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Nephroblastoma or Wilms tumor is the most common tumor of the urinary
system in childhood. The survival rate can reach more than 90% after
multidisciplinary treatment, but there is still a certain recurrence rate. In recent
years, domestic and foreign scholars have analyzed the gene mutations related
to the recurrence of nephroblastoma from the genetics or epigenetics
perspective. However, few reports on the relationship between MLLT1 and the
pathogenesis have been reported; patients with MLLT1 gene mutations are often
associated with poor prognosis. In this case, we report the recurrence of
nephroblastoma with MLLT1 gene mutation and review relevant literature. The
studies on molecular genetic mechanism will provide a theoretical basis for early
warning, optimize individualized treatment plan, and are important for
improving prognosis.
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1 Introduction

Wilms tumor (WT), also named nephroblastoma, is the most common pediatric renal
embryonal neoplasm. Its incidence rate ranks fourth in pediatric tumors, accounting for
approximately 6% of children’s tumors and up to 90% of renal tumors in children (1).
Metastasis occurs in the minority of patients, most frequently to the lung parenchyma, and
to a lesser extent, the liver and regional lymph nodes (2). In recent decades, prognosis has
improved secondary to surgical and medical advances and medical multidisciplinary group.
The 5-year overall survival has improved to 90% (3). In patients without metastatic disease
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at presentation, approximately 75% of all recurrences occur within
1 year, and the relapse rate of patients enrolled in the combined
International Society of Pediatric Oncology was 12%, with an
overall survival in relapsed patients of 48% (4); thus, it is
important to identify patients at risk of recurrence in order to
adjust treatment in such a way that recurrence may potentially
be prevented.

The exact pathogenesis underlying the recurrence of WT is still
unclear, and the factors that influence the risk of recurrence include
patient-, tumor-, and treatment-related characteristics. In recent
years, biological markers, such as genetic alterations, have been
studied more intensively, as these markers may be able to better
identify patients at risk of tumor recurrence (5).

In addition to genetic changes identified within recurrent
nephroblastoma (6), research has identified mutations that
involve the highly conserved YEATS domain of MLLT1, a gene
known to be involved in transcriptional elongation during early
development. Children with MLLT1-mutant tumors present at a
younger age and have a high prevalence of precursor intralobar
nephrogenic rests (7). Through whole genome sequencing of
pathological tissues from 82 recurrent nephroblastoma cases, the
proportion of MLLT1 hotspot mutations was 6.1%, including two in
the discovery set (n = 51) and three in the validation set (n = 31) (8).
This is compared to a mutation rate of 19/533 (3.6%) among newly
diagnosed nephroblastoma.

We report two cases of a second recurrence of nephroblastoma
with MLLTI mutation. It could provide evidence that supports the
role of MLLTI mutation in the pathogenesis of a subset of
nephroblastoma. It might provide a theoretical basis for
predicting the risk of recurrence.

(A)

©)

FIGURE 1
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2 Case series
2.1Casel

2.1.1 Clinical manifestation

A 6-month-old male infant was admitted to West China Second
University Hospital and presented with an abdominal mass. He had
no fever, vomiting, abdominal pain, or bloating and no family
history of malignant tumors. A lump (approximately 6.0 cm x 8.0
cm) was palpable in left down abdomen, with unclear boundaries,
poor mobility, and without tenderness. Abdominal computed
tomography showed a huge abnormal soft tissue mass
(approximately 7.3 cm x 6.7 cm) in the left kidney, with patchy
high-density shadows. Irregular enhancement appeared in the
circumference or parenchyma of tumors in enhanced CT
scan sequences.

2.1.2 Treatment

The patient received laparoscopic left renal and retroperitoneal
giant tumor resection at another hospital on the 7th day after
the discovery of the abdominal mass. The tumor (approximately
8.0 cm x 7.0 cm x 6.0 cm) originated from the left kidney
and had extensive adhesions with surrounding tissues. Due to the
intact capsule, it could be completely removed. The pathology and
immunohistochemistry confirmed the diagnosis of nephroblastoma
(favorable histology, mixed). Chest and abdominal CT (Figures 1A,
B) showed no residual tumor or distant metastasis. According to
the recommendations for the diagnosis and treatment of
nephroblastoma issued by the Chinese Children Cancer Group in

(B)

(D),

Imaging results for the 6-month-old male infant. (A, B) Chest and abdominal CT showed no residual tumor or distant metastasis. (C) After
completing the 6 weeks of chemotherapy, abdominal CT showed irregular soft tissue mass in the left retroperitoneum (approximately 6.3 cm X 3.8
cm x 6.7 cm). (D) Abdominal imaging indicated that the irregular soft tissue mass gradually shrunk after a new round of chemotherapy with the

protocol CCCG-WT-2019 (Regime I).
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2019 (CCCG-WT-2019), the tumor was classified as stage 1: (1) the
tumor was limited to the kidneys and was completely removed
surgically; (2) the renal capsule was intact; (3) there was no rupture
before tumor resection; (4) there was no invasion in the renal sinus;
(5) there was no residual tumor at the surgical margin; and (6) all
sampled lymph nodes were negative. On the 24th day after the first
surgery, the patient received chemotherapy with the protocol
CCCG-WT-2019 (Regime EE4A). This regimen included
vincristine and dactinomycin, with a total course of 19 weeks.
However, after completing 6 weeks of chemotherapy, abdominal
CT (Figure 1C) showed irregular soft tissue mass in the left
retroperitoneum, which was suspected to be early tumor
recurrence. The patient underwent a second operation for
retroperitoneal tumor resection and biopsy, and the pathology
supported the recurrence of Wilms tumor. On the 23rd day after
the second surgery, he started a new round of chemotherapy with
the protocol CCCG-WT-2019 (Regime I). This regimen included
vincristine, adriamycin, etoposide, and cyclophosphamide, with
a total course of 24 weeks. During the treatment, abdominal
imaging (Figure 1D) indicated that the irregular soft tissue mass
gradually shrunk. The treatment appeared to be progressing in a
positive direction. Nevertheless, after completing 16 weeks of
chemotherapy, abdominal CT (Figures 2A, B) showed new space-
occupying lesions in the liver and lung, which were suspected to be
disease progression. Subsequently, we adjusted the chemotherapy
regimen to the protocol VIT, which included vincristine, irinotecan,
and temozolomide. However, during this treatment, chest CT and
abdominal MRI (Figures 2C, D) showed no relief of multiple new
masses and nodules. Eventually, his parents discontinued the
chemotherapy, and the child died from disease progression.

(A)

©

FIGURE 2
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2.1.3 Identification and characterization of
MLLT1 variants

The tumor gene analysis (Figure 3A) detected nine nucleotide
in-frame insertions (AACCACCTG) at MLLT1 position ¢.351_352
(p-R118delinsNHLR) of the NM_005934, with a mutation
frequency of 49.40%. No loss of heterozygosity (LOH) mutation
was found in the 1p and 16q regions, and no repetitive mutation
was found in the 1q region.

2.2 Case 2

2.2.1 Clinical manifestation

A 9-month-old male infant started with abdominal distension
and abdominal mass without a family history of malignant tumors.
Ultrasound showed a medium echo mass (approximately 7.8 cm x
6.5 cm x 6.9 cm) in the right kidney, with a clear boundary and
regular shape. There was a dark patchy liquid area, and dotted and
linear blood flow signals were seen inside and around the sound
transmission difference mass.

2.2.2 Treatment

Approximately 10 days after the discovery of the abdominal mass,
the patient underwent radical resection of a huge space-occupying
lesion in the right kidney, and the tumor was completely removed
during the operation. In the process of operation, a small amount of
bloody ascites was found in the abdominal cavity, the volume of the
right kidney was enlarged, and a huge mass in the upper and middle
parts could be found (8.0 cm x 6.0 cm X 5.0 cm). There was an enlarged
lymph node near the right abdominal aorta. Final pathology and

(D)

Secondary chemotherapy and postoperative imaging results for the 6-month-old male infant. (A, B) Abdominal CT showed new space-occupying
lesions in the liver (@approximately 2.9 cm x 3.0 cm X 2.7 cm) and lung (approximately 1.2 cm x 0.5 cm) after completing 16 weeks of chemotherapy
(C, D) Chest CT and abdominal MRI showed no relief of the multiple new masses and nodules during the whole treatment.
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Chromosome Variation information Variation Sequencing Variation
coordinates frequency Depth (x) grading
(A)]  MLLTI chr19:6230649insCA  NM:_005934:exon4:c.351 _ 49.4% 520 I
GGTGGTT 352insAACCACCTG:p.R1
18delinsNHLR
B)| MLLTI chr19:6230648C>CG NM_005934.4exon4:c.352_ 47.5% 1002 I
CAGGTGAA 353insTTCACCTGCp.L11
7_R118insLHL
FIGURE 3

Identification and characterization of MLLT1 variants. (A) The whole genome chip detection of the solid tumor sample of the 6-month-old male
infant showed no loss of heterozygosity (LOH) variation in the 1p and 16q regions, no repetitive variation in the 1qg region, and no other acquired
chromosome copy number variation (CNV) changes. (B) The results of the whole genome chip detection sample of the 9-month-old male infant
were 0 acquired CNV abnormalities, no LOH variation found in the 1p region and the 16q region, and no acquired variation was found in the 1q
region. (Variation grading in the table is divided into grade |, variation clearly related to the disease; level Il, variations that may be associated with the
disease; and grade llI, variants with unknown clinical significance.). 1. In our study, the reference genome of the chromosome location was GHCh37/
hg19. 2. In our study, the detection method used for the two children with nephroblastoma was whole-genome sequencing. The whole genome
chip belongs to Illumina cytoSNP-850K chip. The basic principle is to connect the probe to the microbeads, and then, the microbeads carrying the
probe are randomly adhered to the chip. The DNA of the sample to be tested is hybridized with the probe and the single base extension is
performed. The copy number variation (CNV) of the sample to be tested is analyzed by scanning the fluorescence signal. The probe position can
cover the whole genome of 22 pairs of autosomes and sex chromosomes and can detect chromosome copy number abnormalities (deletion or

duplication) and uniparental disomy (UPD) with a normal copy number.

immunohistochemistry confirmed the diagnosis of Wilms tumor
(favorable histology, mixed). Since the patient underwent the first
complete resection of the abdominal mass in another hospital, no
radiotherapy and chemotherapy were performed after the evaluation.
Therefore, the child's imaging data were not available before the
surgery. Forty-eight days after the operation, the child’s parents
noticed a new mass near the incision, and they went to our hospital
55 days after the operation. Although no residual tumor or distant
metastasis was found in the patient’s chest CT for the first time after the
operation, soft tissue density nodules in the posterior part of the
operation area were seen in the postoperative abdominal CT
(Figure 4A); the boundary between the adjacent peritoneum and the
local intestinal wall was not clear; and the nodular thickening of the
perihepatic peritoneum and the soft tissue density nodules in the right
upper abdominal wall suggested the possibility of tumor recurrence
and metastasis. According to the recommendations for the diagnosis
and treatment of nephroblastoma issued by the Chinese Children
Cancer Group in 2019 (CCCG-WT-2019), the tumor was classified as
stage 3: for tumor metastasis of the right upper abdominal wall and

(A)

FIGURE 4

lymph node involvement of the abdominal and pelvic cavity. With the
influence of different medical institutions and the family’s social
standing, the patient was able to undergo chemotherapy with the
protocol CCCG-WT-2019 (Regime DD4A) on the 60th day after
surgery, which was assessed 5 days after confinement in our hospital.
This regimen included vincristine, adriamycin, and dactinomycin, for a
total course of 25 weeks. However, after 3 weeks of chemotherapy, the
patient’s abdominal CT showed multiple nodules and masses in the
abdominal cavity and retroperitoneal space, suggesting multiple
abdominal metastases. His ultrasound reexamination (Figure 4B) at
the end of the 6th week of chemotherapy showed that the multiple
lesions in the liver and abdominal cavity were not relieved. Finally, the
child’s parents discontinued the treatment after careful consideration.

2.2.3 ldentification and characterization of
MLLT1 variants

The tumor gene analysis (Figure 3B) detected nine nucleotide
in-frame insertions (TTCACCT GC) at MLLT1 position ¢.352_353
(p.L117_R118insLHL) of the NM_005934.4 with a mutation

Imaging results for the 9-month-old male infant. (A) The soft tissue density nodules (approximately 2.1 cm x 1.1 cm X 2.2 cm) in the posterior part of
the operation area are seen in the postoperative abdominal CT after surgery. (B) Ultrasound reexamination at the end of the 6th week of
chemotherapy showed that the multiple lesions in the liver (approximately 5.5 cm X 4.8 cm X 4.8 cm) and abdominal cavity were not relieved.
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frequency of 47.50%. No 1p LOH, 1q gain, 11p15 LOH, 16q LOH,
and 17pl13.1 loss were detected in this patient’s pediatric
nephroblastoma genome-wide chip.

3 Discussion

The development of tumors is a multifactorial and multi-stage
process, which is the result of the comprehensive effects of host,
genetic, and environmental factors. Nephroblastoma is an
embryonal cancer and is thought to be derived from nephrogenic
rests (NRs), which are the foci of embryonic kidney precursor cells
(9). In the past two decades, an increasing number of findings
emerging from genetic and cytogenetic studies have improved our
ability to characterize changes in genes involved in WT, which
include WT1, CTNNBI, IGF2, and WTX (10, 11).

Recently, a series of hot spot mutations in the YEATS domain of
ENL, also known as MLLT1, have been identified in 5%-9% of
nephroblastoma patients, making it the most frequently mutated
epigenetic regulator in the disease (12). MLLTI gene is a newly
discovered gene likely associated with the pathogenesis of
nephroblastoma. It is located on chromosome 19p13.3 and encodes
a 559aa protein from 12 exons. In the human study, ENL (MLLT1,
YEATS1) and AF9 (MLLT3, YEATS3) are the most studied and
highly homologous. The >80% homology between AF9 and MLLT1
domains supports the similar function of MLLT1. MLLT1 protein is a
key component of the hyperelongation complex, regulating mRNA
elongation through RNA polymerase II (RNAPII) during
transcription to regulate RNA expression, while perturbation of
transcription elongation has been shown to cause abnormal
development and neoplastic transformation. The N-terminal region
of MLLT1 protein contains a YEATS domain, which can function as
a reader protein, specifically recognizing and binding H3K9ac,
bridging the chromatin template with DOT1L, resulting in H3K79
trimethylation, and hence, activating the transcription of associated
genes (13, 14). Important residue differences between MLLT1 and
AF9 involve 107 and 111 positions within loop 8 (L8), which plays an
important role in regulating the affinity and specificity of the YEATS
domain. On the one hand, the binding affinity of AF9 YEATS domain
H3K9 ac is higher than that of ENL (15). The mutant MLLT1 YEATS
domain showed substantially altered affinity with H3K9ac, thereby
affecting the transcriptional regulation of early kidney development.
Allis et al. studied the effects of these mutations on transcription.
These mutations accumulate in the YEATS domain and do not
redistribute ENL to new target sites to a large extent. On the contrary,
each mutant showed enhanced occupancy on the ENL target gene
subset, which was closely related to gene activation. MLLT1 (ENL)
mutation can drive nephroblastoma by enhancing the phase
separation and transcription of target genes (16). In addition, the
dysregulation of several HOX genes and upregulation of MYC in
MLLT1-mutant FHWT provide indirect evidence for an altered
transcriptional regulation in MLLT1-mutant tumors, as these genes
are recognized to be regulated through transcriptional elongation via
the super-elongation complex (17, 18). MLLTI mutations in
nephroblastoma can also mediate HOX disorders. The evidence is
clearest in the significant and early overexpression of HOXA13. Of
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particular interest was the high expression of HOXA13, a gene not
expressed in the FHWT or the cap mesenchyme of the developing
kidney (19). HOXAI3 upregulation has been shown to be a poor
outcome marker in some adult cancers, but the role of HOXAI3
overexpression in WT development is not apparent. The association
between MLLTI1 mutation and HOXA 13 overexpression is supported
by the accompanying increased expression of HOTTIP, an IncRNA
that can result in transcriptional activation of HOXA13 (20).

Apart from affecting the transcriptional regulation, the MLLT1-
mutant tumors were also accompanied by CTNNBI or WTX
mutations, which would activate the Wnt pathway, resulting in
increased proliferation during early development (21). The
abnormal proliferation of early undifferentiated cells could remain
localized, or as the early kidney grows, they could separate into
multiple aggregates, resulting in the subsequent development of
single or multiple intralobar nephrogenic rests and WT may
develop within them. Hence, it may be speculated that the
patients carrying MLLTI mutations may present at a younger
age, are more likely to develop multi-foci multiple intralobar
nephrogenic rests, and have a higher risk of nephroblastoma.

Here, we reported the in-frame insertion MLLTI mutation
(NM_005934: exon4:c.351_352ins and NM_005934.4:exon4:
¢.352_353ins) in favorable histology nephroblastoma. The identical
MLLTI insertion variant was not identified in other tumors
(neuroblastoma, lymphoma, leukemia, and osteosarcoma), and
copy number loss at chromosome 19p13 was not identified. Similar
to literature reports, the onset age is <1 year old, consistent with the
characteristics of young onset age. This suggests that this specific
cellular environment may be limited to early embryonic kidneys (22,
23). A team speculated that in patients with tumors carrying MLLT1
mutations, these mutations occur in undifferentiated cells in the early
stage of renal development. It further illustrates that WT with MLLT1
mutations presents at a younger age (7). Despite early and aggressive
treatment, the patients experienced a second recurrence. Although no
detectable correlation between the specific MLLTI mutation and
relapse was clarified, we highly suspect that the MLLTI mutation
status is likely to increase the risk of recurrence. We did not detect
intralobar nephrogenic rests and identify any evidence of germ-line
mutations; therefore, we were not able to clarify the relationship
between MLLTI-mutant tumors and intralobar nephrogenic rests.

4 Conclusion

In summary, we report a somatic mutation in MLLTI and
provide evidence that patients with MLLTI-mutant tumors present
at a younger age. Further understanding the function of MLLTI
mutations in nephroblastoma could provide significant insight into
the development of nephrogenic rests and risk factors for
tumor relapse.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1487544
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Dai et al.

Ethics statement

The studies involving humans were approved by Ethics Committee
of West China Second University Hospital. The studies were conducted
in accordance with the local legislation and institutional requirements.
Written informed consent for participation in this study was provided
by the participants’ legal guardians/next of kin. Written informed
consent was obtained from the individual(s), and minor(s)" legal
guardian/next of kin, for the publication of any potentially
identifiable images or data included in this article.

Author contributions

YLD: Conceptualization, Data curation, Investigation,
Methodology, Writing - original draft. XC: Data curation,
Investigation, Writing - original draft. GQH: Formal analysis,
Investigation, Supervision, Writing - review & editing. JG:
Funding acquisition, Investigation, Resources, Supervision,
Visualization, Writing - review & editing. XG: Data curation,
Formal analysis, Funding acquisition, Project administration,
Resources, Validation, Visualization, Writing - review & editing.

References

1. Szychot E, Apps ], Pritchard-Jones K. Wilms’ tumor: biology, diagnosis and
treatment. Transl Pediatr. (2014) 3:12-24. doi: 10.3978/j.issn.2224-4336.2014.01.09

2. Thibodeau R, Jafroodifar A, Coelho M, Li HK, Gitto L, Zaccarini DJ. Relapsed
wilms’ Tumor presenting as metastasis to the zygoma. Radiol Case Rep. (2021)
16:1965-73. doi: 10.1016/j.radcr.2021.05.015

3. Pater L, Melchior P, Rube C, Cooper BT, McAleer MF, Kalapurakal JA. Wilms
tumor. Pediatr Blood Cancer. (2021) 68 Suppl 2:e28257. doi: 10.1002/pbc.v68.52

4. Honeyman )N, Rich BS, McEvoy MP, Knowles MA, Heller G, Riachy E. Factors
associated with relapse and survival in Wilms tumor: a multivariate analysis. ] Pediatr Surg.
(2012) 47:1228-33. doi: 10.1016/j.jpedsurg.2012.03.030

5. Groenendijk A, Spreafico F, de Krijger RR, Drost J, Brok J, Perotti D. Prognostic
factors for wilms tumor recurrence: A review of the literature. Cancers (Basel). (2021)
13:3142. doi: 10.3390/cancers13133142

6. Natrajan R, Little SE, Sodha N, Reis-Filho JS, Mackay A, Fenwick K. Analysis by
array CGH of genomic changes associated with the progression or relapse of Wilms’
tumour. J Pathol. (2007) 211:52-9. doi: 10.1002/path.v211:1

7. Perlman EJ, Gadd S, Arold ST, Radhakrishnan A, Gerhard DS, Jennings L.
MLLT1 YEATS domain mutations in clinically distinctive Favourable Histology Wilms
tumours. Nat Commun. (2015) 6:10013. doi: 10.1038/ncomms10013

8. Gadd S, Huff V, Skol AD, Renfro LA, Fernandez CV, Mullen EA. Genetic changes
associated with relapse in favorable histology Wilms tumor: A Children’s Oncology Group
ARENO3B2 study. Cell Rep Med. (2022) 3:100644. doi: 10.1016/j.xcrm.2022.100644

9. Md ZR, Murch A, Charles A. Pathology, genetics and cytogenetics of Wilms’
tumour. Pathology. (2011) 43:302-12.

10. Maschietto M, Piccoli FS, Costa CM, Camargo LP, Neves JI, Grundy PE. Gene
expression analysis of blastemal component reveals genes associated with relapse
mechanism in Wilms tumour. Eur | Cancer. (2011) 47:2715-22. doi: 10.1016/
j.jca.2011.05.024

11. Huff V. Wilms’ tumours: about tumour suppressor genes, an oncogene and a
chameleon gene. Nat Rev Cancer. (2011) 11:111-21. doi: 10.1038/nrc3002

12. Gadd S, Huff V, Walz AL, Ooms A, Armstrong AE, Gerhard DS. A Children’s
Oncology Group and TARGET initiative exploring the genetic landscape of Wilms tumor.
Nat Genet. (2017) 49:1487-94. doi: 10.1038/ng.3940

Frontiers in Oncology

06

10.3389/fonc.2024.1487544

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

13. Peterlin BM, Price DH. Controlling the elongation phase of transcription with P-
TEFb. Mol Cell. (2006) 23:297-305. doi: 10.1016/j.molcel.2006.06.014

14. Li Y, Wen H, Xi Y, Tanaka K, Wang H, Peng D. AF9 YEATS domain links
histone acetylation to DOT1L-mediated H3K79 methylation. Cell. (2014) 159:558-71.
doi: 10.1016/j.cell.2014.09.049

15. Chopra VS, Hong JW, Levine M. Regulation of Hox gene activity by
transcriptional elongation in Drosophila. Curr Biol. (2009) 19:688-93. doi: 10.1016/
j.cub.2009.02.055

16. Wan L, Chong S, Xuan F, Liang A, Cui X, Gates L. Impaired cell fate through
gain-of-function mutations in a chromatin reader. Nature. (2020) 577:121-6.
doi: 10.1038/s41586-019-1842-7

17. Lin C, Garrett AS, De Kumar B, Smith ER, Gogol M, Seidel C. Dynamic
transcriptional events in embryonic stem cells mediated by the super elongation complex
(SEC). Genes Dev. (2011) 25:1486-98. doi: 10.1101/gad.2059211

18. Brunskill EW, Potter SS. RNA-Seq defines novel genes, RNA processing patterns
and enhancer maps for the early stages of nephrogenesis: Hox supergenes. Dev Biol.
(2012) 368:4-17. doi: 10.1016/j.ydbio.2012.05.030

19. Han Y, Tu WW, Wen YG, Li DP, Qiu GQ, Tang HM. Identification and
validation that up-expression of HOXA13 is a novel independent prognostic marker of
a worse outcome in gastric cancer based on immunohistochemistry. Med Oncol. (2013)
30:564. doi: 10.1007/s12032-013-0564-1

20. Wang KC, Yang YW, Liu B, Sanyal A, Corces-Zimmerman R. A long noncoding
RNA maintains active chromatin to coordinate homeotic gene expression. Nature. (2011)
472:120-4. doi: 10.1038/nature09819

21. Basu M, Roy SS. Wnt/beta-catenin pathway is regulated by PITX2
homeodomain protein and thus contributes to the proliferation of human ovarian
adenocarcinoma cell, SKOV-3. J Biol Chem. (2013) 288:4355-67. doi: 10.1074/
jbc.M112.409102

22. Beckwith JB, Kiviat NB, Bonadio JF. Nephrogenic rests, nephroblastomatosis,
and the pathogenesis of Wilms’ tumor. Pediatr Pathol. (1990) 10:1-36.

23. Heppe RK, Koyle MA, Beckwith JB. Nephrogenic rests in Wilms tumor patients
with the Drash syndrome. J Urol. (1991) 145:1225-8. doi: 10.1016/S0022-5347(17)
38582-8

frontiersin.org


https://doi.org/10.3978/j.issn.2224-4336.2014.01.09
https://doi.org/10.1016/j.radcr.2021.05.015
https://doi.org/10.1002/pbc.v68.S2
https://doi.org/10.1016/j.jpedsurg.2012.03.030
https://doi.org/10.3390/cancers13133142
https://doi.org/10.1002/path.v211:1
https://doi.org/10.1038/ncomms10013
https://doi.org/10.1016/j.xcrm.2022.100644
https://doi.org/10.1016/j.ejca.2011.05.024
https://doi.org/10.1016/j.ejca.2011.05.024
https://doi.org/10.1038/nrc3002
https://doi.org/10.1038/ng.3940
https://doi.org/10.1016/j.molcel.2006.06.014
https://doi.org/10.1016/j.cell.2014.09.049
https://doi.org/10.1016/j.cub.2009.02.055
https://doi.org/10.1016/j.cub.2009.02.055
https://doi.org/10.1038/s41586-019-1842-7
https://doi.org/10.1101/gad.2059211
https://doi.org/10.1016/j.ydbio.2012.05.030
https://doi.org/10.1007/s12032-013-0564-1
https://doi.org/10.1038/nature09819
https://doi.org/10.1074/jbc.M112.409102
https://doi.org/10.1074/jbc.M112.409102
https://doi.org/10.1016/S0022-5347(17)38582-8
https://doi.org/10.1016/S0022-5347(17)38582-8
https://doi.org/10.3389/fonc.2024.1487544
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Rare cases of a second recurrence of nephroblastoma with MLLT1 gene mutation: case report and literature review
	1 Introduction
	2 Case series
	2.1 Case 1
	2.1.1 Clinical manifestation
	2.1.2 Treatment
	2.1.3 Identification and characterization of MLLT1 variants

	2.2 Case 2
	2.2.1 Clinical manifestation
	2.2.2 Treatment
	2.2.3 Identification and characterization of MLLT1 variants


	3 Discussion
	4 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


