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Michael J. Endres,* Salman Jaffer, Beth Haggarty, 
Julie D. Turner, Benjamin J. Doranz, Peter J. O'Brien, 

Dennis L. Kolson, James A. Hoxie 

Retroviral vectors containing CD4 and an appropriate chemokine receptor were eval- 
uated for the ability to transduce cells infected with human immunodeficiency virus (HIV) 
and simian immunodeficiency virus (SIV). These CD4-chemokine receptor pseudotypes 
were able to target HIV- and SIV-infected cell lines and monocyte-derived macrophages 
in a manner that corresponded to the specificity of the viral envelope glycoprotein for its 
CD4-chemokine receptor complex. This approach could offer a way to deliver antiviral 
genes directly to HIV-infected cells in vivo and could provide an additional treatment 
strategy in conjunction with existing antiviral therapies. 

Treatment of HIV-infected patients with 
combinations of antiretroviral drugs has re- 
sulted in a orofound reduction of detectable 
virus in plasma and lymph tissue and is ex- 
oected to have considerable clinical beneflt 
(1 ) .  However, recent studies of subpopula- 
tlons of resting T cells from peripheral blood 
and lymph nodes have shown that reservoirs 
of HIV-lnfected cells persist in most patients 
despite several months of therapy (2). New 
strategies to target HIV-infected cells could 
provide important adjunctive approaches to 
therapy. Recently, rhabdovlruses containing 
CD4 and the chemokine receptor CXCR4 
were shown to suoerinfect HIV-infected cell 
lines, presumably by interacting with viral 
envelope glycoproteins on the cell surface (3). 
The demonstration that viral receptors can be 
used to target HIV-infected cells represents an 
approach 'with potentially broad clinical and 
pharmacologic applications (4). We now 

M. J. Endres, B. Haggarty. J D. Turner, P. J O'Brlen. 
J A. Hoxie, Department of Medicne, Hematology-On- 
cology Division, Unversity of Pennsylvanla, Phiiadelpha, 
PA 19104, USA 
S Jaffer and D L Kolson, Department of Neuroloqy, 

demonstrate that retroviral vectors pseudo- 
typed with CD4 and different chemokine re- 
ceptors are also able to transduce HIV- and 
SIV-infected cells in a manner that reflects 
the receptor specificity of the viral envelope 
glycoprotein. In addition, we show that this 
approach can be used to target HIV-infected 
macrophages as well as cell lines. 

Entry of HIV and SIV is mediated by 
interactions between the viral envelope gly- 
coprotein and a cellular receptor complex, 
which consists of CD4 and one or more 
members of the CC or CXC chemokine 
receptor family of proteins (5). The speci- 
ficity of this interaction largely determines 
the tropism of the virus for particular cell 
types. Thus, macrophage tropic (M-tropic) 
HIV isolates as well as most SIV isolates 
require CCR5, T cell line-tropic (T-tropic) 
isolates (for example, IIIB) require CXCR4, 
and dual tropic HIV isolates (for example, 
89.6) are able to use both CXCR4 and 
CCR5. Other recently described chemo- 
kine receptors can also function with CD4 
as coreceptors for HIV and SIV (6) .  

' T o  create retroviral particles coated with 
Unversty of Pennsylvania, Phladelphla. PA 191 04, USA. functional HIV or S I V - ~ ~ ~ ~ ~ ~ ~ ~  complexes, 
B. J. Doranz, Department of Pathology and Laboratory 
Medicine, Unlversity of Pennsylvana, Philadelphia, PA We cOtransfected aT6 quail with PIas- 
191 04. USA. mlds encoding CD4 (pT4-cDNA3), a chemo- - - 

=To whom correspondence should be addressed. E-mail: kine ~ ~ C ~ P ~ ~ ~ ~ ( P C X C R ~ - ~ D N A ~  or pCCRj- 
endres@ma~.med.upenn.edu cDNA3), and an envelope-deficient HIV-1 
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Fig. I .  S.2ec-ic transducton of HIV- or SIV-nfecied cells 12,. .etro\~fa \~ectors pseudoiypea !;!ltn CD4 alid a 
c' iel i iok.ie receptor, (A: CEMxl7d cel s clironicall:! ilifectea L-:! tile solates of HlV-1 or SIV sho,:!n !'ere 
noc~.latecI ,?!ltti :,UL-clesed pa,:ic es :,seudot\/ped !+~ l t i i  CDd a i d  tlie cnel~okine fece:,tof i,idicateci ,7:, a,id 
ucierase act\~it:! ,,'!as d e t e f ~  lea 4 says after I ifection I '5;. Experirrenis :.!e,e re.;eated In clu:, cate at least 
t:;:ce. Val~es represe;ii averages of du:,cate sarrples :,ILIS SEM (B) Increased expression of enbelope 
3 ycol?rote ns o;i infected cells I?)/ a rutant of Sl\!lnac239 F t~oresce.ice-actit~ated cell so~ler (=ACS) nisio- 
grams are s'io3>,n v,:itli a ?-onoclo~ial ait'coc:y to g:,12G for CEivlxlT4 eel s 1;ifected ?.!'ti? SIV.1-aciS9 or 
SVrac23G MT ,>,nicn contai lea mutations In r-~l!. that incleased clt~a;it tes of stllface e,ivelo:,e 01- tne cell 
stlrface ;9 'a: ;C) CEMx' 74 cells e t ier  ~in1;ifected or cn.onca infeciea by SIViiac23G MT1:~ere i r ioc~ ialea 
?.!ti- a17 HIV'  seeto. eicoding GF3 (\LA-3-CF2'l tliat ,%as pseudotyped ,.c.~tii CCRS ana CDd, Atier 3 days. 
cells ,!:ere f xea n 452 paraforl~a cieiiycle al-a alial:!zeci by FACS, Hstogfans ~iio'~v! transd~.cton of most 
(6152) of ine SIV-1;i'eciec) cells. i o  transci~ctiol- ?.!as cletectacle -or ~~~ in fec i ec )  cells, 

\ . c c ~ ~ > r  t11~1t c~ick)ilc~l l t ~ c ~ f c r ~ l s c  a\ a ~ n a r k e r  
(pNL4-3-lui-E K-1 (2. Theze receptor- 
p ~ e u ~ l o t l - l ~ z i l  \-irlon, \ \ere n~3rmallrccj ior p2Lt 
C O I I ~ ~ I I ~ ~ ~ I ~ I L > I I ~  L i ~ ~ i l  e s~11i11ie~I  for tlie ~ i l i~ l i t \ -  
to c.~iter i:'Ehlsl74 cell.; c h r o n ~ c ~ ~ l l y  i~iiccrcil 
\ v ~ r h  i l~i icrcnr \ t ra~nz  k>f HI\'-1 2nd SI\:. 
These particles transciuce~l the  ~ l i k c t e i l  cell< 
111 ,I mL1nnc.r that  iorrezyoniied L~rcc~se lv  t ~ )  
the  chemoliine rrceprnr p e c i t ~ c i t y  k>i the  HI\' 
or S I \  en\.c.lope t l l ~ e o p r o t ~ ~ ~ l  (Fly. 1.4). Tli t~, ,  
,I 1-ector pscuii~>rypcJ \I it11 CD4 a n ~ l  CXCR-I 
\v,i. al3le t c  r r a ~ ~ ~ ~ l u c e  HI\'-1!1116- ,111il HI\.- 
1!89.6-11ifecte~l I?ut n o t  51\ 'macli~)-lni ;cte~i  
cell\, n-llel.e;l a \.ecti>r c o n t a ~ n i ~ i g  C D 4  a~iki 
C C R 5  rr,in.Llucekl SI\ 'm,ii2iO- ant1 HI\--I! 
89.6-inkcte~l  l7ut no t  HI\'-l!IIIB-~ni;lcrc.,l 
cells. K o n e  O i  these r e c e ~ ~ t ~ r - p s e u ~ i o t v ~ ~ e ~  p r -  
ticleb \ I - C ~ >  cilile ~ ~ < I I I , L I L I C ~  ~ ~ ~ i i ~ i t e c t e ~ l  
CEAls l74  cell, (Fit. 1 .A). a n ~ l  A I I  \\-ere c ~ o ~ i l -  
pletely i l~l i i l~i tei l  17)- i i ~ o ~ ~ ~ > c l k ) ~ i ~ ~ l  : ~ ~ i t ~ b ( > ~ l ~ c ~  t ~ >  
CLV (nor <ho\\-n) .  Titers ot 1 X 1 Q ~ -  tr;rnzclui- 
in? ~ ln i t s  I T U )  per ~ l l~ l l i l i t e r  \rere o l ~ r a ~ ~ - i e ~ l  tor 
unck311centrated .tk3cl<\ of C D 4 - C C R 5  2nd 
CL)4-CNCK4-L~~e~~~I~~t\rei i  1-ecrors anLl n.ere 
~ ~ l c r e : ~ ~ e ~ I  to  1 X I?' '  TU/iiil l ~ y  ~ ~ l t r ~ ~ c e ~ i t r ~ i ~ ~ -  
yation (7). 

IY'c ,ll>o Jenion~tl . , i te~i  rliat tlie alnotunt n i  
en\  elope yI\-coi~rotein e s p r e \ ~ i o ~ ~  the  \ L I T -  

face ot inkcred cells ~niluence,i the  etiiciency 
of entry- 111- tliesc receyror-p.euii~>rvkieii \-re- 
tol->. X - h e ~ i  CEYls l74  cells \yere ~nfrctei i  
\\.it11 a11 e n g ~ n e e r e ~ l  arlanr of 5l \ :mncl39,  
termed 51\ '1nac? i~)~LlT,  tI1;it ekpresseLl in- 
~ ~ f ? d z r ~ i  ;ililk3Ullt~ (>t ?ll\.t'lolle g1~.i0prk>telllb k > l l  

tlie cell jurtacr (9) (Fig. 1R). C D 4 - C C R j -  
co~-i ta~~-i iny y a r r ~ i l e \  n7cre a l ~ l e  t ~ l  11ifcct thebe 
cells ,~bour 1? t1111es more cfflc~ently t h , ~ n  ieka 

infeitecl 1.v yarental SI\'mac7- 39 (Fio. 1 '1) .  
T l i ~ s  rc.ult clearli- 1nt1lcatc.h that  the  etficiencv 
oi entry ior CDLt-clicmk>k~nr r c c e p t ~ ~ r  
p~cuilorylieLl particle:: ci)rrclates J ~ r e c t l y  n - ~ r h  
t1ie a l l i~~l l l l t  o i  cll\~elcy3c ~ l v c ~ ~ ~ r ~ ~ t c l l l s  011 the  
cell surtace. Xdili~lo~-ial htud~es \\.it11 CLh- a 1 ~ 1  
C C K i  p<euJotvL~eil onti, the HI\' \ . ec t~) r  
p N L L t - i c n \  G F P ,  n l i i ch  c o n t a ~ n ~  qrccn flu- 
~>re \ccnce  pri1teil-i ~ n \ t e , l ~ l  oi lucl&ra\e ( I ? ) ,  
d e ~ ~ ~ o ~ ~ ~ t r ~ ~ t c J  t r c ~ ~ ~ . ; ~ 1 t ~ c t i ~ n ~ i  L ) t  111~1,t (61"(0) 
S I \ ' I ~ - ~ ~ ~ ~ ~ ~ ! ~ \ . I T - I I I ~ ~ C ~ C I I  (Fig. 1 C )  iel l i  u11- 
tier sililllar conLlitlons. 

Fin,111y, to  estenL1 our i lnk i~ng> i~--om c11rk)n- 
~call i -  ~nfcc ted  C E l l s l 7 4  cell, rc LIILOI-c relr- 
\.,111t primary cell., \ve e s a ~ n ~ n e i l  rlic a l i ~ l ~ t \  o i  
CD4-cliemoklne receptor p s c t ~ ~ i o t ~ - ~ ~ e ~ l  \.ec- 
tori to  tr,inxluce HI\'-~ntecteil ~noniicytc-ile- 
ri\.e\l m,rcr~-iphage~ [h lDhI>) .  hl,icriiLiliaes 
m a e ~ i r  to  I?e a r e w r ~ n i r  ik-ir HI\' in i ~ ~ f e i t e d  

L L 

11iii~\-iLlt1~11~ a1ii1 ~ r c  bt~specte~l  t ~ >  be >I z ~ > t ~ r c e  o t  
o n g o ~ n c  \ ~ r u ,  proi lucr~on 111 patlclits rrceivlng 
antiretro\,iul ,iruq therapy ( 2 ) .  h1L)hls under- 
going acuti. ~ n f e c t ~ ~ ~ n  \\.ith the  dual tropic 
1so1,1tc HI\'-l;'Sk).6 a-ere liighl\- \usceptllile t,, 
tl-ansiiuctlon I>\- NL4-3-luc-R - E  particle,. 
~ . ; c u ~ I o t ~ ~ ~ e . I  ~v i t l i  CL14 A I I ~ I  CNCRLt (Fly. 2 ) .  
No t r a ~ ~ s ~ l u c r ~ ~ - i ~ i  o c c ~ l r r e ~ l  o11 ul-i~nkcteil 
l fDh1.  or k j 1 1  liarticles p ~ c u ~ l o t y p e ~ i  n-ith C D 4  
a l ~ ) ~ i e .  Thu\ .  rerro\.ir,~l 1-cctor, conrainini! 
CDLt a ~ i i l  ,in appropriate chcmnklne receptor 
otter a mean.; i i  iielix-ering grnez ilirectl\- and  
.;peciiicL~llj- t o  HI\,- :111d S I \ , - i ~ ~ f e c t e ~ i  cells, 
el-en po.tmltotii iil,~craphage>. 

111 t ~ i i i ~ l l a r v .  t l i c ~ e  stuiiiea demon.;trare 
that :  t i )  t u > ~ o n  r e s ~ ~ l t i ~ i ~  i r ~ > ~ n  ~ ~ ~ t e r a ~ t i o ~ i  of 
the  HI\' , I I ~  SILT eli17elot~e dxcorn>tein.  nlrh 

Fig. 2. Transcitlction of HI\!-infected MDMs by CD4- 
c1iemoki;ie receptor pseudoi:!ped \vectors. =eripner- 
al blood MDMs ?!ere isolated frorr a nealtny sero- 
iegatl\~e donor, ctlltured for 8 days, and then nocu- 
lated ~ i t l i  HIV-1/89 6 as descrbed 1'6:. HV-1 p24 
antgen ?.!as detectable aier 10 days, at :.!nicn tme 
c e  s :.!ere Infected v!ltti CD4-CXCR4 pseuaotypea 
:,al:ces 2nd cultured an ~ d d  t one 4 days at 37°C 
cefofe luciferase acilsii:! v;as aetermined. Vaues 
represeit a\!erages of dupcate sarrples plus SEM. 
Sr i ia r  festllts I:lere obtened :.!lien MDMs  fro^ a 
secona seronegei ve volunteer :-ere exalnnea, 

not  il~rcctionall\- ~ i e y c n i i c ~ l t ,  ( i ~ )  ~ e c t i i r s  that  
c o ~ i t a ~ n  a h ~ i c t ~ o ~ i a l  viral receptinr c ~ I n  be u\ed 
tn target HI\'- and SI \ : - i~~fcc te~l  sells, anil 
(ill) this targeting LlepenLi. 011 the  sL~eciflcity 
oi rlie envelope glycoyrotcin ,inil correlate. 
\\-~t11 t h e  ,11iiou11t of envelope glycol.mteln 
esl.rcs\cil on the  cell stuiacc. W e  h ~ ~ c  also 
iletcrmi~-icd that  t h ~ s  aliproach can he a p l ~ l i c ~ l  
to  other  r c t r o ~ i r a l  vectors to  tareet HI\'-in- 
fecteJ cells, ~ n c l u ~ i l n y  the  lentiviral-l.asc.il 
vector syztem kiescril~ed hy Kalkl~ni ankl ci)- 
n-i1rki.r.; (1 1 , 12). 111 a ~ l ~ l i t i o n  to yrovii i~ng a 
pntenticil rlie~.,lpeutic s t s a t e l -  to  taseet sescr- 
\.i)irs of H I \ ' - i ~ ~ f c i t e ~ l  cells in ~ ~ ~ t ~ c n t \ .  C D 4 -  

c ~ > ~ n p t x ~ n ~ l <  tor the  ability to inrelicre n ~ t h  
envelolie-receptor ~nteract inns.  Thi\ a1-r- 
proach \\oul\l allow iiic~-itification of com- 
pouncls that  exert t h e ~ r  i~~l l ib l to ry  c t k c t  hy 
true steric interfcrcncc as oppc)heLl to  ~niiticlng 
receptor 11-itema1irario1-i. Finally, r c ~ e r s i ~ ~ p  the  
orlcntntion of envelope-receptc,r ~ n t c r a c r i o ~ ~ s  
111a)- lia\rc appl~c;ltion\ tix ntlicr en~elnpec l  
\,iruzeh tor n-liich receptors are knoil~l-i ( 1 3 )  
an,l coulil he u\eLl 111 a general approach to  
rereell 5.r viral receptors tha t  are esprerseil 
ubiq~~itouhly o n  i l ~ a ~ l l ~ l l a l i a ~ i  cells. 
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inhibition off Ol.swasBsn of Epithelia1 Cells by 
Tiam1 --Rae Signaling 

Peter %. Hsrdijk," Jean Paul ten Klsoster, 
Rob A. van der Kammen, Frits Michiels, 

Lauran C. J .  M. Oamen, John G .  Collard-; 

Tiaml encodes an exchange factor forthe Rho-like guanosine triphosphatase Rac. Both 
Tiaml and activated RacV12 promote invasiveness of T lymphoma cells. In epithelial 
Madin-Darby canine kidney (MDCK) cells, Tiaml localized to adherens junctions. Ec- 
topic expression of Tiaml or RacV12 inhibited hepatocyte growth factor-induced scat- 
tering by increasing E-cadherin-mediated cell-cell adhesion accompanied by actin 
polymerization at cell-cell contacls. In Ras-transformed MDCK cells, expression of 
1-iaml or RacVl2 restored E-cadherin-mediated adhesion, resulting in phenotypic re- 
version and loss o-f invasiveness. These data suggest an invasion-suppressor role for 
Tiaml and Rac in epithelial cells. 

IXllo-like guano\lne t r~pl~osyl iar ,~\e> 
\GTPaae\! orchestrate il~stlnct cytoskcletal 
cl~iin?e\ ill re.;yone to receptor s t~mula t~on  
( 1 ) .  The iyudnlne n i ~ i l e ~ t l d e  csc11:inge tactor 
Tiaml actlv:ites the Rhc3-lil<e GTP, I .~  Kcis, 
ri'>illti~li' 111 reorm111:~1t1~311 of [he corrieal ac- 
tln cytoskc1eti)n in til~roblasts ;in~l iniiuctinn 
of 1111-a>i\-eness ill T l~-myhom,i cell. ( 2 ,  3).  
lnva . ;~~)n ,rnJ met,istasls ot i:lrclnnl-ii:i cell> is 

heen idcntiticL1 111 lium,in t u m ~ ~ r s  and tumor 
cell 11nei (7 .  8). 

K'e i le ter~l l~ne~l  the d~srrilxlr~on anL{ local- 
1:atlon of Tlaml In XIDCK1 cell> (9). i?il>out 
3 I<) 
-L u of TiCillll nab yreenr  111 the Trltinl 
X-lL?c'-~~isc~luhle fr,ict1i>n (1 L?! ;inil liliclr rep- 
rcwnted T i a ~ n l  ,~ssc~ciateil n.~tli the c\-ti3>l;cl- 
eton (Fig. I A ) .  Immu11ocyroche111ic~il ;inaly- 
3.. (1 1)  of m a l l  colollics of LlDC1<3 cells 
re\,ealeil that the y r ~ ~ r e ~ n  11-as concentrateil ; ~ t  
adheren> iuncr~ans (Fig. I B). X'e intrniluceil 
iilll-length and NHI-rei.m~n,~lly truncLiteLi 
\-crslons o t T i : ~ m l  (see FIS 1C)  into IclDCIC 
cells l ~ v  retroviral trancLluction (9). The  mu- 
tant T1;imI proteins, \vllich n.ere Inore st,il?le 
than k~ll-length T ~ , i m l  (3, 12), n.erc of the 
especte~l si:e anii )\-ere csyre~scil 111 equal 
;~mi.unt\ (Fig. ?'A). Imiiiunocvtoche11iic:11 
~ n a l ~ - s e \  ( i 3 )  rcvealeil that CjSC7T1aml was 

jire.;cnt 111 rlic cy-tiip1as11-i (Fii.. 1 D). Tlie 'n~ll- 
1en:rli anil the C1109T1a1nl protelni n.c.rc. 
conce~i t r~te i l  at sites of cell-cell col-itact 
where the\- 1ocali:eJ with cortlial F-act111, as 
~ 1 1 ~ 1  c ~ - i ~ l i ~ ~ e ~ ~ ( x ~ \  Ti<i~l i l  (Fig. 1 D). \!ert~cal 
(Liz) ~m~~:es hil\\-ecl tliat C1 199Tiaml lvas 
e\-enlr- Liihtr~l-utecl c7\.er the lateral ,iJe of the 
cells al-iLi n ,is abie~i t  t rc~l i  the aplcal or Iwsal 
.l,lr (Fig. ID) .  Its li1ca11:ailol-i at aL1herel-i~ 
1~1nctli11-is ~uggeste~l a role for Tlallil in regu- 
latii)~-i nt  cell-cell aJhe\ion. 

The trai-ismenll~ral-ie glycopnitein E-cail- 
hel-in (n.llere E ~lesig~-iates e1~~thelial) ,  actmg 
rliroiigl-i c;ilc~~im-~Ie~ic.ildclit liomL>tyyic ulrer- 
,ictlons, is the prime ~necliator ot  cell-cell ;lL1- 
l-ie,.iin-i in MDCK cells i l 4 ) .  Because Ti'iml 
1ocali:eii u .~t l i  E-cuL1heri1-i in cell-cell iunc- 
tir>n\ ( F y .  1E). n.c. st~l~lleci tlie effect L I ~  

Cll9i)Tialnl on cell c~i i l~ealo~i  a n ~ l  ~notillty hy 
~isiny lieyatoc\-te i.roath tcictor (HGF)- 
~ I ~ L I L I C C L I  ~ I i s s i > c i a t ~ ~ n  of c1>1~~111es (scatter~ng) 
\ 1-4. 1-5 16). h~lllCI<2 cells rspreaillg 
Cl l99Tia1nl  slio\veLi 110 <c~tteril ig in rc- 
>po~-ise to HGF, n.heri.as cells in the same 
microscop~c tiel~l that lackeil C1199T1arnl 
\?ere ,ihle to scatter (Fie. 1E). Slmllar l ~ i r  lebs 
p~oni~uncecl results n.ere i>hta~ie i l  t v ~ r l ~  
hlDCK1 cell\ that e x p r ~ \ s e ~ l  activateii 
Kac\'l?. 111 contrast, cells esp1-wing 
CiY2Tiaml slion.eJ HCF-iniiuce~i scatrerilig 
\imllar to col-itrol cells that did iiot espress 
T ~ a i n l  (see Fig. 1E). Esyressio~i c>tE-cadher~ll 
anLl Irs dsioii ,~te~l yrcltci~-is p- anil  caten en ill 
\\,a 11ot alrcreil 111 tlie C1 199T1ainl-espress- 
11ig cells. T o  ~lisiriminate ix t~~ee l - i  ~ t lmular i i~n 
01 E-catllier~~i-~lieiiiateil aLl1leslon anil ~nhihi -  
tion ot cell motility, \i-e b l~cl ied  E-caillierln 
tuncrlon ,inil ailtietl HGF to ~niluce ~lisaocia- 
r ~ o n  of ci>lnnies  nil stimu1,ite cell motility. 
hlDCI<Z cells esllressing (:I 199Tlaml were 
treated ( 13) \vltIi the ,intil,oily DECbL-A-I 
iilrecteil ag:~inst the estracellul:~r pirr of E- 
cailher111 (4. 51, lvh~ch reiulteii in HGF-in- 
Li i~cc~l  scatterlnp nnil cytoplasm~e localiz~it~on 
ot CI I99Tiaml (Flg. IF).  Thc\i. rcsulta .;lion. 
that C1199Tlaml-esl.rcssi11g IclDCK2 cells 
are refractory to HGF hccau\e o i  incre,i>rii 
E - c ~ I ~ ~ L I ~ ~ ~ I I - M ~ L ~ L ~ ~ ~ L I  ;iilheii~>n rather th:in 
r c ~ i i ~ c c ~ i  mi>t~llty. 

R,rs-transtl)rmeJ MDCK cells (MDCItf3) 
(5) ;lispl,~y a iil~rol~last-li1;e phenorylle, do 
IILV qrow in colonies, ancl ;ire 111glilv in\:;islve 
as a result o t  I-eiiuceii E-cailherin-meil~ated 
cell-cell clillies~un (4, 5). W e  uenerated 
hlDCKf.3 cell 11nes (9 )  esprewny the varl- 
uus Tl,lml construct.: and ,icti\.ared R a c V l l  
(Fig. 2A). Translent or stable espres\ion o t  
C1199Tlaml or KacVI ? i n Juce~ l  re\~er.;loli 
ot tlie t~brc>hla,,t k ~ l i e ~ ~ o t y k > e  tolvar~l the e p -  
thellal plie~iot)-pe and restoreii cell-cell ail- 
lieiic~n (Fig. 3B). Cyra1~la\mic C5Sc?Ti:iml 
diil not reverr the R;is plicnorvpe aliil rlie 
ettccc of Il,icVlL \va> less pronouncc~l tliali 
rli,lt ot C1199Tlaml (Fig. 3B). R e \ ~ e r > ~ o n  o t  
the R:IS plienotyLie I>y C1199Tiaml \v;ii nor 




