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Abstract

Background. Ischemia/reperfusion injury has a major impact on kidney graft function and
survival. Animal studies have suggested a role for complement activation in mediating I/R
injury, however results are not unambiguous. Whether complement activation is involved in
clinical I/R injury in humans is still unclear.

Methods. In the present study, we assessed the formation and release of C5b-9 during early
reperfusion in clinical kidney transplantation in both living, brain dead and cardiac dead
donor kidney transplantation. By arteriovenous measurements and histological studies,
local terminal complement activation in the reperfused kidney was assessed.

Results. There was no release of sC5b-9 from living donor kidneys, nor was there a release
of C5a. In contrast, instantly after reperfusion, there was a significant but transient venous
release of soluble C5b-9 from the reperfused kidney graft in brain dead and cardiac dead
donor kidney transplantation. This short-term activation of the terminal complement cascade
in deceased donor kidney transplantation was not reflected by renal tissue deposition of
C5b-9 in biopsies taken 45 minutes after reperfusion.

Conclusions. This systematic study in human kidney transplantation shows an acute but
non-sustained sC5b-9 release upon reperfusion in deceased donor kidney transplantation.
This instantaneous, intravascular terminal complement activation may be induced by
intravascular cellular debris and hypoxic or injured endothelium.
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Introduction

Ischemia/reperfusion (I/R) injury is an inevitable consequence of organ transplantation and
a major determinant of patient and graft survival.'? Current therapy is supportive and there
are no specific therapeutical options yet. The pathophysiology of I/R injury is complex
and incompletely understood. The innate immune system has been suggested to play an
important role in potentiating an injurious reaction upon reperfusion since it is prone to
recognize not only pathogens but also ‘damaged self’.*

The complement system is one of the fastest responding basal defense mechanisms of the
innate immune system. Activation of either the classical, alternative, or Mannan-binding
lectin pathway ultimately leads to the formation of C5b-9, otherwise known as the terminal
complement complex or membrane attack complex (MAC). Release of soluble (s)C5-9 has
been described in a variety of renal disorders, such as lupus nephritis, Henoch-Schonlein
Pupura and aHUS, and has been shown to be a sensitive marker in assessing disease activity.>?
Renal I/R affects the endothelial as well as the epithelial compartment and might activate
the complement cascade leading to deposition of C5b-9 or release of non-lytic sC5b-9.

Animal studies of renal I/R injury generally show that complement inhibition reduces post-
reperfusion damage.®'" Zhou et al more specifically demonstrated the involvement of
terminal complement complex C5b-9.2 However, in recent rat experiments by our group,
inhibition of complement activation did not reduce kidney damage and only 24 hours after
reperfusion the first signs of complement activation were observed. Moreover, Mannan-
binding lectin itself appears to exert cytotoxic effects on the tubular epithelium early after
reperfusion, far before first complement deposition was observed." These recent findings
raise questions about the contribution of complement activation as initiator of I/R injury.

Despite the extensive number of animal experiments, studies on the involvement of
complement in human I/R injury are scarce. Studies in the human heart have suggested
a role for complement activation in I/R induced tissue damage.'#'> However, the diverse
studies on experimental anti-complement therapy in human myocardial I/R injury did not
lead to major improvements yet.'®?!

To address the recent contradictory findings in animals and the lack of evidence for
involvement of complement in human I/R injury, we investigated the role of complement
activation in the initiation of clinical renal I/R injury. I/R induced complement activation
may take place in both the tubular and vascular compartment.'%?%2> Therefore, we
systematically measured terminal complement activation during early reperfusion in human
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kidney transplantation in both the tubular compartment by immunohistochemistry and the
intravascular compartment by selective arteriovenous measurements over the transplanted
kidney.

Materials and Methods

Patient population

Twenty-four patients undergoing renal allograft transplantation were included for
arteriovenous sampling; 8 patients receiving a kidney from a living donor, 9 patients receiving
a kidney from a brain dead donor and 7 patients receiving a kidney from a cardiac dead
donor (patient and transplantation characteristics are in table 1), as previously described.?
Brain dead and cardiac dead donors together were referred to as deceased donors. For
technical reasons (renal vein sampling) only patients receiving a left kidney were included.
In another 33 patients (13 living donor, 10 brain dead donor, and 10 cardiac dead donor
kidney recipients) renal biopsies were collected. The study protocol was approved by the
local ethics committee, and informed consent was obtained from each patient.

Table 1: Transplantation and outcome characteristics of patients undergoing arteriovenous

measurements.

LD BDD CDD
N 8 9 7
Donor age: mean (SD) 43.9(10.6) 54.1(17.1) 52.7(15.3)
Donor gender (M:F %) 75:25% 44:56% 43:57%
Duration ICU stay in h. (SD) N/A 126 (211) 107 (139)
Duration of BD in h. (SD) N/A 14.7(9.7) N/A
Preservation fluid HTK (n=8) UW (n=9)  UW(n=2), HTK (n=5)
WIT1 in min. (SD) N/A N/A 23.1(7.7)
CIT in h. (SD) 3.0(0.3) *V 19.7(6.2) 17.3(2.6)
WIT2 in min. (SD) 34.0(6.3) 33.0(6.1) 34.1(6.4)
Recipient age: mean (SD) 41.1(10.5) 55.1(13.5) 54.0(11.2)
Recipient gender (M:F %) 38:62% 44:56% 71:29%
Preemptive transplantation (n) 1 0 0
Creatinine clearance day 30 in ml/min (SD) 73.3(20.5) *V 49.3(15.3) V 27.1(10.3)
DGF (%) 0% 56% 86%
DGF: dialysis after transplantation in days (SD) 0(0)*V 7.0 (5.3) V 17.2 (7.2)

Groups undergoing living donor (LD), brain dead donor (BDD) and cardiac dead donor (CDD) kidney
transplantation were compared.

Intensive care unit (ICU) stay: the period the donor was admitted to intensive care unit, BD: the total
duration of brain dead of the donor, WIT1: first warm ischemia time, CIT: cold ischemia time, WIT2:
second warm ischemia time, DGF: delayed graft function.

*p<0.05 compared to BDD, V p<0.05 compared to CDD.
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Operation and materials

Kidney transplantations were performed according to local standardized protocol. In living
donors minimally invasive nephrectomy was performed and Custodiol® Histidine-tryptophan-
ketoglutarate solution (HTK) solution (Tramedico, Weesp, The Netherlands) was used for
cold storage of the kidney. Brain dead and cardiac dead donor kidneys were perfused and
stored with either University of Wisconsin solution (UW) or HTK. The immunosuppressive
regimen was based on tacrolimus or cyclosporine A in addition with mycophenolate mofetil
and steroids in all groups.

Arterial and renal venous blood samples were obtained as described before in detail.?® A
schematic drawing of the arteriovenous sampling method is shown in figure 1. In short, via a
small catheter placed in the renal vein blood aliquots were sampled at 0, 3, 10 and 30 min.
after reperfusion. Paired arterial blood samples were obtained at 0, 3, 10 and 30 min. after
reperfusion. All samples were collected in tubes containing EDTA and immediately placed on
ice. Blood samples were centrifuged (1,550 g, 20 min, 4°C) and the derived plasma was re-
centrifuged (1,550 g, 20 min, 4°C) to deplete it from leukocytes and thrombocytes. Material
was aliquotted and stored at -70°C until assayed.

Figure 1. Schematic representation of the arteriovenous sampling method over the reperfused kidney
by simultaneous blood collection from the renal artery and vein. Illustration by Manon Zuurmond©
(www.manonproject.com)

In another 33 patients (13 living donor, 10 brain dead donor, and 10 cardiac dead donor
kidney recipients) renal biopsies were collected (table 2). A renal cortical biopsy was
obtained after cold storage, and a second biopsy of the same kidney was collected 45
minutes after reperfusion.
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Table 2: Transplantation and outcome characteristics of patients from which renal biopsies
were studied.

LD BDD CDD
N 13 10 10
Donor age: mean (SD) 45 (12) 43 (13) 54 (15)
Donor gender (M:F %) 77:23% 20:80% 70:30%
Duration ICU stay in h. (SD) N/A 90 (121) 86 (100)
Duration of BD in h. (SD) N/A 12 (9) N/A
Preservation fluid UW (n=13) UW (n=10) UW (n=10)
WIT1 in min. (SD) N/A N/A 19 (7)
CIT in h. (SD) 132 (40) * Vv 1131 (369) 1093 (273)
WIT2 in min. (SD) 38 (7) 43 (7) 41 (17)
Recipient age: mean (SD) 42 (16) 55 (14) 53 (12)
Recipient gender (M:F %) 46:54% 40:60% 100:0%
Creatinine clearance day 30 in ml/min (SD) 65 (15) 54 (15) 50 (22)
DGF (%) 8% 20% 100%

Groups undergoing living donor (LD), brain dead donor (BDD) and cardiac dead donor (CDD) kidney
transplantation were compared.

Intensive care unit (ICU) stay: the period the donor was admitted to intensive care unit, BD: the total
duration of brain dead of the donor, WIT1: first warm ischemia time, CIT: cold ischemia time, WIT2:
second warm ischemia time, DGF: delayed graft function.

*p<0.05 compared to BDD, V p<0.05 compared to CDD.

sC5b-9 and C5a plasma measurements

sC5b-9 and C5a levels were assessed by sandwich ELISA. In short, 96-well ELISA plates (Nunc
Bioscience, Belgium) were coated with a monoclonal antibody (mAb) to a neo-epitope
on C5b-9 (aE11; Hycult Biotechnology, Uden, Netherlands) or C5a (mAb 2952; Hycult
Biotechnology). Plasma was incubated in the coated wells and bound sC5b-9 or C5a was
detected with a biotin-labeled mAb to Cé (9C4; in-house made) or C5a (mAb 561; Hycult
Biotechnology) respectively, followed by detection with streptavidin-poly-horseradish
peroxidase (Sanquin, Amsterdam, The Netherlands). Enzyme activity was detected using
2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) (Sigma Chemical Co., St. Louis, MO).
The optical density was measured at 415 nm using a microplate reader (Model 680; Biorad,
Philadelphia, USA). The detection limits for C5a and C5b-9 were 1.95 ng/ml and 0.01 U/ml,
respectively.

Immunohistochemistry

Sections (4 pm) of paraffin embedded, formaldehyde fixed biopsies were deparaffinized and
treated with 0,1% protease (type XXIV pronase, Sigma) for antigen retrieval. Endogenous
peroxidase activity was blocked with 0.1% H202 and 0.1% NaN3. Consequently, C5b-9
deposition was assessed using a mAb to a neoepitope on C5b-9 (aE11, Hycult Biotechnology)
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followed by anti-mouse peroxidase-conjugated EnVision™ (DAKO, Glostrum, Germany).
The staining was visualized using Nova RED (Vector Labs, Peterborough, United Kingdom).
Sections were counterstained with hematoxylin (Merck, Darmstadt, Germany). As a positive
control, a renal biopsy of a patient with acute graft rejection was used.

Data collection and statistical analysis

Clinical donor data were retrieved from Eurotransplant. Outcome measures were creatinine
clearance at 30 days after transplantation, presence and duration of delayed graft function
(DGF) and patient and graft survival. DGF was defined as need for dialysis within 7 days
post-transplantation. Statistical analysis was performed using SPSS 16.0 statistical analysis
software (SPSS Inc, Chicago, Ill). Wilcoxon signed ranks test was used for paired non-
parametric data, the Mann-Whitney test for unrelated non-parametric data, i.e. comparison
of different donor types. Graph points represent the median and error bars represent the
interquartile range. A p-value of less than 0.05 was considered significant.

Results

Donor and transplant characteristics

Recipient and donor age and gender were similar in living donor, brain dead donor and
cardiac dead donor groups (Table 1). As expected, warm and cold ischemia times differed
between the groups, with shorter cold ischemia times in living donor kidney transplantation.
The immunosuppressive regimen did not differ between groups. A significantly higher rate of
delayed graft function (DGF) was observed in brain dead donor and cardiac dead donor as
compared to living donor kidney transplantation. Brain dead donor and cardiac dead donor
transplantation were equal in occurrence, but not in duration of DGF. All kidneys were still
functioning at 1 year post-transplantation, except for one kidney from a cardiac dead donor
(the recipient was not compliant with immunosuppressive medication).

Early release of soluble complement complex C5b-9 from the kidney into the circulation
Activation of the terminal complement cascade during reperfusion was assessed by measuring
the release of soluble (s)C5b-9 complex from the kidney by arteriovenous measurements
(Figure 1). Immediately at reperfusion there was an acute but transient release of sC5b-9
from deceased donor kidneys, which was not observed from living donor grafts (LD p=0.46,
BDD p=0.011, CDD p=0.028; Figure 2). There was no release of sC5b-9 at later timepoints,
at 3 (LD p=0.31, BDD p=0.77, CDD p=0.06), 10 (LD p=0.48, BDD p=0.68, CDD p=0.08) or
30 minutes (LD p=0.12, BDD p=0.78, CDD p=0.74) after reperfusion. Soluble C5a, as an
alternative sign of complement activation, was measured in arteriovenous samples in living
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donor kidneys. In accordance with sC5b-9 measurements, there was no difference in arterial
and renal venous C5a levels (p=1.00 at 5 minutes, p=0.29 at 30 minutes after reperfusion,
data not shown). Differences in the net release of sC5b-9 from the kidney for the total of
30 minutes were assessed by comparing arterial and venous area under the curve. For living
(p=0.87) and brain dead donor grafts (p=0.26) no net release was observed from the kidney.
Cardiac dead donor kidneys, however, showed a significant release of C5b-9 from the kidney
for the total first half hour after reperfusion (p=0.018). Baseline values of sC5b-9 were not
different between groups (p=NS).

LD BDD CcDD
2.0 . 2.0 2.0
-O- arterial
g 15 6 venous 15 15
=)
Y 1.0 1.0
Qo
3
S 0.5 0.5
0.04 , , . 0.04 . . .
0 10 20 30 0 10 20 30

Time after reperfusion (min)

Figure 2. sC5b-9 concentration in arterial and venous blood samples in living donor (LD), brain dead
donor (BDD) and cardiac dead donor (CDD) kidney transplantations in the first 30 minutes of reperfusion.
There was a significant release of sC5b-9 within seconds after reperfusion (first time point) from BDD
kidney grafts (n=9, p=0.011) and from CDD grafts (n=7, p=0.028), but not from LD grafts (n=8, p=0.46).
At later time points there was no significant difference anymore. Graphs show median and interquartile
range.

No increase in local, tissue-bound complement complex C5b-9 after reperfusion

The acute but transient release of soluble C5b-9 into the circulation might be accompanied
by local C5b-9 deposition in the kidney, and local deposition could contribute to the
absence of circulating C5b-9. Therefore, presence and localization of C5b-9 in pre- and
post-reperfusion kidney biopsies was assessed. Whereas the renal biopsy of acute rejection
tissue showed extensive C5b-9 positivity, staining for C5b-9 revealed no vascular or tubular
depositions of C5b-9 before or after reperfusion in any of the three donor types (Figure 3).
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Figure 3. Representative sections showing distribution of C5b-9 staining in a pre- and post-
transplantation biopsies of living donor (LD), brain dead donor (BDD) and cardiac dead donor (CDD)
kidneys. There were no C5b-9 depositions in any of the biopsies (LD n=13, BDD n=10, CDD n=10). In
contrast, the positive control biopsy of a kidney graft with acute rejection showed massive peritubular
and tubular C5b-9 depositions. Original magnification, x200.

Discussion

I/R injury is one of the main causes of delayed graft function in transplantation. Studies
in mice have suggested a predominant role for complement activation in renal I/R injury.
However, in our recent study we show that not complement activation, but rather direct
cytotoxic effects of circulation derived Mannan-binding lectin initiate tissue injury in rat
renal I/R experiments.? Studies on timing and role of complement activation in human
renal I/R injury are scarce and inconclusive. Therefore, we set out to assess the role of
terminal complement activation in the initiation of renal I/R injury in humans. Our data
show that there is acute, non-sustained terminal complement activation upon reperfusion
in deceased donor kidney transplantation.

We concentrated on measurement of sC5b-9 as it is the common end-point of both the
classical, alternative and Mannan-binding lectin pathway of the complement cascade.
Moreover, in mice it is suggested that specifically C5b-9 is essential in the induction of
tubular damage in renal I/R injury.”? By measuring arteriovenous differences over the
reperfused organ, we were able to obtain very specific data on local venous release of sC5b-
9 from the human kidney. In a previous study involving living donor kidney transplantations
only, we found no release of C5b-9, but rather an early and vast release of interleukin-6
from the kidney.?® In the current study the group is expanded with kidneys from brain dead
and cardiac dead donors which are more severely affected by I/R. We show that from these
deceased donor kidney grafts sC5b-9 is indeed released directly after reperfusion, indicative
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of intravascular terminal complement activation. Since C5b-9 is released transiently,
directly after reperfusion, this may result from a wash out effect. The complement system
may be triggered upon encounter with intravascular cellular debris accumulated during
the cold ischemic period or by encounter with hypoxic or injured endothelium.?*?” Studies
in other human organs, such as the heart confirm complement activation in I/R injury,'%"
although these observations may be influenced by complement activating effects of the
cardiopulmonary bypass machine.?

Besides the intravascular sC5b-9 formation, C5b-9 could be formed locally in the tissue
without any release into the circulation. To assess this tubular activation, tissue content and
distribution of C5b-9 was assessed in kidney biopsies collected before and after reperfusion.
There was no deposition of C5b-9 in the kidney after reperfusion in both living and deceased
donor kidney transplantation. This is confirmed by a study of Haas et al. where in post
transplantation biopsies no complement depositions as consequence of reperfusion were
detected either.? In contrast, renal tissue of a patient with acute graft rejection showed
extensive C5b-9 deposition in the tubular compartment.

Finally, the possibility remained that the complement cascade is activated in living donor
kidneys as well, without leading to terminal complement activation. Therefore, release of C5a
from the reperfused kidney was assessed because C5a is more upstream in the complement
cascade than the terminal complex C5b-9 is. In agreement with C5b-9 measurements, there
was no C5a release from living donor kidneys. This excludes complement activation after
reperfusion in living donor kidneys and also excludes early involvement of C5a, which has
also been ascribed a harmful role in I/R injury.’

A limitation of our study was the fact that the sampling time was restricted to maximally
30 minutes following reperfusion. Although complement activation in this study was
only observed instantly after reperfusion, mouse experiments show membrane attack
complex elements C6 and C9 later on, at 12 and 24 hours after reperfusion, respectively.3®
Furthermore, one may consider the sample size as a limitation. However, as the goal of this
study was to assess the basic pathophysiological role of complement activation in I/R injury,
instead of correlating findings to clinical outcomes, small patient numbers were sufficient.
Finally, only cortical biopsies could be collected, as deeper puncture holds a high risk of
bleeding and calycal injury and was considered unsafe.

In summary, this systematic study in human kidney transplantation shows acute, non-sustained

intravascular terminal complement activation during early reperfusion of deceased donor
kidney grafts, likely to be initiated by contact with intravascular cellular debris and injured
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or hypoxic endothelium. These results indicate that terminal complement activation may
play a role in early renal I/R injury in deceased donor kidney grafts.

Acknowledgements

We thank The Netherlands Organization for Health Research and Development project
92003525 (D.K. de Vries) and the Dutch Kidney Foundation project NSN C03-6014 (P. van der
Pol) for the financial support. We thank Kim Zuidwijk, Nicole Schlagwein and Karin Koekkoek
for technical assistance. Marc Seelen and Henri Leuvenink are thanked for providing patient
material.

Chapter

5.1



creo



Chapter 5.1

References

0jo AO, Wolfe RA, Held PJ, Port FK, Schmouder
RL: Delayed graft function: risk factors and
implications for renal allograft survival.
Transplantation 63:968-974, 1997

Yarlagadda SG, Coca SG, Formica RN, Jr.,
Poggio ED, Parikh CR: Association between
delayed graft function and allograft and
patient survival: a systematic review and meta-
analysis. Nephrol Dial Transplant 24:1039-1047,
2009

Koning OH, Ploeg RJ, van Bockel JH,
Groenewegen M, van der Woude FJ, Persijn
GG, Hermans J: Risk factors for delayed graft
function in cadaveric kidney transplantation:
a prospective study of renal function and
graft survival after preservation with
University of Wisconsin solution in multi-organ
donors. European Multicenter Study Group.
Transplantation 63:1620-1628, 1997

Matzinger P: Tolerance, danger, and the
extended family. Annu Rev Immunol 12:991-
1045, 1994

Mache CJ, Acham-Roschitz B, Fremeaux-Bacchi
V, Kirschfink M, Zipfel PF, Roedl S, Vester U,
Ring E: Complement inhibitor eculizumab in
atypical hemolytic uremic syndrome. Clin J Am
Soc Nephrol 4:1312-1316, 2009

Kawana S, Nishiyama S: Serum SC5b-9 (terminal
complement complex) level, a sensitive
indicator of disease activity in patients with
Henoch-Schonlein purpura. Dermatology
184:171-176, 1992

Chiu YY, Nisihara RM, Wurzner R, Kirschfink

M, de Messias-Reason 1J: SC5b-9 is the most
sensitive marker in assessing disease activity in
Brazilian SLE patients. J Investig Allergol Clin
Immunol 8:239-244, 1998

Couser WG: Basic and translational concepts of
immune-mediated glomerular diseases. J Am
Soc Nephrol 23:381-399, 2012

Zheng X, Zhang X, Feng B, Sun H, Suzuki M,
Ichim T, Kubo N, Wong A, Min LR, Budohn ME,
Garcia B, Jevnikar AM, Min WP: Gene silencing
of complement C5a receptor using siRNA for
preventing ischemia/reperfusion injury. Am J
Pathol 173:973-980, 2008

de Vries B, Matthijsen RA, Wolfs TG, van Bijnen
AA, Heeringa P, Buurman WA: Inhibition of

complement factor C5 protects against renal
ischemia-reperfusion injury: inhibition of late
apoptosis and inflammation. Transplantation
75:375-382, 2003

Park P, Haas M, Cunningham PN, Alexander JJ,
Bao L, Guthridge JM, Kraus DM, Holers VM,
Quigg RJ: Inhibiting the complement system
does not reduce injury in renal ischemia
reperfusion. J Am Soc Nephrol 12:1383-1390,
2001

Zhou W, Farrar CA, Abe K, Pratt JR, Marsh JE,

Wang Y, Stahl GL, Sacks SH: Predominant role

for C5b-9 in renal ischemia/reperfusion injury.
J Clin Invest 105:1363-1371, 2000

van der Pol P, Schlagwein N, van Gijlswijk DJ,
Berger SP, Roos A, Bajema IM, de Boer HC, de
Fijter JW, Stahl GL, Daha MR, van KC: Mannan-
binding lectin mediates renal ischemia/
reperfusion injury independent of complement
activation. Am J Transplant 12:877-887, 2012

Baldwin WM, Ill, Samaniego-Picota M, Kasper
EK, Clark AM, Czader M, Rohde C, Zachary

AA, Sanfilippo F, Hruban RH: Complement
deposition in early cardiac transplant biopsies
is associated with ischemic injury and
subsequent rejection episodes. Transplantation
68:894-900, 1999

Yasojima K, Schwab C, McGeer EG, McGeer PL:
Human heart generates complement proteins
that are upregulated and activated after
myocardial infarction. Circ Res 83:860-869,
1998

Testa L, Van Gaal WJ, Bhindi R, Biondi-Zoccai
GG, Abbate A, Agostoni P, Porto |, Andreotti F,
Crea F, Banning AP: Pexelizumab in ischemic
heart disease: a systematic review and
meta-analysis on 15,196 patients. J Thorac
Cardiovasc Surg 136:884-893, 2008

Fattouch K, Bianco G, Speziale G, Sampognaro
R, Lavalle C, Guccione F, Dioguardi P, Ruvolo G:
Beneficial effects of C1 esterase inhibitor in ST-
elevation myocardial infarction in patients who
underwent surgical reperfusion: a randomised
double-blind study. Eur J Cardiothorac Surg
32:326-332, 2007

Verrier ED, Shernan SK, Taylor KM, Van de
Werf F, Newman MF, Chen JC, Carrier M,
Haverich A, Malloy KJ, Adams PX, Todaro



Complement activation in renal I/R injury

20.

21.

22.

23.

24,

25.

TG, Mojcik CF, Rollins SA, Levy JH: Terminal
complement blockade with pexelizumab during
coronary artery bypass graft surgery requiring
cardiopulmonary bypass: a randomized trial.
JAMA 291:2319-2327, 2004

Mahaffey KW, Granger CB, Nicolau JC, Ruzyllo
W, Weaver WD, Theroux P, Hochman JS, Filloon
TG, Mojcik CF, Todaro TG, Armstrong PW:

Effect of pexelizumab, an anti-C5 complement
antibody, as adjunctive therapy to fibrinolysis in
acute myocardial infarction: the COMPlement
inhibition in myocardial infarction treated

with thromboLYtics (COMPLY) trial. Circulation
108:1176-1183, 2003

Granger CB, Mahaffey KW, Weaver WD, Theroux
P, Hochman JS, Filloon TG, Rollins S, Todaro
TG, Nicolau JC, Ruzyllo W, Armstrong PW:
Pexelizumab, an anti-C5 complement antibody,
as adjunctive therapy to primary percutaneous
coronary intervention in acute myocardial
infarction: the COMplement inhibition in
Myocardial infarction treated with Angioplasty
(COMMA) trial. Circulation 108:1184-1190, 2003

Lazar HL, Bokesch PM, van LF, Fitzgerald C,
Emmett C, Marsh HC, Jr., Ryan U: Soluble
human complement receptor 1 limits ischemic
damage in cardiac surgery patients at high risk
requiring cardiopulmonary bypass. Circulation
110:11274-11279, 2004

Castellano G, Melchiorre R, Loverre A, Ditonno
P, Montinaro V, Rossini M, Divella C, Battaglia M,
Lucarelli G, Annunziata G, Palazzo S, Selvaggi
FP, Staffieri F, Crovace A, Daha MR, Mannesse M,
van WS, Paolo SF, Grandaliano G: Therapeutic
targeting of classical and lectin pathways

of complement protects from ischemia-
reperfusion-induced renal damage. Am J Pathol
176:1648-1659, 2010

Collard CD, Vakeva A, Morrissey MA, Agah A,
Rollins SA, Reenstra WR, Buras JA, Meri S, Stahl
GL: Complement activation after oxidative
stress: role of the lectin complement pathway.
Am J Pathol 156:1549-1556, 2000

de Vries DK, Lindeman JH, Ringers J, Reinders
ME, Rabelink TJ, Schaapherder AF: Donor brain
death predisposes human kidney grafts to a
proinflammatory reaction after transplantation.
Am J Transplant 11:1064-1070, 2011

de Vries DK, Lindeman JH, Tsikas D, de HE,
Roos A, de Fijter JW, Baranski AG, van PJ,
Schaapherder AF: Early renal ischemia-
reperfusion injury in humans is dominated by

26.

27.

28.

29.

30.

IL-6 release from the allograft. Am J Transplant
9:1574-1584, 2009

van der Pol P, Schlagwein N, van Gijlswijk DJ,
Berger SP, Roos A, Bajema IM, de Boer HC, de
Fijter JW, Stahl GL, Daha MR, van KC: Mannan-
Binding Lectin Mediates Renal Ischemia/
Reperfusion Injury Independent of Complement
Activation. Am J Transplant 2012

Collard CD, Montalto MC, Reenstra WR, Buras
JA, Stahl GL: Endothelial oxidative stress
activates the lectin complement pathway: role
of cytokeratin 1. Am J Pathol 159:1045-1054,
2001

Warren 0J, Smith AJ, Alexiou C, Rogers PL,
Jawad N, Vincent C, Darzi AW, Athanasiou T:
The inflammatory response to cardiopulmonary
bypass: part 1--mechanisms of pathogenesis. J
Cardiothorac Vasc Anesth 23:223-231, 2009

Haas M, Ratner LE, Montgomery RA: C4d
staining of perioperative renal transplant
biopsies. Transplantation 74:711-717, 2002

de Vries B, Walter SJ, Peutz-Kootstra CJ,
Wolfs TG, van Heurn LW, Buurman WA: The
mannose-binding lectin-pathway is involved

in complement activation in the course of
renal ischemia-reperfusion injury. Am J Pathol
165:1677-1688, 2004

Chapter

5.1



creo






