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Role of (5-Chemokines in 
Suppressing HIV Replication 

Fiorenza Cocchi et al. (I) found that three 
different P-chemokines (RANTES, MIP-
l a , and MIP-1 (3) produced by C D 8 + T 
lymphocytes suppress human immunodefi­
ciency virus (HIV) replication in peripheral 
blood mononuclear cells (PBMC). More­
over, neutralizing antibodies to all three 
chemokines eliminate the activity against 
HIV detected in C D 8 + cell supernatants 
( ] ) . They conclude that these chemokines 
are responsible for the C D 8 + cell ant i -HIV 

Fig. 1 . RANTES, MIP-1 a, and MIP-1 p in C D 8 + 

cell culture fluids that were positive (hatched bars) 
or negative (open bars) for CAF antiviral activity. 
Chemokine concentrations in randomly selected 
C D 8 + cell culture fluids were measured by ELISA 
(Quantikine kits, R&D Systems, Minneapolis, Min­
nesota) in duplicate according to the manufactur­
er's instructions. CAF activity of each fluid was 
previously determined as described {4, 6, 7). Data 
shown are representative of nine CAF-positive and 
-negative fluids. Fluids were collected on days 7 
through 12 from cultured CD8 + cells from asymp­
tomatic HIV-1-infected individuals. This time peri­
od is optimal for CAF production in vitro (4). 

activity described in out studies ( 2 - 4 ) . 
During out attempts to identify C D 8 + 

cell antiviral factors (CAFs) that could me­
diate C D 8 + cell ant i -HIV activity, several 
cytokines—including the interferons a and 
0, the chemokine IL-8, TGF-0 , T N F - a , 
and the (3-chemokines reported by Cocchi 
et al.—were identified as having antiviral 
activity (3-5) (see below). None of these 
cytokines, however, has been present in 
consistent or sufficient amounts to be CAF. 
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Fig. 2. Effect of recom­
binant chemokines on 
HIV-1 replication in 
C D 4 + cells. (A) CD4 + 

cells acutely infected 
with HIV-1 SF2 (4). (B 
through D) Primary iso­
lates of HIV-1 obtained 
from asymptomatic long-
term survivors (B) SV, 
'(C) NB, or (D) EM were 
cultured in triplicate in 
the presence of a mix­
ture of the recombinant 
human chemokines 
RANTES, MIP-1 a, and 
MIP-1 (5 (R&D Systems). 
The concentrations of 
the chemokines tested 
were 500 ng/ml (•), 50 
ng/ml (A), 5 ng/ml ( • ) , 
and no chemokine 
added (•) . The cultures 
were passed every 2 
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days and replenished with fresh chemokines at each passage. Reverse transcriptase (RT) activity 
was measured in culture fluids from the indicated t ime-points as described (4). 

In addition, neutralizing antibodies to these 
cytokines have not affected the extent of 
the ant i-HIV activity that we have detected 
in C D 8 + cell culture fluids (3-5). 

In our evaluation o{ the P-chemokines, we 
found that the concentrations of RANTES, 
MlP- l a , and MIP- ip in C D 8 + cell superna­
tants [as measured by enzyme-linked immu­
nosorbent assay (ELISA)] did not correlate 
with the anti-HIV activity detected in our 
assays (Fig. 1). Culture fluids with high anti-
HIV activity (6) had concentrations of these 
chemokines from 0.1 to 4 ng/ml, and culture 
fluids lacking antiviral activity showed sim­
ilar concentrat ions. Moreover, none of 
these three chemokines, even when used 
together, inhibited H I V - 1 S F 2 replication in 
purified C D 4 + cells at the concentrat ions 
found in supernatants of C D 8 + cells nor at 
the concentrat ions reported by Cocchi et al. 
(I) (Fig. 2A) . This virus is one used in our 
measurement of C A F antiviral activity (3 , 
4, 6, 7). 

W h e n these chemokines were used with 
a variety of freshly isolated viruses, different 
sensitivities were noted (see examples, Fig. 
2, B to D). Some were highly sensitive to 
the chemokines (for example, SV), some 
were resistant, and others showed an inter­
mediate pattern. Cell antiviral factors show 
antiviral activity against all these viruses. 
As expected, a mixture of neutralizing an­
tibodies to the three (3-chemokines, at 
quantities similar to those cited (1), did not 
block the antiviral activity of C D 8 + cell 
supernatants against acute H I V - 1 S F 2 repli-

Table 1. Effect of neutralizing antibodies to p-che-
mokine on the ability of CAF-containing fluids to 
suppress HIV-1 replication in CD4 + lymphocytes. 
A 50% dilution of CAF-containing culture fluid, or 
the medium control fluid, was left untreated or pre-
treated with control antibodies (Ab) or a mixture of 
antibodies specific for the |3-chemokines for 40 min 
at room temperature before addition to HIV-1 SF2-
infected CD4 + lymphocytes. Control antibody was 
nonspecific goat polyclonal (R&D Systems); anti-
chemokine antibody mix consisted of goat poly­
clonal neutralizing antibodies specific to the human 
chemokines, RANTES (100 |xg/ml), MIP-1 a (50 
ixg/ml), and MIP-1 p (100 |xg/ml) (R&D Systems). 
Reverse transcriptase (RT) activity shown indicates 
the average peak of HIV-1 SF2 replication (at day 10) 
in triplicate cultures. Fluids contained |3-chemokine 
levels similar to those shown in Fig. 1. Culture fluids 
receiving the antibodies to chemokine showed a 
complete elimination of the chemokines as detect­
ed by ELISA (5). 

Antibody 
treatment 

RT activity 
(x1000cpm/ml) 

CAF-containing Control 
fluid fluid 

Untreated 1952 942 
Control Ab 1740 923 
Chemokine-Ab mix 1881 903 
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Table 2. Effect of neutral~zing antibod~es to  
P-chernoknes on CAF-medated suppression of 
a P-chemokine-sensit~ve HlV-1 isolate. As de- 
scribed n Table 1,  a 50% dilution of tiwo CAF- 
containing culture fluids was pretreated with c o ~ i -  
t r o  antibody or  w ~ t h  a mx tu re  of neutralizng a~ i t i -  
b o d e s  to  RANTES. MIP-1 a ,  and MIP-1 P before 
addition to  H V - 1  ,,-~nfected C D 4  cells. The ef- 
fect of these treatments o n  the percentage of sup- 
pression of H V  replication by the CAF-containing 
mediurn relatve to  control niedum-treated cells s 
presented. Virus replicaton n the control culture 
recevng  rio CAF was about 150 000  c p m  of RT 
a c t v ~ t y  per m i l i i e r  of culture f u d  The ct iemokne 
levels n CAF fluid 1 \\:ere 689. 132. and 520 pg;ml 
for RANTES, M P - 1  a, and M P - I  P. respect~\~ely 
For CAF f u d  2 ,  w e  selected a C D 8  cell cu i c~ re  
supernatant w ~ t h  h ~ g h  che~nokine levels, w h ~ c h  
were 11.1 61 14  51 9 and 1 1,150 pg; ~nl for RAN- 
TES. M P - l n  and M P - 1  P, respectvey F u d s  re- 
ce iv~ng the anti-ctie~nok~ne an t~bod~es  showed 
complete elimination of the chemoknes as tnea- 
sured by E L S A  

Sc.ppresson of H V  

An ibody  
product~on (%:I 

CAF 1 CAF 2 

- - 
N e u i r a z ~ n g  Ab 33 72 
Control 46  9 6  

cation in pur1i-leLi CD4+ cells (Tahle l ) ,  
anii HI\'-15F;, replicat~on 111 the Jurkat 
cell-cler~vat~\-e 1C5  cell line (5 ) .  In  the 
latter case, the suppressi\-e effects of C X F  
on HIV-~ni luce~l  lon: ter~l l i~ia l  repe,lt 
(LTR) driven transcr~ption o t  luciterase (7) 
were a1.o e~ .a lua te~ i  in tlie yreqence ot the 
a ~ i t i b o ~ i v  mixture (8). C.4F-conta~n~ng flu- 
~ d s  i~lllillited luc~i-erase p r ~ ~ l u c t ~ o n  lip 84'0, 
anil the  ne~1tra11:ing antil~oLiieb to the che- 
m ~ ~ k i n e s  s h o ~ v e ~ i  no effect o n  thi5 antiviral 
eftect of the CXF-contain~ng f uid (Sl0n 
auppresslon) (5) .  Tlie chemok~nes  shi~n.eil 
no ettect 011 the LTR-driven p r o i i ~ ~ c t ~ o n  of 
1~1c~i;r;jse ( 5 ) .  \Y7e have alho f<>unLl that 
C A F  I~locks p l ~ o r l u l  17-myristate 13-ace- 
rate (PL'lA) ac t iva t i i )~~  c ~ f  HIV-LTR tran- 
qcription 111 the  1G5 line (5);  the che~i io-  
k111es chon. no effect in t l l~.  system (5). 

R7e  e\.aluateil a cliemokine-senhiti= 
HI\! ~.;olate is\') I.\- the ne~~trali ;atlon aj- 
say. 7111s virus \vas s~~ppressed 1.y CXF- 
co~ l t a i~ l inp  t lu~i l ,  even in the presence ot 
tlie mixture of neutl.aliring an t~h id les  ti) 
the three che~l ioki~ies  (Table 1). T h e  par- 
tial e l ~ ~ l l i ~ i a t i o ~ l  o t  suppressing activity ,111- 
ser\.eii n.it11 treatlllelit of C.4F 2 n ~ t h  the 
;~ntit.ocl~es hugge,ts that the high concentra- 
tions o t  p-cllemok~nes present in t l l ~ s  C X F  
fluiLl (Tahle 2) co~i ld  be c o n t r ~ h u t ~ n g  to the 
a n t ~ r ~ r , ~ l  ,jctivity nleaaureii. 

In summary, ;i,me P-chemok~nes e x h ~ b i t  
anti-HI\' actlvlty 111 vitro a:a~nst certain 

isolate.. Honever,  as ol-serl-eil n-1t11 
~nterferons, IL-S, TGFP,  and T N F a ,  these 
cytokines are not p r l~nar~ ly  respons~ble tor 

the no~lc\;totoxic ,111tiY.iral activity \ye oh- 
served \\zit11 C D 8 +  cells (3 ) .  Proii~~ctioll  of 
CAF is llighest in  symptomatic illdiviii~lals 
ancl iiecre,jses nit11 p r o g r e s s ~ o ~ ~  to iiise,~se 
(3 ) .  RANTES,  M I P - l a ,  anil MIP-1P are 
not p r e s e ~ ~ t  in higher c o ~ ~ c e ~ ~ t r a t i o n s  in 
C D S  cell c ~ ~ l t ~ ~ r e  fluids from HIV-infectecl 
i ~ ~ d i v i d ~ ~ a l a  \vho ,Ire long-term survi\.ors as 
comlxuecl \\-it11 t l ~ i ~ s e  fluii l~ trom iniiiviil~lals 
in \vhom the dise,~se is progressin: (5) .  TheT- 
do not ,lio\r- the I~ri,aii antiv~ral ;~cti\-ity of 
CXF. hloreover, the\- do n ~ l t  .~pk-'ear to >LIP- 

press HI\/ tr,~n.cr~ytion, as do CXF anii 
C L J S  cells n h e n  the\- are aiiiiecl ti7 lnkcteii 
CD4+ cell> (7). Neverthelejs, recent ol-ser- 
v<~t~ i ins  about the P-chemi,kines (9) further 
support the v'llue of > t u i i ~ ~ n g  natural 1111- 

mune i;~cti)r\ , ~ s i ~ n r t  HIV i n k c t ~ o n .  
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Response: L'lackewicr el ctl. co~~tel-icl that the 
C-C chemokine.; RXNTES, MIP- la ,  anti 
MIP-1p tli,~t we 11aI.e recently ldent~tied ,la 
majix components of the HI\/-suppressive 
solul3le acti\.ity releaseil hy I3oth primary anil 
~mmartalireil CDS T cells ( I )  are  not the 
scl-calleil "C.4Fn they have invest~gated in 
the course o t  the 1,lst 10 year. (2) .  R ' ~ t h ~ n  6 
ti> K montli> of the publicaticn~ o t  our report 
( I  ) ,  a larqe 1-oJy ot  e\.iclence has accumulat- 
ed that contir~us tlie relev,jnce of cl~emil- 
kines to the pliy.iL>logy of HIV intection. 
InLleeil, a serle. L>f n e ~ v ,  f~~ni lamental  advanc- 
es in our uniler\t,jnd~n@ of HIV i ~ l t e c t ~ o n  haa 
illrectl\- ste~ii~lled from tlie in~t ia l  con~ lec t io~ l  
llet\~-een HIV ,111il c l i e m i ~ k ~ n e  (3) .  

It is e n c ~ ~ u r a g ~ n g  that Macke~v~c:  et ctl. 
non. ackno\vleLlge that RXYTES. L'lIP-la. 
and MIP- 1 P call totally supprebs HIV infec- 
t i m  ?\-en at closes as lo\v a h  9.095 kg/1111 
(tlgure IB o t  the comment),  in contradic- 
~ I O I I  ~v1th their recent statelllent tliat "only 
at 111g11 le\.elr (0.5 to 1.0 kg ~ u l - I ) "  ilo t l i e e  
cliemok1ne5 ".lii~~v some anti-HI\/ actlvltv" 
(4) .  Sollie of the other experiments ile- 
qcr~bed by L,lacke\\-ic: zt 1x1. ( i ~ ~ u r e  ? A  anii 
t,~hle 1)  n.ere perfornied n ~ t h  T cell line 
tropic viruses (HIV-1,F2 a11J HI\/- l q F ,  
\\-111c11 we have prev~oucly s h o ~ v n  ti) he In- 
sen.iti\-e to RXSTES,  M I P - l a ,  anii hlIP- 
l p  ( I ) .  This lack o t  sensit~vity is cleter- 
m ~ n e d  hy cr~t ical  chanqea 111 the V3 clomain 
of the qp120 envelope g1ycopri)tein ( 5 ) .  
T h e  lo~v-level "CXF" act iv~tv detected 
against tllese isolate.-that i., only ahout 
50'0 R T  .uppre<slon (rahle 1 o t  the co111- 
merit)-must tllerefore result from factors 
otlier t l i ,~n such chemokines. These "other 
factor<" niav include some of the kniilvn 
HI\!-iuppressive cytL7kines prod~lceil hy 
CDS T cells [the role of 11lost ot these 
tactors was not riilorouslv escluLled with the 
acute ~ n t e c t ~ o n  test, w h ~ c h  1s Fertor~neii 
\ n t h  T cell line tropic strains, but o111y \vlth 
the endoSeniius trans-well test (6), n-li~cli  is 
co~i1~ilo1lly peri;~rmeil \v~t l i  YSI  strains] and 
the C-X-C c l i e m o l ~ n e  SLIF-1 ( the  nen.ly 
identified CXCR4-llgand). Ye\.ertheless, it 
cannot 1.e excluLleLi that i>tlier, ht~ll un~clen- 
t~iieil  tactor5 (prol~allly cytokines) ~ l i ~ g l l t  
also play a role, p . j r t~c~~lar ly  in a nonapecif~c 
manner-for example, hy ,~lterinq T cell 
ac t ivar~on or metabolism. \Y71t11 regaril to 
results n ~ t h  ;I "~-cl~emokine-se~~si t i \ .e"  
HI\!-1 isolate itable 2 of the comment).  , , 

111an~- other lal-L3rator~es 11a1.e already con- 



i~rmei l  that RXTTES,  hlIP- l a .  anLl IZIIP- 
l p  are m,ljor ci)mp~>nents of the HI\'-SLIP- 
preslve ac t i l -~ty  ai:;~in.t primar\- H I V  anL] 
SIV laolates, \r.llich ,Ire those comnlonly 
assayxi in the claas~cal teqt of 171ral sllppre,- 
'ion, the eniiogeni>us teqt. Of nc)tc, the 
CAF-1 tl~ilii, 11-hich aho~\-ed i)nly a m o J e t  
~ u ~ p r e h s i v e  , ~ c t i ~ . ~ t \ -  ( l e v  than 59'0), had 
the 1owe.t content o t  RXNTES,  h l I P - l a ,  
ancl L'lIP-1B. hlacke\r.~c: i.t (ti. also finil lo\\- 
level.; of c l ~ e m o k ~ n e  proLiuct1on I'y F~~rl f ie i l  
CL>S+ T cells ( f~qure  1 of tlle c i ~ ~ u m e n t ) .  
Although tlle experi~ileiltal 5)-stems are Jlt- 
ticlilt ti> compare in the ,~l.sence of suffl- 
clent teclln~c,ll details, tllese reaults are 11i)t 
consi.tent \\.it11 thoae reFi)rteJ hy us ( 1 ) and 
L)tl~ers ( 3 .  7). 

T h e  "CXF" theor\- IS fi7unLieil on tlvii 
major poitul,ltes that,  ~ i n t l l  the  pos~tl\-e 
~clent i t ica t~on of the klctor. calllliit 1.e sub- 
jected to a rigorixis s c l e ~ l t ~ f ~ c  scrutiny: tirst, 
that  the HI\!-s~ippresslve , ~ c t ~ v ~ t y  proLluceii 
hy CL>S+ T cell. results tiom ,I s~no le  factor: 
ieconil, that  all the illtterent test. useLi to 
stuily "C.\F" (eni lo~enoua,  acute ~nfect lon,  
anii tran;crlyt~on,~l) nleasurc the ac t iv~ty  ~t 
the same s~ippressl\-e tactor. T h e  eviiience 
thus far acc~imulate~l  seems ti) contraiiict 
both ~ ) f  these a s s~ impt i~~ns .  

R7 i th  regarLl to the  first pi)stul,lte, CL>Sp 
T cells proii~ice a complex ci7ckta1l of tac- 
ti)rz, s~71lle i) t  \I-hlch 11~1ve a n-ell-iioc~iment- 

eil HI\'-suppres.ive activity. For ex,~mple,  
the  HIV-\uppress~ve eftect c o ~ ~ l c l  1-e abro- 
qatecl in i)ur .ystem only \r.hen a combina- 
tion i ~ t  ant ib~>i i~es  against all the ii~iii-rent 
suppressive tactor. present in the cocktall 
Ir.;la uhe~l ( 1 ) .  Thus ,  previous results 01-- 
taineil w ~ t h  the L1.e of ,I .inele cytokine- 
neutr,~lirlnq antit\oily at tlllle ( 6 )  slhoulcl 
he c r ~ t ~ c a l l y  reevaluntzci. 

W i t h  regaril to the aeconJ pi~,tulate. ~t Ir 
~ n c r e a s ~ n ~ l y  e1,iJent that i i~ffere~l t  aswy sys- 
telils measure iiiffere~lt quppreqslve hc tc~r s  
(or clifferent sets of sllppres>l\-e t ictors);  an  
example 1s the >elect~\.it)- i)t cllemokines 
a:,llnst d~f terent  l ~ ~ o l o g i c , ~ l  \uhtypes i)t  HIV 
(R.\NTES, h l I P - l a ,  and M I P - l p  fL)r NSI 
iwlate,; SDF-1 tor SI isolates). T h e  collcept 
o t  tivo eas~ly ilizting~~ishahle zuppresaive ac- 
ti\-ities \ \a \  ~ r n p l l c ~ t  111 previous re<ults 017- 
taillei1 1.y Le1.y anL{ his colleagues, \\.llii 
L)h;erveil that CL>S+ 7 celli derl\-ell fri)m 
he ,~l thy seroneg,~tive ~ndiv~ilual.;, unlike 
t l h ~ ~ e  from HIV-.ercipo;lt~ve patients, SLILT- 
press i)nl\- in the e n ~ l ~ ~ e n o u s  test (mL>stly 
Ysl v~ru.;e\), hut ni)t in the acute ~nfect ion 
test (SI \-iruses) (8). T h e  I~est  cxplanatii>n 
fi)r these finillngs is that CDS T cells from 
~ in~n tec te i i  people re1ea.e a more 11mite~l 
ci)mplenient of HI\'-suppressl\.e factors. 
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