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PML mutation and familial pediatric acute
lymphoblastic leukemia: A case report
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Abstract

Hereditary factors contribute to the pathogenesis of pediatric leukemia. However, few studies have reported gene
mutation pathopoeias. This paper reports genetic mutations associated with hereditary acute lymphoblastic leukemia. We
reported a case of siblings diagnosed with acute lymphoblastic leukemia when aged 3 and 7 years, both siblings are alive after
chemotherapy, and whole exome sequencing analysis was performed on the siblings and their parents. It was observed that
both siblings had diheterozygous mutations in PML gene (PML, NM_033250, exon7, c.2170A>G, p.S724G; PML, NM_033250,
exon7, c.2195G>T, p.G732V), and their parents had heterozygous mutations in one mutation site of PML gene, respectively,
suggesting that the diheterozygous mutations of PML gene might be causal genetic genes for the occurrence of acute

lymphoblastic leukemia.
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common
subtype of pediatric leukemia, and its pathogenesis is linked
to gene mutations, impaired signal transduction, and chro-
mosome mutations. Unlike adult ALL, pediatric ALL is
highly influenced by genetic background.! Next-generation
sequencing technology has led to the identification of heredi-
tary factors that contribute to the initiation of pediatric ALL.
Nevertheless, few studies have reported gene mutation
pathopoeias. In this study, we report a case of siblings diag-
nosed with ALL and the application of next-generation
sequencing analysis of the siblings and their parents.

Case presentation

Cases: Child A, a boy, was admitted to the hospital in August
2009 because of “recurrent low-grade fever and bone and
joint pain for 1 month.” The physical examination findings
revealed a pale complexion, palpable swollen lymph nodes
in the neck, a liver palpable 6 cm below the ribs, and a spleen
palpable 5 cm below the ribs. The bone marrow examination
indicated ALL of the B-cell type, with negative results for
BCR/ABL and IGH/MYC by FISH analysis. The patient was
treated following the GD-ALL-2008 protocol* and assigned

to the medium-risk group. Child B, a girl, is the sibling sister
of child A. She was admitted to the hospital in November
2017 because of “recurrent fever for 20 days.” During the
physical examination, the patient exhibited a pale complex-
ion, with no swelling observed in superficial lymph nodes,
and the liver and spleen appeared normal. Bone marrow
examination indicated ALL of the B-cell type, with negative
results for BCR/ABL and MLL detected by FISH analysis.
The chromosome analysis revealed a 46, XX [10]/45, XX,
-14[5] karyotype. The patient was treated with the SCCLG-
ALL-2016 protocol® and assigned to the medium-risk group.
Following treatment, the siblings were completely cured,
and their bone marrow is currently in continuous remission
until now. Family history showed no genetic history, the par-
ents were healthy, and the father’s uncle died of lung cancer.
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The siblings and their parents underwent whole exome
sequencing (WES) using 2-3mL of venous blood samples
collected in ethylenediaminetetraacetic acid tubes contain-
ing anticoagulation.

Results

The results showed that both of the siblings were exposed to
diheterozygous mutations in the PML gene (PML,NM_033250,
exon7, ¢.2170A>G, p.S724G; PML, NM_033250, exon7,
¢.2195G>T, p.G732V). Their father had one heterozygous
mutation (PML, NM_033250, exon7, ¢.2170A>G, p.S724G)
of the PML gene, and their mother had another heterozygous
mutation (PML, NM_033250, exon7, ¢.2195G>T, p.G732V)
of the PML gene.

Discussion and conclusions

ALL remains an important cause of morbidity and mortality
in children and adults. About 15%-20% of children with
ALL experience a disease relapse. ALL aged 1-10years has
a good prognosis, while those younger than 1 year and older
than 10 years have a relatively poor prognosis.®’ The immu-
nophenotypes of the siblings diagnosed with ALL were all
B-cell type and the siblings were categorized into the inter-
mediate-risk group. Currently, the siblings have achieved
remission following treatment with the pediatric ALL treat-
ment regimen developed by the South China Regional
Collaborative Group. We conducted WES on the siblings and
their parents, revealing that the siblings harbored PML gene
variants (PML, NM_033250, exon7, ¢.2170A>G, p.S724G;
PML, NM_033250, exon7, ¢.2195G>T, p.G732V), with
each parent carrying one of the variants. Hence, it is deduced
that the PML gene variant may be the genetic causative gene
and play a causative role in the development of ALL. There
are currently no reports on the genetic pathogenesis of the
PML gene.

The PML gene is primarily expressed in the PML-RARA
fusion change, which is a characteristic alteration of acute pro-
myelocytic leukemia. Currently, studies on PML mutation and
leukemia have mainly focused on its pathogenesis and drug
resistance mechanism with acute promyelocytic leukemia.®
Located on Chromosome 15, the PML gene codes for a protein
that is part of the triple structure domain protein family. Within
this domain, there are three zinc finger binding regions, a loop,
B-box 1 and B-box 2, and a convoluted helix region. This gene
regulates various cellular processes, including tumor suppres-
sion, transcriptional regulation, apoptosis, and DNA damage.’
It has been shown that promyelocytic leukemia (PML) can
activate RB1 and inhibit AKT1 by phosphorylation of PP1 and
PP2A, respectively, and block the mTOR/PI3K pathway to
prevent the growth of tumor cells. PML can also regulate the
transcriptional activity of ELF4 and act as an important media-
tor of tumor necrosis factor-alpha and interferon-alpha that

regulates the formation and migration of endothelial cell net-
works.'? The PML protein organizes nuclear aggregates known
as PML nuclear bodies (PML-NBs), where many transcription
factors localize to be regulated. PML NBs are implicated in a
variety of human cancers ranging from leukemias to solid
tumors, such as lung cancer, chronic myeloid leukemia, hepa-
tocellular carcinoma, breast cancer, etc., this has led to the
hypothesis that PML NBs might be important stress regulators
in pathogenic conditions.!! As for the children, PML-related
tumors have occurred in children with glioma, bowel cancer,
etc. The oncogenic role of PML is echoed in glioblastoma,
Voon et al. found that H3.3 point mutations interfere with the
formation of PML-NBs and, much like APL, these PML
defects contribute to blocked differentiation in pediatric glio-
mas. H3.3 G34R mutation contributes to the formation of
abnormal PML-NBs in pediatric gliomas with the Alternative
Lengthening of Telomeres phenotype.'> PML is an important
transcriptional regulator of pro-oncogenic metagenes in triple-
negative breast cancer cells, via transcriptional regulation and
epigenetic organization of heterochromatin domains that
embed regions of local transcriptional activity.'’> Wan et al.
showed that MAD1, which is upregulated in human breast can-
cer, displaces Mouse Double Minute 2 (MDM2) from PML to
ubiquitinated P53, triggering tumorigenesis.'*

The pathogenesis of leukemia is complex but it is not
hereditary. Currently, the pathogenesis of acute leukemia
involves fusion genes, gene mutation, gene expression
abnormalities, and epigenetic alterations,'>!® and several tar-
geted drugs have been used to treat the corresponding genetic
abnormalities. As an example, chronic myeloid leukemia is
driven by BCR-ABL fusion genes, and the use of imatinib to
target these genes has markedly enhanced long-term survival
rates for this condition.!” Nevertheless, tumor development
is multifaceted and influenced by various factors, including
the environment, inflammation, and individual genetic pre-
disposition, all of which contribute significantly to the initia-
tion and progression of tumors. In the case of childhood
tumors, the genetic background factor contributes to the
development of cancer.'® Indeed, the probability of acute
leukemia secondary to pediatric Down syndrome, Fanconi
anemia, neurofibroma, and other diseases is significantly
increased.'” Advances in sequencing technology have led to
the identification of several genetically related genetic
abnormalities that participate in the pathogenesis of pediatric
leukemia, mostly in isolated case reports or family studies.
Furthermore, low penetrance or expression deletion of
Tp12.2 (IKZF1), 9pl12 (CDKN2A/CDKN2B), 10q21.2
(ARIDSB), and 14q11.2 (CEBPE) has been linked to the
family and hereditary nature of pediatric B-ALL.?® For
inherited bone marrow failure syndromes such as Fanconi
anemia, aberrant expression of related genes (e.g., FANCA,
FANCP/SLX4) has been associated with familial ALL onset
or transformation.?! Research on acute myeloid leukemia has
revealed associations between mutations in inherited bone
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marrow failure syndrome-related genes, such as FANCC and
CHEK?2, and childhood-onset familial AML.?> Moreover, a
double mutation in CEBPA has been identified as a gene
linked to the development of AML.? In this paper, we identi-
fied a pair of siblings who were diagnosed with acute
B-lymphoblastic leukemia successively, and linked to the
hereditary factor based on analysis of environmental, dietary,
and other related factors. Results of next-generation sequenc-
ing showed that both siblings had diheterozygous mutations
in the PML gene, while their parents had heterozygous muta-
tions in one mutation site of the PML gene, and their father’s
uncle passed away due to lung cancer. Previous reports have
linked PML mutations to the development of lung cancer.”*
PML mutations have not been previously reported to be
associated with the development of acute lymphocytic leu-
kemia, and the pathogenicity and significance of the variants
found have not been functionally analyzed and are currently
unknown. Whether gene mutation causes disease is a very
complex mechanism. We used the ClinVar database to pre-
dict PML mutation and function, but the results showed that
the two sites were benign changes; however, whether both
sites together changed could change the protein structure is
not clear. Judging from the results of the case, it should be
pathogenic but needs further experimental verification.

Consequently, it is postulated that diheterozygous muta-
tions in the PML gene may contribute to the onset of ALL
and may have a hereditary component. However, the con-
nection between this gene mutation and familial ALL
remains unexplored, and the pathogenicity of this mutation
needs to be validated through functional studies.
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