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TP53 mutations are associated with poor prognosis in the vast majority of
cancers. In this study, we present a pediatric B-cell acute lymphoblastic
leukemia (B-ALL) patient carrying a rare TP53 c.C275T mutation. This
extremely rare mutation affects an amino acid residue located between the
TAD domain and the DNA-binding domain of p53. The patient was resistant to
most conventional chemotherapy regimens and remained minimal residual
disease (MRD)-positive after five rounds of such regimens. We tested the
sensitivity of the patient's leukemic cells to 21 anti-cancer drugs by
performing in vitro drug sensitivity assays. The results showed that
bortezomib had a very strong killing effect on the patient’'s leukemic cells.
Therefore, we subsequently treated the patient with bortezomib combined
with vindesine, cytarabine, and fludarabine. After one course of treatment, the
patient became MRD-negative, and there was no recurrence during a 9-month
follow-up. In conclusion, our report suggests that the TP53 c.C275T mutation
is associated with poor prognosis in B-ALL. Fortunately, bortezomib combined
with chemotherapy could achieve a better therapeutic effect than conventional
regimens in this type of ALL.
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Introduction

B-cell acute lymphoblastic leukemia (B-ALL) is a type of
ALL caused by malignant transformation and cloning of B-cell
precursors in the bone marrow and thymus (1-3). Patients with
B-ALL usually present with symptoms such as infection, anemia,
hemorrhage, and tissue infiltration, which arise owing to the
destruction of normal hematopoietic function and the
accumulation of tumor cells (4-6).

B-ALL is the most common type of ALL in children, and
nearly 20% of B-ALL patients relapse and die from the disease (7,
8). Children with relapsed B-ALL have poor prognosis, with
overall survival rates as low as 35% to 40% even after intensive
chemotherapy or stem cell transplantation (9, 10). Minimal
residual disease (MRD) is an important factor leading to
chemotherapy resistance and tumor recurrence in B-ALL.
Targeted treatment has shown improved efficacy in MRD-
positive pediatric B-ALL patients (11, 12).

Genetic alterations affecting genes involved in cell
proliferation, cell differentiation, and apoptosis have been
implicated in ALL. These genetic alterations include
chromosomal rearrangements, chromosomal gains or losses,
deletions, and point mutations (13, 14). Only 6% to 8% of
TP53 genetic alterations have been identified in ALL patients
(15). These TP53 mutations were mainly identified in relapsed
lesions of pediatric ALL patients and were associated with poor
therapy responses. Common mutations in TP53 include R175H,
H179R, H193R, V216M, G245S, and R273C. Although the roles
of these common mutations in tumors have been extensively
studied and reported (16-19), the role of rare TP53 mutations in
ALL has not been thoroughly investigated.

Herein, we present a case report of a pediatric B-ALL patient
carrying a rare TP53 ¢.C275T mutation. We summarize the
clinical features of this patient and the efficacy of our treatment
regimens, thereby providing a reference for the diagnosis and
management of pediatric B-ALL patients carrying this mutation.

Case presentation

A 2-year-old girl was admitted to our hospital on July 28,
2020, owing to persistent lymph node enlargement for 3 months.
She had no family history of genetic disorders. Laboratory
evaluation demonstrated a white blood cell count of 5.39x10°/L,
a hemoglobin level of 92 g/L, a platelet count of 90x10°/L, a
neutrophil ratio of 0.8%, and a lymphocyte ratio of 89.6%.
Notably, immature cells accounted for 85% of peripheral blood
cells. Bone marrow aspiration was performed and revealed
hypercellularity with predominant blasts, which was in
accordance with the bone marrow findings of L2-type ALL
(Figure 1A). Flow cytometry showed that the blasts were mainly
positive for CD45min, CD34, CD10, CD19, CD9, CD56, CD22,
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CD58, CD81, cCD79a, and HLA-DR, partially positive for CD79b
and cTdT, and negative for CD7, CD117, CD33, CD13, CD20,
CD15, CD38, cIgM, and MPO, indicating a diagnosis of early-
stage B-ALL (Figure 1B). Karyotyping analysis of the peripheral
blood illustrated that the patient had normal karyotype
(Figure 1C). Reverse transcription PCR covering the 72
commonly detected fusion genes in leukemia was performed on
the bone marrow sample and detected no gene fusion
(Supplementary Table 1). Next-generation sequencing covering
the 236 commonly mutated genes in ALL was performed and
identified a KDM6B (NM_001080424) mutation: exon 22:
c.C5042A (p.S1681X) (48.31%) and a TP53 (NM_000546)
mutation: exon 4: ¢.C275T (p.P92L) (50.46%)
(Supplementary Table 2).

Chemotherapy schemes received by the patient are shown in
Figure 1D. On day 30 after the first induction, there were still
39.6% blasts in the bone marrow as revealed by flow cytometry,
suggesting resistance to routine chemotherapy. For economic
reasons, family members refused bone marrow transplantation
and CAR-T therapy and insisted on chemotherapy despite
persistent MRD positivity. Then, we modified the induction
chemotherapy regimen. At the same time, a second course of
induction therapy was given to the patient. However, by day 30
after the second induction, the patient had still failed to achieve
complete remission (CR), with 5.7% blasts in the bone marrow.
Afterwards, the patient received three additional rounds of
induction therapy but was still MRD-positive, as detailed in
Figure 1F. Overall, the patient was failed to achieve CR after five
rounds of induction therapy. Then, leukemic cells were obtained
from bone marrow aspirates of the patient by Ficoll density
gradient centrifugation and cultured in ALL complete medium
(Precedo, Hefei, China) for drug sensitivity analysis of a panel of
21 anti-cancer drugs, including targeted therapy drugs, and
antibody drugs (the 21 anti-cancer drugs are listed in
Supplementary Table 3). The drug concentrations in the in
vitro experiment were converted according to the dose and
Css data from clinical trials. The results showed that the
patient’s leukemic cells were resistant to most of the drugs
commonly used in ALL treatment, which was consistent with
our in vivo results (Supplementary Table 3). Drugs with an
inhibition rate greater than 50% are shown in Figure 1E. Finally,
the patient received the scheme vincristine 1.5 mg/m* day 1 +
cytarabine 2000 mg/m” days 1-3 + bortezomib 1 mg/m? days 1
and 5, + fludarabine 25 mg/m? days 1 -5, and achieved CR and
became MRD-negative. Then, two cycles of the same scheme
were given as consolidation chemotherapies. Owing to personal
reasons, the patient did not receive a subsequent bone marrow
transplantation and was discharged from the hospital for
maintenance treatment (vincristine 1.5 mg/m* day 1 +
dexamethasone 8 mg/m* days 1 - 5 + methotrexate 25 mg/m’
days 8, 15 and 22 + mercaptopurine 50 mg/m” days 8-28) and
was followed up regularly every 1-2 months. The patient
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FIGURE 1

(A) Morphology of the patient’s lymphoblasts (scale: 10x). (B) Results of our flow cytometry analysis. (C) Karyotype analysis for this patient. (D)
Treatment flow chart. (E) Sensitivity of the patient’s leukemic cells to 21 drugs tested. Drugs with a relative inhibition rate higher than 50% are

listed. (F) MRD values during the treatment period.

remained leukemia-free and MRD-negative at 9-month follow-
up and was lost to follow-up thereafter.

Discussion

ALL is the most common type of childhood cancer
worldwide and chemotherapy is the main treatment for this
malignancy. Although the current 5-year survival rate of
children with ALL is as high as 80%-90%, 15%-20% of
children with ALL will experience relapse (20, 21). After
recurrence, the 5-year survival rate is only 30%-40%. Drug
resistance-associated recurrence is an important cause of
treatment failure in pediatric ALL (22-24). Deciphering the
mechanisms of drug resistance and relapse in pediatric ALL
and optimizing the current treatment plans have become the
focus of research in this field.

TP53 has long been a “star” gene in the field of cancer
research. About half of malignant tumor types are associated
with TP53 mutations (25). There are various types of TP53
gene mutations, including deletions, insertions, and missense
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point mutations. Among them, missense point mutations
account for up to 80% of all mutations. There are two
mechanisms by which point mutations affect the interaction
between p53 and DNA. One is that certain p53 mutations, such
as those affecting residues Arg248 and Arg273, impede the
contact between p53 and DNA. The other is that some
mutations (such as those affecting Argl75, Gly245, Arg249,
and Arg282 residues) of p53 prevent the protein from folding
properly and binding tightly to DNA, thereby destroying the
protein’s tumor suppressor ability. p53 mutants not only lose
their tumor-suppressing activity but also have disrupted the
function of wild-type p53 proteins, which further promotes the
progression of tumors (26-28). For example, myelodysplastic
syndrome and acute myeloid leukemia patients with TP53
mutations were found to have poor chemotherapy response
and short remission period, especially those with biallelic
mutations of TP53 and those with complex karyotypes, who
were more prone to relapse even after bone marrow
transplantation (29, 30).

In ALL, TP53 is altered at a frequency of 19% and mutated at
a frequency of only 8% (15). In relapsed ALL, however, the TP53
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mutation frequency rises to about 10% and represents a strong
and independent predictor of treatment failure. Around 80% of
TP53 point mutations affect the DNA-binding domain of the
protein. In this study, we identified a ¢.C275T mutation in TP53.
This mutation converts Pro 92, an amino acid residue located
between the TAD domain and the DNA-binding domain of p53,
into leucine. Although we did not investigate the effect of this
mutation on the function of the p53 protein, we found that our
B-ALL patient with this mutation had severe disease and had
failed to fully respond to most clinical treatments. So far, there
are two reports in the literature of TP53 ¢.C275T mutation. The
first report describes a study of actinic keratosis. The researchers
identified TP53 c.C275T mutation in a patient with actinic
keratosis (31). The other report describes a study of chronic
lymphocytic leukemia (CLL). The researchers found that the
frequency of TP53 mutations was significantly higher in CLL
patients in Taiwan than in the West. The TP53 ¢.C275T
mutation was detected in one patient. However, the role of
TP53 ¢.C275T mutation in disease initiation and progression has
not been investigated (32). We also found that our patient
carried a KDM6B c.C5042A mutation, although this was a
stop-gain mutation. However, compared with the wild-type
KDMS6B, the mutant protein had only lost two amino acids at
the end of the C-terminus. Protein secondary structure
prediction analysis showed no known functional motif at the
extreme C-terminal end, thus, it is unlikely that this mutation
affects the overall protein conformation and function. Therefore,
we speculate that TP53 c.C275T mutations in this patient
are predominantly.

Bortezomib is a reversible inhibitor of the chymotrypsin-
like activity of the 26S proteasome in mammalian cells. In vitro
tests have demonstrated that bortezomib is toxic to various
types of cancer cells. In vivo studies in preclinical tumor models
have demonstrated that bortezomib delays the growth of
tumors of various types, including multiple myeloma (33,
34). Bortezomib has been approved as a single agent for the
treatment of previously untreated multiple myeloma patients
who are not suitable for high-dose chemotherapy and
myelosuppression or who have relapsed after at least one
course of treatment (35-37). Owing to its excellent
therapeutic effect against multiple myeloma, the use of
bortezomib has been actively expanded into the treatment of
other cancers. A number of clinical studies of bortezomib in
ALL are currently underway. One study found that bortezomib
monotherapy was not an ideal treatment for ALL because no
significant clinical response was observed (38). On the other
hand, bortezomib combined with other chemotherapy
regimens exhibited a significantly improved treatment effect
in ALL patients. A phase II clinical trial found that 73.6% of
patients with relapsed ALL achieved CR after receiving
bortezomib combined with chemotherapy (39). Another
study showed that 88.9% of patients with relapsed or
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refractory ALL achieved CR after receiving bortezomib
combined with chemotherapy (40). A study conducted by
Bertaina et al. demonstrated that combination of bortezomib
with chemotherapy achieved a remarkable effect in relapsed/
refractory ALL of childhood. Twenty-seven patients (72.9%)
achieved CR or CR with incomplete platelet recovery (CRp).
Twenty-two of 30 BCP-ALL patients (73.3%) and five of seven
patients (71%) with T-cell ALL achieved CR/CRp (41).
Hasegawa et al. reported that CR was achieved in all three
patients with a combination of bortezomib and chemotherapy
(42). A phase III clinical trial (AALL1231) conducted by
Teachey et al. demonstrated that outcomes for SR and IR T-
ALL patients treated with bortezomib were excellent despite
elimination of prophylactic CRT (43).

In our study, the B-ALL patient with a TP53 c.C275T
mutation remained MRD-positive after multiple rounds of
conventional chemotherapy. Subsequently, we found via high-
throughput drug sensitivity tests that bortezomib had a strong
killing effect on the patient’s leukemic cells. Therefore, we
treated the patient with bortezomib combined with
chemotherapy and found that the patient became MRD-
negative after one round of the treatment. In addition, no
recurrence was observed during the subsequent 9-month
follow-up. It has been reported that bortezomib could induce
apoptosis by activating caspase-3 activity in p53-deficient cells
(44). Therefore, we speculated that bortezomib may have
inhibited ALL cells with TP53 ¢.C275T mutation through a
similar mechanism.

In conclusion, our study suggests that the TP53 c¢.C275TC
mutation is indicative of poor prognosis in ALL. Fortunately,
bortezomib combined with chemotherapy achieved a good
therapeutic effect in our patient. This study is expected to
provide new ideas for the treatment of ALL patients with the
TP53 ¢.C275T mutation.
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