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Case report: A healthy baby achieved after preimplantation genetic testing from an infertile woman with hereditary leiomyomatosis and renal cell cancer syndrome
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Background: Hereditary leiomyomatosis and renal cell cancer (HLRCC) is a rare autosomal dominant inheritable disease caused by Fumarate hydratase (FH) gene germline mutation. It is speculated that for HRLCC infertility women with multiple uterine leiomyomas, preimplantation genetic testing may help block transmission of mutated FH gene during pregnancy.

Case presentation: We present the case of a 26-year-old nulligravida with a history of early-onset uterine leiomyomatosis had a heterozygous nonsense mutation [NM_000143.4 (FH): c.1027C > T(p.Arg343Ter)] in the HRLLC gene. After ovulation induction and in vitro fertilization, preimplantation genetic testing for monogenic disorders (PGT-M) on embryos revealed the absence of the pathogenic allele in two blastomeres. Uterine fibroids were identified before embryo transfer, leading to a submucosal myomectomy and long period of pituitary suppression by Gonadotropin-releasing hormone analog (GnRHa). The patient achieved a healthy live birth after the second cycle of frozen–thawed embryo transfer.

Conclusion: This case details the successful treatment of an infertile patient with an HRLLC family history, resulting in a healthy birth through myomectomy and PGT-M selected embryo transplantation. Our literature search indicates the first reported live birth after HRLLC-PGT-M.
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Introduction

Hereditary leiomyomatosis and renal cell cancer (HLRCC) is characterized by the development of multiple tumor types, including cutaneous leiomyoma, uterine leiomyoma, and papillary renal cell carcinoma type 2 (PRCC2). The onset period of HLRCC is usually from adolescence to adulthood, and the penetrance increases with age (1). Fumarate hydratase is encoded by the FH gene located on autochromosome 1q 42.3-43. In this study, an infertile patient caused by FH gene mutation with HLRCC family history was successfully born with a healthy infant who blocked the family inheritance of the FH gene mutation through PGT-M selective embryo transfer after repeated tumor removal surgery and GnRH-a downregulation. Live birth after HRLCC-PGT-M has not been reported internationally.



Methods

This is a case report of a 26-year-old married female patient presented with early-onset multiple uterine fibroids due to severe dysmenorrhea and menstrual bleeding. In 2019, the patient underwent enucleation of multiple uterine leiomyomas through laparotomy and the intraoperative pathology assessment confirmed atypical leiomyoma. Immunohistochemical (IHC) staining of uterine fibroids showed 2SC positivity and FH loss (Figures 1B,C) and HE staining showed cell cytoplasm is eosinophilic (Figure 1D). Peripheral blood NGS confirmed heterozygous nonsense mutation of Exon 7 of the FH gene [NM_000143.4(FH): c.1027C > T(p.Arg343Ter)]. The patient had a family history in which her mother and three maternal aunts had all been diagnosed with uterine leiomyomas and treated with hysterectomy, while her maternal uncle had renal cell carcinoma and was deceased (Figure 1A). The patient’s family underwent whole exome sequencing and one mutation was identified [NM_000143.4(FH): c.1027C > T(p.Arg343Ter)], in accordance with recently updated guidelines (Figure 1E).
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FIGURE 1
 (A) Pedigree of the family. The white square/circle represents healthy male/female individuals; the oblique line means that individual has passed away. (B–D) Histopathology of uterine fibroids (×20), scale bars: 2 μm. (B) IHC for FH showed diffuse loss of FH staining in the cytoplasm of tumor cells in contrast with the presence of FH staining in blood vessel cells (arrowhead). (C) IHC for 2-succinocysteine (2SC) showed strong, diffuse cytoplasmic and nuclear staining. (D) Hematoxylin–eosin staining showed the cytoplasmic eosinophilic granules (arrow) and areas of patchy edema. (E) Mutation screening of the principle of family members using Sanger sequencing. The green bar indicates the mutation site (FH): c.1027C > T at an individual person. (F) The ultrasound showed in subsequent examination that myoma in the middle part of the anterior uterine wall compressed the uterine cavity. (G) The ultrasound showed a 5–6 weeks gestational sac. (H) Mutation screening of the baby through umbilical cord blood sampling. (I) The time line of this patient’s historical and current treatment.


In November 2020, the patient, with a family history of HLRCC and FH gene mutation, was referred for genetic counseling. She inquired about in vitro fertilization with preimplantation genetic testing for monogenic diseases at our hospital. The patient had regular 28-day menstrual cycles, with normal hormone analysis. On cycle day 3, the baseline hormonal ovarian profile was as follows: AMH 9.8 ng/mL, FSH 8.0 IU/L, LH 3.8 IU/L, and testosterone 1.0 nmol/L. The partner was in good health and had a normal sperm analysis (concentration: 2.5 × 106/mL, motility: 34.44% A + B). Both partners had normal karyotypes and tested negative for hepatitis B, hepatitis C, and HIV. However, transvaginal ultrasonography revealed numerous hypoechoic masses in the myometrium, predominantly in the anterior wall of the uterus, with the largest mass measuring 45 mm × 44 mm × 32 mm.

The patient was subjected to controlled ovarian hyperstimulation in an antagonist protocol, receiving 225 IU rFSH (Merck Serono) daily for 8 days. On the 5th day of stimulation, the GnRH antagonist Cetrolix (Merck Serono) was introduced at a dose of 0.25 mg daily for 3 days. On the 9th day, hCG 2,000 IU and Triptorelin 0.2 mg were administered to trigger follicular maturation. Ultrasound revealed a total of 14 visible follicles, with E2 levels at 13,411 pmol/L, LH levels at 0.2 IU/L, and P levels at 8.1 nmol/L.

Following hCG administration, oocyte retrieval was conducted using transvaginal ultrasound–guided aspiration, resulting in 13 oocytes with cumulus complexes. ICSI was performed on 12 oocytes for insemination, all of which fertilized successfully (see Table 1). Subsequently, PGT-M was applied to five embryos (four blastomeres and one blastocyst), revealing that three embryos carried pathological mutations while two were unaffected (see Table 2). After multidisciplinary consultation, a decision was made to transplant a single Day 3 blastomere.



TABLE 1 IVF cycle details.
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TABLE 2 PGT results.
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In January 2021, the patient underwent a GnRH agonist downregulation protocol in preparation for embryo transfer. However, subsequent ultrasonography and abdominal MRIs revealed that a midsection fibroid in the anterior wall of the uterus was compressing the uterine cavity, impacting embryo implantation (Figure 1F). After discontinuing treatment, the patient underwent a second myomectomy under hysteroscopy in April. Following the surgery, she opted to proceed with embryo transfer. During a 3-month GnRH agonist downregulation treatment (with triptorelin acetate injected at a dose of 3.75 mg once every 4 weeks), one embryo was transferred. Unfortunately, she did not achieve pregnancy. After undergoing hormonally controlled cycles in preparation for another embryo transfer, the patient transferred a single embryo after 3 months. A positive β-hCG concentration of 1672.4 IU/L was detected, and subsequent ultrasound confirmation revealed a successful pregnancy (Figure 1G).

The patient declined any invasive prenatal diagnosis and opted for non-invasive prenatal testing (NIPT 2.0) at 15 weeks of gestation. The results indicated the absence of aneuploid abnormalities on Chromosomes 13, 18, and 21, and the sex chromosomes, as well as other chromosomes of the fetus. Additionally, no chromosome deletion/duplication syndrome was detected.



Results

On August 27, 2022, the patient underwent a lower segment cesarean section (LSCS) and delivered a baby boy at 37 weeks and 2 days of gestation, weighing 3,240 g, with Apgar scores of 10. Umbilical cord blood sampling revealed that the neonate exhibited no chromosomal abnormalities and the variant c.1027C in FH gene was identified as wild type (Figure 1H). Meanwhile, she had a hysterectomy for placenta percreta, also to avoid hazards of rapidly growing fibroids. The timeline of the patient’s treatment is illustrated (Figure 1I). As of the last return visit, the child was 1 year old and demonstrated healthy development. The patient expressed high satisfaction with the treatment.



Discussion

In this unique case, a patient with a classic FH gene mutation and early-onset multiple uterine fibroids underwent two myomectomies and embryo transfers, eventually giving birth to a healthy baby. This represents the first instance of a HRLCC patient successfully delivering a healthy baby. Despite searching multiple bibliographic databases and closely related articles, none of them reported live birth outcomes (2–4).

Preimplantation single gene genetic testing (PGT-M), coupled with assisted reproductive technology, effectively detects gene mutations, providing hope for healthy offspring in families at risk of hereditary diseases. However, the approach necessitates a collaborative effort among ART clinicians, embryologists, and molecular geneticists, demanding comprehensive counseling. High costs and ethical concerns pose barriers to widespread use. Long-term clinical practice is essential for postnatal verification. Our findings underscore the potential of PGT-M and may inspire protocols for various genetic disorders. Given the autosomal dominant nature of HRLCC, families seeking to minimize the risk of affected offspring should consider early genetic counseling and in vitro fertilization with PGT-M. Thorough patient consultation and risk communication are crucial in any PGT-M process. Obtaining informed consent before surgery and emphasizing clinical confirmation and prenatal genetic diagnosis are strongly recommended.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/supplementary material.



Ethics statement

The studies involving humans were approved by International Peace Maternity and Child Health Hospital Medical Ethics Committee. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements. Written informed consent was not obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article because the participant has consented to the submission of the case report to the journal. Ethical approval was not required as this research letter are case reports.



Author contributions

QH: Writing – review & editing, Writing – original draft, Visualization, Validation. QZ: Writing – review & editing, Methodology, Data curation. MG: Writing – original draft, Formal analysis, Data curation. HD: Writing – original draft, Methodology, Investigation. JX: Writing – review & editing, Resources, Methodology, Investigation. MZ: Writing – review & editing, Validation, Supervision, Conceptualization. MW: Writing – review & editing, Resources, Investigation, Data curation. LZ: Writing – review & editing, Methodology, Investigation. SL: Writing – review & editing, Resources, Investigation, Formal analysis. DW: Writing – original draft, Writing – review & editing, Visualization, Validation, Supervision, Funding acquisition, Conceptualization. WL: Writing – original draft, Writing – review & editing, Validation, Supervision.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This study was supported by the Shanghai Hospital Development Center Foundation (SHDC22022303).



Acknowledgments

The authors thank the proband’s family and all the medical teams involved for their cooperation.



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.



References

 1. Siegler, L, Erber, R, Burghaus, S, Brodkorb, T, Wachter, D, Wilkinson, N , et al. Fumarate hydratase (FH) deficiency in uterine leiomyomas: recognition by histological features versus blind immunoscreening. Virchows Arch. (2018) 472:789–96. doi: 10.1007/s00428-018-2292-6 

 2. Rivera-Cruz, G, Boyraz, B, and Petrozza, JC. How a woman's myomectomy saved her father's life: evidence of fumarate hydratase-deficient uterine leiomyoma and early detection of germline variants in fumarate hydratase. F S Rep. (2022) 3:26–31. doi: 10.1016/j.xfre.2021.10.002 

 3. McKelvey, KD Jr, Siraj, S, Kelsay, J, and Batres, F. Male infertility associated with hereditary leiomyomatosis and renal cell carcinoma. Fertil Steril. (2010) 93:2075.e1. doi: 10.1016/j.fertnstert.2009.11.009 

 4. Sue May, A, Fernanda, T, Sangeeta, P, and Anthony, C. Surveillance in hereditary leiomyomatosis and renal cell cancer (HLRCC). J Am Acad Dermatol. (2015) 72:AB64. doi: 10.1016/j.jaad.2015.02.265 


Copyright
 © 2024 Hu, Zhang, Guo, Ding, Xi, Zhang, Wang, Zhang, Li, Wu and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-11-1400694-t002.jpg
opsy cell type Result Det: Transferable
1 Blastomere Heterozygous pathogenic Inconclusive, ~6, =9, 12, etc.* No
6 Blastocyst Heterozygous pathogenic 46 XN No
8 Blastomere Heterozygous pathogenic Inconclusive, —4, =5, ~11, etc.* No
10 Blastomere Normal 46 XN Yes
12 Blastomere Normal 46 XN Yes

PGT, Pre-implantation genetic testing; *Chromosome abnormalities; **N: X or Y chromosome.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case report: A healthy baby achieved after preimplantation genetic testing from an infertile woman with hereditary leiomyomatosis and renal cell cancer syndrome



		Introduction



		Methods



		Results



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/fmed-11-1400694-g001.jpg
Renal cell cancer

‘ o
crocht caret] | ewmor
6

Lerest

VLYY
N oA 41621 )T(pAngUTMJ

.A;‘,A‘Hvr

ARy
N mcus«sw:mznmvmq

v
" NML000TA3 (. ‘DZ7(>T[pAvg3437er)

Baby

Symptoms: severe dysmenorrhea and menstrual bleeding
Diagnoses: HLRCC with FH gene mutation (c.102 p.Arg343Ter)
lapar

Referred for genetic counseling — 2020.09 | Started controlled ovarian
— hyperstimulation

Qocyte retrieval —| 2020.12
2021.01 |— GnRH agonist down-regulation
Asecond myomectomy under | 22103 |~ PGT-M
s 2 —| 202108

hysteroseony. 202105 |~ GnRH agonist down-regulation

GnRH agonist down-regulation —| 2021:98 |— Transferred embryo but failed

Second embryo transfer —{ 202112 | |

A live birth born — 2022.08

Pregnancy






OPS/images/fmed-11-1400694-t001.jpg
IVF cycle details First cycle

Qacytes retrieved 13
Oocyte fertilized 12
Blastocyst 1
Blastomere .
Embryo biopsied 5
Heterozygous embryo 3
Homozygous embryo 2
Number of embryos transferred 2

Serum B-HCG Positive





OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Case report: A healthy baby
achieved after preimplantation
genetic testing from an infertile

woman with hereditary
leiomyomatosis and renal cell
cancer syndrome












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






