RT-PCR and Quantitative RT-PCR

Whole lung RNA was extracted from frozen lungs using Trizol reagent
(Invitrogen Corp.). RNA samples were digested with RNase-free DNase-1
(Invitrogen Corp.). A Superscript One-Step RT-PCR (Invitrogen Corp.) reaction
with B-actin or AzgR specific primers were performed using lung RNA (1ug)
following the manufacturer’'s instruction. Real-time quantitative RT-PCR was
performed to quantitate transcript levels. Smart Cycler (Cepheid) was used to
determine AR and [-actin transcripts using Tagman probes. Cytokine and
chemokine transcripts were analyzed using SYBR Green method or Tagman
probes on the Smart Cycler RT-PCR machine (Cepheid). Primer sequences
were the same as previously used for the transcripts examined (47, 48, 57, 61,
62). Specific gene transcript levels were calculated either by generating a
standard curve from template dilutions and the PCR amplification, or 18S
ribosomal RNA was used an a normalizer and the comparative Ct method (224

was used to present the data as mean normalized transcript levels (63).

Western Blot Analysis

Frozen lungs samples were homogenized and lysed on ice with protein
lysis buffer (1M Tris pH7.4, 1M NaCl, 1% Triton-X 100) containing 1x protease
inhibitor cocktail (Roche Diagnostics). After vortexing the lysates vigorously,
lysates were cleared by centrifugation at 14,000rpm for 15 min at 4°C.
Electrophoresis was performed using 50 micrograms/sample of total protein on

10% SDS-PAGE gels and transferred overnight at 4°C to Immobilon-P PVDF
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membranes (Millipore), and Western blotting analysis was performed as
previously described (64). The following antibodies were used: rat monoclonal
anti-E-selectin antibody (R&D Systems; 1:5,000 dilutions), rabbit polyclonal anti-
ICAM-1 antibody (Santa Cruz Biotechnology.; 1:200 dilution), rabbit monoclonal
anti-lkB-a antibody (abcam; 1:5,000 dilution), mouse monoclonal anti-B-actin
antibody (Sigma-Aldrich; 1:5,000 dilution). Secondary antibodies are: anti-rabbit
IgG-HRP (eBioscience; 1:10,000 dilution), anti-mouse IgG-HRP (eBioscience;
1:10,000 dilution), and anti-rat IgG-HRP (Sigma-Aldrich; 1:10,000 dilution).

Chemiluminesce signal were detected (Pierce).

Cytokine and Chemokine Analysis

The levels of the cytokines IL-1a, IL-1B and the chemokines CXCL-1,
MCP-1, LIF, RANTES and MIG were examined. Blood was collected using EDTA
as an anticoagulant. The blood was centrifuged at 1,200rpm for 20 min to obtain
plasma. BAL fluid was collected as described previously and was centrifuged to
remove cells. Plasma and the BAL fluid supernatants were then used to
guantitate the amount of these cytokines and chemokines by using the Milliplex

mouse cytokine/chemokine panel (Millipore) per the manufacturer’s instructions.

Measurement of Vascular Permeability
BAL fluid was collected as previously described and was centrifuged to
remove cells. BAL fluid supernatants were then used to determine total protein

content by Bradford Assay (BioRad). To assess pulmonary edema, lungs (n = 6)
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were weighed and dried. Weight ratios before and after drying were used to
determine lung water content. Organ vascular permeability was quantified by
intraperitoneal administration of Evans blue dye (0.2 mL of 0.5% in PBS).
Circulation was perfused with PBS and the heart and lung were harvested four
hours after the dye injection. After formamide extraction (55°C Overnight), organ
Evans blue concentrations were quantified by measuring absorbances at 610 nm
with subtraction of reference absorbance at 450 nm. The contents of Evans blue

dye were determined by generating a standard curve from dye dilutions.

Mucus index

Periodic acid-Schiff (PAS)-staining was performed and the amount of
produced mucus in bronchial airways was calculated by determining the amount
of PAS positively labeled material using Image-Pro Plus analysis software (Media
Cybernetics). PAS-positive areas were identified and separated on digitized
images, and the averaged intensities of pixel of each color channel (red, blue,
and green) were calculated. After repeating the same procedure for each image,
the average values were used to calculate the area (M) and intensity (I) of PAS-
stained material in major and bronchial airways. In addition, the area (A) of the
total epithelium (including both PAS-negative and positive areas) was
guantitated. The equation (M x I)/A was used to determine the mucus index.
Averages of 10 pictures from each lung including both small and large bronchial
airways were used to determine the final indices. All quantitative studies were

performed blinded.
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Whole Mount Immunohistochemistry for CD31 on Tracheas

Whole mount immunohistochemistry on tracheas were performed as
described previously (65). Tracheas were cut and removed from mice and then
washed with cold PBS. Insect pins onto silicone polymers were used to flatten
tracheas after removing surrounding tissues. PBS was used to wash tracheas for
10 min and the zinc fixative (BD Pharmingen) was used to fix tracheas at least
overnight. 3 PBS washes for 5 min per wash were performed after fixation. PBS
containing 1% Triton X-100 was then used to permeabilize tracheas for 300 min
were. 0.6% hydrogen peroxide was used to block endogenous peroxidase
activity by incubating tissues for 30 min. Then Immunohistochemistry for CD31
was conducted with an anti-rat Ig horseradish peroxidase detection kit (BD
Pharmingen) according to the manufacturer's instructions. Tissues were
incubated overnight with a 1:250 dilution of rat anti-mouse CD31 antibody (BD
Pharmingen). Permount (Fisher) was then used to mount the tissues after

dehydration.

Quantification of BAL Fluid Adenosine Levels

Mice were anesthetized with avertin, and lungs were lavaged 4 times with
0.3 ml PBS containing 2uM dipyridamole and 5uM DCF; 0.95-1 ml of pooled
lavage fluid was recovered. Adenosine was separated and quantified using

reverse-phase HPLC.
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Intratracheal Bleomycin Treatment

Avertin (250 mg/kg, intraperitoneally) was used to anesthetize 10-week
old female wild type or A;sR” mice, and saline alone or 2.5 U/kg bleomycin
(Teva Parenteral Medicines, Inc. Irvine, CA) diluted in 50 pl sterile saline was
instilled intratracheally. Endpoints were examined at 7 and 21 days after

challenge.

Intraperitoneal Bleomycin Treatment

6-week old male WT or A;zR” mice were treated with 0.035 Ulg
bleomycin (Teva Parenteral Medicines, Inc. Irvine, CA) diluted in 150 pl sterile
PBS or PBS alone intraperitoneally. Mice were treated twice weekly for 4 weeks
and were weighed and sacrificed on day 33. Endpoint at day 10 was also

examined after 3 injections.

Fibrosis Assessment

The Sircol assay (Biocolor Ltd., Carrick, UK) was used to quantitate
soluable collagen levels in BAL fluid. Ashcroft scores were determined on H&E-
stained lung sections. Twenty fields per section were used to determine the
Ashcroft score blinded. 4 mice per group for controls and 6 mice per group for

Bleomycin-treated mice were examined.
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Human Subjects

Deidentified human open lung biopsy tissue samples were obtained from
the Lung Tissue Research Consortium (LTRC) (Table 2.1). Patients were
classified as Stage 0 COPD, Stage 4 COPD, Mild IPF and Severe IPF according
to spirometry, pathological specimen and high resolution CT scan. Stage O
COPD and Mild IPF patients with preserved lung functions were used as controls
in comparison to Stage 4 COPD and Severe IPF patients. For ex vivo culture
experiments, macrophages were isolated from lavage fluid collected from Stage
4 COPD or Severe IPF patients that were lavaged as part of routine diagnostic

procedures.

Quantitative RT-PCR for Human Samples

Tissue RNA was isolated from frozen lung tissue using Trizol reagent
(Invitrogen Corp.). RNA was purified through an RNA-purification column
(Qiagen) and treated using RNase-free DNase (Invitrogen Corp.). Transcript
levels were quantified using Tagman real-time quantitative RT-PCR. Primer
sequences for the transcripts examined are found in Table 2.2. Specific transcript
levels were determined through comparison to a standard curve generated from
the PCR amplification of template dilutions, and normalized to 18S ribosomal

RNA and presented as mean transcript levels %18s RNA.
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Table 2.1 Study Population

Parameter Stage 0 COPD* Mild IPF? Stage 4 COPD® Severe IPF*
N 4 10 10 10

Age, yrs 69 (61-78) 60 (50-77) 50 (44-63) 54 (26-62)
Sex, M/F 1/3 6/4 6/4 7/3
Pack-yrs smoking 25 (25-50)® 8 (3-10)° 36 (1-120)° 20 (3-32)°
Smoking status

Ever/Never 4/0 5/4° 10/0 4/5°
FEV1, % pred 86 (84-89) 92 (66-109) 20 (12-40)* 38 (30-46)"
FVC, % pred 107 (80-113) 89 (80-105) 54 (13-77)* 38 (25-43)"
FEV1/FVC, % 60 (50-80) 80 (60-90) 30 (20-60)* 90 (70-100)

Data are presented as median (interquartile range). M/F: male/female; FEV1.:
forced expiratory volume in one second; % pred: % predicted; FVC: forced vital
capacity. !: Stage 0 COPD is defined as FEV1, % pred > 80; % Mild IPF is
defined as FVC, % pred > 80; 3: Stage 4 COPD is defined as FEV1, % pred < 50;
% Severe IPF is defined as FVC, % pred < 50; % data available for 3/4 Stage 0

COPD patients; ": data available for 5/10 Mild IPF patients; : data available for

9/10 Stage 4 COPD patients; °: data available for 4/10 Severe IPF patients; ®:
data available for 9/10 Mild or Severe IPF patients. *: p<0.05 compared with
Stage 0 COPD patients; *: p<0.05 compared with Mild IPF patients.
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Table 2.2 Primer pairs and internal probe sequences

Gene

Accession Number

Sequences

CD73

NM_002526

1447+GACAGAGTAGTCAAATTAGATG
1511-TGAGAGGGTCATAACTGG
1471+FAM TCTTTGCACCAAGTGTCGAGTGC

ADA

NM_000022

264+CTGCTGAACGTCATTGG
340-GCAGGCATGTAGTAGTC
281+FAM CATGGACAAGCCGCTCACCC

AK

NM_006721

1092+CCACTATGCAGCAAGCATC
1156-GGAAGTCTGGCTTCTCAGG
112+FAM
TAATTAGACGGACTGGCTGCACCTT

ENT1

NM_001078177

1413+CCAGCCGTGACTGTTGAG
1489-CAGGACACAGGAATGAAGTAAC
1438+FAM CCAGCATCGCAGGCAGCAGC

AR

NM_000647

1147+GCTGGCTGCCTTTGCAC
1215-GGATGCTGGGCTTGTGG
1165+FAM
TCCTCAACTGCATCACCCTCTTCTGC

AonR

NM_000675

838+ATGCTGGGTGTCTATTTGCG
902-TGGCTCTCCATCTGCTTCAG
865+FAM CTGGCGGCGCGACGACA

AR

NM_000676

977+CACTGAGCTGATGGACCACTC
1040-CAGTGACTTGGCTGCATGG
1018-FAM TCCCGCTGGAGGGTGGTCCT

AzR

NM_000677

708+CCCTACAGACGGATCTTGCTG
777-TGTTGGGCATCTTGCCTTC
734+FAM CCTGTCCCTGTGGAGGTTCCCCT

IL-6

NM_000600

153+ CCCCCAGGAGAAGATTCCA
223- TCAATTCGTTCTGAAGAGGTGAG
173+FAM 223-
TCAATTCGTTCTGAAGAGGTGA

IL-8

NM_000584

100+TCTTGGCAGCCTTCCTGA
182-GCACTGACATCTAAGTTCTTTAGCACT
121+FAM CTGCAGCTCTGTGTGAAGGT

OPN

NM_000582

619+GGACTGAGGTCAAAATCTAAGAAG
693-GGTGATGTCCTCGTCTGTAG
646+FAM CGCAGACCTGACATCCAGTACCCT
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Enzyme Activity Assay

Lungs were homogenized and lysed on ice with protein lysis buffer (50mM
Tris pH7.4, 150mM NaCl, 1% Triton-X 100, 0.1%SDS, 0.5% Na Deoxycholate)
freshly supplemented with 1x protease inhibitor cocktail (Roche Diagnostics).
Lysates were vigorously vortexed and cleared by centrifugation at 14,000rpm for
15 min at 4°C. To quantify CD73 enzyme activity, 5 pug protein extracts were
incubated with with 100 pM AMP at 37°C for 30 min in the presence of 1 pM
deoxyconformycin in HEPES buffer, with or without 100 pM CD73 inhibitor
adenosine- 5- O- (a, B- methylenediphosphate) (AOPCP). To quantify ADA
enzyme activity, 10 pg protein extracts were incubated with with 0.2 mM
adenosine at 37°C for 60 min in HEPES buffer with or without 1 pM
deoxyconformycin. Heat-inactive protein extracts were used as negative controls.
Reactions were terminated at 95 degree for 5 min. Reaction mixtures were then
analyzed by reversed-phase (C18) HPLC which permitted direct separation,
identification, and quantitation of enzymatic products (45). Enzyme specific
activity is given as nmol product formed per min per mg protein (nmol/min/mg

protein).

Histology and Immunostaining of Human Lung Sections

HOPE or paraformaldyhyde fixed lung samples were dehydrated, and
embedded in paraffin, and 5 ym sections were cut and collected on microscope
slides and H&E staining was performed (Shandon-Lipshaw) according to

manufacturer’s instructions. For CD73 immunostaining, HOPE-fixed sections
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were deparaffinized in isopropanol at 60°C and rehydrated in 70% acetone.
Rehydrated slides were quenched with 1% hydrogen peroxide and endogenous
avidin and biotin blocking was performed using a Biotin Blocking System (DAKO
Corp.). Slides were incubated with Mouse Anti-human CD73 Antibody (Hycult
Biotechnology, 1:50 dilution, overnight at 4°C). For AR immunostaining,
rehydrated slides were quenched with 1% hydrogen peroxide, antigen retrieval
performed (Dako Corp.), and endogenous avidin and biotin blocking was
performed using a Biotin Blocking System (DAKO Corp.). Slides were incubated
with Rabbit Anti-human AzgR Antibody (Chemicon, 1:500 dilution, 1 hour room
temperature). ABC Streptavidin reagents and individual appropriate secondary
antibodies were used to incubate the sections, and then sections were developed
with 3, 3'-diaminobenzidine (Sigma-Aldrich) and stained with methyl green.
Slides were coversliped with Vectashield (Vector Laboratories) mounting

medium.

Immunocolocalization

Paraformaldyhyde fixed lung samples were dehydrated, and embedded in
paraffin, and 5 ym sections were cut and collected on microscope slides. For
immunofluorescence on tissue sections, rehydrated slides were fixed in 1:1
acetone-methanol and treated with 1% NaBH,. Slides were blocked in 1% BSA,
and incubated overnight at 4°C with the primary antibodies. For
immunofluorescence on primary human macrophages, cells were cytospun and

fixed in 3.7% paraformaldehyde in PBS and permeabilized in cold Methanol.
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Slides were blocked with 1% rabbit serum and incubated overnight at 4°C with
the primary antibodies. Primary antibodies include: Mouse Anti-human CD73
Antibody (Hycult Biotechnology, 1:50 dilution), Rabbit Anti-human AzsR Antibody
(Chemicon, 1:500 dilution), Rat Anti-human MMR (CD206) Antibody (R&D
Systems, 1:50 dilution). Sections and cells were incubated with the following
secondary antibodies: Alexa Fluor 488 rabbit anti-mouse IgG, Alexa Fluor 488
goat anti-rabbit IgG, Alexa Fluor 568 goat anti-rat 1gG (Intritrogen) then

coversliped with Vectashield with DAPI (Vector Laboratories).

In vitro Stimulation of Human Primary Alveolar Macrophages

Primary alveolar macrophages were obtained from BAL fluid of Severe
IPF and Stage 4 COPD patients. BAL fluid was spun and cell pellets were
resuspended in RPMI1640 containing 10% FBS and 10,000 U/ml
penicillin/streptomycin. Cells were portioned into aliquots of 2 X 10° cells/well,
allowed to adhere for 4 hours at 37°C 5% CO,, and then rinsed twice with
RPMI1640 without FBS. Cells were either preincubated with 100nM CVT-6883
(selective A,gR antagonist) for 30 min followed by NECA or incubated with NECA
alone (in DMSO, 10uM NECA/well; Tocris Bioscience) for 12 h at 37°C 5% CO..
Tissue culture supernatants were collected and IL-8 and IL-6 levels were

guantitated using Human Quantikine ELISA kits (R&D Systems).
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Statistics

As appropriate, groups were compared by analysis of variance; follow-up
comparisons between groups were conducted using 2-tailed Student’s t test.
Associations between transcript levels of two genes were established by linear
regression. Correlation significances were analyzed using Pearson correlation
calculator software. Values are expressed as mean £ SEM. A P value of <0.05

was considered to be significant.
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CHAPTER 3
ENHANCED AIRWAY INFLAMMATION AND
REMODELING IN ADENOSINE DEAMINASE-
DEFICIENT MICE LACKING THE A,z ADENOSINE

RECEPTOR

INTRODUCTION

A2sR Antagonism in ADA-Deficient Mice

To investigate the contribution of AzgR signaling in the pulmonary
inflammation and injury observed in ADA-deficient mice, ADA-deficient mice
were treated with the selective AzgR antagonist CVT-6883. Following the
treatment, reduced influx of neutrophils and macrophages into the lungs of ADA-
deficient mice was seen and this was associated with decreased expression
levels of cytokine and chemokine. Meanwhile, the AzgR antagonist treatment also
resulted in decreased alveolar airspace destruction and diminished expression of
matrix metalloprotease. Moreover, ADA-deficient mice treated with the antagonist
showed attenuated pulmonary fibrosis, which was accompanied by decreased
production of pro-inflammatory and pro-fibrotic mediators such as IL-6, TGF-31
and osteopontin. These findings suggest that the activation of the AR mediates

many of the pathological phenotypes seen in the lungs of ADA-deficient mice.
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Treatment with the antagonist resulted in diminished pulmonary inflammation,
fibrosis, and airspace enlargement, suggesting that the AysR plays a pro-

inflammatory, tissue destructive role in this model (57).

Experimental Rationale and Goal

In addition to the findings in ADA deficient mice, substantial evidence has
suggested a tissue destructive role of the AzgR. Studies showed that
engagement of the A;gR promotes the differentiation of pulmonary fibroblasts
into myofibroblasts and hence increases the deposition of collagen and fibrosis
(30). Engagement of the A,gR can mediate the direct expression of pro-
inflammatory cytokines such as IL-8, IL-4 and IL-13 from human HMC-1 mast
cells (53, 55). However, these findings are in contrast to recent studies in AxR
knockout mice. The ablation of the AR causes low-grade inflammation and
enhanced leukocyte adhesion to the vasculature (58). In mouse models of
hypoxia and ventilator-induced pulmonary injury, treatment with an AzxR-
selective antagonist in wild type mice resulted in enhanced pulmonary edema,
inflammation, and attenuated gas exchange. Similar findings were observed in
mice with genetic deletion of the A;sR gene, where AR’ mice showed
increased pulmonary damage following acute injuries. Moreover, AR agonist
treatment could attenuate the pulmonary damage and reverse injury (14, 15, 39).
These findings indicate that adenosine and AzgR signaling play a critical role in
the maintenance of pulmonary barrier function. In addition, loss of this Gs-

coupled receptor on mouse bone marrow-derived mast cells results in decreased
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levels of cAMP and enhanced mast cell activation (59). In order to further
investigate the role of the AR, we genetically removed the AzgR from ADA-
deficient mice to further characterize the function of the AxR in adenosine-
mediated pulmonary injury and tissue remodeling. Results indicate that the
genetic removal of A;gR from ADA-deficient mice leads to the exacerbation of
pulmonary disease, which suggests a critical role for this receptor in protecting

pulmonary disorders where elevated adenosine levels are involved.

RESULTS
Elevated A,sR Expression in the Lungs of ADA-Deficient Mice

In order to determine if there is enhanced AzgR signaling in ADA-deficient
mice, levels of AR transcripts in the lungs of ADA-deficient (ADA™) mice was
determined by semiquantitative RT-PCR. AR transcripts were detectable in the
lungs of ADA-containing (ADAY) and ADA” mice, which was significantly
elevated in the lungs of ADA” mice (Figure 3.1A). Quantitative RT-PCR was
used to confirm these findings. A mean 2.5-fold increase of AR transcripts in
whole-lung RNA extracts was observed in ADA-deficient mice (Figure 3.1B).
These findings demonstrate that AzgR transcripts are elevated in the lungs of

ADA” mice.
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Figure 3.1

The expression of AR in the lungs of ADA™ mice. (A) Transcript levels for
the AgR were measured in whole lung mRNA extracts from ADA-containing
(ADA") and ADA-deficient (ADA™) mice on postnatal day 18, using
semiquantitative RT-PCR. Findings from 2 different pairs of littermates are
shown. RNA extracted from the colon of an ADA" mouse was used as a
positive control, and B-actin was used as an RNA-positive control for each
sample. M, DNA size ladder. (B) Quantitative RT-PCR was used to determine
the levels of AR transcripts in day 18 whole-lung extracts from ADA" and
ADA™ mice. Data are presented as mean percentage of B-actin transcripts +
SEM; n = 4 for each. *p<0.05 compared to ADA".
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ADA/A2R Double Knockout Mice Exhibit Enhanced Pulmonary Pathology

and Die Precociously

ADA” mice were mated with A,sR” mice to generate ADA/AsR double
knockout mice to assess the effect of genetically removing AR on the
pulmonary phenotypes seen in ADA™ mice. ADA” mice develop progressive
pulmonary inflammation and die between postnatal day 18-21 (47). ADA/AsR
double knockout mice did not survive past postnatal day 11-12 (data not shown).
These findings demonstrate that genetic removal of the AR from ADA” mice
leads to precocious lung injury and death. The death of animals at such a young
age made detailed assessment of pulmonary phenotypes difficult. In order to
circumvent this problem, ADA™ mice and ADA/A,sR double knockout mice were
maintained on exogenous ADA enzyme therapy from birth and for the first 21
days of life and examined following the removal of ADA enzyme therapy. ADA™
mice treated in this manner exhibit signs of respiratory distress approximately 16
days after the cessation of ADA enzyme therapy. In contrast, ADA/A,zR double
knockout mice began to show signs of respiratory distress as early as day 11
after the cessation of enzyme therapy, and this labored breathing became
increasingly severe up to the death of the animals around postnatal day 16.
Therefore, detailed phenotype analysis was conducted 14 days after the
cessation of ADA enzyme therapy. At this stage, ADA” mice had diffuse
monocytic inflammation when compared to that seen wild type mice (Figure

3.2C). There was no evidence of inflammation in ADA*A,sR” mice (Figure 3.2B)
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Figure 3.2

Histopathology of the lungs. Lungs were collected on postnatal day 35 and
prepared routinely for sectioning and H&E staining. (A) Lung section from an
ADA*AR™" mouse. (B) Lung section from an ADA*AR™ mouse. (C) Lung
section from an ADA”A,sR"" mouse. (D) Lung section from an ADA”A;R™
mouse. Sections are representative of 6-8 different mice from each genotype.
Scale bars=100 pm.
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while enhanced pulmonary inflammation and increased congestion of the alveoli

were observed in ADA/A2R double knockout mice (Figure 3.2D).

Enhanced Pulmonary Inflammation in ADA/A2sR Double Knockout Mice

To quantify the level of inflammation in ADA/A2sR double knockout mice,
bronchial alveolar lavage (BAL) was performed and cells recovered from BAL
Fluid were counted on a hemacytometer. There was a significant increase in the
number of inflammatory cells recovered from ADA/AzsR double knockout mice
compared to that seen in the lungs of ADA™ mice containing the AR (Figure
3.3A). Differential staining of recovered airway cells demonstrated a significant
increase in neutrophils and lymphocytes as well as alveolar macrophages. Many
of these macrophages were activated and enlarged to form foam cells (Figure
3.3, B and C). To better visualize the increase in lung neutrophilia, lung sections
were immunostained using an antibody against mouse neutrophils. There were
robust increases in tissue neutrophils in the lung parenchyma of ADA/AzsR
double knockout mice compared to ADA” mice (Figure 3.3, D and E). Taken
together, these data suggest that enhanced pulmonary inflammation is seen in

the lungs of ADA™ mice lacking the AxsR.
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Figure 3.3

Pulmonary inflammation. (A) BAL fluid was collected on postnatal day 35 and
total cell numbers were determined. (B) BAL cells were cytospun and stained
with Diff-Quick, allowing for determination of cellular differentials. Data are mean
cell counts + SEM. *p < 0.05 versus ADA* mice; #p < 0.05 versus ADA” AR
mice; n = 6 (ADA"), 8 (ADA™). (C) Cytospun BAL cells stained with Diff-Quick.
Scale bars=10 ym. (D) Lung section from an ADA”A;R""* mouse and an ADA™
A.sR™ mouse (E) were stained with an antibody against neutrophils to visualize
infiltrated tissue neutrophils (brown). Scale bars=100 um.
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Inflammatory Cytokine and Chemokine Production Is Enhanced in

ADA/A5R Double Knockout Mice

In order to better understand the mechanisms involved in the regulation of
inflammatory responses in ADA/A,sR double knockout mice, transcript levels of
cytokines and chemokines were monitored in whole-lung RNA extracts. TNF-a
transcript levels were elevated in the lungs of ADA™ mice, and they were further
elevated in the absence of the AR (Figure 3.4A). IL-6 transcripts were elevated
in the lungs of ADA” mice. Surprisingly, they were significantly decreased with
the removal of the AR (Figure 3.4B). Levels of chemokines were also
examined, levels of monocyte chemotactic protein-1 (MCP-1) and CXCL-1 were
found to be significantly increased in the lungs of ADA™ mice and levels of
CXCL-1 were further elevated after the genetic removal of the AzsR (Figure3.4, C
and D). These data indicate that removal of the AzgR results in exaggerated
transcription of TNF-a and CXCL-1 in the lungs of ADA™ mice,whereas selective
removal of AzgR leads to decreased IL-6. Additionally, cytokine and chemokine
protein levels were determined in plasma and BAL fluid using the Milliplex mouse
cytoline/chemokine panel (Table 3.1). Plasma cytokine and chemokine protein
levels were measured to determine the status of systemic inflammation. CXCL-1
and MCP-1 protein levels were elevated in the plasma of ADA™ mice, and levels
were significantly elevated after the genetic removal of the AxR. Levels for IL-1a
and IL-1B were not elevated in ADA” mice containing the AR; however, they
were significantly increased in ADA/A;sR double knockout mice. Interestingly,

MIG protein levels were decreased in the plasma of ADA” mice and were further
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Figure 3.5
Western blot analysis of E-selectin, ICAM-1 and IkB-a in whole lung extracts.

Samples from postnatal day 22 (A) and postnatal day 35 (B) mice were subjected
to Western blotting with the indicated antibodies. Probing with anti-actin was used

as loading controls.
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