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Abstract

Background: Transcobalamin (TC) transports vitamin B12 from blood into cells. TC II deficiency is a rare autosomal
recessive disorder. It is characterized by failure to thrive, diarrhoea, pallor, anaemia, pancytopenia or
agammaglobulinemia. It is usually confirmed by molecular analysis of the TCN2 gene. We report a 2-month-old girl
with two novel mutations, which were first reported in humans.

Case presentation: We present a 2-month-old Chinese girl with pancytopenia, severe combined immunodeficiency
disease, and megaloblastic anaemia. Targeted next-generation sequencing (NGS) was performed, which detected
compound heterozygous variants in exon 7 of the TCN2 gene (Mutation 1: c.1033 C > T; Mutation 2: c.1017-
1031delinsGTAACAGAGATGGTT). These mutations result in stop codons in TCN2. The c.1033C > T mutation causes a
stop at codon 345 (p.Gln345Ter), and the c.1017-1031delinsGTAACAGAGATGGTT mutation causes a stop at codon 340
(p.Leu340Ter). After being diagnosed, she was treated with intramuscular 1 mg hydroxycobalamin (OH-Cbl) every day
for 2 months. The CBC value returned to normal after half a month. The peripheral blood lymphocyte subsets and
immunoglobulin recovered after 2 months. Then, the dosage of OH-Cbl was gradually reduced.

Conclusions: TC II deficiency is a serious complication that requires lifelong treatment. Its diagnosis is difficult due to
the lack of clearly identifiable symptoms. Genetic testing should be performed as early as possible if this disease is
suspected. The specific observations of this case report make a considerable contribution to the literature and provide
a reference for the diagnosis and treatment of future cases.
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Background
Transcobalamin (TC), a vitamin B12 (cobalamin, Cbl) bind-
ing protein in plasma, promotes the cellular uptake of vita-
min B12 by receptor-mediated endocytosis. Inherited TC II
deficiency is an autosomal recessive disorder characterized

by megaloblastic anaemia caused by cellular vitamin B12
depletion [1, 2]. It may be accompanied by neurological com-
plications, including a delay in psychomotor and mental de-
velopment. Sometimes severe immune deficiency, including
abnormal humoral and cellular immunity, is also observed.
The protein (TC II) is encoded by the TCN2 gene,

which spans 18 kb and contains 9 exons on chromosome
22q12. b. TC II deficiency was first reported in two sib-
lings in 1971, and since then, fewer than 50 affected indi-
viduals have been identified (Table 1) [2–6]. The reported
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Table 1 Summary of the mutations reported in the TCN2 gene

Exon gDNA Effect Reference

2 c.67A > G p.Ile23 Val Afman et al 2002 [9]

8 c.1196G > A p.Arg399Gln Afman et al 2002

5 c.703dupA p.Thr235Asn fs*69 Bartakke et al 2015 [10]

8 c.1127T > C p.Leu376Ser Grarup et al 2013 [11]

4 c.580 + 624A > T p.? Häberle et al 2009 [12]

7 c.940 + 303_c.1106 + 746delinsCTGG p.? Häberle et al 2009

8 c.1194C > T p.Arg399Ter Khera et al 2019 [13]

2 c.172delC p.Leu58Tyrfs*28 Li et al 1994 [4]

3 c.387delA p.Gln130Serfs*77 Li et al 1994

6 c.927-930del p.Cys309Trp fs*50 Li et al 1994

8 c.1110T > G p.Tyr370Term Li et al 1994

1–9 large deletion involving all but 3' end of gene p.? Li et al 1994

3 c.427 + 2 T > G p.? Namour et al 2003 [7]

1 c.64 + 4A > T p.? Nashabat et al 2017 [14]

7 c.1106 + 1G > A p.Met315fs Nissen et al 2010 [15]

8 deletion ex. 8 p.? Nissen et al 2010

8 c.1195C > T p.Arg399Term Prasad et al 2008

5 c.679C > T p.Arg227Term Pupavac et al 2016 [16]

1 c.62G > A p.Cys21Tyr Qian et al 2002 [17]

1 c.31C > G p.Leu11Val Qian et al 2002

2 c.145C > T p.His49Tyr Qian et al 2002

2 c.254T > A p.Leu85Gln Qian et al 2002

2 c.79G > C p.Asp27Asn Qian et al 2002

2 c.257G > A p.Gly86Glu Qian et al 2002

3 c.330dupC p.Ala111Argfs*7 Ratschmann et al 2009 [6]

4 c.580 + 1G > C p.? Schiff et al 2010 [18]

4 c.501_503del p.Leu167del Schiff et al 2010

8 c.1139dupA p.Tyr380Ter Schiff et al 2010

8 c.1117_1118del p.Gln373Glyfs*38 Schiff et al 2010

9 c.1236_1237del p.Tyr412fs Schiff et al 2010

3 c.423del p.Ile142Leufs*65 Trakadis et al 2014 [19]

3 c.348_349del p.Cys116fs Trakadis et al 2014

4 c.472G > T p.Gly158Cys Trakadis et al 2014

4 c.497_498del p.Leu166Profs*7 Trakadis et al 2014

5 c.745del p.Ala249Hisfs*6 Trakadis et al 2014

6 c.937C > T p.Arg313Ter Trakadis et al 2014

7 c.940 + 283_940 + 286del p.? Trakadis et al 2014

7 c.940 + 303_1106 + 764delinsCTGG p.? Trakadis et al 2014

7 c.1013_1014 delinsTAA p.Ser338Ilefs*27 Trakadis et al 2014

8 c.1106 + 1516_1222 + 1231del p.? Trakadis et al 2014

1 c.106C > T p.Gln36Term Ünal et al 2015 [20]

8 c.1107 − 347_1222 + 981delins 364 bp p.? Ünal et al 2015

7 c.1017-1031delinsGTAACAGAGATGGTT p.Leu340Ter Novel this paper

7 c. 1033C > T p.Gln345Ter Novel this paper
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mutations in the TCN2 gene include deletions or inser-
tions, nonsense mutations, and point mutations. Of these,
deletions or insertions are the most common, causing
frameshifts that result in protein truncation [4, 5, 7, 8]. A
few polymorphic variants have also been reported [8].
Overall, patients with TC II deficiency can present with

variable clinical features, including failure to thrive (FTT),
diarrhoea, pallor, and anaemia. Many mutations in the
TCN2 gene have been reported that are related to the dis-
ease. Here, we present a 2-month-old Chinese girl with
pancytopenia, severe combined immunodeficiency disease,
and megaloblastic anaemia with novel compound hetero-
zygous variants in the TCN2 gene to emphasize the im-
portance of early diagnosis and treatment.

Case presentation
A 2-month-old girl presented with cough for three days
and was diagnosed with pancytopenia based on her ini-
tial test results. Her mother had gestational hypertension
and was treated with oral labetalol. No abnormalities
were found on prenatal ultrasound, and the foetal heart
rate was normal. She was born naturally at 38 weeks
with a 9-9-10 Apgar score. Amniotic fluid is clear. Her
birth weight was 3000 g, her body length was 48 cm,
and her head circumference was 33 cm. All of her re-
sults were between 50% and 75% of the same gestational
age 21. There was no family history of similar diseases,
especially of the haematologic system. Both parents and
her 10-year-old sister were in good health.
Weight gain during the neonatal period was within the

normal range. On the 38th day of physical examination,
her weight was 4 kg. Her complete blood count (CBC)
haemoglobin (Hb) level was 87 g/L (reference: 110–
140 g/L), her red blood cell (RBC) count was 2.67 ×
1012/L (reference: 3.5-5.0 × 1012/L), and her white blood
cell (WBC) and platelet (Plt) counts were normal. She
was believed to have physiological anaemia and was not
treated. She began coughing and vomiting on day 52. A
second CBC revealed pancytopenia with a WBC count
of 4.5 × 109/L (reference: 4.0–10.0 × 109/L), Hb level of
58 g/L, Plt count of 46 × 109/L (reference: 100.0-300.0 ×
109/L), mean corpuscular volume (MCV) of 106 fL (ref-
erence: 80–100 fL), mean corpuscular Hb (MCH) of
33.5 pg/cell (reference: 27–34 pg/cell), and red blood cell
volume distribution width (RDW) of 24.6% (reference:
11.6%-16.5%). Peripheral blood lymphocyte subsets indi-
cated high CD3 + cells 93.8% (reference: 39.0%-73.0%)
and low CD3-CD(16 + 56) + cells 0.4% (reference: 3.0%-
16.0%) and low CD3-CD19 + cells 4.9% (reference: 7.0%-
41.0%), which indicated the abnormal differentiation of
lymphocytes. Similarly, a humoral immunoassay showed
extremely low levels of globulin in the blood, with
0.05 g/L immunoglobulin IgA (reference: 0.13–0.35 g/L),
0.46 g/L IgG (reference: 3.22–7.18 g/L), and 0.04 g/L

IgM (reference: 0.23–0.91 g/L). Cobalamin and folic acid
levels in peripheral blood were in the normal range.
Bone marrow examination revealed megaloblastic
changes and dysplasia in erythrocytic and megakaryo-
cytic lineages with no blasts (Fig. 1).
The infant was admitted to our hospital. She received

supportive treatment including blood transfusions and G-
CSF injections, parenteral nutrition, and antibiotic treat-
ment with meropenem and vancomycin for her pneumo-
nia. However, her pulmonary infection was difficult to
control. Diarrhoea and weight stagnation also appeared
during hospitalization. Respiratory failure occurred on day
98, and she required tracheal intubation with ventilator-
assisted ventilation.
Targeted next-generation sequencing was performed on

the patient. The gene panel (Mygenostics) contained 816
genes related to hereditary blood disease, which identified
compound heterozygous variants in exon 7 of the TCN2
gene. The targeted resequencing data were confirmed by
Sanger sequencing. Parental genetic tests were used to de-
termine whether this mutation was inherited or new. A
paternally inherited rare variant (Mutation 1: hg19, chr22-
31013409, NM_000355, c. 1033C > T, p.Gln345Ter, not
present in 1000 Genomes, not present in esp6500, not
present in gnomAD, 0.00001647 in ExAC_ALL, 0.0001 in
ExAC_EAS) and a maternally inherited variant (Mutation
2: hg19, chr22:31013392–31013407, NM_000355, c.1017-
1031delinsGTAACAGAGATGGTT, p.Leu340Ter, not
present in 1000 Genomes, esp6500, gnomAD and ExAC)
were identified in the patient. These mutations result in
stop codons of TCN2. The c.1033C > T causes a stop at
codon 345 (p.Gln345Ter), and the c.1017-1031delinsG-
TAACAGAGATGGTT causes a stop at codon 340
(p.Leu340Ter) (Fig. 2).

Fig. 1 Bone marrow aspiration: megaloblastic changes and dysplasia
in erythrocytic and megakaryocytic lineages (Pappenheim staining:
magnification 1000)
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After being diagnosed with TC II deficiency, she was
treated with intramuscular 1 mg OH-Cbl every day for 2
months, and subsequently, the dosage was gradually re-
duced to once every 4 weeks. The CBC value returned to
normal after half a month of OH-Cbl administration:
WBC, 6.02 × 109/L; Hb level, 128 g/L; Plt, 185 × 109/L;
MCV, 82 fL; MCH, 27.5 pg/cell; and RDW, 13.9%. Her
pneumonia was obviously improved, and she was weaned
from the ventilator. She then had a brain MRI, which
showed mild encephalatrophy. After 2 months of OH-Cbl
administration, the peripheral blood lymphocyte subsets
and immunoglobulin also recovered. No obvious side ef-
fects were observed during the treatment. The girl is now
22 months old, 85 cm in height, and 12 kg in weight. She
walked at 14 months and began speaking at 18 months.

Discussion
Most pathogenic mutations are predicted to result in ex-
tremely low levels or complete absence of TC II. TC II defi-
ciency eventually leads to the gradual depletion of
intracellular cobalamin storage in the first few weeks after
birth and causes secondary damage of methionine synthase
and methyl-malonyl COA mutase activities [22]. There is
considerable genetic heterogeneity of TC II deficiency, as
evidenced by the presence of nonsense mutations, dele-
tions, RNA editing, and a mutation affecting a splice site
(details of mutations are provided in Table 1). However,

previous studies have not reported any genotype–pheno-
type correlations. Here, we report 2 new mutations
(p.Gln345Ter and p.Leu340Ter) in the TCN2 gene that re-
sult in TC II deficiency. The wild-type TCN2 transcript
NM000355 encodes a member of the vitamin B12-binding
protein family with 427 amino acids; however, both of these
mutations lead to early termination of the codon, which
may cause nonsense-mediated mRNA decay (NMD) or re-
sult in transamin II protein with truncated amino acid se-
quences. Due to NMD or truncations, mutated TCN2 may
lose its function, leading to transcobalamin deficiency in
the patient. These two mutations were not reported in the
HGMD database, which indicated that they are novel muta-
tions, and this is the first report in humans; this finding has
expanded the mutation spectrum of TCN2. We obtained
TCN2 gene sequences (NM_000355) from NCBI Gene and
used SWISS-MODEL, an automated protein homology
modelling server, to generate three-dimensional structures
of TCN2 wild-type and mutant (p.L340X and p.Q345X)
protein [23–25]. Both mutants showed loss of an unknown
C-terminal domain (with unknown function) of transcoba-
lamin, a vitamin B12-binding protein that transports co-
balamin into cells (Fig. 3) [26].
We report the case of a two-month-old baby girl with

vomiting, diarrhoea, weight stagnation, pancytopenia and
combined immunodeficiency. She received intensive care
in the Paediatric Intensive Care Unit for three months.

Fig. 2 Sequencing results of the TCN2 mutation. a. Mutation 1: c.1033 C > T; b.Mutation 2: c.1017-1031delinsGTAACAGAGATGGTT.
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Tarkadis et al. summarized the clinical characteristics of 24
patients diagnosed with TC II deficiency [19]; the clinical
features included individuals with blood complications such
as anaemia or pancytopenia (87.5%, 21/24); glossitis (16.7%,
4/24); skin manifestations such as nonspecific rash, pur-
pura, and petechiae (12.5%, 3/24); individuals with failure to
thrive (66.7%, 16/24); gastrointestinal complications such as
vomiting and diarrhoea (37.5%, 9/24); neurological symp-
toms such as weakness, hypotonia, myoclonic-like move-
ments, or delayed milestones (29.2%, 7/24); immunological
abnormalities such as agammaglobulinemia, low IgG, or
low T and B cell counts (16.7%, 4/24), and recurrent infec-
tions (8.3%, 2/24) [19]. Almost all these symptoms appear
between 2 and 4 weeks after birth and worsen over ap-
proximately 2 months. Early diagnosis is very difficult be-
cause there are no typical clinical manifestations of TC II
deficiency, and multiple systems can be involved. The blood
system is most often affected and could be an indication.
However, several other diseases also lead to pancytopenia
in a newborn or small baby. These include disorders that
cause increased blood cell damage, such as systemic auto-
immune disorders, immune dysregulation syndrome, sys-
temic lupus erythematosus, disseminated intravascular
coagulation, and hypersplenism, and those resulting in
haematopoietic function failure include a variety of infec-
tions, infiltrative bone marrow diseases, and other genetic
factors. Among these, the most common is infection caused
by Epstein-Barr virus, cytomegalovirus, chicken pox, rick-
ettsia, and bacterial sepsis. TC II deficiency is extremely
rare and prone to misdiagnosis. The diagnosis delay causes
progressive deterioration in the patient and increases the
chance of infection and the need for blood transfusion.
However, if the patient is diagnosed in the neonatal
period and receives early treatment, there are chances
of better prognosis, especially with respect to the de-
velopment of the nervous system and growth. There-
fore, early recognition and treatment of the disease
are particularly important.

With the development of diagnostic technology, at
present, the diagnosis of this disease clearly depends on
next-generation sequencing. TC II deficiency has also been
reportedly identified by tandem mass spectrometry. The
flagged values were for C3 and C3/C2 acyl carnitine eleva-
tions [27]. However, these reports are not entirely consist-
ent [19]. The transcobalamin-vitamin B12 complex, known
as Holo-TC, is metabolically active cobalamin; in the case of
TC II deficiency, Holo-TC is undetectable [28]. The treat-
ment of TC II deficiency mainly consists of hydroxycobala-
min (OH-Cbl) or cyanocobalamin (CN-Cbl) administration.
Although there was no significant difference in efficacy be-
tween the two treatments, the mode of administration
seemed to affect the prognosis, and intramuscular injection
was recommended [19]. The patient requires treatment for
life, and the most common complications include speech
and attention disorders. The patient we described herein
was prescribed 1 mg OH-Cbl intramuscularly every day on
day 122, and her CBC value returned to normal after half a
month. After a treatment period of 2 months, OH-Cbl grad-
ually changed to once every 4 weeks. As a result of earlier
targeted treatment, she achieved good therapeutic effects.
In summary, TC II deficiency is a rare autosomal re-

cessive disorder that requires lifelong treatment. Early
recognition and treatment of the disease is particularly
important. It should be ruled out for infants diagnosed
with pancytopenia and/or showing developmental delay.
This study reports two novel mutations in the TCN2
gene that result in mutated proteins with possible loss of
function. We believe that the specific observations made
during this case report will provide a reference for the
diagnosis and treatment of future cases.
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