statistical analysis of differences
between experimental groups was performed by Student’s ttest. Compari-
sons among three or more groups were performed using the one-way
ANOVA, followed by Tukey’s multiple comparison tests. Statistical signifi-
cance was set at P = 0.05.

RESULTS

Pdcd4 was up-regulated in lung, spleen, and blood
cells from AIPI rats

The AIPI model was induced with OVA in E3 rats. SSH was
performed with lung tissue, and Pdcd4 was identified as a dif-
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ferentially expressed gene in AIPI [6]. Then, RT-qPCR, West-
ern blot, and immunohistochemistry were performed to mea-
sure the expression of Pdcd4 in the lung from AIPI and con-
trol rats. Figure 1 illustrates the results obtained in these
experiments. Lung tissue, without being lavaged from AIPI
rats, exhibited an elevated level of Pdcd4 expression compared
with those from control rats (Fig. 1A and B).

Next, immunohistochemical staining was used to visualize
Pdcd4 protein expression in the lung. The results demon-
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strated that Pdcd4 was expressed in airway epithelia and alveo-
lar macrophages (Fig. 1C). To identify the cell type that made
the difference of Pdcd4 expression, we compared Pdcd4 ex-
pression in lavaged lung and BALF cells from AIPI and con-
trol rats with RT-qPCR. Results showed that Pdcd4 mRNA ex-
pression in BALF cells increased significantly in the AIPI
group (Fig. 1D). Increased Pdcd4 expression was also observed
in the lavaged lung, but this did not achieve statistical signifi-
cance (Fig. 1D). Furthermore, it should be noted that Pdcd4
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was up-regulated dramatically in spleen and blood cells from
AIPT rats compared with the control ones (Fig. 1D).

The regulation of Pdcd4 expression influenced
markers of macrophage alternative activation in vitro
Pdcd4 protein expression in alveolar macrophages and the
difference of Pdcd4 mRNA expression in BALF cells prompted
us to investigate whether Pdcd4 can exert functions in macro-
phages. As macrophages resemble an M2 phenotype in
asthma, it is essential to clarify whether Pdcd4 affects macro-
phage alternative activation. The rat alveolar macrophage cell
line NR8383 cells were transfected with Pdcd4 recombinant
plasmid. Fizzl, Yml1/2, arginase-1, and TGF31 mRNA level was
analyzed with RT-qPCR, and arginase activity was determined
by measuring arginine-derived urea in the cell extracts. As de-
picted in Fig. 2, to accompany the overexpression of Pdcd4
(Fig. 2A and B), arginase-1 and TGF-B1 mRNA level was mark-
edly up-regulated (Fig. 2E and F), whereas no such result was
obtained in Fizzl, Yml1/2 expression (Fig. 2C and D), or in M1
markers iNOS and IL-12b expression (Fig. 2G and H). Arginase

The role of Pdcd4 in macrophage alternative activation

activity was already present in the nontreated cells, as extracts
obtained from these cells were able to convert L-arginine to
urea (Fig. 2I). Unexpectedly, overexpression of Pdcd4 in
NR8383 had no effect on arginase-1 activity (Fig. 2I).

Then, we wanted to know whether down-regulation of
Pdcd4 can influence the markers of macrophage alternative
activation. Pdcd4-shRNA3 down-regulated Pdcd4-level effi-
ciently in a pretest (Fig. 3A) and was transfected into
NR8383. Then, the M2 marker expression was suppressed
markedly after Pdcd4 knockdown (Fig. 3D-G), and argi-
nase-1 activity decreased significantly, accompanied by
Pdcd4 knockdown (Fig. 3]). Similarly to the Pdcd4 up-regu-
lation result, down-regulation of Pdcd4 expression in
NR8383 produced no change in ¢NOS and IL-12b mRNA
level (Fig. 3H and I).

RNA: of Pdcd4 suppressed macrophage alternative
activation in vivo

We then extended the observation to determine whether
Pdcd4 influenced macrophage activation in vivo. Pdcd4-
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shRNA3 (AIPI+sR-Pdcd4 group) and NC-shRNA (AIPI+sR-nc
group) were applied to AIPI rats through nasal cavity installa-
tion. Immunohistochemical results showed a decrease of
Pdcd4 expression in alveolar macrophages in the AIPI + sR-
Pdcd4 group (Fig. 4A). To compare with the AIPI + sR-nc
group, Pdcd4 expression also decreased significantly in BALF
cells at the mRNA level and in lung tissue without being la-
vaged at the protein level from AIPI + sR-Pdcd4 rats (Fig. 4B
and C). Lavaged lung tissue showed a tendency of decreased
Pdcd4 mRNA expression after Pdcd4 RNA: but no statistical
significance (Fig. 4D). Then, we analyzed different cell-type
ratios in BALF and found that the eosinophil ratio decreased
dramatically in the AIPI + sR-Pdcd4 group (Fig. 5A). How-
ever, Pdcd4 knockdown did not influence other asthmatic in-
dices, such as lung/body-weight ratio, total cell number in
BALF, total IgE and OVA-specific IgG1 level in serum, or con-
centration of NO in serum (Supplemental Fig. 1). Next, we
determined the mRNA level of Fizzl, Ym1/2, arginase-1, and
TGF-B1 in BALF cells and found that their expressions were
decreased significantly after Pdcd4 RNA: (Fig. 5B-E), whereas
iNOS mRNA expression in BALF cells showed no difference
between the AIPI + sR-Pdcd4 group and the AIPI + sR-nc

6 Journal of Leukocyte Biology Volume 96, December 2014

group (Fig. 5F). TGF-31 mRNA level decreased markedly ac-
companied by Pdcd4 knockdown, even in lavaged lung tissue
(Fig. 5G). As the protein mass from BALF cells was not
enough for arginase activity analysis, we used lung tissue with-
out being lavaged to detect arginase-1 activity, which was de-
creased notably in the AIPI + sR-Pdcd4 group (Fig. 5H).

RNA: of Pdcd4 in vivo alleviated airway remodeling
in AIPI rats

Furthermore, the association between Pdcd4 function and air-
way remodeling was evaluated. RNA: of Pdcd4 in vivo played
no roles in the inflammation infiltration and pathological
score of lung tissue (Fig. 6A, top, and B). However, less colla-
genation was observed in the AIPI + sR-Pdcd4 group than in
other groups (Fig. 6A, middle). The mean bronchus wall/
mean airway lumen ratio, representing the collagen mass
around airways, decreased significantly in the AIPI + sR-Pdcd4
group compared with the AIPI + sR-nc group (Fig. 6C). Fur-
thermore, the epithelium mucus secretion was less in the AIPI +
sR-Pdcd4 group than in the AIPI + sR-nc group (Fig. 6A, bot-
tom, and D). Moreover, the mass of hydroxyproline in lung tis-

www jleukbio.org



Zhong el al.

A Control AIPI
t"//'“;}‘ W & & "'::\ “:
Py ,' 4 l \‘,', “A..““p‘ ‘!‘"-,V\ X
87 175 WO
v 7 F . LY e
'_l‘/"'r ‘é :’, : : N g\.‘ - \
PR feq & 4. @&
! ',0',\ 3 .; l\“\ “ \‘\ A\ \ “\.‘ s &
N Wt“‘.?.il\ ]
'Bronchu§ g TN PR ". oy
Y, g o | @™
‘(“!’ ."i: :: Y
:“ \.: .l\
i ¥ [
¢ {‘4 ’
“ ,-#"\a.’ g‘ ‘ t
, ‘.n.‘ -‘ "’ ‘sﬂ
AL
Alveolis . ¢,
B
BALF cell
5- *

The role of Pdcd4 in macrophage alternative activation

AlPI+sR-nc

MY Sip

Pdcd4 mRNA expression
(fold change)

&

Bactin W W e ——

)
o e awely o
‘H\ )’\l r"’n -;1
i R N
0T ol 3 "'l""“" Q i
‘.\.‘ % ) “ 7 " ‘-.'.."'
'_ N ‘\ { e ol \': /4,

-
S stk vt TH N
30 ~-\u. ‘ "“ sgaped
S ) e
D
Lavaged lung
44
s
k7
8 3
()
gd
8
< S 2
= o
€3
%51.
3
o ]
o“‘O\ \’g\ Q-eo b"bh
o @ R
& &
v Q\
N

Figure 4. Efficiency of Pdcd4 RNAi on AIPI rats. The AIPI model was treated with saline (Control and AIPI), NC-shRNA plasmid (AIPI+sR-nc),

or Pdcd4-shRNA3 plasmid (AIPI+sR-Pdcd4) on Days 13 and 17 during the

period of AIPI induction. Rats were killed on Day 21. (A) Representa-

tive immunohistochemical images of Pdcd4 expressed in rat airway epithelia and alveolar macrophages. (B) Interfering efficiency in rat BALF
cells, determined by RT-qPCR after Pdcd4 RNA: in vivo. (C) Pdcd4 protein expression in lung tissue without being lavaged after Pdcd4 RNA: (D)
Pdcd4 mRNA expression in lavaged lung after Pdcd4 RNA:. The results are expressed as mean * sEm (n=8 for each group). *P < 0.05.

sue, which was often used to reflect the synthesis of collagen, de-
creased significantly after RNA: of Pdcd4 (Fig. 6E).

Pdcd4 was found to bind to C/EBP-f3 in NR8383
cells

To analyze the downstream signaling events of Pdcd4, we per-
formed coimmunoprecipitation between Pdcd4 and other mol-
ecules in NR8383 cells. The result showed that Pdcd4 bound
to C/EBP-B (Fig. 7A) rather than PPAR-y (Fig. 7B), which im-
plied that Pdcd4 may influence macrophage alternative activa-
tion via the C/EBP-f signal pathway.

DISCUSSION

Over the past decade, >100 candidate genes that are associ-
ated with asthma have been identified [27]. Despite the prog-
ress made in asthma genetics, much room for identification of
asthma candidate genes remains [28]. We have identified
Pdcd4 as a differentially expressed gene in our AIPI model by

www jleukbio.org

SSH. In the current study, we analyzed the expression of
Pdcd4 in control and AIPI model rats, as well as the effect of
Pdcd4 RNA: on NR8383 cells and AIPI rats.

Initially, we evaluated Pdcd4 expression in lung tissue by
RT-qPCR and Western blot. Pdcd4 was up-regulated signifi-
cantly in the lung without being lavaged from AIPI rats. Hith-
erto, among various lung diseases, lung cancer has been found
to be closely related to Pdcd4, whereas Pdcd4 is down-regulated
in primary lung tumors, and the loss of Pdcd4 expression may
correlate with tumor progression [10]. Our data show that
Pdcd4 is involved in the pathogenesis of allergic pulmonary
inflammation. Contrary to the down-regulation of Pdcd4 in
lung cancer, Pdcd4 was found to be up-regulated in AIPI.

Immunohistochemistry revealed that Pdcd4 was localized in
airway epithelia and alveolar macrophages. In a previous study,
Northern blot analysis has shown that mouse lung tissue can
express Pdcd4 [29], but the cell type expressing Pdcd4 is un-
known at that time. Our study first revealed that in lung tissue,
Pdcd4 expression is localized to airway epithelia and alveolar
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macrophages of rats. Moreover, spleen tissue and blood cells
from AIPI rats showed a more elevated expression of Pdcd4.
Although the cell type expressing Pdcd4 in spleen and blood
cells was not definite, it is plausible that Pdcd4 may, in part,
play a potential role in the physiological activity of macro-
phages. During allergic asthma, alveolar macrophages are of-
ten activated in the alternative way [30, 31] and orchestrate
the process of airway remodeling, including collagen deposi-
tion and goblet cell hyperplasia [80-32]. So, for the present
study, we selected to focus specifically on the role of Pdcd4 in
regulating macrophage alternative activation and airway re-
modeling.

First, we up-regulated Pdcd4 expression in rat macrophage
cell line NR8383 cells by transfecting cells with the pEGFp-
Pdcd4 recombinant plasmid. Partially consistent with our ex-
pectation, overexpression of Pdcd4 increased mRNA expres-
sion of arginase-1 and TGI-B1, indicating a relationship be-
tween Pdcd4 and M2 markers. Unfortunately, overexpression
of Pdcd4 had no effect on Yml/2, Fizzl expression, or argi-
nase-1 activity. Published data [33] and our work demon-
strated that NR8383 cells expressed abundant M2 markers but
a trace of M1 markers, suggesting that NR8383 cells are biased
to the M2 phenotype per se. The high basal level of M2 mark-
ers in NR8383 cells may be a mechanism that could partially
explain the reason why exogenous Pdcd4 failed to up-regulate
the expression of some M2 markers.

Accompanied with the down-regulation of Pdcd4 expression
in NR8383 cells, the expression of Fizzl, Yml1/2, arginase-1, and
TGI-B1 decreased correspondingly, which indicates that the

8 Journal of Leukocyte Biology Volume 96, December 2014

alternative activation of macrophages can be switched by the
change of Pdcd4 expression. However, the expression of M1
macrophage markers, never fluctuating with the expression of
Pdcd4, indicates that Pdcd4 cannot switch the classical activa-
tion of macrophages. To be specific, Fizzl, Ym1/2, arginase-1,
and TGF-B1 have been identified as typical markers of M2
macrophages, which are necessary for M2 macrophages to ful-
fill their function. Fizz1 functions as a factor for eosinophil
recruitment in asthmatic mice [34]; TGF-B1 induces epithelial-
mesenchymal transition [35] and smooth muscle proliferation
[36]; Ym1/2 can act as an eosinophil chemoattractant [37]
and involves tissue repairing [38]; and arginase-1 can promote
the production of proline [25], which is the raw material for
collagen biosynthesis. All of these factors are involved in air-
way remodeling.

In other words, the correspondence between Pdcd4 and M2
markers indicates that the higher expression of Pdcd4 can pro-
mote the function of M2 macrophages, and in asthma, this
means promoting eosinophil infiltration, collagen deposition,
and mucus secretion and concurring changes, leading to air-
way remodeling. So, the correspondence of Pdcd4 and M2
markers reveals the association between Pdcd4 and airway re-
modeling. To gain further insights into its biological functions,
we suppressed Pdcd4 expression in AIPI rats via shRNA tech-
nology. Our in vivo RNA¢ result showed that lung eosinophil
infiltration, airway collagen deposition, and mucus secretion
decreased after the interference of Pdcd4, as well as the ex-
pression of M2 markers in BALF cells. These observations
support that Pdcd4 can affect markers of macrophage alter-
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Figure 6. The changes of bronchus collagen deposition and airway
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bronchus collagen fiber-stained green in the middle and airway mucus
production stained purple in the bottom. Original magnification, X20
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Pathological score of lung tissue. (C) Statistical analysis for Masson
staining. Relative collagen area decreased significantly in the AIPI +
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native activation in vivo and that Pdcd4 can influence air-
way remodeling.

Moreover, Pdcd4 shRNA in vivo reduced the ratio of BALF
eosinophil, indicating that after the interference of the Pdcd4
gene, lung eosinophil infiltration decreased significantly.
There have been reports demonstrating that alternative-activa-
tion macrophages exacerbate eosinophil airway recruitment
[39-41]. In view of this fact, it seems plausible to speculate
that Pdcd4 RNAi attenuated macrophage alternative activation
and then, in turn, restrained lung eosinophil infiltration. A
substantial body of experimental proof documents that the
primary role of eosinophils in asthma is their effect on airway
remodeling as a result of the secretion of crucial profibrotic
cytokine TGF-B1 [42-45]. As markers of macrophage alterna-
tive activation and eosinophil infiltration decreased simultane-
ously, it is fairly well reasoned to have observed less bronchial
collagen deposition and epithelial mucus secretion after Pdcd4

www jleukbio.org

RNA: in vivo. In line with these findings, it has been observed
that in colon cancer cells, Pdcd4 could down-regulate the
urokinase-type plasminogen activator receptor, which pro-
motes degradation of extracellular matrix components [46],
and in breast cancer cells, Pdcd4 overexpression could in-
crease the secretion of the tissue inhibitor of metalloprotei-
nase 2 [47]. These facts demonstrate that Pdcd4 definitely
has the function of inducing tissue remodeling. Our find-
ings support Pdcd4 as a novel factor for the modulation of
airway remodeling.

The next crucial issue is the underlying molecular mecha-
nism of Pdcd4 to affect macrophage alternative activation. It
has been known that diverse factors, such as cytokines, signal
molecules, and transcriptional factors, might modulate macro-
phage polarization [20]. On the other hand, Pdcd4 plays ver-
satile roles through different molecular mechanisms [48]. A
prototypical function of Pdcd4, for example, is that Pdcd4
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binds to eIF4A and suppresses helicase activity by preventing
the association of elF4A and elF4G, which results in an inhibi-
tion of translation [49]. So far, the relationship between mac-
rophage alternative activation and well-known functions of
Pdcd4 is difficult to build, owing to lack of both the rationality
and experimental evidence. So we have performed coimmuno-
precipitation between Pdcd4 and other molecules. The prelim-
inary result showed that Pdcd4 bound to C/EBP-B, a potential
transcription factor for macrophage polarization, rather than
PPAR-v, a metabolism-related transcriptional factor, which im-
plied that Pdcd4 may influence macrophage alternative activa-
tion via the C/EBP-B signal pathway.

In summary, the cellular and molecular mechanisms under-
lying airway remodeling in asthma are not fully understood.
Among the various factors involved in the pathogenesis of re-
modeling, we focused on macrophage alternative activation.
We found that the changes of Pdcd4 expression can regulate
markers of macrophage alternative activation and airway re-
modeling. Although the functions and mechanisms of Pdcd4
in tumor promotion are well documented, the functions of
Pdcd4 in other diseases have been poorly described. Our find-
ings may provide a clue for more investigations in Pdcd4 and
suggest a new option for asthma treatment.

AUTHORSHIP

B.Z. carried out part of the animal and cell experiments and
drafted the manuscript. X.Y. and Q.H. performed the animal
experiments. Q.S. and C.J. completed the histochemistry ex-

periments. L.L. executed the cell culture. X.L.. performed the

molecular biological experiments. J.T. carried out analysis of
hydroxyproline and part of the molecular biological experi-
ments. W.H. contributed to the design of the study and per-
formed the statistical analysis. H.L. and N.G. participated in
the molecular biological experiments. S.L. designed the study
and participated in drafting the manuscript. All authors read
and approved the final manuscript.

10 Journal of Leukocyte Biology Volume 96, December 2014

ACKNOWLEDGMENTS

This work was supported by a National Natural Science Foun-
dation of China grant (No. 81170017), a China Postdoctoral
Science Foundation grant (2012M521754), the Fundamental Re-
search Funds for the Central Universities (DWYXc111000117;
xjj0017), and Xi’an Jiaotong University Scientific Fund
(x}j2011021). We thank Yan Han, Qilan Ning, Fujun Zhang,
Liesu Meng, and Jing Xu for expert assistance. We thank Jie Ma
and Dongmin Li for helpful discussions and productive critiques.

DISCLOSURES

The authors declare no conflict of interest.

REFERENCES

1. Shifren, A., Witt, C., Christie, C., Castro, M. (2012) Mechanisms of re-
modeling in asthmatic airways. /. Allergy (Cairo) 2012, 316049.

2. Sumi, Y., Hamid, Q. (2007) Airway remodeling in asthma. Allergol. Int.
56, 341-348.

3. Boulet, L. (2003) Asymptomatic airway hyperresponsiveness: a curiosity
or an opportunity to prevent asthma? Am. J. Respir. Crit. Care Med. 167,
371-378.

4. Gras, D., Bourdin, A., Chanez, P., Vachier, I. (2011) Airway remodeling
in asthma: clinical and functional correlates. Med. Sci. (Paris) 27, 959—
965.

5. Anandan, C., Nurmatov, U., van Schayck, O. C., Sheikh, A. (2010) Is the
prevalence of asthma declining? Allergy 65, 152-167.

6. Zhong, B., Wang, H. L., Muhammad, S., Ning, Q. L., Han, Y., Yang,

X. D., Zhang, F. J., Lu, S. M. (2009) Identification of differentially ex-
pressed genes in rat asthma model by suppression subtractive hybridiza-
tion technology. Zhejiang Da Xue Xue Bao Yi Xue Ban 38, 362-369.

7. Lankat-Buttgereit, B., Goke, R. (2003) Programmed cell death protein 4
(pdcd4): a novel target for antineoplastic therapy? Biol. Cell 95, 515-519.

8. Allgayer, H., Mudduluru, G., Medved, F., Grobhoz, R., Jost, C., Gruber,
A., Leupold, J. H., Post, S., Jansen, A., Colburn, N. H. (2007) Loss of
programmed cell death 4 expression marks adenoma-carcinoma transi-
tion, correlates inversely with phosphorylated protein kinase B, and is
an independent prognostic factor in resected colorectal cancer. Cancer
110, 1697-1707.

9. Rugge, M., Fassan, M., Pizzi, M., Battaglia, G., Giacomelli, L., Parente,
P, Bocus, P., Ancona, E. (2010) Programmed cell death 4 (PDCD4) ex-
pression during multistep Barrett’s carcinogenesis. J. Clin. Pathol. 63,
692-696.

10. Chen, Y., Knosel, T., Kristiansen, G., Pietas, A., Garber, M. E., Matsu-
hashi, S., Ozaki, I., Petersen, 1. (2003) Loss of PDCD4 expression in hu-
man lung cancer correlates with tumour progression and prognosis. J.
Pathol. 200, 640-646.

11.  OzakiZ, 1., Zhang, H., Mizuta, T., Hamajima, H., Yasutake, T., Eguchi,
Y., Ideguchi, H., Yamamoto, K., Matsuhashi, S. (2006) Involvement of
programmed cell death 4 in transforming growth factor-beta l-induced
apoptosis in human hepatocellular carcinoma. Oncogene 25, 6101-6112.

12.  Matsuhashi, S., Narisawa, Y., Ozaki, I., Mizuta, T. (2007) Expression pat-
terns of programmed cell death 4 protein in normal human skin and
some representative skin lesions. Exp. Dermatol. 16, 179-184.

13. Zhang, L. N, Gao, F., Zhang, P., Zhou, C. X,, Li, J. F., Wang, Q., Zhu,
F. L., Ma, C. H,, Sun, W. S. (2007) Frequent loss of PDCD4 expression
in human glioma: possible role in the tumorigenesis of glioma. Oncol.
Rep. 17, 123-128.

14. Marincola, F. M., Fang, W. Y., Li, X,, Jiang, Q. P., Liu, Z., Yang, H. L.,
Wang, S., Xie, S. M., Liu, Q. Z., Liu, T. F., Huang, J., Xie, W. B, Li,

7. G., Zhao, Y. D., Wang, E., Yao, K. (2008) Transcriptional patterns,
biomarkers and pathways characterizing nasopharyngeal carcinoma of
Southern China. J. Transl. Med. 6, 32.

15. Hilliard, A., Hilliard, B., Zheng, S. J., Sun, H., Miwa, T., Song, W., Goke,
R., Chen, Y. H. (2006) Translational regulation of autoimmune inflam-
mation and lymphoma genesis by programmed cell death 4. J. Immunol.
177, 8095-8102.

16. Binia, A., Van Stiphout, N., Liang, L., Michel, S., Bhavsar, P. K., Fan
Chung, K., Brightling, C. E., Barnes, P. J., Kabesch, M., Bush, A., Cook-
son, W. O., Moffatt, M. F. (2013) A polymorphism affecting MYB bind-
ing within the promoter of the PDCD4 gene is associated with severe
asthma in children. Hum. Mutat. 34, 1131-1139.

17. Mills, C. D., Kincaid, K., Alt, J. M., Heilman, M. J., Hill, A. M. (2000)
M-1/M-2 macrophages and the Th1/Th2 paradigm. J. Immunol. 164,
6166-6173.

18. Mantovani, A., Sica, A., Sozzani, S., Allavena, P., Vecchi, A., Locati, M.
(2004) The chemokine system in diverse forms of macrophage activa-
tion and polarization. Trends Immunol. 25, 677-686.

www jleukbio.org



19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

30.

31.

33.

34.

35.

Zhong et al.

Martinez, F. O. (2011) Regulators of macrophage activation. Eur. J. Im-
munol. 41, 1531-1534.

Murray, P. J., Wynn, T. A. (2011) Protective and pathogenic functions of
macrophage subsets. Nat. Rev. Immunol. 11, 723-737.

Gong, D., Shi, W., Yi, S. J., Chen, H., Groffen, J., Heisterkamp, N.
(2012) TGFbeta signaling plays a critical role in promoting alternative
macrophage activation. BMC Immunol. 13, 31.

Meng, L. S., He, X. J., Zhu, W. H,, Yang, X. D, Jiang, C. S., Sun, Q. Z.,
Asim, R. M. B., Zhang, S. M., Xue, Q. A., Xie, X. F,, Lu, S. M. (2011)
TLR3 and TLR7 modulate IgE production in antigen induced pulmo-
nary inflammation via influencing IL-4 expression in immune organs.
PLoS One 6, €17252.

Yang, X., Sun, Q., Asim, M. B., Jiang, X., Zhong, B., Shahzad, M.,
Zhang, F., Han, Y., Lu, S. (2010) Nitric oxide in both bronchoalveolar
lavage fluid and serum is associated with pathogenesis and severity of
antigen-induced pulmonary inflammation in rats. J. Asthma 47, 135-144.
Li, L. F,, Liao, S. K., Huang, C. C., Hung, M. J., Quinn, D. A. (2008)
Serine/threonine kinase-protein kinase B and extracellular signal-regu-
lated kinase regulate ventilator-induced pulmonary fibrosis after bleomy-
cin-induced acute lung injury: a prospective, controlled animal experi-
ment. Crit. Care 12, R103.

Raza Asim, M. B., Shahzad, M., Yang, X., Sun, Q., Zhang, F., Han, Y,
Lu, S. (2010) Suppressive effects of black seed oil on ovalbumin in-
duced acute lung remodeling in E3 rats. Swiss Med. Wkly. 140, w13128.
Cecilio, C. A., Costa, E. H., Simioni, P. U., Gabriel, D. L., Tamashiro,
W. M. (2011) Aging alters the production of iNOS, arginase and cyto-
kines in murine macrophages. Braz. J. Med. Biol. Res. 44, 671-681.
Melén, E., Kho, A. T., Sharma, S., Gaedigk, R., Leeder, ]J. S., Mariani,
T.]J., Carey, V. J., Weiss, S. T., Tantisira, K. G. (2011) Expression analy-
sis of asthma candidate genes during human and murine lung develop-
ment. Respir. Res. 12, 86.

Vercelli, D. (2008) Discovering susceptibility genes for asthma and al-
lergy. Nat. Rev. Immunol. 8, 169-182.

Onishi, Y., Hashimoto, S., Kizaki, H. (1998) Cloning of the TIS gene
suppressed by topoisomerase inhibitors. Gene 215, 453-459.

Munitz, A., Brandt, E. B., Mingler, M., Finkelman, F. D., Rothenberg,
M. E. (2008) Distinct roles for IL-13 and IL-4 via IL-13 receptor alphal
and the type II IL-4 receptor in asthma pathogenesis. Proc. Natl. Acad.
Sci. USA 105, 7240-7245.

Wynn, T. A. (2003) IL-13 effector functions. Annu. Rev. Immunol. 21,
425-456.

Loke, P., Nair, M. G., Parkinson, J., Guiliano, D., Blaxter, M., Allen, J. E.
(2002) IL-4 dependent alternatively-activated macrophages have a dis-
tinctive in vivo gene expression phenotype. BMC Immunol. 3, 7.

Kirk, B. L., Brian, E., Sherell, V., Rasul, A., Virginia, L. S. (1998) Char-
acterization of a rat alveolar macrophage cell line that expresses a func-
tional mannose receptor. J. Leukoc. Biol. 64, 345-350.

Munitz, A., Korman, R., Mingler, M., Rothenberg, M. E. (2009) Fizzl/
Relm-a mediates IL-18ral-independent eosinophil recruitment. J. Allergy
Clin. Immunol. 123, s58.

Kang, M., Choi, S., Jeong, S. J., Lee, S. A., Kwak, T. K., Kim, H., Jung,
O., Lee, M. S, Ko, Y., Ryu, J., Choi, Y. ], Jeong, D., Lee, H. J,, Ye, S. K,,
Kim, S. H,, Lee, J. W. (2012) Cross-talk between TGFbetal and EGFR
signalling pathways induces TM4SF5 expression and epithelial-mesen-
chymal transition. Biochem. J. 443, 691-700.

www jleukbio.org

The role of Pdcd4 in macrophage alternative activation

36.

37.

38.

39.

41.

42.
43.
44.

45.

46.

47.

48.

49.

Diez, M., Musri, M. M., Ferrer, E., Barbera, J. A., Peinado, V. 1. (2010)
Endothelial progenitor cells undergo an endothelial-to-mesenchymal
transition-like process mediated by TGFbetaRI. Cardiovasc. Res. 88, 502—
511.

Owhashi, M., Maruyama, H., Nawa, Y. (1996) Kinetic study of eosinophil
chemotactic factor production with reference to eosinophilia and granu-
loma formation in mice infected with Schistosoma japonicum. Int. J. Parasi-
tol. 26, 705-711.

Sandler, N. G., Mentink-Kane, M. M., Cheever, A. W., Wynn, T. A.
(2003) Global gene expression profiles during acute pathogen-induced
pulmonary inflammation reveal divergent roles for Th1 and Th2 re-
sponses in tissue repair. J. Immunol. 171, 3655-3667.

Kurowska-Stolarska, M., Stolarski, B., Kewin, P., Murphy, G., Corrigan,
C. J., Ying, S., Pitman, N., Mirchandani, A., Rana, B., van Rooijen, N.,
Shepherd, M., McSharry, C., Mclnnes, 1. B., Xu, D., Liew, F. Y. (2009)
1L-33 amplifies the polarization of alternatively activated macrophages
that contribute to airway inflammation. J. Immunol. 183, 6469-6477.
Nagarkar, D. R., Bowman, E. R., Schneider, D., Wang, Q., Shim, J.,
Zhao, Y., Linn, M. J., McHenry, C. L., Gosangi, B., Bentley, ]J. K., Tsai,
W. C,, Sajjan, U. S., Lukacs, N. W., Hershenson, M. B. (2010) Rhinovi-
rus infection of allergen-sensitized and -challenged mice induces eotaxin
release from functionally polarized macrophages. J. Immunol. 185, 2525—
2535.

Stolarski, B., Kurowska-Stolarska, M., Kewin, P., Xu, D., Liew, F. Y.
(2010) IL-33 exacerbates eosinophil-mediated airway inflammation. J.
Immunol. 185, 3472-3480.

Dobherty, T., Broide, D. (2007) Cytokines and growth factors in airway
remodeling in asthma. Curr. Opin. Immunol. 19, 676-680.

Kariyawasam, H. H., Robinson, D. S. (2007) The role of eosinophils in
airway tissue remodelling in asthma. Curr. Opin. Immunol. 9, 681-686.
Munitz, A., Bachelet, I., Levi-Schaffer, F. (2006) Reversal of airway in-
flammation and remodeling in asthma by a bispecific antibody fragment
linking CCR3 to CD300a. J. Allergy Clin. Immunol. 118, 1082-1089.

Cohn, L., Elias, J. A., Chupp, G. L. (2004) Asthma: mechanisms of dis-
ease persistence and progression. Annu. Rev. Immunol. 22, 789-815.
Leupold, J. H., Yang, H. S., Colburn, N. H., Asangani, I., Post, S., All-
gayer, H. (2007) Tumor suppressor Pdcd4 inhibits invasion/intravasa-
tion and regulates urokinase receptor (u-PAR) gene expression via Sp-
transcription factors. Oncogene 26, 4550-4562.

Nieves-Alicea, R., Colburn, N. H., Simeone, A. M., Tari, A. M. (2009)
Programmed cell death 4 inhibits breast cancer cell invasion by increas-
ing tissue inhibitor of metalloproteinases-2 expression. Breast Cancer Res.
Treat. 114, 203-209.

Lankat-Buttgereit, B., Goke, R. (2009) The tumour suppressor Pdcd4:
recent advances in the elucidation of function and regulation. Biol. Cell
101, 309-317.

Yang, H. S., Cho, M. H., Zakowicz, H., Hegamyer, G., Sonenberg, N.,
Colburn, N. H. (2004) A novel function of the MA-3 domains in trans-
formation and translation suppressor Pdcd4 is essential for its binding
to eukaryotic translation initiation factor 4A. Mol. Cell. Biol. 24, 3894—
3906.

KEY WORDS:
programmed cell death 4 - asthma - M2 macrophage

Volume 96, December 2014 Journal of Leukocyte Biology 11



s
i H
o

] .vomv
g8 8 8 € & °
- (;01%)
laquinu 83AooydwAn
“0.
.vbo\
u.oc %
bQ OA\, %,
& 4% %
9, S 3
(4 %, * @
%%l\ \V‘ *® AQ\V. 78
/. OVV *
x % H_”
* %
*“_H p %,
° 1
%, & e 2 g ©
r Y - o ™ py = (=]
o
= g ® (ao
(401> ) ON wnias
C lequnu afBeydouoepy G
%
% (>
- 6&0 bQ.
-4 5 a\.n.
% %, %
QQ :\Q Qa. Q\Y
Y% % %,
, % N
* AQ\Y (-3 ¥ *H
* |\0.\
- © _._ %
K ; J - = V]
2 & M o~ - J
- T T L Iv] w - © 4 p =
r T ! ] 3 S S
§ &8 § B w - (@o)
(01X) 36| |e303 wnieg
B lsquinu |82 |ejo} 41vg
%5
\bob . o‘.a\b
% %, %,
% % & %
“, % %,
&5 O\V. L AQ\ Q\V.
% * (2
7
. o H N
’ 2
* . { OIV
M _l_ \OA\QO :.o w. “ M
T aU -
& 3§ & -©

(Q'0)

?\& E 196] syioads yAQ wniss
A soljel Jyblam Apoqy Bun



Supplemental Figure legend

AIPI parameters in rats after Pdcd4 RNAi. A, Lung/body weight ratio. B, Total cell

number count in BALF. C, Macrophage number count in BALF. D, Lymphocyte

number count in BALF. E, Serum OVA specific IgG1. F, Serum total IgE. G, Serum

NO. The results are expressed as mean £ SEM (n = 8 for each group). *, ** and ***

represent P < 0.05, P <0.01 and P < 0.001 respectively.
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