· Overview
· Week 1:  Differentiation w/o growth

· Fertilization – genetic recombination

·  Blastocyst formation – mostly trophoblast for implantation

· Week 2:  Bilaminar Embryo (epiblast/hypoblast)

· Conceptus begins to grow – nutritional requirements increase

· Establishment of the placenta – access maternal blood supply

· Formation of fetal membranes – chamber for fetal development

· Week 3:  Trilaminar Embryo (ectoderm/mesoderm/endoderm)

· Gastrulation – epiblast generates the 3 germ layers

· Neuralation – CNS appears

· Cardiogenesis & Angiogenesis – cardiovascular system forms

· Week 4:  

· Neural Crest cell migration – precursor cell populations for various organs

· Embryonic Folding – conversion of the 2-D body plan to a 3-D organism
· Introduction:
· Bilaminar Embryo:  pluripotent ICM forms epiblast & hypoblast
· Week of Two’s:
· Trophoblast:  cytotrophoblast & syncytiotrophoblast

· Blastocoele transformations:  to 1o yolk sac & to 2o yolk sac

· Cavities:  Amniotic & chorionic

· Chorionic Villi (placental): 1o & 2o villi
· FUTURE POLARITY:
· “Dorsal” is the ICM end and is the 1st pole to invade the endometrium

· “Ventral” is the opposite end and is the last pole to invade the endometrium

· Implanting Blastocyst in the endometrium (beginning of week 2)
· Embryonic pole (i.e. “dorsal”):  trophoblast endometrial invasion

· Cytotrophoblast cells near ICM proliferate & fuse(Syncytiotrophoblast cells
· Invading trophoblast consume dead decidua (enlarged endometrial cells “shed “during menses) by phagocytosis & approaches uterine glands & b.v.’s
· Abembryonic pole (i.e. “ventral):
· Mural Cytotrophoblast: forms this pole

· Extends into uterine lumen until entire embryo is embedded w/in endometrium
· Layers at this point:  (dorsal to ventral)

· Endometrium - distal (maternal tissue)

· Syncytotrophoblast (trophoblast derivative)

· Cytotrophoblast (trophoblast derivative)
· ICM

· Blastocoel (future primitive yolk sac or exocoelomic cavity)

· Cytotrophoblast (trophoblast derivative)

· Syncytotrophoblast (trohphoblast derivative)

· Endometrium – proximal (maternal tissue)

· Lumen of Uterus (Maternal organ)
· Formation of Bilaminar Embyro (epiblast/hypoblast = bilaminar disc)
· ICM Flattens:
· Dorsal cells (facing embryonic pole) become epiblast (tall columnar)
· Ventral cells (facing abembryonic pole) become hypoblast
· Amniotic Cavity:
· Forms by cavitation b/w epiblast & dorsal cytotrophoblast (embryonic pole)
· Amnioblast cells line roof of amniotic cavity/amniotic sac/amnion
· Primary (primitive) Yolk Sac:
· Hypoblast cells migrate along basement membrane inside of mural cytotrophoblast to form exocoelomic membrane (Heuser’s membrane)

· Layers at this point:  (dorsal to ventral)

· Endometrium - distal (maternal tissue)

· Syncytotrophoblast (trophoblast derivative)

· Cytotrophoblast (trophoblast derivative)
· Amnioblast Cells

· Amniotic cavity

· Epiblast (from ICM)
· Hypoblast (from ICM)
· Blastocoel (future primitive yolk sac or exocoelomic cavity)
· Exocoelomic membrane from migrated hypoblast (aka Heuser’s membrane)
· Cytotrophoblast (trophoblast derivative)

· Syncytotrophoblast (trohphoblast derivative)
· Endometrium - proximal (maternal tissue)

· Lumen of Uterus (Maternal organ)
· Simultaneous Process
· Formation of Chorionic Cavity
· Extraembyonic mesoderm arises (how?) at the margin of the bilaminar embryo (now w/ yolk sac & amnion) and inserts a layer of cells between the bilaminar embryo & cytotrophoblast
· Cavitation

· With the exception of a “connecting stalk” (described below), Extraembryonic mesoderm “splits” leaving a space between the two mesoderm layers
· The space b/w the 2 margins becomes the extraembryonic coelom or chorionic cavity
· Cytotrophoblast still surround the outer most layer of mesoderm
· Chorion:  extraembryonic tissues (trilayer) forming an exterior wall that surrounds the expanding chorionic cavity (inner ( outer):

· Extraembryonic mesoderm

· Cytotrophoblast

· Syncytiotrophoblast

· Connecting Stalk:  the region of mesoderm at the caudal (future head) end of the embryo remains (did not “split) as a bridge across the chorionic cavity that connects the embryo to the chorion
· Formation of 2o (definitive) yolk sac
· Extraembyonic endoderm arises (how?) at the margin of the bilaminar embryo (now w/ yolk sac & amnion surrounded by a chorionic cavity & connecting stalk)
· Extraembyonic endoderm migrates “into” yolk sac membrane displacing the exocoelomic cells (Heuser’s membrane – migrated hypoblast cells) downward
· Primitive yolk sac (detached remnant) is displaced to the ventral side (abembryonic pole/hypoblast pole) and the new structure becomes the 2o yolk sac aka the definitive yolk sac (dorsal side/embryonic pole/epiblast pole)
· Layers at this point:  (dorsal to ventral)

· Endometrium - distal (maternal tissue)

· Syncytotrophoblast (trophoblast derivative)

· Cytotrophoblast (trophoblast derivative)

· Extraembryonic Mesoderm (single thick layer at connecting stalk)

· Chorionic cavity (not present at connecting stalk)

· Extraembryonic Mesoderm (single thick layer at connecting stalk)

· Amnioblast Cells

· Amniotic cavity

· Epiblast

· Hypoblast

· Blastocoel (future primitive yolk sac or exocoelomic cavity)

· Exocoelomic membrane from migrated hypoblast (aka Heuser’s membrane)

· Extraembryonic Mesoderm

· Chorionic Cavity (aka extaembryonic coelom)

· Chorion:

· Xtraembryonic Mesoderm (primtive Yolk Sac remnant embedded)
· Cytotrophoblast (trophoblast derivative)

· Syncytotrophoblast (trophoblast derivative)

· Endometrium - proximal (maternal tissue)

· Lumen of Uterus (Maternal organ)

· Placental Development (middle 2nd Week):
· Interstitial implantation:  growth & trophoblastic  invasion puts conceptus completely under the endometrial surface

· Coagulation plug:  clotted blood that closes opening; marks site of implantation

· Formation of Lacunae:  (spaces or “lakes”)

· Syncytiotrophoblast engulf uterine glands & capillaries

· Lacunae in syncytiotrophoblast fill w/ maternal blood (low pressure)

· Nutrients diffuse directly from maternal blood to embryonic tissues

· Marks beginnings of uteroplacental circulation

· Uterine spiral arteries feed and uterine veins drain lacunae

· Chorionic Villi:
· Definition:  cellular outcroppings from chorion that ↑ surface area at interface w/ maternal blood; becomes 1o site of xΔ b/w maternal blood & embryonic tissue
· 1o Villi:  cellular columns of cytotrophoblast surrounded by syncytiotrophoblast

· 2o Villi (2nd week):  mesenchymal cores formed at base of cytotrophoblast; now contains all 3 chorionic tissues (mesoderm, cytotrophoblast, & syncytotrophoblast)
· 3o Villi (end 3rd week):  blood vessels (capillaries) differentiate in the mesoderm

· Villi provide ample surface area for absorption from the surrounding maternal blood

· Now nutrients obtained by trophoblast from maternal blood may be transported to other regions of the growing conceptus



   ST



     ST






              



               mesoderm










    CT



     CT



   1o Villi


  2o Villi


        
3o Villi
· Clinical Correlations:
· Spontaneous Abortion 

· Embryos w/ abnormal chromosomal composition will often abort spontaneously; often undetected (thought to be about 45%)

· May develop normally through blastocyst stage & implant; then aborts due to failure of embryonic tissue

· Nondisjunction:  uneven division of chromosomes during gametogenesis

· Trisomy 21 (mental retardation) – maternal age is factor

· Monosomy – maternal age not a factor (linked to abnormal sperm)
· Polyploidy:  multiples of entire sets of chromosomes (46, 69, 92)

· Not maternal-age associated

· Polyspermy, diploid sperm or retention of 2nd polar body (diploid egg)

· Placenta Previa
· Implantation in lower uterine region (near internal os); placenta may partially or completely covers internal os (completely blocks birth canal); requires c-section

· May cause premature separation of the placenta – requires extensive bed rest

· Ectopic Pregnancies:   blastocyst can implant anywhere in oviduct or peritoneal cavity (i.e. outside of uterus)
· Tubal Pregnancy 

· 90 % in oviduct – incapable of sustaining interstitial implantation
· Delay of embryo transport to uterus
· Retrograde mvmt of embryo

· Prior history of oviduct occlusion associated w/↑ risk; 
(e.g. chlamydia infections leading to scarring)

· Ovary or peritoneal cavity
· Failure of cumulus mass to enter infundibulum

· Retrograde mvmt of preimplantation embryo

· Clinical diagnosis & treatment

· Severe abdominal pain; causes severe hemorrhaging (may be fatal)
· Detection by intravaginal ultrasound
· Surgery often required, occasionally hysterectomy
· Abnormal Growth of Trophoblast
· Hydatidiform mole (extraembryonic/ no fetus)
· Diploid, but both chromosome sets are paternal
· Duplication of male haplotype following monospermic fertiliazation of an ovum
· Polyspermy (dispermic fertilization of ovum)
· W/only paternal chromosomes, fetus will degenerate; h/w trophoblast persists & proliferates
· Multivesicular mass w/diffuse hydropic villi fill uterine lumen
· Symptoms:  vaginal bleeding twds end of 1st trimester
· Diagnostic:  excessive hCG (made by trophoblast cells) levels early in pregnancy; confirm with ultrasound to show absence of fetus
· Invasive mole – uterine tissue invaded, incl. myometrium
· Choriocarcinoma – malignant transformation of trophoblast cells (vascularized)
· Derived from mole or persistent trophoblast cells following pregnancy
· May metastasize to other regions of the body incl. brain & lungs
· Chemotherapy with methotrexate effective for eradicating normal or transformed trophoblastic cells (also good for molar or ectopic pregnancies to assure complete removal after surgery)
· Gestational trophoblastic tumors must be removed surgically; hCG (made by trophoblast cells) is followed to assure eradication
