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Anencephaly [1]
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Anencephaly is an open neural tube [5] defect, meaning that part of the neural tube [5] does not properly close or that it has
reopened during early embryogenesis [6]. An embryo with anencephaly develops without the top of the skull, but retains a partial
skull, including the face. Anencephaly is one of the most common birth defects [7] of the neural tube [5], occurring at a rate of
approximately one in one thousand human pregnancies. The condition can be caused by environmental exposure to chemicals,
dietary deficiencies, or genetic mutations.
For animals with brains and spinal cords, those parts form in the embryo from the neural tube [5]. In humans [8], the neural tube [5]
forms during the third week of human pregnancy [9] from a flattened layer of ectoderm [10] on the dorsal side of the embryo called
the neural plate [11]. In normal embryogenesis [6], the outside edges of the neural plate [11] fold and fuse along the middle of the
plate. The fusing of the neural plate [11] extends in both proximal and distal directions, forming a cavity called the neural tube [5]. In
normal human embryogenesis [6] the formation of the neural tube [5] is complete within the first month of pregnancy [9]. When the
proximal neural tube [5] does not fuse, the ectoderm [10] that forms the brain is exposed to the amniotic fluid. The bony tissue
covering the brain does not develop, and the unprotected neural tissue is destroyed. Due to the lack of brain development,
anencephalic fetuses cannot survive. Approximately sixty-seven percent of anencephalic newborns die within twenty-four hours
of birth, and the remaining anencephalic newborns typically survive no longer than two to five days.
There are many genetic and environmental factors that cause anencephaly, including folic acid [12] deficiency, genetic mutations,
and chemical exposure. While anencephaly results from an open neural tube [5], the molecular mechanisms behind why the
neural tube [5] does not close properly are not entirely understood. In the 1960’s researchers linked insufficient folic acid [12] intake
by pregnant women with neural tube [5] defects in their fetuses. In 1989 Aubrey Milunsky at the Boston University [13] School of
Medicine in Boston, Massachusetts, and colleagues determined that fetuses of pregnant women who took folic acid [12]
supplements had a significant reduction [14] in neural tube [5] defects. The benefits of supplements were especially pronounced
when folic acid [12] was taken during the first six weeks of pregnancy [9].
In addition to nutritional causes, certain genetic abnormalities potentially cause anencephaly. Mutations in genes [15] such as
MacMARCKS, which is active during neural tube [5] development, and FOXN1, a gene that is important for the proper
development of the central nervous system [16], have been suggested to cause anencephaly. A 1996 study suggested that the
protein coded by the MacMARCKS gene may play a role in closing the neural tube [5]. The MacMARCKS protein embeds in the
cellular membrane that regulates binding of actin filaments between cells. Jianmin Chen and colleagues at The Rockefeller
University [17] in New York, New York, examined mouse [18] embryos with normal MacMARCKS gene expression patterns and
noted that the brain developed normally with no cases of anencephaly or other identifiable neural tube [5] defects. They then
created mutants which expressed a nonfunctional MacMARCKS protein, and they found that all mutant embryos were
anencephalic. Upon further analysis, researchers found the wild type MacMARCKS protein in the area of neural tube [5] closure,
concluding that MacMARCKS plays an important role in the proper closure of the neural tube [5].
In 2007 Stefania Amorosi and colleagues, at the University of Naples in Naples, Italy, examined anencephalic mouse [18]
embryos and an anencephalic human embryo. The embryos were homozygous for a mutation in the FOXN1 gene. Amorosi
found that the FOXN1 gene was expressed in the choroid plexus of mice, a structure in the ventricles of the mammalian brain
responsible for secreting cerebrospinal fluid (CSF). CSF is a tissue that transports signaling molecules and directs brain
development. The FOXN1 gene codes for a transcription factor protein that controls the expression of genes [15] that contribute to
development of the central nervous system [16]. Amorosi and colleagues concluded that mutations in FOXN1 resulted in improper
neural tube [5] formation, leading to anencephaly.
There is also evidence that environmental exposure to certain chemicals early in pregnancy [9] can cause anencephaly. A 2001
study by Julia Blanco Muñoz, at the University of Granada in Granada, Spain, surveyed the families of 157 Mexican children born
with anencephaly and 151 families whose children developed normally. The study showed that mothers exposed to pesticides
such as methyl parathion during their first month of pregnancy [9] were five times more likely to give birth to a child with
anencephaly than were women not exposed to pesticides. The study also showed that families were twice as likely to have an
anencephalic child when the father was exposed to methyl parathion at any time prior to conception [19]. As of 2002 Mexico had
the world’s highest rate of anencephaly, with 8.05 cases per 10,000 live births.
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Anencephaly can be diagnosed using a sonogram, an imaging method using ultrasound [20] technology to visualize the fetus [21]
inside the mother. An anencephalic fetus [21] has a triangular-shaped face and lacks the anterior region of the skull, both of which
can be seen on the sonogram. Using a sonogram, anencephaly can be diagnosed as early as eleven weeks into the pregnancy
[9]
. An older method for diagnosing anencephaly is using karyotyping, a method of staining chromosomes with dye, and
investigating chromosome structure with a microscope [22]. Researchers have found evidence of a connection between
anencephaly and chromosome 13, when the latter has the shape of a ring. In these cases, genes [15] which are responsible for
proper brain development are deleted, and the remaining sections of the chromosome bind at the ends, forming a ring.
Some controversy accompanies the idea of using anencephalic fetuses as organ donors. Anencephalic fetuses are unable to
survive outside of the womb [23], but they develop many functional organs, and anencephalic fetuses are candidates for organ
donation. Proponents of embryonic organ donation state that because large sections of the brain are missing, anencephalic
fetuses cannot feel pain and are never conscious. Ethicists, scientists, and doctors grapple with questions about the morality of
distributing organs from anencephalic fetuses.
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Anencephaly is an open neural tube defect, meaning that part of the neural tube does not properly close or that it has reopened
during early embryogenesis. An embryo with anencephaly develops without the top of the skull, but retains a partial skull,
including the face. Anencephaly is one of the most common birth defects of the neural tube, occurring at a rate of approximately
one in one thousand human pregnancies. The condition can be caused by environmental exposure to chemicals, dietary
deficiencies, or genetic mutations.

Subject
Fetal development [26] Fetus--Abnormalities [27] Birth defects [28] Embryological development [29] Pregnancy [30] Embryos [31]
Anencephaly [32] Milunsky, Aubrey [33] Folic acid [34] Anencephaly [35] Neural Tube Defects [36] Neural Plate [37] Embryogenesis [38]

Topic
Disorders [39] Reproduction [40]

Publisher
Arizona State University. School of Life Sciences. Center for Biology and Society. Embryo Project Encyclopedia.

Rights
Copyright Arizona Board of Regents Licensed as Creative Commons Attribution-NonCommercial-Share Alike 3.0 Unported
(http://creativecommons.org/licenses/by-nc-sa/3.0/)

Format
2

Articles [41]

Last Modified
Wednesday, July 4, 2018 - 04:40

DC Date Accessioned
Monday, March 18, 2013 - 23:34

DC Date Available
Monday, March 18, 2013 - 23:34

DC Date Created
2013-02-13

DC Date Created Standard
Wednesday, February 13, 2013 - 07:00
Contact Us
© 2019 Arizona Board of Regents
The Embryo Project at Arizona State University, 1711 South Rural Road, Tempe Arizona 85287, United States
Source URL: https://embryo.asu.edu/pages/anencephaly
Links
[1] https://embryo.asu.edu/pages/anencephaly
[2] https://embryo.asu.edu/keywords/embryogenesis
[3] https://embryo.asu.edu/keywords/birth-defects
[4] https://embryo.asu.edu/keywords/pregnancy
[5] https://embryo.asu.edu/search?text=neural%20tube
[6] https://embryo.asu.edu/search?text=embryogenesis
[7] https://embryo.asu.edu/search?text=birth%20defects
[8] https://embryo.asu.edu/search?text=humans
[9] https://embryo.asu.edu/search?text=pregnancy
[10] https://embryo.asu.edu/search?text=ectoderm
[11] https://embryo.asu.edu/search?text=neural%20plate
[12] https://embryo.asu.edu/search?text=folic%20acid
[13] https://embryo.asu.edu/search?text=Boston%20University
[14] https://embryo.asu.edu/search?text=reduction
[15] https://embryo.asu.edu/search?text=genes
[16] https://embryo.asu.edu/search?text=central%20nervous%20system
[17] https://embryo.asu.edu/search?text=Rockefeller%20University
[18] https://embryo.asu.edu/search?text=mouse
[19] https://embryo.asu.edu/search?text=conception
[20] https://embryo.asu.edu/search?text=ultrasound
[21] https://embryo.asu.edu/search?text=fetus
[22] https://embryo.asu.edu/search?text=microscope
[23] https://embryo.asu.edu/search?text=womb
[24] https://embryo.asu.edu/search?text=National%20Academy%20of%20Sciences
[25] https://embryo.asu.edu/search?text=American%20Medical%20Association
[26] https://embryo.asu.edu/library-congress-subject-headings/fetal-development
[27] https://embryo.asu.edu/library-congress-subject-headings/fetus-abnormalities
[28] https://embryo.asu.edu/library-congress-subject-headings/birth-defects
[29] https://embryo.asu.edu/library-congress-subject-headings/embryological-development
[30] https://embryo.asu.edu/library-congress-subject-headings/pregnancy
[31] https://embryo.asu.edu/library-congress-subject-headings/embryos
[32] https://embryo.asu.edu/library-congress-subject-headings/anencephaly
3

[33] https://embryo.asu.edu/library-congress-subject-headings/milunsky-aubrey
[34] https://embryo.asu.edu/library-congress-subject-headings/folic-acid
[35] https://embryo.asu.edu/medical-subject-headings/anencephaly
[36] https://embryo.asu.edu/medical-subject-headings/neural-tube-defects
[37] https://embryo.asu.edu/medical-subject-headings/neural-plate
[38] https://embryo.asu.edu/medical-subject-headings/embryogenesis
[39] https://embryo.asu.edu/topics/disorders
[40] https://embryo.asu.edu/topics/reproduction
[41] https://embryo.asu.edu/formats/articles

4

