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Congenital deficiency of alpha feto-protein
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Alpha-fetoprotein (AFP) is the main fetus serum glycoprotein with a very low concentration in the adult.
AFP deficiency is a rare phenomenon. We studied two families with congenital AFP deficiency and searched
for mutations in the AFP gene. We identified one mutation of 2 base deletion in exon 8, in both families,
that leads to the congenital deficiency of AFP. The mutation nt930-931delCT (T294fs25X) creates a
frameshift after codon 294 that leads to a stop codon after 24 amino acids, thus truncating the normal
length of AFP of 609 amino acids. All the affected children were found to be homozygous for the mutation
as was one of the fathers. The affected individuals were asymptomatic and presented normal
development. This first identification of a mutation in the AFP gene demonstrates for the first time that
deficiency of AFP is compatible with human normal fetal development and further reproduction in males.
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Introduction

Alpha feto-protein (AFP) was identified in human fetuses in
1956 by Bergstrand and Czar." Since the protein produced
by the embryo at high levels is transferred to the maternal
blood circulation, it is widely used in the clinic in order to
detect fetal anomalies. Abnormal levels of embryonic AFP
in the maternal serum are indicative of spina bifida or
Down’s syndrome in the fetus.>~* It is also clinically used
to monitor certain types of cancer.’

The synthesis of AFP decreases dramatically after birth,
and only trace amounts are detected in the adult.®
However, a condition in which persistent high levels of
AFP are found was reported for at least 10 cases (eg McVey
et al,” Blesa et al,® and Alj et al;’ OMIM #104150) and
recently two mutations causing this condition were
identified as alterations in hepatocyte nuclear factor-1-
binding sites in the AFP promoter.” Nevertheless, only one
report described two normal fetuses with undetected levels
of AFP'? and lately we described two cases in two unrelated
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Arab families.!' The molecular explanation for the patho-
physiology of such situation was not provided. Here we
report the molecular basis of this condition for the Arab
families.

Subjects and methods

The study was approved by the Sapir Medical Center review
board. The pedigrees of the two families are presented in
Figure 1. The medical history is detailed,'’ accordingly:
patients V3, V5 (reported to be deficient of AFP by the
mother'! but not verified) and V6 (case no. 2, patient BJ'?)
of family A and IV6 of family B (case no. 1, patient RM1!1)
were defined as lacking normal amounts of AFP as fetuses.
The amniotic AFP level of patient IV6 of family B was tested
by radioimmunoassay using monoclonal antibodies and
the electroimmunodiffusion (Rocket) method.'! The sera
of the mothers of the patients’ detailed, during pregnancy,
and the sera post delivery of the patients, were tested using
the radioimmunoassay method.!! The other members of
the family were not tested. Inmunohistochemical staining
of AFP performed on the placenta of patient IV6 of family B
revealed multifocal positivity on both the maternal and
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Figure 1 Pedigrees of the two Arab families with the
fetuses showing congenital absence of AFP. Patients V3,
V5, and V6 of family A and IV6 of family B were defined as
lacking normal amounts of AFP as fetuses.'' Individuals
homozygous for the mutation appear in black and
heterozygous in gray. The definition was done by the
result of the restriction analysis, see Figure 3.

fetal sides, whereas for the placenta of patient V6 of family
A multifocal positivity was detected only on the fetal
side.! The labor of patient IV6 of family B was induced at
34 weeks due to mild pre-eclampsia, the newborn weighed
1740g and was normal.'! Its placenta presented inflam-
matory sites and cellular infiltrates.!! Patient V6 of family
A was born by normal vaginal delivery and was normal;
however, signs of placenta inflammation in the placental
membranes were noted and monosomy 16 was found in
placenta cells of both patients described.!!

DNA was prepared from peripheral lymphocytes of all
individuals of the fifth generation of family A and their
parents and individual IV6 and his parents of family B.
Primers were designed to enable PCR amplification of the
14 exons of the Afp gene encoding the coding region and
their borders. The PCR amplification of exon 8 was done
with primers: F: 5 TCCTTCTTTCCTGGCCTTTT 3/, R: &
GCTCAGAACATTCTAGCCAAA 3, 30 cycles of 94° 1/, 59°
1/, and 72° 1. The PCR product of five separate reactions
was purified using the Quiaquick PCR purification kit
(Quiagen, Germany) and directly sequenced using an
AB373 apparatus. Restriction analysis with Psyl (NEB,
MA, USA) was performed on PCR products of the family
members according to the manufacturer’s recommenda-
tions.

Results

To verify the molecular cause of the AFP absence, we
analyzed the sequence of all the exons of the Afp and their
borders in patient V6 of family A. We identified a deletion
of two nucleotides at positions 930-931 of the mRNA (Acc.
No. NM_001134) in exon 8 (nt 930-931delCT, Figure 2)
that results in frameshift: the last relevant amino acid is
threonine at position 294, followed by 24 irrelevant amino
acids and a stop codon (T294fs25X). The protein is thus
truncated to 318 amino acids, instead of the normal length
of 609 amino acids. This deletion creates a novel restriction
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site for the enzyme Psyl that was used to analyze the
parents and all siblings of family A and the patient of
family B and his parents (Figure 3). This analysis shows that
the same mutation in homozygosity causes the AFP
absence in family B that is of the same Arab origin (though
the families do not know to be related). The father of
family A is homozygous for the mutation; accordingly, his
children are either homozygous or heterozygous for the
mutation.

Discussion

We present a homozygous deletion of two nucleotides in
exon 8 of the AFP gene, causing a frameshift that starts
after codon 194 and create stop codon after 24 amino acids

Patient

Control

Figure 2 Sequence of exon 8 showing the deletion of the
CT bases in positions 930-931 of the mRNA (Acc. No.
NM_001134) in patient V6 of family A.
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Figure 3 Restriction analysis with the enzyme Psy1: The 2
base deletion creates a novel restriction site for the enzyme
that cuts the original amplified PCR product of 494 bp into
two fragments of 179 and 315 bp. The appearance of the
two bands indicates homozygosity for the mutation and
the three bands heterozygosity. M-molecular weight
marker X of Boehringer (Germany).



(T294£s25X) in two families with congenital absence of
AFP. The nonsense-mediated mRNA decay pathway by RNA
surveillance!? is well known for degrading mRNA encoding
premature termination codons. Moreover, it was recently
demonstrated that premature termination of translation,
resulting from frameshift mutations occurring in exons
that are followed by introns, causes efficient degradation of
the mRNA by this pathway, thus resulting in less severe
phenotypes then truncating mutations occurring in the
last exon, where the mRNA is not degraded.'® The frame-
shift in the internal eighth exon we observed would thus
be expected to cause the degradation of the mutated
mRNA. However, we could not directly test the stability of
the mutant AFP mRNA since lymphoblastoid lines, the
only available patients’ tissue, do not express AFP in
controls (not shown). The very low levels of AFP detected
by immunological methods in the serum and in the
placenta of the patients described'! could be caused by
the crossreactivity of the antibodies that were used.
Analysis of all available family members revealed that
none of the homozygotes and heterozygotes shows
abnormalities, moreover, the father in family A proved to
be homozygous (Figure 1).

The alpha-fetoprotein gene (Afp) is a member of a
multigenic family that comprises the related genes encod-
ing albumin, alpha-albumin, and vitamin D-binding
protein. These genes are clustered within a 1.1 Mb interval
on chromosome 4q11-13 in humans,* a 114 kb interval on
chromosome 5 in the mouse,'* and a 92kb interval on
chromosome 14 in the rat.'* This conserved organization
has been proposed to be important for the developmental
expression switch of the genes of the family after birth.'> A
10*-fold diminishing level of AFP and increase in albumin
blood levels occur at the end of the embryonic period of
development. The switch is carried out at the transcrip-
tional level.® Only in pathological state in adult life (eg,
hepatic tumor or germ-cell tumor) AFP levels rise® and a
decrease in albumin synthesis is observed.'® Several
hypotheses have been proposed for the physiological
function of AFP.Y7~1° AFP, like albumin, is also able to
bind steroids as well as endogenous and exogenous
substances such as fatty acids, bilirubin, and various
pharmaceutical agents, suggesting that AFP may play a
general transportation role.”” The region shown to bind
estradiol and to have antiestrotrophic activity is located
between amino acids 472 and 479;%"?? this activity would
thus be missing in our patients even if the truncated
protein is produced. AFP has also been proposed to be one
protein that protects the embryo against the maternal
immune system.?*?* Deficiency in this function may be
observed by the pregnancy complications and placenta
abnormalities revealed in our patients.'!

Owing to its high level of expression during embryonic
development, AFP has been assumed to be essential for
mammalian development. This study demonstrates that
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AFP is not necessary for the completion of pregnancy and
birth of healthy babies. In agreement with our observation,
it was recently shown, using gene targeting in mice, that
AFP is not essential for pregnancy to develop. Neither the
embryos nor the maternal environment are AFP-dependent
in order to produce a normal offspring. However, whereas
mutant homozygous adult males were viable and fertile, as
we also observed for the mutation-homozygous father in
pedigree A, AFP-null females mice were infertile by a
dysfunction of the hypothalamic/pituitary system, leading
to anovulation.?> Although we did not get an infertility
history from the affected families, the homozygous females
have not yet reached fertility age and will need to be
evaluated thoroughly.

Although congenital deficiency of AFP is a very rare
observation, this finding should be considered in patients
who are followed by monitoring their AFP, for example,
hepatocellular carcinoma and teratoma. We suggest mea-
suring their basal levels as an indication for their ability to
produce and to be followed by AFP.
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