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Abstract

HIV-1 pathogenesis in children as well as in adults is closely associated with
changes in co-receptor use of isolated viruses. The ability to use the CXCR4
receptor appears to be a marker of increased virulence, even if the mechanism(s)
leading to an accelerated immunodeficiency awaits understanding. Multi-tropism,
in the sense that the virus can use several receptors, is not a sign of increased
virulence per se, since HIV-2 using many receptors, and presumably entering
many different cell types, is less pathogenic than HIV-1. The SIV model is useful in
studies of the very early events of virus infection and suggests that the
availability of target cells may determine the pattern of co-receptor use.
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Definition of biological phenotype

The original observation of differential replica-
tion kinetics and cytopathicity of primary human
immunodeficiency virus type 1 (HIV-1) isolates in
peripheral blood mononuclear cells (PBMC) dates
back to the mid-1980s, when two distinct pheno-
types were observed'. One type of virus was easy
to isolate from patient's PBMC, since the virus
grew fast and culture supernatants yielded high
reverse transcriptase activity (RT) within—a few
days. Such cultures showed extensive syncytia
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tient groups distinguished by the severity of HIV-1
infection. Slow/low viruses were isolated from pa-
tients with no or mild symptoms, while rapid/high
viruses were obtained from patients showing signs
of severe immunodeficiency. This suggested that
we might be looking at an important determinant of
HIV-1 pathogenesis.

Further work from our laboratory and by others
confirmed the original observation®4. Tersmette, et
al. called the two types of viruses syncytium induc-
ing and non-syncytium inducing, Sl and NSI, re-
spectively. Cheng-Mayer, et al. showed that change
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lines of T-lymphoid or monocytoid origin'™#/.
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Rapid/high or Sl viruses replicated in cell lines,
while slow/low or NSI viruses did not. This led Koot,
et al. to suggest the use of the MT-2 cell line for
rapid and efficient screening of HIV-1 phenotype?®.

The riddle of these phenotypic differences was
solved with the discovery that HIV-1 entry into cells
requires consecutive binding of the virus envelope
to at least two distinct cell surface structures. The
CD4 molecule was known for over 10 years to func-
tion as —what we believed- the receptor of HIV-1
(HIV-2 and SIV as well) for cell entry®°. However,
the CD4 molecule promoted HIV-1 entry into human
cells only, since hamster, mink or mouse cells carry-
ing human CD4 could not be infected'™'3. Berger,
et al. were the first ones to isolate an additional cell
surface structure that allowed entry of T-cell line
adapted HIV-1 strains™. This original discovery was
soon followed by the isolation of another structure
that functioned as co-receptor for many of the HIV-1
primary isolates earlier named as slow/low or
NSI''6, These cell surface structures were identi-
fied as chemokine receptors known to belong to the
family of 7-transmembrane G-protein coupled re-
ceptors (for a recent review see'’). The two major
co-receptors for HIV-1 fall into two groups of chemo-
kine receptors, named after the primary structure of
the chemokine(s) bound, CC and CXC, respectively.
CCR5 is the major (and in many cases the only) co-
receptor used by primary HIV-1 isolates with
slow/low or NSI phenotype, whereas the ability to
use CXCR4 enables rapid/high or Sl viruses to enter
established cell lines'. This allowed us to adapt a
simple and straightforward nomenclature for HIV-1
phenotypic differences’®. Viruses using CCR5 only
are called R5 and viruses using CXCR4 only are
called X4. Dual- or multitropic viruses are able to
use two or more receptors, and are denoted ac-
cording to the pattern of receptor use, for example
R5X4 or R3R5X4, respectively.

The phenotypic differences between HIV-1 iso-
lates observed in PBMC cultures can be explained
by the expression pattern of these receptors in
vitro®®. CXCR4 is expressed on a majority of T-lym-
phocytes soon after culture allowing rapid replica-
tion and syncytium induction by viruses using this
receptor. CCR5 expression is delayed and present
on _a minority.of T-lymphocytes.at any.time during
culture. Consequently, HIV-1 isolates using this re-
ceptor replicate slovvly to Iow Ievels and sh W very
little, if any, syncytrumf |S
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infected individuals tightly coupled with disease
progression.

Indicator cell lines for testing co-receptor
use of primary HIV-1 isolates

Two human cell lines, a malignant glioma, U87,
and an osteosarcoma, HOS, were engineered to ex-
press CD4 and one of the chemokine receptors
used by HIV-1 (HIV-2 or simian immunodeficiency
virus, SIV)1®2425 Thus a series of cell lines became
available from both U87 and HOS and can be used
to dissect co-receptor use of primary HIV-1 isolates.
Infection of U87.CD4 cells results in syncytium for-
mation and productive infection in a co-receptor de-
pendent manner. Syncytial cells appear 2-3 days af-
ter infection of cell lines carrying the major
co-receptors, CCR5 and CXCR4, while syncytium
formation is less extensive and is delayed for up to
10 days in cell lines carrying minor co-receptors
(CCR3 and CCR2b)'™®. Syncytial cells are infected
cells and express the HIV-1 p24 capsid antigen®®. In
this respect, it is interesting to note that all primary
HIV-1 isolates are capable of inducing syncytia pro-
vided the cells carry the particular co-receptor used
by the virus. Likewise, the differences in replication
rate can no longer be observed in the indicator cell
lines, R5 viruses replicate as efficiently as viruses
using CXCR4. Thus the designations slow/low or
NSI and rapid/high or SI apply for PBMC cultures
and not for engineered indicator cell lines.

GHOST (3) cells carry, in addition to CD4 and one
or another co-receptor, the gene for the green fluo-
rescence protein (GFP) driven by the HIV-2 LTR?.
Infection by HIV-1 (HIV-2 or SIV) induces GFP ex-
pression and infected cells appear green 2-3 days
after infection. Cultures can be scored under a fluo-
rescence microscope and the fluorescence quanti-
fied by flow cytometry?®2?, Productive infection may
also be documented with both series of cell lines on
day 6 post-infection by measuring the HIV-1 p24
antigen content of supernatant culture fluids.

The U87.CD4 cell lines tested in one series of
experiments include the parental cells and cells ex-
pressing each of the chemokine receptors CCR1,
CCR2b, CCR3, CCR5 or CXCR4. In addition to the
same series of cell lines, GHOST (3) cells express-
ing Bonzo, the receptor for a transmembrane CXC
kine®®_ or the orphan receptor BOB are also
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also occur without apparent change in virus pheno-
type. The use of a single established T-lymphoid cell
line, MT-2, was instrumental in these studies®34, S|
viruses but not NSI viruses could infect and induce
syncytia in MT-2 cells. Syncytia were very easy to
score, thus the two types of viruses could be distin-
guished with a simple tissue culture assay. With the
recognition of the molecular basis of HIV-1 biological
phenotype it was important to formally prove that
MT-2 positivity (or, in general, the ability to infect and
replicate in established cell lines) translates into the
ability to use CXCR4 as co-receptor. Indeed, this
was the case. The U87.CD4 indicator cell lines were
then used to test sequential isolates from HIV-1-in-
fected adults and children undergoing disease pro-
gression. The results showed that HIV-1 isolates ob-
tained during the asymptomatic phase of infection
generally use the CCR5 co-receptor'®35%, as exem-
plified in table I. Such R5 isolates are sensitive to in-
hibition by CC-chemokines (such as RANTES, MIP-
10 and MIP-1B)1836:38 Disease progression is in the
majority of cases accompanied by a shift of co-re-
ceptor use, often to CXCR4 use. Aquisition of
CXCR4 use early in infection is predictive of a poor
prognosis in case of transmission sexually34% or
from mother to child3641,
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The association of CXCR4-using viruses with se-
vere immunodeficiency suggests that these viruses
are more virulent than R5 viruses —a conclusion
similar to that drawn earlier on the basis of SI/NSI
definition in MT-2 cells. If so, what is the mechanism
of HIV-1 virulence? Since CCR5 and CXCR4 are ex-
pressed on different cells in most organs®2223,
viruses using different receptors may selectively
damage or eliminate one or the other cell type. Con-
ceivably, infection of a certain sub-population(s) of
cells, presumably with CXCR4 expression, like
naive CD4+ T-cells®, is crucial in pathogenesis. In-
deed, along with our increasing ability to distinguish
functional subsets of T-cells by testing for pheno-
typic markers the picture of HIV pathogenesis is un-
folding. Naive (CD45RA+/CD62L+) and memory
CD4+ T-cells (lacking one or both of these markers),
although both infected with HIV-1 in vivo, show dif-
ferences in provirus content and in the amount of
virus produced when cultured in vitro. Memory cells
harbour more provirus and produce virus more
readily than naive CD4+ T-cells**“. Virus with R5
phenotype seems to be responsible for establish-
ments of latent HIV-1 reservoir shown to be present
in resting memory cells (lacking activation markers
HLA-DR, CD25 and CD69)*6. Using limiting dilution

Table la. Sequential HIV-1 isolates from adults

samples were tested, respectively.

Patient no. Time from first Patient clinical data Phenotype of the
positive sample virus isolate
(months) CD4+T cell count Therapy*
(per mm?)
1276 46 320 - R5
62 270 — R5
76 180 AZT R5
95 220 AZT R5
110 140 AZT R5
126 40 AZT R5
1865 49 340 — R5
55 360 — R5
67 20 — R3X4
70 8 AZT R3X4
94 10 AZT X4
109 NA AZT X4
2282 10 350 - R5
21 230 — R5
33 330 AZT R5
41 184 AZT R5
47 * 18 ' * AZ R5X4
N& part of th|sgojaubl|cat|oﬁ may be  rea
66 18 ddl R5X4
70 40 ddl . R5X4
2200 ureproducedsor photocopying  'ws
33 290 — R5
. 4& .310 . AZT . . R5
without the priss written ermission s
73 370 — R3R5X4
81 240 . — R5X4
a3 of the publisher (RORSXE
115 40 - R5X4
119 30 —

(R3)R5X4
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Table Ib. Sequential HIV-1 isolates from children*
Child no. Age Patient clinical data Phenotype of the
(months) virus isolate’
CD4+T cell count Therapy**
(per mm?)
3 6 2920 — R5
40 1512 — R5
54 645 AZT X4 (R5R3)
65 183 AZT + ddC X4 (R5)
76 36 AZT +ddC X4
32 3 2092 — R5
10 NA — R5
42 264 AZT R5
65 152 AZT + ddC R5
77 437 AZT + ddC, death R5
136 3 3723 — R5
34 1117 — R5
60 359 — R5X4
64 270 — R5X4
67 412 AZT X4 (R5R3)
76 378 AZT R5X4
83 198 AZT +ddC R5
92 345 AZT + 3TC R5
145 1 2386 — R5
5 1769 — R5
48 331 — X4
67 28 — X4
74 1 — X4
83 6 AZT + 3TC X4
*The data up to 65-67 months of age were included in®.
**AZT, zidovudine; ddl, didanosine; ddC, zalcitabine; 3TC, lamivudine.
TCo-receptor use was tested in the U87.CD4 series of indicator cells.

cultures and monoclonal antibodies to the two iso-
forms of CD45, RA and RO, Blaak, et al.” were able
to demonstrate that infection of naive (CD45RA+)
CD4+ T-cells in vivo occurs primarily by CXCR4-us-
ing viruses. On the other hand, memory cells
(CD45R0O+) were infected with a mixture of CCR5-
and CXCR4-using viruses. The fact that the fre-
quency of HIV-1-infected naive cells correlated with
the rate of overall CD4+ T-cell decline in the pa-
tients, allowed the authors to suggest that infection
of the naive CD4+ T-cell population with CXCR4-using
virus is responsible for the accelerated T-cell de-
cline. In addition, HIV-1 infection of naive CD8+ T-
cells-has also-been demonstrated*®. Infection. of
naive cells is likely to occur early in T-lymphocyte
ontogeny, perhaps dun aturahon in ymus,
and may lead to destru ISt d@? iﬂ
come CD8+ lymphocytes. If s this may explam the
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gressive immunodeficiency. Conceivably, distur-

cytes between tissues and secondary lymphoid or-
gans and disruption of this immune network by HIV-1
infection may severely damage the “house keep-
ing” immune functions. Still another possibility is
that signalling through CXCR4 is different from sig-
nalling through CCR5%2. Recent reports describe
that binding of different HIV-1 envelopes by
chemokine receptors may or may not involve sig-
nalling in a cell type dependent manner®3%5, HIV-1
virulence may therefore be the result of virus-cell in-
teraction, rather than the property of a particular
virus strain. This is in line with the thinking of
Casadevall & Pirofsky®® who define virulence, in
general,-as.the.outcome.of .the.interaction-between
host and invading microorganism.

l&U @LM m%y&@rent HIV-1 genetic

subtypes
phl@t@&@ Wﬂ@reoeptor use just discussed

is based on observations with one genetic subtype

e b e e W e

markers that dlstlngwsh functional subsets of ells
await testing. It is hoped that deline
populations of T-cells, will increase our understandln

of HIV-1 athogene5|s

Anot
signalli E?F{ﬁa% e allin U
through r'bindi e'’n t ||g

SDF-1%051 g essent|al for re-circulation of Iympho-

Ba ed on nucleotide sequence information HIV-1

u#g |§ mdivided into three groups: M, N and Q.
V-

1M group is responsible for the major AIDS
p|d mic and is further subdivided into several sub-

it 2

tween env genes, the most variable of the HIV1




structural genes. The different envelope sequence
subtypes differ by approximately 30-35% at the nu-
cleotide and amino acid sequence level. It is there-
fore important to consider whether this genetic vari-
ation has any impact on biological properties of
viruses belonging to different subtypes.

Using the U87.CD4 indicator cell lines, we tested
co-receptor use of HIV-1 isolates of genetic sub-
types A through E (E renamed CRFO1_AE) derived
from children and adults in different geographic re-
gions. Table Il summarises our results for the
adults?6806!  Qur data together with those from
other groups®263 show a similar pattern for subtype
A, B, D and E isolates, in that non-AlDS patients
yield, as a rule, virus with R5 phenotype or with
the R5 phenotype compatible V3 genotype, while the
majority of isolates obtained from AIDS patients
uses CXCR4 (X4 monotropic, dual- or multi-tropic
viruses). The results thus confirm the pattern es-
tablished with HIV-1 of subtype B that viruses with
CXCR4 use are more common in individuals with se-
vere immunodeficiency. However, subtype C viruses
seem to be at variance with this general pattern, in

Eva Maria Feny¢é: The Role of Virus Biological Phenotype in HIV Pathogenesis

that CXCR4 use is rare among HIV-1 isolates of sub-
type C. In fact, none of the AIDS patients carrying
subtype C virus yielded other than R5 isolates in our
hands®'. Similar observations were reported by
other groups®%7. Since the isolates tested were ob-
tained from different geographic regions, this diffe-
rence seems to be a common characteristic of sub-
type C isolates.

Among the 23 children’s isolates nine were from
children with severe immunodeficiency (Table IlI).
Four of these isolates, two of subtype A, one D and
one CRFO1_AE (the former E subtype) could use
CXCR4 as co-receptor. All other children yielded
virus with R5 phenotype. The results further confirm
the general pattern seen with viruses obtained from
adults that CXCR4 use is associated with an in-
creased severity of infection. Moreover, evolution of
co-receptor use in children infected with HIV-1 sub-
type A, D or CRFO1_AE could be observed during
clinical progression“!. Again, no CXCR4-using sub-
type C isolate was obtained, supporting the notion
that HIV-1 of subtype C maintains the R5 phenotype
during the entire course of HIV-1 infection.

Table Il. Co-receptor use of HIV-1 subtypes A-D isolated from adults

Genetic Country Clinical Virus phenotype’ CXCR4-users
subtype of origin* status
R5 X4 dual/multitropic
A SE, BL, TZ non AIDS 16+ 1 3 R5X4, R3R5X4, R3R5 15%
AIDS 4 1 3 R5X4 50%
B SE, RU, IN non AIDS 17 1 4 R5X4, R3X4 23%
AIDS 1 1 5 R3X4, R3R5X4, R2R3R5X4  86%
C SE, TZ, ZA, IN, ETH  non AIDS 33 - 3 R3R5, R5X4 6%
AIDS 13 - - 0%
D SE, TZ non AIDS 5 4 1 R3X4 50%
SE AIDS 3 6 - 67%

tThe U87.CD4 series of indicator cells were used.
*Number of isolates.

*SE, Sweden; BL, Belorussia; TZ, Tanzania; RU, Russia; IN, India; ZA, South Africa; ETH, Ethiopia. Isolates from countries
other than Sweden were collected through the UNAIDS Network for HIV Isolation and Characterisation.

Table lll. Co-receptor use of HIV-1 subtype A-D and CRFO1_AE isolated from children infected perinatally*

Genetic Clinical Virus phenotype’
subtype status —
la_nart af thic nulicatian maay b dualimtitrople
A LI A4 No\r.;(-lAI\[.)Sul L9 L~ rJ u5|¢|\,u CIT\UIT1 LI |u] N o -
AIDS (B3, érath) d F] " - > R5X4
B rmﬁgBS}JCe orp g otocopymg -
C . Non-AIDS . 3 -, .
) withegshe prior written permission
AIDS (C3) N 1
CRROLAE v of the publisher .

FNumber of isolates.

*Childrep-were bogmin Sweden. The mothers of children carrying subtype A
mothers Idre e n en, whilé t a
=eermenyer P

**Tested 6 both the U87.CD4 and (3) series of indicator céll'lings.

inus originated from Central Africaser, EasternEurope. The
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Subtype C is responsible for more than 50% of
the global HIV-1 epidemic®. It is therefore important
to explore the differences to other genetic subtypes
of HIV-1. In absence of demonstrable evolution of
virus co-receptor use, other mechanisms of im-
munodeficiency are sought for. One hypothesis is
that subtype C is particularly sensitive to TNF-a. in-
duction due to several (=3 sites) NFkB sites in the
LTR®7!. Cloning of the subtype C NFkB site up-
stream of different promoters resulted in an en-
hancer gain-of-function when compared to NFkB
sites obtained from other subtypes’. This in con-
junction with elevated levels of TNF-a in AIDS pa-
tients” and particularly those carrying subtype C
viruses’ has been suggested to be responsible for
clinical progression in absence of detectable
CXCR4-using virus®6165 However, in a recent
work” not all subtype C viruses were found to have
a high number of NFkB sites. Another mechanism
that could conceivably lead to accelerated immun-
odeficiency is in vivo evolution to increased replica-
tive capacity in vivo, without change in co-receptor
use’®. Blaak, et al.”” demonstrated that in those in-
dividuals who develop immunodeficiency in the ab-
sence of apparent change in virus (HIV-1 subtype
B) co-receptor use, the virus replicative capacity in-
creases over time and is concomitant with increase
in plasma viral load. Whether this is the case with
subtype C viruses has not been tested yet. Still
other contributing factors to clinical progression
could be the continuous high level of immune stim-
ulation, like in Ethiopians with concurrent helminthic
infections®7°. Interestingly, ethnic Ethiopians in Is-
rael have a higher CCR5 expression on blood lym-
phocytes and monocytes and low production of CC
chemokines®®. Conceivably, increase in availability
of CCR5 expressing target cells may favor replica-
tion of R5 virus.

Taken together, evolution of co-receptor use
seems to be the rule with HIV-1 subtype A, B, D and
CRFO1_AE during progressive disease. Subtype C
apparently does not follow this rule, in that the great
majority of isolates obtained at different geographic
sites are R5 monotropic regardless of the severity of
HIV-1 infection. To clarify the pathogenic mecha-
nisms operating in subtype C infection may be a
key question with potential to elucidate HIV-1. patho-
genesis in general.

The maze of macro;Ma@eQ@Hme thIS pU
Macrophage tropism of HIV-1 is important
question since macrophageJW@éﬁuﬁéQt@r

as the first line of cells infected, as carriers of HIV-1

of primary HIV-1 isolates®®84 The earlier de-
scribed pattern® that macrophage tropism is a fea-
ture of those HIV-1 isolates that lack T cell line tro-
pism might have been due to quantitative
differences in replication in primary macrophage
cultures. It was a too simplistic view to call viruses
with NSI/R5 phenotype macrophage tropic and
viruses with SI/X4 phenotype T-cell tropic. HIV-1 pri-
mary isolates are dual-tropic in the sense they are
able to replicate in primary T-cells and macro-
phages®! 848687 1t is clear today that macrophages
(at least monocyte-derived macrophages from
blood) express functional CCR5 and CXCR4 recep-
tors on their surface®88 although alternative
views relating to a non-functional CXCR4 have also
been expressed®. HIV-1 isolates may use, accord-
ing to their requirements, either CCR5 or CXCR4 for
entry into macrophages. Dual tropism of HIV-1 can
result from the utilisation of both of these receptors
on macrophages and T cells like by R5X4 viruses,
while efficient utilisation of CXCR4 on both
macrophages and T cells (and T cell lines) by X4
viruses equally leads to dual tropism®. It is there-
fore more adequate to describe macrophage tro-
pism as a continuous spectrum of efficiencies with
which viruses infect and replicate in macrophages®'.
The replication of HIV-1 with different co-receptor
use in MDM cultures is illustrated in figure 1. A panel
of cloned HIV-1 variants and chimeric viruses with
known co-receptor use%% initiated productive in-
fection in every case, regardless whether CCR5 or
CXCR4 was used for cell entry. The quantitative
differences in replication of different virus strains
may be explained by other viral or host cell factors
and not by receptor use alone.

One possibility is that different HIV-1 isolates
have different requirements for receptor concen-
trations and that CD4 and co-receptor require-
ments are quantitatively interdependent®. In fact,
Valentin, et al. suggested that the limiting factor for
HIV-1 infection of terminally differentiated macro-
phages may be the low surface expression of
CD488, While X4 viruses are more dependent on
high CD4 concentrations, R5 viruses are not®%,
This could also favor replication of R5 viruses in
macrophages. In addition to the variation in recep-
tor..concentrations. related. to- the . differentiation
process itself, different culture conditions seem to
gj/pur different receptor concentrations on the cell

face ¥ Bn t ore select for different

variant viruses.

tly, interesting new ideas have been put
%ﬁ&?@&@@@ﬁ@mry and receptor signalling.

Arthos, et al.% found differences among CCR5-us-

ot ant s v resel VI o I e L i VAR T P el vamecion won
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by tropism was not as clear a classifiogtiorf
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onirest; envelopes obtained from isolates not
able to replicate gave weak or no signal at CCR5.
hisindicates that signalling is essential for some
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Figure 1. Kinetics of HIV-1 p24 antigen production in monocyte-derived macrophage (MDM) cultures following virus infection (1.4-
2.2 ng p24). MDM cultures were prepared according to a previously established protocolf’. All virus stocks were prepared in
PBMC. MDM cultures were infected overnight, then rinsed twice to remove added virus, fresh medium added and the cultures

different viruses was described in'89%124, Data from24,

were further incubated. Samples were collected from duplicate cultures at time points indicated. Biological characterisation of the

Taken together, HIV-1 signalling capacities and the
chemokine concentration in the microenvironment
of tissues may determine efficient replication of HIV-
1in a cell-type specific manner. We are just begin-
ning to appreciate the complexity of HIV-1
macrophage tropism.

HIV-2, the promiscuous relative

HIV-2_is.more. closely. related. by nuclectide. se-
quence to SIV of sooty mangabey origin than to HIV-1.
HIV-2 does not show the same exploswee idemiology
than HIV-1 but is confingd Af[ngq
time to onset of symptomaﬂ |V2 mfectlon has
been estimated to be at least 10 years;longer than
for HIV-1 infection and HIVA % Ltlfq ebsl
transmissible (1-2% from mother to child)%-191, This

virulence with the broader range of cells infected
and damaged by these viruses. It was therefore
surprising to see that HIV-2 can enter cells using
many different co-receptors®:1%?. Qur earlier work
showed that HIV-2 biological phenotype is similar
to HIV-1103104 ‘This has been confirmed in more re-
cent experiments involving tests of co-receptor use
of 10 HIV-2 isolates. Accordingly, nearly all viruses
used CCR5, and two isolates (out of six) obtained
from AIDS patients used. CXCR4%®. The similarities
to HIV-1 end here because none of the HIV-2 iso-
lates Wer,e R5 monotropic, but used in addition to
b R &t (et [the) %}@ receptor BOB/GPR15.

Due to use of BOB as co-receptor all HIV-2 isolates
?#Bf;& Lﬁti e infection in MT-2 cells, even
F% zgielay and was not associated

with syncytia formation like the infection with
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gote (-/-) and wild type (+/+) PBMC showed an oc-
casionally > 2 log,, difference in this 7-day assay'®.
This led the authors to conclude that HIV-2, like HIV-1,
uses CCR5 and CXCR4 as the main co-receptors.
Analysing the kinetics of replication in the two kinds
of PBMC showed, however, that the four HIV-2 iso-
lates tested, all replicate in CCR5 —/- PBMC. Repli-
cation was delayed with approximately 10 days but
peaked higher in three out of four cases as com-
pared to CCR5 +/+ PBMC. This indicates that HIV-2
can use a co-receptor(s) other than CCR5 (and
CXCR4) to enter PBMC. The delay in replication in
these experiments may be due to the delayed ex-
pression of the particular receptor during in vitro
culture of PBMC. It is tempting to speculate that use
of different receptors by HIV-2 in vivo may provide a
signal(s) counteracting immune destruction caused
by virus replication.

What can we learn from the SIV model?

SIV from sooty mangabey origin (SIVsm) is
closely related to HIV-2 by nucleotide sequence
(85% homology), but like HIV-2, a more distant relative
of HIV-1. SIVsm infection is pathogenic in macaques
causing immunodeficiency and death in a few
months to years'%197 Since simian AIDS (SAIDS)
has many similarities to AIDS in humans, SIVsm in-
fection in macaques has been used as a model for
HIV-1 infection in humans (reviewed in'%:109) \We
have examined evolution of co-receptor usage of
SIVsm during pathogenic infection of cynomolgus
macaques®. Experimental infection was performed
with virus stocks that had slightly different passage
history: low passage in a human T-lymphoid cell line
(A), prolonged passage in human PBMC (B) or iso-
lated directly from a diseased macaque (C). Se-
quential virus samples, isolated on human PBMC,
were available from eight monkeys'® and were
tested for co-receptor use in the GHOST(3) indica-
tor cell system. The results showed that all virus
stocks and re-isolates used CCR5 with high effi-
ciency. CCR5 use remained stable over time. BOB
and Bonzo use were less efficient and, particularly
the ability to use Bonzo, declined over time.
CXCR4-using virus could not be detected at the
time of overt immunodeficiency, even if such virus
was present early in infection. The results thus show

pathogenesis involves a narrowing down from initial
multi-tropism to CCR5 use. This is a very different
result from that obtained in HIV-1 infection, where
evolution, whenever detected, proceeds from R5 to
a CXCR4-using mono- or multi-tropic virus (Table 1V).
However, in a few cases disappearance of CXCR4-
using virus has been described also in HIV-1 in-
fected individuals®*%. Fine dissection of functional
T-cell subsets involved may give a clue to this phe-
nomenon.

In spite of these differences, the macaque model
allows studies of the very early time of infection. We
found that early re-isolates obtained 12 days post-
infection use a receptor spontaneously expressed
on GHOST (3) cells. Virus isolated a few weeks later
no longer used this receptor. Likewise, there was a
decline in the ability of the isolated virus to use
CXCR4 as well. We suggest that in the initial phase
of infection the availability of target cells governs
the replication pattern of the virus. The initial target
cells may subsequently decrease in number as a
consequence of virus replication. Veazey, et al.!"
found that activated memory T-lymphocytes in the
lamina propria of the intestinal epithelium are the ini-
tial target cells for SIVmac (from macaque origin)
replication. Profound and selective depletion of
these cells could be observed during the first two
weeks of infection. Loss of these preferred target
cells was permanent, and replacement occurred by
naive lymphocytes and macrophages. We know to-
day that different types of T-cells express different
chemokine receptors®% thus providing a different
set of target cells at various times of SIV/HIV infec-
tion.

Future directions

We have to learn more about the interaction be-
tween the viral envelope and co-receptors. The
crystal structure of the interaction of an envelope
core structure with CD4 and a neutralising mono-
clonal antibody has already provided a model that
shaped our thinking for the last three years''?115,
We know that the co-receptor binding site is formed
by non-continuous regions that come together in
the native envelope structure. Other parts of the vi-
ral envelope —absent from the crystal structure due
to their disturbing high mobility— also seem to par-
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envelope charge may facilitate binding of virus par-
ticles to the cell surface''®"1°, How exactly does the
virus choose its co-receptor? Viruses with widely
different envelope sequence, such as HIV and SV,
can use the same receptor, CCR5. This is possible
if envelope conformation is conserved and the ba-
sic shapes recognised are provided by the folding
envelope protein. What part of the 7-transmem-
brane receptor is important in binding the viral enve-
lope? This question has been addressed in several
studies'12? still the complexity is astounding. Dif-
ferent virus isolates may use different parts of CCR5
and CXCR4, the N-terminal and 3 extra-cellular
loops and their combinations. This may be still an-
other trick played by HIV variability and capacity to
adapt, but the way of ligand binding may be impor-
tant in signalling by these G-protein coupled recep-
tor molecules™3, We are just beginning to see that
receptor signalling may be part of the viral life cycle,
promoting virus replication in one cell but not in an-
other. In this respect the issue of macrophage tro-
pism will have much to disclose. Similarly, interac-
tion between different receptors in supporting (or
not) HIV-1 entry and replication in cells will have to
be dissected. Different organs in the body may pro-
vide very different microenvironments for virus repli-
cation and HIV-1 with its high plasticity may use the
different opportunities in various ways. By learning
its ways, we may master HIV one day.
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