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C B A / N  mice possess an X-linked immunodef ic iency  (xid) defect  which has 
been  a t t r ibu ted  to the absence o f  the Lyb-5 + B cell subset (1-3).  Since the B cell 
p recursors  that  give rise to the T 1 5  ÷, IgM anti-PC antibodies are largely re- 
stricted to the Lyb-5 + B cell subset (4-9) ,  defect ive F1 male xid mice p roduce  
mainly IgG T 15- ant i-PC ant ibodies  in both  their  p r imary  and secondary i m m u n e  
responses (9, 10). Al though this a l tered  response of  C B A / N  mice to PC has been  
directly linked to the loss o f  the Lyb-5 + B cell subsets (4-9),  it remains  to be 
established why Lyb-5-  cells cannot  effectively express a normal  Ig reper to i re .  
We addressed this p rob lem by analyzing, in male and female (CBA/N × B6)FI, 
the total expression o f  the V u T  15 gene  p roduc t  independent ly  f rom its p rope r ty  
to impar t  anti-PC activity. O u r  results, obta ined  both  at the prote in  and  at the 
R N A  level, clearly show that,  cont ra ry  to (CBA/N × B6)F~ females, (CBA/N × 
B6)F~ males fail to express the VHT 15 segment  even on Ig devoid of  PC activity. 

M a t e r i a l s  a n d  M e t h o d s  
Mitogenic Activation of Splenic B Cells with Bacterial LPS. Spleen cells from 8-wk-old 

male and female (CBA/N × C57BL/6)Fj mice (kindly donated by Dr. P. Truffa-Bachi, 
Institut Pasteur) were treated with anti-0 and C' and cultured at 3 × 104/ml in RPMI 
medium supplemented with glutamine, antibiotics, 10% FCS, and 2 × 10 -5 2-ME in the 
presence of either 50 #g/ml of LPS from Salmonella typhimurium (Difco Laboratories Inc., 
Detroit, MI) or 50 #g/ml of LPS and 10 #g/ml of Dextran Sulfate (Pharmacia Fine 
Chemicals, Uppsala, Sweden). B cell blasts and culture supernatants were collected at day 
4 and 8 of cultures, respectively. 

mAbs and RIA. The H106-131 mAb anti-Vk21 D-E was a kind gift Dr. M. Pierres 
(CIML, Marseille) and was obtained as previously described (11-12). The TC54 anti- 
VHT15 mAb was kindly provided by Professor M. Scbarff (Albert Einstein Medical 
College, Bronx, NY) and has been previously described (13). The characteristics of the 
MS40 anti-~l monoclonal protein have been detailed elsewhere (14). The RIA used in 
these studies consisted of a radioactive binding inhibition and was used to quantify the 
levels of VHT 15, Vk21 D-E, and ~, 1 + Ig in sera and in cultures supernatants. Briefly, serial 
dilutions of the sample to be tested were added to MOPC511 (VH15 +) (1 t~g/ml), 14.4.4 
(Vk21 E) (1 ~zg/ml), or H15 (?~l/u) (1 ttg/ml) precoated plastic wells together with ~251- 
labeled TC54, H106-131, or MS40 proteins. After an overnight incubation the plates 
were washed and bound radioactivity was measured in a gamma counter. 

The level of anti-PC antibodies in various sera was analyzed by a direct binding test. 
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Sem dilutions 

FmURE l. Analysis of the property of normal sera of the indicated mouse strains to inhibit 
the M 511 (VuT 15 +) - TC54 (aVnT 15) interaction. Results represent the means + SD of four 
individual sera per group. (A) CBA/N × C57BL/6 females, (&) CBA/N × C57BL/6 males, 
(©) C57BL/6 females, (0) C57BL/6 males. 

Briefly, 100 #1 of serial dilutions of sera were added to PC-BSA precoated plastic wells. 
After an overnight incubation the plates were washed and bound material was revealed 
with ~25I-[abeled rat anti-mouse K mAb. 

DNA Probes and Hybridization. The 70Z V and the 38C V probes, respectively specific 
for the J558 and S107 families, are agarose gel-purified restriction fragments of the 
plasmid subclone of the 70Z H + gene and the 38C H ÷ recombinant phage, respectively, 
and were kindly provided by Dr. R. Perry (Institute for Cancer Research, Philadelphia, 
Pennsylvania) (15). The pB V14 J606 is a 600 bp restriction fragment of the plasmid 
subclone of the J606 gene kindly provided by Dr. D. Holmberg (Institut Pasteur, Paris). 
Hybridization was carried out by a slight modification of the method described by Manser 
and Gefter (16). 4-d blasts were washed twice in balanced salt solutions (BSS) and the 
desired cell concentrations were dispensed in a 96-well microtiter dish in 0.1 ml of RPMI 
medium containing 10% FCS. After replicate plating each well received 100 #1 of lysis 
buffer (0.125% Sarcosyl (ICN), 12.5 mM sodium citrate (7.0) 2.5M KSCN (Mallinckrodt), 
and 50% DMSO (Me,SO) (Mallinckrodt) was added just before use. After a half-hour 
incubation in lysate buffer, samples were filtered with a filtration manifold (Schleicher & 
Schuell, Inc. Keene, NH) on nitrocellulose membrane wetted first in H~O, and then in 
20 × NaCL/Cit (1 × NaCL/Cit is 0.15M NaCL/0.015M sodium citrate, pH 7). 

The filters were then backed at 80°C for 2 h, hybridized in formamide buffer at 48°C 
for 48 h with ~2p-labeled probes, washed, and exposed to x-ray film at -80°C.  

Resu l t s  

Absence of VHT15+Igs in Sera of XID Mice. We have recently observed that  a 
large c o m p o n e n t  o f  VRT15 + Igs in the sera o f  non immunized  C57BL/6  mice is 
devoid o f  ant i-PC activity (Primi, D., P.-A. Cazenave,  unpubl ished observations),  
and there fore  we analyzed the level o f  VHT15 Ig in the sera of  normal  female 
and defective male  (CBA/N x C57BL/6)Fj  animals. T o  this end we used a m A b  
(TC54)  that  reacts with a c o m m o n  VH de te rminan t  present  on isolated heavy 
chains o f  T E P C 1 5 ,  MOPC167 ,  and  MOPC511 proteins.  T h e  results in Fig. 1 
show that defect ive males, cont ra ry  to normal  females, do not express detectable  
levels o f  VHT 15 + Igs in their  sera. Analysis o f  VHT 15 + Igs isolated f rom the sera 
o f  normal  females, moreove r ,  showed that  a large c o m p o n e n t  of  these molecules 
are devoid o f  PC-binding activity (data not  shown). These  results, therefore ,  
s trongly a rgue  against the possibility that  the absence of  VHT15 + Ig expression 
in defect ive males is the consequence of  these animals '  inability to p roduce  anti- 
PC antibodies,  but  ra ther  suggest that the xid pheno type  affects the overall 
expression o f  a given V gene independent ly  f rom the ant igen specificity o f  the 
ant ibody that  encodes.  
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FIGURE 2. Analysis of the level of Vk21 D-E, h l ,  and VHT15 + Igs in the concentrated 
supernatants of polyclonally activated B cells of the indicated mouse strains. The  results were 
normalized to the total level of IgM in the various samples. (O) C57BL/6 males, (Q) C57BL/6 
females, (A) (C57BL/6 x CBA/N)F~ females, (A) (C57BL/6 × CBA/N)F~ males. 
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Polyclonal Activation Does Not Result in VHT15 Expression. To study whether 
the data obtained with normal serum are a direct consequence of the impairment 
of xid mice to respond to certain TI-2 antigens, we analyzed the level of VHT 15, 
as well as of VX1 and Vk21 D-E segments as controls, in the supernatants of 
polyclonally activated B cells of normal females and immuno-defective males. 
Fig. 2 A-C shows the levels of Vk21 D-E, ~ 1, and VHT 15 + Igs in the supernatants 
of normal female and defective male B cells. Although we constantly observed a 
fivefold reduction of the level of X1 bearing Igs in cultures of defective male B 
cells, the amount of Vk21 D-E + Igs was similar in all supernatants tested. The 
VHT15 segment however was completely absent only in the supernatant of 
polyclonally activated B cells of defective mice. 

Lack of Expression of the Entire S107 VH Family in Defective Male B Cells. Analysis 
of available proteins and nucleic acid sequences data has made it possible to 
group routine VH gene segments into discrete families (17). In addition, recom- 
bination studies suggest that the different Vn families are grouped discretely and 
not interspersed along the chromosome (18). The lack of expression of VnT 15 + 
gene segments in xid defective animals raises the interesting possibility that this 
defect can influence the expression of entire families of VH genes. To study this 
possibility we tested LPS or EPS- and dextran sulfate-induced B cell blast for 
the productive rearrangement of V gene segments by analyzing the presence of 
mRNA homologous to DNA probes specific for three well-defined VH families. 
Fig. 3 shows an autoradiographic exposure of one filter from such a screen after 
hybridization with three probes specific for the S107, J606, and J558 families. 
o f  the three VH families analyzed, one, the J558, seems to be equally well 
expressed in normal females and defective males, while VH genes belonging to 
the S107 family are rearranged only in normal females. It is difficult to discrim- 
inate whether the low signal obtained with the J606-specific probe on defective 
male blasts represents specific hybridization or simply background noise. It is 
clear however that the xid defect also has strong influence on the expression of 
members of this family. 

Discussion 

The results presented here estab]ish that the LPS-sensitive B cell populations 
of mice expressing the X-linked CBA/N xid gene fail to express one, and possibly 
more, entire families of VH genes. The expression of VL genes, on the other 
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FIGURE 3. Expression of VH families in polyclonally activated B cells of (CBA/N × 
C57BL/6)F~ males and females. Spleen cells were cultured at 3 x 105/ml either with 50/~g/ml 
of LPS or with 50 ug/ml of LPS and 10/~g/ml of DXS. After 4 d of culture, the cells were 
washed and viable blasts were plated in 96-microwell plates at the indicated numbers. Lysates 
were separately hybridized with either 70Z, pBV14 J606, or 38C probes. Autoradiographic 
exposure of the filters was for 24 h with intensifiers. 

hand, appears to be less affected in these animals since we found normal levels 
of  Vk21 D-E + Igs and only a slight reduction of)~ 1 molecules. Although the S 107 
probe hybridized with mRNA of normal female no signal could be detected with 
mRNA of defective male B cell blasts. In addition to this, since the cells studied 
in the present report were polyclonally activated, it seems likely that the inability 
of xid-defective mice to produce anti-PC antibody is the consequence, not the 
cause, of the lack of  expression of  the VHT15 gene. 

Since mRNA of xid blasts did not give any specific signal with the specific 
DNA probe, it is likely that the xid defect abrogates the expression of all the 
members of this family (19) in the B cell population studied. Although the J558 
family appears to be equally well expressed in the two B cell populations studied, 
we cannot exclude the possibility that this observation is caused by the well- 
documented difference in size of  the families. There are in fact at least 10 times 
more genes in the vnJ558 than in the S107 group, and consequently, a reduction 
in the expression of members of the J558 family may be less easily detectable 
than in a family consisting of  few members only. 

The data concerning the S107 group of  V genes are quite surprising since 
CBA/N mice not only contain the allelic form of the T15 family but they also 
can express them, as shown by Clarke et al. (20) who isolated CBA/N hybridomas 
that use a VH segment identical to C3 (the allelic form of T15 found in C57BL 
[21]). Since these hybridomas have been obtained by immunizations with a 
thymus-dependent antigen (PC-KLH), it appears likely that the members of  the 
S107 and J606 Vn families are selectively not expressed in the LPS-sensitive B 
cell subset studied here. Thus, our results support the notion that different B 
cell subsets express different functional B cell repertoires. An important impli- 
cation of  this conclusion is that, in the course of  ontogenesis, B cells develop 
along alternative functional pathways which selectively rearrange different VH 
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families. The  existence of  asymmetric Vn expression among B cell populations 
was originally postulated by Slack et al. (22) who showed that the IgG3 compo- 
nent  of  the response to TI-1 antigens is absent in mice expressing the CBA/N 
phenotype. Fur thermore ,  this conclusion would be consistent with the findings 
that the T15  idiotype family is functionally skewed in the Lyb-5 + B cell subset 
(9) and that the Ly-1 B cell subset expresses a rather homogeneous Ig repertoire 
selectively directed against self antigens (23). The  possibility that VH genes 
rearranged nonrandomly has also already been inferred by recent studies show- 
ing a developmentally controlled sequence of  VH rearrangements (24). 

In light of  the results presented here we propose that dur ing ontogenesis B 
cells of  different  lineage, and possibly with different  functions and triggering 
requirements,  are expressed sequentially and that each of  these lineages prefer- 
entially rearranges one or more VH families. This hypothesis provides direct 
explanation for the many examples in the literature showing compartmentaliza- 
tion of  Vn gene expression among B cell subsets. 

S u m m a r y  

The  expression of  the VHT15 gene product  was analyzed in the sera and in 
the supernatants of  polyclonally activated B cells of  X-linked immunodeficient  
(xid) mice. We found that defective males, contrary to normal females, do not 
express the VnT 15 gene product  even on antibodies devoid of  anti-PC specificity. 
RNA analysis of  polyclonally activated cells with VH specific probes revealed that 
xid-defective B cells do not express the entire S107 or part  of  the J606 VH 
family. Members of  the J558 family, on the other  hand, are equally well expressed 
among defective males and normal female B cells. These results strongly suggest 
that Vn families are asymmetrically represented among B cell subsets. 
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