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Figure 2.4 Events occurring during the first and second maturation divisions. A. The primitive female germ cell (primary
oocyte) produces only one mature gamete, the mature oocyte. B. The primitive male germ cell (primary spermatocyte) pro-
duces four spermatids, all of which develop into spermatozoa.
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Defective Meiotic Division (Diag. C3

Defective meiotic divisions usually result in the production gametes with chromosomal numerical
abnormalities as illustrated in the diagrams below:

Diag. C3
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Figure 2.9 A. Child with Down syndrome. Note the flat broad face,
oblique palpebral fissures, and protruding tongue. Children with Down
syndrome usually have some degree of mental retardation and many
have cardiac defects. B. Another characteristic of these children is a

broad hand with a single transverse (simian) crease.
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Primordial germ cells migrate from
yolk sac to genital ridge, where they
invade the developing gonad and
become invested by testis cords
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Primordial germ cells migrate from

yolk sac to genital ridge, where they
invade the developing gonad, become
invested by somatic support cells,
and differentiate into cogonia

Meiosis begins; primary
oocytes become

dormant in prophase I;
somatic support cells
form follicle cells

Menstrual cycle:
secretion of FSH
and LH induces
folliculogenesis in
> several follicles,
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FIGURE 2.17 Segment of the ovary at different stages of development. A. Oogonia are grouped in clusters
in the cortical part of the ovary. Some show mitosis; others have differentiated into primary oocytes and
entered prophase of the first meiotic division. B. Almost all oogonia are transformed into primary oocytes
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in prophase of the first meiotic division. C. There are no oogonia. Each primary oocyte is surrounded by a

single layer of follicular cells, forming the primordial follicle. Oocytes have entered the diplotene stage of
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prophase, in which they remain until just before ovulation. Only then do they enter metaphase of the first

meiotic division.
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FIGURE 2.24 Important stages in transformation of the human spermatid into the spermatozoon. FIGURE 2.5 Events occurring during the first and second maturation divisions. A. The primitive female germ
cell [primary oocyte] produces only one mature gamete, the mature oocyte. B. The primitive male germ cell
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FIGURE 5.4 Sagittal section through the node and
primitive streak showing the expression pattern of
genes regulating the craniocaudal and dorsoven-
tral axes. Cells at the prospective cranial end of the
embryo in the AVE express the transcription factors
OTX2, LIM1, and HESX1 and the secreted factor
cerberus that contribute to head development and
establish the cephalic region. Once the streak is
formed and gastrulation is progressing, BMP4 is se-
creted throughout the bilaminar disc and acts with
FGF to ventralize mesoderm into intermediate and
lateral plate mesoderm. GOOSECOID, expressed in
the node, regulates CHORDIN expression, and this
gene product, together with noggin and follistatin,
antagonizes the activity of BMP4, dorsalizing meso-
derm into notochord and paraxial mesoderm for the
head region. Later, expression of the BRACHYURY
(T] gene antagonizes BMP4 to dorsalize mesoderm
into notochord and paraxial mesoderm in caudal re-
gions of the embryo.

FIGURE 5.2 A. Dorsal side of the germ disc from a 16-day embryo indicating the movement of surface epi-
blast cells (solid black lines) through the primitive streak and node and the subsequent migration of cells
between the hypoblast and epiblast (broken lines). B. Cross section through the cranial region of the streak
at 15 days showing invagination of epiblast cells. The first cells to move inward displace the hypoblast to
create the definitive endoderm. Once definitive endoderm is established, inwardly moving epiblast forms
mesoderm. €. Dorsal view of an embryo showing the primitive node and streak and a cross section through
the streak. The view is similar to the illustration in B; arrow, detaching epiblast cells in the primitive streak.
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FIGURE 5.3 Schematic views illustrating formation of the notochord, whereby prenotochordal cells migrate
through the primitive streak, become intercalated in the endoderm to form the notochordal plate, and finally
detach from the endoderm to form the definitive notochord. Because these events occur in a cranial-to-
caudal sequence, portions of the definitive notochord are established in the head region first. A, Drawing of
a sagittal section through a 17-day embryo. The most cranial portion of the definitive notochord has formed,
whereas prenotochordal cells caudal to this region are intercalated into the endoderm as the notochordal
plate. Note that some cells migrate ahead of the notochord. These mesoderm cells form the prechordal plate
that will assist in forebrain induction. B. Schematic cross section through the region of the notochordal plate.
Soon, the notochordal plate will detach from the endoderm to form the definitive notochord. €. Schematic
view showing the definitive notochord.
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FIGURE 5.6 Dorsal views of the germ disc showing gene expression patterns responsible for establishing
the left-right body axis. A. FGF8, secreted by the node and primitive streak, establishes expression of Nodal,
a member of the TGF-B superfamily. B. The neurotransmitter, serotonin [5-HT), increases in concentration
on the left side and signals through the transcription factor MAD3 to restrict Nodal expression to the left
side of the node. The 5-HT degrading enzyme monoamine oxidase (MAO) is expressed on the right side of
the node and helps to keep 5-HT concentrations lower on that side. Nodal then initiates a signaling cascade
that ends in expression of the master gene for left-sidedness, a transcription factor called PITX2. LEFTY1and
SONIC HEDGEHOG are expressed more toward the midline in the lateral plate mesoderm and notochord,
respectively, and may serve as midline barriers and also represses expression of left-sided genes on the
right. Genes involved in establishing the right side are largely unknown, but the transcription factor SNAIL
may regulate downstream genes important for this process.
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FIGURE 5.12 Presomite embryo and the

in direct contact with the endometrium.
connecting stalk.
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FIGURE 5.7 Dorsal view of the germ disc showing the
primitive streak and a fate map for epiblast cells. Epi-
blast cells migrate through specific parts of the node
and streak, and their path of migration determines
what type of mesoderm they will form. Thus, cells
migrating through the cranialmost part of the node
form the notochord, those migrating more posteriorly
through the node and the cranialmost aspect of the
streak form paraxial mesoderm [somites and somi-
tomeres), those migrating through the next portion of
the streak form intermediate mesoderm (urogenital
system), those migrating through more caudal regions
of the streak form lateral plate mesoderm [body wall),
and those migrating through the caudalmost part of
the streak contribute to formation of extraembryonic
mesoderm [chorion).
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trophoblast at the end of the third week. Tertiary and secondary stem
villi give the trophoblast a characteristic radial appearance. Intervillous spaces, which are found throughout
the trophoblast, are lined with syncytium. Cytotrophoblastic cells surround the trophoblast entirely and are
. The embryo is suspended in the chorionic cavity by means of the

Maternal
S vessels

Outer
cytotrophoblast
shell
Syncytiotrophoblast

Cytotrophoblast

Mesoderm core
with capillaries
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FIGURE 5.13 Longitudinal section through a villus at the end of the fourth week of development. Maternal
vessels penetrate the cytotrophoblastic shell to enter intervillous spaces, which surround the villi. Capillaries

in the villi are in contact with vessels in
connecled Lo intraembryonic vessels.
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FIGURE 6.21 A. Lateral view of a 28-somite human embryo. The main external features are the pharyngeal
arches and somites. Note the pericardial liver bulge. B. The same embryo taken from a different angle to
demonstrate the size of the yolk sac.
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FIGURE 6.18 Cross sections through embryos at various stages of development to show the effect of lateral
folding on the endoderm-lined cavity. A. Folding is initiated. B. Transverse section through the midgut to
show the connection between the gut and yolk sac. C. Section just below the midgut to show the closed ven-
tral abdominal wall and gut suspended from the dorsal abdominal wall by its mesentery. Arrows, lateral folds.
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: Types of Anomalies

1_Malformation (During formation and organogenesis )
2 Disruption ( After formation and Morphological alteration )

3 _Deformation ( due to mechanichal force and comprestion) ( Often musculokeletal )

Malformation
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Kumar et al: Robbins & Cotran Pathologic Basis of Disease, 8th Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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Figure 7.10. Infant showing limb amputation resulting from amniotic bands.
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Usually not
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External genitalia
Prenatal death Major morphologic abnormalities Physiologic defects and minor morphologic abnormalities
Kumar et al: Robbins & Cotran Pathologic Basis of Disease, 8th Edition.

Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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Table 6.2
T g [ iated With H Malfor
Teratogen Congenital Malformations

Infectious agents

Rubella virus Cataracts, glaucoma, heart defects, deafness, teeth

Cytomegalovirus Microcephaly, blindness, mental retardation, fetal death

Herpes simplex virus  Microphthalmia, microcephaly, retinal dysplasia

Varicella virus Limb hypoplasia, mental retardation, muscle atrophy

HIV Microcephaly, growth retardation

Toxoplasmosis Hydrocephalus, cerebral calcifications, microphthalmia

Syphilis Mental retardation, deafness

Physical agents
X-rays Microcephaly, spina bifida, cleft palate, limb defects
Hyperthermia Anencephaly
Chemical agents

Thalidomide Limb defects, heart malformations

Aminopterin Anencephaly, hydrocephaly, cleft lip and palate

Diphenylhydantoin Fetal hydantoin syndrome: facial defects, mental

(phenytoin) retardation

Valproic acid Neural tube defects, heart, craniofacial, and limb
anomalies

Trimethadione Cleft palate, heart defects, urogenital and skeletal
abnormalities

Lithium Heart malformations

Amphetamines Cleft lip and palate, heart defects

Warfarin Chondrodysplasia, microcephaly

ACE inhibitors Growth retardation, fetal death

Cocaine Growth retardation, microcephaly, behavioral
abnormalities, gastroschisis

Alcohol Fetal alcohol syndrome, short palpebral fissures,

maxillary hypoplasia, heart defects, mental retardation
Isotretinoin (vitamin Vitamin A embryopathy: small, abnormally shaped ears,

A) mandibular hypoplasia, cleft palate, heart defects
Organic mercury Neurological symptoms similar to those of cerebral palsy
Lead Growth retardation, neurological disorders

Hormones

Androgenic agents
(ethisterone,
norethisterone)

Diethylstilbestrol

Masculinization of female genitalia: fused labia, clitoral
hypertrophy

Malformation of the uterus, uterine tubes, and upper

(DES) vagina; vaginal cancer; malformed testes
Maternal diabetes Variety of malformations; heart and neural tube defects
most common
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Toxoplasma_Other (enteroviruses , VZY parvo B19,
syphilis) _Rubella_Cytomegalovirus_Herpes
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» Figure 8-23, A, Typical bilateral congenital cataracts
caused by the rubella virus. Cardiac defects and deafness are
other common congenital defects. B, Severe congenital glau-
coma caused by rubella virus. Observe the dense corneal
haze, enlarged corneal diameter, and deep anterior chamber.
(A, Courtesy of Dr. Richard Bargy, Department of Ophthalmol-
ogy, Cornell-New York Hospital. B, Courtesy of Dr. Daniel |
Weiss, Department of Ophthalimology, New York University
College of Medicine. From Cooper LA, et al: Am J Dis Child
110:416, 1965. Copyright 1965, American Medical Association.)
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A In the Young Child
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s Figure 6.8. A. Characteristic features of a child with fetal alcohol syndrome. B. Child
Yo 102281019 \yelburld ?A 10 1o vesnuod) -noitebisten Istnem with fetal alcohol syndrome illustrating many of the features in the drawing. These
\eeqinniW stigeoH 2'ns1blidd ,dtlseH blidD bnes 2oivtsibed children may slso have cardiovascular and limb defects.
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Figure 6.7. A. Child with unilateral amelia. B. Child with meromelia. The hand is
attached to the trunk by an irregularly shaped bone. Both infants were born to mothers
who took thalidomide.
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(anencephaly, meningocele , hydrocephalus)

» Figure 8-20. Aminopterin-induced congenital anomalies. A, Grossly malformed embryo and its membranes. (Courtesy of Dr.
JB Thiersch, Seattle, Washington.) B, Newborn infant with meroanencephaly — partial absence of the brain. (From Thiersch JB: In
Wolstenholme GEW, O'Connor CM [eds): Ciba Foundation Symposium on Congenital Malformation. London, J & A Churchill, Ltd,
1960.) C, Newborn infant showing marked IUGR, a large head, a small mandible, deformed ears, clubhands, and clubfeet. (From
Warkany J, Beaudry PH, Hornstein S: Attempted abortion with 4-aminoplerolyglutamic acid (Aminopterin): Malformations of the
child. Am J Dis Child 97:274, 1960.)

b el Ll

p Lo aiie 4,0 sl o Jokw 4y g)lo cpl aijls lais aS Slo doy 10 088 o lais (g bl el dSGLol s

Ol bse (Jgo)lo zle g ol Cliy g ol (g,0ls glylo 5 008 aan 155, lads o

A polizy SLT

@IEE) 1R eprs99 wlgs2 JUlS OIS LS pole olisls




o5 Gy Cleft palate

Hydrocephalus Jliwg,o.

. B e
(ol gl 310 55 55005565 MRI g Sl s ¢ 8, T530], (oS sl 5ol il 5 ol STl Loy oSl ans!
Deds s sz S Jokw 4 ol § gz o 1)

: o03) Oladad

i SHUL 5 by poo Loy 51 om

cadsls plil i dade oL sl B 5l s 0 YA

Adle 053 Jgl Jlo U o doe 0o y0 YO

Al (655 pe smas i SYMST odile 005y (sld Az ws 0 YO

o g0 ,90

i SUylas oS o la (g wsn e 95800 ooliial bk 5l xS el> sl b (90590 5l 6 S
g oo bl (i ailinlie g 098 oo osliinl bads (6l (190598 (5 oS

&yal GLBT o 5 165 50 oy5ly 5 o>, (5, el wilgs o a5 (Diethylstilbestrol) Jg s Lol st o ol
A8 ol 1) aan

090,92 &ly yo aS el Cuog,8le,e £45 SO A Ll 0l uy 4 Al gl o Lol oKy ay 3o s

(el

o Pt 0ad 639,9 elojz JUS OB Sz pole olkisls
S AR
@1 T



= Figure 8—-18. Masculinized external genitalia of a female
infant. Observe the enlarged clitoris and fused labia majora.
The virilization was caused by excessive androgens produced
by the suprarenal (adrenal) glands during the fetal period
(congenital adrenal hyperplasia).
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