
104.391. The disease-free survival plot indi- 
cated that HIV-1 seroincident women were 
significantly more likely to develop abnormal 
CD4+ counts over time than HIV-2 seroin- 
cident women (Fig. 3; log-rank test, P < 0.01 
and Gehan's Wilcoxon test, P < 0.01). Fur- 
thermore, we looked at seroincident women 
who were routinely skin tested over the peri- 
od of the study and who had an initially 
positive PPD result. In those PPD skin test- 
positive seroincident women with multiple 
PPD skin test results, 6 of 17 HIV-1 seroinci- 
dent women became anergic, whereas only 
2 of 20 HIV-2 seroincident women be- 
came anergic over the study period (Fish- 
er exact test, P = 0.05). The reduced 
likelihood for immune compromise over 
time will be important in monitoring 
HIV-2-infected outpatients, in staging 
this human immunodeficiency virus in- 
fection, and perhaps in evaluating thera- 
peutic decisions and responses. 

Because of the range of disease progres- 
sion rates and the extreme rarity of outpa- 
tient natural history studies in an African 
setting for either HIV-1 or HIV-2 (18), it is 
important to report cohort follow-up data 
for both the seroincident and seroprevalent 
women. HIV-1-related disease develop- 
ment was greater in seroincident women 
than seroprevalent women. Four of five 
HIV-1-related AIDS cases developed in 
the seroincident group. This most likely 
represents a selection bias as a result of a 
"survivor effect" in those women enrolling 
in the seroprevalent group. Alternatively, it 
may also represent the movement of HIV- 1 
viral subtypes with more rapid disease out- 
come into the region, but this explanation 
remains to be investigated. Overall, the 
minimal loss to follow-up and the presence 
of HIV-1 seropositive subjects as a compar- 
ison group in the same cohort in this study 
allowed +or a more relevant examination of 
the rate of disease development with HIV-2 
infection. 

We have previously described distinct 
risk determinants for HIV-2 and HIV-1 
infection in both prevalent and incident 
infection in this cohort (9,  10). Further, 
mathematical modeling of the HIV-1 and 
HIV-2 seroincidence data has suggested a 
five- to ninefold difference in the infec- 
tivity of HIV-2 compared with HIV-1 per 
sexual act (1 9). Perinatal transmission 
studies have also shown a 15- to 20-fold 
difference in the rate of HIV-2 transmis- 
sion compared with HIV-1 transmission 
(20). In this study, we have shown that 
HIV-2- and HIV-1-associated AIDS and 
CDC IV disease incidence rates are dis- 
tinct, and the disease-free survival time 
for HIV-2 is significantly longer when 
compared with HIV-1. This disease out- 
come study supports the hypothesis that 
these two related HIV viruses have differ- 

ent biologic behaviors. One determinant 9 .  P. J ,  Kankieta1,Am. J. Epidemioi. 136,895 (1992). 

of these differences may be a lower viral 10. P. Kanki e ta / . ,  Lancet343,943 (1994). 
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T ,  Papas, Gene64, 121 (1988), 

for a reduced have 13. Morbid. Mortai Wkiy Rep. 36 (suppl. I ) ,  I S  (1987). 
been proposed (22). Further investigations 14. E. L. Kaplan and P. Meier, J. Am. Stat Assoc. 53, 
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Analysis of Sequence Transfers Resembling 
Gene Conversion in a Mouse Antibody Transgene 

Bo Xu and Erik Selsing 

The role of gene conversion in murine immunoglobulin gene diversification is unclear. An 
antibody gene construct designed to provide the homologous donor and acceptor se- 
quences required for conversion mechanisms was produced and used to generate trans- 
genic mice. When these transgenic mice were immunized, DNA sequence transfers 
between tandem transgeneVDJ regions were detectable and resembled gene conversion 
events. There is a strong link between these conversion-like sequence transfers and 
transgene somatic hypermutation, suggesting that both processes might occur at the 
same stage of B cell differentiation. 

G e n e  conversion is an important mech- VDJ segments [variable (V),  diversity 
anism for the generation of antibody di- (D), and joining (J)] to simplify the iden- 
versity in chickens and rabbits (1-3). tification of gene conversion events dur- 
However, despite many similarities in the ing mouse B cell development. 
organization of chicken, rabbit, and The VVC, transgene construct is based 
mouse immunoglobulin (Ig) genes, there on the previously described ARS, trans- 
is currently little evidence that conver- gene (7) which encodes a p heavy chain 
sion plays any role in murine antibody that has a VDJ region derived from the 
diversification (4-6). We have designed R16.7 h~bridoma. The ARS, heavy chain 
a transgene construct (VVC,, Fig. 1)  that (H chain) can participate in an antibody 
contains tandem homologous heavy chain response to the phenylarsonate (ARS) hap- 

ten and is reactive with the rat antiidiotypic 
Immunology Program, Department of Pathology, Sackler monoclonal antibody (rnBb), AD8 (7). In 
Graduate School of Biomedical Science, Tufts University 
School of Medicine, 136 Harrison Avenue, Boston, MA VVCpl a second 900-base pair region 
021 1 1 .  USA. is inserted 1.5 kb u~stream of the R16.7 
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VDJ region present in ARS, (Fig. 1). This 
second VDJ region was isolated from the 
previously ' described 2B4 hybridoma (8) 
and is highly homologous to the R16.7 VDJ 
region. However, there are 17 nucleotide 
differences in the coding region between 
the two VDJ segments, and the H chain 
encoded by the 2B4 VDJ is not reactive 
with AD8 (8). In VVC,, the upstream 2B4 
VDJ does not have a promoter region; thus, 
H chains expressed from the VVC, trans- 
gene would be expected to derive from the 
downstream R16.7 VDJ segment. To com- 
pare the affinities of the R16.7 and 2B4 
VDJ regions for binding to the ARS hapten, 
we analyzed affinity-purified R16.7 and 2B4 
mAbs by fluorescence-quenching assays 
(9). The measured affinities of the R16.7 
and 2B4 mAbs were 3.8 X lo6 M-' and 7.5 
X lo6 M-', respectively. 

We produced two transgenic mouse 
lines, VVC,1 and VVC,5, using the VVC, 
construct (10). As judged by serum levels of 
AD8-reactive antibodies, both before and 
after immunization with ARS-keyhole lim- 
pet hemocyanin, expression of the VVC, 
transgene is indistinguishable from that re- 
ported for the ARS, transgene (7). In par- 
ticular, as previously described for ARS, (7, 
8), the VVC, transgene is capable of iso- 
type switching after immunization. 

To analyze diversification of the VVC, 
transgene during an immune response, we 
produced hybridomas from an immunized 
VVC,5 transgenic mouse and obtained 31 
hybrids secreting IgG mAb to ARS. The 
expressed H chain VDJ regions in a random 
sample from this panel were sequenced (Ta- 
ble I). Among 18 hybridomas, 9 showed 
expression of the R16.7 VDJ region with no 
mutations, 4 showed expression of the 
R16.7 VDJ with single mutations, and 5 
showed expression of a transgene VDJ hav- 
ing more than 10 mutations with respect to 
the R16.7 VDJ. As shown in Fig. 2, in four 
of the five most heavily mutated hybrido- 
mas, the expressed VDJ sequences show 
mutation patterns that indicate sequence 
transfers within the transgene from the 2B4 
VDJ region to the R16.7 VDJ region. This 
is most apparent in the CDR2 regions. Tak- 
ing advantage of a Hind 111 site polymor- 
phism between the CDR2 regions of the 
R16.7 and 2B4 VDJ regions, we used South- 
em blots to determine that in kidney cells 
from VVC,5 mice, there are no transgene 
copies that have the 2B4 CDR2 region 
inserted into the R16.7 VDJ segment. Thus, 
the sequence transfers found in the hybri- 
domas have occurred somatically during B 
cell differentiation. In addition, the shared 
mutation patterns in the hybridomas are 
unlikely to be due to antigenic selection of 
individual somatic mutations because mu- 
tated transgene copies derived from ARS5 
mice show only a limited number of shared 

vvc, 
E X X  E X E 

d~~~~~~~~~~ 

VDJ(2B4) VDJ(R16.7) pUC13 

Fig. 1. The VVCp. transgene. In the mouse genomic DNA segment, exons are shown as open rectangles 
and introns as lines. The pUCl3 vector sequences are indicated by cross-hatching. The Ig promoter is 
depicted as a solid arrow (not to scale) and the R16.7 and 2B4 VDJ regions are labeled. Restriction 
enzyme sites are shown for Eco RI (E) and Xho I (X). 

mutations in the CDR2 region (7, 8, 11) .  
For brevity, we designate the observed 
transfer of sequence information between 
the tandem VVC, VDJ regions as trans- 
gene conversion, although we do not yet 
know the mechanism of transfer. 

Using the hybridomas described above, 
we developed enzyme-linked immunosor- 
bant assays (ELISAs) and polymerase 
chain reaction (PCR) assays that were 
useful tools for screening further hybrido- 
mas for transgene conversion. We found 
that the hybridomas exhibiting transgene 
conversion secreted mAbs that were not 
reactive with AD8. In addition, we devel- 
oped a complementary DNA (cDNA) 
PCR assay that we found to be specific for 
mRNAs exhibiting transgene conversion. 
This cDNA-PCR assay takes advantage of 
a primer (5'-CCGAATTCTGATCAGT- 
GTCCTCTCCACACTC-3') that hybrid- 
izes to a sequence located within the 5' 
untranslated region of the R16.7 VDJ seg- 
ment but that is not present upstream of the 
2B4 VDJ region in VVC,, and a primer 

(5'-CCGAATTCTATAAAAGCTTCCA- 
GTACTTT-3') specific for the CDR2 re- 
gion of the 2B4 VDJ segment. To charac- 
terize additional transgene conversion 
events, we screened the remaining 13 
VVC,5 hybridomas using these ELISA and 
PCR assays. From this screen, we identified 
four candidate hybrids; sequence analyses 
subsequently confirmed transgene conver- 
sion events in each (Fig. 2). 

We also generated panels of hybridomas 
from two immunized VVCpl transgenic 
mice. Among these, we detected four can- 
didate hvbridomas on the basis of ELISA 
and ~ ~ ~ a s s a y s ;  subsequent sequence analy- 
ses showed transeene conversion in each 

u 

(Fig. 2). Our results demonstrate that trans- 
gene conversion events occur repeatedly in 
immunized transgenic mice from two sepa- 
rate transgenic lines. Approximately 10 to 
20% of IgG-producing hybrids derived from 
these immunized mice showed the trans- 
gene conversion phenomenon (Table 1 ). 
Because the R16.7 and 2B4 mAbs have 
similar affinities for ARS. we susDect that 
the relatively frequent occurrence of hybri- 
domas exhi1;iting transgene conversidn is Table 1. Sequence analysis (14) of hybridomas 

secreting anti-ARS IgG mAb produced from not due to antigenic 
VVCw5 transgenic mice. The portion of the VDJ Comparison of the hybridoma sequences 
region of the 7 mRNA sequenced in each hybrid with those of the R16.7 and 2B4 VD] re- 
and the number of mutations observed in each gions also showed numerous nucleotide dif- 
hybridoma sequence relative to the R16.7 VDJ ferences that were not accounted for by 
sequence are indicated. Insertion, ins. transgene conversion (solid circles in Fig. 

2). These appear to be due to somatic hy- 
Codons 

sequenced permutation as previously reported for the 
Hybridoma Mutations 

Table 2. Evidence suggesting multiple transgene 
conversions in a single 8 cell. Sequences from 
hybridomas are compared to the R16.7 and 2B4 
VDJ regions. Only the informative codons that dif- 
fer between R16.7 and 2B4 within the relevant 
region are shown; amino acid sequences at these 
positions are indicated. 

Codons 
Source 

75 89 105 

Ser G l u  Ser 
R16.7 TCC GAG AGC 
5161 E36 --G --- - - T  
5193D25 --G --- - - T  
1 A38-5 --G --- - - T  
2B4 --G -.-A - -T  

Ser G l u  Ser 
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ARS, transgene (7, 8, 11 ). Unexpectedly, 
all the,hybridomas that exhibited transgene 
conversion also showed somatic hypermu- 
tation even though half of the IgG-produc- 
ing anti-ARS hybrids showed no  evidence 
of hypermutation (Table I) .  This link be- 
tween transgene conversion and hypermu- 
tation suggests that these processes might 
occur during the same stage of B cell mat- 
uration. Furthermore, the marked absence, 
among these hybridoma panels, of cells that 
exhibit transgene conversion without ac- 
companying hypermutation supports the 
notion that antigenic selection does not 

play a major role in selectively amplifying 
the population of B cells that have under- 
gone transgene conversion. - - 

Comparisons of the expressed VDJ re- 
gions in hybridomas that exhibit transgene 
conversion also suggest that multiple trans- 
gene conversion events might occur in a 
responding B cell clone. As shown in Fig. 2 
and Table 2, some hybridomas exhibit VDJ 
regions in which positions that match the 
R16.7 sequence (open circles in Fig. 2) are 
bounded upstream and downstream by po- 
sitions that match the 2B4 sequence (Fig. 2 
and Table 2). In some cases, this pattern is 

clearly not due to antigenic selection be- 
cause the relevant nucleotide differences 
are all silent mutations (Table 2). One ex- 
planation for these results is that two dif- 
ferent portions of the expressed VDJ region 
have undergone transgene conversion 
events and that these are se~arated bv an 
"unconverted" segment. ~ h e s e  findings 
suggest that transgene conversion might be 
mediated through multiple "mini-conver- 
sions" as found in chicken A light chain 
genes (1). Interestingly, the sequences of 
codons 83 to 84 and 88  to 89 in the R16.7 
VDJ region form a palindrome and, as sug- 

A 
-4 -2 6 7 8 10 31 33 38 45 50 51 52 53 55 56 51 58 59 60 61 62 63 64 65 66 61 69 70 I1 12 14 75 I1 I9 80 82 84 85 88 89 93101105 106110 

R16.1 GT CAC CAG TCT GGA GAG AGC GGT AAA CTG TAT CTT AAT CCT AAT GTT TAT ACT AAG TAC AAT GAG AAG TTC AAG GGC AAG ACA CTG ACT GTA AAA TCC AGC GCC TAC CAG AGA GGC TCT GAG GTC TAC AGC TAC TAC 

284 -- --- --A --- --- --- -A- --- --- --- --- -AA -G- A-- -GC T-- --- -G- -C- --- --- --- --- G-- --- --- --- --- --- --- --- --- --G --- --- --- --- --- --- --- --A --- --- --T --T --T 

Fig. 2. Transgene conversion in hybridomas. (A) Sequences of the 
expressed VDJ regions in hybridomas that exhib~t transgene con- 
version (15) are compared to the R16.7 and 284 VDJ sequences. 
Only those codons that exhibit mutations are shown. Nucleotides 
identical to those of R16.7 are indicated by a dash. (B) The sequenc- 
es in (A) are diagrammed to indicate transgene conversion and 
hypermutation. Thin lines represent regions of identity to the R16.7 
sequence; open bars indicate regions identical to the 284 se- 
quence. Boundaries of the open bars cannot be precisely assigned 
and are arbitrarily set to the last informative nucleotide position that 
matches the 2B4 sequence reading outward from the CDR2 region. 
Within the open bars, vert~cal lines indicate positions matching the 
284 sequence rather than the R16.7 sequence. Solid circles (below 
the bars) indicate positions that differ from both the R16.7 and 284 
sequences; these appear to be somatic mutations. Open circles 
(above the bars) indicate positions that match the R16.7 sequence 
but are bounded by positions that match the 2B4 sequence. A 
nine-base pair insertion (TGGATTGGT) in 5174840 is Indicated by a 
# in (A) and an open triangle in (B). 
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gested by previous studies (12), could rep- 
resent a potential breakage point for pro- 
moting gene conversion. 

We do not yet know whether the "trans- 
gene conversion" process we have found 
reflects a gene conversion or DNA recom- 
bination mechanism. However, the similar- 
ity of our results with studies of gene con- 
version in chickens and rabbits is particu- 
larly noteworthy. Furthermore, evidence 
suggesting a possible VDJ gene conversion 
event has been reported for a mouse hybrid- 
oma cell line (13). The relative frequency 
of gene conversion events in diversifying 
murine Ig genes might depend greatly on 
the availability of highly homologous V- 
genes and the relative location and distance 
between potential donor and acceptor se- 
quences; this could explain the absence of 
gene conversion in some previous studies 
that have addressed this question (4-6). 
The results from our transgenic mice raise 
the possibility that gene conversion might 
contribute significantly to the diversifica- 
tion of some murine antibody responses. 
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Involvement of Nitric Oxide in the 
Elimination of a Transient Retinotectal 

Projection in Development 
Hope H. Wu, Cheri V. Williams, Steven C. McLoon* 

The adult pattern of axonal connections from the eye to the brain arises during devel- 
opment through the refinement of a roughly ordered set of connections. In the chickvisual 
system, refinement normally results in the loss of the ipsilateral retinotectal connections. 
Inhibition of nitric oxide synthesis reduced the loss of these transient connections. Be- 
cause nitric oxide is expressed by tectal cells with which retinal axons connect and 
because reduction of nitric oxide synthesis by tectal cells resulted in a change in the 
connections of retinal axons, nitric oxide probably serves as a messenger from tectal cells 
back to retinal axons during development. 

A x o n s  from ganglion cells in the retina 
form synapses with neurons in the primary 
visual centers in a highly ordered, predict- 
able pattern in the adult brain. Normal 
visual function depends on the proper pat- 
tern of axonal connections. In some species, 
this adult pattern arises during development 
by the refinement of an  early, roughly or- 
dered pattern of connections. This early 
projection is characterized by transient ret- 
inal connections to the inappropriate side 
of the brain, inappropriate brain centers, 
and inappropriate positions within visual 
centers and to the other eye. The process by 
which these transient projections are elim- 
inated is incompletely understood. 

The developmental refinement of the 
visual projection is believed to be an  activ- 
ity-dependent process that involves activa- 
tion of N-methyl-D-aspartic acid type glu- 
tamate receptors (NMDA receptors) on 
postsynaptic neurons in the brain (1). If 
activity in the retinal axons is blocked dur- 
ing the refinement period, transient projec- 
tions persist (2). Furthermore, if NMDA 
receptors on the postsynaptic neurons are 
blocked during this period, anomalous pro- 
jections also persist (3). The involvement 
of postsynaptic neurons in the refinement 
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of retinal axon connections suggests that 
postsynaptic neurons must, in some way, 
communicate with the retinal axons. The 
nature of this retrograde communication is 
unknown. 

The characteristics of nitric oxide (NO)  
make it an appealing candidate for a retro- 
grade messenger in the developmental re- 
finement of connections (4,  5) .  Nitric ox- 
ide is synthesized and released from certain 
brain cells upon glutamate activation of 
NMDA receptors (6). It is able to cross cell 
membranes by diffusion, obviating the need 
for vesicular release. Moreover, N O  causes 
an increase in guanosine 3t,5t-monophos- 
phate (cGMP) in cells that respond to N O  
(6). In turn, cGMP can open cGMP-gated 
Ca2+ channels ( 7 ) ,  and changes in intra- 
cellular Ca2+ concentrations influence ax- 
onal growth and retraction (8), essential 
activities for modifying patterns of axonal 
connections. In addition, N O  appears to 
participate in the induction of long-term 
potentiation (LTP) in the adult hippocam- 
pus (9), and the developmental refinement 
of connections and LTP appear to be simi- 
lar processes (5). 

The spatial and temporal pattern of ex- 
pression of nitric oxide synthase (NOS),  
the enzyme responsible for the synthesis of 
NO,  is consistent with the idea that N O  
mediates the refinement of 'visual projec- 
tions (1 0, 11 ). In avians and rodents, the 
major projection from the retina is to the 
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