
Acta virol. 37: 21-28, 1993 

HUMAN IMMUNODEFICIENCY VIRUS TYPE 1 INFECTION OF 
CHORIOCARCINOMA-DERIVED TROPHOBLASTS 

A .  S. B O U R I N B A I A R .  R. N A G O R N Y *  

Pediatrics Department,  Divis ion o f  Infect ious  Diseases .  N Y U  Medical  Center.  550 First A v e n u e .  

N e w  Y o r k ,  N Y  10016; a n d  "Synaptic  Pharmaceuticals  Inc.. 215 Col lege Road.  Paramus.  N J  07652, 
U. S. A .  

Received May 5. 1992 

Summary. - A n  in vitro model of placental infection by human 
immunodeficiency virus type 1 (HIV-1) was established using human 
choriocarcinoma-derived trophoblast lines exposed to free HIV-1 or 
HIV-l-infected lymphocytic and monocytic cells. Virus infectivity 
was evaluated by measuring both the levels of p24 HIV-1 antigen and 
reverse transcriptase activity either from indicator MT-4 lympho­
cytes after co-cultivation with infected trophoblasts or  directly f rom 
trophoblast cultures. N o n e  of the tested trophoblast lines were 
permissive, in a detectable manner ,  to infection by cell-free virus. 
Furthermore,  there were n o  signs of infection when trophoblasts 
were exposed to  HIV-l-carrying ACH-2 and U1 cells with impaired 
adhesion capacity. However, the exposure to  MOLT-4/IIIB lympho­
cytes or  U937/YH5 monocytes that adhere to  substrate cells resulted 
invariably in productive infection. T h e  ultrastructure of the  tropho­
blasts suggests endocytosis of HIV-1. It appears that the infection of 
the  host cell results f rom the  escape of virions f rom degradation in 
lysosomes. Alternatively, HIV-1 may enter  by budding directly f r o m  
the lymphocyte surface into the cytoplasm of trophoblasts. These 
results confirm previous studies and suggest that CD4-negative 
placental trophoblasts - the  only foetal cells in direct contact with 
maternal blood - can be susceptible to HIV-1 infection. 
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Introduction 

T h e  possibility of intrauterine HIV-1 infection across the  trophoblastic 
placental barrier has been supported by a number  of clinical and experimental 
studies (Amirhessami-Aghili and Spector, 1991; Andimann  et a!.. 1990; Chand-
wani et ai, 1991; European Collaborative Study, 1991; Hill et ai, 1987; Lewis et 
al., 1990; Mattern  et al., 1992; Maury  et ai, 1989; Zachar  et al., 1991a; Zachar  et 
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a!., 1991 b\ Zachar et al., 1991c). Our investigations (Bourinbaiar and Phillips, 
1991; Bourinbaiar et al., 1991a; Phillips and Bourinbaiar, 1992) and the recent 
study by Douglas et al. (1991) indicate that CD4-negative epithelial cell-like 
trophoblasts are more permissive to HIV-1 delivered by contact with infected 
blood cells than to cell-free HIV-1. Although it appears that HIV-1 enters into 
placental explants via coated pits (Douglas ei al., 1991), little is known about the 
further cellular sequence of events preceding the establishment of HIV-1 
infection in placental tissue. Therefore, it was suggested by Zachar et al. (1991a: 
1991 b\ 1991c) that the results from established trophoblast lines which display 
a close similarity to fresh trophoblasts may provide valuable information for the 
mechanism of retroviral infection. In this in vitro study we characterized the 
infection of trophoblast cell lines exposed either to free HIV-1 or HIV-infected 
lymphocytic and monocytic cells. 

Materials and Methods 

Infection of trophoblast lines by free HIV-1 or by contact with HIV-infected lymphocytic and monocytic 
cells. H u m a n  choriocarcinoma-derived Be W o .  J A R .  JEG-3 (CCL 98. H Ť B  144. H T B  36. A T C C .  
Rockville,  MD), and E N A M I  (kindly suppl ied by Dr. N.  Matsuzaki .  Osaka University Medical 
School,  Osaka.  Japan, with permiss ion Trom Dr. K. Yamashi ta .  National Sapporo Hospital.  Sapporo.  
Japan)  trophoblast  l ines w e r e  s e e d e d  at concentration o f  10 5  cel l s/cm 2  and  g r o w n  to  near-confluence 
f o r  three  d a y s  in a 6-well cul ture  plate. T h e s e  cel ls  w e r e  e x p o s e d  f o r  1 h r  either  to  appropriately 
a d j u s t e d  concentrations o f  f r e e  HIV-1 (Bourinbaiar  et al.. 1991 a) in filtered supernatants  f r o m  
MOLT-4/IIIB. U937/YH5.  ACH-2.  a n d  U1 cultures  o r  to  virus-infected w a s h e d  MOLT-4/II1B. 
U937/YH5 ( f rom Dr. J. Minowada.  Fujisaki  Cell  Center.  Okayama.  Japan).  ACH-2.  a n d  U1 ( f rom 
Dr. T .  Folks.  A I D S  Research and  Reference  Reagent Program (ARRRP).  A I D S  Program.  NIAID.  
NIH) cel ls  ( l O V m l )  at 3 7  ° C .  By t h e  e n d  o f  i n c u b a t i o n  s u s p e n s i o n - g r o w n  d o n o r  lymphocy t i c  
( M O L T - 4 / I I I B .  A C H - 2 )  a n d  m o n o c y t i c  ( U 9 3 7 / Y H 5 .  U1)  cells w e r e  t h o r o u g h l y  w a s h e d  f r o m  t h e  
p las t ic -adheren t  t r o p h o b l a s t s  b y  r epea t ed  r ins ing  wi th  ice-cold C a "  a n d  M g "  f r e e  PBS .  Fo l lowing  
t h e  r e m o v a l  o f  n o n - a b s o r b e n t  H I V - 1  a n d  a d h e r e n t  HIV- in fec t ed  cells, t h e  v i rus -expossed  t r o p h o ­
blas ts  w e r e  t rypsinized a n d  repla ted  i n t o  n e w  c u l t u r e  d i shes .  Res idua l  l eukocy tes  w h i c h  cou ld  persist  
a f t e r  w a s h i n g  w e r e  e l im ina t ed  b y  f u r t h e r  c u l t u r e  in s e r u m - f r e e  m e d i u m  ( S e r u m i e s s  M e d i u m .  
N e u m a n  a n d  Tyte l l .  G I B C O )  f o r  7 days .  V i r u s  p r o d u c t i o n  f r o m  t r o p h o b l a s t s  a t  d a y s  10. 20.  a n d  3 0  
p.i. w a s  assayed  e i t h e r  directly f r o m  t h e  c u l t u r e  f lu id  o f  H I V - e x p o s e d  t rophob la s t s  o r  w a s  e x a m i n e d  
a f t e r  ampl i f i ca t ion  b y  v i rus  c u l t u r e  a s  fo l lows.  C o r d  b lood-der ived  M T - 4  l y m p h o c y t e s  (10" ce l l s /ml )  
w e r e  w a s h e d  twice  a n d  a d d e d  t o  mock - in f ec t ed  a n d  in fec ted  t rophob las t s .  T h e  M T - 4  l y m p h o c y t e s  
( f r o m  D r .  J .  M i n o w a d a .  Fuj i saki  Cel l  C e n t e r .  O k a y a m a .  J a p a n )  r e m a i n e d  in con tac t  w i t h  inocu la t ed  
t r o p h o b l a s t s  f o r  1 h r  a n d  t h e n  w e r e  gent ly  r e m o v e d  a n d  w a s h e d  in P B S  t h r e e  t i m e s .  M T - 4  w e r e  
r e s u s p e n d e d  in n e w  wel ls  a n d  i n c u b a t e d  at  37  ° C  in 5 °o C O ,  f o r  7 days .  By t h e  th i rd  d a y  M T - 4  cells, 
w h i c h  usual ly  g r o w  in c o m p a c t  c l u m p s ,  t e n d e d  t o  d issocia te  a n d  s o m e  o f  t h e m  f o r m e d  m u l t i n u c l e a r  
g iant  cells  indica t ing  act ive viral repl icat ion.  Ins t ead  o f  relying o n  m a n u a l  c o u n t i n g  o f  syncytial  cells 
(a b i a sed  a n d  o b s o l e t e  assay)  w e  d e t e r m i n e d  t h e  s igns  o f  in fec t ion  by s t anda rd i zed  a n d  c o m m o n l y  
accep ted  viral assays.  In b o t h  t ypes  o f  in fec t ion ,  cel l - f ree  o r  ce l l -media ted ,  v i rus  p r o d u c t i o n  f r o m  
t r o p h o b l a s t s  w a s  assayed  b y  e n z y m e  l inked  i m m u n o s o r b e n t  assay (EL1SA) f o r  re lase  o f  p24 HIV-1  
n a g  p ro te in  (Viral c o r e  p24 an t igen  E L I S A  kit. Ce l lu la r  P r o d u c t s .  Buf fa lo .  N Y )  o r  b y  reverse  
t ranscr ip tase  ( R T )  a s  desc r ibed  b y  u s  previously  (Bour inba ia r  a n d  Phil l ips.  1991: Phil l ips  a n d  
Bour inba ia r ,  1992), 

Electron microscopy. Ind iv idua l  Mil l icel l -HA (Mil l ipore .  B e d f o r d .  M A )  inser t  p la tes  c o n t a i n i n g  
B e W o  m o n o l a y e r s  (105  c e l l s / c m 2  initial s e e d i n g  c o n c e n t r a t i o n )  w e r e  r e m o v e d  20 m i n .  40 m i n .  60 
m i n .  2 h r ,  a n d  3 h r  a f t e r  t h e  a d d i t i o n  o f  f r e e  v i rus  o r  w a s h e d  M O L T - 4 / I I I B  (10*1 ce l l s /ml )  cells. T h e  
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plates  w e r e  immediate ly  i m m e r s e d  in 3 % g lutara ldehyde in 0.2 mol/1 phosphate  b u f f e r  at p H  7.2 a n d  
prepared f o r  t ransmiss ion  electron microscopy as  descr ibed in detail previously (Bourinbaiar  and  
Phillips, 1991; Phill ips and  Bourinbaiar.  1992). 

Results 

The inspection of productive infection revealed that all four tested trophoblast 
cell lines are susceptible to HIV-1 infection as summarized in Table 1. However, 
the infectivity of HIV-1 was dependent on the mode of virus delivery. None of 
the trophoblast lines was permissive to cell-free virus in a detectable fashion. 
Similarly, there were no signs of infection when choriocarcinoma cell lines were 
exposed to HIV-1 carrying U1 monocytes or ACH-2 lymphocytes which did not 
adhere to trophoblasts. On the contrary, exposure to adherent MOLT-4/IIIB 
lymphocytes or U937/YH5 monocytes resulted in infection of all tested tropho­
blasts. T h e  infection of trophoblasts was characterized by very low R T  activity 
and p24 production. T h e  results of direct viral detection f rom trophoblast culture 
fluid 10 and  20 days p.i.. revealed that there were barely detectable levels of p24 
antigen (under  10 pg/ml  of p24 with the  detection limit of p24 kit being 7.8 
pg/ ml) and R T  activity of only 100-300 cpm/10  u\ against 100-200 cpm/10 //I in 
mock-infected trophoblasts. Mock-infected and  HIV-infected trophoblasts re­
mained morphologically identical and n o  cytopathic effect could be observed in 
trophoblast cells exposed either to  free virus or  cell-associated virus. One  mon th  
after inoculation the  HIV-1 infection seemed to be established as a latent 
infection with n o  detectable p24 release or R T  activity. However, coincubation 

Table  1. Infection of choriocarcinoma-derived trophoblast  l ines by cell contact with HIV-carrying 
lymphocytic a n d  monocytic donor  cells o r  by exposure  to f r ee  HIV-1 f rom donor  supernatants  

Chor ioca rc inoma-de r ived  t rophob las t  l ines  
S o u r c e  o f  H I V  

B e W o  E N A M I  J A R  J E G - 3  

M O L T - 4 / I I I B  cells + + + + 
M O L T - 4 / I I I B  s u p .  -
U 9 3 7 / Y H 5  cells N D  N D  + N D  
U 9 3 7 / Y H 5  s u p .  N D  N D  + / -  N D  
A C H - 2  cells  - - - N D 
A C H - 2  s u p .  - - - N D  
U 1  cells - - - N D  
U 1  s u p .  - - N D  

A m o u n t  o f  cel l - f ree  viral i n o c u l u m  in s u p e r n a t a n t s  (sup)  w a s  ad iuc ted  t o  t h e  levels o f  in fec t ious  
v i ruses  in  H I V - p r o d u c i n g  d o n o r  cells accord ing  t o  a p r o c e d u r e  descr ibed  ear l ier  (Bour inba ia r  et al.. 
1991fl). Posi t ive  ( + ) o r  nega t ive  ( - )  in fec t ion  w a s  c o n f i r m e d  b y  v i rus  cu l tu re  wi th  M T - 4  l y m p h o c y t e s  
u s ing  b o t h  p24 E L I S A  a n d  R T  assay at  least  i n  t w o  sepa ra te  e x p e r i m e n t s .  N D  n o t  d o n e :  U 9 3 7 / Y H 5  
a n d  J E G - 3  cells w e r e  d i s c o n t i n u e d  d u e  t o  pe rs i s tence  o f  ant ibiot ic-res is tant  m y c o p l a s m a .  
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of all trophoblast lines, exposed beforehand to MOLT-4/IIIB or U937/YH5 
cells, with non-infected indicator MT-4 lymphocytes resulted in heavy viral 
production with typical levels of p24 above 1000 pg/ml and RT activity higher 
than 3500 cpm/10 /A. 

Electron microscopy revealed that within 20 min of cell contact HIV-1 
particles, normally invisible on the surface of washed lymphocytes, were found 
budding from lymphocytes in a highly polarized fashion into the cell-cell contact 
area and were entering trophoblasts via endocytosis (Fig. la-i). Mature and 
budding viral particles were observed exclusively in trophoblast-lymphocyte 
contact areas. This indicates that a contact-triggered virus releasing mechanism 
occurs in a situation similar to that described previously for cell-mediated 
infection of epithelial cells (Bourinbaiar and Phillips, 1991; Phillips and Bourin-
baiar, 1992). This observation support an earlier study by Douglas er al. (1991) 
carried on placental explants. One hour after cell-cell contact most of the viral 
particles were found in electron dense Ivsosomes. Morphological evidence 
suggested that some of the virions may evade the degradation in lysosomes by 
a classic escape mechanism through fusion of the viral envelope with endosomal 
wall prior to delivery into lysosomal compartment. Ä s  result the viral nucleocap-
sid may be released into the cytoplasm (Bourinbaiar and Phillips. 1991; Phillips 
and Bourinbaiar, 1992). In addition. HIV-1 seems to enter target cells by budding 
from lymphocyte microvilli directly into the cytoplasm of target trophoblast cells 
(Phillips and Bourinbaiar. 1992). Ultrastructure of trophoblasts exposed to free 
virus did not show any uptake nor virions in the cytoplasm with f e w  viral 
particles being immobilized on the surface of the cells. 

Discussion 

Although it is increasingly clear that in utero transmitted HIV-1 has an 
important impact on.child mortality, the mechanism and factors regulating the 

Fig. 1 
Transmiss ion electron microscopy o f  HIV-l-infected MOLT-4/IIIB lymphocyte  in contact with 

B e W o  trophoblast  
(a) Bars  1.0 f i m  f o r  (a) and  0.1 /um f o r  (b-i). Higher  magnif ication reveals  that vir ions are 
concentrated in t h e  narrow intercellular space b e t w e e n  contacting cells (b). Trophoblast  m e m b r a n e  
investigations r e s e m b l i n g  coated pits (b) and  smal l  coated vesicles  containing individual vir ions (d) 
suggest  t h e  possibil ity o f  endocytic  uptake  by placental cells. A t  later t i m e s  s ingle  vir ions w e r e  
apparently del ivered t o  t h e  tubulo-vesicular  compartment  r e s e m b l i n g  early e n d o s o m e s  (c) and then 
to  sphere-shaped late e n d o s o m e s  containing intact viral particles (f and g). T h e  m e m b r a n e  o f  s o m e  
e n d o s o m e s  displayed electron d e n s e  s tructures  (arrowhead) sugges t ing  the  escape o f  HIY-1 into the 
host  cytoplasm b y  f u s i o n  o f  t h e  viral enve lope  wi th  the  wal l  o f  the l imiting vesicle (g). A t  1 hr and 
later remaining  v ir ions  w e r e  f o u n d  in electron d e n s e  lysosomic  compartment  w h e r e  they appeared at 
di f ferent  s tages  o f  degradation (h and  i). Alternatively.  HIY-1 s e e m s  to penetrate  target cells by  
b u d d i n g  f r o m  lymphocyte  microvilli  protruding  directly into t h e  cytoplasm o f  target trophoblast  cells 
(c). 
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mother-to-child transmission of  HIV-1 are still poorly understood (Andimann et 
al., 1990; Chandwani et aI., 1991; European Collaborative Study. 1991; Mattern 
et al., 1992; Bourinbaiar et al., 1992). The present study was aimed at establishing 
the intrauterine infection routes of  HIV-1 in a situation where no direct blood-
blood contact could be implicated as the cause of retroviral infection. A n  in vitro 
model representing human trophoblasts in contact with cell-free HIV-1 or HIV-
carrying lymphocytes and monocytic cells has been established. This model was 
based on our previous studies where we used the human epithelial cell line 
exposed to infectious cells or free virus (Bourinbaiar and Phillips 1991: Bourin­
baiar et al., 1991a; Phillips and Bourinbaiar. 1992). 

Viral infection in trophoblasts appeared to result f rom cell-to-cell contact with 
HIV-l-carrying MOLT-4/IIIB lymphocytes, o r  o n  one  tested occasion, with 
U937/YH5 monocytes. W e  observed that cellular contact induces rapid release 
of  virions f rom donor  cells and HIV-1 subsequently entered placental cells via 
coated pits. T h e  mechanism of virus processing within trophoblasts and  t he  
process of uncoating at the  endosomal membrane  is very similar to  the  infection 
mechanism described previously for HIV-1 (Bourinbaiar and Phillips. 1991: 
Douglas  et al., 1991; G o t o  et al., 1988; Grewe  et al.. 1990; Pauza and Todd.  1988; 
Phillips and Bourinbaiar, 1992) and for other enveloped viruses (Marsh. 1984). In 
addition, HIV-1 seems to  penetrate target cells by budding f rom the lymphocyte 
microvilli protruding directly into the  cytoplasm of the  target placental cells in 
a fashion similar to that described previously (Phillips and Bourinbaiar. 1992). 
All this apparently leads to  the  establishment of latent infection that was 
activated by co-cultivation with cord blood derived MT-4 lymphocytes. Infecti-
vity assays with free virus or  non-adherent ACH-2 and U1 cells did not reveal 
productive viral infection. This  may reflect the  fact the  choriocarcinoma lines 
lack the  C D 4  viral receptor and thus  manifest restricted permissiveness to  HIV-1 
(Zachar  et al., 1991a; Zachar  et al.. 19916: Zachar  er al.. 1991 c). However, the 
possibility of  trophoblast infection by free HIV-1 cannot be excluded, provided 
that adequate HIV-1 strains and more  sensitive virus detection methods  will be 
employed (Zachar  et al. 1991a; Zachar  et al., 19916; Zachar  er al.. 1991c) or  tested 
o n  freshly obtained placental samples that may differ in their properties f rom 
choriocarcinoma cells (Amirhessami-Aghili and Spector. 1991: Douglas  et al.. 
1991). All these results are not new o n  their own. Very similar results were 
obtained and discussed extensively in our  previous studies when  we used CD4 
negative epithelial cells and in HIV-1 infection studies by a n u m b e r  of other  
investigators. 

T h e  possibility of the  transfer of maternal blood cells across the placental 
barrier has been a subject of considerable controversy (Hunzinker  er al.. 1984; 
Olding, 1972; Shroder, 1972), but unfortunately, our  model did not provide 
evidence to  support such a m o d e  of HIV-1 spread. T h e  placental cells used in 
o u r  experiments were human  choriocarcinoma cells and thus  may not represent 
exactly the  in vivo situation. Despite that, the described trophoblast model could 
serve as a useful tool for the elucidation of viral attachment,  entry, and infection 
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across the trophoblast barrier as proposed earlier by Zachar er al. (1991 a; 19916; 
1991c). More important is that the knowledge gained from experimental data 
could be directly applied to the development of preventive measures against 
HIV-1 transmission in utero (Bourinbaiar er al., 1992). 

In conclusion, our results support numerous studies by others and indicate 
a potential route of mother-to-child intrauterine transmission that could be 
significantly enhanced by contact of the foetal trophoblasts with infected 
maternal blood cells. 

Acknowledgements. W e  thank Carol C o l e m a n  f o r  editorial assistance.  Dr. Phillips provided 
microscopic assistance.  Cell l ines  and viral strains w e r e  provided b y  D r s  J. Minowada.  N.  Matsuzaki.  
and Dr. T .  Folks.  A I D S  Research and Reference  Reagent  Program. NIAID.  NIH. This  w o r k  w a s  
supported in part b y  grant  f r o m  T h e  Rockefel ler  Foundation.  

R e f e r e n c e s  

Amirhessami-Aghi l i ,  N .  and  Spector. S. A .  (1991): H u m a n  immunodef ic iency  v i rus  type  1 infection 
o f  h u m a n  placenta:  potential  route  f o r  fetal  infection.  J. Virol. 65. 2231-2236. 

A n d i m a n n ,  W .  A . ,  S impson.  B. J „  O l son .  B.. D e m b e r .  L. .  Silva, T .  J . ,  a n d  Mil ler .  G .  (1990): R a t e  o f  
t r an smi s s ion  o f  h u m a n  i m m u n o d e f i c i e n c y  v i rus  t y p e  1 in fec t ion  f r o m  m o t h e r  t o  child a n d  shor t -
t e r m  o u t c o m e  o f  n e o n a t a l  in fec t ion .  Am. J. Dis. Child. 144. 758-766.  

Bour inba ia r ,  A .  S.. a n d  Phil l ips .  D .  M .  (1991): T r a n s m i s s i o n  o f  h u m a n  i m m u n o d e f i c i e n c y  v i rus  f r o m  
m o n o c y t e s  t o  epi the l ia .  J. Acquir. Immune Def. Svndr. 4 .  56-63.  

Bour inba ia r ,  A .  S. .  Z a c h a r o p u l o s ,  V. .  a n d  Phil l ips.  Ó .  M .  (1991(7): Microwave  irradiation-accelerated 
in situ hybridization technique  f o r  H I V  detection.  J. virol. Metl). 35. 49-58.  

Bourinbaiar,  A .  S., Nagorny.  R „  a n d  T a n .  X .  (19916): H e a v i n e s s  o f  H I V  part icles  in  q u a n t u m  re la t ion  
t o  in fec t iousness  a n d  r e spons ivenes s  t o  in t e r f e ron ,  pp .  41-52 .  I n  J . -M.  A n d r i c u  (Ed.) :  Viral 
Quantitation in HIV Infection. J o h n  L i b b e y  E u r o t e x t .  Paris .  

Bour inba ia r ,  A .  S., N a g o r n y .  R „  a n d  T a n .  X .  (1992): P r e g n a n c y  h o r m o n e s ,  e s t rogen  a n d  proges te ­
r o n e ,  p r even t  H I V - 1  syn thes i s  in  m o n o c y t e s  b u t  n o t  in l ymphocy t e s .  FEBS Lett. 302. 206-208.  

C h a n d w a n i ,  S „  G r e c o .  M .  A . .  Mi t ta l .  K. .  Ä n t o i n e .  C.. Krasinski.  K., and  Borkowsky.  W .  (1991): 
Pathology á n d  h u m a n  immunodef ic iencv  v i r u s  express ion in placentas o f  seroposit ive w o m e n  J 
inf. Dis. 163. 1134-1138. 

Douglas,  G.  C „  F r y .  G .  N . .  Thirki l l .  T „  H o l m e s ,  E. .  H a k i m .  H . .  J e n n i n g s .  M . .  a n d  King .  B. F .  (1991): 
Ce l l -med ia ted  in fec t ion  o f  h u m a n  p lacenta l  t r ophob la s t  wi th  H I V  in vitro. AIDS Res. Human. 
Retrovir. 7, 735-740.  

E u r o p e a n  Col labora t ive  S t u d y  (1991): C h i l d r e n  b o r n  t o  w o m e n  w i t h  H I V - 1  in fec t ion :  na tu ra l  h i s torv  
a n d  risk o f  t r ansmis s ion .  Lancet 337.  253-260.  

G o t o ,  T . ,  H a r a d a .  S.. Y a m a m o t o .  N . .  a n d  Naka i ,  M .  (1988): E n t r y  o f  h u m a n  i m m u n o d e f i c i e n c y  v i rus  
( H I V )  i n t o  M T - 2 ,  h u m a n  T cell l e u k e m i a  v i rus  carr ier  cell l ine.  Arch. Virol. 102. 29-38.  

G r e w e ,  C. ,  Beck ,  A . ,  a n a  G e l d e r b l o m ,  H .  R .  (1990): H I V :  Ear ly  virus-cell  in teract ions .  J. Acquir. 
Immuno Def. Svndr. 3 .  965-974.  

Hill ,  W .  C . .  Bo l ton ,  V. .  a n d  Ca r l son .  J .  R .  (1987): I so la t ion  o f  acqu i r ed  i m m u n o d e f i c i e n c y  s y n d r o m e  
v i rus  f r o m  t h e  p lacen ta .  Am. J. Obstet. Gynecol. 157. 10-11. 

H u n z i n k e r ,  R .  D . ,  G a m b e l l .  P . .  a n d  W e g m a n n .  T .  G .  (1984): P lacen ta  a s  a select ive bar r i e r  t o  cel lular  
traffic.  J. Immunol. 133. 667-671.  

Lewis ,  S. H . ,  Reyno lds -Koh le r .  C . .  F o x ,  H .  E „  a n d  N e l s o n .  J .  A .  (1990): H I V - 1  in  t rophob las t i c  a n d  
vi l lous H o f b a u e r  cells, a n d  haemato log ica l  p r ecu r so r s  in  e ight  w e e k  f e tu ses .  Lancet 335. 565-568.  

M a r c h ,  M .  (1984): T h e  e n t r y  o f  e n v e l o p e d  v i ruses  i n t o  cells b y  endocytos i s .  Biochem. J. 218.  1-10. 
M a t t e r n ,  C .  F . .  M u r r a y .  K. .  J e n s e n .  A . .  F a r z a d e g a n .  H . .  P a n g .  J., a n d  M o d l i n .  J .  F .  (1992): 

Local iza t ion  o f  h u m a n  i m m u n o d e f i c i e n c v  v i rus  co re  a n t i g e n  in  t e r m  h u m a n  p lacen tas  Pediatrics 
89, 207-209.  



28 BOURINBAIAR. A. S. & NAGORNY. R. 

Maury,  W „  Po t t s ,  B .  J . ,  a n d  R a b s o n .  A .  B .  (1989): H I V - 1  in fec t ion  o f  first-trimester a n d  t e r m  h u m a n  
p lacen ta l  t i s sue :  a poss ib le  m o d e  o f  mate rna l - fe ta l  t r ansmis s ion .  J. inf. Dis. 160. 583-588.  

O ld ing ,  L.  (1972): T h e  possibil i ty o f  m a t e r n o - f e t a l  t r a n s f e r  o f  l y m p h o c y t e s  in  m a n .  Acta pediatr. 
Scand. 61, 73-79 .  s 

P a u z a ,  C .  D . ,  a n d  T o d d .  T .  M .  (1988): H u m a n  i m m u n o d e f i c i e n c y  v i rus  in fec t ion  o f  T cells  a n d  
m o n o c y t e s  p r o c e e d s  v ia  r ecep to r -med ia t ed  endocv tos i s .  J. Cell Biol. 107. 959-968.  

Phil l ips,  D .  M . ,  a n d  Bour inba ia r .  A .  S. (1992): M e c h a n i s m  o f  H I V  sp read  f r o m  l y m p h o c y t e s  t o  
epi thel ia l  cells.  Virolog,y 186. 261-273.  

S h r o d e r ,  J .  (1975): T ransp lacen ta l  passage  o f  b l o o d  cells.  J. Med. Genet. 12. 230-242.  
Z a c h a r ,  V . ,  Spi re ,  B., H i r sch .  I.. C h e r m a n n .  J .  C . .  a n d  E b b e s e n .  P .  (1991a):  H u m a n  t r a n s f o r m e d  

t rophob las t -de r ived  cells lacking  C D 4  r ecep to r  exhib i t  res t r ic ted pe rmis s iveness  f o r  h u m a n  
i m m u n o d e f i c i e n c y  v i rus  t ype  1. J. Virol. 65. 2102-2107.  

Z a c h a r ,  V. ,  Nor skov-Laur i t s en .  N . .  J u h l .  C . .  Spire .  B.. C h e r m a n n .  J .  C . .  a n d  E b b e s e n .  P .  (19916): 
Suscept ibi l i ty  o f  c u l t u r e d  h u m a n  t r o p h o b l a s t s  t o  in fec t ion  w i t h  h u m a n  i m m u n o d e f i c i e n c y  v i rus  
t y p e  1. J. gen. Virol. 72.  1253-1260. 

Z a c h a r ,  V „  Spi re .  B.. Nor skov-Laur i t s en .  N . .  C h e r m a n n .  J .  C . .  a n d  E b b e s e n .  P .  (1991c): C u l t u r e d  
h u m a n  t rophob la s t i c  c h o r i o c a r c i n o m a  cells d i f ferent ia l lv  exp re s s  H I V - 1  a n d  c l o n e d  provi rus .  
AIDS 5,  457-458.  


