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Abstract

Background: Transcobalamin deficiency is a rare inborn metabolic disorder, characterized by pancytopenia, megalo-
blastic anemia, failure to thrive, diarrhea, and psychomotor retardation.

Case presentation: \We describe a patient who first presented at 3 months of age, with pancytopenia, hepatosple-
nomegaly, recurrent infection, metabolic acidosis, and acute hemolytic crisis. Extensive hematologic and immuno-
logic investigations did not identify inherited bone marrow failure syndrome, acute leukemia or its related disorders.
Whole exome sequencing identified a novel homozygous TCN2 mutation, c.428-2A > G and mRNA study confirmed
an aberrant transcription of exon 4 skipping. The mutant protein is predicted to have an in-fame 51 amino acids dele-
tion (NP_000346:p.Gly143_Val193del). The patient exhibited marked clinical improvement following hydroxocobala-
min treatment.

Conclusions: Transcobalamin deficiency should be investigated in infants with unexplained pancytopenia and acute
hemolytic crisis with or without typical evidence of vitamin B12 deficiency.

Keywords: Transcobalamin Il deficiency, TCN2, Megaloblastic anemia, Bone marrow failure, Pneumocystis
pneumonia

Background

Transcobalamin II (TC), a cobalamin binding plasma
protein, facilitates cellular uptake via receptor-mediated
endocytosis [1-3]. Deficiency or defect of TC, caused
by TCN2 mutations, results in intracellular cobalamin
depletion that leads to a rare multisystemic disorder
with autosomal recessive inheritance. Common clinical
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features include pancytopenia, megaloblastic anemia,
failure to thrive, diarrhea, psychomotor retardation,
and less frequently, immune deficiency [1]. The onset
of symptoms is usually during infantile period, with the
median age of 2 to 4 months [1].

Here, we reported an infant with overlapping clini-
cal features of hematologic malignancy, inherited bone
marrow failure syndrome (IBMFS), hemolytic crisis, pri-
mary immune deficiency (PID), and metabolic acidosis.
The advance in next-generation sequencing had enabled
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the genetic diagnosis of the homozygous novel TCN2
mutation.

Case presentation

A 3-month-old male infant, a single child of a consan-
guineous Thai couple, was first presented to a local medi-
cal center with upper respiratory tract infection, anemia,
petechiae, mild hepatosplenomegaly, and pancytopenia
(Table 1). Acute leukemia and inherited bone marrow
failure syndrome were suspected but not supported by
the findings of bone marrow (BM) aspiration and biopsy,
flow cytometry, and BM karyotype. At 4 to 5 months of
age, the patient had two episodes of diarrhea. There was a
10% increase of circulating immature myeloid series and
marked elevation of serum lactate dehydrogenase (LDH)
levels, necessitating a re-evaluation for myeloid leukemia,
but findings were negative.

At 5 months after arrival at our center, the patient
appeared to have failure to thrive, hepatosplenomegaly,
respiratory distress; and his chest X-ray indicated bilat-
eral reticulonodular infiltration suggesting pneumonia
(Fig. 1A). Bronchoalveolar lavage was performed and
Pneumocystis jirovecii was confirmed (via PCR) as the
causative pathogen. Persistent pancytopenia with mono-
cytosis >1000/mm?® was noted; thus, PID, IBMFS, mye-
lodysplastic syndrome (MDS), juvenile myelomocytic
leukemia (JMML), and autoimmune lymphoprolifera-
tive syndrome (ALPS) were investigated. The results did
not support PID, including normal or slightly elevated
number of absolute lymphocyte counts [CD3+, 7.3K/
pL (reference 2.2-6.4); CD4+, 4.2K/uL (reference 1.6—
4.6); CD8+, 3.1K/pL (reference 0.7-2.4), CD19+, 0.6 K/
pL (reference 0.5-1.5)] and normal or slightly increased
immunoglobulin levels [IgA 1.19mg/ml (reference 0.1
0.24), IgG 5.22mg/ml (reference 4.57-8.83), and IgM
4.84mg/ml (reference 0.27-0.93)]. Additional BM stud-
ies revealed normal karyotype, no canonical RAS path-
way gene mutations, and normal double negative T-cell,
excluding JMML and ALPS. The patient received aggres-
sive supportive treatments including blood transfu-
sion, parenteral nutrition and enteral tube feeding for 4
weeks plus antimicrobial agent for the pneumonia. This
led to temporary improvement of hematologic profiles
(Table 1). At 9 months, the patient developed mild diar-
rhea with inappropriate wide anion gap metabolic acido-
sis (serum TCO, 5; gap 20), prompting investigation for
inborn metabolic disorders. Acylcarnitine profile, plasma
amino acids, and urinary organic acids were within nor-
mal ranges. Whole exome sequencing was performed on
[lumina HiSeq2500 (Macrogen, South Korea) and ana-
lyzed following previously published protocols [4], using
clinical terms of ketoacidosis (HP:0001993) and pancyto-
penia (HP:0001876).
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At 12months, macrocytic anemia with neutropenia
was noted (Table 1 and Fig. 1B) leading to additional
investigations. That revealed normal levels of serum
folate (>20; reference range 4.2—19.9 ng/ml), red-blood-
cell folate (383; reference range 141-1038ng/ml), and
B12 (498; reference range 197-771pg/ml). Serum hol-
otranscobalamin which is an active form of vitamin B12
and an optimal marker for vitamin B12 deficiency was
not measured in the present patient, owing to unavaila-
bility in Thailand. Another BM study was performed that
revealed hypercellularity, megaloblastic and dysplastic
changes (Fig. 1C). Targeted exome analysis of 25 genes
associated with myeloid malignancy and MDS was car-
ried out using QIAact Myeloid DNA UMI Panel (Qiagen,
Hilden, Germany). Results were negative. At 14months,
the patient developed Bacillus cereus septicemia accom-
panying acute hemolytic crisis as evidenced by reticu-
locytosis at 22.7% (absolute count 679.6 x 103/mm?3),
reduction of serum haptoglobin (<0.025; normal range
0.32-1.97mg/ml) and marked elevation of LDH level
whilst having normal G6PD enzyme activity, hemoglobin
typing, and alpha-globin gene analysis.

At 15months of age, the results of WES became
available that revealed a homozygous mutation at the
acceptor site of intron 3 of TCN2 gene, c.428-2A>G
(IVS3-2A >G; NM_000355.3). Sanger sequencing con-
firmed the homozygous mutation in the patient and het-
erozygous alleles in both parents (Fig. 1D). mRNA study
using previously published methods [5] demonstrated an
aberrant transcript lacking exon 4 (Fig. 1E-F). Daily treat-
ment with 1 mg of intramuscular hydroxocobalamin was
initiated for 1 week, then twice a week. Serum LDH and
plasma homocysteine levels were used to monitor the
clinical and biochemical response, besides CBC (Table 1).
The patient exhibited dramatic response to the cobala-
min therapy by becoming energetic, exhibiting mouth
feeding, achieving motor milestones, and requiring no
further transfusion. Total plasma homocysteine rapidly
declined while CBC revealed subsequent improvements
in Hb, MCV, RDW and platelets. At the time of this
report, the patient is 30 months-old and exhibits a mild
autistic-spectrum disorder (repetitive behavior, delayed
speech and poor social interaction) despite active motor
development (Table 1).

Discussion and conclusion

We describe an unusual case with complex manifesta-
tions of TC deficiency, including hepatosplenomegaly,
metabolic acidosis without methylmalonic aciduria, epi-
sodic hemolytic crisis, Pjirovecii infection, and high LDH
levels. The hepatosplenomegaly, persistent elevation
of LDH levels, hypercellularity and dysplastic changes
of BM led to differential diagnosis of hematologic
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Fig. 1 A Chest x-ray showing bilateral reticulonodular infiltration and hepatomegaly, B Peripheral blood smear (1000x) showing macro-ovalocytes
(black arrow), variable-sized red blood cells as well as fragmented cell (red arrow), and hypersegmented neutrophils (green arrow). These findings
give credence to megaloblastic anemia. C Bone marrow smear with Wright-Giemsa stain (1000x) showing megaloblastic change, large erythroblast
(black arrow), nuclear and cytoplasmic maturational asynchrony of erythroid precursors (yellow arrow), dysplastic nuclei of erythroid precursors
(green arrow), and giant band (red arrow). D Sanger sequencing, noted homozygous change from A to G at nucleotide c428-2, and heterozygous
A>G in the father (and mother: not shown). E mRNA (cDNA) bands showing only aberrant mRNA in the patient’s specimen (PT) and only wild type
band in the normal control (NL). F mRNA sequencing demonstrating exon 4 skipping: coding sequence of exon 3 followed by the coding sequence

malignancies [6-8]. These complex features compli-
cated and delayed the diagnosis which was eventually
resolved by WES. Plausible mechanisms underlying the
acute hemolytic episode in this patient are intramedul-
lary hemolysis and premature lysis of erythroid precursor
cells due to ineffective hematopoiesis [8]. Hemolytic cri-
sis is one of the characteristics described in vitamin B12
deficiency [8]. The low-to-normal MCV in the present
case could be explained by frequent blood transfusion
and possible low MCV of the transfused blood due to
high prevalence (40%) of thalassemia carrier among Thai
people including blood donors [1, 9]. By retrospective
examination of the peripheral blood and BM specimens,
macro-ovalocytes and hypersegmented neutrophils were
seen, and giant erythroblast with nuclear cytoplasmic
asynchrony and giant band were noted (Fig. 1C). In fact,
these findings could be diagnostic clues for TC deficiency.

We experienced that serum homocysteine and LDH lev-
els were good alternative biomarkers in monitoring the
biochemical response to cobalamin treatment in the
present patient (Table 1). Normal serum cobalamin level
does not exclude cobalamin deficiency and other cobal-
amin-related disorders, since 80% of cobalamin binds to
haptocorrin, which does not represent its intracellular
utilization [2, 8, 10]. It should be mentioned that homo-
cysteine is generally undetectable or barely detectable
using quantitative plasma amino acid analysis; therefore,
elevated homocysteine concentration was missed. Later,
when transcobalamin defect and its associated increased
homocysteine level was suspected, plasma homocysteine
level was measured using a separate specific test.

Less than 60 patients and 50 TCN2 variants have
been reported worldwide in which many cases
were reported from regions with a high rate of
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consanguinity, including Turkey [1, 2, 11-14]. To our
knowledge, the present patient is the first case report
from a Southeast Asian country with a novel TCN2
variant, ¢.428-2A>@G. The variant was subsequently
submitted to ClinVar database and now is accessible
using a number SCV001981507 (https://www.ncbi.
nlm.nih.gov/clinvar/). This mutation leads to a mutant
TCN2 transcript with deletion of 153 nucleotides
(NM_000355.3:1.428_580del) and results in an in-frame
deletion of 51 amino acids (NP_000346:p.Gly143_Val-
193del). The mutant protein is predicted to damage
cobalamin transport due to loss of two of the three
cobalamin binding sites, codon 152-156, 190-194, and
395-397 (www://uniprot.org) [15]. Moreover, the loss
of cysteine at codon 165 could disrupt one (Cys165/
Cys205) of the four disulfide bonds which are essential
for maintaining the secondary structure of the TC pro-
tein [15, 16].

Cobalamin plays an important role in initiating and
maintaining myelination of the central nervous system
for almost one-third of patients with TC deficiency dem-
onstrated developmental delay [1, 17]. Early diagnosis
and treatment could alleviate and prevent permanent
neurologic sequelae [1, 17]. A case report of a TC defi-
ciency patient who exhibited urinary methylmalonic acid
excretion at birth may indicate intrauterine onset of the
metabolic derangement and neurologic damage of this
intriguing disorder [18]. This may explain neurocognitive
impairment in some patients despite receiving prompt
diagnosis and treatment at birth [14].

In summary, TC deficiency should be suspected in
infant with chronic pancytopenia, hepatosplenomegaly,
metabolic acidosis of unclear cause, and recurrent infec-
tion with or without overt megaloblastic change.
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