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Chapter

Role of Urine Examination in Renal
Transplant Recipients

Lovelesh K. Nigam

Abstract

Kidney transplantation has emerged as a major advance of modern medicine,
providing high-quality life years to patients with end-stage renal disease (ESRD).
Post-transplant monitoring of the transplanted kidney is based on physical
examination, urine volume, the assessment of albuminuria or proteinuria, serum
creatinine, and glomerular filtration rate (GFR) estimation based on serum creati-
nine. Of these multiple investigations, serum creatinine and urine analysis is one of
the most widely used and accepted tool to assess graft dysfunction as well as plan
management. Various immunological (rejections-antibody, cellular) and non-
immunological (polyoma virus nephropathy, mycosis, recurrent/de novo diseases)
may affect the graft function. Changes in various parameters like urine osmolality,
proteinuria, hematuria and presence of casts, crystals and other cellular constitu-
ents aids in diagnosis diseases of the allograft. This chapter thus highlights the
importance of most frequent parameters that help in assessing the graft function.
In addition to these parameters, a brief introduction of biomarkers is also included.
Many studies have shown that these biomarkers have a promising role in diagnosis
of allograft disease and thus avoiding interventional procedures like renal biopsy.
Easy availability as well as low-cost of the urine examination makes it a promising
tool for overall assessment of the graft dysfunction.

Keywords: renal transplant, proteinuria, hematura, rejection, tubular injury,
biomarkers

1. Introduction

Kidney transplantation has emerged as a major advance of modern medicine, pro-
viding high-quality life years to patients with end-stage renal disease (ESRD) [1, 2].
The prevalence of end-stage renal disease requiring transplantation in India is esti-
mated to be between 151 and 232 per million population [3]. Post-transplant monitor-
ing of the transplanted kidney is based on physical examination, urine volume, the
assessment of albuminuria or proteinuria, serum creatinine, and glomerular filtration
rate (GFR) estimation based on serum creatinine [4]. Of these multiple investiga-
tions, serum creatinine and urine analysis is one of the most widely used and accepted
tool to asses graft dysfunction [3]. Urine examination, known as “Uroscopy” in
ancient time was considered as the mirror of medicine for several thousands of years.
The physicians felt they could view the body’s inner workings and get the insight of
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the disease process by urine examination [5]. Urine examination aids diagnosis as well
as management of both native as well as allograft kidney diseases [6].

Specific patterns in urinalysis provide information about graft function as well as
renal diseases that can influence graft function [7]. It is a readily accessible, non-
invasive tool, can be repeated anytime, cost effective as well as better tolerated than
an invasive renal allograft biopsy. There are various causes for graft dysfunction, and
these could be either acute or late. Urine analysis can help in diagnosis, follow-up and
as well help in determining the graft outcome. Urinary abnormalities, such as hema-
turia or casts, are also useful in detecting and diagnosing allograft dysfunction [8, 9].

1.1 Causes of graft dysfunction

Before discussing about the role of urinalysis, it is important to determine the rea-
sons for renal allograft dysfunction [9, 10]. Renal allograft dysfunction may be acute
or late, the causes can broadly be classified as immunological or non-immunological.
The immunological causes are usually acute and chronic rejections. The non-immu-
nological causes include recurrence of a native disease, infections (bacterial, viral or
fungal), acute tubular injury, drug toxicity, vascular complications, etc. [10]

Various parameters have been analyzed in urine of renal transplant recipients.
These include determination of urine volume, urine osmolality, protein, glucose,
blood and leucocytes. We conducted a pilot study in 310 renal transplant recipients
who underwent renal allograft biopsy over a period of one year, where we analyzed
the corresponding urinary findings which were compared with the morphological
findings on renal allograft biopsy.

2. Urine osmolality

Osmolality marks the renal concentrating power, which depends on tubular function
of the nephrons. Mazloum et al. in their study observed that altered osmoregulation
performance, three months after transplantation is independently associated with
allograft loss as well as reduced mGFR at 12 months [11]. When the graft suffers an
ischemic lesion, the osmolality is lower as compared to that of a healthy kidney [12].
When we analyzed our set of patients, we found that the mean osmolality for patients
with morphological evidence of rejection on RAB was 322.7 + 141.3 mOsmol/l. This value
was high as compared to patients having biopsy that were unremarkable for any immune
or non-immune injury (mean urine osmolality: 116.2 + 75.2 mOsmol/l). The osmolality
of patients with biopsy features of acute tubular injury was 210 + 82.2 mOsmol/l. Overall
we recorded a higher value for urine osmolality in patients having acute rejection as
compared to acute tubular injury or an unremarkable graft morphology.

Similar findings were also reported by Jenni et al. The receiver operator curve for
osmolaluria to predict a rejection in the first 14 postoperative days showed an AUC
(area under the curve) of 0.816 on day 2. The same study observed that if osmolaluria
falls below 600 mOsmol/l, sensitivity and specificity for prediction of rejection is
66.7% and 89.5%, respectively [7]. Otto Schuck et al. examined early-morning urine
osmolality in 104 transplant recipients (aged 21-76 years) and compared with findings
of chronic renal allograft nephropathy by studying changes of interstitial fibrosis and
tubular atrophy on biopsy. They postulated that the concentrating capacity of the graft
kidney is decreased, however they did not report a significant correlation between
concentrating function and tubulointerstitial histology findings with a mean urine
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osmolality of 384 + 120 mOsmol/I [13]. In our patients with chronic renal allograft
nephropathy the mean osmolality was found to be 282.4 + 1371 mOsmol/L. In biopsies
with morphological features of interstitial fibrosis and tubular atrophy the mean urine
osmolality was 242.2 + 114.4 mOsmol/l. We conclude that alone urine osmolality might
not be a good variable for diagnosis. The values need to be interpreted with respect to
clinical features as well as taking other findings in considerations.

3. Proteinuria

Proteinuria (including albuminuria) is an independent factor implicated in
kidney damage in native as well as kidney allografts [14]. Recommendations are to
perform urinalysis and urinary protein excretion to be assessed regularly in the post-
transplant period. Most of the studies recommend that these investigations need to
be performed at least every 2 to 3 months during the first post-transplant year and
annually henceforth [8]. Many unique proteins, peptides, and other substances are
excreted in urine in the patients who undergo renal transplant which could be useful
to predict the outcome of the renal allograft [15, 16]. It is estimated that proteinuria
is a common finding in post-transplant patients, the incidence being more than 40%
kidney transplant per year. Various studies have found that even if proteinuria is low
(<500 mg/day), there is still significant reduction in the graft function and reduced
patient survival [17]. Even late onset proteinuria in post-transplant patients has been
found to be associated with reduced graft and patient survival [18]. Proteinuria in
the first year of transplant appears to be multi-factorial. Common causes of protein-
uria implicated are residual proteinuria, glomerular diseases, effects of anti-HLA
class IT antibodies and drugs like mTOR inhibitors, tubulointerstitial disease of the
graft, nephrosclerosis, renal vein thrombosis and reflux nephropathy [7, 17]. Causes
for late onset proteinuria in renal transplant patients include: relapse or de novo
glomerulonephritis, transplant glomerulopathy and chronic rejections. A proteinuria
of >0.5 g/l and > 0.8 g/l have found to have a specificity of 80% and 90%, respec-
tively, regarding prediction of rejection [7]. Studies have shown pre-transplant
proteinuria (even of nephrotic range) considerable reduces in the first weeks, once
a normal functioning kidney is transplanted [7, 17]. This happens due to reduction
in the blood flow which occurs in native kidneys after transplant, if the graft is
functioning normally. In a patient with poor graft function, the blood flow of native
kidneys is maintained, which is the cause for persistent proteinuria in such patients.
For patients with a normal functioning graft, the presence of proteinuria above
3000 mg/day, three weeks after the transplant should raise a suspicion for presence
of a glomerular disease. This could either be a de novo or a recurrence of a primary
glomerulonephritis in the graft.

Many studies have studied the causes for post-transplant proteinuria. Among
the commonly used immunosuppressive agents, only Sirolimus has been impli-
cated in development of post- transplantation proteinuria [19]. One of the studies
documented that 58% of transplant patients with proteinuria (150 mg/day) did
demonstrate transplant-specific lesions (allograft nephropathy, transplant glomeru-
lopathy, or acute rejection) on biopsy as compared to 11% of patients that showed
morphological evidence of glomerulonephritis on biopsy [20]. Shamseddin et al. in
his meta-analysis stated that allograft nephropathy was documented in 8-54% of
patients (average: 32%). Transplant glomerulopathy ranged from 0 to 39% (average:
17%) with an average prevalence of 37% as compared to glomerular disease [21].
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Various methods have been implicated in estimation of urinary protein. Of all the
methods available, urine dipstick testing is highly specific and most commonly used
method used in most of the laboratories. Despite of false-positive or false-negative
results that can be obtained in some situations, it is still the most preferred screening
method for proteinuria. As urine dip-stick is not as sensitive as quantitative methods,
a twenty-four-hour urine protein excretion stands as the gold standard for quantita-
tive protein assessment. In cases where a twenty-four hour urine collection is prob-
lematic, urinary protein/creatinine (mg/mg) ratio can be assessed in a ‘spot’ urine. A
UPCR acts as an excellent surrogate and is shown to have an excellent correlation with
the protein content of a twenty-four-hour urine collection [22].

In our study the mean 24-hour urinary proteinuria was highest in cases which
presented with recurrence of the native disease (4.9 + 2.31 g) followed by patients
with biopsies showing chronic allograft nephropathy (2.69 + 1.96 g). Proteinuria
was insignificant in biopsies with acute rejection (0.5 + 1.46 g). Of the recurrent
diseases maximum proteinuria was observed in biopsies showing focal and segmental
glomerulosclerosis (5.7 + 3.8 g), followed by those with IgA nephropathy (4.4 + 3.6
g) and membranoproliferative glomerulonephritis (4.5 + 1.7 g). Thus evaluation by
24-hour urine protein does help in diagnosis of recurrent diseases as well as chronic
allograft nephropathy.

4, Glucosuria

Recurrence of diabetic nephropathy in renal allograft and post-transplant
diabetes mellitus are the main reasons for glycosuria. Multiple factors come into
play for the above stated diseases. These include transplant done in an old aged
patient, high body mass index, presence of a family history of diabetes, use of
immunosuppressive reagents (Prednisone, Tacrolimus) and concomitant history
of hypertension. Other risk factors include polycystic kidney disease, episode of
immune injury (acute rejection), hepatitis B virus infection and hepatitis C virus
infection. However the KDIGO guidelines recommend determination of blood
glucose levels and glycosylated hemoglobin for diagnosis of diabetes, the role for
the measurement of glucosuria after renal transplantation is limited [7, 23]. In our
study of one year, we did not come across any case of glycosuria or post-transplant
new onset diabetic nephropathy.

5. Hematuria

Presence of at least five red blood cells/high power field (hpf) in three of three
consecutive centrifuged specimens obtained at least seven days apart is defined as
hematuria [24]. Haematuria may be present in 0.7-3% of the general population, and
has a much higher prevalence in patients undergoing renal transplant. Hematuria,
like proteinuria has been implicated as one of the factors for graft loss [25]. Increased
bleeding tendency in renal allograft recipients could be possibly due to preexisting
states of postrenal transplant patients, the use of antiplatelet agents for cardiovas-
cular disease and platelet dysfunction. Additionally, post-transplant patients are
susceptible to anemia which accentuates bleeding diathesis. This usually occurs as the
circulating red blood cells displace platelets towards the vessel wall thus leading to
contact with the subendothelial tissue at the site of injury. Also red blood cells release
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adenosine diphosphate which inactivates prostacyclin and enhances platelet function
[25, 26]. Although mechanisms of hematuria are many, following causes are main
causes for hematuria in renal transplant patients:

5.1 Infections

Immunosuppressants are mainstay for graft stability, however use of these agents
predisposes patients to urinary tract infections, which can be heralded by the sign
of haematuria. Rivera-Sanchez conducted a prospective study on post-renal trans-
plant patients with hematuria. They reported nearly 37% of the renal transplant
recipients with hematuria have urinary tract infection, of which 13.4% had history
of recurrent infections [27]. Certain predisposing factors have been implicated in
causing recurrent acute graft pyelonephritis. These include presence of anatomical
abnormalities like strictures at the ureterovesical junction or neurogenic bladder.
Vesicoureteral reflux in these patients also contribute to recurrent infections [24]. As
these patients are immunosuppressed, a higher index of suspicion for mycobacterial,
fungal, and viral infection has to be kept in mind. Hematuria can occur secondary to
cystitis, sparing the kidneys and can be associated with bacteria, fungus or viruses.
Fungal organisms associated with hemorrhagic cystitis include Candida albicans,
Cryptococcus, Aspergillus fumigates and mucormycosis whereas viruses implicated
include BK virus, adenovirus, Cytomegalovirus, and herpes virus [28, 29].

5.2 Malignancy

Patients undergoing renal transplant are at risk of developing certain malignan-
cies, in particular those cancers that are associated with viral infections. Common
viruses include human papillomavirus (HPV) for cutaneous malignancies and
Epstein-Barr virus (EBV) which are associated with post-transplant lymphoprolifera-
tive diseases.

Incidence of urological malignancies in these patients is less common. However
some malignancies that can occur in these patients and present as hematuria include,
renal cell carcinoma and cancers of the urinary bladder. Risk factors implicated
in development of renal cell carcinoma are: prior history of renal cell carcinoma,
polycystic kidney disease (PKD), duration of dialysis pre-transplant and tuberous
sclerosis [30]. Larcom et al. showed that there is an estimated twofold increase for
development of prostate carcinoma in the first 3 years after transplantation [31].

5.3 Rejections

Chronic rejection of the transplanted kidney typically presents with microscopic
haematuria. Isolated case reports of patients with rejection presenting with gross
haematuria have been documented [32].

5.4 Disease recurrences

Haematuria is a common manifestation of recurrence of glomerulonephritis.
Those glomerulonephritis which present with a primarily nephritic picture present
with hematuria predominantly. These commonly include Goodpasture’s syndrome,
systemic lupus erythematosus, and Ig A nephropathy. Acute syndromes that pres-
ent with hematuria and lead to acute progressive renal failure with proteinuria
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and anemia include anti-neutrophil cytoplasmic autoantibodies (ANCA) and anti-
glomerular basement membrane (GBM) glomerulonephritis [33].

Another remote cause for hematuria is development of a pseudoaneurysm in renal
transplant recipient. A pseudoaneurysm is defined as arterial dilation accompanied
with disruption of the one or more layers of the arterial wall. This lesion may be
present at the site of puncture as a complication of procedures like arterial catheter-
ization or as a complication of percutaneous nephrolithotomy (PCN). This procedure
is done in a native or a transplanted kidney following a urinary tract obstruction and
an infected hydronephrosis. Other reasons for doing a PCN include: urinary leakage,
to remove calculi or a foreign body, chemotherapy and for urinary diversion due to
hemorrhagic cystitis [34].

In our pilot study we observed hematuria in 35 (11.2%) patients. Of these 15 (4.8%)
of a total 43 patients with active antibody mediated rejection (AMR) presented with
hematuria, i.e. 34.8% patients with active AMR showed RBCs in their urine. Of 15
(4.8%) patients having recurrent glomerulonephritis, 9 (60%) presented with hema-
turia, five had IgA nephropathy and two each of C3 glomerulopathy and systemic
lupus nephritis. None of the patients with acute tubular injury or chronic rejections
or cellular rejection pr with patients with biopsy reported as unremarkable presented
with hematuria. Thus, hematuria if present does indicate a disease process of graft.

5.5 Urinary tract infection (UTT)

Patients undergoing renal transplant have a suppressed immune response and
hence have poor resistance to infection. Thus, infections in these group of patients
is quite a common leading to morbidity and mortality post-transplantation [35].
Infections are the second most common cause for causing death in patients with renal
transplant. The most common cause for predisposition of these patients to infec-
tion is that they are immunocompromised. Infection of the urinary tract is the most
common infection affecting these subsets of patients, with an estimated incidence
between 10 and 98% and is implicated for a longer hospital stay as well as increased
health care cost [36-38].

Urine examination plays an indispensable role in diagnosis of urinary tract
infection. Significant quantitative bacterial count (of >105 CFU/mL) in an appro-
priately collected urine sample aids the diagnosis of UTI in patients showing signs
and symptoms of urinary tract infection [37]. Urinalysis in adjunct with urine
culture studies are essential in determination of the causative organism of pyuria
[39]. Presence of leucocytes in urine is an indicator of acute pyelonephritis and
urinary tract infection [36, 37].

UTI can have enormous consequences on the lives of kidney recipients. For
instance, it is the most common source of bloodstream infection among recipients,
especially when it occurs during the first three months after transplantation [40].
Evaluations of UTI effects on renal parenchyma have shown how infections of the
urinary system may result in prolonged inflammation and potential renal scarring
[40, 41], which can lead to impaired renal function [42].

6. Role of novel biomarkers in renal transplant recipients

With advances in the field of renal transplantation, newer modalities for monitor-
ing graft function have been developed. Determination of novel biomarkers in urine,
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plasma, serum and tissue have been implicated in monitoring renal allograft function.
According to WHO, a novel biomarker is defined as a “alteration occurring at cellular,
biochemical or molecular level in cells, tissues or body fluid which can be measured
and evaluated to indicate the normal biological or a pathogenic processes, or a phar-
macological response to a therapeutic intervention [43, 44]. Serum creatinine level, is
the most commonly used biochemical parameter to assess the renal allograft func-
tion, but is not an affective marker to detect early renal dysfunction. This happens

as creatinine concentration in serum is greatly influenced even by various non-renal
factors (factors influencing serum creatinine levels: body weight, race, age, gender,
total body volume, drugs, muscle metabolism, protein intake) [4, 43]. Additionally,
it is not able to predict or evaluate the progression of chronic injury and making it

a non-specific or non-predictive marker for graft dysfunction. Alternatively, this
makes the histological examination through renal allograft biopsy the gold standard
to determine the immunological or non-immunological cause for graft dysfunction
[4, 11]. Therefore, these biomarkers, can be used for diagnosis of patients with a
disease or an abnormal organ function and also to know the severity and prognosis of
a disease, as well as monitor response to a medical procedure [4]. Thus, it is predicted
that estimation of these novel biomarkers could possibly help in early recognition of
allograft disease as well as help in monitoring disease activity. In addition to this, it is
predicted that the novel marker estimation would optimizing the need for an invasive
biopsy [45-47].

However, biopsy being an invasive procedure, may not be straightforward to
perform and can be complicated by major bleeding. Other drawbacks associated are:
risk of potential sampling errors, the inter-observer variability in assigning Banff
scores and associated cost of the procedure. Hence it is not only impractical, it is also
cumbersome and economically not feasible to monitor graft function by renal biopsy.
Urine, on the other hand are readily available and direct product of the allograft and
have minimal influence from systemic inflammation, making it a more desirable
source for biomarkers [48].

An ideal biomarker is supposed to have certain characteristics. These include read-
ily availability, accuracy, low cost, should be easy to standardized, produce repeatable
results and be non-invasive. Overall such a biomarker should be useful to reduce
the necessity for performing a renal allograft biopsy and help the clinician for early
management [43, 44, 48].

6.1 Classification of novel biomarkers for renal allografts

Biomarkers used to monitor renal allografts can be grouped under two broad
headings [44]:

* Immunologic biomarkers: Immunologic biomarkers are those characterizing
immune dysfunction ranging from subclinical to overt rejection. These include
following:

* Chemokines: Cystine-X-Cystine (C-X-C) motif chemokines 9 and 10, Plasma-
derived fractalkine, IFN-y, and interferon gamma-induced protein 10, cluster of
differentiation thirty (CD30).

* Free micro ribonucleic acid: specific serum microRNAs miR-15B, miR-103A, and
miR-106A, miR-223-3p, miR-424-3p, miR-145-5p.
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* Leukocyte subclasses: donor-reactive memory B cells (mBCs), Donor-specific
memory CD4 T cells.

* Gene expression profiles: Kidney Solid Organ Response Test (17 gene set),
TruGraf® Molecular diagnostic test.

* Donor-derived cell-free deoxyribonucleic acid:

* Non-immunological biomarkers: Biomarkers that demonstrate adverse trans-
plant outcomes, where immune dysfunction is not the only sole aberration
implicated in the disease process, e.g., delayed graft function, cardiovascular
events, infection, malignancy.

* Graft quality: The first and foremost important step in kidney transplantation is
appropriate allocation of the organs and to predict the future outcome of trans-
planted organ. The biomarkers in this category include neutrophil gelatinase-
associated lipocalin (NGAL) and liver fatty acid binding protein, KIM-1.

* Delayed graft function: It’s a type of acute kidney injury, occurring in the first
week after transplantation making renal replacement therapy essential for
management. This group includes determination of NGAL.

6.2 Neutrophil gelatinase-associated lipocalin (NGAL) (Aka: uterocalin/
lipocalin-2, 24p3/siderocalin)

This molecule is a member of lipocalin superfamily with molecular weight of
isa21 kD [49]. NGAL is secreted by neutrophils, acting as an acute-phase proteins
[44]. First discovered as a complex protein with human neutrophil gelatinase in 1993
[49]. NGAL molecule is found in 3 isoforms: monomeric (25 kDa), dimeric (45 kDa),
and as heterodimeric (135 kDa—complexed with gelatinase) [49]. The gene for this
protein is located on chromosome 9 and this molecule is expressed in renal, liver,
endothelial, smooth muscle cells, neurons, and cells of immune system (macrophages
and dendritic cells) [50-52]. NGAL molecule expresses its action via a primary ligand,
siderophore and metalloproteinase 9 (MMP-9) and is present in plasma as well as
urine [4, 49]. Why is NGAL considered to be a biomarker of choice? The reason is that
this biomarker is quite efficient and accurate in detecting kidney injury, very early
in the post-transplant period. It is observed that there occurs a rapid rise of NGAL in
urine, which is detectable even within few hours after the initial insult, whereas rise
in serum creatinine occurs hours later [53]. Following AKI, the glomerular filtration
rate (GFR) is also reduced which in turn causes the levels of NGAL to rise. A study
showed that in patients with acute kidney injury, the levels of NGAL in blood and
urine increase by 300-fold (0.1-30 pg/ml) and 1000-fold (0.04-40 mg/ml), respec-
tively [52]. In severe cases of acute tubular injury large quantities of NGAL is excreted
into urine, reaching almost up to 1000-fold. This happens due to induction of NGAL
mRNA and protein in the renal epithelium as this molecule is expressed in the renal
epithelium. Many studies have postulated that patients with higher urinary NGAL
values in the early posttransplant phases are more prone to develop delayed graft dys-
function [53]. It has been observed that increase in serum creatinine happens several
hours after renal cell destruction, but increase in urine/blood levels of NGAL can be
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observed as early as two hours of inception of injury. Thus, it is suggested that NGAL
can be used to assess transplant status as early as a few hours post-transplantation [4].

6.3 Kidney injury molecule: 1 (KIM-1)

This protein is a type-1 transmembrane glycoprotein. KIM-1 comprises of two
domains, viz.: six-cysteine immunoglobulin-like domain and a mucin domain
(extracellular) [54]. KIM-1 also known as HAVCR/TIM-1 is a protein of 104 kD and
the gene for this protein is located on chromosome 5q33.2 [4, 55]. KIM-1 (designated
as Kim-1 in rodents, KIM-1 in humans) mRNA was identified using techniques of
representational difference analysis (which is a PCR-based technique). This tech-
nique, which was carried out to find genes, the expression of which was found to be
markedly upregulated 24-48 hours after ischaemia in the rat [56]. KIM-1 is expressed
in the kidney, liver, and spleen and uninjured kidney tissue. Urine expresses very low
or undetectable levels of KIM-1. Studies have shown that KIM-1 plays different roles
via various molecular targets in immune diseases and kidney injury. This molecule is
expressed on the apical membrane surface of proximal tubular epithelial cells of the
kidney (in the S3 segment) and readily responds to hypoxia and renal tubular injury.
The extracellular domain of KIM-1 molecule is a quantitative marker of kidney injury
and is detached by metalloproteinases and then secreted into the urine. KIM-1 is also
an important marker for kidney transplant rejection [52-55]. Various studies includ-
ing one by Jin et al. reported that serum KIM-1 might be a marker for the prediction
of early kidney transplant rejection. They also predicted that this molecule could
possibly be helpful in monitoring renal graft function in transplant recipients, and
thus might contribute in early diagnosis of organ rejection [57].

6.4 C-X-C motif chemokine 10 (CXCL-10)

This molecule is an interferon-y-inducible protein-10 (IP-10), a chemokine belong-
ing to the CXC subfamily. This molecule consists of two cysteines that are located at
the N-terminus. These two cysteines are separated by a single amino acid which can be
variable [58]. The gene for this protein is located on chromosome 4. This chemokine
is excreted from all the leukocytes, viz. neutrophils, eosinophils, monocytes and
epithelial, endothelial, as well as stromal cells and keratinocytes. The chemokine is
secreted as a response to several proinflammatory factors, like interferon-y (IFN-y)
[58, 59]. CXCL-10 is secreted by leukocytes in the transplanted kidney and is a marker
for inflammation. According to the observations of Elkman et al. CXCL9 and CXCL10,
which are induced by IFNy are supposedly to be the most studied as well as promising
protein biomarkers for predicting acute renal rejection. Both CXCL9 and CXCL10 bind
with CXCR3, that are expressed on activated T-cell which in turn recruit T-cells to the
inflammatory site [45]. Schaub et al. demonstrated that the sensitivity and specificity
of urinary CXCL-10 (uCXCL-10) exceeded those of serum creatinine levels. Various
studies have been performed to determine the role of CXCL10 molecule in allogenic
kidney transplant rejection. Study by Ciftci et al. which was performed on living donor
related transplant recipients to assess the efficacy of CXCL10, showed that urine levels
of CXCL-10 correlates well with serum creatinine level is patients having acute cellular
rejection [60-62]. On the other hand, Rabant et al. studied 244 renal allotransplant
recipients and monitored urinary CXCL-10 and serum creatinine levels. They further
determined the ratio of CXCL10 and serum creatinine and proposed that the ratio
can effectively determine the risk of antibody-dependent transplant rejection [63].
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Blydt-Hansen et al. also reported similar observation for the CXCL-10 to creatinine
ratio in pediatric renal transplant recipients and concluded CXCL-10 to be a promis-
ing biomarker of acute cellular rejection [64]. Matz et al. in his study reported that
CXCL-10 chemokine levels may predict the development of acute cell-type rejection
[65]. Watson et al. demonstrated that high pretransplant serum CXCL-10 levels may
indicate a high risk of severe rejection and transplant failure and it would be appropri-
ate to determine the CXCL-10 levels pre-transplantation [66]. Jackson et al. found that
urine CXCL-10 levels can increase in acute transplant rejection as well as in patients
suffering from polyoma virus nephropathy, however this chemokine cannot be used to
differentiate between these two conditions [67].

6.5 Calreticulin (CRT)

CRT is a major calcium 2+ (Ca2+) binding (storage) protein. This protein is pres-
ent in the lumen of the endoplasmic reticulum with a molecular weight of 46 kDa,
having 400 amino acid residues. This protein is basically a major Ca2+ binding
chaperon. Calreticulin has three distinct structural domains: the amino-terminal
N-domain, middle P-domain, and the terminal carboxyl-C-domain along with a
cleavable amino acid signal sequence. This amino acid signal sequence is present at
the beginning of the N-terminal, which helps in directing CRT to the endoplasmic
reticulum. The C-terminal functions for ER retention/retrieval signal. Two main
functions have been implicated to this protein in the ER: One as a chaperon and other
as a Ca2+ binding and storage protein. It can be identified at several other sub-cellular
locations like cell surface, cytoplasm, and the extracellular matrix [68].

6.6 Cystatin C (CysC)

CysC is an endogenous proteinase inhibitor with a molecular weight of ~13.4 kD.
This molecule is a member of cystatin superfamily of cysteine protease inhibitors.
The main function of the protein is to inhibit cathepsins, namely cathepsin L, B, and
H [69, 70]. CysC is composed of polypeptide chain having 120 amino acids and the
chromosome 20 harbors the gene for this protein [71]. CysC has a role in intracellular
catabolism of proteins and peptides. Another advantage of this protein is that concen-
tration of CysC does not depend on factors like gender, age, or muscle mass, making
it more suitable to determine the dynamics of GFR changes as compared to serum
creatinine [72]. Krishnamurthy et al. concluded CysC as an additional diagnostic
parameter in assessing the function of a transplanted organ, which additionally might
be helpful and serve to tailor immunosuppressive treatment [73]. Changes in the
glomerular filtration rate secondary to a deteriorating transplant function and thus an
increased risk of rejection, can be detected by the determination of cystatin C accord-
ing to, according to Taghizadeh Afshari et al. Study by A. Taghizadeh-Afshari showed
that at 14 days post-transplant, levels of CysC exceeds the sensitivity and specificity
of serum creatinine [74]. Similar observations were also made by Le Bricon et al.
According to him CysC is a more accurate marker than serum creatinine. He addition-
ally postulated role of Cystatin C in assessing the toxic effects of treatment [75].

6.7 Osteopontin (OPN):0020

Osteopontin, also known as bone sialoprotein 1 (BSP-1) or secreted phosphopro-
tein 1 (SPP1) and also as early T-lymphocyte activation-1 (ETA-1). This protein is
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an extracellular matrix protein with a molecular weight of approximately 35 kD. It
is composed of a polypeptide chain comprising of 314 amino acids. The polypeptide
chain contains sequence of arginine-glycine-asparagine binding integrin [76-78].
This molecule is encoded by a single-copy gene which is mapped on the human
chromosome 4 (4q13). This molecule is expressed on intestinal epithelial cells,
bone, kidney, and immune cells, such as macrophages, dendritic cells, and the T
lymphocytes [79, 80]. The serum osteopontin concentration in a normal individual
is estimated to be around 23.56 ng/ml [80]. Osteopontin, in kidney, is produced at
distal part of nephron. The function of this molecule is implicated in formation of
renal vessels [81, 82].

6.8 Clusterin (CLU)

CLU is also called as apolipoprotein ] (CLU). It is a glycosylated protein and is
composed of two chains, the a-chain and p-chain. These both are linked via disulfide
bonds and in human body it is present in two isoforms — secretory type and nuclear
type. The mass of the secretory type is 80 kD, and is implicated in removing residues
formed after apoptosis. The nuclear type isoform is 50 kD and has its role in DNA
repair. The gene encoding for this protein is located on chromosome 8. Clusterin
molecule has a role in apoptosis as well as in antiapoptotic pathway. CLU in human
body is present in various organs, including kidney and is also detected in all biologi-
cal fluids. The physiological concentrations of CLU in serum range from 35 to 105 pg/
ml. In kidney, this molecule is present in the tubules and has numerous antiapoptotic
functions, by mediating cell protection, recycling of lipids, attachment and aggrega-
tion of cells. Although the function or utility of CLU in renal transplant rejection is
yet to be analyzed [83-85].

7. Conclusion

Multiple causes can affect the functioning of the renal allograft, and there are
multiple modalities that are recommended in evaluation of the renal transplant. In
the present era where most of the investigations fall under the category of molecu-
lar tests and genetics, immunohistochemistry, cytogenetics etc., urine examination
still plays an indispensable role in management of the renal allograft. Overall cer-
tain parameters like urine osmolality, proteinuria, hematuria and urine microscopy
along with the newer molecules (biomarkers) are a hit and help in monitoring of
the renal allograft.

11



Advances and Challenges in Urine Laboratory Analysis

Author details

Lovelesh K. Nigam

Laboratory Medicine, Department of Pathology, Transfusion Services and
Immunohematology, G.R. Doshi and K.M. Mehta Institute of Kidney Diseases
and Research Centre and Dr. H.L. Trivedi Institute of Transplantation Sciences,
Ahmedabad, India

*Address all correspondence to: drloveleshnigam@gmail.com

IntechOpen

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

12



Role of Urine Examination in Renal Transplant Recipients

DOI: http://dx.doi.org/10.5772/intechopen.112967

References

[1] Garcia GG, Harden P, ChapmanJ.
The global role of kidney
transplantation. Kidney & Blood
Pressure Research. 2012;35:299-304.
DOI: 10.1159/000337044

[2] Abecassis M, Bartlett ST, Collins AJ,
Davis CL, Delmonico FL, Friedewald JJ,
et al. Kidney transplantation as primary
therapy for end-stage renal disease: A
National Kidney Foundation/kidney
disease outcomes quality initiative (NKF/
KDOQITM) conference. Clinical Journal
of the American Society of Nephrology.
2008;3(2):471-480. DOI: 10.2215/
CJN.05021107

[3] Shroff S. Current trends in kidney
transplantation in India. Indian
Journal of Urology. 2016;32(3):173-174.
DOI: 10.4103/0970-1591.185092

[4] Rogulska K, Wojciechowska-Koszko I,
Dotegowska B, Kwiatkowska E,
Roszkowska P, et al. The Most promising
biomarkers of allogeneic kidney
transplant rejection. Journal of
Immunology Research; 2022. 18 pages.
Article ID 6572338. DOI: 10.1155/
2022/6572338

[5] Armstrong JA. Urinalysis in Western
culture: A brief history. Kidney
International. 2007;71:384-387

[6] Hashmi P, Ho C, Morgan S,
Stephenson JR. Routine urinanalysis
in renal transplant patients. Journal of
Clinical Pathology. 1995;48:383-384

[71 Jenni F, Riethmiller S, Wiithrich RP.
Significance of urine diagnostic tests
after renal transplantation. Kidney &
Blood Pressure Research. 2013;37:116-
123. DOI: 10.1159/000350065

[8] Kidney Disease: Improving Global
Outcomes (KDIGO) Transplant Work

13

Group. KDIGO clinical practice guideline
for the care of kidney transplant
recipients. American Journal of
Transplantation. 2009;9 (Suppl. 3):S1-S155

[9] Kunthara MG, Sahay M,

Hussain HI, Ismal K, Vali PS, Kavadi A,
et al. Posttransplant renal allograft
dysfunction — A retrospective

observational study. Indian Journal of
Transplantation. 2021;15:232-240

[10] Goldberg RJ, Weng FL, Kandula P.
Acute and chronic allograft dysfunction
in kidney transplant recipients.

Medical Clinics of North America. May
2016;100(3):487-503. DOI: 10.1016/j.
mcna.2016.01.002. PMID: 27095641

[11] Mazloum M, Jouffroy J, Brazier F,
Legendre C, Neuraz A, Garcelon N,

et al. Osmoregulation performance and
kidney transplant outcome. Journal of
the American Society of Nephrology.
2019;30(7):1282-1293. DOI: 10.1681/
ASN.2018121269

[12] Zimmermann-Spinnler M. Urinlabor.
Liestal CH: Medical Laboratory
Consulting AG; 1991. pp. S41-S44

[13] Ondiej OS, Voska VL, Yladimir AJ,
et al. Early morning urine osmolality
in patients with chronic allograft
nephropathy. Transplant International.
2004;17:270-271. DOI: 10.1007/
s00147-004-0707-6

[14] Amer H, Filder ME, Myslak M,
Morales P, Kremers WK, Larson TS, et al.
Proteinuria after kidney transplantation,
relationship to allograft histology

and survival. American Journal of
Transplantation. 2007;7(12):2748-2756.
DOI: 10.1111/j.1600-6143.2007.02006.x

[15] Stevens LA, Coresh J, Greene T, et al.
Assessing kidney function-measured



Advances and Challenges in Urine Laboratory Analysis

and estimated glomerular filtration rate.
The New England Journal of Medicine.
2006;354:2473-2483

[16] Knoll GA. Proteinuria in kidney
transplant recipients: Prevalence,
prognosis, and evidence-based
management. American Journal of
Kidney Diseases. 2009;54(6):1131-1144

[17] Sudrez Fernandez ML, G-Cosio F.
Causes and consequences of proteinuria
following kidney transplantation.
Nefrologia. 2011;31(4):404-414. English,
Spanish. DOI: 10.3265/Nefrologia.
pre2011.May.10972

[18] Fernandez-Fresnedo G, Plaza J,
Sanchez-Plumed ], Sanz-Guajardo A,
Palomar-Fontanet R, Arias M. Proteinuria:
A new marker of long-term graft and
patient survival in kidney transplantation.
Nephrology, Dialysis, Transplantation.
2004;19:1ii47-i1i51

[19] Rangan GK. Sirolimus-associated
proteinuria and renal dysfunction.

Drug Safety. 2006;29(12):1153-1161.
DOI:10.2165/00002018-200629120-00006

[20] Oblak M, Mlinsek G, Kojc N,

Frelih M, Buturovié-Ponikvar J, Arnol M.
Spot urine protein excretion in the first
year following kidney transplantation
associates with allograft rejection
phenotype at 1-year surveillance
biopsies: An observational National-
Cohort Study. Frontiers in Medicine
(Lausanne). 2021;8:781195.

DOI: 10.3389/fmed.2021.781195

[21] Khaled SM, Knoll Greg A.
Posttransplantation proteinuria: An
approach to diagnosis and management.
Clinical Journal of the American Society
of Nephrology. 2011;6(7):1786-1793.
DOI: 10.2215/CJN.01310211

[22] Yang F, Shi ]S, Gong SW, Xu XD,
Le WB. An equation to estimate 24-hour

14

total urine protein excretion rate in
patients who underwent urine protein
testing. BMC Nephrology. 2022;23(1):49.
DOI: 10.1186/s12882-022-02673-2

[23] Xia M, Yang H, Tong X, Xie H,

Cui F, Shuang W. Risk factors for
new-onset diabetes mellitus after kidney
transplantation: A systematic review
and meta-analysis. Journal of Diabetes
Investigation. 2021;12(1):109-122.

DOI: 10.1111/jdi.13317

[24] Saleem MO, Hamawy K. Hematuria.
[updated August 8, 2022]. In: StatPearls
[Internet]. Treasure Island (FL):
StatPearls Publishing; 2022 Available
from: https://www.ncbi.nlm.nih.gov/
books/NBK534213/

[25] Wang Z, Vathsala A, Tiong HY.
Haematuria in postrenal transplant
patients. BioMed Research
International. 2015;2015:292034.
DOI: 10.1155/2015/292034

[26] Trivedi HS, Lal SM, Gupta N,

Ross R Jr. ATGAM associated
coagulopathy in renal transplant
patients: A report of two unusual cases.
The International Journal of Artificial

Organs. 1996;19(8):448-450

[27] Rivera-Sanchez R, Delgado-Ochoa D,
Flores-Paz RR. Prospective study of
urinary tract infection surveillance after
kidney transplantation. BMC Infectious
Diseases. 2010;10, Article 245.

DOI: 10.1186/1471-2334-10-245

[28] Manikandan R, Kumar S,
Dorairajan LN. Hemorrhagic cystitis:

A challenge to the urologist. Indian
Journal of Urology. 2010;26(2):159-166.
DOI: 10.4103/0970-1591.65380

[29] Yagisawa T, Nakada T, Takahashi K,
Toma H, Ota K, Yaguchi H. Acute
Hemorrhagic cystitis caused by adenovirus
after kidney transplantation. Urologia



Role of Urine Examination in Renal Transplant Recipients

DOI: http://dx.doi.org/10.5772/intechopen.112967

Internationalis. 1995;54:142-146.
DOI: 10.1159/000282708

[30] Schwarz A, Vatandaslar S,

Merkel S, Haller H. Renal cell carcinoma
in transplant recipients with acquired
cystic kidney disease. Clinical Journal

of the American Society of Nephrology.
2007;2(4):750-756

[31] Larcom RC Jr, Carter GH.
Erythrocytes in urinary sediment:
Identification and normal limits. With
a note on the nature of granular casts.

The Journal of Laboratory and Clinical
Medicine. 1948;33(7):875-880

[32] Newman LB, Anderson EE,
Schulman CC. Renal allograft rejection
presenting with gross hematuria:

Case report. Acta Urologica Belgica.
1972;40(4):825-829

[33] Nakamura T, Shirouzu T.
Antibody-mediated rejection and
recurrent primary disease: Two Main
obstacles in abdominal kidney, liver,
and pancreas transplants. Journal of
Clinical Medicine. 2021;10(22):5417.
DOI: 10.3390/jcm10225417

[34] Young M, Leslie SW. Percutaneous
nephrostomy. [updated 2022 Nov 28].
In: StatPearls [Internet]. Treasure
Island (FL): StatPearls Publishing; 2022
Available from: https://www.ncbi.nlm.
nih.gov/books/NBK493205/

[35] Singh N, Limaye AP. Infections
in solid-organ transplant recipients.
In: Mandell, Douglas, and Bennett's
Principles and Practice of Infectious
Diseases. 2015. pp. 3440-3452.

DOI: 10.1016/B978-1-4557-4801-3.00313-1.

PMCID: PMC7151835

[36] Anastasopoulos NA, Duni A,

Peschos D, Agnantis N, Dounousi E.
The Spectrum of infectious diseases
in kidney transplantation: A review

15

of the classification, pathogens and
clinical manifestations. Infectious
Diseases in Kidney Transplantation.
2015;29:415-422

[37] Nigam LA, Vanikar AV,

Patel RD, Kanodia KV, Suthar KS.
Urinary Tract Infection in Renal Allograft
Recipents. In: Tomas J, Daca A,
Debska-Sliziet MA, editors. London,
UK: IntechOpen; [Internet]. 2018.

DOI: 10.5772/intechopen.77171

[38] Olenski S, Scuderi C, Choo A,
Bhagat Singh AK, Way M, Jeyaseelan L,
et al. Urinary tract infections in renal
transplant recipients at a quaternary care
Centre in Australia. BMC Nephrology.
2019;20(1):479. DOI: 10.1186/
s12882-019-1666-6

[39] Goldman JD, Julian K. Urinary tract
infections in solid organ transplant
recipients: Guidelines from the American
Society of Transplantation infectious
diseases Community of Practice. Clinical
Transplantation. 2019;33(9):€13507.
DOI:10.1111/ctr.13507

[40] Memikoglu KO, Keven K, Sengul S,
et al. Urinary tract infections following
renal transplantation: A single-center
experience. Transplantation Proceedings.

2007;39(10):3131-3347

[41] Ramsey DE, Finch WT, Birtch AG.
Urinary tract infections in kidney
transplant recipients. Archives of
Surgery. 1979;114(9):1022-1025

[42] Ariza-Heredia EJ, Beam EN,
Lesnick TG, Kremers WK, Cosio FG,
Razonable RR. Urinary tract infections
in kidney transplant recipients: Role

of gender, urologic abnormalities, and
antimicrobial prophylaxis. Annals of
Transplantation. 2013;18:195-204.
DOI: 10.12659/A0T.883901

[43] Wang H, Lin ZT, Yuan Y, Wu T. Urine
biomarkers in renal allograft. Journal



Advances and Challenges in Urine Laboratory Analysis

of Translational Internal Medicine.
2016;4(3):109-113. DOI: 10.1515/
jtim-2016-0032

[44] Swanson K], Aziz F, Garg N,
Mohamed M, Mandelbrot D, Djamali A,
et al. Role of novel biomarkers in kidney
transplantation. World Journal of
Transplantation. 2020;10(9):230-255
Available from: https://wwwwjgnet.
com/2220-3230/full/v10/i9/230.htm.
DOI: 10.5500/wijtv10.i9.230

[45] Eikmans M, Gielis EM, Ledeganck K],
Yang J, Abramowicz D, Claas FFJ. Non-
invasive biomarkers of acute rejection

in kidney transplantation: Novel targets
and strategies. Frontiers in Medicine
(Lausanne). January 2019;5(8):358.

DOI: 10.3389/fmed.2018.00358. PMID:
30671435; PMCID: PMC6331461

[46] Naesens M, Anglicheau D. Precision
transplant medicine: Biomarkers to the
rescue. Journal of the American Society
of Nephrology. 2018;29:24-34

[47] Wiebe C, Ho J, Gibson IW, Rush DN,
Nickerson PW. Carpe diem-time to
transition from empiric to precision
medicine in kidney transplantation.

American Journal of Transplantation.
2018;18:1615-1625

[48] Guzzi F, Cirillo L, Buti E,
Becherucci F, Errichiello C, Roperto RM,
et al. Urinary biomarkers for diagnosis
and prediction of acute kidney

allograft rejection: A systematic

review. International Journal of
Molecular Sciences. 2020;21(18):6889.
DOI: 10.3390/ijms21186889

[49] Ning M, Mao X, NiuY, Tang B,
Shen H. Usefulness and limitations

of neutrophil gelatinase-associated
lipocalin in the assessment of kidney
disease. The Journal of Laboratory and
Precision Medicine (JLPM). 2018;3(1).
DOI: 10.21037/jlpm.20

16

[50] Al-Refai AA, Tayel SI, Ragheb A,
et al. Urinary neutrophil gelatinase
associated lipocalin as a marker of
tubular damage in type 2 diabetic
patients with and without albuminuria.
Open Journal of Nephrology.
2014;4(1):37-46

[51] Szumilas D, Wojnar ], Chudek J.
Neutrophil gelatinase-associated lipocalin
as a marker of acute renal failure in
cancer patients treated with cisplatin.

Nowotwory. Journal of Oncology.
2016;66(2):160-166

[52] Beker B, Corleto M, Fieiras C,
Musso C. Novel acute kidney injury
biomarkers: Their characteristics utility
and concerns. International Urology and

Nephrology. 2018;50(4):705-713

[53] Cappuccilli M, Capelli I, Comai G,
Cianciolo G, La Manna G. Neutrophil
gelatinase-associated Lipocalin as a
biomarker of allograft function after
renal transplantation: Evaluation of
the current status and future insights.
Artificial Organs. 2018;42(1):8-14.
DOI: 10.1111/a0r.13039

[54] Bailly V, Zhang Z, Meier W,

Cate R, Sanicola M, Bonventre JV.
Shedding of kidney injury molecule-1, a
putative adhesion protein involved

in renal regeneration. Journal of
Biological Chemistry. 2002;277(42):
39739-39748

[55] Medié B, Rov¢anin B, Basta
Jovanovi¢ G, Radojevié—gkodrié S,
Prostran M. Kidney injury molecule-1
and cardiovascular diseases:

From basic science to clinical

practice. BioMed Research
International. 2015;2015:854070.

. DOI: 10.1155/2015/854070.

PMID: 26697493; PMCID: PMC4677159

[56] Bonventre JV. Kidney injury
molecule-1 (KIM-1): A urinary



Role of Urine Examination in Renal Transplant Recipients

DOI: http://dx.doi.org/10.5772/intechopen.112967

biomarker and much more. Nephrology,
Dialysis, Transplantation. 2009;24:3265-
3268. DOI: 10.1093/ndt/gtp010

[57] Jin ZK, Tian P, Wang X, et al. Kidney
injury molecule-1 and osteopontin:
New markers for prediction of early

kidney transplant rejection. Molecular
Immunology. 2013;54(3-4):457-464

[58] Neville LF, Mathiak G, Bagasra O. The
immunobiology of interferon-gamma
inducible protein 10 KD (IP-10): A

novel, pleiotropic member of the C-X-C
chemokine superfamily. Cytokine &
Growth Factor Reviews. 1997;8(3):207-219

[59] Zlotnik A, Yoshie O. Chemokines:
A new classification system and

their role in immunity. Immunity.
2000;12(2):121-127

[60] Liu M, Guo S, Hibbert ], et al.
CXCL10/IP-10 in infectious diseases
pathogenesis and potential therapeutic

implications. Cytokine & Growth Factor
Reviews. 2011;22(3):121-130

[61] Schaub S, Nickerson P, Rush D,
et al. Urinary CXCL9 and CXCL10 levels
correlate with the extent of subclinical

tubulitis. American Journal of
Transplantation. 2009;9(6):1347-1353

[62] Ciftci HS, Tefik T, Savran MK, et al.
Urinary CXCL9 and CXCL10 levels and
acute renal graft rejection. International

Journal of Organ Transplantation
Medicine. 2019;10(2):53-63

[63] Rabant M, Amrouche L, Lebreton X,
et al. Urinary C-X-C motif chemokine 10
independently improves the noninvasive
diagnosis of antibody-mediated

kidney allograft rejection. Journal of

the American Society of Nephrology.
2015;26(11):2840-2851

[64] Blydt-Hansen TD, Gibson IW,
Gao A, Dufault B, Ho J. Elevated urinary

17

CXCL10-to-creatinine ratio is associated
with subclinical and clinical rejection

in pediatric renal transplantation.
Transplantation. 2015;99(4):797-804

[65] Matz M, Beyer J, Wunsch D, et al.
Early post-transplant urinary IP-10
expression after kidney transplantation
is predictive of short- and long-term

graft function. Kidney International.
2006;69(9):1683-1690

[66] Watson D, Yang JYC, Sarwal RD,
et al. A novel multibiomarker assay for
non-invasive quantitative monitoring

of kidney injury. Journal of Clinical
Medicine. 2019;8(4):499

[67] Jackson JA, Kim E, Begley B, et al.
Urinary chemokines CXCL9 and CXCL10
are noninvasive markers of renal
allograft rejection and BK viral infection.
American Journal of Transplantation.
2011;11(10):2228-2234

[68] Gawish RIAR, El Aggan HAM,
Mahmoud SAH, et al. A novel biomarker
of chronic allograft dysfunction in

renal transplant recipients (serum
calreticulin and CD47). The Egyptian
Journal of Internal Medicine. 2020;32:19.
DOI: 10.1186/s43162-020-00018-9

[69] Murty MSN, Sharma UK, Pandey VB,
Kankare SB. Serum cystatin C as a marker
of renal function in detection of early

acute kidney injury. Indian Journal of
Nephrology. 2013;23(3):180-183

[70] Cimerman N, Prebanda MT, Turk B,
Popovi¢ T, Dolenc I, Turk V. Interaction
of cystatin C variants with papain and
human cathepsins B, H and L. Journal of

Enzyme Inhibition. 1999;14(2):167-174

[71] Mares ], Stejskal D, Vavrouskova J,
Urbanek K, Herzig R, Hlustik P.
Use of cystatin C determination in

clinical diagnostics. Biomed Papers.
2003;147(2):177-180



Advances and Challenges in Urine Laboratory Analysis

[72] Chew ]S, Saleem M, Florkowski CM,
George PM. Cystatin C-a paradigm of
evidence based laboratory medicine.
The Clinical Biochemist Reviews.
2008;29(2):47

[73] Krishnamurthy N, Arumugasamy K,
Anand U, Anand CV, ArunaV,

Venu G. Serum cystatin C levels in

renal transplant recipients. Indian
Journal of Clinical Biochemistry.
2011;26(2):120-124

[74] Taghizadeh-Afshari A,
Mohammadi-Fallah M, Alizadeh M, et al.
Serum cystatin C versus creatinine in

the assessment of allograft function in
early periods of kidney transplantation.
Journal of Renal Injury Prevention.

2017;7(1):11-15

[75] Le Bricon T, Thervet E,

Benlakehal M, Bousquet B, Legendre C,
Erlich D. Changes in plasma cystatin

C 16 journal of immunology research
after renal transplantation and acute
rejection in adults. Clinical Chemistry.
1999;45(12):2243-2249

[76] Wai PY, Kuo PC. The role of
osteopontin in tumor metastasis.

Journal of Surgical Research.
2004;121(2):228-241

[77] Christensen B, Nielsen MS,
Haselmann KF, Petersen TE, Sagrensen ES.
Post-translationally modified residues

of native human osteopontin are

located in clusters: Identification of 36
phosphorylation and five O-glycosylation
sites and their biological implications.
Biochemical Journal. 2005;390 (Part
1):285-292

[78] Young MF, Kerr JM, Termine JD,

et al. CDNA cloning, MRNA distribution
and heterogeneity, chromosomal
location, and RFLP analysis of human

osteopontin (OPN). Genomics.
1990;7(4):491-502

18

[79] Brown LF, Berse B, Van de Water L,
et al. Expression and distribution of
osteopontin in human tissues:
Widespread association with luminal

epithelial surfaces. Molecular Biology of
the Cell. 1992;3(10):1169-1180

[80] Reza S, Shaukat A, Arain TM,

Riaz QS, Mahmud M. Expression

of osteopontin in patients with

thyroid dysfunction. PLoS One.
2013;8(2):e56533. DOI: 10.1371/journal.
pone.0056533

[81] Hudkins KL, Giachelli CM, Cui,
Couser WG, Johnson R], Alpers CE.
Osteopontin expression in fetal and
mature human kidney. Journal of the
American Society of Nephrology.
1999;10(3):444-457

[82] Rogers SA, Padanilam BJ,

Hruska KA, Giachelli CM,
HammermanMR.Metanephricosteopontin
regulates nephrogenesis in vitro.

American Journal of Physiology Renal
Physiology. 1997;272(4):469-476

[83] De Silva HV, Harmony JAK,
Stuart WD, Gil CM, Robbins J.
Apolipoprotein J: Structure and
tissue distribution. Biochemistry.
1990;29(22):5380-5389

[84] Pajak B, Orzechowski A. Clusterin:
The missing link in the calcium-
dependent resistance of cancer cells to
apoptogenic stimuli. Postepy Higieny

I Medycyny Doswiadczalnej (Online).
2006;60:45-51

[85] Jenne DE, Tschopp J. Clusterin: The
intriguing guises of a widely expressed

glycoprotein. Trends in Biochemical
Sciences. 1992;17(4):154-159



