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Abstract

Peritoneal dialysis (PD) accounts for approximately 10% of the dialysis population
worldwide. Major concern limiting long-term PD success is the loss of the peritoneal
membrane function after prolonged exposure to dialysis solutions. The complement system
is @ major component of the innate immune system, which provides a first-line defense
against pathogens. Uncontrolled activation of the complement system directly contributes
to the pathophysiology of rare and common kidney diseases, and to a growing number of
non-renal diseases. Here we review currently available evidence of complement activation in
patients treated with PD and its association with structural and functional alterations of the
peritoneal membrane. Mainly, evidences point towards a local, intraperitoneal, production
of complement molecules in response to PD exposure. Dialysis fluids, particularly glucose,
play a role in complement activation and dysregulation leading to untoward PD related
pathophysiological processes such as peritoneal fibrosis, angiogenesis and vasculopathy, and
perhaps, encapsulating peritoneal fibrosis (EPS) development.

Those findings could lead to further development and use of anti-complement

therapeutics in PD patients to prevent membrane damage.
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Abbreviations

AGE: advanced glycation end product
C1-INH: C1 esterase inhibitor

C4BP: C4b-binding protein

C5aR1: C5a receptor 1 (CD88)

CD46: membrane cofactor protein (MCP)
CD55: decay accelerating factor (DAF)
CD59: MAC-inhibitory protein (MAC-IP)
CR1: complement receptor 1

D/P Cre: dialysate-to-plasma ratio of creatinine
EMT: epithelial-to-mesenchymal transition
EPS: encapsulating peritoneal sclerosis
ESRD: end-stage renal disease

GDP: glucose degradation product

HD: hemodialysis

HUS: hemolytic uremic syndrome

LMWH: low molecular weight heparin
MAC: membrane attack complex (C5b-9)
MASP: mannose-associated serine proteases
MBL: mannose-binding lectin

PD: peritoneal dialysis

PRM: pattern recognition molecule

UF: ultrafiltration



Peritoneal dialysis (PD) accounts for approximately 10% of the dialysis population
worldwide. Even though it allows a home-based therapy and is more cost-effective than
hemodialysis (HD) with similar patient outcomes, PD is still underused (1;2). Major concern
limiting long-term PD success is the loss of the peritoneal membrane function after
prolonged exposure to dialysis solutions.

Over time on PD, the peritoneal membrane undergoes structural alterations,
including progressive fibrosis, angiogenesis and vasculopathy. These morphological changes
are paralleled by acceleration of solute transport, earlier dissipation of the osmotic gradient
induced by glucose and, ultimately, loss of ultrafiltration capacity (3;4). In extremely rare but
dramatic cases, an excessive fibrogenic response occurs in the membrane, leading to
encapsulating peritoneal sclerosis (EPS), which is associated with significant morbidity and
mortality (5).

The mechanisms leading to peritoneal remodeling remain ill-defined but likely
involve chronic inflammation (6;7). Established triggers of membrane injury include uremia
itself, the presence of a catheter, peritonitis episodes, and prolonged exposure to non-
physiological PD solutions. High glucose level, glucose degradation products (GDPs) resulting
from heat sterilization and low pH are all PD fluid characteristics known to induce fibrotic
and vascular changes (8;9). Neutral pH, low GDP solutions have been developed to improve
the biocompatibility of dialysis fluids and reduce damage to the membrane. However, recent
evidence showed that membrane alterations also occur under so-called biocompatible
solutions, suggesting they are not a panacea for membrane preservation (10;11).

In this context, recent data points to a putative implication of the complement

system in the degradation of the peritoneal membrane exposed to PD.



The Complement system

The complement system comprises more than thirty soluble and membrane-
expressed proteins (Fig. 1). It is a phylogenetically ancient component of innate immunity
but it also plays a role in adaptive immunity by acting as a bridge between both systems
(12;13).

The complement cascade can be triggered through the classical, lectin or alternative
pathways. Classical and lectin pathways are initiated when pattern recognition molecules
(PRM) recognize distinct structures. In the classical pathway, C1q is the PRM that binds to
immune complexes or other molecules such as C-reactive protein or structures found on
foreign (e.g. microbial) and apoptotic cells. Lectin pathway is activated when mannose-
binding lectins (MBL), ficolins or collectin-11 bind to carbohydrate motifs found on various
pathogens. The alternative pathway is continuously activated at a low rate through
spontaneous hydrolysis of C3, thus requiring a strict regulation. It is also referred to as the
“tick-over” segment of the complement system. However, it may also be activated through
properdin, a PRM binding to structures found on foreign and apoptotic cells.

All three pathways converge to C3-convertase production and eventually to
generation of effector proteins. For instance, those molecules allow clearance of microbial
antigens via opsonization by C3b, promote inflammation via the anaphylatoxins C3a and C5a
and induce non-nucleated cells lysis (e.g., red blood cells or bacteria) via the membrane
attack complex (MAC) C5b-9. C3b also initiates the “amplification loop” leading to more C3-
convertase formation through interactions with factor B and properdin.

Complement regulation is crucial to prevent damage to self-cells and occurs at
several steps of the cascade, through either soluble or membrane-bound regulators.
Overactivation or dysregulation, triggered by acquired or genetic factors, has been involved

in numerous pathological processes such as auto-immune and inflammatory disorders,



atypical HUS, cancer, reaction to biomaterials or drugs, or allograft rejection in

transplantation(14-16).

Is the complement system activated in PD patients?

The potential role of the complement system in PD has been suggested by a series of
studies, both in humans (Table 1) and in experimental models (Table S1), but is still far from
being thoroughly elucidated.

Currently, it is established that molecules belonging to the complement system such
as C3 to C9 and factor D are present in PD effluent (17;18). Likewise, up to 18 complement
proteins including C3, C4, C9, factors D, B, H and | have been found in the PD effluent by
proteomic analysis (19-23). Altogether, those data indicate either a clearance of those
molecules from the circulation, a local intraperitoneal production or a combination of both
phenomenon.

In addition, increased systemic concentration of various complement components
has been reported in PD patients but was actually ascribed to an increased liver synthesis in
reaction to ESRD pro-inflammatory state and/or an adaptive reaction to peritoneal clearance
of those molecules (24). However, blood levels of complement proteins also depend on
which pathway is looked at as, for instance, Lam et al documented a reduced systemic MBL
concentration in PD patients in comparison with healthy subjects and thus proposed that
loss via the peritoneal route could exceed its production (25).

Several lines of evidence support complement system activation directly within the
peritoneal cavity of PD patients and that this phenomenon is a consequence of PD itself
rather than being secondary to the uremic state.

Theoretically, complement system could be activated within the peritoneal cavity
since many effectors (e.g. C3, C4, C5, C6 to C9) as well as their regulators (MCP, CD55 and

CD59) have been found to be produced and expressed by mesothelial cells originating from



healthy non-uremic, uremic and PD subjects (26-29). A low dialysate-over-plasma ratio of
C3, C4 and factor P, along with increased levels of C3d in the dialysate, suggests
intraperitoneal complement activation (18). Local intraperitoneal activation of the
complement system is further supported by the absence of correlation between plasma and
dialysate levels of C3 (28); and by the presence of the large molecular size C5b-9 (>1000kDa)
in PD effluent (17;28). Finally, Bartosova et al recently demonstrated activation of
complement and increased deposition of both classic and alternative pathway proteins (Clq,
C3d and C5b-9) in peritoneal parietal and omental arterioles, from PD children treated with
low GDPs solutions in comparison to ESRD and healthy controls (30). Peritoneal production
of complement proteins could also originate from other tissue-resident cells such as immune
cells, since peritoneal chronic inflammation is commonly found in patients exposed to PD.
Although it has been demonstrated that those cells are able to secrete complement
components, to the best of our knowledge, it has not been specifically studied in the
peritoneal membrane (31).

Modified expression of the complement regulators within the peritoneum has also
been proposed as one of the potential mechanism responsible for complement activation
(32). Reduced CD59 and particularly CD55 expression was noted on mesothelial cells of PD
patients in comparison with non-PD subjects (28;29). Local CD55 level did not correlate with
systemic expression. Furthermore, decreased CD55 expression was associated with high
C5b-9 level in PD fluid, suggestive of complement activation (28).

Complement system activation in PD patients seems to be triggered by exposure to
PD fluids, and particularly by the glucose load and presence of GDPs. Up and downregulation
of factors C3 and C4 by human mesothelial cells originating from healthy individuals was
observed when exposed to different glucose concentrations. This effect was unrelated to
hyperosmolarity and didn’t differ when using lactate or bicarbonate solutions while

exposure to advanced glycation end products (AGEs) marginally reduced C3 secretion (27).



Glucose effect on complement activation was also supported by Bartosova’s data indicating
a correlation between the level of dialytic glucose exposure and the abundance of
complement fragments (e.g. C1q and C5b-9) deposition in the parietal peritoneal arterioles.
A same trend was noted between Clqg depositions and level of GDPs exposure. Interestingly
such relationship wasn’t observed in omental arterioles, less exposed to PD fluids, thus
supporting the potential role of both glucose and GDPs on complement dysregulation (30).
In addition, Sei et al didn’t find a difference in CD55 expression between neutral dextrose
and icodextrin use (28).

The pathophysiological role of hypertonic glucose on complement activation is
further supported by several lines of evidence from studies in patients with diabetes (33).
First, inactivation of complement regulatory protein CD59 by glycation is associated with
C5b-9 depositions in diabetic tissues therefore suggesting a role in the development of
diabetic vasculopathy (34). Second, hyperglycemia is responsible for lectin pathway
activation through increased MBL recognition and binding to neoepitopes emerging from
protein glycation (35). Of note, there is no available data so far regarding MBL presence or

production within the peritoneum.

The implications of the complement system activation in PD

Complement system activation is suspected to play a causative role in the genesis of
both structural and functional changes observed in the peritoneal membrane in response to
PD exposure.

Pharmacological inhibition of complement regulatory proteins in rat caused
abundant deposition of both C3b and C5b-9 on the peritoneal surface and was associated
with accumulation of inflammatory cells; peritoneal edema; and severe peritoneal injury,
including omental adhesions, sclerotic changes within the retroperitoneum and peritoneal

effusion (36). Peritoneal injuries were enhanced with lower pH and higher glucose



concentration exposure (36). In contrast, inhibition of the complement system at the local or
systemic level efficiently prevented complement product deposition and peritoneal
membrane alterations (37;38).

Angiogenesis, leading to an increased effective peritoneal surface area available for
solute transport, is a common finding after long-term PD exposure (39). In 1984, Miller et al
showed that molecules activating the complement system increase microvascular protein
leakage across the rat peritoneal membrane (40). More recently, reduced mesothelial
expression of membrane-bound regulator CD55 (but not CD46 or CD59) was associated with
fast transport status in PD patients (29). Similar findings were found in another study in
addition to a correlation between levels of C5b-9 in PD effluent and peritoneal solute
transport rate (28). The observation by Bartosova et al of a strong correlation between
complement system up-regulation within altered peritoneal vessels suggested the
complement system may be involved in PD-associated vasculopathy (30).

Complement system activation has also been involved in fibrogenic processes
occurring in various settings such as ischemia-reperfusion injury in organ transplantation
(41) or renal fibrosis (42). It still remains unclear if fibrosis is induced by complement driven
inflammatory injury rather than by a direct profibrotic effect. In favor of the latter is the
suggestion of an epithelial-to-mesenchymal transition (EMT) undergone by tubular cells in
response to C3 (43;44). It also appears that C5a is a central mediator in fibrosis mechanisms
through production of profibrotic factors such as TGF-B (45). Unfortunately, specific studies
linking complement activation and fibrosis in PD are actually scarce although mesothelial
EMT has been suspected to participate in peritoneal fibrosis development (46). Raby et al
suggested C5a implication in rodent and cellular models as C5aR -/- mice developed less
fibrosis in bacteria-induced peritoneal fibrosis. Similarly, blockage of C5aR inhibited
inflammatory and profibrotic factors production by peritoneal leukocytes isolated from PD

effluent (45). Finally, Bartosova et al also demonstrated a positive correlation between
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complement factors depositions in peritoneal arterioles of PD patients and TGFB-SMAD
pathway effectors, two key mediators of fibrogenesis (30).

The latest stage of peritoneal fibrosis is encapsulating peritoneal sclerosis (47). In a
rodent model of peritonitis induced by peritoneal scraping and zymosan, a yeast cell
membrane component, peritoneal inflammation and damage, as well as fibrin exudation,
considered as an early sign of EPS, were correlated with complement activation (48).
Another rodent model supposed to mimic human EPS (zymozan-induced peritonitis with
pretreatment with well-known GDP, methylglyoxal), showed increased C3b and C5b-9
depositions while C5a inhibition was able to reduce fibrotic and encapsulating changes as
well as complement factors depositions (49). The pertinence of those models still needs to
be validated. Nevertheless, a proteomic analysis of PD effluent revealed increased levels of
complement factors B and | up to five years prior to EPS development compared to patients
with stable membrane function (23).

Coagulation and complement systems are interconnected and this also applies to
PD. Signs of complement and coagulation cascades activation were noted after exposure to
PD fluids or in case of peritonitis, both in rat models but were also reduced after either
complement or coagulation inhibition by anti-C5a molecule or low molecular weight heparin
(LMWH) respectively, and inversely after enhanced complement activation (50-52).
However, few data on coagulation system’s implication in PD are available and the relevance
of coagulation and complement systems interconnection on various PD aspects still remains
unknown. Still human peritoneal mesothelial cells can produce several coagulation factors ;
among them, plasminogen activator inhibitor 1 (PAI-1) could play a role in peritoneal

membrane damage such as fibrosis and angiogenesis as well as peritonitis and EPS (53, 54).

Lastly, complement system activation has been demonstrated in several rodent

models of peritonitis (36; 37; 49). In a retrospective analysis, high levels of complement
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proteins, particularly C5b-9, in PD effluent of patients suffering from early stages of
peritonitis were also associated with poor prognosis, defined as withdrawal from PD (52).
Although, it is still unclear whether increased complement activation is itself responsible for
the poorer outcomes or if it is the signature of a more severe infection associated with a
worse prognosis. On the other hand, it has also been proposed that reduced complement
components levels due to intraperitoneal activation could impair host defense and thus
increase the risk of peritonitis (32)

In summary, experimental and clinical data suggests a pathophysiological role for
the complement system in the development of angiogenesis, submesothelial fibrosis,
inflammation and abnormal coagulation processes within the peritoneal membrane exposed
to PD (fig 2). However, to the best of our knowledge, complement system role in outcomes
such as membrane function and PD failure have not been clearly evaluated so far and
further studies will be required to determine if it could have a clinical impact on PD patients

care.

Potential therapeutics
Complement system inhibition has been a major field of interest in recent years and several
drugs targeting different steps of the cascade are being developed to treat various disorders.
Many of them are now under clinical trial evaluation but so far, only two types of inhibitors
are used in clinical settings: Cl1 esterase inhibitors in hereditary angioedema, and
eculizumab, a monoclonal antibody specifically inhibiting C5, which is currently approved for
the treatment of atypical HUS, paroxysmal nocturnal hemoglobinuria and myasthenia gravis
(55).

Complement inhibition in PD has obviously only been studied in experimental
animal models and mostly used to prove complement system implication in PD-related

pathogenic processes. C5 has been the main target probably because of its central role in
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the cascade, leading to MAC production. Overall, studies using C5 inhibitors showed
reduction in tissue damage, inflammation, fibrosis development and increased ultrafiltration
(38; 45; 51). Reduction of EPS signs after C5 inhibition in a rat model mimicking human EPS
could also be the first step towards future research for an efficient treatment of this serious
complication (49).

On the other hand, one should keep in mind that complement inhibition also
weakens the host immune system and therefore alters its response to infection. For
instance, eculizumab increases the risk of meningococcal infection although this can be
partially reduced by vaccination prior to treatment initiation (55). The increased risk of
infections will need to be balanced if we ever consider using complement inhibitors in PD
patients. Administration through the peritoneal route might potentially allow selective
inhibition of local complement system and partially preserve the host immune system.

Aside from direct anti-complement therapy, other potential therapeutics includes
LMWH, which has been proved to improve ultrafiltration, inhibit formation of thrombin, and
potentially block C5a activity when added to PD fluid in a rat model (50).

Preventing complement activation is another way to look at the problem. This may
be undertaken for instance through development of PD solutions with osmotic agents
alternative to glucose more biocompatible solutions or addition of cytoprotective
supplement such as alanyl-glutamine to PD fluids (56). Although, complement activation in
PD patients using solutions currently defined as biocompatible would need to be further

studied first.

Conclusion
Complement system is triggered by PD and is implicated in peritoneal membrane
alterations after long-term exposure to PD. However, implication of each factor and

pathway has not been accurately defined and conflicting data persists. Evidences point
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towards a local, intraperitoneal, production of complement molecules in response to PD
exposure. Dialysis fluids, particularly glucose, seem to trigger complement activation.

Current knowledge mostly relies on a small amount of studies presenting with
recurrent bias: old and/or small studies, or narrowed populations (such as diabetic subjects),
animal models, or in vitro cellular model using mesothelial cells, not always originating from
PD patients, where it remains unclear if they really reflect in vivo mesothelial cells behavior.
Better understanding of the complement system involvement in PD is required before
potential therapeutics targeting its molecules can be studied in clinical trials. Furthermore,
the effect of newer, more “biocompatible”, PD solutions on complement system also needs
to be clarified in future research.

Based on available literature, it would not be surprising that the complement system
is a culprit in peritoneal membrane alterations rather than an innocent bystander. Careful
evaluation of the mechanisms of complement activation during PD should be thoroughly
evaluated, as well as the potential of complement inhibition to mitigate deleterious effects

on the membrane.
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Legend to figure 1

Schematic view of the complement system.

Complement system is initiated through three pathways: classical, lectin and alternative. In
the classical pathway, Clg binds to immune complexes or other molecules (C-reactive
protein, structures found on foreign and apoptotic cells). Clq then activates C1lr and Cls,
thus leading to C2 and C4 cleavage. Resulting cleavage products, C4b and C2a, form C3-
convertase which cleaves C3 into C3a and C3b. Lectin pathway is initiated when MBLs,
ficolins or collectin-11 bind to carbohydrate motifs, thus activating MASPs and resulting in
C3-convertase creation also through C2 and C4 cleavage. Alternative pathway, the “tick-
over” pathway, is continuously activated at a low rate through spontaneous hydrolysis of C3
but may also be activated through Properdin binding to structures found on foreign and
apoptotic cells. C3b binds to factor B, previously cleaved by factor D, to form C3-convertase
(C3bB). Increased C3b levels lead to C5-convertase formation (C4bC2aC3b or (C3b)2Bb),
which cleaves C5 into C5a and C5b. Next, C5b interacts with C6-C9 to generate the MAC (C5-
b9), which induces cell lysis. C3b also has two other roles: clearance of microbial antigens
through opsonization and initiation of the “amplification loop” when interactions with factor
B and Properdin leads to more C3-convertase formation. C3a and C5a are both
anaphylatoxins. Complement regulation occurs at several steps of the cascade through
either soluble or membrane-bound regulators. C1 esterase inhibitor prevents early
activation of all three pathways. Factors H and | control both C3 and C5-convertases
whereas C4BP acts at the C4 level. CR1, DAF, MCD, CD59 and Clusterin are all membrane-
bound regulators. CR1 and DAF regulate activation of C3 and C5-convertases. MCP acts as a

co-factor to factor I. CD59 and Clusterin prevent MAC generation.
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Legend to figure 2

Schematic representation of the various mechanisms implicating complement system
dysregulation in the development of peritoneal membrane alterations. Exposure to high-
glucose based dialysis solutions (together with recurrent peritonitis episodes) may induce
complement system activation and/or defects in complement regulatory proteins
production, both subsequently leading to complement system overactivation, local
inflammation and cellular damage, and in fine, to structural alterations of the peritoneal
membrane including vascular proliferation, vasculopathy and fibrosis, and ultimately,
membrane failure. Alternative osmotic agents and/or dialysis solutions might prevent
complement activation while complement inhibitors might inhibit overactivation of the

complement system.
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Legend to Table 1

Published studies investigating the complement system in human peritoneal membrane

HPMC: human peritoneal mesothelial cells. MC: mesothelial cell. SMF: stable membrane
function. D/P Cre: dialysate-to-plasma ratio of creatinine. BSA-AGE: bovine serum albumin

modified by advanced glycation.

Legend to Table S1

Published studies investigating the complement system in animal peritoneal membrane

KO: knock out. CRegs: complement regulators. IV: intravenous. IP: intraperitoneal. CVF:
cobra venom factor. LPS: lipopolysaccharide. LMWH: low molecular weight heparin. TAT:

thrombin-antitrombin complex. CINC-1: cytokine-induced neutrophil chemoattractant.

17



References:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

Reference List

van de Luijtgaarden MW, Jager KJ, Segelmark M, Pascual J, Collart F, Hemke AC, et
al. Trends in dialysis modality choice and related patient survival in the ERA-EDTA
Registry over a 20-year period. Nephrol Dial Transplant 2016 Jan;31(1):120-8.

Li PK, Chow KM, van de Luijtgaarden MW, Johnson DW, Jager KJ, Mehrotra R, et al.
Changes in the worldwide epidemiology of peritoneal dialysis. Nat Rev Nephrol 2017
Feb;13(2):90-103.

Morelle J, Devuyst O. Water and solute transport across the peritoneal membrane.
Curr Opin Nephrol Hypertens 2015 Sep;24(5):434-43.

Mehrotra R, Devuyst O, Davies SJ, Johnson DW. The Current State of Peritoneal
Dialysis. J Am Soc Nephrol 2016 Nov;27(11):3238-52.

Morelle J, Sow A, Hautem N, Bouzin C, Crott R, Devuyst O, et al. Interstitial Fibrosis
Restricts Osmotic Water Transport in Encapsulating Peritoneal Sclerosis. ] Am Soc
Nephrol 2015 Oct;26(10):2521-33.

Fielding CA, Jones GW, McLoughlin RM, McLeod L, Hammond VJ, Uceda J, et al.
Interleukin-6 signaling drives fibrosis in unresolved inflammation. Immunity 2014
Jan 16;40(1):40-50.

Lambie MR, Chess J, Summers AM, Williams PF, Topley N, Davies SJ. Peritoneal
inflammation precedes encapsulating peritoneal sclerosis: results from the GLOBAL
Fluid Study. Nephrol Dial Transplant 2016 Mar;31(3):480-6.

Williams JD, Craig KJ, Topley N, Von RC, Fallon M, Newman GR, et al. Morphologic
changes in the peritoneal membrane of patients with renal disease. J Am Soc
Nephrol 2002 Feb;13(2):470-9.

Devuyst O, Margetts PJ, Topley N. The pathophysiology of the peritoneal membrane.
J Am Soc Nephrol 2010 Jul;21(7):1077-85.

Htay H, Johnson DW, Wiggins KJ, Badve SV, Craig JC, Strippoli GF, et al.
Biocompatible dialysis fluids for peritoneal dialysis. Cochrane Database Syst Rev
2018 Oct 26;10:CD007554.

Schaefer B, Bartosova M, Macher-Goeppinger S, Sallay P, Voros P, Ranchin B, et al.
Neutral pH and low-glucose degradation product dialysis fluids induce major early
alterations of the peritoneal membrane in children on peritoneal dialysis. Kidney Int
2018 Aug;94(2):419-29.

Thurman JM, Renner B. Dynamic control of the complement system by modulated
expression of regulatory proteins. Lab Invest 2011 Jan;91(1):4-11.

18



(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

Holers VM. Complement and its receptors: new insights into human disease. Annu
Rev Immunol 2014;32:433-59.

Ricklin D, Hajishengallis G, Yang K, Lambris JD. Complement: a key system for
immune surveillance and homeostasis. Nat Immunol 2010 Sep;11(9):785-97.

Mathern DR, Heeger PS. Molecules Great and Small: The Complement System. Clin J
Am Soc Nephrol 2015 Sep 4;10(9):1636-50.

Hajishengallis G, Reis ES, Mastellos DC, Ricklin D, Lambris JD. Novel mechanisms and
functions of complement. Nat Immunol 2017 Nov 16;18(12):1288-98.

Young GA, Kendall S, Brownjohn AM. Complement activation during CAPD. Nephrol
Dial Transplant 1993;8(12):1372-5.

Reddingius RE, Schroder CH, Daha MR, Willems HL, Koster AM, Monnens LA.
Complement in serum and dialysate in children on continuous ambulatory
peritoneal dialysis. Perit Dial Int 1995;15(1):49-53.

Raaijmakers R, Pluk W, Schroder CH, Gloerich J, Cornelissen EA, Wessels HJ, et al.
Proteomic profiling and identification in peritoneal fluid of children treated by
peritoneal dialysis. Nephrol Dial Transplant 2008 Jul;23(7):2402-5.

Wang HY, Tian YF, Chien CC, Kan WC, Liao PC, Wu HY, et al. Differential proteomic
characterization between normal peritoneal fluid and diabetic peritoneal dialysate.
Nephrol Dial Transplant 2010 Jun;25(6):1955-63.

Wen Q, Zhang L, Mao HP, Tang XQ, Rong R, Fan JJ, et al. Proteomic analysis in
peritoneal dialysis patients with different peritoneal transport characteristics.
Biochem Biophys Res Commun 2013 Aug 30;438(3):473-8.

Oliveira E, Araujo JE, Gomez-Meire S, Lodeiro C, Perez-Melon C, Iglesias-Lamas E, et
al. Proteomics analysis of the peritoneal dialysate effluent reveals the presence of
calcium-regulation proteins and acute inflammatory response. Clin Proteomics
2014;11(1):17.

Zavvos V, Buxton AT, Evans C, Lambie M, Davies SJ, Topley N, et al. A prospective,
proteomics study identified potential biomarkers of encapsulating peritoneal
sclerosis in peritoneal effluent. Kidney Int 2017 Oct;92(4):988-1002.

Reddingius RE, Schroder CH, Daha MR, Monnens LA. The serum complement system
in children on continuous ambulatory peritoneal dialysis. Perit Dial Int
1993;13(3):214-8.

Lam MF, Leung JC, Tang CC, Lo WK, Tse KC, Yip TP, et al. Mannose binding lectin
level and polymorphism in patients on long-term peritoneal dialysis. Nephrol Dial
Transplant 2005 Nov;20(11):2489-96.

Barbano G, Cappa F, Prigione |, Tedesco F, Pausa M, Gugliemino R, et al. Peritoneal

mesothelial cells produce complement factors and express CD59 that inhibits C5b-9-
mediated cell lysis. Adv Perit Dial 1999;15:253-7.

19



(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

Tang S, Leung JC, Chan LY, Tsang AW, Chen CX, Zhou W, et al. Regulation of
complement C3 and C4 synthesis in human peritoneal mesothelial cells by
peritoneal dialysis fluid. Clin Exp Immunol 2004 Apr;136(1):85-94.

Sei Y, Mizuno M, Suzuki Y, Imai M, Higashide K, Harris CL, et al. Expression of
membrane complement regulators, CD46, CD55 and CD59, in mesothelial cells of
patients on peritoneal dialysis therapy. Mol Immunol 2015 Jun;65(2):302-9.

Kitterer D, Biegger D, Segerer S, Braun N, Alscher MD, Latus J. Alteration of
membrane complement regulators is associated with transporter status in patients
on peritoneal dialysis. PLoS One 2017;12(5):e0177487.

Bartosova M, Schaefer B, Bermejo JL, Tarantino S, Lasitschka F, Macher-Goeppinger
S, et al. Complement Activation in Peritoneal Dialysis-Induced Arteriolopathy. J Am
Soc Nephrol 2018 Jan;29(1):268-82.

Arbore G, Kemper C, Kolev M. Intracellular complement - the complosome - in
immune cell regulation. Mol Immunol 2017 Sep;89:2-9.

Poppelaars F, Faria B, Gaya da CM, Franssen CFM, van Son WJ, Berger SP, et al. The
Complement System in Dialysis: A Forgotten Story? Front Immunol 2018;9:71.

Ghosh P, Sahoo R, Vaidya A, Chorev M, Halperin JA. Role of complement and
complement regulatory proteins in the complications of diabetes. Endocr Rev 2015
Jun;36(3):272-88.

Qin X, Goldfine A, Krumrei N, Grubissich L, Acosta J, Chorev M, et al. Glycation
inactivation of the complement regulatory protein CD59: a possible role in the
pathogenesis of the vascular complications of human diabetes. Diabetes 2004
Oct;53(10):2653-61.

Axelgaard E, Ostergaard JA, Thiel S, Hansen TK. Diabetes Is Associated with
Increased  Autoreactivity of Mannan-Binding Lectin. J Diabetes Res
2017;2017:6368780.

Mizuno T, Mizuno M, Morgan BP, Noda Y, Yamada K, Okada N, et al. Specific
collaboration between rat membrane complement regulators Crry and CD59
protects peritoneum from damage by autologous complement activation. Nephrol
Dial Transplant 2011 Jun;26(6):1821-30.

Mizuno M, Ito Y, Hepburn N, Mizuno T, Noda Y, Yuzawa Y, et al. Zymosan, but not
lipopolysaccharide, triggers severe and progressive peritoneal injury accompanied
by complement activation in a rat peritonitis model. J Immunol 2009 Jul
15;183(2):1403-12.

Mizuno T, Mizuno M, Imai M, Suzuki Y, Kushida M, Noda Y, et al. Anti-C5a
complementary peptide ameliorates acute peritoneal injury induced by
neutralization of Crry and CD59. Am J Physiol Renal Physiol 2013 Dec
1;305(11):F1603-F1616.

Clerbaux G, Francart J, Wallemacq P, Robert A, Goffin E. Evaluation of peritoneal
transport properties at onset of peritoneal dialysis and longitudinal follow-up.
Nephrol Dial Transplant 2006 Apr;21(4):1032-9.

20



(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)

(51)

(52)

Miller FN, Hammerschmidt DE, Anderson GL, Moore JN. Protein loss induced by
complement activation during peritoneal dialysis. Kidney Int 1984 Mar;25(3):480-5.

Danobeitia JS, Djamali A, Fernandez LA. The role of complement in the pathogenesis
of renal ischemia-reperfusion injury and fibrosis. Fibrogenesis Tissue Repair
2014;7:16.

Boor P, Konieczny A, Villa L, Schult AL, Bucher E, Rong S, et al. Complement C5
mediates experimental tubulointerstitial fibrosis. J Am Soc Nephrol 2007
May;18(5):1508-15.

Tang Z, Lu B, Hatch E, Sacks SH, Sheerin NS. C3a mediates epithelial-to-mesenchymal
transition in proteinuric nephropathy. ] Am Soc Nephrol 2009 Mar;20(3):593-603.

Zhou X, Fukuda N, Matsuda H, Endo M, Wang X, Saito K, et al. Complement 3
activates the renal renin-angiotensin system by induction of epithelial-to-
mesenchymal transition of the nephrotubulus in mice. Am J Physiol Renal Physiol
2013 Oct 1;305(7):F957-F967.

Raby AC, Colmont CS, Kift-Morgan A, Kohl J, Eberl M, Fraser D, et al. Toll-Like
Receptors 2 and 4 Are Potential Therapeutic Targets in Peritoneal Dialysis-
Associated Fibrosis. ] Am Soc Nephrol 2017 Feb;28(2):461-78.

Yanez-Mo M, Lara-Pezzi E, Selgas R, Ramirez-Huesca M, Dominguez-Jimenez C,
Jimenez-Heffernan JA, et al. Peritoneal dialysis and epithelial-to-mesenchymal
transition of mesothelial cells. N Engl J Med 2003 Jan 30;348(5):403-13.

Moinuddin Z, Summers A, Van DD, Augustine T, Herrick SE. Encapsulating peritoneal
sclerosis-a rare but devastating peritoneal disease. Front Physiol 2014;5:470.

Mizuno M, Ito Y, Mizuno T, Harris CL, Suzuki Y, Okada N, et al. Membrane
complement regulators protect against fibrin exudation increases in a severe
peritoneal inflammation model in rats. Am J Physiol Renal Physiol 2012 May
15;302(10):F1245-F1251.

Iguchi D, Mizuno M, Suzuki Y, Sakata F, Maruyama S, Okada A, et al. Anti-C5a
complementary peptide mitigates zymosan-induced severe peritonitis with fibrotic
encapsulation in rats pretreated with methylglyoxal. Am J Physiol Renal Physiol 2018
Dec 1;315(6):F1732-F1746.

Bazargani F, Albrektsson A, Yahyapour N, Braide M. Low molecular weight heparin
improves peritoneal ultrafiltration and blocks complement and coagulation. Perit
Dial Int 2005 Jul;25(4):394-404.

Bazargani F, Rother RP, Braide M. The roles of complement factor C5a and CINC-1 in
glucose transport, ultrafiltration, and neutrophil recruitment during peritoneal
dialysis. Perit Dial Int 2006 Nov;26(6):688-96.

Mizuno M, Suzuki Y, Higashide K, Sei Y, Iguchi D, Sakata F, et al. High Levels of

Soluble C5b-9 Complex in Dialysis Fluid May Predict Poor Prognosis in Peritonitis in
Peritoneal Dialysis Patients. PLoS One 2017;12(1):e0169111.

21



(53)

(54)

(55)

(56)

Lopes Barreto D, Coester AM, Struijk DG, Krediet RT. Can effluent matrix
metalloproteinase 2 and plasminogen activator inhibitor 1 be used as biomarkers of
peritoneal membrane alterations in peritoneal dialysis patients ? Perit Dial Int 2013
Sept-Oct; 33(5): 529-37.

Lopes Barreto D, Struijk DG, Krediet RT. Peritoneal effluent MMP-2 and PAI-1 in
encapsulating peritoneal sclerosis. Am J Kidney Dis. 2015 May; 65(5):748-53.

Ricklin D, Mastellos DC, Reis ES, Lambris JD. The renaissance of complement
therapeutics. Nat Rev Nephrol 2018 Jan;14(1):26-47.

Vychytil A, Herzog R, Probst P, Ribitsch W, Lhotta K, Machold-Fabrizii V, et al. A
randomized controlled trial of alanyl-glutamine supplementation in peritoneal
dialysis fluid to assess impact on biomarkers of peritoneal health. Kidney Int 2018
Dec;94(6):1227-37.

22


https://www-ncbi-nlm-nih-gov.proxy.bib.ucl.ac.be:2443/pubmed/25530106
https://www-ncbi-nlm-nih-gov.proxy.bib.ucl.ac.be:2443/pubmed/25530106

