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Abstract

Adiponectin is a multifunctional cytokine that has a role in regulating inflammation. Here we
determined if adiponectin modulates ischemic acute kidney injury. Compared with wild-type

mice, adiponectin knockout mice were found to have lower serum creatinine and less tubular
damage or apoptosis following ischemia/reperfusion injury. This latter process was associated
with decreased Bax and reduced activation of p53 and caspase-3. Targeted disruption of
adiponectin was also found to inhibit the infiltration of neutrophils, macrophages, and T cells into
the injured kidneys. This was associated with an inhibition of NF-xB activation and reduced
expression of the proinflammatory molecules IL-6, TNF-a, MCP-1, and MIP-2 in the kidney after
ischemia/reperfusion injury. Wild-type mice engrafted with adiponectin null bone marrow had less
kidney dysfunction and tubular damage than adiponectin null mice engrafted with wild-type bone
marrow. Conversely, adiponectin null mice engrafted with wild-type bone marrow had similar
renal dysfunction and tubular damage compared to wild-type mice engrafted with wild-type bone
marrow. In cultured macrophages, adiponectin directly promoted macrophage migration; a process
blocked by the PI3 kinase inhibitor, LY294002. Thus, our results show that adiponectin plays a
pivotal role in the pathogenesis of acute renal ischemia/reperfusion injury and may be a potential
therapeutic target.
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Acute kidney injury (AKI) is a common clinical condition that is associated with high
morbidity and mortality®: 2. Ischemia-reperfusion injury (IRI) is a common cause of AKI3:4,
The pathogenesis of IRI is complex and incompletely understood, which involves a number
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of pathogenic mechanisms that result in acute tubular necrosis/apoptosis and renal
dysfunction® 6. These include adenosine triphosphate (ATP) depletion, generation of
reactive species, leukocyte infiltration, production of pro-inflammatory mediators, and
induction of tubular apoptosis®~’. There is no effective therapy for this devastating clinical
condition except renal replacement. Therefore, a better understanding of the pathogenic
mechanisms underlying IRI is essential for ultimately developing effective therapy.

Adiponectin is a multifunctional cytokine that plays an important role in the regulation of
energy metabolism and inflammation® °. Adiponectin was initially reported to be
synthesized exclusively by adipocytes®. However, recent studies have shown that it is also
produced by other cell types such as endothelial cells1, macrophages, and

lymphocytes!! 12 and epithelial cells!3: 14, Circulating adiponectin levels are elevated in
patients with chronic kidney disease and high levels of adiponectin predict increased
cardiovascular and all-cause mortality and CKD progression!® 16, However, its role in acute
kidney injury is unknown.

In this study, we have found that adiponectin is upregulated in the Kidney in response to
ischemia-reperfusion injury. Therefore, we examined the role of adiponectin in experimental
renal ischemia-reperfusion injury using adiponectin knockout (APN-KQO) mice. Our results
revealed that targeted disruption of adiponectin protects the kidney from ischemia-
reperfusion injury by suppressing apoptosis and inflammation.

Adiponectin Is Induced in a Mouse Model of Kidney IRI

We first characterized the induction of adiponectin in the kidney in a mouse model of renal
IRI. Using real time RT-PCR, we found that the mRNA level of adiponectin was
upregulated in injured kidneys compared with sham-operated controls after 30 minutes of
ischemia followed by 24 hours of reperfusion (Figure 1A). To identify the cell types that are
responsible for the induction of adiponectin in the kidney, serial sections of kidneys were
stained with an anti-adiponectin antibody. Our results revealed that adiponectin protein was
mainly induced in the infiltrated inflammatory cells of injured kidneys of WT mice. No
positive staining for adiponectin was detected in KO mice (Figure 1B). To further
characterize the induction of adiponectin in the inflammatory cells, kidney sections were
stained for adiponectin and either F4/80 - a macrophage marker, CD11c - a dentritic cell
marker, CD3 - a T cell marker, or MPO - a neutrophil marker. Our results showed that
macrophages, dentritic cells, and T cells express adiponectin, but not neutrophils (Figure
S1). Western blot analysis was performed to determine which isoforms of adiponectin is
induced in the kidney after IRI. Under non-reducing conditions, all isoforms of adiponectin
were induced in the kidney following IRI, particularly HMW form (Figure 1C). Under
reducing conditions, a major band of 30 KDa was detected in the WT mice, consistent with
a full length adiponectin (Figure S2). Of note, adiponectin was not detected in the kidney of
KO (Figure S2). We determined if IRI affects serum levels of adiponectin. Our results
showed that the serum levels of adiponetin increased significantly after IRI, while
adiponectin was not detected in the serum of knockout mice (Figure 1D), confirming the
disruption of adiponectin gene.
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APN-KO Mice Are Protected from Kidney IRI

To determine the role of adiponectin in the pathogenesis of kidney IRI, WT and APN-KO
mice were subjected to 30 minutes of ischemia followed by 24 hours of reperfusion injury.
IRI caused kidney dysfunction in WT mice as reflected by significant elevation of serum
creatinine at 24 h after IRI. Kidney function was preserved in APN-KO mice with serum
creatinine and BUN markedly lower than WT mice at 24 after IRI (Figure 2A and B).
Consistent with the preservation of renal function in APN-KO mice following IRI, there was
substantial reduction in kidney histological injury as reflected by less tubular injury, tubular
dilation, and intratubular cast formation in APN-KO mice after IRI (Figure 2C and D).

Adiponectin Deficiency Protects Against Apoptotic Cell Death in Kidney IRI

Tubular cell apoptosis has been shown to contribute to the pathogenesis of ischemic kidney
injury® 7. 17 we therefore investigated the role of adiponectin in ischemia-reperfusion
induced tubular epithelial cell apoptosis. Our results showed that there was a significant
increase in the number of tubular apoptotic cells as assessed by TUNEL staining in kidneys
of WT mice following IRI; whereas the number of tubular apoptotic cells was markedly
reduced in IRI kidneys of APN-KO mice (Figure 3, A and B).

Caspase 3 is the final effector caspase that mediates apoptotic cell death8. As such, we
examined the effect of adiponectin deficiency on caspase 3 protein expression in the kidney.
Immunohistochemical staining using an antibody against active caspase 3 revealed that
active caspase 3 was induced in kidney tubular epithelial cells of WT mice following IRI.
However, disruption of adiponectin abolished the induction of active caspase 3 in kidney
tubular epithelial cells following IRI (Figure 4, A and B). Consistent with these findings,
Western blotting analysis using antibody against active caspase 3 demonstrated that the level
of active caspase 3 was significantly higher in kidneys of WT mice after IRl compared with
sham-operated mice. In contrast, the induction of active caspase 3 was significantly
inhibited in kidneys of APN-KO mice after IRI (Figure 4, C and D). These data indicate that
adiponectin deficiency inhibits caspase 3 activation in the kidney following IRI.

Early intracellular events occurring during the apoptotic process comprise mitochondrial
changes mediated by members of the Bcl-2 family. Bax is the first identified pro-apoptotic
member of Bcl-2 familyl®. Bax activation results in cytochrome c release and subsequent
caspase activation that induces apoptosis??. Therefore, we evaluated if adiponectin
deficiency affected Bax protein expression in the kidney. Our results revealed that the
expression of Bax was significantly higher in kidney tubular epithelial cells of WT mice
after IRI compared with sham-operated mice, but the increase in Bax protein expression was
significantly attenuated in kidneys of APN-KO mice after IRI (Figure 5, A and B). These
data indicate that adiponectin signaling promotes Bax protein expression in the kidney in
response to IRI.

To explore the mechanisms responsible for Bax activation and upregulation during IRI, we
examined whether adiponectin deficiency affects the activation of p53, a transcription factor
that has been shown to regulate Bax expression?! and tubular epithelial apoptosis during
IRI22, Tissue sections were stained with an antibody against phospho-p53. Our result
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showed that IRI increased phospho-p53 staining in the nuclei of tubular epithelial cells in
kidneys of WT mice. The phospho-p53 staining was significantly reduced in kidneys of
APN-KO mice after IRI (Figure 5, C and D). These data suggest that adiponectin signaling
activates the p53, resulting in upregulation of Bax and subsequent activation of caspase 3, to
promote apoptosis.

Adiponectin Deficiency Impairs Inflammatory Cell Infiltration

Inflammatory cells have been shown to play a critical role in the pathogenesis of ischemia-
reperfusion injury?3 24, To examine if adiponectin plays a role in the regulation of
inflammatory cell infiltration in kidney IRI, WT and APN-KO mice were subjected to IRI
for 24 hours. Our results showed that the number of neutrophils was markedly increased in
injured kidneys of WT mice. The number of neutrophils was significantly reduced in IRI
kidneys of APN-KO mice (Figure 6, A and B). Similarly, significant infiltration of
macrophages and T cells was observed in kidneys of WT mice after IRl compared with
sham-operated controls. In comparison, adiponectin deficiency significantly inhibited
macrophage and T cell infiltration into kidneys after IRI (Figure 6, C - F). These results
indicate that adiponectin promotes inflammatory cell infiltration into the kidney during IRI.

Adiponectin Mediates the Upregulation of Inflammatory Mediators in the Kidney during IRI

Inflammatory chemokines and cytokines mediate the uptake of inflammatory cell into
injured tissue2®. We examined the effect of adiponectin deficiency on the expression of
known pro-inflammatory molecules that are involved in the pathogenesis of kidney IRI. The
MRNA levels of IL-6, TNF-a, MCP-1, and MIP-2 in the kidney were increased significantly
in kidneys of WT mice after IRI compared with sham-operated controls. In contrast, the
upregulation of IL-6, TNF-a, MCP-1, and MIP-2 was greatly attenuated in IRI kidneys of
APN-KO mice (Figure 7). These results suggest that adiponectin is a major regulator of
inflammatory cytokine and chemokine expression in the kidney during IRI.

Adiponectin Deficiency Inhibits NF-xB activation during IRI

To explore the molecular mechanisms underlying adiponectin-mediated induction of
inflammatory molecules, we examined whether targeted disruption of adiponectin affects the
NF-kB signaling pathway, a master regulator of inflammation. Tissue sections were stained
with an antibody against p65. Our results showed that p65 staining was significantly
increased in kidney inflammatory cells of WT mice after IRI. The p65 staining was
markedly reduced in APN-KO mice (Figure 8). These data indicate that adiponectin induces
inflammatory molecules through activation of the NF-xB signaling pathway.

Adiponectin Deficiency in Bone Marrow-derived Cells Reduces Kidney Injury

To determine the role of adiponectin in bone marrow-derived cells in the pathogenesis of
kidney IRI, we generated bone marrow chimeric mice. Eight weeks after bone marrow
transplantation, chimeric mice were subjected to kidney IRI. The genotype of bone marrow-
derived cells from the chimeric mice was confirmed by PCR of DNA extracted from
peripheral blood cells (Figure S3). WT mice engrafted with adiponectin™~ bone marrow
cells showed significantly lower serum urea nitrogen and less tubular damage than WT mice
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engrafted with WT bone marrow at 24 h after IRI (Figure 9). In contrast, APN-KO mice
engrafted with WT bone marrow recaptured the phenotypes of WT mice engrafted with WT
bone marrow after IRI (Figure 9). These results indicate that bone marrow cell-generated
adiponectin contributes to kidney IRI.

Adiponectin Promotes Macrophage Migration in vitro

To determine if adiponectin plays a direct role in the regulation of inflammatory cell
migration, we examined migration activity of macrophages in presence of adiponectin. We
found that adiponectin is capable of inducing RAW 264.7 macrophage migration (Figure
10). To elucidate the mechanisms of adiponectin in the migration of macrophages, we
demonstrated that P13 kinase inhibitor LY-294002 inhibited the migration of macrophages
induced by adiponectin (Figure 10), while inhibition of AMP activated protein kinase with
compound C did not affect adiponectin-induced cell migration (Data not shown). These data
imply that adiponectin promotes migratory activities of macrophages through activation of
P13 kinase.

DISCUSSION

Adiponectin is a multifunctional cytokine that plays an important role in the regulation of
inflammation and energy metabolism. However, its role in kidney injury is unknown. In this
study, we have demonstrated that: (1) Adiponectin is induced in the kidney in response to
IRI; (2) Targeted disruption of adiponectin protects against kidney IRI and tubular cell
apoptosis; (3) Targeted disruption of adiponectin inhibits activation of p53 and caspase 3
and upregulation of Bax; (4) Targeted disruption of adiponectin reduces inflammatory cell
infiltration and proinflammatory molecule production in the kidney; (5) Targeted disruption
of adiponectin suppresses NF-xB activation. (6) APN promotes macrophage migration
through activation of PI3 kinase. These results indicate that adiponectin plays a pivotal role
in the pathogenesis of IRI through regulation of inflammation and apoptosis.

Adiponectin was initially reported to be synthesized exclusively by adipocytes®. However,
recent studies have shown that it is also produced by other cell types such as endothelial
cells!1, inflammatory cells, lymphocytes!!: 12, and epithelial cells!3 14, Adiponectin shares
strong homologies with the complement factor C1q and the pro-inflammatory cytokine
TNF-a. Therefore, it belongs to the C1g-TNF-superfamily26. Adiponectin exists as a full-
length protein, as well as a proteolytic cleavage fragment, consisting of the globular C-
terminal domain termed globular adiponectin. It is thought that a leukocyte elastase, secreted
by activated monocytes and/or neutrophils, mediates this cleavage process and generates the
globular fragment of adiponectin. Globular adiponectin can trimerize after cleavage, but
cannot oligomerize further2’. Full-length adiponectin can exist as: a trimer (known as low-
molecular-weight adiponectin); a hexamer, which consists of two trimers linked by a
disulphide bond (known as middle-molecular weight adiponectin); and a high-molecular-
weight 12- to 18-mer28: 29, |n this study, we demonstrate that adiponectin is increased in the
kidney and circulation following IRI. Subsequently, we investigated the role of adiponectin
in kidney IRI using APN-KO mice. Our study shows that adiponectin deficiency preserves
renal function and reduces tubular damage in the kidney after IRI. The results from bone
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marrow chimeric experiments provided further evidence that adiponectin produced by bone
marrow-derived cells contributes to IRI of the kidney. These data indicate that adiponectin
represents a maladaptive response that promotes IRI of the kidney.

Following ischemia-reperfusion, tubular epithelial cells are unable to maintain adequate
intracellular ATP for essential processes, which lead to cell injury and cell death by
necrosis, apoptosis, or autophagy-associated cell death® 30, The relative contribution of each
form of cell death to injury is variable and depends on the severity of the insults. In response
to apoptotic signals, various enzymes are activated in a pathway-specific manner and the
classical caspase activation chain reaction is set in motion3!. Mammals have mainly two
distinct apoptosis signaling pathways, the death receptor pathway and the mitochondrial
pathway. In the mitochondrial pathway, the B-cell lymphoma-2 (Bcl-2)-family of proteins
play a crucial role. The Bcl-2 family comprises three subfamilies, namely, an anti-apoptotic
family, pro-apoptotic family, and pro-apoptotic BH3-only protein family. Bax was the first
identified pro-apoptotic member of the Bcl-2 protein family®. Bax is strictly regulated
through both transcription and post-transcription mechanisms32. The expression of Bax is
upregulated by the tumor suppressor protein p53. Bax upregulation triggers cytochrome ¢
release from mitochondria, which consequentially induces a chain reaction leading to
caspase 3 activation and apoptosis. Inhibition of apoptosis may have therapeutic potential
for ischemia-reperfusion injury. In the present study, we show that targeted disruption of
adiponectin prevents p53 activation, Bax induction, caspase 3 activation, and apoptosis.
These data indicate that adiponectin induces apoptosis through p53 mediated Bax induction
that results in caspase 3 activation.

Since the discovery of adiponectin, much has been said and even more has been
hypothesized regarding its role in health and disease. However, its biological activities
remain incompletely understood. Adiponectin is a cytokine that has been reported to possess
both pro- and anti-inflammatory properties. The role of adiponectin in regulating
inflammatory responses appears to be tissue and context specific33-37. It was initially
thought that adiponectin has anti-inflammatory property38. However, accumulating evidence
indicates that adiponectin exerts pro-inflammatory effect. Experimental studies have shown
that adiponectin by itself activates NF-xB and promote inflammatory cytokine

production3 40, Clinical studies have demonstrated that adiponectin levels are elevated in
patients with chronic kidney disease and elevated serum adiponectin levels predict mortality
and CKD progressionl® 16, In an attempt to uncover mechanisms underlying the protection
from ischemic kidney injury in APN-KO mice, we evaluated the expression of several
cytokines and chemokines that are known to be involved in the pathogenesis of kidney IRI.
We demonstrate for the first time that targeted disruption of adiponectin inhibits the gene
expression of pro-inflammatory cytokines — IL-6 and TNF-a and chemokines — MCP-1 and
MIP-2, which are associated with a reduction in infiltration of neutrophils, macrophages,
and T cells into the kidney after ischemia-reperfusion. Furthermore, we demonstrate that
targeted disruption of adiponectin suppresses NF-xB activation in inflammatory cells. These
data indicate that adiponectin exerts a pro-inflammatory effect in the kidney through
activation of NF-xB in response to ischemia-reperfusion.
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In this study, we demonstrate for the first time that adiponectin directly promotes migration
of macrophages. P13 kinase is a cellular lipid kinase that converts phosphatidylinositol-4,5-
bisphosphate to phosphatidylinositol-3,4,5-trisphosphate, a second messenger involved in a
variety of cell functions including cell migration*®: 42, We show that adiponectin-induced
migration of macrophages was blocked by LY294002, a P13 kinase inhibitor. These results
indicate that the effect of adiponectin on macrophage migration is mediated by P13 kinase
signaling pathway.

In contrast to our study, Cheng et al. reported that administration of adiponectin protects the
kidney from IRI43. They show that administration of adiponectin reduces renal injury.
However, recombinant human adiponectin expressed in and purified from E. coli was used
in that study. It is not clear which isoform of adiponectin was purified from E coli in that
study. Tsao et al. have reported that adiponectin from E coli can only forms trimers and
hexamer, while adiponectin from HEK293T cells can form trimers, haxamers, and HMW
complexes?9. Evidence indicates that different isoforms from different preparation may have
distinct functions?4 45, Consistent with this notion, studies have shown that both HMW
adiponectin and globular adiponectin activate NF-kB in inflammatory cells3® and
endothelial cells with varying potency*®, while mutated adiponectin that is unable to form
HMW complexes cannot activate NF-xB in inflammatory cells3°. Therefore, the function of
adiponectin is isoform and cell type dependent. In our study, we found that serum
adiponectin levels are significantly elevated in response to IRI, which is consistent with
published studies showing that adiponectin levels increases with impaired renal

function?’: 48, In contrast, Cheng et al. reported that serum adiponectin levels decreased after
IRI.

In summary, our study defines a novel mechanism by which adiponectin participates in renal
IRI. In response to injury, the upregulated adiponectin leads to recruitment of circulating
inflammatory cells into the kidney and induction of apoptosis, which play a critical role in
the pathogenesis of IRI. These data suggest that inhibition of adiponectin could represent a
novel therapeutic approach for acute kidney injury.

METHODS

Animals

The animal experiments were conducted according to the guidelines of laboratory animal
care and were approved by the Institutional Animal Care and Use Committee of the Baylor
College of Medicine. Wild type (WT) C57BL/6 mice were purchased from the Jackson
Laboratory (Bar Harbor, ME). The APN-KO mice on a background of C57BL/6 were
generated through homologous recombination, which removed the translation initiation
codon containing exon 2 as previously described®. The APN-KO mice were backcrossed
into C57BL/6 mice for six generations. Male WT mice and APN-KO mice at 8 to 12 weeks
old age, weighting about 20 to 30 grams, were anesthetized by intraperitoneal injection of
ketamine (80mg/kg) and xylazine (10 mg/kg). Kidneys were exposed through flank incision
and were subjected to ischemia by clamping renal pedicles with non-traumatic
microaneurism clamps. After 30 minutes, the clamps were removed and blood reflow was
conformed. Body temperature was maintained at 36.5-37.5°C throughout the procedure.
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Sham control mice underwent identical surgical procedure but without pedicle clamping.
Animals were sacrificed at 24 hours after reperfusion. Kidneys were perfused and harvested.

Serum Adiponectin Measurement

Serum adiponectin was measured using a mouse adiponectin ELISA kit (R&D Systems Inc.,
Minneapolis, MN) according to the manufacturer’s instruction.

Measurement of Renal Function

Serum creatinine was measured using a creatinine assay kit (BioAssay Systems, Hayward,
CA) according to the manufacturer’s instruction. Blood urea nitrogen was determined
fluorometrically as described®C.

Renal Morphology

Kidney tissue was fixed in 10% buffered formalin, embedded in paraffin, and cut at 4-Lm
thickness. After deparaffinization and rehydration, sections were stained with hematoxylin
and eosin. Tissue damage was examined in a blinded manner and scored according to the
percentage of damaged tubules: 0, no damage; 1, less than 25% damage; 2, 25%-50%
damage; 3, 50%-75% damage; and 4, more than 75% damage as reported®?.

Immunohistochemistry

Immunohistochemical staining was performed on paraffin sections. Antigen retrieval was
performed with antigen unmasking solution (Vector Laboratories, Burlingame, CA).
Endogenous peroxidase activity was quenched with 3% H,0,. After blocked with 5%
normal serum, slides were incubated with primary antibodies in a humidified chamber
overnight. After washing, slides were incubated with appropriate secondary antibodies and
ABC solution sequentially according to the ABC kit (Vector Laboratories, Burlingame,
CA). Slides were then visualized by incubation in DAB solution for an appropriate period of
time. Nuclear staining was performed with hematoxylin. The slides were dehydrated,
cleared, and mounted. The images from these slides were acquired and analyzed by NIS
Element software with Nikon microscope image system.

Apoptosis Detection

TUNEL assay was performed to evaluate apoptosis using ApopTagR plus Peroxidase in Situ
Apoptosis Detection Kit (Millipore, Billerica, MA) according to manufacturer’s instruction.
The number of TUNEL-positive cells per high-power field were counted and analyzed in a
blinded fashion.

Quantitative Real-Time RT-PCR

Total RNA was extracted from kidney tissues with TRIzol reagent (Invitrogen). Aliquots (1
ug) of total RNA were reverse transcribed using SuperScript Il reverse transcriptase. Real-
time PCR was performed using 1Q SYBR green supermix reagent (Bio-Rad, Herculus, CA)
with a Bio-Rad real-time PCR machine according to the manufacturer’s instructions. The
comparative Ct method (AACt) was used to quantify gene expression, and the relative
quantification was calculated as 272ACt, The expression levels of the target genes were
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normalized to GAPDH level in each sample. The primer sequences were: adiponectin -
forward, 5’-GCAGAGATGGCACTCCTGGA-3, reverse, 5'-
CCCTTCAGCTCCTGTCATTCC-3; IL-6 - forward, 5’
AGGATACCACTCCCAACAGACCTG-3, reverse, 5
CTGCAAGTGCATCATCGTTGTTCA-3; TNF-a-forward, 5’
CATGAGCACAGAAAGCATGATCCG-3' reverse, 5'-
AAGCAGGAATGAGAAGAGGCTGAG-3; MCP-1 - forward, 5'-
TCACCTGCTGCTACTCATTCACCA-3, reverse, 5'-
TACAGCTTCTTTGGGACACCTGCT-3’; MIP-2 - forward, 5’
AAAGTTTGCCTTGACCCTGAAGCC-3, reverse, 5'-
TCCAGGTCAGTTAGCCTTGCCTTT-3’; GAPDH - forward, 5’-
CCAATGTGTCCGTCGCGTGGATCT-3, reverse, 5'-
GTTGAAGTCGCAGGAGACAACC-3'.

Western Blot Analysis

Protein was extracted using RIPA buffer containing cocktail proteinase inhibitors and
quantified with a Bio-Rad protein assay. For non-reducing conditions, 2-mercaptoethanol
and DTT were excluded from the sample buffer. An equal amount of protein was separated
on SDS-polycrylamide gels in Tris/SDS buffer system, and then transferred onto
nitrocellulose membranes. The membranes were incubated with primary antibodies
overnight followed by incubation with appropriate fluorescence-conjugated secondary
antibodies. The proteins of interest were analyzed using an Odyssey IR scanner, and signal
intensities were quantified using NIH Image/J software.

Bone Marrow Transplantation

Bone marrow transplantation was performed as described previously®2. Briefly, bone
marrow cells (5x108) were injected into irradiated WT or APN-KO mice through tail vein.
After transplantation, mice were allowed to recuperate for 8 weeks prior to induction of
kidney IRI.

Migration Assay

Transwell migration assay was performed using a modification of a 24-well chemotaxis
assay. RAW 264.7 cells were loaded into top chambers (8 LM pore filter, Corning Costar).
Adiponectin and LY 294002 were then added into lower chamber at a final concentration of
5 Lg/ml and 10 LM respectively. After 4 hours of incubation, nonmigrated cells in the upper
chamber were removed with a cotton swab, and migrated cells were fixed with 4%
paraformaldehyde and stained with 0.1% crystal violet and 2% ethanol for 5 minutes at RT.
The number of migrated cells per membrane was counted in 10 random high-power fields
with an inverted microscope.

Statistical Analysis

All data were expressed as mean + SEM. Multiple group comparisons were performed by
One-way ANOVA followed by the Bonferroni procedure for comparison of means.
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Comparisons between two groups were analyzed by the two-tailed t test. P<0.05 was
considered statistically significant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Adiponectin isupregulated in the kidney after ischemia-reperfusion injury
A. Adiponectin mRNA is induced significantly in kidneys of wild type mice after IRI

compared with sham-operated mice. ** P < 0.01 vs WT sham. n=4 in each group. B.
Representative photomicrographs of kidney sections stained for adiponectin (brown) and
counter stained with hematoxylin (blue) (Original magnification: X400). C. Representative
Western blot under non-reducing conditions shows that all isoforms of adiponectin protein is
induced in IRI kidneys of WT mice. D. Quantification of serum adiponectin levels in sham-
operated mice and mice with IRI. ** P < 0.01 vs WT sham. n=5-6 in each group.
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Figure 2. Genetic deficiency of adiponectin protectskidney against IRI
A. Effect of adiponectin deficiency on serum creatinine in WT and APN-KO mice after

sham or IRI. ** P < 0.01 vs WT sham, # P < 0.05 vs WT IRI; ** P < 0.05 vs APN-KO IRI.
n=5 in each group. B. Effect of adiponectin deficiency on serum urea nitrogen in WT and
APN-KO mice after sham or IRI. ** P < 0.01 vs WT sham, # P < 0.05 vs WT IRI; ** P <
0.05 vs APN-KO IRI. n=5 in each group. C. Representative photomicrographs of HE
staining for Kidney sections of WT and APN-KO mice after sham or IRI. D. Quantitative
histological assessment of tubular damage after IRl in WT and APN-KO mice. **P < 0.05
vs WT IRI. n=5-6 in each group.
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Figure 3. Adiponectin deficiency protectstubular epithelial cellsfrom apoptosisin IRI kidney
A. Representative photomicrographs of kidney sections stained for apoptotic cells (brown)

and counterstained with methyl green (green) in kidneys of WT and APN-KO mice after
sham or IRI. (Original magnification: X400). B. Quantitative analysis of apoptotic cells in
kidneys of WT and APN-KO mice after sham or IRI. **P < 0.01 vs WT sham; #* P < 0.01
vs WT IRI; * P < 0.05 vs APN-KO IRI. n=5-6 in each group.

Kidney Int. Author manuscript; available in PMC 2013 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jinetal. Page 16

A B
WT APN-KO
25 *%*
OSHAM
-4 2 2 miRl
” 23
i . &015] iy
. 22
2 s nn 10 -
— N ; g s
= | \ @Q
= PR Q 51 ++
¥ (8}
e S 0 T
WT APN-KO
c D
WT APN-KO 0.8 1 *x
0.7 OSHAM
SHAM IRl SHAM IRI T
4 ,- R T 061 mRI
- a
C-Caspase 3 i *W g -% 0.5 1
- ) m #
GAPDH P W v WP o c !
2903 o
2o
s o 0.2 1
(8]
& 04
0 T
WT ADPN-KO

Figure 4. Adiponectin deficiency inhibits caspase 3 activation in tubular epithelial cells
A. Representative photomicrographs of kidney sections stained for cleaved caspase 3

(brown) and counterstained with hematoxylin (blue) in WT and APN-KO mice after sham or
IRI. (Original magnification: X400). B. Quantitative analysis of cleaved caspase 3
expression in kidneys of WT and APN-KO mice after sham or IRI. **P < 0.01 vs WT
controls; # P < 0.01 vs WT IRI, ** P < 0.01 vs APN-KO IRI. n=5-6 in each group. C.
Representative Western blots show cleaved caspase 3 protein expression in kidneys of WT
and APN-KO mice after sham or IRI. D. Quantitative analysis of cleaved caspase 3 protein
expression in kidneys of WT and APN-KO mice after sham or IRI. **P < 0.01 vs WT

sham; # P < 0.01 vs WT IRI, ** P < 0.01 vs APN-KO IRI. n=5-6 in each group.

Kidney Int. Author manuscript; available in PMC 2013 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jinetal.

Page 17

A B
wT o APN-KO 14 -
A4 B ] " ' 8 12 osH
%) & X = AM
I ; R Fiy " 210 -
> - o it Plohte ‘®
= c
., o VRS #
- 2 6
! TR B 4
— y o ¥ o ++
x " ’ Ny o
= R X 2 A
- / = a
s ¥ H 0 T
WT APN-KO
C D
wT APN-KO 351 *x
2 e JOR 2% : 30 - OSHAM
w
@ 2 55 | mIRI
> )
£} 52 ]
- + 15 1 #
: i 4
‘ . 210 -
_ A o
3 V) x> 5 ++
0 T
WT APN-KO

Figure 5. Adiponectin deficiency reduces Bax protein expression and p53 activation in tubular
epithelial cells

A. Representative photomicrographs of kidney sections stained for Bax (brown) and
counterstained with hematoxylin (blue) in WT and APN-KO mice after sham or IRI.
(Original magnification: X400). B. Quantitative analysis of Bax protein expression density
in the kidney of WT and APN-KO mice after sham or IRI. **P < 0.01 vs WT controls; # P
<0.01 vs WT IRI; ** P < 0.01 vs APN-KO IRI. n=5-6 in each group. C. Representative
photomicrographs of kidney sections stained for phosphor-p53 (brown) and counterstained
with hematoxylin (blue) in WT and APN-KO mice after sham or IRI. (Original
magnification: X400). D. Quantitative analysis of phosphor-p53 in the kidney of WT and
APN-KO mice after sham or IRI. **P < 0.01 vs WT sham; ¥ P < 0.01 vs WT IRI, ** P <
0.01 vs APN-KO IRI. n=5-6 in each group.
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Figure 6. Targeted disruption of adiponectin inhibitsinfiltration of neutrophils, macrophages,
and T cdlsin thekidney after IRI

A. Representative photomicrographs of kidney sections stained for MPO (a neutrophils
marker) (brown) and counterstained with hematoxylin (blue) in WT and APN-KO mice after
sham or IRI. B. Quantitative analysis of MPO™ neutrophils in kidneys of WT and APN-KO
mice after sham or IRI. **P < 0.01 vs WT sham; # P < 0.01 vs WT IRI; ** P < 0.01 vs
APN-KO IRI. n=5-6 in each group. C. Representative photomicrographs of kidney sections
stained for F4/80 (a macrophage marker) (brown) and counterstained with hematoxylin
(blue) in WT and APN-KO mice after sham or IRI. D. Quantitative analysis of F4/80*
macrophages in kidneys of WT and APN-KO mice after sham or IRI. **P < 0.01 vs WT
sham; # P < 0.01 vs WT IRI; * P < 0.05 vs APN-KO IRI. n=5-6 in each group. E.
Representative photomicrographs of kidney sections stained for CD3 (a T lymphocyte
marker) (brown) and counterstained with hematoxylin (blue) in WT and APN-KO mice after
sham or IRI. F. Quantitative analysis of CD3* T cells in kidneys of WT and APN-KO mice
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after sham or IRI. **P < 0.01 vs WT sham; # P < 0.01 vs WT IRI; ** P < 0.01 vs APN-KO
IRI. n=5-6 in each group.
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Figure 7. Targeted disruption of adiponectin suppresses gene expression of TNF-a, IL-6 and
MCP-1in the kidney after IRI

A. Bar graph shows quantitative analysis of TNF-a mRNA expression in kidneys of WT and
APN-KO mice after sham or IRI. **P < 0.01 vs WT sham; # P < 0.01 vs WT IRI; * P <
0.05 vs APN-KO IRI. n=4 in each group. B. Bar graph shows quantitative analysis of IL-6
MRNA expression in kidneys of WT and APN-KO mice after sham or IRI. **P < 0.01 vs
WT sham; # P < 0.01 vs WT IRI; ¥ P < 0.05 vs APN-KO IRI. n=4 in each group. C. Bar
graph shows quantitative analysis of MCP-1 mRNA expression in kidneys of WT and APN-
KO mice after sham or IRI. **P < 0.01 vs WT sham; # P < 0.01 vs WT IRI; * P < 0.05 vs
APN-KO IRI. n=4 in each group. D. Bar graph shows quantitative analysis of MIP-2 mRNA
expression in kidneys of WT and APN-KO mice after sham or IRI. **P < 0.01 vs WT

sham; # P < 0.01 vs WT IRI; * P < 0.05 vs APN-KO IRI. n=4 in each group.
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Figure 8. Targeted disruption of adiponectin inhibits NF-xB activation in the kidney during IRI
A. Representative photomicrographs of kidney sections stained for p65 (brown) and

counterstained with hematoxylin (blue) in WT and APN-KO mice after sham or IRI.
(Original magnification: X400). B. Quantitative analysis of p65 in the kidney of WT and
APN-KO mice after sham or IRI. **P < 0.01 vs WT sham; " P < 0.01 vs WT IRI, ** P <
0.01 vs APN-KO IRI. n=5-6 in each group.
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Figure 9. Bone marrow cell-produced adiponectin mediates kidney injury
A. Effect of adiponectin deficiency in bone marrow cells on serum urea nitrogen. ** P <

0.01 vs WT—WT sham; ** P < 0.01 vs WT—WT IRI; # P < 0.05 vs KO—WT; & P > 0.05
vs WT—KO IRI. n=3-4 in each group. B. Quantitative histological assessment of tubular
damage. **P < 0.05 vs WT—WT IRI; ** P < 0.01 vs KO—WT IRI; & P > 0.05 vs
WT—KO IRI. n=3-4 in each group.
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LY 294002 blocks adiponectin-induced migration of Raw 264.7 macrophages. **P < 0.01
vs vehicle controls; # P < 0.01 vs APN-treated group. n=3 in each group.
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