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Summary. - In order to generate HIV (murine leukemia virus (MuLV)) pseudotypes, HIV genome was 
transfected into the ecotropic murine packaging cell line (GP+E86) and four of the nine transfected clones 
were extensively characterized. One clone (801), harbouring a full copy of integrated HIV sequences, exhib­
ited a detectable level of intracellular HIV p24 antigen expression. Northern blot analysis revealed that clone 
801 expressed all three classes of HIV mRNAs. Multispliced 2kb mRNAs were detected in another clone 
(8.14). Two other clones (1.31 and 1.32) also exhibited a complete HIV provirus, but did not show any viral 
expression, as evaluated by Northern blot analysis or HIV p24 ELISA. Reverse transcription-polymerase 
chain reaction (RT-PCR) experiments revealed the presence of full length genomic RNA in four transfected 
clones, which were extensively characterized. A co-cultivation of clone 801 with human CD41 cells resulted in 
syncytia formation. By electron microscopy, mature HIV particles were observed after co-cultivation of unin­
fected C8166 cells with 801 cells. These results demonstrated that the murine clone was stably transfected with 
the complete HIV genome and was capable of shuttling infectious HIV to human cells. Clone 801 was co-
cultivated with murine NIH-3T3 fibroblasts. In several experiments, HIV infection of NIH-3T3 cells was 
revealed by PCR technique. Thus, 801 cells appear to produce low levels of HIV (MuLV) pseudotypes capable 
of transferring the HIV genome into mouse cells. 

Key words:  human immunodeficiency virus; provirus; transfection; packaging cells; pseudotypes; murine 
leukemia virus 

A considerable progress  h a s  been  achieved in  ou r  knowl­

edge  o f  t he  epidemiology o f  acquired immunodef ic iency  

syndrome (AIDS)  a n d  its etiologic agent  (HIV),  but  little is 

known about  t he  pathogenesis  o f  t he  infection (Pantaleo and 

Fauci, 1995). Therefore ,  it is important  to  establish  in vivo 

mode l  sys tems  t o  s tudy s o m e  aspects  o f  the  pathogenesis o f  

A I D S  and  t o  d e f i n e  the  antiviral therapy. In  this respect,  

'Corresponding author. 
Abbreviations: AIDS = acquired immunodeficiency syndrome; 
ELISA = enzyme-linked immunosorbent assay; HIV = human im­
munodef i c i ency  v i rus ;  MuLV = mur ine  leukemia v i rus ;  
PCR = polymerase chain reaction; RT = reverse transcriptase 

a small  and  well characterized laboratory animal ,  such  a s  

the mouse ,  could be  especially use fu l  (Ausiel lo  et al., 1994). 

It is widely accepted that  the  pr imary  determinant  o f  sus­

ceptibility t o  H I V  infect ion is  the  expression o f  the  h u m a n  

C D 4  prote in  o n  the  cell  su r f ace  (Leonard  et al., 1988).  

Mouse  cells d o  no t  express funct ional  H I V  receptors  s imi­

lar t o  the  h u m a n  C D 4  protein.  A possible approach  fo r  a n  

extension o f  the  hos t  r ange  o f  H I V  t o  mur ine  cel ls  could b e  

represented by  the  generat ion o f  HIV/MuLV pseudotypes .  

Phenotypic mix ing  is  a wel l -known biological  phenome­

n o n  that  involves enveloped viruses  (Weiss et al., 1982). 

Several authors reported a pseudotype  fo rmat ion  b y  co-in-

fect ing h u m a n  cells  w i t h  H I V  and  amphot ropic  o r  xenotro-

p i c  retroviruses ( C h e s e b r o e / a / . ,  1990; Caniveteřo/. ,  1990; 
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S o u t h e r n  b l o t  a n a l y s i s  o f  h i y h  m o l e c u l a r  m a s s  D N A s  extracted  f r o m  

I l l V - t r a n s f e c t e d  m u r i n e  c lones  
Twenty (jg samples  o f  h igh molecular m a s s  D N A s  extracted f r o m  the G4I8-
rcsistcnt c lones were  digested w i t h  either ///Will  or £eoRI  and applied to 

horizontal 0 .7% agarose gels, electrophorcscd at 2 4  V for 4 8  hrs, blotted 

to Nylon-N membranes, and hybridized for 2 4  hrs with I x lO'cpm/ml o f  

a full length "P-random-labellcd HIV genome. //iw/III-digcsted DNAs:  

the numbers on the left indicate M , o f  the fragments. £c«RI-digcstcd DNAs:  

the numbers on  the left indicate M o f  the lambda DNA-/ / /« /III  markers. It 

should be pointed out that the Southern blot analysis, performed by our 

protocol, cannot be considered a quantitative assay. 

Lusso  et al., 1989; Spector  et al., 1990). Th i s  experimental  

approach  had  s o m e  disadvantages as  the pseudotype  prepa­

ration led t o  the product ion o f  replicat ion-competent  m u ­

r ine  retroviruses.  

In t h e  p r e sen t  s tudy,  w e  a t t empted  t o  gene ra te  H I V  

(MuLV) pseudotypes  by t ransfect ing the  comple te  H I V  ge­

n o m e  in the  ecotropic  mur ine  packaging cell line (GP+E86)  

(Markowitz  et al., 1988). In this approach,  w e  could use  

H I V  a s  t he  only replicat ion-competent  virus.  In fact,  pack­

aging cell l ines a l ready contain all the  genes  necessary  to  

generate  comple te  mur ine  retrovirus virions, but  are  devoid 
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Fig .  2 

Northen blot analysis  o f  total cel lular R N A  f r o m  H9/HTLVIIIB-

HIV- infected H9*cells a n d  c lones  801 a n d  8 .14  

Total cellular R N A  was  prepared by R N A z o l  B as  described by the 

manufacturer (C inna /  B i o t c c x ) ,  e l ec trophorcscd  in 1.0% agarosc-

formaldchydc gel,  blotted to a Nylon-N membrane, and probed with the 

same  J2P-labcllcd probe as  in Fig. I under high stringency conditions. 

GAG, ENV, TAT-REV: bands o f  m R N A s  o f  the respective genes.  

o f  the  cor responding  retroviral  g e n o m e  (Kriegler  et al., 

1990). T h e  packaging cell line (GP+E86)  w a s  generated b y  

co-transfecting two  plasmids  encoding the  gag/pol a n d  env 

genes  o f  the  Moloney  MuLV, respectively, into N I H - 3 T 3  

cells (gif t  o f  Dr. A .  Bank,  Markovi tz  et al., 1998). 

C lone  (GP+E86)  w a s  t ransfected wi th  the  p N L 4 - 3  plas­

mid, containing the  comple te  infect ious  g e n o m e  o f  H I V  

(Adachi  et al., 1986). Transfect ion assays were  carr ied out 

by  the  calcium phosphate  precipitat ion technique  (Graham 

and  Van  der  Eb, 1973; Pulciani  et al., 1982). Transient  ex­

pression experiments were  pe r fo rmed  t o  assess H I V  expres­

sion in the  (GP+E86)  cells.  T h e  packag ing  cells  were  seed­

ed  at  a densi ty o f  6.5 x 104 cells  p e r  10 c m  Petri dish and, 

o n e  day later, were  t ransfected with 5 0  n g  o f  p N L 4 - 3  plas-

m i d  with  4 0  n g  o f  sa lmon s p e r m  D N A  a s  a carrier,  o r  wi th  

4 0  n g o f t h e  carrier  a lone  as  a control .  A t  days  5 and  8 a f te r  

D N A  transfection,  t he  cell pellets a n d  supernatants  o f  the  

test and  control samples  were  collected and  analyzed fo r  

H I V  production.  B y  ELISA,  H I V  p 2 4  ant igen w a s  detected 

in the  cellular lysates o f  (GP+E86)  cells  t ransfected with  

pNL4-3  plasmid, collected 8 days  a f te r  D N A  transfect ion.  

These  results demonstrated that the  (GP+E86)  packaging 

cell line w a s  able to  express  a n d  synthesize H I V  proteins 

once  transfected with H I V  genome ,  and  thus proved suit­

able  fo r  generat ing 111V (MuLV) pseudotypes  by  the  trans­

fect ion procedure  (Rozera  et al., 1991). 

T h e  experiments  to  isolate (GP+E86)  c lones  stably trans­

fected with  H I V  g e n o m e  were  pe r fo rmed  fol lowing similar 

procedures,  using the  SV2neo  plasmid a s  a selection mark­

er, enabling the  recipient eukaryotic  cells  t o  g r o w  in the  

presence  o f  t he  d r u g  G 4 1 8  (500  ng/ml) .  T h e  p N L 4 - 3  and  

SV2neo  p lasmids  were  co-transfected t o  cells  at  a ratio o f  

10:1, and several G418-resistant  colonies were  isolated.The 
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established clones were analyzed to assess the presence of 
HIV genome (Sambrook et al., 1989). 

The HIV genetic sequences were detected by Southern 
blot analysis, using the provirus cloned from the F12 cell 
line (which has 9 8 %  homology with the HIV provirus used 
in the transfection experiments) as a probe (Carlini et al., 
1992). Hindlll cuts NL4-3-HIV sequence at 5 sites, thus 
generating 4 fragments of4.32,2.10, 1.48 and 1.18 K which 
in total represent the complete viral genome, except for  two 
fragments of 0.3 and 0.6 K in the LTR regions. EcoRl, on 
the other hand, cuts at a single site only. 

The DNAs extracted from several clones showed 4 bands 
of M r  corresponding to the expected viral genome HindlU-
fragments (Fig. l).The same DNAs presented several bands 
when digested with the£coRI (Fig. 1).These results showed 
that the clones had integrated the HIV-transfected provirus 
in their chromosomes. 

The selected clones produced high levels of extracellu­
lar murine Mn2"-dependent RT activity, but no  detectable 
Mg2+-dependent RT activity. There was no  evidence of vi­
rus production, except for  one of the clones, as evaluated 
by p24 EL1SA (Aldovini and Walker, 1990). Low levels of 
intracellular HIV p24 antigen were detected only in clone 
801 (data not shown). 

All three classes of viral mRNA were detected in clone 
801 by Northern blot analysis (Ratner et al., 1985). Fully 
spliced mRNA was detected in clone 8.14 (Fig. 2). O n  the 
other hand, using the RT-PCR procedure it was possible to 
detect the full length viral mRNA in clone 8.14 and two 
other clones (1.31 and 1.32), both containing a full copy of 
the transfected provirus (Fig. 3). The full length genomic 
mRNA was detected using the primers SK38 and SK39, 
and the probe SK.19, located in the inner gag gene (Ou et 

al., 1988). The RNAs amplified by RT-PCR were always 
treated with DNAase and then tested with the appropriate 
oligonucleotides, primers and probes for  murine (3-globin 
genes to exclude the presence of contaminating DNA. It 
should be  pointed out that the RT-PCR procedure performed 
a c c o r d i n g  t o  o u r  p r o t o c o l  c a n n o t  b e  c o n s i d e r e d  
a quantitative assay. 

In order to  evaluate the capability o f  clone 801 to pro­
duce HIV particles which could infect human cells, the HIV-
transfected clone was co-cultivated with the human cell line 
C8166 (CD4~). These co-cultivation experiments were per­
formed by seeding 5 x 104 mouse cells per 3.5 cm Petri dish, 
allowing them to attach and thereafter adding the human 
cells at a concentration of 1 x 104 cells/ml. The HIV pro­
duction was first monitored by syncytia formation at vari­
ous times after co-cultivation: the human cells, co-cultivat­
ed with 801 cells, showed relevant syncytia formation on 
day 10. Moreover, the co-cultivated human cells showed 
Mg2+-dependent RT activity in the medium and the pres­
ence of intracellular and extracellular p24 viral antigen. After 
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Fig.  3 
RT-PCR analys is  o f  f o u r  HIV-transfccted  c l o n e s  

Total R N A  w a s  cxtractcd f r o m  the selected clones, treated w i t h  DNasc 
a n d  a m p l i f i e d  b y  RT-PCR a c c o r d i n g  to the  m a n u f a c t u r e r ' s  protocol  
(Pcrkin-Elmcr Cctus) u s i n g  pr imer  pairs s p e c i f i c  f o r  gag sequences.  

co-cultivation with 801 cells, C8166 cells proved to express 
and produce mature HIV particles, as revealed by electron 
microscopy (Fig 4A,B). In fact, numerous HIV virions were 
found in close proximity to the cell surface of  the co-culti-
vated C8166 cells, while no HIV particles could normally 
be  detected near the plasma membrane of 801 cells. In par­
ticular, the electron microscopy of 801 cells showed only 
murine retroviral particles (Fig. 4C,D,E), which closely re­
sembled a C type oncovirus. Both mature (Fig. 4E) and 
immature (Fig. 4C, arrow) retroviral particles were observed 
in the extracellular space of 801 cells, along with typical 
retrovirus budding profiles at the cell surface (Fig. 4C,  ar­
rowhead; 4D). The fact that no apparent production of  HIV 
particles could b e  detected by electron microscopy of 801 
cells (despite of their capability to  infect human cells in the 
co-culture experiments) suggests that HIV-transfected 801 
cells express very low levels of HIV particles capable of 
infecting permissive cells. This would most likely happen 
by cell-to-cell transfer. 

To determine whether the infectious HIV particles ex­
pressed by 801 cells had acquired the capability to infect 
mouse cells, we co-cultivated the HIV-transfected cells with 
the murine fibroblasts NIH-3T3.These co-cultivation exper­
iments were carried out by use of microporous membranes 
(Falcon 3090). These membranes are specifically designed 
to allow co-cultivation procedures with exchange of fluids or 
fluid components, but without cell-to-cell contact. NIH-3T3 
cells were seeded at a concentration of 5 x 102 cells/well. One 
day later, 801 cells were seeded (5 x 103 cells/well) on the 
porous membranes and added to each well, containing the 
murine fibroblasts. Once 801 cells had reached the confluen-
cy, the porous membranes were replaced with new ones con­
taining exponentially growing cells. O n  average, the porous 
membranes were changed every 3-4 days, until NIH-3T3 cells 
reached confluency. Then they were collected and analyzed 
for the presence of acquired HIV sequences. DNA was ex-



108 SHORT COMMUNICATIONS 

F W m  

Fig.  4 
T h i n  sect ions o f  C 8 1 6 6  cells  co-cult ivated w i t h  801 cclls  

N u m e r o u s  HIV particles arc present around the C 8 I 6 6  cell surface as  evident at l o w  ( A )  or h igh  magn i f i ca t ion  (detail in  B). In 801 ccl ls  alone, 
production o f  MuLV particles is s h o w n  b y  b u d d i n g  pro f i l es  at the ccll  surface  (C, arrowhead a n d  D), a n d  b y  immature  (C, arrow)  a n d  mature particlcs 
(E) in the extracellular space. Ccl ls  were  f i x e d  wi th  2 . 5 %  glutaraldchydc in phosphalc-bufľcrcd saline for  I hr  at room temperature, w a s h e d  extensively 
w i t h  dist i l led water a n d  p o s l f i x e d  w i t h  1% o s m i u m  tctroxide in a cacodylatc b u f f e r  pH 7.2 for  I hr at 4"C. T o  increase the overall  contrast, spec imens  
were  treated w i t h  0 . 1 %  tannic acid, stained w i t h  2 %  uranyl acctate for  I hr, dehydrated in graded cthanol a n d  e m b e d d e d  in Epon 812. T h i n  sections 
were  cut w i t h  an Ultracut S ultramicrotomc (kcichcrt  Jung), mounted  o n  copper  grids, poststaincd w i t h  lead citrate and o b s e r v e d  in a Phil ips CM 10 
electron microscope.  Magnif icat ion 20,000 x ( A )  and 70,000 x (I!). 

tracted f r o m  the co-cultivated NIII-3T3 cel ls  and  analyzed 
b y  PCR technique, a lways  us ing  the primers SK38 and  SK39, 
and  the probe  SKI9 spec i f i c  for  the gag gene. A 11IV infec­

tion o f  the murine cell lines was  shown by PCR in eight co-

cultivation experiments (Fig. 5); in two experiments, no evi­

dence o f H I V  infection o f m o u s e  cells  was observed (Fig. 5). 

Thus H01 cells produced pseudotypes capable to shuttle the 
HIV genome into mouse cells. 

In conclusion, by stable transfection w e  isolated several 

murine cell clones having integrated the complete HIV ge ­

nome. RT-PCR tests demonstrated that the acquired viral se­

quences were expressed in four o f  the selected clones. There­
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fore, our Northern blot data confirmed that a major  block to 
HIV expression occurred in murine cells: the full  length viral 
mRNA was  expressed in these clones, but not efficiently (Po-
merantz et al, 1992). Our results regarding the HIV-specific 
gene expression agree with data reported b y  other groups 
which demonstrated a block in Rev function in murine cells 
(Trono and Baltimore, 1990). It has been proposed that Rev 
affects  the stability and transport o f  the unspliced and par­

tially spliced m R N A  to  the  cytoplasm, and the utilization o f  

viral m R N A  at the  level o f  translation. However, the Rev func­

tion is not  totally repressed in the  murine  clone 801, since the  

latter produced s o m e  p 2 4  antigen translated f r o m  the  full  

length viral m R N A .  T h e  so f a r  published data suggest that 

the H I V  expression in murine  cells is not  stable since the 

virus producing cells die (Adachi  et al., 1986). O u r  data, in­

stead, indicate that it was  possible to  isolate one  clone which 

expressed the  HIV-integrated genome at a low level. T h e  se­

lected clone might  b e  considered resistant to H I V  replica­

tion, or  it might  produce  a level o f  H I V  viral particles com­

patible wi th  the  cell survival. 

Moreover,  t h e  exper iments  o n  the  co-cultivation o f  801 

cells wi th  mur ine  f ibroblasts  N I H - 3 T 3  demonstrated that it 

is possible t o  genera te  H I V  (MuLV) pseudotypes  by  trans-

fect ing the  comple te  H I V  provirus into the  mur ine  ecotro-

pic  packag ing  cell l ine (GP+E86) .  I t  is wor th  highlighting 

the  fac t  that  these  pseudotypes  infect  only mur ine  cells and 

are  devoid o f  any mur ine  replicat ion-competent  retrovirus­

es.  In  addit ion,  t he  mur ine  retrovirus, providing the  virion 

structural proteins,  m a y  infect  mainly  T a n d  B cells  in vivo 

(Weiss  et al., 1982). Therefore ,  the  H I V  (MuLV) pseudot­

ypes  produced b y  801 cells represent  a reproducible and 

sa fe  experimental  tool  f o r  a development  o f  mur ine  animal  

mode l s  in  which  m o s t  o f  t he  animals  could b e  infected.  
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