Anti-TNF-a Agent Infliximab and Splenectomy Are Protective Against Renal

Ischemia-Reperfusion Injury
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enal ischemia-reperfusion (/R) injury after surgery or
trauma causes acute renal failure, which is accompa-
nied by acute In renal transplantation,
prolonged ischemia is associated with delayed graft func-
tion, Jﬂ(! has a negative impact on long-term graft sur-
vival.23 Therefore, avoi iding renal /R injury is critical.
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No therapeutic strategies to ameliorate /R injury have
yet been established.

Acute tubular necrosis during renal /R injury is caused by
hypoxia of the outer medulla and the induction of inflamma-
tory and vasoactive mediators, which impair endothelial and
tubular cell function.” Ameng them, major inflammatory cy-
including TNF-a, IL-1p, and [1-6 play important
roles in I/R injury progression.™ TNF-a is one of the most
cytokines that induce apoptotic cell

tokines

important inflammatory
death by activating NF-xB, ¢-Jun N-terminal kinase, and p38-
mitogen-activated protein kinase pathways.”
are mainly produced by activated monocytes/macrophages,
which infiltrate the outer stripe of the kidney medulla.®?
Hear shock proteins are molecular c!‘.apca'mws thar facilitare
protein folding, and pmru_t cells from proteotoxic stress
vl e 1B i
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70 (HSP70) 15 L‘l‘cm ed in renal VR injury and is considered
a marker of such injury.*
Splenectomy {SPLIN) is sometimes p
with renal transplantation in donor spe
tients to suppress the production of antidonor antibodies, We
previously showed that SPLN ameliorates renal VR injury by re-
and also reduces mortality
rates.'* However, the relationship between inflammatory re-
sponse and Ti\"é'il‘ injury in splenectomized animals 1s not well
understood. In this study, we evaluated the effects of SPLN on
renal /R injury outcome by examining the expression of major
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phrectomy (RN)." For th.lS set of e).penments, animals were

divided into 4 groups. The flrst group of rats was sub]ected to
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SPLN (RN + SPLN) (n = 3) In the third group, the left re

i : nal pedicle was clamped for 45 minutes and reperfused,
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b e 5o ; immediately }‘\.II\)IMLLI (RN + VR45 + SPLN) (n = 4). Afrer
s with standard chow and water under a ;

1 2-hour light-dark cycle. Rats were anesthetized by intraper-
itoneal injection with pentobarbital (50 mg/kg). After the
skin was shaved and sterilized with 10% po
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24 hours, the left kidney was dissected.
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a m:d‘mc skin incision was made. To induce renal I/R injury, [nfliximab (Remicade, an anti-human TNF-a antibody;
the left |U.\1I pedicle was clamped for 30 (VR U| 4‘» (I/1 Janssen Biotech, Inc, Horsham, PA) was administered int

visually by a L:h:mg.',r were divided into 3 groug first group ot rats underwent

color of the kidney. The right kidney was removed immedi-  only RIN (n = 3), the second group underwent RN and I/R45
ately after the left renal pumln was unclamped. Three rats (RN + I/R45) (n = 5), and the third group underwent RN and
were included per /R injury group except for experiments  [/R45, and were also administered IFX (RN + I/R45 + [FX)
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FIGURE 2

(n = 5). After reperfusion, the left kidney was harvested  HSP70 (W27; Santa Cruz) (1:1000 dilution in PBS) over-
at 24 hours. night at 4°C.

1te renal function, blood samples were obtained The left kidney was fixed in 10% formalin/PBS and em-
for 10 minutes.  bedded in paraffin, Sections were cut at 5 pm and stained

To evalu:
before sacrificing and centrifuged at 2500g

The supernatants were stored at -80°C. Serum creatinine  With hematoxylin-cosin to evaluate glomerular and tubular
and blood urea nitrogen (BUN) were measured using a  damage. The section was also stained with a mouse monoclo

n) or for CD68

ai

7180 Clinical Analyzer (Hitachi, Tokyo, Japan). nal 1gG for HSP70 (WX (ab3143; Al
(ED1) (MCA341; Serotec). f.l)]—j:m:xiri\'c cells were counted
under » 100 Ialaﬂ:nmul on at .3 f ction using the
calth) (n = 3).

The lett kidney was homogenized in lysis bufter contain-
ing 1.0% Nonidet P-40, 150 mM NaCl, 50 mM Tris-HCI
(pH 8.0}, 1 pg/mL leupeptin, 1 pg/mL pepstatin A, and
1 mM phenylmethylsulfonyl fluoride. Proteins were sepa-
rated via sodium dodecyl sulfate-polyacrylamide gel elect

Significant values were determined via Student ¢ test using
StatMarelV, and P less than 0.05 was considere d ignificant.
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P % Tween-20 (TBST) for  D€Y Disease | Improving Global Outcomes Guidelines.'™ All

buftered saline containing 0.1 ) i HHE
values were reported as median and standard deviation.

30 minutes at room temperature, and then incubated with a
primary antibody (1:500 dilution in TBST) overnight at 4°
C. Antib )\llu‘\' used were mouse monoclonal IgG against
TNF-a (MAB510; R&D Systems), IL-1p (MABSO011;
R&D Systems), and IL-6 (MAB5061; R&D Systems). The
blots were washed 3 times in TBST for § minutes and then in-
cubared with secondary antibody for 45 minutes at room Serum creatinine and BUN levels were elevated only
temperature. Signals were detected by LLL Am slightly in the RN + I/R30 group compared with those in
stem (GE Healthcare). To detect HSP70, the n antly elevated in the RN + I/
Yo skim éili]_\ in phosphate-  R45 and RN + I/R60 groups (Figures 1A, B); this indicated

the RN group, but were signif

membranes were blocked with 5
buffered saline (PBS) for 30 minutes at room temperature,  that we had successhi 1!'\. roduced /R 1 ln|4u\, in rat kidneys.
and then incubated with a mouse monoclonal 1gG against Because dar
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in serum TNF-a level,"" we examined the expression of
major inflammatory cytokines in the kidney after I/R injury.
Protein levels of TNF-o, IL-1(3, and IL-6 were higher after
30 minutes of ischemia (RN + I/R30, RN + I/R45, and RN + I
R60) compared with those in the control (RIN) (Figures 1C-E).
Furthermore, the expression of HSP70, which is a marker of re-
.ﬁ.) 'm'l 7§ minutes

{ . ) .
nal VR injury," was induced Jl*L()(!QI'.Jl'd}' at
of ischemia and highly at 60 minutes (I
sults demonstrate that renal dysfunction in I/R 1(1111\'}.- is ;um‘)a:ll;'ul

elevated production of major inflammatory cyto-
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dilatatton, swelling, anc necrosis of tubular cplrhlu cells, as
srush borders, were observed (Figure 2A,
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3). Heart shock protein 70 was constitutively expres
1

cd

tal nephron tubules under normal conditions and was in-
duced markedly at the proximal tubules in the outer stripe

of the outer medulla after /R injury (Figures 2C-F).""

Because we previously showed that SPLN protected the
. R |
kidney from /R injury and reduced serum TNF-u levels,
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we cvaluated the expression of inflammatory cytokines and
HSP70 in the kidney. The left kidney
for 45 minutes followed by 2

plus RN

underwent ischemia

4 hours of I'[’l\\fi'[-iﬁi()\]; S
imediately performed after initiating re
sion. Serum creatinine and BUN levels were markedly
vated by /R injury, but these increases were significantly
suppressed when SPLIN was puhm sed (Figures 34, B).!!
We found llm[ pmlun levels of TL-1p5 and IL-6 as well as of
TNF-c¢ in the kidney were markedly elevated in the RN + V
R45 group but not when SPLN was performed (Figures 3C-E).
Furthermore, HSP70 was upregulated in RN + I/R45§
group kidneys bur not in the RN + VR45 + SPLN group
(Figures 3F, G). I]u se results iTIL|lLdn‘ that SPLIN inhibits

e eviression of 4

VEre 1m

o atory cvioldnes and HSP70 1o ¢
idney during I/E injury.

Heat shock protein-70 can
whereas inflammatory cytokines accelerate it
we examined time-dependent expression of inflammarory cy
rokines and HSP70 during renal I/R injury. Serum creat
and BUN levels ‘n‘;:;m to rise at 3 hours of reperfusion
after 45 minutes of ischemia J.Hd were significantly higher
at 3 hours and higher stll at 24 imma of reper |11M(J1|
(Figures 4A, B). HSP ein IL vels in the kidney were rel-
atively unchanged at 1, 10, 30, and 60 minutes of reperfusion

prevent renal VR injury,
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hours of reperfusion (Figure 4C).

at 3, 6, and 24
trast, protein levels of TNF-«, 1{ 1§, and IL-6 in the kidney

were significantly elevated at 1 minute of reperfusion after

45 minute ly decreased to baseline

of ischemia, and gmdu;t
by 3 hours (Figures 4D-F). IL-6 lev
sion after ischemia were similar to that in the control kidney
(RN), and levels of TNF-a and IL-1% at the same time point
were only slightly higher
(RN). Remarkably,
were again significantly elevated at 24
after ischemia. These results demonstrate thar the induction
of inflammatory ¢ an early stage in the kidney pre
cedes renal /R injury, which is evidenced by the elevated

at 3 hours of reperfu-

than those in the control kidney

levels of these inflammatory cytokines

t hours of reperfusion

ines a

levels of renal HSP70 protein as well as serum creatinine

and BUN.

TNF-e is one of the major inflammatory cytokines in-
duced during renal VR injury,”'” and its inhibit
to suppress the production of other inflammatory cyto-
kines in uveitis parients.'” We examined whethe
istration of an anti-TNF-« antibody, 1FX,

ion is known

admin-
S X
Jl‘lll]llC,\Cd the
effects of SPLIN with respect to renal /R injury. Serum creat-
inine and BUN levels in IFX-treated rats undergoing /R h)*‘
45 minutes (RN + [/R45 + [FX) were hl"mﬁimml" lower tha
RN + I/R45 rats (Figures SA,
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[NF-a, IL-1p, IL-6, and HSP70 at 24 hours after reperfusion
were significantly and consistently lower in the kidneys of the
RN + I[/R45 + IFX group than in the RN + I/R45 group
(Figures SC-G). These results indicate that II X, like SPLLN
inhibits rlu expression of md]m inflammatory L}l’()l\'!llk‘.v
and HSP70 during renal /R injury.

[t has L‘VLH suggested that monocytes and macrophages
contribute to the late n-'mim‘tiun of inflammatory
during renal /R injury.” We investigated infiltration of these
cells by immunohistochemistry using an antibody against
ED1, a marker of rat macrophages/monocytes. We found
that macrophage/monocyte levels were » higher
in the kidneys of RN + /R4S group rats at 24 hours after re-
perfusion, whereas there was low mauopl age/monocyte ac
cumulation in the kidneys of the RN + I/R45 SPLN and
RN + I/R45 + [FX groups (Figures 6A-E). These results
dt‘]amn%rru te that IFX mimics the effect of SPLN during re-

al R mim\‘ specifically, it inhibits the accumulation of
LL!LL'}PEL\‘L'_,\‘M;[JUHU\_;[L.‘: in the injured kidney.
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significantly

mimatory ;\_'(\ﬂ\éilcs and HH i!l the
dney, which was accompanied by L‘s.‘ulsccd ac
cumulation of macrophages/monocytes. \']nrct)'mi‘. ad-
mllll\E -ation of [FX Jmnmlxui the effect of SPL
renal /R injury.
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are suggested to play an important role du
[t was reported that splenic monocytes moved to injured sites
during myocardial ischemic injurv.™ Furthermore, SPLN
protected from hepatic VR injury by reducing levels of TINF-
which was produced from monocytes/macrophages.”’**

a,
We showed that ED1-stained macrophages/monocytes had
significantly incr t hours af-
Is was low
in rats that underwent SPLN (Figure 6). Levels of inflamma-
tory cytokines, such as TNF-o, IL-113, and IL-6, were elevated
after 435 minutes of ischemia and attenuated at 1 or 3 hours
after the reperfusion (Figure 4); they were then reelevated in
the injured kidney at 24 hours. However, cytokine levels

ased in the FR-injured kidney 2

were constant or even reduced in kidneys of splenectomized
rats (Figure 3). The reduced production of these cytokines
at 24 hours after reperfusion was associated with the inhibi-
tion of the elevation of renal HSP7

expression and seruim
creatinine and BUN levels ( . We postulate that an
initial elevation of inflammatory cytokines in the /R-injured
kidney may induce renal infilration of macrophages/
monocytes from the spleen, which themselves produce more
cytokines that subsequently injure the renal rissue.
Macrophages/monocytes in the I/R-injured kidney pro-

duce TNF-a, IL-13, and [L-6%; these cytokines reinforce the

rum creatinine and
lintraperitone

sand HS

/R) injury. /
IFX was

secrerion of each other. For example, IL-1 promotes produc-
tion of TNF-a and IL-6, and IL-6 in turn does the same to
TNF-e and IL-113 during renal /R injury. ™" We showed that
protein levels of TNF-a, IL-1, and IL-6 were significantly el
evated after 30 minutes of ischemia (RN + I/R30, I/R45, and
[/R60) compared with controls (RN} (Figure 1), and histolog-
ical examination confirmed that tubular damage occurred in
our renal I/R model (Figure 2). TNF-« is a major inflamma-
tory cytokine that induces apoptotic cell death by activating
signaling pathways such as NF-xB, ¢-Jun N-terminal kinase,
and p38-mitogen-activated protein kinase pathway .5 1L-1p
is associated with the programmed cell death pathway

lknown as pyroptosis and is considered a predictor of pro-

N

gression of acute kidney injury.” Furthermore, increased ex-
pression of [L-6 is associated with interstitial fibrosis and
glomerulosclerosis.” Therefore, inhibiting inflammatory cy-
tokines is important for recovery trom renal I/R injury. Inhi
bition of TNF-a can suppress the production of other
'8, in fact, we demonstrated thar ad-

ministration of the ant-TNF-a inhibitor IFX suppressed re-

inflammatory cytokines

nal infiltration of macrophages/monocytes, as well as the
production of major inflammartory cytokines and the cleva-
tion of renal HSP70 expression (Figures 5, 6), as did SPLIN.
It was reported that TNF-« also promotes the expression of
monocyte chemotactic protein-1/chemokine (C-C mortif)
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s Were CO

which induced monocyte infilration during renal
**and that IFX inhibits its expression.™ Therefore,
the reduced infiltration of macrophages/monocytes by IFX
may be due to diminished production of monocyte chemotac-
tic protein-1/chemokine (C-C motif) ligand-2. In any case,
ts support the notion that TNF-« is a pivoral eyto-
unction during /R injury,

Nowadays, 1t cific ¢
positive patients is mainly undertaken after treatment with ri-

our re

kine that induces renal dys
1

al transplantation for don

tuximab, a monoclonal anti-CD20 antibody that targets B
lymphocytes, to prevent rejection.”® Rituximab has an effect

) { 7 26 1. .
that 1s equivalent to that of SPLN,™" which is accompanied
X .

51 -al stress. Likewise, we showed that administration

FX had the same effect on renal /R injury

as that of

B RN+/R45

D RN+I/R45+IFX

clamped

SPLN. The protective effect of IFX on I/R injury was reported
not only in the kidney bur also the liver, intestine, and spina
cord in animals.”**" =" Tasdemir et al" reported that TFX
may protect against renal /R injury by countering oxidative
stress in rat; however, they did not investigate the relation
ship berween proinflammatory cytokines and rena
Di Paola et al’™ showed that mouse renal function after /R
mnjury is protected by IFX administration. In our study, we
showed that IFX reduced the production of cytokines and
improved renal function after renal VR injury, and 1FX also
reduced the accumulation of macrophages/monocytes. IFX
linically effective and

function.

afe for the treatment of patients
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the prevention of VR injury in human renal transplanta
Further experiments using renal transplantation mod

required to confirm our findings.
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