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Topics

Sites of HCMV infection in the placenta.

Role of trophoblast progenitor cells.

Antibodies reduce infection, rescue development.
Viral replication in the fetal compartment.




Placenta infection:
The Early Steps




Uterine-placental interface

= N > ,
- .

=4
&
«%@“’

/

/ .
Decidua

/J

>

\ Floa’rmg villi

N




Human placenta floating villi
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Maternal blood space

Branching increases
transport of oxygen,
nutrients & IgG for
passive immunity

Susan Fisher




Floating villi have branched microvilli
increase surface perfusion




Underlying villus cytotrophoblasts
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CTBs invade &
remodel uterine
spiral arteries

Increase lumen size 1000-fold
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Kristy Red-Horse & Susan Fisher




HCMV infects uterine-placental interface

placenta decidua basalis myometrium
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HCMYV infection interferes with maintenance
& differentiation of human trophoblast
progenitor cells of the placenta

Takako Tabata, Matthew Petitt, Martin Zydek, et al submitted
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HCMV replicates in villus CTBs, differentiating/

invading CTBs & anchoring villous explants

Villous Explant

72 hr a'c

Villous Chorionic
CTB villi

Invasive

l Invasion

STB: syncytiotrophoblast, CTB: cytotrophoblast Tabata et al (2012) Am J Pathol



Chorion is a source of self-renewing human

trophoblast progenitor cells (TBPCs)

Chorion

Source of
TBPCs

Pluripotency
Oct4/CK7
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Invasive
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Invasion
CK7: cytokeratin 7 (CTB marker)

STB: syncytiotrophoblast, CTB: cytotrophoblast Genbacev et al (2011) Stem Cell



TBPCs differentiate into invasive CTBs & fuse

to form STBs that cover chorionic villi

Invasive
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Chorion

Source of ::> @ 0“
TBPCs 9;51‘” é

Self- Syncytiotrophoblast
renewing

hPL, hCG

Differentiation

hPL : human placental lactogen
hCG : human chorionic gonadotropin

Genbacev et al (2011) Stem Cell



HCMV replicates in TBPCs of the chorion

from symptomatic congenital infection

Control Congenital HCMV infection
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Studies in continuously self-renewing TBPCs yield insights into
mechanisms whereby HCMV impairs early placental development.




HCMYV replicates in TBPCs
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HCMYV infection impairs TBPC functions:

differentiation/sphere formation
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Anti-HCMV antibody added after infection

partially restores size & number of spheres
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Explanation for compensatory development of villi
with HIG treatment for congenital infection




HCMV neutralizing monoclonal
antibodies (Mabs) rescue TBPCs &

anchoring villi from infection




Anti-HCMV Mabs reduce infection

\nnar Epithelial cells
neg control
100%
w 80% -
§
+ 60%
()
40% \ \
20%
anti-pentamer | %

anti-gB o 001 01 1 10

mAb concentration (pg/ml)

120%

100%

80%

60%

40%
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HCMV-infected villus explants

' LN

50 IE (+) cells in
cell column
Variable intensity

CTBs express HCMV proteins & cytokeratin




HIG rescues villus exp

ants from infection

No IE (+) cells in cell column]
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anti-HCMV Mabs rescue explants from infection

anti-HCMV gB Mab (10 ug/ml)

(0.05 ug/ml)

anti-HCMV pentamer Mab

pim ., |E (+)cells

No IE (+) cells
in cell column

Neutralizing Mabs more potent than HIG
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Congenital HCMV infection: 5/7 TUGR cases

Neut. Titer
CMV Immunoblot | CMV | cmvIL- ;
IUGR Avidity | HPF |HUVEC | Profile |DNA| 10 | CMVlinfection
M| 634 1:128 1:512
p150, CM2,
2 065, gB1, gB2 1/5 + Recurrent
’ B| 735 1:64 1:512
M| 64.3 1:32 1:1024 IE1, p150,
}‘ CM2, p65, gB 1/5 + Recurrent
B| 67.1 1:32 1:1024
1 M| 634 NT 1:512 1, p150, R )
8 CM2, p65, gB1 - — ecurren
B| 735 NT 1:512
M| 18.5 1:16 1:512 IE1, p150, :
16 CM2, p65, gB1 5/5 + Primary
j Bl 111 | 132 | 1512
M| 36.0 NT - IE1, CM2, p65 .
12 —_ —_ Primary + PE
/B 33.5 NT —




HCMYV infects sites in uterine wall
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HCMYV infects villous blood vessels
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Floating villi




Infected blood vessels in stem vill




HCMYV infection, hypoxia & inflammation
progressively injure the placenta

Maternal
blood
space

Cross section floating villi




Primary infection increases villous fibrosis

Fibrinoid-embedded necrotic villi
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Healthy Placenta Primary Congenital HCMV

CTBs remodel uterine blood Infected TBPCs impair placental
vessels increase blood development: leads to fibrosis, avascular
perfusion villi, reduced perfusion & hypoxia.

normoxia . uteroplacental hypoxia

Dilated blood vessels Antibody treatment increases:
___InCrease oxygen STB surface, new villi with blood
diffusion in terminal villi

High altitude, -> Reduoced intraplacental - Predominantly Reduced vascular
Noemal wp Normal intraplacestal _y, Normal wp Normal vascular maternal anacmia, axygen concentration branching angiogenesis P impedance
pregnancy axypen concentratien angiogenesis impedance pre-eclampsia at term

|

Modified from Benirschke & Kaufmann, Pathology of the Human Placenta



Amniotic Fluid Contacts Epithelium ‘g
A) Seronegative. '
B) Asymptomatic recurrent infection.

C) Asymptomatic recurrent infection. 4

D) Symptomatic congenital infection. %’;
E) Congenital infection with TUGR. \%m
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Fetal-derived AECs express stem cell proteins
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Immunosuppressive properties,
used for transplantation,
& grafts for reconstruction of ocular surface



AECs infected with VR1814 fail to make Viral
Assembly Compartment & progeny reduced

Virus titer
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AECs become persistently infected, survive
& continuously release low virus titers




Amniotic epithelial infection amplifies viral load
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Implications for prenatal diagnosis & outcome
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