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Abstract 
Inflammatory bowel disease (IBD) is profoundly associated with extraintestinal 
manifestations (EIM) that can involve almost every organ in our body. Al-
though the exact etiology of IBD is still poorly understood, it is generally cha-
racterized by an overly aggressive inflammatory response in the intestinal 
mucosa. Renal damage is one of the manifestations encountered in Crohn’s 
disease (CD) and ulcerative colitis (UC) and it accounts for 4% - 23% of IBD 
patients. The common renal complications of IBD include: glomerulonephri-
tis, tubulointerstitial nephritis, nephrolithiasis, amyloidosis and iatrogenic 
complications of IBD treatment. Several hypotheses have emerged to explain 
the pathogenic mechanisms underlying the prevalence of IBD-induced kidney 
injuries. The present work aims to elucidate the pathological principles that 
drive secondary renal injury in individuals with IBD and highlight the cur-
rently used therapeutic strategies for evaluating, monitoring and treating kid-
ney complications-related IBD. 
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1. Introduction 

Inflammatory bowel disease (IBD) is an idiopathic disease characterized by se-
vere inflammation of the gastrointestinal tract. It encompasses two major clini-
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cal entities: ulcerative colitis (UC) and Crohn’s disease (CD) [1]. Although, the 
exact etiology in IBD remains uncertain, it is generally caused by an immuno-
logical imbalance in the intestinal mucosa, which is often mediated by an inap-
propriate and sustained inflammatory response against environmental factors 
and commensal pathogens in genetically susceptible hosts [2]. IBD is profoundly 
associated with extraintestinal manifestations (EIM) that have become more 
frequently diagnosed among patients with CD or UC. Renal complication is 
considered as one of the EIMs and accounts for 4% - 23% of IBD patients [3]. 
The most commonly encountered renal diseases in patients with IBD are: glo-
merulonephritis, tubulointerstitial nephritis, nephrolithiasis and amyloidosis 
(see Table 1) [4]. The association of kidney diseases with IBD has been reported 
in many clinical and experimental studies; however, the underlying mechan-
ism(s) are not fully elucidated. Several hypotheses have been postulated to ex-
plore the nature of this involvement whether kidney injury occurs as a secondary 
complication to IBD, shares the same patho-immunological origin, is an au-
toimmune disease by itself, or it is provoked as side-effect to therapy. 

The present work aims to elucidate the pathological mechanisms that drive 
secondary renal complications in individuals with IBD and highlight the re-
quired surveillance of kidney complications associated with IBD. 

2. Pathophysiological Principles of IBD 

The pathogenesis of IBD is mainly influenced by disrupted intestinal immuno-
logical homeostasis and deregulated interaction with the commensal microbiota 
in genetically susceptible hosts. The traditionally accepted paradigm indicates  
 
Table 1. Kidney manifestations in IBD. 

Renal manifestations in IBD 

Glomerulonephritis 
IgA nephropathy 
IgM nephropathy 

Mesangioprolifarative nephristis 
Membranous nephropathy 

Anti-GBM nephritis 

Tubulointerstitial nephritis 
Interstitial nephritis 

Granulamous interstitial nephritis 

Nephrolithiasis 
Hyperoxaluria 

Uric acid stones formation 

Renal Amyloidosis 

Renal iatrogenic complications 
Aminosalicylates 
TNF-α inhibitors 

Calcineurin inhibitors (Cyclosporin and Tacrolimus) 
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that IBD is governed by overly aggressive cells of the acquired immune system. 
Despite the common clinical symptoms that occur in both CD and UC, the two 
diseases are shown to display distinct immunological phenotypes. CDs are gen-
erally ruled by T helper (Th) 1-associated cytokines such as Interferon gamma 
(IFN-γ), tumor necrosis factor alpha (TNF-α), IL-12 and IL-18, whereas 
Th2-related cytokines such as IL-4, IL-5 and IL-13 are increased in the lamina 
propria of UC patients (see Figure 1) [5] [6] [7]. However, this situation could 
not be mutually exclusive. It has interestingly been shown that the induction 
stage and the perpetuation of chronic phase display diverse and mixed immu-
nological mechanisms. Rivera-Nieves J et al. have demonstrated, using 
SAMP1/YiTFC mice model which develop ileitis but not colitis, that Th1 pola-
rized cells were activated during the onset of the disease, while Th1/Th2 pattern 
is detected later during the chronic inflammation, suggesting that the immuno-
logical profile is highly dependent on the stage on the disease [8]. 

Given the complexity of the disease, the diverse clinical response to therapeu-
tic agents emphasizes that there are still unexplored signaling mechanistic path-
ways involved in IBD pathogenesis. Recent studies have described the crucial 
role of Th17 cells, a subset of naive T cells, in IBD [9]. The growth and differen-
tiation of Th17 is mediated by the presence of particular cytokines within the in-
flammatory environment including IL-6, IL-1 β and IL-23 [10]. Th17 cells release  
 

 
Figure 1. Pathophysiological principles of IBD. 
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cytokines such as IL-17and IL-22 [11], whose expression is enhanced in CD and 
UC patients [12]. On the other side, regulatory T cells (Treg) are known as es-
sential players in immune tolerance and suppression of excessive inflammation. 
Although Th17 and Treg have opposing functions, their differentiation is regu-
lated by shared mechanisms and common cytokines such as TGF-β. Thus, the 
decision to differentiate into either Th17 or Treg depends greatly on integrated 
environmental stimuli and cytokine-regulated balance of these cells [13]. The 
disruption in Th17/Treg balance is profoundly associated with the development 
of IBD. However, the mechanism is not fully understood. Dysbiosis is consi-
dered as a key factor to affect Treg/Th17 axis in IBD patients [13]. Moreover, 
recent findings have revealed the equal importance of the innate immune system 
and intestinal epithelium in the pathogenesis of IBD [2]. CD associated -Nod2 
gene polymorphisms have emerged as evidence linking the role of innate re-
sponse in disease development [14]. Normally, Nod2 acts as an intracellular re-
ceptor to sense bacterial cell wall components and trigger the innate immune 
system via pro-inflammatory pathways activation. Loss of Nod2 function 
through mutation is associated with primary failure to pathogen infection, de-
fective cytokine response and subsequent aberrant inflammation [15].  

In addition to the pro-inflammatory cytokines that assist in the development 
of chronic inflammatory diseases, the impaired activity of anti-inflammatory 
cytokines such as IL-10 and TGF-β is also implicated in IBD pathogenesis. The 
IL-10 family consists of a panel of anti-inflammatory cytokines that are ex-
pressed by the adaptive and innate immune cells. They block antigen 
representing cells and inhibit the release of pro-inflammatory cytokines. Most of 
the therapeutic approaches of IBD were tested in IL-10 knockout animals, since 
it provides a good IBD model that closely resembles human IBD [16]. In fact, 
IL-10 gene mutations are strongly associated with UC [17], however, in the in-
flamed mucosa and granulomas of CD, its expression is reduced. This reduction 
is associated with increased production of the pro-inflammatory IL-12 and 
IFN-γ [18] which are known to mediate activated mucosal T cell to survive 
apoptosis, another mechanism of IBD pathogenesis. In addition, TGF-β is 
another inhibitory cytokine that regulates the immune response. Despite its con-
flicting role, TGF-β expression is upregulated in CD and UC [19] [20], however, 
its signaling activity appears to be defective in induced colitis [19]. 

3. Glomerulonephritis (GN) 

Glomerulonephritis is a type of kidney inflammation affecting the glomeruli and 
small blood vessels in kidneys. The histological patterns of glomerulonephritis 
vary and include IgA nephropathy, IgM nephropathy, mesangioprolifarative 
nephritis, membranous nephropathy and anti-glomerular basement membrane 
nephritis [21] [22]. IgA Nephropathy (IgAN) is the most common and has a sig-
nificantly higher diagnostic prevalence in IBD patients than non-IBD [23]. IgAN 
is characterized by elevated levels of serum IgA with mesangial deposition. Pa-
tients with IgAN often develop proteinuria and hematuria with deterioration of 
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renal function. Recent clinical studies have demonstrated that IgAN appears 
concurrently with the onset or exacerbation of IBD, mainly CD [23] [24]. How-
ever, the connection between the impaired mucosal immunity and the progres-
sion of IgAN is still unclear. Clinical findings demonstrated that the high levels 
of systematic IgA derived from the ileum tract leads to onset of IgA nephropa-
thy. Given its importance in the mucosal immune defense against microbial and 
environmental antigen, IgA disposition in the mesangium is likely to be asso-
ciated with loss of immune exclusion, chronic immune stimulation, and mucosal 
inflammation leading to IgAN [25]. Additionally, successful treatment of IBD 
using immunosuppressants was associated with clinical remission of kidney 
damage [4], suggesting a common pathogenic mechanism linking the two dis-
eases. It has also been indicated that the imbalance between Th17/Treg and the 
increase of renal tubular IL-17 play a significant role in (idiopathic) IgAN pro-
gression in patients without IBD. This imbalance was associated with declined 
renal function, proteinuria, and severe tubulointerstitial damage. In the same 
line, Choi JY et al. have reported that both renal and ulcerated colonic tissues 
were positively immunostained for IL-17. However, IL-17 was absent in renal 
tissue with primary IgAN. These findings suggest the simultaneous involvement 
of IL-17 in both worsening intestinal inflammation and enhancing rapidly pro-
gressive IgAN development in CD patients [24]. Interestingly, wang J et al. have 
revealed in their experimental studies the etiology behind IgAN in IBD patients, 
highlighting the critical role of LIGHT, a TNF-α super family member and 
keystone mediator in the pathogenesis of CD [26] [27]. By establishing a LIGHT 
transgenic mice model, Wang J. and his group have shown that secondary IgAN 
is initiated by severe T cells associated-intestinal inflammation causing an over-
production, impaired transportation and clearance of serum IgA. This cascade of 
events will subsequently lead to elevated serum IgA and consequently glomeru-
lar IgA deposition [27]. Genetic linkage between secondary IgAN and IBD has 
also been reported and the direct association of HLA-DQ/DR has been described 
in both diseases [21] [28] [29] [30].  

In this context, Pozzi C et al. showed the effectiveness of corticosteroids 
treatment in IgAN patients. The results of their randomized, controlled trial, 
demonstrated that a 6-month steroid treatment is able to reduce proteinuria le-
vels and stabilize renal function for over a long time [31]. The beneficial effect of 
steroid treatment was further supported by several clinical reports of 
IBD-related IgAN cases, suggesting that the early discontinuation of IBD drugs 
supplemented by steroid treatment resulted in complete remission of bowel dis-
ease, reduction of serum levels of IgA and improvement of renal impairment 
[31]. 

4. Tubulointerstitial Nephritis 

Tubulointerstitial nephritis (TIN) is considered as the second most common di-
agnosis in IBD [23] [32] [33]. Kidney tubular markers are usually used as predic-
tors to detect early renal deterioration in IBD, including Alpha-1-microglobulin 
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(α1-MG), N-acetyl-β-d-glycosaminidase (β-NAG), and β2-microglobulin 
(β2-MG). These low molecular weight proteins are normally filtered by the glo-
merulus in healthy kidneys, and reabsorbed in the proximal tubules. Their pres-
ence in urine reflects sub-clinical tubular damage. Many clinical findings de-
picted the concomitant presence of interstitial nephritis (IN) and IBD in both 
CD and UC cases as well as the etiology behind it, whether it is drug in-
duced-nephrotoxicity or extra manifestation of IBD, has been extensively ad-
dressed in the literature. Several case studies reported TIN in IBD patients as 
drug induced nephrotoxicity, more particularly in patients treated with 
5-Aminosalycilic Acid (5-ASA) or its derivatives such as mesalamine and sulfa-
salazine [34] [35]. Others proposed that the concurrent development of TIN in 
treatment-naive CD patients or after discontinuation of IBD drug therapy con-
firms that TIN could be an IBD-related kidney complication [36] [37] [38] [39]. 
A recent retrospective study by Ambruzs JM et al. showed that granulomatous 
IN is caused by a cell-mediated hypersensitivity reaction, while renal tubular 
damage seen in IBD patients, that is often associated with proteinuria, is directly 
correlated to disease activity instead of therapy [23]. Moreover, positive correla-
tion between urine tubular proteins and disease activity has been suggested. 
Fraser JS et al. reported that β-NAG and α1-MG were increased in 48% and 52% 
patients, respectively, at diagnosis. However, it was demonstrated that the com-
mencement of 5-ASA was not associated with significant changes in urinary 
protein excretion [40]. Kreisel W. et al. have shown that elevated β-NAG is ex-
clusively found in patients with active UC, thus excluding the toxic side effect of 
5-ASA and sulphasalazine [41]. Similarly, Herrlinger KR et al. demonstrated that 
the levels of α1-MG is highly correlated with bowel disease activity in both CD 
and UC patients with no significant influence of 5-ASA [37]. 

The underlying pathologic mechanism linking both diseases remained un-
clear. Poulou et al., have shown the deleterious role of TNF-α in enhancing a 
systematic inflammatory response by demonstrating a positive relationship be-
tween tubular microproteinuria and high serum levels of TNF-α [42]. TNF-α is 
also shown to contribute to protein leakage and tissue damage through disrupt-
ing the endothelium glycocalyx [43]. Ranganathan P et al. have examined role of 
Netrin-1 and laminin related-protein, in the suppression of acute kidney injury 
in a Dextran Sulfate Sodium (DSS) induced-colitis animal model [44]. Data 
showed that, over expression of Netrin-1 on proximal tubular cells was able to 
reduce the expression and the activity of IL-16, which is known to stimulate the 
release of pro-inflammatory cytokines such IL-6, IL-1β, IL-15 and TNF-α [45] 
and consequently, it could inhibit neutrophils infiltration.  

Early discontinuation of 5-ASA supplemented by corticosteroid therapy could 
be beneficial for the treatment of IBD with TIN [34] [42]. Recent studies showed 
that infliximab (anti-TGF-α inhibitor) is able to improve intestinal and TIN 
symptoms in initially presented CD [36], Moreover, regular measuring of serum 
creatinine is greatly recommended to monitor renal function in IBD (see Table 2). 
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Table 2. Tubulointerstitial nephritis in IBD. 

Tubulointerstitial nephritis in IBD 

Type Description Clinical Management 

Drug-related 
nephrotoxicity 

- Aminosalicylate and anti—TNF  
α-induced nephropathy 

- The incidence is one case per 4000 
patients/years who received 5-AZA 

- Early detection of 5-AZA associated 
IN (<12 months) responds  
completely to drug withdrawal 

Monitoring of kidney function by  
measuring: 
GFR 
Serum creatinine levels 
Urinary Levels of tubular markers  
(α1-MG, β-NAG, β2-MG) 
Assessment of serum creatinine of IBD 
patients prior to commencing drug  
therapy, monthly for the first 3 months, 3 
monthly for the remainder of the year and 
then annually thereafter 

EIM of IBD 

- Not related to IBD  
drugs-nephrotoxicity 

- Occurrence in treatment-naive IBD 
patients or after drug  
discontinuation 

- Early discontinuation of 5-ASA 
supplemented by corticosteroid 
therapy is beneficial 

5. Nephrolithiasis 

Patients with IBD, both CD and UC, are at high risk for the development of renal 
stones. The prevalence of nephrolithiasis is higher in IBD patients (12% to 28%) 
than the general population [4] [46]. The mechanism of stones formation seems to 
be different in CD and UC patients. Severe disease activities, with long duration (8 
- 10 years), that are usually accompanied by severe diarrhea, steatorrhea and bile 
salt malabsorption, are considered as major risk factors for the development of 
renal stones in CD patients [47]. Another study on UC patients who had 
J-pouch panproctocolectomy showed that the presence of several EIMs and low 
serum bicarbonate level are the most important risk factors for the presence of 
concurrent nephrolithiasis [48]. 

Renal stones or calculi in IBD patients are composed either of uric acid or cal-
cium oxalate. Hyperoxaluria by definition is as an excessive oxalate urinary exe-
cretion. Clinical studies show that enteric hyperoxaluria (greater than 48 
mg/24hr) is more prevalent in CD than in UC [3] [49]. Many findings have 
demonstrated that CD patients who have undergone surgical procedures such as 
ileocecal resection, intestine bypass and total colectomy, are at higher risk to de-
velop secondary hyperoxaluria [47]. The mechanism of hyperoxaluria appears to 
be multifactorial. The high levels of non-absorbed fatty acids, present in diseased 
or resected distal ileum, bind to calcium and imped its bioavailability. The low 
amount of luminal calcium in gut enhances high concentrations of soluble oxa-
late and increased oxalate absorption that eventually diffuse into the blood and 
then to kidneys [50]. Also, the high concentrations of bile acids and colonic in-
flammation enhance colonic permeability to oxalate, resulting in passive para-
cellular absorption of oxalate [50]. Another proposed mechanism is related to 
decolonization of Oxalobacter formigenes bacterium that causes reduction in 
oxalate catabolism. Nonetheless, UC patients are more susceptible to the devel-
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opment of uric acid stone. In UC, especially after ileostomy, loss of alkaline flu-
ids in liquid stool causes metabolic acidosis that is accompanied with low uri-
nary volume and PH, a situation which subsequently leads to uric acid su-
per-saturation. Urinary excretion of crystallization inhibitors such as citrate and 
magnesium may also be considerable factor of uric stones formation [51]. 

Furthermore, hyperoxaluria has the potential to cause devastating conse-
quences on kidneys. Nazzal L et al., have shown that CD patients, diagnosed 
with enteric hyperoxaluria, develop progressive chronic kidney diseases (CKD), 
eventually leading to ESRD [50]. Renal histological examination depicts marked 
interstitial inflammation and fibrosis as well as cortical changes that include 
glomerular sclerosis and tubular atrophy [52]. In addition, oxalate crystals can 
cause tubular cell damage through stimulating innate immunity. Renal epithelial 
cells, in turn, synthesize a variety of chemoattractants and cytokines that inter-
face with inflammatory cells [53]. This disruption of immunological homeostasis 
will eventually lead to the progression of crystal—associated interstitial fibrosis 
and CKD [54]. It was also demonstrated that exposure to oxalate induces toxic 
responses that affect renal epithelial cells. These responses include altered mito-
chondrial function and gene expression, generation of reactive oxygen species 
and reduction in cell viability [53].  

On the other hands, Rodgers AL et al. have assessed different preventive 
strategies for the treatment of nephrolithiasis in IBD patients. They found out 
that calcium supplements could help reduce stone risk in patients with severe 
enteric hyperoxaluria, however, they also suggested that initial efforts should be 
directed toward reducing urinary oxalate by reducing dietary oxalate [55]. Urine 
alkalization and citrate therapy that increases both urine pH and urinary citrate 
can provide an additional therapeutic benefit for UC patients, more particularly 
those receiving aminosalicylates [56]. Increased water intake and regular moni-
toring with regular urinalysis and proper imaging of the upper tract should al-
ways be considered in all IBD patients (see Table 3).  
 
Table 3. Nephrolithiasis in IBD. 

Nephrolithiasis in IBD 

IBD-associated 
disease 

Clinical  
diagnosis 

Pathological conditions Clinical management 

CD Hyperoxuloria 

- Bile salt malabsortion 
- Increased oxalate  

permeability 
- Decolonization of  

Oxalobacter formigenes 

Calcium supplementation 
Dietary oxalate reduction 
Pyridoxine (B6) to decrease oxalate 
synthesis [3] 
Citrate and magnesium  
supplementation 
(in case of recurrence) [3] 

UC 
Uric acid  

supersaturation 
- Low urinary vloume 
- Low PH 

Diarrhea therapy 
Urine alkalization 
Increased fluid intake 
Citrate and magnesium  
supplementation 
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6. Renal Amyloidosis  

Renal amyloidosis is a rare but serious renal complication that may occur in IBD 
patients, more frequently among patients with CD [57]. It usually manifests it-
self by proteinuria and renal insufficiency. Patients with advanced renal amyloi-
dosis may require dialysis or transplantation [57]. It has been shown that AA 
amyloid nephropathy is considered as an early complication in CD, with the ab-
sence of clinical symptoms [58]. 

Several inflammatory mediators are associated with the increase of serum 
amyloid A (SAA) synthesis [59]. For instance, IL-1 is considered as a potent in-
ducer of SAA [60]. It has been shown that the anti-IL-1 treatment was able to 
ameliorate proteinuria, control inflammation and prevent further amyloid ac-
cumulation in autoimmune-associated amyloidosis [61]. Other findings have in-
dicated the beneficial effect of TNF-α inhibitory drugs in treating amyloidosis 
secondary to CD. The anti-TNF-α agents, more particularly infliximab, has been 
shown to act through two different mechanisms; first it reduces SAA synthesis 
mediated by TNF-α and IL-6 and, thereby, reduces amyloid deposition. Second, 
it decreases glomerular inflammation and albuminuria that are induced by the 
same cytokines [57] [58]. These findings suggest that the early diagnosis of the 
association of amyloidosis and CD would improve prognosis in patients.  

7. Renal Iatrogenic Complications of IBD Treatment 

The ultimate therapeutic goals in IBD are mucosal healing, inducing and main-
taining long-term remission and decreasing the risk of cancer development. Al-
though several drugs have been considered beneficial for the treatment of IBD, 
their renal adverse effect has been well debated. These drugs include aminosali-
cylates, TNF-α inhibitors and calcineurin inhibitors (See Table 4). 

8. Aminosalicylates 

Aminosalicylates have been used as first-line treatment of IBD patients. Studies 
have shown that aminosalicylates are effective in enhancing and maintaining a 
long-term remission in UC patients. They are also shown to be effective in 
treating mild to moderate CDs. Aminosalicylates are chemically derived from 
Sulfasalazine that is split by intestinal bacteria into sulphapyridine and 
5-aminosalicylic acid (5-ASA). A randomized controlled trial conducted in 1977, 
showed that 5-ASA is the active therapeutic moiety of Sulfasalazine [62]. To 
date, various formulations of 5-ASA have been developed providing effective 
treatment for IBD, often at high doses, without the toxic effects attributed to the 
sulfapyridine moiety of sulfasalazine. 5-ASA mediates its anti-inflammatory role 
through various mechanisms of action. It has been hypothesized that 5-ASA ac-
tivates PPAR-gamma which in turn transrepresses key inflammatory response 
genes such as NFƙ-B [63]. 5-ASA is also known to inhibit IL-1, IL-2 and TNF-α 
and acts as a potent antioxidant and free-radical scavenger [64]. An increasing 
number of reports focused on renal damaged associated with mesalazine therapy  
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Table 4. Renal iatrogenic complications of IBD Treatment:  

Treatment Class Treatment Drug Mode of action Renal Complications Notes 

Aminosalicylates 

5-aminosalicylic  
acid (5-ASA) - Activates PPAR-gamma 

- Inhibit IL-1, IL-2 and TNF-α 
- Antioxidant effect 

- Interstitial Nephritis 

- Serum creatinine and GFR  
monitoring. 

(monthly for the first 3 months, and 
every 3 months for the remainder of 
the year and then annually) 

Sulphapyridine 

TNF-α  
inhibitors 

Infliximab 
Chimeric anti-TNF IgG1  
monoclonal antibody 

- Membranous nephropathy 
(with absence of lupus  
nephritis) 

- Granulomatous interstitial 
nephritis 

- Tubulo-interstitial nephritis 
- Nephritic syndrome 

 

Adalimumab 
Recombinant anti-TNF IgG1  
monoclonal antibody 

 

calcineurin  
inhibitors 

 

Cyclosporin  
(CsA) 

- Inhibits the phosphatase activity  
of calcineurin 

- Impairs the translocation of  
nuclear factor of activated T cells 
(NFAT) 

- Inhibits IL-2 transcription and T 
cells activation. 

- Renal arteries  
vasoconstriction 

- Tubular intestinal fibrosis 
- Arteriolopathy 

CsA treatment course should not 
exceed 4 to 6 months 

Tacrolimus  
(FK506) 

- Kidney injury 

- Blood trough levels of oral tacroli-
mus should range between  
10 - 15 ng/ml 

- Preferably not to exceed 1 year of 
treatment. 

 
in IBD patients, in which chronic IN is recognized as a major complication. Pre-
vious findings suggested that IN occurs in less than 1 in 500 patients [65]. Rans-
ford et al. evaluated the adverse reaction reported to the Committee on Safety of 
Medicine and revealed an increased risk of IN accounted for 11.1 cases per mil-
lion prescriptions of mesalazine [66]. A huge prospective and retrospective study 
conducted in United Kingdom showed that the incidence of 5-ASA asso-
ciated-nephrotoxicity among IBD’s is approximately one case per 4000 pa-
tients/years [67]. Although the incidence of severe renal injuries is low, the mor-
bidity in affected individuals is significantly very high and may progress to 
ESRD. Renal function improvement depends on IN detection and therapy dura-
tion before drug cessation. World M et al. have shown that early detection of IN, 
within 10 months of mesalazine therapy initiation, responds completely to drug 
withdrawal and restoration of renal function could be achieved [65]. On the 
other hand, a delayed diagnosis leads to a partial recovery of serum creatinine 
upon drug withdrawal [67]. Muller et al. indicated that there is no significant 
correlation between drug dosage or treatment duration and degree of renal im-
pairment [64] [67], in contrary to previous studies that illustrated the association 
of renal dysfunction with high doses (>3 g/day) [68]. The risk of 5-ASA side ef-
fect on kidneys appears to be dose independent. 

Studies have considered that serum creatinine and glomerular filtration rate 
(GFR) measurements are the most reliable tests to predict drug nephrotoxicity. 
The assessment of urinary proteins is not preferable since tubular proteinuria 
can occur as result of extra manifestation of IBD regardless of 5-ASA treatment. 
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Regular monitoring of renal function is recommended for earlier detection. As-
sessment of serum creatinine should be performed in patients prior to com-
mencing drug therapy, monthly for the first 3 months, and every 3 months for 
the remainder of the year and then annually, thereafter [65] [69] [70]. 

9. TNF-α Inhibitors 

TNF-α inhibitors have a beneficial role in the treatment of several autoimmune 
diseases such as IBD, rheumatoid arthritis, psoriatic arthritis, juvenile idiopathic 
arthritis and ankylosing spondylitis. The anti-TNF monoclonal antibodies in-
cluding infliximab (chimeric anti-TNF IgG1 monoclonal antibody) and adali-
mumab (recombinant anti-TNF IgG1 monoclonal antibody) are effective in the 
treatment of moderate to severely active IBD patients through promoting mu-
cosal healing and inducing long-term remission. They are also known to be ef-
fective in treating renal amyloidosis secondary to crohn’s disease as well as GN 
[71] [72]. 

The use of TNF-α inhibitors has been associated with induction of autoim-
mune diseases such as systemic lupus erythematosus, systemic vasculitis and 
sarcoidosis [73]. The occurrence of renal damage also appears plausible. Several 
cases of membranous nephropathy (with absence of lupus nephritis), granulo-
matous interstitial nephritis and tubulointerstitial nephristis have been reported 
after anti- TNF-α therapy [74] [75] [76] [77]. Dumitrescu G et al. recently re-
ported a case of UC patient who developed nephritic syndrome after infliximab 
infusion. This was associated with biopsy proven-focal glomerulosclerosis and 
acute tubular sclerosis [78]. 

The possible mechanism is binding of anti TNF-α to their antigen that is often 
present on visceral epithelial cells and on sub-epithelial deposit in membraneous 
nephropathy, leading to apoptotic cell death [79]. Moreover, TNF-α inhibitors 
can also induce anti-nuclear antibodies (ANA) and anti-DNA antibodies (An-
ti-ds-DNA) giving rise to either lupus-like immune complex GN or an-
ti-neutrophil cytoplasmic antibody-related necrotizing and crescentic GN in 
susceptible individuals [79] [80]. 

10. Calcineurin Inhibitors 

Cyclosporin (CsA) and tacrolimus are calcineurin inhibitors indicated as 
second-line therapy of severely active IBD. Although they differ in their molecu-
lar structure and intercellular binding characteristics, both drugs exert their im-
munosuppressive role through inhibiting the phosphatase activity of calcineurin, 
impairing the translocation of nuclear factor of activated T cells (NFAT) and, 
thereby, inhibiting IL-2 transcription and T cells activation. The therapeutic effi-
cacy of calcineurin inhibitors is often limited by their severe renal adverse effect. 

11. Cyclosporin (CsA) 

Two major categories of nephrotoxicity have been linked to CsA treatment: the 
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acute and chronic renal injuries. The acute renal damage is characterized by va-
soconstriction that is enhanced by impaired release of vasoconstrictors and re-
sults in increased serum creatinine, dramatic reduction in GFR and renal dys-
function [81]. This vasoconstriction is usually mediated by endothelin, throm-
boxane, angiotensin II, reduction of prostacyclin and nitric oxide [82]. Acute 
injury is often reversed upon drug discontinuation. On the other hand, chronic 
renal injury is characterized by vasoconstriction and structural lesions that are 
associated with irreversible tubular intestinal fibrosis and arteriolopathy [83] 
[84]. The factors implicated in chronic CsA nephrotoxicity are re-
nin-angiotensin-aldosterone system and renal hypoxia [85]. Chronic CsA neph-
rotoxicity is irreversible and often progresses to ESRD. Furthermore, CsA me-
diated-nephrotoxicity depends on the dose and duration of the treatment [86]. 
Although drug efficacy is established in active IBD at higher doses, it has been 
shown that mild nephrotoxicity occurs in uncontrolled trials of low doses of CsA 
(≤5 mg/kg/day), while there is ≥20% risk of nephropathy (interstitial fibrosis, 
tubular atrophy and arteriolopathy) in IBD patients treated with high doses (>5 
mg/kg/day) [87] [88] [89]. The total duration of CsA treatment should not ex-
ceed 4 to 6 months, and treatment using another remission maintenance drug 
should be initiated [90]. 

12. Tacrolimus 

Tacrolimus (FK506), an immunosuppressive drug, was initially used to inhibit 
transplantation rejection. It is also used as a remission-induction therapy in re-
fractory IBD. Studies have demonstrated that the optimal blood trough levels of 
oral tacrolimus after 2 weeks treatment ranged between 10 - 15 ng/ml [91]. The 
incidence of nephrotoxicity significantly increased when the whole blood con-
centration of tacrolimus exceeded 20 ng/ml [92]. Ogata H et al., have reported 
an increase of serum creatinine (30% above baseline) in 14.8% of UC patients 
after 10 weeks of oral tacrolimus administration (reaching blood trough levels of 
8.8 ng/ml at week 10) [91]. Similarly, Sandborn WJ et al., reported an increase in 
serum creatinine in 38% of CD patients treated with tacrolimus (0.2 mg/kg/day 
for 10 weeks), that was successfully managed by dose reduction [93]. Tacrolimus 
appears to be effective in treating pediatric refractory bowel disease; however, 
long-term treatment (more than 1 year) was associated with irreversible renal 
injury [94]. Asada A et al., have demonstrated the correlation between CYP3A5 
genetic polymorphism and nephrotoxicity in tacrolimus-treated UC individuals. 
CYP3A5 is an enzyme responsible for the metabolism of tacrolimus and is ex-
pressed in the liver and intestinal epithelium. In this study, CYP3A5 expressers 
(CYP3A5*1 allele carriers) are more susceptible to nephrotoxicity as compared 
to non-expressers (CYP3A5*3/*3 allele carriers) since they require higher doses 
of oral tacrolimus (0.17 mg/kg/day) and thus they need longer time to achieve 
the blood level of 10 ng/ml, suggesting the importance of prior genotyping of 
CYP3A5 genetic polymorphism in tacrolimus therapy [95]. Others considered 
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the development of selective drug delivery system using micro and na-
no-particles to reduce nephrotoxicty in experimental colitis [96] [97]. 

13. Conclusion 

The EIM of IBD involves a range of renal complications including nephrolithia-
sis, tubulointerstitial nephritis, glomerulonephritis, amyloidosis and drug-related 
nephrotoxicity. Each type of renal damage seems to involve specific pathological 
mechanism. IBD patients are at high risk for the development of nephrolithiasis 
which is characterized by secondary hyperoxaluria and greatly depends on 
amount of resected ileum. IgAN, which the most common glomerulonephritis 
pattern in IBD, is associated with increased systemic IgA and mesangial disposi-
tion. On the other hand, amyloidosis is a rare EIM characterized by increased 
serum Amyloid A and is manifested by proteinuria and renal sufficiency. How-
ever, drug-induced nephrotoxicity appears to be more frequent among IBD pa-
tients. Given the heterogeneity of immune responses implicated in the pathoge-
nesis of such complications, it is still difficult to predict of nature and mechan-
ism of kidney involvement in individuals with IBD. Therefore, early detection of 
these kidney manifestations is of major importance, and regular monitoring of 
renal function in IBD patients by measuring serum creatinine and GFR could 
help guide therapy and eventually reduce the overall morbidity. 
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