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Abstract

Diagnosis of malignant renal tumors does not mostly create difficulties. Although micrometas-
tases may be encountered during postmortem examination, kidney is not a preferred organ for 
clinically detected metastases of malignant tumors. Therefore, almost all renal tumors in adults 
and children are primary tumors. When primary renal tumors are encountered, most of the 
cases pose a diagnostic simplicity. Indeed, diagnosis of malignant kidney tumors in children 
is Wilms tumor (WT) in 80–90% of the cases, while it is renal cell  carcinoma in adults. In fact, a 
typical WT contains tissue components in three different morphologies. These are mesenchy-
mal component resembling primitive fetal mesenchyme, epithelial component that reminds us 
fetal renal tubules and glomeruli, and blastomatous component  consisting of  clusters of blast 
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cells that contributed to the coinage of the term “nephroblastoma.” However, not all WTs are 
triphasic, and different tissue components in very restricted areas may be overlooked. Besides, 
immunohistochemical staining methods helpful in the differential diagnosis of other tumors 
are not much useful in WT. Embryonic development of kidney is a complex process in which 
different transcription factors, proto-oncogenes, and various types of growth factors are effec-
tive. WT can be considered a failure of this transition. A number of genes are involved in 
nephrogenesis, as well as in Wilms tumorigenesis. Recently, some of these genes are believed 
to be regulated by HACE1, glypican 3 (GPC3), and six WT genes. The incidence of WT is 1:10,000 
worldwide. Currently, high cure rates can be achieved, and multimodality treatment has 
resulted in a significant improvement in outcomes. In this chapter, histopathological features 
of WT, genetic and molecular modifications related to WT, the effects of these genetic abnor-
malities on prognosis, and clues for differential diagnosis were evaluated.
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Introduction

Diagnosis of malignant renal tumors does not mostly create difficulties. Although micro-
metastases may be encountered during autopsy, kidney is not a preferred organ for clini-
cally detected metastases of malignant tumors. Therefore, almost all renal tumors in adults 
and children are primary tumors (1–3). When primary renal tumors are encountered, most 
of the cases pose a diagnostic simplicity. Indeed, diagnosis of malignant kidney tumors in 
children is Wilms tumor (WT) in 80–90% of the cases, while it is renal cell carcinoma in most 
adults. In fact, a typical WT contains tissue components in three different morphologies. 
These components are mesenchymal component resembling primitive fetal mesenchyme, 
epithelial component that reminds us fetal renal tubules and glomeruli, and blastomatous 
component consisting of clusters of blast cells that contributed to the coinage of the term 
“nephroblastoma.” However, not all WTs are triphasic, and different tissue components in 
very restricted areas may be overlooked. Immunohistochemical staining methods helpful in 
the differential diagnosis of other tumors are not much use in WT, such as clear cell sarcoma 
or even renal cell carcinoma subtypes or other even more rare renal tumors (1, 3, 4).

Embryonic development of kidney is a complex process in which different transcription 
factors, proto-oncogenes, and various types of growth factors are effective. WT can be con-
sidered a failure of this transition. A number of genes are involved in nephrogenesis, as 
well as in Wilms tumorigenesis. Recently, some of these genes are believed to be regulated 
by HACE1, glypican 3 (GPC3), and six WT genes. In addition, several studies have demon-
strated that Cav-1 interacts with multiple members of the EGF-R/RAS/ERK and PI3/AKT 
 pathways to modify signaling activity (5, 6).
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The incidence of WT, the most common primary malignant renal tumor of childhood, is 
1:10,000 worldwide. Currently, high cure rates can be achieved, and multimodality treat-
ment has resulted in a significant improvement in outcomes. Recent studies have revealed 
that several genetic abnormalities are associated with a worse prognosis in WT, even in 
those with localized stage and favorable histology (7, 8). In this chapter, histopathologi-
cal features of WT, genetic and molecular modifications related to WT, the effects of these 
genetic abnormalities on prognosis, and clues for differential diagnosis were analyzed.

Pathogenesis of WT

Kidney development is a complex process, consisting of two distinct embryological origins, 
the nephrogenic (mesenchymal) and the ductogenic (ureteric) (9). Both development path-
ways are regulated by transcription factors, proto-oncogenes, polypeptide growth factors 
that act as signaling molecules, and their receptors (10, 11). WT is the direct result of malde-
velopment of the embryonic kidney and has led to many fundamental insights such as the 
link between normal development and tumorigenesis. Understanding the normal kidney 
development has helped in our understanding and treatment of WT. The metanephric kid-
ney develops from the intermediate mesoderm, and this structure gives rise to three cell 
types that will form the kidney. In conclusion, this structure consists of the epithelial nephric 
or Wolffian duct, Six2-positive mesenchymal cells that will form the nephrons, and Foxd1-
positive cells that will give rise to the stromal cells (6). WT can be considered a failure of this 
transition. It arises from pluripotent renal precursors that undergo excessive proliferation 
resulting in undifferentiated stromal components, blastemal cells similar to the condensing 
mesenchyme, and primitive epithelial structures resembling comma and S-shaped bodies and 
glomeruli. The presence of associated nephrogenic rests consisting of foci of persistent embry-
onic remnant tissues that failed to mature to normal renal parenchyma further points toward 
impaired differentiation in early renal development (6, 9, 11–14). WT was one of the three types 
of cancer in which Knudson and Strong (15) based his two-hit model for tumor suppressor 
genes, and the loss of WT1 in a subset of WT cases remains an archetypal example of a classic 
tumor suppressor gene, as originally proposed (6). Since then, many variations in classifications 
and the genetics and mechanics of tumor suppressor genes have been found (16), and the bio-
logical basis of the multiple tumors that arise in genetically predisposed individuals may clearly 
involve genes other than WT1. A number of genes involved in nephrogenesis, especially in the 
mesenchymal to epithelial transition, have also been implicated in Wilms tumorigenesis (9, 17).

Common genetic abnormalities in WT

WT, or nephroblastoma which is currently the preferred term, is the most common pedi-
atric renal cancer (6). The biology of WT illustrates some important aspects of childhood 
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neoplasms such as the relationship between malformation and neoplasia, the histological 
similarities between the organogenesis and oncogenesis, and the two-hit theory of reces-
sive tumor suppressor genes (7). WT morphologically resemble embryonic kidneys with 
a disrupted architecture, associated with undifferentiated metanephric precursors (6–8). 
 Previous studies demonstrated that the risk of WT is increased in at least three groups of 
congenital malformations associated with distinct chromosomal loci. Although WT arising 
in these malformations accounts for no more than 10% of cases, these syndromic tumors 
have provided important insight into the biology in this neoplasm (7).

The first disorder that is associated with WT is WAGR syndrome, characterized by WT, 
aniridia, genital anomalies, and mental retardation. Lifetime risk of developing WT in these 
patients is approximately 33%. Patients with WAGR syndrome carry germ line deletion 
of chromosome 11p13, and the first identified WT-associate gene, WT1, is located on this 
chromosome. WT1 deletion in WAGR syndrome represents a “first hit”; the development 
of WT in these individuals frequently correlates with the occurrence of the mutation in 
the second WT1 allele as the “second hit” (6–9). The second disorder, Denys–Drash syn-
drome (DDS), is characterized by gonadal dysgenesis and early-onset nephropathy based 
on glomerulosclerosis leading to renal failure. Lifetime risk of WT in patients with DDS 
is approximately 90%. These patients demonstrated germ line point mutations in the zinc 
finger region of the WT1 protein that affects its DNA-binding properties (7). However, 
 bi-allelic inactivation of WT1 must be required for the development of the WT phenotype 
in DDS (13–17). The third disorder, Beckwith–Wiedemann syndrome (BWS), is character-
ized by organomegaly, macroglossia, hemihypertrophy, and omphalocele. BWS has served 
as a model for tumorigenesis by genomic imprinting. Genetic locus of BWS or WT2 gene is 
on the 11p15.5. Unlike WAGR syndrome or DDS, the genetic basis for BWS is considerably 
more heterogeneous, in that no single genetic region is involved in all cases. Recent genetic 
studies have also elucidated the role of beta-catenin in WT. Beta-catenin belongs to the 
WNT (wingless) signaling pathway. Gain-of-function mutations have been demonstrated 
in 10% of sporadic WT. Similarly, mutations and deletions of WT1 gene are less common in 
sporadic WT cases (7, 8, 17, 18).

Histopathological features of WT

WT recapitulates normal nephrogenic differentiation, but while normal developing neph-
rons are beautifully structured, nephrogenic structures in WTs are disorganized (6). Most 
WTs show triphasic patterns such as blastemal, epithelial, and stromal (Figure 1). Clinical 
investigations reveal that the outcome of children with WT is dependent on histology. The 
cure rate in these cases is close to 90% (12). Favorable histology is characterized by the pres-
ence of all three histological elements and the absence of diffuse anaplasia (12, 14, 19–22). In 
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WT cases that had been pretreated with chemotherapy before surgery, the blastemal type 
also has been well recognized now as an adverse prognostic subtype (23, 24). However, the 
histological features are not sufficient to predict the prognosis of WT, and some chromo-
somal mutations may play a role as adverse biological markers, even in those with localized 
(stage I and II) favorable histology WT (25–33).

Figure 1.  (A) Gross pathology of WT, (B) entrapped two normal glomeruli in a WT, (C, 
D) typical triphasic WTs, (E) differences after therapy, (F) blastemal and stromal areas 
in a WT, and (G, H) anaplastic WT.
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The three histological components of WT have different proliferation potentials and dif-
ferent responses to therapy. In most reports, the lowest proliferation index was deter-
mined in the stromal component, and this component generally was not affected by 
chemotherapy. There were different results for the highest Ki-67 index in the literature. 
For example, the blastemal component had the highest proliferative activity in three stud-
ies, and the authors demonstrated that the surviving blastemal component after chemo-
therapy was a highly significant indicator of metastases and adverse outcome in WT (14, 
30, 31). However, in two other studies, the highest Ki-67 index was determined in the 
epithelial component (22, 32). A fundamental difference in the behavior of normal versus 
tumor cells in culture is that normal cells divide for a limited number of times and exhibit 
cellular senescence, whereas tumor cells usually have the limitless proliferative capac-
ity (14). The most prominent hypothesis is that the maintenance of telomere stability is 
required for the long-term proliferation of tumors. The tumor cells may escape from cel-
lular senescence and become immortal by telomere maintenance. The simplest way of this 
maintenance is the activation of telomerase. Telomerase activity has been found in almost 
all tumors but not in adjacent normal cells (34–37). This activity was mainly evaluated 
with molecular studies, but it was also determined that the immunohistochemical stain-
ing pattern of TERT was correlated with telomerase activity (14, 34–38). The high telom-
erase reverse transcriptase (hTERT) staining was restricted to the nucleus in both normal 
telomerase-positive cells and cancer cells. The immunolocalization of hTERT in speci-
mens of adult cancers revealed that the levels of telomerase activity mainly depended 
on the number of tumor cells with telomerase activity (14). Telomere maintenance is 
evident in virtually all types of malignant cells where either a telomerase-dependent or 
alternative lengthening of telomeres (ALT) mechanism exists. For this reason, effective 
strategies targeting telomere maintenance in cancer cells require telomerase inhibitors or 
ALT inhibitors (14, 34–38). The importance of telomerase activity is novel and potentially 
 relevant in WT biology and progression because WT1 has been identified as a repressor of 
telomerase protein catalytic subunit promoter (36). In addition, functions of TERT other 
than telomere lengthening such as oncogenic transcriptional activation were reported 
(14). Although several genes such as HACE1, GPC3, and six WTs have been reported to 
involve in the pathogenesis of WT, they are not associated with specific histological fea-
tures of WT (39–45).

Clues for differential diagnosis of WT

If a WT shows triphasic patterns, the diagnostic procedure is often not difficult. Wherein 
the case is of a monophasic pattern, differential diagnosis may be tiresome. In this condi-
tion, the main differential diagnosis of WT includes the so-called non-WT renal tumors, 
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that is, clear cell sarcomas of kidney, congenital mesoblastic nephroma, renal malignant 
rhabdoid tumors, neuroblastoma, and primitive neuroectodermal tumors (PNETs). In a 
pure epithelial tumor, metanephric adenoma should be considered for differential diag-
nosis. Especially, positivity of WT1 in metanephric adenoma creates the diagnostic diffi-
culty in this tumor (1, 8, 17). Pure stromal WT is also rare, and in those cases, differential 
diagnosis includes the congenital mesoblastic nephroma. The age of cases is helpful for 
differential diagnosis, as most cases with mesoblastic nephroma occur in children younger 
than 6 months. In addition, WT with purely blastemal appearance after chemotherapy can 
be too hard to differentiate from neuroblastomas and PNETs (23, 24). Immunohistochemi-
cal stains provide limited benefit in the differential diagnosis of WT subtypes. Immuno-
histochemical profile of the various components of WT mirrors that of their counterparts 
in the developing kidney. For example, the blastematous elements show focal positivity 
for vimentin, the epithelial elements react for keratin and epithelial membrane antigen 
(EMA), and the mesenchymal elements show a heterogeneous reactivity according to the 
morphological appearances. Immunoreactivity for WT1 antigen is determined in the 90% 
of WTs, and it is the most useful marker for differential diagnosis. By contrary, positive 
immunoreactivity for TTF-1 is determined in 17% of WTs, and it represents a potential 
source of misdiagnosis (6, 7, 17). However, IHC can be very helpful in the conformation of 
non-WT subtypes.

Conclusion

In conclusion, WT that demonstrates monophasic appearance can be too hard to discrimi-
nate from other primary renal tumors, such as neuroblastoma, clear cell sarcoma, rhab-
doid tumor, mesoblastic nephroma, or even sarcomatoid-type renal cell carcinoma (1, 3, 
4). Apart from histology, genetic risk factors may aid in stratifying patients for future 
treatment.

Conflict of Interests

The author declares no potential conflicts of interest with respect to research, authorship 
and/or publication of this article.

References

1. Diniz G, Ortac R, Aktas S. Panoramic view of malignant renal tumors in Childhood. 
Turk J Pathology. 2001;17(1–2) 54–56 (Turkish).

2. Peterson RO. Kidney. In: Urologic Pathology. 2nd ed. Philadelphia: Lippincott 
Company, 1992;50–150.



Diniz

38

3. Breslow NE, Beckwith JB. Epidemiological features of Wilms’ tumor: results of the 
National Wilms’ Tumor Study. J Natl Cancer Inst. 1982;68(3):429–36.

4. Beckwith JB. Histopathological aspects of renal tumors in children. Prog Clin Biol 
Res. 1982;100:1–14.

5. Chu A, Heck JE, Ribeiro KB, Brennan P, Boffetta P, Buffler P, et al. Wilms’ tumour: 
a systematic review of risk factors and meta-analysis. Paediatr Perinat Epidemiol. 
2010;24(5):449–69. 

 http://dx.doi.org/10.1111/j.1365-3016.2010.01133.x
6. Hohenstein P, Pritchard-Jones K, Charlton J. The yin and yang of kidney develop-

ment and Wilms’ tumors. Genes Dev. 2015 Mar 1;29(5):467–82. 
 http://dx.doi.org/10.1101/gad.256396.114
7. Kumar V, Abbas AK, Aster JC. Robbins and Cotran’s Pathologic Basis of Disease. 

Philadelphia: Elsevier, 2015;473–81.
8. Ordonez NG, Rosai J. Urinary tract. In: Rosai and Ackerman’s Surgical Pathology. 

10th ed. Philadelphia: Elsevier, 2011;1120–286.
9. Horster MF, Braun GS, Huber SM. Embryonic renal epithelia: induction, nephro-

genesis, and cell differentiation Physiol Rev. 1999;79:1157–91.
10. Quaggin SE, Kreidberg JA. Development of the renal glomerulus: good neighbors 

and good fences. Development. 2008;135(4):609–20.
11. Fischer EG, Carney JA, Anderson SR, Klatt EC, Lager DJ. An immunophenotypic 

comparison of metanephric metaplasia of Bowman capsular epithelium with meta-
nephric adenoma, Wilms tumor, and renal development: a case report and review 
of the literature. Am J Clin Pathol. 2004;121(6):850–6.

12. Diniz G, Aktas S, Cubuk C, Ortac R, Vergin C, Olgun N. Tissue expression of MLH1, 
PMS2, MSH2, and MSH6 proteins and prognostic value of microsatellite instability 
in Wilms tumor: experience of 45 cases. Pediatr Hematol Oncol. 2013;30(4):273–84.

13. Costantini F, Kopan R. Patterning a complex organ: branching morphogenesis and 
nephron segmentation in kidney development. Dev Cell. 2010;18:698–712.

14. Diniz G, Aktas S, Turedi A, Temir G, Ortac R, Vergin C. Telomerase reverse tran-
scriptase catalytic subunit expression and proliferation index in Wilms tumor. 
Tumour Biol. 2011;32(4):761–7. 

 http://dx.doi.org/10.1007/s13277-011-0178-1
15. Knudson AG Jr, Strong LC. Mutation and cancer: a model for Wilms’ tumor of the 

kidney. J Natl Cancer Inst. 1972;48:313–24.
16. Berger AH, Knudson AG, Pandolfi PP. A continuum model for tumour suppres-

sion. Nature. 2011;476:163–9.
17. Zhou M, Netto GJ, Epstein JI. Uropathology: High Yield Pathology. Elsevier, 

2012;266–338.



Characteristics of Wilms Tumor

39

18. Ramburan A, Hadley GP, Govender D. Expression of E-cadherin, cadherin-11, alpha-, 
beta- and gamma-catenins in nephroblastomas: relationship with clinicopathological 
parameters, prognostic factors and outcome. Pathology. 2006;38(1):39–44.

19. Husain AN, Pysher TJ, Dehner LP: The kidney and lower urinary tract. In: Stocker 
JT, Dehner LP (Eds). Pediatric Pathology. Philadelphia: Lippincott Williams & 
Wilkins Publications, 2001;834–903.

20. Perlman EJ. Renal tumors. In: Gilbert-Barness E (Ed). Potter’s Pathology of the 
Fetus, Infant and Child. Philadelphia: Mosby Elsevier, 2007;1347–75.

21. Argani P, Beckwith JB. Renal neoplasms of childhood. In: Sternberg’s Diag-
nostic Surgical Pathology. Philadelphia: Lippincott Williams and Wilkins, 
2004;p2001–33.

22. Metzger ML, Dome JS. Current therapy for Wilms’ tumor. Oncologist. 
2005;10(10):815–26.

23. Wegert J, Ishaque N, Vardapour R, Geörg C, Gu Z, Bieg M, et al. Mutations in 
the SIX1/2 pathway and the DROSHA/DGCR8 miRNA microprocessor complex 
underlie high-risk blastemal type Wilms tumors. Cancer Cell. 2015;27(2):298–311. 

 http://dx.doi.org/10.1016/j.ccell.2015.01.002
24. van den Heuvel-Eibrink MM, van Tinteren H, Bergeron C, Coulomb-L’Hermine 

A, de Camargo B, Leuschner I, et al. Outcome of localised blastemal-type Wilms 
tumour patients treated according to intensified treatment in the SIOP WT 2001 pro-
tocol, a report of the SIOP Renal Tumour Study Group (SIOP-RTSG). Eur J Cancer. 
2015;51(4):498–506. 

 http://dx.doi.org/10.1016/j.ejca.2014.12.011
25. Jurić I, Pogorelić Z, Kuzmić-Prusac I, Biočić M, Jakovljević G, Stepan J, et al. Expres-

sion and prognostic value of the Ki-67 in Wilms’ tumor: experience with 48 cases. 
Pediatr Surg Int. 2010;26:487–93.

26. Scott RH, Walker L, Olsen ØE, Levitt G, Kenney I, Maher E, et al. Surveillance for 
Wilms tumour in at-risk children: pragmatic recommendations for best practice. 
Arch Dis Child. 2006;91(12):995–9.

27. Terenziani M, Spreafico F, Collini P, Piva L, Perotti D, Podda M, et al. Adult Wilms’ 
tumor: a monoinstitutional experience and a review of the literature. Cancer. 
2004;101(2):289–93.

28. Scott RH, Stiller CA, Walker L, Rahman N. Syndromes and constitutional chromo-
somal abnormalities associated with Wilms tumour. J Med Genet. 2006;43(9):705–15.

29. Hohenstein P, Hastie ND. The many facets of the Wilms’ tumour gene, WT1. Hum 
Mol Genet. 2006;15 Spec No 2:R196–201.

30. Maw MA, Grundy PE, Millow LJ, Eccles MR, Dunn RS, Smith PJ, et al. A third 
Wilms’ tumor locus on chromosome 16q. Cancer Res. 1992;52(11):3094–8.



Diniz

40

31. Delahunt B, Farrant GJ, Bethwaite PB, Nacey JN, Lewis ME. Assessment of prolif-
erative activity in Wilms’ tumour. Anal Cell Pathol. 1994;7(2):127–38.

32. Dome JS, Bockhold CA, Li SM, Baker SD, Green DM, Perlman EJ, et al. High telom-
erase RNA expression level is an adverse prognostic factor for favorable-histology 
Wilms’ tumor. J Clin Oncol. 2005;23(36):9138–45.

33. Berrebi D, Leclerc J, Schleiermacher G, Zaccaria I, Boccon-Gibod L, Fabre M, et al. 
High cyclin E staining index in blastemal, stromal or epithelial cells is correlated with 
tumor. aggressiveness in patients with nephroblastoma. PLoS One. 2008;3(5):e2216.

34. Khine MM, Aung W, Sibbons PD, Howard CV, Clapham E, McGill F, et al. Analysis 
of relative proliferation rates of Wilms’ tumor components using proliferating cell 
nuclear antigen and MIB-1 (Ki-67 equivalent antigen) immunostaining and assess-
ment of mitotic index. Lab Invest. 1994;70(1):125–9.

35. Green DM, D’Anjio GJ, Beckwith JB. Wilms’ tumor. In: Pizzo PA, Fobcek DG (eds). 
Principles and Practice of Pediatric Oncology. 2nd ed. Philadelphia: JB Lippincott 
Company, 1997;733–59.

36. Oh S, Song Y, Yim J, Kim TK. The Wilms’ tumor 1 tumor suppressor gene represses 
transcription of the human telomerase reverse transcriptase gene. J Biol Chem. 
1999;274(52):37473–8.

37. Yashima K, Maitra A, Timmons CF, Rogers BB, Pinar H, Shay JW, et al. Expression 
of the RNA component of telomerase in Wilms tumor and nephrogenic rest reca-
pitulates renal embryogenesis. Hum Pathol. 1998;29(5):536–42.

38. Dome JS, Chung S, Bergemann T, Umbricht CB, Saji M, Carey LA, et al. High telomerase 
reverse transcriptase (hTERT) messenger RNA level correlates with tumor recurrence 
in patients with favorable histology Wilms’ tumor. Cancer Res. 1999;59(17):4301–7.

39. Rahman N, Arbour L, Tonin P, Renshaw J, Pelletier J, Baruchel S, et al. Evidence for a famil-
ial Wilms’ tumour gene (FWT1) on chromosome 17q12-q21. Nat Genet. 1996;13(4):461–3.

40. Miozzo M, Perotti D, Minoletti F, Mondini P, Pilotti S, Luksch R, et al. Mapping 
of a putative tumor suppressor locus to proximal 7p in Wilms tumors. Genomics. 
1996;37(3):310–5.

41. White GR, Kelsey AM, Varley JM, Birch JM. Somatic glypican 3 (GPC3) mutations 
in Wilms’ tumour. Br J Cancer. 2002;86(12):1920–2.

42. Rivera MN, Kim WJ, Wells J, Driscoll DR, Brannigan BW, Han M, et al. An X 
chromosome gene, WTX, is commonly inactivated in Wilms tumor. Science. 
2007;315(5812):642–5.

43. Slade I, Stephens P, Douglas J, Barker K, Stebbings L, Abbaszadeh F, et al. Consti-
tutional translocation breakpoint mapping by genome-wide paired-end sequencing 
identifies HACE1 as a putative Wilms tumour susceptibility gene. J Med Genet. 
2010;47(5):342–7.



Characteristics of Wilms Tumor

41

44. Ramachandran C, Melnick SJ, Escalon E, Jhabvala P, Khatib Z, Alamo A, et al. 
Expression of apoptosis, cell proliferation, and drug resistance genes in pediatric 
Wilms’ tumors. Anticancer Res. 2000;20(5C):3759–65.

45. Wittmann S, Wunder C, Zirn B, Furtwängler R, Wegert J, Graf N, et al. New prog-
nostic markers revealed by evaluation of genes correlated with clinical parameters 
in Wilms tumors. Genes Chromosomes Cancer. 2008;47(5):386–95.




