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Abstract

Background—Signaling pathways that target 1-xB kinase p (IKKp) activation stimulate the
expression of NF-xB-dependent genes and are thus thought to primarily promote inflammation
and injury in solid organ grafts.

Methods—We examined the role of IKK in a mouse model of lung transplantation-mediated
ischemia-reperfusion injury using NF-xB essential modulator (NEMO)-binding domain (NBD)
peptide to pharmacologically inhibit IKK activation. As myeloid cells are primarily responsible
for the production of acute inflammatory mediators following lung transplantation, we also
investigated the effects of myeloid cell-specific IKKp gene deletion on acute lung graft injury by
transplanting mutant mice.

Results—When NBD was administered at a dose that partially inhibits IKKp activation, we
observed attenuated lung graft injury and blunted expression of intragraft pro-inflammatory
mediators. Surprisingly, when the dose of NBD was increased to a level that completely ablates
intragraft IKKp activation, graft inflammation and injury were significantly worse compared to
recipients treated with control peptide. Similar to lung recipients with pharmacologically ablated
IKKP activity, donor-recipient transplant combinations with a myeloid cell-specific IKKp gene
deletion had marked intragraft inflammation and poor lung function.

Conclusions—Our data show maintenance of IKK activity is critical for the return of lung
graft homeostasis with important implications for targeting NF-xB-dependent signaling pathways
for treating acute lung injury.
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Introduction

Results

Ischemia-reperfusion—induced acute lung injury, also known as primary graft dysfunction
(PGD), is a major cause of early morbidity and mortality following lung transplantation (1-
4). Ischemia-reperfusion injury (IRI) is exacerbated by the induction of pro-inflammatory
signaling pathways that target the activation of the Nuclear Factor-xB (NF-xB) class of
transcription factors (5). NF-xB activation is controlled by the I-xB Kinase (IKK) complex,
which consists of 3 subunits: a regulatory subunit (IKKy or NEMO/NF-xB Essential
Modulator), and two catalytic subunits, IKKa and IKKp (6-8). Two pathways for NF-xB
activation have been identified. The alternative or non-canonical pathway, controlled by
IKKa., is necessary for adaptive immune functions (9). The classical or canonical pathway,
which requires both IKKp and NEMO, regulates the expression of key pro-inflammatory
mediators that promote innate immunity (10, 11). IKK stimulates activation of the
canonical pathway through catalyzing the phosphorylation of I-xB, which in turn allows for
the translocation of NF-xB complexes to the nucleus to drive the transcription of pro-
inflammatory mediator genes as well genes involved in cell survival (12). In particular,
IKK’s important role in inducing pro-inflammatory gene transcription has made it an
attractive therapeutic target for treating inflammation (13). IKKp activation requires
association with NEMO via a C-terminal NEMO-binding Domain (NBD) on IKKB (14).
NBD peptide, a cell-permeable inhibitor spanning the NBD, disrupts NEMO-IKKp
complexes leading to inhibition of IKKp activation and NF-xB dependent gene expression.

Previous reports in experimental models of chronic organ injury have shown that NBD
peptide is effective at ameliorating tissue inflammation (15-17). However, despite the
extensive characterization of IKK in such models it is unclear if it plays a role in regulating
acute inflammatory responses in solid organs. In this study we asked if NBD peptide was
effective at ameliorating acute graft injury following lung transplantation. NBD treatment, at
a dose that partially inhibited IKK activity, decreased production of pro-inflammatory
mediators and improved lung graft function. However, when NBD peptide dose was
increased to completely suppress IKKp activity, we unexpectedly observed augmented lung
graft injury, which was associated with increased pro-inflammatory mediator production and
inflammatory cell infiltration. Concordant with observations in high dose NBD peptide-
treated lung recipients, graft injury and inflammation was also exacerbated in mice with
genetic deletion of IKK within the myeloid cell compartment.

The effect of IKKB activation blockade on acute lung graft injury

IKKP activation stimulates the expression of pro-inflammatory cytokines associated with
acute lung injury. However, the role of IKKp in lung graft ischemia-reperfusion injury
remains largely unclear. Therefore, we asked if pharmacological blockade of IKKp
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activation with NBD peptide would prevent lung graft injury in a mouse model of orthotopic
lung transplant-mediated ischemia-reperfusion injury recently developed in our laboratory
(18, 19). Lung grafts were harvested from C57BL/6 (B6) donors and underwent cold
ischemic storage for 18 hours. Five minutes prior to transplantation, B6 recipients were
treated with a 25 ug/kg dose of control mutant peptide (NBD-C), 2.5ug/kg dose of NBD
(NBD'°W) or a 25 pg/kg dose of NBD (NBDM). Measures of lung graft function and injury
were assessed 24 hours after engraftment (Figs. 1a—c). NBD!W-treated lung recipients had
significantly better graft function relative to recipient mice treated with NBD-C.
Improvement of graft function as measured by arterial PaO, was associated with attenuated
pulmonary edema, decreased alveolar congestion and less prevalent apoptosis of stromal
cells. Interestingly, NBDi-treated recipients had significantly worse graft function, injury
and more apoptotic stromal cells when compared to NBD-C or NBD'%W-treated hosts.
However, increased graft injury in NBDMi-treated lung recipients was not secondary to
systemic solid organ dysfunction as there was little evidence of increased serum elevation of
skeletal muscle, liver or kidney markers of injury relative to NBD-C-treated lung recipients
or sham-operated mice (Fig. 1d). As granulocytes are key regulators of acute lung injury we
also measured the percent abundance of these cells in the graft tissue (Fig. 1e). As compared
to NBD-C or NBD'®W-treated recipients there was a higher percent abundance of intragraft
granulocytes in NBDMi-treated mice.

Ablation of IKKp activity exacerbates lung graft injury and inflammation

The relationship between NBDM treatment and lung injury led us to investigate the temporal
dynamics of IKK activation in graft recipients. We assessed intragraft IKK activity in
lung recipients at 1 and 24 hours following NBD-C-, NBD!°W- or NBDM -treatment (Fig.
2a). In NBD-C-treated recipients we observed higher IKKp activity at 1 hour following
reperfusion relative to 24 hours post-engraftment. In comparison to NBD-C-treated animals
NBD!W-treated recipients had significantly less intragraft IKKp activity at 1 hour post-
reperfusion but comparable IKK@ activity at 24 hours. In contrast, NBD"-treated lung
recipients had little intragraft IKK activity at both time points.

These data suggested that the temporal dynamics of intragraft IKKp activity were associated
with changes in the expression levels of NF-xB-dependent gene transcripts. As we
previously observed increased intragraft accumulation of granulocytes in NBDMi-treated
lung recipients, we next set out to analyze transcript levels of a panel of pro-inflammatory
NF-xB-dependent genes that promote granulocyte production and inflammation (Fig. 2b).
Relative to NBD-C-treated lung graft recipients both NBD!®W- and NBDM-treatment were
equivalently effective at blunting transcript levels of Granulocyte colony-stimulating factor
(G-CSF), Interleukin-6 (IL-6), Macrophage inflammatory protein-la. (MIP-1a) and
Chemokine (C-X-C motif) Ligand 1 (KC), at 1 hour following transplantation. However, at
24 hours post-engraftment these gene transcript levels were markedly higher in NBDNi -
treated recipients than in NBD'°"-treated or NBD-C-treated mice. Moreover, we observed a
similar pattern of gene expression in Interleukin-1p (IL-1p) and Tumor Necrosis Factor-a
(TNF-a), which can promote endothelial cell injury and pulmonary edema. Thus, while a
transient early reduction in IKK activity is beneficial, prolonged blockade of IKK activity
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is detrimental as it enhances the expression of pro-inflammatory gene transcripts and
accumulation of neutrophils in lung grafts.

Myeloid-specific IKKp deletion exacerbates acute lung graft injury

The myeloid compartment is a primary source of pro-inflammatory cytokines and
chemokines associated with lung graft injury (20, 21). To specifically examine the role of
IKKp expression in the myeloid compartment on acute lung graft injury we utilized B6 mice
carrying disrupted IKK alleles specifically in myeloid cells (IKKBA™Ye), which were
generated by crossing B6 mice expressing Cre recombinase driven by a lysozyme M
promoter (C57BL/6LYSMCre) to BB IKKP flox allele mice (IKKBM/T) (22-24). Following 18
hours of cold preservation IKKBAMYe and IKKB/T lungs were transplanted into IKKBAMYe
or IKKpBM/ recipients and assessed for graft function and pulmonary edema (Fig. 3a).
Twenty-four hours following engraftment IKKBAMYe — |KKBAMYe Jung and IKKB /il —
IKKBAMYe recipients had significantly worse graft function and greater pulmonary edema
compared to control IKKBfl — |KKBMf mice. Additionally, analysis of lung graft
histology showed that lung injury in IKKBAMYe — |KKBAMYe and IKKBMITl — |KKpAMYye
lung recipients was associated with more prevalent inflammatory cell infiltrate sequestered
to graft alveolar spaces (Fig. 3b). Interestingly, IKK/fl — [KKBAMYe when compared to
IKKBAMYe — [KKBAMYe Jung recipients had a similar pattern of lung injury (Fig. 3a and b).
By contrast, IKKgAMYe — |KKB U/l |ike IKKBMl — IKKBMM Jung recipients had notably
milder lung injury indicating that IKKp plays a more prominent role in graft-infiltrating
myeloid cells than in myeloid cells of donor origin in promoting graft injury.

To better characterize IKK’s role in lung injury we analyzed the cellular infiltrate in
IKKBAMYEe — |KKBAMYe and IKKB — [KKBMT lung recipients by flow cytometric
analysis (Fig. 4a). At 24 hours following transplantation IKKBAMYe — |KKBAMYE mice had
a higher percent abundance of intragraft granulocytes as compared to IKKp/fl — KK pfl/fl
lung recipients. We also counted granulocytes in the bronchoalveolar lavage (BAL) and in
the graft tissue of IKKBA™Ye and IKKB™/ lung recipients at 24 hours following
transplantation (Fig. 4b). Compared to IKKB™/f — 1KKB™ Jung recipients IKKpA™Ye —
IKKBAMYe mice had significantly higher numbers of airway and graft tissue granulocytes.
However, unlike in NBDMi-treated lung recipients we did not observe a higher abundance of
apoptotic cells within the grafts of IKKBAMYe — |KKBAMYe |ung recipients (Fig. 4c). To
assess if granulocytes were responsible for the severe lung injury in IKKpAMYe —
IKKBAMYe Jung recipients we depleted granulocytes perioperatively with Ly6G specific
antibodies and assessed pulmonary histology and lung function (Figs. 4d and e). As
compared to control Ig-treated IKKBAMYe — |KKBAMYe Jung recipients Ly6G treated
IKKBAMYe — |KKBAMYE mice had less evidence of cellular infiltrate and significantly better
PaO, indicating that granulocytes promote lung injury in IKKBAMYe grafts. As in NBDM
treated lung recipients, the high numbers of granulocytes in IKKBAMYe — |KKBAMYe mice
indicated the potential for the accumulation of inflammatory mediators associated with
granulocyte-mediated tissue injury. Therefore, we measured levels of intragraft NF-xB-
dependent granulocyte activity-associated inflammatory mediators in IKKf/fl — KK gf/fl
and IKKBAMYE — |KKBAMYE Jung recipients 24 hours following transplantation (Fig. 5).
Relative to IKKB/fl — IKKBM Jung recipients IKKBA™Ye — |KKBAMYE mice had higher
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intragraft levels of G-CSF, KC, MIP-1a, TNF-a and IL-1B. Thus, IKKp expression in the
myeloid compartment is necessary to prevent ischemia-reperfusion mediated-acute lung
injury and inflammation.

Discussion

The recognition that NF-xB canonical pathway activation stimulates the expression of genes
that promote tissue inflammation has made it a target for the development of anti-
inflammatory drugs (13). Experimental approaches to prevent ischemia-reperfusion injury
have primarily involved the selective inhibition of the expression or activity of target genes
of the canonical pathway such as TNF-a, IL-1, IL-6 and IL-8 (15, 25). Although these
approaches have shown some promise the redundant pro-inflammatory activities of many
genes regulated by NF-xB have suggested that more comprehensive approaches are needed
to attenuate graft tissue inflammation. KK activation is critical to promote the
transcription of target genes of the NF-xB canonical pathway. Indeed, IKKB-specific
inhibitors have been recently shown to be effective at ameliorating tissue injury and organ
dysfunction in animal models of inflammatory arthritis, colitis and allergic airway disease
(15-17). Consistent with these reports we found that a transient reduction of IKKp activity
is effective at suppressing lung graft injury and inflammatory gene expression following
prolonged cold preservation. Surprisingly, complete pharmacological inhibition of IKKB
activity had the unintended effect of exacerbating lung graft inflammation and injury.
Similarly, intestinal epithelial cell-specific IKKp ablation promotes chronic inflammation
and cause severe apoptotic damage in the intestinal mucosa (26). In this context IKKp
activation appears to be necessary for promoting epithelial cell survival. In NBD"i-treated
animals we observed increased numbers of apoptotic cells lining the airway along increased
intragraft TNF-a transcripts levels. By contrast, IKKBAMYe — [KKBAMYe Jung recipients
had a very few apoptotic graft cells. As IKKp has been shown to be critical in promoting the
expression of pro-survival genes including Bcl2, which is highly expressed within lung graft
airway epithelial cells, the resistance to apoptotic cell death in IKKBA™Ye — [KKpAMYe
recipients may be the result of maintaining IKKp activity within graft parenchymal cells
(27, 28). Moreover, as apoptosis has been shown to be enhanced by TNF-a when NF-xB
activation is inhibited these observations indicate IKKp activity plays a critical role in
promoting lung graft parenchymal cell survival by stimulating NF-xB translocation (29).
Consistent with these data have been several observations where toll-like receptor-mediated
NF-xB activation in lung parenchymal cells was necessary to limit acute inflammation (30,
31).

Interestingly, NBDM-treated lung recipients also had elevated inflammatory gene expression
despite the complete absence of intragraft IKK activity. Graft resident myeloid cells are
potential major producers of pro-inflammatory mediator production. NBD has been
previously shown to inhibit IKKp activity and myeloid cell inflammatory responses in a
dose dependent manner (32). However, enhanced inflammatory effects of pharmacologically
inhibiting IKKp in macrophages and neutrophils have also been reported (33). We observed
augmented pro-inflammatory gene expression was coincident with the recruitment of large
amounts of neutrophils, which are a major source of pre-transcribed pro-inflammatory
mediators such as IL-1 that in turn can act to promote the expression of inflammatory

Transplantation. Author manuscript; available in PMC 2014 May 14.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Huang et al.

Methods

Mice

Page 6

mediators in an IKK independent manner (34). To further define the impact of IKKp
activity on graft injury we performed orthotopic lung transplants using mice carrying a
myeloid lineage-specific deletion of IKK. Previous reports have shown that IKKp
expression in the airway epithelium can reduce bronchial injury, attenuate inflammatory
cytokine production and drive the production of mucus indicating that it may be beneficial
to inhibit IKK in lung parenchymal cells (31). However, in myeloid cells IKKp may
additionally act to limit inflammatory gene expression as it is a negative regulator of
caspase-1-mediated IL-1p secretion and attenuator of STAT-1-dependent expression of
inducible nitric oxide synthase (33, 35). Accordingly, IKKBAMYe — |KKBAMYe and
IKKBI — |KKBAMYe but not IKKBA™YE — IKKBM lung recipients developed more
severe ischemia-reperfusion injury as compared to IKKBf/fl— KK/ mice. Consistent
with this observation, IKKBAMYe— |KKBAMYE |ung recipients had evidence of higher NF-
kB dependent inflammatory mediator expression, enhanced accumulated neutrophils in graft
tissue and a comparable loss of lung function. As we have previously observed the rapid
replacement of donor hematopoietic cells with recipient hematopoietic cells within lung
grafts (19, 36) these data taken collectively suggest that regulation of IKK activity just
within the graft-infiltrating myeloid cells is a major determinant of ischemia-reperfusion
mediated-lung graft injury.

Pro-inflammatory and chemotactic mediators released by neutrophils facilitate rapid
clearance of respiratory pathogens and potentiate lung alloimmune responses. However,
signals promoting granulocyte influx and accumulation in the lung need to be tightly
regulated to limit collateral tissue damage and minimize lung injury (20, 21). We show that
neutrophilic alveolar infiltration, a pathologic hallmark of acute lung injury, increases in
amplitude when IKKp activity is pharmacologically disrupted or when IKK is deleted from
myeloid cells in the setting of ischemia-reperfusion injury. This exaggerated inflammatory
response was associated with elevated intragraft levels of canonical NF-xB dependent
chemokines KC and MIP-1a, which promote myeloid cell chemotaxis and G-CSF and IL-6,
which promote granulocyte production. The functional significance of this pattern of
expression of pro-inflammatory mediators was demonstrated by the selective depletion of
neutrophils, which led to significantly improved lung function in IKKBAMYe — |KKpAMYe
mice. Taken together, our findings support an intrinsic anti-inflammatory role for IKKf
activity that is important for limiting acute lung graft inflammation. Recognition of the
complications of targeting IKKp over prolonged periods of time should be taken
inconsideration when developing therapies to treat acute lung injury.

C57BL/6 (B6) mice were purchased from Jackson Laboratories. IKK/fl mice and
C57BL/6LYSMCre mice, both on C57BL/6 background, were a generous gift from M. Karin
(University of California San Diego). All mice were maintained in the facilities of
Washington University School of Medicine in accordance with institutional guidelines.
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Mouse lung transplantation

All mouse lung transplant protocols were approved by the Washington University School of
Medicine Animal Studies Committee. Left orthotopic lung transplants were performed as
previously described (18, 19).

Evans Blue Dye (EBD) exclusion and lung function

IKKP assay

EBD was administered intravenously 4 hours prior to sacrifice, at which point lung grafts
were excised and flushed with 20 mL of PBS. To extract EBD, lung tissue was homogenized
in 5 mL of formamide. The homogenate was incubated at 37°C for 24 hours and centrifuged
at 3500 g for 30 min. The optical density of the supernatant was measured at 620 nm and
expressed as milligrams of EBD per gram of wet lung weight. To assess graft function
arterial blood gases were measured using an iSTAT Portable Clinical Analyzer (iSTAT) ata
FiO, of 1.0 after the right pulmonary hilum was clamped for 5 minutes.

All reagents used in the assay were from Cell Signaling unless otherwise specified. Lung
tissue was homogenized in 1x lysis buffer supplemented with ImM PMSF, 1mM NaF & 10
ng Aprotinin and then sonicated for 5 sec pulses four times. Lysates were clarified by
microcentrifugation, incubated with IKK specific antibodies overnight and
immunoprecipitated with Protein G agarose beads (Amersham). Beads were equilibrated in
Kinase buffer, incubated with 1.5mM IxBa (Ser32) Biotinylated Peptide and 20mM ATP
for 30 min at 25 °C and transferred to streptavidin-coated plates. Phosphorylated IxBa. was
detected with Phospho-specific 1xBa (Ser32/36-clone 5A5) antibodies and quantified using
a DELFIA Detection Kit (Perkin Elmer) and Europium labeled anti-mouse 1gG antibodies
(Perkin Elmer) in accordance with manufacturer recommendations.

TUNEL Assay

Lung grafts were perfused with 20 mL isotonic sodium chloride solution and 20 mL
HistoChoice (Amresco Inc, Solon, OH). Specimens were fixed, cut, mounted, de-
paraffinized, and then steam-treated with Dako target retrieval solution (Dako, Carpinteria,
CA) and quenched with 3% hydrogen peroxide. Assessment of lung cell apoptosis was
performed with a TUNEL kit (Promega, Madison, WI) in accordance with manufacturer’s
instructions.

Multiplex ELISA

Approximately 10 mg graft tissue specimens were flash frozen in liquid nitrogen,
homogenized in 1.0 ml of T-PER reagent (Pierce, Rockford, IL) and clarified by
centrifugation at 10,000 rpm for 5 minutes. Lysates were then normalized for protein
concentration using a colorimetric BCA Protein Assay kit (Pierce, Rockford, I1L). 50 pl
aliquots of lysate were analyzed for cytokine and chemokine levels with Bioplex mouse
cytokine bead suspension array Kits (Bio-Rad Laboratories, Hercules, CA.) and a Bioplex
array reader (Luminex Corp., Austin, TX) in accordance with manufacturer’s
recommendations. Data was acquired and processed with Bio-Plex Manager Software,
version 5.0.
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NBD peptides and treatment

NBD peptide is a fusion peptide (DRQIKIWFQNRRMKWKKTALDWSWLQTE) comprised
of a N-terminal cell-permeable Antennapedia leader peptide (italicized sequence) and C-
terminal peptide analog of the NEMO-Binding Domain (underlined sequence). The NBD-C
control peptide, DRQIKIWFQNRRMKWKKTALDASALQTE, has the identical
Antennapedia leader peptide but is fused to a C-terminal NEMO-Binding Domain that has
been mutated with two W — A substitutions (in bold lettering). These W — A mutations in
the NEMO-Binding Domain have been shown to prevent association with IKKp but do not
affect the TNF-a induced phosphorylation of c-Jun or DNA binding of Oct-1 (14). NBD and
NBD-C peptides were custom synthesized by Anaspec Inc. to an equal or greater than 95%
purity and were unreactive to the Limulus assay. NBD and NBD-C was reconstituted in
DMSO and given intravenously to lung graft recipients 5 minutes prior to transplantation at
a 25 ug/kg (NBD-C), 2.5 pug/kg (NBD'°W) or 25 pg/kg (NBDM) dose.

Real Time PCR

Lung tissue was disrupted using a rotor-stator homogenizer (Omni) and RNA was extracted
using a RNeasy Kit (Qiagen) in accordance with manufacturers’ instructions. Quantitative
real-time, reverse transcription polymerase (RT-PCR) was conducted on an ABI 7900 using
TagMan Gene Expression Assay system (Applied Biosystems) in accordance with
manufacturer’s recommendations. Amplification of target sequences was conducted as
follows: 50°C for 20 min and 95°C for 10 min, followed by 38-45 cycles of 95°C for 15 sec
and 60°C for 1 min. All primers and MGB-probes were purchased as kits from Applied
Biosystems and can be identified in the following manner: TNFa (Mm00443258_m1),
IL-18 (MmO00434227_g1), IL-6 (Mm00446191_m1), G-CSF (Mm00438334_m1), KC
(MmO00433859_m1), MIP-1a (Mm99999057_m1) and 18S rRNA (Hs03003631_g1).

Serum injury markers, granulocyte analysis and depletion

Serum markers of skeletal muscle (SCPK), liver (SALT) and kidney (sCr) injury were
measured with an autoanalyzer (Antech Diagnositics, Memphis TN). Bronchoalveolar
lavage (BAL) fluid and lung tissue digest were prepared as previously described (18). Lung
cell isolates were analyzed by FACS analysis through staining with Grl (RB6-8C5), CD11b
(M1/70) and neutrophil counts were conducted by multiplying the percent abundance of
Gr1i CD11bMi cells by the number total number of live cells isolated immediately following
lung tissue digestion. Neutrophils were counted in the BAL with a HEMAVET analyzer
(Drew Scientific). Neutrophils were depleted as previously described (37) with a 250 ug
dose of Ly6G-specific antibodies (1A8; Bio-X-Cell) administered intravenously 2 hours
prior to surgery.

Statistical Analysis

Unpaired two-tailed Student’s t-test was used to evaluate pairs of means for significant
differences (a = 0.05). Statistical testing of multiple means for significance were made using
one-way ANOVA/post-hoc Tukey’s multiple comparison test (a = 0.05), and two-way
ANOVA/post-hoc Bonferroni test for single and multiple independent variables,
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respectively. Data was analyzed using GraphPad Prism, version 5.0b (GraphPad Software,
Inc.).
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Figure 1.
The effects of pharmacological blockade of IKK on lung graft injury. (a) Sham-operated

mice or B6 — B6 lung recipients treated with NBD-C, NBD'°" or NBDM and assessed for
(left panel) PaO, (N=5) or (right panel) EBD dye exclusion (N=5) 24 hours after
engraftment. Data are shown as the mean + standard error of the mean (SEM) *, p<0.05. (b)
Representative (N=5) graft histology (200x magnification) and a (c) representative (N=5)
graft tissue TUNEL assay (200x magnification) from indicated lung recipients 24 hrs
following transplantation. (d) Measurement of serum creatine phosphokinase (SCPK),
alanine aminotransferase (SALT) and creatinine (sCr) in NBDN or NBD-C-treated B6 —
B6 lung recipients (N=4) 24 hours after engraftment. Data are shown as the mean + SEM.
(e) Representative FACS analysis (N=5) of percent abundance of intragraft granulocytes in
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B6 — B6 lung recipients treated with NBD-C, NBD!*W or NBD" 24 hours after
engraftment.
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The dynamics of intragraft IKKp activity and inflammatory gene expression following
pharmacological blockade. (a) B6 — B6 lung recipients were treated with NBD-C, NBD'oW
or NBD" and evaluated for IKKP activity at indicated times. Results are representative of 2
independent experiments. Results shown are from one representative experiment where N >
4 per time point and is normalized to IKK activity of B6 lung tissue following a sham
operation. (b) B6 — B6 lung recipients were treated as in (a) and analyzed for levels of
intragraft inflammatory mediator transcripts by real-time quantitative RT-PCR at indicated
times. Results shown as a mean £ SEM *, p < 0.05, **, p < 0.01, ***, p < 0.001.
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Figure 3.
Graft injury in IKKBA™Ye Jung recipients. (a) IKKB/f or IKKBAMYe mice underwent sham

operations or IKKB/fl — IKKpffl 1KkpAmye — KK KKl — IKKpAMYe,
IKKBAMYe — |KKBAMYe Jung transplants were performed and evaluated for graft (left
panel) PaO, (N=4) or (right panel) Evans Blue dye (EBD) exclusion (N=4) 24 hours after
engraftment. Results are shown as a mean £ SEM *, p < 0.05, n.s, p = 0.14 (b)
Representative (N=5) histopathological analysis of indicated lung grafts 24 hours after
transplantation (100x magnification, inset 400x magnification).

Transplantation. Author manuscript; available in PMC 2014 May 14.



1dussnuein Joyny vd-HIiN 1dussnueln Joyny vd-HIN

1duosnuey Joyiny vd-HIN

Huang et al.

a

CD"Mb =—ep

Granulocytes (10° / BAL)

Page 16

d
6- il £ 300-
o *
E mO p
o \([)’
3+ £ 1504 ==
(6]
o
J = |
C
g
0 O o0
IKK[Sﬂ/ﬂ IKKBAMye IKK[Sﬂ/ﬂ IKK[SAMye
e
*
400 -
;E'\’ 9 b
£
=, 2004
O
. . © ]
iR T o
i LEHIRINAGN
o Dt VAR :‘;t da., "R R 0 | Gc' trol  Anti-Ly6G
gG Control Anti-Ly

Figure 4.
Accumulation of granulocytes in IKKBAMYe Jung recipients. IKKB™/T — KK/ and

IKKBAMYe — |KKBAMYe Jung transplants were performed and assessed for intragraft
granulocyte accumulation. (a) Representative FACS analysis (N=5) of the percent
abundance of granulocytes in lung graft tissue, (b) total granulocyte counts in the (upper
panel) airway and (lower panel) lung graft tissue 24 hours after engraftment. (c)
Representative TUNEL assay (N=3) on graft tissue from IKKB/fl — KK/ and
IKKBAMYe — |KKBAMYE |ung recipients 24 hrs following transplantation (200x
magnification). (d) Representative histological analysis (N=5) of control 1gG or Ly6G
antibody-treated IKKBAMYe — |KKBAMYe Jung recipients (200x magnification, inset 400x
magnification). (e) IKKBAMYe — |KKBAMYe Jung recipients (N=5) treated as in (d) and
assessed for PaO,. For (b) and (d) results are shown as a mean £ SEM *, p < 0.05.
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Figure 5.
Inflammatory mediator expression in IKKBA™Ye lung recipients. IKKB1/M — kK@l

(N=4) and IKKBAMYe — |KKBAMYe (N=4) lung transplants were performed and compared
for intragraft inflammatory mediator expression by multiplex ELISA at 24 hours following
engraftment. Results are shown as a mean £ SEM *, p < 0.05.
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