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Abstract Intrinsic factor deficiency (OMIM #261000,
IFD) is a rare inherited disorder of vitamin B;, metabolism
due to mutations in the gastric intrinsic factor (GIF) gene.

We report three individuals from an Old Order Menno-
nite community who presented with B;, deficiency. Two
cases are siblings born to consanguineous parents and the
third case is not known to be closely related. The older
male sib presented at 4 years with gastrointestinal symp-
toms, listlessness, and pallor. He had pancytopenia
with megaloblastic anemia. Serum B, was 61 (198-615
pmol/L). Methylmalonic aciduria was present. C3 was
elevated on acylcarnitine profile. Homocysteine was high
at 16.7 (5.0-12.0 umol/L). His asymptomatic female
sibling was also found to have Bj, deficiency. Genetic
testing for methylmalonic aciduria (MMAA), transcobala-
min deficiency (7CN2), and Imerslund-Grasbeck syndrome
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(AMN) showed no mutation in both siblings. The third
patient, a 34-year-old woman, had presented in infancy
with a diagnosis of pernicious anemia. Mutation analysis
of GIF revealed compound heterozygosity for a
c.79+1G>A substitution and a ¢.973delG deletion in all
three individuals. Oral or parenteral vitamin B;, has led
to complete recovery of clinical parameters and vitamin
By, levels. Newborn screening samples on the siblings
revealed normal methylcitrate, C3, and C3/C2 ratios thus
indicating no disruption of propionic or methylmalonic acid
metabolism.

A high index of suspicion should be maintained if
children present with megaloblastic anemia since GIF
deficiency is a treatable disorder and newborn screening
may not be able to detect this condition.

Abbreviations

AMN Amnionless gene

Bi» Vitamin B, (cobalamin)

CUBN Cubilin gene

GIF Gastric intrinsic factor

GIF Gastric intrinsic factor gene

IFD Intrinsic factor deficiency

IGS Imerslund-Grasbeck syndrome

MCEE Methylmalonic CoA epimerase gene
MMA Methylmalonic aciduria

MMAA Methylmalonic acidemia CblA type gene
MMAB Methylmalonic acidemia CbIB type gene
MMADHC  Methylmalonic acidemia CblID type gene
MUT Methylmalonic CoA mutase gene

TC Transcobalamin deficiency
TCN2 Transcobalamin II gene
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Fig. 1 Enteral metabolism of B, and GIF

Introduction

Inherited disorders of vitamin B, metabolism can be due to
many etiologies such as Imerslund-Grasbeck syndrome
(IGS; OMIM #261100, CUBN or AMN mutations) (Gras-
beck 2006; Ament et al. 2009), transcobalamin deficiency
(TC; OMIM #275350, TCN2 mutation) (Prasad et al. 2008;
Trakadis et al. 2013), methylmalonic aciduria (MMA;
OMIM #251100, MMAA mutation) (Trakadis et al. 2013),
and intrinsic factor deficiency (IFD; OMIM #261000, GIF
mutation) (Tanner et al. 2005).

Gastric intrinsic factor (GIF) is a cofactor produced by
the parietal cells of the stomach. GIF binds vitamin B, in
the duodenum and transports it to the terminal ileum
(Kozyraki and Cases 2013). The GIF-B;, complex allows
for endocytosis of By, by the mucosal cells of the distal
ileum via a cubam receptor composed of two proteins,
cubilin and amnionless (Watkins and Rosenblatt 2011).
Serum vitamin By, is primarily transported by haptocorrin
and transported into cells by transcobalamin (Trakadis et al.
2013) (see Fig. 1).

Congenital IFD is a rare disorder of vitamin B,
metabolism presenting in infancy or early childhood. In
congenital IFD, gastric acid secretion is normal and B,
deficiency results from a mutation in GIF leading to a low
level or lack of GIF in gastric juices, abnormal susceptibility
of GIF to pepsin degradation, or reduced affinity for ileal
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6.B12 is bound to transcobalamin (TC) in the blood

GIF-B,; receptor (Gordon et al. 2004; Chery et al. 2013).
IFD differs from adulthood-acquired cobalamin deficiencies
associated with atrophic gastritis in which normal GIF can
be produced but is reduced in quantity due to decreased
parietal cells or an autoimmune disorder with production of
antibodies against GIF. The Schilling test can be used to
differentiate between acquired and inherited causes of B,
deficiency; however this test is expensive, invasive, and
rarely available in practice (Tanner et al. 2005).

Patients with GIF deficiency present with low serum
cobalamin levels and megaloblastic anemia in comparison
to TC and MMA deficiencies where B, levels are usually
normal (Trakadis et al. 2013). Other presentations include
pancytopenia, splenomegaly, hepatomegaly, peripheral neu-
ropathy, joint pain and swelling, anorexia, diarrhea, or
infantile death (Gordon et al. 2004; Overgaard et al. 2010).

Material and Methods
Case Report

The proband (II-1 from Family 1) (see Fig. 2) presented at
4 years of age to the gastroenterology clinic with constipa-
tion and bloody stools. He is of Old Order Mennonite
descent and his parents are consanguineous. Prenatal and
birth history were unremarkable.



JIMD Reports

71

FAMILY 1

8] 2
(e.T9+1G>A 1 +) (c.873delG | +)

FAMILY 2

W

Proband 2 -

-1 (£.79+1G>A e 973delG) (+1+)
(€.79+1G>A Ic.973delG)

'YXy

-4
(c.79+I1G>A | c.973delG

Fig. 2 DNA molecular analysis of G/F identified heterozygous mutations for a ¢.79+1G>A substitution and a ¢.973delG deletion in Family 1
and Family 2. Closed symbols signify individuals with low serum vitamin B,

Prior to presentation he experienced gastrointestinal
symptoms including loose stools, reduced appetite, vomit-
ing, and mild jaundice as noted by his parents. He
underwent dental surgery for caries and was noted to be
pale and fatigued 2 weeks following this procedure. Over
the next 6 months, he started having difficulty walking and
getting up as well as paresthesias in his lower limbs. Initial
bloodwork from the GI clinic disclosed the presence of
pancytopenia and he was referred to the hematology-
oncology clinic. Physical examination revealed a very pale
child with a heart rate of 80 beats per minute without
lymphadenopathy and organomegaly. He had no dysmor-
phic features. Cardiac examination was normal. Further
hematological investigations revealed the diagnosis of
megaloblastic anemia secondary to a very low B, level
(see Table 1). Nutritional deficiency and malabsorption
causes were excluded. Infectious screen was negative.
Barium swallow and 99mTc pertechnetate scintigraphy
were negative. Urine organic acids showed elevated urine
methylmalonic aciduria (MMA) which reinforced suspi-
cions of a defect in cobalamin metabolism or transport.
There was no proteinuria. No Schilling test was performed
as it was unavailable.

The proband was started on oral B, vitamin (methyl-
cobalamin) supplementation 1,000 mcg/day. He had a rapid
full recovery of his gastrointestinal and neurological
symptoms and improvement of all hematological cell
lineages as well as serum B, levels. At 7 years of age he
is thriving and succeeding at school. His weight is 29.7 kg
(90th percentile), and height is 127 cm (97th percentile). He
has a normal physical examination and no further urine
MMA.

The sister of proband (II-2 from Family 1) was seen
at 16 months of age on the basis of family history. She

was clinically asymptomatic with a normal physical
examination. Her initial hematologic parameters were
normal. However, she had low serum B;, levels and
elevated urine MMA. She was started on oral B,
supplementation with restoration of her serum B,
stores. A recent evaluation at 4 years of age shows a
well child with a normal complete blood count,
homocysteine level, and B, serum levels as well as
no urinary MMA.

A 24-year-old woman (II-4 from Family 2), also of Old
Order Mennonite descent and with the same surname as the
proband, had presented with low serum B, and megalo-
blastic anemia in infancy. She had a bone marrow biopsy
and has been on B, injections since then. She had
complete recovery of her clinical parameters and vitamin
B, levels. Three of her sibs had also been diagnosed with
pernicious anemia and were on vitamin B, therapy, but no
further clinical details were available.

Results
Genetic Analysis

In Family 1, the proband had full sequencing of the MMAA,
AMN, and TCN2 with no mutations identified. He then was
evaluated for G/F mutations and was found to be
compound heterozygous for a ¢.79+1G>A substitution
and a c.973delG deletion. Subsequently, his sister (II-2)
tested positive for the same GIF heterozygous mutations. In
Family 2, 1I-4 had a negative test for AMN mutation.
Molecular genetic testing for GIF deficiency was positive
with the same heterozygous mutations as in Family 1 (See
Fig. 2).
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Table 1 Hematological and biochemical laboratory values before and after By, supplementation

Patient

Initial bloodwork

After B, supplementation Normal values

1I-1, Family 1

White blood cells 2
Neutrophils 0.1
Hemoglobin 72
Mean corpuscular volume 111
Mean corpuscular hemoglobin concentration 354
Mean corpuscular hemoglobin 39.5
Platelets 40
Serum B, 61
Urine MMA Positive
Serum homocysteine 16.7
Creatine kinase 89
C3 Elevated
Serum IgA 2.4
Anti-tTG IgA Negative
Anti-tTG IgM Negative
Urine proteinuria Negative
11-2, Family 1
White blood cells —
Neutrophils -
Hemoglobin -
Platelets —
Serum B, 69
Urine MMA Positive
Urine proteinuria Negative

1I-4, Family 2
Hemoglobin -

Mean corpuscular volume -

4.7 5-12 x 10e9/L
1.6 >1.0 x 10e9/L
132 110-160 g/L

78.3 75-87 fL

349 305-360 g/L

28.1 24.0-30.0 pg

243 150400 x 10e9/L
389 198—615 pmol/L
Negative Qualitative analysis
2.9 5.0-12.0 umol/L

- 40-280 U/L

- Qualitative analysis
- 0.20-1.00 g/L

- Qualitative analysis
- Qualitative analysis
- Qualitative analysis

5.6 5-12 x 10e9/L
1.4 >1.0 x 10e9/L
120 110-160 g/L

227 150-400 x 10e9/L
352 198-615 pmol/L
Negative Qualitative analysis

- Qualitative analysis

128 110-160 g/L
29 75-87 fL

Biochemical Analysis

Urine organic acids of the proband showed urine MMA
(quantitative values not available) on a qualitative analysis
(see Table 1).

C3 was elevated on serum acylcarnitine profile. Serum
homocysteine was high at 16.7 (5.0-12.0 umol/L). An
initial serum IgA level was elevated at 2.40 g/L
(0.20—1.00). Anti-tissue transglutaminase IgG and IgA
antibodies were negative. There was no proteinuria on
urine analysis. A serum creatine kinase level was normal at
89 U/L (40-280).

The sibling of the proband had urine MMA. Analysis of
the newborn screening samples on the proband and his
sibling revealed normal methylcitrate, C3, and C3/C2 ratios
thus indicating no disruption of propionic/methylmalonic
acid metabolism.
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Hematological Analysis

See Table 1.

Discussion

The functional deficiency of cobalamin may affect multiple
organ systems. Presentation can range from mild gastroin-
testinal symptoms to severe or fatal anemia (Sturm et al.
2013), pancytopenia, failure to thrive or weakness, leading
to a delay in diagnosis or misdiagnosis (Gordon et al.
2004). Neurological symptoms of B, deficiency may be
subtle in presentation, making developmental delay a
concern with untreated low serum cobalamin (Ament
et al. 2009; Sturm et al. 2013).
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Fig. 3 Diagnostic approach to megaloblastic anemia in childhood.
Infectious and dietary causes are becoming less frequent in our society
(Sturm et al. 2013). Imerslund-Grasbeck syndrome (IGS) with
mutations in AMN and CUBN and IFD are disease entities that can
present with similar phenotypes (Tanner et al. 2005; Ament et al.

When evaluating a patient presenting with low serum
B,, many diagnostic investigations and specialists may be
involved, making the process lengthy and costly (Carmel
et al. 2003). Acquired causes of cobalamin deficiency such
as autoimmune gastritis are rare in children. Therefore, in
order to accelerate the diagnostic process, genetic causes
should be considered in the initial evaluation of megalo-
blastic anemia in childhood including mutations in AMN,
CUBN, GIF, TCN2, and MMAA genes (see Fig. 3)
especially in context of consanguinity and Mennonite
background. IGS, TC, and IFD are disease entities that
can present with similar phenotypes (Overgaard et al.
2010). Lack of proteinuria and response to B, supplemen-
tation can sometimes help to differentiate IFD from IGS in
order to direct the sequence of genetic testing (Grasbeck
and Tanner 2011; Sturm et al. 2013).

Dried blood spot C3 acylcarnitine is the newborn
screening metabolite that is elevated in diseases of
intracellular cobalamin metabolism, methylmalonic and
propionic acidemias. TC deficiency can be detected on
newborn screening (Prasad et al. 2012). C3 acylcarnitine
was not elevated in newborn screening tests of GIF
deficient patients II-1 and II-2 of Family 1. Presumably
the infants are protected by hepatic stores of maternally
originating cobalamin and not initially dependent on GIF-
mediated cobalamin intestinal absorption.

Hewitt and Gordon et al. first identified GIF on
chromosome 11 (Hewitt et al. 1991). IFD resulting from a
mutation in GIF was first described in 2004 by Yassin et al.
in a patient presenting with severe megaloblastic anemia
(Yassin et al. 2004). Since then, multiple case reports have
identified other GIF mutations resulting in B, deficiency

2009). Proteinuria is sometimes used to differentiate IGS and IFD and
direct the order of genetic testing but is not a specific finding
(Grasbeck and Tanner 2011). *Multiple genes include MUT, MMAA,
MMAB, MCEE and MMADHC

and megaloblastic anemia. The previous case reports have
been summarized in Table 2.

The mode of inheritance of IFD was previously unclear
(Gordon et al. 2004). With studies demonstrating homozy-
gous and compound heterozygote mutations, the inheri-
tance has been established as autosomal recessive for [FD
(Yassin et al. 2004; Chery et al. 2013).

The Human Genome Mutational Database identifies 18
mutations in GIF (http://www.hgmd.org, retrieved from
2014/04/21). The three patients described here were
compound heterozygous for ¢.79+1G>A and c.973 delG.
The ¢.79+1G>A mutation (HGMD #CS051254) affects the
intron 1 invariant donor splice site and has been described
by Tanner et al. (2005). The ¢.973 delG is a novel mutation
and results in a frame shift starting at codon 325 and
produces a premature stop at codon 337 in the new reading
frame.

All three patients are members of an Old Order
Mennonite community in Southwestern Ontario, Canada,
but interestingly all three are compound heterozygous for
two GIF mutations. The phenotype associated with
homozygosity for either of these two mutations has not
yet been described. This report indicates that GIF defi-
ciency should be considered as a cause of vitamin B,
deficiency in the Mennonite communities along with AMN
deficiency as described by Strauss and Puffenberger in the
Pennsylvania Mennonite community (Strauss and Puffen-
berger 2009).

B, deficiency caused by GIF deficiency is a treatable
disorder responding to oral By, supplementation as gastric
mucosa is normal. When diagnosed early many or all
symptoms can be avoided. A high index of suspicion for
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GIF deficiency should be maintained if children present
with megaloblastic anemia since prognosis is good once
diagnosed.
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