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 When asking clinicians about their knowledge about Erythropoietin (EPO) most of 
them would say that it increases Red Blood Cell (RBC) count and can therefore be used to 
treat anemia, is produced in the kidneys and can be misused as doping agent in sports. The 
way to reach this today’s common knowledge was long and hard. In the year 1667 by giving a 
lambs blood to an anemic patient and the lucky outcome that the patient felt better afterwards, 
it became clear that blood could heal.1 Over two centuries later in a rabbit experimental set-up 
where plasma was transduced between an anemic and a healthy animal it could be seen that 
the red blood cell count increased in the anemic one. This gave birth to the thesis that a hu-
meral factor is responsible and was named hemopoietin.2 Seventy years later this mysterious 
substance was found by Goldwasser in patients´ urine3 and was later on cloned by a colleague 
of him4 what marked the beginning of EPOs therapeutic career in treating anemia that lasts on 
until today. 

 But meanwhile it became clear that there is more to EPO than just to increase red blood 
cell count. It was found that it also has antiapoptotic, antioxidative and angiogenetic effects 
that can be used to avoid and treat tissue damage in general.5,6 This is possible, because of the 
widespread distribution of the EPO receptor that can mediate non-hematopoietic effects.7 This 
is also true for renal tissue where the EPO receptor can be found in the cortex, medulla, papilla, 
mesangial proximal tubular and medullary collecting duct cells.8 This means that the kidney 
tissue might also profit from the antiapoptotic effect of EPO when the kidney is confronted with 
an Ischemia and Reperfusion (I/R) injury. This scenario might appear during kidney transplan-
tation or during aortic cross clamping as used in aneurysm repair surgery. And indeed experi-
mental data suggest that EPO might protect kidneys in varying species when facing ischemia 
and reperfusion. In a rat model the animals were subjected to renal ischemia for 45 minutes and 
received EPO prior to I/R. The renal dysfunction and injury was measured by serum biochemi-
cal markers and after death of the animals by histologic evaluation using TUNEL assay and 
morphological criteria. The authors found that the EPO group had significantly lower serum 
creatinine levels and that morphological changes of the renal tissue especially of the tubular 
cells was much less than in the placebo group. Also apoptotic markers like BAX were reduced 
and the TUNEL assay showed only some positive cells.9 This effect of renal tissue protection 
by EPO application was also seen in other rodent models.10-12 Not only small animal models, 
but also experimental set-up with large animals that are much closer to clinical reality showed 
these positive effects. Maio et al.13 demonstrated that organs obtained subsequent to cardiac 
death, but treated with EPO, showed improved organ function compared to organs without spe-
cial treatment. In this context the kidneys were challenged with 30 minutes of warm ischemia 
and then transplanted after 24 hours of cold storage. Four hours after transplantation organ 
function was asset and showed significantly attenuated renal/glomerular dysfunction as well 
as an improved tubular function of the kidneys measured by N-acetyl-beta-D-glucosaminidase  
(NAG),  Aspartate aminotransferase (AST), Glutathione S-transferase (GST), urea and 
fractional excretion of sodium. Along with improved parameters of inflammation, oxidative 
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stress etc. histologic evaluation showed explicit a reduction of the severe acute tubular damage including nuclear condensation, 
loss of nuclei, cytoplasmic swelling and cellular debris in the tubular lumen.13 Other working groups could also prove these positive 
effects of EPO during renal ischemia in large animal models.14,15 It is recognizable that there was also effort to test EPO in a non-
human primate model what shows that EPO is of high interest in protecting kidneys against ischemia and reperfusion. These 
primates underwent 90 minutes of renal warm ischemia and were observed for further 7 days. EPO was given 5 minutes before 
clamping and additionally 5 minutes before blood flow was restored. The main findings were that EPO protected the renal tissue 
and therefore organ function measured by creatinine and blood urea nitrogen, additionally cystatin c and Interleukin-6 (IL-6) levels 
were improved. The number of apoptotic cells was also lower in the EPO group showing that medical treatment can protect renal 
cells from programmed cell death caused by ischemia and reperfusion.16 These findings indicated that EPO might hold the promise 
many scientists and clinicians were waiting for.

 The next step was to use EPO in real life meaning clinical settings of patients suffering from renal ischemia and reperfusion 
injury. A typical example for this clinical scenario is the transplantation of a kidney. Aydin et al. showed in the PROTECT study, a 
12-month single center kidney transplantation study with high-dose EPO (3.3×104 International Units (IU) on 3 consecutive days, 
starting 3-4 h before the transplantation and 24 h and 48 h after reperfusion) that there was no beneficial effect to be seen. The group 
examined incidence of primary non-function and delayed graft function as well as duration of delayed function, renal function and 
proteinuria up to 1 year and thrombotic adverse events. EPO did not only show no beneficial effects but it also increased thrombotic 
risk events at 1 month and 1 year.17 Another study dealing with high-dose EPO (3 doses of 40,000 IU) in kidney transplantation 
documented also no beneficial EPO effects but no increase in negative side effects. Endpoints were kidney function after 6 weeks 
after transplantation as well as incidence of delayed graft function and kidney function after 12 months. The authors conclude that 
the treatment with high-dose EPO after kidney transplantation was well tolerated, but had no effect on long-term graft function.18 

Results that were also seen in other studies dealing with high-dose EPO in renal transplantation.19,20 Another interesting field of 
clinical use would be the protection of renal organ function after cardiac surgery. Two studies examined EPO effects in this setting. 
The first one evaluated the effectiveness of EPO (300 IU/kg before surgery) in the prevention of AKI after Coronary Artery Bypass 
Grafting (CABG). In the EPO group only 8% developed postoperative acute kidney failure compared to 29% in the placebo group. 
Both serum creatinine and estimated glomerular filtration rate were significantly improved in the EPO group indicating positive 
effects on organ function in the treatment group. The author’s state by themselves that their study is only of small size that should 
be seen as a pilot trial that needs confirmation in a larger clinical trial.21 The second study tested two different doses of EPO (40,000 
IU vs. 20,000 IU) on kidney function after cardiac surgery. The end-points were the change in urinary Neutrophil Gelatinase-
Associated Lipocalin (NGAL) concentration from baseline, creatinine and cystatine C levels as well as acute inflammatory response 
(Interleukin 6 (IL-6) and Interleukin 8 (IL-8)). EPO treatment did not significantly modify the levels of the above mentioned 
parameters. The incidence of acute kidney injury and inflammatory cytokines levels did not differ between groups. Therefore one 
must say that, although safe, EPO demonstrated neither nephroprotective nor anti-inflammatory properties.22

 A possible explanation for the ineffectiveness of EPO in clinical trials in comparison to experimental data might be that 
not enough effort was undertaken to examine side effects arising in older individuals. The authors own working group examined 
therefore in a large animal model the influence of atherosclerosis on EPO function in kidneys. We could not find any positive effect 
of EPO after an ischemia/reperfusion period. The reason for that controversal outcome was that the absolute number of EPO recep-
tors in atherosclerotic renal tissue was up to 20 times lower as in the tissue of young and healthy animals.23

 Regarding all this results, both experimental and clinical, one must say that EPO might not have the effect that everyone de-
sired. When looking at EPO and its effects on renal tissue, future experimental set-ups should take in account that most of the clinical 
problems are in patients of older age. Therefore we must surely define better experimental set-ups when planning animal models. 
But EPO is not out of interest only because of its inability to work in atherosclerotic tissue, because there is much to investigate how 
EPO can help to improve renal function in younger patients e.g. undergoing kidney transplantation or having an ischemic injury after 
accident. Therefore it is still worth to take a closer look on EPO function and not to give up research on its clinical abilities.
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ABSTRACT

 World Kidney Day 2016 focuses on kidney disease in childhood and the antecedents 
of Adult Kidney Disease (AKD) that can begin in earliest childhood. Chronic Kidney Disease 
(CKD) in childhood differs from that in adults, as the largest diagnostic group among chil-
dren includes congenital anomalies and inherited disorders, with glomerulopathies and kidney 
disease in the setting of diabetes being relatively uncommon. In addition, many children with 
acute kidney injury will ultimately develop sequelae that may lead to hypertension and CKD 
in later childhood or in adult life. Children born early or who are small-for date newborns have 
relatively increased risk for the development of CKD later in life. Persons with a high-risk 
birth and early childhood history should be watched closely in order to help detect early signs 
of kidney disease in time to provide effective prevention or treatment. Successful therapy is 
feasible for advanced CKD in childhood; there is evidence that children fare better than adults, 
if they receive kidney replacement therapy including dialysis and transplantation, while only a 
minority of children may require this ultimate intervention. Because there are disparities in ac-
cess to care, effort is needed so that those children with kidney disease, wherever they live, may 
be treated effectively, irrespective of their geographic or economic circumstances. Our hope is 
that World Kidney Day will inform the general public, policy makers and caregivers about the 
needs and possibilities surrounding kidney disease in childhood.

 “For in every adult there dwells the child that was, and in every child there lies the adult that will be.” – John Con-
nolly, The Book of Lost Things
 
INTRODUCTION AND OVERVIEW

 The 11th World Kidney Day will be celebrated on March 10, 2016, around the globe. 
This annual event, sponsored jointly by the International Society of Nephrology (ISN) and the 
International Federation of Kidney Foundations (IFKF), has become a highly successful effort 
to inform the general public and policymakers about the importance and ramifications of kid-
ney disease. In 2016, World Kidney Day will be dedicated to kidney disease in childhood and 
the antecedents of adult kidney disease, which can begin in earliest childhood. 

  Children who endure Acute Kidney Injury (AKI) from a wide variety of conditions 
may have long-term sequelae that can lead to chronic kidney disease (CKD) many years later.1-4 

Further, CKD in childhood, much of it congenital, and complications from the many non-renal 
diseases that can affect the kidneys secondarily, not only lead to substantial morbidity and mor-
tality during childhood but also result in medical issues beyond childhood. Indeed, childhood 
deaths from a long list of communicable diseases are inextricably linked to kidney involve-
ment. For example, children who succumb to cholera and other diarrheal infections often die, 
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not from the infection, but because of AKI induced by volume depletion and shock. In addition, a substantial body of data indicates 
that hypertension, proteinuria and CKD in adulthood have childhood antecedents – from as early as in utero and perinatal life (see 
Table 1 for definitions of childhood). World Kidney Day 2016 aims to heighten general awareness that much adult renal disease is 
actually initiated in childhood. Understanding high risk diagnoses and events that occur in childhood have the potential to identify 
and intervene preemptively in those people at higher risk for CKD during their lifetimes.

 
 
 Worldwide epidemiologic data on the spectrum of both CKD and AKI in children are currently limited, though increas-
ing in scope. The prevalence of CKD in childhood is rare – and has been variously reported at 15-74.7 per million children.3 Such 
variation is likely because data on CKD are influenced by regional and cultural factors, as well as by the methodology used to 
generate them. The World Health Organization (WHO) has recently added kidney and urologic disease to mortality information 
tracked worldwide, and should be a valuable source of such data over time – yet WHO does not post the information by age group.5 
Databases such as the North American Pediatric Renal Trials and Collaborative Studies (NAPRTCS)6 the US Renal Data System 
(USRDS)7 and the EDTA registry8 include data on pediatric ESRD, and some on CKD. Projects such as the ItalKid9 and Chronic 
Kidney Disease in Children (CKiD)10 studies, the Global Burden of Disease Study 2013, as well as registries that now exist in many 
countries provide important information, and more is required.11

 AKI may lead to CKD, according to selected adult population studies.12 The incidence of AKI among children admitted to 
an intensive care unit varies widely – from 8% to 89%.1 The outcome depends on the available resources. The results from projects 
such as the AWARE study, a five-nation study of AKI in children are awaited.13 Single center studies, as well as meta-analyses indi-
cate that both AKI and CKD in children account for a minority of CKD worldwide.2,3 However, it is increasingly evident that kidney 
disease in adulthood often springs from a childhood legacy.

Spectrum of Pediatric Kidney Diseases

 The conditions that account for CKD in childhood, with a predominance of congenital and hereditary disorders, differ sub-
stantially from those in adults. To date, mutations in more than 150 genes have been found to alter kidney development or specific 
glomerular or tubular functions.14 Most of these genetic disorders present during childhood, and many lead to progressive CKD. 
Congenital Anomalies of the Kidney and Urinary Tract (CAKUT) account for the largest category of CKD in children (see Table 
2) and include renal hypoplasia/dysplasia and obstructive uropathy. Important subgroups among the renal dysplasia’s are the cystic 
kidney diseases, which originate from genetic defects of the tubuloepithelial cells’ primary cilia. Many pediatric glomerulopathies 
are caused by genetic or acquired defects of the podocytes, the unique cell type lining the glomerular capillaries. Less common but 
important causes of childhood CKD are inherited metabolic disorders such as hyperoxaluria and cystinosis, and atypical hemolytic 
uremic syndrome, a thrombotic microangiopathy related to genetic abnormalities of complement, coagulation or metabolic path-
ways.

 In various classifications it is not clear how to categorize children who have suffered AKI and apparently recovered, or how 
and whether to include those children who have had perinatal challenges, likely resulting in a relatively low nephron number (Figure 
1).

 Among children with childhood-onset End-stage renal disease (ESRD) glomerulopathies are slightly more and congenital 
anomalies less common (Table 2), due to the typically more rapid nephron loss in glomerular disease. However, recent evidence 

Perinatal Period 22 completed weeks of gestation to Day 7 of postnatal life

Neonatal Period Birth to Day 28 of postnatal life

Infancy Birth to 1 year of age

Childhood 1 year of age to 10 years of age

Adolescence 10 years of age to 19 years of age

Notes: The data in this table are as defined by the World Health Organization. The perinatal 
period is defined as 22 completed weeks of gestation to Day 7 of life; the neonatal period, as up 
to 28 days of life; infancy as up to one year of age; childhood as year 1 to 10; and adolescence 
from 10 years to age 19.
There is variation worldwide in how these stages of early life are defined. Some would define 
“young people” as those age 24 or less. In the United States, childhood is as a whole defined as 
going to age 21.

Table 1: Definitions of stages of early life.
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suggests that many patients with milder forms of CAKUT may progress to ESRD during adulthood, peaking in the fourth decade of 
life.15

 
 
 

 There are national and regional differences in the types and course of both AKI and CKD during childhood and beyond. 
Death from kidney disease is higher in developing nations, and national and regional disparities in care and outcome must be ad-
dressed. Further, access to care is variable, depending on the region, the country and its infrastructure. By focusing on kidney disease 
in childhood, cost-effective solutions may be reached, as treating disease early and preemptively may prevent later, more advanced 
CKD. Expectations depend on the availability of care and management. Treating children, even from infancy, who have AKI and 
CKD that requires renal replacement therapy can be effective in mitigating the burden of kidney disease in adulthood. Doing so 
requires resources that focus on the most expeditious and cost-effective ways to deliver acute RRT in childhood.

Congenital Kidney Disease and Developmental Origins of Health and Disease, Renal Endowment and Implications

 In regions where antenatal fetal ultrasounds are routine, many children with urologic abnormalities are identified antena-
tally, which permits early intervention. However, in much of the world, children with structural abnormalities are not identified until 
much later, when symptoms develop. While generalized screening for proteinuria, hematuria and urinary tract infections are car-
ried out in some countries and regions, there is a lack of consensus as to its effectiveness. However, there is general agreement that 
children with antenatal ultrasound studies that indicate possible genitourinary anomalies, children with a family history of kidney 
disease, and children with signs such as failure to thrive or a history of urinary tract infection, voiding dysfunction or an abnormal 
appearing urine should be examined. Initial screening would include a focused physical examination and a urine dipstick, formal 
urinalysis and a basic chemistry panel, followed by a more focused evaluation if indicated. 

 Depending on the diagnosis, definitive therapy may be indicated. However, the evidence that therapy will slow progression 
of CKD in childhood remains limited. Angiotensin converting enzyme inhibitors, angiotensin receptor blockers, antioxidants and, 

Figure 1: The types and risks of kidney disease change across the lifecycle. The contribution of nephron number 
increases over the life cycle, in concert with events that provide direct insults and challenges to kidney health.
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CKD ESRD

Etiology Percentage (Range) Etiology Percentage (Range)

CAKUT 48-59% CAKUT 34-43%

GN 5-14% GN 15-29%

HN 10-19% HN 12-22%

HUS 2-6% HUS 2-6%

Cystic 5-9% Cystic 6-12%

Ischemic 2-4% Ischemic 2%

Rare causes include congenital NS, metabolic diseases, cystinosis/Miscellaneous causes 
depend on how such entities are classified.
CAKUT: Congenital anomalies of the kidney and urinary tract; GN: Glomerulonephritis;  
HN: Hereditary Nephropathy; HUS: Hemolytic uremic syndrome.
*from Harambat, et al.2 CKD data are from NAPRTCS, the Italian Registry and the Belgian Reg-
istry. ESRD data are from ANZDATA, ESPN/ERA-EDTA, UK Renal Registry and the Japanese 
Registry. 

Table 2: Etiology of chronic kidney disease in children.
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possibly, dietary changes may be indicated, depending on the diagnosis. However, dietary changes need to permit adequate growth 
and development. The ESCAPE trial provided evidence that strict blood pressure control retards progression of CKD in children 
irrespective of the type of underlying kidney disease.16

 Some very young children may require renal replacement therapy in early infancy. Recent data pooled from registries 
worldwide indicate good survival, even when dialysis is required from neonatal age.2,17 Kidney transplantation, the preferred renal 
replacement therapy in children, is generally suitable after 12 months of age, with excellent patient and allograft survival, growth 
and development. 

 Evidence is accumulating that childhood-onset CKD leads to accelerated cardiovascular morbidity and shortened life 
expectancy. Ongoing large prospective studies such as the (Cardiovascular Comorbidity in Children with CKD) – (4C) study, are 
expected to inform about the causes and consequences of early cardiovascular disease in children with CKD.18

 In addition to those children with congenital kidney disease, it is now known that perinatal events may affect future health 
in the absence of evident kidney disease in early life.19 Premature infants appear to be particularly at risk for kidney disease long 
after they are born, based both on observational cohort studies, as well as on case reports. Increasingly premature infants survive, 
including many born well before nephrogenesis is complete.20 The limited data available indicate that in the process of neonatal 
ICU care, such babies receive many nephrotoxins, and that those dying prior to discharge from the nursery have fewer and larger 
glomeruli.21 Additionally, those surviving have evidence of renal impairment that may be subtle.22 Even more concerning, abundant 
epidemiologic data indicate that persons born at term but with relatively low birth weights may be at high risk for hypertension, 
albuminuria and CKD in later life.23 When direct measurements are pursued, such persons, as adults, may have fewer nephrons, thus 
a low cardiorenal endowment. 

 In focusing on children for World Kidney Day, we would note that it is key to follow kidney function and blood pressure 
throughout life in those persons born early or small-for-dates. By doing so, and avoiding nephrotoxic medications throughout life, 
it may be possible to avert CKD in many people.

Resources and Therapeutics for Children – Differences from Therapeutics in Adults

 Disparities exist in the availability of resources to treat AKI in children and young people; consequently, too many children 
and young adults in developing nations succumb if AKI occurs. To address the problem the ISN has initiated the Saving Young 
Lives (SYL) Project, which aims both to prevent AKI with prompt treatment of infection and/or delivery of appropriate fluid and 
electrolyte therapy, and to treat AKI when it occurs. This ongoing project in Sub Saharan Africa and South East Asia, in which four 
kidney foundations participate equally (IPNA, ISN, ISPD and SKCF)*, focuses on establishing and maintaining centers for the care 
of AKI, including the provision of acute peritoneal dialysis. It links with the ISN’s 0 by 25 project, which calls on members to ensure 
by 2025 that nobody dies from preventable and acute kidney injury. 

 In view of the preponderance of congenital and hereditary disorders, therapeutic resources for children with CKD have 
historically been limited to a few immunological conditions. Very recently, progress in drug development in concert with advances 
in genetic knowledge and diagnostic capabilities has begun to overcome the long-standing ‘therapeutic nihilism’ in pediatric kidney 
disease. Atypical Hemolytic Uremic Syndrome (aHUS), long considered ominous, with a high likelihood of progression to ESRD 
and post-transplantation recurrence, has turned into a treatable condition – with the advent of a monoclonal antibody that specifi-
cally blocks C5 activation.24 Another example is the use of vasopressin receptor antagonists to retard cyst growth and preserve kid-
ney function in polycystic kidney disease.25 First proven efficacious in adults with autosomal dominant polycystic kidney disease, 
therapy with vaptans holds promise also for the recessive form of the disease, which presents and often progresses to ESRD during 
childhood. 

 However, patient benefit from pharmacological research breakthroughs is jeopardized on a global scale by the enormous 
cost of some of the new therapeutic agents. The quest for affordable innovative therapies for rare diseases will be a key issue in 
pediatric nephrology in the years to come. 

 The identification of children likely to benefit from novel therapeutic approaches will be greatly facilitated by the devel-
opment of clinical registries that inform about the natural disease course, including genotype-phenotype correlations. Apart from 

*The four partners are (in alphabetical order): IPNA (International Pediatric Nephrology Association), ISN (International Society of Nephrology), ISPD 
(International Society for Peritoneal Dialysis), SKCF (Sustainable Kidney Care Foundation).

Page e16



 NEPHROLOGY

Open Journal
http://dx.doi.org/10.17140/NPOJ-1-e005

Nephrol Open J

ISSN 2380-0445

disease-specific databases, there is also a need for treatment-specific registries. These are particularly relevant in areas where clinical 
trials are difficult to perform due to small patient numbers and lacking industry interest, as well as for therapies in need of global 
development or improvement. For instance, there is currently a large international gradient in the penetration and performance of 
pediatric dialysis and transplantation. Whereas pediatric patient and technique survival rates are excellent and even superior to those 
of adults in many industrialized countries, it is estimated that almost half of the world’s childhood population is not offered chronic 
Renal Replacement Therapy (RRT) at all. Providing access to RRT for all children will be a tremendous future challenge. To ob-
tain reliable information on the demographics and outcomes of pediatric RRT, the International Pediatric Nephrology Association 
(IPNA) is about to launch a global population-based registry. If successful, the IPNA RRT registry might become a role model for 
global data collection.

Transition from Pediatric to Adult Care 

 Transition of care for adolescents with kidney disease into an adult setting is critical both for patients and their caregivers. 
Non-adherence is a too-frequent hallmark of transition from pediatric to adult care for young patients with chronic disease states.26-28 
Hence, considered steps combined with systematically defined procedures supported by validated pathways and credible guidelines 
must be in place to ensure successful outcomes. 

 In the process of change from pediatric to adult care “transition,” which should occur gradually, must be distinguished from 
“transfer,” which is often an abrupt and mechanistic change in provider setting. Introducing the concept of transition should be pre-
emptive, starting months to years prior to the targeted time, as children move into adolescence and adulthood. The ultimate goal is 
to foster a strong relationship and individualized plan in the new setting that allows the patient to feel comfortable enough to report 
non-adherence and other lapses in care. 

 A transition plan must recognize that the emotional maturity of children with kidney disease may differ widely. Assessment 
of the caregiver and the family structure as well as cultural, social, and financial factors at the time of transition are key, including a 
realistic assessment of caregiver burden.4 The appropriate timing and format of transition may vary widely among different patients 
and in different settings; therefore, a flexible process without a set date and even without a delineated format may be preferred. 

 Importantly, transition may need to be slowed, paused or even reversed temporarily during crises such as disease flares or 
progression, or if family or societal instability occurs. A recent joint consensus statement by the International Society of Nephrology 
(ISN) and International Pediatric Nephrology Association (IPNA) proposed steps consistent with the points just outlined, aiming to 
enhance the transition of care in kidney disease in clinical practice.29,30

Call for Generating further Information and Action

 Given vulnerabilities of children with kidney disease including impact on growth and development and future life as an 
adult, and given the much greater proportion of children in developing nations facing resource constraints educating everyone in-
volved is imperative in order to realign communications and actions.31,32 These efforts should foster regional and international col-
laborations and exchange of ideas between local kidney foundations, professional societies, other not-for-profit organisations, and 
states and governments, so as to help empower all stakeholders to improve the health, well-being and quality of life of children with 
kidney diseases and to ensure their longevity into adulthood.

 Until recently, however, the WHO consensus statement on Non-communicable diseases (NCD) included cardiovascular 
disease, cancer, diabetes and chronic respiratory disease, but not kidney disease.33,34 Fortunately, due, in part, to a global campaign 
led by the ISN, the Political Declaration on NCDs from the United Nations Summit in 2011 mentioned kidney disease under Item 
19.35

 Increasing education and awareness about renal diseases in general and kidney disease in childhood in particular is con-
sistent with the objectives of the WHO to reduce mortality from NCD with a 10 year target population level initiatives focusing on 
changes in life style (including tobacco use reduction, salt intake control, dietary energy control, and alcohol intake reduction) and 
effective interventions (including blood pressure, cholesterol and glycemic control). Heightened efforts are needed to realign and 
expand these multidisciplinary collaborations with more effective focus on early detection and management of kidney disease in 
children. Whereas the issues related to kidney disease may be overshadowed by other NCDs with apparently larger public health 
implications such as diabetes, cancer, and cardiovascular diseases, our efforts should also increase education and awareness on such 
overlapping conditions as cardiorenal connections, the global nature of the CKD and ESRD as major NCDs, and the role of kidney 
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disease as the multiplier disease and confounder for other NCDs. White papers including consensus articles and blueprint reviews 
by world class experts can serve to enhance these goals.36
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ABSTRACT

Objective: To document general baseline data on the patterns of childhood genitourinary tu-
mors.
Design, Setting and Participants: This is a retrospective analysis of 28 cases of pediatric geni-
tourinary tumors (Age group 0-12 years) in surgical pathology in a tertiary care hospital en-
countered over a period of 5 years.
Results: In the genitourinary system tumors of the kidney, bladder, prostate, testis, and adrenal 
were included. A total of 3149 pediatric surgical specimen presented over a five years. Of this, 
28 were diagnosed with genitourinary tumors. In the renal tumors only Wilm’s tumors (WTs) (9 
cases) was seen, with classical triphasic tumors were more common. The mean age of presenta-
tion is 3 year with commonest age group of presentation (8 cases out of 9) in the age group 1-5 
years. Three of them had showed unfavorable histology. Among the gonadal germ cell tumors, 
there were noted four mature teratoma, one immature teratoma, two yolk sac tumors of ovary 
& one yolk sac tumour in testis was seen. In the adrenal gland, adrenal medullary tumors were 
more common than adrenal cortex with neuroblastoma (4 of 10 cases) as common individual 
tumor.
Conclusion: Different types of genitourinary tumors seen in the childhood. A high index of 
suspicion should be maintained with an aim of surgical treatment to avoid the poor manage-
ment. Histological type is important for understanding etiology and progression of disease. The 
likelihood of a given type of tumor being present in a particular age or sex group or particular 
site may heighten the index of suspicion and ultimately influences etiology, biology, and natural 
history, relative incidence and distribution frequency, clinical presentation and manifestations, 
and response to therapy and outcome.”

KEYWORDS: Genitourinary; Childhood tumors; Wilm’s tumor; Neuroblastoma; Germ cell tu-
mor.

ABBREVIATIONS: H & E: Hematoxylin and Eosin; WTs: Wilm’s tumors. 

INTRODUCTION

 The natural history and management of genitourinary tumors in the pediatric age is 
different from that of the adults. Among the primary pediatric kidney tumors, the most frequent 
is the Wilm’s tumor, followed by the mesoblastic nephroma.1,2 Wilm’s tumor is the most com-
mon pediatric abdominal malignancy and the fifth most common childhood malignancy. Many 
histological variants of non-Wilms primary renal tumors are recognized, with prognosis and 
management varying by age and histology. Congenital mesoblastic nephroma is the primary 
diagnostic consideration for a renal mass in the neonate, although its incidence decreases with 
increasing age during infancy.3 Adrenal tumors occur rarely in childhood. Most antenatally 
detected suprarenal tumors are attributed to neurobalstoma. Neuroblastoma along with gan-
glioneuroblastoma and ganglioneuroma constitute a group of ganglion cell origin tumors that 
originate from primordial neural crest cells, which are the precursors of the sympathetic ner-
vous system. 

http://openventio.org/Volume1_Issue3/Pediatric_Genitourinary_Tumors_Clinicopathological_Experience_NPOJ_1_108.pdf
http://openventio.org/Volume1_Issue3/Pediatric_Genitourinary_Tumors_Clinicopathological_Experience_NPOJ_1_108.pdf
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 Ovarian malignancies in children may represent an 
array of unique problems for the clinician who is more accus-
tomed to diagnosing and treating ovarian neoplasia in adults. 
Although ovarian malignancies in children are rare, their rec-
ognition and diagnosis are vital because they can be fulminant 
if treated inadequately. Tumors of germ cell origin (e.g., mature 
teratoma, malignant teratoma, endodermal sinus tumor (yolk sac 
tumor), embryonal carcinoma, dysgerminoma, primary chorio-
carcinoma) constitute approximately 70% of ovarian tumors in 
children.4 In addition to benign lesions, the differential diagnosis 
for a painless scrotal mass in a child includes leukemia, rhabdo-
myosarcoma, and a primary testicular tumor (germ or non-germ 
cell). Yolk sac tumors (endodermal sinus tumors) and teratomas 
are the most common primary pre-pubertal testicular tumors.5 
All tumors of the bladder and urethra is rare in children; benign 
tumors are even more infrequent. Benign tumors in children de-
scribed in case reports include polyps, papilloma, hemangioma 
etc. The most common carcinoma to involve the bladder is tran-
sitional cell carcinoma.

MATERIALS AND METHODS

 This was a retrospective analysis of 28 cases of pe-
diatric genitourinary tumors in surgical pathology department 
encountered over a period of 5 years. Surgical specimens and 
biopsy tissues received were fixed overnight in 10% buffered 
formalin and submitted for processing. Paraffin sections were 
cut at 4-6 microns thickness and routine Hematoxylin and Eosin 
(H & E) staining were performed. All cases were re-evaluated 
histologically on sections from routinely processed formalin 
fixed, paraffin embedded blocks. Special stains & Immunohis-
tochemistry were studied wherever necessary. The clinical, ra-
diological and therapeutic data were obtained from patients case 
paper records. Pattern of childhood malignancies were studied 
with a focus on tumor incidence, age and sex distribution, en-
vironmental and other etiological factors, demographic pattern, 
and histological type. 

RESULTS

 A total of 3149 pediatric surgical specimen obtained 
over a period of five years was analyzed. Of this, 28 were di-
agnosed with genitourinary tumors. Average incidence of geni-
tourinary tumors pediatric tumors was 0.89%. The commonest 
individual tumor was wilm’s tumor followed by neuroblastoma. 
In the renal tumors only wilms tumors was seen, with classical 
triphasic tumors were more common. The mean age of presen-
tation is 3 year with commonest age group of presentation in 
the age group 1-5 years (Table 1). Three of them had showed 
unfavorable histology. Among the gonadal germ cell tumors, we 
noted four mature teratoma, one immature teratoma, two yolk 
sac tumors of ovary & one yolk sac tumour in testis was seen. In 
the adrenal gland, adrenal medullary tumors were more common 
than adrenal cortex with neuroblastoma (4 of 10 cases) as com-
mon individual tumor (Tables 2 and 3). One case of squamous 
cell carcimoma of urinary bladder at the age of 10 years was 

documented and no any predisposing factor was elicited.

DISCUSSION

 Childhood malignant tumors account for no more than 
2% of all cancers.6 Tumors of the kidney, adrenal, ovary, testis 
and bladder represent a large part of the adult urologic practice, 
but are relatively infrequent in children. Among the primary 
pediatric kidney tumors, the most frequent is the wilm’s tumor 
(WT), followed by the mesoblastic nephroma. In the present 
study, wilm’s tumour with 9 cases was the largest group. All pe-
diatric renal tumors were Wilms tumor i.e. 100% as compared to 
the 78.4% by Louisa Paul, et al.7 This difference may be due to 
small sample size in the present study. All the cases in this study 
presented with abdominal mass. Eight out of 09 cases were pre-
sented in an age group 1-5 years & 01 case was seen in an age 
group 0-1 year, which was comparable to the study done by 

Tumor 0-1 yr 1-5 yrs 5-10 yrs 10-12 yrs Total

Mature teratoma 1 2 1 4

Immature teratoma 1 1

Yolk sac tumour 1 2 3

Wilms tumour 1 8 9

Bladder carcinoma 1 1

Adrenocortical adenoma 1 1

Adrenocortical carcinoma 1 1

Pheochromocytoma 2 2

Ganglioneuroma 1 1

Ganglioneuroblastoma 1 1

Neuroblastoma 1 3 4

Total 02 15 07 4 28

Tumour Male (M) Female (F) Total M:F

Wilms tumour 7 2 9 3.5:1

Bladder carcinoma 1 1 1(M)

Mature teratoma 4 4 4(F)

Immature teratoma 1 1 1(F)

Yolk sac tumour 1 2 3 1:02

Adrenocortical adenoma 1 1 1(M)

Adrenocortical carcinoma 1 1 1(F)

Pheochromocytoma 1 1 2 1:01

Ganglioneuroma 1 1 1(F)

Ganglio-neuroblastoma 1 1 1(M)

Neuroblastoma 2 2 4 1:1

Total 14 14 28 1:1

Tumour Total No.(n=28) Percentage (%)

Benign 08 28.57%

Malignant 20 71.53%

Table 3: Incidence of benign vs. malignant tumors. 

Table 1: Age distribution of individual tumor.

Table 2: Gender distribution of individual tumor.
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Louisa Paul, et al.7 The median age of presentation was 3 years. 
Thus, the age distribution was consistent with other studies.7-9 
Wilms tumor presenting in infancy when treated appropriately 
has a good outcome. Age 4 years at first diagnosis is clearly an 
adverse prognostic factor probably that due to adverse biologic 
features. There were seven cases in males & two in females giv-
ing a ratio of male to female ratio of 3.5:1. This was slightly on 
higher side as compared to study done by Louisa Paul, et al.7 
Patel A. A., et al.10 in their study of 11 infantile Wilm’s tumour 
found the male to female ratio was 2.3:1. Husain A. N., et al.8 

found Wilm’s tumour slightly more common in girls in whom it 
tends to present at an older age. Pathologically the mean tumour 
size in present study was 8 cm with a range of 4 cm to 15 cm 
(Figures 1 and 2). One of the poles of kidney was commonly 
affected. This was in accordance to the study done in the litera-
ture.7 Eight cases (88.89%) were classical (Triphasic) composed 
of epithelial, blastemal, and stromal elements and one case was 
monophasic type with predominantly epithelial component. 
Four other types of renal tumors can occur in childhood with 
sufficient frequencies are mesoblastic nephroma, clear cell sar-
coma of the kidney, rhabdoid tumor, and renal cell carcinoma. 
Congenital mesoblastic nephroma is the most common renal 
tumor in infants.8 We have not observed these tumours in our 
present study.

 

 It has observed that, infants with neuroblastoma 
seemed to have better prognosis than older children even after 
minimal therapy.11 About 37% are diagnosed as infants, and 90% 
are younger than 5 years at diagnosis, with a median age at diag-
nosis of 19 months.11 In the present study, four of neuroblastoma 
cases were presented at the age of 11 months, 18 months, 3 years 
& 5 years with male & female ratio of 1:1. No overall sex pre-
dominance has been reported.12 All were presented with supra-
renal or retroperitoneal mass & pain. Uncommon manifestations 
of NB related to unusual clinical behavior or to paraneoplastic 
syndromes were not seen in any case. Pathologically tumor cells 
forming the typical Homer-Wright rosettes arranged around the 
central fibrillary material without a central lumen or canal also 
seen (Figures 3 and 4). Mitotic activity was low in two of surgi-
cally resected neuroblastic tumors and absent in two of biopsy 
material. Calcification was noticed in all cases. The bone mar-
row biopsy record was not available in any case, which is also 
important in the monitoring of the disease activity.

 
 Some neuroblastomas have substantial internal mor-
phologic variability about the degree of neuroblastic differentia-
tion, ganglion cell maturation and Schwannian stroma. Differen-
tiation in neuroblastic cells is recognized as neuropil formation 
and the acquisition of gangliocytic features. The phenomenon of 

Figure 1: Wilms tumour gross pathology.

Figure 2: Wilms-tumor-triphasic histology.

Figure 3: Neuroblastoma gross pathology.

Figure 4: Neuroblastoma histology.
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differentiation has been codified by use of the term Ganglioneu-
roblastoma to denote intermediate differentiation and Ganglio-
neuroma to denote the fully mature neuroblastic neoplasm. One 
case of ganglioneuroblastoma at the age of 4 years in females 
was documented presenting as suprarenal mass. 

 Adrenocortical carcinoma are rare tumors that have a 
bimodal distribution, the first peak is in children less than five 
years and the second around the fifth decade.13 In our study, a 
single case of Adrenocortical carcinoma at an age of 7 years in a 
female child was observed and grossly have shown size of 15*12 
cm, weight 650 gm, nodular mass with solid, cystic & necrotic 
areas. Microscopically the growth pattern was diffuse sheets of 
tumour cells with bright pink cytoplasm & broad mitotically ac-
tive pleomorphic cells separated by broad fibrous bands and cap-
sular invasion. Cagle, et al. specifically studied the adrenal corti-
cal neoplasms in children; they found that only size (expressed 
as weight) was a reliable predictor of malignancy, with a weight 
greater than 500 g indicative of a carcinoma.8 The macroscopic 
features, presence or absence of necrosis and microscopic fea-
tures, such as broad fibrous bands in the tumor, increased mitotic 
activity, capsular invasion, and a diffuse growth pattern helped 
to differentiate between adenoma & carcinoma. 

 Malignant germ cell tumors in the ovaries of very young 
children are exceedingly rare. In the present study one case was 
of immature teratoma, two cases of yolk sac tumour in ovary 
and one case of yolk sac tumour in the testis was documented. 
All three cases of the ovary presented at the age of 11 years & 
showed elevated levels of AFP. Yolk sac tumors are the second 
most common histological subtype (22%) of malignant ovar-
ian germ cell tumor in children. Yolk sac tumors are the most 
common testicular germ cell tumor in childhood, representing in 
excess of 60% of cases and almost 50% of all testicular tumors 
in children.7 An asymptomatic scrotal mass in a child younger 
than 3 years of age are the common presentation. The histol-
ogy and cytology of yolk sac tumors vary widely, often causing 
difficulty in diagnosis. The prototypic Schiller-Duvall bodies of 
endodermal sinus tumors are present in 50-75% of tumors.8 Yolk 
sac tumors are commonly associated with highly elevated serum 
AFP levels, which may be monitored clinically for recurrence 
and/or metastasis. In the present study, two of the yolk sac tu-
mour was located at ovary & one at testis. All three had showed 
elevated levels of AFP. Both ovarian yolk sac tumors presented 
at the age of 11 years & one case of testicular yolk sac tumour at 
the age of 5 years. Grossly they have solid, yellow appearance. 
Microscopically polygonal tumour cells in reticular, trabecular 
& papillary pattern seen with Schiller-Duvall bodies. Microcys-
tic change is seen in one ovarian yolk sac tumour.

 All tumors of the bladder and urethra are rare in chil-
dren. In the present study, one case of squamous cell carcimoma 
at the age of 10 years was documented and no any predisposing 
factor was eliciated. In contrast to adults, most pediatric bladder 
carcinomas are low grade, superficial, and have a good progno-
sis following transurethral resection. Rare cases of, leiomyosar-

coma, and secondary involvement of leukemia, lymphoma, and 
Wilm’s tumor has been reported.8

 To conclude, different types of genitourinary tumors 
are seen in the childhood. A high index of suspicion should be 
maintained with an aim of surgical treatment. Histological type 
is important for understanding etiology and progression of dis-
ease. The likelihood of a given type of tumor being present in a 
particular age or sex group or particular site may heighten the in-
dex of suspicion and ultimately influences etiology, biology, and 
natural history, relative incidence and distribution frequency, 
clinical presentation and manifestations, and response to therapy 
and outcome. 
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 If history can serve as a guide quite some time can lapse between the inception of a 
concept and its proof. For instance, Einstein had described the special theory of relativity in 
1905, but he published the general theory of relativity only after thinking about the problems 
for 10 years. On March 29, 1919, the opportunity to get proof came. British Astronomer Sir 
Arthur Eddington had traveled to Príncipe Island off the western coast of Africa. His team 
photographed star fields during the eclipse and compared the photos with those of the same star 
field taken when the sun was not present. Eddington found the apparent location of the stars had 
shifted, just as was predicted by Einstein’s theory. That 15-year delay between conception and 
proof did not cause suffering or deaths as was the case with the germ theory of Semmelweis, 
who did not live to see his momentous insight being accepted. He was declined reappointment 
and admitted to an asylum where he died after only two weeks with the following on his mind 
“When I look back upon the past, I can only dispel the sadness which falls upon me by gazing 
into that happy future when the infection will be banished . . . The conviction that such a time 
must inevitably sooner or later arrive will cheer my dying hour”.1 

 The author postulates based on his personal experience and strive with cancer that the 
end of chronic disease is near. He postulates that chronic disease arrises whenever the innate 
immune system turns on the body. He feels that he cannot justify to wait until the editor of a 
prestigious medical journal decides to allow his manuscript to get peer reviewed until he let his 
unified theory of the cause of chronic disease become known. Too much is at stake, patients 
suffer unnecessarily and great cost is added to our overburdened health care system. So he 
takes the occasion of the Einstein’s anniversaries, 100 years relativity theory2 and his 60th death 
anniversary together with the generous invitation of Nephrology open journal editor Ms. K. 
Jessie to publish his theory. He bases his theory on four facts (1) he had managed to suppress 
the pain of his chemotherapy-induced peripheral neuropathic pain by attenuating the activity 
of the complement system with the mega dosed antioxidants Pyrroloquinoline quinone (PQQ) 
and N-acetylcysteine (NAC). They create a reactive oxygen radical-free state that prevents 
the activation of Transient Potential Receptor ion channels which serve as pain receptors; (2) 
that the metabolic syndrome of his wife resolved when taking PQQ/NAC; there is an obvious 
explanation for this reversal of diabetes. In the absence of attack by the complement system 
on the insulin producing beta cells they can recover and repopulate from resident stem cells 
to respond to physiological stimuli again. We hypothesize that similar mechanisms may be at 
work in other chronic disease states like Multiple Sclerosis, Alzheimer’s disease, Parkinson’s, 
Macular Degeneration, and Amyotrophic Lateral Sclerosis; (3) that the severity and frequency 
of migraine attacks decreased with PQQ/NAC intake; (4) that the pathophysiology underlying 
diabetes and migraine both involve Transient Receptor Potential (TRP) ion channels. It appears 
that the use of PQQ/NAC in Nephrology will most quickly yield the results to support our 
hypothesis as a dysfunctional immune system has been shown to be involved in causing renal 
damage.3 Based on this insight the highly potent complement inhibitor compstatin was de-
signed.4 However, the toxicity of this compound does not allow it to be administered to patients 
for prolonged periods of time. In contrast, PQQ/NAC are well tolerated, the author has used 
them to suppress his pain from peripheral neuropathy for over three years without experiencing 
any adverse side effects. According to the literature TRP ion channels have beneficial effects in 
some thirty medical conditions for many of which there currently exist no efficient therapies. 
Preventative long-term intake of PQQ/NAC is therefore a good way to swart off chronic dis-
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ease and correct non-life threatening medical inconveniences. 
The challenge is now to quickly make PQQ/NAC available to as 
many people as possible in order to see chronic disease disap-
pear within our lifetime. It took over a year to reverse diabetes 
but complement activity following dialysis is quickly assessed. 
The benefits of PQQ/NAC on the outcome of hemodialysis 
should be apparent after a few rounds of hemodialysis. If it turns 
out that we are correct with our assumption, PQQ/NAC has to be 
made available to as many people as possible in the shortest time 
feasible. Enforcing the food supply with PQQ/NAC is one way 
to do so, introducing gut resident bacteria that are able to pro-
duce high enough quantities of PQQ and NAC is another. We are 
pursuing both options and will bring our product, NovapyrinTM, 
which contains both PQQ and NAC on the market. We are pur-
suing this option vigorously as it obviously is the final fix for a 
problem that Nature could not satisfactorily solve. Nature has 
put in place the superoxide dismutases to protect from damage 
from the superoxide radicals but could not find a way to handle 
the hydroxyl radical efficiently through enzymatic deactivation, 
likely because it would be difficult to bind. The efficiency of 
small molecule hydroxyl radical scavengers like glutathione or 
polyphenols is not strong enough to deal with this reactive small 
radical.

 Our manuscript stating just the facts was apparently not 
exiting enough to catch the fancy of editors.5 The thought that 
we need a sexier title occurred to me when I picked up the Sci-
ence issue celebrating the 100 year anniversary of the Theory 
of Relativity. A Unified Theory of Chronic Disease could be put 
forward without the conclusive evidence in hand and would im-
ply that there is a single therapeutic solution which I already 
had found. I saw this solution to my problem and to a pressing 
health issue with great clarity. This is was my idol ETH-Zürich 
Organic Chemistry Professor Vladimir Prelog must have expe-
rienced when he had his insight about chirality that brought him 
the 1975 Nobel Prize in Chemistry which was divided equally 
between John Warcup Cornforth “for his work on the stereo-
chemistry of enzyme-catalyzed reactions” and Vladimir Prelog 
“for his research into the stereochemistry of organic molecules 
and reactions”.6,7 There are other reasons why to publish this 
material. The birthday of genius author William Shakespeare 
falls on the 23th as does that of my wife who wondered why my 
neuropathy was relatively mild while a much severe condition 
was sketched in a television ad for a product promising relief 
from neuropathic pain. She noted that I had unintentionally been 
on a diet rich in PQQ (green vegetables, yogurt, milk, vinegar-
based salads) in preparation and after the cell stem transplant. 
She had some 20 years ago helped me in the laboratory with per-
forming pyrroloquinoline determinations and still remembered 
the samples with high readings. So I ordered PQQ gel caps and 
experienced some relief the first night after taking it. As the dose 
of 10 mg was certainly a mega dose I expected full relief and had 
to experiment for a while until I found the formulation giving 
full relief. 
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ABSTRACT

 During the past decade a lot of work has been done to better understand the roles 
of fibroblast growth factor-23 (FGF-23); a relatively newly discovered endocrine hormone, 
in multiple organ systems in the body. This review focuses on expressions of FGF-23, co-
expressions of α-Klotho and FGF receptors, and FGF-23 mediated end-organ effects in the 
physiological and pathological conditions. We also discuss the controversial reports regarding 
α-Klotho-dependent and α-Klotho-independent functions of FGF-23.

EXPRESSION OF FGF-23, α-KLOTHO, AND FGF RECEPTORS 

FGF-23

 FGF-23 is a family member of 22 fibroblast growth factors (FGFs) including FGF-1-
FGF-23, all of which are not only structurally but also evolutionarily related proteins. These 
FGFs have been classified as being paracrine (15 FGFs), endocrine (3 FGFs), or intracrine (4 
FGFs)1 and using a mammalian (murine) model the endocrine FGFs, especially FGF-23 an ap-
proximately 32 kD protein,2 have been thoroughly investigated in recent years.

 FGF-23 is expressed in multiple cells in the body. It has been conclusively shown to 
be secreted in bone by cells of the osteoblast lineage and osteocytes, as a part of the lacuna-
canalicular system, under the influence of phosphate.3 Local factors derived from bone itself 
also regulate its expression as seen in cases of inactivating mutations of PHEX which results in 
increased transcription and circulating levels of FGF-23.4 It is also expressed in the pericyte-
like endothelial cells surrounding the venous sinusoids in bone marrow5 and in the thymus.2 

FGF-23 also plays a part in the body’s immune response since its expression is induced in 
activated dendritic cells and macrophages in response to inoculation with E. coli and S. aureus 
via nuclear factor-kappa B (NF-κB) signaling.6 FGF-23 is found to be expressed in the ventero-
lateral (VL) thalamic nucleus as well. In addition, FGF-23 is also expressed in heart by cardiac 
interstitial fibroblasts.7,8 Apart from these tissues, there is also FGF-23 expression seen in the 
muscle, spleen, skin, lung, testes, kidney, and liver to a much lesser extent.7

α-Klotho

 α-Klotho is a unique molecule that establishes a regulatory system of calcium ho-
meostasis by affecting transepithelial transport of calcium, parathyroid hormone secretion, and 
FGF-23 signal transduction.9 Evolutionarily the FGF-23-α-Klotho system is part of a major 
milestone in vertebrate evolution that started in the ocean when the early piscine ancestors 
acquired the bony endoskeleton.10 α-Klotho has been demonstrated to enhance FGF-23 activity 
over 10-fold11 and has also been identified as a necessary co-receptor for FGF-23 binding due 
to the phenotypic similarity observed in α-Klotho and FGF-23 knockout mice, i.e.; hyperphos-
phatemia and hypercalcemia.11

 α-Klotho is expressed in high levels in kidney, parathyroidgland (PTG), testis, ovary, 
brain, pituitary, and apical plasma membrane of ependymal cells in the choroid plexus but 
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not in bone, lung, liver, skin, spleen, small intestines, or adrenal 
glands.12 The identification of these sites of expression is impor-
tant because these must be compared to the sites of expression of 
FGFRs, since FGF-23 has the majority of its effects through the 
FGFRs α-Klotho complexes pathway.13

Expression of FGF Receptors

 There are four single pass transmembrane proteins 
called the fibroblast growth factor receptors (FGFRs 1-4),14 
which are involved with important biological processes ranging 
from cell division and maturation to formation of blood vessels, 
wound healing, and embryonic development.15 Local and sys-
temic secreted FGFs bind FGFRs to dimerize them, followed 
by activation of intracellular FGF signaling pathways including 
RAS–RAF–MAPK, PI3K–AKT, STAT, and PLCγ pathways.1

 FGFR has been shown to be highly expressed in the 
skin and heart with moderate expression in the ovary.16 Some de-
gree of expression has also been shown in the kidney and urinary 
bladder.17 {Luqmani, 1992 #67}Other than these sites, FGFR-1 
expression was noticed in low levels in the breast, lung spinal 
cord, adrenal, thyroid, ileum, colon, and stomach.18 FGFR-2 ex-
pression has also been detected in these tissues except for the 
heart. A particularly high level of expression of FGFR-2 was 
noted in stomach and in the thyroid.16,18 FGFR-3 shows very 
little expression, if any, throughout the human body. However, 
high expression levels have been noted in the skin.19 FGFR-4 
shows moderate levels of expression in the lung and low levels 
in the ovary, kidney, intestines, and the liver. Nonetheless, other 
than these tissues there is limited expression seen in the body.20 
Tissue specific FGFR expression and activation has been shown 
to be modulated by heparin, heparan sulfate, or other glycos-
aminoglycan chains.21 FGFRs 1-3 show an alternative splicing 
pattern which leads to formation of ‘b’ and ‘c’ isoforms. The ‘b’ 
isoform is expressed preferentially in epithelial tissues while ‘c’ 
is found in mesenchymal tissues.22 This, along with the different 
sites of expression of different FGFs, renders specificity to the 
FGF signaling system.14 

Co-expression of FGFRS and α-klotho Utilized by FGF-23
 
 As noted above, FGFR-1, FGFR-2, and FGFR-4 have 
some sites of expression in common with α-Klotho, particularly 
the kidneys and the ovary. FGF-23 was found to act preferential-
ly via FGFR-1c, FGFR-3c, and FGFR-4 since α-Klotho forms 
complexes with them.11,14 However, a single or double depletion 
of  FGFR-3 and FGFR-4 does not lead to defects in phosphate 
homeostasis.23 A deletion of FGFR-1 however, is embryonical-
ly lethal in mice24 and FGF-23 expression is notably increased 
when FGFR-1 is activated in rats with normal kidney function 
and in vitro in osteo blast-like cells derived from bone.25 This 
increased expression also occurs in cases of activating mutations 
of FGFR-1 as evident in osteoglophonic dysplasia.3 At the same 
time a conditional deletion of FGFR-1 in the osteocytes of Hyp 
mice showed decreased FGF-23 expression.5 This leads to the 

conclusion that FGFR-1c is the most significant binding site for 
FGF-23.

END-ORGAN EFFECTS OF FGF-23 IN THE PHYSIOLOGICAL 
AND PATHOLOGICAL CONDITIONS

 Aside from the issues discussed above, there are also 
some gaping holes in the research regarding FGF-23 that have 
not been investigated yet and could possibly lead to answers that 
will not only link multiple effects and disorders caused by FGF-
23 in the body but also provide more paradigm-shifting knowl-
edge regarding the complex metabolic balance in our bodies and 
the hitherto unknown roles of multiple organs in this. These is-
sues are briefly discussed here according to the organs that they 
concern most directly.

Kidney

 FGF-23 acts via the α-Klotho:FGFR-1 complex in 
the renal tubules. The highest expression of these complexes 
has been seen in the distal tubule indicating that this is where 
the initial effect of FGF-23 takes place. However, FGF-23 was 
found to inhibit sodium-dependent phosphate reabsorption via 
decreased expression of NPT-2a and NPT-2c in the proximal tu-
bule.26,27 FGF-23 also promotes calcium reabsorption in the dis-
tal tubule via the TRPV-5 channel.28 It is also linked to vitamin 
D3 levels since 1, 25(OH)2D administration stimulates FGF-23 
expression.29 Furthermore, FGF-23 inhibits 1 α-hydroxylase ex-
pression in the proximal tubule while simultaneously increasing 
24-hydroxylase expression leading to formation of a less active 
form of vitamin D,5,30 setting up an effective feedback loop. 
FGF-23 also decreases the expression of α-Klotho by the kidney, 
establishing a complete feedback loop regarding its effects in the 
kidney.31 Meanwhile the serum levels of FGF-23 have also been 
established as biomarkers for renal failure.32

Gastrointestinal Tract

 FGF-23 has been shown to inhibit expression of the 
intestinal phosphate transporter NTP-2b,33 thus leading to a de-
crease in serum phosphate levels. As an indirect effect of FGF-
23 we also see that due to decreased activation of 1, 25(OH)2D 
from the kidney, there is decreased absorption of calcium and 
phosphate from the intestine.34 

Parathyroid Gland

 α-Klotho and FGFR-1 are both expressed in high lev-
els in the PTG.35 However, many different studies have reached 
different conclusions regarding FGF-23 and its effects on the 
PTG. This has raised a lot of questions and will be discussed in 
the following section. The one undisputed fact is that PTH acts 
on bone to cause an increased expression of FGF-2336 and FGF-
23 decreases PTH expression,37 setting up a feedback inhibition 
loop.
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Bone

 The bone is the major origin of FGF-23. However, 
α-Klotho is not expressed in bone,38 but all of FGF-23’s recep-
tors (FGFR-1c, FGFR-2c, and FGFR-3c) are expressed in osteo-
blasts.39 FGF-23’s importance as a vital hormone came to light 
when the FGF-23 gene was identified as the one linked to Au-
tosomal Dominant Hypophosphatemic Rickets (ADHR).40 This 
discovery prompted further research and FGF-23 was also found 
to be the causative agent behind human tumor-induced osteoma-
lacia which is a disease linked to hypophosphatemia due to renal 
phosphate wasting,41 thus leading to the discovery of its role as 
a part of a bone-kidney-parathyroid axis. Given FGF-23’s obvi-
ously important role in bone-related pathologies, and the work 
already done on the indirect effects it has on the bone via its ef-
fects on the other endocrine organs, much more work needs to be 
done on the direct effects FGF-23 has on bones.

Thalamus, Choroid Plexus, and Pituitary Gland

 The venterolateral (VL) thalamic nucleus is related to 
the motor system and is an important relay for deep cerebellar 
nuclei to the motor cortex which is in fact where, at the time of 
FGF-23’s discovery, it was thought it might have its effects.2 

Despite that, not much research has been carried out to assess 
FGF-23’s function there. The choroid plexus and pituitary gland 
both exhibit high levels of α-Klotho expression and thus are 
potential targets for FGF-23.12 Following FGF-23 injections in 
mice in both of these organs, there is induction of early growth 
response-1 (EGR-1) expression as well as phosphorylation of 
the extracellular signal-regulated kinase (ERK).42 The choroid 
plexus and the pituitary gland are both sites of α-Klotho expres-
sion 12 but FGF-23’s function in these organs is still unknown. 
The choroid plexus is involved in the composition of the cere-
brospinal fluid (CSF) and the pituitary gland is a major endo-
crine gland. As such, the knowledge of how FGF-23 is involved 
in the functioning of both these organs is of vital importance if 
we are to understand completely the diverse effects it can cause 
physiologically as well as in certain pathologies.

Heart

 Cardiac tissue is one of the sites of FGF-23 expres-
sion,8 but there is no α-Klotho expression in the heart tissues.43 
Single nucleotide polymorphisms (SNPs) in FGF-23 have been 
identified as potential risk factors for cardiac abnormalities in 
Kawasaki disease,44 and the serum levels of FGF-23 have been 
recognized as biomarkers for cardiovascular failure.45 FGF-23 
had also been linked to greater risks of left ventricular hypertro-
phy in patients with CKD.46 However, no conclusion has been 
reached whether this effect is via α-klotho independent path-
ways or indirectly due to the renal effects of FGF-23. This is 
also discussed in the next section. 

Ear

 FGF-23 is expressed throughout the cochlea and while 

α-Klotho also has receptors in the ear, FGF-23’s specific effects 
were determined by the fact that functional assessments of hear-
ing in FGF-23 null mice did not match the auditory phenotype 
of α-Klotho null mice. There is also an overlap of initiation of 
FGF-23 activity and the development of the eustachian tube 
during embryogenesis which could be the cause of middle ear 
malformations in FGF-23 deficiency. FGF-23 heterozygous 
knockout mice have been found to be deaf with close to normal 
morphology, while homozygous knockout mice have dysplastic 
bulla and ossicles.47 There is a difference in auditory phenotype 
between the FGF-23 null mice and α-Klotho null mice.47 Inves-
tigating this further can not only help us find out how FGF-23 
might be carrying out α-Klotho independent functions in the ear, 
but also set a template for investigation into α-Klotho indepen-
dent functions of FGF-23 in other organs.

Prostate

 FGF-23 is heavily linked with prostate cancer. It has 
been shown that it is not only expressed as an autocrine factor 
in prostate cancer cells but also enhances proliferation, invasion 
and anchorage when given exogenously. FGF-23 knock down 
was shown to decrease in vivo tumor growth.48 Single nucleotide 
polymorphisms in FGF-23 have also been linked to a risk of 
prostate cancer.49

Vasculature

 The role of FGF-23 in causing vascular calcification has 
also been studied recently. Nevertheless, the scientific commu-
nity has reached a consensus neither regarding the exact effect 
of FGF-23 on vasculature nor regarding the mechanism of such 
an effect. This issue is also outlined in the following sections. 
Meanwhile the serum levels of FGF-23 have been definitely 
established as biomarkers for stroke.50 While previous studies 
have shown that ablation of FGF-23 leads to increased serum 
phosphate levels and thus vascular calcification and death,51 a 
new study states that FGF-23 enhances phosphate induced cal-
cification in the aortic rings of rats by promotion of osteoblastic 
differentiation involving the ERK1/2 pathway.52 However, there 
are other studies which do not support α-Klotho mediated effects 
of FGF-23 in the vasculature.53 Studies looking into this could 
not only help understand the link between FGF-23 and cardio-
vascular abnormalities in the body but also FGF-23’s link with 
strokes.

Immune System (Macrophages)

 FGFR-1c is expressed in macrophages and FGF-23 has 
been shown to not only increase the number of macrophages but 
also to induce TNF* expression in the macrophages.6 FGF-23 
might play a key role in inflammation via its effects on macro-
phages as discussed above.6 However much more work needs to 
be done in this respect, since inflammation could also account 
for, or at least play a major role in, many different complications 
associated with disease states with elevated FGF-23 levels.
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Indirect Effects via The RAAS Pathway

 FGF-23 has been shown to stimulate the rennin-angio-
tensin-aldosterone-system (RAAS) by suppression of ACE-2 
expression in renal tissue, independent of other bone-mineral 
disorder abnormalities.54  Renin expression in the kidney also 
increases indirectly due to the inhibition of 1, 25(OH)2D by 
FGF-23.34 Through this stimulation of RAAS, FGF-23 leads to 
numerous adverse effects like hypertension, diabetic nephropa-
thy, baroreceptor dysfunction, activation of sympathetic system, 
endothelial dysfunction, atherosclerotic progression, and fibri-
nolytic system inhibition.55 This also helps link FGF-23 to many 
of its observed adverse effects.

KLOTHO-DEPENDENT AND KLOTHO-INDEPENDENT FUNC-
TIONS OF FGF-23

 As discussed above, FGF-23 is linked deeply with 
many of the organ systems in the physiological conditions to 
contribute to the body’s overall endocrine homeostasis and is 
also responsible for diseases linked to disturbances in the patho-
physiological conditions. So far the new focus of research re-
garding FGF-23 is concerned with the identification of α-Klotho 
dependent and α-Klotho independent effects of FGF-23. It has 
been reported that besides acting as a co-receptor of FGF-23 
binding to FGFRs, α-Klotho also acts as a molecular switch. 
Its presence or absence determines which intracellular signal-
ing pathways will be recruited downstream of the FGFRs. Thus 
disease states with α-Klotho deficiency may not involve global 
FGF-23 resistance, but rather they may in fact promote a switch 
of the FGF-23-induced signaling towards different cellular re-
sponses and outcomes in cells which express FGFRs, but not 
α-Klotho.56

 Previously FGF-23 functions on major organs, directly 
or indirectly, were considered only when α-Klotho was co-ex-
pressed along with FGFRs in the target tissue,42 but with new 
studies that have been conducted exploring different mecha-
nisms of action of FGF-23, researchers need to reassess the role 
FGF-23 plays in the organs and how that is achieved. There is 
clearly a delicate balance between FGF-23’s α-Klotho depen-
dent actions on the FGFRs and its α-Klotho independent actions 
on FGFR’s throughout the body that need to be considered si-
multaneously and further studied. We discuss these issues here 
according to the target organ they impact.

Kidney

 What needs to be clarified regarding FGF-23’s role in 
the kidney by future studies is how exactly FGF-23 stimulation 
of the distal renal tubule leads to regulation of proximal tubule 
function, and which signaling pathways are involved in signal 
transduction from the distal to the proximal tubule. It has been 
shown that murine proximal tubular epithelium also expressed 
α-Klotho and that FGF-23 acts directly on these proximal tu-
bular cells to down regulate membrane expression of NPT-2a 

via ERK-1/2 and SGK-1.57 This suggests that FGF-23’s actions 
in the kidney are all reliant on α-Klotho-dependent stimulation 
of FGFR’s, in the proximal as well as the distal tubule, with no 
observable α-Klotho-independent actions. However the above 
observation can possibly be confounded by the use of FGF-23 
amounts high enough to activate α-Klotho-independent recep-
tors of FGF-23, and by the authenticity of the proximal tubular 
phenotype in the cell culture model which could have been ei-
ther contaminated with distal tubular cells or have undergone 
dedifferentiation. Thus where we already know of the effects 
down-stream of α-Klotho-dependent stimulation by FGF-23 at 
the distal tubular cells, further research should focus on possible 
α-Klotho-independent receptor stimulation of FGF-23 at proxi-
mal tubular cells.

Bone

 Despite being the site of greatest expression and pro-
duction of the hormone, little is known about the direct effects 
of FGF-23 on the bone itself. Though the absence of α-Klotho 
indicates a greatly reduced affinity of FGF-23 for its receptors, 
studies have shown that FGF-23 might directly inhibit bone for-
mation via weak activation of FGFR signaling.39,58 This could be 
due to a  α-Klotho-independent action of FGF-23 on bone cells. 
There have been defects in bone mineralization noted in FGF-23 
null mice but these might be secondary to the elevated levels of 
1, 25(OH)2D in these mice since the deletion of the vitamin D 
receptor rescues the phenotype of FGF-23 null mice.59 Further 
research in this aspect would serve to further the understanding 
of the role that bone plays in the delicate endocrine axis and the 
role of α-Klotho, if any, in this regard.

Parathyroid Gland

 In human disease conditions and in murine models, 
FGF-23 has been linked to increased levels of PTH,60 while in 
more recent studies FGF-23 has been shown to decrease PTH 
expression and secretion from the PTG.37 However due to lack 
of research into FGF-23’s Klotho-independent signaling via FG-
FRs in the PTG, it is as of yet unknown whether FGF-23 directly 
causes an increase in PTH, or if the increase in PTH might be a 
misleading finding due to FGF-23 induced down regulation of 
α-Klotho in the PTG rendering FGF-23 unable to exert its sup-
pressive effects on PTH via a α-Klotho-dependent mechanism. It 
is also possible, as discussed above, that the down regulation of 
α-Klotho in the PTG enables FGF-23 to activate different down-
stream signaling pathways that lead to different effects than 
those seen in the presence of α-Klotho. Another theory is that 
only the extremely elevated levels of FGF-23 in disease states, 
like chronic kidney disease (CKD), lead to a 1, 25(OH)2D level 
low enough to cause not only the release of PTG from the FGF-
23 induced inhibition, but also to cause a subtle hypocalcemia 
which chronically stimulates the PTG to cause a secondary hy-
perparathyroidism.61 This is supported by the fact that among 
the factors known as chronic kidney disease related mineral and 
bone disorders (CKD-MBD), FGF-23 has also been noted to be 
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the first to increase in concentration before changes in levels of 
PTH, 1, 25, (OH)2D, or serum phosphate,62,63 pointing to it hav-
ing a causal role in this disease. It is also possible that the hypo-
phosphatemia that results from elevated FGF-23 levels leads to a 
decreased PTH secretion, since phosphorus levels in vitro in rat 
PTGs have been linked directly to PTH secretion.64 Further stud-
ies need to work specifically on this aspect of FGF-23’s actions 
since knowledge of how exactly the FGF-23-PTG axis is set up 
and the role of α-Klotho-dependent and α-Klotho-independent 
receptors will help clarify the development and mechanism of 
many pathologies associated with variance in FGF-23 levels.

Heart

 Left ventricular hypertrophy (LVH) is a serious mortal-
ity causing condition linked to chronic kidney disease (CKD) 
and the elevated FGF-23 levels that it is associated with. Since 
there is a scarcity of research into the α-Klotho-dependent and 
α-Klotho-independent actions of FGF-23 in the heart muscle, 
and since α-Klotho is absent in cardiomyocytes, the current 
thought is that LVH in CKD must be a complication due to the 
indirect effects of FGF-23 on the kidneys.

 However, studies have demonstrated the role of FGF-
23 in causing pathological hypertrophy in isolated rat cardio-
myocytes via an α-Klotho independent, FGFR-4 dependent 
activation of calcineurin-NFAT pathway.56,65 Activation of this 
FGFR-4/calcineurin/NFAT pathway has been shown to be 
enough to cause cardiac hypertrophy in mice while FGFR-4 
blockade, even with high serum FGF-23 levels, attenuates car-
diac hypertrophy in rats with CKD.56 In another study FGF-
23 has been shown to induce cardiomyocyte hypertrophy via 
PLC-γ signaling, upstream of calcineurin/NFAT, independent 
of Klotho.43 These studies bring to light questions regarding 
α-Klotho independent functions of FGF-23 in the heart that must 
be further investigated. Another thing that needs to be clarified 
by future research is whether the FGF-23 of cardiac origin plays 
a role in causing LVH in a paracrine manner.
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