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INTRODUCTION

intRoduction
Acute interstitial nephritis (Councilman 1898) - An acute 
inflammation of the kidney characterized by cellular and fluid 
exudation in the interstitial tissue, accompanied by, but not 
dependent on, degeneration of the epithelium; the exudation is 
not purulent in character, and the lesions may be both diffuse 
and focal 1. 

Interstitial nephritis is a frequent cause of acute kidney failure, accounting for 15-27% 
of the biopsies performed because of renal dysfunction 2. The majority of acute 
interstitial nephritis is drug-induced. Other common etiologies are bacterial or viral 
infections and systemic diseases like sarcoidosis and systemic lupus erythematosus. 
A significant proportion of the patients with acute interstitial nephritis, ranging 
from 30-70%, does not fully recover to baseline renal function after treatment. In 
the Netherlands, the number of patients with end-stage renal disease is increasing; 
in 2002 about 1 out of 10.000 people required renal replacement therapy 3. Up to 
date, more than 6000 patients depend on dialysis and approximately 8500 patients 
have a functioning kidney transplant (www.renine.nl). Kidney transplant recipients 
receive immunosuppressive drugs to prevent rejection, which is successful in the 
great majority of patients. The downside of these drugs is an increased incidence of 
infections and toxicity to the kidney, which may manifest itself by the picture of an 
interstitial nephritis. 

This introduction addresses the biological background of kidney inflammation 
and the general cellular and molecular mechanisms involved. Inflammation and 
apoptosis are the most important processes contributing to tissue injury and loss of 
renal function. To understand the pathology of interstitial nephritis, one should be 
familiar with the signaling pathways that are activated in response to infection and 
tissue injury. Below I will summarize how cells recognize and respond to signals of 
pathogens and danger, which cell types play a role in kidney inflammation and how 
these cell types interact by either activating, suppressing or even killing each other.

inflammation of the kidney
The primary task of the immune system is to distinguish non-self from self and to 
neutralize, eliminate or metabolize that what is foreign 4. The first immune cells to 
be activated upon encounter of a pathogen are cells of the innate immune system 
consisting of granulocytes, natural killer (NK) cells, monocytes and macrophages. 
In addition mammals have a specific so called adaptive immune system, in which 
antigen-specific T and B lymphocytes that undergo clonal selection are the key players. 
The adaptive immune system is characterized by the formation of immunological 
memory, which ensures a more rapid response upon a second encounter of a 
pathogen. Pathogens trigger the production of cytokines and chemokines by various 
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cell types, including macrophages. These soluble mediators initiate a cascade of 
reactions leading to vasodilatation, increased vascular permeability and influx of 
leukocytes that release additional inflammatory mediators. This process, known as 
inflammation, is characterized by in Latin calor, dolor, rubor, tumor and functio laesa 
(heat, pain, redness, swelling and loss of function) 4;5. Inflammatory responses are 
not restricted to pathogens but can also be induced by for example tissue injury and 
allo- or auto-antigens. 

In the kidney, hypersensitivity reactions to drugs, infection, autoimmune diseases 
or renal allograft rejection are common causes of tubulointerstitial nephritis, which 
is characterized by immune cells infiltrating the interstitium and tubuli leading to 
tubular injury and decline in renal function 6. The cellular infiltrate consists of T 
lymphocytes, monocytes, NK cells, macrophages and occasionally plasma cells and 
eosinophils. The cross-talk between infiltrating lymphocytes and resident renal cells 
plays an important role in the pathology of interstitial nephritis. Immune and non-
immune cells can sense the presence of a pathogens with specialized receptors that 
recognize a wide spectrum of viruses, bacteria and fungi. These so called pattern 
recognition receptors (PRRs) are activated by pathogen associated molecular patterns 
(PAMPs) leading to the local production of chemokines and cytokines that attract and 
activate immune cells. 

Infiltrating lymphocytes subsequently stimulate the expression of MHC molecules 
and adhesion molecules such as ICAM-I on renal tubular epithelial cells (TECs). The 
activated TECs successively produce growth factors, extracellular matrix components 
and additional cytokines and chemokines that enhance the immune response and 
activate tissue repair mechanisms 7. The drawback of inflammation is loss of renal 
function due to tissue damage and scar formation. For that reason mechanisms 
that confine inflammatory responses are essential. Specialized regulatory T cells 
prevent excessive immune cell activation via amongst others the secretion of 
suppressive cytokines IL-10 and TGFβ 8. In addition, non-immune cells are equipped 
with immunosuppressive mechanisms, for example activated TECs express the co-
inhibitory molecule PD-L1 to diminish T cell proliferation and cytokine production 9. 

Stressed or dying cells can add an extra element to the immune response via 
the release of so called danger associated molecular patterns (DAMPs), like heat-
shock proteins and nucleic acid structures, which trigger receptors that also recognize 
PAMPs 10. It is important to keep in mind that all non-inflammatory forms of kidney 
injury, caused by for example ischemia, toxic compounds or metabolic stress, will to 
some extent become inflammatory due to DAMP-mediated production of cytokines 
and chemokines. 

inflammatory complications after kidney transplantation 
The best available treatment for end-stage kidney disease is renal allograft 
transplantation, which is associated with a better patient survival compared to 
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long-term dialysis 11. The long-term goal of transplantation is acceptance of the 
renal allograft with minimal immunosuppression. To maintain the delicate balance 
between immunological injury and the adverse effects of immunosuppressive 
drugs, it is important to have tools to monitor graft status and identify the cause of 
decreased graft function at an early stage 12. In transplant recipients, tubulointerstitial 
nephritis can be allograft-related including T cell-mediated rejection (TCMR) and 
ischemia reperfusion (I/R) injury or attributable to immunosuppressive drugs such 
as opportunistic infections and calcineurin inhibitor toxicity 13;14. Although different 
forms of tubulointerstitial nephritis can have a comparable clinical manifestation, 
therapeutic intervention strongly depends on the etiology.

Renal allograft rejection
The recipient-immune system recognizes a renal allograft as non-self. Therefore, 
rejection of the transplant will occur in the absence of immunosuppression. Rejection 
is a well known complication after kidney transplantation and can be classified as 
T cell- or antibody-mediated, based on histopathological analysis of biopsies, and 
acute or chronic, dependent on time after transplantation 15;16. It is important to note 
that cellular and humoral responses commonly occur together. However, the cellular 
response is more prominent than the humoral response in the majority of the acute 
rejection episodes 14. 

Antibody-mediated rejection (ABMR) is characterized by donor-specific antibodies 
directed against HLA-molecules, endothelial cell antigens and/or ABO blood-group 
antigens 17. Selection of kidneys based on blood-group and HLA compatibility can 
reduce the risk of ABMR. Binding of antibodies to antigens, which are present on the 
endothelium of tubular and glomerular capillaries, induces complement activation and 
subsequent loss of vascular integrity. Endothelial injury triggers a cascade of events 
that includes thrombosis formation, ischemia, cytokine production, vasodilatation and 
the recruitment of leukocytes. Various therapies such as plasmapheresis, immuno-
adsorption and intravenous immunoglobulins are suitable to treat ABMR. The same 
treatments are used to prepare patients with pre-existing anti-HLA antibodies for 
transplantation. 

In TCMR, kidney injury is mediated both directly by contact between cytotoxic T 
lymphocytes (CTLs) and renal cells, like endothelial cells and TECs, and indirectly by 
pro-inflammatory cytokines such as tumor necrosis factor α (TNFα) and interleukin-6 
(IL-6) produced by various immune cells 16. Naïf T cells are activated in lymphoid 
organs after encounter with donor or recipient derived antigen presenting cells (APCs). 
Differentiated effector T cells are recruited to the allograft, where they contribute 
to renal injury and dysfunction. Local inflammation also triggers dedifferentiation of 
epithelial cells, which leads to further reduction of the renal output 18. 

Next to these acute forms of rejection, a silent form of rejection exists namely 
subclinical rejection (SCR), which is characterized by the presence of graft infiltrating 
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lymphocytes without immediate decline in renal function. The mechanism underlying 
SCR is not well understood but in the long-term, SCR is associated with increased graft 
loss 19.

Acute tubular necrosis
Acute tubular necrosis (ATN) is characterized by morphological changes in proximal 
tubuli including loss of the brush border and shedding of TECs into the lumen, leading 
to obstruction and reduced re-absorptive function 20. Furthermore, ATN is generally 
associated with interstitial edema and mild to moderate leukocyte infiltration and 
is a common cause for delayed graft function, which refers to the requirement of 
dialysis within the first week after transplantation. Factors that affect the incidence 
of delayed graft function include cold ischemia time, duration of pre-transplant 
dialysis and donor body-mass-index 21. Delayed graft function is associated with an 
increased risk for acute rejection episodes and graft loss, demonstrating that ATN 
has consequences in the long-term 22. ATN is the result of damage induced by both 
ischemia and reperfusion 20. Ischemia causes shortage of oxygen and nutrients, 
activates anaerobe glycolysis and leads to the accumulation of waste products and 
reactive oxygen species (ROS). Reconstitution of the blood flow rapidly restores the 
anaerobic metabolism resulting in the formation of ATP, which coincides with more 
ROS generation. The amount of ROS exceeds the capacity of the ROS scavengers 
present in the cell resulting in activation of the intrinsic apoptosis pathway and cell 
death. In addition, ROS induce the expression of cytokines, chemokines and adhesion 
molecules leading recruitment of neutrophils and later on monocytes, NK and T cells. 
Strategies to minimize I/R-injury include the optimalization of preservation solutions 
and administration of vasodilatory agents, anti-oxidants and anti-inflammatory drugs.

Viral infections
Next to rejection, viral infection is a common complication, which is associated with 
renal allograft failure and is a cause for morbidity and mortality in kidney transplant 
patients 23. Viral infection generally occurs within the first year after transplantation, 
the period with the most stringent immunosuppression, and includes primary 
infection with allograft-derived viruses and reactivation of viruses latently present in 
the recipient. Human cytomegalovirus (CMV), Epstein-Barr virus (EBV) and BK virus 
(BKV) can infect various cell types of the kidney and are frequent in kidney transplant 
recipients. 

CMV is a β-herpes virus that is latently present in 60-80% of the general 
population 24. Infection is often asymptomatic but can induce a flu-like disease. The 
virus uses a glycoprotein complex to enter target cells, which include epithelial and 
endothelial cells, monocytes and lymphocytes. Leukocytes recruited to the primary 
site of infection can take up the virus, which is followed by viral spread through the 
bloodstream. In particular monocytes and DCs contain CMV DNA during latency 25. 
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Once acute infection is controlled by the immune system, CMV persists in a latent 
phase. CMV has evolved multiple mechanisms to evade the immune system and 
resides inside monocytes and endothelial cells during latency. In kidney transplant 
recipients, CMV infection can be associated with clinical signs such as fever and has 
long-term effects on both the allograft and recipient immune system 26. Prophylactic 
treatment strongly reduces the incidence of acute infection, however the long-
term effects of this treatment are less well understood. CMV can be monitored by 
measuring CMV DNA in the blood or detecting viral proteins and/or DNA in allograft 
biopsies, PCR based methods are considered to be more sensitive but do not correlate 
well with clinical signs of disease 27. CMV increases the risk of allograft rejection and 
mortality 28;29 and suppresses the immune system 30;31, which allows opportunistic 
infections to flare. Furthermore, CMV has been associated with an increased risk for 
vascular diseases 32. 

EBV is a γ-herpes virus that infects primarily B cells but also other cells including 
TECs that express CD21, one of the receptors for EBV 33;34. The virus is transmitted 
orally and primary infection is generally asymptomatic during childhood but can 
result in infectious mononucleosis in adolescents and adults 35. Although rare, EBV 
infection has been associated with the development of interstitial nephritis and renal 
failure 34;36. Primary infection is followed by life-time latency during which the virus 
persists in memory B cells avoiding recognition by other immune cells. In 90-95% of 
the adults antibodies against EBV proteins can be found, demonstrating that they are 
latently infected. CTLs play the most important role in controlling EBV infection 37. 
EBV has the potency to immortalize infected host cells, which can lead to lymphomas 
predominantly of B cell origin. The EBV gene LMP1 plays an important role in B-cell 
transformation since it induces the expression of proteins that promote cell-growth 
and inhibit apoptosis 38. When T cell function is suppressed, the risk of lymphoma 
development increases. The overall incidence of post transplant proliferative disorder 
(PLTD) in EBV infected kidney transplant recipients is 1-3% 39; especially patients 
with a primary EBV infection are at risk. The importance of T cells in controlling EBV 
infection is underlined by the observation that induction therapy with OKT3 and 
anti-thymocyte globulin (ATG), antibodies that deplete T cells, is associated with an 
increased incidence of PTLD in kidney transplant recipients 40;41. 

BKV is a small circular dsDNA polyoma virus, which has been identified in 1971 
in patient BK 42. In healthy individuals, BKV infection has no clinical significance and 
approximately 80% of the population is latently infected. After primary infection, 
BKV persists in epithelial cells of the urinary tract. BKV enters target cells via binding 
to N-linked glycoprotein containing α(2,3)-linked sialic acid, which is followed by 
caveolae-mediated endocytosis 43. The frequency of active BKV replication in kidney 
transplant recipients has increased over the years due to the introduction of third 
generation immunosuppressive drugs like tacrolimus. BKV-associated nephropathy is 
histologically characterized by intranuclear viral inclusion bodies inside tubular cells 
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and severe tubular injury 44. Tubular damage is the result of the lytic replication of 
BKV, which coincides with immune activation and influx of lymphocytes. Currently, 
about 1-10% of the kidney transplant recipients develop nephropathy due to active 
replication of BKV, which has been reported to result in graft failure in 50-90% of the 
cases. Better awareness and early diagnosis of BKV associated nephropathy can help 
to reduce graft loss to less than 10% due to timely reduction and/or adjustment of 
immunosuppression 45. 

Recognition of pathogen associated molecular patterns
The presence of a virus or other pathogen is detected by immune and non-immune 
cells via receptors that recognize pathogen associated structures. These receptors 
are classified into the Toll-like receptors (TLRs), RIG-I-like receptors (RLRs), NOD-like 
receptors (NLRs) and C-type lectin-like receptors (CLRs), see Table 1. 

Toll-like receptors
TLRs are transmembrane receptors located in the cell membrane or endolysosomal 
compartment that have N-terminal leucine-rich repeats and a cytoplasmic Toll/
IL-1R homology (TIR) domain 46. Downstream of the TLRs one can distinguish two 
signaling cascades mediated by myeloid differentiation primary-response protein 88 
(MyD88) and TIR-domain containing adaptor inducing IFNβ (TRIF). These adaptors 
recruit various members of the TNF receptor associated factor (TRAF) family and 
induce activation and nuclear translocation of transcription factors such as nuclear 
factor κB (NFκB) and interferon regulatory factors (IRF) 1, 3, 5 and 7 (Fig. 1). TLRs 
are widely expressed in cells of the innate and adaptive immune system; which 
members are expressed depends on cell type and function 47. In dendritic cells, TLR 
activation promotes maturation and migration to lymphoid organs. Non-immune cells 
also express various TLRs, for example TECs are known to express TLR 1-4 and 6 48. 
Non-immune cells respond to TLR-ligands by producing cytokines and chemokines 
and upregulating activation markers to alert the immune system. In addition, TLRs 
activate various cellular signaling pathways to help protect the host against the 
pathogen leading to for example apoptosis and expression of proteins that inhibit 
viral replication.

RIG-I-like receptors
The RLRs are broadly expressed cytoplasmic receptors that recognize viral dsRNA 
products 49. The proteins are composed of two N-terminal caspase recruitment 
domains (CARDs), a DEAD box helicase/ATPase domain and a C-terminal regulatory 
domain. Retinoic acid inducible gene-I (RIG-I) and melanoma differentiation associated 
gene 5 (MDA5) bind specific forms of dsRNA and therefore recognize different types 
of viruses 50-52, but share downstream signaling pathways leading to the induction 
of anti-viral and pro-inflammatory immune responses. The function of the third RLR 
member, LGP2, which lacks CARDs that are essential for interaction with downstream 

14



1

INTRODUCTION

table 1. Pattern recognition receptors

group members ligands Pathogen location

Toll-like 
receptors 
(TLRs)

TLR1-TLR2 Triacyl lipoprotein Bacteria Plasma membrane
TLR2 PGN, lipoproteins, 

porins, HA protein, 
tGPI-mucin

Bacteria, viruses, 
parasites

Plasma membrane

TLR3 dsRNA Viruses Endolysosome
TLR4 LPS, envelope proteins Bacteria, viruses Plasma membrane
TLR5 Flagellin Bacteria Plasma membrane
TLR6-TLR2 Diacyl lipopeptides, 

LTA, zymosan
Bacteria, fungi Plasma membrane

TLR7/8 ssRNA Bacteria, viruses Endolysosome
TLR9 CpG-DNA, DNA, 

malaria hemozoin
Bacteria, viruses, 
parasites

Endolysosome

TLR10 Unknown Unknown Endolysosome
TLR11 Profilin-like molecule Bacteria, parasites Plasma membrane

RIG-I-like 
receptors 
(RLRs)

RIG-I 5’triphosphate RNA, 
short dsRNA, ssRNA

Viruses Cytoplasm

MDA5 Long dsRNA Viruses Cytoplasm
LGP2 RNA Viruses Cytoplasm

NOD-like 
receptors 
(NLRs)

NOD1 iE-DAP Bacteria Cytoplasm
NOD2 MDP Bacteria Cytoplasm
NALP1 Anthrax lethal toxin Bacteria Cytoplasm
NALP3 MDP, toxins, ATP, RNA Bacteria, viruses Cytoplasm
IPAF Flagellin Bacteria Cytoplasm
NAIP Flagellin Bacteria Cytoplasm

C-type lectin-
like receptors 
(CLRs)

Dectin-1 β-glucan Bacteria, fungi Plasma membrane
Dectin-2 High mannose Bacteria, fungi Plasma membrane
DC-SIGN High mannose, fucose Bacteria, viruses, 

fungi
Plasma membrane

Mannose
receptor

High mannose, fucose, 
sulphated sugars

Bacteria, viruses, 
fungi

Plasma membrane

signaling molecules, is less well understood 53. RIG-I and MDA5 interact with the 
adaptor molecule IFNβ promoter stimulator 1 (IPS-1, also known as MAVS, Cardif 
and VISA) leading to the activation of the transcription factors NFκB and interferon 
regulating factor 3 and 7 (IRF3/7) 54. NFκB induces the expression of pro-inflammatory 
cytokines while IRF3/7 promote the production of type I IFNs (Fig. 1). Type I IFNs in 
turn induce the transcription of over 300 IFN-stimulated genes. These genes regulate 
RNA stability and the synthesis, transport and turnover of proteins thereby inhibiting 
viral replication 55;56. Furthermore, IFNα and IFNβ promote apoptosis in infected cells, 
enhance antigen presentation and induce the expression of adhesion molecules and 
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chemokines, which facilitate the recruitment of leukocytes. Type I IFNs also directly 
activate dendritic cells and increase the cytotoxic potential of T cells 57-59. Thus, 
cytoplasmic dsRNA sensors are potent inducers of anti-viral and pro-inflammatory 
responses.

Recent studies have revealed another function of viral dsRNA sensors; the 
induction of apoptosis. In various cancer cells activation of MDA5 or RIG-I by itself 
can promote cell death by inducing the expression of apoptotic mediators like Noxa 
60-63. Apoptosis of infected cells is an efficient way to restrict viral replication. TLR3, 
another dsRNA sensor located in endosomes, can enhance apoptosis in certain cell-
types 64-66. The molecular mechanism underlying dsRNA induced apoptosis appears to 
depend on both the dsRNA receptor and cell-type involved. In summary, activation 
of cytoplasmic dsRNA sensors in virus infected cells triggers multiple pathways that 
restrict viral replication and spread. It is essential that viruses are targeted at several 
levels since they have evolved various mechanisms to suppress the production of 
type I IFNs and escape recognition by immune cells 67.  

NOD-like and C-type lectin-like receptors
NLRs are cytoplasmic receptors that recognize bacterial and viral structures 68;69. NOD1 
and NOD2 trigger the transcription of pro-inflammatory cytokines via activation of the 
transcription factors NFκB and mitogen-activated protein kinase (MAPK). Triggering 
of NLRP3 and related proteins leads to activation of caspase-1 through formation of 
a large protein complex, known as the inflammasome. The NLRP3 inflammasome, 
which is extensively studied in macrophages and DCs, is composed of NLRP3, caspase 
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1 and the adaptor molecule apoptosis-associated speck-like protein containing a 
CARD (ASC) 70.

The production of active interleukin 1β (IL-1β) requires two signals: the first signal 
activates NFκB leading to the generation of pro-IL-1β and the second signal triggers 
the inflammasome formation and caspase 1-mediated cleavage of pro-IL-1β into 
active IL-1β. Other pro-inflammatory cytokines that are activated by inflammasomes 
are IL-18 and IL-33. 

CLRs are trans-membrane receptors that recognize molecular structures of various 
pathogens, including fungi and mycobacteria, and are expressed by dendritic cells as 
well as some other types of immune cells. Activation of these receptors determines 
T cell differentiation either directly by inducing production of cytokines or indirectly 
by modulating TLR signaling 71. Since CLRs and NLRs are not further addressed in this 
thesis, I would like to refer to recent reviews, which discuss these groups of PPRs 
extensively 68;69;71.

Apoptosis άπόπτωσισ (Kerr et al. 1972) - Used in Greek to 
describe the “dropping off” or “falling off” of petals from 
flowers, or leaves from trees. To show the derivation clearly, we 
propose that the stress should be on the penultimate syllable, 
the second half of the word being pronounced like “ptosis” (with 
the “p” silent), which comes from the same root “to fall” and is 
already used to describe drooping of the upper eyelid 72.

Programmed cell death
Apoptosis or programmed cell death is essential for tissue homeostasis and plays an 
important role in the removal of infected or damaged cells. Apoptosis is characterized 
by nuclear and cytoplasmic condensation and breaking up of the cell in membrane-
bound fragments known as apoptotic bodies 72. It is a well orchestrated process 
that can be initiated by various cellular stress triggers for example metabolic stress, 
nutrient deprivation, ROS and UV-light. In addition, apoptosis can be induced by NK 
cells and CTLs, which are specialized in eliminating target cells via death receptor and/
or granzyme (Gzm) mediated apoptosis (Fig. 2) 73. NK cells kill cells that lack expression 
of MHC class I molecules on their surface, while CTLs selectively remove cells with an 
antigen and MHC class I molecule that is recognized by their T cell receptor (TCR). 
Granzyme stands for granule associated enzyme 74; the function of these apoptosis 
inducing enzymes and their inhibitors is extensively discussed in chapter 2. 

Death receptors (DR) such as CD95 (Fas), DR4, DR5 and TNFR1 are ubiquitously 
expressed and activated by their ligands, respectively CD95-ligand, TNFα and TNF-
related apoptosis-inducing ligand (TRAIL), which are expressed and or secreted by 
cytotoxic lymphocytes 73. Death receptor mediated apoptosis, also known as the 
extrinsic apoptotic pathway, is characterized by the formation of the death-inducing 
signaling complex (DISC) in which caspase 8 is activated 75. Depending on the cell 
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type caspase 8 can either directly activate effector caspases, so called type I cells, or 
activate the intrinsic/mitochondrial apoptotic pathway via cleavage of Bcl-2 interacting 
domain (BID), which is the case in type II cells. Truncated BID (tBID) translocates to the 
mitochondria where it disrupts the balance between anti-apoptotic proteins of the 
Bcl-2 like family and pro-apoptotic proteins of the BH3-only family. Bcl-2 like proteins 
like Mcl-1 and Bcl-XL prevent interaction between Bak and Bax, which form a pore 
leading to mitochondrial outermembrane permeabilization 76. Subsequent leaking 
of cytochrome C from the mitochondria induces the formation of another protein 
complex, the apoptosome, which includes caspase 9, apoptotic protease activating 
factor 1 (APAF1), cytochrome C and ATP. The apoptosome activates effector caspases 
like caspase 3 leading to cell death. The mitochondrial apoptotic pathway, also known 
as the intrinsic pathway, can be activated directly by various stress signals like ROS 
and nutrient shortage. Apoptosis is a strictly regulated process and proteins such as 
the inhibitors of apoptosis (IAPs) prevent uncontrolled cell death 77;78. A schematic 
representation the extrinsic and intrinsic apoptosis pathway and their inhibitors is 
depicted at page 114 (chapter 5, figure 5).

outline of this thesis
This thesis focuses on inflammatory processes in the kidney, especially those occurring 
in the transplanted kidney. Our group previously found, that tubular epithelial cells 
can express serine protease inhibitor B9 (serpinB9). SerpinB9 is a specific inhibitor of 
GzmB; the role of this cytotoxic enzyme and that of other serine proteases expressed 
by immune cells is reviewed in chapter 2. During SCR, tubular serpinB9 levels were 
elevated suggesting that serpinB9 expression might help to preserve allograft function 
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during cellular rejection 79. Since SCR is not associated with a decline in renal function, 
it can only be diagnosed by histological analysis of protocol transplant biopsies 80. 
In chapter 3 we aimed to find a non-invasive biomarker to monitor graft status and 
diagnose rejection even in a subclinical phase. During rejection, cytotoxic lymphocytes 
infiltrate the renal interstitium and tubuli, which is reflected by shedding of these cells 
into the urine. We therefore analyzed the transcription levels of GzmA, GzmB, perforin 
and serpinB9 in urinary cells after renal transplantation with histologically confirmed 
acute or subclinical rejection, ATN, stable function or CMV infection. In chapter 4 
we aimed to investigate the expression and regulation of serpinB9 in human TECs in 
vitro. SerpinB9 expression in primary TECs was consistently upregulated by the TLR3 
ligand poly(I:C), while none of the other tested cytokines or TLR-ligands affected the 
expression of this GzmB inhibitor. Since TLR3 is specialized in the recognition of viral 
dsRNA, we also tested the role of the cytoplasmic dsRNA receptors MDA5 and RIG-I. 

Little is known about how TECs sense and respond to the presence of a virus. 
Based on the observation that TECs express TLR3, MDA5 and RIG-I, we studied pro-
inflammatory, anti-viral and pro-apoptotic responses in TECs stimulated with dsRNA-
receptor ligands or virus. In chapter 5, we investigated the effect of dsRNA receptor 
activation on apoptosis induction in primary TECs and whether dsRNA affected the 
sensitivity of the cells to other apoptotic stimuli like CD95-ligand. In chapter 6, we 
aimed to study the role of dsRNA receptors in sensing the presence of CMV, EBV 
and BKV. First, we investigated the expression of TLR3, MDA5 and RIG-I during active 
viral infection in renal transplant biopsies. In addition, we analyzed the production of 
pro-inflammatory and anti-viral cytokines in response to dsRNA receptor triggering 
and influenza infection in primary TECs. The effects of ongoing viral replication are 
not restricted to the kidney. CMV is a virus that is known to induce a permanent 
increase of highly differentiated effector T cells 81-83. In chapter 7, we investigated the 
influence of CMV infection on the activation status of the immune system. For that 
reason, we analyzed the expression of an array of cytokines, chemokines and acute 
phase proteins in serum of kidney transplant recipients with a primary CMV infection. 

In chapter 8, we summarize and discuss our findings in perspective of the general 
knowledge of the research field. 
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