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Resistance to Leishmania major in Mice 

1 he genetic determination of resistance 
to Leishmania major in mice is a topic of 
interest to many immunologists attempt
ing to link the immunological mechanism 
with the responsible genes. In this respect, 
this experimental system is one of the 
paradigms for genetics of disease suscepti
bility. Mehmet L. Giiler et al. (1) ques
tion the hypothesis that production of in-
terleukin-4 (IL-4) with subsequent gener
ation of a T helper cell type 2 (TH2) 
response is the cause of susceptibility of 
BALB/c mice to L. major infection. Their 
data show that the susceptible BALB/c 
mice, but not the resistant B10.D2 mice, 
exhibit a diminished induction of interfer
on 7 (IFN-7) by IL-12 treatment, indicat
ing a deficient TH1 response, whereas the 
IL-4 response is the same in both strains. 
This deficit in the TH1 response in 
BALB/c mice is linked to a region of chro
mosome 11 comprising IL-4, IRF-1, and sev
eral other immunologically relevant loci. 
Giiler et al. propose that their findings are 
relevant for the host response to L. major 
infection because of the linkage between this 
chromosomal region and susceptibility to L. 
major suggested by Roberts et al. (2). They 
propose, therefore, that the resistance to L. 
major is based on maintenance of the IL-12 
pathway and not on differential regulation of 
IL-4 production. 

The genetic data argue against this simple 
model. We analyzed the genetic differences 
in T cell activation and resistance to L. 
major between the susceptible strain BALB/ 
cHeA and the resistant strain STS/A, using 
the series of 20 homozygous CcS/Dem re
combinant congenic (RC) strains. Each of 
the CcS/Dem strains carries a different ran
dom set of approximately 12.5% of the 
genes of the STS/A strain on the genetic 
background of the BALB/cHeA strain. 
Consequently, the individual loci involved 
in control of a multigenic trait were sepa
rated into different CcS/Dem strains, where 
they could be studied one by one (3). Our 
testing of susceptibility to L. major in the 20 
CcS/Dem strains indicates that it is multi-
genically controlled (4). Moreover, the 
most resistant RC strain, CcS-5, received 
the whole central and telomeric part of 
chromosome 11 (including the IL-4 locus 
and the other linked immunologically rele
vant loci) from the susceptible parent 
BALB/c (5), indicating that this region 
cannot be the major factor determining sus
ceptibility of BALB/c mice. 

Even in the case that this region of 
chromosome 11 has some effect on L. major 
susceptibility, it has by no means been prov

en that this effect is based on the IL-12 
response. We found that the quantitative 
differences in proliferative T cell response 
to TCR-mediated activation is also closely 
linked to this region (6). This indicates that 
responsiveness to a variety of cytokines 
driving T cell proliferation (including IL-2, 
which we have tested separately) is con
trolled by this genetic region. Therefore, 
Giiler et al cannot pinpoint the control of 
susceptibility to L. major to IL-12 respon
siveness only, because other cytokines and 
receptors may be involved as well. Thus, 
the claim that the genetic deficit of TH1 
response is the major cause of susceptibility 
to L. major cannot be maintained on the 
basis of the currently available data. Taking 
into consideration that the susceptibility of 
BALB/c mice is determined by several 
genes, it is unlikely that the reported differ
ence is based on a single step of the immune 
response. 
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Response: We agree with the comments of 
Demont et al Resistance to L. major is likely 
a polygenic phenomenon and may be 
achieved through different mechanisms in 
different strains of mice. For example, resis
tance shown by B10.D2 mice may be qual
itatively different from that of C3H mice 
(I, 2). Both strains are "resistant," but re
sistance by B10.D2 is not associated with 

early IL-12 production and is independent 
of NK cell participation (1). In contrast, 
resistance by C3H is associated with early 
IL-12 production and strongly relies on the 
NK responses (2, 3). Thus, the different 
modes of resistance exhibited by various 
strains may rely in part on multiple genetic 
loci. 

We analyzed TH1 and TH2 development 
in vitro for B10.D2 and BALB/c (4) and 
found a single locus controlling this differ
ence on mouse chromosome 11 (5). This 
locus controls TH1 development for T cells 
activated in vitro without adjuvants. 

Demont et al. analyzed different strains 
(STS/A and BALB/c) and found that 
resistance in STS/A was not dependent on 
the same region of chromosome 11 that 
controls TH1 and TH2 development in 
B10.D2 mice. Their finding is consistent 
with multiple components of resistance and 
with different strains using separate mech
anisms to control L. major infection. We 
found that L. major "resistant" DBA/J mice 
showed an in vitro phenotype similar to 
BALB/c (TH2); thus, the mechanism of re
sistance to this pathogen in DBA/J and 
C57B1/6 may not be identical (6). Similar
ly, B10.D2 and STS/A may achieve resis
tance through nonidentical mechanisms. 

P. Scott recently found a difference in 
the mechanism of resistance for C57B1/6 
and DBA/J (7). C57BL/6 mice were able to 
overcome L. major infection even after ini
tial in vivo neutralization of IL-12, whereas 
DBA were not. This observation suggests 
that the increased maintenance of IL-12 
responsiveness we found in B10.D2 mice 
could provide an extra layer of protection in 
that strain, which if absent (as in DBA/J), 
could lead to greater dependence on early 
IL-12 synthesis. 

In this way, this locus acts as a disease 
modifier. The same region of chromosome 
11 was recently found to be a modifier in 
another T H 1 - and TH2-dependent disease, 
experimental allergic encephalomyelitis 
(EAE) (8), controlling its severity, but not 
its initiation. We have proposed that this 
locus is a modifier of immune response 
(TH1 and TH2), and could contribute to 
the robust L. major resistance of C57BL/6 
and B10.D2 strains, and also to the expres
sion or severity of several diseases involv
ing TH1 and TH2 type responses, such as 
atopy and autoimmunity. We do not how
ever, as some may have interpreted, sug
gest that this is the only locus involved in 
L. major susceptibility or in other diseases. 
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Role of P-Chemokines in 
Suppressing HIV Replication 

Fioren:<i Cc)cclli e t  al. ( I  ) tciund that three 
~iifterent p-chemokines (RANTES, L1IP- 
l a ,  and hlIP-1P) prod~lced by CD8+ T 
Iymyllocytes suppress lhuman i ~ n m ~ ~ n o d e f i -  
ciency virus (HI\;) replication in peripheral 
hloo~i mononuclear cells (PBhlC). ?\,lore- 
over, l~eutral iz i~~g alltihodies to all three 
chemokines eliminate the activity aeainst 
HI\' Jetecteil in CD8+ cell supernatants 
( I  ). They col~clude that these chemokines 
,Ire respcnlsible for the CD8+ cell anti-HI\' 

activity iiescrihed in out st~liiies (2-4). 
During out attenlpts to iclentity CD8+ 

cell antiviral factors (CAFs) that coulil me- 
diate CD8+ cell anti-HIV acti~.ity, several 
cytokines-inclucli~lg the interferolns a and 
p, the chemokine IL-8, TGF-P, TNF-a,  
and the p-chemokines reported hy Cocchi 
t.t al.-ilere iiiel~tificii as having antiviral 
activity (3-5) (see l~eloiv). None of these 
cytokines, hoivever, has been present in 
co~~sis tent  or sufficient a m ~ i ~ ~ n t s  to he CAF. 

Fig. 1. RANTES, MIP-lu, and MIP-lp n CD8 
cell culture fluds that were posltlve [hatched bars) = 
or negatlve (open bars) for CAF antlvlral actlvlty. 
Chernoklne concentrations In randomly selected 
CD8 cell culture fluids were measured by ELISA 
(Quantlklne klts. R&D Systems. Mnneapolls. Min- 
nesota) In duplicate according to the manufactur- 
er's instructions. CAF actlvlty of each fluid was 
prevlousy determined as described (4, 6. 7). Data 
shown are representatve of nlne CAF-postve and 
negatlve fluids. Fluids were collected on days 7 
through 12 from cultured CD8 cells from asymp- 
tomatlc HIV-1-lnfected indvduas. Ths tme peri- 
od 1s optma for CAF production in vtro (4). 

tciuncl that the conce~~tratklns of RANTES, 
hlIP-la, and LlIP-1P in CD8+ cell superna- 
tants [as measured hy elnzyme-linked immu- 
nosorhent assay (ELISA)] did not correlate 
with the anti-HIV activity iletected in our 
assays (Fig. 1). C ~ ~ l t u r e  fluids ivith higl~ anti- 
HIV activity (5) had concentrations of these 
chemokines from 9.1 to 4 ng/ml, and culture 
iluids lacki~ng alntiviral activity sho~veci sim- 
ilar c o n c e ~ ~ t r a t i o ~ ~ s .  hloreover, none of 

Fig. 2. Effect of recom- 1000 . 

these three chemokines, eve11 \vhen useci 
togetl~er, i1111iI:ited HIV-lSF2 replication in 
purified CLl4+ cells at t l ~ e  concentratiol~s 
f o ~ ~ n d  in s~~perna ta l~ t s  of C L l 8  cells lnor ,1t 
tlhe concentrations reported hy Cocchi ~ . t  al. 
( 1 )  ( F I ~ .  2A). This virus is one used in our 
meas~~rement ot CAF a l~ t iv~ra l  activity (3 ,  
4 .  6 .  7). 

b~nant chemok~nes on = 

\Vhen tl~ese clhemokines were used n~ith 
a variety of freshly isolated \,iruses, different 
sensiti\,~ties were noted (see esamples, Fig. 
7,  B to D).  Solue \Yere highly sensitive to 
the cllemoki~~es (for example, SV), some 

A B 

nere resistant, and others showed an inter- 
mediate pattern. Cell ant~\,iral factors show 
anti\,iral activity aeail~st all these vir~lses. 

HV-1 replicaton in E 800 . 
CD4+ cells. [A) CD4- 
cells acutely lnfected 600 
\ ~ t h  HIV-1 ,,, (4). (6 I 

1- 

through D) Primal?]  so- 5 400 
lates of H V - 1  obtaned .g i 
from asymptomztlc ong- 2 
terrn su~~ivors (B) SV. g 200 

!C) NB. or (D) EM were 
cultured n trlpllcate ~n 4 6 8 10 12 14 ' 0  2 4 6 8 10 1 2 1 4  
the presence of a mix- 

ture of the recombnant F 1 5 0 .  
human chemoknes 
RANTES NIP-la, and 120 - 

30 
and no chemoklne 
added!.). Thecultures a l2 l4 0 2 4  6 8 1 0 1 2 1 4  
were passed every 2 Time (days) Time (days) 
days and replenshed wlth fresh chemoklnes at each passage. Reverse transcriptase (RT) actvity 
was measured In culture fluds from the lndcated time-ponts as  described (4). 

, < 

As expected, a m i x t ~ ~ r e  of neutraliring ~111- 

tihoclies to the t l~ree p-c l~cmoki~~es ,  at 
q~~ant i t i es  silnilar to those c ~ t e d  ( I  ), iliii not 
block the a ~ ~ t ~ \ , i r a l  activity of CD8- cell 
s~lpematalnts against acute HIV-I,,, rey11- 

Table 1. Effect of neutralizing antbodles to p-che- 
rnokne on the ability of CAF-containing fluids to 
suppress HIV-1 replication in CD4 lymphocytes. 
A 5090 duton of CAF-containing culture fluid, or 
the mediurn control fluid iwas left untreated or pre- 
treated in~ith control antibodes (Ab) or a mixture of 
antibodles specifc for the p-chemokines for 40 rnin 
at rooln temperature before addition to HIV-l,,-Z- 
Infected CD4+ lymphocytes. Control antbody iwas 
nonspecif~c goat polyclona ( R 8 D  Systems); anti- 
chelnokine antibody mix consisted of goat poy- 
clonal neutralizng antibodles specfic to the human 
chemok~nes, RANTES (1 00 lsg/ml), MlP-1 cr (50 
pg/mI), and MIP-I p 1100 yg/mI) ( R 8 D  Systems). 
Reverse transcriptase [RT) actvty shown indicates 
the average peak of H V - 1  ,,, replcaton (at day 10) 
In trplcate cultures. Fuds contaned p-chernok~ne 
levels similar to those shoiwn in Fig. 1. Culture fluids 
recelvng the antbodles to chemoklne showed a 
cornplete elmlnaton of the chemoknes as detect- 
ed by ELISA (5). 

Antlbody 
fx 1000 cpm/m) 

treatment CAF-contalnng Control 

Untreated 1952 942 
Control Ab 1740 923 
Chemokne-Ab mlx 1881 903 
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