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Escape of HIV-1 is associated with lack of V3 domain-specific antibodies in vivo
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SUMMARY

This study was performed to analyse correlates of viral escape in AIDS patients. Peripheral blood
mononuclear cells (PBMC) from HIV donors were inoculated with AIDS patients’ serum to detect
neutralization-resistant cell-free virus. Infectious virus was detected by polymerase chain reaction
(PCR) and analysed by sequencing the V3 region. The escaped virus species was compared with all V3
virus variants found in the patients’ PBMC and plasma. In one patient escaped virus was also compared
with variants found in CD% T cells isolated by FACS from blood, spleen and lymph node. The
frequency of the virus variants was determined by cloning and sequence analysis of 20 V3 clones for
each PCR amplification. To monitor anti-V3 antibodies by ELISA, each V3 sequence was expressed as
fusion with glutathione S-transferase (GST-V3). In our AIDS patients, a V3-directed antibody response
against the infectious virus V3 loop was not detectable. In contrast, virus variants unable to infect the
donor PBMCin vitro were well recognized by homologous V3-directed antibody. After an interval of 1
year the frequency of these variants clearly decreased, while at the same time the escaped variants grew
out and finally represented the predominant viral species both in plasma and PBMC. The infectious
variants lacking V3 antibody response were also predominant infCD4ells in spleen and lymph

node. Our data indicate that the escape of virus variants is closely related to the lack of V3-directed
antibody.
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INTRODUCTION (PBMC), and were therefore designated as non-iCFV. In contrast
to the iCFV, these non-iCFV variants were regularly recognized by
highly specific V3 antibodies. Furthermore, we demonstrated that
lack of these V3-specific antibodies is the result of the contin-

uous loss of this antibody specificity during disease progression

The third variable (V3) region of HIV-1 has been identified as the
most variable loop-forming structure of the external glycoprotein
gp120 [1,2]. Also, the V3 loop is the major target for neutralizing
[3,4] and enhancing [5-7] antibodies, which are part of the

; A . i : 2].
immunodominant antibody response in natural and experlmentJI2 . )
HIV-1 infection [8—11]. We have now monitored the frequency changes of the iCFV,

It is generally accepted that neutralizing antibodies can bec:\f af‘d cfetlL-lnte%_ra:sd wrusn\]/a;lar_l;st(CIV) (t).vif[tmjl% Ardletalietcri]
identified early in the serum of HIV-1-infected individuals [12], analysis ot the variants was mace In two patients. The role ot the

vaccinated humans or animals [10,13]. During progression 0]JCFV in becoming the predominant virus species in the patients

the disease, increasing amounts of cell-free virus (CFV) ardvas linked to the lack of iCFV-specific V3-directed antibodies.

detectable in plasma [14,15] and genetic variation promotes
escape from recognition both by neutralizing antibodies and
cytotoxic T lymphocytes (CTL) [16—20]. SUBJECTS AND METHODS
In a previous study [21] we reported that in AIDS patients the Subjects
infectivity of CFV was closely related to the lack of type-specific Two AIDS patients, homosexual males with German nationality,
antibodies directed against the V3 domain of the so-called iCFVWwere designated patient F and G. From patient F, virus variants
All other V3 variants simultaneously identified in the patients werewere characterized at CDC stage IVc in 1992 and 1993. The'CD4
unable to infect donor peripheral blood mononuclear cellsT cell countwas 50/ul from June 1992 until patient F died in May
1993. From patient G virus variants were characterized in 1989 and
Correspondence: Dr Michael Schreiber, Benhard Nocht Institute forl990- In this period of time CDAT cell counts were: 30/ul. From
Tropical Medicine, Medical Microbiology Section, Department of Virol- Patient G post-mortem material of the spleen and 10 lymph nodes
ogy, Bernhard-Nocht-Str. 74, D-20359 Hamburg, Germany. was collected 3—4 h after death.
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16 M. Schreiberet al.

Table 1. Frequency* of V3-loop variants of patient F over time

1992 1993
HIV-1
variants Clv CFV iCFV Anti-V3t Clv CRFV iCFV Anti-V3T
F1-01 35 <5 100 — —
F2-05 10 — —
F2-06 50 100 +++ +++
F2-21 5 <5 ++ 100 100 100 —

* Percentage of the V3-loop amino acid sequences derived from DNA sequencing of 20 independent clones;=20 @020
T Autologous V3-directed antibody reactivity (—, +, ++, +++, indicating negativity and degrees of positivity).

Table 2. Frequency* of V3-loop variants of patient G over time

1989 1990
HIV-1
variants CFV iCFV Anti-V3t CFV Clv Blood Spleen Lymph node Anti-V3t
G6-08 <5 80 — 75 75 65 100 —_
G3-01 — 5 20 —
G7-01 40 20 — 25 15 80 —
G2-03 ++ 5 15 ++
G2-11 40 +++ +++
G1-11 +++ 20 +++
G9-01 20 +++ +++

Isolated CD4 T cells by FACS from: blood (5% HIV-1); spleen (5% HIV-1); and lymph node (1:8% HIV-1*).
*t See Table 1.

Virus characterization of 1:1000 and bound antibodies were detected with secondary
From each patient peripheral venous blood samples and citrateahti-human lgG—horseradish peroxidase (HRP) conjugate.

blood samples were taken simultaneously. Cell-free serum was

obtained by two centrifugation steps (40§20 min). For poly-  Purification of CD4 T cells

merase chain reaction (PCR) analysis patients’ PBMC werdBlood samples of patient G were collected shortly before death.
isolated by Ficoll-Paque gradient centrifugation. The iCFV wasCD4" lymphocytes were separated by fluorescence-activated cell
isolated by culturing & 10° stimulated donor PBMC (same group sorting (FACS), as described previously [23]. CD#mphocytes

of donors) in 20% serum freshly collected from patients F and Gwere isolated with a purity af 99%. Upon autopsy, lymph nodes
Nested PCR of cultured or patient-derived PBMC, reverse transand 50 g spleen tissue were collected. Both tissue materials were
criptase (RT)-PCR of cell-free viral RNA, the cloning and sequen-minced and digested with@% collagenase dissolved in Grey’s
cing, and the GST-V3 ELISA were carried out as describedbuffered salt solution (GBSS) and filtered through a L@®nylon
previously [21]. In brief, donor PBMC were infected vitro gauze. After culturing, non-adherent cells were stained with anti-
with the patient’s serum. Detection of proviral DNA was used to CD4" and anti-CD8 (Becton Dickinson, San Jose, CA), and the
monitor infection. The frequency of each V3 loop variant was CD4" lymphocytes were purified using FACS (Becton Dickinson).
estimated by cloning the amplified DNA and sequencing 20Purified cells were tested for proviral DNA and diluted in a 10-fold
independent clones. The frequency of CIV or CFV variants waddilution series to examine the amount of proviral DNA in the
analysed by nested PCR or RT-PCR followed by the same cloningsolated cells. Positive PCR signals were compared with a PCR
and sequencing procedure. To study the antibody response directedntrol (50 copies of the HIV-gnvgene, plasmid pLExHIVenv
against the various V3 loop variants, each V3 region was cloned24]). PCR-amplified proviral DNA (V3 region) representing
into the pGEX3x expression vector (Pharmacia, Freiburgmore than 50 copies of pLExHIVenv was used for cloning and
Germany) to generate a GST-V3 fusion protein. Cloning wassequencing to study the frequency of virus variants.

performed by synthesis of two 109-mer oligonucleotides with 5

GATC and TTAA-5 overlapping ends into BamHI/EcoRI-cleaved Accession numbers

pPGEX3x. Both 109-mer oligonucleotides represent the completélhe data have been assigned the following accession numbers:
coding sequence (Cys to Cys) of the V3 loop. For ELISA, affinity- 218882 (F1-01), 219117 (F2-05), 219118 (F2-06), 219119 (F2-
purified GST-V3 fusion protein (500 ng) was applied to each well21), Z50841 (G1-11), 250842 (G2-03), 250843 (G2-11), 250844
of a polystyrene 96-well tray. Human sera were tested at a dilutiof{G3-01), Z50845 (G6-08), 250846 (G7-01), Z50847 (G9-01).
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RESULTS BH-10 CTRPNNNTRK.SIRIQRGPGRAFVTIGKI . GNMRQAHC
?//asr-iglr:?scted antibody reactivity against iCFV and non-iCFV F1-01  —ommee- I-TRH-H- . .o mm e e HATEAAT-DI - - - - -
S : : -05  ------- -IRH-H-..------ YATEA-T-DI-----
To identify iCFV variants, stimulated HIV-1donor PBMC were i:gg oS- _\_/Sf GoHe o oooemne YATEA-T-DI-----
inoculated with fresh serum.sample.s from patients F and G.. In t.he 21 oS8 GoHeoemnen HATEAAT -DI- - - - -
presence of autologous antibody, viral escape from neutralization .
was monitored by PCR amplification of proviral DNA. A positive G6-08 ~ ---------- ceePei-- Y-TRQ-I-DI-----
signal was obtained as early as 1 day after inoculation, while G3-01  ---------- G-P-..------ Y-TKQ-I-DI-----
directly after inoculation proviral DNA could not be detected. The G7-01  -------- G-.R-S-..----S-Y-TRQ-V-DI-----
amplified DNA of each isolated iCFV was cloned into pCR 62-03 ~ -------- G-.R-S-..------ Y-TRQ-I-DI-----
(Invitrogene) and 20 randomly selected V3 recombinant clones G2-11  -------- G-.R-8-..----S-Y-TRQ-I-DI-----
were analysed by DNA sequencing to calculate the iCFv G1-11  ---------- -R-8-..----8-Y-TRQ-V-DI-----
frequency G9-01 B ] ¢ IR EE Y-TRQ-I-DI-----

In patient F the V3 variant F1-01 was identified as iCFV in rig 1. Amino acid sequences of V3 loop variants detected in patients F and
1992 and F2-21 was identified as iCFV in 1993. Thus, at each times. Each V3 loop sequence is aligned to the HIV-1 BH-10 V3 sequence.

only one homogeneous virus population was isolated upon inocubashes indicate identical amino acids. Dots indicate gaps introduced to
lating donor PBMC with serum F taken in 1992 and 1993 (20 of 20improve the alignment.

V3 clones= 100%, Table 1). When the serum of patient G taken in
1989 was applied to donor PBMC, two iCFV variants were isolated
in parallel. The frequency of these iCFV variants G6-08 and G7-0

was 80% and 20%, respectively (Table 2). Thus, in both patient
two ICFV variants were replicating in competition during an

In 1989, variant G6-08 was the major iCFV (80%), but with a
requency ok 5% among the CFV in serum. In addition to G6-08,
a second minor iCFV (20%) was found contributing to the CFV by

) ; . o
interval of 1 year. 40%. One year later (1990), both iCFV variants were prevailing as

As the iCFV must be produced and released into the plasma l\)}glv |ntthggl?il\l/lc adn(égsocliFV |r|1dseru|m. In c%ntrgstt, tr:ednqrmCFV
infected cells, we analysed the frequency of corresponding ClI ariants &2-11 an -0 could no fonger be detected. 1Wo new

variants in the infected PBMC and CFV variants in the serum. As avanants, G3-01 and G2-03, were detected in PBMC in 1990, but at

0 .
result of this detailed analysis four V3 variants were identified inﬁqfregllﬁrcy ofpnly 5%. TEUS’ du(;'ng_# y(;ar acomple;e\';grnovgr czf
patient F and seven in patient G (Tables 1 and 2). € Species was observed. The irequency o variants

The 11 V3 amino acid sequences (Fig. 1) identified in bothrecognlzed fbt)r: \{:CS:F?/nEbZQmS wasd cl_ear_lf)_/ reflluced, while the
patients were expressed as glutathione S-transferase (GST)_\;%equency otthe 1 ad increased significantly.

fusion proteins to monitor the autologous V3-directed antibody dl\:lorec;‘ver,dFACS-purlfleld C(;)fﬂ THC:/”i from bllol:())ﬂ',a\sp:]een.,
response. The V3 domains of the major non-iCFV F2-06, G2-112nd ymph nodes were analysed for -1 provira » SNOWING

and G9-01 as well as the minor non-iCFV and CIV variants F2-21Nigh infection rates of 5%, 5% and 5%, respectively. When the

. ] ) . roviral DNA was cloned and sequenced, it turned out that both
(in 1992), G2-03 and G1-11 were all recognized by autologoug V%.\}:FV variants G6-08 and G7-01 were predominant. G6-08 repre-

isolation no autologous reactivity against the iCFV V3 domains wereSented not only the majority of CFV and CIV in 1990, italso made

identified (F1-01, 1992; F2-21, 1993; G6-08, 1989; G7-01, 1989), " 65% and 1%0% of the variants in infected blood Chahd
Thus, the close relationship between the escape from autologou%mloh node CD4 T cells, respectively. The second iCFV, G7-01,
neutralization and the lack of virus-specific V3-directed antibody
seems to be well documented.

Frequency changes and selection of iCFV variants over time 0-8
In Table 1 the frequencies of the iCFV, CFV and CIV variants of
patient F monitored at an interval of 1 year (1992—-1993) are
shown. In 1992, the iICFV F2-21 variant was present at a rate of 5% 41
in the PBMC as CIV an& 5% as CFV, thus representing a minor
species. Subsequently in 1993, when isolated as iCFV, F2-21 was 0.2
predominating both as CFV (100%) and CIV (100%). Thus, duringCut-off-
1 year iCFV F2-21 became totally predominant in the blood. In  0-0
contrast, non-iCFV F2-06 presenting 100% of the CFV in 1992
disappeared within 1 year. Also F1-01, the iCFV isolated in 1992, 1992 1993 1989 1990
was no longer detected. In conclusion, both iCFV variants musfig. 2. Autologous antibody reactivities directed against iCFV and the
have circulated simultaneously in the blood, but F2-21 finally hadmajor non-iCFV V3 loops in the sera of patients F and G as measured by
overgrown F1-01. ELISA._ For each test 500ng of the affinity chfomatography-purified
For patient G, frequency changes of iCFV variants G6-08 anoglutathlone S-transferase (GST)-V3 fusion protein, equivalent to 50 ng

. . . of V3 peptide, were applied to each well of a 96-well microtitre pl#ie.
G7-01 over 1 year are shown in Table 2. In this patient theReaCtivities directed against the iICFV V3 loop variar#; reactivities

frequency of iCFV V3 variants was followed .n.0t only in Serum grecteq against the non-iCFV V3 loops detected as the variants which
(CFV) and PBMC (CIV), but also in FACS-purified CD4T cells represent most of the CFV in patients’ serum (F, 1992; G, 1989). The black
from blood, spleen and lymph nodes. Blood samples were takefine indicates the cut-off level calculated from a pool of HIV-dera tested.
shortly before death and tissue material was obtained post-morterRepresentative of four experiments.

0-6

-
-
(0]
(0]
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mented. It was assumed that escape might be due to extensive viral
replication, leading to mutants no longer recognized by the
immune system [18,25,26]. In keeping this theory is the close
relationship between the outgrowth of certain virus variants and the
lack of the corresponding V3-specific antibody. Apart from the
iCFV, we could not isolate any other cell-free variants, suggesting
that the suppression of these variants was due to the presence of the
type-specific V3-directed antibody. Since neutralizing V3-directed
antibodies have been described in HIV-1-infected subjects, their
function in disease progression is controversial [27,28]. In part, the
mapping of anti-V3 antibodies to short synthetic peptides which
partially imitate the V3 loop structure might account for contro-
versial results. To avoid this problem, our experimental design was
based on strictly autologous experiments and full-length V3 loops
(Cys to Cys) expressed and purified frdgsherichia coli When
full-length V3 loop sequences were used for the detection of
autologous sera, a high specificity of antibody response was
observed. This high specificity was not observed with short
peptides spanning the identical V3 sequences (pep-scan analysis,
data not shown). Thus the synthesis of the full-length V3 loop is
needed to detect differences in the V3 antibody response [21,22].
In humans, progression of the disease was shown to correlate with
enwdirected or V3-directed homologous antibodies [29] or with

16 000 —

12 000

8000

Infected cells/3 x 10°

4000

’_‘ loss of neutralizing antibody titres [30—32]. Using our GST-V3
0 ® S S 9 = = S fusion proteins we could detect the loss of V3-specific antibodies
© ™ ~ & & - p during progression of the disease in correlation to the emergence of
© o ©o o o o o the iCFV [22]. Here we observed a similar loss of V3-specific

Fig. 3. Frequency of iCFV and non-iCFV V3 variants in FACS-sorted antibody directed against the iCFV V3 loop F2-21. This variant
CD4" T cells of patient GM, V3 loop variants which are not recognized by appeared after the F2-21 V3-specific antibody had disappeared
autologous anti-V3 loop antibodies. These variants represent 92% of thfrom the serum of patient F, suggesting that besides antigenic

infected CD4 T cells present in blood, spleen, and lymph nodésThe  yariation, the loss of antibody also contributes to viral escape and
V3 loop variants (8%) which were well recognized by autologous Serum.gg|ection.

For calculation, the frequency of a V3 variant from Table 2 together with In both patients F and G, two iCFV variants without corre-

:Eg glrjnn;z?]; g; |<-:|<Ie\|/|sl|r?f?e F():'tee Zp;; tih?:glz(s::ic;nr: of infection 10°) gives _sponding V3-directed ar?tibody were repl_ica}ting in parallel over an
interval of 1 year. Despite the high multiplication rates of HIV-1
[33,34], V3 variants with identical sequences can be detected over

was predominant in spleen CDA4T cells (80%) and was also a period of more than 3 years in plasma or PBMC [35]. Also,
present at a high rate in the CFV (25%) and CIV (15%) species. Indentical V3 sequences were found in epidemiologically unlinked
contrast, both major non-iCFV variants G2-11 and G9-01,patients [36], suggesting that the V3 loop reflects mainly the
contributing to CFV by 60% in 1989, were not detectable in theselective forces of the immune system and the need to infect a
blood or purified CD4 T cells 1 year later. V3 variants G2-03 and variety of cell types which are characterized by HIV-1-specific
G1-11, well recognized by serum of patient G, represented only &ofactors [37,38]. Our observation on the outgrowth of F2-21 and
minority in purified CD4 T cells. G6-08 in competition with other iCFV variants suggests that

From the frequency data in Table 2 and the infection rates otdditional anti-viral factors like V2-directed antibodies or
each T cell fraction (blood 5%, spleen 5%, lymph nod&%) the  variant-specific CTL are responsible for controlling iCFV repli-
frequencies of each variant in A@urified CD4™ T cells can be  cation. We are aware of the fact that our observation is confined
calculated. As shown in Fig. 3, the variants recognized by autoenly to the interaction of CFV and PBMC, while the role of anti-
logous serum (G2-03, G2-11, G1-11, G9-01) represented only 8% FV V3 antibody in the infection of macrophages or dendritic cells
of the provirus found in the FACS-purified HIV-1-infected CD4 needs further study. Nevertheless, the detailed analysis ot D4
T cells. In contrast, the predominant species in these cells wereells from blood, spleen, and lymph node additionally demon-
iCFV variants G6-08 and G7-01, followed by G3-01. Altogether, strates then vivo relevance of iCFV as the predominant T cell
the variants which were not recognized by V3-directed antibodiesrophic variant at the final state of the disease.
were predominant in this T cell population by 92% (Fig. 3). Although sufficient iCFV V3 antigen must have been produced

Our data show that certain iCFV variants lacking type-specificin both patients, no production of the corresponding antibody was
V3 antibody became predominant not only as part of the CFVseen after 1 year. This may be due to the progression of the immune
species in plasma, but also in infected CD® cells from blood,  suppression of both AIDS patients. The low level of CD#
spleen and lymph node. helper cells may have prevented the induction of the V3-specific
humoral immune responses [39].

Our data on the close relationship between lack of type-specific
V3-directed antibody, the escape, and outgrowth of certain variants
Escape of HIV-1 from humoral immune response is well docu-in AIDS patients suggest that type-specific V3-directed antibodies

DISCUSSION
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Viral escape from V3-directed antibody 19
are an important marker in analysing autologous neutralization16 Albert J, Abrahamsson B, Nagyé al. Rapid development of isolate-

and might be responsible for the control of cell-free HINGVivo. specific neutralizing antibodies after primary HIV-1 infection and
consequent emergence of virus variants which resist neutralization by

autologous sera. AIDS 199@;107-12.
17 di Marzo Veronese F, Reitz MS, Gupta Gefial. Loss of a neutralizing

. . . . i i ion in the V3 loop of HIV-1
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